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RiEinCIPyAne Nrotramsmisie

N\ A~

= Falpmialkelogja
e ervovehe systemu

© Marian Curda



Neurotransmisia

Sirenie signalu neurénom:
[ Vedenie vzruchu neurénom (prenos signalu neurénom) — Akény potencidl

elektricka podstata
J Vedenie vzruchu na iny neurdn (prenos signalu na iny
neurdn) — chemicka podstata = NEUROTRANSMISIA

Sirenie signalu na inf neurdn:

v’ Prenos signdlu z neurdnu na neuréon = SYNAPSA Neurotransmisia
o g @ O

v/ Struktura synapsy:

o Presynapticka membrana (presynapticka cast) 0
o Synapticka Strbina

o Postsynaptickda membrana (postsynapticka cast) 9

Neurotransmisia je sprostredkovana chemickymi latkami,
ktoré nazyvame NEUROTRASMITERY (= NEUROMEDIATORY).



Charakteristika neurotransmitéerov

d Maju povod v neurénoch

J Akumuluju sa v terminalnych zakonceniach neurénov

J Uvolfiuju sa dosledkom depolarizdcie neurondlnej membrany

J Uvolneny neurotransmitér musi vyvolat specificky ucinok na postsynaptickej ¢asti
cielovej bunky

Fazy neurotransmisie:

1. Syntéza mediatora

2. Uskladnovanie mediatora v cytoplazme terminalneho

zakoncenia 1. s/

Uvolfovanie mediatora do synaptickej $trbiny

Interakcia s postsynaptickymi receptormi g |

5. Ukoncenie p6sobenia mediatora 4.
a) Reuptake mediatora (spatné vychytavanie) 3. A0
b) Metabolizmus medidtora — enzymatické odburanie N

el



Klasifikacia neurotransmitéerov

N o b W N R

Podla chemickej Struktury

. Monoaminy
. Aminokyseliny

. Puriny

Eikozanoidy

. Steroidy

Plynné latky

. Neuropeptidy

—

F—

F—

,S malou molekulovou
hmotnostou”

,,S velkou molekulovou
hmotnostou*

Podla fyziologickej odpovede na postsynp. C.

Inhibi¢ny ucinok
glutamat, aspartat
_

GABA, glycin

Modulacny ucinok

acetylcholin, katecholaminy, serotonin




Prehlad neurotransmitérov

1

[ NEUROTRANSMITERY

A

[ Biogénne aminy

A |

[ Aminokyseliny

A |

A |

1

A |

“ Acetylcholin

[[ Monoaminy

|
1
[ Kyselina
y-aminomaslova

oven |

Glutamat

A |

[ Katecholaminy [

Serotonin

1

[ Dopamin

[ Noradrenalin




Biogénne aminy

O HaC
, )k 3 \ +_~CHj U Prvy identifikovany neurotransmitér
ACEtYlChOlIn HaC O/\/N\ [ Ester cholinu a kyseliny octovej
CHj,

Neurotransmisia sprostredkovana acetylcholinom = CHOLINERGNA NEUROTRANSMISIA

|. Lokalizacia cholinergnej neurotransmisie: ll. Funkcie acetylcholinu:
< v PNS: % v PNS:
v’ riadenie ¢innosti autondmného NS
v’ riadenie ¢innosti kostrového svalstva
+* v CNS:
v' Uloha v uceni, paméti a intelektudlnej aktivite
o deficit pri fyziologickom starnuti

v' na zakonéeniach pregangliového vldkna

v’ na zakonc¢eniach postgangliovych neurdnoch
parasympatika

v’ na zakonéeniach nervovosvalovej platnicky

“ v CNS: o deficit pri Alzheimerovej chorobe
v’ Siroka distribdcia v" reguldcia bdenia a spanku
v extrapyramidova motoricka regulacia:
Ach je neurotransmiteérom vsetkych neurénov, ktoré nerovnovaha medzi cholinergnymi a dopaminergnymi neurénmi V

vysielaju eferentne axony z CNS na periferiu. corpus striatum - triaska, abnormélne pohyby - parkinsonizmus



Biosyntéza Ach

COOH
HO/A\T/
NH,

serin

NH
HO/\/ 2

etanolamin

CH,

p
Ho >

cholin CHs

SerD —serindekarboxylaza
CNMT — cholin-N-metyltransferaza
SAM — S-adenozylmetionin

s
— N—CH
CoA—S.__CH, 4 o~ N"Chs
hil CH,
Ac-CoA O cholin
CAT
O (FHS
+
JL N—CH
HC Yo7 N~ TR
CH3
—  Acetylcholin
AchE
HO._ _CH, ¢Hs
N—CH
O _ CH,
kyselina octova cholin

(acetat)

CAT — cholinacetyltransferaza
AchE - acetylcholinesteraza

© Marian Curda

Re-uptake



Cholin — zdroj:

K/

** recyklacia

o hydrolyza acetylcholinu v synaptickej strbine

o spatné vychytavanie cholinu

prostrednictvom cholinergného transportéra

v presynaptickej membrane
¢ Stiepenie latok obsahujucich cholin (napr.
fosfatidylcholin)
¢ z AMK serinu

Acetyl-CoA - zdroj:

* z pyruvatu, ktory pochddza z metabolizmu
glukozy

Poruchy uvolnovania Ach do

synaptickej strbiny

[ blokovanie uvolfiovania Ach
BOTULOTOXIN (Clostridium botulinum)

O zvysené uvolnovanie Ach

a-latrotoxin (snovacka jedovata — Latrodectus mactans; ,,Cierna vdova®)

Biosyntéza Ach

Facilitated

diffusion

Presynaptic
terminal Glycolysis
Pyruvic acid

@ Acetyl group from
pyruvic acid + coenzyme-A

Mitochondrion

Terminal

@ Choline and @ Acetyl cosnzyme-A

Na™ transporter Choline acetyltransferase

B> Choline
) #)
ROPR
Vesicle containing
neurotransmitter @ Acetylcholine
Vesicular 60 ) € )
acetylcholine @ Exocytosis
transporter \)
~ 0
o s * & a2,
) Acetylcholine © ©
© Choline esterase e .
+ Acetylcholine
acetate
[*)
Cholinergic
receptor

Postsynaptic
neuron

o
© o
{
)



Acetylcholinové receptory

+ Lonotropné =
hikotinové (nAChR)

+ Metabotropné =

muskarinové
(mAChR)

Roz/isenie pod/a
selektivity k
alkaloidom nikotinu
a muskarinu,

central nervous preganglionic

g / system neuron /
parasympathetic ' @ : ¢ Ach IN]
nerves : : preganglionic synapse
' | neuron - . : o
I sympathetic postganglionic ganglion postganglionic
: : ganglion neuron cell neuron
: | //_—\
sympathetic : o { Ach[N] O \ (NE [a]
nerves : | >,\J (8]
: | Ahapse target organ
! | adrenal
: I synapse gland
| .
sympathetic - Ach[N] © 5 NE [a] systemic
nerves \ ' E [B] release

© Encyclopeedia Britannica, Inc.

[N] Nicotinic acetylcholine receptor

[M] Muscarinic acetylcholine receptor
[a] Norepinephrine receptor subtype
[B] Norepinephrine receptor subtype

Ach Acetylcholine
E Epinephrine
NE Norepinephrine




Acetylcholinové NIKOTINOVE receptory

(J AGONISTA NAch receptorov —
NIKOTIN (hlavny alkaloid tabaku)
U lonotrépne receptory
=> ionové kanaly riadené
ligandom:
o tvoreny 5 podjednotkami
= heterooligoméry
= homooligoméry
(5 a-podjednotiek)

( Na aktivaciu receptora su
potrebné 2 molekuly Ach alebo 2
molekuly agonistu

N NIKOTIN

C

A N B
C
OOO s O ro\ O OCD Extracellular
M. M| M M
1 2 3 4
aae = e aTe
\/ Intracellular
Homomeric nAChRs D Heteromeric nAChRs
Ay RONRO
e a7 ugA AGQ @ a3 a3
4 g 42
a7 04B2 0406R2R3 a3p4

Muscle nAChR
Embryonic

s

Muscle nAChR
Adult



Acetylcholinové NIKOTINOVE receptory

Mechanizmus Ucinku

otvorenie ionového kanalu

!

prestup Na* (Ca?*) do bunky a K* z bunky

!

depolarizacia

|

EXCITACNY POSTSYNAPTICKY POTENCIAL



Farmalkologickeé a klinické poznambky k
. NAch receptorom

** Farmakologické ovplyvnenie:
o KURARE

v o jed ,Sipovych” Ziab

o aktivna latka — D-tubokurarin

o kompetitivny antagonista Ach

= blokdada neuromuskularneho prenosu

o GALANTAMIN

o alkaloid pritomny v cibulkach snezienok
o alostericky modulator NAchR

= zvysuje afinitu Ach k receptorom
o inhibitor acetylcholinesteraz

kurare

¢ Poruchy neurotransmisie na NAch

receptoroch: : galantamin

ALZHEIMEROVA CHOROB! HO

Od neho odvodena
skupina lieCiv nazyvana
MYORELAXANCIA .

AVASTENIA GRAVIS Liecba Alzheimerovej choroby



ALZREIMEROVA CHOROBA

Neurodegenerativnhe ochorenie mozgu, pri ktorej dochadza k postupnej demencii.

Progres Alzheimerovej choroby je doprevadzany:

1 ubytkom NAchR v mozgovej kore a dalSich
castiach mozgu

 redukciou biosyntézy Ach

Healthy Alzheimer's
disease

r Atrophy of the
cerebral cortex

Nikotin ma priaznivy ucinok na NAchR v CNS
X

Fajcenie dopomaha k progresii demencie

DalSie symptémy:
¢ Atrofia cerebrdlneho cortexu e e s
¢ Atrofia hipokampu hippocampus
s Zvacsenie mozgovych komor

Enlarged
ventricles



MYASTHENIA GRAVIS
g Definicia _

Myastenia gravis je neurologické autoimunitné ochorenie

Pricina: E Liecba:

Produkcia protildtok PROTI NAchR na il- Inhibitory acetylcholinesterazy
postsynaptickej membrane nervovosvalovej !2. Imunoterapia

platnicky = dochadza k poruche a néslednej i3. Plazmaferéza

destrukcii receptorov b e e e —— e
Symptémy: ’ N Myasthenia gravis /%%;EgiestoAChR @ Antibodi{s.estov Musk @

(] nadmerna svalova Ginava @
dbolest kostrovych svalov — P -

y e . ) ’1'£;r-- ';l‘“:«:( o b

s 5 activation || ° R AChE release?

Antibody MuSK
Xa @ complex

dprvym priznakom moze
byt ptoza (padanie) viecka

dpokrodilé stadia — parézia . _
dychacich svalov e l

CCF & Cross-linking Reduction of
® 201 AChR clustering

)

>
% Antibody

AN




Acetylcholfnové MUSKARINOVE receptory

CH,
) I
(d AGONISTA MAch receptorov — MUSKARIN (hlavny alkaloid muchotravok) ¥ CEN CH
] Metabotrépne receptory SHE_Cf O ’
v spriahnuté s G-proteinmi

J 5 podtypov — M1-M5 (r6zna organova lokalizacia)

0 Mechanizmus ac¢inku MAch receptorov M1/M3/M5:
% Aktivacia fosfolipazy C - TIP;. TDAG

0 Mechanizmus G¢inku MAch receptorov M2/M4:
% Inhibicia adenylatcyklazy - |cAMP
+* Otvorenie K+ kanalov




Latky blokujice MAChR

’ Z chemického hladiska atropin neexistuje!
Atropin
 alkaloid rastlin ¢elade lulkovité (Solanaceae) .y v )
’ ’ve oy 7 racemicka zmes enantiomérov hvoscvammu
J blokada ucinku parasympatika
p . v e ove . H3C\
» zrychlenie srdecnej ¢innosti N

» sucho v Ustach
» pokles ¢revnej peristaltiky

. ucinky na CNS — vzrusenie, halucindcie,
koma
d mydridza

PARASYMPATOLYTIKUM




SUIMIARe NACRHR Vs IMIACRIR

tubocurarine

hexamethonium hyoscine antagonist
nicotine acetylcholine muscarine agonist
o o o (s
1 3 A A
A
16 nm
o A\
nicotinic muscarinic
receptor receptor

membrane depolarization
(or Ca2+ entry)

“ionotropic™

atropine

G-protein regulated effectors

“metabotropic”



O

Ukoncenie posobenia Ach

Odburavanie prostrednictvom
enzymov:

|
[ Acetylcholinesteraza } pseudocholinesteraza
(butyrylcholinesteraza)

J substratovo v epe s 2
v ags p s U nespecificka
Specificka

1 v telovych

J viazana na tekutinach

morfologické
Struktary U ukazovatel
proteosyntézy v

peceni

asymetricky protein
vzhlad putovych baldnikov
priputana k bazalnej . ” .
membrane Serinove proteazy




Mechanizmus ucinku acetylcholinesterazy

+ Naviazanie ACh
~anionové miesto* (negativny parcialny naboj — zvySok Kys. asparagovej) - véizba
kladne nabitého atomu dusika Ach

esteratické miesto - serinovy zvySok, jeho hydroxylova skupina sa viaze
vodikovou viazbou na atom kyslika acetylovej skupiny Ach - acetyldcia enzymu

« Hydrolyza esterovej vazby

uvol'nenie cholinu sceicholine HO-C-
CH CH3 I s cetic Acid
+ UvolPnenie acetylovej skupiny N ©
. , , + N-CH,CH5>0~-C-CH; = 4
uvolnenie acetatu z enzymu 5
Efecfmm‘afir:iaffraca‘mn n CH? HS CH
: - 3
'?%ecﬁ H? \I;I/ Choline
a Serine —
"Esteric Site” CH2 CHEOH
Acetylcholinesterase




Inhibitory acetylcholinesterazy i

1. Reverzibilné inhibitory

A. Estery kyseliny karbamovej
** Maju podobnu strukturu ako Ach

H,N" “OH

Kyselina karbamova

+* Karbamoyluju serinovy zvysSok v aktivnom mieste H

«* Fyzostigmin, neostigmin, a pod.

B. Akridiny = takrin

C. Piperidiny = donepeail

D. Kvartérne amodniové soli = endrophonium

2. Ireverzibilné inhibitory

0/
0.0

)
000

Organofosfaty

Nervové plyny (napr. soman, tabun, ...)

takrin

N-_0O
bl N__
fyzostigmin
|
N (@) +
~ XN
T
pyridostigmin
O
O
0 donepezil

neostigmin

B

N O -
“r N
0 I

rivastigmin
« D
\ {
0 endrophonium -




Ireverzibilné inhibitory acetylcholinesterazy

* Organofosfaty o D/|\ 0 0 %
. P P P
<* Nervové plyny (napr. soman, tabun, ...) 7 F; O NG O :
/ \ Sarin Soman Tabun o I
L _
/\O’? \S/\// ™~ 'i J\‘ J{L i R =
0 F o0 ClI” L0 NC™ =
. rs o e L =
) echotiofat [.'IFP\|/ DCP DCNP | =
=~.H+ = |
| M
9 0 0 \ I
"--._r-|:.'II|:|I-EI:::I.r-'-aH ___,EU#'H () mw%ﬂ,—ﬂm OH
OP1 OP2 OP3
0 Q 0o 0O ? F.f.
Rgr oo™ Ped”™ ™ o707 ™~ oo
02 0~ A RN 4 O
OP4 OPS OPE oP7 OP8

Nervove jedy (plyny)



Katecholaminy

dopamin adrenalin noradrenalin

OH H OH
HO]O/\/NHE HOD/kN\ HO:@)\/NHz
HO HO HO



periaqueductal

gray midbrain

locus ceruleus

pons

solitary nucleus
y medulla

caudal ventrolateral nucleus



Biosyntéza katecholaminov

HO

HO

OH
NH, __|

Normetanephrine

A

SUILLUBOUO|\|

5 O

HO

A

| OH

Catechol-O-methyl transferase (COMT)

| OH
NH 2

Norepinephrine

OH

(OVIN) esepixo

HO

OH

@) OH
>
= @)
o)
gﬂHO vanillylmandelic
/ 2 A acid
OH = CcoMT
=3 | OH
CHO S
(cgb HO OH
Normetanephrine 5
aldehyde oy O
HO 3,4-dihydroxymandelic acid
OH
OH > |
g @) OH
CHO 2
3 3-Methoxy-4-hydrox)
Norepinephrine | = HO phenylglycol (MHPG)
aldehyde = *
(@)
\ & COMT
(7))
@ | OH
- D)V
HO OH
HO

3,4-dihydroxyphenylglycol



NH, NH. HCH,4
—_— —
O T Shd
/@/\/NHGHS
HO

/m
HO 4 HO

:E-I
-

HO

HO NH, HO NH,
L — vH
HO COH HO /@/k/NHc;H,,
HO
OH OH
HO NHCH,  HO NH,  CH4O H,
HO HO HO



Degradacia
katecholaminov

II1;.:'IH ;.]H
HO CH HO TH HO CHa
| |
HO €|=Hz HO T—Hz HO sz
NHCH, NH, NH,
Epinephring MNorepinephrine Dopaming
% A& ﬁ %‘
FH
COMT HO '[iIH conT L CH, CH8) TH;.
HO "f="3' HO HO TH?
OH NH,
Dihydroxymandelic acid Dihydroxyphenylacetic acid 3-Methoxytyramine
L i L
N A
OH CH
/ /
CH CH. CH (CHA® CH,
| COMT |
HO flle HO "|3Hz HO
NHCH;, NH,
Metanephrine Normetanephring Homovanillic acid

L NZ

OH
/

CHal) CH

N E

3-Methoxy-4-hydroxy-
mandelic acid

(VMA)



Dopamin HODN”W
HO

Funkcie:

1.

w

extrapyramidova motoricka kontrola (v
bazalnych ganglidch = nigostriatova draha)

. vplyv na emocie
. funkcia v procese poznavania
. inhibicia produkcie prolaktinu

Frontal Striatum

cortex

"\ _ Substantia
| nigra

Nucleus
accumbens

dopaminergné drahy U Hippocampus

| Tyrosine |

E

L-DOPA

) / DDC \
,,"/4 \\‘-‘

Dopamine \MAO

DOPAC |

D, D, W
Z' VMAT DAT
( Dopamine \

HVA

| synapsa



Tetrahydro-
OH biopterin

. Biosyntéza dopaminu

Dihydro-
Biopterin (DHB)

O

NH;

Phenylalanine

OH Tetrahydro-

50% of Dietary NH, biopterin P
Phenylalanine Used for HO e \ Py
Tyrosine Synthesis Tyrosine Tyrosine | bl Bioptle:n r(gHB)
/ : Hydroxylase
osine ™ O
H
O OH

NH

HO :

OH 3,4-Dihydroxyphenylalanine ) —
J (DOPA) co,

HO

4-Hydroxyphenylpyruvic acid Vitamin B6

: HO NH,
. 1
v HO

Fumurate + Acetoacetate Dopamine



@@ [@@ m ﬁm @ [ﬁ[ﬁ] é Primary targets of dopamine in the human braint/=’]

Family | Receptor | Gene Type Mechanism

Dy DROT & Increase intracellular levels of cAMP

D1-like (Gg-coupled. .
[ﬁ@@@ [@ @ [ﬁy Dg DRDSE by activating adenylate cyclase.

D5 DRD21&
Decrease intracellular levels of cAMP

4 D2-like D DRO3& | Gi-coupled.
(J metabotropné receptory ? Srcotp by inhibiting adenylate cyclase.
Dy DRD4:
** rodina D1 receptorov: o | TooEn | s G-coupled. | Increase intracellular levels of cAMP
v’ aktivacia adenylatcyklazy - ' Gg-coupled. | and intracellular calcium concentration.
TcAMP
v D1 subtyp
v’ D5 subtyp Dopamine receptors
* rodina D2 receptorov: D1-like D2-like
v' inhibicia adenylatcyklazy — =Gasicoupled s Galjocoupise
LcAMP D1 D5 D2 D3 D4
+ 4 2+ 4 Substantia nigra Substantia nigra Substantia nigra Olfactory bulb Heart
v T K kanaly’ \L Ca kanaly Nucleus accuxgnbens Hypothalamugs Nucleus accurgnbens Nucleus);ccumbens Blood vessels
v D2 su btyp Olfactory bulb Kidney Ventral tegemental area Substantia nigra
Heart Hippocampus
v D3 su btyp Lower levels: Sympathetic ganglia Lower levels: Anl:;l)gdalap
Cerebellum Heart Gastrointestinal tract
v D4 SUbtyp Hippocampus Blood vessels
Thalamus Adrenal glands

Kidney Sympathetic ganglia



Dopamine @

Dopaminergne/

receptory

=

\ (" Adenylyl

@ ~ Caz2.1 (P/Q)
Ca,2.2 (N)

« cyclase
l Decreased  Presynaptic
cAMP excitability  inhibition

PYA
/—\_\ Ca2 Fo N 4 982" I
(PProtein Protein ) =T | ER

A ® ® l | |
\ PP1}—— DARPP-32 |—— Calcineurin (PP2B)

) Ca,1 activation .

Downstream K, and K, inhibition
effects 7 Inhibition of Ca,2 (and thus SK) —_—

Facilitation of the NMDAR responses

Increased excitability
Synaptic plasticity (LTP)




inergné

Dopam

receptory

D1 Receptor Family - D2 Receptor Family
N ' N
Schematic YOI TRty v R W I 7 B e A
structure UL 0! |
C
Sacond £ CcAMP (via G,) . § CAMP (via G)
messenger % PIP, hydrolysis . 4 K*currents
systems Ca2* mobilization (via IP;) . ¥ Voltage-gated Ca’* currents
PKC activation :
D1 § D5 : D2 § D3 D4
Striatum | Hippocampus © Striatum . Olfactory tubercle | Frontal cortex
Distribution Neocortex i Hypothalamus . Substantia nigra | Nucleus accumbens | Medulia
in CNS . Pituitary gland | Hypothalamus - Midbrain

FIGURE 14-4. Dopamine receptor families. The five dopamine receptor subtypes (D1-D35) can be classified into two major families of receptors. The D1
receptor family has a long C-terminal tail and a short cytoplasmic loop between transmembrane helices 5 and 6, whereas the D2 receptor family has a
short C-terminal tail and a long cytoplasmic loop between helices 5 and 6. Stimulation of the D1 family is excitatory, increasing cAMP and intracellular Ca®*
levels and activating protein kinase C (PKC). Stimulation of the D2 family is inhibitory, decreasing cAMP and intracellular Ca’* levels and hyperpolarizing the
cell. The five receptor subtypes exhibit distinctive patterns of distribution in the central nervous system; the major areas of distribution are listed for each
subtype. Within the D2 receptor subtype, there are D25 and D2, isoforms {not shown). IP,, inositol trisphosphate; PIP,, phosphatdylinositol-4,5-bisphosphate.



Poruchy dopaminergnej neurotransmisie

J Pokles dopaminergnej neurotransmisie = PARKINSONIZMUS

 Vzostup dopaminergnej neurotransmisie = posobenie réznych
drog (metamfetamin, kokain — blokuju dopaminovy
transportér) CH,

3 Dysfunkcia dopaminergnej neurotransmisie = SCHIZOFRENIA
(vzostup i pokles aktivity v roznych drahach)

CH,

metamfetamin

The Dopamine Pathways

Dopamine is the neurotransmitter used by the
reward pathway (also called the mesolimbic
pathway, which is closely associated with the
mesocortical pathway). But there are two other
important pathways in the brain that utilize
dopamine: the nigrostriatal pathway and the
P k.« tuberoinfundibular pathway. Generally, drugs that
(5 affect dopamine levels in the brain affect all three
- /" of these dopamine pathways.

Q CHa

O Nigrostriatal pathway '

H C _N Substantia Nigra to Striatum | -

3 . Motor control '
)

. Death of neurons in
this pathway can result.in
Parkinson's Disease

Tuberoinfundibular pathway
Hypothalamus to Pituitary gland
. Hormonal regulation

. Maternal behavior (nurturing)
. Pregnancy

. Sensory processes

kokain O

Mesolimbic and Mesocortical pathways
Ventral Tegmental Area to Nucleus
Accumbens, Amygdala & Hippocampus,
and Prefrontal Cortex

. Memory

. Motivation and emotional response

. Reward and desire

. Addiction

. Can cause hallucinations and schizophrenia
if not functioning properly




PARKINSONIZMUS

Parkinsonizmus je neurologicky syndrom charakterizovany typickou poruchou hybnosti.

Pri€iny vzniku:

[ selektivne poskodenie dopaminergnych neurénov v - VUGHAAL HIGH CHOLESTEROL LEVELS
’ . GAPDH POLYMORPHISM
bazalnych gangliach - (((! N4 LOW URATE LEVEL
U narusenie dopaminergnych buniek v substantia nigra = /X\\/// R GNITIVE
\/ H 4 HP.-4 4 \J IMPAIRMENT EXECUTIVE
** pokojova triaska paIN_ [/ fimte \___ runcrioning
% svalova rigidita /' | GASTROINTESTINAL RICES
S DYSFUNCTION ( " CAMPTOCORMIA
Dopamine ,Receptors Y 4 i
_  Reactive oxygen species ‘:‘ = | DROOL{‘]G “‘. : /
Normal \ \ i \
Neuron \8 ‘I FREQUENT { ‘
Normal \ "/ FALLS L\';\ (
movement \ v,': 4
&/
I({}J‘ \})\ / )
. TREMOR
Parkinson’s affected - 1
Neuron ey LR L FREEZING i |
201 IAN OF GAIT ~~_ ' \
Movement Slow movement HIGH URATE LEVEL M
disorders LOW PHYSICALACTIVITY
LOW GLA ACTIVITY

Rigidity




Parkinsons Disease

Non-Parkinson's

red nucleus

Substantia Nigra

Terapia — substitucna:
Levodopa (L-DOPA)

O

HO OH

NH,

uperior colliculus HO



SCHIZOFRENIA

Ide o0 zavazné psychické ochorenie prejavujuce sa poruchami myslenia a poruchami
vhnimania reality.

PriCiny vzniku (multifaktorialne):

d dopaminergna hypo- a hyperaktivita

O dysfunkcia dalSich neurotransmitérov
(najma serotoninu)

Terapia:
J antagonisty dopaminergnych a
serotoninergnych receptorov

7

** napr. fenotiaziny

S

N
H Irritability Lack of motivation




Schizophrenia

Non-Schizophrenic Brain

Normal lateral ventricles

Enlarged lateral ventricles

Lateral Ventricles



Tyrosine

transponog_)/w T‘rosin
\‘;-4 ___J

& Tyrosing hydroxylase
Tyrosine X z o

Adrenergic
nerve terminal

Ca2¢

L-DOPA
\DOPA

Dopamine

Voltage gated /-
Ca?* channel

Noradrenalin

(J CNS: reguldacia bdelosti a spanku
ovplyvnenie emacii
regulacia pamati a ucenia
regulacia motorickych funkcii
regulacia stresovej situacie
 PNS: riadenie sympatika — prenos z

postganglionarnych zakonceni sympatika na
cielovy organ

Aclrenalin

OH

HO

HN
HO “CHs

L CNS: velmi malo
O PNS: podobné ucinky ako NA

OH
HO NH

HO

Syntéza adrenergnych
neurotransmiterov

OH L-Tyrosine
HO

Oy, Tetrahydro-
biopterin

Tyrosine hydroxylase

H20, Dihydro-
biopterin

HO.
OH  L-Dihydroxyphenylalanine

(L-DOPA)

25
I
~ o]

HO

DOPA decarboxylase
Aromatic L-amino acid decarboxylase

CO;

HO .
Dopamine

.

H
HO 2

Q,, Ascorbic
acid
Dopamine B-hydroxylase

H;0, Dehydro-
ascorbic acid

OH

HO.

Norepinephrine

!

H
HO 2

S-adenosyl-

methionine
Phenylethanolamine
N-methyltransferase

Homocysteine

OH

HO
Epinephrine

!

H

HO CH;,



ADRENERGNE receptory e

o aktivacia fosfolipazy C > MP3; 1NDAG
) o postsynapticky
(J metabotrépne receptory « kontrakcia hladkej svaloviny
1 2 typy receptorov: * mydriaza

O a-receptory (alA,B,C' aZA,B,C) a,-receptor

O B-receptory (ﬂlr |32; 33) o inhibicia adenylatcyklazy - | cAMP
o presynapticky (inhibuje uvolnenie NA)
o postsynapticky (v CNS)

Adrenoceptor Classification

B,-receptory
o aktivacia adenylatcyklazy > 1NcAMP
o postsynapticky (zosilnenie sily a frekvencie stahov srdca)

B,-receptory

o aktivacia adenylatcyklazy > NcAMP

o postsynapticky (relaxacia hladkej svaloviny maternice a
respiraCného traktu)




ADRENERGNE receptory

Adrenergic Receptor Antagonists

Alpha Receptor Antagonists

Non-selective | o,-selective o, -selective Mon-selective

« phenoxybenzamine «prazosin  » yohimbine » nadolol

= phentolamine » terazosin » penbutolol
» doxazosin * pindolol
* alfuzosin * propranclol
» tamsulosin = timolol
* indoramin = sotalol
« urapidil = levobunolol
= bunazosin « metipranolol

rmakologic
vplyvneni

Beta Receptor Antagonists

B,-selective
(First Generation) | (Second Generation)| (Third Generation) | (Third Generation)

» acebutolol
* atenolol

* hisoprolol

* gsmolol

» metoprolol

Non-selective B,-selective

« carteolol » bataxolol
« carvedilol* = celiprolol
» bucindolol = nebivolol
+ labetalol”

Source: L. L. Brunton, B. A. Chabner, B. C. Knollmann: Goodman & Gilman's: The Pharmacological Basis of Therapeutics, 12ed.

www.accesspharmacy.com
Copyright © McGraw-Hill Education. All rights reserved.



Ukoncenie posolbenia COMT

¢ Metyluje —OH skupiny v m-polohe

k@ﬁ@@h@ﬂ@mﬂm@w ¢ Ako koenzym vyuziva S-adenozylmetionin (SAM)

s M3 Siroku substratovu Specificitu

Re-uptake = spatné vychytavanie do % Pdsobi i na katecholaminy uloZené
presynaptického nervového zakoncenia extraneuronalne
o Dopaminové transportéry
o Noradrenalinové transportéry HO_ "X\ COMT HO
. Odburavanie katecholaminov | o @
prostrednictvom enzymov HO D e CH,0 CHCH;NHR
o COMT - katechol-O-metyltransferaza Active R T omocysteine R
catecholamine Inactive

o MAO — monoaminoxidaza ;
metabolite

MAO

¢ Katalyzuje aerobnu deamindciu (za Ucasti
flavinov) na aldehydy

¢ UloZena intracelularne — na vonkajsej
mitochondrialnej membrane

¢ Metabolizuje volne uloZené katecholaminy v
nervovych zakonceniach (nie su ulozené vo

7 Vv
Monoamine Oxidase A Monoamine Oxidase B Va C kOC h )



Ukoncenie posobenia katecholaminov

HO NORADRENALIN
Katechol-O-
metyltransferdza
COMT /11> .
b

Monoaminooxidaza (MAQO)

HO (+ aldehyddehydrogendza)
_COOH

CH;—O

CH
‘L KYSELINA
H VANILMANDLOVA



Konecné produkty odburavania katecholaminov

HO

Noradrenalin :@\ o
[l H;C-O cle" “oH

KYSELINA , OH
VANILMANDLOVA

Dopamin HO:@\ o
o
| H,C—O cH;~ ‘OH

KYSELINA HOMOVANILOVA



S@[ﬁ@‘@@@ﬁ@ Lokalizacia: Tela neurénov produkujucich serotonin su ulozené v mozgovom
NH> kmeni (nucleus raphe).

HO
AN\ Serotonin Pathway

Basal ganglia

N
H
Frontal lobe

5-hydroxytryptamin (5-HT)

Funkcie

O CNS:
o regulacia bdenia a spanku

o ovplyvnenie emdcii (Uzkost)
o ovplyvnenie vztahu k potrave Hypothalamus
o ovplyvnenie sexualnej Temporal lobe

cinnosti
o ovplyvnenie vnimania bolesti
O Trombocyty:
e agregacia trombocytov
* lokalna vazokonstrikcia

To spinal cord



Blosynieza
serotoninu

Tryptophan
hydroxylase

I'T"CFEI'H
CHy—CH—NH,
Tetrahydrobiopterin
N O g
H

L=Tryptophan

O Syntéza prebieha v mozgu — nucleus
raphe

d Primarnym zdrojom je AMK Trp, ktoru
ziskavame z potravy - prechadza cez
HEB

O Do neurdnov sa dostava

COOH

|
g
N

H

L=3-Hydroxytryptophan
(5-HTF)

Pyridoxal Aromatic L-amino
phosphate acid decarboxylase

-

prostrednictvom prenasaca neutralnych
AMK

[ Serotonin syntetizovany
extraneuronalne neprechadza cez HEB!

-

N

H
S-Hydroxytryptamine
(3-HT; serotoming

~

)

+'|:'::|1



SEROTONINERGNE receptory

¢ Existuje 7 serotinergnych receptorov (5HT, ;)
“* Receptory 5HT,, 5HT,, 5HT,, 5HT., 5HT,, 5HT, su ionotrépne
“* Receptor 5HT, je metabotrépny

o sprostredkovavaju inhibi¢né deje (prostrednictvom
lonetophe inhibicie adenylatcyklazy, otvorenia K* kanélu)

e Pomalé excitacné ucinky
ST T@@@W@W e Aktivacia adenylytcyklazy

i e Zvysenie priepustnosti pre Na* a K* iény
VIetalootroPR® o - depolarizicia membrany

SR W@@@[@@@W e Excitacna odpoved




Ukoncenie posobenia serotoninu

CH,—CH,

HO
, Z | AN I!IH2
serotonin N AN

1. Re-uptake = spatné

H,0 0, MAQO -monoaminooxiddza vychytavanie do
uH, x o . presynaptického nervového
22
y/ zakoncenia
/4
CHz—C o Serotoninovy
5-hydroxyindol “ transportéry
acetaldehyd
Aldehyddehydrogendza MAO
o _
monoaminoxidaza
NADH o _C o aldehyddehydrogenaza

5-hydroxyindol \.
octovad kyselina m
(5-HIA)



Poruchy serotoninergnej neurotransmisie

J Pokles serotoninergnej neurotransmisie N(CH,CHy),
v CNS O N’CH3 NH2
v Depresia \
* Terapia — inhibicia spatného vychytavania
serotoninu HO
v’ Poruchy spanku N N
] Blokacia alebo aktivacia serotoninergne;j H H
aktivity &b Sardiond
v’ UZivanie halucinogénov (LSD, kel
psilocybin) _
Ho. -
{j’? &O /\NO N7
X U R
N LSD
H

psilocybin




Glutamart

O Hlavny excitacny neurotransmiter v mozgu
» 75% excitacného prenosu je
sprostredkované glutamatom

Funkcie v CNS

O rézne formy neurondlnej plasticity
O ucast v procesoch ucenia a pamati
O motoricka koordinacia

Biosyntéza glutamatu

» Glutamdt, ktory je vCNS vyuZivany
ako neurotransmiter, vznika
premenou predovsetkym
z glutaminu.

» Glutamin pre premenu na glutamat
poskytujd glutamdtovym neurdnom
susedné gliové bunky.

Presynaptic

; Glutamine
terminal

Glutamate

Mitochondrion @ Glutaminase

N\
Vesicular Glutamine
transporter ] ; transporter
| - / © 0
Vesicle containing 00

neurotransmitter

¢ Glutamate
© o
Glutamine
Exocytosis o oo > ! e ©)
‘ Glutamine
synthetase
(%) ®© o © o °
Synaptic Glutamate "‘— —» Glutamate
cleft G\I t t
Postsynaptic o utama e
receptor and ionic o @ transporter

channel

Postsynaptic
neuron



Glutamate fast neurotransmission

Synthesis, packagmg, reuptake, degradation

‘-/-!-’S."

(A
N\
Presynaptic N R EATT
terminal
$°°" ‘ﬁ
H,N—cu—cu,—cuz_c_NH2

E
»e COO™
*%e |
NH"C"''—Cl'lz—CH,—coo

= ~ VGLUT A
A Y NG / .;:':v
; o 1 Q
A <

Postsynaptic cell

Glutamate receptors
NEUROSCIENCE, Fourth Edition, Figure 6.6

(error - should
be EAAT)

© 2008 Sinaver Associates, Inc.



Elutamateve receptory

" iGIUR Ionotropné Metabotropné " mGlu-R

(idonové kandly) (G-proteiny)
NMDA AMPA Triedal | Trieda 3
kainatove Triedq 2
\ )
Y

Non-NMDA receptory



OH

Non-NMDA receptory A
o Oznalenie podl'a selektivhych agonistov O\”,OH Kyselina kainova
N
H O

» kaindtové receptory — kaindt
+ AMPA receptory - AMPA (kyselina 2-amino-3-hydroxy-5-metyl-4-
izoxazolpropionova)

O

Ionové kandly aktivované ligandami (2 molekuly glutamdtu)
prienik Na* do bunky a K* z bunky

Y

depolarizacia
POSTSYNAPTICKY EXCITACNI POTENCIAL



NMDA receptory

a Ionovy kandl riadeny ligandom i napatim
agonista - NMDA (Armetyl-D-aspartat)
tvoreny 4 podjednotkami
umoznuje presun relativne vel'kého mnozstva Ca?*

Podiel'a sa na indukcii dlhodobej potencidcie

synaptického prenosu (LTP - fong term potentiation).

HO
\”/\E)LOH






























