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Somatosenzitivita,
viscerosenzitivita, propriocepce a
bolest |



Vyznam a regulacni povaha nervového systému

ANTICIPACE

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

Senzor Vstup Vystup Efektor

REGULACE




Receptory/senzory

* Meénic energie
— Zachyceni signalu
— Transformace signalu

* Rceptorovy potencial
— Generatorovy potencial

* AkCni potencial

Stimulus Stimulus

|

Receptor

Receptor
potential

senso %\_—;
ry ; - I -
neuron Action potentials
in sensory neuron Time ———>
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Receptororvy/generatorovy a akcni potencial

Action
Receptor potential potential

+ oo
LR ++++++++++|++++++++++

Node of
Ranvier

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



Receptory/senzory

Meénic energie
— Zachyceni signalu
— Transformace signalu

Rceptorovy potencial

— Generatorovy potencial

AkEni potencial

Adekvatni podmét
Neadekvatni podmeét

Stimulus Stimulus

|

Receptor

Receptor

potential
sensory m\_—b 1 ) T VR R
neuron Action potentials
K in sensory neuron Time ———>
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Receptory/senzory
Meénic energie
— Zachyceni signalu

Stimulus Stimulus

|

— Transformace signalu

Rceptorovy potencial

— Generatorovy potencial  Receptor

Receptor
potential

AkEni potencial

Adekvatni podmét ( )

Neadekvatni podmeét e ||H ‘ | ‘
Mechanoreceptory \) sstnce meaz e —
Termoreceptory

Chemoreceptory
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Receptory/senzory

Meénic energie )
— Zachyceni signalu {\(‘\“\
— Transformace signalv— “‘\I S
, ‘(\b e“\l

Rceptors ‘\e C ) O

(o) L NgLe
Akt ot N\oda\\‘ae e

A\

Ade \59‘
Neade
Mechan o et
Termoreck
Chemorece
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Receptory/senzory

Meénic energie )
— Zachyceni signalu s‘:\(‘\“\
— Transformace signalv— “ \l
\‘0 N
s a“ e"
Reeptor="" @ . wata®
(o) L NgLe
Akt \L\Ia\\ Oda\\"—a ) \L(\e
el A
Ade \O A 93 2
Neade {\&3{\““ A o
*“a“ 1\‘3 i | 11 I ‘ II
Mechan Vdva orf rouron Time ———>
Termorect ’
Chemorece
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Receptory/senzory

Meénic energie )
— Zachyceni signalu ‘:\(‘\“\
— Transformace signd .b\‘\‘\l S
X\ xxN
Rceptor- ‘\'e av 0 (3“\:
e o““\ O ‘
ov W e ¢ o
Akt \k\|a N\Oda e ,\k6 o
\ka\.\lac ‘a«\e‘
Ade \ O R ?
N 0t
Neade oﬁwa _ya¥ \
*\‘3 1\‘3 ) e 1 A N B
‘e(\ , cas als |
Mechan \0 q’a“\\‘ <oy neuron Time— >
Termorect A ’
Chemorece
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Informace o intenzite

* Amplituda receptoroveho ...

potencialu je prevedena
na frekvenci akéniho
potencialu

Stimulus Stimulus

|

Receptor
potential

sensory \\__’ b | I

neuron Action potentials

in sensory neuron Time >

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

Neboli zména intenzity
stimulu vyvola zménu
frekvence AP

Stimulus o vysoké
intenzité muze
aktivovat vice
receptoruy, coz ma také
vyznamnou informacni
hodnotu

A Action Potentials of Summing Channel

Mo Stimulus, SR <10 PPS

EEI

—

Medium Intense Positive-going Stimulus

I

.

High Intensity Positive-going Stimulus

Time }.

http://neuronresearch.net/neuron/files/neuralcode.htm
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Informace o intenzite

Zavislost mezi receptorovym a akénim potencialem je logaritmicka

30 - .

—a
-tmw-n:.nm-qmmg
c o o o o o o o O
[ 1 T S [ § i s o [ S et e
P
=
|
»

=

1.1 1 e 1.3 1.4

Amplituda receptorového potencialu

Frekvence akéniho potencialu
o
|

b
=

0 20 40 60 g0 100

Intenzita stimulu Intenzita stimulu

http://slideplayer.cz/slide/3217923/



Informace o kvalite

Pravidlo Specifické Sensation Cell  Receptor
, . body Type

nervové energie: )

. . ¥ _AA
Kazdy senzoricky nerv  Touch Me°“ﬂ“°\j s -
vede |r.1ff)rmaC| 0 !ejdn,e TRPA1
modalite do specificke = TRPV1
mozkové oblasti, ktera  Pain —@ _Polymodal TREN2
informaci interpretuje ASICs
Labeled line coding Temp. —a Warm STRPV3

v e . . )
uréuje informaci o < TRPV4
kvalité .

o
Temp. —l} Cold TRPMS8

Stimuli

Innocuous
mechanical
forces

Noxious
stimuli

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

Exogenous Chemicals,
Noxious Heat & Cold )

Moderate
temperature
changes
( Warming & Cooling )

13
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Informace o kvalite

A SOMATOSENSORY

Hand
Fingers

Labeled line coding

Receptivni pole

Midline

Intra-abdominal .
-«— Lateral

Drazdéni nervu vyvola
odpovidajici viem

http://www.slideshare.net/drpsdeb/presentations 14
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Bl
| | =
L}

Receptivni pole

RUzna velikost, rizné
prekryvani
Malé receptorove pole —
vyssi rozliseni
RozliSovaci schopnost
zesilena lateralni inhibici
P
fll:.'-'_- Ill"ul -
'I | I' Skin suriace i
J L X R
e \ 1Y
[l g _H-';; :J-.‘:—_ I“:_ : -l.-f|l...-_r,'l '\M |I II|I

FLrers —

Jppear Y5 ——

‘|||||

w  Upper lip=

TRl

\\\_\Q&,_ a0le
Halliz =

0 10

http://www.slideshare.net/drpsdeb/presentations
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20 30

Mean threshold (rmm)
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Lateralni inhibice

Ay Stimulus Ay Stimulus

L Receplors

Skin— /\

z
Receptors 5
=
IIII ””” Illl € |Relay neurons
R
Neurons in Spgnmncgus A
relay nucleus ? ? firing rate
|||I ”I”I ”””llll Spatial distribution
of excitation
B, Stimulus B, Stimulus
Receplors
Skin— .y /\
D
Receplors 555_
@ |Relay neurons
S

Neurons in
relay nucleus

" —

Spatial distribution
of excitation and inhibition

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 recentarv — ruchla adantare — 7ména ctimiiln

Fa

Stimulus

|

Receptor

Axon of

sensory [l
neuron

Y

Stimulus

Receptor
potential

Action potentials
in sensory neuron

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

(a) Tonic receptors are slowly
adapting receptors that respond
for the duration of a stimulus.

(b) Phasic receptors rapidly adapt to a
constant stimulus and turn off.
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Receptory

Obecné
— Povrchové — somatosenzory
— Vnitrni — viscerosenzory

— Svaly, Slachy, klouby —
proprioceptory

Specialni
— Soucast smyslovych organ(



Receptory

Obecné
— Povrchové — somatosenzory
— Vnitrni — viscerosenzory

— Svaly, Slachy, klouby —
proprioceptory

Specialni
— Soucast smyslovych organ(

Mechanoreceptory
Termoreceptory
Chemoreceptory
Fotoreceptory



Receptory

Jednoduché
Komplexni P o e
- v T i
, TT—;" Free nerve .fl A iﬂh
Obecné R endings A R y
, Nerve enl:lin;_:l - & Receptor ,r!+ .
— Povrchové — somatosenzor cell VSynapse
— Vnitrni — viscerosenzory Unmyelinated |
. axon . Sensory
— Svaly, slachy, klouby — \ Myslinated afferent
proprioceptory 1 axon
(3 Cell bod
ey s )\3 ’ +— Cell body
Specialni ) Cell body . _
Soutast lowvch . e 0.5-2.0 12-30 (NP
— J0ucast smysiovych organu / misec m/sec
[
Mechanoreceptory }
A A}\l“
Termoreceptory £
{a) Simple receplors b} Complex neural receptors [c) Most special senses receptors are cells
are neurons with have nerve endings enclosed that release neuroiransmitter onto Sensory
C h e m 0 re Ce pto ry free nerve endings. in connective tissue capsules. neurcns, initiating an action potential.
FOtoreceptory http://www.slideshare.net/CsillaEgri/presentations 20



e Somatosenzitivni systém

* \Viscerosenzitivni systém

Somato/viscerosenzitivita a propriocepce

— Bolest
— Teplota
— Dotek

— Bolest, tlak
Propriocepce

— Poloha
— Pohyb

___Stimulus
B v
7=~ Free nerve A
T endings it “
Nerve Endin;_:| - =
Unmyelinated
l\ axon
! : .
‘-\‘ \ Myelinated
\ axon
> Cell bod
j-’b\%’ y +— Cell bodv
.';III
/ 0.5-2.0 12-30
/ misec m/sec
[
r"'.“- 1%
f""] -*:‘ 0

(a) Simple receptors {b) Complex neural receptors |
are neurons with have nerve endings enclosed
free nerve endings. in connective lissue capsules.

http://www.slideshare.net/CsillaEgri/presentations 21



Somato/viscerosenzitivita a propriocepce

e Somatosenzitivni systém

— Bolest
— Teplota
— Dotek

* \Viscerosenzitivni systém

— Bolest, tlak
* Propriocepce

— Poloha

— Pohyb

Vetsina informaci
nedosahne véedomi

___Stimulus
o -
1 (7= Free nerve e
T endings I
Nerve ending S
Unmyelinated
axon
\ " Myelinated
\ . axon
{1
3 Cell bod ;
fg 4 i+ Cell bodv
J .
0.5-2.0 12-30
/ misec m/sec -
[
A Ab

(a) Simple receptors {b) Complex neural receptors |
are neurons with have nerve endings enclosed
free nerve endings. in connective lissue capsules.

http://www.slideshare.net/CsillaEgri/presentations
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Somato/viscerosenzitivita a propriocepce

_ff,_.Etimulus
* Somatosenzitivni system —
\[#=— Free nerve N
— Bolest N endings od
. AN
— Teplota  Eyoluéni pohled Nerve ending "
— Dotek Unmyelinated '
. e, o ’ ’ daxXon
* \Viscerosenzitivni systéem ,
\ Myelinated
— Bolest, tlak axon
. Cell body }
° Propnocepce I+ Cell bodv
— Poloha 12-30
m/sec -
— Pohyb i
v, Vve o ’ XE;K?J\ '
Vetsina informaci s 4 S s tssans
Trr:ur;urﬁﬁunding& im mnﬂ:;w lis:gl.: capsules.

nedosahne véedomi

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

Z evolucniho pohledu jsou
nejdulezitéjsi informace o
potencialnim poskozeni organismu a
dle dlleZitosti se systémy vyvijely

— Bolest

— Teplota

- Stimulus
‘77 Free nerve AN
T endings it il
Nerve ending -
Unmyelinated
axon
\\ " Myelinated
, axon
> Cell bod
f\" , w+— Cell bodv
J
/ 0.5-2.0 12-30
/ misec m/sec
[
F Y
[ oy
A A

{a) Sinpln receplors
are neurons with
free nerve endings.

(b) Complex neural receptors |
have nerve endings enclosed
in connective lissue capsules.

http://www.slideshare.net/CsillaEgri/presentations 24
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Evolucni pohled

v . . N :
e Zevolucniho pohledu jsou __—muluy
nejdllezitéjsi informace o e
I v , . | == Free nerve faga
potencialnim poskozeni organismua -  endings Jid o
AN W
dle dulezitosti se systémy vyvijely Nerve ending "~
— Bolest
Unmyelinated
— Teplota t\ axon
o \ * Myelinated
* Somatosenzitivni informace \ . axon
nebolestivého charakteru predstavuji KB Cell body coll bod
. . ’ ! a oav
vyhodu pri adaptaci vdaném ;‘“
prostiedi / 0.5-2.0 12-30
/ mi/sec mi/sec
[
}‘
A AD
(a) Simple receptors {b) Complex neural receptors |
are neurons with have nerve endings enclosed
free nerve endings. in connective lissue capsules.
http://www.slideshare.net/CsillaEgri/presentations 25

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



Evolucni pohled

. ___Stimulus
P — v
' TLL_ Free nerve N
s
endings /"{) A
Nerve ending -~
Unmyelinated
axon
Myelinated
* axon
Cell bod _
d I3 Cell bodv

0.5-2.0 12-30
misec m/sec

( A\}_

(a) Simple receptors {b) Complex neural receptors |

are neurons with have nerve endings enclosed
free nerve endings. in connective lissue capsules.
http://www.slideshare.net/CsillaEgri/presentations 26
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Evolucni pohled

nehdule2|te15| infe

eC““

Struktura receptoru, nervovych
vlaken i drah odrazi evolucni stari

___Stimulus
. — t
- (7
'T‘;:_-Free nerve AN
n_l_\_‘ | r;
endings ,J i
Nerve Endlng -

Unmyelinated

axon
Myelinated
axon
Cell
ell body N3 cell bodv
12-30
misec

q
AND

are neurons with
free nerve endings.

[b) Complex néural réceptors |
have nerve endings enclosed
in connective lissue capsules.

http://www.slideshare.net/CsillaEgri/presentations 27
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Volna nervova zakonceni

Nespezializovana nervova
zakonceni

Polymodalni

— Nocicepce

— Termorecepce

— Mechanorecepce

A delta vlakna
C vlakna

___Stimulus
_— '
\[#=— Free nerve (7N
o endings ity “
Nerve Endin;_:| - =
Unmyelinated
axon
\\ " Myelinated
\ . axon
}'{j Cell bod )
.'f.
/ 0.5-2.0 12-30
/ misec m/sec
[
.f“ ), .f‘\ l
{a) Si'rlpln receplors [b] Complex neural receplors |
are neurons with have nerve endings enclosed
free nerve endings. in connective lissue capsules.
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Axons
from skin

Axons
from
muscles

Diameter
(nm)

Speed
(m/sec)

Sensory
receptors

Nervova vlakna

Aot

Group |

13-20

80-120

Propricceptors
of skeletal muscle

Al

35=-75

Mechanoreceptors
of skin

Ad

5-30

Pain,
tem perature

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

0.2-15

0.5=-2

Temperature,
pain, itch
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Nociceptory

* Volna nervova zakonceni 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.

30



Termoreceptory

Volna nervova zakonceni senzitivni na teplo

TRP kanaly (transient receptor potential)

Kazdy subtyp TRP kanalu citlivy na urcitou teplotu a

chemickou substanci

cinnamon y
%} camphor
horseradish‘* e .
garlic ‘“‘ print

e
TRPA1 TRPM8 TRPV4 TRPV3 TRPV1

s
3

-

*  Ankyrin binding repeat :
B TRP box
@ PDZ binding

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

Vnimani teploty dano pomérem aktivity raznych
termoreceptord

Freezing .14 ool 'Ndiffer- \warm Hot BUMMINg
cold ent glo)

10+ .25 Warmth
e ’
wreceptors

S 8- v '
: ;oo
) Cold-pain 2! H Heat-pain
o Y 1
2 44% \
3 .
a2 2-
£ . 1

. 1

I 1 I I I | 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 Physiclogy, 12th Edition
Copyright @ 2011 by Saunders, an imprint of Elsevier, Inc. All rights reserved.

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



Termoreceptory

B Dynamic temperature

Cold
fiber
= | |
Prevazne fazicka odpoved g i i
g : | Warm
: fiber
| L
/o
| |
| |
| |
o | |
c
o

Time

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

Jednoduché vs. Komplexni receptory

o
1 o

free

nerve endings
(pain, heat, cold) =

-l

Qi

-

Meissner
corpuscles

Merkel

disks \y E AN WP ISt \ /
ine 5 = R S Pacini
(sustam d touch, @ \E% E B
press . £ :,_:__ (rapid vibration)
K — v
(rapid.yibration) L2
FZ N e dermis Ruffini
% A endings
N : (deep
root hair plexus ressure
(movement of hairs) P )

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

Receptors

B Location

Receptive
field

<\

<

Meissner's
corpuscle

8

C Intensity and time course

Neural
spike train

Stimulus

<

<D

<

-l

Merkel
cells

g

Pacinian
corpuscle

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

Ruffini
endings



Kozni mechanoreceptory

Receptor Type Sensation Signals Adaptation
Meissner Encapsulated . ) ) - L )
corpuscle & layered Touch: Flutter & Movement Frequency/Velocity & Direction Rapid
et Encapsul_ated Touch: Vibration Frequency: 100-300 Hz Rapid
corpuscle & layered
R Encapsulated Touch: Skin Stretch Direction & Force Slow
corpuscle collagen
Hair follicle Unencapsulated Touch: Movement D"-e':t'[_m & Rapid
Welocity
Merkel SPEC'E_'I'EEd Touch, Pressure, Form Location & Magnitude Slow
complex epithelial cell
UEE “EWE Unencapsulated Pain, Touch, or Temperature Tissue dan_‘uager, Contact, or . [_:'EPE'_"dS Dr_'_.
Ending Temperature change information carried

http://neuroscience.uth.tmc.edu/s2/chapter02.html
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