5-6
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




Struktura nervového systému

Key: Central Nervous System (CNS)
= = S{ruciure = in and sné cord
W = Function B spnal

B Integrative and conirol centers

f '

Peripheral Nervous System (PNS)

B Cranial nerves and spinal nerves
B Communication Bnes between the CHE
and the rest of the body

/ N\

Sensory (afferent) division Motor (efferent) division
B Somatic and visceral sensony nerve fibers B potor merve fibers
# Conducts mpulses from recepiors B Conducts mpulses from the CHE
to the CNS to effectors (muscles and glands)
Sympathetic division Autonomic nervous Somatic nervous
m Mobiizes body systems during % system (ANS) system
activity ("fight or flght”) mvisceral motor (involuntary) W Somatic motor {voluntary)
B Conducts mpulses. from the # Conducts impulses from the
CHNEioc muscles, CHE to skeletal muscles

Parasympathetic division smooth muscles, and glands
B CONSENVes enengy -

m Promotes "housekesping”
Tumnctions. during rest

http://wikimedia.org/



Struktura nervového systému

b:EE.:EJI'l.l.':1l.l'1E" = {ms]

e - Brain and spinal cord .
N Integrative and control centers » ad\)\e v ed’\

PR PP Lagpet.
i b 0o
> - . P o S\I ‘\“
o\|e‘“ , O P\?
et
OS‘ o 1_ “
S AR A L,

system (ANS) system

m visceral motor (Ivwolmntary) W Somatic motor (vokuntany)

B Conducts mpulses. from the # Conducts impulses from the
CHNSioc muscles, CHME to skebetal muscles
smooth musches, and glands

http://wikimedia.org/



Receptory/senzory
Meénic energie
— Zachyceni signalu

Stimulus Stimulus

|

— Transformace signalu

Rceptorovy potencial
Generatorovy potencial Recerter

Akéni potencial Receptor
potential
Axon of “%\_” H ‘ ‘ ‘ ‘ ‘
Sensory L | | |
neuron Action potentials
in sensory neuron Time
]

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



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

Stimulus Stimulus

|

— Transformace signalu

Rceptorovy potencial

Generatorovy potencial Recerter

Receptor
potential

AkEni potencial
Adekvatni podmét
Neadekvatni podmet monot— e HH ‘ ‘ ‘

neuron Action potentials
in sensory neuron Time ———

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



Receptory/senzory
Meénic energie
— Zachyceni signalu

Stimulus Stimulus

|

— Transformace signalu

Rceptorovy potencial

Generatorovy potencial Reeeptor

Receptor
potential

Akcni potencial

Adekvatni podmét U
NeadEkVétnl' pOdmét Axon of /“%\_—) H‘ ‘ ‘ ‘ ‘
sensory
neuron .Action potentials LN
Mechanoreceptory s b Tiver——
Termoreceptory
C h e m O rece ptO ry http://www.slideshare.net/CsillaEgri/presentations

Fotoreceptory



Receptory/senzory

Meénic energie \
— Zachyceni signalu ‘:\(‘\“\
— Transformace signa \I S
ob“
. X\ N
Rceptors “e ) ) a(a“‘
G Obec \'\xa’{“'“\- ":a O}
Akc \k“a N\Oda\\ e- \kde
\ka\“ac
Ade \O
Neade |“
als | LN
M eCha n \ 0 neuron Time ——>»
Termorece
C h emorece http://www.slideshare.net/CsillaEgri/presentations
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Receptory/senzory

Meénic energie \
— Zachyceni signalu 5‘:\‘““\
— Transformace signa \I
ob“
’ a’ﬁ\ e‘N
Rceptore C“e , 93‘3“\»)
G Obe ; xa’{\\‘“\. . Co°
APV
L\ A I\
\\1oC e\
oo : , 3(3“\ 2
Ade \ o % “\OC .
'\,3“ 3\4
Neade \kﬂa“‘\ xR ) ‘
1 ) L | | |
c adls |
Mechant \(\‘ | gy TiRLIrON Time ——>
Termorece
C h emorece http://www.slideshare.net/CsillaEgri/presentations

Fotoreceptory



Receptory/senzory

Meénic energie
— Zachycenigsignélu X (‘\“\“
X\
— Transformace signal»—_ “‘\I S
’ a“\b e“\l
Rceptore C“e , 93‘3“\»)
G Obe ; xa’{\\‘“\. . Co°
AW 4R ge
W d I\
\1
Ade \'O\@\ o 93‘3“\062
Neade \k\'a‘\“‘ e \a ‘
1 +a5€ T
Mechan \“‘e r o\ €O euen Time— >
Termorece
C h emorece http://www.slideshare.net/CsillaEgri/presentations
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Informace o intenzité

A Action Potentials of Summing Channel

* Neboli zmeéna intenzity | ’ ’ ‘ ’ |
stimulu vyvola zménu

No Stimulus, SR < 10 PPS

frekvence AP

e Stimulus o vysoké =
i nte N Z|té m C| ze Medium Intense Positive-going Stimulus

aktivovat vice
receptoruy, coz ma také | ’ HHH“HHH ’ |
vyznamnou informacni

i

h Od N Ot u High Intensity Positive-going Stimulus

Time )

http://neuronresearch.net/neuron/files/neuralcode.htm




Informace o intenzitée

Zavislost mezi receptorovym a akénim potencialem je logaritmicka

30 - .

—1
-tmw.nc.nm-qmcog
c o o o o o g o O
[ R s e A [ o e S B o S A e
P
=
|
]

=

1.1 1 e 1.3 1.4

Amplituda receptorového potencialu

Frekvence akéniho potencialu
o
|

i
=

0 20 40 60 80 100

Intenzita stimulu Intenzita stimulu

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



Informace o kvalite

L4 PraVid IO Speciﬁcké Sensation Cell Receptor Stimuli

, . body Type
nervove energile:
" - : Innocuous

Ka zdv senzoric k»’/ nery Touch - Mechano\]’ 1 NN mefc;l:::ical
vede informaci o jedné

_, TRPA1

Noxious

modalité do specifické = % TRPV1 stimull
mozkové oblasti, kterg  Pain —@ _Polymoda ;‘;”"2 S
informaci interpretuje NS‘:"&"Q‘"’““"” Nortus et & Cold)
* Labeled line coding Temp. ~ Warm STRPV3
uréuje informaci o J3 TRPVA te:rtrs:{e:}éa;?e
kvalité ) (Warning & Coaling)
Temp. -} JCCoId TRPMS

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



Informace o kvalite

A SOMATOSENSORY

Labeled line coding p\\&\ |

Gums SRR

H 4 o Jaw L
Receptivni pole = [ . 5 T
I “, Phawnx \ Midline

;’I \\\ Intra-abdominal / - /
J \\ ~-— Lateral
Drazdéni nervu vyvola 3

odpovidajici viem

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



Receptivni pole

RUzna velikost, rlizné
prekryvani

Malé receptorove pole —
vyssi rozliseni
RozliSovaci schopnost
zesilena lateralni inhibici

= \’.' L= A { |
i< o |
Ny 'S r -— \ :Ll
| - '_M v\\,
f G 3
— DEnscey - S
L OnS - fjr" Y oyl .‘" -
o N '

-
e i
Shoulder

l \\.I—Li'ualr.'.

‘|||||

PS5 —
Upper lip—

_-l Back

‘\u_u&’_ Sole
HallL) 3 —t—

L 1 1 1 1
0 10 20 30
Mean threshold (rmm)

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



Lateralni inhibice

Ay Stimulus Ay Stimulus

L Receplors

Skin— /\

ey
Receptors 5
€ |Relay neurons
A
Neurons in _/\_
relay nucleus ? ? ﬁﬁggtfar:gﬂus _______
|||I ”I”I ”””l ||I Spatial distribution
of excitation
B, Stimulus B, Stimulus
l Recepiors
Skin—| /\

Receplors
Relay neurons

S —

Spatial distribution
of excitation and inhibition

Frequency

Neurons in
relay nucleus

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



Adaptace receptoru

Ubytek citlivosti receptoru navzdory trvani stimulu
Toncké receptory — pomala adaptace — pritomnost stimulu, poloha
Fazické receptory — rychla adaptace — zména stimulu

. _ s LA (a) Tonic receptors are slowly (b) Phasic receptors rapidly adapt to a
Fazicko — tonickeé - ... adapting receptors that respond constant stimulus and turn off.

for the duration of a stimulus.

Stimulus Stimulus

|

Receptor

Receptor

potential
Axon of “%\_4, H ‘ ‘ | ‘ ‘ |H
SEHSOW ( . E LI 1 | | T
neuron Action potentials
in sensory neuron Time ) Time
| |

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



Receptory

Obecné
— Povrchové — somatosenzory
— Vnitrni — viscerosenzory

— Svaly, Slachy, klouby —
proprioceptory

Specialni
— Soucdast smyslovych organt



Receptory

Obecné
— Povrchové — somatosenzory
— Vnitrni — viscerosenzory

— Svaly, Slachy, klouby —
proprioceptory

Specialni
— Soucdast smyslovych organt

Mechanoreceptory
Termoreceptory
Chemoreceptory
Fotoreceptory



Receptory

Jednoduché
Komplexni __—Aimuluy
, \e=— "Free nerve A ‘\Jm
Obecne ‘/ endings f'.‘ .: ,(/
Receptor - (@
, Nerve ending '~ -
— Povrchové — somatosenzory g cell & somares
— Vnitrni — viscerosenzory l _Unmyelinated L '
§ \\ axon 3 . Sensory
— Svaly, slachy, klouby — Myelinated ' afferent
proprioceptory \ " axon —
@ Cell body { . |
T4 V4 ~( % .J_f Ce” bOdy \
Specialni / Cell body
Souds lovvch - /0.5-2.0 1230 /. g
— Soucast smyslovych organu misec misec

r'

Mechanoreceptory f}\-,
£ /\\\
Termoreceptory § 4\
(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
C h e m 0 re Ce pto ry free nerve endings. In connective tissue capsules. neurons, Initiating an action potential,
FOtO rece pto ry http://www.slideshare.net/CsillaEgri/presentations



Somato/viscerosenzitivita a propriocepce

* Somatosenzitivni systém
— Bolest
— Teplota
— Dotek

* \Viscerosenzitivni systém
— Bolest, tlak

* Propriocepce
— Poloha
— Pohyb

©_ Stimulus

"=~ Free nerve

|
v
7\
.\\Y endings ’ﬂ/ i

Nerve endin‘é".»!'

t ~ Unmyelinated

\  axon
\
\\ 5 Myelinated
\ . axon
\
% Cell bod -
/‘F \ y 3 Cell bodv
/
/05-2.0 12-30
/  mlsec m/sec
f
\
R

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

froe nerve endings. In connective tissue capsules.

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



Somato/viscerosenzitivita a propriocepce

* Somatosenzitivni systém
— Bolest
— Teplota
— Dotek

e Viscerosenzitivni systém
— Bolest, tlak

* Propriocepce
— Poloha
— Pohyb

Veétsina informaci
nedosahne vedomi

.f'/\"“-
___Stimulus

{
v

7= Free nerve

N endings "(4 *,7}
Nerve ending "+~
~ Unmyelinated
axon
\\' N Myelinated
\ axon
\
/\:@ Cell body
{2+ Cell bodv
/ 0.5-2.0 12-30
m/sec mi/sec .»

;\
3} /\\}-
(a) Sknpi' receptors (b) Complex neural receptors

are neurons with have nerve endings enclosed
froe nerve endings. In connective tissue capsules.

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



Somato/viscerosenzitivita a propriocepce

* Somatosenzitivni systém
— Bolest

— Teplota  Eyoluéni pohled

— Dotek

e Viscerosenzitivni systém
— Bolest, tlak

* Propriocepce
— Poloha
— Pohyb

Veétsina informaci
nedosahne vedomi

P

©__ Stimulus
v

T Free nerve

N endings ’»(’/T *'.;:
Nerve ending "+~
___Unmyelinated
axon
\\ <N Myelinated
\ axon
\
m Cell body I3 Cell bodv
/0.5-2.0 12-30
m/sec m/sec »

;\
A AN
(a) Sknpi' 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



Evolucni pohled

* Zevolu¢niho pohledu jsou ©__—Stimulus
nejduleZitéjsi informace o e .
o v , . i | === Free nerve W
potencidlnim poskozeni organismua ™  endings 4
dle dillezitosti se systémy vyvijely Nerve ending -~
— Bolest
~ Unmyelinated
— Teplota \ axon
\\ N Myelinated
\ axon
\
Kg Cell body ‘.
I3+ Cell bodv
/
/
/0.5-2.0 12-30
m/sec m/sec

’l

)\ |
A /\\}-

(a) Shmpi. receptors (b) Complex neural receptors
are neurons with have nerve endings enclosed
froe nerve endings. In connective tissue capsules.

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

e Zevoluéniho pohledu jsou - —Rtimulus
nejduleZitéjsi informace o o r
i 7=~ Free nerve ’ ;

Nerve ending """

potencialnim poskozeni organismua Y  endings
dle dllezitosti se systémy vyvijely

— Bolest
~ Unmyelinated
— Teplota 5‘ axon
\
L, \\ N Myelinated
* Somatosenzitivni informace \ axon
. 7 v o/ \l —~
nebolestivého charakteru predstavuiji <& Cell body 5
, .. , ) ! Cell bodv
vyhodu pri adaptaci vdaném //
prostredi j,f" 0.5-2.0 12-30
/ misec m/sec
f
\
,AR\"\
(a) SM 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

* Zevolucniho pohledu jS Stimulus
nehdule2|te15| infe |

v

6“\ g "2 Free nerve i\
e o endings /!(/T *,’]
J Nerve ending" 4

~ Unmyelinated
axon

Myelinated

¢ axon

/" Cell bod -
9 y I3 Cell bodv

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

F

A AN
A A
(a) Simple receptors (b) Complex neural receptors

are neurons with have nerve endings enclosed
froe nerve endings. In connective tissue capsules.
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Evolucni pohled

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

Struktura receptoru, nervovych
vlaken i drah odrazi evolucni stari

__ Stimulus

{
¥
/J\

"7~ Free nerve
W endings i 4
\{ g 3

R &

.“.\1:-'-"

Nerve ending

l ~ Unmyelinated

\  axon
\
\\ Y Myelinated
\ . axon
\
2 Cell bod -
.\F/ g y .3+ Cell bodv
/
/
/ 0.5-2.0 12-30
/ misec m/sec
\
AN
,(Q] /\\!\

(a) Simple receptors
are neurons with
free nerve endings.

(b) Complex neural receptors
have nerve endings enclosed
In connective tissue capsules.
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Volna nervova zakonceni

Nespezializovana nervova
zakonceni

Polymodalni

— Nocicepce

— Termorecepce

— Mechanorecepce

A delta vlakna
C vldkna

___Stimulus
- |
- v
Y s 177
T Free nerve W\
Y endings ”(/*./;

Nerve ending """

[, ~ Unmyelinated

‘\ axon
\\ N Myelinated
\ axon
(P
/{% Cell body -
2+ Cell bodv
/
/
/ 0.5-2.0 12-30
,z" m/sec m/sec

’l

\
A
A AV
(a) Stmph receptors (b) Complex neural receptors

are neurons with have nerve endings enclosed
froe nerve endings. In connective tissue capsules.
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Axons
from skin

Axons
from
muscles

Diameter
(um)

Speed
(m/sec)

Sensory
receptors

Nervova vlakna

Ao

13-20

80-120

Proprioceptors
of skeletal muscle

|

-

Mechanoreceptors

Ap

6-12

35-75

of skin

Ad

=5
1-5

5-30

Pain,
temperature
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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.



Termoreceptory
Volna nervova zakonceni senzitivni na teplo

TRP kanaly (transient receptor potential)

Kazdy subtyp TRP kanalu citlivy na urcitou teplotu a
chemickou substanci

0 10 20 30 40 50 60
L N S e S s S—
cinnamon y
%\ camphor
horseradish e . 23‘; ‘\‘I

garlic w it '/{k -'/{'

TRPA1 TRPM8 TRPV4 TRPV3 TRPV1 TRPV2

® Ankyrin binding repeat @
B TRP box
@ PDZ binding

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



Termoreceptory

Vnimani teploty dano pomérem aktivity riznych
termoreceptord

Freezing 014 cool 'Ndiffer- \yarm Hot Burning

cold ent hot
101 »2 % Warmth
'g 8- ,' wreceptors
§
3 '
g;_ Cold-pain K Heat-pain
.
g 41
0
- A3
- Il I I 1 I I 1

) 1 I 1
5 10 15 20 25 30 35 40 45 50 55 6
Temperature (°C)

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

B Dynamic temperature

Cold
fiber
= ! |
Prevainé fazicka odpovéd g i i
%J : | Warm
: fiber
| L
Vi
: i
| |
| |
e | I
= ! '
3
o

Time
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Kozni mechanoreceptory

Jednoduché vs. Komplexni receptory

L o
<1

epidermis
(2487
free

nerve endings —
(pain, heat, cold) [

.-

< ) ‘) rA
\"\ s
l ) y

Meissner
corpuscles
; (slow vibration, texture)
Merkel e G W ' %
disks - 3 3\ R
ne <3 Pacini
(sustain d touch, / Pacinian
press X ra ) o8 (rapid vibration)
W 7 ST . . DN
Krause b ke / , .
end bulbhs 3
(rapid yibration)
LA

-

TR &
O
.

P

root hair plexus

Ruffini
endings
Sy (deep
(movement of hairs) pressure)
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Kozni mechanoreceptory

Receptors

B Location

Receptive
field

%

(/—\\;

C—\\;

D

%

-

Meissner's
corpuscle

C Intensity and time course

Neural
spike train

Stimulus

Merkel
cells

Pacinian
corpuscle

.
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Kozni mechanoreceptory

Receptor Type Sensation Signals Adaptation
Meissner Encapsulated . . . - e -
corpuscle & layered Touch: Flutter & Movement Frequency/Velocity & Direction Rapid
el Encapsul_ated Touch: Vibration Frequency: 100-300 Hz Rapid
corpuscle & layered
0T Encapsulated Touch: Skin Stretch Direction & Force Slow
corpuscle collagen
Hair follicle Unencapsulated Touch: Movement D"Ed'[_m & Rapid
Welocity
Merkel SPEC'E.'I'EECI Touch, Pressure, Form Location & Magnitude Slow
complex epithelial cell
R '!EWE Unencapsulated Pain, Touch, or Temperature Tissue da"j"agﬁf’ Contact, or . I;}epe-_nds. Dr_'_.
Ending Temperature change information carried

http://neuroscience.uth.tmc.edu/s2/chapter02.html
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Meissner’s corpuscles

Kozni mechanoreceptory

Skin suface

f
" |
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Pacinian corpuscles

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

Fingers

\
1

(i

"1

:Urear'lm
|
| Forehead
LA Cheak ——
Upper N S —
arem ?.J UpDes ip) —f—
Shouldef
1
! — Bresast
{ !
Il Back
—Belly

Calf

L\@_

S0le
Haliiy —

0

10 20 30 40

Mean threshold (mm)

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



