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1. Alkohol
2. Lasemidler (sniffestoffer)
» Toluen
» Trikloretan
» Alifatiske hydrokarboner (bensin, lighterbensin)
» Andre beslektede
3. Cannabis

» Marihuana
» Hasjisj
4. Beroligende medikamenter
» Benzodiazepiner (Valium, Vival, Stesolid)
» Meprobamat
5. Sovemidler
» Benzodiazepiner (Rohypnol, Flunipam, Mogadon m.fl.)
» Zopiclon (Immovane)
» GHB
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6. Opiater & beslektede stoffer (Opioider)

»

»

»

»

»

»

»

»

»

Heroin

Morfin

Kodein

Etylmorfin

Petidin

Metadon
Dextropropoxyfen
Buprenorfin
Ketobemidon

7. Sentralstimulerende
» Amfetamin & beslektede («Ecstasy»)

»

»

»

»

Kokain
Khat
(Nikotin)
(Kaffein)
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8. Hallusinogener (psykomimetika)
» LSD

Meskalin

Psilocybin

>

Y4

>

v

9. Phencyclidin

>

v

PCP («englestgv»)
10. Andre

>

v

Muskelrelakserende (Somadril, Trancopal m.fl.)
Antiparkinson medikamenter
» Antihistminer

>

v
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Rusvirkning:
Summen av de virkninger som utlgses via

de(n) farmakologiske receptor(er) rusmidlet
virker pa
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Drug

Opiates

Cocaine
Amphetamine
Ethanol

Nicotine
Cannabinoids
Phencyclidine (PCP)
Hallusinogens

Inhalants

Acute actions of some drugs of abuse

Action

Agonistat -, -and -opioid
receptors

Indirect agonist at dopamine receptors
by inhibiting dopamine transporters

Indirect agonist at dopamine receptors
by stimulating dopamine release

Facilitates GABA, receptor function and
Inhibits NMDA receptor function

Agonist at nicotine acetylcholine
receptors

Agonist at CB; and CB, cannabinoid
receptors

Antagonist at NMDA glutamate
Receptors

Partial agonist at 5-HT,, serotonin
receptors

Unknown

Receptor signallling
mechanism
Gi

G;and Gq
G;and Gq

Ligand-gated
channels

Ligand-gated
channels

Gi

Ligand-gated
channels

Gq
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Receptor

lon channels
MAP-kinase
Y pathways
Other
@ pathways
Internalized Multiple physiological
receptor effects

dlerieley L NATURE
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Steroids
Allopregnanolone
Alphaxolone

Steroids
Allopregnanolone

lonotropic Alphaxolone

receptor

Propofol

=~

Benzodiazepine = _
Metabotropic

receptor

Volatile
anaestetics Loreclezole
and alcohols Etomidate

Halothane Mefenamic acid

GABAergic
nerve terminal

Glutamatergic
nerve terminal

GABAg
heteroreceptor

Allosteric modulators
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GABA;,  GABAg,
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1
Ethanol ]
' Furosemide
1
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Inhibitory steroid
Pregnenolone sulfate
DHEAS
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Receptorsystemer som affiseres ved
etanolkonsentrasjoner under 1 promille:

VIRKNING
antagonist
agonist
agonist
agonist
agonist

RECEPTOR ENDOG.LIGAND
NMDA-R glutamat
GABA,-R GABA

5HT;-R serotonin

N-Acetkol-R  acetylkolin
OP3(M)R endorfiner
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The Brain Symphon y Orchesfra
— e
o

DRUMS TRUMPETS CLARINETS HARP VIOLIN FLUTE
( CNS - stim.) ( Euphoria ) ( Preference ) (Anxiolysis ) ( Sedation ) (Musclerelax.]

J’Xﬂm Jﬂ“\i ﬁ/_,.ﬁ/ﬂ,)/‘l

INDIVIDUAL FACTORS

influencing the sensation of the reward symphony

Genetic Age Hormonal Environmental

( J.A. Engel, 1994 )
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RUS

1. KONSENTRASJONS-
SVEKKELSE

2. ENDRET
STEMNINGSLEIE

3. HUKOMMELSES- OG
INNLAERINGSSVIKT

4. KRITIKKLOSHET

STIMULERENDE

DEMPENDE

L. PRATSOM 1. TREG REAKSJON
2. HJIERTEAKSJON/ > LANGSOM TALE
BLODTRYKK 3. AVSLAPPET MUSKULATUR
3. ZKT MOTORISK AKTIVITET 4. NEDSATT OPPMERKSOMHET
4. PKT ASSOSIASIONSEVNE & TRETTHET
5. @KT SELVF@LELSE 5 USTOHET
6. TAR SJANSER 2 SOVNIGHET
;' BAR'\C')KEFLUKT 8. SLOVHET
o PSYKOTOMIMETISKE Q. BEVISSTLASHET

FORVIRRING

1. ILLUSJONER

2. HALLUSINASJONER

3 MANGLENDE ORIENTERING
FOR TID, STED OG
SITUASJON
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ALKOHOL
FLYKTIGE
LASEMIDLER
CANNABIS
BEROLIGENDE
MEDIKAMENTER
SOVEMIDLER

10

S b DEMPENDE

\/

PSYKOTOMIMETISKE

6. OPIATER OG ANDRE STERKE
SMERTESTILLENDE

7. SENTRALNERV@ST
STIMULERENDE

8. PSYKOTOMIMETIKA

9. PHENCYCLIDIN

10. ANDRE
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* Noen rusvirkninger er felles for alle rusmidler

e Det er bare rusmidlene som har disse (f.eks. vil andre
psykofarmaka som antidepressiva, antipsykotika m.fl.
Ikke gi disse rusvirkningene)

* Disse fellesvirkningene (basalrusen) formidles via
endret aktivitet | sentrale strukturer i hjernen, der
rusmidlene kan virke direkte og indirekte og der
endring i dopaminformidlet signaloverfaring star
sentralt
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Det mesolimbiske striocorticale system

Av betydning for: Frontal cortex

Prefrontal cortex
Valg

Impulsivitet ‘
Feilkontroll

Hukommelse

Innlaering

Angst

Belgnning (liking)

Motivasjon _
Betydning [ (wanting)
Forventning (placebo)  HiPpocampus

Nucleus
accumbens

A

Amygddala

Integrering av
emosjoner,
kognitive funksjoner
og adferd; bl.a. ved
"naturlige stimuli”



Natural stimulation:
Food
Water

Social interaction

Sex
Reward _
Nursing
Euphoria 1
"Liking” ~
~
v
Ac- neuron VTA
Elﬁcr-on = DA DA- neuron
' u
Salience ¢
Motivation

"Wanting”



Ved rusmiddelbruk (enkeltdose)

Langtidslagring fra
Korttidsminnet
Impulsivitet 4

Feilkontroll v

Angst v

Glede (liking) 4
Motivasjon/betydning 4
(wanting)



Akutte effekter av rusmidler

Opioids
Cannabis

CBR

Reward O

_ ENK  MOR ¥
Euphoria

Opioids
"Liking”
~ Q Amphetamin GABA
N MOR v Ecstasy
) Ethanol '
Cocaine
5HT,R
NAC- neprgn | &y
\ U 4
¢
¢
Salience R
Motivation T
NDMA-R

"Wanting” AA~AAA Ethanol



"BASAL-RUSEN”"

* Glede (stemningsheving)

* Motivasjon/betydning

o @kt impulsivitet

* Redusert registrering og kontroll av fell
 Redusert langtidslagring fra korttidsminnet

=) En attraktiv tilstand

"TILLEGGSRUS”

Stoffspesifikk — andre hjerneomrader

Haydoseeffekter: - hypertermi/hypotermi
- respirasjonsstans
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NIDA Notes, Carl Sherman 2007




Rusmiddelbruk

1. En enkelt gang 1

2. Sjelden, intet fast

mgnster 1 I

3. Pa fester, i helger etc

4. Mer tvangsmessig, 1 r
regelmessig misbruk

5. Tvangsmessig, 1 r

hyppig (evt. daglig),
avhengighetspreget



Rusmiddelbruk

1. En enkelt gang 1

2. Sjelden, intet fast

mgnster 1 I

3. Pa fester, i helger etc

4. Mer tvangsmessig, 1 r
regelmessig misbruk

5. Tvangsmessig, 1 r

hyppig (evt. daglig),
avhengighetspreget



Acute effects of drugs of abuse

Alcohol, cannabis, opioids, stimulants,
nicotine, hallucinogens, PCP

Drug
specific
effects

Sleep “
Sedation <
_ 4 Hyperthermia
Ataxia g | W / \
Antianxiety . Autonomic Reward Salience
effects Analgesia nerve system Euphoria Motivation

effects ("Liking”) ("Wanting”)



Rusopplevelsens betydning

» (Genetiske faktorer (vet noe for alkohol)
* Miljg (tidligere erfaringer)
e Endret prefrontal funksjon

— Valg

— Impulvitet

— Feilkontroll, "inhibitory control”

!

— Tar mer enn planlagt
— Tar andre stoff enn planlagt

o Etterlater mer eller mindre positiv erindring om
rusopplevelsen



Rusmiddelbruk

1. En enkelt gang 1

2. Sjelden, intet fast

mgnster 1 I

3. Pa fester, i helger etc

4. Mer tvangsmessig, lr
regelmessig misbruk

5. Tvangsmessig, 1 r

hyppig (evt. daglig),
avhengighetspreget



CHROMATIN AND DNA HELIX FORM CHROMOSOMES

Nucleosomes slide apart during chromatin remodegiimgyeasing transcription
factors' access to a gene and thereby activatiiget DNA will then make
MRNA, the blueprint for protein production.

NIDA Notes, Lori Whitten 2007






Up-reqgulation of "wanting” after repeated

stimulation
Salience NACc- VTA
Motivation projection DA- neuron
neuron ‘

"Wanting” (

Increased number of synapses and D2R



Gjentatte enkeltepisoder med rus vil etter hvert
fare til en langvarig, men ikke ngdvendigvis
permanent tilstand



Rusmiddelbruk

1. En enkelt gang 1

2. Sjelden, intet fast

mgnster 1 I

3. Pa fester, i helger etc

4. Mer tvangsmessig, 1 r
regelmessig misbruk

5. Tvangsmessig, 1 r

hyppig (evt. daglig),
avhengighetspreget



Det opptrer | de nervecellene der rusmidlene har akutt-virkninger
Det er gjerne motsatt rettet akutt-virkningen (homeostatisk)

Det varer lenger enn rusmiddelet er | kroppen; og foreligger derfor |
en rusmiddelfri organisme



"FYSISK” AVHENGIGHET



Down-regulation of "liking” after repeated
stimulation

Reward

Euphoria Z

"Liking”



Liking

1

Wanting

Sporadic use

Short-term use

Long-term use

After cessat ion
of drug treatment



Liking

1

Wanting

]

Increased risk of
more drug taking
because of:

* anhedonia

» decreased reward
from natural
stimulation
(because of down
-regulation)

Sporadic use Short-term use Long-term use

— the increased
motivation for use
(craving) can be
induced by:

- small drug doses
- cues
- stress



Etter gjentatt rusmiddelbruk (uten rusmiddel tilstede):
Langvarige funksjonelle og strukturelle endringer

Innleering v

Rasjonell
kontroll

Feilkontroll w

Impulsivitet 4

Glede ved rusmidler og
naturlig stimuli (liking)

Motivasjon/betydning A
(wanting)

@ker motivasjonen for og hemmer

SUM: Gjentatt bruk  — Langvarige endringer — motforestillinger mot ytterligere bruk



e Gjentatt rusmiddelbruk induserer en rekke endringer |
det mesolimbiske system og prefrontal cortex. Dette
kan fare til gkt rusmiddelbruk ved mange forskjellige
mekanismer.

» Disse endringene er tilstrekkelige til a "forklare” alle
diagnostiske kriterier som inngar i avhengighet etter
DSM IV og ICD10.

» Genetiske forhold, andre faktorer kan pavirke
hastigheten og graden av denne induksjonen



Risiko knyttet til gjentatt rusmiddelinntak

En ikke-permanent tilstand kan bli permanent
ved

==) neuronskade

==) [edusert neuroneogenese
==p aNOKSI, celletap

==) hjerneblgdning






Gjentatt inntak av
— oploider

— CNS-stimulerende

=» Nedsatt neuroneogenese |
hippocampus

Konsekvenser: - Kognitiv reduksjon?

- Redusert evne til a
korrigere rusmiddel
iIndusert fellleering



Reversibel ==» |rreversibel

mmm) nevronskade

=) redusert neurogenese
m==) anoxi, celletap
mmm) hjerneblgdning

!

- Pdeleggelse av kontrollmekanismer, kontrollstrukturer
- Kognitiv reduksjon



Etter gjentatt rusmiddelbruk (uten rusmiddel tilstede):
Langvarige funksjonelle og strukturelle endringer

Innleering v

Rasjonell
kontroll

Feilkontroll w

Impulsivitet 4

Glede ved rusmidler og
naturlig stimuli (liking)

Motivasjon/betydning A
(wanting)

@ker motivasjonen for og hemmer

SUM: Gjentatt bruk  — Langvarige endringer — motforestillinger mot ytterligere bruk
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Long-term drug intake also reduces the prefrontal control of
VTA/NAC



Prevalence of drug use in populations of patients with
psychiatric disorder

« Patients with schizophrenia are 3 times more likely to have alcohol
substance disorder than persons without mental illness

* 6 times more likely to have other illicit drug disorder

* 70-90% of schizophrenic patients are smokers



Prevalence of mental illness in patients with drug
problems

« Approximately 50 per cent of alcohol dependent/abusers also had
a psychiatric diagnosis

« Approximately 60 per cent of drug dependent/abusers also had a
psychiatric diagnosis



Drug influence, estimated by blood drug concentrations

% of admissions P
Psychiatric Medical
No drugs in blood 53 67 0.04
Not likely influenced 21 19 0.70
Likely, moderate or marked influence 26 14 0.03
Likely 17 9 0.11
Moderate or marked 9 5 0.22

J. Mordal et al (in press, 2008)



Drug Intake =P sychiatric Disorder

Acute effects of:
 THC (30% experience episodes with psychiatric symptoms)
« MDMA (high doses)

« Hallucinogenes (LSD, Mescalin, Psilocybin etc.)

- PCP

lllusions and hallucinations might be present during the
Intoxication period. The symptoms disappear in
conjunction with the disappearance of other drug effects



Drug Intake == Psychiatric Disorder

DA increases (for some period of time) due to drug abuse might inhibit striatal
complexes sufficiently to cause cerebral hyperarousal

Cerebral cortex

SN

Glutamate * ‘

Striatal %" Thalamus
Dopamine - 'complexes
. //

Subst.

ngralVTA J — Sense
Behaviour organs

Schematic representation of the hypothesis that the cerebral cortex can protect itself from an
overload of information and from hyperarousal. (According to A. Carlsson)



Drug Intake == Psychiatric Disorder

« Could cerebral hyperarousal for a certain period of time give rise to

more long-lasting/permanent changes compatible with long-lasting
psychiatric disorder

« Could some people be predisposed to this effect



Forest plot showing adjusted odds ratios and 95% CI for any psychosis outcamigngcto ever use of cannabis in individual

studies

Exposure was ever use of cannabis in all studies except for the NPMSc¢imtiae measure was ever use over the past 1 year only.
*Additional data were provided by investigators in these studizsand tResults were unaltered when the 4% of cases with
simplex schizophrenia were omitted.

Lancet, vol 370, 2007 Theresa HM Moore MSPr Stanley ZammitPhD, Anne Lingford-Hughes Phi) Thomas RE Barnes DScPeter B Jones PhD

Margaret Burke MScand Glyn Lewis PhD



Forest plot showing adjusted odds ratios and 95% CI for any psychosis outconggngcto most frequent use of cannabis

in individual studies
*Results were not adjusted for other drug use.

Lancet, vol 370, 2007 Theresa HM Moore MSPr Stanley ZammitPhD, Anne Lingford-Hughes Pk Thomas RE Barnes DScPeter B
Jones PhD, Margaret Burke MScand Glyn Lewis PhD



Drug Intake === Psychiatric Disorder

Cannabis use might interfere with dopamine regulation
In the mesolimbic system

2 |

D2R D1R
( © } |
Psychotic symptoms
Release ©
anandamide CB1R
\ &

Humans: High frequency cannabis use — CSF anandamid |



Drug Intake == Psychiatric Disorder

PCP — Repeated wmp NEUIO-
Ketamine Intake toxicity
! |

Acute Memory

symptoms difficulties
dementia
"positive”
psychiatric

symptoms



Psychiatric Disorder == Drug Intake

Cannabis use as self-medication for "positive”
schizophrenic symptoms:

2 |

D2R D1R
C 5 poern
Psychotic symptoms
Release ©
anandamide CB1R
\ @
THC I

The clinical support for the self-medication hypothesis is,
however, debated.



Psychiatric Disorder = Drug Intake

In schizophrenia there is a dysregulation of DA levels in
the prefrontal cortex. This is linked to reduced working
memory and increased stimulation of VTA:

+ +

VTA  VTA .—(

Increased stimulation of VTA could act through DA
release in NAc as a "primer” of drug intake




Hippocampal dysfuntion - a common denominator
In psychiatric disorder and drug abuse

GABA
Glu
NAC

DA ) AM
‘&.
Hippocampal control at NAc is the most important and

other brain regions exert their control at NAc mainly or
partly through hippocampal projections on NAc




Hippocampal dysfuntion - a common denominator
In psychiatric disorder and drug abuse

GABA
* Neurodevelopmental
hippocampal abnormalities are NAC >
thought to underly DA
schizophrenia according to this \.
theory

* These changes would reduce Glu control of NAc and increase NAC’s
responses to DA

* The same changes would also reduce the ability to screen out irrelevant
stimuli (latent inhibition), typical of schizophrenia

* Reward related learning may be altered by hippocampal dysfunction




Conclusions

There are several neurobiological links between drug
abuse and psychiatric disorder.

Drug effects

1. Psychotomimetic symptoms during intoxication

(cannabis, ecstasy, LSD, PCP etc.)

2. Brain hyperarousal due to increased mesolimbic inhibition from
dopamine increases due to drug intake

3. Loss of anandamide control by chronic cannabis use

Psychiatric disorder

1. Self medication with drugs of abuse

2. "Hypofrontality” leads to senzitisations similar to those found after long-
term drug intake, associated with increased "wanting”

Common background
1. Hippocampal dysfunction may underly neurological/functional changes
seen in both schizophrenia and drug abuse



