NEUROTRANSMISIA VO
VNS

Latky ovplyvnujuce adrenergny -
sympatikovy - nervovy systém

Ladislav Mirossay

Univerzita P. J. Safarika
Lekarska fakulta
Ustav farmakoldgie




VNS - schéma

http://ardb.bjmu.edu.cn/main/ARDisease.htm




Zhrnutie transmisie vo VNS
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CMS = central nervous system; Pre = preganglionic; Post = postganglionic;

ACh = acetylcholine; N = nicotinic receptor; ME = norepinephrine; EP| = epinephrine;
D = dopamine; M = muscarinic receptor; [ = i-adrenoceptor; o = a-adrenoceptor;

D, = dopaminergic receptor




Sympatikovy nervovy systéem | s

Axon

1. Syntéza neurotransmitera:

Tyrosine

v
Dopa

> tyrozin > DOPA - D - NE > E
(E = metylacia NE v dreni nadobliCky)

Dopamine

v

Norepinephrine

Presynaptic
neuron

Autoreceptor

2. Metabolizmus:

+ katechol-O-metyltransferaza (COMT) Q

+ monoaminooxidaza A & B (MAO)

NE =" "~ NE
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https://clinicalgate.com/anatomy-and-physiology-of-the-nervous-system/
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Syntéza NE & E
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https://themedicalbiochemistrypage.org/aminoacidderivatives.php
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Metabolizmus NE & E 3
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MNorepinephrine COMT » MNormetanephrine
l MAD lm,.ﬂ.f_';l <+<— Monoaminooxidaza
(MAO)
Dihydroxymandelic_ COMT __ Vanillylmandelic
acid acid (VMA)
T MAQO TMAD
Epinephrine COMT Metanephrine
MAD = monoamine oxidase
COMT = catechol-O-methyltransferase Katechol-O-
metyltransferaza

(COMT)


http://www.cvpharmacology.com/norepinephrine

Enzym

Substraty MAO

Metabolizovany neurotransmiter

MAQO - A

norepinefrin
epinefrin
serotonin
tyramin
melatonin
dopamin

MAQO - B

dopamin




Kategorie sympatikovych T
receptorov :

Adrenalin,
Noradrenalin
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Smooth muscle Inhibition of Smooth Heart muscle PY _ G
contraction transmitter muscle contraction. 2 S
release contraction smooth muscle
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glycogenolysis



a,

Sympatikovy NS

a-receptory - lokalizacia

vaskularny hladky sval
pupilary dilatator
pilomotoricky hladky sval
prostata

srdce

presynaptické receptory v CNS
pankreatické p-bunky

dostiCcky
adrenergny & cholinergny nerv terminaly
cievnheho hladkeho svalu

tukove bunky




B,

B,

Sympatikovy NS

- & D-receptory - lokalizacia

srdce
juxtaglomerularne bunky

respiraény systém

hladky sval maternice & ciev
skeletalny sval

pecen

hladky sval

nervove zakoncenia




Uloha o & B receptorov 3

V kontrakcii srdca a vaskularnych hladkych
svalov

Receptor Srdce Vaskularny
hladky sval

Oy ? Kontrakcia

o, ? Kontrakcia
(arterioly a vény v kozi)

?

B, Kontrakcia
L7 ? Relaxacia



a,- & B,-receptory v cievach

Arteriole

Postsynaptic
sympathetic fiber

\:\ Constriction

Varicosity

cx‘l
receptor
Dilation
Epinephrine
Vascular
smooth muscle B,

receptor



http://doctorlib.info/physiology/illustrated/12.html

Transdukcné cesty a,- & [3,-
receptorov — cievny hladky sval
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Responses of
target cell:
Smooth muscle
relaxation,
vasodilation
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(a) cAMP pathway initiated by activation of
[-adrenergic receptor
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(b) Inositol-phospholipid-calcium pathway initiated by activation of
a,-adrenergic receptor

Copyright © 2009 Pearson Education, Inc.

Responses of
target cell:
Smooth muscle
contraction,
vasoconstriction



B,- modulacia kontrakcie 13

srdcoveho svalu

e Je regulovana fosforylacnymi reakciami zavislymi od
cAMP & kalmodulinu cmy:

> obe poOsobia paralelne

e Aktivacia kaskady cAMP — PKA vedie k:

> fosfory

> fosfory
sarkop

> fosfory

acii L-typu Ca?* kanalov (1t cazv)

acii ryanodin-senzitivnych receptorov
azmatického retikula (1 caz

acii lahkeho retazca myozinu (1 kontrakcie)



B,-adrenergicka kontrola
kontrakcie kardiomyocytu

Cardiac

S ATP
)
= ol &

Ca SR 3 PK-A

Contraction Z/ y

Abbreviations: NE, norapinephrina; Gs, G-stimulatory protein;
AC, adenyly cyclasa, PK-A, cAMP-dependent protein kinase,
SR, sarcoplasmic reticulum

cvpharmacology.com



http://cvpharmacology.com/cardioinhibitory/beta-blockers

B,- modulacia relaxacie hladkého | 3¢
svalu

e Je regulovana fosforylacnymi reakciami zavislymi od

cAMP a kaldesmonu (cM-binding protein — inhibitor Ca2*-zavislej
hladkosvalovej kontrakcie):

» obe sU zavislé od Ca?* & CM

e Aktivacia kaskady cAMP — PKA vedie k:

» fosforylacii kinazy 'ahkeho ret'azca myozinu

> U jej schopnosti viazat Ca?*- CM komplex

> U jej schopnosti fosforylovat Pahky retazec myozinu

» alternativhe, na cAMP-nezavislé cesty aktivuju
membranove K* kanaly (U kontrakcie)



B,-adrenergicka kontrola relaxacie | 2:::

hladkého svalu os
Ca™ L=ty e

Caleium

Channel

Ca' "+ Calmoduli
Almodauim ATF"

L)

++ ;
Ca = Calmodulin cAMP
+
KMLC -
AT @ALCK o
=

="
Phosphalfase

Abbreviations: SR, sarcoplasmic reficulum; Gg, Gs-profein; MLC, myosin
fight chain; MLCK, myasin light chain kinase, P, myosin phosphorndalion

cvpharmacology.com



http://cvpharmacology.com/cardiostimulatory/beta-agonist

Suhrn adrenergickych vplyvov na
hladky sval

o4 adrenergic u, adrenerg 3, adrenergic
r r r

Relaxation




Sympatikovy NS

a-receptory - funkcia

Hlavné uéinky

mydriaza
vazokonstrikcia = 1 TK
U moéenia
1 glykogenolyza
ejakulacia

a,

inhibicia uvolnovania NE (U cAMP - centralny uginok)
Inhibicia uvolnovania inzulinu

agregacia dosticCiek

kontrakcia hladkého svalu (U cAMP)



Hlavné Gé&inky

B,

Sympatikovy NS

[3-receptory - funkcia

Mt srdcovej frekvencie

M drazdivosti

f vodivosti

M sily kontrakcie

I uvolfiovania reninu

relaxacia hladkych svalov:
maternica (tokolyza)
respiracné (bronchodilatacia)
vaskularne (vazodilatacia)

/I sekrécie inzulinu

! vychytavania K*

ft glykogenolyza




Sympatikovy NS 33

D-receptory - funkcia

Hlavné Gé&inky

D1 Vazodilatacia:

> koronarne

> renalne

> mezenterické

Ml renalneho prietoku krvi

M rychlosti glomerularnej filtracie
T exkrécie Na*

(periférny)



Priamo ucinkujuce
sympatikomimetika

Stimuluju receptory sympatikovéeho systemu:

a,: NE, E, nafazolin, fenylefrin
e Vvazokonstrikcia: systemova alebo lokalna (nosova sliznica)

o,. klonidin, a-metyldopa, dexmedetomidin*
e hypertenzia, sedacia dospelych*

},: D, dobutamin
e SokK, kardialne zlyhanie

8,: 1zoproterenol, salbutamol, fenoterol, formoterol

e bronchialna astma, CHOCHP



Selektivita sympatikomimetik

Latka Receptor

Norepinefrin a > B
Epinefrin 3> a
lzoproterenol 3, =B,
Dopamin D> B>
Dobutamin 3, > B,
Fenylefrin ol > 0y
Fenoterol B,




Ucginky niektorych priamych | ss
sympatomimetik

Norepinefrin systémova vazokonstrikcia

Epinefrin lokalna vazokonstrikcia (lokalna anestézia),
kardialna podpora, anafylaxia

Nafazolin lokalna vazokonstrikcia (dekongescia)

Dopamin vazodilatacia (renalna, mezentericka), SOk

Dobutamin i vydaj srdca (bez ovplyvnenia renélnej perfizie —
ChzS)

Fenoterol bronchialna astma, tokolyza




Norepinefrin ®
Urgentné indikacie

Hypotenzia refraktérna na i.v.
doplnenie objemu tekutin

MU: a,- & B,-agonista
e Davky:
> 1-30 ug/min i.v.

e NU: tachydysrytmie, nekréza
tkaniva pri infiltracii alebo pri
podani arterialnou kanylou (potom
sa podava centralnym zilnym katétrom )

:i?gml Fill in 5 mL Vial "

13 2ngle dose Fliptop Vial

fllevophed®
&1'0repinephrine bsllt/a

Wection,uysp 4 M

~ ,3RW INFUSION ONLY
s "9 Contains Sulfites.
13, Inc., Lake Forest ¥



http://www.mims.com/malaysia/drug/info/levophed

Anafylaxia; srdcova zastava (vsetky vekové kateg
tazka astma

vV V. YV V @

Epinefrin ® see:
Urgentné indikacie 13

MU: B- & a-agonista

Davky:

KPR (dospeli): 1 mg 1:10,000 i.v.
KPR (deti): 0.01 mg/kg 1:10,000 i.v.
Anafylaxia: 0.1 - 0.5 mg 1:1,000 i.m./s.c. (i.m. preferovane)

Anafylaxia/astma (deti): 0.01 mg/kg 1:1,000 i.m./s.c. (max
jednotliva davka 0.3 mg)

> Hypotenzia refraktérna na IVF (i.v. tekutiny): 1 - 10 yg/min i.v.

NU: chyby v davkovani, tkanivova nekrdéza (potreba podania
centralnym venoznym katétrom), dysrytmie


http://www.savingchicagocpr.com/epinephrine-awesome-drug/epinephrine-ampule/

Dopamin T
Urgentna indikacia °
Dekompenzované zlyhanie srdca, f:j
hypotenzia "

MU: q,-, B;-, & dopaminergny agonista

J
N~

Davky:

< 5 pg/kg/min i.v. dopaminergné ucinky (neodporuca
sa)

5-10 ug/kg/min i.v. primarne B-ucinky

10-20 pg/kg/min 1.v. primarne a-ucinky

NU: tachydysrytmie, nekrdza tkaniva pri extravazacii

alebo arterialnom podani (potreba podania centralnym
vendznym katétrom)


http://www.acesurgical.com/dopamine-hcl-200mg-40mg-ml-5ml-sdv.html

Dobutamin
Urgentné indikacie

Dekompenzovaneé zlyhanie srdca,
refraktérna hypotenzia

e MU: B,-agonista > B,-agonista

e Davky:
» 2 -20 pg/kg/min ILv.

e NU: tachykardia, hypotenzia (ak nie je
euvolémia), predCasné komorové kontrakcie

(tiez zname ako predcCasny ventrikularny komplex -
PVC),

!}SP(‘

20 mL

DOBUTamine
Injection, USP
250 mg/20 mL

125 mg per ml
OR IV USE ONLY

—


http://www.acesurgical.com/dobutamine-250mg-20ml-vial-injection.html

Koncentracie E pri hlavnych

aplikaciach

Anafylaxia 1:1000
Zivot zachranujica 1: 10,000
podpora srdca (protokol)

Kombinacia s lokalnymi 1:100,000

anestetikami




Y Y Y Y Y

Vedlajsie ucCinky
sympatikomimetik

Stimulacia a,- receptora:
1 TK

U prisunu kyslika

retencia mocCa

Stimulacia f3;- receptora:
tachykardia

palpitacie

arytmie (I myokardialnej spotreby kyslika)
nepokoj, tremor, zavrate, bolesti hlavy
dyspnoe, plfucny edem




3 — agonisty

Sumarizacia

B Adrenergic Agonists

Isoproterenol 1[- BB, agonist bradycardia palpitations, headaches,
(emergency ) tachycardia, flushing
Dobutamine B, agonist congestive heart 1 size of myocardial infarct
a, agonist/ failure P risk of arrhythmia
a, antagonist (short-term)
Albuterol B, agonist bronchospasm anxiety, headache,
(short-term) dry-mouth
Salmeterol B, agonist bronchospasm upper respiratory tract
(long-term) inflammation
Formoterol B, agonist bronchospasm nasopharyngitis, headache
o

1Pronunciation: http://dictionary.reference.com/browse/lsoproterenol?s=ts

References: G & G; Lippincott’s; pdr.net



Nepriame sympatikomimetika

Stimuluju sympatikovy systém ako NE cez:

uvolnenie uskladneného NE do synaptickej strbiny:
amfetamin, efedrin, tyramin...

blokadu spatneho nasavania NE do
presynaptického neuronu:

niektoré antidepresiva — napr. imipramin, kokain,
atomoxetin...

U metabolizmu NE:
- inhibiciou MAQO — A: niektoré antidepresiva...
- inhibiciou MAQO — B: selegilin, rasagqilin...
- inhibiciou COMT: entakapon...



Nepriame sympatotropne latky
Vplyv na NE

SYNTHESIS OF

NOREPINEPHRINE G UPTAKEINTO
* Hydronyltion ofyrosine STORAGE VESICLES
. n. s t a 2.4
T — e

® Norepinephrine is protected
from degradation in the

vesicle.

. Yvampon into the vesicle is

o —

RELEASE OF
3 NEUROTRANSMITTER

o Influx of calcium causes

fusion of the vesicle with
the cell membrane in a process
known as exocytosis.

Release is blocked by
guanethidine and bretylium.

REMOVAL OF
NOREPINEPHRINE
» rapidly ulton into the no\:on

Reuptake is inhibited by
and imipr BINDINGTO
RECEPTOR
® Postsynaptic receptor
is activated by the
binding of neuro-

transmitter,

E METABOLISM

® Norepinephrine is
methylated by COMT
and oxidized by MAO.




Amfetamin

Mechanizmus ucinku

Amphetamine Synaptic Mechanisms

*Amphetamine similarly
| reverses NET, DAT & SERT |

High doses G)
inhibit MAQ 7 presynaptic
! _YMAT storage
Amphetamine @ vesicles
NE
cytoplasmic \

poal

reverse l
transport N E

Amphetamine NE

NET - norepinefrinovy transportér
VMAT - vezikularny monoaminovy transporter
SERT - serotoninovy transportér

M uvolfiovanie NE z
centralnych
adrenergnych neurénov
uvolnuje D — vysoka
davka (mezokortikolimbicky &
nigrostriatalny D systéem)

aj ako priamy agonista
centralnych 5-HT
receptorov

moze U MAO

na periférii - uvolnovanie
NE (p6sobenim na

adrenergné nervove
zakoncenia)



Efedrin

Mechanizmus ucinku

Ephedrine Mechanism

NE = Norepinephrine

NE =f={mA0 [=
“‘“"l T >
MAQ metabolizes
cytoplasmic NE .
vesicles

, Cytoplasmic
Ephedrine pool

NE The cytoplasmic “pool”
is finite & can be NE

depieted by repefifive
doses of ephedning l

reverse
transport

Direct effects on:
o & fi receptors

TAARS | NE
H'"‘Ephedriﬂe NE —__, stimulates

adrenergic receptors

Nepriamo stimuluje
adrenergny
receptorovy system
mozna priama
Interakcia s a-
receptormi |

uvolnovanie
NE & D



Tyramin
Mechanizmus ucinku

Tyramine Mechanism

Tyramine inactive_
metabolites (—) MAQ inhibitors

. :“/" (Depression, Parkinson) >

=

b . NE = Norepinephrine
MAD iz found — MAQ metabolizes
in the GI fract cytomasmic NE & .
& iver as wel o i vesicles

Tyramine

Cytoplasmic \
pool >
The cytoplasmic “pool”
reverse N E iz finite & can be N E
depleted by repetitive
transport /F_-N doses o f fyraming
NET

: NE
Tvramine stimulates
y NE —— adrenergic receptors

Tyramin U MAO:

fl tym dostupnost
neurotransmiterov
sutazi na urovni
axoplazmy so spatnym
nasavanim NE do
synaptickych vezikul
uvolnuje vezikularny
NE do synapsy



Metabolizmus tyraminu esec”

Ventrolateral
medullary
/ \ adrenergic

neuron

Tyramine Tyramine
metabolism by metabolism by
MAOA (80%) and  MAOA (S0%) and
MAOB {20%} in MAOS (50%) in

| small intestine liver |

AT

MAOA
inhlbitors

Amine °o ot 4

/V Increased tymmme in
’ b!ood cuculauon

\ t mport '
! = = o @ Nomdrenallne
= m @ reup!ake
lyfamme metabolism L
\' by cndolhclual MAOA / Adrenergnc receplors /
\ % =
o e 7

Copyright @ 2006 Nature Publishing Group
Nature Reviews | Neuroscience

U MAO @jveim =

1 plazmaticka
koncentracia
tyraminu =
sympatomimeticke
ucinky (" uvolfovanie NA)


https://www.pinterest.com/goeder11/maoi/

Uginok niektorych nepriamych | 33
sympatomimetik

Amfetamin anorexia, zavislost

Kokain okalna anestezia, zavislost
Tyramin nypertenzna kriza (syry + MAOI)
Pseudoefedrin okalna vazokonstrikcia (dekongescia)
Moklobemid depresia (MAO-A inhibitor)

Bupropion depresia (inhibitor NE & D naséavania)
Selegilin parkinsonizmus (MAO-B inhibitor)
Entakapon parkinsonizmus (COMT inhibitor)
Atomoxetin nyperkineticka porucha — ADHD




Priame sympatikolytika

Blokuju sympatikovy systém cez receptory:

prazosin, terazosin, alfuzosin, tamsulosin
antihypertensiva, benigna hyperplazia prostaty (BHP)

yohimbin
posturalna hypotenzia, erektilna dysfunkcia

atenolol, bisoprolol, metoprolol, acebutolol
antihypertensiva, antidysrytmika, anti-anginoza, anxiolytika, anti-
glaukomatika

%)

bez klinického vyznamu



Selektivita a-sympatikolytik

Receplta
Fentolamin o, = a, (kompetitivny)
Fenoxybenzamin O, = O, (ireverzibilny)
Tolazolin Oly s Olop
Prazosin o
Tamsulosin Oy
Yohimbin O, (CNS presynapticky)
Mirtazapin O, (CNS presynapticky)




Uginok a-sympatolytik

Fentolamin feochromocytom
Fenoxybenzamin feochromocytom

Tolazolin plucna hypertenzia

Yohimbin posturalna hypotenzia, impotencia
Prazosin hypertenzia, BHP, m. Raynaud
Tamsulosin BHP (selektivnejsi - a,,)

Mirtazapin depresia (CNS - presynapticky o)




NU a-blokatorov e

1. Kardiovaskularne

suvisiace s ich
primarnym o-lytickym
ucinkom

2. Iné

suvisiace s ich
primarnym
mechanizmom ucinku
a ako vysledok U TK
dalsie

ALPHA-ADRENERGIC ANTAGONISTS

(ALPHA-BLOCKERS)
SIDE EFFECTS

Examples:
doxazosin
(Cardura)

Orthostatic
Hypotension

Tachycardia

prazosin
(Minipress)

f/‘fku-'(

Vertigo Sexual Dysfunction

Copyright © 2012, 2008, 2005, Mosby, Inc.. an affiliate of Elsevier inc.



Selektivita B-sympatikolytik

Propranolol, timolol,
pindolol, nadolol

B (neselektivne)

Acebutolol, atenolol,
bisoprolol, betaxolol,
esmolol, metoprolol

By

Karvedilol, labetalol

o4/

Sotalol

B/K* - blokator kanala

Acebutolol, pindolol

s ISA




Uginky niektorych it
B-sympatikolytik

Propranolol, timolol,
pindolol, nadolol

angina, arytmie, hypertenzia,
ChZS, tyreotoxikoza, glaukom

Acebutolol, atenolol,
bisoprolol, betaxolol,
esmolol, metoprolol

Specifickejsie = menej NU

Karvedilol, labetalol

vhodne pri ChZS

Sotalol

vhodne pri arytmiach

Acebutolol, pindolol

vhodne pri ChZS, hypertenzii




Klinické pouzitie B-blokatorov

Uses of beta

Anxiety |
Migraine blockers mnemoanic
2 Medicowesome 2014
o

Glaucoma

Thyroid storm |
Hypertension

Angina pectoris

Cardiac arrhythmias
Myaocardial infartion
Congestive heart failure
Hypertrophic cardiomyopathy
Dissecting aortic aneurysm

Essential tremor

Pheocytochroma



NU B-blokatorov e

1. Kardiovaskularne

* suvisiace s ich primarnym SIDE EFFECTS OF

mechanizmom ucéinku O\ ADRENERGIC ANTAGONISTS
B - BETA BLOCKERS

2 CNS

suvisiace s ich
mechanizmom ucinku na
Inej organovej urovni

e zavislé od ich schopnosti
prestupu cez HEB

« dalsie

xamples:
Propanolol
(Inderal)

Atenolol
(Tenormin)

Metoprolol
(Lopressor)

Bradycardia
(AV-Block)

Symptoms of DDrowsinege,
epression
CHF T8 22007 Nursing Education Consu tants, Inc p


https://www.pinterest.com/jjeffrey77/adrenergic-blocking-drugs/

Nepriame sympatikolytika o

Blokuju efekt NE:

inhibiciou transportu DOPA z neuronalnej cytoplazmy
synaptickych vezikul a tym U obsahu NE:;

napr. rezerpin

pOsobenim ako ,falosné mediatory (prekurzory)®:
napr. metyldopa

antihypertenziva



Uginky niektorych nepriamych | iit:
sympatolytik :

Rezerpin hypertenzia

(uz sa nepouziva pre neselektivitu & z toho
vyplyvajucu depresiu & sedaciu)

Metyldopa hypertenzia (najma v preeklampsii — liek
1. volby, dokazana bezpecCnost aj v 1.
trimestri)




adrenergic
. . receptor

Source: Adapted from < hitp.//www.drugabuse.gov/pubsiteaching/Teachingd/Teaching.html >



https://p1neurotransmitters.wikispaces.com/Norepinephrine

