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Les débutants

Pour quoi commencer avec les drogues?
Une rébellion contre l’autorité? 
Contre les parents?
Ennui?
En cherche d’euphorie
Au hasard ?
????



Les débutants

La majorité essaie au moins une fois, 
ou plusieurs fois et éventuellement 
quitte les drogues.   

Pour la cocaïne, 84% quittent 
avant l’addiction.

Mais 16% devient accroché,
cocaïnomane:  

Les malchanceux



RisqueRisquede de ll ’’ addictionaddiction

TabacTabac

CocaCocaïïnene
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9.19.1



Le Le rôlerôle des genesdes genes

Il y a plusieurs facteurs qui déterminent 
qui va devenir accroché
L’hérédité est plus importante

Il y a beaucoup d’études sur l’association 
entre l’alcoolisme et les gènes (GWAS)



Le Le rôlerôle des genesdes genes

Les études familiales

Parmi les bébés adoptés très jeunes.  
Risque d’alcoolisme est déterminé par leurs

parents biologiques



Le Le rôlerôle des genesdes genes

Quelles sont les gênes qui déterminent
l’addiction à l’alcool?

Les grandes études aux États-Unis avec des 
milliers de personnes essaient de trouver
des corrélations entre des gênes et le 
diagnostic d’alcoolisme. (DSM-IV) 

Gêne v comportement
GABRA



Le Le rôlerôle des genesdes genes

Gêne v. biologie-
Réactiviteé du cerveau aux stimuli lié
avec la drogue (nicotine, cocaïne, alcool)

Réponse endorphine à l’alcool



Le Le rôlerôle des genesdes genes

Quels sont les indices qui dirigent nos 
recherches ?

Excellente coordination entre les patients 
humains et les modèles animaux:

•15 % des singes aiment l’alcool
•les rats stressés préfèrent l’alcool 



RRéécompensecompense dd’’alcoolalcool

• GABA
• Serotonin
• AMPA, Glu-rec
• NMDA
• Neuropeptide Y
• Glycine
• Opioid- µ, k, ����
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Toutes les indices point vers le 
système opiacé endogène

Les modèles animaux prédisent l’effet de 
la naltrexone chez l’homme

• Les singes
• Les rats

• Les souris avec récepteur µ “knockout” ne 
boivent pas d’alcool

•



Toutes les indices point vers le 
système opiacé endogène

• L’alcool augment la Dopamine dans le noyeau
accumbens

• L’absence de l’augmentation de la Dopamine 
quand les recepteurs opiacés sont bloqué par 
la naltrexone

• Les souris avec OPRMI-humain “Knock IN”
• Les souris avec le allele G ont plus grande

augmentation de la Dopamine



Naltrexone Concurrently Antagonizes EtOH-Induced 
Accumbal DA Release and EtOH Self-Administration

Gonzales & Weiss (2002) J Neurosci 18:10663-10671



Le Systeme de Récompense

Prefrontal
Cortex

Nucleus 
Accumbens

Arcuate 
Nucleus Ventral 

Tegmental
Area

Nestler and Malenka. The Addicted Brain. Scientific  American. March, 2004 .



–

GABA

Ventral 
Tegmental AreaArcuate Nucleus

Dopamine

� -Endorphin Neuron

Long Loop

Nucleus 
Accumbens

Dopamine

–

Alcohol

Gianoulakis. Alcohol-Seeking Behavior: The Roles of  the Hypothalamic-Pituitary-Adrenal Axis 
and the Endogenous Opioid System. Alcohol Health an d Research World. 1998;22(3). 



Dopamine
Opioid Antagonism

–

GABA

Ventral 
Tegmental AreaArcuate Nucleus

� -Endorphin Neuron

Nucleus 
Accumbens

–

Alcohol

Dopamine

Gianoulakis. Alcohol-Seeking Behavior: The Roles of  the Hypothalamic-Pituitary-Adrenal Axis 
and the Endogenous Opioid System. Alcohol Health an d Research World. 1998;22(3).



Les effets d’alcool devient conditionnée
aux stimuli environmentaux

Chez le rat, la naltrexone bloque la 
rechute conditionée meilleure que la 
rechute causée par le stress
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Alcohol - Beverage Condition

Insula

Cingulate

Nucleus 
Accumbens

Z=1.645 Ex .05

Alcoholics (n=10) Controls (n=10)



Ventral Tegmental Area

Cingulate

Z=1.645 Ex .05

Alcohol - Beverage Condition

Alcoholics (n=10) Controls (n=10)
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Première étude avec la naltrexone
pour l’alcoolisme
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Subjective Subjective ““ highhigh ”” in Naltrexone  and in Naltrexone  and 
Placebo SubjectsPlacebo Subjects
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NonNon --rechuterechute ““ SurvivalSurvival ””

Volpicelli et al, Arch Gen Psychiatry, 1992; 49: 87 6Volpicelli et al, Arch Gen Psychiatry, 1992; 49: 87 6--880880
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Non Non rechuterechute -- SurvivalSurvival
((nn=97)=97)

O’Malley et al, Arch of Gen Psychiatry , Vol 49, Nov 1992
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Studies supporting efficacyStudies supporting efficacy Studies not supporting efficacy
Study # Ss Notes Study # Ss Notes

Volpicelli, et al 1992 70 None Kranzler, et al  
1999

183 None

O’Malley, et al 1992 97 None Krystal, et al 2002 627 None

Mason, et al 1994  
[Nalmefene]

21 None

Oslin, et al 1997 44 Elderly

Volpicelli, et al 1997 97 None

Mason, et al 1999  
[Nalmefene]

105 None

Kranzler, et al 1998 20 Depot

Anton, et al 2000 131 None

Chick, et al 2000 (UK) 169 Adherence

Monterosso, et al 2001 183 None

Morris, et al 2001 
(Australia)

111 None

Heinala, et al 2001 
(Finland)

121 Nonabstine
nt

Lee, et al 2001 
(Singapore)
Kiefer et al 2003 
(Germany)

53
160

None
None



Studies supporting efficacy Studies not supporting e fficacy

Study # Ss Notes Study # Ss Notes

Latt et al 2002 107 Family Prac

Balldin et al 2003 118 None

Feeney et al 2001 50 Hist. cont

Rubio et al 2001 157 v. Acamp.

Rubio et al 2002 30 Cont. Drink.

Gastpar et al 2002 105 Neg. in self 
report

Pos. GGT

Gastpar et al 2002 105 Neg. in 
self 

report
Pos. GGT

Guardia et al 2002 202 Relapse

Kranzler et al 2003 153 Heavy 
drinkers

O’Malley et al 2002 18 Human lab

Anton et al 2006 1383 RCT, depot



Results: Heavy Drinking Days

Baseline

Placebo
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Quelques alcooliques répondent
très bien à la naltrexone et la 
psychothérapie, mais
les autres ne répondent pas.  

Quelle est la différence?
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AlcoolismeAlcoolisme dansdans leursleurs famillesfamilles
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Baseline bBaseline b --Endorphin Levels in LowLevels in Low -- and and 
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0

10

20

30

40

50

Low Risk High Risk Abstinent

P
la

sm
a 

P
la

sm
a 

bb bbbb bb -
- E

nd
or

ph
in

 L
ev

el
s 

(p
g/

m
l

E
nd

or
ph

in
 L

ev
el

s 
(p

g/
m

l
)

Gianoulakis. Gianoulakis. Eur J Pharmacol.Eur J Pharmacol. 1990;180:211990;180:21 --2929.



L’effet clé:  Sensitivité du
système opioïde endogène à
l’alcool



La recherche pour les gènes
candidats



Endogenous Opioid SystemEndogenous Opioid System

Opiate Receptors  
Simon  1973
Pert & Snyder 1973
Terenius  1973

Enkephalin  1975  ����
B-Endorphin  µ
Dynorphin  k
Nociceptin  OFQ/NOC 1990s



OPRM1 PROTEIN STRUCTURE

LIGAND BINDING
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COOH
TERMINUS

N40D, N is an
N-glycosylation site



Human Mu Opioid Receptor Gene

PROMOTOR  5’UTR  EXON 1  EXON 2   EXON 3   EXON 4  3’UTR

10 variants

4  5’UTR
SNPs

2 SNPs   1 SNP

6 INTRON 2 SNPs6 INTRON 2 SNPs

1 INTRON 1 INTRON 
3 SNP3 SNP

1 3’UTR
SNP

6.6 kb of OPRM1 gene sequence was determined in ~200 persons; 
25 variants occurred at a frequency >1%.

The 118 A>G exon 1 SNP increases OPRM1 affinity for b eta-
endorphin. The functional significance of other varian ts remains
unknown.
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Toutes les indices point vers le 
système opiacé endogène

• L’alcool augment la Dopamine dans le noyeau
accumbens

• L’absence de l’augmentation de la Dopamine 
quand les recepteurs opiacés sont bloqué par 
la naltrexone

• Les souris avec OPRMI-humain “Knock IN”
• Les souris avec le allele G ont plus grande

augmentation de la Dopamine



Wand et al, Neuropsychopharm 26:106–114, 2002



Ethnicity & A118G Allele Frequency

• Based on multiple 
studies, allele 
frequencies differ 
markedly across 
ethnicities for the 
A118G SNP in the 
mu opioid 
receptor gene.  It 
arose after the 
out-of-Africa 
migration.  

• Crowley et al, 2003
• Gelernter et al, 

1999
• Tan et al, 2003
• Bart et al, 2004

African 1% Koreans 31%

African-
American

3% Chinese 35%

Swedish 17% Malaysian 45%

European-
origin  US

15% Indian 47%

ETHNICITY    f(G)     ETHNICITY   f(G)
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Subjective Subjective ““ highhigh ”” in Naltrexone  and in Naltrexone  and 
Placebo SubjectsPlacebo Subjects
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OPRM1 A118G and Opioid DependenceOPRM1 A118G and Opioid Dependence

Bart et al (Mol Psychiatry 9:547, 2004) studied opio id addicts in 
Sweden for A118G.
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There was a significant (Chi 
squared = 13, p = 0.00025)
increase in A/G, G/G genotype
among opioid addicts.  

The attributable 
risk for the G 
allele is ~ 18%, 
suggesting

that ~ 18% of Swedish opioid 
addicts have disease in part 
due to the G allele.



OPRM1 A118G and AlcoholismOPRM1 A118G and Alcoholism

Bart et al (Neuropsychopharmacol, 2005) studied  al coholics in 
Sweden for the A118G .
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There was a significant (Chi 
squared = 7.2, p = 0.007)
increase in A/G, G/G genotype
among alcoholics.  In this study

the attributable 
risk for the G 
allele is ~ 11%, 
suggesting that

~ 11% of Swedish alcoholics 
have disease in part due to 
the G allele.



Relapse Rate by GenotypeRelapse Rate by Genotype
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COMBINE Study

• N = 1383; 9 randomized groups
– MM + Placebo

– MM + Naltrexone
– MM + Acamprosate

– MM + Naltrexone + Acamprosate
• CBI only

• At least 4 days abstinence at baseline
• Endpoints 

– Percent days abstinent

– Time to first heavy drinking day

+/- CBI

CBI = cognitive behavioral intervention;
MM = medical managementAnton et al. JAMA . 2006;295:2003.



Combine: NIAAACombine: NIAAA
BonsBons ResultatsResultats

NaltNalt A/G, GGA/G, GG 95%95% N = 28N = 28

Nalt Nalt A/AA/A 73%73% N = 86N = 86

Plac.Plac. A/G, GGA/G, GG 63%63% N = 60N = 60

Plac.Plac. A/AA/A 65%65% N = 205N = 205

Odds ratio, nalt good regs, GVA = 10.25 (95% CI 1.3 1 Odds ratio, nalt good regs, GVA = 10.25 (95% CI 1.3 1 -- 80.0 P= .03)80.0 P= .03)

*VA multi*VA multi --site study:  sample size with G allele smallsite study:  sample size with G allele small



Rhesus model

Ortholog of A118G allele in humans
(OPRM1C77G)

increased sensitivity to alcohol

increased alcohol preference

greater effect in males (Barr et al)



Sub-sample of VA coop. study

Those who gave blood for DNA

Naltrexone sig. better than placebo, but no genetic 

association.

Finnish study with Nalmefene- Naltrexone superior to 

placebo, but no genetic association

PROSPECTIVE study in progress

Slow release version of naltrexone



EndophenotypeEndophenotype
Endorphin Dependent AlcoholismEndorphin Dependent Alcoholism

•• AlcoholAlcohol Endogenous OpioidsEndogenous Opioids

•• Euphoria/StimulationEuphoria/Stimulation

•• Sensitive Sensitive µµ ReceptorsReceptors

•• Family HistoryFamily History

•• Alcohol CravingAlcohol Craving



Deux études en cours

• Pennsylvanie :  4 sites

• Caroline du Sud



Penn/VA Center TeamPenn/VA Center Team

Joe Volpicelli James McKay
Wade Berrettini A. Thomas McLellan
John Cacciola David Metzger
Anna Rose Childress David Oslin
James Cornish Helen Pettinati
Charles Dackis Michael Stromberg
Ronald Ehrman Elmer Yu
Teresa Franklin George Woody
Kyle Kampman Arthur Alterman



FOR MORE INFORMATIONFOR MORE INFORMATION

http://www.med.upenn.edu/csa/ohttp://www.med.upenn.edu/csa/o
r r 

obrien@mail.trc.upenn.eduobrien@mail.trc.upenn.edu



Addiction Therapy may be related to 
activation of Frontal Cortex
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Best TreatmentBest Treatment

• Medications 
Plus

• Psychosocial Intervention



Genetic Variables

Risk Increase Decrease
Low LR +

High LR -

ASP +

ALDH2 -

G-Allele-µ op.
(Stimulation)

+

Environment + -



genome scans  - Phenotype association

Genotype - Behavior, (DSM IV) 
1940s categories

- Endophenotype –
biological-

alcohol 
response, imaging



Functional AlleleFunctional Allele

Increase

and

Decrease



Post-Synaptic
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Double blind design

• 70 chronic alcoholics

• All received intensive day hospital, AA, 
psychotherapy

• Half received Naltrexone 50 mg/day

• Half received identical placebo

• Weekly craving scores

• “slips” measured (not a relapse)

• Relapse defined



Cue-induced increases in DA were associated with crav ingCue-induced increases in DA were associated with crav ing
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Alcohol “PRIMING” in human, non-
treatment seeking Alcoholics

O’Malley et al

From the animal laboratory back to 
the clinic
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Possible mechanisms of naltrexone effects

1. Block reward via endogenous opioid system
- alcohol activates E.O.
- Extinction of alcohol self-administration

2.  Reduction in craving
does not require extinction

some treated alcoholics do not test by drinking

3. Direct effect of naltrexone on frontal executive fx
Inc activity in r.lat.orbital gyrus during decision  
making (delay of reward) & decreased selection of 
immediate reward. (Boettiger et al 2009)


