Zrakove ustroji 2

Organum visuale et
structurae
accessoriae

David Kachlik



Tunica Interna (nervosa)
= Sitnice = Retina

* palsS CaecCa
— pars iridica
— pars ciliaris
* Ora serrata
» pars optica — 10 vrstev
— pigmentova Cast
— senzoricka cast



Sitnice — pigmentova cast

stratum pigmentosum

jednovrstevny kubicky epitel na bazalni laminée
= Bruchova membrana

bunky (pigmentocytus) spojeny tesnymi
spojenimi

apikalni casti obsahuji melaninova granula
mikroklky oddeluji vnejsi segmenty
svetloCivnych bunek

interfotoreceptorova matrix (IRBP)

vyziva bunek, obnova fotopigmentu, degradace
membrandznich disku, bariéra ,krev-sitnice*






Sitnice — senzoricka cast

svetloCivnhé neurony

— tyCinky a Cipky

prevodni neurony

— bipolarni a ganglionove bunky
asociacni neurony

— horizontalni a amakrinni bunky
podpurné bunky (glie)

— radialni glialni (Mullerovy) bunky



Rez vrstvami stény o&ni koule
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TyCinky = Neura bacillifera

tyCinka = bacillum retinae
spherula — synaptické zakonceni
axonalni vybezek
jadro cernobilé videni
vnitrni segment
— GA, ER, MIT; syntéza ATP a rhodopsinu
— myoideum (glykogen) + ellipsoideum
(mitochondrie)

mustek (cilium connectens) — pozménéna
rasinka

vnejSi segment (segmentum externum)
— membrandzni disky s fotopigmentem
— migruji zevne, az se uvolni



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
esterification in SER.

lon transport by mito-
chondria and membrane
invaginations.
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Cipky = Neuron coniferum

» Cipek = conus retinae
« synapticka nozka (pes terminalis)
 fotopigment je iodopsin

* vnejsSi segment
o 0 — membranozni disky s fotopigmentem

* komunikuji s okolim

* barevné videni — tfi typy Cipku — podle
vinove delky
— ,modrée” —420 nm —-typ S
— ,zelené® — 535 nm —-typ M
— ,cervené” — 565 nm —typ L




Sitnice — Prevodni neurony

« Bipolarni bunky (Neuron bipolare)
— tyCinkoveé bipolarni bunky (n.b. bacillotopicum)
— Cipkoveé bipolarni bunky (n.b. conotopicum)

* trpasliCi (n.b.c. nanum) — Zluta skvrna (bez konvergence:1 ku 1
ku 1)

« difuzni (n.b.c. diffusum) — konvergence signalu
— kontakty s gangliovymi bunkami
« Gangliové bunky (N. ganglionare multipolare)
— difuzni typ (n.g.m. umbelliforme) — spojuje vice
bipolarnich bunek

— trpasliCi typ (n.g.m. nanum) — spojuje se s trpasliCi
bipolarni bunkou

— Jejich axony tvori nervus opticus



Sitnice — Asociacni neurony

modifikace a synchronizace signalu

» Horizontalni bunky (N. horizontale)
— spojeni s axony tyCinek a Cipku a dendrity
bipolarnich bunek
— Integruji tyCinky a Cipky prilehlych oblasti
— potlacuji signaly z méne osvetlenych casti
 Amakrinni bunky (N. amacrinum)
— postradaji axon

— spojeni s axony bipolarnich a dendrity
gangliovych bunéek
— odstranuji sum



Sitnice — Podpurné bunky

* Mullerovy bunky

(gliocytus radialis)

— Makroglie

— probihaji celou
tloustkou sitnice

— processus radiales

— maji svou BL = stratum
limitans internum

— zonulae adherentes s
tyCinkami a Cipky =
stratum limitans
externum

RETINA

A) pars optica retinae

l.piﬁmtntuvi
epitel

1.vrstva tylinek

a tipkd ~>tytinka

-reipek

o
b.horizontiini '

J. membrana limitang
externa

4.vrstva jidrovad zevnl

S.vrstva plexiformni ™ =
zevnl

&.vrstva jadrova wnitPni

b.bipolarni

T.vrstva plexiformni i
vnitfni

8. vrstva bunik
gangliovych

.multipolarni Tl
f

9.vrstva vldken nervovych

10. membrana limitany
interna

corpus vitreum



incident light

Tunica SenSOria inner limiting membrane
3 optic nere @ @ @ ganglion cells
(lnterna) fiber layer
Vrstvy zrakoveé
casti sitnice Ta— Miller's
plexiform / cells
layer _
10 vrstev St
bipolar
Il @ nedéste ele
horizontal

se @l cells
outer
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layer inner
_ S?gment
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Celkem 18) pigment
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Tunica sensoria (interna)
Vrstvy zrakove casti sitnice

 sStratum pigmentosum (1.)
 stratum nervosum (2.-10.)

— stratum segmentorum externorum et
iInternorum(2.)

— stratum limitans externum (3.)

— stratum nucleare externum (4.)
— stratum plexiforme externum (5.)
— stratum nucleare internum (6.)

— stratum plexiforme internum (7.)
— stratum ganglionicum (8.)

— stratum neurofibrarum (9.)

— stratum limitans internum (10.)



Light
| Arrl}acrine
. ce
Bipolar
cell

" Bipolar

cell

Horizontal cell

" Bipolar
cell

Vitreous body
Inner limiting membrane
Optic nerve fibres

Ganglion cell layer

Inner plexiform layer

Inner nuclear layer

Outer plexiform layer

Cell bodies of rods and cones

Outer limiting membrane

Photoreceptor cells

Pigment cells
Choroid
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Sitnice — senzoricka cast

* discus n. opticl

= slepa skvrna; zrakovy
terc; ,papila”
—zadné svetloCivne
elementy
—excavatio disci

—vystup viaken
zrakoveho nervu

—Vstup vasa centralia
retinae










macula lutea (= zluta skvrna)

Sitnice — senzoricka cast

vice nez 1 vrstva gangliovych bunek
vyssi vrstvy odkloneny stranou
nejostrejsi videni — 5,5 mm siroka
zluty pigment (lutein, zexanthin) T N
fovea centralis (1,5 mm)

— neobsahuje tyCinky

foveola
— neobsahuje tyCinky a ganglioveé bunky
umbo

— pouze Cipky a Mullerovy bunky

1.5mm diameter

Perifoveal Area
1.5mm width

0.35mm diameter







Vitreous

OCT

Opticky
koherentni
tomograf

méreni odrazu
Svélla
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a. carotis Interna — a. opht

Tepenné zasobeni oka

aa. ciliares posteriores

aa. ciliares posteriores
corpus ciliare + iris

nalmica —
nreves — cevnatka

ongae (2—4) —

aa. musculares — aa. ciliares ant., aa.
episclerales, aa. conjuctivales lat.

a. centralis retinae — sitnice
a. lacrimalis — aa. palpebrales lat.
aa. palpebrales med. — aa. conjuctivales

med.



Arteries and Veins of Or  Intrinsic Arteries and Veins of Eve
Superior Vie Horizontal Section




Vena vorticosa
Ant. ciliary a.

.......

Long =———

shof‘t Posterior
ciliary aa \ Ora &
ry aa. B serrata ant.

conjunctival
aa.

Greater arterial
circle of iris

Central vessels
of retina

Sclera




Anterior www.eophtha.com
ciliary
artery

> Muscular artery

Muscular veins

Vortex vein

Long posterior
ciliary artery

Long posterior

ciliary artery N\ \ Ophthg.com
W .eoph.com Retinal , sh .
_ ort posterior
‘ Major arterial circle vessels ‘ G |ary2rtery

\/
Choriocapillaris

Central retinal artery and vein



Vasa sanguinea retinae
— ocni pozadi (fundus oculi)

a. centralis retinae — Intrinsic Arteries and Veins of Eye
arter | 9) |y Ophthalmoscopic View

* a.temporalis sup.+
Inf.

e a. nasalis sup.+ Inf.

e a. macularis sup.+ Iinf.
(+ media)

zily odpovidaji tepnam,
casto se krizi

Right retinal vessels



Arteria cilioretinalis

vyskyt: 10-33 %
vetev z a. ciliaris posterior brevis

vstupuje skrz discus n.ll nezavisle na a. centralis
retinae

pridatné tepenneé zasobeni macula lutea z
cévnatkového obéhu

jediny zdroj krve sitnici pri uzaveru a. centralis
retinae

90 % temporalneé x 10 % nazalné

uzaveér a. cillioretinalis — centralni ztrata vidéeni

uzaver a. centralis retinae — usetrene centralni
vidéni a macula lutea



| Cilioretinal artery- provides
ciliary circulation blood
supply to the retina

A. cilioretinalis

Dural sheath

Short posterior
ciliary artery :

/ /,l/ ’:::gal retinal




Zilni zasobeni oka — 3 odtoky

* VV. episclerales

e vV. cillares ant. < vv. sclerales « sinus
venosus sclerae Schlemmi s. Lauthi

* VV. vorticosae (4 v kvadrantech ocCni koule)
* V. centralis retinae

— V. ophthalmica sup. — sinus cavernosus
— V. ophthalmica inf. — plexus pterygoideus
— V. angularis — v. facialis — v. jugularis int.

Ll W rwv



Veins of Orbit
Lateral View




Nervové zasobeni oka

Nn. opticus — senzoricky
— pars intraocularis, canalis, intracranialis
—vagina interna, externa

n. ophthalmicus — nn. ciliares longi —
somatosenzitivni

n. lacrimalis, n. frontalis, n. nasociliaris —
somatoenzitivni pro okoli

ganglion ciliare — nn. ciliares breves —
autonomni (visceromotoricke)

(sympatikus se neprepojuje, parasympatikus ano)
n.lll., n. IV., n.VI — motorické



Nerves of Orbit
Superior View




Nervus opticus

Ciste senzoricky
vychlipka diencefala (thalamus opticus)
axony oddeleny endoneuriem

na povrchu jsou analogy mozkovych obalu
— vagina externa = pachymeninx
— vagina interna = leptomeninx

nervem probiha a. et v. centralis retinae







Projekéni — Vzestupné — Senzoricke

ZRAKOVA DRAHA

4-neuronova, castecné zkrizena draha

1.N: tyCinky a Cipky sitnice

2.N: bipolarni bunky sitnice

3.N: ganglioveé bunky sitnice — n. Il — chiasma
opticum — corpus geniculatum laterale

4.N: bunky v nucleus corporis geniculati lateralis —
fibrae geniculocalcarinae corticalis (= radiatio

optica Gratioleti) — lobus occipitalis, area 17
(kolem sulcus calcarinus)

« dolni (Meyerova-Archimbaultova) klicka
» stredni svazek

* horni (Baumova) kliCka pfimo temennim lalokem —
horni polovina sitnice (dolni 1/2 zorneho pole)




Radiatio optica

fasciculus anterior
= dolni (Meyerova-
Archimbaultova)

— kliCka tvori oblouk
kolem dolniho rohu
postranni komory ve
spankovem laloku

— dolni polovina sitnice
(horni 1/2 zorného pole)
fasciculus centralis

fasciculus posterior

= horni (Baumova)

— kliCka primo temennim
lalokem

— horni polovina sitnice
(dolni 1/2 zorného pole)




Projekéni — Vzestupne — Senzoricke
ZRAKOVA DRAHA - odboéky od 3. neuronu

 radix optica hypothalamica do nucleus
suprachiasmaticus (a paraventricularis) — prevadi
zrakove signaly na nejvyssi autonomni centra
(videni jidla = slineni)

 radix medialis (optica mesencephalica) do area
pretectalis k ncll. pretectales (4.N) — draha
zornicoveho (pupilarniho) reflexu

— pro midézu: — 5.N: nucleus accessorius dorsalis n.
Edinger-Westphal — parasympatickou drahou s n. lll —
6.N: ganglion ciliare — nn. ciliares breves — m. ciliaris
et m. sphincter pupillae (akomodace + mi6za)




Projekéni — Vzestupné — Senzoricke
ZRAKOVA DRAHA — odboc¢ky od 3. neuronu

« pro mydriazu:. — 5.N: retikularni formace — tractus
reticulospinalis — 6.N: centrum ciliospinale Budge (C8-
T1) — r.com.albus — ggl. stellatum (bez prepojeni) —
truncus sympathicus — 7.N: ganglion cervicale superius
— n. et plexus caroticus internus — plexus
ophthalmicus — ggl. ciliare (bez prepojeni) — nn.
ciliares breves — m. dilatator pupillae (mydriaza) /

« draha pro konvergenci: 4.N: nucleus interstitialis Cajali
— fasciculus longitudinalis medialis (zkfizene |
nezkfizeneé) — 5.N jadra vSech okohybnych nervu

 tektalni zrakovy okruh — tractus tectospinalis

— fizeni souhybu oci, hlavy a krku smérem ke zrakovym podnétum
a ke koordinaci s celkovymi pohyby tela



3. neurony// ._
' hypophysis | htractus opticus

__ area
N pretectlis
S~ s / corpus geniculatum
(‘: [\< ?../-J--""' laterale
i . . .
\\j mlllculusﬁk-/&\ .*
superior <
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4. neurony

<« sulcus calcarinus
area 17

1 - amaurosis (= slepota) levého oka

2 - hemianopsia nasalis (porucha jen na levém oku)
3 - hemianopsia heteronyma bitemporalis

4 - hemianopsia homonvma dextra



Visual fields

O @
3 O @ Number Lesion Field defect
1 Partial optic nerve Ipsilateral’scotoma®
4
O O 2 Complete optic Blindness in that eye
nerve
S O O 3 Optic chiasm Bitemporal hemianopia
4 Optic tract Homonymous®
] hemianopia
g O O 5 Meyer's loop Homonymous upper
quadrantanopia
- ‘> O 6 Optic radiation Homonymous
hemianopia
: 7 Visual cortex Homonymous
8 @ @ hemianopia
8 Bilateral macular Bilateral central

cortex scotomas




Pridatné organy oka
Structurae ocull accessoriae

vazivove ustroji = apparatus ligamentosus
vicka = palpebrae

spojivka = tunica conjunctiva

slzné ustroji = apparatus lacrimalis
svalove ustroji = apparatus muscularis
obocCi = supercilium



Vazivove ustroji
Apparatus ligamentosus

periorbita
— membrana orbitalis (+ m. orbitalis)

vagina bulbi (= capsula Tenoni) — €&
— lig. suspensorium bulbi

septum orbitale
spatium episclerale

corpus adiposum orbitae
fasciae musculares bulbi

Oplic Herye mm =

Superior laorsus

- Inferior tarsus



Spojivka
Tunica conjunctiva

t.c.bulbi et palpebrarum
fornix superior + inferior

pokracovani epitelu rohovky, prechazi zezadu na
ocCni viCko, kryje predni stranu ocCni koule

vicevrstevny (2-5) nizce kubicky az cylindricky
epitel

poharkové bunky + lymfocyty + melanocyty
CALT = mizni uzliky

slzovy film (irroratio lacrimarum)

glanduale conjuctivales Wolfringi (2-5 nahore)

glandulae lacrimales accessoriae Krausei (5-40
nahore, 1-10 dole)

caruncula lacrimalis




Vicka = Palpebrae

palpebra superior + inferior s
tarsus superior (10 mm) + inferior (5 mm)
lig. palpebrale med. (2 pruhy) + lat.

rima palpebrarum, commissura palp. med.+lat.
facies ant.+post., limbus ant.+ post.

angulus oculi med.+ lat.

m. tarsalis sup.(Muller) + inf. — hladké svaly
pars palpebralis m. orbicularis oculi — n. VII

m. levator palpebrae superioris — n. lll

rasy = cilia



vicevrstevny dlazdicovy, epltel
rohovejici

— chybi tuk

— gll. sebaceae Zeissi e ] |
« mazové zlazky — hordeolum /‘

s — rasy (cilia) + gll. ciliares Molli
« apokrinni zlazky
« m. orbicularis oculi (p. palpebralis)
 vicCkova (tarzalni) ploténka = tarsus
— fibroelasticka
— gll. tarsales Meibomi (20-30)
* mazove zlazky — chalazion
E < vnitrni spojivkova cast
— prfechod epitelu — Zlabek







= Apparatus lacrimalis

Slzné ustroji

glandula lacrimalis
— pars orbitalis + palpebralis

Superior canaliculus
Inferior canaliculus

Lacrimal sac
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) 3 !

*!;1 Nasolacrimal

; duct

Inferior turbinate
Nasal cavity

: Inferior meatus
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Superior punctum

Inferior punctum

— 12-15 samostatnych ductus excretori
glandulae lacrimales accessoriae Krausel

rivus lacrimalis

lacus, papilla, caruncula lacrimalis
puctum, canaliculus lacrimalis sup.+inf. - communis

saccus lacrimalis — ductus nasolacrimalis (obsahuje
plica lacrimalis Hasneri) — meatus nasi inf.

v odvodnich slznych cestach vice droboucCkych ras



Glandula lacrimalis

* tuboacindzni serdzni zlazy s 36 A Ll
myoepitelovymi burikami NG

Yo ool

Lacrimal Apparatus in Situ Lacrimal Apts -

Dissection







Svaloveé ustroji

 mm. recti bulbi: sup., Inf., med., lat. (VI.)
 mm. obliqui bulbi: inf., sup.(I\V.)

— [fovea trochlearis, spina trochlearis, trochlea,
vagina m.o.b.s./

* m. levator palpebrae sup. (pars spf.+prof.)
* n. lll — ostatnich 5 svalu

hladké svaly: m. orbitalis Mdlleri, m. tarsalis
sup. Mdlleri + Inf.




Svalove ustroji

Fascia of Orbit and Eyeball

Extrinsic Eye Muscles
Frontal Section and Entering Structures Right Lateral View
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Pohyby ocni koule |.

pohyby kolem os = dukce

* kolem vertikalni osy
— addukce (dovnitr)
— abdukce (ven)
* kolem horizontalni osy
— elevace (sursumdukce; supradukce): vzhuru
— deprese (deorsumdukce; infradukce): dolu
« kolem sagitalni (predo-zadni) osy:
— Intorze (incyklodukce): preklopeni dovnitr
— extorze (excyklodukce): preklopeni ven




Pohyby ocni koule Il.

pohyby paroveé (soucasné obéma ocima)

stejnosmerné sprazené parove pohyby = verze
(konjugované pohyby)

— dextroverze (doprava) + levoverze (doleva)

— supraverze (sursumverze) + infra/deorsumverze (nahoru + dolu)

— dextro/levoelevace + dextro/levodeprese (nahoru/dolu a do strany)
— dextro/levocykloverze (rotace doprava/doleva)

protismerné nesprazene paroveé pohyby = vergence
(nekonjugovaneé pohyby)

— konvergence = soumerné sbihani os obou kouli

— divergence = rozbihani os obou kouli

strabismus = heterotropie = silhani (squint)
— jedno oko je trvale stoCeno ven nebo dovnitr






Strabismus concomitans

esotropie (s. convergens)

exotropie (s. divergens)

hypertropie (s. sursumvergens)

hypotropie (s. deosumvergens)




Vysetreni

sterbinova lampa

vysetreni ocniho pozadi — otok
discus/papilla n. optici = zvySeny
intrakranialni tlak

perimetrie = vySetreni Sire zorneho pole 1:~E::p -

. v v ’ . TOZE 3 ?-m::
optometrie = vysetreni kvality zraku fRens ¢ B
OptOtypy —_ Sne”enﬁv Field of vision _ % o

OC

: — =
v ’\ - % ! ]
1 ] i {
{ | \ \ /
Right eye
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Priznaky a vady

epiphora (nadmerné slzeni)

myopie — hypermetropie (kratko — dalekozrakost)
nypermetrie (prestrelovani — porucha mozecku!)
oresbyopie (vetchozrakost)

nemeralopie (Seroslepost)

amblyopie (tupozrakost) — funkcni porucha (napfr.
pri Silhani)

daltonismus (barvoslepost)




Vyvoj zrakoveho ustroji

neuroektoderm predniho mozku
povrchovy ektoderm hlavy
mezenchym mezi
bunky neuralni listy




Wall of Surface
ectoderm

Vyvoj zrakoveého ustroji

VSIVOJ. Od Zaéétku 4 - tyd ne ....... ™~Optic”

vznik oCnich brazdicek v oblasti
predniho mozku

prohlubuji se v oCni vacky
formace ocCni stopky

iIndukce ektodermu = ztlusteni
vznik cockove plakody = TN

Lens 4
placode

grooves

Ogtic ,,,,, Invaginati:'. s .
vesicle lens placode == Invaginating

optic vesicle



— Surface
RTINS .
e ectoderm
P “‘“hq‘} a
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Neurectoderm

22. den Optic

sulcus

Neural
Neural fold fold

Pericardial
bulge
j~ Otic
// placode
Somite
i
: Cut edge
Ey 4 of amnion



Wall of Surface
forebrain o toderm

\oiia orebrain
placode
A B C
~Optic” Optic Invaginating

grooves vesicle lens placode

Invaginating
optic vesicle

Figure 17.1. A. Transverse section through the forebrain of a 22-day embryo
(approximately 14 somites), showing the optic grooves. B. Transverse section through
the forebrain of a 4-week embryo showing the optic vesicles in contact with the
surface ectoderm. Note the slight thickening of the ectoderm (lens placode). C.
Transverse section through the forebrain of a 5-mm embryo showing invagination
of the optic vesicle and the lens placode. D. Scanning electron micrograph showing
a frontal view of a mouse embryo at a stage similar to that shown in B. E. Scanning
electron micrograph of 3 mouse embryo during formation of the optic vesicle. The
embryo has been cut sagittally to reveal the inside of the brain vesicles and
outpacketing of the optic vesicle (arrow} from the forebrain. H, hindbrain; and
M, midbrain,



Vyvoj zrakoveho ustroji

vchlipeni cockové plakody

vznik dutého cockoveho vacku bez spojeni
S povrchem

oCni vacky se vchlipuji = ocni poharek
vchlipeni stopky a poharku se

vcestovanim cevnateho mezenchymu =
vznik sklivcovych cev




sténa optickeé stopky
(pfechazejici ve sté-
nu predniho mozku)

povrchovy ektoderm

dutina optické stop-
ky (souvisejici s du-
tinou predniho
mozku)

coCkova jamka
(invaginovana ¢ockova
plakoda)

vnitini vrstva o¢niho po-
harku (primordium op-
tické Casti sitnice)

intraretinalni prostor
zevni vrstva o¢niho po-
harku (zaklad pigmen-
toveého epitelu sitnice)

mezenchym (primordium
cévnatky a skléry)




Optic cup Intraretinal
space Wall of brain

SR Y Opic stalk

. Outer layer of
% Inner layer | OPtC stalk Hyaloid artery Lumen of

Hyaloid artery C optic stalk

Choroid fissure

Figure 17.2. A.Ventrolateral view of the optic cup and optic stalk of a 6-week embryo.
The choroid fissure on the undersurface of the optic stalk gradually tapers off. B.
Transverse section through the optic stalk as indicated in A, showing the hyaloid artery
in the choroid fissure. C. Section through the lens vesicle, the optic cup, and optic
stalk at the plane of the choroid fissure.



neuralni val

neuralni brazdiéka

A
neuralni trubice
notochord
predni mozek
mezenchym
cockova plakoda
oénivatek
C

mezenchym

povrchovy ektoderm

predni mozek

fissura choroidea

lumen oéni stopky

mezenchym

arteria hyaloidea

vena hyaloidea ve
fissura choroidea

sténa mozku

ocni ryha neuralni val

mezenchym

8 Pap— povrchovy ektoderm

cockova plakoda

cockova jamka

povrchovy
ekioderm

zevni vrstva oéniho poharku

vnitfni vrstva
ocniho poharku

LSBT,

cockovy vacek

fissura
choroidea

Intraretinalni
prostor



Figure 17.4. Scanning electron micrographs of sections through the eyes of mouse
embryos at stages equivalent to (A) 6 weeks and (B) 7 weeks in the human. A. The



Vyvoj sitnice

vznik z ocniho poharku

vnejsi vrstva — pigmentovy epitel

vnitrni vrstva — proliferuje v pars nervosa
intraretinalni prostor — postupné mizi

Inverse sitnice



pigmentovy epitel sitnice

nervova vrstva sitnice

nervus opticus

predni epitel Cocky
vétve a. hyaloidea

viakna ¢ocky
duhovka
intraretinalni prostor
sklivec
cévnatka
skléra




Vyvoj nervus opticus

vlakna z gangliovych bunek prorustaji
stopkou

lumen stopky zanika
sterbina (vchlipenina) zanika



Vyvoj oka v pohybu

 https://www.youtube.com/watch?v=ghHDF
WIfpoQO

 https://www.youtube.com/watch?v=Xme8P
Abxv-M



https://www.youtube.com/watch?v=ghHDFWlfpoQ
https://www.youtube.com/watch?v=Xme8PA6xv-M

Vyvoj rasnateho telesa

vyklenuti obou vrstev ocniho poharku
pigmentovy epitel — z vngjsi vrstvy
nepigmentovy epitel — z vnitrni vrstvy
ciliarni kanal — z dutiny poharku

m. ciliaris a vazivo — z mezenchymu




Vyvoj duhovky

* hrana ocniho poharku
* vnejsi vrstva se meni v hladke svaly
 vnitrni vrstva vytvari pigmentovy epitel



Vyvo] cocky
* vznika z cockoveho vacku
— predni stena se neméni = predni epitel
— zadni sténa — bunkx se prodluzuji az zanika lumen

 vznik primarnich vlaken
« sekundarni vlakna — z bb. pfedniho epitelu

— capsula lentis — ztlustéla BL predniho epitelu
e zasobovana a. hyaloidea — zanika
* pupilarni membrana — obaluje CoCku — zanika

mature lens

lens vesicle foetal lens ° . epithelium

lens
suture

o o
primary lens secondary lens = Al lens nucleus
fibres fibres >
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-
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pigmentovy
epitel sitnice

nervova
vrstva sitnice

iris

jadra bunék

ekvatorialni

zony Cocky
ocni vicko
rohovka
viakna Cocky
vyvijejici se predni ko-
mora

sklivec

pars caeca retinae

56 dni



pigmentovy
epitel sitnice

intraretinalni

prostor

m. rectus
oculi lateralis

sklivec

nervova
cast sitnice

cévnatka

56 dni

skléra

iris
ocni vicko
¢ocka

rohovka

m. rectus
oculi inferior



Pigment layer | of the
retina

~Neural layer

 “—Undifferentiated
mesenchyme

Figure 17.3. Section through the eye of a 7-week embryo. The eye primordium is
completely embedded in mesenchyme. Fibers of the neural retina converge toward

the optic nerve.



Suspensory ligament Sclera
Pigment layer | ¢ e

- nctival _
Conjunctival sac Neural layer retina

Anterior

chamber ——-Choroid

Vitreous
body

Iridopupillary _j
membrane §

Cornea—u Hyaloid artery
Dura
i TaE ™ =
Iris
Ciliary body g § Inner vascular

layer
Quter vascular
layer

Figure 17.7. Section through the eye of a 15-week fetus showing the anterior cham-
ber, iridopupillary membrane, inner and outer vascular layers, choroid, and sclera.



Vyvoj ocnich komor

* predni komora
— sterbina mezi zakladem cocCky a rohovky

e zadni komora
— sterbina v ocnim poharku po stranach CocCky



Vyvoj rohovky, cévnatky a

belimy
* rohovka
— povrchovy ektoderm
— mezenchym

— bunky neuralni listy
» cevnatka a belima
— okolni mezenchym



Vyvoj ocnich vicek

6. tyden: kozni zahyby pres rohovku
10. tyden: zahyby se spojuji

28. tyden: opet se oteviraji

mezi tim se zevnitr priklada spojivka

sval z Il. zaberniho oblouku
tarzalni plotenka a zlazy z mezenchymu



Vyvoj slznych zlaz
* vychlipky povrchoveho ektodermu

* nefunkcni asi do 6. tydne
— novorozenec neslzi



Vyvojove vady

vrozené odchlipeni sitnice

coloboma retinae (obvykle oboustranné — porucha
uzavirani fissura optica)

cyclopia (1 oko), synophthalmia (splynulé oci)
microphthalmia — infekce

anophthalmia

coloboma iridis (6. tyden — porucha uzavirani fissura
optica)

aniridia, afakia

membrana pupillaris persistens

a. hyaloidea persistens

vrozeny zeleny zakal

vrozeny sedy zakal (u galaktosémie)

vrozena ptdza, coloboma palpebrale
cryptophthalmia (chybéni viek — oko zakryté kuzi)



Figure 17.9. A. Coloboma iris. B. Persistence of the iridopupillary membrane.
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EYE PARTS’ EMBRYONIC SOURCES

Surface MESENCHYME
ECTODERM

CORNEAL
EPITHELIUM

(& vessels)



ANTERIOR EYE PARTS’ EMBRYONIC SOURCES

Surface
ECTODERM
In much the same way as an
endocrine gland is produced: by a
downgrowth of cells that then
break off the surface connection

Mesenchyme

To have enough cells for the future
cornea and for the lens vesicle,
the surface ectoderm first thickens
to form a lens placode




LENS & OPTIC CUP DEVELOPMENT |

While still growing, both placode and
end of the optic vesicle invaginate

Mesenchyme

of
.......
am

Intraretinal

@R
lens placode

Double wall of optic cup is starting to form

Optic vesicle precedes the lens vesicle and is a distinct structure



OPTIC CUP DEVELOPMENT II: Choroid fissure

Blood vessels have to be introduced early

Mesenchyme into the soon to be enclosed round eye

L
e

--------

¢ an invagination along the
cup & stalk’s inferior

surface occurs, to create
the

¢
hyaloid artery



OPTIC CUP DEVELOPMENT II: Coloboma

Blood vessels have to be introduced early

Mesenchyme into the soon to be enclosed round eye

7
A

¢

an invagination along the cup &
stalk’s inferior surface occurs,
to create the

¢
¢ hyaloid artery

Imagine a penis in which the urethra near & into the
glans is still open on its underside - the condition of
hypospadias - (but now contains an artery)



OPTIC DEVELOPMENT IlI: Lens vesicle

LENS VESICLE
Mesenchyme

Mesenchyme

Ll

1
-~
1
-~
1
-~
-~
1

1
-~
1
-~
1
-~

1
-
1
-
1
-
1
-
1
-
1
-

Optic cup becomes deeper



OPTIC DEVELOPMENT 1V: Lens differentiation

Mesenchyme

Mesenchyme

Basal lamina becomes lens capsule

Posterior vesicle cells form the nucleus of the lens.
Subsequent lens cells derive from the subcapsular
epithelium



OPTIC DEVELOPMENT 1V: Lens differentiation

Mesenchyme

Basal lamina becomes
lens capsule =—————>




OPTIC DEVELOPMENT V: Retina differentiation |

Mesenchyme

1
1
5

P Py by

Pl ]

Hyaloid artery reaches inside cup



OPTIC DEVELOPMENT VI: Retina differentiation Il

Mesenchyme
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