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Bunky nervove tkane

- neurony
- gliové bunky (neuroglie

Extracelularni matrix
- zanedbatelné mnozstvi
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NEUROGLIE

1. Neuroglie v CNS

2. Neuroglie v PNS i

1.

2,

. ependym

. astrocyty 1. plasmatické (Seda hmota)
2. fibrilarni (bila hmota)

. oligodendrocyty (myelinizace axonii)

. mikroglie

Schwannovy bunky (myelinizace axonu)

satelitové bunky (cerebrospinalni a vegetativni
ganglia)



MEDULLA SPINALIS

suicus medianus dorsalis

funiculus dorgalls : septum medianum dorsale
\ | /

-~ ' \ '
7 \ , - ==~~~ --cornu dorsale

--4 - - CcOrnu laterale

funiculus ventralis - -~

|
fissura mediana ventralis




Impregnace AgNO,
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Typy heuronu v mise

- motorické neurony
1/ eferentni neurony
(buiiky korenove)
autonomni (vegetativni) neurony

vsunuteé

buriky spojovaci komisuralni

N

2/ interneurony “ asociaéni

bufiky provazcové




interneurony
provazcové  spojovaci
vsunuté
komisuralni
asociacni

‘ spinalni
eferentni neurony \"‘ /’ ganglion
[®)

autonomni
motorické













Mozecek (cerebellum)



G = Seda hmota
ML = stratum moleculare
PL = stratum gangliosum
(vrstva Purkynovych bunék)
GL = stratum granulosum
W = bila hmota
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KURA MOZECKU

? maly neuron kofitkova b. Purkyfova b.
(hvézdicovity)

1.stratum moleculare
2.stratum gangliosum
3.stratum granulosum

Y

‘ jadra mozxelku

velky neuron
(Golgiho burika)

bila hmota viikna fplhava vlikna mechovi
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Area of the cerebellum delineated by the

raph bel

» Immunocytochemical staining of Purkinje

cells in the cerebellar cortex. An antibody

to parvalbumin selectively labels Purkinje cells, so

that their cell bodies nd elaborate
cal fan-like dendri
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Koncovy mozek (telencephalon)









pyramidal cells

5 Medium-sized pyramidal cells \L

1 Pia mater with blood vessel
6 Granule cells

7 Dendrites of pyramidal cells

2 Neuroglial cells

3 Small pyramidal cells
4 Apical dendrites of

8 Large pyramidal cells
9 Bundles of axons

10 White matter




Ross, M.H., Pawlina, W.: Histology:
atext and atlas, 6™ ed.,

Lippincott Williams & Wilkins, 2011
upraveno

yfamidové bunk

2 pyramidové bu

hvézdics nky s dendritickymi trny

lamina
molecularis

granularis externa

pyramidalis externa

granularis interna

pyramidalis interna

Yy
multiformis







« excitacni (60 — 70 %, dendrity s dendritickymi trny, glutamat)
— pyramidoveé (eferentni neurony)
— hvezdicovité s dendritickymi trny (interneurony)

 inhibicni (30 — 40 %, interneurony, hladké dendrity, GABA)
— bunky se synaptickymi kontakty na téle nebo proximalnich

dendritech (koSickoveé)
* hnizdové koSickové
» velké koSickové
 malé koSickové
drapkaté

— bunky se synaptickymi kontakty na distalnich dendritech
 dvojité kyticové
* bipolarni
» neurogliaformni
« chomackové
» Cajalovy-Retziusovy
Martinottino

— bunky se synaptickymi kontakty na axonech (svicnove)



Your neurons when you start learning about neurons:




Pyramidova bunka

imunocytochemicky prikaz intermedialnich
filament, NF protein

impregnace stribrem |
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Normal Alzheimer's disease Healthy Brain Severe Alzheimer’s

B Neurofibrillary

# Amyloid
plaques

MAP tau






Capillaries







Vyskyt inhibi¢nich interneuront v jednotlivych vrstvach:

Cajalovy-Retziusovy, heterogenni skupina malych interneuronti
kosi¢kové, dvojité kyticové, bipolarni, chomackové, Martinottiho,

svichové

kosickové, dvojité kyticové, bipolarni, chomackové, svicnové

drapkaté kosickové, dvojité kyticové, bipolarni, chomackove,
Martinottiho,

kosickové, Martinottiho, dvojité kyticové, svicnové
kosickové, bipolarni, chomackové, Martinottiho
Ross, M.H., Pawlina, W.: Histology:

atext and atlas, 6% ed.,
Lippincott Williams & Wilkins, 2011




Mozkova komora

=



Meningy (mozkomisni obaly, pleny)



Arachnoid
trabecula
— Subrachnoid
space
Pia mater

Perivascular
space

| FNerve tissue

l&=——Neuron

Blood vessel










Subarachnoid
Space




Types of brain hemorrhage

Skull

Dura mater

Arachnoid mater

Epidural
Hematoma

Subarachnoid
Hemorrhage

Pia mater

Brain tissue

Subdural
Hematoma

Intracerebral
Hemorrhage



Plexus choroideus







Periferni nervy



main artery
to nerve

perineurium

fascicle —

endoneurium

and axons nerve trunk

epineurium






BNF =

BNF—
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Perineurium




Ganglia
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ORGANOGENEZE
NERVOVEHO SYSTEMU



VYVOJ NERVOVE TRUBICE, HISTOGENEZE
NERVOVE TKANE



TFGF-8,noggin, chordin, follistatin
(v primitivnim uzlu a pozdéji v
prechordalni plotence a chordé)

Ectoderm Intraembryonic mesoderm

Extraembryonic
mesoderm

Endoderm

Notochord
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Somite- ntermediate
mesoderm

Neural
fold
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s — Cut edge '— Notochord ‘ : ‘
~ of amnion Notochord

(d) 22 days

—
—
= Neural fold Neural Neural
_— crest crest
Neural groove 3
‘ L
> Somite ?2‘\* \‘”&7
(covered by Lateral plate:
_ ectoderm) | Coelom Splanchnic
- Primitive streak / Q mesoderm
- Somatic
- (c) 20 days mesoderm
Head .- Q Surface sutdzce_
; ! ectoderm ectoderm
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(A)
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'-;' ‘: *‘\ o N Neural plate  Neural

Crest

: Epidermis

Elevation

y- Epidermis
=== Neural crest
cells

Neural
tube
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non-neuralni ektoderm
neurocktoderm
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nervova trubice
notochord I




Prechordal

s Oropharyngeal
Oropharyngeal P N membrane
membrane C plate Prechordal D
late
A P
, Neural
T groove —.
n. brazda
streak 15 Days primitive
e » streak
B Notochord
Prechordal Tee
plate ~ ™~ Cloacal n. val
membrane Neural
19 Days fold
Neural ;’alate Regressing
n. ploténka primitive
—_— streak
Notochordal E (r)lggtlve
process
/ | Cloacal
Primitive =~ membrane 20-21 Days
streak

Carlson B.: Human Embryology and
Developmental Biology, Elsevier 2014



Neural fold

Neural plate

Neural groove

Somite




uzaver 24. — 25. den

Cranial neuropore

Neural fold

Pericardial
bulge
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BMPs




Differentiating "%,

neuroblast

Intermitotic
neuroepithelial
cells

neuroepitel

Dividing
neuroepithelial
cell

Pia cell

External limiting

J4- 7/ membrane
YAk, B

Junctional complexes



Mesenchymal

Epenymal cell
cell

Bipolar
neuroblast

Oligodendroglia o

Microglia

Multipolar Protoplasmic Fibrillar
neuroblast astrocyte astrocyte



Roof plate

Alar plate

Sulcus limitans

Basal plate

Neural Tube: Cell Growth
Floor plate and Differentiation



cells

Neuroepithelial

Neuron

Neuroblast
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Glioblast

Radial glia

cell

Ependymal

pi
% m':ter

Marginal
layer

arginalni vrstva
okrajoya)

(int

Mantle
layer

ermediate)

plastova vrstva
(intermediarni)

entricular
ayer




Outer surface

Marginal zone Leading

Cortical plate process
of neuron

Radialni (Bergmannova) glie
Intermediate - Migrating
zone neuron
/
_ Radial Process
Subventricular zone { i of radial
: ,_ glial cell _, .
Ventricular zone % glial cell

Inner surface

Carlson B.: Human Embryology and
Developmental Biology, Elsevier 2014
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VYVOJ MICHY A NEURALNI LISTY



BMPs

oy alni ' PAX7, PAX3
Alarni (dorzaini) ploténky , Stropni ploténka

Bazalni (ventralni)
plotenky (zelena i

modra oblast)
Spodinova ploténka

NKX2.2 PAX6
NKX6.1  NKX6.1



Mantle layer

Roof plate

Marginal
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Ventricular
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layer



Dorsal Dorsal

median septum sensory
horn

Central
canal

i Tf~White

/ N\ )0 /) matter
Intermediate \ 4 @67 -\ - G

N / Ventral

motor horn

horn
Ventral fissure



Attachment
of dura B -

Spinal cord

Dorsal root

ganglion of
1st sacral Lengthened
nerve root of 1st
sacral nerve

newborn C

Filum
terminale
internum

— Dura




neuralni lista

Neural
ural crest Dorsal

root ganglion

.oy Sympathetic
ganglion

Developing

suprarenal _
gland “ . Preaortic
L, ganglion

Enteric
ganglia

C &% Urogenital
ridge



Dorsal sensory root

Dorsal root
ganglion ;;f

Alar plate

Basal plate

It
L
Outgrowing q‘ . Ventral

motor axons Trunk of motor root
spinal nerve



Cranial neural crest

Pharyngeal arch

Truncoconal cartilages

septum

face and neck
Dermal bones
of skull

& / Dermis and
N hypodermis of M

l/
Odontoblasts L

Schwann
cells

Some cranial nerve ganglia

lI Spinal neural crest

Glial cells
in peripheral ganglia

Preaortic Enteric
gangiia Melanocytes ganglia
Adrenal
medulla

Dorsal root
ganglia

Chain ganglia



Spina bifida occulta Meningocele Myelomeningocele




Subarachnoid space

Hairs Dura Arachnoid
Arachnoid

Transverse Dura
process

(a) Spina bifida occulta (b) Meningocele () Meningomyelocele

spina bifida cystica



Neural fold

Neural crest
Neural groove

Notochord

st Surface

Neural cre
ectoderm

Neural tube

‘ Y-olk saé

Cc Craniorachischisis Open spina bifida

Anencephaly

Cranial
neuropore

Caudal
neuropore

Neural ’
fold (

Neural = — Somite
groove ' : :

Iniencephaly

Closed spina bifida




MYELOSCHISIS
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Missing: Roof plate
Vertebral arch




VYVOJ MOZKU



4. tyden 5. tyden

3 primarni mozkové vacky 5 sekundarnich mozkovych vacku
3 Primary 5 Secondary Adult derivatives
vesicles vesicles of
| _ Walls Cavities
S
Wall Cavity
Cerebral Lateral ventricles
Telencephalon hemispheres
Forebrain
(prosencephalon) ————3 Thalami, etc.  Third ventricle
Diencephalon
Midbrain y " e Midbrain Aqueduct
(mesencephalon) soenceEpnan
Pons Upper part of
< fourth ventricle
Metencephalon Cerebellum
Hindbrain
(rhombencephalon) T~ Medulla Lower part of
oblongata fourth ventricle

Myelencephalon o il cord

Moore et al: Before We Are Born, 8e
Copyright © 2013 by Saunders, an imprint of Elsevier Inc.



temenni ohnuti

Cephalic flexure

(midbrain)

Prosencephalon
(forebrain)

A

Rhombencephalon
(hindbrain)

tylni ohnuti
Cervical

M gsence P ha!{] n Ve '.'"-_',-'_.-"_5.':f'_':"..T.-:'.-_-_-'.-.I: IS 1 ol ﬂ e 3{ ure

Cranial and

ganglia

spinal sensory” f&4

Prosencephalon

Mesen-
cephalon

-Rhomben-
cephalon




Mesencephalon

Rhombencephalic
isthmus

Cerebral
hemisphere

intraventricular
portion of
rhombic lip

-Pontine flexure
ohnuti mostu

Myelencephalon
(medulla oblongata)

& a

YR,

N. XH
N. Vii, Viii e s 5, 99
Olfg&t;)ry Diencephalon Cut edge of roof of 4th ventricle

(hypothalamic region)

8th week



Lateral ventricle

Olfactory bulb
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Myelencephalon 4th ventricle

-
...........
...........
» 3
...............................
oM

Mesencephalon

X
>
Ria.»,

Meten- \ Alar plate

cephalon

TN
~~~

Abducens nerve

Rhombic li
. Basal plate Sulcus limitans

Choroid plexus
Somatic afferent

General

) o
e 4 asal plate
!/ visceral efferent

Alar plate Special visceral &
afferent B

Attachment

of roof plate General N Sy

Myelen- | #i% § °
visceral afferent

cephalon { 1

A . .
somate e
efferent (X, X, X)

(XI1)



Roof plate

V, VII, XI, X VIII

General somatic afferent Special somatic
column (6) afferent column (7)

Vil, XI, X -
Special visceral
afferent column (5)

General visceral afferent

column (4) V]I, XI, X

General visceral efferent
X' column (3)

Special visceral (brg
efferent column

IX, X8X| Floor

plate

| Somatic efferent
Xl column (1)

Branchial striated

\

PO\

A ) A A A2
muscle B == 90po05e000070
: - . Visceral
St Nonstriated epithelium

. muscle
striated muscle



Metencephalon

External granular layer 4th ventricle Roof plate

Somatic afferent

Rhombic lip
AP Special visceral
rhombicky sffatemt
ret

General visceral
afferent

Special visceral efferent (V and VII)

Somatic efferent (VI)



Mesencephalon _ Anterior colliculus Posterior

colliculus
: Cerebellar
Cerebellar [ Extraventricular Vermis hemisphere
plate Intraventricular Nodule
mozeckova Flocculus

ploténka |
Posterior

medullary velum

Alar plate 4 Foramen of
Sulcus limitans Luschka
Basal plate Cut edge Roof plate of Foramen of
roof of 4th ventricle Magendie

A 4th ventricle (medial aperture)



Parasagittal sections through the roof of the 4th ventricle

Caudal External germinal
layer

Cranial rhombic lip Caudal

Cranial

Internal germinal
layer

4th ventricle

Ventricular layer

Arrows indicate directions of migrating
young neurons from external germinal
germinal layer into white matter

—— Arrows indicate continuing migration of
young neurons from white matter into
deep cerebellar nucleus on each side

Deep cerebellar nucleus

4th ventricle Caudal



Mesencephalon

Stratified nuclear
layer of colliculus

Sulcus

limitans Visceral

efferent

Somatic efferent
N\ (il and IV)

Nucleus
ruber

B\
Substantia
nigra

cerebri

Basal plate
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Neocortex

Lateral ventricle

Ganglionic eminence
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Gyrifikace

Lobace
Precentral gyrus Central sulcus
Parietal Postcentral
lobe gyrus
Insula

Occipital

Frontal P

lobe

Olfactory Cerebellum

bulb  Temporal

A lobe B
7 months 9 months

Lateral fissure



encefalokéla




holoprosencefalie







kranioschiza




Chiari (Arnold-Chiari) malformace

Normal Brain

- dystopie mozecku a oblongaty do paterniho kanalu, ktera se klinicky
projevuje hydrocefalem.



H‘er lated cerebgjl '

\\ ‘i t%, £ g‘ |



Normal Dandy-Walker Malformation

kompletni nebo parcialni agenese vermis mozecku
cysticka dilatace ¢tvrté komory mozkové
zvétseni zadni jamy lebni
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