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(1) Somato-sensoricky
systém
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. Mechanoreceptors
Skin tactile sensibilities (epidermis and dermis)
Free nerve endings
Expanded tip endings
Merkel’'s discs
Plus-several-othervariants
Spray endings

Ruffini’'s endings
Encapsulated endings
Meissner’s corpuscles
Krause’s corpuscles

Hair end-organs

(Deep tissue sensibilities, Free nerve endings, Expanded tip
endings, Spray endings, Ruffini’s endings, Encapsulated endings)

Pacinian corpuscles
Plus a few other variants

Muscle endings
Muscle spindles
Golgi tendon receptors

Hearing
Sound-receptors-ofcochlea
Eauilibei

Vestibularreceptors
Arterial-pressure
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Il. Thermoreceptors
Cold

Cold receptors
Warmth

Warm receptors

lll. Nociceptors
Pain
Free nerve endings

Mechanorecepce —
receptorove
organy
(seznam ®)



Kozni receptory hmatu

RECEPTOR STIMULUS LOCATION STRUCTURE ADAPTATION
Free nerve endings Temperature, noxious Around the hair roots and Unmyelinated Variable
stimuli, hair movement | under surface of skin nerve endings
Meissner’s corpuscles Flutter, stroking Superficial layers Encapsulated in Rapid
of skin connective tissue
Pacinian corpuscles Vibration Deep layers of skin Encapsulated in Rapid
connective tissue
Ruffini corpuscles Stretch of skin Deep layers of skin Enlarged nerve Slow
endings
Merkel receptors Steady pressure, Superficial layers Enlarged nerve Slow
texture of skin endings

— A, KoZni senzory —
neochlupeni

kiize
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Kozni receptory hmatu

— A, Skin sensors

Hairless skin Hairy skin
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Kozni receptory hmatu

RECEPTOR STIMULUS LOCATION STRUCTURE ADAPTATION
Free nerve endings Temperature, noxious Around the hair roots and Unmyelinated Variable
stimuli, hair movement | under surface of skin nerve endings
Meissner’'s corpuscles Flutter, stroking Superficial layers Encapsulated in Rapid
of skin connective tissue
Pacinian corpuscles Vibration Deep layers of skin Encapsulated in Rapid
connective tissue
Ruffini corpuscles Stretch of skin Deep layers of skin Enlarged nerve Slow
endings
Merkel receptors Steady pressure, Superficial layers Enlarged nerve Slow
texture of skin endings

RA = Rapid Adaptation
SA = Slow Adaptation

Hairless skin Hairy skin

Horny layer |
Epidermis g

— A. Skin sensors

e

Dermis




P = proporcionalni sensor

D = derivacni (diferenCni sensor)

[D2 = akceleracni (sensor druhé diference)]
| = integracni sensor

PD , PDI, atd = smiseny sensor

RA = Rapid Adaptation
SA = Slow Adaptation



P = proporcionalni sensor
D = derivacni (diferenCni sensor)

[D2 = akceleracni (sensor druhé diference)]
| = integracni sensor

PD , PDI, atd = smiseny sensor
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— B. Response of skin sensors for pressure (1), touch (2) and vibration (3)

T T A MW

Rate of weight change

L

T T T
Action potentials (impulses)

2{}1 2
10
SR
= R
1= -
0.1 1 10
Rate of pressure change

(mmys)

Rate of velocity change

-
20 40 80 200400
Vibration frequency (Hz) 9

(After Zimmermann & Schmidt)

20




Slachova téliska a kloubni receptory

— D. PD proprioception: Response to velocity

and angle of joint flexion (text on next page)

1 Flexion

Fast

(17

Medium
Slow

7

3{}III
E._ [} sensor
<
20
Same
end position
10
5 & I3, A5

(After Boyd & Roberts)

Time (s)

2

AP/s

30

20

10

i

Angle
Wide
Medium

/’ N
/

Same flexion velocity

P sensor

Different
end position

0

-

5 10 15
Time (s)

10



Slachova téliska a kloubni receptory
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Figure 47-12

Typical responses of five different thalamic neurons in the thala-
mic ventrobasal complex when the knee joint is moved through
its range of motion. (Data from Mountcastle VB, Poggie GF, Werner
G: The relation of thalamic cell response to peripheral stimuli 11
varied over an intensive continuum. J Neurophysiol 26:807, 1963.)



Termoreceptory

1. Chladove, < 36 st. C
2. Tepelne > 36st. C

3. Nahorké>45st. C
(= VR1, TRPV, vaniloidove,
kapsaicinoveé receptory)

lon channels: TRP = transient potential.

Group 1 includes TRPC ( "C" for canonical),
TRPV ("V" for vanilloid),

TRPM ("M" for melastatin),

TRPN ("N“= No mechanoreceptor potential C),
and TRPA ("A" = ankyrin, mechanoreception).
In group 2, there are TRPP ("P" for polycystic)
and TRPML ("ML" for mucolipin)
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Ke hmatu a somato-
senzorickemu systému je
treba jeste doplnit popis
nervovych drah - viz
anatomie...
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Areas of innervation
(left, nerve roots [dermatomes));
nght, cutaneous nerves)

Free nerve endings

(presmue) (pain, temperature)
Meissner's

corpuscles

Arrector m

N~ R 43

Deep sensation o Pain,
(proprioception) Vibration Touch, pressure temperature
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Lateral
spinothalamic
tract

Amterior
spinothalamic
tract

Spino-
cerebellar
tract

Water-Pacini

fnrmlrn-!l

Thalamocortical tract
Postcentral gyrus,

somatotopy

Cerebellum

Anterior and
posterior

1 spinocerebellar
tracts

Medial
laminfscus

Mucleus gracilis {leg),
nudeus cuneatus (arm}

Posterior colurmn

Antero-
lateral
calurmn

Ventral postero-
lateral nucleus of
thalamues

Areas of innervation
{left, nerve roots [demmatomes();
right, cutaneous narves)

Free nerve endings
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— D. Hemiplegia

Right half of spinal cord

i

Motor
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Anterolateral vs.
Dorsal Column Medial Lemniscal

« Medial lemniscus enter spinal cord, ipsilateral dorsal column
->medulla=> synapse on dorsal column nuclei=» cross midline
-» ascend to contralateral thalamus

* Anterolateral system information crosses in spinal cord

= Unilateral spinal cord lesion
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(2) Bolest (uvod)
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— A. Peripheral Mechanisms of Pain

Injury

Pathogen

y

Leukotrienes

¥y ¥
Sensitization

2> Inflammation <«

N T

Histamine

Necrosis

N\

Vasodilation,

N

J’ PGE; —|—>yascular permeability 4

\

Edema formation

Y

Tissue pressure ¢

e

l ey

Blood clotting
\ — Proteins
Bradykinin Serotonin

>

> Ischemia

\

Nociceptors

L carP.SP < NN\

Non-noxious
stimuli

Noxious
stimuli

Hyper-
algesia

Allodynia

> Pain

CGRP (Calcitonin-gene related peptide), SP (Peptide substance)
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Poskozeni tkané vetsinou vyvola bolestivou senzaci

Bolest:

1 je varovny signal, varuje pred poskozenim tkane
2 muze napomoci diagnostice a lokalizaci patologii
3 muze byt patologicka, obtézuje

Césti bolesti
Algothymicka slozka je emocionalni doprovod bolesti
Algognosticka slozka rika, kde a ,co" a jak nas boli

Je vice druhu bolesti, které jiz nemaiji ucel varovani,
postradaji hodnotu signalu, neurologicke vysetreni

byva v norme, to jsou ...neuralgie

Psychofyzikalné: - neni vztah mezi intenzitou podnétu a intenzitou viemu

-je plynuly pfechod mezi riznym typy hmatové a bolestivé stimulace

simrani, ostry dotek, teplo, chlad

svédeéni, pichnuti, opareni, omrznuti

co svédi, musi se Skrabat (?), ... [Fenistil — antihistaminikum, antipruriginosum] 21



Jak lide demonstruji To je asi
schopnost snaset  trochu
bolest? ~PI€rcing politicky

_ -tetoyani nekorektni?
-viz napr. VS profesor,

malir, JUDr.Vladimir Franz




...a to nas privadi k dalsi otazce

Citi bezobratli bolest podobne jako savci?

Citi hmyz bolest podobne jako lide?

23 z 11



CZ: belasek zelny

LT: Pieris brassicae
Citi bélasek zelny bolest? EN: cabbage

white butterfly

24




CZ: kudlanka nabozna Citi samecek
kudlanky nabozne

LT: Mantis religiosa pgjest?
EN: praying mantis




Mechanorecepce/ hmat/ bolest u
CZ: octomilky obecne,
EN: fruit fly,

L T: Drosophila Melanogaster




Soustredime svou otazku
na tento modelovy system
(octomilku/ Drosophilu)

Jak je to s bolesti u dospeleé
octomilky a u jeji larvy?
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Odpovéd:

Jak je to s bolesti u
octomilky/ bezobratlych:
neni to tak jednoduche, jak
se jesté donedavna soudilo

28 z 11



Bolest je modifikovana

predchozi zkusenosti
sugesci
emocemi, specialne strachem

soucasnou aktivaci dalsich smyslovych
vstupu

zamerenim pozornosti

29



Bolest
vyvola
aktivaci

piijem
dal3i vedeni
a vypracovani

poskozujiciho
signalu

« sympatického nervstva
vazokonstrikce, hypertenze, tachykardie,
poceni, zblednuti, husi kuize, mydriaza

« parasympatiku

hypotenze, bradykardie, nausea/ zvraceni
« motorickou odpoved

e a alteraci vedomi

senzoricko-
diskriminacni
komponenta

afektivni -
(emocionalni) P
Komponenta

vegetativni
(autonomni)

projevy bolesti
(psychomotorické
komponenta komponenty)

motoricka T
komponenta -



Typy bolesti, fenomenologie

klasifikace bolesti podle pri¢iny
*Nociceptorova (nociceptivni)
*Periferni neurogenni (neuropaticka)
«Centralni neurogenni

*Bolest dysautonomni — z dysfunkce
sympatiku

*Visceralni

*Psychogenni

Akutni bolest
-je vyvolana identifikovatelnymi podnéty
-je kratkodoba

-prestava, kdyz je zhojeno poraneni tkani,
které ji zpUsobilo

-vetSinou se neopakuje

Chronicka bolest

-trva déle nez 6 mésicu

-priCiny nemusi byt vzdy identifikovatelné

-intenzita bolesti je vzdy vyssSi nez
odpovida intenzité stimulace

-zpusobuje velké télesné i dusevni utrpeni

-zhorSuje kvalitu zivota 31



Nociceptory, bolestive receptory = dedikovaneé

receptory, iontové kanaly a volna nervova zakonceni

They are sensitive on the pH changes (pH in
acute abscess, phlegmona reaches 5,8 = pain, pH in chronic
abscess is normal, without pain)

Nociceptors register the ratio K*:Ca?*
(treshold for pain is lower in the lower Ca?* level in ECV)

evoking inflammation are (permeability of vessel wall, oedema)
histamin, bradykinin, serotonin

direct influence of free-nerve endings:
potassium, histamin, bradykinin, serotonin

sensitisation of nociceptors:
prostaglandins, esp. PgE,, interleukin-1,
interleukin-6, cyclooxygenases (COX-1, 'COX- -2)

From activated free nerve endings P-substance is released.

It influences vessel wall (vasodilation, permeability of vessel
wall, oedema) and mast cells (release of histamin after degranulation). *



Typy vilaken vedoucich bolest

C-fibres — without myelin sheets, action potentials are
convected slowly, fibres convect deep, nonaccurate localized,
diffuse pain

Ad-fibres — with thin myelin sheet, fibres mediate
fast conduction of sharp, accurate localized pain

Aa/AB-fibres — large myelinated. Fibres do not
convect nociceptive stimuli, they mediate tactile stimuli

Afferent fibres enter dorsal spinal roots. In this region exist
excitatory and inhibitory interneurons. Inhibitory interneurons gate
the passage of information into thalamus and cortex.

33



Podnéty vyvolavajici bolest
-chemicke

-endogenni mediatory zanetu
(bradykinin, prostaglandiny, serotonin,
histamin, K+, H+, lI-1=Interleukin)

-exogenni latky (kapsaicin, formalin)
-tepelne
-poskozujici teplota nad 42°C

-mechanickeé

34



Co se deje pri bolestivé cApsA\,C
stimulaci

e aktivuji se tetrodotoxin rezistentni (TTX-R) kanaly

e uvoliuje se z poskozenych bunék ATP a pUsobi
jako mediator bolesti. Receptory ATP jsou
purlnove receptory (PZX)

e aktivuji se vaniloidove receptory (VR,) . receptory
pro kapsaicin, které se aktivuji i pfi poskozujici
teploté nad 42°C a pH < 6.5

e aktivuji se ASIC kanaly - acid sensing ion

channels, kterée se uplatnuji zejména pri poklesu

pH < 6.5

e upreguluji se postsynaptické receptory pro
excitacni transmitery - glutamat (NMDA) a
substance P (NK,)

35



Vratkova teorie bolesti — misni Uroven
Gate control theory

CENTRAL

CONTROL *l

GATE CONTROL SYSTEM

[AalB] —K,
BT =+ ACTION
z v SYSTE

s

pomala

rychla

Substantia gelatinosa
Il. a lll. Rexedova zéna

36



Opioidni systém

nigrostriatalni a mezolimbicky
dopaminergni

= ovlivnéni motoriky a systému odmeény
hypotalamo-hypofyzarni

= modulace hormonalni sekrece
ascendentni a descendentni drahy
= modulace bolesti

= ascendentni — micha, talamus

= descendentni — PAG, rafealni jadra

37



Z0O0 receptord...
Endogenni opioidy

B-endorfin (31 aminokyselin) -
Endomorfin (4 aminokyseliny) - u

Leu-enkefalin (5 aminokyselin) - & amidy a estery mastnych
Met-enkefalin (5 aminokyselin) - & kyselin

Dynorfin (A 1-8, B 1-17) -« anandamid

nociceptin/ orfanin palmitoyl-etanolamid PEA
nocistatin Receptory CB1 a CB2

presynaptické receptory CB1 v PAG a RVM

. inhibice uvolfiovani neurotransmitersi  SENZoricky neuron
« | Ca?+ CB2 ve strukturach

imunitniho systému
FAAH — hydrolaza amidt MK
uplatnuji se takeé ve vnitrnim

uchu a ve sluchové draze
38

postsynaptickeé receptory
= 11 K* vodivost — hyperpolarizace
membrany



Typy bolesti, fenomenologie lokalizace




Headovy zony, Prenesena bolest

Diaphragm
(C4)

Heart
Oesophagus — (T3 and T4)

TdandT5) |

Liver and ___‘L./-!SIGFHHCH (T8)

gantﬂadder.“l~

(T8-T11)

Small intestine

(T10)

Colon (T )




— B. Referred Pain

7 ‘\1 Converging P ‘r"e n e S e n é a

- ¢ Ve neurons
farction 7N <= /

A | | patologicka bolest
NS

Dalsi patologicke
,senzace” (to je
anglicismus: sensation)

Pain sensation

S bolesti hlavy,
Contusion neuralgia n. trigemini,

2
Projected pain

migréna,...

| 3 Phantom pain 41




Priblizna lokalizace senzorickych, afektivnich

a kognitivnich slozek bolesti

_POCIT POCIT
NEPRIJEMNOSTI BOLESTI

POCIT
OHROZENI

AUTONOMNI A
NEUROENDOKRINNI
REAKCE




PREFRONTALNI

= Lokalizace
vedeni bolesti
v ramcl drah

CNS

MOZKOVA KURA

THALAMUS

YPLAYPAi=¥

PODKOROVE STRUKTURY
(VARCLOY MOST,
PRODUOUZENA MICHA)

TRACTUS
SPRNOTHALAMICLS
VINTROLATERALSS

PATERNI MicHA
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— C. Pain Relief

Perception
Suffering
5
Anesthesia, lamus
alcohol
Central
Morphine L grey matter
Raphe
Electroacupuncture, 3 ] nuclei
transcutaneous Associated
nerve stimulation autonomic
Morphine reaction, motor
Cooling, e
Na" channel blocker <>— Anterior
column
<i>——t— Inhibitory
pain tract
72k 6
Cooling, Traps-
PGE synthesis ection
inhibitor

Moznosti

boje proti bolesti
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(3) Chemorecepce
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Dale prijde...
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