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Smysly

prijimaji urcity druh podnétu (informaci):

. z vnejsiho prostredi pomoci exteroceptoru
. Cich, chut, zrak, sluch, hmat a bolest
. z vnitrniho prostredi pomoci interoceptoru
. polohocit, bolest, vnitrni prostredi

* na hranici obou stoji vnimani rovnovahy
vhimani pohybu téla je zalozeno na interoceptorech a na vyuziti setrvacnych
sil ve vnitfrnim uchu

obecné déli se na:

* primarni —receptorem je prfimo neuron

e sekundarni (epitelové) — receptor je epitelova bunka podlozena
dendritem



Receptory smyslovych organu
morfologicka klasifikace

* 1/ primarni smyslove bunky — modifikované neurony (Cich, zrak)

* periferni zakonceni aferentnich neuronu (hmat, bolest, vnitfni prostredi)
e a) opouzdrena
* b) volna

« 2/ sekundarni smyslove bunky — modifikované epitelové bunky (chut,
sluch, rovnovaha)



Receptory smyslovych organu
funkcni klasifikace

1. fotoreceptory — svetlo

2. chemoreceptory — chut, Cich, koncentrace latek v telnich
tekutinach

3. mechanoreceptory
audioreceptory — zvukove viny
proprioceptory — poloha v prostoru, napeti
dalsi mechanoreceptory — tlak, dotek, vibrace

4. termoreceptory — teplo, chlad
5. nociceptory — bolest



Chemoreceptory

organ chuti

organ Cichu

ostatni chemoreceptory (glomus caroticum, chomackove bunky
DC, nervova zakoncCeni ve strevni vystelce, bunky kanalku
nefronu se sensorickymi rasinkami)



Chut (Gustus)

recky: geusis

https://www.baamboozle.com/game/621665



Chut

sekundarni receptory
receptorova bunka L>
1. neuron chutové drahy

ve sliznici hrazenych papil jazyka
(sefazenych do tvaru pismene V & parstina
tesne pred sulcus terminalis

linguae) papillas

foliatae ———

kofen jazyka
(lymfaticka tkan)

papillae
vallatae

télo jazyka

rovnéz ve sliznici houbovych a listovych papil

| ve sliznici mékkého patra, patrovych obloukd,
zadni stény hltanu, plicae glossoepiglotticaea -
hrtanové priklopky apravls arJIF Stetinek

hrot jazyka

https://www.stefajir.cz/jazyk-obecne-informace



Chut

smysl rozpoznavaci a obranny
chemoreceptory — latky rozpustéene ve vodé

slané
sladké
kyselé
horké
umami

(vapnikove)
(tukové)
(Skrobnaté)



Slané Sladké Horké

e ,zdroj mineral(“ e ,zdroj energie”  ,jedovaté”
* predevsim latky organického ¢ organicke latky a soli
plvodu - jednoduché cukry; horciku

latky pouzivané jako sladidla

Umami

e ,zdroj bilkovin“
* nékteré aminokyseliny a jejich soli (zejména

Kysel€
YSele glutamova a inosilova) a ribonukleotidy

e  nezralé Ci zkazené”
e vodikovy kationt

https://www.lidovky.cz/orientace/veda/odpurci-soleni- https://parentingfirstcry.com/articles/vinegar-
ztraceji-jistoty-skodi-tedy-sul-
zdravi.A110808_163907_In_veda_mev

https://svethomeopatie.cz/cs/631-jak-se-zbavit-chuti-na-  https://www.health.harvard.edu/staying-healthy/harvard-researchers-red-meat- https://www.stramis.cz/pivo
pregnancy-test-process-accuracy-and-results/  sladke consumption-tied-to-early-death
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Abstract

This review summarizes research on sensory and behavioral aspects of calcium
homeostasis. These are fragmented fields, with essentially independent lines of
research involving gustatory electrophysiology in amphibians, ethological studies in wild
birds, nutritional studies in poultry, and experimental behavioral studies focused
primarily on characterizing the specificity of the appetite in rats. Recently, investigators
have begun to examine potential physiological mechanisms underlying calcium intake
and appetite. These include changes in the taste perception of calcium, signals related
to blood calcium concentrations, and actions of the primary hormones of calcium
homeostasis: parathyroid hormone, calcitonin, and 1,25-dihydroxyvitamin D. Other
influences on calcium intake include reproductive and adrenal hormones and learning.
The possibility that a calcium appetite exists in humans is discussed. The broad range of
observations documenting the existence of a behavioral limb of calcium homeostasis
provides a strong foundation for future genetic and physiological analyses of this

behavior.
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Oleogustus: The Unique Taste of Fat @
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Abstract

(Considerable mechanistic data indicate there may be a sixth basic taste: fat.
However, evidence demonstrating that the sensation of nonesterified fatty
acids (NEFA, the proposed stimuli for “fat taste”) differs qualitatively from
other tastes is lacking. Using perceptual mapping, we demonstrate that
medium and long-chain NEFA have a taste sensation that is distinct from other
basic tastes (sweet, sour, salty, and bitter). Although some overlap was
observed between these NEFA and umami taste, this overlap is likely due to
unfamiliarity with umami sensations rather than true similarity. Shorter chain

Signln v Register similar to sour, but as chain length increases
F American oral signaling, and the different signals caused
pocisty oy may hold implications for food product

Mutrition

nd public health policy.
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Carbohydrate Taste Sensitivity Is Associated with
Starch Intake and Waist Circumference in Adults

Julia YQ Low, Kathleen E Lacy, Robert L McBride, Russell SKeast @  Author Notes
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Abstract

kg Recent studi proposed that humans may p P
carhohydrates and that sensitivity to simple carbohydrates is independent of
sensitivity to complex carbohydrates. Variation in oral complex carbohydrate
sensitivity may influence food consumption.

Objective: Th imed to investigate th bt 1
complex carbohydrate sensitivity, and dietary intake in adults
Methods: We assessed oral sensitivity to complex carbohydrates (maltodextrin
and oligofructose) by measuring detection thresholds (DTs) and
suprathreshald intensity perceptions (STs) for 34 participants, including 16
men (mean : SEM age : 26.2 + 0.4 y; range: 24-30) and 18 women (age: 20.4 =
2.1y; range: 24-55y). We also measured height, weight, and waist

3 (WC) and particip 4-dfood diary anda food-
frequency questionnaire.

Results: Measurements of oral sensitivity to complex

fathcocidtnichice popacterifiod Bt ocid
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Pigs Ferment Enzymatically Digestible Starch
when it Is Substituted for Resistant Starch

High Pancreatic Amylase Expression Promotes.
Adipesity in Obesity-Prone Carbohydrate-

Sensitive Rats

Replacement of Refined Starches and Added

significantly correlated with WC and dietary energy and starch intakes (DT: r =
—0.38,P < 0.05; ST: r= 0.36-0.48, P = 0.05). When participants were grouped
into tartiles, there were significant differences in WC and total energy or starch
intakes for those who were more sensitive or experienced high intensity
compared with those who were less sensitive or experienced low intensity.
Being more sensitive or experiencing high intensity was associated with greater
energy (7968-8954 kJ/d) and starch (29.1-29 8% of energy) intakes and a
greater WC (88.2-91.4 cm) than was being less sensitive or experiencing low
intensity (6693-7747 ki/d, 20.9-22.2% of energy, and 75.5-80.5 cm,
Tespectively).
C i ipl sensing i ith WCand

i in adults. This trial was
registered at anzctr.org.au as ACTRN12616001356459.
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Dalsimi vjemy, které se podili na celkovém vnimani chuti potraviny jsou viemy bolestive - to
je podstatou palcivosti potravin, tedy "chuti pikantni". Latky zpusobujici palCivost drazdi
receptory bolesti v dutiné ustni. DalsSi receptory nam zprostredkuji viem tepelny a viem
nmatovy - jim rozliSujeme konzistenci potraviny

Pikantni

Vyraz pochazi z francouzského "piquant”, tedy
ostry. Do francouzstiny se slovo dostalo
pravdépodobné ze zakladu latinskych slov "pica"
(straka) a "picus" (datel), tedy ptaku s ostrymi
zobaky. Koreny slova zrejme vychazeji z jesté
starsiho indoevropskeho vyrazu "piko", coz
znamena néco Spicateho, ostrého.

https://prkynko.cuketka.cz/suroviny/mrkev/
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sladké

Zur Psychophysik des Geschmackssinnes
https://books.google.cz/books?id=FmAUAQAAIAAJ&pg=PA1&redir_esc=y&hl=cs#
v=onepage&q&f=false?xid=PS_smithsonian



Circumvallate
a Taste pore

Foliate
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Figure 1 | Taste-receptor cells,
buds and papillae. a, Taste buds
(left) are composed of 50-150
TRCs (depending on the species),
distributed across different
papillae. Circumvallate papillae
are found at the very back of the
tongue and contain hundreds
(mice) to thousands (human) of
taste buds. Foliate papillae are
present at the posterior lateral
edge of the tongue and contain a
dozen to hundreds of taste buds.
Fungiform papillae contain one
or a few taste buds and are found
in the anterior two-thirds of the
tongue. TRCs project microvillae
to the apical surface of the taste
bud, where they form the ‘taste
pore’; this is the site of interaction

with tastants. b, Recent molecular
\‘ N, and functional data have revealed

that, contrary to popular

belief, there is no tongue ‘map’:

b responsiveness to the five basic

/ modalities — bitter, sour, sweet,
salty and umami — is presentin
all areas of the tongue®****"*,

'Howard Hughes Medical Institute and Departments of Neurobiology and Neurosciences, University of California at San Diego, La Jolla, California 92093-0649, USA. *National Institute of

Dental and Craniofacizl Research, National Institutes of Health, Bethesda, Maryland 20892, USA.

288
©2006 NaturePublishing Group

Chandrashekar, Jayaram & Hoon, Mark & Ryba, Nicholas &
Zuker, Charles. (2006). The receptors and cells for mammalian
taste. Nature. 444. 288-294. 10.1038/nature05401.
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CHUTOVY POHAREK
epitelova bunka

chufovy pér . /7

tmava Jm

podpturna buitka - ;

" 4

smyslova buiika periferni vétev axonu

prechodna -~ aferentniho neuronu
smyslova buika



dliouhé mikroklky kratké mikroklky jeden dlouhy a tlusty

mikroklk
apikalni
struktura
50 % 35 % do 10 %
receptory sprazené kanaly Na+, H+
s gustducinem
horko, sladko, umami slano, kyselo

R B éﬁ@

podélny rez pricny fez ~ podélny fez pricny rez podélny rez  pricny fez
apikalni tmava granula velké sférickeé jadro uzce vietenovity tvar
TMA\[A i} SV'ET.LA - PRECHQDN{\
PODPURNA BUNKA SMYSLOVA BUNKA SMYSLOVA BUNKA

kontakt s purinergnimi
zakonc¢enimi pomoci ATP typicka synapse
(mechanismus uvoliovani neznamy) ATP

BAZALNI BUNKA



o

o

- 49 -

=l i e Al e
ot A




o

s,
‘»

I =tmave’ podpurne bunky. -

| = svétlé smyslove bunky.
Ill'=pfechodna’smyslova bunké‘
Sipky = nervova Viakpa? * i
’TP = porus gustatoru,'rk « A




Chutova draha — trineuronova draha

V4 o Derivates ) Will form anterior Foramen cecum Terminal
= of pharyngeal Arch Aortic Cranial Distal tongue bud Foramen cecum two thirds of tongue sulcus
1.neuron: cestou hlavovych nervu ESES e amtom
fan \ tongue
i bud

. external __\_mand trigeminal CoPula
r f i — dit A
- predni 2/3 jazyka (= dorsum linguae) @ @ B U

—n. lingualis —chorda tympani —n.
iIntermedius — n. VIl —nuclel tractus
solitarii

« zadni 1/3 jazyka (= radix linguae) —n.
IX —ganglion inf. et sup. n. IX —nuclei G- astinele R -

Hypopharyngeal 4 weeks 5 weeks Will form posterior 6 weeks
eminence one third of tongue

kortex

. . ggl. geniculi
tractus solitarii | medss  taamus
» epiglottis, aditus laryngis —n. X n. lingualis ; 7
—ganglion inf. et sup. n. X. —nuclel o
tractus solitarii y chord tympani o1
- mékké patro —nn. palatini minores predor 213 sk N o E— T
: ., [ |
—qgl. pterygopalgtlnum (bez p_reppjenl) il - ? r ‘ |
—n. petrosus major —ggl. geniculi —n. e . .
. . - — — ‘
|nte.rm"ed|us — n. VIl —nuclei tractus opigloticae || '*J/K gl feris
SO“tar“ l n. facialis . o ncl. solitarius

mékké patro

https://is.muni.cz/el/med/jaro2010/VSNV041p/13542700/08_Chutova_draha.pdf?lang=cs



Chutova draha — trineuronova draha

2.neuron:

* nuclei tractus solitarii >tractus tegmentalis centralis (pfi
tr. trigeminothalamicus posterior) - ncl. VPM thalami (k
motorickym jadram hlavovych nervi, do RF)

kortex
. ggl. trigeminale v. o000 ad43
3.neuron: o HH
ggl. geniculi
1. 2 thalamus
* thalamus ->mozkova klra -lobus n. lingualis T

parietalis, gyrus postcentralis (area
43) a predni ¢asti inzuly (do gyrus
parahippocampalis) predni 2/3 jazyka

.
chorda tympani

ncl. gustatorius

<o
e
I I—do———

zadni 1/3 jazyka -

* cesta do hypotalamu, amygdaly a | C @

klry pres ncll. parabrachiales miji valeculae | %
: agl. inferius

. ’ . iglotti
talamus —antigenni vlastnosti potravy =~ *°"° . IX et . X
1 1 n. facialis ncl. solitarius
-imunita

meékké patro

https://is.muni.cz/el/med/jaro2010/VSNV041p/13542700/08_Chutova_draha.pdf?lang=cs



Cich (Olfactus)

recky: osme - pach

https://www.businessinsider.com/everything-smells-like-garbage-9-months-after-i-contracted-covid-2021-7



Cich

cichova sliznice v nosni dutiné

strop, horni skorepa a stény ve vysi horni skorepy
3-5 cm2 v jedné poloviné nosni dutiny

cich = olfactus oo
vnimani chemickych latek (odoranty) rozpusténych ve Mucosa
vzduchu Ci vodé, obvykle ve velmi nizkych koncentracich
= pach/vliné

primarni receptor

cichovy epitel

Cichova draha (n.l)

Olfactory

Fig 2: Olfactory mucosa and Olfactory balb.

Patil, Dipti & Meshram, Dewanand. (2021). DIGITAL REPRESENTATION
TECHNIQUES FOR OLFACTORY FEATURES. INFORMATION TECHNOLOGY IN
INDUSTRY. 9. 10.17762/itii.v9i1.131.



Cichovy epitel

specializovany vicerady cylindricky epitel
(100 um vysoky)

« cichoveé bunky

* bazalni bunky

Dendrite . podpﬁrné bUﬁky
Supporting
cell 8

Receptor
cell

54— Axon

o oo
hwann cell

A Stem cell

Sc



Cichovy epitel

Dendrite

/' \ke}li-] Bl Supporting
: By cell

== <

A Stem'celvlr

Schwann cell

specializovany vicerady cylindricky epitel (100 pm
Vysoky)
« cichové bunky

bipolarni neurony, zivotnost 30-60 dnu
apikalni konec (dendrit) s knoflikovym
zakoncCenim (bulbus dendriticus) obsahuje
10-20 pozmenenych (nepohyblivych)
rasinek (a nizky kartacovy lem mikroklk()
rasinky (cilia) maji na povrchu odorantove
receptory

jadra jsou uprostred vysky epitelu

bazalni konec (axon) obklopen
cytoplazmatickymi vybézky gliovych bunek
jedna se o pomerne rychle se delici neurony

* bazalni bunky
« podpurné bunky



Cichovy epitel

specializovany vicerady cylindricky epitel (100
UM vysoky)

« cichoveé bunky

12 gl f ] by Denarte * bazalni bunky
S L sweoring * mitoticky aktivni kmenové neurony s
& e o ce T

jadry ulozenymi pfi lamina basalis
epitelu

0] STRGSTS Receptor o « podpurnée bunky
1 £ cell




Cichovy epitel

specializovany vicerady cylindricky epitel (100

cell ® o
658
%%wo [ )
b \"(,‘.'_ 7

UM Vvysoky)

=  cichove bunky

allsle o o et Donarite » bazalni buiky
- ” ; l ; 8 Supporting e pOdpﬁrné bUﬁky

zrcadlovy tvar k Cichovym bunkam
apikalné umisténé jadro

tésna spojeni s Cichovymi bunkami
dlouhé mikroklky na apikalnim povrchu
bazalné lipofuscinova granula
(pribyvajici s vekem), dlouhoveke bunky
(1 rok)
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Frontal lobe n
of cerebrum

Olfactory tract

o~ & Offactory Mitral/tufted cell
Sl T Olfactory tract
R bulb b - i
Olfactory ' omer

epithelium

Nasal

Cribriform plate
conchae

Inhaled air

. . Axons
Lamina propria

e e
CASENS X - e s e
2, 7 B g -
! = | PSS ez L ’
:,l AN
J 1 \ e
i\ > .
T\
A\
\ \
Bowman'’s \¢ b \
glands (‘- v, 3
. 4 -
4 \
» - "
i

Basal cell

Olfactory sensory
neuron

Supporting cell

Olfactory
epithelium

Dendrite
Dendritic knob

NS )
\——— Oilfactory cilia

Mucus

_’

Route of inhaled air
containing odor molecules

https://www.sciencedirect.com/topics/medicine-and-
dentistry/olfactory-epithelium

cichové zlazy (Bowmanovy)

« jednoduché vetvené
tuboalveolarni

e serozni — rozpousti Cichem
vhimane latky a nasledne je
odplavuje

» sekret obsahuje (odorant-binding
protein (OBP) lyzozym, laktoferrin
a imunoglobulin A



Level of sustentacular nuclei %

Level of olfactory
cell nuclei

https://histology.siu.edu/crr/CRO04b.htm



Frontal lobe
of cerebrum

Olfactory tract

Olfactory
Olfactory tract

bulb

Olfactory
epithelium

b Nasal
| conchae

Inhaled air
&/ / ) Lamina propria
Bowman'’s
glands
Basal cell
Olfactory sensory
Olfactory - neuron
epithelium Supporting cell
Dendrite
Dendritic knob
Mucus
Olfactory cilia

Route of inhaled air
containing odor molecules

https://www.sciencedirect.com/topics/medicine-and-
dentistry/olfactory-epithelium

fila olfactoria
* svazky nemyelinizovanych axon(

cichovych bunéek

prochazeji skrz lamina cribrosa ossis
ethmoidalis do lebecni dutiny do
bulbus olfactorius



Microvilli and Cilia \

- 1A - 4 :

’ Olfactory and Sustentacular Cells
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20070

Olfactory Epithelium - ——

] s . n - - - ‘ “ “ — P ——
This is a medium power view of the olfactory epithelium that contains a ; - -

| meshwork of sustentacular microvilli and olfactory cilia on the surface. The . - =

I epithelium is pseudostratified columnar and it is hard to differentiate between ’ f - ’ _‘P o — —
the olfactory receptor cells, sustentacular cells and basal epithelial cells. , < . -
However, the nuclei of the sustentacular cells tend to be in the top portion of g e .

-~ B g

the layer, the nuclei of the olfactory receptor cells tend to be in the middie !
fr ‘ e

| portion, and the nuclei of the basal epithelial cells tend to be in the bottom

o
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| portion. One can also see the an afferent nerve bundle. - 3 ‘ ‘ m/medcelI.org/histologY/Sﬁ)ry_svstems_Iab/oIfactorV_
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Frontal lobe n
of cerebrum

V

Olfactory tract

| — Olfactory
| | bulb

Olfactory
epithelium

Olfactory Mitral/tufted cell

tract

Bulbus olfactorius

lomeruli

* misto prepojeni na 2. neuron Cichové
drahy

peons  cichova klubicka/glomeruly
(glomeruli olfactorii)

e axony cCichovy bunék vytvareji

Cribriform plate
| conchae

Inhaled air

Lamina propria

Bowman'’s
glands

Basal cell

Co— synapse s dendrity mitralnich,
Olfactory neuron vsv s . s s
epithelum Supporting el kosSickovych a periglomerularnich

Dendrite bU nék

Dendritic knob . , , vvs

oeoyes © @xony mitralnich bézi skrz tractus
— olfactorius do Cichové kury

Route of inhaled air

containing odor molecules (paleocorteX) d jinVCh éiChOVVCh
center

Mucus

https://www.sciencedirect.com/topics/medicine-and-
dentistry/olfactory-epithelium

http://rjlm.ro/system/revista/50/95-102.pdf



Cichova draha — dvouneuronova draha

1 neuron:
* neuroepitelové bunky v pars olfactoria cavitatis nasi —fila olfactoria — lamina cribrosa ossis
ethmoidalis — fossa cranii anterior — bulbus olfactorius
2.neuron:
« mitralni bunky v bulbus olfactorius —tractus olfactorius — trigonum olfactorium —stria olfactoria
med. et lat. —limbicky systém
« cortex piriformis —v pfedni oblasti spankoveho laloku
* uncus a predni konec gyrus parahippocampalis
e area entorhinalis (area 28)
» korova Cast corpus amygdaloideum
* hypothalamus, corpora mammillaria
* nejvy8Si centrum Cichu — orbitofrontalni kura (11,12,47) trigonum

olfactorium

nel. mediodorsalis thalami

tractus olfactorius

hippocampus
bulbus PP P

olfactorius

——corpus amygdaloideum

“beyrus olfactorius lateralis

lamina cribrosa

area entorhinalis orbitofrontilni kara
area 28 area 11 (12,47)

uncus gyri

http://anatomie.lf3.cuni.cz/cns_drahacich.htm

sliznice nosni dutiny p

a 0 is
periamygdaliarni a W kiira



Jacobsonuv vomeronasalni organ

Tongue extension nerve olfactory bulb

Odour particles are captured
from the air by the tongue.

roof of buccal cavity
(mouth)

vomeronasal organ

Tongue retraction

Odour particles mixed with fluids \\\ =
in the mouth are delivered to the L

; B
ducts leading to the vomeronasal organs. —

© 2014 Encyclopeedia Britan_nica, Inc.

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/vomeronasal-organ https://www.britannica.com/science/Jacobsons-organ



JacobsonGv vomeronasalni organ (kralik

1mm




Fig.1
From:Thecnliflalfsi,ci:\’ificanvofthehumanvomeronasalorgank Results and ConCIUSion

| — The VNO is histologically present in
almost all humans, but a
macroscopically visible septal pit
does not necessarily correspond
with the actual VNO. The human
VNO is probably a vestigial organ
with a non-operational sensory
function. It is not necessary to take
particular care not to damage the
VNO during septal surgery.

Anterior rhinoscopy (with microscope) showing a clearly visible septal pit on the right side of the anterior nasal septum

Bruintjes, T.D., Bleys, R.L.AW. The clinical significance of the human vomeronasal organ. Surg Radiol Anat 45, 457-460
(2023). https://doi.org/10.1007/s00276-023-03101-2



Glomus caroticum

tepenny chemoreceptor (rozvidleni spolecné krkavice)

podnétem je zejména hypoxie (nizsi parcialni tlak kysliku), méné hyperkapnie a snizené pH
odpovedi je reflexni zvysena dechova frekvence a objem na zakladé podrazdéni dychacich
center RF mozkového kmene

vazivové pouzdro (capsula fibrosa) H\ D Merems  Sinusod .

— prepazky (septa), lalGcky e [a) (Al semeret N/ (aloms) el
glomové buriky — pracuiji jako (d\\ W 7 o |\
dopaminergni interneurony prssympic \S
podplirné buriky Commen [ || Cororid N
gangliové buriky sympatiku + TN e o .'
parasympatiku 2/, (e
fenestrované kapilary _ | el ey " :,1.
nemyelinizovana nervova vlakna — e Sympatheic | R
vlastni chemoreceptory | ganglioncell [

muscle cell

https://www.researchgate.net/figure/Location-and-microscopic-anatomy-of-carotid-body-2-a-Location-of-carotid-and-aortic_figl 276499644
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Hmat (Tactus)
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https://ursdayton.org/braille-facts/



Uxe.de/product/pflaume/
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https://www.thedailybeast.com/how-technology-will-scf@w-up-our-senses
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Hmat

spise nez jeden smysl -
soubor smyslu

|» tlak

e vibrace

e tah

e diskriminacni Citi
* teplo

e chlad

e bolest




volna nervova zakonceni

nervova zakonceni spojena s pokozkovymi strukturami

e ve Skare spojena se strukturami odvozenymi z pokozky

* nervova zakonceni spojena s chlupovou pochvou — kopinata teliska
(koSickovité usporadana)

* nervova zakonceni spojena s pokozkovou bunkou — Verkelovy terce

opouzdrena nervova zakonceni (téliska)

e skupina télisek rozlicné velikosti, tvaru a rozlozeni

e vzdy obsahuje dendrit obaleny nevzrusivymi bunkami

 \Vaterova-Paciniho téliska, Slachova a svalova vreténka, Ruffiniho
teliska, Meissnerova téliska, Krauseho téliska...



A Glabrous : B Hairy Merkel cells
: (AB SAI-LTMR)

Ruffini ending
(AP SAII-LTMR?)

) Meissner corpuscle
Guard Zigzag Awl/Auchene : f (AR RAI-LTMR)

Pacinian’s corpuscle
(AB RAII-LTMR)
Longitudinal lanceolate endings:
H (AB RA-LTMR)

epidermis

h dome
| [

"‘ m' (AS-LTMR)

(C-LTMR)

T T R R R

' 7

. Circumferential
: w/ JJ lanceolate endings
' Nt {phvysiclogy unknown)

! |"‘ ]
- & l\\ (|

' \

dermis

Free nerve endings
(HTMR)

Abraira VE, Ginty DD. The sensory neurons of touch. Neuron. 2013 Aug 21;79(4):618-39. doi: 10.1016/j.neuron.2013.07.051.



Pacinian

Meissner

periferni zakonc€eni aferentnich neuronu

Muscle spindle Golgi tendon organ



Volna nervova zakonceni

* senzitivni nervova zakonceni, vétvena do pleteni

* pokozka (stratum basale et spinosum), rohovka, chlupova pochva,
kolem potnich zlaz

* vSechny pojivové tkané (Skara, fascie, pouzdra organu, vazy, Slachy,
adventicie céy, pleny, kloubni pouzdra, okostice, osteony, nasténna
pobrisnice, endomysium vSech druhu svalu)

 epitely (kuze, spojivka, rohovka, sliznice tvare, dychaci a travici systém a
jejich zlazy) a zubovina

* termoreceptory, mechanoreceptory, jednodruhové i vicedruhové
(unimodalni i polymodalni) nociceptory



Merkelova téliska
(Merkelovy terce)

e oplostélé epitelové bunky (Merkelova bunka)

e ve spodnich vrstvach pokozky vytvareji funkcni
spojeni s vétvenim aferentniho nervu

* v ochlupené kuzi vytvareji shluky télisek napojené
na jedno vlakno

e vlysé kUzi je naopak pomér tercu a vlaken
vyrovnany

* velmi citlivé na kolmé pohyby kuze a ohybani chlup

Co

https://www.sciencedirect.com/topics/medicine-and-dentistry/glabrous-skin



Kopinata téliska

e vazané na chlupovou pochvu

nervove vlakno pristupuje primo pod
mazovou zlazou

ztraci myelinovou pochvu a vétvi se az na
4 kopinata zakonceni

rychle se adaptujici receptory reaguji na
ohnuti chlupu

https://elifesciences.org/articles/01901



Meissnerova téeliska
modifikované Schwannovy bunky vrstvené napric teliskem obklopuji
centralni nervové vlakno 3 AR
capsula fibrosa - okolo téliska ©
(prenos sil z Ok?h) | LV et
ve stratum papillare dermis v
papilach tésné pod pokozkou
vyskyt po celém téle, nejvyssi
hustota na bfriScich prstu,
meéne na dlanich, chodidlech,
predkozce, rtech a ustni

dutiné
Meissner’s corpuscles localize in the dermis between epidermal ridges. They

velikost 50 um x 100 pm S e

4.4
-

' o .
Stratum Granulosum

-‘
D !

https://medcell.org/histology/skin_lab/meissners_corpuscle.php



Ruffiniho telisko

v hloubce skary u prechodu do podkozi
(stratum reticulare) a v podkozi

valcovité opouzdrené telisko (o nékolika
lamelach stejné stavby jako perineurium)
0,5mMmx2mm

vetvena nervova vlakna se uvnitr téliska
proplétaji s kolagennimi vlakny (prenos
mechanickych sil z okoli na kolagenni vlakna a
dale na nervova), diky tomuto usporadani
maji velké receptivni pole

vyskyt po celém téle, také v dasni, zaludu,
kloubnich pouzdrech a slachovych uponech

» ’

a

~

C

P ,
-~
3
\ “ $ ""”‘é'
L AT
—— \ . ;
- bt -\\.1.,
F ‘\ ' ‘. y
[ P -9
o’ " -
= 50 pm b ’ 50 pm

https://www.researchgate.net/figure/Ruffini-ending-A-Ruffini-
corpuscle-in-an-intermediate-root-of-the-inferior-
extensor_fig3_235777101



Vater-Paciniho télisko

nejsloZitéjsi, nejvétsi, opouzdiend hmatovd  Resws 2ofe ™= - = 8§ "‘7‘.\\.:‘_:

téliska (az 2,5 mm)

centralné nervové vlakno, lamely
Schwannovych bunék, pouzdro (capsula
fibrosa - lamely perineuralnich bunék)
na pricném prurezu vzhled cibule

mezi lamelami tekutina —nestlacitelnost
téliska a rychly prenos tlaku a vibraci
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vyskyt v kazi (na dlanich, chodidlech a prstech, vnéjsich pohlavnich organech, pazich,
krku a bradavce), v okostici, mezikostnich blanach a v kloubnich pouzdrech
- rychle se adaptujici receptory, citlivé zejména na vibrace s vyssim kmitoctem

https://histohal.uni-
halle.de/histopatho/praepview.php?id=467&loc=all&system=histo&selected_index=467&order_id=433%C2%A7464%C2%A7467%C2%A7443%

C2%A7450%C2%A71316%C2%A71320%C2%A7457%C2%A71460%C2%A7461%C2%A7437%C2%A7977%C2%A71324%C2%A71328%C2%A71558
%C2%A71591



AB RAILTMR AB SAILTMR AB RAIILTMR AB SAIILTMR AB RAILTMR

l l I AGLTMR

CLTMR
https://www.mdpi.com/1422-0067/21/17/6221

AB SAILTMR
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AB RAILTMR AB SAILTMR AB RAIILTMR

https://www.mdpi.com/1422-0067/21/17/6221




Nervosvalove vreténko

https://www.fandimefilmu.cz/clanek/7432-planet-hulk-tak-prece-se-dockame



Nervosvalové vreténko

e pricné pruhované svaly (malo v oCnich svalech, zadné v jazyku)
e 0,8—5mMm
* pouzdro (capsula) — vietenovity vazivovy obal
* vnejsi vrstva (lamina externa) — ploché fibroblasty a
kolagenni vlakna (odpovida perineuriu)
* vnitrni vrstva (lamina interna) — jemné trubicky kolem
jednotlivych vliaken
* mezi obéma rosolovita tekutina s glykosaminoglykany
* intrafuzalni svalova vlakna
* [iSi se od obvyklych (extrafuzalnich) svalovych vlaken kratsi
délkou a tenci zonou myofibril kolem jadra



Static gamma
motor neuron

Nuclear chain fiber

bag, (static) bag fiber
Receives both group
la and |l afferents
Muscle
spindle Group |l afferent

Mostly static, small diameter,
innervates all nuclear
chain and one bag fiber

Group la afferent
Mostly dynamic, large diameter,
innervates both fiber types

|
bag, (dynamic) bag fiber |
Receives only group

la afferents

Dynamic gamma
motor neuron

https://physoc.onlinelibrary.wiley.com/doi/10.1113/JP282563



Xie, Peng & Jiang, Yanjun & Zhang, Xiaoming & Yang,
Shengbo. (2012). The Study of Intramuscular Nerve
Distribution Patterns and Relative Spindle Abundance of
the Thenar and Hypothenar Muscles in Human Hand. PloS
one. 7.e51538.10.1371/journal.pone.0051538.



Nervosvalové vreténko

podava informace o napéti extrafuzalnich vlaken v klidu i pfi stahu Ci
uvolnéni

vnima izometrické kontrakce (zmény napéti bez protazeni)

citlivost je rizena gama-motoneurony, které voli predpéti intrafuzalnich
vlaken

|ze nastavit citlivost, s niz se svalova vreténka uplatnuji jako dostrediva
slozka motorickych reflext a ovliviuji tak i svalovy tonus

sleduje svalové podminky a posila tyto informace do CNS ke srovnani
mezi zamyslenymi a skutecnymi pohyby



Nervosvalové vreténko

Muscle
fibres

Muscle
spindle

Fusimotor

t A
' imnput

Output of
muscle spindle

Output
stlenced

/

https://www.semanticscholar.org/paper/Modelling-muscle-spindle-dynamics-for-a-prosthesis-Williams-Constandinou/ae195bc1a7b18688990314f0d346ede744307b3e



Slachové (Golgiho) vieténko

malé svazky slachovych vlaken obalené tenkym ‘
pouzdrem

pres 50 vretének u kazdého slachosvalového spojeni
1 vieténko je ve vztahu ke skupiné az 20 svalovych
vlaken, upinajicich se do slachového svazku
obemykajiciho vreténko

velikost 500 x 100 um, pomala adaptace

podava propriocepcni informace o napéti svalu a
slach, ¢imz doplnuje polohocit ze svalu a z kloubnich
pouzder

Muscle
fibers

I S

GTO
capsule

"

Ib afferent

Loosely packed
innervated collagen

Densely packed
(bypassing) collagen

TENDON

https://journals.physiology.org/doi/full/10.1152/jn.00869.2005



A. muscle spindle B. tendon organ

intrafusal
muscle fibres bagy intrafusal
e Lie fibre bagy intrafusal
t ISE muscle fibre
motor tS= dynamic
endings : g nmr Y
= axons | B,
__chain
" / sta:ic Y, fibres
gamma and beta / A i {
motor axons = B oo B‘
- capsule
laand Il 4 gy L
afferent ¢ Ny ind I
axons v/
&
sensory
endings
capsule —| | f
tendon
—— —_—
1 mm 05 mm

https://josr-online.biomedcentral.com/articles/10.1186/s13018-015-0215-7

https://onlinelibrary.wiley.com/doi/10.1002/cphy.cp120103



Draha zadnich provazcu
= lemniskovy systém
= tractus spino-bulbo-thalamo-corticalis

» tfineuronova draha, zkrizena v prodlouzené mise
svalu
disociace Citi

decussatio

. newron - . p.
u euron lemnsci mediahs

3. newron

11‘l rifer ni @ fasciculus "m“h" N 301 fibrae arcuatae x lemniscus ,’;."1 tractus

et cuneatus N’ internae medialis ';‘J + thalamocorticals
ganglion nucleus gracilis thalamus

spinale et cuneatus

ey

hmat, vibrace, hluboky tlak, tah, polohocit (propriocepce) z kloubu, Slach a

porucha: senzoricka ataxie (sclerosis multiplex, tabes dorsalis) — tabicka

lobus parietalis
gyrus postcentralis
area 3,1,2




Tractus spinothalamicus (soucast ALS)

* soucast anterolateralniho systému (neospinotalamicka draha)

« t{fineuronova draha, zkrizena v mise

 rychla (akutni, ostra bolest), teplo a chlad (lat.) a hruba citlivost (ant.)
 |lemniscus spinalis v kmeni

« z Rexedovych zo6n |,V,VIILVIII

e porucha: syringomyelie—syringomyelicka disociace Citi

 stimulace / chordotomie pri neztisitelnych bolestech

l. newron 2. neuron
3. newron

- Kkrizeni - I ietali
o : : obus parietalis
periferni @ TN tractus spinothalamicus ant, et lat, 7 /" tractus 2 bus parieta .
+ @}9( 9 gyrus postcentralis
N

L - . . L 4 » .\
nery vyse spolu s lemniscus medialis (7 thalamocorticals
area J.1.2

ganglion nucleus proprius thalamus
spinale  columnae posterioris



Senzitivni drahy hlavovych nervu

obdoba obou systému u hlavovych nervu

hmat, polohocit (tr. trigeminothalamicus ant.) a bolest z hlavy (tr.t-th post.)
n. Vv, IX, X

* |lemniscus trigeminalis se pridava lateralne k lemniscus medialis

l. newron

2. neuron 3. newron

-

, =« kifzeni : - lobus parietalis
hlavovy @ L’/G‘:L x lemniscus T tractus 4 pt rali
+ +( (o 'rus postcentralis
nerv o i iy

medialis , thalamocorticals '
area 3,12

ganglion hlavového  nucleus terminationis
nervu V,, IX.a X, nV,IX.aX.

thalamus



sle]ls st (Dolor)

recky: Ele[:F!

By Edvard Munch - Google Art
Project: pic, Public Domain,
https://commons.wikimedia.org/w
/index.php?curid=37643012




An unpleasant sensory and emotional experience
associated with, or resembling that associated with,
actual or potential tissue damage

™ ASP

INTERNATIONAL ASSOCIATION
FOR THE STUDY OF PAIN

CELEBRATING | 1974-2024 @

https://www.iasp-pain.org/publications/pain-research-forum/papers-of-the-week/paper/146236-revised-international-association-study-pain-definition-pain-concepts-challenges-and/



Bolest je
Aferentni nervovy systém, zpracovani v CNS
Vyznamna

Zazitek bolesti:

Existence vlastni tkanové léze

Uvedomeni si bolestivého vstupu do mozku

Zhodnoceni situace pomoci analyzy zrakové, sluchové, dalSich smyslu
Porovnani viemu s podobnym pamétovym zdznamem bolesti

Analyza poskozeni v kontextu se vzpominkami a odraz soucasné nalady —
ovlivhéno zkusenosti, ocekavanim, prekvapenim

Porovnani, analyza - proces uceni vede k vyhybani se vyvolavajici skodliving,
nebo schopnosti bolest snaset



Nocicepce

% 3 J A Perception

neurohumoralni proces, zahrnujici:

podrazdeni
nociceptoru
Descending pathway
o revod éiﬁﬁgfgggaﬁh;v:é) Dorsal root ganglia
aferentnimi
viakny _
Modulation Ventral root
I I Zp r a C OV a/ nl/ Ventral horn Transmission

v CNS

Peripheral nociception -
P P Transduction

https://link.springer.com/chapter/10.1007/978-3-030-18005-8_1



Draha bolesti

cortex

v s thalamus
* {rineuronova

e aferentni

e s cetnymi propojenimi do jinych oblasti ascending tracts

(motorické, vegetativni...)

dorsal horn

dorsal root ganglion

nociceptor

]

https://www.cambridge.org/core/books/abs/fundamentals-of-anaesthesia/physiology-of-pain/F242349FD21BFC17E61AF62C194F6A7C



Nociceptory - nocisenzory

« neadaptuji se « kuze, sliznice vnitfnich organu, kosterni
svaly, kloubni pouzdra, okostice, adventicie
malych cév, mizni cévy, endoneurium,
CNS (zadni misni rohy, prodlouzena

. _— micha, hypo-a talfelmouvs)
cel | * nejsou v mozkoveé kure

Fibroblast Microglia
Keratinocyte

: Satellite 'F ) a ¥
cell : DT
Macrophage /
B cell Non-myelinating Nociceptor cell body
in DRG
Schwann cell ;
Astrocyte
i with blood” S
)

vessel

Zeidler, Maximilian & Kummer, Kai & Kress, Michaela. (2022). Towards bridging the translational gap by
improved modeling of human nociception in health and disease. Pflligers Archiv - European Journal of
Physiology. 474.10.1007/s00424-022-02707-6.



Nociceptory

« volna nervova zakonceni
- na koncich ztlusteni (boutons terminaux) s receptory
- nocisenzory, které reaguji az pri velmi silné bolestivé
stimulaci (posun kaminku, prejezeni) = mlcici (silent) nocisenzory
« polymodalni nocisenzory
jen v kuzi
reaguji na teploty pod asi 10°C a nad 45°C
« vysokoprahoveé mechanoreceptory
tah, tlak, bolest
Vaterova-Pacciniho téliska
hlazeni x nakopnuti



Nociceptory

Skin surface

JV Free nerve
endings

\

P VA =S e Ve Y

https://openbooks.lib.msu.edu/neuroscience/chapter/pain/



Nociceptory

A Glabrous "B Hairy

Guard Zigiag

epidermis

f

dermis

@

Merkel cells
(AP SAI-LTMR)
" s Ruffini ending
B (AP SAII-LTMR?)
Meissner corpuscle
Pacinian’s corpuscle
(AB RAII-LTMR)
N . ‘ 1 Longitudinal lanceolate endings:
N A (AB RA-LTMR)

|

/H - (AS-LTMR)

(C-LTMR)

Circumferential
lanceolate endings
{phvysiclogy unknown)

' " Free nerve endings
\\Q (HTMR)

Abraira VE, Ginty DD. The sensory neurons of touch. Neuron. 2013 Aug 21;79(4):618-39. doi: 10.1016/j.neuron.2013.07.051.



Sensory Receptor Cells

Vision Hearing Smell Taste Touch

1b

nociceptor
rod cone  haircell Meissner fibromyalgie
corpuscle MF/CSF

autismus

https://www.bio.miami.edu/dana/360/360F20_11a.html https://www3.nd.edu/~jsapirst/textbook/chapter_08.html



Drahy bolesti - ascendentni

anterolateralni systém

tr. spinothalamicus ant. + lat.(neospinotalamicka
draha) — rychla bolest
tr. spinoreticulothalamicus(paleospinothalamicka

draha) — pomala bolest
 tr.spinoparabrachialis (tr. spinomesencephalicus)—afektivné -
emocni slozka

(tractus spinobulbothalamicus = draha zadnich provazcu)
(tractus spinocervicalis)

(tractus spinotectalis)

(tractus spinothalmicus secundarius)

Sulcus

Gyrus centralis
precentralis rolandi
Prefrontaini
mozkova kira Gyrus
postcentralis
—
v MOZKOVA
CYIUS  cnm—f KURA
cinguli ‘
AMYGDALA
1 TALAMUS
cm S VPL  VPL+VPM+VB
pF
VPM

HYPOTA- PODKOROVE

LAMUS STRUKTL!RY
(VAROLUV
FORMATIO PR%%SLBU-
RETICULARIS
TRACTUS ZENA
NC. PARA- SPINORE- | MICHA)
TRACTUS g
BRACHIALIS A ARA- TlCL:lé(L)’TSA

BRACHIALIS
HYPOTHALA-
MICUS

TRACTUS
SPINOTALA-
MICUS
VENTROLA-
TERALIS
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AMYGDALARIS

PATERNI
MICHA

Obrazek 3. Drahy bolesti (Rokyta et al., 2006, 59)

https://theses.cz/id/mm75en/53730-440809980.pdf



Somaticka, rychla bolest

B 1st order neurones
[] 2nd order neurones
[C] 3rd order neurones

» slabé myelinizovana viakna Ao (7-14 m/s)
- somaticka (lateralni) aferentace

— nociceptivné specifické neurony Rexedovy laminy I,
— kfizeni na misSni urovni (commissura alba anterior)
— tractus spinothalamicus ant. + lat. (glutamat)

— ventrobazalni komplex talamu (ncl. VPL + VPM)
—somatosenzitivni kura (area 3,1,2) —gyrus
postcentralis

X
<
,'\_ Y
Lateral spinothalamic tract  S§2

Temperature and pain Anterior spinothalamic tract

Crude touch and pressure

(spolec€né s: teplo, chlad, hruba kozni citlivost)

Substantia
gelatinosa

https://teachmeanatomy.info/neuroanatomy/pathways/ascending-tracts-sensory/



Visceralni, pomala bolest

nemyelinizovana vlakna C(0,5-3 m/s)
—visceralni (medialni) aferentace
*multireceptivni neurony v ncl. proprius
columnae post. = Rexedovy laminy IlI-V
(VIII,X)

— tractus spinoreticulothalamicus — RF —
ncll. intralaminares thalami (ncl. centralis
medialis, centralis lateralis,
parafascicularis)

—prefrontalni oblast (area 6,9) + gyrus
cinguli, insula —ocekavani bolesti

Midbrain

Pons

Medulla

Spinal

cord

Irvine, Karen-Amanda & Clark, J. (2017). Chronic Pain After Traumatic Brain Injury: Pathophysiology and Pain Mechanisms. Pain medicine
(Malden, Mass.). 19. 10.1093/pm/pnx153.




Afektivhé-emocni slozka bolesti

tractus spinoparabrachialis Ascendentni
- ncll. parabrachiales - tractus 3

longitudinalis posterior - descendentni
emochi a motivacni centra drahy bolesti

° ir.
spinoparabrachiohypothalamicus
— hypothalamus = limbicky
systém

° ir.
spinoparabrachioamygdalaris -
corpus amygdaloideum

@ Spinotalamicka

® Spino-parabrachio-
amygdalarni

® Spino-parabrachio-
hypotalamicka

hiik 30.9.2015

http://anatomie.lf3.cuni.cz/centralni_prezentace/Regulacel_drahy.pdf



Descendentni dréhy bolesti tlumi nociceptivni

substantia grisea centralis mesencephali = periakveduktalni Sed (PAG) vstupy v,e
enkefaliny strukturach CNS

-

ncll. raphes (ncl. raphe magnus, dorsalis) medullae oblongatae
serotonin

S = Ascendentni

7 7 VA4 7 a
dorzolateralni misSni provazce descendentni
drahy bolesti

-

Rexedova lamina Il — presynapticka inhibice
blok Ca2+ kanall - blok substance P

-

subnucleus caudalis ncl. spinalis n.V

@ Spinotalamicka

®© Spino-parabrachio-
amygdalarni

®@ Spino-parabrachio-
hypotalamicka

http://anatomie.lf3.cuni.cz/centralni_prezentace/Regulacel_drahy.pdf



Vratkova teorie bolesti Melzack a Wall 1965

Small A-delta Nerve Fibers .. .
me o Pain is NOT Received

C Fibers

Spinal Cord

Projection Neuron

Inhibitory Neuron

Large

rivers J— 30— 33l

A-beta Nerve Fibers Inhibitory neuron activated

blocking projection neuron

https://www.rsmedical.com/blog/explore-gate-control-theory-of-pain



Vratkova teorie bolesti Melzack a Wall 1965

A-delta Nerve Fibers
32}32 Pain is NOT Received
Fibers
C Flbers N

dnes povazovaha za castecne

zpochybnénou
Fibers * * * * * blocking projection neuron

| gy




Descartes' concept that pain is produced by a direct, straight-through transmission system
from injured tissues in the body to a pain center in the brain has dominated pain research
and therapy until recently. The gate control theory of pain, published in 1965, proposes
that a mechanism in the dorsal horns of the spinal cord acts like a gate that inhibits or
facilitates transmission from the body to the brain on the basis of the diameters of the
active peripheral fibers, as well as the dynamic action of brain processes. As a result,
psychological variables such as past experience, attention, and other cognitive activities
have been integrated into current research and therapy on pain processes. The gate
control theory, however, is not able to explain several chronic pain problems, such as
phantom limb pain, which require a greater understanding of brain mechanisms. A new
theory of brain function, together with recent research that has derived from it, are
described. They throw light on complex pain problems and have important implications
for basic assumptions in psychology and neuroscience.

Ronald Melzack, Gate control theory: On the evolution of pain concepts, Pain Forum, Volume 5, Issue 2, 1996,
Pages 128-138, ISSN 1082-3174, https://doi.org/10.1016/51082-3174(96)80050-X.



https://sg.theasianparent.com/knee-pain-in-children



Prenesena bolest a vyzarovani bolesti

LIV W ULLIN 111 UlIv D\Jslll\.dlLD 14 W 1o 1 15u1\4 J}.

 Headovy zony, dermatomy

* bolest v oblasti trupu (zad) nebo i na jinych fi Lung/Bronchi Algetic Zone
¢astech povrchu téla, jejiz plvod je ze - y l By Ia—
vzdalenéjsich organd — srdce, slinivka, zaludek... [#z2<_ ' - R

* konvergence viscerosenzitivni aferentace z Tl4" )
vhitfnich orgdnd a somatosenzitivni [

aferentace na spolecnych misnich interneuronech N A
T8 = ( |t~ _ Esophagus

Sl NS
-

‘J,' Ul T (T
W~ p‘u e A Liver and Gallbladder

SPINOTALAMICKA DRAHA

SYMPATICKE GANGLION

KOZNI OBLAST
PRENESENE BOLESTI

o 1]

, T (TTy)
"51"’!'?3?{':?{4’ By /e (S;T)Il Intestine

-'n;,f;,,j,'f MW R ‘,x-‘j?"" — — large Intestine
l k

T12
L1s

(Ty)
— Bladder

ZVYSENA SYMPATICKA
T AKTIVITA V KUZI

o (TH-LI)
Kidney and Testis
(Mo-Ly)

STAH KOSTERNIHO SVALU

. VISCERALNI A MOTORICKE REFLEXY Fiaure 3. Alaetic and Autonomic Reflex Proiection of the

V JINYCH OBLASTECH

https://www.semanticscholar.org/paper/The-Physiology-of-Dynamic-Thermometric-Analysis-of-Beilin/2760144b26eef54b256cba26c0f87953444f74d5



Neuropaticka bolest

nezacina na nociceptorech, ale v
primarnich aferentnich vlaknech

hypersenzitivita viaken Ca Ad /

zmena usporadani neuronalnich odpovedi
kanalopatie (sodikové, vapnikové a
draslikové kanaly

efapticky prenos

https://journals.physiology.org/doi/full/10.1152/physrev.00045.2019



Fantomova bolest

Before amputation:
- Preamputation
pain
- Genetic factors

Hyperexcitability changes or
reorganizafion of:
During amputation: » Peripheral afferents
- Afferent + DRG
activity during . * Brainstem > Phantom limb
surgery » Cortical structures pain
# Dorsal horn
¥ Thalarmus
Sympathetic activation
After amputation:
- Postoperative
pain

Lone Nikolajsen, Kristian Friesgaard Christensen; Chapter

2 - Phantom Limb Pain, Editor(s): R. Shane Tubbs, Elias
Rizk, Mohammam %GE\,J@LWS Nicholas
Barbaro, Robert { Spinner, Nerves an juries,
Academic Press, 2015, Pages 23-34, ISBN 9780128026533,
https://doi.org/l"e.10_1\6\/8978—0—12—8026‘53—3.0 051-8.

https://www.apmconline.org/blog/do-you-have-phantom-limb-pain



a Nociceptive pain

DRG
(cell body)

Podrazdéni nociceptoru

Acid

“J

Spinal cord

Mast cell

b Inflammatory pain
G 798 > 0
¥ A @
GH2Y¥
~\ o Neutrophil

Macrophage o© granulocyte

@

0 o0
Histamine H*
o Serotonin Nerve growth factor

Bradykinin TNFo

Prostaglandins  Endothelins Pain treatment options:
ATP Interleukins Cox2 inhibitors
Opioids
C Neuropathic pain
Spinal cord

/_\g/\iniury
Carpal tunnel

Scholz, J., Woolf, C. Can we congquer pain?. Nat Neurosci 5 \oh) carate w
(Suppl 11), 1062-1067 (2002). https://doi.org/10.1038/nn942 o —

Tricyclic antidepressants
Anticonvulsants

Na* channel blockers
NMDA receptor antagonists
Opioids

Thalamic stroke

Debbie Maizels



Neurotransmitery bolesti porsa

MNoxious
stimuli

e excitacni aminokyseliny - glutamat (Glu)

receptory kainatové, AMPA, NMDA Peripheral
* substance P (NK1 receptor & K+ vodivost) Nociceptors
* CGRP (calcitonin gene-related peptide)

Brain

\ Pain!

Substance P (NK1)

Primary
afferent

e glutamat vyvolava rychlou,
kratkodobou depolarizaci

Opioid receptors:

Y/
o pept|dy vyvolévajl' Presynaptic effects: y, L;_ u
;. JJ- Ca influx glutamate
leU hOdObe VybOJe \L, transmitter release “‘ Postsynaptic receptors mediating

paln transmisskon in the dersal horme

.fu MKl B

. AMPAR W
Postsynaptic effects: NMDAR &
T K conductance
‘T hyperpolarization

https://tmedweb.tulane.edu/pharmwiki/doku.php/overview_of _cns_neurotransmitters



Senzitizace a desenzitizace receptoru bolesti

NOCICEPTOR DISCHARGE
PERIPHERAL SENSITIZATION

nociceptory mohou ménit svij prah
snizeni prahu — hyperalgezie
* Primarni hyperalgézie . pepuide,
* vznika v misté poranéni
« e periferni senzitizace — sniZeni prahu nocisenzoru

Inflammatory

soup CENTRAL SENSITIZATION

-
-

') " i Reversing

— aktivace TTX-R sodikovych kanald E e TR bl
— zvySend exprese TTX-R (napf. pusobenim NGF) A f 5
— redistribuce TTX-R z téla neuront na periférii SK,N/ | / o
* Sekundarni hyperalgezie 7 Eg{i&:if ~ -
* vznika v neposkozené tkani v okoli poranéni Windup i
— napf. opakovana stimulace C vlaken nebo intradermalni aplikace kapsaicinu . |
— zvySend senzitizace misnich neurond, jejich trvald depolarizace / i
SPINAL CORD

— ,wind —up“ fenomén
— aktivace NMDA receptorl
— zvétsSeni receptivnich poli

https://www.researchgate.net/figure/Schematic-diagram-of-major-
mechanisms-involved-in-peripheral-and-central-sensitization_figl 50267111



Limbic system & prefrontal cortex

Tlumeni bolesti i

Thalamus

!

Periaqueductal gray area

++Encephalin

INTERNEURON Nucleus raphe magnus

Dorsal root
ganglion cell

@&

g1

containing sercionin

Pontine nauron

EHEEFHALIN
containing l

SEHS0RY
Panphoral

norapinephnne
process

Central

EHEEPHALINS process
OFIATE Dorsal hom of \. Substance P
the spinal cord \ &
_~ L -

Oplate
- =3 raceplors
Intameuron
contaning
enkephalin

INTERHEURDHN

™ Sacond order
spinothalamic
neuron
TO PAIH CENTERS
IH BRAIN
To neospinothadamic
tract

https://www.uomustansiriyah.edu.ig/media/lectures/2/2_2023_01_11!09_59 22 AM.pdf



Opioidni systém

e nigrostriatalni (A9) a mezolimbicky (A10)
* dopaminergni L.,
— ovlivnéni motoriky a systému odmény _— o s,‘ll
* hypotalamo-hypofyzarni S
— modulace hormonalni sekrece
e ascendentni a descendentni drahy
— modulace bolesti
— ascendentni — micha, talamus Spinothalamic

neuron

— descendentni — PAG, ncll. raphes orsatroot\NEP Ner/

ganglion APN

Endogenous opioids and
endogenous cannabinoids

/ Spinothalamic
tract

endogenous cannabinoids

Endogenous opioids and

Dorsal root
ganglion

Endogenous opioids and
endogenous cannabinoids

o

/\PN

/ MORs or DORs
O L"ktphalm\S\;ﬂ‘ ,/lnkephalms
#/

Nociceptors

..... s & Towards
A[A(QQ?(‘RP 7 brain
/ ( lU
AEA D
'\} CBIR ‘\/. 5 S
O (\ Gli: Il (tll

Nature Reviews | Drug Discovery

Roques, B., Fournié-Zaluski, MC. & Wurm, M. Inhibiting the breakdown of endogenous opioids and cannabinoids to alleviate pain. Nat Rev
Drug Discov 11, 292-310 (2012). https://doi.org/10.1038/nrd3673



Endogenni opioidy

B-endorfin (31 aminokyselin) — b, §,
e endomorfin (4 aminokyseliny) - i

e Leu-enkefalin (5 aminokyselin) - 6

e Met-enkefalin (5 aminokyselin) - 6

e dynorfin (A 1-8, B 1-17) - K

* nociceptin/orfanin

The endogenous opioid system

Met-

enkephalin

Leu- \
enkephalin

B-endorphin

Dynorphin A

\ Dynorphin B \
\
‘\, ,

v v

N \ :
! N Y
&-receptor IIII p-receptor ”I K-receptor ml
The opposing effects of
M- and k-opioid receptors
Reward: +
Tolerance: +
Mesolimbic dopamine level: Increase Decrease
Long-term potentiation: Facilitate Inhibit

Sci 1998:19%3):94-98; 3. Zhao ¢t al. Mol Pain 2012:8:38

B o 9
1.Stahl. Stahl's Essential Psychopharmacology. Neuroscientific Basis and Practical Applications. 4th edition. 2013; 2. Pan. Trends Pharmacol L J n e u roto rl u l I l

https://neurotorium.org/image/the-endogenous-opioid-system/



Endogenm kanabinoidy

amidy a estery mastnych kyselin * CB1v PAG aRVM, senzoricky neuron
* anandamid * (B2 ve strukturach imunitniho systému
* palamitoyletanolamid PEA  FAAH — hydrolaza amidi MK
* receptory CB1 a CB2

2 i OH
— — o~ AOH — — Plant-derived cannabinoid Presynaptic
H i neuron

OH
Anandamide 2-arachidonoylglycerol (2-AG) ‘ |

o ‘\.V

. A U /,/" \\\
0 i iﬂ = /}
. . CB1 o O
— — on Endogenous cannabinoids AEA or AA Neurotransmitters @) o

Moladin-ether Virodhamine -AG , 4 v o©0
v )

\ \- T Activity

(for example, TCa?* =
concentration) -

I'D—\—

8] OH
— - H OH

M-arachidonoyldopamine (NADA) B—

N
H

Receptor

/.

Postsynaptic |
Matias, I., Bisogno, T., Di Marzo, V. et al. Endogenous cannabinoids in the brain and peripheral tissues: neuron
regulation of their levels and control of food intake. Int J Obes 30 (Suppl 1), S7-S12 (2006).

https://doi.org/10.1038/sj.ij0.0803271 Nature Reviews | Cancer

Velasco, G., Sanchez, C. & Guzman, M. Towards the use of cannabinoids as antitumour agents. Nat Rev Cancer 12, 436—444 (2012). https://doi.org/10.1038/nrc3247



Rozdil v modulaci bolesti mezi pohlavimi

estrogeny zrejme ovlivnuji bolest
na vice urovnich

vliv estrogenu na amygdalu a
thalamus

ovlivnéni NMDA receptoru
zfejme i dalsi mechaismy

l Channel CB/CB2  Receptor
B /\ QM-S

|

|

|

: BB/ sl | |

\ Nucleus J | ) Opioid
———————— ‘ h  Receptor

Growth
Factors Estrogen
@
NS PR

AMPA/GABA
mER TRP

Endoplasmirc\ N\
PN\ Reticulum ||

> N
5 Nl : "‘~
{ : ' b X

0 o ——

| l
\ A I {—— NMDA
T PKA MAPK Y&-/—‘ Receptor

|

5-HT Receptor Ca™ Channel  ASCI PMCA
Activation Effects
Chen, Q., Zhang, W., Sadana, N. et al. Estrogen receptors in

pain modulation: cellular signaling. Biol Sex Differ 12, 22 (2021).
https://doi.org/10.1186/s13293-021-00364-5



https://anatomie.lf2.cuni.cz/sites/anatomie/files/page/files/2020/smysly_ostatni.pdf

NSAIDs
opioids
1)

CcOX
PG COX AA AEA FAAH

TX 2. AG —) metabolites
112-LOX

hepoxilins

r
presynaptic GABA release

CB1

)

v

output neurons

<L L
DESCENDING INHIBITION

https://www.researchgate.net/figure/Proposed-model-for-the-interaction-of-NSAIDs-opioids-and-
cannabinoids-in-the-descending_figl_45267936



JEAN ARTHUR RIMBAUD: SAMOHLASKY

A cern, E bél, | nach, O modr, U zelen hlasek,

ja jednou vypovim vds rizny vznik a druh.

A, cerny korzet, plny rudych much,

jez bzuci kolem pachnoucich a krutych pasek,
zatoka stind, E, bél stand, Ciry vzduch,

Sip ker a bilych krald, chvéni vrasek;

I, purpur, krev a smich, jenZ tryska ze rti krasek
ve hnévu, anebo kajicny bludny kruh.

U, bozské vibrace, U, zelen mo¥i s vesly,
mir pastvin s dobytkem, mir vrdsek, které kresli
prst alchymie pilnym celim vsevédi;

O, zvucna polnice, klid vesmirného vridla,
jimz poletuji planety a archandélska kridla.

- O, modry paprsek jejiho pohledu.

(prel. V. Nezval)






