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e neurdlni ploténka (modre) vznika ze ztlustélého neuroektodermu kranialni ¢asti
zarodecného terciku primarni indukci z chorda dorsalis (notochord)

neuralni ploténka

Notodhord ~ Amniotic cavity
Cut edge
of amnion eewend.  Ectoderm

Neural
plate

Primitive
node

Primitive
streak

D17



Neurulace

* neurdlni ploténka (modre) se postupné prohlubuje a zanofuje za vzniku neurdlni ryhy
e uzavrenim neuralni ryhy vznika neuralni trubice

Notochord Neural groove
Surface Intermediate zone Spinal
ectoderm . of neural crest ganglion

Neural tube

e uzavirani neuralni trubice doprovazi odstépeni neurdlnich vall (Cervené) v podobé
neurdlni listy (neural crest)




Neurulace

e flze neurdlnich vall obvykle za¢ind na Urovni 4. somitu a Sifi se kaudalné i kranialné
* nejpozdéji se uzaviraji kranialni (neuroporus anterior) a kaudalni komunikacéni otvor
(neuroporus posterior)

Cranial neuropore

i

Neural fold

Neural fold

Cut edge of amnion

Cut edge
of amnion

/ Caudal

D17 D20 D22 = T s

* na kranialnim konci jsou patrné 3 primarni mozkové vacky — prozencephalon,
mezencephalon, rhombencephalon
e kaudalni oddil dava vzniknout hrbetni mise



« Membrana limitans externa a interna, vrstva germinalni a okrajova
* Mnozeni bunék a jejich presouvani periferné — vznik zevni plastovée vrstvy

Ectoderm Neural

External
limiting
membrane
(basement
membrane)

Neural o —
tube Dividing 4 Intermltqﬂc |
} neuroepithelial neuroepithelial
Notochord cell cell
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Histogeneze nervove trubice

mnozeni bunék a jejich pfesouvani periferné — vznik plastové vrstvy

Ext. limiting
_ membrane

Differentiating '
neuroblast

Intermitotic
neuroepithelial--«
cells W e

™ plastova vrstva

Dividing AR g
neuroepithelia 5
cell

JIF zérode&nd vrstva

Junctional complexes



Histogeneze nervove trubice

1.VRSTVA VENTRIKULARNI
= EPENDYMOVA (ZARODECNA)  Roof plate
- pozdéji vystelka dutin CNS

Alar plate

Central canal

2. VRSTVA PLAS TOVA Sulous Basal piate
— zaklad Sedé hmoty limitans
3.VRSTVA OKRAJOVA Ventricular
= MARGINALNI . Z°“Z_ t
s s niermediate

— zaklad bilé hmoty Zone Floor plate
Marginal
zone Dorsal median

septum

Dorsal horn
(sensory)

Lateral horn
(autonomic)
Gray matter

Ependyma
. Ventral horn
White matter / (motor)

Ventral fissure




Histogeneze nervove trubice

e Radialni glie

— vodici systém pro migraci neuron(

Marginal zone {
Cortical plate

Intermediate <
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Ventricular zone

Outer surface

A Inner surface
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process
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Migrating
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7 glial cell



Histogeneze nervove trubice

» z (neuro)ektodermu vznikaji neuroblasty (matefské buriky neuronu) i
spongioblasty (prekurzory podpurnych bunék CNS), s vyjimkou mikroglii
(derivovanych z mezenchymu )

Neuroblast )
Protoplasmic

astrocyte y
k&x@{h Q/ DAY /
J

\“QL:, @@9 (géfg - .?r(\\

Oligodendrocyte

Neuroepithelial Radial Radial Ependymal Adult
stem cells precursor glial cell cell stem cell
cell
Precursor pool Neurogenesis Gliogenesis

APC-astrocyte progenitor cell; IPC -intermediate progenitor cell; OPC-oligodendrocyte progenitor cell.
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Alar plate

Sulcus
limitans

Ventricular k 5%
zone 2

Intermediate
zone

Floor plate
Marginal

zone Dorsal median
septum

Dorsal horn

(sensory)

Lateral horn
(autonomic)

Ependyma

White matter
Ventral fissure

e (Centralni kanalek

Ventral horn
(motor)

* Mnozeni bunék lateralnich stén
e Sulcus limitans-bazalni (motoricka)
a alarni (senzitivni) ploténka

e Predni a zadni misni rohy

e Apozice neuritll na povrch
okrajové hmoty - bila hmota

e Spinalni nerv

Sensory
ganglion

"3

Ventral
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* Nepomér rychlosti rdstu patefe a michy (od 3 mésice)

v/~

« Cauda equina-kofeny spinalnich nerva probihajici bederni a kfizovou ¢asti
paterniho kanalu

Regressing
caudal portion
of spinal cord

Filum terminale
8 weeks 11 weeks 14 weeks 23 weeks

spindlni anestezie
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Vyvoj mozku

PUvodné 3 pozdéji 5 mozkovych vacku:
» prosencephalon — telencephalon + diencephalon

* mesencephalon
 rhombencephalon — metencephalon + myelencephalon

2 ohnuti : temenni (flexura cephalica ) a tylni (flexura occipitalis/cervicalis )
pozdéji 3. ohnuti mostu (flexurapontina )

Myelencephalon
Metencephalon

Cephalic
flexure

Rhombencephalon _
Auditory

Mesencephalon ,
vesicle

Cervical Mesencephalon

flexure Ganglion X

Nerve IX Ganglion V

Cranial

and spinal Nerve XII Diencephalon
Spinal SENSOny
cord ganglia Nerve XI Gangfla Vi
Optic vesicle and VIII Optic cup

Prosencephalon Infundibulum

) Telencephalon
cord Optic stalk
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Vyvoj mozku

telencephalon - hemisféry (postranni komory)

diencephalon - mezimozek (thalamus, hypothalamus) (lll. komora)
mesencephalon - stfedni mozek (Sylvitvkanalek —agaeductuscerebri)
metencephalon - most a mozecek (IV. komora)

myelencephalon - prodlouzena micha

Mesencephalon

Cerebral
hemisphere

Rhombencephalic
isthmus

Intraventricular
portion of
rhombic lip

- Myelencephalon
- (medulla oblongata)

N. XII

Olfacto :
Sk Y Diencephalon Cut edge of roof of 4th ventricle

(hypothalamic region)




3 Months 4 Months 5 Months 6 Months

Central sulcus

7 Months ' 8 Months

Corpus
callosum

Pineal body

Superior
plexus of third and inferior
ventricle colliculi

Parietooccipital

Foramen of sulcus

Monro
Cuneus
Massa
intermedia Calcarine fissure
Lamina
terminalis

’

Ceretral - vyvoj korovych &asti

aqueduct
Optic chiasma

Hypophysis l ( Cerebellum m OZ k u p O k ra é Uj e
s | Choroid plexus of p OSt n a ta’ I n é

lobe of right
Carlson BM, 2018 hemisphere fourth ventricle
Medulla

Pons

9 Months



Prehled vyvoje nervoveho systému

Paleocortex
/—) COI‘pUS striatum

» Neocortex

§—>—> Hypothalamus
Infundibulum

Secondary
prosencephalon

Prosencephalon

______———> Epithalamus
Diencephalon
T TT——— 3 Thalamus
Tectum
:lebural ——>» | Mesencephalon Mesencephalon » Tegmentum
ube

Cerebral peduncles

_____——> Cerebellum
Metencephalon
T —— 5 Pons

Rhombencephalon

Myelencephalon » Medulla

(1]

Spinal cord Spinal cord » Spinal cord
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MNeural plate

e uzavirani neuralni trubice doprovazi odstépeni
neuralnich vald (zelené) v podobé neuralni listy
(neural crest)

* neurulaci vzniklé buriky neuralni listy migruji do
rdznych oblasti, kde davaji vznik specifickym populacim ;
: , v Premigratory
diferencovanych bunék eural crest

* nékdy nazyvané

,4. zdrodecnd vrstva“




KRANIALNI NEURAL CREST

davaji vzniknout
kraniofacialnimu
mezenchymu, ktery dale
diferencuje na kranialni
ganglia a kranialni
chrupavku a kosti lebky

v oblasti hltanu pfispivaji
ke vzniku brzliku, kosti
stfedniho ucha, &elisti a
odontoblast

Otic vesicle

Mesencephalon

Myelencephalon

Diencephalon

Esophagus

|:I Mesodermal mesenchyme
- Neural crest mesenchyme

Optic vesicle

B




NEURAL CREST TRUPU

Pigment cell

Neural crest

Dorsal root Schwann cell

ganglion
Pigment Satellite cell
cells

Unipolar (sensory)
neuron
Sympathetic
ganglion
Multipolar
neuron in
sympathetic
ganglion

Chromaffin
cells in
adrenal medulla

Developing
adrenal gland

Plexus in
gut wall

Parasympathetic
(submucosal)
plexus in gut

KARDIALNI NEURAL CREST

Neural crest

Neural tube

Aortic arch
arteries

Qutflow tract

- srdec¢ni septa

- srdec¢ni chlopné

- hladky sval aorty, plicnice a
velkych koronarnich cév



RACHISCHISIS SPINA BIFIDA OCULTA

Open
neural tube

Hairs

Skin

Arachnoid

Transverse
process

Arachnoid

Spinal Subarachnoid
cord space

Dura

MENINGOCELE MYELOMENINGOCELE



Vyvojove vady michy

RACHISCHISIS

MYELOMENINGOKELE

SPINA BIFIDA OCULTA
?. =

- v rozsahu 1-2 obratlt
bez neurologickych
priznakd (1:500)



Vyvojove vady mozku

» vyhfez mozkovych obald, nervové tkané mozku, pfipadné i komor defektem
v kostech lebky

Dura mater

F,  SPace

.
""""""""

% Arachnoid Brain
A B C tissue D Meningohydro-

Meningoencephalocele Meningocele Meningoencephalocele encephalocele

. o
-------

4,




Vyvojove vady mozku

» vyhfez mozkovych oball, nervové tkané mozku, pfipadné i komor defektem
v kostech lebky

FRONTALNI ENCEPHALOKELE

OCCIPITALNI MENINGOKELE



Vyvojove vady mozku

HYDROCEPHALUS

- nahromadéni mozkomisniho moku




ANENCEFALIE




Vyvojove vady mozku

MIKROCEFALIE
5

¥

Baby with Typical Head Size

_-—~~~_ Typical
. ~ head size

Baby with Microcephaly

.=~~~ ~_ Typical
- ~ head size

Baby with
Severe Microcephaly



Vyvojove vady mozku

POVRCHOVE MALFORMACE MOZKOVYCH HEMISFER

 Makrogyrie —abnormalneé velké zavity
 Mikrogyrie —abnormalné malé zavity

e Lissencephalie — hladky povrch hemisfér

Normal Lissencephaly




NEUROEKTODERM

— oc¢ni vacek (vybézek proencephala) a z néj vznikly o¢ni poharek

— z&klad sitnice
— stopka o¢niho vacku (poharku)
— z&klad optického nervu

EKTODERM:

— CoCka

— predni epitel rohovky
— ocni vicko

BUNKY NEURALNI LISTY

(hlavovy mezenchym)
— fasnaté téleso
— duhovka

— stroma rohovky
— bélima

— cévnatka

MEZODERM

— svaly

— sklivec

— endotel ceév cévnatky a bélimy

Retina

Macula lutea

Fovea centralis
{eeniral depression)

Pasterior chamber —— il Y/ —
; / Optic nerve and
retinal blood vessels

Ciliary body and muscle

Right Eye {viewed from above)



Split eye
fields

Prechordal

plate Lens placode 3 -

Optic vesicle

Eye field
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=
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-
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Notochord
Primitive \ \- Optic vesicle
node \ formation

Primitive

streak o . .
oc¢ni vacky

= vychlipky predniho mozku

Single eye
field Splitting of
eye fields



Vyvoj oka

e ocni vacky vznikaji lateralnim rdstem dvou mélkych ryh (sulci optici)

e pfi pfiblizeni neuroektodermu ocniho vacku k povrchovému ektodermu vznika v
misté apozice ztlusténi ektodermu (plakoda ¢ocky)

e vchlipenim plakody dovnitr vacku vznika o€ni poharek

Wa" Of SU rface .....................
forebrain_  ectoderm -
' Lens

\ placode '

) / ..... : ""»,f-.,,__. llllllllll “‘ ;

A Optic Optic B Invaginating /™ o~ '

grooves vesicle lens placode C Ga Invaginating

optic vesicle

sulci optici . . ,
( ptici) oCni poharek

stopka o¢niho vacku




Optic Optic
vesicle vesicle
Induction
of surface
ectoderm
22 days 24 days Intraretinal 24 days
space
Optic
vesicle
Lens
placode
Wall of
forebrain
Surface
ectoderm
28 days Optic
Optic
stalk
Lens

Lens pinched
off from
ectoderm

Hyaloid j
artery 3 Y

36 days

34 days



vchlipovaci proces prostupuje pres choriodalni stérbinu (fissura choridea) na spodni
stranu stopky ocniho poharku, po jejim uzavreni zde probiha opticky nerv a
centralni tepna a zZila

vnitrek docasného podélného kanalu zaplni mezenchym, ktery vytvori zaklady
sklivcovych céy, slouzicich k vyzivé vznikajici ¢ocky

Pigment layer
Sensory layer

Invagination
of tissue

Hyaloid artery

Optic stalk

Choroid
fissure



Vyvoj oka

vznik ¢ockové plakody, pozdéji cockové jamky a doskrceni cockového vacku




1/5 PARS CEACA RETINAE

Pars caeca
retinae

Ora serrata

Pars optica
retinae Macula
lutea

Papilla
nervi optici

4/5 PARS OPTICA RETINAE

Ganglion cells

Muiller cells

Amacrine cells

Bipolar neurons
Horizontal cells
Rod
Cone

Pigment cells

Selem (chorioidea)

Uvea

Fovea centralis
retinae

N. opticus



Branches of Anterior
hyaloid artery in chamber
vitreous body Sensory layer

Lens epithelium of retina Eyelid
Sensory layer

of retina

Lens fibers

Cornea

Central artery .
of retina Pigment layer

of retina

uzavreni
ocnich vicek
3-6 meésic

Eyelid
Optic nerve
7 weeks

Central artery
of retina

c¢ockova vlakna
(akumulace
kristalinnich proteind Coniunctiva
— prUhlednost ¢ocky) — Setiegeol

orbitonasal wall

Margin of iris
Lacrimal

Eyelid

Anterior chamber
Vitreous body

Hyaloid 4 8 A Branches of
artery . B ) hyaloid artery
forming vascular
capsule of lens

Central artery

Sensory layer
of retina

of retina

Retinal
pigment

bt sklivec se plni siti
- sl kolagenovych vidken a
R hyaluronové kyseliny

muscle

Medial
rectus muscle

Optic nerve

10 weeks



Anterior
chamber

Future
anterior
chamber

Hyaloid
artery

Eyelid

Retinal C
pigment
epithelium

Neural retina

Remnants
of hyaloid

artery zanik hyaIOIan'

arterie
(apoptoza)

Central
artery
of retina



ANOFTALMIE COLOBOMA IRIDIS VROZENA KATARAKTA

ANIRIDIE AFAKIE




\lyvojove vady oka

PRETRVAVAIJICI
IRIDO-PAPILARNi MEMBRANA




\lyvojove vady oka

KYKLOPIE




e \/lyvoj nervové soustavy
https://www.youtube.com/watch?v=Cu4lQYbOzzY
https://www.youtube.com/watch?v=IGLexQR9xGs&t=2s

e \/yvoj oka
https://www.youtube.com/watch?v=17WOEd-vCRo
https://www.youtube.com/watch?v=Qn7FelLrRV w
https://www.youtube.com/watch?v=Jp8VhsdrYgw




