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Primary motor cortex

Uvod

Motoricka akce je vysledkem aktivity / /

dolniho motoneuronu

&—— Corticospinal tract

\

Spinal cord

Dolni motoneuron je soucastlokalniho
reflexniho okruhu

Dolni motoneuron integruje informace
z ruznych vstupU

— Vyssi etaze CNS

»Horni motoneuron, tectum, n. 3
ruber, mozkovy kmen | X

— Propriocepce
™
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Uvod

* Motoricka akce je vysledkem
dolniho motoneuror

http://www.frontiersin.org/files/Articles/42416/fnhum-07-00085-
HTML/image_m/fnhum-07-00085-g001.jpg



Dolni motoneuron

a motoneuron

— inervace kontraktilniho
aparatu

— extrafuzalnivlakna

— svalova kontrakce

Y motoneuron
— inervace svalovych vretének
— intrafuzalni vlakna

— adjustace délky svalového
vieténka

— gamaklicka

B motoneuron
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Napinaci reflex

" ‘Iﬁfx ermeuron Cell body of
(1) Atferent impulses sensory heuron
from stretch
receptor to Motor neuron
spinal cord serving quadriceps

(@ Etferent Motor neuron
impulses to serving antagonist
alpha () motor muscle group

neurons cause | (hamstrings)
contraction hY
Initial of the stretched
stimulus: muscle that
muscle resists/reverses
stretch R the stretch
> Muscle
spindle
W Quadriceps
== (extensors)
—
. c—
spindle
@ Efferent impulses l:'amstrlngs
to antagonist | (flexors)
muscles are
damped /
(reciprocal 2 / Key:
inhibition) + Excitatory synapse
[} - Inhibitory synapse
(a)
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Dolni motoneuron
Topografie

Motor nuclei Short propriospinal Long propriospinal
interneurons interneurons

Dorsolateral Ventromedial
motor nucleus motor nucleus
(to imb muscle) (to axial muscle)
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Motoricka jednotka

,Prameérny“ sval inervovan asi
100 motoneurony, které tvori
motorické jadro

Kazdy motoneuron inervuje
asi 100-1000 svalovych vilaken
a kazdé svalové vlakno je
inervovano pouze jednim
motoneuronem

Soubor svalovych vliaken
inervovanych jednim
motoneuronem tvori spolu s
témito motoneurony
motorickou jednotku
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Setting the stage

The events at the neuromuscular
junction (NMJ) set the stage for
E-C coupling by providing
excitation. Released acetylcholine
binds to receptor proteins on the
sarcolemma and triggers an action
potential in a muscle fiber.

Axon terminal of
motor neuron at NMJ

Action potential
is generated

Nervosvalova ploténka

Steps In E-C Coupling:

@ The action potential (AP)
propagates along the
sarcolemma and down the
T tubules.

@cnclw ions are released.
Transmission of the AP along the
| Ttubules of the triads couses the
Itag: itive lubule proteins to
change shape, This shape change
opens the Ca® release channels in
the terminal cisterns of the
sarcoplasmic reticulum (SR),
allowing Ca®* 1o flow into the

-
-
Troponin™ Tropomyosin
& & 9 blocking active sites
o . Myosin B calcium binds to
PR s troponin and removes
s & R 1 the blocking action of
o, e ¢ o—00 tropomyosin. When Ca®
24505 binds, troponin changes
. 0%t 0 shape, exposing binding
& Tt Active sites exposed and sites for myosin (active
¢ o ready for myosin binding sites) on the thin filaments.
. e L]
l @Comueuon begins:
= Myosin binding to actin
forms cross bridges and
- tion (cross bridge
Myosin cycling) begins. At this
cross X point, E-C coupling is over.
bridge

The aftermath

When the muscle AP ceases, the voltage-sensitive tubule proteins return
to their original shape, closing the Ca?* release channels of the SR, Ca2+
levels in the sarcoplasm fall as Ca?* is continually pumped back into the
SR by active transport. Without Ca?*, the blocking action of tropomyosin
is restored, myosin-actin interaction is inhibited, and relaxation occurs.
Each time an AP arrives at the neuromuscular junction, the sequence of
E-C coupling is repeated.

http://classes.midlandstech.edu/carterp/Courses/bio210/chap09/210_figure_09_11_labeled.jpg



Nervosvalova ploténka

Axon terminal of

somatic motor neuron
- _-_

Muscle fiber
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Vlakna pricné pruhovaného svalu

0 Myosin heads
hydrolyze ATP and
become reonented
and energized

o Myosin heads
bind to actin,
forming

crossbridges

Contraction cycle continues if
ATP is available and Ca’* level in
the sarcoplasm is high

o As myosin heads
bind ATP, the
crossbridges detach
from actin

e Myosin heads rotate
toward center of the
sarcomere (power
stroke)

http://www.sivabio.50webs.com/mus019.jpg



Typy svalové kontrakce

e |sotonickd kontrakce * |zometricka kontrakce
» Konstantnitonus > Vlakno se béhem kontrakce
> Zkraceni svalového vldkna nezkracuje

Stimulating Stimulating
7

Kymograph __Muscle

S orl) S

S\ ?J
Electronic force
Weights transducer *
To electronic
recorder

ISOTONIC SYSTEM ISOMETRIC SYSTEM
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Typy svalovych vilaken

Rychla vlakna Pomalavlakna
» Stavénanavykon » Stavénanavydrz
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Typy svalovych vilaken

Rychla vlakna Pomalavlakna
» Stavénanavykon » Stavénan
» Rychla unavé odolnavldkna-béznyvykon \3\‘6“
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Nabor motorickych jednotek

m. gastrocnemius u kocky

| Fast
fatigable

0 25 50 79 100
Percent of motor neurcn pool recruited
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Propriocepce

Informace o vzajemné poloze
jednotlivych casti téla

(suma informaci o délkach sval()

Informace o pohybu Muscle
spindle

(sile a rychlosti svalové kontrakce)

Extrafusal
muscle fiber

Reflexni regulace svalové Cinnosti

Svalova vreténka

Golgi
— Paralelni zapojeni

tendon
organ

Tendon

Slachova vreténka
_ SériOVé Zapojenl' http://www.slideshare.net/CsillaEgri/presentations



Svalova vreténka

Kontraktilni struktury ,které neslouzi ke
konani prace
Kontraktilita slouzi k adjustaci

Opouzdrena struktura vyplnéna
tekutinou

Intrafuzalni vlakna
— Paralelni ulozeni s extrafuzalnimi vlakny
(Reaguji na kontrakci extrafuzalnich vlaken)

— Eferentni spoje (do svalového vreténka)

* ymotoneuron

— Aferentni spoje (ze svalového vreténka)
* Informace o délce/natazeni svalu
* Reflexni regulace aktivity a motoneuronu

Intrafusal
muscle
fibers

Capsule

Sensory
endings

Afferent
axons

Efferent
axons

Gamma
motor
endings

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



Svalova vreténka

B Intrafusal fibers of the muscle spindle

Staticka vlakna
Dynamicka vlakna

Aferentnispoje (z vieténka)

— |1l - staticka vldkna

* informace o klidové délce (poloze)

— la— statickai dynamicka vlakna

* informace o kontrakci (pohybu)

— Reflexniregulace aktivity a
motoneuronu

Eferentniinervace (do vreténka)
— Statické y motoneurony
— Dynamické y motoneurony
— Adjustace

Dynamic nuclear

bag fiber \

Static nuclear
bag fiber

/

~

_~Nuclear
chain fiber

f

Static

Dynamic

Q0
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Aferentni signalizace ze svalovych
vretének

Sinusoidal
Linear stretch Tap stretch Release
/ =\
,»";/ Dynamic \\:-\

S f.\"d. I n 'r' e 7\ \ \\
Stimulus =~ s PEPOTER \ \J '&Jf \V, N
Group ta || | [[IUALLIELILL | A |
aroup It | | [ || [{[{[T LI} L T L

Il - staticka vlakna
* Staticka odpovéd

la— staticka i dynamicka vlakna
e Statickai dynamicka odpovéd

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



Eferentni signalizace do svalovych

y motoneurony
adjustujidélku
intrafuzalnich vidken

Udrzeni senzitivity

a a y koaktivace

The CNS co-activates alpha and gamema motoneurons

Muscle spindie

vietének

(A) « Motor neuron activation without y (B) @ Motor neuron activation with y

Extrafusal Intrafusal
muscle muscle
fibers 2

Stimulate o
motor neuron

Stimulate o
motor neuron

Spindle

Spindle
afferent

afferent

Stimulate y
motor neuron

la response illed in"

< [ [ /
1Ll LLLLLLLLY  Afferent LU gy AMferent
activity

activity
/ \ Muscle / \ Muscle
force force

! f

Contraction Contraction
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Golgiho slachova vreténka

Nekontraktilni opouzdfena struktura A

Sit kolagennich vidken
la vlakna 4 VA " , Ib afferent

Mechanorecepce

Sériové ulozeni ke svalu

Informace o napéti ve svalu/sile

kontrakce
\-Axon

Reflexniregulace aktivity a
motoneuronu

Collagen fiber

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



Reakce svalovych vretének a Golgiho slachovych
vietének na protazeni a kontrakci svalovych viaken

MUSCLE PASSIVELY STRETCHED

Kontrakce (aktivni)

Protazeni (pasivni)
Odpoved' Golgiho Slachovych

Odpoveéd svalovych vietének e
vietének

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



Shrnuti

Bone A

Golgi tendon organ
*in seras” S—

Dorsal

v

qoroneuron

- motonauren /

Muscla spindla
*in parallel®

root

Bone B
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