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Vyznam a regulacni povaha nervoveho systému

ANTICIPACE

Kortex —— Potencialni vstup Potencialni vystup —— Kortex
\ Integrace
/ CNS

Senzor Vstup Vystup Efektor

REGULACE

==
m e
O =

3 Somatosenzitivita, viscerosenzitivita, propriocepce a bolest |

=



Receptory/senzory

for the duration of a stimulus.

Stimulus Stimulus
* MenicC energie l
— Zachyceni signalu

— Transformace signalu

Receptor

Receptor
potential

* Rceptorovy potencial
— Generatorovy potencial )

* AkEni potencial

1

sensory & g
neuron Action potentials
in sensory neuron Time >
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Receptororvy/generatorovy a akcni potencial

Action
Receptor potential potential

+ oo
Tt ++++++++++|++++++++++

Node of
Ranvier

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

* Meénic energie
— Zachyceni signalu
— Transformace signalu

* Rceptorovy potencial
— Generatorovy potencial

* AkEni potencial

* Adekvatni podmét
* Neadekvatni podmeét
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Receptor

Axon of
sensory
neuron

Stimulus

|

4

Stimulus

Receptor
potential

Action potentials
in sensory neuron

for the duration of a stimulus.
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Receptory/senzory

for the duration of a stimulus.

Stimulus Stimulus

 Meénic energie

— Zachyceni signalu
— Transformace sig

e Rceptorovy potend

— Generatorovy pote

Receptor
potential

* AkEni potencial

sensory
neuron

* Adekvatni podmét

Action potentials
in sensory neuron

* Neadekvatni podmeét

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

for the duration of a stimulus.

 Ménic energie ‘\‘ S‘-\
— Zachyceni signalu ‘x‘\b\‘ e“\‘
— Transformace signalu ’e 2 ) a(a‘“
bec“ ‘:\\“\\ ° COQ
e Rceptorovy potenc 0 \ \ra\'\ cd cyc}\'\’cc)’ \L(\e
— Generatorovy poten W\O \,1366'
\
* Ak¢ni potencial \,0\(8‘
* Adekvatni podmét P siin ‘ ‘

aron Time —>

* Neadekvatni podmeét

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

\“ for the duration of a stimulus.

Menic energie o 5‘.\“\
— Zachyceni signalu '\b“ N
., ’ a“ «\e“
— Transformace signalu ‘\e G,
) obec . :(:\\“\\9 COQ

Rceptorovy potenc @ \ra\\’@ da\'\&a’ \Lde’)‘
— Generatorovy poten W\~ o e\_(\l

v . ., \ka\\l ‘3‘“
AkCni potencial \ O “:\Qa OC’?_

W
- y x\‘a"? ,\3\km el ‘

Adekvatni podmeét \Ua‘\ W@
Neadekvatni podmet \(’\‘e“ .

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

\“ for the duration of a stimulus.

Menic energie o 5‘.\“\
— Zachyceni signalu '\b“ N
. ; [ a“ «\e“
— Transformace signalu ‘\e G,
Rceptorovy potenc @ \ra\\’@ da\'\&a’ \Lde’)‘
— Generatorovy poten W\~ o e\_(\l
v . ., \ka\\l ‘3‘“
AkCni potencial \ O “:\Qa OC’?_
W
- y x\‘a"? ,\3\km el ‘
Adekvatni podmeét \Ua‘\ G
fy s v ‘e(\l , tase ° Time ——>
Neadekvatni podmet \Q e\
(ool

http://www.slideshare.net/CsillaEgri/presentations
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Informace o intenzite

Stimulus Stimulus

|

Receptor

 Amplituda receptorového
potencidlu je prevedena na _
frekvenci akéniho potencialu )

Receptor
potential

Axon of

sensory %\_’,
neuron Action potentials
in sensory neuron

for the duration of a stimulus.

http://www.slideshare.net/CsillaEgri/presentations
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Informace o intenzite

Neboli zména intenzity stimulu

Action Potentials of Summing Channel

No Stimulus, SR < 10 PPS

vyvola zmeénu frekvence AP

Stimulus o vysoké intenzité
muzZe aktivovat vice receptoru,

—

Medium Intense Positive-going Stimulus

coz ma také vyznamnou
informacni hodnotu

I

High Intensity Positive-going Stimulus

Time )

Somatosenzitivita, viscerosenzitivita, propriocepce a bolest |
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Informace o intenzite

30 - .

:

%]
=
l
»

e Zavislost mezi receptorovym a
akénim potencialem je
logaritmicka

=

1.1 1.2 1.3 1.4

Amplitude of receptor potential

Action potential frequency
o

a—)
3

Stimulus intensity Stimulus intensity

http://slideplayer.cz/slide/3217923/
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Informace o kvalite

* Pravidlo specifické nervové
energie:

Kazdy senzoricky nerv vede
informaci o jedné modalité
do specifické mozkové
oblasti, ktera informaci
interpretuje

e Labeled line coding urcuje
informaci o kvalité
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Sensation Cell Receptor
body Type
i a _/\
TOUCh < MechanO\j M§threshold)
TRPA1
_)‘C TRPV1
Pain - Polymodal TRPV2
ASICs
9
Temp. - Warm S TRPV3
<2 TRPV4
JC
Temp. < Cold TRPMS

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

Stimuli

Innocuous
mechanical
forces

Noxious
stimuli

( Strong mechanical
forces, H*, K¥,
Endogenous &

J° MS
(High threshold) Exogenous Chemicals,
Noxious Heat & Cold )

Moderate
temperature
changes
( Warming & Cooling )
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Informace o kvalite

Elbow

. . Nose“Eye %X/
* Labeled line coding [ (

e Receptivni pole

Arm Head

Pharynx 7 /_\/
* Drazdéni nervu vyvola gl o 9 «/
odpovidajici viem A ———
:.' 45 g
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Receptivni pole

 RUzna velikost, rtzné
prekryvani ——
* Malé receptorové pole P
— vy§§i rozliseni iy :
l’."' "i,‘ll Skan imsm .m.' i
L et \ T |/,
* RozliSovaci schopnost e\ | | (.,
7 Vé 7 . T N4 N \-.‘T“'_’/' __”_I“ \ | B
zesilena lateralni inhibici s J Ay |\
— Senscry / = — e o
- PRl NS - j ‘L‘\i’ﬂ}..ij’ e wi:ﬁ:lfl:x__., | ‘ | .

Mean threshold (mim)

http://www.slideshare.net/drpsdeb/presentations
16 Somatosenzitivita, viscerosenzitivita, propriocepce a bolest |

= =
m e
O =



Lateralni inhibice

Ay Stimulus A, Stimulus
' | Receptors
Skin=— /\
> "
Receptors 5
3
IIII ””“ Illl ] Relay neurons
[V
Neurons in Spontaneous _‘K:L—
relay nucleus * f firing rate
|||l ”H“ ”””llll Spatial distribution
of excitation
B, Stimulus B, Stimulus
J' Receplors

AN

Relay neurons

/5 —

Spatial distribution
of excitation and inhibition

Skin—|

Receplors

Frequency

Neurons in
relay nucleus

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

Ubytek citlivosti receptoru
navzdory trvani stimulu

* Toncké receptory — pomala
adaptace — pritomnost stimulu,
poloha

* Fazické receptory —rychla
adaptace —zmeéna stimulu

* Fazicko—tonickeé - ...
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Receptor

Axon of
sensory
neuron

(a) Tonic receptors are slowly (b) Phasic receptors rapidly adapt to a
adapting receptors that respond constant stimulus and turn off.
for the duration of a stimulus.

Stimulus Stimulus

|

Receptor
potential

i |

Action potentials
in sensory neuron Time —» Time ———>
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Receptory

* Obecné
— Povrchové — somatosenzory
— Vnitrni — viscerosenzory

— Svaly, Slachy, klouby -
proprioceptory

e Specialni
— Soucast smyslovych organu
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— Povrchové — somatosenzory

— Vnitrni — viscerosenzory

— Svaly, Slachy, klouby -
proprioceptory

e Specialni

— Soucast smyslovych organu
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Stimulus
oY ,,f'”’”ﬁ P T——
" o g (7 F
* Jednoduché v Te ey r—-:ﬁ;n"gesm |f:..:.1 % |
B ) Receptor - (@
. KOI’T'Ip'EXI’\I Nerve ending -~ cell &3 ‘.
< Synapse
; Unmyelinated _ f
e QObecné axon \ | Sensory
' afferent
4 Myelinated aneren
— Povrchové — somatosenzory e —
— Vnitrni — viscerosenzor Cell bod
. Y v F‘ 2+ Cell body
— Svaly, slachy, klouby — Cell l}ody\}‘)
roprioceptor 0.5-2.0 12-30
p p p y misec m/sec -
e Specialni

A

{a) Simple receptors {b] Complex neural receptors  [c) Most special senses receptors are cells
are neurons with have nerve endings enclosed that release neurotransmitter onto sensory
tree nerve endings. in connective tissue capsules. neurons, initlating an action potential,

http://www.slideshare.net/CsillaEgri/presentations I\II U I\I I
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Somato/viscero/ proprio

* Somatosenzitivni systém
— Bolest
— Teplota
— Dotek

e \Viscerosenzitivni systém
— Provozni informaace
— Bolest, tlak
* Propriocepce
— Poloha
— Pohyb
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- Stimulus
- |
- v
== Free nerve

Y endings it i
Nerve ending "+~
~ Unmyelinated
‘\ axon
\\_' Y Myelinated
\ L axon

;@ Cell body k-
" 4

,/ m/sec misec ¢

ﬂ}\f\ b

Y

(a) Sknpio receoptors (b) Complex neural receptors
are neurons with have nerve endings enclosed
free nerve endings.,

http://www.slideshare.net/CsillaEgri/presentations
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Somato/viscero/ proprio

* Somatosenzitivni systém
— Bolest
— Teplota
— Dotek

* Viscerosenzitivni s
— Provozni inform\
— Bolest, tlak

* Propriocepce
— Poloha
— Pohyb

23 Somatosenzitivita, viscerosenzitivita, propriocepce a bolest |

/N $
~__Stimulus

A (7N
'::1:-— Fl'ee nefve {."l‘lv‘\ l‘.',
endings Lia
. /«4 W)

Nerve ending "+~

~Unmyelinated
axon

M Cell body

S 0.5-2.0 12-30
/ m/sec misec ¢

f

A AN

£}

(a) Simple receptors (b) Complex neural receptors
are neurons with have nerve endings enclosed

free nerve endings. In connective tissue capsules.

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

Z evolucniho pohledu jsou
nehdulezitéjSi informace o
potencialnim poskozeni organismu a
dle dllezitosti se systémy vyvijely

— Bolest

— Teplota
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A
N

©_ Stimulus

{
\d
endings WA il

\
i)
74

7=~ Free nerve ,'

\

W\

Nerve ending “+'~

~ Unmyelinated
‘\ axon
\\ Y Myelinated
\ . axon
\
,K % - Cell body -
/ £+ Cell bodv
/0.5-2.0 12-30
m/sec m/sec

(a) Sknpio receoptors
are neurons with
free nerve endings.

(b) Complex neural receptors
have nerve endings enclosed
In connective tissue capsules.
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Evolucni pohled

e Z evolucniho pohledu jsou
nehdulezitéjSi informace o
potencialnim poskozeni organismu a
dle dllezitosti se systémy vyvijely

— Bolest
— Teplota

* Somatosenzitivni informace
neboestivého charakteru predstavuji
vyhodu pri adaptaci vdaném
prostredi
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" Stimulus

'
— (7
{ | /=== Free nerve KN
N endings "(/,

Nerve ending " +”

[ ~ Unmyelinated

\  axon
\
\\ Y Myelinated
\ . axon
) ™
% Cell bod -
/;(‘3’ ] I3+ Cell bodv
/
/ 0.5-2.0 12-30
/ misec m/sec
[
(a) Sunpio receoptors (b) Complex neural receptors
are neurons with have nerve endings enclosed
free nerve endings. In connective tissue capsules.
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Evolucni pohled
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N
~__Stimulus

.‘ "
endings /[(/7 e
Nerve ending "+~

T~ Free nerve

~ Unmyelinated il
axon

axon
'Q Cell body

S 0.5-2.0 12-30
/ m/sec m/sec

AN

(a) Slmpio receoptors (b) Complex neural receptors
are neurons with have nerve endings enclosed
free nerve endings. In connective tissue capsules.
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Evolucni pohled

e Struktura receptor(, nervovych

vlaken i drah odrazi evolucni stari
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__Stimulus
#

|77~ Free nerve

-'

"N endings /!(/7 b }
Nerve ending" 4 4
___Unmyelinated
axon
\ o Myelinated
. axon
Cell body I3 Cell bodv
/0.5-2.0 12-30

/

AAD
(a) llmpio receoptors (b) Complex neural receptors

are neurons with have nerve endings enclosed
free nerve endings. In connective tissue capsules.
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Volna nervova zakonceni

* Nespezializovana nervova
zakonceni
* Polymodalni
— Nocicepce
— Termorecepce
— Mechanorecepce
* Adelta vldakna
 Cvlakna
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" Stimulus
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A
A
\

{7~ Free nerve AN
V' endings it i
Nerve ending "+~

~ Unmyelinated
‘\ axon
\\ Y Myelinated
\ . axon
\
f@ Cell body -
/ £+ Cell bodv
/0.5-2.0 12-30
m/sec m/sec

(a) Slmpk receoptors (b) Complex neural receptors
are neurons with have nerve endings enclosed
free nerve endings. In connective tissue capsules.
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Nervova viakna

Ap

Axons
from skin

Axons
from
muscles

Diameter
(um)

Speed
(m/sec)

Sensory Proprioceptors
receptors of skeletal muscle
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Aa

13-20

80-120

g

6-12

35-75

Mechanoreceptors

of skin

Ad

5-30

Pain,
temperature

0.2-1.5

0.5-2

Temperature,
pain, itch
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Nociceptory

* V\olna nervova zakoncCeni odpovidajici na velmi intenzivni stimuly

e Charakter stimulu

— Mechnaicky
v’ Velky tlak
v Ostry predmét

— Tepelny
v'Horni mez cca. 45 st. Celsia
v’ Dolni mez — variabilni

— Chemicky
v pH
v’ Mediatory zanétu atd.

MU N
ED
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Termoreceptory

* Volna nervova zakonceni senzitivni na teplo

 TRP kanaly (transient receptor potential)

— Polymodalni receptor (chemorecepce, termorecepce)
— Pritomné také v radé bunék (véetné neuronu, keratinocytt, mechanoreceptord...)

0 10 20 30 40 50 60
L N G s s s m—
cinnamon y
\\\\ camP’hor
R =
horseradish e b SI “VI
garlic (g i P/{' I/{’
TRPA1 TRPM8 TRPV4 TRPV3 TRPV1 TRPV2
® Ankyrin binding repeat @
B TRP box
_ . ® PDZ binding IVI U I\I
31 Somatosenzitivita, visceros I\/l E D
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Termoreceptory

e Vnimani teploty ddno pomérem aktivity riznych termoreceptoru

Freezing 014 cool Ndiffer- \yarm Hot Burming

cold ent hot

10+ ,2% Warmth
o ’
sreceptors
S 84 A
O " i
8 Y} i
61 i .
g  [Cold-pain K \ /Heat-pain
A [
0
3 2-
£ . '
2 L}

I 1 I 1 I 1 1 1 1 1 1
5 10 15 20 25 30 35 40 45 50 55 60
Temperature (°C)

Hall: Guyton and Hall Textbook of Medical Physiology, 12th Edition
Copyright © 2011 by Saunders, an imprint of Elsevier, Inc., All rights reserved.

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

* Prevazneé fazicka odpoved

B Dynamic temperature

Cold
fiber
:
(]
— r
2 [
C
= | [
= | |
&> | [
© | |
o | |
< l Warm
: fiber
|
|
|
i
| |
| |
| |
| |
s | |
= | |
©
[0}
o
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Kozni mechanoreceptory

e Jednoduché vs. Komplexni receptory

epidermis

nerve endings .

(pain, heat, cgold) : 2‘::332&23

)'J\X, ‘ ; (slow vibration, texture)
b‘y "/ .

Merkel

)
disks ‘
ne Pacini
(sustain ed touch, COrDUSCIon
pressurs ) (rapid vibration)
Krause :
end bulbs A
(rapid.yibration)
T Ruffini
% endings
?4.&:‘"',_:6 (deep
root hair plexus pressu re)

(movement of
hairs)
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Kozni mechanoreceptory
ol N

<
MR

Meissner’'s Merkel Pacinian Ruffini
corpuscle cells corpuscle endings

B Location

ecenive | i @ m m
M

C Intensity and time course

Neural
spike train !!!!! |

Stimulus / |
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Kozni mechanoreceptory

Receptor Type Sensation Signals Adaptation
e Encapsul_ated Touch: Flutter & Movement Frequency/Velocity & Direction Rapid
corpuscle & layered
LB L Encapsul_ated Touch: Vibration Frequency: 100-300 Hz Rapid
corpuscle & layered
e Encapsulated Touch: Skin Stretch Direction & Force Slow
corpuscle collagen
Hair follicle Unencapsulated Touch: Movement D"-Ed'[_m & Rapid
Velocity
Merkel SPEC'E_'"ZEd Touch, Pressure, Form Location & Magnitude Slow
complex epithelial cell
Free '!EWE Unencapsulated Pain, Touch, or Temperature Tissue danjiage_, Contact, or . E_’EPE_“dS Dr_' ~
Ending Temperature change information carried

http://neuroscience.uth.tmc.edu/s2/chapter02.html
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72. Receptory, receptorovy vs. akéni potencial, receptivni
pole

v Receptor - definice (méni¢ energie) v Receptivni pole
v" Receptorovy vs. akéni potencidl * Definice
« RP —,analogovy” (amplitudové kédvani), AP — * Vztah velikosti k rozliseni, priklady
,digitalni“ (frekvencni kddovani) e Laterdlni inhibice
* RP-rlzné iontové mechansimy, AP - Na/K * Adaptace receptoru (tonicka a fazicka odpovéd)
v' Obecné attributystimulu v" Razné klasifikace receptort
* Modalita, lokalizace, intensita, trvani » Zaklacni prehled koznich receptoru
* Pravidlo specifické nervové energir (labeled line
coding)
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