...and how we might get cured




History

Medical, religious, or recreational uses for
indigenous psychoactive substances:

— Beer - archeological traces 4000 BC
— Opium - Papaver sominferum

— Marijuana - Cannabis sativa

— Tobacco - Nicotiana tabacum

— Cocaine - Erythroxylon coca

— Stimulants - Ephedra plant



Societal and Healthcare Costs of
Substance Abuse

« Estimated $177 billion/year for medical care
and lost productivity

» Abuse of alcohol, tobacco, and drugs
contribute to each of the ten leading causes of

death in U.S.

» Large potential cost-savings in a capitated
healthcare environment



Past Year Prevalence Rates of Substance Use in the
General Population

Drug Male (%) Female (%)
Alcohol 73 64
Cigarettes 35 30
Marijuana 12 8
Psychostimulants 6 3
Tranquilizers > P

Any illicit drug 15 11

Adapted from Kandel (1992)



Lifetime prevalence of substance use disorders per
100 persons > 18 years in U.S. population

Substance Use Disorders Lifetime Prevalence
Any substance use disorder 16.7

Any alcohol disorder 135

Any drug disorder 6.1
Marnjuana dependence/abuse 43

Cocaine dependence/abuse 02

Opiate dependence/abuse 0.7
Barbiturate dependence/abuse =2
Amphetamine dependence/abuse 17
Hallucinogen dependence/abuse 03

Adapted from Regier et al (1992). Diagnoses based on DSM-III.






Figure 18.2 Activation of the Mesolimbic Dopamine Pathway Is Necessary for

Reinforcement
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Pur possedendo individuali e diversi
meccanismi d’azione...

Table 18.2 Commonly Abused Drugs

Drug Neurotransmitter System Sites of Action

Ethyl akeohol Glutamate/GABA NMDA receptor (indirect antagonist), GABA, receptor (indirect agonist)
Barbiturates/berzodiazepines GABA GABA, receptor (indirect agonist)

Cannabis (marijuana) Cannabinoid CB1 cannabincid receptor (agonist)

Nicotine Acetylcholine Nicotinic ACh receptor (agonist)

Opiates (heroin, momphine, prescription Opioid p and & opiate receptor (agonist)
analgesics)

Phencyclidine (PCP) and ketarmine Glutamate NMDA receptor (indirect antagonist)
Cocaine Monoamines Blocks reuptake of dopamine (and serotonin and norepinephrine)

Amphetamine and methamphetamine Dopamine Causes release of dopamine (by running dopamine transporters in
reverse)

Source: Adapted from Hyman, 8. E., and Malenka, R. C., Addiction and the brain: The neurobiclogy of compulsion and its persistance, Nature Rewiews: Neurosclencs, 2001, 2, 695703,




Figure 18.1 Route of Administration and Abuse Potential

The graph shows the concentration of cocaine in blood plasma after
intravenous injection, inhalation, oral administration, and sniffing.

(Adapted from Feldman, R. S., Meyer, J. S., and Quenzer, L. F. Principles of
Neuropsychopharmacology. Sunderland, MA: Sinauer Associates, 1997; after
Jones, R. T. NIDA Research Mono-graphs, 1990, 99, 30-41.)
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Assunzione prolungata di una sostanza

Diminuita sensibilita ad una
sostanza come conseguenza
della sua ripetuta assunzione

Una dose produce un effetto
minore in seguito alla sua ripetuta
somministrazione. Per ottenere lo

stesso effetto occorre una dose
superiore della stessa sostanza.




Neuroadaptation in Dopamine Function after Cocaine
Cocaine: Inhibition of monoamine uptake leads to increased neural excitation

Acute Drug Exposure

Molecular Mechanisms
Increased neurotransmitter levels lead to Activated by Continued

changes in receptor and transporter numbers Drug Exposure

v

Increased expression of neurotransmitter receptors and tfransporter
leading to decreased fransmission and neural depression

Chronic Drug Exposure



L" aumento della sensibilita agli effetti di una

sostanza viene detto: SENSIBILIZZAZIONE

Sensibilizzazione

tolleranza




Modelli animali di farmacodipendenza

Computer

mterface Cornciior
AutO' imer‘f)ace AutO'
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Animal behavioral paradigms used to explore the positive and negative reinforcing actions of alcohol and other drugs.

(A) Oral alcohol self-administration paradigm, in which the animal is trained to press a lever to obtain alcohol instead of water.
(B) Intracranial self-stimulation paradigm, in which the animal is trained to spin a wheel to receive a current through electrodes
implanted in the brain.

(C) Place-conditioning paradigm, in which injection of a drug is paired repeatedly with one environment and injection of a nondrug
control solution (e.g., saline) is paired repeatedly with a different environment. The animal subsequently is allowed access to both
environments in the drug-free state, and the amount of time spent in each environment is recorded. A greater amount of time
spent in the drug-paired environment indicates a positively reinforcing drug effect.






Testare gli effetti sul SNC e sul comportamento

We're particularly mterested |n'\
drugs like cocaine and marijuana;”



Evidence for Addiction-like
Behavior in the Rat

Veronique Deroche-Gamonet, David Belin, Pier Vincenzo Piazza*

Although the voluntary intake of drugs of abuse is a behavior largely
preserved throughout phylogeny, it is currently unclear whether patholog-
ical drug use (“addiction”) can be observed in species other than humans.
Here, we report that behaviors that resemble three of the essential diag-
nostic criteria for addiction appear over time in rats trained to self-
administer cocaine. As in humans, this addiction-like behavior is present
only in a small proportion of subjects using cocaine and is highly predictive
of relapse after withdrawal. These findings provide a new basis for devel-
oping a true understanding and treatment of addiction.

Science (2004) 304: 1014-1017

L’ assunzione volontaria di sostanze d’ abuso & un
comportamento ben conservato attraverso la filogenesi.

In molte specie si ritrovano sia la preferenza per ambienti
associati alla droga (CPP) che apprendimenti droga-
rinforzati (Comportamento Operante: Skinner box).
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Il principale Neuromediatore
che regola le funzioni del NAc
e la DOPAMINA
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Drugs abused by humans
preferentially increase
synaptic dopamine
concentrations in the
mesolimbic system of freely
moving rats

Droghe che aumentano la
dopamina nel Nucleus
Accumbens (NAc):

* anfetamina

* cocaina

 oppiacei (morfina, eroina)
* etanolo (alcohol)

* nicotina
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I1 rinforzo ¢ la dipendenza sono correlati all” attivita di neuroni dopaminergici del
Nucleus Accumbens

Rinforzo, dipendenza e dopamina: tutte le sostanze che inducono dipendenza stimolano il
rilascio di dopamina nel nucleo accumbens (che gioca un ruolo importante nel rinforzo).

Correlati neurobiologici della dipendenza: Il cervello di individui con storia di
abuso di cocaina mostra un incremento della densita dei recettori dopaminergici
D3 nel nucleo accumbens. Il desiderio di cocaina puo essere associato
all’incremento della densita dei recettori dopaminergici D3 specialmente nel

nucleus accumbens

FIGURA BENE

Concentrazione di recettori dopa-
minergici D5 nello striato ventrale
umano, misurato dal legame del
7-OH-DPAT. (a) Autoradiografia
dello striato ventrale di un sog-
getto di controllo. (b) Autoradio-
grafia dello striato ventrale di un
soggetto deceduto per overdose
di cocaina. Cd = nucleo caudato;
Pt = putamen; NA = nucleo ac-
cumbens. Nota |'incremento della
concentrazione di recettori D3,
nel nucleo accumbens del sog-
getto cocainomane.

(Da Staley, J. K., and Mash, D. C.

Journal of Neuroscience, 1996, 16,
6100-6106)

Densita di recettori  Elevata

Bassa




Figure 18.3 Establishment of Neural Changes in the
Dorsal Striatum
The graph shows the effects of infusing various amounts of a drug

that blocks dopamine receptors into the dorsal striatum contralateral
to a lesion of the nucleus accumbens.

(Based on data from Belin and Everitt, 2008.)
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Figure 18.4 Dopamine Release Stimulated by
Methylphenidate

The scatter plot shows that increases in the release of dopamine in the
putamen (part of the dorsal striatum) are associated with increased
craving in people who abuse cocaine.

(Based on data from Volkow et al., 2011.)
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La tossicodipendenza é una

cosa diversa dall’ assumere Tossicodipendenza:
droga.

Disturbo neuropsichiatrico cronico incline a ricadute
caratterizzata da 3 elementi:

Uso compulsivo

della droga

Perdita di controllo

sui comportamenti di assunzione della droga nonostante le
conseguenze negative

Astinenza

emergenza di uno stato negativo (disforia, ansia, irritabilita) quando
I accesso alla droga & impedito




Ricaduta (relapse)
con nuova
somministrazione della
sostanza o con stimolo ad
essa condizionato

Figure 18.7 The Reinstatement Procedure: A Model of

Relapse

The graph shows the acquisition of lever pressing for injections

of a reinforcing drug during the self-administration phase and the
extinction of lever pressing when the drug was no longer administered.
A “free” shot of the drug or presentation of a cue associated with the
drug during acquisition will reinstate responding.

(Based on data from Kalivas et al., 2006.)
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Figure 18.9 Social Stress and Cocaine Intake

The graph shows the cocaine intake of control rats and rats subjected
to isolation stress early in life.

(Based on data from Kosten et al., 2000.)
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Figure 18.5 Alcoholism, Schizophrenia, and Prefrontal
Gray Matter

The graph shows the volume of gray matter in the prefrontal cortex
of healthy controls, patients who abuse alcohol, patients with
schizophrenia, and patients comorbid for both disorders.

(Based on data from Mathalon et al., 2003.)
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Figure 18.8 Cocaine Intake and the Medial Prefrontal
Cortex

The graph shows the relative activation of the medial prefrontal cortex
as a function of the amount of cocaine normally taken each week by
people who abused the drug.

(Based on data from Bolla et al., 2004.)
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Abuso adolescenziale di

nicotina e rischio di
schizofrenia
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Abuso di alcool






Effects of Blood Ethanol
Concentration on €NS Functions

Whiskey (Oz.) Blood Ethanol Impaired
Beer (Drinks) (mg/100 ml) Function

05 15 Vision
IES 30-40 Fine muscle
coordination
Fl=ity 80 Reaction time

4 100 Judgment
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Figure 18.11 Alcohol Metabolism

(@) There are two steps in the breakdown of alcohol; inactivity of alcohol dehydrogenase results in the accumulation of a toxic
intermediate product that makes people feel ill and avoid alcohol. (b) Each person has two chromosomes with the gene for
alcohol-metabolizing enzymes. Two copies (homozygous) of the active form of the gene results in normal metabolism of alcohol.
Two copies of the inactive form of the gene results in impaired alcohol metabolism and an aversive reaction. One copy of the
inactive gene (heterozygous) results in intermediate alcohol metabolism.

(Sourca: Based on Meyer, J. S., and Quenzer, L. F., Psychopharmacology: drugs, the brain, and behavior, Sunderland, MA: Sinauer Associates, 2005.)

Alcohol M
CH,CH,OH

L/

Genotypes Homozygous Heterczygous Homozygous
for active form for inactive form

! | }

Acetic acid Phenotypes Mild or no Flushing Severe
CH;CHOOH (response to flushing flushing
alcohol):

Oxidation
reaction

Carbon dioxide
CH, + Hz0 + Energy

Alcuni geni giocano un ruolo nel metabolismo
dell'alcool e nelle reazione avverse




* Twin studies: MZ twins show greater
concordance for alcoholism than DZ twins

* Cross-Fostering studies: examine rates of
alcoholism in children adopted while young

— Environment (one or more ALC adopted parents)

— Heritage (one or more ALC biological parents)
* Male steady drinking is strongly influenced by heritage
* Male/female binge drinking is an interaction effect



 Alcohol abuse is associated with:

— Automobile accidents

— Fetal alcohol syndrome

— Cirrhosis of the liver

— Korsakoff’s syndrome

— Cardiac disease

— Risk of intracerebral hemorrhage



m | Alcool

L" alcool & la droga ricreativa maggiormente
usata in gran parte del mondo.

L” alcool viene classificato come depressivo:
assunto in dosi moderate o elevate, riduce
I” attivita dei neuroni;

a dosi basse puo stimolare |’ attivita
neuronale e facilitare | interazione sociale
(disinibizione).

L" alcool produce sia assuefazione, sia
dipendenaza fisica.

L’ Alcool attiva il recettore GABA A, che
aumenta |’ inibizione postsinaptica. EORTEX

Inoltre, a basse dosi stimola le vie NUCLEUS

ACCUMBENS

Dopaminergiche. L’ aumento di Dopamina s gy
TEGMENTAL

che ne deriva e alla base delle proprieta AREA
euforizzanti (e di dipendenza) dell’ alcool.




L’ alcool puo avere diversi
effetti a livello centrale che
ne spiegano gli effetti sul
comportamento:

-~ Inibisce il flusso del Sodio
attraverso le membrane

-- riduce |’ afflusso neuronale
di calcio

-- riduce |’ attivita
serotoninergica

-- facilita la risposta dei
recettori GABA A

-- blocca i recettori del
glutammato

-- aumenta |’ attivita
dopaminergica

Un bicchiere da 125 ml di vino
330 ml di birra
80 ml di un cocktail aperitivo

40 ml di un superalcolico

Sono pari a 12 grammi di alcol

Pari a una concentrazione di 0.2 gr/litro di sangue in
soggetto di 60 Kg a stomaco pieno




L’alcool (come la nicotina) supera la membrana placentare e
influenza il feto.

| bambini di madri che fanno abuso di alcool durante la gravidanza
possono soffrire di un disturbo noto come “Sindrome Fetale
Alcolica” caratterizzata da uno o piu dei seguenti sintomi:

* ritardo mentale,
e coordinazione impoverita,
* ipotonia muscolare,

« basso peso alla nascita,

. rita rd (@) d el Ia CreSCita A child with Fetal Akohol Syndrome

{O'Rahilly 1995).
La FAS é causata da assunzione di alcool da
parte delle madri durante la gravidanza.
La FAS é stata considerata la 32 causa di
ritardo mentale e di problemi neurologici
nell’ infanzia

 deformazioni fisiche.



|” assunzione di dosi elevate di alcool
durante la gravidanza produce la
SINDROME FETALE ALCOLICA (FAS)

Prima che il blastocista sia
.. , Aborto
impiantato nell "utero

ALCOOL Interferisce con la

e, in generale, la

sopravvivenza dei neuroni



CONSUMO DI
ALCOOL (EtOH)

L’ EtOH
attraversa la
placenta ed entra
nella circolazione
del feto

Placenta

L’ EtOH viene
metabolizzato nei
tessuti fetali

L’ EtOH viene sintetizzato
all’ interno del sistema
digestivo del feto

| derivati della sintesi
dell’ EtOH vengono
riscontrati nel meconio del
neonato




Cervelli di bambini di 6 settimane di vita

Normale SINDROME FETALE
ALCOLICA



Bambino affetto da FAS accanto a immagini di feti di ratto.

Fronte stretta

Fessure palpebrali
ridotte

Naso piccolo

Labbro superiore
lungo, con filtro
poco sviluppato

a) Feto la cui madre ha assunto alcool durante la gravidanza;

b) Feto normale



» Effects of Ro15-4513, an Alcohol Antagonist. Both Rats Received
an Injection of Alcohol, but the One Facing Us Also Received an
Injection of the Alcohol Antagonist

Source: Photograph courtesy of Steven M. Paul, National Institute of Mental Health, Bethesda, MD.




Figure 18.20 Early Exposure to Alcohol and Apoptosis

The photomicrographs of sections of rat brain show degenerating neurons (black spots). Exposure to
alcohol during the period of rapid brain growth causes cell death by inducing apoptosis. These effects
are mediated by the actions of alcohol as an NMDA antagonist and a GABA, agonist. MK-801, an NMDA
antagonist, and phenobarbital, a GABA, agonist, also induce apoptosis.

(From Ikonomidou, C., Bittigau, P., Ishimaru, M. J., et al., Ethanol-inducad apoptotic neurodegeneration and fetal alcohol
syndrome, Science, 2000, 287, 1056-1060. By permission.)

'apoptosi dei neuroni e strettamente dipendente
dall’azione sui recettori GABA e NMDA, dal momento che
appare simile a quella conseguente all’assunzione di
agonisti GABA e antagonisti NMDA



Aree cerebrali che risultano frequentemente
danneggiate dal consumo di alcool materno
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* Alcohol effects depend on dose:
— Low doses: reduces anxiety
— Med-High doses: sedation and incoordination

* Alcohol consumption produces:

— Positive reinforcement: mild euphoria

— Negative reinforcement: The aversive state of
anxiety is reduced by alcohol consumption




 Alcohol increases DA levels within NAC

* Alcohol has effects at two receptor sites:

— Inverse agonist at NMDA sites
* Mediates increased DA release after alcohol

* Mediates the sedative and anxiolytic effects of alcohol

— Indirect agonist at GABA, sites
* Mediates the anxiolytic effect of alcohol




Figure 18.21 Cravings for Alcohol and p Opiate
Receptors

The drawings of the results of PET scans show the presence of

W opiate receptors in the dorsal striatum of detaxified patients
diagnosed with alcohol abuse and healthy control participants. The
graph shows the relative alcohol craving score as a function of relative
numbers of y opiate receptors.

(Based on data from Heinz et al., 2005.)

,r

x;’w”

Patients diagnosed Healthy controls
with alcohol abuse

35

30

25

20

15

Relative craving score

1.4 1.6 1.8 2.0 2.2 24

Relative number of p opiate receptors

Densita recettoriale
dei recettori per gl

oppiodi € abuso di

alcool






w

./\/\/EM

_»_Naltrexone-treated group

P Effetti del
naltrexone

e el o achions sull’abuso di

alcool

Mean craving score (0-9)

-

o
©

. Naltrexone-treated group

o
)

Placebo-treated group

e
\‘

o
2]

@
@
Q.
(]
T
—
o
c
=
=
=
c
(=]
g
2
Q.
2
E
(]
g
o

LJ__J__I_.L_J__L_l_I_.I._.l_I_J__I_

0 1 2 3 4 5 6 7 8 9 10 11 12
Number of weeks receiving medication




Abuso di oppiacel



L OPPIO & una miscela di varie sostanze.

La MORFINA, il principio attivo dell’ oppio
viene estratta dai semi di Papavero.

Una forma chimicamente modificata della
morfina & I EROINA

Morfina ed Eroina si legano ai Recettori degli
OPPIOIDI ENDOGENI




Oppioidi (endogeni; es.endorfine)

Oppiacei (esogeni; es. morfina, eroina)

Vie di somministrazione degli oppiacei | OPPIACEI ED OPPIOIDI

OPPIACEI: Morfing, codeina e denvat sinteta dell'oppio (eraina e metadone)

Orale OPPIOIDI: peptidi endogeni con efett anglogh a quell degli oppiacei

(encefaline, endorfine, dinorfine).

Polmonare

Assorbimento tramite mucosa nasale
Inlezione

Il papavero dell'oppio €
|a capsula dei semi







Segni clinici da consumo di OPPIACEI (oppio morfina eroina)

OPPIOIDI ED OPPIACEL: EFFETTI

Azione inibitoria sulle strutture i'nplledo nel comportamento
motivazionale ed emotivo

Riduzione del battito cardiaco, della pressione sanguigna, della
temperatura

Rallentamento del riflessl

Diminuzione di attenzione e memoria

Sonnolenza

Inibizione dell'apparato gastrointestinale (ridotta secrezione di HCI,

blle e succo pancreatico, motilita intestinale depressa) TS S

Depression of respiration
Itching

Nausea and vomiting
Constipation

Urinary retention

Chest wall rigidity

Cough suppression
Pupillary constriction

GI/GU sphincter constriction
Dysphoria

Depression of stress response
Cardiovascular effects

Immune suppression




OPIOID RECEPTORS

Opioid Receptor Class

Mu,

Effects

Effects

Euphoria, supraspinal analgesia, confusion, dizziness, nau-
sea, low addiction potential
Raspiratory depression, cardiovascular and gastrointestinal
effects, miosis, urinary retention

Spinal analgesia, cardiovascular deprassion, decreased
brain and myocardial oxygen demand

Spinal analgesia, dysphoria, psychomimetic effects, feaed-
back inhibition of endorphin system

Mu (p) Receptor

Kappa (x) Receptor

Delta (5) Receptor

IUPHAR name

MOP

KoP

bop

Analgesia

Supraspinal
Spinal

Supraspinal, spinal

Supraspinal, spinal;
modulates mu-receptor
activity

Cardiovascular

Bradycardia

Respiratory

Depression

Possible depression

Depression

Central nervous system

Euphcria, sedation, prolactin release,
mild hypothermia, catalepsy,
indifference to ervircnmental stimulus

Sedaticn, dysphoria,
psychomimetic reactions
(hallucinations, delirium)

Pupil

Miosis

Micsis

Gastrointestinal

Inhibition of perstalsis, nausea, vomiting

Genitourinary

Urinary retention

Diuresis (inhibition of
vasopressin release)

Urinary retention

Pruritus

Yes

Yes

Physical dependence

Yes

Low abuse potential

Yes

Antishivering

Yes




| Recettori per gli Oppioidi sono localizzati in varie regioni cerebrali e la loro
stimolazione produce effetti diversi:

1) | Recettori situati nella Sostanza Grigia Periacquedottale sono
principalmente responsabili dell’ ANALGESIA;

2) | Recettori nell’ Area Preottica inducono IPOTERMIA;

3) | Recettori situati a livello della Formazione Reticolare Mesencefalica
causano SEDAZIONE;

4) | Recettori posti nell’ AREA TEGMENTALE VENTRALE e nel
NUCLEUS ACCUMBENS sono implicati negli EFFETTI DI
RINFORZO.

Gli Oppiacei inibiscono i neuroni che liberano GABA;
tale neurotrasmettitore inibisce il rilascio di DA: il
risultato € un aumento del rilascio di DA
(inibizione di una inibizione)




Figure 18.12 Opiate Effects

Opiate receptors in the nucleus accumbens and ventral tegmental area are involved in reinforcing effects of
opiates. Receptors in the preoptic area are involved in hypothermia. Receptors in the periaqueductal gray matter
are primarily responsible for analgesia, and receptors in the reticular formation are responsible for sedation.
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Figure 18.13 Effects of a Targeted Deletion of the
Opiate Receptor

The graphs show a lack of response to morphine in mice with t
mutations against the p opiate receptor. (a) Latency to tail wit

from a hot object (a measure of analgesia). (b) Wet-dog shakes
prominent withdrawal symptom in rodents) after being withdra
long-term morphine administration. (c) Conditioned place prefe
for a chamber associated with an injection of morphine (a mea
reinforcement).
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Buprenorfina diminuisce I'abuso di oppiacel

Figure 18.24 Buprenorphine as a Treatment for Opiate
Abuse

The graph shows the effects of treatment with buprenorphine,
buprenorphine + naloxone, and a placebo on opiate craving in people
being treated for opiate abuse.

(Based on data from Fudala et al., 2003.)
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Abuso di cocaina e
anfetamina






* Cocaine is a potent DA agonist
— Binds and inactivates the DA transporter
* Blocks reuptake to increase DA in synapse

— Cocaine reinforcement is assessed using

* Self-administration paradigm: animal presses lever that
results in cocaine infusion via jugular catheter

 Conditioned Place Preference paradigm: Does the
animal prefer a compartment previously paired with the
drug cue?




- Loquacita spiccata fino all’eccitazione

- Diminuzione marcata del senso della fame
- Aumento sensibile della resistenza fisica

- Indifferenza al dolore
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Il meccanismo d'azione si basa sullinibizione del reuptake della dopamina, determinando
un'iperstimolazione delle sinapsi dopaminergiche.

La dopamina viene rilasciata dai neuroni del sistema limbico, area del SNC deputata al controllo delle
sensazioni di piacere; una presenza prolungata del neurotrasmettitore a livello sinaptico per effetto della
cocaina sarebbe responsabile del senso di ebbrezza provato da chi ne abusa.
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* Positive Reinforcement and Cocaine:
— Cocaine increases synaptic DA within the accumbens

— Animals will self-inject DA agonists directly into the nucleus Accumbens
(NAC)

— Lesions of the NAC impairs self-administration of cocaine in rats

* Negative Reinforcement and Cocaine:
— Cocaine withdrawal results in reduced NAC dopamine



» Dopamine Concentration in the Nucleus Accumbens of Rats
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Cocaina: induce vigilanza, attivazione, euforia. Inibisce la ricaptazione della dopamina da parte
dei bottoni terminali, aumentando la disponibilita di dopamina nello spazio sinaptico

L anfetamina: produce effetti simili a quelli della cocaina. Oltre ad inibire la ricaptazione della
dopamina, I’anfetamina ne aumenta il rilascio dai bottoni terminali allo spazio sinaptico.

Gl effett1 di rinforzo di cocaina e anfetamina: sono mediati dall’incremento della
dopamina nel nucleo accumbens

Effetti psicotici di cocaina e anfetamina: I’assunzione prolungata di cocaina e
anfetamina puo indurre sintomi di schizofrenia di tipo paranoide
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Figure 18.14 Dopamine Transporters,
Methamphetamine Abuse, and Parkinson’s Disease

The scans show concentrations of dopamine transporters from a control
participant, a participant who had previously abused methamphetamine,
and a participant with Parkinson’s disease. Decreased concentrations of
dopamine transporters indicate loss of dopaminergic terminals.

(Based on McCann, U. D., Wong, D. F,, Yokoi, F., et al. Journal of Neurosdence,
1008, 18, 8417-8422)

Control Methamphetamine Parkinson’s
disease

Figure 18.15 Release of Dopamine in the Nucleus
Accumbens

The graphs show dopamine concentration in the nucleus accumbens,
measured by microdialysis, during self-administration of intravenous
cocaine or amphetamine by rats.

(Based on data from Di Ciano et al., 1905.)
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Abuso di nicotina



» Changes in Dopamine Concentration in the Nucleus Accumbens
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Figure 18.17 Effect of Knockout of the a5 ACh Recepto
Gene in Mice

The graph shows that mice with a targeted mutation against a5 ACh
receptors in the medial habenula self-administer increasing doses of
nicotine, whereas control mice limit their intake.

(Based on data of Fowler et al., 2011.)
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Figure 18.18 Damage to the Insula and Smoking
Cessation

The diagram shows the regions of the brain (shown in red) where
damage was most highly correlated with cessation of smoking.

(From Naqvi, N. H., Rudrauf, D., Damasio, H., and Bechara, A., Damage to the
insula disrupts addiction to cigarette smoking, Sdence, 2007, 315, 531-534.
By permission.)

Degree of correlation
with smoking cessation

Figure 18.19 Effects of Inactivation of the Insula on
Reinstatement of Drug-Seeking Behavior in Rats

Rats were trained to work for injections of nicotine, and then the
behavior was extinguished. The graph shows that inactivation of the
insula substantially reduced drug-seeking behavior elicited by nicotine
or cues previously associated with nicotine.

(Based on data of Forget et al., 2010.)
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Vareniclina diminuisce I'abuso di nicotina

Figure 18.25 Varenicline as a Treatment for Smoking

The graph shows the percentage of people who smoked that were
treated with varenicline, bupropion, or placebo that abstained from
cigarette smoking.

(Based on data from Nides et al., 2006.)
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Abuso di cannabis



Figure 18.22 THC and Dopamine Secretion in the
Nucleus Accumbens

The graph shows changes in dopamine concentration in the nucleus
accumbens, measured by microdialysis, in response to injections of
THC or an inert placebo.

(Based on data from Chen et al., 1990.)
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THC vs. CBD

Figure 18.23 Effects of Varying Ratios of CBD and THC
in Marijuana

The graph shows that smoking marijuana with high levels of CBD
decreases the pleasantness of photographs associated with marijuana
smoking.

(Based on data of Morgan et al., 2010.)
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Longitudinal Progression of Substance Use Disorders
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Mouse Party

Take a look inside the brains of mice on drugs! Every drug of abuse >
has its own unique molecular mechanism. You'll learn how these
various drugs disrupt the synapse to make the user feel "high". PLAY
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