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NEUROTRANSMISE- zakladni procesy prenosu vzruchu
v synapsi centralniho nervového systému (CNS) jsou obdobné
jako v perifernim nervovém systému

neurotransmiter je chemicky mediator uvolnovany

z presynaptického zakonceni, vede k rychlé excita€ni €i inhibi¢ni
odpovédi postsynaptického neuronu, prevod signalu na kratkou
vzdalenost (pres synaptickou stérbinu)

neuromodulator je rovnéz uvolinovan neurony, vede k pomalym
pré- i postsynaptickym odpovédim

-moduluje u€inek neurotransmiteru — méni citlivost
postsynaptické membrany k vlastnimu mediatoru
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Neurotransmise a mista zasahu
leClv

1) uptake prekurzoru transmiteru

2)  syntéza transmiteru

3) uskladnéni transmiteru do vezikul

4)  degradace neuskladnéného transmiteru
5) depolarizace membrany akCnim potencialem ——
6)  vtok Ca?* iontll vapnikovymi kanaly (™ precursor

(3 Depolarisation

7)  exocytdza transmiteru
- 8) difuze k postsynaptické membrané
= 9) interakce s postsynaptickym receptorem
> efektorového systému
E‘f © 10) inaktivace a degradace nékterych transmiterd ~ D;f;fjﬂz:':"
0 (ACh)
el o I 11) Reuptake transmiteru (NA) nebo degradacnich T
s B produkt = 3
2 12) Interakce transmiteru s presynaptickym L !
0 receptorem T Y
EVHOPSK;UME N \Cinactivated transmitter ‘6« \
’\Kﬁl 2 Vsechny kroky vyjma 8 mohou byt ovlivnény [ékem !! S > [@q
(o)
©
()
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Depolarizace vs. Hyperpolarizace
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Obr. 7.12. GABA,-receptorovy komplex
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Neuromediatory

1) Aminy (acetylcholin, dopamin, noradrenalin, adrenalin, histamin,
serotonin)

— dopamin, adrenalin, noradrenalin = katecholaminy

2) Aminokyseliny
— Inhibi¢ni (GABA, glycin)
— Excitacni (glutamat, aspartat)

3) Peptidy
- opioidni — leu-enkefalin, met-enkefalin, dynorfin A a B, B-
endorfin, nociceptin
- jiné (cholecystokinin, substance P, releasing faktory aj.)
4) Ostatni neuromediatory
Puriny, melatonin, NO, kyselina arachidonova

Neuromodulatory
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Tab. 7.1. Typy a subtypy neurotransmiterovych receptoru

Transmiter Receptory Bunééna odpovéd
| h | muskarinove(M. _.) ¢ lexcitadni): ;TIP3 7 DG
acetyicholin ~inhibicni): L cAMP, T K
nikotinove (N) T Ld CTNAL T K (excitaéni)
dopamin 0, (exm r_,m]l T cAMP
Bla.g (inhibiéni): | cAMP, © Ld TR
d | S ATPT (L., excitacni); T Ca®
adrenalin U 1o (excitaéni): TIP3 / DG
nOI’adl’ena"n [t (inhibicniy: L cAMP, | Ca®
VIPY te:-{ulclcm}l T cAMP
' | 5-HT .., (|nh|b|cn|]| L cAMP, T K
serotonin | B5-HTu (excitacni) TIP3 / DG
(5'HT) =HT, (excitacni): T Ca™, T Na', T K
H-HT, (excitacni): Tcﬁ.MP
5«HTgs sn (inhibicni); L cAMP
5«HT, (excitacni), T cAMP
5=HT; (excitacni); T cAMP
. . H. (excitacni); T IP, IDEJ
histamin H. {excitacni}: TGAMP
H., (autoreceptor) {inhibicni): L cAMP

Lincova a Farghali

: Zakladni a aplikovana farmakologie. Galén 2005
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GABA (y-amino maselna k.) GABA, finhibicni): T CI
GABA (inhibiéniy: T K', L ca™
glycin glycinovy receptor {inhibicni): T CI°
glutamat a aspartat NMDA (excitadni T Na, T_ K', T ca®
AMPA/ kviskvalat (excitagni); T Na, T K’
kainat (excitacni): T Na, T K’
L-AP4 (inhibiéni): 4 cAMP
ACPD (excitacni): T IP, / DG
opioidy b (inhihiéni): L cAMP, . Ca™, .f K
8 (inhibign): | cAMP, L Ca®", T K-
- 'S (inhibian): L eAMP, L Ca* T K
p o B
‘© : : All, (excitacni): T cAMP, T cGMP
- angiotenzin Al U:‘-xutcl(,rn Tmmp T cGMP
_ —— |
Ef O oxytocin oxytocin | (excitacni): l‘ P, / DG
~ T L | .
evropsky N . COKA {rs-m.itru'ni T' IP ,."'Df:u
socialni >
fond v CR © cholecystokinin CCKB (exc |1']c‘n| TP, / DG
q g vazopresin v, (X |’rc1rn| TII—’ /DG
N P Ve (excitacni): T cAMP
| K ﬁr (o}

‘ KoL = Pourité zkratky: ACPD - kyselina 1-amino-1,3-cyklopentandikarboxylova, AMPA - kyselina g-amino-3-hydroxy-5-metylisoxazol-
L .g d-propionava, cAMP - cyklicky adenosinmonofosfat, cGMP - cyklicky guanosinmonotostat, DG - diacylglycerol, IP3 - inositol
o lrifosfat
Eﬁ o Lincova a Farghali : Zakladni a aplikovana farmakologie. Galén 2005
INVESTICE ';;

DO ROZVQJE )
VZDELAVANI
>
c
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Tab. 7.2. Priklady znamych kotransmisi

acetylcholin vazoaktivni intestinalni peptid
substance P
enkefalin
neurotenzin

dopamin cholecystokinin
neurotenzin
enkefalin

adrenalin neuropeptid Y
enkefalin

neurotenzin

= noradrenalin neuropeptid Y
© enkefalin
> F
o somatostatin
0 :
gf - serotonin substance P
evropsky N cholecystokinin
socialni > .
fondCR © enkefalin
o :
EVROPSKA UNIE > gIUtamat SUbStance P
< N
I\Kﬁr ° GABA somatostatin
e o cholescystokinin
3 © enkefalin
i' M ()
OPVzdélévil;i 0 SUbStance P
pro konkurenceschopnost :
DoEiBseya a Farghali glycin neurotenzin
vziZakVadni a aplikovana
farmakologie Galén 2005
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DOPAMIN

-prekurzor NA (viz VNS)
Lokalizace v CNS a funkce:
-3 zakladni dopaminove drahy:

1) nigrostriatalni draha (75%) —

- bun. téla v substancia nigra, axony konci ve striatu, kde tlumi cholinergni
neurony

- dulezité pro regulaci motoriky, nedostatek téchto neuronu =
Parkinsonova choroba (pohybova chudost, svalovy ztuhlost a tres)

Antiparkinsonika:

Nahrada dopaminu - L-DOPA (prekurzor dopaminu)

Blokada biodegradace dopaminu pomoci selektivni blokady MAO-B -

selegilin, rasagilin

Inhibitor KOMT — entacapon

Aktivace dopaminergnich D2 receptorti v CNS — pergolid,

dihydroergokriptin (D1, D2, D3), pramipexol (D2)

Vyplaveni dopaminu - amantadinu

Neuroleptika — antagonisté D2 — Parkinsonsky syndrom, tardivni dyskinézy
(NU)

Tento projekt je spolufinancovan Evropskym socidlnim fondem a statnim rozpoétem Ceské republiky.
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2) mesolimbické drahy
- ze stfedniho mozku do limbického systému (nucleus accumbens)

- vliv na chovani (emaotivita, systém odmény -,reward system®,
spontnnost, iniciativa, asertivita, snaha o dominanci)

- nadmeérna aktivita spojena se stereotypnim chovanim a schizofrenii
(agresivita, bludy, halucinace, neklid); zejména D, receptory

Neuroleptika (antipsychotika):
- Blokadou D receptoru v této oblasti = antipsychoticky ucinek

- ale blokada D-receptoru v prefrontalnim laloku — zhorSeni negativnich
pfiznaku shcizofrenie (apatie, emoc¢ni oplostélost)

Inhibitory D2/D3 receptort:
klasicka (afinita i k dalSim receptorum M, H1, alfa1)

sedativni (D<M, H1, alfa1): chlorpromazin, levomepromazin, thioridazin,
chlorprotixen, incizivni (D>M, H1, alfal): perfenazin, prochlorperazin,
trifluoperazin, flupentixol, haloperidol, pimozid, fluspirilen, oxyprotepin

atypicka (selektivnéjsi k D2 mezolimbické drahy:

i

selektivni antagonisté D2/D3 receptorl — sulpirid, amisulprid
serotonin.dopamin antagonisté — risperidon, ziprasidon, sertindol

MARTA-multireceptorovi antagonisté (D2, 5-HT2, alfa2, H1, M)-klozapin,
olanzapin, quetiapin, zotepin
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3) tuberohypofyzarni draha
— drahy z hypothalamu do hypofyzy
- inhibice sekrece prolaktinu, stimulace sekrece rustového hormonu

Neuroleptika — NU — gynekomastie, galaktorea, poruchy menstruaéniho
cyklu

Dopaminergni agonisté D2 — bromokryptin, lisurid — terapie
hypofysarnich adenomu se sekreci prolaktinu

4) Area postrema — chemorecepcCni spoustéci zéna v prodlouzené
mise

- stimulace D2 = zvraceni:

Emetika: levodopa, agonisté dopaminu (bromokryptin)

Antiemetika: antagonisté dopaminu (neuroleptika, metoklopramid)

i
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Dopaminergni receptory

= pét typu dopaminovych receptort D,-D.

- sprezeny s G-proteinem

_ 2 skupiny dle podobnych vilastnosti:
like-D1 (D1 a D5) - excitaCni
like-D2 (D2, 3, 4) - inhibi¢ni

Vie VIV s

Fig.2
Saginal section of human beain showing the dopaminergic pathways invelved in the actions of antipsychotic drgs (see text For Tunher nformation).
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SEROTONIN 5-HT (5 hydroxytryptamin)

Lokalizace:

-nejvyssSi koncentrace 5-HT neuronu je v oblasti pontu
a prodlouzené michy s projekci drah do kury,
limbického systému, hypothalamu i spinalni michy
Syntéza: z L-tryptofanu

zakladni funkce :

vhnimani (halucinace- LSD — centralni analog 5-HT)
regulace spanku/bdélosti

regulace emoci v€etné nalady (nadbytek=uzkosti,
nedostatek=deprese)

=nocicepce
‘©

Zprijem potravy, regulace télesné teploty, nauzea a

Ezvracenl’

~— 7 zakladnich typu 5-HT receptoru (5-HT;-5-HT-)
o~ VSechny jsou G-proteinoveho typu (|nh|b|cn| /

Serotonin NerePathways:in the Brain
s, 3 5 b

°ex0|tacn|)

Investice dorozv

mCHZCH

Tryptophan
Tryptophan hydroxylase

COOH

mCHZCH

5-hydroxytryptophan

L aromatic acid decarboxylase
- (= dopa decarboxylase)

@\—J—CH LCH,NH,

5-hydroxytryptamine

(serotonin)
HO[ b—l CH,CHO
N

H

Aldehyde dehydrogenase

HO[ I—T CH,COOH
N

5-hydroxyindoleacetic H
acid (5-HIAA)
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Léciva pusobici pres 5-HT neurotransmisi:
Antidepresiva — inhibitory zpétného vychytavani monoaminu:
- tricyklicka a tetracyklicka — blokuji reuptake 5-HT i NA (D):
Klopramin, amitriptylin (imipramin, dosulepin)
- heterocyklicka — selektivni inhibitory reuptake 5-HT —
fluvoxamin, fluoxetin, paroxetin, sertralin, citalopram, escitalopram

, - selektivni inhibitory reuptake 5-HT a blokatory
5-HT2 (méneé NU) — trazodon, nefazodon

Anxiolytikum (uzkostné stavy)- buspiron (stimulace 5-HT1A)
Antiemetikum — ondansetron (antagonista 5-HT3) — terapie cytostatiky
Halucinogeny — LSD, meskalin, psilocybin (agonisté 5-HT1 a 2)

Serotonin na periférii (mimo CNS):

Kardiovaskularni systém: vazokonstrikce hladké svaloviny velkych cév (5-HT2),
pokles TK (5-HT1A — inhibice sympatikotonu), zesiluje vydej vazodilatacniho
NO

antihypertenzivum — ketanserin (antagonista 5-HT2)
Trombocyty — agregace, t€hotenska hypertenze
GIT — zvySeni stfevni motility a sekrece (5-HT4), prokinetikum — cisaprid

Antimigrenikum — sumatriptan — (agonista 5-HT1D — prokrveni mozku?) ,
ergotamin (neselektivni)

Tento projekt je spolufinancovan Evropskym socidlnim fondem a statnim rozpoétem Ceské republiky.



Noradrenergic System

NORADRENALIN

- ve vSech oblastech CNS (hypotalamus, limbické oblasti)
- adrenergni synapse podobna jako na periferii

Funkce: ovlivhuje naladu, bdelost, ostrazitost; regulace krevniho tlaku
(vysoké hladiny : neklid, manie x nizké hladiny: utlum, apatie, deprese)

Receptory: vCNS ay, a,, B

i

Léciva ovliviiujici NA transmisi v CNS:

-tricyklicka antidepresiva — norimipramin, nortriptylin, maprotilin — blokada
zpétného vychytavani NA (i 5-HT)

-psychotropni latky (psychomotorika) — kokain, amfetamin

- centralné pusobici antinypertenziva (klonidin, a-metyldopa)
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Adrenergic Transmission

Although a sympathetic en passantsynapse is
shown, the synthesis and reuptake mechanisms
shown apply equally well to CNS adrenergic and|
dopaminergic neurones.

these are indirectly acting sympathomimetic amines.

they compete for uptake 1 and vesicular uptake, thus TYROSINE
displacing NA at two points. Amphetamine also

reduces vesicular packaging of amines by reducing

(the pH gradient.

[ephedrine also has direct effect ‘
[ by activating 32 receptors. used |

to relieve bronchospasm as a j/:ﬁiesd:nzimhli _rtat:-"l:ltlngh, an:i Iﬁs )
nasal decongestant | feedback-inhibited; phosphorylation
. TYROSINE _gmerrmpomesmy | reduces this effect (PKC, PKA and
| Ca2*-Calmodulin dependent PK);
p TYROSINED | chronic electrical stimulation
doesn't cross the BBB, therefore often HYDROXYLASE | upregulates its transcription
used as adiu‘nct in L-DOPA treatment B =
of Pﬁrklnson 8, 85 it reducesthe ( forms false neurotransmitter |
| peripheral effects. DOP, A\/\ o4
‘v | effacnvs at a4, but more
pora\  GEIEED) | effective at oy, hence gives
UPTAKE 1 [works peripherally and centrally to block DECARBOXYLASE | greater feedback inhibition too | _\; DEAMINATED
= | catcheolamine accumulation of vesicles,
] | 5
ecstasy (MDMA) also | | thus depletes stores; once used in & reserpine DOPAMINE METABOLITES
~| has a high affinity for | psychiatry and hypertension, but caused MONOAMINE ~ MONOAMINE
| 5-HT receptors I | depression SRDASE ARNNUIDAE B inhibitors increase | ‘

MAO-A MAO-B) (
( 3 ) ( 2 ) |

| cytoplasmic catecholamine |
concentration, increasing
|rate of leakage

taken up by uptake 1; competes for uptake into vesicles, |
displacing NA into cytoplasm where it will leak out, thus
gives initial sympathetic hyperactivity. when given
chronically in low doses, will cause NA depletion, and at |
high concentrations can inhibit vesicular fusion. once
used as anti

[

"used in |
parklnson‘g J

DOPAMINE
S

(up to 50% of NA taken \ :sed in ! ]
| up by uptake 1is lepression |
recyled tis way

tranylcypromine ‘
iproniazid

& guanethidine

UPTAKE 1 (high affinity, low Vraxi

| most NA taken up this way |

"and other tricyclic antidepressants; \‘
enhance sympathetic activity; |nh|b|f
| 5-HT uptake too. note recurrence of

couples to G and gives
feedback inhibition by
lowering cAMP and PKA
| activation, this reducing
Ca?* channel
| phosphorylation.

guanethidine

not used

Jusad in paripheral yascutar therapeutically.| [ was used to treat hypertension,|

disease, Raynaud's

and phaeochromocytoma. | | but caused bronchoconstriction. atenolol

| now used since more specific.

vasodilatation and bladder |
neck relaxation, useful in

urinary retention.
corticosteroids
phenoxylbenzamine

hptake 2 found in non-neuronal |
1 tissue; takes up circulating NA;
low affinity, high Vmax system |

treatment of asthma |
(in aerosol form) and ©
| premature labour. | ", UPTAKE 2

[ used like MAO-B inhibitors|

‘used in hypertension (blocks | entecapone | {in Parkinson's
‘vasoconslncnon) can cause | _ T N . V S A nrLATED
vasoconsmchon toplcally by| |positive inotropic efrect in was used in asthma for ¥ |

j i genic shock. some | bronchodilatation, but NA CATECHOL-O-METHYLTRANSFERASE

isoprenaline

| also caused tachycardia. \_ﬂ'ﬂ—‘"/' METABOLITES

lauttiion rocoptor. | (us i eat lock
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Schéma umisténi nikotinovych
acetylcholinovych receptort v mozku

&N “ T $2. 2
ACETYLCHOLIN =00 &
o v s s : “’?/esol' :\;Zm I.\/ A Ul ?T
Lokalizace: na vSech urovnich CNS V\\?\f’\ﬁ \Y
- synapse obdobné jako na periférii RpRa YN CE
Receptorv: NN I M receptory (nAiZmralnllegmentalnl © Nikotin
oblast (VTA) \ ® Dopamin
Funkce: o

Kognitivni — pamét’ (uCeni, kratkodoba pamét, stav bdélosti)
vysokeé hladiny: pocit uzkosti, zvySena drazdivost, provokace
epileptického zachvatu
nizké hladiny: vypadky paméti, demence, zmatenost,
desorientace
- neurodegenerativni onemocnéni — demence, Alzheimerova
choroba, parkinsonismus

Léciva ovlivnujici cholinergni transmisi v CNS:
Antiparkinsonika —centralni parasympatolytika — procyclidin,
benzotropin, biperiden, orfenadrin (tremor)

Kognitiva — inhibitory acetylcholinesterazy (galantamin, donepezil) i
butyrylcholinesterazy (rivastigmin) — Alzheimerova choroba

Brain Cross-Sections

uuuuuu

aaaaaaaa

Normal Alzheimer's

Tento projekt je spolufinancovan Evropskym socialnim fondem a statnim rozpoc€.cii: vconc rcpumnny.
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- - - - SHORTTERN ¢ nium is used in the |
olinergic fransmission : e
. . S and neostigmine and physostigmine and ecothiopate
choline uptake is rate limiting. MEDIUM TERM pyridostigmine are used orally | | are used as eye drops in the
approximately 50% of the pyridostigmine JIUEN i is of as they

choline is taken up by this

oo also used intravenously to will decrease the pressure of the
transport. |reverse competitive nmj block. | | aqueous humour. ;

hemicholinium physostigmine

IRREVERSIBLE
ACETATE [the effect of long term P
d parathion | anticholinesterases will only | | parathion is used as an
CHOLINE | subside after new enzyme insecticide, and in the

treatment of head lice. it is
lipid-soluble and will cross
| the skin and insect cuticles. |

synthesis, although for
| dyflos, pralidoxime (a strong
ile) will i

anticholinesterases

| the enzyme.

[ decamethonium is not an

__—> ACETYL CoA

3 decamethononium nmj nicotinic receptor
- & antagonist, buta
c & depolarising blocker.
g =]
CHOLINE 2
ACETYLTRANFERASE =]
ACETYLCHOLINE
«
(atP)
bachol
ACETYLCHOLINE

botulinium toxins lack of specificity in muscarinic
agonists and antagonists
reduces their therapeutic
potential. the main use of
agonists is in treatment of

1glaumma by eye drops;

| pilocarpine is the most effective.

Ca2+

| on the vesicular
| forms a complex with two plasma
!membrane proteins: SNAP-25 and syntaxin.
| tetanus toxin and botulinum toxins B, D, F
{and G cleave synaptobrevin. botulinum
|toxins A and E cleave SNAP-25. botulinium
|toxin C1 cleave both syntaxin and SNAP-25.

muscarinic antagonists were
used often, but less so now.
they are still used for
pre-medication in anaesthesia.

Tento projekt je spolufinancovan Evropskym socidlnim fondem a statnim rozpoétem Ceské republiky.
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HISTAMIN H<N1/\

- Bazicky amin z histidinu (histidin dekarboxylaza) Y NH,
Lokalizace: v oblasti hypothalamu s projekci do stfedniho mozku a kury
Receptory: H1, H2, H3

Funkce: ridi zakl. Ziv. funkce- regulace tél. teploty, krevniho tlaku, cyklu
spanek-bdéni, pfijmu potravy, uvolnéni nékterych hormonu

- Antiemeticky a tlumivy ucinek antagonistl H, receptoru (H; antihistaminika)

Histamin mimo CNS:
Lokalizace: ve vSech tkanich — zirné bunky (kuze, plice, mukdza GIT...),
bazofily o

- v zasobnich vezikulech (+heparin)

- uvolnéni ze zasobnich vezikul — exogenné/endogenné navozenou
exocytozou, lyza zirnych bunék, modifikace membrany, vytésnéni
vezikul

- uvolnéni zprostredkované antigenem — hypersenzitivni reakce typu | (IgE)

- Uvolnéni nezavisle na Ag — poSkozeni bunky, tkané (chlad, ozareni,
zanét, mechanické poskozeni, lIeCiva (morfin, kodein, d-tubokurarin...),
endogenni latky (bradykinin, somatostatin...)

- latky zvySujici cAMP (adrenalin, beta-adrenergni agoniste), PGE2

Tento projekt je spolufinancovan Evropskym socidlnim fondem a statnim rozpoétem Ceské republiky.



Mechanismus ucCinku histaminu, ucinky na jednotlivé organy:
Histaminove receptory sprazeneé s G proteinem

H1 Gq Hladka svalovina Zvyseni tonu hladkych svalu (bronchy,
(vzestup bronchu, stfev, cévy, stfevo)
Ca) mozek Uvolnéni NO z endotelu (vazodilatace)

ZvySeni cévni permeability (edém)
Stimulace senzitivnich nervovych
zakoncCeni (svédéni)

Hypersekrece slizniCnich zlaz, uvolnéni
katecholamint z nadledvin

Zvyseni bdélosti

Ef anafylaxe

Egé’ﬁ?"y' H2 Gs Gastricka mukoza, Zvyseni sekrece zaludecCni Stavy

i srdce, zirné bb, malé Vzestup srdecni frekvence a

m cévy, mozek kontraktility

’\,@% H3 Gi CNS, presynapticky  Inhibice uvolnéni histaminu, transmiterd
H4 Gi Eozinofily, leukocyty, = Regulace imunitniho systému

kostni dren, plice

OP Vzdélavani
pro konkurenceschopnost

INVESTICE
DO ROZVOJE
VZDELAVANI

Histaminovy Sok: hypotenze, bronchokonstrikce,abdominalni kieCe
— anafylakticky Sok

Tento projekt je spolufinancovan Evropskym socidlnim fondem a statnim rozpoétem Ceské republiky.
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Latky antagonizujici ucCinky histaminu:
- Zabranéni uvolnéni histaminu z dep (kromoglykat, nedokromyl)
- Zablokovani histaminovych receptrou antagonisty — antihistaminika

- Antagonizovani u€inkt uvolnéného histaminu (adrenalin uvolni
bronchokonstrikci)

Antihistaminika
H1-lytika: sedativni (+anti-M, anti-5-HT, alfa2-lytické u€inky): moxastin,
difenhydramin, dimenhydrat, embramin, clemastin, carbinoxamin
- nesedativni (méné aditivnich ucinka): loratadin, cetirizin...
Indikace: alergické rce, nauzea a zvraceni (kinetozy)
H2-lytika: potlaCeni sekrece zaludecCnich stav (H2, gastrin, acetylcholin)
cimetidin, ranitidin, famotidin, nizatidin, roxatidin

e

c
\©
>
\C
@
©
N H - - H P
s Indikace: pepticky vied e
o An Allergic Reaction — Overview
— Allergic_ i @
reaction Histamine
B - O Sppersn N
EVROPSKA UNIE > B cell Co
e - PARIETAL CELL el
‘ ; = Histamine AT GASTRICH* {( g >
N g ION PUMP ) Allergen \ (5)
. o H, receptor cAMP K* Plasma cell <
gl - |y Released IgE A ?
1. v e - 0 antibodies . O ey
. o Gastrin \ H J & f\’ Granue TES gl
o Z éﬁv;ni o Ca"‘ + ¥ IgE receptor
pro ko?:iu‘ie:cleschopnost = ACh—o g o L @ Subsequent
L contact with
INVESTICE 7)) ) i, / allergen
DO ROZVOJE o Mast cell )
VZDELAVAN| S aslics)
c
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GABA-kyselina y amino maselna

-nejcastejSi inhibicni neurotransmiter v CNS (Siroka distribuce v CNS)
-tvori se dekarboxylaci glutamatu, biodegradace deaminaci GABA-
transaminazou

- volné v cytoplazmé, uvolnéni Ize blokovat tetanotoxinem

Receptory:
GABA, -postsynapticky receptor spojen s chloridovym kanalem -zpusobuje
hyperpolarizaci a pokles excitability,
_*GABA; presynapticky receptor je G-proteinoveho typu (G,,), plsobi
;ppstsynaptickou inhibici, pfes G protein spojen s kanalem pro K*

>UCinky:
Ef »Vysokeé hladiny: zklidneni, relaxace, ospalost
e ESm’Zené hladiny: podrazdénost, uzkost, nespavost, epileptické kreCe
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Obr. 7.12. GABA,-receptorovy komplex

Tento projekt je spolufinancovan Evropskym socidlnim fondem a statnim rozpoétem Ceské republiky.
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GABAergic Transmission

(GABAis the majhriv{hibifory transmitter of the CNS, being found in
|25-40% of all synapses. GABA neurones are usually short inhibitory

Barbs and benzos are allosteric activators. They both
have anxiolytic, hypnotic and anti actions.
Barbs are only now used for the latter, as they have
low therapeutic indices (~10) and can induce

dependence. They increase the open-time of the
l; AR Sy channel and can open the channel in the absence of
| mlemeumn::é but the striatonigral pathway and Purkinje cells of the | GABA. Benzos likeP diazepam and chlordiazepoxide
[GABA Transporters are responsible for are_safer but can give 'hapgovers' due to long-lived
re-uptake of GABA. GAT-1, GAT-2, GAT-3 active metabolites. They increase channel
and 'I;GH ire the idenﬂﬁéd transl ortsis open-frequency. Both classes have sedative effects.
Tiagabine is a GAT-1 inhibitor. GA% A 3 Neurosteroids are endogenous and act like benzos,
| uptake also occurs in glia. As.with most except they can open the channel without GABA. |
[uptake, it can be reversed during r
| depolarisation or intracellular build-up. — 014.6 — Required for benzodiazepine binding.
e~ - B4.4 — Required for GABA-affinity.
- Required for full benzodiazepine effect.
v a-KETOGLUTARATE v T1g — Red a
\ Isoniazid is a treatment for tuberculosis | & ) ‘
GLUTAMATE | Which wasdiscovered to have — o — € P
|antidepressant effects. .
GLUTAMATE
DECARBOXYLASE
KREB'S CYCLE S,

SUCCINYL-CoA

GABA : ,
4 H The GABAR receptor is part of the same family as the
'GABA i S nicotinic ACh receptor. It is a pentameric hetramer,
TRANSAMINASE ™

made from combinations of the subunits shown.
= SUCCINATE SUCCINATE

s Different combinations have different drug
A specificities, meaning specific drugs can be designed.
H Zeleplon targets « (cortex) and is a hypnotic.
sEMl-ALDEHYDE i L838417 has no effect on «4 and is anticonvulsant
|and anxiolytic with no sedation.

= 4
evropsky
socialni
fond v CR

GABAGR

|Thls is a GPCR coupling to G;, giving a fall
|in CAMP levels. This leads to lower CaZ*
|influx and greater K* permeability. The

| latter is important in postsynaptic

ilnhlbl n, and the former in presynaptic
|autoinhibitory feedback.

EVROPSKA UNIE

'Baclofen can be used to treat ]
!spastlc:(y Phaclofen and saclofen
| {appear to be anti-epileptic. }

all types of epllapsy and Is useful in children as there is no sedative effect; it also actsas a nse—dspendanl Na‘ channel blocker.

a®
U
.. .....................
. ;Antl-epllepucs
%Y phenobarbitone EULY p suppress focus formation and can work in all types of epilepsy except absence;
—_—_—y : sedation and tolerance occur.
OP Vzdélavani [ suppress the spread of activity. Sedation and tolerance occur with all members HIIr 2 can be used as an
pro konkurenceschopnost + adjunct in all types; can be used in tonic/clonic seizures and status epilepticus. () and ( are used in
'
| status epilepticus.
INVESTICE ! Synthesis and uptake inhibitors like(EFEIALY and (EELEI) can be used as adjuncts in partial seizures. can be used in
DO ROZVOJE :
v gL '
VZDELAVANI !
'

kers block the spread of activity. and ({ are examples.
Caze channel blockers IIke ethosuximide ELLT t can be used In absence epilepsy. They block TCa channels.

(
Investice dorozvoje vzdélavani

Tento projekt je spolufinancovan Evropskym socialnim fondem a statnim rozpoétem Ceské republiky.



Latky pusobici pfes GABA neurotransmisi:
Hypnosedativa, anxiolytika: benzodiazepiny, barbituraty

barbituraty: prodluzuji pisobeni GABA, méné selektivni,
v této indikaci se nedoporucuji (Iekova zavislost, tolerance
na ucinek), celkova anestetika i.v. (thiopental)

Benzodiazepiny- allostericky podporuji aktivaci GABA-A
receptoru (2 vazebna mista viz obr.)a zesiluji plsobeni
GABA (vazbou se zméni konformace a zvySi se afinita GABA k receptoru = CI-
kanal se otevira Cast€ji, hyperpolarizace membrany ) - - ucinky
anxiolytické, sedativni, hypnoticke, antikonvulzivni, myorelaxacni

Indikace: pfechodna a kratka insomnie (kratkodobé ucinné BZ 2-5h—
midazolam, oxazepam, triazolam ; strednédobé ucinné 6-15h — flunitrazepam,
alprazolam, lorazepam, dlouhodobé ucinné 16-100h — chlordiazepoxid,
diazepam, flurazepam)

- Riziko syndromu zavislosti s toleranci na hypnoticky uc€inek (max. 2-4 tydny)
Selektivni agonisté GABA — parcialni agonisté, vazi se jen na 1 misto
- zolpidem, zopiklon, zaleplon
Antiepileptika
- barbituraty, benzodiazepiny
- Vigabatrin, tiagabin, valproat — inhibice reuptake a biodegradace GABA
— kratkodobé ucinna hypnotika
Myotonolytika— baklofen — agonista GABA-B receptoru

i

—_
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gly g Glycin

GLYCIN

- glycin je inhibi€nim neurotransmiterem v miSe
- pusobi na sve vlastni receptory podobné GABA, receptoru
(zvySuje vodivost Cl-)
Antagonisté - strychnin, vysoce ucinné konvulzivum - kompetitivnim
antagonistou
- tetanotoxin- blokuje uvolnéni glycinu
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8]
HO L
Excitaéni aminokyseliny glutamat a aspartat WCEA) ok

(0]
-ve vysokych c ve vSech oblastech CNS i OH
-glutamat je nej¢astéjSi neurotransmiter v CNS _J Jg; N/‘o\ NH;
4 zakladni typy glutamatovych receptoru: ?\ﬁ“
O

lonotropni (spojeny s kanaly):

1. NMDA ( podle agonisty N-metyl-D-aspartatu): kanaly propustné pro Ca2+,
blokovany Mg2+ a nékt. halocinogeny (fencyklidin, ketamin)

2. AMPA (podle agonisty a-amino-3-hydroxy- 5- metylisoxasol -4 propionové

kyseliny)

Kainatovy receptor

Metabotropni receptory mGIluR (metabolismus fosfatidylinostiulu)

B w

- silna stimulace glutamatovych receptoru je spojena s fenoménem exitotoxicity-
navozeni neuronalni smrti

- Neurotoxické pusobeni pfi ischémii mozku, zavazné formy epilepsie a;.
neurodegenerativhich onemocnéni mozku

LécCiva ovlivhujici neurotransmisi glutamatu:

Antiepileptikca — gabapentin (inhibuje uvolnéni glutamatu), topiramat (blokuje
postsynaptické glutamatoveé receptory

Akutni cévni mozkova ptihoda, Alzheimerova choroba — memantin — nekompetitivni

antagonista NMDA (SRN)

Tento projekt je spolufinancovan Evropskym socidlnim fondem a statnim rozpoétem Ceské republiky.


http://images.google.cz/imgres?imgurl=http://upload.wikimedia.org/wikipedia/commons/thumb/b/b9/NMDA.svg/446px-NMDA.svg.png&imgrefurl=http://commons.wikimedia.org/wiki/File:NMDA.svg&usg=__bEfV27B6z2rXZHzHS3NKBvHECDw=&h=274&w=446&sz=7&hl=cs&start=15&tbnid=tfruJ5P3ld9c9M:&tbnh=78&tbnw=127&prev=/images?q=nmda&gbv=2&ndsp=18&hl=cs
http://images.google.cz/imgres?imgurl=http://upload.wikimedia.org/wikipedia/commons/thumb/b/b9/NMDA.svg/446px-NMDA.svg.png&imgrefurl=http://commons.wikimedia.org/wiki/File:NMDA.svg&usg=__bEfV27B6z2rXZHzHS3NKBvHECDw=&h=274&w=446&sz=7&hl=cs&start=15&tbnid=tfruJ5P3ld9c9M:&tbnh=78&tbnw=127&prev=/images?q=nmda&gbv=2&ndsp=18&hl=cs

(=~ 4
evropsky
socialni

fond v CR

EVROPSKA UNIE

~r

OP Vzdélavani

pro konkurenceschopnost
INVESTICE
DO ROZVOJE
VZDELAVAN(

Investice dorozvoje vzdélavani

----- GLUTAMINE
GLUTAMINE
SYNTHETASE

GLUTAMATE

Glutamatergic Transmission

(Glutamate i the typical excitatory amino acid in the CNS; others are |
|aspartate and homocysteic acid, but functional differences are small.
These transmitters are found at 20% of all synapses. Excitatory

Glial cells convert glutamate
to glutamine for transit, to
‘\avolﬂ spurious excitation.

| The AMPA receptor is pentameric, made from the
|GluR 14 subunits. GIuR; is found in most receptors;
|where it is lacking, increased Ca?* permeability is
Iseen. GluR; has splice variants flip and flop: flip is

\foudn prenatally, and it gives a more sustained

|amino acids are in epilepsy, and {current. GIuR; also undergoes almost complete
icell death in stroke. J rRNA editing by adenosine deaminase. Q codon
— — {changed to R. This edited form decreases channel
A
GLUTAMINE
[The kainate receptor is pentameric, made from the
GluRs7 and KA., subunits. It is rapidly desensitised.
RNA editing gives variable Ca?* permeability.
iF is currently
GLUTAMINASE
a-KETOGLUTARATE\
KREB'S < Giycine i i i
lycine is a co-agonist, though the low concentrations
CYCLE GLUTAMATE,_ required are found constitutively in the CSF. Mg2* blocks

the channel unless it is depolarised. Since AMPA and
NMDA receptors are usually found together, the AMPA
receptors must be activated to depolarise the cell before
the NMDA receptors will allow Ca2+ in. This could underlie
long-term potentiation. In ischaemia and epilepsy, the
membranes are depolarised and Ca?* can enter in response
to any glutamate. There is a disulphide bridge which is
reduced in high-energy cells. When it is not reduced, it the
opening frequency of the channel is lowered, thus exerting

1 a protective effect. Low pH, found during ischaemia, inhibits
The NMDA receptor is pentameric, made receptor activation, thereby exerting another protective
from an NR; with a combination of |effect. F and also modulate the
NRz4.2p subunits. Different combinations 1 | kinetics. All these mechanisms are allosteric.

have different pharmacologies. NR; has 8 [
alternative splicings. It has slow kinetics, [ === ===~
unlike the AMPA and kainate receptors. ‘.

v
GLUTAMATE

Long-term Potentiation (LTP)

Pre;
~_NNDA

AMPAg

\Po:t

Associative
If Preq fires alone, there will be an EPSP in Post, due to Na* influx. If Pre; fires coincidentally with Pre,
then the depolarisation will remove the Mg2* block from the NMDA receptors and allow Ca2* entry. CaM
kinase Il is activated, and the AMPA receptors are phosphorylated, making them more permeable to Na*.
It is also thought that the translation and transcription of the AMPA receptor is increased. Next time Pre;
is fired alone, the response will be greater.

:
)
:
:
|
Non-associative :
:
\
:
:
:

(There are currently 8 known membotroplc (GPCR)

| glutamate receptors. They all inhibit adenylyl cyclase

and/or activate PLC. Pharmacology is currently poor,

but there is interest, due to possible roles in LTP and
ic neuronal death.

Ao J

At high frequency (50-100Hz) stimulation by one neurone, the same mechanism can be activated, giving
LTP. Low frequency stimulation can actually result in Long-term Depression (LTD).

Tento projekt je spolufinancovan Evropskym socidlnim fondem a statnim rozpoétem Ceské republiky.
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-inhibiéni nerotransmise v CNS adenosin pusobi prostfednictvim
adenosinovych receptort A, a A, sedativné, antikonvulzivné

-methylxantiny (napf. kofein) jsou antagonisté na A, receptorech,
pusobi stimulacné

Purinoreceptory

Receptor Aktivace/lnhibice Signalizace

P1 receptory

(Adenosinové Adenosin/kofein (xantiny) G protein
receptory)

gf *nukleotidy ATP

pid sl P2Y receptory *ADP, UTP, UDP G protein

fond v CR

*UDP-glukoza

ligand-gated

P2X receptory ATP iontovy kanal
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Kanabinnoidni receptory

CB; — CNS - euforicky a antikonvulzivni ucinek, presynapticke
CB, _periferni tkan (bunky imunitniho systému)

Fytokanabinoidy — nejucinéjSi kanabinoid Canabis sativa je A®-
tetrahydrocannabinol
(A%-THC, commonly called THC)
Endokanabinoidy- Anandamid (syn. Arachidonoylethanolamid- AEA)

2-Arachidonoylglycerol (2-AG)

— endogenni neurotransmitery v CNS

Syntenické kanabinoidy- NABILON —antiemetické ucCinky a zvyseni chuti k
jidlu u pacientt s AIDS nebo po chemoterapii
- studuje se i v souvislosti s terapii roztrousené sklerézy nebo
Alzheimerovy choroby
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Peptidové neuromediatory

-peptidové neuromediatory neaktivuji receptory spjaté s iontovymi
kanaly,

-aktivuji radu G-proteinovych receptoru, odpovéd je pomalejsi, jedna
se tedy v uzsim slova smyslu o neuromodulatory

opioidni peptidy — peptidy s pusobenim podobnym morfinu; mezi
nejznaméjsi patri leu-enkefalin, met-enkefalin, dynorfin A, B-endorfin,
nociceptin

tachykininy (substance P, neurokininy A a B)
-podileji se na nociceptivni transmisi (prenosu bolesti), predevsim

prostfednictvim NK,-receptort; antagonisté NK receptoru maji
potencial pusobeni analgetik

dale napr insulin, cholecystokinin, somatostatin, substance P atd.
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Melatonin
— tvoren z 5-HT v epifyze, odkud je vyluéovan jako cirkulujici hormon (I(
* melatonin (N-acetyl-5-methoxytryptamin)
— sekrece je ovlivihovana svétlem, ve dne je nizka, v noci vysoka (,,biologické
hodiny*)
— pusobi v CNS prostiednictvim nékolika typt receptort
—  pFi p.o. podani ptuisobi sedativné — vyuziva se k prekonani tzv. syndromu ,,jet-
lag* (opozdéni biologickych hodin v novém ¢asovém pasmu pfi cestach letadlem
a prekonanim nékolika pasem béhem kratké doby, zejména pfri cesté ze zapadu
na vychod)
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EVROPSKA UNIE g Ox.d dusnaty (NO)
5 neuronalni NOS (neuronalni NO syntaza; nNOS) je lokalizovana v mnoha
= regionech mozku, jeji aktivita stoupa se T intracelularni koncentrace Ca2*
o - ~ - - (-] o w (-] - - -4 v =
" o — NO ovliviauje funkci neuronul vzestupem cGMP, muize pusobit excitacné i
o inhibiéné
. = — ve vétsich koncentracich piisobi NO neurotoxicky
INVESTICE 7)) ) L. . . . . , - .
moE — (inhibice nNOS chrani v experimentu mozek proti ischemickému poskozeni)
>
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