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Stavby nervového systému a jeho vyvoj
(trubice, lista, plakody). Schéma misniho nervu, reflexy
misnich nervil.

Plexus cervicalis, nn. thoracici.Autonomni nervy,
sympatikus, sakralni parasympatikus, entericky nervovy
systém.
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Cesta tr1 a pul miliardy let
dlouhou histoni

lidského téela

Neil Shubin (1960), absolvent Columbijské a Harvar-
dovy univerzity, je americky paleontolog, evoluéni

>
biolog a Gspésny popularizator védy. Zabyva se prede
viim puvodem riznych anatomickych struktur, zejména
koncetin suchozemskych obratloved. Je profesorem na
katedre biologie organismi a anatomie na Chicagské

univerzité a reditelem Fieldova prirodovédného mu-
zea. Jeho nejdilezitéjsim paleontologickym objevem
je ryba Tiktaalik roseae, piiblizné 370 miliond let stard,
jeden ze ,spojovacich ¢lankd” mezi rybami a obojzi-

velniky.
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Jtis not birth, marriage,
or death,

but gastrulation,

which is truly

the most important time
in your life.”

Lewis Wolpert (1986)

(born 1929, emeritus professor
of biology at University College
London, retired in 2013)
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Neuron — dendrity, axon,
perikaryon (soma), nukleus, nukleolus
axonalni transport (retro/anterogradni)

glie: oligodendrocyt, astrocyt, mikroglie,
Schwannovy bunky

myelinova pochva, Ranvierovy zarezy

vzruch, akcni potencial, depolarizace



Structure of a Neuron - Dendrites

(pyramidal cell of cerebral ' y ’ Dendritic spines
motor cortex) | % ‘S (gemmules)

Rough endoplasmic
reticulum (Nissl substance)

Ribosomes
Mitochondrion
Nucleus Axon
Nucleolus
Axon hillock

e p—"

g
. eso

Neurotubules

Golgi body

Lysosome

Cell body (soma)
Axosomatic synapse
Glial (astrocyte) process
Axodendritic synapse




Synapse
1. elektricka
2. chemicka

terminalni buton, presynapticka membrana,
synapticka stérbina, postsynapticka
membrana

exocytoza vezikul s neurotransmiterem vazba
na receptor postsynaptické membrany, ktery
je spojeny s iontovym kanalem



Enlarged section
of bouton

Axon (axoplasm)

Axolemma
Mitochondria
Glial process
Synaptic vesicles
Synaptic cleft

Presynaptic membrane
(densely staining)

Postsynaptic membrane
(densely staining)

Postsynaptic cell




A) synapse interneuronova

axondendriticka, axosomaticka,
axoaxonalni,

dendrodendritické,somatodendr
iticke, somatosomatick



Dendrite

Epos of Synapses

~ Dendrite
- or cell body

Axon

Glial
process

- Dendritic
spine
(gemmule)

Glial
processes

A. Simple axodendritic or
axosomatic synapse

D. Simple synapse plus E. Combined axoaxonic
axoaxonic synapse and axodendritic synapse




B) synapse mezi nheuronem a
vykonnym organem

motoricka ploténka

synapse autonomnich nervu
typu ,,en passant® na bb. hladkeé
svaloviny Ci zlazy



Multipolar somatic
motor cell of nuclei
of cranial nn.

1, v, v, Vi, VII,

X, X, Xl or Xl

Multipolar cell
of lower brain
motor centers

Oligodendrocyte

Corticospinal
(pyramidal) fiber

Axodendritic ending

Interneuron

Astrocyte

Axosomatic ending Multipolar visceral
motor (autonomic)

Axoaxonic ending cell of spinal cord

Multipolar somatic
MO0t SRt
anterior horn

of spinal cord Autonomic preganglionic

(sympathetic or parasympathetic)
Nissl substance nerve fiber

Astrocyte Myelin sheath

Collateral Autonomic postganglionic

neuron of sympathetic or
parasympathetic ganglion

Renshaw interneuron

(feedback) Satellite cells

Unmyelinated nerve fiber

Myelinated somatic motor
fiber of spinal nerve

Schwann cells

Myelin sheath | §

Motor end plate with

Schwann cell cap Endings on

‘.‘ cardiac muscle

Striated or nodal cells

(voluntary)
muscle

varicosities
and endings on
smooth muscle
and gland cells






Znalost jednotlivych neurotransmiteru
(neuromodulatoru) a jejich receptoru
umoznuje jejich farmakologické ovlivhéni

katecholaminy (Adr, NAdr, Dopa)
acetylcholin, serotonin

AA inhibicni — GABA, glycin

AA excitacni — glutamat, aspartat
NO, CO

neuromodulatory - peptidy



Puvod a specifikace bunéénych populaci
tvorici nervovy systéem

Signalni molekuly indukuji expresi
transkripcnich faktoru,
signalizacni kaskada transformuje
prekursoroveé bunky v sady
neuronu se specifickou identitou
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Zakladni schéma vyvoje CNS u ¢lovéka
- neuralni trubice

- neuralni lista

- nervové plakody

B C Adultbrain
Cephalic flexure

Cephalic flexure i ; :
Cervical flexure P Pontine .flexure Midbrain
Cervical flexure Cerebellum
o/
Medulla
Telencephalon

Telencephalon
Diencephalon

—Neural retina
. Lens

: Spinal cord
Eorebrain Lateral ventricle

. ) Forebrain
Midbrain 3rd ventricle

Hindbrain
Cerebral aqueduct Mesencephalon } Midbrain
S Metencephalon
Spinal 4hveniricie (pons and cerebellum)
column ~————Myelencephalon —— Hindbrain
(medulla)
Spinal cord

Capyright @ 2006 Elsevier, Inc.



primitivni
prouzek

ganglion

zaklad :
nadledviny £

Fig. 1.1 Dorsal views of staged early human embryos (Carnegie s
kindly provided by Kohei Shiota)

/— entericky

plica systém
urogenitalis

Neuroektoderm



Neurulace,
ventralni a dorsalni
polarizacni centrum

Neural plate Slug

BMP-4,

BMP-4,
BMP-7

BMP7

Future neural
crest

Notochord




BMPs Slug Neural crest




Uzaveér neuralni trubice, neuroporus anterior et posterior

Fig. 1.1 Dorsal views of staged early human embryos (Carnegie stages 6,7,9-11;from the Kyoto Collection of Human Embryos;
kindly provided by Kohei Shiota)



Uzavér neuralni trubice, za¢ina v urovni patého somitu,

neuroporus anterior et posterior

Obr. 17.3 A.
Pohled na dorsalni
stranu lidského
embrya, 22. den.

Je vidét sedm
somit po obou
stranach neurdlni
trubice. B. Pohled
na dorsalni stranu
lidského embrya,
23.den. Nervovy
systém komunikuje
s amniovou dutinou
pfes pfedni a zadni
nNeuroporus.

neuralni val

srdecni
hrbol

™~ oticka

5 / | plakoda

— somit

neuroporus anterior




Neural Tube Defects -

Chapter 4

Fig.4.2 Closurs of the rostral neuropore In plg embryos in
three phases: a-e the dorsal folds slowly align and then dlose
Instantaneously: d-f the dorsolateral folds close 2ipper-like In
caudorostral diraction; f-h the final round aperturs doses by
drcumferential growth. The arow In a shows the rhomben-
cephalic neuropore: the amowheads In b and ¢ indicate the
optic sulcus. ¢ dorsal fold, df dorsolataral fold, ! lateral fold, ry
rhombenceghalon. v ventral fold, v, Wi, IX, X neural crest

swellings, 7 somite 1. From van Straaten et al. 2000, with per-
mission)

Fig.4.3 Closurs of the caudal neuropore In pig embryos. Clo-
sure Is initiated fast In the somitic reglon {a), subsequently
stops, and gradually doses 2ipper-like In caudal diraction with
Increasing dosure rats (b-d), and stops again (e) before defin-

Continuous closure model

422 Primary Neurulation
in Human Embryos

Primary neurulation has been studied extensively in
human embryos (Gardner et al. 1975; O'Rahilly and
Miller 1994, 1999, 2001, 2002; Nakatsu et al. 2000).
The neural groove and folds can first be observed at
stage 8 (approximately 18 days of development). Two
days later, at stage 9, the three mai sisions of the
brain can be distinguished while the neural groove is
still compietely open (Chap. 1). Another 2 days later,
at stage 10, the neural foids begin to fuse near the

mve dosure (f). Amowheads Indicate raphe where the neural
stube 1s dosed already. (From van Straaten et 3l 2000, with per-
milssion)
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Chapter4 Neural Tube Defects

S

d

Multisite closure model

Fig. 4.7 aThe rostrocaudal
sequence of neurulation events
in mouse embryos (after Harding
and Copp 1997); b the multiclo-
sure model of Van Allen et al.
(1993); ¢ multisite closure of the
neural tube as observed in hu-
man embryos (after Nakatsu et
al. 2000). Initiation of closure sites
is indicated as 1-3, 1-5 and A-C,
respectively. The open arrows in ¢
indicate the rostral and caudal
neuropores



Stropova ploténka e
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sulcus limitans
Alar plate
basalni ploténka
— motoricka zéna
Spodinova ploténka Basal plate

Motoneurons




Control Notochord removed Notochord transplanted

Roof plate. Roof plate Roof plate, Ectopic motor neurons

Ectopic floor plate

/
~ Transplanted
%;7’{’ notochord

Motor
Neurons

No motor _
neurons  Floor plate "
No floor plate A
— Notochord .':;g)’ Notochord

Koncentracni gradienty urcuji typ diferencujicich se neuronu
Shh — Sonic hedgehog



Mediolateralni specifikace
motoneuronu
LIM kéd




Motor column  LIM homeodomain code

MMC(m) : Isi1, Isl2, Lhx3, Lhx4
LMC(m) : Isit, Isi2
LMC(!) : Is12, Lim1

Zadové svaly
(v celém rozsahu)

Koncetinové svaly
(v oblasti plext)




neuroepithalové buﬁky

\m

bipolami
neuroblast

plasmaticky vlaknity
neuroblast astrocyt astrocyt
Obr. 17.11 Histogenese neuront a glie. Z bunék neuroepithelu se dlferencuﬂ neuroblasty,
vlaknité i plasmatické astrocyty, oligodendroglie a buriky ep
senchymovych bunék.




-+’. , membrana

ettt 2 limitans
{ 3 ¢-)i | extena
fy
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i f.lj' /,-‘- R 1._ D et ‘
junkéni komplexy v lumen T
Obr.17.6 A.Schéma fezu sténou pravé uzaviené neuralni trubice, kteroi
epithel. Délici se bunky jsou lokalisovany ve vrstvé pfivracené k lumen.

kufeciho embrya odpovida schématu A (SEM).

prekursorova  *

burika neuronu

délici se RN
neuroepithelové ~= R
bufiky LAY

junkéni komplexy

Obr. 17.7 Schéma fezu neuralni trubici ve stadiu pozdéjsim nez na obr. 17.6. Sténa je tvofena
neuroepithelovymi burikami. Na periferii, t&sné u membrana limitans externa se diferencuji
prekursorové buriky neurond. Tyto buriky se diferencuji z neuroepithelu ve velkém poctu a tvofi
plastovou vrstvu.



Neuroepithel
m. limitans interna
adhesni spoje

Neuroblasty

Periventrikularni a
plastova zona

radialni glie
neurony apolarni
bipolarni
multipolarni

glioblasty

Pla
maler

Marginal
layer

Mantle
layer

Ventricular
layer

Central canal

Presumplive

ependymal
layer

Mantle layer

(presumptive gray
matter)

Marginal layer
(presumptive white
matter)

Vantral root

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



zadni (sensitivni) kofen

spinalni ganglion

zadni roh

predni roh

Interakce senzitivnich ganglii
senzitivnich nervovych viaken
(pOChéZi Z NCC) smér rastu axo/m'l motoneurond

s michou a zapojeni

micha

Spojenim s ventralni motorickou
vétvi vznika misni nerv predni roh

predni korfen,
axony

chorda dorsalis motoneuront

R

Obr. 17.10 A.Axony motoneuroni vyrustaji z basalni ploténky, axony bunék spindlnich ganglii
sméfuji k mide. Sipky oznaéuji smér rastu. B. Vidkna pfedniho (motorického) a zadniho (sensitiv-
niho) kofene se spojuji a vytvareji midni nerv. C. Pfi¢ny fez michou kufeciho embrya; je zfetelny
predni misni roh a pfedni (motoricky) mi3ni kofen (SEM).
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télo

( motoneuron

Myelinisace it otonmon
od 4. prenatalniho _ ' csen
w Vé A4 & / i

mesice az do 3. roku oligodendroglie Ranvierdy Sonsne
predni : zarez
kofen A .

- Schwa_nnova myelinova neurilemma
Schwanovy bunky bufika pochva
, , v Obr. 17.12 Postup myelinisace. A. Motoneuron pfedniho rohu s nemyelinisovanym axonem.
Z heu ral ni b un ky B. Uvnitf michy obklopuje axony motoneuront oligodendroglie, po vystupu z michy zacinaji axon

obalovat Schwannovy buriky. C.V mi3e je myelinova pochva tvofena burikami oligodendroglie,
po vystupu z michy Schwannovymi burikami.

X

pia mater

centralni myelin -
oligodendroglie

subarachnoideovy
prostor

rostouci
kofen S1

CNS5 glial protrusions

filum terminale

PNS CNS

dura mater

Merve rootlets with
Schwann cells

Figure 9.8 Central nensous system (CN5—peripheral nervous
system (FNS) transitional zone. Obr. 17.13 Kaudalni konec michy a jeho poloha vzhledem ke kaudalnimu konci patefniho kanalu

v pribéhu vyvoje. A. 3. mésic. B. 5. mésic. C. Novorozenec.

Redlich-Obersteinerova zéna
Hranice mezi centralnim a perifernim myelinem, de facto hranice PNA a CNS



Rozstépové vady NT
= poruchy uzavéru NT

kys. listova jako prevence

Obr. 17.15 Poruchy uzavéru nervové trubice v oblasti michy. Termin spina bifida se pouziva
pro viechny typy rozStépd, kdy nedochazi ke splynuti jednoho nebo vice obratlovych obloukd
nad michou. A. Spina bifida occulta; kostni defekt je kryt kiiZi a micha neni pofkozena. Casto lze
tento defekt odhalit podle okrsku tmavého ochlupeni nad postizenou oblasti. B. Meningokéla;
z neuzaviené Easti patefniho kandlu prominuje vak zminich obald vyplnény jen mozkomisnim
mokem. C. Meningomyelokélz; ve vaku z obald je pfitomna i nervova thaA. D, E. Rhach
vznikd, nedojde-li k uzavéru nervové trubice a nervova than zistavad nekryta na powvrc

a asto nekrotisuje. Rhachischisis je nejtézsi formou téchto vad a miZe postihnout moze
michu, a to nejéastéji v lumbosakraini oblasti.

Obr. 17.35 A.Meningoencefalokéla na profilu lsbky ditéte v okcipitalni krajiné. Vykdenuji se obaly
mozku a nervova thaf. B-D. Schémata zachycuji rizzné typy defekti lebky na podkiadé abnormalit
uzavéru neuralni trubice. Mohou byt vyhfezlé pouze meningy (meningokéla, B), nebo meningy
spoleéné s rizné velkou &isti mozku (meningoencefalokéla, C; resp. meningoventrikulokéla,
D). Nejéastji je postizena kost tylni, ale podobné defekty se mohou vyskytovat i inde, napi.ve
frontonasalni krajiné. Tyto vady vznikaji na podidadé abnormalniho uzavirdni neurlni trubice.



Head, Trunk

~ Primary Neurulation -

Sekundarni neurulace

Tail

~ Secondary Neurulation(SN)

Epithelialization

~

- .'.’.'.-‘ . Labeled secondary neural tube

oat? : and SN precursors

Secondary
neural tube

SN Precursors

i

Mesenchymal cells epithelialize
and form a neural tube during SN.

/ Amnlotes(mammals birds and reptiles)



Medullary

cord

Sekundarni neurulace

Caudal end of the embryo
Lumen of medullary
cord becomes

continuous with

more cranial
neural canal

Neural tube

20 days

- Regressed primitive streak forms cell mass called the tail bud.

- The tail bud contributes to meduliary cord (neural tube), neural crest cells and caudal somites
- Central cells from the tail bud are condensed to give rise to the medullary cord.

- Medullary cord after cavitation merges with neural tube

U mysSi (a ziteymé take 1 u Clovéka) zacina
sekundarni neurulace v trovni somitu 35
(Schoenwolf 1984; Nievelstein et al. 1993).

U cClovéka odpovida neuroporus posterior -
somitu 31 z celkového poctu 42 - 44 part somiti

Primary Neurulation

1. Initial epithelium
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http://www.ncbi.nlm.nih.gov/books/NBK10080/
http://www.ncbi.nlm.nih.gov/books/NBK10080/

Medullary cord

(B) (C)

Notochord

Sekundarni neurulace

Figure 12.8

Secondary neurulation in the caudal region of a 25-somite chick embryo. (A) The medullary cord forming at the most
caudal end of the chick tailbud. (B) The medullary cord at a slightly more anterior position in the tailbud. (C) The neural
tube is cavitating and the notochord forming. (D) The lumens coalesce to form the central canal of the neural tube. (From

Catala et al. 1995: photographs courtesy of N. M. Le Douarin.)

The portion of the neural tube posterior to the hind limbs is formed by
secondary neurulation, which is seen as somewhat of a continuation of

gastrulation.




When anterior portions of the neural tube
fail to close, a fatal condition known as
anencephaly can result. This condition will

prevent the development of the forebrain and

Spina bifida

skull, leading to death. Failure to close posterior Hioemal s
- _ _ _ Figure 6. Neural Tube Defects (American
portions of the neural tube results in spina bifida, a  Association of Neurological Surgeons 2004)
condition in which the spinal cord can protrude outside the body. The severity of this condition
depends on how much spinal cord is exposed, and can usually be corrected by surgery. Figure 6

depicts these spinal cord malformations compared to the condition of a normal fetus

(summarized by Gilbert, 2006).



Epidermoveé plakody - smyslové bb., neurony, pojivo,
sensitivni ggl. hlavovych nervi.

Cichové plakoda

¢ockové plakoda

+ zaklad :
adenohypofysy A Bk
Rathkeova ganglion frigeminale () !
vychlipka cast

£

gl t'rigeminale

ganglion geniculi (VII)

-

5.
]
I; ‘
I
.

otické plakoda

membranosni
labyrint,
vlaskové bb.,

ganglion inferius (IX)

ganglion inferius (X)

et cochleare

HMOVIMITL 1T VUWVILG

somity
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Obr. 159. Poloha hlavovych ekiodermovych plakod v obdobi 20.-22. dne embryondlniho vyvoje élovéka.
Poloha hypofyzedlni plakody (zéklad adenohypofyzy) neni patrng



Neuralni lista — Wilhelm His, 1868




Indukce a epithelo-mesenchymova transformace bunek
neuralni listy

Neural plate Slug

Neural tube

! ISH mRNA Slug







Derivaty neuralni listy na trupu a na hlavé
- lateralni a medialni migracni cestas

Pigment cell

Neural crest

Schwann cell
Dorsal root :
ganglion
Satellite cell —
Plgr:;r;: v \ ’ “’D’Y,t} Uniploar (sensory) '@
4 L-=<sP% neuron

A Prosencephalon B
Multipolar Mesencephalon
neuron in
sympathetic
ganglion Rhombencephalon __ | |I
Chromaffin
cells in

adrenal medulla

Cervical
spinal cord

Sympathetic @ Prevertebral plexus 1| ektomesenchym
gangion [ N O\ & | EEEEEEEE
Plexus in Pigment cells
ut wall . . . Thoracic
' g Parasympathetic Parasympathetic ganglia spinal cord
Developing (submucosal) Enteric ganglia
adrenal gland ingut g | rmmmmemmmmmsqes
g plexus in gut |Sensory ganglia

lSympathetic ganglia Lumbosacral
IEndocrinEl cells apind-cod

(Reproduced from Le Douarin ei al, 2004)
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Fig. 5.1 The early development of the human neural crest in
a Camegie stage 10 embryo. At sostral levels (3), crest matenal
Is formed before dosure of the neural groove, wheseas at
more caudal levels (b-dj closure of the neural folds praceeds
migration of crest matertal (After Moller and O'Rahilly 1285)

R 2, 4,6, 7 migrace do BA
R1,3,5 apoptosa
R6,7,8 — srdecni lista

Fig. 5.2 Fate map of the acto-
dermal tarmtocies In the chick
embryo from the three-somite
stage (a) to the 8-day embryo
{c).b The rhombomeres ir1,13, 16,
r8) and the cranial nerves sup-
plying the pharyngeal arches
({1-4). pmax maxilfary promi-
nence, Vtrigaminal narve,

vit factal nerve, X glossopharyn-
geal nerve, X vagus nerve.
(After Couly and Le Douarin
1590)

Fig. 5.3 Migratory pathways of
aranial neural crast cells to the
pharyngeal arches (v, V), and
the sagmented expression of
Hox genes In the hindbrain and
pharyngeal arches of the chick
embryo. fp floor plate, gv trigem-
inal ganglion, M8 midbrain-
hindbrain boundary, nv3
mandibular nerve, nVir fadal
nerve, nix glossopharyngeal
nerve, nX vagus nerve, ov otic
vesicle, sc spinal cord, vim wis-
ceromotor nucleus of faclal
nerve, V-VIL IX, X, XX cranlal
nerve nudel, 1-8 rhombomeres



https://embryology.med.unsw.edu.au/embryology/index.php/Main_Page

Mouse E9.0 neural crest (GFP)

mb

zadni mozek

fedni R1 2 3
stredni mozek 456 7 8/

piedni mozek

PMID16938878

[] Hoxa3, HOxB3, HOXD3

Obr. 16.12 Schéma migrace bunék neuralni listy do oblasti obli¢eje a Zabernich obloukd (P1-
P6). Oblast zadniho mozku je segmentovana v rhombomery, takZze buriky neuralni listy migruji
v segmentovém uspofadani. Kazda z rhombomer exprimuje specifickou sadu HOX genti kromé
R1, R2 a mesencefalické listy, které exprimuji transkripéni faktor OTX2 (viz také obr. 17.31). Bunky
neurdlni listy si uchovavaji tento expresni profil béhem migrace a kolonisace jednotlivych ob-
loukd. Buriky neuralni listy migruji ve tfech hlavnich pruzich; z R3 a R5 nevznikaji skoro Zadné
buriky. Z pfisludnych rhombomer vristaji do zabernich oblouku rovnéz odpovidajici hlavové
nervy (viz také obr. 17.40).


https://embryology.med.unsw.edu.au/embryology/index.php/Main_Page

Derivaty neuralni listy hlavy

cast ganglii V, VI, IX, X, hlavova parasymp. ganglia,
jejich satelitni bunky a periferni glie, melanocty,
intramuralni entericky systém, glomus caroticum, gl.
aorticum, C — bunky (parafolikularni b. stitne zlazy),
skelet splanchnocrania, odontoblasty,

mesenchym, dermis a podkozi splanchokrania,
vytokovy trakt srdce, polomesicite chlopne,

sténa cév zabernich oblouku (bez endothelu),
leptomeningy az po cast mesencephala,

stroma rohovky, m. ciliaris, asi | m. sphincter pupillae
stroma thymu, stitne zlazy, pristitnych telisek, slinnych
zlaz, slzné zlazy



Uloha buné&k neurdlni listy v septaci
vytokove casti
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Analyza migrace bunek neuralni listy
pomoci chimeéry -krepelka

-
T e

=3 A0It0-pulmonalni septum!



Derivaty neuralni listy trupu
spinalni ganglia, ganglia sympatiku a
panevniho parasympatiku, jejich glie,
dren nadledvin, melanocyty,

ale zadneé pojivo, skelet a svaly



Vyvojove vady podminéné chybnym
utvarenim neuralni listy

1) Hirschsprungova choroba

2) CHARGE syndrom: (coloboma iridis, heart defects,
atresia choanae, retardation of development, genital
hypoplasia in males, ear anomalies)

3) DiGeorge syndrom:

nypofunkce pristitnych telisek,

nypofunkce stitné zlazy,

nypoplasie thymu — defekt imunity,

defekty aorty a truncus pulmonalis




Vyvojove vady podminéneé
chybnym utvarenim neuralni listy
4) Waardenburguv syndrom — Pax-3
mutace — pigmentove defekty, defekty
konc. svaloviny, kardiovaskularni defekty,
rozstep patra,

hypertelorismus

5) Albinismus

6) nékteré anomalie zubu



Z kranialni casti neuralni trubice vznikaji
mozkove vacky (CNS):
zadni - medulla oblongata

- pons Varoli
- cerebellum

stredni - mesencephalon

predni - diencephalon
- telencephalon

z vlastni neuralni trubice vznika: medulla spinalis
z neuralni listy a epidermovych plakod

PNS: nn. spinales et craniales
autonomni nervovy + entericky systém
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3. tyden 4. tyden 5. tyden 6. tyden
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mesencephalon
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rhombencephalon 1
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spinalis

Obr. 157. Postup diferenciace neurdlni trubice v jednotlivé oddily CNS v pribéhu 3.-6. tydne embryondlniho
vyvoje ¢lovéka
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Segmentace NT

* neuromery

 Prosomery — pouze dle gen. exprese
e 1. 2, 3 - kaudalni diencefalon: 4,5,6 — rostralni
diencefalon a telencefalon

Mesencefalické organisacni centrum Wntl a FGF-8
Predni organisacni centrum

Mesencefalon neni segmentovano

« Rhombomery (exprese HOX geni)

E8.5 E10.5
p5-6

p3-4/\

pi1-2-

* Misni segmenty - druhotne

Copyright © 2006 Elsevier, Inc.



Paralogs
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Hox expression  Motor neurons 3 day chick embryo

Branchial arches

R Facial Nerve
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PR prosencephalon

mesencephalon

Mesencefalické
organisacni
centrum

Wntl a FGF-8

metencephalon

— B Predni
FGF-3 - £ organisacni
centrum FGF-8

myelencephalon

hrbetni micha

Obr. 158. Segmentace embryondlniho savéiho mozku a exprese vyznamnych signdlnich molekul. Pismena a &islice
r1-r8 oznaduji rhombomery, P1-P6 je oznadeni prosomer. Sipky v oblasti isthmu mezi metencephalem a mesencephalem
oznaduji pdsobeni signdlnich molekul Wnt-1 a FGF-8, které se uplatiiuji v diferenciaci této &ésti CNS. Sipky mezi P2 a P3
oznacuji pisobeni signdlnich molekul Shh a FGF-8 na diferenciaci prosencephala. Distribuce Shh je zndzornéna &erveng,
distribuce Wni-1 tmavé 3edé a distribuce FGF-8 rizové. FGF-8 na konvexité P5 a P6 pochdzi z predniho organiza&niho
centra v okraiji hlavového konce neurdlni ploténky. Podle B. M. Carlsona, 2004

b



B HoxBE1 [ noxas, 83, 02
O Hoxaz B Hoxas, B4, D4
B Hoxez

Obr. 17.31 Exprese HOX gend v zadnim mozk
HOX geny jsou exprimovany v pieknjvajici
se tsecich, hranice exprese definuji hrani
rhombomer. Geny lokalisované bliEs 3" kon
jsou exprmovany kranidlngji a v Sasn&jsi f3
vyvoje ned geny lokalisované blizs 57 kon
Tyto geny jsou nositeli poziéni informace p
dél kraniokaudéini osy zadniho mozku, te
nositelem identity vznikajicich rhombomi
a z nich odvozenych struktur.

SHH
B Nkx2t
] FoxG1
B BmPs, 7
M FcFe

= obiast kompetence
pro signalisact z ANR

Obr. 17.32 Schéma zobrazujid pred-
ni organisaéni centrum (ANR) v okraji
hlavového konce neurdini ploténky
na jejim prechodu do povrchového
ektodermu. Toto centrum produkuje
FGF8 ktery indukuje expresi FOXG]
v piilehlém neuroektodermu. FOXG1
reguluje vyvoj telencefalona a uréuje
lasti pfedniho mazku, vetné basa-
Iniho telencefals 2 oéniho poharku.
Diferendiace v pfednim a stfednim
mozku je rovnéz fizena ve ventro-
-dorsalnim sménu. Ventralné je uspo-
fadani fizeno expresi SHH v prechor-
dové ploténce (P) a vchordé IN). SHH
indukuje expresi homeotického genu
NKX2 1, ktery se GEastni fizeni vivoje
hypothalamu. Organisace dorsalni
¢asti pfedniho a stfedniho mozku je
pod viivern BMP4 2 BMP7 signalisace.
P - prosencephalon, M — mesence-
phalon, R - rhombencephalon.

Obr. 17.33 Organisaéni centrum
visthmus rhombencaphali na hranid
mezi stfednim a zadnim mozkem.
Toto centrum produlasje FGFB v kru-
hové oblasti po obvodu isthmu. EGES
indukuje expresi gend Engrailed 1 2 2
obou gend s rostoud vzdalenosti od
zatimco EN1 navic reguluje i vyvoj
dorsalnich éasti mesencefalona. Dalii
gen fidici vyvoj mozecku je WNTI
jehoz expresi rownéz indukuje FGFB.



Rhombomery

Fig. 1.14 Dorsal view of a malformed embryo (Carnegie
stage 14) showing the bulging of several rhombomeres (kind-
ly provided by Kohei Shiota, Kyoto)




Fig. 1.12 Medial views of the developing brain in Carnegie
stages 10-13, 15 and 17. The mesomeres (M, M1, M2) and
the mesencephalon (mes) are indicated in light red. Asterisks
indicate the spinomedullary junction. ap alar plate, bp basal
plate, cbi internal cerebellar bulge, cho chiasma opticum,
comm pl commissural plate, D1, D2 diencephalic neuromeres,
dth dorsal thalamus, ep epiphysis, ev eye vesicle, gV trigeminal

ganglion, gVil facial ganglion, hy hypothalamus, is isthmus,
Lc locus coeruleus, Ige lateral ganglionic eminence, lterm
lamina terminalis, mge medial ganglionic eminence, np cran
cranial neuropore nlV nervus trochlearis, ov otic vesicle,
1-8 rhombomeres, s/H sulcus limitans of His, syn synen-
cephalon, telm telencephalon medium, vth ventral thalamus.
(After O'Rahilly and Miiller 1999)



Fig. 1.11 Lateral views of the developing brain in Carnegie fpo flexura pontina, gV, V trigeminal ganglion, mes mesence-
stages 12,13,15,17 and 23.The mesencephalonisindicatedin  phalon, npl nasal placode, o occipital lobe, pros prosence-
light red. cb cerebellum, di diencephalon, ep epiphysis, ev eye  phalon, t temporal lobe, tel telencephalon. (After O'Rahilly and
vesicle, f frontal lobe, f ce flexura cervicalis, f cr flexura cranialis, Miiller 1999)



basainl picténka sulcus imitans

somato-  plexus chorowdeus
visceromotoncka

—
somatomotoricka  Somalomoloncka jadra
fodrn (mogiainy | (aterdini tada —
tada —n. Xil) I i ok

Obr. 17.18 A.Pohled zdorsalni strany na spodinu IV. komory, embryo 6. tyden (stropova ploténka
odstranéna). Alarni a basalni ploténky jsou rozeviené, v metencefalonu jsou patrny rhombické
valy. B, C. Poloha a diferenciace aldmi a basalni ploténky v myelencefalonu b&hem vyvoje.V ba-
sdlnich a alarnich ploténkach jsou uloZena jadra hlavovych nervii Sipky ukazuji smér pohybu
bunék z alami ploténky do komplexu jader olivy.

Usporadani jader hlavovych nervii pod spodinou 4. komory
odpovida usporadani zon primitivni neuralni trubice



Centralni nervovy systém .

Obr. 17.20 A.Pohied zdorsalni strany na mesencephalon a rhombencephalon, embryo 8. tyden.
Po odstranéni stropu je vidét spodinu IV. komory. B. Podobny pohled na mozkovy kmen; fetus 4.
mésic. Ve stropu IV. komory je vytvofena aperturs mediana et aperturae laterales ventriculi quarti.

Obr. 17.21 Schematické znazornéni vyvoje mozecku na sagitalnich fezech. A. 8. tyden (cca
30 mm). B. 12. tyden (70 mm). C. 13. tyden. D. 15. tyden. Vnitfni germinalni vrstvu pfedstavuje
periventrikuldmni a plaitova vrstva. Zevni germinalni vrstva se vytvafi na povrchu mozeckové
ploténky z bunék vnitfni germinalni vrstvy (B, C). Bufiky vnitfni germindlni vrstvy migruji smé-
rem k povrchu a diferencuji se v Purkyfiovy a Golgiho bufky. Z neuroblastd zevni germinalni
vrstvy se diferencuji granularni, hvézdicowe a kosickovité bunky, &éimz vznika definitivni podoba
kiiry mozedeu. Z bunék vnitini germinalni vrstvy, které nemigrovaly, se diferencuji neurony
mozeckovych jader (D).

58\ nctn oculo-
A~ motors acc.

S SomSDmaAoncka

PN\ jadra (IiL 2 V)

Obr. 17.23 A, B. Poloha a vyvoj basalnich 2 alamich plotének mesencefala v riiznych stupnich
vyvoje. Sipky na obrazku A ukazuji trasu migrace bunék alami ploténky, ze kterych vanika ncl. ruber
a substantia nigra. V basalni ploténce se diferencuji motoricka jadra hlavovych nervi.



Obr. 17.26 A.Sagitalni fez hlavovou Easti embrya v 6. tydnu. Rathkeova vychlipka jako dorsalni
vychlipeni stropu primitivni Gstni dutiny tvofi zakiad adenohypofysy. Infundibulum se zaklada
jako ztlusténi na spodiné diencefala. B, C. Sagitalni fezy vyvijejici se hypofysou v 11.3 16. tydnu.
Pars tuberalis obepina stopku neurohypofysy.

345



Fig. 1.16 Transverse sections
through the human forebrain,
showing the developing gan-
glionic or ventricular eminences
at stages 17 (a) and 20 (b),
respectively. Ige lateral ganglionic
eminence, lv lateral ventricle,
mge medial ganglionic eminence,
pal pallium, plch plexus choro-
ideus, v3 third ventricle. (From
O’Rahilly 1975, with permission)







Fig. 1.23 Histogenesis of the
cerebral cortex.a—c The neu-
roepithelium forms three zones,
the ventricular zone (VZ), the
intermediate zone (/Z) and

the preplate. During the eighth
to 18th weeks of development,
neurons migrate from the
ventricular zone and form the
cortical plate (d). The preplate
becomes divided into the mar-
ginal zone (M2) and the sub-
plate. A second compartment for
cell division, the subventricular
zone (5VZ), is mainly involved

in the production of glial cells.
Finally (e), the marginal zone
forms the molecular layer
(layer /) and the cortical plate
layers II-VI.The intermediate
zone forms the subcortical
white matter (WM).The subplate
disappears. (After O'Rahilly

and Mdiller 1999)
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Fig. 1.34 The outgrowth of the human corticospinal tracts
(after Humphrey 1960)
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Regenerace v CNS
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Figure 9.3 Transverse section of a nerve trunk. (A) Light microscopy. (B) Electron microscopy.






Periferni nerv je vzdy smiseny,
muze vést az 4 kvality Citi

1. somatomotorika - alfa a gama
motoneurony

2. visceromotorika — ncl. intermediolateralis
3. somatosensitivita

4. viscerosensitivita — pseudounipolarni bb.
Spinalnich ganglii
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Ggl. spinale

Ramus dorsalis
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Ramus ventralis
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4
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Cornu“anterius

Radix ant

Somatomotoricka vliakna — alfa a gama-motoneurony v prednich rozich misnich,
vlakna vystupuji prednimi koreny, probihaji miSnim nervem v jeho ventralnich
i dorsalnich vétvich



\/ Pregangliovy neuron/vlakno

Postgangliovy
neuron/vlakno

Radix ant \

VM Ramus communicans
Ggl. trunci sympathici | grisseus

Ramus communicans albus

— pregangliovy neuron lezi v postrannich rozich
misnich, pres predni kofeny a r. comm. albus vstupuji jeho vlakna do ganglia tr. sympathici,
kde dochazi k interpolaci na postagangliovy neuron. Jeho vybézky pres r. com. griseus
se vraci zpét k miSnimu nervu a nebo jako nn. splanchnici bézi k organam.



Radix post

Ggl. spinale

SoSe

Ramus dorsalis

Ramus ventralis

Somatosenzitivni vlakna prichazi z periferie z prislusnych receptori cestou
r. ventralis/r. dorsalis a probihaji zadnim korenem. Zde je ggl. spinale, které obsahuje
téla prislusného neuronu. Jejich axony pak vstupuji do michy, kde jsou terminovany

v zadnich rozich/probihaji bilou hmotou do vysSich etazi.
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VQT]US communicans albus

VisceroSensitivni viakno

Viscerosensitivni viakna pfichazi s vlakny sympatiku, vstupuji do zadniho korene,
bunka je opét ve spin. Gangliu. Vlakna pokrac€uji zadnim korenem do Sedé hmoty.
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r.ventralis r. dorsalis

r. cutaneus
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r. meningeus
(SoSe+VM)
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Obecna schéma misniho nervu v oblasti hrudni michy



Vlakna prednich misnich korenu obsahuji myelinizovana
eferentni, motoricka vlakna ruznych tloustek, ktera se déli do
tfi skupin :

Vlakna A a - jsou neurity alfa- motoneuronu uloZzenych
v pfednich miSnich rozich. Maji tloustku 12 — 20 mm, rychlost
vedeni 72 — 120 m/sek a inervuji extrafuzalni svalova vlakna.

Vlakna Ay - jsou neurity gama - motoneuronu. Jsou tenc€i (2 -8
mm), rychlost vedeni je 12 — 48 m/sek a inervuji svalova
vlakna ulozena ve svalovych vieténcich (intrafuzalni viakna).

Vlakna B — jsou tenké neurity (do 3 mm) bunék ulozenych
v nucleus intermediolateralis misni Sedi. Rychlost vedeni je 6
— 18 m/sek. V prednich kofenech nervii C 8 — L 2/3 patfi tato
visceromotoricka vlakna sympatiku, v prednich korenech S2 -S4
jsou soucasti parasympatiku. Tato vlakna vstupuji do autonomnich
ganglii jako vlakna pregangliova.

Jako vlakna C se oznacuji postgangliova autonomi vlakna, jsou
velmi tenka (0.2 — 2 mm) a rychlost vedeni je 0.5—-2m
/sekK..(pramér axonu v um x 6 = rychlost vedeni vzruchu v m/sec)



Somatosensitivni vlakna privadéji signaly z receptoru kuze a
z receptoru pohybového aparatu a €leni se na nékolik
kategorii :

Viakna la a Ib jsou silna myelinizovana vlakna (12 — 20
mm) s rychlosti vedeni 80 — 120 m/sek. Vedou signaly ze
svalovych vretének (primarni zakonceni) a z Golgiho
sSlachovych telisek.

ViIakna Il jsou tenci (6 — 12 mm), s rychlosti vedeni 35 — 75
m/sek. Vedou signaly ze svalovych vietenek (sekundarni
zakonceni) a z koznich mechanoreceptoru.

Vilakna Ill (vlakna Ad, 1 — 5um) a IV (vlakna C, 0.2 — 1.5 mm)
jsou slabé myelinizovana, nebo bezmyelinova viakna,
ktera vedou signaly z volnych nervovych zakonceni
(nociceptory, thermoreceptory) a z koznich
mechanoreceptoru.
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Area innervated
trigeminal nerve

Dermatom - kozni
oblast inervovana z
jednoho misniho
segmentu

. R. Kandel et al.: Principles of neural sciences. 2000



Preaxial border

Postaxial border

Vyvoj kofenové inervace kongetin

Ventral axial lines

Anterior aspect




Embryonalne misni nerv inervuje kozni okrsek a svalstvo
pochazejici z jednoho somitu.

V dospéelosti segmentova uprava zachovana pouze v
oblasti mezizebernich a hlubokych zadovych svalu.

Monosegmentova inervace je zachovana pouze u
mezizebernich a hlubokychh zadovych svalu.

Polysegmentalni inervace - vétSina svalu vicesegmentovy

puvod (na koncCetinach ze 2 - 3 miSnich segmentu).

Kozni oblast inervovana z jednoho misniho nervu -
dermatom.



Area radicularis sensitiva - kozni oblasti i svaly a
organy sensitivneé zasobené jednim misnim
korenem

Area radicularis motorica - sval Ci jeho Cast
Inervovana z jednoho predniho misniho korene

Area nervina - vsechny struktury inervovane z
jednoho nervu



VS. areae radiculares

Areae nervinae




Utrobni kofenové okrsky
Z misnich nervu vedou senzitivni vlakna ke véem
utrobam, jsou uréena k vedeni pocitu utrobni bolesti.
Téla téchto neuronu lezi, stejné jako téla neurond
urCenych pro kozni inervaci, ve spinalnich gangliich.
Visceralni bolest zpravidla vznika nahlym roztazenim
organu Ci prudkou kontrakci jenho hladke svaloviny.
Protoze se behem embryonalniho vyvoje meni poloha
organu, jsou utrobni kofenové okrsky vzdalené od svych
dermatomu. Pfi onemocnéni organu dutiny hrudni Ci
brisni se, ale nekteré kozni okrsky stavaji citlive na
dotyk. Tyto kozni okrsky jsou oznaCovany jako
Headovy zény. Kozni precitlivélost pfi onemocnéni
jednotlivych organu je pravdépodobné zplsobena tim,
Ze bolestivé signaly z organt zvySuji citlivost neurond
zadniho misniho rohu na bézZnou signalizaci z kize.
Bolest vyzafuje do dermatomd, které jsou inervovany ze
stejnych misSnich nervu jako pfislusné organy.
Predpoklada se, ze bolestivé podnéty z postizeného
organu jsou v zadnim misnim rohu a v thalamu chybné
interpretovany jako kozni podnéty. Nemocny ale bolest
dobre lokalizuje, a tak neni vylouCena ani ucast koroveé
etaze.




T10 spinal nerve

Posterior l
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Peripheral distribution of sympathetics
carnad peripherally by terminal cutaneous

branches of spinal nerve T1 tc L2
Motor nerve to sweat glands,

smooth muscle of blood
vassels and arrector pili
muscles in the part of T10
dermatome supplied by the
anterior ramus

© Elsevier. Drake et al: Gray's Anatomy for Students - www.studentconsult.com




Obratlové téelo Misni segment

Cl-C4 Cl-C4
C5-C6 C5-C7
C7-Th8 C8 -Th1l1l
Th9 -Th10 Thl2 - L3
Thll L4 - L5
Thl2 -L1 S1-S5







Rami dorsales

epaxialni svalstvo + kuze ktera je pokryva
(Sije, zada, krizova krajina , hyzde)
vetsinou zachovavaji segmentalni usporadani

— netvori plexy

jako samostatné nervy se popisuiji:
nervy suboccipitalniho trigona
nn. clunium superiores et medii



Lateral cutaneous branch

Ramus dorsalis Intercostal muscles

Ramus dorsalis

Svalové i senzitivni vétve
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n.suboccipitalis, n. occipitalis major,

n. occipitalis tertius
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Obr. 15.4.3. Regio nuchalis, trigonum suboccipitale. 1 - a. vertebralis, 2 — m. splenius capitis, 3 -
auricularis magnus, 4 — n. occipitalis minor, 5 — m. semispinalis capitis, 6 — n. occipitalis tertius, 7 — n. o
cipitalis major, 8 — a. occipitalis, 9 — m. obliquus capitis sup., 10 - n. suboccipitalis, 11 — m. rectus capit
post. major, 12 — m, obliquus capitis inf., 13 — r. dorsalis n. cervicalis Il, 14 — r. dorsalis n. cervicalis |1l



Nn. clunium superiores

lliac crest

Lumbodorsal aponeuro

Superior cluneal nerve Lateral branches

Medial
branches

Intermediate branch

right




Nn. clunium superiores

Superior cluneal nerve

Same picture in detail

right




Rami ventrales — hypaxialni svalstvo +
prilehla kuze
(M, S, A viakna)
tvori pletenée
Pl. cervicalis C1-C4
Pl. brachialis C4-Th1l
Nn. thoracici Th1l-Th12
Pl. lumbalis Th12-L4
Pl. sacralis L4, L5, S1-S5,Co



Plexus cervicalis (C1-C4)

» Senzitivni nervy * Motorické nervy

Nn. supraclaviculares
* Hluboké svaly krcni

* Infrahyoidni svaly
(ansa cervicalis
profunda)

* N. phrenicus —pleura, . N ohrenicus (C 3-4)
pericard, peritoneum

kryjici branici

* Vystupuji v punctum
nervorum



o Rami musculares:
M. rectus capitis anterior
M. longus capitis

M. longus capitis
M. intertransversarius anterior cenvics

< M. longi capitis und coll

M. intertransversarius anterior cenvids
M. scaleaus medius
M. levator scapuiae

M. intertransversarius anterior cervicis
\_ M. scalenus medius
/‘ Truncus superior:
M. longus colli

Mm. scalenus anterior und
intertransversarius anterior cenvicis

M. scalenus medius

M. longus colli

Mm. scalenus anterior und
intertransversarius anterior cenvicis

M. scalenus medius

G
uwstoliw

N. hypoglossus

Ramus muscularis:
M. rectus capitis lateralis

Ramus geniohyoldeus:
M. geniohyoideus
Ramus

M. thyreohyoideus

Radix superior
M. rapezius

Rami musculares der Ansa cervicalls:

M. sternohyoideus
M. omohyoideus
M. sternothyreoideus

Radix inferfor

N. phrenicus:
Disphragma



Lobus colli der
Glandula parotidea

Ramus colll des
N.facialis

/ Venter anterior des

M. digastricus

" Glandula submandibularis

N. occipitalis minor
V. jugularis externa

M sternodelidomastoideus

M. trapezius V. Jugularis anterior

N. transversus colll

Lamina superficialis der
Fascia colli
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ot o 7 ‘ o Lo _— - e \
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N. ocdpitalis minor
M. stemodeldomastoldeus

N. auricularts magnus

Erb'scher Punkt

N. transversus colll
N. accessorius

Lamina profunda
= prevertebralls

N. supradavicularis

der Fasda colii
Ramus muscularis und Plexus brachialis
N supradavicatus N. phrenicus und
M. trapezius M. scalenus anterior
A. undV, cervicalis
suparficialis V. jugularis externa
M. omohyoideus Tell der Laming media
= pretrachealis der
Fascha colli (Fasca

omoclavicularis)



n. occipit.
major

n. auricularis
magnus

. dorsales
C3-Cs

n. transv. colli

nn. supraclaviculares

Nn. supraclavicular
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Uprava n. intercostalis v oblasti hrudniku

Lateral cutaneous branch Posterior ramus of spinal nerve

External intercostal

o
7
Internal intercostal / :
Vs

White ramus communicans

Intercostal nerve Gray ramus communicans

|"“e"mOStl Internal intercostal Sympathetic trunk
intercosta
Posterior branch of membrane Spinal nerve
lateral cutaneous nerve
Intercostal nerves
Lateral cutaneous branch
of intercostal nerve
Parietal pleura :
Transversus thoracis

Anterior cutaneous branch of intercostal nerve

Anterior branch of

Sternum
lateral cutaneous nerve

Lateral branch of anterior cutaneous nerve

Grays Anatomy for Students. Elsevier

Medial branch of anterior cutaneous nerve



Posterior ramus of spinal nerve Posterior intercostal artery and vein

( Eile
7‘

K../

Fig. 53.18 Dissection of part of an intercostal space, external aspect,
showing the position of the intercostal vessals and nerve and their
collateral branches relative to the intercostal muscles.

Lateral branches of —
intercostal nerve
and vessels
and vein
Anterior cutaneous _
branch of Np
. e slntercostal vein
\ Intercostal artery
Collateral branches of Intercostal nerve
intercostal nerve and vessels
Anterior perforating
Anterior intercostal artery and vein branches of

intercostal vessels

Grays Anatomy for Students. Elsevief: anterolateral view.






Uprava n. intercostalis v oblasti bfisni stény + inervace bfi$ni stény

Rectus abdominis

Anterior cutaneous P -
nerve g
.
External oblique S

Internal oblique

Transversus abdominis

Lateral cutaneous
nerve

Transverse abdominis
plane

Sacrospinalis

Posterior cutaneous
nerve

Posterior primary
ramus



Medial, intermediate ”
and lateral supraclavicular "L )

nerves ( C3 4) . L. . . .
/7{ Senzitivni inervace predni stény trupu
- ventralni vétve misnich nervu - vice

zdrojt

hrudnik
nn. supraclaviculares
(pl. cervicalis C1-4)

nn. intercostales (Th2-Th6)

bricho
nn. intercostales (Th7 — 11)

pl. lumbalis (Th12-L4)
n. subcostalis

n. lliohypogastricus
n. ilioinguinalis

Fig. 53.3 The approximate segmental distribution of the cutaneous nerves
on the anterior trunk. The contribution from the first thoracic spinal nerve
is not shown and the considerable overiap that occurs between adjacent
segments is not indicated.



Regenerace v PNS

* 1. Waleruv zakon — degenerace
« 2. Waleruv zakon — regenerace

Lepe vegetativni vlakna, pak sensitivni,
nejhure motoricka

Podkladem je neposkozene telo a zachovani
kontinuity myelinové pochvy

2 mm/3 dny, 3 tydny zdrzeni v jizve



Prabéh reakce axonu na preruseni. Pokud axon vyrustajici z centralniho
pahylu vroste do periferniho pahylu (C, D), je kontinuita obnovena. Pokud
nenavaze na periferni pahyl, neni spojeni obnoveno (E).




Obaly periferniho nervu

Perineuralni epithel (p) je pokracovanim
neurothelu z obalil CNS; ma funkci
bariéry.

Pri suture periferniho nervu se sesivaji
jednotlivé fascikly stehem




Vinity prubéh nervovych
vlaken (wawy course,
undulating course)

v perifernim nervu
predstavuje reservu

pro natazeni nervu

pri extensi koncetiny

Na nervovém
kmenu je zvinéni

osvétleni jako

~ spiralovité

. probihajici svétlé a
tmavé pruhy
(Fontanovy pruhy).



RECONSTRUCTIVE MICROSURGERY |

Preklenuti casteCného defektu periferniho nervového kmene
pri suture bez napéti pomoci §tépu ziskanych z jiného,
meéné vyznamneho periferniho nervu. Jsou spojovany
jednotlivé fascikly suturou perineuria. Na povrchu perif.

nervoveho kmene je znazornéno epineurium.
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Vegetativni nervovy systém



Autonomni (vegetativni) nervovy systém zahrnuje ty nervy,
které inervuji hladkou svalovinu v cévach a organech, zlazy a
srdce. Tento systéem nepodléha volni kontrole a dle svych
prevazujicich ucinkl se €leni na pars parasympathica a pars
sympathica.

Autonomni nervovy systém je vyvojove stary systém, ktery
pomahal organismu prezivat a reagovat na nepriznivé situace.
Sympatikus aktivuje organismus k obrané ¢i utéku — zvysuje
srdecni frekvenci a krevni tlak, rozsiruje koronarni tepny a
bronchy, snizuje aktivitu travici soustavy.

Parasympatikus vede ke snizeni srdecni frekvence a tlaku a
zvysuje aktivitu traviciho systému. Oba systémy pusobi na
jednotlivé organoveé systémy na prvni pohled antagonisticky,
spise se vSak jedna o koordinovanou souhru, ktera ma zajistit
optimalni funkce organismu.



Parasympatikus ,
jadra v mozkovém kmenu u jader NC  canainene: *L — D

] . I, VI, 1, X . W
l1l. - ncl. oculomotorius accesorius ~A=
VIl. -ncl. salivatorius superior

IX. -ncl.salivatorius inferior -

X. -ncl. dorsalis n. vagi

Parasympathetic

Sympathetic

V mise v segmentech S2 - S4 A
ncl. intermediolaterales

Sym pati kus spinals;;;rt\c;r?tz =
ncl. intermediolaterales
v misnich segmentech C8 - L3



Sympathikus
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Prenos signaltil pomoci viaken sympatiku a parasympatiku je na rozdil od
somatickych vlaken prerusen prepojenim v gangliich. Vlakna vedouci
podnéty do ganglii jsou oznacovana jako pregangliova a jejich bunky
jsou ulozeny v mozkovém kmeni a v mise. Neurony ulozené v gangliich a
vlakna z nich odstupujici se oznacuji jako postgangliové. Pregangliové
neurony jsou podle mediatoru cholinergni a acetylcholin se vaze v
gangliu na cholinergni receptory nikotinového typu. Postgangliové
neurony sympatiku uvolnuji noradrenalin, ktery se vaze na adrenergni
receptory. Postgangliové parasympatické neurony uvolnuji acetylcholin,
ktery se vaze na cholinergni receptory muskarinového typu.
Postgangliové neurony maji své axony nemyelinizované. Cilové
zakonc€eni postgangliovych vlaken neodpovida klasické synapsi, vilakna
se v blizkosti cile bohaté vétvi a jsou na nich rozsirené useky (varikosity)
obsahujici mediator. Z téchto rozsirenych Usektl se mediator uvolnuje a
difunduje k cilovym strukturam (hladka svalovina), u€inek vsak
nastupuje postupné a pomalu. Efekty plisobeni vegetativniho nervového
systému jsou proto difuzni a pomalejsi nez v systému somatickych
viaken.



Pregangliovy neuron

Acetylcholin
Nikotinovy receptor

= ) 4

Acetylcholin
Muskarinovy receptor

\A4
}v(




Znalost jednotlivych transmiteru a jejich
receptoru umoznuje jejich
farmakologickeé ovlivhéni

(al+a2 + RB1+RB2receptory)
parasympatikomimetika x -lytika
(kurare, atropin)



perivaskuldre
sympathische
Nervenfasern

glatte Muskelzelle

Varikositat

= lamina

o7 glatteMuskelzelle



srdce

zrychleni akce

zpomaleni akce

vencité tepny rozsireni (beta rec.) zuzeni(?)
tepny ztzeni (krevni tlak stoupa) rozsireni (krewni tlak klesa)
bronchy rozsireni zuzeni
zaludek strevo tlumeni peristaltiky povzbuzeni peristaltiky
Zlazy GIT tumeni sekrece povzbuzeni sekrece
mocovy méchyr kontrakce sphincteru kontrakce detrusoru
uvolnéni detrusoru uvolnéni sphincteru
genital kontrakce cév rozsireni cév
ejakulace erekce
sekrece gl.vest.maj.
ziitelnice mydnasa miosa
vicka siroce otevrena 2uzena
potni zlazy lepkawy pota malo fidky pota bohaté
slinné Zlazy husta slinaa malo fidka slinaa bohaté
~ teplota zwsena snizena
metabolismus kalabolické reakce anabolicke reakce
nadledvina 2vwysena cinnost shizena cinnost




Parasympatickeé ganglion (obecne) -

radix parasympatica - interpolace
radix sympatica - prochazi

radix sensitiva — prochazi

rr. eferentes — smisena vlakna gt o -2

na poxzgangliovy neuron
2 - radix sympathica
3 - radix senz®tiva
4 - 7. eferertes (zmizens)

Hlavova parasympatické ganglia

ve vétveni trigeminu pri prostupu basi lebni
ggl. pterygopalatinum, ggl. ciliare,

ggl. submandibulare, ggl. oticum

a ve sténé organu (GIT, panevni organy)



SOMATIC PLEXUSES VISCERAL PLEXUSES

,w! | S Parasympathetic [X]

Cervical plexus

anterior rami C1 to C4 Cardiac branches

N Sympaticka ganglia

Brachial plexus

antesior rami C5 to T1 Cardiac plexus

paravertebralni ganglia

| tvori

. cmeses  [FUNCUS Sympathicus

o meeeenerens (G @ L ggl. nemaji RCA)

: prevertebralni ggl.
(dostavaji i para privod z

Preverebrelpexus n. X— efferenty jsou

smisene)

+— Pulmonary branches

Splanchnic
nerves

Lumbar plexus
anterior rami L1 to L4

Sacral plexus
anterior rami
L4orlL510 54

I
y il
|31
Y- |
[ — T —t “l
N |
{ \ |
i \ I‘l '
| X y
| l
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Sacral splanchnic nerves

: S2 to S4 pelvic splanchnic nerves
(parasympathetic)
Ganglion impar



Paravertebralni ggl.

ggl. cervicale superius
ggl. cervicale medium
ggl cervicothoracicum
(stellatum)
ggl. thoracica
ggl. lumbalia
ggl. sacralia et ggl. impar

Paravertebralni ggl. - vétve

Pregangliova vlakna
rr. comm. albi

Postgangliova vlakna
rr.comm. grisei

rr. vaculares

rr. viscerales

nn. splanchnici (neprepojena,
defacto pregangliova vi. k
prevertebralnim ggl.)

rr. interganglionares

Viscerosenzitivni viakna
(materské bb. ve spinalnim

gangliu)



CiorC2t0C8

Anterior roots
Paripheral distribution of
ascending sympathetics
Gray ramus communicans
White ramus communicans
Peripheral distribution of

descending sympathetics -

0
-

.
.....
‘. a®
----------------

S et rt | trunk
ympathetic paravertebra
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Cc3

ca

Ccs
Phrenic nerve

Subclavian artery

Subclavian vein / /
/ "

ZA

G

Ganglion cervicale superius
N. jugularis

N. caroticus internus

N. pinealis

Nn. carotici externi

Rr. laryngopharyngei

N. cardiacus cervicalis superior
Ganglion cervicale medium
Ganglion vertebrale

N. cardiacus cervicalis medius
(Ganglion cervicale inferius)

Brachial plexus

To carotid body
and sinus

To internal i
carotid plexus 4 ganglion
N
N — P
N

Superior cervical ganglion

To external
carotid plexus

Superior cardiac nerve

/\\.:\\
Gray ramus commbm+ ¥ v
Middle cervical ganglion

"4 \
N a .
A A o
Middle and inferior ‘
cardiac nerves
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Middle cervical ganglion

Inferior carvical ganglion

Plexus caroticus communis

Plexus caroticus internus

o ieom RAMIX sympathica ganglii ciliaris

Radix sympathica ganglii pterygopalatini; N. petrosus profundus
Radix sympathica ganglii submandibularis
Radix sympathica ganglii sublingualis
Radix sympathica ganglii otici

Nn. caroticotympanici

Plexus cavernosus

Plexus caroticus externus

Plexus subclavius

Plexus autonomicus brachialis

Plexus vertebralis



Ganglia thoracica

Rr. cardiaci thoracici

Rr. pulmonales thoracici

Rr. oesophageales

N. splanchnicus major

Ganglion thoracicum splanchnicum
N. splanchnicus minor

R. renalis

N. splanchnicus imus

Pars thoracica

Plexus aorticus thoracicus
Plexus cardiacus

Ganglia cardiaca

Plexus oesophageus
Plexus pulmonalis

Rr. pulmonales



Sympathetic ganglion

Sympathetic trunk:

Thoracic spinal
nerve

Gray and white
rami communicantes

Greater splanchnic
nerve

Lasser splanchnic
nerve

Least splanchnic
nerve

Qi —

‘;

@© Elsevier. Drake et al: Gray's Anatomy for Students - www.studentconsult.com

Th - nn. splanchnici
L — nn. splanchnici lumbales
S — nn. splanchnici sacrales



Autonomni ganglia cardiaca tzv. vnitfniho
srdeCniho nervoveho systému, pohled na srdce
zezadu a shora; ganglia lezi v nervovych
pletenich pod epikardem na zadni ploSe sini a
pfi hornim okraji komor




Autonomni inervace srdce

a puvod presynaptickych neuronu

b inervace srdce z kréniho a hrudniho sympatiku
C n. vagus a jeho vetve k srdci
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Ganglia lumbalia

Nn. splanchnici lumbales
Ganglia sacralia

Nn. splanchnici sacrales
Ganglion impar



Prevertebralni ggl.
lezi pri odstupu velkych céev
preggl.vlakna cestou nn.splanchnici
(major, minor, imus) z ggl.thoracica

ggl. coeliacum
ggl.mesent.superius

ggl. aortorenale
ggl. mesent. inferius



Sympaticka vlakna

hrudnich a lumbalnich

ggl. (paravertebralni i

prevertebralni) vytvofi ) 4

spolu s parasymp.

vliakny z n X. smiSené s

pletene:

plexus abdominalis
plexus iliacus dx. et sin.

plexus hypogastricus
superior - (jen symp.)

plexus hypogastricus
Inferior (prijima sakralni
parasymp.)

<.
S / \ \

Greater splanchnic nerves

<
b (\ \

Lesser splanchnic nerves

T9to T10 -
(T10 to T11) o
A G

7 K 72
§ \\ ‘é:-

Lumbar splanchnic nerves -

White ramus
communicans

Prevertebral plexus
and ganglia Gray ramus
communicans

Paravertebral
sympathetic trunk
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Sympaticka vlakna hrudnich a
lumbalnich ggl. (paravertebralni
| prevertebralni) vytvori spolu s
parasymp. viakny z n X.
smiseneé pletene:

plexus abdominalis
plexus iliacus dx. et sin.

plexus hypogastricus
superior - (jen symp.)
plexus hypogastricus
Inferior (prijima sakralni
parasymp.)
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Plexus aorticus abdominalis
Ganglia phrenica

Plexus coeliacus

Plexus hepaticus

Plexus splenicus; Plexus lienalis
Plexus gastrici

Plexus pancreaticus

Plexus suprarenalis

Ganglia coeliaca

Ganglia aorticorenalia

Plexus mesentericus superior
Ganglion mesentericum superius
Plexus intermesentericus
Plexus renalis

Ganglia renalia

Plexus uretericus

Plexus ovaricus ¢

Plexus testicularis &

Plexus mesentericus inferior
Ganglion mesentericum inferius
Plexus rectalis superior

Plexus entericus

Plexus subserosus

Plexus myentericus

Plexus submucosus

Plexus iliacus

Plexus femoralis

nn. splanchnici _ X,

\¢

"
|

"nn. erigentes”

plexus plexus
coeliacus solaris

plexus
’ plexus
aortic.
mesentericus
abdom.

SN nervus
plexus presacralis

hypog.aSt' nervus
superior hypogastricus
N\

plexus
hypogast.
inferior
= pelvinus






Sakralni parasympatikus
(nn. splanchnici pelvici)
se spojuje s plexus
hypogastricus superior
sympatickym a vytvari
smisenou pleten (pl.
hypogastricus inferior),
ktera slouzi k inervaci
panevnich organu.
Plexus rectalis medius

Plexus rectalis inferior

Nn. anales superiores
Plexus uterovaginalis ¢

Nn. vaginales ¢
Plexus prostaticus &
Plexus deferentialis &
Plexus vesicalis

Nn. cavernosi clitoridis ¢
Nn. cavernosi penis &

Plexus hypegasiria
SUPBEIo?

Rectum

_ __ Plexus {Nerv
hypanastricu

B T VNGNS L, S N Ple
|
i
13 ———Har
s
[ g o _Ples
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Nn. gplanchnici 7 WS #
pelvini . v
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Plexus o«
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Entericky system
V soucCasne dobe se vycClenuje zvlast system nervovych
pleteni a bunék v travici trubici, tzv. entericky system,
ktery je zodpovedny za pohyby a sekreci travici trubice a je
do jisté miry nezavisly na ostatnich soucCastech
vegetativniho nervového systemu

plexus myentericus Auerbachi,
plexus submucosus Meissneri



Entericky system (ES)

ES neurony, ES glie

neurony — motoneurony (ex, inh)
iInterneurony (ex, inh)
primarni senzitivni neurony

Vilakna vystupujici z ES
vagova viscerosenzitivni vl.
viscerosenzitivni vl. s bunkou ve spin. ggl.
viakna jejiz b. lezi uvnitr ES



Entericky system (ES)

Viakna vstupujici do ES
vagova visceromotoricka vl. — koncCi v ggl. ve
stene streva (parasympatikus)

vlakna z prevertebralnich ggl. (postgangliova
sympaticka vl.)

vlakna z ggl. pelvina (sakralni parasympatikus)



spinalni ggl.

“\ foramen intervertebrale
9]
3

paravertebralni
ganglion
sympaticke

A
sympaticke
prevertebralni ggl.
(preaortalni)
parasympathicke ggl.

(intramuralni)

+ ENTERICKY SYSTEM



— PTEGANglONIC
sympathetic

weesessses  POStganglionic

Submucosa
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