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SOUCASNA KLASIFI

» Na zakladé morfologickych a funkCnich znaku

Kontinualni, avaskularni vrstvy bunék s rtiznou funkci,
. , - ¥ 8 orientovanych do volného prostoru, se specifickymi
Ep|telova ~ - . = == mezibuné&tnymi spoji a minimem mezibuné&éného
- ~ . . prostorua ECM
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| Obsahuji myofibrily - schopnost kontrakce
.| Derivat mezodermu - KS, myokard, mezenchymu - HS
T | Vyjime&né ektoderm (napt. m. sphincter a m. dilatator pupillae)
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Svalova

Neurony a neuroglie
Pfijem a prenos elektrického vzruchu
! Derivat ektodermu, vyjimecné mezenchymu (mikroglie)

Nervova

Dominantni pfitomnost extracelularni matrix
Vazivo, chrupavka, kost, tukova tkan
Derivat zejména mezenchymu

Pojivova




OBECNA CHA

= Zvlastni cytoarchitektura
= EXxcitabilita a schopnost kontrakce

= Mesodermalni pivod

Kosterni svalovina
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HISTOLOGIE KOST

— Slozeni tkané: svalové bunky, vazivo, inervace, vaskularizace
— Unikatni cytoarchitektura — velké mnohojaderné bunky = svalova vlakna (rhabdomyocyty)
— Dlouha osa bunék je rovnobézna se sméerem kontrakce
— Specificka terminologie:
* bunécna membrana = sarkolema

cytoplasma = sarkoplasma
» sER = sarcoplazmatické retikulum

» svalové vlakno — mikroskopicka jednotka kosterni svalové tkané
» myofibrila — mikroskopicka jednotka svalovych viaken
* myofilamenta — vlakna aktinu a myosinu

Skeletal muscle Cross sections




SVALOVA TKAN N

- VaZ|Vovy Obal b Endomysium

(Dalwaen

— odolnost & biomechanika

i L‘J o

— endomysium — kolem kazdého svalového viakna

— perimysium — sekundarni svazky; septa @1

g Muscie fiber
_T- {cell)

. ; .. ; i . Fascicle Bloog Endomysium
— fascia — husté neusporadané kolagenni vazivo (rgpedty  *2eee
Caogrprgtd © 2000 Benjamin Cummings. an imprint of Addson Weskey Longman, Inc,

— epimysium — kolagenni vazivo kolem svalového svazku ® Perimysium

-mysiums

(connective tissue coats of a skeletal muscle)

O skeletal muscle fiber :

O endo - mysium

O peri - mysium
O epi - mysium

endomysium epimysium

perimysium




VAZIVO KOSTERNI

tendon’s
extracellular
matrix
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VAZIVO KOSTERNI
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ORGANIZACE S

Tendon
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perimysium}
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ULTRASTRUKTURA

Svalové vlakno = syncitium = rhabdomyocyt

Svalové vlakno — morfologicka a funkcni jednotka kosterniho svalu [@ 25 — 100 um]

Myofibrila — kompartment uvnitf svalového viakna [J 0.5 — 1.5 um]

Sarkomera — nejmensi kontraktilni jednotka [2.5 um], sériové usporadana v myofibrily

Myofilamenta — aktin a myosin, uspofadana v sarkomery [J 8 nm a 15 nm]

svalové bfisko

o\ /wofibrila
G —svalova

$lacha tkan

svalové
vlakno

vazivova blana
— povazka

snopec

Thick Filament
(thick pink line)

Thin Filament
(thin grey line)

One Sacromere

| band
(to next thick filament)

Iband
(to next thick filament)



ULTRASTRUKTU

—_—A— — | — = T-tubuly
=P terminalni cisterna
<> mitochondrie

Sarkolema + t-tubuly .

Sarkoplasma:

Jadra

Mitochondrie
Golgiho aparat,
Glykogen (B granula)

sarkolema

Sarkoplazmatické
retikulum

(hladké ER) — rezervoar
Ca?*

myofibrily

Myofibrily (paralelné s
dlouhou osou svalového -, -
vlakna)

3 2 Triad 4 4 5 tubuly + cisterny sER
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FYZIOLOGICKA KLAS

« Kosterni svaly maji riizné fyziologické parametry

- ruzné izoformy proteint konraiktilniho aparatu
- vyuziti kysliku
- vaskularizace

- obsah glykogenu

« Pomala oxidativni

« Rychla glykolyticka
* Rychla oxidativné-glykolyticka



FYZIOLOGICKA KLA

Motor Unit Type Slow Oxidative (SO) Fast Oxidative/Glycolytic (FOG) Fast Glycolytic (FG)
Twitch Speed Slow Fast Fast
Twitch Force Small Medium Large

Resistance to fatigue High High Low
Glycogen Content Low High High
Capillary Supply Rich Rich Poor
Myoglobin High High Low
Red Color Dark Dark Pale
Mitochondrial density High High Low
Capillary density High Intermediate Low
Oxidative Enzyme Capacity High Intermediate-high Low
Z-Line Width Intermediate Wide Narrow
Alkaline ATPase Activity Low High High
Acidic ATPase Activity High Medium-high Low

http://en.wikipedia.org/wiki/Skeletal_striated_muscle



MYOFIBRILY

— protahlé cytoskeletarni struktury [@ 0.5 — 1.5 u] v sarkopazmé svalového viakna

¥ _Muscle fiber or cell Tra I"ISVEYSE
sections

Myofibril

j Z line
line

(thin filaments)|(thick filament)\ myosin

e e M e e i,

— Aktin + myosin - myofilamenta

— Sarcomera
— Z-linie
— M-linie a H-z6na $ oo
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SARKOMERA

Sarcolemma

Mitochondrion
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Thin (actin) filament

Thick (myosin) filament

| band A band I band M line
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SARKOMERA

Thick filarments
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SARKOPLAZMATI
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* komunikujici membranové kompartmenty oddélené od sarkoplazmy
* terminalni cisterny (“junkce”) a longitudinalni tubuly (“L” systém).

e T-tubuly (“T” systém ) invaginace sarkoplazmy



SARKOPLAZM
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SARKOPLAZMA

Sarcolemma — : e~ Glial Cell

Mitochondria g _‘ N A w3 N 9 Synaptic Cleft

Motor End
Plate

—Synaptic
esicles

Sarcoplasmicg?
Reticulum

Terminal ==
Cisterna

Transverse
Tubules

Sarcolemma

Myelin
Sheath

©Udo Savalli Motor Neuron




KAPILARY KOLEM SVALOVYCH VLAK
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Sarcomere
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TENKA MYOFILA

* Fibrilarni aktin (F-actin)

2 Profilin :f,f
~‘~ G-actin ]
Q o sATP-binding pocket
®e |
Gelsolin
ARP2/3
Positive
end

F-actin

* Tropomyosin

* Troponin — komplex 3 globularnich protein(
* TnT (Troponin T) — vaze tropomyosin
* TnC (Troponin C) — vaze kalcium

* Tnl (Troponin 1) inhibuje interakci mezi tenkymi a
tlustymi myofilamenty

Head-to-tail
overlap



TLUSTA MYOFILA

* Myosin Il

- molekuldrni motor .
, , . Actin Light
- ATPazova aktivita . binding chains
Ve ’ v 7 7 ase i L+L
- tfi strukturni a funkéni domény e S“T' (- ZLTP
Heavy - receptor
Light meromyosin
meromyosin (HMM)
v r— v (LMM) S-1
Vv v v ) (Globular)
m——— L4
A A S-2
| R e — N \ (Rod-like) »
FL Heavy chains
- 600-900kDa 3 7 z
- stabilizace F-aktinu Nebulin

* Titin
- >MDa
- stabilizace myosinu



MYOFILAMENTA TVO

a%qa®qa?,
S rasract.s

Relaxed

Contracted

— Z-disk

Myosin
head

Myosin
tail
Actin
filament



MECHANISMUS KONT

The Cross Bridge Cycle. {only ane myosin head 15 shown for clanty)
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MECHANISMUS KON

N
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15.

16.
17.
18.

Impuls podél axonu motorneuronu

Depolarizace presynaptické membrany (Na* influx)
Synaptické vezikuly splyvaji s presynaptickou
membranou

Acetylcholin se uvolnuje do synaptické stérbiny
Acetylcholin difunduje k postsynaptické membrané a
vaze se na své receptory, které oteviraji Na kanaly
Depolarizace postsynaptické membrany a sarkolemy
(Na* influx)

Depolarizace T-tubul(l a terminalnich cisteren sgR
Kompletni depolarizace membrany sER

Uvolnéni Ca'™* z sER do sarkoplazmy

Ca'"*se vaze na TnC

. Troponinovy komplex méni konformaci

Tropomyosin uvoliuje vazebna mista aktin-myosin
Globularni ¢asti myosinu se vazi na aktin

ATPasa globuldrnich ¢asti myosinu se aktivuje a generuje
energii z ATP—ADP + Pi

ADP a Pi se uvolnuiji, globuldrni ¢asti myosinu posouvaji
aktinova myofilamenta k centru sarkomery

Sarkomera se kontrahuje (I-prouzek a H-zdna se zkracuiji)
Myofibrily se kontrahuji

Svalova vlakna se kontrahuji

v y NEUROMUSCULAR JUNCTION

"

j.' 4 ==— Hode of Ranvier

B Schwann cell
— myelin membranes
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; : - dendrite
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synaptic knob
nyplpm; vosicles
e

v - nourotransmifters

sarcoplas
raticulum
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myofibril




MECHANISMUS K

http://highered.mheducation.com/sites/0072495855/student viewQ/chapterl0/animati
on breakdown of atp and cross-bridge movement during muscle contraction.html



http://highered.mheducation.com/sites/0072495855/student_view0/chapter10/animation__breakdown_of_atp_and_cross-bridge_movement_during_muscle_contraction.html
http://highered.mheducation.com/sites/0072495855/student_view0/chapter10/animation__breakdown_of_atp_and_cross-bridge_movement_during_muscle_contraction.html
http://highered.mheducation.com/sites/0072495855/student_view0/chapter10/animation__breakdown_of_atp_and_cross-bridge_movement_during_muscle_contraction.html
http://highered.mheducation.com/sites/0072495855/student_view0/chapter10/animation__breakdown_of_atp_and_cross-bridge_movement_during_muscle_contraction.html

Courtesy Dr. Pachernik, Faculty of Science MU
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PROPRIORECE

Y2

Muscle
spindle

Tendon
organ

Golgiho Slachova téliska

- myotendindzni spojeni

- senzitivni nervova zakonceni mezi
kolagennimi vlakny

- zmény napéti

- utlumeni motorické nervové aktivity

Svalova vreténka

zmeéna protazeni svalu
modifikované perimysium

tenka svalova (intrafuzalni) vlakna
senzitivni nervova zakonceni
reflexy, koordinace svalovych skupin




NEUROMUSKULARNI SP




NEUROMUSKULA

Motor neuron

Action
potential

Axonal terminal

D Sarcolemma
" of the
\nuscle fiber

1 Myelinované axony

2 Neuromuskularni spojeni
3 Kapilary

4 Jadro rhabdomyocytu

(a)
Myofibrils

Copyright @ 2001 Banjamin Curmmings, an imprnt of Addison Weskay Langiman, Ihe.



NEUROMUSKUL

\l’oliage-galed¥’
Na* channel

(e

Voltage-gated
Ca®* channel

Smooth ER

Membrane is
reclaimed as

'[ clathrin coated
vesicle

Synaptic
vesicle

» | CHOLINE

Choline
acetyltransferase

@.'

Synaptic
cleft

Muscle

= Acetylcholine

receptors



NEUROMUSKULA

MYASTHENIA GRAVIS
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.Sodiumions - -. 4

Acetylcholine‘.

i)

protilatky proti ACh receptoru



Kurare

Synaptic knob

Synaptic cleft

Presynaptic membrane

Postsynaptic membrane

Protein receptor

. ;  Mitochondrion |
Synaptic vesicle h N |

O Curare
kT Acetylcholinesterase
| @ Na’

blok ACh receptoru/Na*kanalu



NEUROMUSKULA

BOTULOTOXIN

Clostridium botulinum

FOREHEAD
CREASES

e
® | (AChH) in
. vesicles

UNDER EYE
WRINKLES

~~}
LIP LINES

_ CHIN -
~ WRINKLES

blok syntézy a vylouceni ACh



KOSTAMERY

e Spojeni myofibril se sarkolemou

* dystrophin-associated glycoprotein (DAG) complex
* spojeni cytoskeletu s ECM
* integrita svalového vlakna

Myofibrils

collagen
type IV
merosin
glycoproteins
focal adhesion
coslamere vinculin
talin
actin
intermediates filaments
g sarcoglycan
desmin complex
dystrophin
actin




KOSTAMERY

Costamers ool Connective tissue or other myofibres
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KOSTAMERY

. Collagen I, 1LV, 1X, and XI {fibrillar)
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Cullagen VI
{non-f' bnllar}

Elastin

% ) Tenascin-C
Collagen XV and XVIll R o ooen D Tenssan.
(multiplexing) commeg™ .

Collagen IV

g {nn-fibrillar)

Cnllagen I"u" :
{(non-fibrillar) &

Collagen XlIl and XVII ()
(transmembrane)
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KOSTAMERY

laminin =2 (o2, B1, y1)

merosin =

basal lamina
cell membrane

-
TlTlTlTlTlTlTlTlTlTlTlTlTlTlTlTlTlT J,T

B1 o7 |integrin| P1

SO

sg = sarcoglycan
dg = dystroglycan
bg = biglycan

syn = syntrophin

a-act.

F-actin

talin ¢

o7

lTlTlTlTlTlTlTlTl

paxillin



KOSTAMERY

o2 &8 Laminin 2
(o i "
p1 vl
o { : Qﬂ';in 11
4 ) o
Extracellular matrix Sarcoglycan S/ Dystroglycans

complex

oLy B | fible
Sarcospan ..... .

nNOS binding sites

Sarcolemma

Syntrophins
Cytoplasm

a-Dystrobrevin

Actin filaments : ‘.. Dystrophin

Nature Reviews | Genetics



KOSTAMERY

DUCHENNEOVA MUSKULARNI DYSTROFIE

Healthy tathar  Healthy mothar

{earrier)
Xy | %X
[ [
| | T ) ﬁ y ﬁ o %
Xy XX XX Xy
1 Healthy son Healthy daughtar Healthy daughtar  Son with Duchanna
(mencarriar] {earrier) Muszular Dystrophy
(DWAD}

Mormal Translation

g ]

Functioning
Pratein

- &

Ineem plete
Protein
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Ataluren-Facilitated
Functioning Proteln

Ataluren-Facilitated Translation




KOSTAMERY

DUCHENNEOVA MUSKULARNI DYSTROFIE
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SVALOVA TKAN

SRDECNI SVALOVA TKAN
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HISTOLOGIE

* dlouhé, protahlé bunky — kardiomyocyty

* vétveni do tvaru X, Y

* jednojaderné, vyjimécné dvoujaderné, pocetné mitochondrie
» myofibrily

« slozité mezibunécné spoje — interkalarni disky.




kardiomyocyty kapilary
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HISTOLOGIE SRDEC
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SRDECNI x KOSTERNI S

— diada x triada (1 T-tubulus + 1 x 2 terminalni cisterny)

— T-tubuly v oblasti Z linii (kosterni v misté A prouzku)

— uplna zavislost srdecni svaloviny na aerobmim metbolismu
— pocetna granula glykogenu a lipidovych inkluzi

— pocetné mitochondrie v sarkoplasmé a rezerva myoglobinu




INTERKALARNI

— ,skalariformni” tvar bunék intercalated disc 2 dise

— fasciae adherentes (adhezni spoje) Ty ryx P X
= = — %. —
=y e ——— —_'—'-'-'—a-q:-....- I= =3

— nexus (gap junction) s _, B > GRS

. - "'"m;f.-' -
== e S
o ==
—= m— 1 i
vyusténi . o ‘_::.4 —_— == _1" "'Tﬁt:
interkalarni disk T-tubulti interkalarni disk — s | eugp G NS U
o= S = y
| intercalated disc
4 Zdisc CELL?
esmosom )
i CELLY mitochondria
Plasma membranes of adjacent Desmosome

cardiac muscle fibers

gap junction

mitochondrie  myofibrila ! =k =% - \

Gap junction Action
potential

© Brooks/Cole - Thomson Leaming Intercalated disc



INTERKALARN

Fascia Desmosome Gap junctions
adherens

nexus fascia adherens



MYOFIBRILY KA

e Aktinova a myozinova myofilamenta
e Sarkomera

e Z-linie

e M-linie a H-z0na

* |-prouzek a A-prouzek

* T-tubulus + 1 cisterna = diada (kolem Z-line)

Z-disc +——— Sarcomere ——— Z-disc



MYOFIBRILY KARDIO
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PURKYNOV,

A nade A bundle
[bundle of His)

vnitrni vrstva srde¢nich komor

koordinace kontrakce

pocetné iontové kanaly, mitochondrie

relativné malo myofibril

Leftiright bundle branches

Lumen of Ventricle

Purkinje Fibers (LX) -

- (Modified cardiac muscle fibers)


http://upload.wikimedia.org/wikipedia/commons/3/31/Purkinje_fibers.jpg

ATRIALNI KAR

* Natriureticky peptid A (ANP, atridlni
natriureticky peptid)

e kardiomyocyty srdecnich sini

* vazodilatace, diuréza
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SVALOVA TKAN
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HLADKA SVALOVA TKA

* Bunky (leiomyocyty) tvori vrstvy - napr. stény dutych organd
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HLADKA SVALO

— vretenovité bunky
— myofilamenta nejsou usporadana do myofibril (neni zihani)
— 1 jadro ulozené centralné

— aktinova filamenta pfipojena k sarkolemé fokalnimi adhezemi nebo denznim téliskim (dense
bodies - analoga Z-lini v sarkoplasmé)

— sER tvofi pouze tubuly

— ionty Ca jsou pfijimany z vnéjSiho prostredi

— buniky spojeny pomoci zonulae occludentes a nexusu
— calmodulin

— kaveoly jsou funkéné
ekvivalentni T-tubulim

— iontové (Ca) kanaly
— kontakt s sER

Sarcoplasmic
reticulum

FIG. 10-2 E/M OF SMDOTH MUSCLE




HLADKA SVAL

Relaxed

Contracted

Dense bodies

Intermediate
filoment

Thick filament

Thin filament

Membrane
dense area

Dense body

Mechanical junction
coupling cells

Gap junction for
electrical and
chemical eommunication



HLADKA SVAL

Synapses Nerve fibers

Multiunit Smooth Muscle

Varicosities

Nerve fiber

Single-unit Smooth Muscle



HLADKA SVALOVA

# Ca?*-calmodulin

Calmodulin

@ Brooks/Cole - Thomson Learning

(Inaclive myosin kinase

( Active myosin kinase J

ADPD

Inactive myosin

ECF Ca2+
wdrcoplasmic

Intracellular Ca?*
Smooth muscle

Phosphorylated myosin

(can bind with actin)

Skeletal muscle

reticulum o
concentrations increase
when Ca?* enters cell

and is released from

Muscle excitation

Muscle excitation

sarcoplasmic reticulum. l

i

Rise in cytosolic Ca?*
Ca?* binds to m%‘?ly from extracellular

—F e

Rise in cytosolic Ca®*
(entirely from intracellular
sarcoplasmic reticulum)

21 Meee2]

MLCK phosphorylates

Ca?* @ calmodulin (CaM).
Inactive l -L
MLCK 3 . T
o ca"’.+_ca|m°d u“_n . Series of biochemical events rgysﬁ;l ;i?ﬂ?gon::g gifn
Active activates myosin light 1opo oI
chain kinase (MLCK). l l
. . Uncovering of cross-bridge
Phogphqrylatlon ot myosin binding sites on actin in
in thick filament thin Hilament

light chains in myosin i

:

Inctive myosin ' “Active myosin heads and increases
myosin ATPase activity.
Binding of actin and myosin

o]

Binding of actin and myosin

ATPase
at cross bridges at cross bridges
Actin
Active myosin l l
crossbridges slide
Contraction Contraction

along actin and create

Increased
muscle
tension

muscle tension.
© Brooks/Cole - Thomson Learning

e 2]




HLADKA SVALO

Inactive state
(light chains not phosphorylated)

4 Myosin light chains

Myosin
heavy chains

Myosin light

chain kinase <;

Active state
(light chains phosphorylate

Actin-binding
site

N\ Myosin tail
released



SHRNUTI HISTOLOGIE

Kosterni svalova tkan

Srdecni svalova tkan

Hladka svalova tkan

Bunky silné, dlouhé, véalcovité, | velké, valcovité, malé, vietenovité
nevétvené vétvené
Jadra pocetna, na periferii 1-2, centralné 1, centralné

pomér filament
(tenka:tlusta)

6:1

6:1

12:1

sER a myofibrily

pravidelné usporadané
SER kolem myofibril

méneé pravidelné sER,
myofibrily ne vzdy

méneé pravidelné sER,
myofibrily nejsou

zretelné vytvoreny
T tubuly mezi A-l prouzky, triady | Z linie, diady nejsou vytvoreny
Motoricka vytvorena neni vytvorena neni vytvorena
ploténka
Volni kontrola ANO NE NE

Dalsi znaky

svazky, asociace s
vazivem

interkalarni disky,
pracovni a vodivé
kardiomyocyty

svazky, kaveoly




EMBRYONALNI VYVOJ




EMBRYONALN

Dermomyatoma

Ventrolateral lip

J Syndetome

- '-:ﬁ""'!'
~¥

? i-"":ﬁ o " '
P 4 S

Dorsal ectoderm

Nutochurd

Ty e
—— = ary

Meural crest

2
o
S,
4O 5 Dorsal medial

' ‘ t&h lip

TRENDS in Ceall Blology




EMBRYONALNI VYV

Wnt4
Wnt6
= ) SE Wnt7a

Midline

Bmp4
Early somite
Dorsal
B Claudal sl
]
Wnt o
FGE Medial ' Lateral
]
Rostral Y
Ventral

Rostral i) Limb bud

fosiy
- _Pwh |



SVALY TRUPU

Wnt4
c ) E Wnt6

Midline

Bmp4

Early somite

B Claudal DTaI P

1
i Medial : Lateral

1

Rostral Y

Ventral
Rostral i) Limb bud
7 7 7
eolademn Hluboké zadové svaly

neural crest

Spinokostalni svaly
neural

tube

sclerotome

Povrchové vrstvy zadovych svalt —

bl koncetinovy ptvod

notochord

Mezizeberni svaly



SVALY TRUPU

Deep intervertebral
Epaxial muscles
muscles

Long muscles of back

Dorsal ramus

Hypaxial of spinal nerve

muscles-

Ventral ramus
of spinal nerve

L

o

M "
e

i e

ZEERE

s
S e

i
Bl

Fi

S
‘«&*

R
&

i
&
i

Three layers
of abdomina
muscles

Rectus
abdominis
muscle




SVALY KONCETIN

Forelimb
level

Hindlimb
level

Mesenchymal

differentiation to
constituent tissue

Zone of
proliferation

/

Apical ectodermal
ridge

Zone of
polarisating activity

Skeletal muscles




PRUNE BELLY S

*V/ - Vertebral anomalies

* Absence abdomindalnich svalt -A - Anorectal malformations

* Chyba specifikace hypaxialnich svalQ *C - Cardiovascular anomalies
. . ) T - Tracheoesophageal fistula

e Asociace s VACTERL a aneuploidemi -E - Esophageal atresia

*R - Renal (Kidney) and/or radial anomalies
L - Limb defects

Vertical
Septum

ey

Horizontal
Septum Hypaxial
/ Muscles

Vertebra




HISTOGENEZE S
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REGENERACE KOSTER

"

Muscle

Motor
neuron

=

Basal lamina

S/
"

Blood vessel

CSH

Myoblasts fuse
to form a skeletal
S muscle fiber

Satellite cell

Satellite cell
Muscle fiber




REGENERACE K

Embrio.rlic Satellite cell Myoblast  Myocyte Myotube
Progenitor . .
Quiescent Commited

0@ O

Pax3* Pax7* Pax7* - ¢, Desmin*
Pax7* Myf5* - MyH
Myogenin* a-actinin*




DIFFERENCIAC

Adult cells

Genes inserted to
induce reprogramming

iPS cells

Reprogram into
ES like-cells



TKANOVE INZENYRS

Pacemaker
system

Mesoglea

— =

Swimming muscle
.
D
Er=
& 5
| il o,

lellyfish
oS
faanoday

Anisotropic muscle  Lobed bell

Elastomer

Engineered muscle

)

Medusoid
ayous
Auanoday

https://www.nature.com/news/artificial-

https://www.nature.com/articles/nbt.2269 jellyfish-built-from-rat-cells-1.11046
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Prednaska 9

Nervova tkan

Nervova tkan

Neuron

Synapse

Neuroglie

Nerv

Prenos signalu

Vyvoj nervoveé tkané
Regenerace nervoveé tkanée

Brno, duben 2020



Nervova tkan — Obecné vilasnosti

Ridi a integruje aktivity sloZek t&la zajistujicich viechny Zivotni funkce

Hlavni funkce
* Snimani zmén senzorickymi receptory
* Interpretace a zapamatovani si téchto zmén

* Reakce na tyto zmény rliznymi efektory

Somaticky
X
Autonomni (vegetativni)

@
JJ‘



Anatomicka stavba nervoveého systemu 1

Periferni nervovy systém - PNS
Centralni nervovy systém - CNS

Definice:
Definice: Pfredstavuje drahy spojujici CNS s vnéjsim ¢&i vnitfnim
* Neparové, bilateralné symetrické prostredim.
struktury ulozené v podéiné ose
téla. Aferentni (sensorické) drahy:

Pfenaseji informace smérem do CNS.

»  Struktury vznikaji pfimo z neuralni
trubice. Eferentni (motorické) drahy:

Pfenaseji informace smérem z CNS.

Zahrnuje: .
«  Mozek Zahrnuje: -
. Micha « Hlavové nervy (12 paru)

MiSni nervy (31 paru)
Periferni nervy
Ganglia



Anatomicka stavba nervového systemu 2

PERIPHERAL
NERVOUS SYSTEM

GRAY MATTER

Ganglia
Collections of
neuron cell bodies
in the PNS

WHITE MATTER

Nerves
Bundles of axons
in the PNS

gl

RECEPTORS

5il g,s

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,
destination, and
function

Several tracts that
form an anatomically
distinct mass

EFFECTORS

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings

PATHWAYS:

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

Sensory (ascending) pathway s
Motor (descending) pathway




Nervova tkan — Obecné — Neuron 1

Nervova tkan je tvofena pouze dvéma typy bunék:

 Neurony
* Neuroglie - gliové buriky (podparné)

-

i
e T
[t

Neurony — vysoce specializované burky, které
prenaseji signaly (impulzy)

A
A

A

‘u‘g_'i%{'ﬁ"

i
¥




Neuron 2

1. Perikaryon (neurocyt)

2. Vyb&zky

(jednosmeérny prenos signalu)

- axon
(vzdy pouze jeden; centrifugalni pfenos)
- dendrit(y)

(centripetalni pfenos)

DEMDRITES

Mucleus

Myelin sheath of sne%ﬁa,em / o B,E e

Schwann cell Axon hillock Nucleolus
Neurolemma of i . ’
Schwann cell Mitochondrion L
- Neurafibril )
] ot Neurofibril
i Nucleus of i
Schwann cell .
—=" Myelin sheath
b=l Cytoplasm of
| | Schwann cell
l Meurolemma of (a) Parts of a motor neuron
L i | | Schwann cell
Nucleus \
] jol Schwann ;k— £ —/ Node of Ranvier
cell B,
Axon:
I “—ﬂﬂﬂj— Axoplasm

—E— Axolemma

(b} Sections through a
myelinated axon

Cytoplasm of £
Schwann cell

Axon terminal
Synaptic end bulb




Umist&ni: Neuron 3 - Perikaryon

CNS - Seda hmota
PNS — ganglia

-

h—"L neuroglial

~~ nuclei”

Tvar: -y,
pyramidovy, sféricky, vejCity, hruskovity A

-

Velikost:

5to 150 um

Organely:

. Jadro — velké + svétlé + prominentni jadérka

. Nisslova substance — drsné ER

. Neurofibrily (neurofilamenta + neurotubuly + aktin)
. Lipofuscin

Smooth
_endoplasmic
reticulum

..E{/—;r Ribosomes

Lyscsomes

Lipofuscin ]
granule —

— Nissl substance

¥ Synapse T

Synaptic vesicle /
s Gogi /
Microtubule

Axon ©



Neuron 4 - Perikaryon

Nisslova substance - TEM

Cell and Tissue Ultrastructure — A Functional Perspective;
1993; Cross and Mercer, Freeman and Co.; Page 127



Neuron 5 - Perikaryon

Neurofibrily ]

Barveno H-E Impregnace dusiCnanem stfibrnym



Neuron 6 - Perikaryon

Rasinka jako derivat
nepotfebného centriolu



Dendrity

Neuron 7 — VVybezky

Kolateraly

. (vétveni axonu, telodendrie)
er

IIPHERAL
tRVOUS
WSTEM

Axon




Neuron 8 — Vybezky

Dendrity
Prenasi signaly smérem k telu
neuronu

Typicky kratké, velmi vétvené &
nemyelinizované

Povrchy pro kontakt s jinymi
neurony

Obsahuje neurofibrily & Nisslovu
substanci

Obj4

les3 S

Axon (nervové vlakno)

1 axon odstupuje z téla neuronu — odstupovy konus

Odstupovy konus — kénicka oblast téla neuronu — neobsahuje Nisslovu
substanci

Nékteré axony mohou méfit az 100 cm

Inicialni segment - ¢ast axonu od jeho zaCatku po zaCatek myelinove
pochvy

Inicialni segment — oblast, kde se sumaci excitaCnich a inhibicnich
signalu generuje finalni signal

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

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

Bunédna membrana = axolema

Cytoplasma= axoplasma

Bila hmota: oblasti s myelinizovanymi axony
Seda hmota: oblasti s nemyelinizovanymi axony, tély bunék a dendrity



Neuron 9 — Vybezky

Neuron - TEM

Odstupovy
konus




Neuron 10 — Axonalni transport

ProcC?

Mnoho proteinu, kterém jsou tvofeny v télech

neuronu, musi byt transportovano do axonu a

axonalnich zakonceni:

» pro obnovu bunécné membrany,

 pro obnovu jako iontovych kanald,
neurotransmiteru, enzymua, ...

Jak?

axonalnim transportem — obousmernym

pfesunem proteind, organel, a jiného materialu

prostfedim axonu

* antepgiig] 'tFEﬁ{bin?ft -1 RO khSNgFem od
tela axonu dyneln

. retro radni transport thyb smérem k télu
axo y(‘f(m% rﬁg‘SpOrt 00-400 mm/day



Nervova tkan — Neuropil 1

VSechen material vyplnujici
prostor mezi tély neuronu a
gliovych bunék + ECM.

WA e Y L

Pyramidové bunky - impregnation B o _ ST
Motoneurony — kombinovana technika



Nervova tkan— Neuropil 2

Neuropil - TEM




Neuron — Klasifikace 1

Podle poctu a usporadani vybézku

Multipolarni

nékolik dendritd & jeden axon
(nejrozsifenéjsi typ)

T Axon
AN

terminal

Bipolarni
jeden dendrit & jeden axon
(retina, vestibularni a kochlearni ganglia)

\: \} } 1 /f_

l.-. e | v

~ "\ __,_._‘\ \ II‘. 3 ; .'_r
| e

\, y

}— Dendrite

/-:..

T Cell body
?*%
e \ee

¥ Trigger zone

()
AC— Axon

'[l' Axon

P terminal
4d 1 -
Er N\ /
| “

=7 A

Unipolarni
(pseudounipolarni)
pouze jeden vybézek
(sensoricka spinalni ganglia))

s “b; WA <
r-:p— Dendrites
thgger

zone

“— Axon

Cell body
. &
e ;/. \\\\ Axon
Cd bR / terminal




Neuron — Klasifikace 2

Podle funkce

Motorickeé (eferentni)

neurony:
« pfenasi impulzy ke
Receptors svaltm, jinym neurontim a
Zlazam

Senzitivni (aferentni)

neurony:

* snimaji a prenaseji
signaly

Effector (Muscle)

|n+arnal 1VesmMa/st


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

Synapse 1

Definice

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

e axon

termin
bouto

al
n

microtubule — i neu

synaptic
vesicle

—

rofilament

— mitochondrion

endosomal
membrane

surface of
postsynaptic

presynaptic
membrane

membrane

receptor
thickening

postsynaptic
thickening

Ci

synaptic
feft |

postsynaptic
membrane

dendrite

From Allen and Bamres, Nature 2009

Terminalni knoflik — zakonéeni axonu

Presynaptickd membrana — obsahuje mitochondrie a synaptické
vacky s neurotransmitery

Synaptické vacky (mensi + vétsi — zasobni)

Postsynapticka membrana — nese receptory pro neurotransmitery a
dal$i denzni material

Synapticka térbina - 20-30 nm Sifka, obsahuje jemna filamenta

Se synapsemi jsou asociovany gliové buriky

Asymetrické synapse - excitacni (ztlustéla postsynapticka
membrana a 30 nm synapticka Stérbina)

Symetrické synapse - inhibi¢ni (tenka postsynapticka membrana a
20 nm synapticka Stérbina)

Zviditelnéni ve svételném mikroskopu vyzaduje specialni barveni



Synapse 2

Axon —\\

ExcitaCni synapse Mitochondrion \

otevfeni postsynaptickych Na+ kanalu
influx Na+ do bunky

Synaptic
knob

. . C s Synaptic
depolarizace membrany postsynaptického neuronu vesicles
X Endoplasmic -

reticulum

Inhibi¢ni synapse _
— - G Ly Presynaptic .|
otevreni postsynaptickych CI- (nebo jiny anion) kanalu membrane
influx of aniond =
hyperpolarizace membrany postsynaptickeho neuronu e Postsynaptic Synaptic
membrane cleft

Copyright & 2007 Pearson Education, Inc., publishing as Benjamin Cummings

Neurotransmitery
* Acetylcholin
« Amiokyseliny — gluatamat, glycin, GABA (gamma-amminobutyric acid)
* Monoaminy — serotonin, catecholaminy, dopamin, adrenalin, ...
* Neuropeptidy— enkefalin, somatostatin, neurotensin, ....

« DalSi molekuly — adenosin, oxid dusnaty



Synapse 3

Dense
Dense presynaptic peg Presynaptic lattice pastsynaptic evtaplasm

Agranular A
endoplasmic Endocytic 4
Mierotubule reticulum vesicle Synaptic
cleft
TERMINAL
AXONAL .
BRANCH Presynaptic
membrane
Postsynaptic
membrane
2T ———pc
A CRE DENDRITIC
et TR SPINE

Mitochondrion

Intramembraneous
protein

Dense-cored
vesicle

Small clear wsr’dz Discharging presynaptic vesicle
TERMINAL BOUTON



ynapse 4

Synapse in TEM

AR




Synapse 5

Klasifikace podle participujicich struktur

Spine
apparatus

Axodendritické
Axosomatické
Al Axoaxonalni
N
288 _Y Ny
J'f.f'f /'J?/' \‘\\
axo-dendritic // £ A\
[ .'II |'l|l ,rf,.'/ \'.\.
||_.\ =] ‘_:{' L ____.-".Il .I._;" '.II II"I
o ' — | § I| |
B e ST ") axo-somatic G A
. . et ~, ) ||
Poznamka: B N \ axo-axonic ; |
Neuromuskularni spojeni — synapse mezi ' “:::_———»-__R__ 5:,-{*1
neuronem a efektorovou svalovou bunkou X ) AT o~ ey
e Sl .)‘/ axp-axonic) (e =i\
L bt
I.' Ilr' -\\"1.\_\_\_\__ _'_.__.-"J llllllll "



Synapse 7

o
S 3

B~ Jeden neuron muze mit

1 000 az 10 000 synapsi !!!



Neuroglie — Gliové bunky

Obecné vlastnosti
ne-neuronalni bunky — nékolik riznych typu
podporuji a chrani neurony
spojuji neurony k sobé a tvofi podpurnou kostru nervové tkané
béhem vyvoje navadeéji migrujici neurony do jejich destinaci
zralé neurony, které nejsou v kontaktu synapsemi
brani vzajemnému kontaktu mezi neurony (izolace)
Jadi” aktivitu signalnich drah
" V! potet neuront: asi 100 bilona a2 1 o 5 POUZE Jejich jadra
Ki Poget gliovych bunék: 50x vice nez neuront  lika gliovymi bunkami

Centralni neuroglie _ _
Periferni neuroglie

« Astrocyty [::i
« Oligodendrocyty * Schwannovy buriky

* Microglie « Satelitové (plastové) bunky
« Ependymové bunky



<]

Neuroglie — Astrocyty 1

perivascular
feet

P

&

nejhojnéjSi gliové bunky CNS
pokryvaji cely povrch mozku a vétsinu
nesynaptickych oblasti neuront v Sedé
hmote

maji Cetné funkce:
tvofi podplrnou kostru nervové tkané
maji vybé&zky (perivaskularni nozky) , které jsou v
kontaktu s kapilarami a spoluformuji hemato-
encefalickou bariéru
premeénuji krevni glukdzu na laktat a pfedavaji jej
jako vyzivu neuroniim
produkuji ,nerve growth factors®, které fidi rust
neuronl a formovani synapsi
komunikuji elektricky s neurony a ovliviuji tak
pfenos signalu na synapsich
reguluji chemické sloZeni tkariového moku
absorbovanim neurotransmiterd a iont
astrocytéza — tuha jizva tvofena astrocyty v
oblasti, kde doslo k umrti neuron(
obsahuji GFAP

\

R
\ o\
pA

blood vessel

myelin
sheath

@
NS

perineural
feet

Membrana limitans gliae...

...superficialis

...perivascularis



Neuroglie — Astrocyty 2

Protoplasmic Fibrous
astrocyte astrocyte

fibrilarni astrocyt

plazmaticky astrocyt
(predominantni v Sedé hmoté ) (predominantni v bilé hmoté)



Neuroglie - Oligodendrocyty

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

tvofi myelinové pochvy v CNS

jedna burika obsluhuje vice jak jeden axon

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

neurilema ani endoneurium s kolem nervovy viaken v CNS nevytvari

vybézky obklopuji axony a vytvafi izolacni vrstvu urychlujici pfenos signalu

multiple sclerosis — dusledek poskozeni funkce oligodendrocytl

ANNEA NN

<X

—ﬁ— Nerve fibers
Myelin sheath
y
\ Process of
’ - oligodendrocyte
III
/ | _
= | @

= &

(d) Oligodendrocyte

aligedendrocyte oell body




v
v
v
v
v

Neuroglie - Mikroglie

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

jsou-li aktivovany — antigen prezentujici bunky

maji pavod v kostni difeni (mezodermalni)



Neuroglie — Ependymove bunky

vystylaji komory v mozku CNS a misni kanal
kubické az nizké cylindrické
chybi bazalni lamina

produkuji cerebrospinalni mok (CSM)
nékteré jsou opatfeny rfasinkami (pohyb CSM)
spoluvytvafi Plexus choroideus

AN N NN




Neuroglia — CNS - Sumarizace

u s

Capiﬁary oty
é 0 2
e '
—
Astrocyte ~y
Oligodendrocyte
l'v/
@ - g
- ~
Perivascular feet — — < : : 4 Myelinated axon
@ i /
@
0 /

/"

fb, 2
Cerebrospinal fluid \N“ O

Myelin (cut)

Microglia

o O

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



Neuroglie PNS — Schwannovy bunky 1

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

Axony malého priaméru Axony velkého pruméru
Obdavaiji je cytoplasmou Obtaceji je myelinovou pochvou

Schwann cell

X Mesaxon —

Basal lamina

Schwann cell

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



Neuroglie PNS — Schwannovy bunky 2

dvoijité konturované vliakno (myelinizované)

Copyright & The MoGraw-Hill Enmp.nnl-“ Inc. Permissian r-wlmd for reproduction or display.

Schwann |
cell cytoplasm |
Myelin —~
sneainr

CNeurilemmaZ o
Myelinated

axon

1'h= 11;t - I_.t. B

= p:.'-l- -

Basal
lamina

Neurilemma

Unmyelinated
axon

Sedé vlakno (ne-myelinizované) 3 um



Neuroglie PNS —

Schwannovy bunky 3

Axony malého prumeru :> Nemyelinizovana vlakna

(typické pro autonomni nervovy systém)

on-myelinated
axons

nucleus

Schwann cell

Jedna Schwannova obdava nékolik axon

pouze Schwannova pochva — Sedé nervové vilakno




Neuroglie PNS — Schwannovy bunky 4

Axony velkého pruméru :> Myelinizovana vlakna

Myelinizace
 zacCina ve 14-tém tydnu vyvoje
» pokracuje rychle v novorozeneckem obdobi
S » dokoncCuje se v adolescenci

miyelin

cytoplasm

mes=3axon

Mmesanon i major dense

lirz

Myelinova pochva

Mesaxon




Neuroglie PNS — Schwannovy bunky 5

Schwannova pochva
Dvojité konturované nervove vlakno |:> + = Neurilema

Myelinova pochva
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Neuroglie PNS — Schwannovy bunky 6

Myelinova pochva je segmentovana = mnoho Schvannovych bunék je potfeba k pokryti celé délky axonu

Internodalni segment

200 - 1500 pum
“““". "'-...‘
:, Ranvierlv zafez : Myelin Axon Schwann cell Node of Ranvier =—_ -  — —
o T T
- ‘-lllll... wene,
() +*Schmidt- %% +* Node of
*, Lanterman clefts ;' +, Ranvier -
o, (| T M

VA

1

Schwann cell cytoplasm

Schmidt-Lantermanovy $térbiny

- Cytoplazma Schvannovych bunék zachycena mezi lamelami myelinu
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Axon

Nodes of
Ranvier

Myelin sheath
Axon

Schmidt-Lantermanovy Sterbiny



Neuroglie — Funkcni efekt myelinizace

Prenos signalu

Ne-myelinizované axony — pomaly (0.5 — 2 m/s)

Myelinizované axon — rychlé (15 — 20 m/s)

Propagation

PR A A A T K T O

+

+++++++ A A F A+

Propagation

Saltatorni (salta=skok)



Periferni nerv — Organizace 1

Sestava ze 100 a 100 000 tisic myelinizovanych a
nemyelinizovanych axonu (nervovych vlaken)

| Axon Pojivova tkan spoluvytvarejici
-*J_.____,,._,-— Neurilema ' nerv.

* Endoneurium — obdava axony

° Perinal iritim _ nhAAvA C‘\IO7II\/
Blood vessels

Epineurium

Fascicle

Blood
vessels

(b} .
Copyrighl 2001 Banjamin Curmmings, an imprnl of Addison Wesley Longman, Inc.

Copyright © 2008 Pearson Educaton, Inc.
jpubkshing as Benjfamin Cummings.



Organizace 2

Periferni nerv —

endoneurium

epineurium

perineurium



Periferni nerv — Organizace 3

Axony s

myelinovou
pochvou
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Nervova tkan — Vyvoj 1

Gastrulace
Vznik tfi zarodeCnych lista

- Epiblast
. Mesoderm
- Endoderm

Ektoderm: vné, pfekryva dalsi zarodecne listy,
dava vznik klizi 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 2

Neuralni indukce

Signaly z primitivniho uzlu indukuji vznik neuralni ploténky

-

Prechordal Oropharyngeal

Orophawngeal plale ‘:" ‘‘‘‘‘‘‘ N eural membrane |
HERERAALS c 4 plate . Prechordal D '

A plate

Primitiveuyg _

Neural
L, groove —<£

.

Entoderm + Mezoderm

BMP-4

Ektoderm dif. na KuUzi

~

J

: Regressin
i ‘.,.""15 Days / prir%itive e
................. l ¢ streak

B Notochord

X

-

Prechordal o
plate P ~loacal plate .
S Neural
Lol L o~ 8

Neural plate ——__ .

Fiegressmg
primitive \
Primitive ™ streak v

Notochordal i ;
process L b
..... Cloacal plate - ——
Primitive 20-21 Days

treak
B 18 Days

== Auman Embryology and Developmental Biology, 4th Edition.

Primitivni uzel

noggin
chordin
follistatin

BMP-4 antagonisti

~

Co;;rrlgnl © 2009 by Mosby, an imprint of Elsevier, Inc. All rights reserved.
@oderm dif. na Nervovou tkéhJ




Nervova tkan — Vyvoj 3

Neurulace
Skladani a uzavirani neuralni ploténky

_ Neural fold

B s PO g « neuralni valy se uzaviraji

Median
hinge

* bunky neuralni listy delaminuji z
neuroektodermu a migruji do vzdalenych
destinaci

"\ Cut edge of amnion

* neuralni trubice se uzavira nejprve uprostred A 22 days
a potom zipovité smérem kranialnim a
kaudalnim

hinge point
Neural crest

+ kranialni neuropor se uzavira cca ve dni 25

+ kaudalni neuropor se uzavira cca ve dni 28

L J Cut edge of amnion

i
‘—;L Posterior neuropore

C 23 days

Copyright & 905ttt | Health | Lippincott Williams & Wilki



Nervova tkar — Vyvoj 4

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
Q
o

Neural % 6.0807 .~ / ............ =l
tube J Dividing __ }‘Intermltqnc T
:  neuroepithelial ; neuroepithelial

Notochord .. cell -, cell ~

3 .

Carlson: Humap Embryology an:_:l_pwaupmental Biology, 4th ’I‘:’djti.c.:n_
Copyright @ 20009 by Mosby," &1 Imprint of Elsevier, Inc. All Aghts réSered. ... ..o



Nervova tkan — Vyvoj 5

Neuralni lista
“4th zarodecny list”

Dorsal
root ganglion

Neural crest

Sympathetic

ganglion
Signaly z:
Developing |
SUEE;%“a' r— Preaortic MeSOdermL

* PFilehlé kuze
ralni plo

Urogenital
ridge

Bunky neuralni liSty

« Snizuji expresi kadherinu
» Delaminuji z neuroepitelu

mezenchymalnich bunek
L i * Daji vznik mnoha bunécnym
Copyright @ 2010 Walters Kluwer He alth | Lippincott Williams & Wilkins typ lj m

» Transformuji se do migratornich



Nervova tkan — Vyvoj 6

Derivaty neuralni listy

Non-NC
derivatives

I e® """ " RN (Smooth
l : ."" muscles)
(] L ]
Peripheral nervous system *» @ 4
. . Moococooocooo0
S Y
Sympathetic <Oooooooooooo S
ganglia ¢ 3
(Adrenal medulla -
e ©
[ ]
SCNALIIES!- SR - Bone marrow
cells °
- L ]
i Sensory neurons [°©9) (Glia) N
Cephalic NC .
Cartilage - -
Bone : o .
Smooth muscles Parasymptjlthetlc 8 .
Connective tissues ganglia 08 :
P R000000000000000000000000° 3
Melanocytes o

L]
; A 100000000000000KRd
Enteric ganglia é Mesentery
[(e]le]olalalalalelolololalalale @ @ @ o o olalals]



Regenerace nervove tkane - CNS

Kmenova / progenitorové burky pfitomné v riznych oblastech mozku

CeloZivotni plasticita CNS

* Vyvoj novych dendritd a jejich \I/%Sbjem'
» Syntéza novych proteind
« Zmeny v synaptickych kontaktech

i

Cortex
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Regenerace nervove tkane - PNS

Axony i dendrity mohou byt opraveny pokud:
« Telo neuronu je neposkozené
« Schwannovy bunky jsou aktivni a jsou schopny tvofit naviga¢ni dra

- 3 T e
: Ik.--::;,‘.- o 3 '_'."‘_-\_.

A
)
A

poranéni

'0“ Tsan@Es \S
- L F
) 5
L3
3- "-
- <
=15 — R S ' = =7\
b 2 weeks c 3 weeks d 3 months
Rozpad axonu Déleni Schvannovych bunek
Rozpad myelinové pochvy Rist axonu

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



Dekuji za pozornost!

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



DEKUJI ZA POZORNOST

pvanhara@med.muni.cz

http://www.med.muni.cz/histology




