Prednaska 11

Nervovy systém

Pripomenuti stavby nervové tkané

Stavba Sedé hmoty — micha, mozecek, kiira mozkova (iso- a alocortex)
Periferni nervovy systém - periferni nervy a ganglia

Histogeneze nervové trubice

Vyvoj mozku a michy

Brno, Listopad 2019



Nervovy systém - Histologicky

Made of 3 structurally different components:

Nervova tkan

Krevni cévy
capillaries, arterioles and venules that densely penetrate the nerve tissue

Pojivova tkan
provides protection of both previous components is organized into:

meninges - envelope the brain and spinal medulla
epi-, peri- and endoneurium - connective tissue within nerves or on their surfaces

thin capsules - surround the cerebrospinal and autonomic ganglia



Nervova tkan — Obecné znaky

Nervova tkan je tvofena pouze dvéma typy bunék:

« Neurony
 Neuroglie - gliové bunky (podptirné)

Neurony — vysoce specializované buriky, které
pfenaseji signaly (impulzy)




Neuron

1. Perikaryon (neurocyt)

2. Vybézky

(jednosmérny pfenos signalu)

- axon
(vzdy pouze jeden; centrifugalni pfenos)

- dendrit(y)

(centripetalni pfenos)
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Umisténi: Neuron - Perikaryon

CNS — Seda hmota
PNS — ganglia

Tvar:
pyramidovy, sféricky, vej€ity, hruskovity

Velikost:

5t0 150 um

Organely:

. Jadro — velké + svétlé + prominentni jadérka

. Nisslova substance — drsné ER

. Neurofibrily (neurofilamenta + neurotubuly + aktin)
. Lipofuscin
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Neuron — Vybézky

Dendrity

Kolateraly

(vétveni axonu, telodendrie)
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Neuron — Vybeézky

Dendrity

Pfenasi signaly smérem k télu neuronu

Typicky kratké, velmi vétvené &
nemyelinizované

Povrchy pro kontakt s jinymi neurony

Obsahuje neurofibrily & Nisslovu substanci
Obsahuje MAP-2 (rozdil od axonu)

Desitky tisic spoju (synapsi na velkych dendritech)
Dendritické trny na dendritech nékterych neuronu

Pocet dendritickych trna klesa s vékem a Spatnou
vyZivou

Axon (nervové viakno)

1 axon odstupuje z téla neuronu — odstupovy konus

Odstupovy konus — konicka oblast téla neuronu — neobsahuje
Nisslovu substanci

Nékteré axony mohou méfit az 100 cm

Inicialni segment - ¢ast axonu od jeho zacatku po zaCatek myelinové
pochvy

Inicialni segment — oblast, kde se sumaci excitacnich a inhibi¢nich
signalu generuje finalni signal

Kolateralni vétve — Terminalni arborizace — Telodendrie
Myelinizované nebo nemyelinizované
Pfenasi impulzy smérem od téla neuronu

Terminalni knoflik — zdrufeni na konci axonu, obsahuje synaptické
vacky s neurotransmitery

Bunééna membrana = axolema

Cytoplasma= axoplasma

?ilé hmota: oblasti s myelinizovanymi axony
Seda hmota: oblasti s nemyelinizovanymi axony, t€ly bunék a dendrity



Neuron — Klasifikace 1

Podle poctu a usporadani vybézku

Multipolarni

nékolik dendritll & jeden axon
(nejrozsirenéjsi typ)
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Bipolarni
jeden dendrit & jeden axon
(retina, vestibularni a kochlearni ganglia)

Unipolarni
(pseudounipolarni)
pouze jeden vybézek
(senzitivni spinalni ganglia))
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Neuron — Klasifikace 2

Podle funkce

axon bady

Sensory

* . Receptors
:: Sensory Neuron P
o

-
a .
"Tagpmannt®

Motor Meuron
......lllll-““‘

Effector (Muscle)

Motorické (eferentni) neurony:
* pfenasiimpulzy ke svallm, jinym
neurondm a Zlazam

Senzitivni (aferentni) neurony:
* snimaji a pfenaseji signaly

Interneurony:
+ vytvafi lokalni sité


http://i3dlearning.pbworks.com/Neuron-Discussions
http://i3dlearning.pbworks.com/Neuron-Discussions

Synapse

Definice

Synapse jsou vysoce specializované bunécéné spoje, které vzajemné spojuji neurony (ve vSech drahach)

microtubule

synaptic
vesicle

surface of
postsynaptic
membrane

receptor

thickening

postsynaptic
thickening

axon

terminal
bouton

* Terminalni knoflik — zakonéeni axonu

neurofilament

e * Presynapticka membrana — obsahuje mitochondrie a synapticke
vacky s neurotransmitery
endosomal

" membrane + Synaptické vaéky (mensi + vétsi — zasobni)

f;:j:;‘faﬁ:: * Postsynapticka membrana — nese receptory pro neurotransmitery
a dalsi denzni material

Mo

ng;’;:‘“% » Synapticka stérbina - 20-30 nm Sifka, obsahuje jemna filamenta

T *+ Se synapsemi jsou asociovany gliové bunky

membrane

From Allen and Barres, Nature 2009

+ Asymetrické synapse - excitaéni (ztlustéla postsynapticka
dendrite membrana a 30 nm synapticka Stérbina)

* Symetrické synapse - inhibiéni (tenka postsynapticka membrana
a 20 nm synapticka Stérbina)

Zviditelnéni ve svételném mikroskopu vyzaduje specialni barveni




Synapse

Klasifikace podle participujicich struktur

s -
P
U% il '
Ly Axodendritické
// n V4
Axosomatickeé
Axoaxonalni
h-_—_——*_—_—____.—:——__-
SpinN <\
synapse synapse S
e sE\ T Ty .. \y “p -ll.?ll..y' p j
{ Axosomatic : % Axodendritic :
/7 Cas N\
/ : / e //' \ \\.
axo-dendritic // / \\\
™S~ :" f / ,'/ \ l'|
| \él) // \\
/9 — =&l . \ A
B ';c.*__}\\_,,/" \\J\axo-somatlc serial '\ \
Poznamka: o R 4 axo-axonic \
Neuromuskularni spojeni — synapse mezi JEEEE S St LGS
neuronem a efektorovou svalovou burikou ) 2 7 R e =
N g/ axo-axonic) [ T~ |
\\ i L2 ____’-'\ Q.... “+“ \ v'



Neuroglie — Gliové bunky

Obecné vilastnosti
* ne-neuronalni bunky — nékolik riznych typu
* podporuji a chrani neurony
* spojuji neurony k sobé a tvofi podpurnou kostru nervové tkané
* béhem vyvoje navadéji migrujici neurony do jejich destinaci
+ zralé neurony, které nejsou v kontaktu synapsemi
* brani vzajemnému kontaktu mezi neurony (izolace)
+ ladi“ aktivitu signalnich drah
* ve svételném mikroskopu jsou vidét pouze jejich jadra
» kazdy neuron je v kontaktu s nékolika gliovymi bunkami

Pocet neuronu: asi 100 biliont az 1 trilion
Pocet gliovych bunék: 50x vice nez neuron(

Centralni neuroglie
Periferni neuroglie

» Astrocyty
+ Oligodendrocyty * Schwannovy buriky
* Mikroglie + Satelitové (plastové) bunky

* Ependymové buriky
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Neuroglie — Astrocyty

perivascular

nejhojnéjsi gliové bunky CNS
pokryvaji cely povrch mozku a
vétsSinu nesynaptickych oblasti
neuronu v Sedé hmoté

maji €etné funkce:
tvofi podpurnou kostru nervové tkané
maji vybézky (perivaskularni nozky) , které jsou
v kontaktu s kapilarami a spoluformuji hemato-
encefalickou bariéru
preménuji krevni glukdzu na laktat a predavaiji jej
jako vyzivu neuroniim
produkuji ,,nerve growth factors*, které fidi rast
neurond a formovani synapsi
komunikuji elektricky s neurony a ovlivinuji tak
prenos signalu na synapsich
reguluji chemické slozeni tkarnového moku
absorbovanim neurotransmiterti a iontu
astrocytéza - tuha jizva tvorena astrocyty v
oblasti, kde doslo k umrti neuronti
obsahuji GFAP

feet ‘

myelin
sheath

=
SR
o

perineural
feet

Membrana limitans gliae...

...superficialis

...perivascularis



Neuroglie - Oligodendrocyty

mensi nez astrocyty; tmavsi, okrouhlé jadro, hojné RER, hojny golgiho aparat

tvofi myelinové pochvy v CNS

jedna bunka obsluhuje vice jak jeden axon

nemohou migrovat kolem axont (na rozdil od Schwannovych bunék) — vtlacuji nové vrstvy myelinu
pod jiz existujici smérem k nervovému viaknu

neurilema ani endoneurium kolem nervovych vliaken v CNS nevytvafi

vybéZky obklopuji axony a vytvafri izolaéni vrstvu urychlujici pfenos signalu

multiple sclerosis — dusledek poSkozeni funkce oligodendrocytu
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(d) Oligodendrocyte

oligodendrocyte cell body

axon
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Neuroglie - Mikroglie

nejmensi neurogliové bunky
mala, tmava, protahla jadra
maji fagocytarni vlastnosti

jsou-li aktivovany — antigen prezentujici buriky

maji puvod v kostni dfeni (mezoderma

Ini)



Neuroglie — Ependymové bunky

vystylaji komory v mozku CNS a misni kanal
kubické aZ nizké cylindrické

chybi bazalni lamina

produkuji cerebrospinalni mok (CSM)
nékteré jsou opatfeny fasinkami (pohyb CSM)

AN N N N NN

spoluvytvari Plexus choroideus




Neuroglie — CNS - Sumarizace
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Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display



Neuroglie PNS — Schwannovy bunky

* bunky, které ovinuji vSechny axony v PNS
» poskytuji strukturalni a metabolickou podpopru axonim
» poskytuji vedeni (navigaci) pro rast axonu

Axony malého priméru Axony velkého pruméru
Obdavaji je cytoplasmou Obtaceji je myelinovou pochvou

Schwann cell

x Mesaxon

Schwann cell

Axons

pouze Schvannova pochva — Seda vlakna Schwannova + myelinova pochva — dvojité konturovana vlakna



Neuroglie PNS — Schwannovy bunky

Schwannova pochva
Dvojité konturované nervové viakno +
Myelinova pochva

= Neurilema




Nervovy systéem — Periferni x Centralni

CNS je mozek a micha + PNS je vSe ostatni

RECEPTORS PERIPHERAL NERVOUS SYSTEM CENTRAL NERVOUS SYSTEM

Interoceptors

Afferent fibers Sensory neurons
Exteroceptors in peripheral ganglia
Proprioceptors

Interneurons
Skeletal muscles

. Somatic '
Skeletal Mm— motor g
muscle neurons
fibers

Visceral effectors

Smooth ——m=me— o
muscles === Visceral Visceral

Gianda §DD - motor neurons motor
e Cosmatone nperore oo nevers
Cardiac W fibers gang fibers
muscle
Adipose @@ .
tissue ) = Somatic (sensory & motor)

—’ = Visceral (sensory & motor)
EFFECTORS

Human Anatomy, 5e Copyright © 2006 Pearson Education, Inc.,
by Fredenc H. MartiniMichael J. TimmonsRobert B, Tallitsch publishing as Benjamin Cummings.



Centralni nervovy systém — Mozek + Micha

CHOROID PLEXUS OF
THIRD VENTRICLE

Telencephalon

Diencephalon — Thalamus + Hypothalamus

Posterior
commisure 7

Great cerebral

vein

Straight sinus
Mozecéek N\

CEREBRAL AQUEDUCT

CHOROID PLEXUS OF
FOURTH VENTRICLE

MEDIAN APERTURE

Mozkovy kmen
» Diencephalon

» Mesencephalon

» Metencephalon

» Myelencephalon

\

A ‘3&5

)

View -

— Sagittal plane

™ N Superior cerebral vein
ARACHNOID VILLUS

SUBARACHNOID SPACE

SUPERIOR SAGITTAL
| SINUS

77 LATERAL VENTRICLE

INTERVENTRICULAR
FORAMEN

Anterior commisure
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\ |Cranial meninges:
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I/ Pia mater
/ Arachnoid mater

J
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FOURTH VENTRICLE
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Myelencephalon — Prodlouzena micha r
Micha
CENTRAL CANAL
1 ‘
:;N o\l Path of:
[ —> CSF
‘ l = Venous blood
1 SUBARACHNOID SPACE

Filum terminale



Centralni nervovy systéem — Organizace

Seda hmota
+ Téla bunék
* Nemyelinizovana vlakna (dendrites, proximal + distal ends
of axons)
* Neuroglie (plasmatic astrocytes, microglia)
» Kapilary (Blood-Brain barrier)

- forms the outer layer of the cerebrum — kiira mozku

- also forms jadra deep in the brain = clusters of neuronal cell
bodies in CNS

- collections of nuclei can form a centra (higher brain function)

Bila hmota

* Myelinizované axony neuront
* Neuroglie (oligodendrocytes, fibrilar astrocytes)
* Krevni cévy (lesser density than in the gray matter)

Mozek

- axons are bundled together to form trakty bilé hmoty
conduct nerve impulses from gray region to gray region

- three types of tracts (comisuralni, asociaé€ni, projekéni)

Micha
- senzitivni and motorické trakty (ascendentni a descendentni)

EFFECTORS

CENTRAL NERVOUS SYSTEM

GRAY MATTER ORGANIZATION

Neural Cortex

Centers

Gray matter on
the surface of
the brain

Nuclei

Collections of
neuron cell bodies
in the CNS; each
center has specific
processing
functions

Collections of
neuron cell bodies
in the interior of
the CNS

Higher Centers

The most complex
centers in the brain

WHITE MATTER ORGANIZATION

Tracts

Columns

Bundles of CNS
axons that share a
common origin and
destination

Several tracts that
form an anatomicalty
distinct mass

Centers and tracts that connect
the brain with other organs and
systems in the body.

Ascending (sensory) pathway
Descending (motor) pathway ——




Centralni nervovy systém — Distribuce Sedé a bilé hmoty

2 ! Telencephalon + Cerebellum

Seda hmota:

« covers surface of both hemispheres forming
the folded plate - kura

””&E/ - forms islands nearby ventricular system —

telencefalicka a mozeckova jadra
» centrally located also in brain stem

Bila hmota:
* occupies the interior of hemispheres

Micha

Seda hmota :
* v centru tvori stredni ¢ast organu -
napodobuje pismeno H

* periferné je obdana provazci (funiculi) bilé
hmoty




Centralni nervovy systém — Micha - Anatomie

Lumbarni ztlusténi - T9to T12 " |1
nerves to and from lower limbs i

Conus —_"
medullaris

Cauda equina _
nerve bundle

Coccygeal / | < ™ Filum
nerve (Co,) terminale

(a) Spinal cord, posterior vew

Cl

A% Cervikalni ztlusténi - C4 to T1
y L} nerves to and from upper limbs

Approx. 40-50 cm

L1

Cylindical strand
Narrowed conically
Bilaterally symmetrical
Central canal

31 segments
+

31 pairs of spinal nerves




Centralni nervovy systém — Micha — Bila hmota

POSTERIORNI
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Provazce (rFasciculi = Funiculi (= Sloupce)

Anteriorni (predni) — sensitivni trakty + motoricke trakty

 Lateralni (boéni) — sensitivni trakty + motoricke trakty
» Posteriorni (zadni) — sensitivni trakty

Sensitivni = Vzestupné
Motorické = Sestupné




Micha — Bila hmota- Trakty

Only for demonstration purpose — no need of memorizing !!!

Central canal Posterior median sulcus Posterior columns

Posterior

Lateral corticospinal spinocerebellar tract

tract

Anterior
spinocerebellar tract

Lateral
spinothalamic tract

Rubrospinal tract

Medial
reticulospinal
tract

= Spinal nerve

Anterior

Lateral reticulospinal spinothalamic tract

tract

Anterior median
fissure I Sensory (ascending) tracts

Anterior corticospinal tract I Votor (descending) tracts

Vestibulospinal Tectospinal
tract tract
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Micha — Bila hmota

oo AN

< Bila hmota >




Micha — Seda hmota — Organizace

Definuji

sloupce

Posterior gray commissure

Posterior median sulcus

z dorzalniho k.

Posterior
gray horn

/
/

Somatic  gansitivni

— Visceral neurony

Spinalni

nerv
Lateral Visceral -
gray horn | ﬁ Motorické
\ / Somatic. oo oMY
Anterior @
gray horn do ventralniho k,
Anterior gray commissure
(b)
Neurons in gray matter — all are multipolar
Motorické neurony (kofenoveé) Bunky provazcu (funikularni) Interneurony
* small neurons

* in the anterior (ventral) horns
+ stellate shape, 150 um in diameter
» send off long myelinated axons ending on

muscle fibres

» mainly in the posterior horns

* their axons enter the white matter and
connect to other segments of SC and
to brain stem

« diffusely distributed
among motor and
funicular cells




Micha — Seda hmota — Organizace




Micha — Seda hmota




Micha — Seda hmota — Organizace - Motoneurony




Micha — Centralni misni kanal
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Cerebellum - Mozecek

Function
* co-ordination of voluntary movements and helping to maintain balance

« allows for smooth, co-ordinated movements by constantly adjusting muscle tone and posture

Sagital section

Weight: 130 grams
Surface area: 0,10 - 0,15 m?




Cerebellum — Seda hmota

Seda hmota
« Klira na povrchu (1 mm thick)

« Jadra v bilé hmoté (nucleus dentatus,
emboliformis, globosus, and fastigii)

Bila hmota




Cerebellum = Bila hmota

,Arbor vitae‘“ — bila hmota



Cerebellum — Kura

Molekularni vrstva
(stratum moleculare)

Vrstva Purkynovych bunék
(stratum gangliosum)

Granularni vrstva
(stratum granulosum)



Cerebellum = Cortex - Cells

» KoSickové buriky
» Hvézdicové buriky

Vrstva Purkynovych bunék
(stratum gangliosum)

* Perikarya Purkyhovych bunék

» Golgi (Bergman) glie

Granularni vrstva
(stratum granulosum)

* Granularni bunky

» Golgi (Bergman) glie



Cerebellum — Purkynovy bunky
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Cerebellum — Klra — Bunky + Vlakna

STELLATE CELLS
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Vlakna

Efferentni

» Axons of Purkinje cells
- the only cells in cerebellum sending
signals outside

- always inhibitory signals

Afferentni
* Mechova viakna - synapse with
granule cells (Glomerulli cerebelares)

O Splhavé vlakna - synapse with
dendrites of Purkinje cells




Cerebellum — Kira — Bunky + Vlakna




Cerebellum — Kura — Bunky + Vlakna

Molecular
layer

Purkinje
cell layer
<
Granule cell
layer
J
Glomeruli. - «. 3N
cerebellares -
;’4’// White
g / [ matter
/ /
/

N

RN

a — granularni bunky
b — Purkyriovy buriky
c — koSiCkové bunky
d — hvézdicové bunky
f — mechova vlakna
Ramon Y. Cajal g — Splhava viakna




Cerebellum — Kura — Bunky + Vlakna

- ' . . . - - 4 ~
e nd > v ' * . .
. -_3 \.’ v = ‘e R X
Glomeruli cerebellares :’ oo %o . ', G.o’f 3 " -
(only few are shown) tJ ‘ % 5 2 ’ . * o o ® "™ Q .:.',
: . . % v

i"-v.o’i? et R I
S N L

'..':Q " v . .O.‘ .’ '“‘
., Tagpte, o ‘.‘f A - .0..': s "~ ‘i e

t}.‘ " LN . 0 o & *_
PR Y S R * o
3P AL Nechat g (e
SRR Y
o 2 x & - M b...-:’ r I ¢ V-.' s L N
Moo SRR -.‘;;3.‘5'.""::‘.:2-{:::9 o
» é gt - 2% 4%y es:r Mo, "% .
£ % L L2 ""C‘:' "’":“:}; % : .~'i. ’x- .M:??Q(".'o Y
- "O - ."‘_}..‘?‘“ :. e I‘t s": ‘? K =
L P E ,'\"‘J‘d‘ PR oy
Rty BN Yoy o s AN
» " G?Q' .o DRSS SpiyT) osoht '}g‘ .? e
J'c‘a‘:to‘O fo o'pt of” 2 ‘* . ‘,..




Telencephalon — Koncovy mozek

Seda hmota

+ Kiira na povrchu

» Jadra v bilé hmoté

Bila hmota

* Prostor mezi kdrou a jadry

Folding of cortex:
gyri + sulci




Telencephalon — Kura mozku

Functions:
* perception and conscious understanding of all sensations
* integration of different sensory modalities
* higher cognitive and advanced intellectual functions
* responsible for features such as emotion, personality and intellect
* involved in planning and executing complex motor activities

Overall characteristics:
» about 80% of the mass of the brain
« surface area about 0.20 — 0.25 m?
* thickness about 2 - 5 mm
 contains about 10 billion neurons

Isocortex: Allocortex:
* = neocortex (phylogenetically youngest) » = archicortex + paleocortex
* only in mammals * less layers of cells
* 90% of the cortex in humans (e.g. olfactory cortex — 3 layers, hipocampus — 1 layer)
* 6 distinguishable layers of cells




Telencephalon — Cerebral cortex — Neuron types + layers

Pyramidoveé
» efferent — projecting neurons
* triangular perikaryon (different size)
» axons with myelin sheets

 axons travel to different cortical layers and to subcortical areas

1. Lamina molecularis (zonalis)
* horizontalni buriky (Cajalovy)

2. Lamina granularis externa
* malé zrnité (hvézdicové) buriky

3. Lamina pyramidalis (externa)
* pyramidové buriky (rizné velké)

4. Lamina granularis externa
* malé zrnité (hvézdicové) buriky

Lamination

* variety of different cells
* act as interneurons

Nepyramidové

» axons stay in the layer with their perikayons
(e.g. fusiform cells, granule (stellate) cells, horizontal cells (Cajal), vertical cells (Matinotti)

Myeloarch- Cytoarch-
itectonics itectonics

1

®<°7

l,f

f|

“
m,m

1
!

O:
6

N

5. Lamina ganglionaris (pyramidalis. int.)

* velké pyramidové burky

6. Lamina multiformis

* vietenovité bunky

* malé zrnité (hvézdicové) bunky
« vertikalni bunky (Martinottiho)

Horizontal neuron of Cajal

Dendrites

==l

Fusiform Axon
cell body

Processes parallel to the
surface of the cortex

Pyramidal neuron
10-50 um

Apical dendrite

Basal
dendrite

Stellate (granular) neuron

Short, branched
dendrites

Round
cell body

Short axon




Telencephalon — Cerebral cortex — Cell types + Plexuses

1. Lamina molecularis

2. Lamina granularis externa

3. Lamina pyramidalis (externa)

4. Lamina granularis externa

5. Lamina ganglionaris

6. Lamina multiformis

——

Golgi stain

Nissl stain

Weigert stain
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Exnerova pleten

- Bechtéreviv prouzek

Zevni Baillargertiv prouzek

Vnitrni Baillargertiv prouzek

Meynertova hluboka pleten



Telencephalon - Isocortex

1 2 N o R e .
X AR S A 8 Pia mater
A VIV A T R
1 Molecular layer e | 3§ T Cn{q 5 9 Blood vessels

10 Horizontal cells
(of Cajal)

2 External granular layer -
of small pyramidal cells

11 Pyramidal cells

3 Layer of medium-sized
pyramidal cells

4 Internal granular layer { -4 . > 12 Stellate (granule) cells

or outer layer of large
pyramidal cells

13 Dendrites of large

amidal cell
5 Internal layerof large § | pyramidal cells

pyramidal cells

6 Multiform layer { L lfd P )
¢ 14 Bundles of radial

nerve fibers
15 Polymorphous cells

7 White matter 1 ST
33 16 Myelinated fibers of

tho whita mattar




Telencephalon - Isocortex




Telencephalon - Isocortex
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Telencephalon - Isocortex

: L3
Lamina ganglionaris (pyramidalis interna) 'g.

y

¢ -




Telencephalon - Isocortex

Lamina multiformis




Telencephalon - Isocortex

Homotypicky Heterotypicky
typical 6-layered architecture various divergences from the typical architecture

(cell numbers/density, relative propoertions, thickness, fibers, vessels, ...)

Mapy

 cytoarchitectonic - the density of perikarya

* myeloarchitectonic - the density of myelinated fibers

* glioarchitectonic - the type and density of glial cells

* angioarchitectonic - the density of blood capillaries or vascularization
* synaptoarchitectonic - the density synapses in the isocortex

1909 - K. Brodman
11 regions and 52 areas




Meningy — Pleny mozkové

* membranes

* protect CNS + contriubute to distribution of liquor
» cover both brain and spinal cord (are continuos)

Subdural Superior sagittal
space sinus

Arachnoid
granulation Dura mater

/ /

\/\Q Arachnoidea

{L:--'-“ Arachnoid
. trabecula
— Pia mater

= Cerebral
cortex

"~ Subarachnoid
space

Falx cerebri

Pachymeninx (tvrda plena)

Dura mater

LeptomeninX (mékka plena)

Arachnoidea + Pia mater




Meningy — Dura mater

vnéjsi + pevna (fibrézni)

R L L L CEEEEEEEY ., Venous (dura|) sinuses
=~ Superior sagittal sinus @ senarations of inner and outer
Arachnoid villus layers at certain locations
Skin of scalp

Periosteum

Bone of skull

Periosteal layer
Meningeal layer

Subdural space (potential space)
Arachnoid

Dura mater

Subarachnoid space
Arachnoid trabeculae
Pia mater

Cerebral cortex
White matter

Kranialni dura
» Endostalni vrstva (periostalni; vnéjsi) - adhering to the inner surface of the bones of the skull
* Meningealni vrstva (vnitrni) - thinner fibrous tissue membrane, inner surface covered by mesothelial cells

Spinalni dura
- pokracovani vnitfni vrstvy kranialni tvrdé pleny



Meningy — Arachnoidea

stredni + usporadani pavouci sité + avaskularni

Superior sagittal sinus
Arachnoid villus

Skin of scalp

Periosteum

Bone of skull

Periosteal layer
Meningeal layer

Subdural space (potential space)
Arachnoid

Dura mater

Subarachnoid space
Arachnoid trabeculae
Pia mater

Cerebral cortex
White matter

Arachnoidea
* Neurotel (lamina neurothelialis) - adhering to the inner layer of dura mater,
tight junctions — barrier between CSF and blood in dura mater
» Trabekuly (tramce) — delicate fibers covered by flat (meningeal) cells

Subarachnoidealni prostor
« enclosed between the arachnoid and pia mater
* vyplnén cerebrospinalnim mokem (CSM)



Meningy — Pia mater

vnitini + jemna + vaskularizovana + tésné prilozena na povrchu mozku

Superior sagittal sinus
Arachnoid villus

Skin of scalp

Periosteum

Bone of skull

Periosteal layer
Meningeal layer

Subdural space (potential space)
Arachnoidea

Dura mater

Subarachnoid space
Arachnoid trabeculae
Pia mater
Cerebral cortex
White matter

Pia mater
» povrchova vrstva - receives trabeculae of the arachnoid
* vnitini vrstva — elastic and reticular fibers, firmly attached to the under-lying nervous tissue,
covered from outside with simple squamous cells of mesodermal origin



Meningy — Prostory mezi membranami

}anium rl?_‘:;aer
: - (Endlo- Epiduralni
~4 stea
Dural Epiduralni prostor
sinus * between the dura mater and the
N vertebral canal in the spinal column
5N Dura (potential space in the cranial region)
mater
(Menin-
- geal
layer) Subduralni prostor
\ * between the arachnoid and the dura mater
Pia mater Arachnoid | Subduralni (potential space in the cranial region)
—— prostor
Subarachnoidealni

prostor

Subarachnoidealni protor
 between the arachnoid and pia mater
(large veins run through the subarachnoid space - e.g. cerebral veins)



Cerebrospinalni mok

Cerebral hemispheres

_ Lateral ventricles
Anterior horns of

lateral ventricles - e " Interventricular
- 4 3 foramen

Third ventricle

JP R

Posterior horns of
lateral ventricles

Inferior horns of
lateral ventricles

N o T o =
oy y T Cerebellum

Aqueduct of

Pons
- 7 Fourth ventricle Mozkové komory
MacdBentionot \ N 2x lateral ventricles + 1x third ventricle + 1x fourth ventricle
. \‘ » entral canal
Spinal cord

* connect to central canal which runs to spinal cord

(a) Lateral view

INTERSTITIAL FLUID IN
THALAMUS

+ contain cerebrospinal fluid (CSF)

Nutrients | |

(especially glucose)
Oxygen ] N
Capillary
Endothelial cell

* CSM je tvofen ependymovymi bmi. plexus choroideus

Tons
(Na', K*, CI", HCO., Ca**, Mg*")
Vitami

ins
Organic nutrients
Oxygen

CHOROID
PLEXUS

Bogan CEREBROSPINAL FLUID IN
U THIRD VENTRICLE




Cerebrospinaalni mok - Cirkulace

Arachnoidealni klky (villi)
« fingerlike projections into the dural venous sinuses
* mediate gradual reabsorbtion of CSM into the blood

Subdural : Arachnoid
space sinus villus Dura mater

5 - / Arachnoid
4

{; ~—= Arachnoid

trabecula

- Pia mater

= Cerebral
cortex

O |
g ~~Subarachnoid

space
) A\ Falx cerebri 4

A

i

3 Fourth ventricle's

Lateral ventricle's |
choroid plexuses

r— choroid plexus

Third ventricle's ’

choroid plexus

Arterial blood

CSF 3
Lateral ventricles

Through
interventricular
foramina
Y

CSF _ ' Third ventricle

Through
cerebral aqueduct

Y
CSF

———» | Fourth ventricle

Through
lateral and median
apertures

Subarachnoid space

i

Arachnoid villi of dural
venous sinuses

Venous blood

Heart and lungs




Periferni nervovy systém - Soucasti

Definice:

Made up of transmission pathways carrying information between the CNS and external/internal

environments.

Aferentni (sensitivni) drahy:
Carry information to the CNS.

Eferentni (motorické) drahy:
Carry information from the CNS.

Zahrnuje:

« Cranial nerves (12 pairs)
Spinal nerves (31 pairs)
Peripheral nerves
Ganglia

Sensory receptors

A2 Brain
(= WV .
::\?77— Cranial
Spinal o W nerves
cord Sensory
receptors
in skin
Spinal
nerves
Ganglia
Peripheral
nerves Enteric
plexuses
in small

intestine




SNS

ANS

ENS

Periferni nervovy systém — Organizace

Somatic and special , , [
—_ . : — Somatic motor i

sensory receptors and ‘ - Skeletal muscle
S [—1 i > neurons (voluntary) l \>

brain

and )

spinal cord Autonomic motor

neurons (involuntary): = far?ggt;‘ r:"::;'ee’
Autonomic sensory | h ».| Sympathetic and — glands and adipose
receptors and neurons ’ & - — sgr_aisympathetlc AT
ivisions

Sensory receptors and
neurons in Gl tractand [

enteric plexuses

|

<
\
v

Enteric motor neurons
(involuntary) in enteric

5 1 plexuses

/

Sensory PNS

Motor PNS

Somaticky (volni) nervovy systém (SNS)
* neurons from cutaneous and special sensory receptors to the CNS
» motor neurons to skeletal muscle tissue

Autonomni (vegetativni) nervovy systém (ANS)
* sensory neurons from visceral organs to CNS
* motor neurons to smooth & cardiac muscle and glands
1.sympathicus (speeds up heart rate)
2.parasympaticus (slow down heart rate)

Entericky nervovy systém (ENS)
involuntary sensory & motor neurons control Gl tract
neurons function independently of ANS & CNS

N
N

Smooth muscle,
glands, and endocrine
cells of Gl tract

Effectors



Periferni nervovy systém - Nervy

Sestava ze 100 a 100 000 tisic myelinizovanych a nemyelinizovanych axont (nervovych viaken)

Pojivova tkan spoluvytvarejici nerv:

___——Axon
_— Neurilema ' * Endoneurium — obdava axony — primarni svazky
¢ Perineurium — obdava svazky — sekundarni svazky

— obdava cely nerv

Epineurium

Fascicle

Blood
vessels

(b)

Copyright @ 2001 Banjamin Cummings. an imprint of Addison Wasley Longman, Inc.

Copyright © 2006 Pearson Education, Inc.,
Seh Q. c

J as 9%



Periferni nervovy systém - Nervy

ENDONEUR.I UM
SeconbARy N-8

EPINEURIUM




Periferni nervovy systém - Nervy

endoneurium

epineurium

& , perineurium




Periferni nervovy systém - Nervy

myelin sheets




Periferni nervovy systém - Nervy

AL )
I L7
.Uﬁ;. i 2y

Ranvierovy zarezy




Periferni nervovy systém - Ganglia

= agregace tél neuronit mimo CNS

Sensitivni ganglia
+ associated with cranial nerves (V, VI, IX, X; cranial ganglia)
and with all spinal nerves (spinalni ganglia)
» contain pseudounipolar neurons
* neurons are enveloped by satellite cells

Autonomni ganglia
associated with nerves of the autonomic nervous system
» contain medium-sized multipolar neurons
* neurons are motor by function (smooth and cardiac muscle, glands)
* neurons are enveloped by satellite cells

Basal lamina

Satellite
cell

Preganglionic axon

roehimips)
from the CN

— Nucleolus
Postganglionic axon Nucleus
(myelinated) . lioni
ostganglionic axon Multipolar
; . neuron
Satellite cell unmyelinated) to a target tissue o
Pseudounipolar neuron s b
Visceral efferent (autonomic) neurons

Preganglionic Postganglionic
=

Sympathetic
ganglion

Blood vessel

Sweat gland




Periferni nervovy systéem - Ganglia

Sensitivni ganglion

T-shaped bifurcation

Postganglionic axon
(myelinated)

Autonomni ganglion

Satellite
cell
Preganglionic axon
(mostly myelinated)
from the CNS
Postganglinic axon

Iunmyelinated) to a target tissue




Micha + Spinalni ganglion
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Regenerace nervoveé tkane - PNS

Axony i dendrity mohou byt opraveny pokud:
» Télo neuronu je neposkozené
» Schwannovy buriky jsou aktivni a jsou schopny tvofit navigaéni drahu
+ Jizva ve tkani se nevytvofi pfrili$ rychle

©
Vg

poranéni  ¢*iLLv s

5
Capagnr®
-

s

5 “
’
|
= >
— _a%!- B — ——— 5"14;,:‘\..*%
b 2 weeks c 3 weeks d 3 months
Rozpad axonu Déleni Schvannovych bunék
Rozpad myelinové pochvy Rust axonu

(1.5 mm/day)
Navigace Schvannovymi burikami
Zanik kolateralni axont



Regenerace nervoveé tkane - CNS

Kmenova / progenitorové bunky pritomné v riznych oblastech mozku

Cortex

“-I.....

¢ ,Subventricular zone :
LY e L

Celozivotni plasticita CNS

« Vyvoj novych dendritli a jejich vétveni E[::l
+ Syntéza novych proteint

+ Zmeény v synaptickych kontaktech

I

\\
/ [ ]
. v, 0\

% Striatum Q
S Red = location of stem cells




Nervova tkan — Vyvoj

Gastrulace
Vznik tfi zarodecnych list

| Epiblast
. Mesoderm

- Endoderm

Ektoderm: vné, prekryva dalSi zarodecné listy,
dava vznik kiizi a nervové tkai.

Mesoderm: middle layer, generates most of the muscle, blood and

connective tissues of the body and placenta.

Endoderm: eventually most interior of embryo, generates the
epithelial lining and associated glands of the gut, lung,
and urogenital tracts.

Epiblast

Endoderm

Schoenwolf et al: Larsen's Human Embryology, 4th Edition.
Copyright © 2008 by Churchill Livingstone, an imprint of Elsevier, Inc. All rights reserved



Nervova tkan — Vyvoj

Neuralni indukce
Signaly z primitivniho uzlu indukuji vznik neuralni ploténky

Prechordal 1

Oropharyngeal E
n rm + Mezoderm
Oropharyngeal Hlgte B Noural membrane ‘ tode

membrane C plate . Prechordal é D '

Tteaaaans® late
A \@ . BMP-4
: Neural ~~
T s, groove =
Ektoderm dif. na Kuzi

¢ Primitive = Regressing
v,.. streak .15 Days / primitive

LETTTT LA l ‘ streak x

B Notochord
Prechordal 5
plate @ ™~ oacal plate ,ex=="=rs,
19 Days e Notochord
\eural plate ;R.e. aneset’ !
gressing .
JOCLLLLLETYON primitive nuelefeln
Notochordal Primitive "- streak chprdln
otochorda hode : follistatin
process B et S
o Cloacal plate == BMP-4 antagonisti
Primitive 20-21 Days
streak
18 Days
“'"0 Auman Embryology and Developmental Biology, 4th Edition.
Copyright © 2009 by Mosby, an imprint of Elsevier, Inc. All rights reserved.

Qtoderm dif. na Nervovou tkéy




Nervova tkan — Vyvoj

Neurulace
Skladani a uzavirani neuralni ploténky

Neural fold

Neural

groove
r BIEBRRRea \,y\
A L R
a5 ey
e
~ ’ , « neuralni valy se uzaviraji

\\\
)
Median 3 \\\/
hinge
point

o
P

R * bunky neuralni liSty delaminuji z
neuroektodermu a migruji do vzdalenych

/ 7 Nt ¢ Neural fold destlnac"

Cut edge of amnion

l"\
.

/ * neurdlni trubice se uzavira nejprve A1 220
_ \\\ uprostied a potom zipovité smérem R
A N kranialnim a kaudalnim
Median
hinge point ., o s .
Neural crest « kranialni neuropor se uzavira cca ve dni 25

* kaudalni neuropor se uzavira cca ve dni 28

L ; | Cut edge of amnion

‘—7/— Posterior neuropore

C 23 days

Copyfight ¢ 304030 tas it Health | Lippincott Williams & Wilkii



Neural crest

Nervova tkan — Vyvoj

Sympathetic
ganglion

Neuralni lista
“4th zarodeény list”

Dorsal
root ganglion

Signaly z:

+ Mesodermu
« Prilehlé kaze
* Neuralni ploténky

. Preaortic
5% ganglion

Urogenital

olaR

Neural crest cells

Copyright ® 2010 Wolters Kluwer Health | Lippincott Williams & Wilkins

Bunky neuralni listy

» Snizuji expresi kadherinu
» Delaminuji z neuroepitelu

 Daji vznik mnoha buné&nym typum

» Transformuji se do migratornich mezenchymalnich bunék



Nervova tkan — Derivaty neuralni listy

Neuroblasty

» psedounipolarni neurony spinalnich g.

* multipolarni neurony autonomnich g.
» chromafinni bunky diené nadledvin

Spongioblasty
» Schwannovy burnky
« satelitni bunky

Melanocyty
*migruji do epidermis

Ektomezenchymocyty
* migruji do branchialnich oblouku
* nahradi mezenchym mezodermalniho
pavodu

Cranial Trunk

Neurons and glia
of cranial gangha

s
S "

C@ge;d Eg \ ‘
@Q@@ \"":” Eg“ég @%@

Connective tissue Sympatho-adrenal cells

o>
= @%‘sﬁj

\,x: Pigment cells

ey

Sensory neurons and glia

Nature Reviews | Genetics




Nerve tissue — Histogenesis of neural tube

neuralni kanal
zéaklad spinalniho
ganglia

neuralni trubice

« initial state — vicerady cylindricky epitel

« initially cells divide in whole thickness of the wall

« later mitotic activity is reduced only tocells situated near the
luminal aspect of the neural tube

- neural tube develops 2 zones: germinativni (vnitfni) +
okrajova (vnéjsi)

« cells of the germinative zone continue dividing and migrate
peripherally to form plast'ova vrstva

» ependymova vrstva = ependym

* plast'ova vrstva = Seda hmota - differentiate into primitive
neurons (neuroblasts) and spongioblasts (glioblasts)

« okrajova vrstva = bila hmota (zadné buriky)




Nervova tkan — Vyvoj

Casna nervova trubice je vicerady epitel

. “apikalni” strana je pfivracena do centralniho kanalu
. “bazalni” strana je pfivracena k okolnim strukturam (somity, notochord, etc.).
. délici se buriky jsou na apikalni strané

Ectoderm Neural

X External
limiting
membrane
. (basement
*, membrane) ¢

*
*

................
.
.
“‘
o
0

Neural o . \: . N
tube Dividing ; Intermlto_tlc o
_neuroepithelial ; . neuroepithelial :

Notochord ... cell -, cell '

03 03

Carlson: Himmap, Embryology and Revélopmental Biology, 4th’E‘diti.qn.
Copyright © 2009 by*Mesby,"8n imprint of Elsevier, Inc. All rights réserved.........==*"



Nervova tkan — Nervova trubice — Diferenciace buneéek

oS

Mesenchymal cell

!

= S S\
Neuroepithelium
(neuroectoderm)

Neural tube

Ependymo"é vrstva: Microglial cell
ependymal cells (ependymocytes)
Plast'ova lavrtsva: 6 e W
neurObIaStS - to neurons Apolar neuroblast Glioblast (spongioblast) Ependyma

Epithelium of

Bipolar neuroblast
choroid plexus

spongioblasts (glioblasts) — to: 1
o astrocytoblasts
o olidodendrocytoblasts /@V i

OkrajOVé vrstva: l Astroblast Oligodendroblast

no cells M/g
ultipolar neuroblast

1 &
Dendrite , % ‘b{

ligodendrocyte

Protoplasmic astrocyte Fibrous astrocyte

Neuron




Nervova tkan— Morfogeneze

Mozek - develops from the proximal segment of the neural tube that is broadened from the very beginning

Micha - develops from the narrower caudal segment of the neural tube

Neuroporus
anterior \\
N

.
L
-
L3
»
.
.
»
»
-
-
.
.
L

Neuroporus
posterior




Nervovy systém — Vyvoj mozku

Brain develops from the cranial part of the neural tube at 4th week - 3 primarni mozkové vacky

* Prosencephalon — Predni
» Mesencephalon — Stredni
« Rhombencephalon — Zadni

Three primary
brain vesicles

rProsencephalon —
(Forebrain)
Mesencephalon
L(Midbrain)

rRhombencephalon’
(Hindbrain)

J

Lateral view  Three- to four-week
embryo




Nervovy systém — Vyvoj mozku

vesicles are not followed each to other linearly, but are bent in the sagittal plane

Flexura cephalica - permanent
- after 2 months it is on straightening, so is not evident in the adulthood

Rhombencephalon Cephallcﬂexure .« Diencephalon Mesencephalon

Metencephalon

Mesencephalon Pontine flexure

Optic cup

Prosencephalon Heart
_ bulge Occipital Myelencephalon
Spinal cord flexure
anlage

Pharyngeal arch
nerves

A B C

Optic nerve




Nervovy systém — Vyvoj mozku

+ 5-ty tyden

* 5 sekundarnich vacku
* Flexura pontina — pretrvava

Five secondary
brain vesicles

Cerebrum

Eye cup
Thalamus,

hypothalamus,
and epithalamus

Midbrain
Pons

Cerebellum

Telencephalon -
Prosencephalon —<: )
(Forebrain) Diencephalon —
Mesencephalon Mesencephalon |
(Midbrain)
Metencephalon -
Rhombencephalon —<:
(Hindbrain) Myelencephalon
Five-week
embryo

» Medulla oblongata

“-lllll....
‘. Pontine flexure 'y

\Metencephalon. .ﬂl)’ée‘nze-p‘habn

Rhombencephalic
isthmus

Lateral
ventricle

halon ¢
i ao‘ Telencephalon

foramen

Telencephalon

Primitive cerebral
hemisphere A Future aqueduct

Thin roof of of Sylvius

rhombencephalon

i < “Wall of 3
B ~----" telencephalon C




Nervovy systém — Vyvoj mozku

Mesencephalon

Cerebral

Rhombencephalic
hemisphere (i

isthmus

Intraventricular
portion of

---------
-------------
[ 3 LS

A d
.
')
lllllllllllllllllll

s Myelencephalon
A (medulla oblongata)

N. XII

O":C'té)ry Diencephalon Cut edge of roof of 4th ventricle
9 (hypothalamic region)




Nervovy systém — Vyvoj mozku

prosencephalon

mesencephalon

/. ¥ | mesencephalon

/ rhombencephalon

medulla spinalis

medulla spinalis

Early brain development results in: f

« deflection of the brain base A B
« constitution of five final brain sections prosencephalon
diencephalon
Definitive position compared to the baseline Qi et
situation is highly complicated due to different
growth rates of individual sections.

medulla

5 inalis
isthmus i
rhombencephali”

metencephalon
medulla
spinalis myelencephalon

rhombencephalon

telencephalon

diencephalon

myelencephalon
e metencephalon
medulla spinalis cereBalltifm

rhombencephalon

isthmus
rhombencephali*

metencephalon
myelencephalon

prosencephalon

diencephalon

telencephalon

isthmus
rhombencephali*

metencephalon
myelencephalon

rhombencephalon

diencephalon
telencephalon

f




Nervovy systém — Vyvoj mozku — Mozkové komory

You must memorize!

Telencephalon

Prosencephalon

Ventriculi laterali cerebri

Interventricular

Lateral

ventricle Telencephalon

foramen
of Monro

Diencephalon |:> Ventriculus tertius HITIE

Optic cup
Mesencephalon |== | Mesencephalon |:> Aquaeductus cerebri FulreeRnstet

of Sylvius

Metencephalon
Rhombencephalon |:> Ventriculus quartus

Myelencephalon 4th ventricle

[~~~Central canal
guuENg
Mesencephalon Roof . Aquae du.c h .Mesencephalon . ,L.a t.e: a.l .
Epiphysis of 4th ventricle 0. of Sylvius . Medulla l. ventricle <®""" ",

Hemispheres

sENEy,
W8 Lateral

. ventricle 0
Yay anns?®

* . P’
¥ 3rd ventricle =
* ‘0

..IIIIA

oblongata “* ==

=*" 3rd ventricle R
L 4

%
l‘=
. ¢,

gpuEER,y
Aquaeduct .

of Sylvius ¢

geEENy
. LS

"~ 4th ventricle §




Nervovy systém — Vyvoj michy

* it develops from the caudal part of neural tube

« cells of mantle layer proliferate and produce 2 sheets - the dorsal alarni ploténka and ventral bazalni ploténka, which
are separated by longitudinal groove called the sulcus limitans

Nutné si pamatovat:
- alarni ploténka - vyvine se v dorzalni rohy
« bazalni ploténka - vyvine se v ventralni roh

Posterior horn
Dorsal
laver Dorsal
oof plate Mae sye median septum sensory
Alar _ Marginal . horn
plate pL i layer
Central
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Sensory neurons

o Alar plate from neural crest

= Dorsal neuroblasts form o /_JX
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sensory interneurons s J:\

o Basal plate Alar plate
= Ventral neuroblasts
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form motor neurons / L g 93\ | Basal plate
o Axons form white matter. /

ependymal cells central canal

Dorsal sensory root

Dorsal root

A
Outgrowing 7 Ventral
motor axons Trunk of motor root

spinal nerve

Axons of neuroblasts of anterior horns unite with peripheral processes of corresponding spinal
ganglia neuroblasts and together leave the spinal canal as a trunk of spinal nerve.
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Positional changes of the spinal cord
sinitially, length of spinal cord correlates with length of the vertebral canal
«during further development, the vertebral canal grows more rapidly than spinal cord so that its caudal end gradually comes
to lie at relatively higher levels of the canal
«in adults, it usually terminates at the inferior border of the first lumbar vertebra

in adults
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Dekuji za pozornost!

Otazky a komentare na:
ahampl@med.muni.cz



