Vyznam a regulacni povaha
nervového systému

Bunéecny podklad nervového
systému



K éemu je dobry nervovy systém?
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* Vysoka mira stresu e Ni¥éi mira stresu

* Kratka doba preziti « Deldi doba prefziti
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* Regulace
— Nervova
— Humoralni

http://biology.about.com/od/anatomy/p/Hypothalamus.htm

Centralni nervovy systém fidi/ vyznamné
ovlivhuje vsechny typy regulaci
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Regulace humoralni Regulace nervova
 Chemicky plsobek * Neurotransmiter

* Nespecificky kanal vedeni

NVYuZiti stavajici infra- * Specificky kanal vedeni

struktury”
* Specificita ddna pfitomnosti * Specificita dana
receptoru na cilové burice infrastrukturou
* Energeticky nendro¢nd * Energeticky narocna
e Pomaly néstup Ucinku * Rychly ucinek

e Trvani ucinku - dlouhé * Trvani ucinku - kratke
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ANTICIPACE

Potencidlni vstup Potencialni vystup
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Stavba nervové soustavy
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Bunécna specializace vede u mnohobunécnych organismu ke
kompartmentalizaci na ruznych urovnich

— Tkanova uroven
— Organova uroven
— Systémova uroven

Jednotlivé kompartmenty jsou od sebe oddéleny bariérami

Vlastnosti/slozeni obsahu jednotlivych kompartment( se
velmi lisi



Tentorium cerebelli

Nitrolebni kompartment
Velmi specificka oblast

Mozek
Likvor ——

Tentorial notch - = Falx cerebri

Infundibulum
Krev (v cévach)
Tentorium cerebelli
Bariéry mezi mozkem, likvorovym a
intravaskularnim kompartmentem L T B e e s
. p , http://edutoolanatomy.wikispaces.com
— Meningealni
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P e ——— Superficial layef] |
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sinus L e N X 'z ~— Arachnoid
Subdural space — " AP P e oy () i :ia r:ate‘; i
‘ \ N sl 1 Arachnoid villi
Subarachnoid/ /8 2\ ¥ [ ; 1l ——— Blood vessel
space A= !

Longitudinal fissure

http://www.corpshumain.ca/en/Cerveau3_en.php



Meningealni a hematolikvorova bariéra

Dura mater
Arachnoid

Arachnoid trabeculae

Subarachnoid-

Blood vessel
space
Pia mater Capillary i
Pia plexus
mater
Neuron cell body J«u ==
Cerebral ﬁb&él% 2
cortex e i =
| 2 o o
Reabsorbtion Cerebrospinal fluid
of toxic waste Ventricle filtrate containing
glucose, oxygen,
vitamins and ions

(Na+, Cl-, Mg++, efc.)

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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Mozkomisni mok

Cira tekutina vznikla aktivni sekreci
AG

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)

http://www.control.tfe.umu.se



Mozkomisni mok

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

PCh >\
\\\

http://www.control.tfe.umu.se



Mozkomisni mok

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

* Funkce
v" Ochrana

v Funkce transportni,metabolicka,
imunologicka

http://www.control.tfe.umu.se



Novy pohled na produkci a vstrebavani
mozkomisniho moku

Choroid plexus

______

_____________________ »
Blood < »8 = BRd4----- VRS ---p
ISF CSF 9 Lymph
Arachnoid villi
—— BBB —— Glialimitans

—— CP barrier Ependyma/pia mater
Fluid movements --p Cellular movements

CSF — cerebrospinal fluid

ISF — interstitial fluid

VRS — Virchow Robin
space (prostor mezi pia
mater a cévou — arterii,
vénou, ale netyka se
kapilar)

Ducros A, Biousse V. Headache arising from idiopathic changes in CSF pressure. The Lancet

Neurology. 2015;14:655—-668.



Hematoencefalicka bariéra

* \/lysoce organizovana bariéra
— Endotel (nizka propustnost diky zonlua occludens)
— Lamina basalis
— Astrocyty

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



Hematoencefalicka bariéra

Cross section of blood vessel

Junction between Endothelial cells

"-.: Tigth Junction
; i::a o o Jo Jo o -t
i — . = —— —Basalmembrane

Microglia Neuron

FSM (basic artwork: wikimedia commons)



Cirkumventrikularni organy

Bohaté The circumventricular organs
vaskularizované o o
Circulating .

levels of Ang |l

Modifikovana

hematoencefalicka

ba r|éra Temperature
control centers,
involved in fever
induction

Senzory

Area Circulating
postrema | toxins, initiates

vomiting reflex

eminence, \

Neurohormonal control of
autonomic system %
Sekrece s

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



Nitrolebni kompartment

Tentorium cerebelli

Tentorial notch Falx cerebri

Mozek
Li kVO r Falx cerebelli —{
Krev (v cévéch) o
Intrakranialni tlak (ICP) tlak v o S
n it ro | e b I' ’ )http://edutoolar‘1atomy.wikivsp'aces.com |
Cerebralni perfusni tlak (CPP)
tlakovy gradient diky kterému tece CPP = MAP - ICP
krev do mozku | ‘ |
Cerebralni perfuzni tlak Intrakranialni tlak

Stredni arteridlni tlak
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Neurony

— Prijem, integrace a Sireni informace

Neuroglie

— Podplrna ¢innost
PocCet neuronu cca. 100 miliard

Pomér neruon/glie
— 1/10- 50 (Principles of Neural Science, 4th ed., 2012)
— 1/1 (Nolte’s Human Brain, 7th ed., 2015)
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udrzovana homeostaza CNS ve velmi uzkém rozmezi



Stavba nervové soustavy

Diky kompartmentalizaci a podplrné ¢innosti neruoglie je
udrzovana homeostaza CNS ve velmi uzkém rozmezi

To umoznuje Zit neurontm po cely zivot jedince!
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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 neurotransmiterd  * Schwanovy bunky
— Dulezité také pfi vyvoji mozku — Myelinovy obal

* Oligodendrocyty
— Myelinovy obal
* Mikroglie
— Imunita
 Ependymalni bunky
— Choroidni plexus
— (hemato-likvorova bariéra)
— Vystelka komorového systému
(likvoro-encefalickd bariéra)



Fig. 8-2

http://www.slideshare.net/drpsdeb/presentations
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Basis for

classification

1. Axonal projection

Goes to a distant brain
area

Stays in a local brain
area

Klasifikace neuronu

Functional
implication

Projection neuron or Affects different brain areas
Principal neuron or

Golgi type I cell {cortical

motor neuron)

Intrinsic neuron or Aftects only nearby neurons
Interneuron or

Golgi type I cell (cortical

inhibitory neuron)

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

Dorsal root ganglion cell

S—=—

O

Retinal bipolar cell

>

S



Klasifikace neuronu

Basis for PR Functional
classification VISIASISNAED. implication

2. Dendritic pattern Pyramidal cell
Pyramid-shaped spread  Pyramidal cell Large area for receiving
of dendrites (hippocampal pyramidal synaptic input; determines
neuron) the pattemn of incoming axons
that can interact with the cell ®)

(l.e., pyramid-shaped)

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

of dendrites (cortical stellate cell) synaptic input; determines ?szég

pattern of incoming axons
that can interact with the cell

(i.e., star-shaped)

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



Basis for

classification

3. Number of processes

One process exits the
cell body

Two processes exit the
cell body

Many processes exit the
cell body

Klasifikace neuronu

Unipolar neuron
(dorsal root ganglion
cell)

Bipolar neuron (retinal
bipolar cell)

Multipolar neuron
(spinal motor neuron)

Functional
implication

Small area for receiving

synaptic input: highly
specialized function

Small area for receiving
synaptic input: highly
specialized function

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

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

Unipolar @ /Soma

Bipolar
__/6\_
e s
Multipolar
O




Membranovy potencial

e Vznikd diky rozdilim v koncentracich iontu na opacnych
stranach semipermeabilni membrany
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http://www.slideshare.net/drpsdeb/presentations



Klidovy membranovy potencial neuronu

‘ http://assassinscreed.ubi.com

* \lysoce nestabilni stav membrany

* Proc? — Rychlost!

* Mozkova spotreba
v'Kyslik - 20% celkové télesné spotieby
v'Glukdza — 25% celkové télesné spotieby




Akcni potencial

* Rychla zména napéti na membrané 40-
Xrvrs ’ Owvershoot
* Siri se membranou 204
L : 3
* Princip vSe nebo nic s Op
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Fig. 8-2

http://www.slideshare.net/drpsdeb/presentations



Membrane potential (mV)

v d

ireni akéniho potencialu

Outward
current

Inward
current

40 - Action
Botentigl . - . " .
Qvershoot
20
| i | Yy gy SRy Sy
-20- Rising Falling Action l
phase phase ~K - potential " E ;
-40 -
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'60 - I |
. o N ___. | K+
-80 -| Resting l
potential After-hyperpolarization Action
I I T T K+ potential
D’ 1 2 3 + + + + - - +
Time (msec)
Configuration of action potential
K* efflux

e Lokalni proudy
* Anterogradni smer

MNa™ influx

http://www.slideshare.net/drpsdeb/presentations
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membrane




Saltatorni vedeni

Myelin sheath Axoplasm Mode of Ranvier

v SN St S St
Myelinova pochva ~ e R h
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Ranvierovy zarezy e ¥ ¥ ¥
r"i-- -h-‘k -r""## “A. f""'- “L
w w w -
Energeticka uspora . e v~ —
Rychlost 1 2 3
Rychlost vedeni dale ovlivnéna prifezem o 2
vlakna r s \kre
— elektricky odpor nepfimo umérny prirezu ) ot of e
Unmyelinated axons 4_

Schwann cell nucleus ——————

Schwann cell cytoplasm -

B

http://www.slideshare.net/drpsdeb/presentations



Klasifikace nervovych vilaken

Axony

U Clovéka vétsina
myelinizovana (V
CNS vsSechna)

Nemyelinizovana
pouze evolucné
nejstarsi vlakna

1% Axon
to skin

1% Axon
to muscle

Diametar (um)
Speed{m/sec)

Sensory
receplors

12-20
70-170
Proprioceptors of
skeletal muscle

AR
Group Il

Ad

Group Il

b, X

1-8
5-30

Pain,
temperature

Group IV

0.2-1.5
0.5-2

Temp, pain,
itch

http://neuroscience.uth.tmc.edu/s2/chapter04.html




