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I stimated [ conomic (_ost to 50cictg Due
to Substance Abuse and Addiction:

Tobacco: $193 billion/year
Alcohol: $235 billion/year
Illegal drugs: $181 billion/year

Total: $609 billion/year

Source: ONDCP, 2004; CDC, 2007; Rehm et al., 2009 Lancet 373:2223-33 NIDA
CRIT 2012
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What is Addiction?
Addiction is A Prain

Disecase

— that develops over time

— that starts as voluntary drug use

— that leads to uncontrollable drug craving and use

— that changes brain structure and function

— that interferes with a persons functioning in family and society
— that leads to serious medical consequences

No one wants to be a drug addict- they want to say “no” but they
can t- it s not a moral failing or a result of “weak will ’- its a
compulsive behavioral disorder
NIDA
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Advances in science have revolutionized
our fundamental undcrstanding of drug
abuse and addiction.

NIDA



Your Prain on
Drugs in the 1980’s
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Wl'lat have we learned?



Addiction is Like Other Diseases...

» It is preventable

> ltis treatable

» It changes biology

» |If untreated, it can last a lifetime

Decreased Heart Metabolism in Decreased Brain Metabolism

Heart Disease Patient In Drug Abuser
High

Low

Healthy Heart Diseased Heart Healthy Brain Diseased Brain/
Cocaine Abuser

NIDA
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In 2010, an estimated 22.6 million

Americans, or 8.9 percent of the

Population aged 12 or older, were
current illicit drug users.

Source: National Survey on Drug Use and Health (NSDUH), SAMHSA, 2011



Disturbing trends in

substance use

Ritalin® LA
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Fcrccntage of 12th (Grade Students RePorting
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Unintentional
Overdose
Deaths have
quadrupled
since 1998

, f 5
'i ’,
are |ncreasing
£

Deaths from Opioid Pain Relievers Exceed Those from
Illegal Drugs in all Age Groups
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More Drug Overdose Deaths are Associated with Opioid Pain Relievers than

with lllegal Drugs. Data are for 2008. lllegal drug deaths include deaths from overdose of
heroin, cocaine, hallucinogens, or stimulants. Source: CDC, Morbidity and Mortality Weekly
Report, 60(43): 1489, 2011.
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Prescriptions (millions)
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Sourcc O‘F or Rx drugs most rcccntlg uscd non-
mcdica"g (avcragcd across 2009 and 20710)
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Solutions Needed: Tra/h/hg & [ ducation

Enhance clinical training for physicians,
nurses, dentists, and pharmacists in
the areas of pain management, opioid
pharmacology, abuse and addiction

Increase patient, lay public, and
policy makers’ awareness of the
potential risks for abuse inherent in

all opioid analgesics

CRIT 2012



Medications K escarch and [De vc/o/omcnt

Develop medications with lower abuse
potential including drugs that don’t
cross BBB (i.e., CbR2 agonist)

Develop slow release formulations
(low dose and long duration)

Develop novel formulations including
drug combinations (e.g., naloxone

and buprenorphine); meds with limited
shelf life

CRIT 2012
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Emerging Drugs: Sgnthetics

Cannabinoids Cathinones

MADNESS
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Calls Received by Poison Control Centers for Human
Exposure to Synthetic Marijuana, 2010 to January 2012

The number of calls in 2011 are Calls remain high since a steady rise
more than double that in 2010. from January to July 2011.

678
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2,906

Jan Mar May Jul Sep Nov lJan

Source: American Association of Poison Control Centers, Synthetic Marijuana Data, Updated February 8, 2012 (Preliminary data).

CRIT 2012



Calls To Poison Control Centers for Human Exposure to
Bath Salts, 2010 to January 2012
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7,000
5,000
5,000
4,000
3,000
2,000

times that in 2010

BOO
J00
600
500
400
300
200
100

0

6,138

In early 2011, cails ineach month® spiked
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W%at can we do?

Regulate (DEA emergency scheduling)
Develop drug detection tests

Persuade shops that are selling these items to
remove them from the shelves

Counter the “New business model”
(dual use research)
Educate the public



http://drugpubs.drugabuse.gov/publications/ID/pub117
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Initiall ﬁ A Drug
Hoping o,CI'aa tj‘@jﬂ\/lood
Perception, ‘or Emotio alktate
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Drugs can be “/m/oos ters” of
Prain Mcssagcs

Brain's Chemical

Anandamide

Drug

THC

NIDA
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T he Neuron: [low
the Prain’s
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Na tural Kewards [~ Jevate Dopaminc chc/s
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Drugs E/c vate Do/:)aminc [_cvc/ s More or [For/ onger
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Addiction Jnvolves Mu/iv/'o e [actors

Biology/Genes Environment
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(senetics is a Bfgg ontributor
to the Kisk o ddiction...

...and the nature of this contribution
IS very complex



Novel genes identified in a high-density genome
wide association study for nicotine dependence

Laura Jean Bierut'**, Pamela A.F. Madden', Naomi Breslau?, Eric O. Johnson®,
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IMMEDIATE COMMUNICATION

a-5/2-3 nicotinic receptor subunit alleles increase risk for
heavy smoking

W Berrettini'**, X Yuan®®, F Tozzf®, K Song®®, C Francks®®, H Chilcoat', D Waterworth®*,
P Muglia®** and V Mooser-®

Important Determinant of Early Alcohol and Tobacco Vol 452[3 April 2008|doE10.1038/naturc06346

Initiation in Young Adults

Isabel R. Schlaepfer, Nicole R. Hoft, Allan C. Collins, Robin P. Corley, John K. Hewitt, Christian J. Hopfer,

Jeffrey M. Lessem, Matthew B. McQueen, Soo Hyun Rhee, and Marissa A. Ehringer

A variant associated with nicotine dependence, lung
cancer and peripheral arterial disease

Thorgeir E. Thorgeirsson'*, Frank Geller'*, Patrick Sulem'*, Thorunn Rafnar'*, Anna Wiste'?, )
Kristinn P. Magnusson’, Andrei Manolgscu' Gudmar Thorlei_fsson', Hreinn Stefansgon', Andres Ingason’,




Some (Gene Variants lmPlicatcd in Addiction

— FAAH - associated with drug dependence

— OPRML1 - associated with opiates and alcoholism

— CYP2A6, CYP2B6 - associated with smoking and smoking cessation

— ALDH2 - associated with protection against alcoholism

— DBH (Dopamine beta-hydroxylase) — cocaine-induced paranoia

— DRD2, DRD4 (Dopamine receptors) - reward, craving

— NrCAM, neurexins (Cell adhesions genes) - assoc with drug abuse and addiction
— Prodynorphin gene - associated with protection against cocaine dependence

— Nicotinic alpha 7 promoter — assoc. with decreased expression of its message in
different brains regions and with sensory gating defects in schizophrenics

-- Alpha 5 and beta 3 (nicotinic receptors) — assoc. with nicotine dependence

-- 5HT1B (serotonin receptor) - associated with conduct disorder and alcoholism

CRIT 2012



Variations in Do]:)aminc chcptor chcls FPredict Pleasure
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Put it isn’t all genetics



Drug Abuse Risk Factors

Community
Peer Cluster
Family

Individual



What [ r vironmental
Factors (_ontribute to Addiction?

Drug availability
Peers who use drugs
Family Problems
Early physical or sexual abuse
Stress in general
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Advcr e (Childhood [ xperiences (AC )
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ACE account for one half to two third of serious
prOblemS with drug USe. PEDIATRICS 111: 564-572, 2003

CRIT 2012



5ene/

=nvironment
Interaction

CRIT 2012
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What are the mechanisms by which
environmental events can affect
addiction vuincrabilitg?



Epigcnctics

1999

2009
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Epigenetic Changes Alter Activity
Chemical tags known as epigenetic marks sit atop genes, either
onthe DNA itself oron one proteins around which DNAis

wrapped (below). Changes in the mix of these marks can alte ‘ ’
e A e i ek e I P i ge netic Clﬁ an ge S
ibited, or tuming it on—all without changing the information

the gene contains.

can silence or

activate genes FO!‘

Histone tail

Epigenetic marks

long Pcrio&s of time
e e and can be inherited

chromatin (DNA complexed with histones and other proteins) and thus keep
ing genes from being read; methyl groups sometimes play that role.

Inactive gene

Chromatin

Gene on: Other marks, such as acetyl groups, tend to spur gene activity by
helping to unfurl the chromatin.

t'}— Protein
«

Acetyl group .
2
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Nicotine as a (ate way Drug

Chronic,

compulsive PA P
& Chronic Nicotine

Before Cocaine

Behavioral
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—w FosB Only

Induction
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Acute,
controlled
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What else atfects addiction
vuln craﬁi/iiy 2



Risk of developing addiction

1.6%;
1.4%-
1.2%-
1.0%-
0.8% -
0.6%
0.4%
0.2%

0.0%

Addiction is a Dcve]opmcntal Disease:

[t starts in adolescence and even childhood

Alcohol

Marijuana

NIAAA National Epidemiologic Survgy on Alcohol and Related Conditions, 2003



dolescents’ PBrains

Are Still De vc/oplhg..

Implications for Prevention and Treatment?

Source:: Gogtay, Nitin et al. (2004) Proc. Natl. Acad. Sci. USA21091, 8174-8179



Maturation starts at the back of the brain ...
and moves to the front

Amygdala J
Judgment

Emotion

Physical

, coordination,
‘ - sensory
i processing

Nucleus
Accumbens

Prefrontal Cortex ]

[Cerebellum

Notice: Judgment is last to develop!

CRIT 2012 Source: K. Winters
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Do Aa/o/csccn ts K eact D/#crcnt[g
than Adults to
5u[>5tanccs of /4 buse?

NIDA



Mean Self-Injections (Nose-pokes in 3 hr)

40

30

20

10

ighl
Nicotine/ ,A:scc%a

—m— Nic/Acet 30/16 pg (N=11)
o— Acet 16 ug (N = 8)

—a— Nic 30 pg (N=9)

- -0 - Saline 100 pl (N=7)

*%*

**

*%

P27 Males —

ldehyde

**

char&i% FF Hectof

urin dolescencc
g A

—— Nic/Acet 30/16 pug (N =6)
—&— Acet 16 ug (N =6)

—— Nic 30 ug (N =10)

- <O - Saline ug (N =8)

P90 Males

Test Day

CRIT 2012



Kats ]ixroscd to Nicotine in Adolescence
{:~Adm|mster More Nlcotme

Than Rats Flrs’c f_xposcd as Adu]ts
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Do Wc Nccd
D{Z[f Fundamcnta“g }:
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Wl'aat E_lse A{:Fects
Vulnerability to Addiction?



Addictive Disorders Often (Co-f xist

With Other Mcntal Disorders
2 KIS\ S

‘ .C 'Col or|
Jeic w
I er \ D1sG
N /

//\

\! [



Addictive Disorders Often (Co-f xist

With Other Mental Disorders
Serious D, f( \ Y Substance

Psychologica \ Use Disorder
Distress, "?\S { ﬂ\ )’ &\5- “\ 15 million
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SAMHSA, Office of Applied Studies, National Survey on Drug Use and Health, 2007 CRIT 2012
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Highcr ates of Drtfa Disorders Among

atients with Mental l“ncss
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Mang Common Factors Are lnvolvcd In
Addiction and Mental |llness

Addiction: Mental IlIness:

Early Physical or
Sexual Abuse

Early Physical or
Sexual Abuse

«Stress «Stress
«Family History «Family History

*Mental Illness *Drug and Alcohol Abuse

*Peers who use Drugs

STRESS & DRUG ABUSE

CRIT 2012



Whg do Mcntal l"ncsscs and 5ubstancc
Abusc Co—-occur?

e Self-medication

— substance abuse begins as a means to
alleviate symptoms of mental iliness

e Causal effects

— Substance abuse may increase
vulnerability to mental iliness

e Common or correlated causes

— the risk factors that give rise to mental
illness and substance abuse may be
related or overlap

NIDA
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[ hese ma 1y con tribute to vu/ncrabi/iiy
to initial a’rug use

Put what /JaPPcns overtime?



Science has (Generated Much [ vidence
Showing that....

F ro/ongca/ Drug ( [se (. /Langcs
the Prain /n Fundamental

and [_ong~Last1hg Waﬂs



AND..

Wc /‘7’avc E vidence 77731'
7—/7(:‘5(:‘ Cﬁangcs Can Bc Botﬁ

Structural and Functional

NIDA



5tructura/{g...

Chronic cocaine increases density of dendritic spines and
neuronal branching in the nucleus accumbens
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Robinson, T.E. & Kolb, B. Eut. J. of Neuro. 1999.
CRIT 2012 Ferrario, C.R. et al. Biol. Psychiatry, 2005.



Amphetaminc Abuse Produces
Structural Abnormalitics in the Prain
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I unctfona/!g: DoPaminc Rccc]:)tors | owerin Addiction
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Put DoPaminc/Rcward are onlg [ art of the
Storg

« Scientific research has shown that other
neurotransmitters are also affected:
— Serotonin
 Regulates mood, sleep, etc.

— Glutamate
 Regulates learning and memory, etc.

NIDA



And M u/tIP e Circuits Are Jnvolved [n Drug
Abuse and Addiction




Mcmorics/Conditioning are
(_ritical Parts of Addiction



Reactivity of Dopamine System To Drug Cues
(conditioned stimuli) in Addicted Subjects
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Control Cocaine

Video Cue Video

Cocaine abusers increased DA release when exposed to cues, which
were associated with drug craving. Volkow et al., J Neuroscience 2006,



T he brain reward circuitry responds to drug and sexual cues
that are Presented outside of our awareness (5 b, msec.)

Activations Correlations

Childress et al., Plos Biology Jan. 2008
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But [£'s Not Just Memories...
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Signal Intensity (AU)

(_ocaine Craving:
Fopulation (@ (Isers, (Controls) x [Film (cocaine )

B Cocaine Film

- B

Controls Cocaine Users

IFG

CRIT 2012 Garavan et al A .J. Psych 2000



(_ocaine Craving:

Fopulation (@ (Isers, (Controls) x [Film (cocaine, erotic)

Cingulate

Ant Cing

Signal Intensity (AU)

mCocaine Film
EErotic Film

|

Controls Cocaine Users

IFG

CRIT 2012 Garavan et al A .J. Psych 2000
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~What Does This Mean [For

Trcatmcnt?



(Circuits [nvolved [n Drug Abuse and Addiction

All of these must be considered in developing strategies to effectively
treat adgiction



W/y (_an’t f> atients Just Quit?

Non-Addicted Brain Addicted Brain

%

NIDA



Treating the Addicted Brain

[ ITELL
GOINWLT) ' Decrease
" the
= rewarding

= value of
= drugs

MEMORY otk




Vivitrol (an oPioid antagonist) signi{:icantly Increases
percentage of patients with oPioid-{:rcc weeks

- I:- -
—
i I}
[a 1]
=
i I}
il
=
=

CRIT 2012



Antibodies can reduce brain concentrations

-
Capillary Antibody holds /

Blood Flow drug in /?)
blood stream

CRIT 2012



Fewer cocaine urines at highcr vaccine dose

~+Hi-IgG
—#-L0-IgG
Placebo

w
1)
o=

“—
—
D
D
p S—

——

]
D
cu
(3
o

(&

=

s‘\\g\“""\“\'\@@(\v&

Weeks in treatment

Kosten, et al, 2010 Arch Gen Psych
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Treating the Addicted Prain

Increase the
rewarding
value

of non-drug
reinforcers

Decrease
the
rewarding
value of

drugs

MEMORY g

RIT 2012



enc Managemcnt for the

etham]:)hetamine ( Jse Disorders

Contingency
management (N=51)

Treatment as usual
(N=62Z)

Mean Number of

e
o}

[i7]
o e
-
]
v
=2
LT R
L=
= M
W
$4--'
=
55
- =
— =
mE
[T I—]
=
A

Percent of Samples Negative
for stimulants and Alcohol?

Mean Weeks of
Abstinence

Contingency Treatment
Management as Usual
iMN=51) iMN=062)

Roll, J.M. et al., AJP 163(11) pp. 1993-1999, November 2006.
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[T Hects of Tx with an enovirus arr Rg al DA D2
e

Rcccptor ene into NAcin D ceptors

Oyerexpression of: 60 ¢ ; ;
AT 2 receptor:s x | z  p<0.0005 ”
QA 50f & a
reduces alcohol S,z p < 0.0005 e
seli=administration ;;;-j» 0 p < 0.005 b < 0.005
- L :
2 20 f
5
S 10 |
S /]
0 4 [l 24
2 0
E l
= -20
=
g
< -40 <0.01
k= p<0]())1
S -60
<
5 g0 p <0.001
X p < 0.001 p < 0.001
-100 1/
0 4 6 8 10 !/ 24

Thanos, PK et al., J Neurochem, 78, pp. 1094-1103, 2001. Time (days)



Decrease
the
rewarding
value of
drugs

MEMORY

Weaken
learned
positive
associations
with drugs
and drug
cues

Treating the Addicted Prain

Increase the
rewarding
value

of non-drug
reinforcers




A Mctﬁoa’ that Wca‘écns C uc~a’rug
Memories [Decreases Drug (. raving

No retrieval + Extinction

Relapse and craving . . ; .
Consolidation of test 1 to 184 days later Bl Retrieval + 10 min + Extinctio

drug memory [ Retrieval + 6 h + Extinction

Drug memory
extinction

Brief, but not
long delay

8

1-hour exposure to Neutral  Heroin  Neutral Heroin  Neutral Heroin  Neutral  Heroin
drug-taking video; Cie  Cue Cwe Cue Cue Cue  Cue  Cue
handling and not

Brief drug memory - taking drugs Da Day 34 Day 184
retrieval

A L Milton, B J Everitt Science 2012;336:167-168
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Treating the Addicted Prain

Increase the
rewarding
value

of non-drug
reinforcers

Decrease
the
rewarding
value of
drugs

MEMORY gk |

Weaken
learned
positive
associations
with drugs
and drug
cues

Strengthen
frontal
control

MEMORY] |

MEMORYW




Addiction Circuitrg and
Drug Dcvclopment:
Frcvcnting Rclapsc

CRIT 2012

Promote new D-Cycloserine
learning

Vaccines,Enzymatic

Block drug’s degradation
rewarding effects Naltrexone

CB, antagonists

Interfere with L
conditioned Antiepileptic GVG

learning (craving) N-acetylcysteine

Counteract stress CRF antagonists
response

Strengthen Adenosine A2

petween fimbic and Dopamine D3
antagonists

cortical areas

Strengthen executive Modafinil
function/ Stimulant
Inhibitory control medications




Fsgchothcrapy for Rclapsc Frevention

Sallency.

Interfere with Drugs Contingency
Reinforcing Effects Management

Executive Function

Inhibitory Control Cogitivelinerapy

Strengthen Cortical/ Motivational
Limbic Connections Therapy

Interfere with conditioned Neurofeedback
memories/craving Desensitization

Promote new learning Conditioning

Counteract stress responses] Relaxation
that lead to relapse Behavioral Therapy
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Trcating A Biobchaviorai Disorder
Must Go chond Just
Fixing The Chemistrg



Drug Abuse Trcatmcnt Corc Componcnts

and Comprchcnsivc Services

Group/Individual
Housing & Core Counseling

lransportation Treatment Abstinence

Intake Based
Assessment
Treatment Pharmacotherapy
Plans

Self-Help

Urine
Monitoring
Case
Management

Continuing
Care

Etheridge, Hubbard, Anderson, Graddock, & Flynn, 1997 (PAB)

(AA/NA)




Jn [ rea ting Addiction...

We Need to Keep Our Eye on
the Real Target




Put, drug addiction is a chronic discase with
relapse ra tes similar to those of
other chronicillnesses

COMPARISON OF RELAPSE RATES BETWEEN
DRUG ADDICTION AND OTHER CHRONIC ILLNESSES
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Drug Type | Hypertension  Asthmao
Addiction Diahetes

Source: McLellan, A.T. et al., JAMA, Vol 284(13), October 4, 2000.
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We Need to View and | reat Addiction
As A Chronic, Kclapsing lllness



Hypertension Tx
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|

Pre During Post

Stage of Treatment

CRIT 2012
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If we treat a diabetic and symptoms don’t
subside....what do we do?

Would we increase the dose?
Would we change medications?
Would we change treatment approaches?

Would we fall to provide ongoing
treatment for a diabetic?



Addiction is 5imilar to Other

(_hronic l“ncsscs Pecause:

It has biological and behavioral components, both of which must be addressed during
treatment.

Recovery from it--protracted abstinence and restored functioning--is often a long-term
process requiring repeated episodes of treatment.

Relapses can occur during or after treatment, and signal a need for treatment
adjustment or reinstatement.

Participation in support programs during and following treatment can be helpful in
sustaining long-term recovery
Therefore...

NIDA

CRIT 2012



Fu" recovery IS a cha"cnge but it
IS Possiblc

NIDA



ADDICTION CAN BE TREATED

Partial Recovery of Brain Dopamine Transporters
In Methamphetamine (METH)
Abuser After Protracted Abstinence

7N

Normal Control METH Abuser METH Abuser
(1 month detox) (14 months detox)

Source: Volkow, ND et al., Journal of Neuroscience 21, 9414-9418, 2001.





