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Serotonin = 5-hidroksitriptamin
(5-HT)

« Kemizem prenasalcev
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Serotonin = 5-hidroksitriptamin
(5-HT)
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Serotonin = 5-hidroksitriptamin
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Serotonin = 5-hidroksitriptamin
(5-HT)
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Serotonin v CZS

Dopamine Pathways Serotonin Pathways

Frontal
cortex

Striatum

Substantia
nigra

Nucleus
accumbens VTA
Functions

-Reward (motivation) Hippocampus  Functions

-Pleasure, euphoria Raphe nucle; *Mood

-Motor function *Memory
(fine tuning) processing

-Compulsion -Sleep

- Perseveration -Cognition



Funkcije 5-HT

Je prenasalec v CZS
5% v CZS

95% na periferiji (ve€inoma v GIT nekaj
v trombocitih)

Je predstopnja za sintezo hormona
melatonina: uravnavanje spanja/budnosti

V GIT vpliva na aktivhost misic

Trombociti - 5-HT, receptorji - strjevanje
Krvi In vazokonstricija



Funkcije 5-HT

* Respiratorni sistem: bronhokonstrikcija

* GIT - tanko Crevo: velika obcutljivost na 5-HT—
mocne ritmicne kontrakcije.

 Stimulacija bruhanja (5-HT; receptorji)

« Kardiovaskularni sistem: razlicni neposredni in
posredni ucinki:

1. Neposredna vasokonstrikcija (velike arterije) in
posredna vazodilatacija preko NO and PGI2

2. Srce: neposredni inotropni in kronotropni ucinki
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Biosinteza 5-HT
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5-HT receptor]i

* Najmanj 19 receptorskih tipov, vsi
metabotropni in postsinapticni razen:

« 5-HT1A,B,D (avtoreceptoriji)
« 5-HT3 (inhibitorni, ionotropni)




5-HT receptorji

receptor 5-HT, 5-HT, 5-HT, 5-HT, 3-HT; 5-HT, 5-HT,

podtip  5HT,. 5HT,., 5HT.. 5HT, .,
SHT,g, SHT g, OHT 55 OHT
SHT,p, SHT .
SHT g,
5HT, -
mediator cAMP |IP37 ionski cAMPT cAMP? cAMPT CcAMP1
signalne | kanal

poti



Ucinkovine v 5-HT sistemu

Pomen posameznih tipov receptorjev za 5-HT

 5-HT1A: pomembni pri anksioznosti in
depresiji

* 5-HT1D: pomembni pri migreni

 5-HT2: so v CZS, vplivajo na obnasanije in

kardiovaskularni sistem

« 5-HT3: slabost in bruhanje, ki se pojavi pri
kemoterapiji raka



Ucinkovine v 5-HT sistemu

5-HT prekurzoriji: triptofan

Zaviralci biosinteze: p-klorofenilalanin
inhibitor triptofan hidroksilaze

Zaviralci razgradnje — MAO inhibitorji
(moklobemid, selegilin)

Zaviralci hranjenja v veziklih; fenfluramin

Zavralci ponovnega privzema -
antidepresivi



Ucinkovine v 5-HT_sistemu




5-HT — hormon srece?

e Hormon srece?




5-HT,, delni agonisti

« Lokalizacija v CZS
* Delovanje - 5-HT1, pre- postsinapticni inhibitorni receptor!

5-HT1A

receptor Q/ \_" synaptlc cleft Na* channel .+ hannel

) 0" o
+
— partial agonist adenylate protein Ni P
(buspirone) cyclase kinase C ® 0/s

inhibitory
G-protein

post-synaptic membrane

cytoplasm

<N



5-HT,, delni agonisti

 terapija anksioznosti in depresije
« Tudi uravnavanje spolnosti, apetita
* arilpiperazinskega tipa (azapironi)
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5-HT,, delni agonisti

« Strukturna podobnost z butirofenoni?
* Delovanje na D, in o, receptorje
* Delovanje na 5-HT1, ugodno pri terapiji shizofrenije

O<::o 4/_/— N/:N —(\:} 0 _/_/—N:\N —(\:}
N [: I (N
. .

buspiron o ipsapiron

OB g

o gepiron tandospiron



5-HT,, delni agonisti

SAR arilpiperazinov

* Piperazin nujen, pirimidin ne (razni aromati)
« Tetrametilenski distancnik optimalen

* Imidna struktura

Primer alnespiron a'“es?‘r°“

SELEKTIVNOST I AFINITETA

Ng 8-OH-DPAT

1%



5-HT,, delni agonisti

Zanimivost — pindolol; 5-HT,, antagonist
- skrajsa zacetek terapije s SSRI

- Kombinacija farmakofora?
AryI

J\ /O } SERT farmakofor
HN

>

5-HT 4 farmakofor

pindolol - B1 antagonist




5-HT,5 agonisti

* Terapija migrene; agonisti 5-HT,, agonisti
cerebralnih zil — konstrikcija

« Ni delovanja v CZS — ni prehoda HEB!

* Nevarnost — vazokonstrikcija koronark —
kardiogeni sok



5-HT,5 agonisti
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5-HT,5 agonisti

SAR
* Indoletilaminsko jedro
 Mesto 5: akceptor H-vezi



Table 14.3. Pharmacokinetice of the 5-HT, Agonists (the Triptans)

5-HT,5 agonisti

Parametars Sumatrptan ZeAmitriptan MNaratriptan Rizatiptan Almotriptan Frovatriplan Eletriptan
Trade name Irmitres Zomig) Amerge Maxalt Axert Frova Pl preax
Log P (calc)? 0.7+ 0& 1.6 = DA 1.4 =08 0.8 068 1.9+ 08 0.0 £04 31 =08
Log O (pH 7){calc)® -1.7 -0.8 -1.2 -1.4 -5 -2 018
Bicavailability (%)
Ciral 14-157 A0-50° 7 A0-50° 7O-B0 20-30" 5%
Female: /o Temale: —a0
Male: /0 Make: —20
Mazal 17 102 — - — — —
S0 (subculanecus) Y9/ -— — — — —
Protein binding (%) 14-20 bl 28-30 14 35 15 a5
Volume of distributiocn 50 PO:T 170 110-140 180-200 34 20-245
{Lkag) hasal: 4
Elimination helf-life(h) PO: 2.5 PO 2-3 56 23 PO: 34 25 4-5
SC: 25 hasal: 3-4 5C: 34 Elderly: 6
Major metabelites 5:)  Indoleacetic acid h-clemethyd (refi- 4 Henatic 50% Incnlacetate Infinlacetats M-clemathyl {act) M-cemathy {act)
Glucuronides Indoleacetate: 31 H-demethyl {act) GABA M-Ac derethyl
Hepatic: 80% &0 M-darmathyd
Hepatiz: 60%
Membolzing PAADI-2, CrP3Ag CYP3Aq MAC-A CrPasal CYFaz CYFasa
ENZYImes MAD-A CYPZA4 CYP20E:12%
MaO-A: 2T%
Excretion (%) PO: Urine metab: ~6C  Lrine metan: 60 Lrine metab: 30 Urine metab: 80 Urine matab: 75 rina metab: 10-30  Urine metab: -~ 30%
Feces metab: —40 Feces metab: 30 Feces metab: ~15  Feces metab: 12 Feces matab: 10 Feces metab: 60 Unchanged: <10
Unchangod: 3 22 Lnchangead: <10 Unchanged: 14 Unchangod 40 60
Time to peak S 12(5-20) PO 120-240 P 60-180 PO: £0-90 PO 60-240 120-240 G0-90
CONCentraticn (min) Masal: 60-20 masal: 180-240 S0 =30
PO: 60-120
Crneat (min) 5Q: <10 PO 60 PC: 60-180 PO: 20-120 PO: 60-120 PO 120 PO <60
Mazal <15 S0 AN-120
PO <30
Dosage range {mg) 506 PO 1.25-5.00 PO 1.0-2.5 PO 210 6.20-12.0 PO 2.5-5.0 PO, 2040
Masal: 5-20 Maee PO 10424 h Mex PO 5/24 h Max PO: 25/24 h Max PO 2524 h Max PO: 7.5/24 h Max PO BOy24 h
PO 25100 Curation PO: =-24n Ouration P2 14-16h Lruration 2Lk <24 b Duration PO: 180
Max PO: 200424 h

Dwration PO 24 h

*Chemical Abstracts, Ameiican Chemical Seciety calcuated using Advanced Chemistry Deveopment [ACD/Labs) Softwasa VB.14 for Solaris {1904-2006 ACD/Lads).

“Firgt-pass metabolism.
“Dietayed by facd.

“Sower onsel during migeaine atack.



5-HT, agonisti

Klasicni halucinogeni — t.i. “psihedelicni” uCinek

Slovenski Medicinski e-Slovar:

» psihedelicen -Cna -0 zavest razsirjajoC, razgaljajoC
dusevnost; prim.

* razsirjenje zavesti:

« ~adroga

Spremembe zavesti brez znatnih toksikomanogenih
ucinkov

UCinek posledica primarno agonizma na 5-HT,,



5-HT, agonisti

Albert Hofmann, Sandoz, Basel — po sintezi pomotoma
apliciral LSD:

.... affected by a remarkable restlessness, combined with a
slight dizziness. At home | lay down and sank into a not
unpleasant intoxicated[-]like condition, characterized by
an extremely stimulated imagination. In a dreamlike
state, with eyes closed (| found the daylight to be
unpleasantly glaring), | perceived an uninterrupted
stream of fantastic pictures, extraordinary shapes with
intense, kaleidoscopic play of colors. After some two
hours this condition faded away.’



5-HT, agonisti

Albert Hofmann — “Kolesarski dan” ali prvi zavestni “trip” po
zauzitju 250 mg LSD

"On the way home, my condition began to assume
threatening forms. Everything in my field of vision
wavered and was distorted as if seen in a curved mirror.
| also had the sensation of being unable to move from
the spot. Nevertheless, my assistant later told me that
we had travelled very rapidly."

Back home, when a friendly neighbour brought round some
milk, he perceived her as a "malevolent, insidious witch"
wearing "a lurid mask". After six hours of highs and lows,
the effects subsided.



5-HT,, agonisti

Meskalin (feniletilamin), t,, = 6h
MeO NH,
MeO:E;/\/

OMe

Triptamini: DMT (N,N-dimetiltriptamin), psilocibin, psilocin
N\

—

R
R=H - DMT
AN R=0PO3H, - psilocibin - predzdravilo
N R=0H - psilocin, t1/2 = 2-3h
H




5-HT,, agonisti

Naceloma nenevarni, pa vendar — serotoninski sindrom

* povisan srcni utrip, drgetanje, znojenje, razsirjene
zenice, mioklonus (obCasno tresenje ali trzanje misic),
izraziti refleksi

primer Libby Zion:

* Antidepresiv (MAOI) fenelzin

* Visoka telesna temperatura, visok krvni tlak, umrla
zaradi zastoja srca



5-HT, antagonisti

5-HT,, receptor
Anksioliticno, antipsihotiCno delovanje

KroniCna uporaba antagonistov — regulacija
navzdol 5-HT,, receptorjev

5-HT,, receptorji na srcni misici



5-HT, antagonisti

* 5-HT,, antagonisti — antidepresivi,
antihipertenzivi (a-adrenergicni antagonisti),
delovanje tudi na H, receptorje

* Delujejo na vse 5-HT, — slaba selektivnost
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5-HT, antagonisti

 Ritanserin — risperidon: 5-HT,/D,

selektivnost . ..rioon «/VHN(\O
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5-HT, antagonisti

« 5-HT; receptorji — ionofori (Na*, Ca?*, K¥)

5-HT3 receptor synaptic cleft

.
5-HT ® Nat

0

HNHHNHHQQQQO.. I T

post-synaptic membrane

©CNSforum.com



5-HT, antagonisti

» 5-HT, receptorji — vagus, CZS — vagus vzdrazi
enterokromafine celice v GIT
* Antiemetiki, koterapija s citostatiki

. setrom
A \N M %j

ondansetron tropisetron palonosetron



5-HT, antagonisti

e setroni
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5-HT, antagonisti

e setroni
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5-HT, antagonisti

 FK lastnosti 5-HT, antagonistov

TABLE 11.4 Pharmacokinetics of the 5-HT3 Antagonists (Setrons)

Paramebers

Trade name

CLagF (calc)

LogD (pH 7] fealc)
Bhoavailability (%)
Protein binding (%)

Volume of distribution
(Lig)

Elirnimation halfdife (k)

Major metabolites {F)

Metabelizing enzyme (9

Tisme to peak plasra

cemcentrtion (h)

Exeretion {95}

Duraticn (k)

Ondansetron
Tafran
21105

L5

56—t

PD: 2225

PO: 36

Elderly: POz 11

Hypdroxylation
Glucuranidation
Hepatic
C¥P3A4

CYP2D6

PO: 1-2

Urine metab: 4060

Feces ratab: 25

Unchanged: <10

Daolasetron
Anzremet
28 tag

2.8

Hydradolasstron: Go—80

Hydradolasetron: po—80

Hydradolasetran:
PO: 5.8-10

PO: 67
PO <10 min

Hydrodalasetrn:
PO: 4—4

Hydrodolasetron
Hydraxylation
N-Dernethyl
Carbonyl reducitase
CYP2Dé

CYP3A4 [N-axide)

Hydradolssetian IV: <o

H]-Hmdn|u=|:n:|n POz <1

Urine meatab: 45

Feces: 30

Unchanged hydrodolas-

elron: 6o

Granisetron
Eytril

1.5 T oug
-15

B

65

PO: 3.9

IV: 4—5

PO: -6
M-Demethyl

Hepatic

CYP3A4

PO: 2-3

Urine metab: 48
Fetes metab: 38

Unchanged: <10

B-24

Alosetron

oBR+ok
aq
ook
82

FO: 7o (B5-g5)

PO: 1520

G-Hydrosylation

N-Demethyl

CYP2Cy: 30
CYP3hy: 260
CYPLAS: 1o

PO: 0.5-2

Urine rretal: 70
Feces metaby: 25

Unchanged: <10

Palonosetron
Aboci
26+05

Ul

v

Gz

IV: Bi—12.5

PO: 3040

N-oxide

65-Hydrexy
Hepatie: 5o%

CYP2D4

CYP3A4

CYP1A2

V: 904

Urine metab: Bo

Unchanged: 4o

=24

Tropisetron
Mavoban
3.6t0.3

0.8

B [o—1e0)
71

IV: go0

EM: PD: 6-8

PX1: PD: 30
Hydralyzation

Glucuranides

C¥PzD6

EM: PO 3

PML: PO: 4
Urne metab: 7o
Ferms meatab: -15

Unchanged: <10




5-HT, antagonisti

* SAR 5-HT, antagonistov

Carbonyl linker ~524

~67 A




5-HT, antagonisti

Potencial 5-HT, antagonistov:
* Anksiolitiki

« Zloraba mamil

* Avtizem

« Bipolarna motnja

* Depresija

* Prebavne motnje



Literatura predavanj

Foye's Principles of Medicinal Chemistry, 6.
izdaja:
« 14., 21. poglavje



