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Fyziologie nervové soustavy
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Centralni nervovy systém

Hebbovo pravidlo, Hebbovo uceni:

,Cells that fire together wire together”
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Obr. 33. SYNAPSE axodendritické a axosomatické (schematicky

model)



Axonalni transport
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Figure 6.3 Axonal transport along microtubules by dynein and kinesin.



Obr. 35. ASTROCYT, ktery casti svych vybézkl obsazuje stény
cév, jinymi vybézky obklapi nervovou buitku a pfispiva jeji lat
kové vymeéné (schematicky model)

% 37

Obr. 36. BUNKA OLIGODENDROGLIE pii gangliové buiice
(schematicky model)

1& central- Obr. 37. BUNKA MIKROGLIE pti gangliové bufice: buiika mikro-
glie ma fagocytarni schopnost (schematicky model)

Neuroglie

* neuroglie CNS — makroglie
(astrocyty), mikroglie,
oligodendroglie

* neuroglie periferniho

nervoveho systéemu —
Schwannovy bunky
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Klidovy a akcni potencia
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Action potential
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Figure 6.15 Depolarization and graded potential caused by a 5 Subthreshold

. . .. . 2 potentials
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Figure 6.21 Changes in the membrane potential with increasing
strength of excitatory stimuli. When the membrane potential reaches
threshold, action potentials are generated. Increasing the stimulus
strength above threshold level does not cause larger action potentials.
(The absolute value of threshold is not indicated because it varies from
cell to cell.)
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Figure 6.24 Myelinization and saltatory conduction of action potentials. K* channels are not depicted (they are located primarily at the myelin/
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Obr. 152, HRBETNI MICHA A MOZKOVY KMEN: pohled 7e-
zadu; pateini kanil je otevien zezadu odstranénim obratlovych ob-
loukis; je patrnd hibetni micha, jeji dorsdlni provazee, intumescen-
tia cervicalis a intumescentia lumbalis, conus medullaris, sulcus
medianus posterior; v nim Gseku a v &asti hrudniho ascku jsou
setelné fasciculus gracilis a fasciculus cuneatus: ze sulcus poste-
rolateralis vystupuji zadni misni kofeny a sbihaji se s pfednimi ko-
feny v midni nervy, kter u na obraze oznateny a prochizcji
skrze dura mater: 8 pard krénich nervi (2 toho prvni par nad atla
sem, 8. par mezi obratli C7 a Thl), 12 pard hrudnich nervi, S para
bedernich nervil (paty z nich vystupuje pod obratlem LS, mezi nim
a kosti kifzovou), 3 paril sakralnich nervi (paty z nich vystupuje
mezi ossacrum a os coccygis) a | piar (nekdy 2 pary) kostrénich
nervil (skrze hiatus sacralis); dura mater spinalis a ligamentum
denticulatum jsou zvyraznény zelenou barvou: neni zakreslena
arachnoidea (srov, text)

“Hrbetni micha
- medulla spinalis

Substantia grisea

1. Cornu anterius
2. Cornu posterius
3. Commisura grisea

Substantia alba

4. Funiculus anterior

5. Funiculus lateralis

6. Funiculus posterior

7. Commisura alba anterior
8. Fissura mediana anterior
9. Sulcus medianus posterior

10. Canalis centralis

11. Radix anterior

12. Radix posterior

13. Ganglion sensorium nervi
spinalis




Misni reflexni oblouk

Obr. 203, SEGMENTOVY MISNI REFLEX

A somaticky reflex

B viscerilni reflex

modfe —~ privod podnétii: dendrity pseudounipolirnich bunék spi-
zeji ze somatoreceptorti nebo viscerorecep-

smu; neurity vedou jako zadni misni kofeny

do Jedé hmoty misni
bile — interncurony pienagejici podnét na daldi ncuron
Eervend — motoneurony a jejich axony vedouci prednimi kof
misnimi do periferie ke svaltim nebo (u visceralniho reflexu) k or-
ganiim

1 pseudounipolirni buiky spinalniho ganglia

zadni kofen

predni kofen

axony visceromotorickych bunck jdou prednim kotenem a jako
ramus communicans albus odboguji z miSniho nervu do ganglia
kmene sympatiku

postgangliové vlakno (po piepojeni na dalsi buiiku) vede z gan-
glion trunci sympathici do periferniho nervu a provézi jej do
periferie (ke zldzdm, hladkym svalim, k cévam)

5 jiné postgangliové vlikno po prepojeni na daldi buiiku vede
z ganglia sympatiku k voitinim orgdnim
odbodujict vzestupné vldkno drahy zadnich pre
navazujici vzestupna draha, napi. do mozetku

IS )

.

-~ o

Graj,r matter

White matter

|

Intermeuran ‘Fegtral root

Dorsal root

Receptor



Nervi spinales — misni nervy

e 31 paru nervu vystupujicich z paterniho kanalu (michy)
meziobratlovymi otvory

* sensitivné a motoricky inervuji trup, HK, DK, vnitrni organy

65 8910 7 3

Obr. 281. MiSNI NERV A JEHO SLOZKY

A kofeny a vétve misniho nervu

B druhy vldken v midnim nervu (nejsou zakreslena viscerosensi
tivni vlakna, kiera pfichdzeji z vnitinich organd skrze ganglion
trunci sympathici do bunék spindlniho ganglia a jako axony
téchto bunék pokracuji zadnim kofenem do michy)

-
I

a radicularia predniho kofene a pfedni misni kofen
misni nerv v misté foramen intervertebrale

ramus anteror (ventralis) misniho nervu

ramus posterior (dorsalis) miSniho nervu

=

v LA

modic — sensitivni vldkna 6a ramus medialis (rami posterioris)
cervené — somatomotoricka vldkna 6b ramus lateralis (rami posterioris)
oranzovE — visceromotorickd (sympaltickd) vlikna 7 ramus meningeus misniho nervu
fila radicularia zadniho kofene a zadni kofen migniho nervu § ramus communicans albus
2 ganglion spinale s pseudounipolarnimi bufkami sensitivni 9 ramus communicans griscus

slozky misniho nervu 10 ganglion trunci sympathici



Segmentova
inervace tela

Obr. 282, ARFAE RADICULARES KUZE; podle Keegana a
Garretta (1948) z Gray's Anatomy (1980) — modifikovano; okrsky
jednotlivieh misnich nervii jsou oznafeny pismenem a Gislem
nervu a odliseny barevng



Plexus — nervova pleten

* rr. ventrales (anteriores) paternich nervu tvori v
oblasti krku, bederni a krizové casti patere nervové
pletené. V oblasti hrudni patere se zachovava
segmentarni usporadani stejné jako ho zachovavaiji rr.
dorsales (posteriores).

exus cervicalis — C1-C4

exus brachialis — C4-Th1
exus lumbalis = Th12-L4
exus sacralis — L4-S5+Co

O T T O
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Obr. 287. PLEXUS CERVICALIS A PLEXUS BRACHIALIS;
schéma vétveni
C1~Thl - rr. anteriores misnich nervia
A plexus cervicalis
I r. muscularis pro m. rectus capitis anterior a pro m. longus ca-
pitis
2 r. muscularis pro m. rectus capitis lateralis
3 r. muscularis pro m. longus capitis a pro m. longus colli
4 radix inferior ansac cervicalis
5 n. occipitalis minor
6 n. auricularis magnus
7 n. transversus colli
8 nn. supraclaviculares
9 n. phrenicus
B plexus brachialis
t.s. = truncus superior (plexus brachialis)
t.m. — truncus medius (plexus brachialis)
t.i. — truncus inferior (plexus brachialis)

C6

c7

c8

Tht

I.l. - fasciculus lateralis (plexus brachialis)
f.m. — fasciculus medialis (plexus brachialis)
f.p. — fasciculs posterior (plexus brachialis)
10 n. dorsalis scapulae

11 n. suprascapularis

12 n. thoracodorsalis

13 n. thoracicus longus

14 nn. subscapulares

15 n. subclavius

16 n. pectoralis medialis et lateralis

17 n. phrenicus accessorius

18 n. musculocutaneus

19 n. medianus

20 n. ulnaris

21 n. cutaneus brachii medialis

22 n. cutancus antebrachii medialis
23 n. radialis

24 n. axillaris

“gchéma pleteni a vystupi jednotlivych nervit
1-————— : A plexus lumbalis
B plexus sacralis
L2 Thi2-Co - nervi spinales
1 n. subcostalis
2o 2 n. iliochypogastricus
2a r. cutancus lateralis
B e 2b r. cutaneus anterior
A . 3 n. ilioinguinalis
3a nn. scrotales / labiales anteriores
fimrmes 4 n. genitofemoralis
4a r. genitalis nervi genitofemoralis
da 4b r. femoralis nervi genitofemoralis
\ S 5 n. cutaneus femoris lateralis
S " 6 n. femoralis
4b ™ 7 n. obturatorius
\\ © 8 n. glutacus superior
5 X 9 n. glutaeus inferior
/| 10 n. cutancus femoris posterior

. ischiadicus
12 n. pudendus

- 13 nervy pro m. levator ani a pro m. coceygeus
14 plexus coccygeus a nn. anococeygel

12 13 14




Reflexni oblouk

Obr. 340. SCHEMA FUNKCE SVALOVEHO VRETENKA (a 3la- 5 glachové vieténko, odkud vedou citliva vlakna informaci o na-
chového vieténka) — viz text péti Slachy pfes inhibi¢ni interneuron
1 sestupné drahy ovladajici mi3ni motoneurony 6 sensitivni nervy vedouci informaci ze svalového vieténka

-

2 vmezefeny neuron (interneuron) s inhibi¢ni funkei motoricka nervova zakongeni y-motoncuronu na intrafusalnich
3 bunky sensitivnich vlaken ve spinalnim gangliu vlaknech
4 svalové vieténko s intrafusalnimi svalovymi vlakny

%0

motoricka zakonéeni c-motoneuronu na extrafusilnich vldknech



Myotaticke reflexy (gama klicka

\

Biceps reflex Triceps reflex Radial periosteal reflex

Quadriceps reflex Achilles’ reflex




Pyramidove reflexy — polysynapticke

Babinski
Gordon
Oppenheim




Autonomni (vegetativni)
nervovy system



Obecna charakteristika

neurony centralniho a periferniho nervstva
urcene pro inervaci hladké svaloviny,
sdrce a zlaz

autonomni = urcita nezavislost na CNS,
ganglia mimo CNS

vegetativni = ovlivheni zakladnich
biologickych funkci dulezitych pro zivot
dve slozky: pars sympathica a pars
parasympathica



Autonomni
nervovy system
parasympatikus

Hlavova a sakralni
slozka

Ganglia ve sténach
cilovych organu

Udrzuje organizmus
V rovhovazném
stavu
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neuromediatorem
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Autonomni nervovy system - sympatikus
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Slozka hrudni a bederni

Ganglia ve formé truncus
sympathicus po stranach
patere

Excitacni funkce,

mobilizace energetickych
rezerv, boj/uték

Pregangliovy neuron —
acetylcholin, postgangliovy
neuron — noradrenalin
(kromé potnich zlaz)






Motorika - hybnost

* M. je jednou ze zakladnich funkci zivych organizmu
* M. volni (Ukon)

* M.mimovolni (automatické, nastavy)

* M. protivolni (kontrastni, tiky, dystonie)

* Individualne charakteristické motoricke stereotypy
(stoj, chuze, prace, fec, polykani, gestikulace)



4 systemy motoriky (pilire)

JCentralni motoneuron (pyramidova
draha, precentralni kura)

JExtrapyramidovy systém (nastavy,
podkorova centra — bazalni ganglia)

1Mozecek (palleocerebelarni — stoj,
chuze, neocerebelarni — fizené
pohyby, feed-back)

JPeriferni motoneuron (kmen,
spinalni)




Motorika - systemove

erebellump | YCerebellum
;




Volni kontrola a
automatizovane
slozky pohybu

* Cilena motorika:
rozhodnuti,
programovani pohybu (s
vyuzitim pohybovych
stereotypu, povel k
pohybu), provedeni
pohybu

asociacni
7 __~— mozkovd
% 3 -
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(podle V. B, Brookse)

reflexni systém,
motoneurony

4 provedeni pohybu
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— C. Sestupné motorické drahy
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motorické kiry (MI)




Poruchy chuze

\
@
[ 4

Spastic—atactic gait gait with circumduction

in a patient with right

hemiparesis
Quadriceps weakness  Steppage gait with

i -
—— e

Parkinsonian gait Paraspastic gait

Trendelenburg
gait foot drop

Duchenne gait



Mozecek

Podili se na rizeni volni i mimovolni
hybnosti

Zapojen paralelne k sestupnym
pyramidovym i extrapyramidovym
draham

Spojeni s kurou i aferentnimi drahami
Priklad biologicke zpétne vazby
Archeocerebellum (statokinetika)

Paleocerebellum (koordinace posturalni
a okulomotoriky)

Neocerebellum (koordinace rizené
motoriky, pohybové stereotypy)

— F. Tracts and function of cerebellum

Afferents Efferents
"Associative cortex” Cerebellumn Sensarimotor cortex
o |
Cembem'}m Oculomotor /7T M
— » Fans _,i, control
- " _._,_.-"'-/
Pyra- " Pons Thalamus
mf‘dﬂll_ ||l :I
tract Spinal
cord S~ N~ T =@
f = \-_-_;,’J =
Paleo-~_ == —u\ \ B
cerebellum & ST D E
Archeo- | e
‘ cerebellum 0
Shinal -/ Hjt'nm E
cord Jl TN /8
<
> VEStf'bU{GJ‘ A Dentate nucleus
nuclei Emboliform nucleus
| Fastigial nucleus
i ® Red nucleus
Labyrinth Intracerebellar nuclei Reticular forma Lian

Vestibular nuclei

Optimization and correction
of postural and oculomotor

function (tonus, posture, balance)

Coordination of postural and goal-
directed movement, correction of
course of goaldirected movernent

dt)

(After R. F. Schmi

Programming of
goal-directed movement




Zapojeni mozecCku

Klra

Bazalni ganglia
Vestibularni jadra
Misni aference
Kmenové struktury
(ncl.ruber, RF)

the cerebellum. The connec-
n, vestibular system, and spi-
‘e text.

Fastigial
nucleus

Vestibular nucleus
Vestibulospinal nucleus

Rubrospinal tract

Reticulospinal tract

- Regulatory circuit 1:

Cortex—pontine nuclei—
cerebellar cortex—dentate
nucleus—thalamus—cortex

Efferent pathways to spinal cord

Thalamus

Red nucleus

Corticospinal
tract

Pontine nuclei

£ I Reticular formation

#()| Olivary nucleus

Olivospinal tract

| Regulatory circuit 2:

red nucleus—olivary nucleus—
cerebellar cortex—dentate
nucleus—red nucleus



Poruchy funkce
mozecCku

| intoxikace {alkohol aj.),
upal, degenerace, nadory,
malabsorpce, hypotyredza,

zénéty (roztroudena skieréza aj.)

pars

:zee::i‘l’s;ira intermedia
j kontrola
motoriky Kontrok
y zacite ataxie pohyb(

m?y = K distélnich kloubid,
dyssynergie, »intenéni tres®,
dysmetrie, d&:f-'mpozice

o
rebound-fenomén

adiadochokineze

nucleus
ruber

funk&ni

oblasti
mozetku

flocculus
flocculus,
nodulus,
vermis
kontrola
rovnovahy

organ
rovnovahy

el

pohyby
oéi

hypotonie,
nystagmus,
skandovana Fec,

titubace,
stoj o iroké bazi,

nejista chize =
(ataxie),

poruchy rovnovahy

kira

nuclei fastigii (12)

nucleus globosus (8)

nucleus embolifor-
mis (8)

nucleus dentatus (4)

jadra
mostu

nuclei
vestibulares (11, 14)

e VYY

formatio
' 13 | reticularis (13)
7
< tractus
spinocerebellaris
-_—'

e
tractus vestibulospinalis
tractus pyramidalis

<>t tractus rubrospinalis
«i>— tractus reticulospinalis

aferentace

eferentace

motoricka

aso-
ciadni
kira

jadra mozeéku




Mozeckoveé syndromy

Neocerebelarni syndrom
v ataxie

v hypermetrie

v’ intenéni tremor
v"dysdiadochokinéza
v'skandovana rfec

v pismo

Paleocerebelarni syndrom
» poruchy stoje a chuze

» nestabilita stoje

» pady nazad

» ataxie trupu

»velka a mala ataxie




Priciny mozecCkovych poruch

v Toxické poruchy (etylalkohol, rozpoustédi|a)

v Léky (fenytoin (protizachvatova Iécba, epilepsie — atrofie
cerebella))

v Zanétlivé nemoci (parainfekéni, virove)

v' Demyelinizacni (RS)

v Cerebrovaskularni (ischémie, hemoragie)
v Expanze (astrocytom, angioretikulom)



Extrapyramidova motorika

» Centralni rizeni hybnosti (posturalni, automatizmy,
svalovy tonus)

» Bazalni ganglia, kmenové struktury (ncl. ruber, subst.
nigra), ¢asti mozkové kury

» Neurotransmitery (dopaminergni, cholinergni, GABA,
glutamat)

» Syndromy — hypokineticko-rigidni // dyskineticke



Bazalni ganglia

1. nucleus caudatus; e ki . ——
2. putamen; \

3. globus pallidus.

1. + 2. = corpus striatum striatum

2. + 3. = nucleus lentiformis
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geneticky defekt
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Parkinsonova choroba (IPD)

v'rigidita (plasticka hypertonie)
v'hypokinéze (brady- az akinéze)

v'poruchy stoje a chlize

v'tremor (klidovy, posturalni)

v'psychické zmény (kognitivhé-behavioralni)
v‘autonomni pfiznaky



Dyskineticky syndrom — dalsi ukazky
extrapyramidové motoriky/poruch

Chorea (rychlé, nerytmicke, nepravidelné)
Atetoza (hadovite, Cervovite)

Dystonie (cervkalni, blefarospasmus)
Balismus (prudke, v koreni koncetiny)
Myoklonie (kratce trvajici, motoricky efekt)
Tiky (nahle, opakovane, stereotypni)



Medial
prefrontal
cortex

Cingulate
gyrus

Orbitofrontal
cortex

Basal nuclei

Hypothalamus

Amygdala

Limbicky system

Fornix

Thalamic
nuclei

Mammillary
body
Hippocampus

Fylogeneticky stara cast
kortexu (paleo,
archeocortex) — 3 vrstvy,
podkorovych jader
(amygdala), hypotalamu

Emoce, sympatie,
antipatie, strach, radost,
pamét, Cichoveé funkce a
ovlivhovani vegetativnich
funkci, které zajistuje
hypotalamus



— A. Limbic system and hypothalamus

Environmental
stimuli

Sensory organs
Somatosensory system

Behavior:

Impulses, motivation, emotion Limbic system

Messages from:

Peripheral sensors
(e.g., mammary
mechanosensors)

Limbicky system +
hypotalamus

Intrinsic hormone receptors
(e.qg., for cortisol)

Intrinsic sensors
(e.g., thermosensors)

Hypophysis
eg., :
Programs e.g., defense nutrition, digestion | €., reproduction
Hypophysis Autonomic Somatic
nervous system nervous system
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Koncovy mozek — telencephalon

National Museum of Health and Medicine




Neocortex — stavba a funkce

— A. Cortical layers I1-VI (multiple view of a single-cortex column)
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(kortikospinalni)

* VI. kolateralni spojky



Evoluce
kortexu

Obr. 125: Postupna diferenciace mozkovych hemi- tivni savec, d - pokroéily savec
sfér ve fylogenetickém vyvoji obratloved (podle | - archipallium, 2 - spodinové uzliny, 3 — paleo-
L. Janského a 1. Novotného) pallium, 4 — neopallium

a — primitivni plaz, b — pokro¢ily plaz, ¢ - primi-



Organizace Sedé kury mozkove

A partial Brodmann’s numbered map of the right lateral cerebral hemisphere. Brodmann’s maps are useful mainly to show
egions of different neural structure, but some areas also have a functional designation.

Primary
motor Premotor
cortex motor cortex

psicentral gyrus

uperior andenferior parietal lobules

Frontal eye fields

upramarginal gyrus

sual association areas

Prefrontal cortex

gular gyrus . s
(prefrontal association area)

3 : Broca’s (anterior) speech area
frimary visual cortex

estibular cortex

Transverse Gustatory center
temporal gyrus
{auditory cortex)



,Co to je ?“

Figure 26.9 (A) Medial view of right hemisphere, showing the
‘what?’ pathway. The asterisk marks the visual identification
area within the fusform gyrus on the inferior surface. Ventral
area 19 is enlarged in (B).




Premotor Dorsolateral
Frontal eye field cortex prefrontal
cortex

Posterior
parietal lobe

,Kde to je ?“

Movement detection area

Figure 26.8 Lateral surface of right hemisphere, showing the
‘where?’ visual pathway from the visual cortex to the parietal
and frontal lobes. The asterisk marks the area for detection of
movement in the left visual field. Activity of the right frontal
eye field facilitates a saccade toward the left visual field.
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tvp spontanni opakovana rozuméni hledani
reé rec reci slov
Brocova afazie porusena porusena normalni omezene
Wernickeova afazie plynula porusend omezensa omezeng
(Castecnée logo-
rea, parafazie,
neoclogismy)
svodna afazie plynula, silné normalni poruseng,
ale parafazicka omezena parafazické
globalni afazie porusena porudend porusené porugené.
anomicka afazie plynula normalini, normalni omezene
ale anomicka
plynuld normaini, normalni omezené
: ale anomicka !
porusena normalni normailni porusené
plynula plynuld poruiene
lynula normalnl  porusené
o (pfechodné)




