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lI. Vyznam opioidneho systému
pri zavislosti od alkoholu



Opioidny systém — historia a definicia



,Oopioidy*

George Hawkins Acheson
(1912 - 2000)

opium (lat.) — latinska verzia slova opion
opion (gr.) = stava z makovice

opos (gr.) = rastlinna stava vSeobecne
opiaty = prirodzene sa vyskytujuce
alkaloidy v P. somniferum

opioidy = vSetky latky s u€inkom

analogickym morfiu



Peri hylés iatrikés / De materia medica (Dioskurides, 70 n.l.)

......

Mekonion

Pedanios Dioskuridés

Opion
(40-90n.l.) P

,mékon agrios / emeros”

Kniha IV Codex Vidobonensis, 512 d. C., Vienna
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Panacey s obsahom o6pia

« Mithridatium (Mithridates Velky 133-63 pr. n.l.)

« Thériaké (Andromachus, 1. stor. n.l.)

* Philonium (Fhilon z Tarsu, 1. stor. n.l.)

Paracelsus - Diascordium (Fracastorius, 1478-1553)
(1493 ~1541) Laudanum (Paracelsus, 1493-1541)

Terry, C.E. — Pellens, M::The opium problem. New York: Bureau of the Social Hygiene, 1928, xvi+1042s



DalSie rastlinné opioidy

7-hydroxymitragynin

(mitragynine hydroxyindolenine)

Salvia divinorum Mitragyna speciosa (kratom)
(Epling and Jativa-M, 1962) (Korthals (1839); Haviland (1897))



Dokaz pritomnosti 6pioidnych receptorov
1973 — Pertova & Snyder

| [*H]naloxon
Candance Pert (1946-2013)

Solomon H. Snyder (1938 -)

http://articles.latimes.com/2013/sep/24/local/la-me-candace-pert-20130924
Snyder SH, Matthysse S. Opiate Receptor Mechanisms. Neurosci Res Program Bull. 1975; 13(1): 1-66.
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PET p-receptorov

CARFENTANIL

James J. Frost

Carfentanil — mi agonista

Diprenorphine — neselektivny opioidny antagonista
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Tyr-Gly-Gly-Phe-

Tyr-Gly-Gly-Phe-

Hans W. Kosterlitz  John Hughes
(1903 — 1996) (1942 -)

Morfina

Met-encefalina

Albert Lasker Basic Medical Research Award
(1978 Winners)
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1975

1976

1979

1995

(Leu)-enkefalin
(Met)-enkefalin

B-endorfin

Dynorfin A
Dynorfin B

Nociceptin

-\/121-Thr-Ser-Glu-Lys-Ser-GIn-Thr-Pro-Leu-Val-Thr-
Leu-Phe-Lys-Asn-Ala-lle-lle-Lys-Asn-Ala-Tyr-Lys-Lys-Gly-Glu

-1 -Arg-Arg-lle-Arg-Pro-Lys-Leu-Lys
-1 -Arg-Arg-GIn-Phe-Lys-Val-Val-Thr

Phe- -Thr-Gly-Ala-Arg-Lys-Ser-Ala-Arg-Lys-Leu-Ala-
Asn-GIn



1979-1982 identifikované prekurzory a klonovana ich DNA

ProDynorphin

o~-Neoendorphin
Dynorphin A

PDYN 20p13
ProEnkephalin Dyrcephat B
?eptide F OctaPeptide Heptal?eptide
POMC
POMC é\\\\ \\\\\f ) ,
Y-MSH 0-MSH bo-
CI_IP: : B MSH , 2P23.3
XACTH ?_Y—LPH —_— EB—Endor[::hin
I Leu Enkephalin i—— PJ-IBH —W
H Met Enkephalin
Literatura:

1. Nakanishi et al. Nature. 1979 Mar 29;278(5703):423-7.
2. Noda et al. Nature. 1982 Jan 21;295(5846):202-6.
3. Kakidani et al. Nature. 1982 Jul 15;298(5871):245-9.
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Prevzaté z: Akil et al. (1998)
Drug Alcohol Depend. 1998 Jun-Jul;51(1-2):127-40.



Alimentarne opioidy (exorfiny)
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HO.

Tyr-Pro-Trp-Thr
hemorfin-4

Beta-kazein pozicia 60-68
Fragment 34-37 beta-retazca hovadzieho hemoglobinu

O OH
- o HO. NH,
,WJL : oO
HO N
H N L (0]
NN o
040 (A |
ou¥ N
; ; H

Tyr-Pro-lle-Ser-Leu Tyr-Pro-Phe-Pro-Gly-Pro-lle
exorfin C (hovadzi) B-kazomorfin 7
Zioudrou et al. (1979). J Biol Chem. 1979 Apr 10;254(7):2446-9.

Brantl et al. (1979) Hoppe Seylers Z Physiol Chem. 1979 Sep;360(9):1211-6
Brantl et al. (1986) Eur J Pharmacol. 1986 Jun 17;125(2):309-10



Endomorfiny-1 a -2 (selektivhe MOP agonisty) (Zadina et al., 1997)

HO
NH,
NH,
0 0O
H
HN'- NH N 0 NH O

0
James E. Zadina Endomorphin-1 Endomorphin-2
Tyr-Pro-Trp-Phe Tyr-Pro-Phe-Phe

Tyr-Gly-Gly-Phe-

1. Erchegyi et a. (1992). Peptides. 1992 Jul-Aug;13(4):623-31.
2. Zadina et al. (1997): Nature. 1997; 386(6624):499-502.
3. Hackler et al. (1997). Peptides. 1997; 18(10):1635-9.

Terskiy et al. (2007) Life Sci. 2007 Nov 30;81(23-24):1593-601.
Varamini & Toth (2013). Front Pharmacol. 2013 Dec 13;4:155.
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POMC

PENK

PDYN

PNOC
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Endomorfiny
Beta-endorfin
Enkefaliny
Dynorfiny

Nociceptin

M-receptory (MOP)

O-receptory (DOP)
K-receptory (KOP)

NOP

OPRM1

OPRD1

OPRK1

OPRL1
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OPRML1
Hyperfunkcna mutacia

B-endorfin sa viaze 3x silnejsie
na p-receptor s mutaciou A118G

Table 1. SNPs in the

Variant M _coude Exon Corresponding Protein
name position location amino acid change domain Allele frequency

Al118G 118 1 Asn-40 — Asp (N40D) N terminal 10.5% (26 heterozygous individual and 3
homozygous individuals, n = 152)

C17T 17 1 Ala-6 — Val (A6V) N terminal 6.6% (14 heterozygous individuals and 3
homozygous individuals, n = 152)

G24A 24 1 Silent mutation N terminal 2% (six heterozygous individuals, n = 152)

GT79A 779 3 Arg-260 — His (R260H) CL3 One heterozygous individual

GY42A 942 3 Silent mutation EL3 One heterozygous individual

Nucleotide position 1 is the first base of the start codon. Protein domains are based on the seven-transmembrane model for opioid receptors.
EL, extracellular loop; CL, cytoplasmic loop.

A = adenozin

G = guanozin

Asn = asparagin

Asp = aspartat Bergen et al. (1997) Mol Psychiatry. 1997 Oct-Nov;2(6):490-4.
Bond et al. (1998) Proc Natl Acad Sci U S A. 1998 Aug 4;95(16):9608-13



M-opioidné receptory (MOP)

19

Extracellular

Intracellular

Helix 8

Manglik et al. (2012)
Nature. 2012 Mar 21; 485(7398): 321-326.
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7-transmembrane
G-protein coupled
receptor

G1P \ Adenylate

Cyclase

7 X

ATP cAMP

/

'

Reduced neurotransmitter release I

http://ceaccp.oxfordjournals.org



http://ceaccp.oxfordjournals.org/
http://ceaccp.oxfordjournals.org/
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Vsetky opioidné receptory su inhibicne

http://ceaccp.oxfordjournals.org
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Runner”s high
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Fraioli et al. (1980).

Physical exercise stimulates marked concomitant release of beta-endorphin and
adrenocorticotropic hormone (ACTH) in peripheral blood in man.

Experientia. 1980 Aug 15;36(8):987-9.



Attachment

Response of the p-opioid system to
social rejection and acceptance.
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E Left Ventral Striatum

g
:
-.%
<
S
RN Y | I S —
2 4 0 1 2 3 4
A Desire for Social
Interaction (Acc-Bas)

Herman & Panksepp (1978). Pharmacol Biochem Behav. 1978 Aug;9(2):213-20.
Moles et al. (2004). Science. 2004 Jun 25;304(5679):1983-6

Barr et al. (2008). Proc Natl Acad Sci U S A. 2008 Apr 1;105(13):5277-81.

Hsu et al. (2013). Mol Psychiatry. 2013 Nov; 18(11): 10.1038/mp.2013.96.



Vyznam opioidného systému
pri zavislosti od alkoholu



Delirium tremens (Sutton, 1813)

25

Sutton Thomas (1813). Tracts on Delirium tremens, on peritonitis... London: Thomas Underwood, 1813, s. 1-77



Alkohol sposobuje uvolnenie dopaminu v Nac

Isabelle Boileauova

[11C]rakloprid



placebo alcohol subjective effects

259, ABP, =0.54 * change in 30 min score + 7.9
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Nina Urbanova

ABP,(women)

-20 -10 0 10 20 0

30 min activation (alcohol) - 30 min activation (placebo)

PET Stddia s [''c]raclopridom

Urban etal. (2010)

Sex differences in striatal dopamine release in young adults after oral alcohol challenge: a positron emission tomography imaging study with ["'C]raclopride.
Biol Psychiatry.2010 Oct 15;68(8):689-96.



Zvysené uvolnovanie dopaminu
u nositelov G-alely

l

450 -300 -100 100 250

.

-450 300 -100 100 250

Placebo Vs. Alkohol
u ,social drinkers"”

PET $&tudia - rozdiel vazobného potencialu [*1C]-raklopridu Ramchandani et al. (2011). Mol Psychiatry. 2011 August ; 16(8): 809-817



2 mechanizmy pésobenia opioidov cez MOP v strukurach odmeny:

Eric J. Nestler

— inhibicia GABA-brzdy
— priame poésobenie v NAC

Nicotine
Alcohol

Opiates
P Glutamate inputs
= (e.g., from cortex)
Alcohol
VTA
interneuron

Opiates )
x 4/ PCP

Stimulants

Nlcotlne

Glutamat
inputs

(e.g., from
amygdala

PPT/LDT) VIA NAc

Cannabinoids

Nestler EJ (2005)
Is there a common molecular pathway for addiction?
Nat Neurosci. 2005 Nov;8(11):1445-9.



Jennifer Mitchellova

Nucleus accumbens

Zmena vazby [11C] carfentanilu (agonista MOR)
PET - 13 tazkych pijanov vs. 12 kontrol

Obr.: na obrazku je jeden reprezentativny pripad. Vazobny potencial koreloval so
zavaznostou pitia.
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A Control subjects B Alcohol Dependent Subjects

Mean [11C]CFN BPND images in control (a) and alcohol-dependent
subjects (b). Colored legend depicts [L1C]JCFN BPND from 0 (light
blue) to 1.85

(red). Mean magnetic resonance imaging image of all subjects is
shown (c). Images are taken at the level of ventral striatum.
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Dostupnost’ MOP vo VS koreluje s cravingom

Alcoholic Patients (Left W5) Alconolic Patients (Right V&)

Andreas Heinz

Craving (OCDS)

e o
‘ r=0355, P=04 l r=0.73, P=.002

12 14 16 18 20 22 24 12 14 16 18 20 22 24
Opiate Receptor Availability (V5™

Heinz et al. (2005) Arch Gen Psychiatry. 2005;62:57-64



Naltrexone in the treatment of alcohol dependence
(Volpicelli et al., 1992)

NTX vs. PLB
23% vs. 54% relabujucich

z tych, Co ochutnali alkohol, relaps u 50% vs. 95%

Joseph R. Volpicelli u relabujucich blokada poteSenia (,high®)

Volpicelli JR et al. (1992) Arch Gen Psychiatry. 1992 Nov;49(11):876-80.

Volpicelli JR et al. Am J Psychiatry.1995 Apr;152(4):613-5.
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Efekt naltrexéonu je viazany na nositelov G-alely

1007 M Placebo
90+ [T Naltrexone hydrochloride
2 80+
(=]
£ 70
o
E 60
S 50-
3
S 401
Raymond F. Anton = 309 n=115 n=31
2
20
10+
0-
Asn40 Aspd0
OPRMT{ Genotype
AA : A/
241 : 66 (20%)

Asn40 = homozygoti Asn40/Asn40
Asp40 = asponi jedna alela Asp40

Asp40 je vysledok A118G mutacie v exéne 1 génu Anton et al. (2008)
OPRML1 (6g24-g25) Arch Gen Psychiatry. 2008 Feb;65(2):135-44.



Meta-analyza (relaps AA vs. AG/GG)

OR=2,02

Relapsers Relapsers
tudy, year ith ith AG-GG
'- e w:{l’ ]fICA & lmN OR 95% CI
' : 1. . 5.36
ubio et al., 2002 9/2¢9 4/16 - . Z? g ; 57> v
. . slin et al., 2003 23/48 6/23 - 0-97 0.43. 2<21
Antonio-Javier Chamorro seder et a, 200/ 35/98 12/33 —— ’ . '1695
iton et al., 2008 52/115 4/31 S a—p 557 183, 16.
nalley et al., 2008 16/25 23 4 — 089 007, 11.22
netal., 2009 6/16 3/16 _ ) 250 052,13.04
ndom effects oo 1.97 106,3.66
0.1 0.2 0.5 1 2 5 10
QOdds ratio

(Hospital of Ourense, Spain)

Chamorro et al. (2012)
Addict Biol. 2012 May;17(3):505-12
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Occupancy of NTX at KOR using 11C-LY2975050

baseline baseline

@ﬂ‘%@@m

. 1 Figure 3. Pre- and post-NTX SUV 0-120 min. emission images in one FH+ and one FH- subject.
Evan D. Morris Note greater occupancy of NTX in FH+ subject as determined by lower uptake of tracer post-drug.

High Occupancy of NTX may Predict Reduced Craving

20 = 20
3 [ < B
E z
w
g 15 _ g 15
e ¢ g
o Q
310 NTX 310 -
> —
'3 sFHs +FH+
£ . £
E 5 i 1FH- E 5 1 FH-
< * : HMeans
o ]
> > [
0 0 - 3
<90% >80% <80% >90%
Grouping by KOR Occupancy Grouping by KOR Occupancy

Figure 4. Grouping of subjects by NTX occupancy (<90% vs =90%). High Occupancy group
cravings reduced maore than Low Occupancy group after week of NTX treatment
(Note overlap of points in High Occupancy group post-NTX)

” Yale School of Engeneering and Applied Science



Nucleus accumbens MOP vs. KOP

[*HIDAMGO [3H]bremazocine

Voorn et al. (1996) Neuroscience. 1996 Dec;75(3):777-92
Vonkeman et al. (1996). J Comp Neurol. 1996 Oct 14;374(2):223-9.




KOP znizuju a MOP zvysuju vydaj dopaminu v NAC

Dyn
Rainer Spanagel * Mesolimbic
(1961 - ) pathway interneuron
1 Institute of Psychopharmacology Spanagel et al. Proc Natl Acad Sci U S A. 1992 Mar 15;89(6):2046-50

Central Institute of Mental Health , University of Heidelberg Margolisova et al. (2006) Proc Natl Acad Sci U S A. 2006 Feb 21; 103(8): 2938—-2942



Hlavny endogénny ligand B-endorfin dynorfiny

Vplyv na uvolnovanie
dopaminu v NAc I

Behavioralny vplyv Odmena Dysforia




Motivacia v adiktivhom cykle (Koob, 2013)

George F. Koob

Intensi

Substance Dependence on Alcohol

Koob GF (2013). Theoretical frameworks and mechanistic aspects of alcohol addiction: alcohol addiction: alcohol addiction as a reward deficit disorder. In: Sommer WH, Spanagel R editors.
Behavioral Neurobiology of Alcohol Addiction (Series Title: Current Topics in Behavioral Neuroscience (Vol. 13), Berlin: Springer-Verlag (2013). p. 3-30.

41



Opponent-process theory of motivation
Allostasis

a
SN 4 GABA, opioid peptides,
‘ \ dopamine
Mood e P
(=) 4+ CRF
b J NPY

George F. Koob

7\ a Allostatic Points

Homeostatic - __ ___ N/ ______ \ __ "0 444 GABA,
Point opioid peptides,
dopamine
Allostatic State b tttcRF
b NPY

Michel Le Moal



Pri zavislosti je DYN/KOP systém up-regulovany
a naopak MOP systém down-regulovany

Non-Dependent Dependent

Chronic Alcohol Use ]

<

Repeated Cycles

of Withdrawal Ingreasgd
K signaling

Decreased
p signaling

Affective
Level

Upravené podla: Sirohi et al. Front Mol Neurosci. 2012 Sep 27;5:95.
Kissler et al. Biol Psychiatry. 2014 May 15;75(10):774-82.
Shippenberg et al. Pharmacol Ther. 2007 Nov;116(2):306-21.
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PPDYN knock-outované samice mysi vykazuju nizSiu preferenciu k
alkoholu a maju nizSiu spotrebu.
Blednov et al. (2006)

KOR knock-outované mysi maju asi polovicnu spotrebu alkoholu.
Kovacs et al. (2005)

Variacie v génoch PDYN a OPRK1 su spojene s rizikom alkoholovej
zavislosti.

Xuei et al. (2006)



Farmakologicky vyskum na animalnych modeloch svedci takisto
pre ulohu k-receptorov v zavislosti

100 4 mm Z3visli jedinci
£ = hez zavislosti
£ 80
@

e
S
£
e 60 4 *k
) * k%
=
g e e g
W40 -
i
Brendan Walker 4
e 20 A
e
=
0 4
0 05 1 2
nor-BNI Dose (pg/side)
Figure 5.

Mean (+ SEM) responses for ethanol in nondependent and ethanol-dependent animals
during acute withdrawal following nor-BNI treatment before self-administration sessions.
Nor-BNI selectively attenuated ethanol self-administration in dependent animals (*#p <
0.01. **¥*p < 0.001 compared to vapor-exposed vehicle dose).

Norbinaltorphimine (nor-BNI) Walker &Koob (2008)

(selektivny kappa-antagonista) Neuropsychopharmacology. 2008

Washington State University Feb;33(3):643-52.



DalSie k-antagonisty — stopnuté vo faze |

/
N/\@\ NH, \j/ 0 H
o -, C
F HouN
OH

LY2456302 (CERC-501) ) PF-4455242
. JDTic )
(Eli Lilly, Cerecor, Inc.) K ( tach tmi (Pfizer, Inc.)
11 Jul 2011 Discontinued phase | (komorova tachyarytmia) 9/2010 stopped on BIP

OH
= ALKS-5461
(Alkermes, Inc.)
HD—"%“EH;; H,N OH o Faza 3 na MDD
C{CH:)z 0
Buprenorphine Samidorphan

www.clinicaltrials.gov



Antagonizmus K

Jessica L. Kisslerova
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Nalmefén
u zavislych podkanov

ucinnejsi ako naltrexon

48

Mean (+SEM) Ethanol Reinforcements
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e
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nalmefén

Ki / EC50 (nM) M |
[BHIDAMGO [3H]Naltrindole [2H]U69,593

nalmefén 1,8 1,6 40

naltrexon 1,7 58
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Nalmefén - faza ll

A double-blind, placebo-controlled study
of oral nalmefene for alcohol dependence.

—
=
o

80 1

Nalmefene (n=70)
—

60

Riziko relapsu
(PCB vs. NMF)

OR=24

Placebo (n=35)

e
=
!

Barbara J. Masonova

Podiel tych, ktori nezrelabovali k tazkému pitiu

T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12
Weeks in Study

o

Rates of never relapsing to heavy drinking from randomization (week Q)
through the end of double-blind treatment (week 12).

Mason et al. (1999). Arch Gen Psychiatry. 1999 Aug;56(8):719-24.
Mason et al. (1994). Alcohol Clin Exp Res. 1994 Oct;18(5):1162-7
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Faza lll - ESENSE 1 (Mann a kol., 2013), ESENSE 2 (Gual a kol., 2013)

Karl Mann

Adjusted mean change from
baseline in HDDs
&

-12

-14

-16

Antoni Gual
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Adjusted mean change from
baseline in TAC (g/day)
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Mann et al. Biol Psychiatry 2013;73(8):706—713;
Gual et al. Eur Neuropsychopharmacol 2013;23(11):1432-1442;

Prevzaté z: van den Brink et al. Alcohol Alcohol 2013;48(5):570-578



Faza lll - SENSE (van den Brink a kol., 2014)

Zmena Zmena
heavy drinking days total alcohol consumption
(HDDs) (TAC)
19 HDDs
0 0
=0 Placebo ‘ ==0==Placebo
-2 == Nalmefene £ -10 - Nalmefene
O ~
= >
5§ 4. 2§ 20
8_‘ 7] % 2 -30 -
c 8 -6 - S ®)
© <
st c -
= 8 c -40 -
% o 8- = ‘o
. GE).E -.E -50 -
Wim = & -10 - % 9
83 2.8 -60 -
. U) b
van den Brink ENRETE 2
'2 -70 -
*
14 - *k kk %k " * .80 -
7 HDDs
'16 T T T T T T T T T T T T T '90 T T T T T T T T T T T T T
0 1 2 3 45 6 7 8 9 1011121 0 1 2 3 4 5 6 7 8 9 10 11 12 13
Treatment month Treatment month
PBO: 42 42 40 35 34 33 32 32 32 31 31 31 31 29 PBO: 42 42 40 35 34 33 32 32 32 31 31 31 31 29
NMF: 141 141 126 116 109 107 102 98 92 86 85 83 81 78 NMF: 141 141 126 116 109 107 102 98 92 86 85 83 81 78

MMRM (OC) FAS estimates and SE; *p<0.05, **p<0.01, ***p<0.001 vs

placebo; MMRM=mixed-effect model repeated measure; OC=observed

cases; FAS=full analysis set; SE=standard error; HDD=heavy drinking day; ) )

TAC=total alcohol consumption; PBO=placebo; NMF=nalmefene Prevzaté z: van den Brink et al. J Psychopharmacol 2014;28(8):733—-744
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