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Kompartmentalizace

* Bunécna specializace vede u mnohobunécnych organismu ke kompartmentalizaci
na ruznych drovnich

— Tkanova uroven
— Organova uroven
— Systémova uroven

e Jednotlivé kompartmenty jsou od sebe oddéleny bariérami

* Vlastnosti/sloZzeni obsahu jednotlivych kompartmentd se velmi lisi
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Kompartmentalizace

* Bunécna specializace vede u mnohobunécnych or-

e Jednotlivé k gddéleny bariérami

* Vlastnosti/slozeni obsahu jednotlivych kompartment( se velmi lisi
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Kompartmentalizace

* Bunécna specializace vede u mnohobunécnych or-

e Jednotlivé k gddéleny bariérami
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Tentorium cerebelli

Nitrolebni kompartment

Tentorial notch Falx cerebri

e ,Velmi specificka oblast”

* Mozek |

e Likvor —

e Krev (v cévach)

PY B a ri é ry m e Zi m OZ ke m , I i kVO rOVy’ m a http://edutoolanatomy.wikispaces.com
intravaskularnim kompartmentem T Ry S

Periostre

— Meningealni Bone
. , Superficial layer
— Hematolikvorova e ave | [~Dura mater
; . play
Superior sagittal :
— Hematoencefalicka L | Auachnod
Subdural space — - :lar;..'iat?; "
g ‘Arachnoid villi
Subarachnoid "ff.;- - Blood vessel
space i

— Longitudinal fissure

6 Nitorlebni kompartment, Buné&ny podklad nervového systému
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Meningealni a hematolikvorova bariera

Dura mater
Arachnoid |
Arachnoidtrabeculae -
Subarachnoid- Blood vessel
Ui Ependymocytes
Pia mater
Capillary L Charaid
Pia wel | i\ P plexus
mater
Neuron cell body
Cerebral _ R e
cortex i "#5 '4 :Jffr
;x 22 5% ﬁ\&_ Z
; AN s
Reabsorbtion Cerebrospinal fluid
of toxic waste Ventricle filtrate containing

glucose, oxygen,
vitamins and ions
{Ma+, Cl-, Mg++, ele.)

Adopted from: M.H.Ross and W. Pawlina. Histology: a text and atlas, Lippincott Williams & Wilkins, 2011

https://sisu.ut.ee/histology/meninges https://sisu.ut.ee/histology/meninges
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Hematoencefalicka bariéra

* \/ysoce organizovana bariéra
— Endotel (nizka propustnost diky zonlua occludens)
— Bazalni membrana

— Astrocyty Smooth muscle cells
— Pericyty

https://upload.wikimedia.org/wikipedia/commons/1/12/Blood_vessels_brain_english.jpg
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Hematoencefalicka bariéra

Cross section of blood vessel

Astrocyte Nucleus

& | Lumen of
- The capillary
— Basal membrane

Astrocyte

e,
.

Ic: o o Jo de Jo -t

Microglia Neuron

FSM (basic artwork: wikimedia commons)
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Tigth Junction

— Basal membrane

— Astrocyte
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Cirkumventrikularni organy

Modifikovana hematoencefalicka bariéra

Bohata vaskularizace

Senzory

Sekrece

10 Nitorlebni kompartment, Bunécny podklad nervového systému

The circumventricular organs

Subcommissural

Circulating
levels of Ang Il

Temperature
control centers,
involved in fever
induction
OVLT - Organum

vasulosum laminae
terminalis

[Aron Circulating
postrema | toXins, initiates

vomiting reflex

Meurchormonal control of
autonomic system @
.

http://www.neuros.org/index.php?option=com_photos&view=photos&oid=hafizbilal
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Mozkomisni mok

e Slozeni
v Vysoky obsah Mg* a Na*
v Nizky obsah K* a Ca%*
v" Minimum bunék (max 5/ml)

* Funkce
v" Ochrana
v Funkce transportni,metabolickd, imunologicka

11 Nitorlebni kompartment, Bunécny podklad nervového systému
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Mozkomisni mok

« Cird tekutina vznikla aktivni sekreci

e Likvorovy prostor

» Vystldn ependymem
» 150-250 ml

12 Nitorlebni kompartment, Bunécny podklad nervového systému
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Mozkomisni mok

Cira tekutina vznikla aktivni sekreci

* Likvorovy prostor

» Vystlan ependymem
» 150-250 ml

* Tvorba mozkomisniho moku
v Plexus choroideus (PCh) -70%
v" Bunéény metabolismus
v’ Kapilarni ultrafiltrat
» 450-750 ml/den

Resorbce mozkomisniho moku
v Archnoidalni granulace (AG)

13 Nitorlebni kompartment, Bunécny podklad nervového systému
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Novy pohled na produkci a vstrebavani
mozkomisniho moku

Ducros A, Biousse V. Headache arising from idiopathic changes in CSF pressure. 7he Lancet Neurology. 2015;14:655-668.

 CSF —cerebrospinal fluid | Chorodplexws L C' .
* |ISF —interstitial fluid — X
o
VRS —Virchow Robin Blood 1< >l VRS q-b X | s
space (prostor mezi pia SF | e | Lymph

mater a cévou — arterii, |
vénou, ale netyka se
kapllér) Arachnoid villi Po7E

http://visnu528.blogspot.cz/2014/09/glymphatics-and-
virchow-robin-space.html

—— BBB —— Glia limitans
—— CP barrier Eplenldy:na/pia mater IVI U I\I I
Fluid movements --p Cellular movements I\/l E D

14 Nitorlebni kompartment, Bunécny podklad nerv



Routes for drainage of CSF and ISF to cervical and lumbar
lymph nodes

0 nl CSF into dural
lymphatics

Lymfaticka drenaz CNS

e Cervikalni lymfatické uzlin
* Nazalni lymfaticka

ISF drains along
walls of capillaries
and arteries

e Duralni lymfaticka ¢

Not
* Podél nervovych vial APCs
* Podél cév (ne antige
* Lumbalni lymfatické u
Carotid

* Podél nervovych koren Artery

Fig. 1 Drainage pathways for CSF and interstitial fluid (ISF) to
cervical lymph nodes. CSF and ISF drain to lymph nodes by differ-
ent and distinct pathways. In humans, CSF drains into the blood of
venous sinuses through well-developed arachnoid villi and granula-
tions (AG). Lymphatic drainage of CSF occurs via nasal and dural
lymphatics and along cranial and spinal nerve roots (outlined in
green). Channels that pass from the subarachnoid space through the
cribriform plate allow passage of CSF (green line) T cells and anti-
gen-presenting cells (APC) into nasal lymphatics (NL) and cervical
lymph nodes (CLN). CSF from the lumbar subarachnoid space drains
to lumbar lymph nodes. ISF from the brain parenchyma drains along
basement membranes in the walls of cerebral capillaries and arter-
ies (blue arrows) to cervical lymph nodes adjacent to the internal
carotid artery just below the base of the skull. This narrow intramu-
15 Nitorlebni kompartment, Bunécny podklad nervového systému ral perivascular drainage pathway does not allow the traffic of APC.
There is interchange between CSF and ISF (convective influx/glym-
phatic system), as CSF enters the surface of the brain alongside pen-
etrating arteries

Engelhardt, B., Carare,
D., & Weller, R. O. (2016
gateways of the central
132, 317-338. https://doi




Lymfaticka drenaz CNS

e Cervikalni lymfatické uzliny
* Nazalni lymfaticka drenaz
e Duralni lymfaticka drenaz
e Podél nervovych vlaken

e Podél cév (ne antigen prezentujici bunky)

e Lumbalni lymfatické uzliny
* Podél nervovych korenu

Engelhardt, B., Carare, R. O., Bechmann, I., Fliigel, A., Laman, J.
D., & Weller, R. O. (2016). Vascular, glial, and lymphatic immune

gateways of the central nervous System_ Acta Neuropatho/ogica’ GSFto lymphatics and along cranial and spinal nerve roots (outlined in
lumbar green). Channels that pass from the subarachnoid space through the

—_ . i - - - cribriform plate allow passage of CSF (green line) T cells and anti-

132' 317 338 httpS//dOlOrg/101007/500401 016 1606 5 lymph gen-presenting cells (APC) into nasal lymphatics (NL) and cervical
nodes lymph nodes (CLN). CSF from the lumbar subarachnoid space drains

16 Nitorlebni kompartment, Bunécny podklad nervového systému

Routes for drainage of CSF and ISF to cervical and lumbar
lymph nodes

CSF/ISF == CSF into dural

intt_‘rl:hangt_“l‘l L AAG wymphaﬁca

ISF drains along
walls of capillaries
and arteries

=% Not
APCs
I

Cribriform
plate =—— g

CS5F +

APC @

== Carotid

CLN—» Artery

to lumbar lymph nodes. ISF from the brain parenchyma drains along
basement membranes in the walls of cerebral capillaries and arter-
ies (blue arrows) to cervical lymph nodes adjacent to the internal
carotid artery just below the base of the skull. This narrow intramu-
ral perivascular drainage pathway does not allow the traffic of APC.
There is interchange between CSF and ISF (convective influx/glym-
phatic system), as CSF enters the surface of the brain alongside pen-

etrating arteries

Fig. 1 Drainage pathways for CSF and interstitial fluid (ISF) to
cervical lymph nodes. CSF and ISF drain to lymph nodes by differ-
ent and distinct pathways. In humans, CSF drains into the blood of
venous sinuses through well-developed arachnoid villi and granula-
tions (AG). Lymphatic drainage of CSF occurs via nasal and dural



Nitrolebni kompartment

e Mozek
e Likvor
* Krev (v cévach)

* Intrakranialni tlak (ICP)
v Tlak v nitrolebi

v Kriticky parametr spoludeterminujici
mozkovou perfuzi

e Cerebralni perfusni tlak (CPP)
tlakovy gradient diky kterému tece
krev do mozku

17 Nitorlebni kompartment, Bunécny podklad nervového systému

Falx cerebelli |

Tentorium cerebelli

Drakea: ion.
Copyright @ 2009 by Churchill Livingstone, sn imprint of Elsevier, Ine, All rights reserved.
http://edutoolanatomy.wikispaces.com

111 CPP = MAP - ICP !!!
Cerebralni perfuzni tlak ‘ Intrakranialni tlak
Stredni arterialni tlak
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Bunecny podklad nervoveé soustavy

* Neurony
— Prijem, integrace a Sireni informace
— Unikatni, nenahraditelné
 Neuroglie
— Podplrna c¢innost
— Nahraditelné

18 Nitorlebni kompartment, Bunécny podklad nervového systému

=

=

m
O =



Bunecny podklad nervoveé soustavy

* Neurony
— Prijem, integrace a Sireni informace
— Unikatni, nenahraditelné
 Neuroglie
— Podplrna c¢innost
— Nahraditelné

Pocet neuront cca. 100 miliard (10%?)

Pomér neruon/glie
— 1/10- 50 (Principles of Neural Science, 4th ed., 2000)
— 1/2 - 10 (Principles of Neural Science, 5th ed., 2012)
— 1/1 (Nolte’s Human Brain, 7th ed., 2015)

19 Nitorlebni kompartment, Bunécny podklad nervového systému
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Neuroglie

Centralni nervovy systém
* Astrocyty

— Hematoencefalicka b.
— Udrzovani homeostazy
— Metabolismus neurotransmiteru

— Dulezité také pri vyvoji mozku

Nitorlebni kompartment, Bunécny podklad nervového systému
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Neuroglie

Centralni nervovy systém
* Astrocyty

— Hematoencefalicka b.

— UdrZzovani homeostazy

— Metabolismus neurotransmiter

— Dulezité také pri vyvoji mozku
 Oligodendrocyty

— Myelinovy obal

21 Nitorlebni kompartment, Bunécny podklad nervoveho systému
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Neuroglie

Centralni nervovy systém
* Astrocyty

— Hematoencefalicka b.

— UdrZzovani homeostazy

— Metabolismus neurotransmiter

— Dulezité také pri vyvoji mozku
 Oligodendrocyty

— Myelinovy obal
 Mikroglie

— Imunita
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Neuroglie

Centralni nervovy systém
* Astrocyty

— Hematoencefalicka b.
— UdrZzovani homeostazy

— Metabolismus neurotransmitert

— Dulezité také pri vyvoji mozku
 Oligodendrocyty

— Myelinovy obal
 Mikroglie

— Imunita
 Ependymalni bunky

— Choroidni plexus

— (hemato-likvorova bariéra)

— Vystelka komorového systému

(likvoro-encefalickd bariéra)
23 Nitorlebni kompartment, Bunécny podklad nervoveho systému
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Neuroglie

Centralni nervovy systém Periferni nervovy systém

e Astrocyty e Satelitni bunky
— Hematoencefalicka b. — Podpurna funkce v perifernich
— UdrZovani homeostazy gangliich

— Metabolismus neurotransmiter(
— Dulezité také pri vyvoji mozku
* Oligodendrocyty
— Myelinovy obal
 Mikroglie
— Imunita
 Ependymalni bunky
— Choroidni plexus
— (hemato-likvorova bariéra)
— Vystelka komorového systému

(likvoro-encefalickd bariéra)
24 Nitorlebni kompartment, Bunécny podklad nervoveho systému
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Neuroglie

Centralni nervovy systém Periferni nervovy systém

e Astrocyty e Satelitni bunky
— Hematoencefalicka b. — Podpurna funkce v perifernich

— UdrZovani homeostazy gangliich

— Metabolismus neurotransmiter(

— Dulezité také pri vyvoji mozku

* Oligodendrocyty * Schwanovy bunky
— Myelinovy obal — Myelinovy obal
 Mikroglie
— Imunita

 Ependymalni bunky
— Choroidni plexus
— (hemato-likvorova bariéra)
— Vystelka komorového systému
(likvoro-encefalickd bariéra)

25 Nitorlebni kompartment, Bunécny podklad nervoveho systému
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Neuroglie

Centralni nervovy systém Periferni nervovy systém

e Astrocyty e Satelitni bunky
— Hematoencefalicka b. — Podpurna funkce v perifernich
— Udrzovani homeostazy gangliich

— Metabolismus neurotransmitert

— Dulezité také pri vyvoji mozku

* Oligodendrocyt

* Schwanovy bunky

— Vystelka

(likvoro-

26 Nitorlebni kompartment, Bunécny podkrad nervoveho systému
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Neuron

Fig. 8-2

http://www.slideshare.net/drpsdeb/presentations
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,Uvnitr“ neuronu

v o

v Syntéza
v Transport

v o

http://www.slideshare.net/drpsdeb/presentations
28 Nitorlebni kompartment, Bunécny podklad nervoveho systému
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Membrana neuronu

v Recepce signalu

v’ Integrace signalu

v Generovani AP

v' Vedeni AP

v’ Pfenos signalu
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Udrzovaci aktivity

Ro‘b}g
endoplasmic
reticul \
Smooth

endoplasmic o
o -
reticulum

Dendritic spines

L ———— | ysosome

_ Microtubules

4

Mitochondria

J

/ Myelin sheath

Golgi apparatus

Membrane

https://upload.wikimedia.org/wikipedia/commons/e/ed/Neuron_Cell_Body.png
29 Nitorlebni kompartment, Bunécny podklad nervového systému
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Udrzovaci aktivity

3 ¥

-
// ’*\ /
A [
P s
W //
R+ e
//
\/
) \ Cytoplasm s :
\
\\
1
-
S PN
. et 302
3 \——n"—“:d‘_“‘@?‘_\ag‘e
g ,a" Golgi Myelin sheath
7 |
@ 4 W

https://upload.wikimedia.org/wikipedia/commons/e/ed/Neuron_Cell_Body.png
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Nitorlebni kompa

Udrzovaci aktivity

Fast axonal transport

- bidirectional

- ATP dependant

- associated with microtubules:
dynein and kinesin

Fast axonal transport
Golgi derived vesicles
lysosmes, mitochondria
structural elements of
endoplasmic reticulum

AXON

Cell body

Slow axonal transport

- unidirectional,

- ATP independant

- conducted by sliding, polimerizing
and protein interacting

Slow axonal transport
microfilaments, microtubules
neurofilaments

cytosolic protein complexes

Nerve End

S
Oo =0

Fast axonal transport ==

——
anterograde

e b

—

S

L

—~.» Slow axonal transport >~ __.
- -y, S e~

-y

i

b

anterograde

>
o 0%

i,

o z_[_:ﬂs‘r axonal fransport

- ——l—
retrograde

http://www.oapublishinglondon.com/images/article/pdf/1397255957.pdf

Dynein
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Membranovy potencial

e Vznika diky rozdilim v koncentracich iontl na opacnych stranach semipermeabilni

membrany
- Outside
El = 3Na+ 2K+ Nat+ K+
— \

— _ ]
_cr ‘: : \
Kt | .==

—_ ¥ \‘ [ ‘\
- a- a N
4 / F
— .
—- p E32+ ATP  Na+ K+ ADP e < Nat -
K+ Na*-K* pump “leak” channels

http://www.slideshare.net/drpsdeb/presentations
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Klidovy membranovy potencial n

* \lysoce nestabilni stav membrany
* Proc? — Rychlost!

* Energeticka naroCnost
v Kyslik - 20% celkové télesné spotieby
v’ Glukdza — 25% celkové télesné spotreby

33 Nitorlebni kompartment, Bunécny podklad nervového systému
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Akcni potencial

40 =
203 Overshoot
S
7 v v 7 7 \4 ‘-E
* Rychla zména napéti na membrané R R B B
. i A " Input g 20 Risi Falli
Vznik na axonovém hrbolu  pengites = : ey ey
nebo inicialnim segmentu - g -o-
o o = T Flestir}g
* Sifise membranou g -60- s e
Cell - g ‘ N !
. . v o h” - ) 1 Résii
PrInCIp vse nebo ni g * po?zr:ggt After-hyperpolarization
|
- e A L[] 1 é 3
§ Time (msec)
% Configuration of action potential
axon terminal r T - K* efflux
S =
Postsynaptic o°
dendrite
5
Fia. 8.2 E § Na* influx
1g. 0= B
Nitorlebni kompartment, Bun&&ny podklad nervového systému http://www.slideshare.net/drpsdeb/presentations
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A4

Sifeni akéniho potencialu

Plasma
40+ Action membrane
potential ’ 2 d " e B
Owvershoot _ =
20+

=
E
= 0+4f----- e B e
=
&
& -20-] Rising Falling
@
= phase phase Action
S K* otential
E 40 - + + E - + + + +
= Resting

Threshold potential - - + + - - - -

-60 ] | Na*
-~ ___|___ N _________ |
\
-80 -| Resting
potential After-hyperpolarization K+
I I T
A 0 1 2 3 l
Time (msec) Action
K+ potential
+ + + + — - + +
Configuration of action potential
K* efflux

Qutward
current

Inward
current

K+

* Lokalni proudy

Ma*t influx

 Anterogradni smer

35 Nitorlebni kompartment, Bun&&ny podklad nervového systému Mtp://www.slideshare.net/drpsdeb/presentations
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Saltatorni vedeni

 Myelinova pochva
* Ranvierovy zarezy

* Energeticka uspora
* Rychlost

* Rychlost vedeni dale ovlivnéna priarezem vlakna

— elektricky odpor nepfimo umérny prurezu

36 Nitorlebni kompartment, Bunécny podklad nervového systému

Myelin zheath Axoplasm Mode of Ranvier
AT \g‘ T AT T
m A A a
MY e N e . £ 4
#_*u-"" --l-.,q# J#‘#‘ --“"L e "'.k'
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Klasifikace nervovych viaken

* Axony

* U cCloveka vétsina
myelinizovana
(V CNS vsSechna)

* Nemyelinizovana
pouze evolucneé
nejstarsi vlakna

19 Ason
te skin

1° Axaon
to muscle

Diarmatar (urmi}
Spesed{mizec)

Sansory
receplors

12-20
T0-170
Proprioceptors of
skeletal muscle

Afl

Group i

B-12
30-70

Mechanoreceptors
of skin

Ad

Group Hi

b

¥

b

1-8
5-30

Pain,
temperature

Group IV

0.2-1.5
0.5-2

Temp, paimn,
itch

37 Nitorlebni kompartment, Bunécny podklad nervového systému
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Klasifikace neuronu

Basis for

classification

3. Number of processes

Ona process axits the Unipolar neuron
cell body (dorsal root ganglion
celly

Two processas axit the Bipolar neuron (ratinal
cell body bipolar cell)

Many processes exit the Multipodar neuron
cell body (spinal motor neuron)

38 Nitorlebni kompartment, Bunéény podklad nervového systému

Functional

implication

Small area for recaiving

synaptic input: highly
specialized function

Small area for receiving

synaptic input: highly
specialized function

Large area for receiving
synaptic input; determines
the pattemn of incoming axons
that can interact with the cell

Unipolar 0 y
Bipolar
B o S
O
Multipolar
O

http://www.slideshare.net/CsillaEgri/presentations
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Klasifikace neuronu

Basis for

classification

Functional
implication

2. Dendritic pattern Pyramidal cell
Pyramid-shaped spread  Pyramidal cell Large area for recaiving
of dendrites (hippocampal pyramidal synaptic input; determines

NeLron) the pattern of incoming axons
that can interact with the cell O

(l.e., pyramid-shaped)

Spine
Radial-shaped spread Stellate cell Large area for receiving Stellate call %

of dendrites (cortical stellate csll) synaptic input; determines %

paltern of incoming axons
that can interact with the cell

(i.e., star-shaped)

39 Nitorlebni kompartment, Buné&ny podklad nervového systému
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Klasifikace neuronu

Basis for e Functional
classification amazihh, s implication

1. Axonal projection

Goas to a distant brain Projection neuron or Affects different brain areas Dorsal roat ganglion call
area Principal neuron or
Golgi type I cell (cortical AN ,..-'
mator neuran) T \Y S
2
Stays in a local brain Intrinsic neuron or Affects only nearby neurons Retinal bipolar cell
area Internauron or

Golgi type 11 cell (cortical
inhibitory neuron) M

40 Nitorlebni kompartment, Bunécny podklad nervového systému
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68. Bunky nervoveho systéemu

v" Neuroglie
- Kilasifikace a funkcni prehled
v" Neurony
« Charakteristika, stavba, klasifikace
 Funkce neuronl
o Udrzovaci aktivita
« Syntéza - télo
» Transport (klasifikace, charakteristiky)
o Zpracovani a prenos informace — membrana
 Strucne ot. 70

41 Nitorlebni kompartment, Bunécny podklad nervového systému
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69. Nitrolebni kompartment, intrakranialni tlak

v' Obsah nitrolebniho kompartmentu (mozek, krev, likvor)
v’ Bariéry mezi kompartmenty (meningealni, hematoencefalicka, hematolikvorova)
 Popis hematoencefalické bariéry
« Cirkumventrikularni organy
v' Likvor
« Tvorba, cirkulace, odtok
v" Nitrolebni tlak
« CPP=MAP-ICP
« Klinicky vyznam
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70. Klidovée membranoveé napeéti, akcni napeti - vznik a
sireni nervovym viaknem

v' Membranovy potencial
« Obecna charakteristika a popis iontovych mechanism{
v' Klidovy membranovy potencial neuronu (charakteristika)
v" Akcni potencial
« Charakteristika
 Iontové mechanismy
 Vedeni akcniho potencialu
o Lokalni proudy
o Anterogradni smeér
o Role myelinu a saltatorni vedeni
- Strucna klasifikace nervovych
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