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Advances In Science
Have Revolutionized Our
Way of Life...

And Our Fundamental VViews of
Drug Abuse and Addiction



Remember Ohura’s Communicator?
Science Fiction? Or Science Fact?
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Keplacing a bad tube meant checking among ENIAC's 19,000 possibilities.
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Advances In Science
Have Revolutionized Our
Fundamental Views of
Alcohol and Drug Abuse and
Addiction



Your Brain on Drugs - Then




Infusion Rate




Your Brain on Drugs — Now

. NAc¢
Cocaine

Raphe

p<10'*

-

MGH-NMR Center & Dept. of Psychiatry

Source: Breiter & Rosen, Ann N Y Acad Sci 1999



So..What have we learned?



Drug Abuse Is A Preventable Behavior

Drug Addiction Is A Treatable Disease

Partnership for a Drug Free America



Initial Drug Use Is A
Voluntary Behavior...

A Person Chooses to
Take a Drug for the First Time



Science Has Generated A Lot of
Evidence Showing That...

Prolonged Drug Use Changes
the Brain In Fundamental
and Long-Lasting Ways



| >
Cocaine Abuser (10 Days)

@ @

Cocaine Abuser (100 Déys)

(Volkow et al., 1992; 1993)



Předvádějící
Poznámky prezentace
Sources: Volkow, et al.,  Synapse, 11:184-190, 1992
           & Volkow, et al.,  Synapse, 14:169-177, 1993



Activation of the reward
path lve drugs



Předvádějící
Poznámky prezentace
Slide 30:  Summary;  addictive drugs activate the reward system via increasing dopamine neurotransmission
In this last slide, the reward pathway is shown along with several drugs that have addictive potential.  Just as heroin (morphine) and cocaine activate the reward pathway in the VTA and nucleus accumbens, other drugs such as nicotine and alcohol activate this pathway as well, although sometimes indirectly (point to the globus pallidus, an area activated by alcohol that connects to the reward pathway). While each drug has a different mechanism of action, each drug increases the activity of the reward pathway by increasing dopamine transmission.  Because of the way our brains are designed, and because these drugs activate this particular brain pathway for reward, they have the ability to be abused.   Thus, addiction is truely a disease of the brain.  As scientists learn more about this disease, they may help to find an effective treatment strategy for the recovering addict.


Dopamine Pathways
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Nuclear Circuitry Mediating the Activation
of Goal-Directed Behavior

% Medial o%s
dorsal ¢°

*oe thalamu®les

*>« Nucleus <5, *2¢ Prefrontal *

:::aiccgg:,gen§o.o 350 cortex &5¢

; Hippocampus
Enter basal :.:: :.::
ganglia motor ° °
generator .
*>:Basolatéral _
@ Dopamine ::::amygdala %S
Glutamate Extended amygdala
® GABA Central amygdala nucleus,
i bed nucleus of the stria
GABA/Neuropeptide terminalis nucleus
$%2 Cannabinoid receptors??? accumbens shell NIDA

Adapted from Kalivas and Volkow, Am J Psychiatry 162:8, Aug 2005



Response

Meurotransmitter

Bingefintoxication
Dopamine®

Opioid peptides™

Serotonin®

y-aminobutyric acid®
Acetylcholine®
Withdrawal/negative affect
Corticotropin-releasing factor™®
Dynorphin®
Norepinephrine®

Hypocratin {orexin)®
Substance P*

Dopamine®*

Seratonin®

Opioid peptide receptors®
Neuropeptide Y
Nociceptin®
Endocannabinoids®
Oxytocin®
Preoccupation/anticipation
Dopamine®

Glutamate™

Hypocretin {orexin)®
Serotonin®

Corticotropin-releasing factor®

Increase
Increase
Increase
Increase

Increase

Increase
Increase
Increase
Increase
Increase
Decrease
Decrease
Decrease
Decrease
Decrease
Decrease

Decrease

Increase
Increase
Increase
Increase

Increase

Binge/intoxication

Ventral tegmental area (circuit 1)#
Ventral tegmental area (circuit 2)#
Dorsal striatum (circuit 3)

Dorsal striatum {circuit 43

Withdrawal fnegative affect

Ventral tegmental area (circuit 5)¥
Central nucleus of amygdala (circuit 6)
BNST (circuit 7) =

MNucleus accumbens shell {circuit 8)*
Habenula {circuit 9)#

Central nucleus of amygdala (circuit 10)#
Central nucleus of amygdala {circuit 11)*
Preoccupationfanticipation

Prefrontal cortex (circuit 12)*

Prefrontal cortex (circuit 13)
Hippocampus (circuit 14)%

Basclateral amygdala (circuit 15)=

BMST (circuit 16) %

BNST (circuit 17) =

Insula {circuit 18)%

BMNET=bed nucleus of the stria terminalis.

Glutamate
Y-aminobutyric acid
Dopamine
Glutamate

Corticotropin-releasing factor
Corticotropin-releasing factor
MNorepinephrine

Dynorphin

Acetylcholine

NeuropeptideY

Endocannabinoids

Glutamate

Y-aminchutyric acid
Glutamate

Glutamate
Corticotropin-releasing factor
Morepinephrine

Corticotropin-releasing factor

Table 2: Molecul ar neurocircuits as focal points for neuroplasticity in

addiction

Table 1: Neurotransmitter systems involved in the neurocircuitry of
addiction stages and functional domains

Koob and Volkow. 2016




Circuits Involved In
Drug Abuse and Addiction
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Incentive
salience

Bingefintoxication

(ACC,
inferior

PFC,
lateral

PFC

[medial OFC)

S

il Irsuls B

Preoccupation/
anticipation

Executive function

Withdrawal/
negative affect

Reward deficit
and stress surfeit

-G

MNeuroadaptation

Koob and Volkow, 2016




Stimulus value
Action valuefcost

Anticipation/availabi Iit}r*_

Context

Action inhibition
Emotion control

————

Outcome valuation
Drug subjective value

ﬂIPFC
"P'Fc
-— ( ----- vaF

\/““‘

'l

+ Affective state
w Stress

Incentine to action

Koob and Volkow, 2016




Addiction Is the
Quintessential
Biobehavioral Disorder



Addiction:
A Complex Behavioral and Neurobiological Disorder

HISTORICAL PHYSIOLOGICAL

- previous history, Alcohol & ) -
- expectation Druas -gﬁrgggicasn
- learning g hythms

ENVIRONMENTAL
- soclal interactions
- stress

- conditioned stimuli

- disease states
- gender

BRAIN
MECHANISMS

i
L. —




What else have we learned?



ADDICTIVE DISORDERS OFTEN CO-EXIST
WITH MENTAL DISORDERS

r%r it

o,



Comorbidity Is a Reality



AND WHAT ELSE?



Addiction,ls a Brain Disease
Expressed-as‘Compulsive Behavior

Both _Developing and
Recovering From At-Depend on
Behavior and SocCral-Context



Cocaine Craving:
Population (Cocaine Users, Controls) x Film (cocaine )
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Předvádějící
Poznámky prezentace
Garavan et al A .J.  Psych 2000



Cocaine Craving:
Population (Cocaine Users, Controls) x Film (cocaine, erotic)
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Předvádějící
Poznámky prezentace
Garavan et al A .J.  Psych 2000



Cluster1-2

		No		File		Group		C1-Coke		C1-Sex		C2-Coke		C2-Sex				C1-Coke-Con		C1-Sex-Con		C1-Coke-Usr		C1-Sex-Usr		C2-Coke-Con		C2-Sex-Con		C2-Coke-Usr		C2-Sex-Usr

		1		c.faich		1		0.022145		0.208299		0.098080		0.346671				0.022145		0.208299		0.366737		0.138803		0.098080		0.346671		0.140241		0.078549

		2		c.gomez		1		-0.024063		0.025634		0.005542		0.280398				-0.024063		0.025634		0.148812		0.066174		0.005542		0.280398		0.271670		0.147566

		3		c.humpal		1		-0.070350		0.114015		-0.023490		0.270316				-0.070350		0.114015		.		.		-0.023490		0.270316		.		.

		4		c.mac		1		-0.032795		0.134099		-0.021915		0.109113				-0.032795		0.134099		0.099336		0.070977		-0.021915		0.109113		0.282593		0.195606

		5		c.naik		1		0.104407		0.174910		-0.046848		0.284163				0.104407		0.174910		0.152453		0.063085		-0.046848		0.284163		0.111687		0.102228

		6		c.oiyan		1		-0.093117		0.112420		0.022383		0.212070				-0.093117		0.112420		0.150055		-0.007604		0.022383		0.212070		0.162972		0.049707

		7		c.tom		1		-0.016075		0.204443		-0.254539		0.119966				-0.016075		0.204443		0.101481		-0.003766		-0.254539		0.119966		0.350260		0.115539

		8		u.andre		2		0.366737		0.138803		0.140241		0.078549

		9		u.bob		2		0.148812		0.066174		0.271670		0.147566		M		-0.015693		0.139117		0.169812		0.054612		-0.031541		0.231814		0.219904		0.114866

		10		u.cuper		2		.		.		.		.		SE		0.024495		0.024192		0.040640		0.022241		0.041175		0.033711		0.035817		0.019503

		11		u.kevin		2		0.099336		0.070977		0.282593		0.195606

		12		u.rick		2		0.152453		0.063085		0.111687		0.102228

		13		u.seaton		2		0.150055		-0.007604		0.162972		0.049707

		14		u.zemlack		2		0.101481		-0.003766		0.350260		0.115539

																		Controls		Cocaine Users						Controls		Cocaine Users

																Coke M		-0.015693		0.169812				Coke M		-0.031541		0.219904

																Sex M		0.139117		0.054612				Sex M		0.231814		0.114866

																Coke SE1		0.000000		0.040640				Coke SE1		0.000000		0.035817

																Sex SE1		0.024192		0.022241				Sex SE1		0.033711		0.019503

																Coke SE2		0.024495						Coke SE2		0.041175

																Sex SE2		0.000000						Sex SE2		0.000000





Cluster1-Graph

		Controls		Controls		0		0.0244950281		0.0406399318

		Cocaine Users		Cocaine Users		0.0241922784		0		0.0222412761



Cocaine Film

Erotic Film

Signal Intensity (AU)

-0.0156925714

0.1391171429

0.1698123333

0.0546115



Cluster2-Graph

		Controls		Controls		0		0.0411745532		0.035817267

		Cocaine Users		Cocaine Users		0.0337112011		0		0.0195031348



Cocaine Film

Erotic Film

Signal Intensity (AU)

-0.031541

0.2318138571

0.2199038333

0.1148658333



Cluster15-Graph

		Controls		Controls		0.0345135844		0.0494384355

		Cocaine Users		Cocaine Users		0.0407147386		0.0397389674



Cocaine Film

Erotic Film

0.0206032857

0.2243098571

0.1063313333

0.0055098333



Cluster15-16

		No		File		Group		C15-Coke		C15-Sex		C16-Coke		C16-Sex				C15-Coke-Con		C15-Sex-Con		C15-Coke-Usr		C15-Sex-Usr		C16-Coke-Con		C16-Sex-Con		C16-Coke-Usr		C16-Sex-Usr

		1		c.faich		1		0.031821		0.394701		-0.054496		0.101997				0.031821		0.394701		0.128177		0.025016		-0.054496		0.101997		0.115976		0.045341

		2		c.gomez		1		-0.038361		0.235644		-0.020795		0.104473				-0.038361		0.235644		-0.032085		0.016139		-0.020795		0.104473		0.231517		-0.085017

		3		c.humpal		1		0.006101		0.223905		0.046890		0.195967				0.006101		0.223905		.		.		0.046890		0.195967		-0.099783		-0.393965

		4		c.mac		1		0.163176		0.255798		-0.061109		-0.092226				0.163176		0.255798		-0.029185		-0.158754		-0.061109		-0.092226		0.074611		0.109544

		5		c.naik		1		-0.124444		0.141426		-0.077816		0.053450				-0.124444		0.141426		0.111685		-0.044476		-0.077816		0.053450		0.029860		-0.088566

		6		c.oiyan		1		0.090091		0.269256		-0.130689		-0.058880				0.090091		0.269256		0.180421		0.082536		-0.130689		-0.058880		0.216417		0.013903

		7		c.tom		1		0.015839		0.049439		0.011600		0.287600				0.015839		0.049439		0.278975		0.112598		0.011600		0.287600		0.140099		0.015520

		8		u.andre		2		0.128177		0.025016		0.115976		0.045341

		9		u.bob		2		-0.032085		0.016139		0.231517		-0.085017		M		0.020603		0.224310		0.106331		0.005510		-0.040916		0.084626		0.101242		-0.054749

		10		u.cuper		2		.		.		-0.099783		-0.393965		SE		0.034514		0.040715		0.049438		0.039739		0.022300		0.050505		0.043144		0.062448

		11		u.kevin		2		-0.029185		-0.158754		0.074611		0.109544

		12		u.rick		2		0.111685		-0.044476		0.029860		-0.088566

		13		u.seaton		2		0.180421		0.082536		0.216417		0.013903

		14		u.zemlack		2		0.278975		0.112598		0.140099		0.015520

																		Controls		Cocaine Users						Controls		Cocaine Users

																Coke M		0.020603		0.106331				Coke M		-0.040916		0.101242

																Sex M		0.224310		0.005510				Sex M		0.084626		-0.054749

																Coke SE1		0.034514		0.049438		0.034514		Coke SE1		0.000000		0.043144

																Sex SE1		0.040715		0.039739		0.000000		Sex SE1		0.050505		0.000000

																Coke SE2								Coke SE2		0.022300		0.000000

																Sex SE2								Sex SE2		0.000000		0.062448





Cluster15-16

						0		0.022299719		0.0431441284		0

						0.0505054129		0		0		0.0624477426



Signal Intensity (AU)




This Results In
“Motivational Toxicity”
and Compulsive Drug

Use (Addiction)



Because...
Their Brains

have been ,
Re-Wired
by Drug Use



The Brains of Addicts
Are Different From

the Brains of Non-Addicts

...And Those Differences
Are An Essential Element
of Addiction



We Have a Variety of Effective
Treatment Options In the
Clinical Toolbox

1

L]
]




Avallable Pharmacotherapies

Opioids Nicotine  Alcohol
Methadone | | |
Naltrexone Bupropion Disulfiram

NRT Oral Naltrexone

Buprenorphine Injectible extended

Buprenorphine/ varenicline o5se naltrexone:
Naloxone Vivitrol
Depot Naltrexone, xt- Acamprosate
release (Vivitrol) Alcohol Withdrawal
Prgphine (xt-release bup Valium
mplant) Librium
Sublocade (xt-release Tranxene

buprenorphine
Lowfexidine (withdrawal)



Some Efficacious Behavioral Treatments
For Drug Dependence

Cognitive Behavioral Therapy
Community Reinforcement Approach (CRA) with
Vouchers

Contingency Management (Without CRA)
Lower-cost Contingency Management
Brief Strategic Family Therapy
Multidimensional Family Therapy
Behavioral Couples Therapy

Motivational Interviewing / Motivational
Enhancement Therapy

Mindfullness


Předvádějící
Poznámky prezentace

Touch on this, but Redonna should really explore these more completely.
NIDA has generated its own list of probably effiacious treatments:

COGNITIVE BEHAVIORAL THERAPY  (cocaine dependence)-  also for benzodiazepine withdrawal in panic disorder patients.
COMMUNITY REINFORCEMENT APPROACH (CRA) WITH VOUCHERS (cocaine dependence)
CONTINGENCY MANAGEMENT (WITHOUT CRA) (methadone-maintained opiate & cocaine abusers)
LOWER-COST CONTINGENCY MANAGEMENT (cocaine dependent people in methadone-maintenance)
BRIEF STRATEGIC FAMILY THERAPY  (certain sub-populations of Hispanic adolescent polydrug abusers)
MULTIDIMENSIONAL FAMILY THERAPY  African-American polydrug-abusing adolescents)
BEHAVIORAL COUPLES THERAPY  (methadone-maintained opioid-addicted men; drug-abusing women)
COMBINED SCHEDULED REDUCED SMOKING & CBT  (adult smokers)
COMBINED BEHAVIORAL & NICOTINE REPLACEMENT THERAPY  (adult smokers).


Treating a Biobehavioral
Disorder Must Go beyond just
Fixing the Chemistry






We Need to Treat the
Whole § Person!

Ry




The Most Effective Treatment
Strategies Will Attend to all
Aspects of Addiction:

Biology
Behavior

Social Context



The Acute Care Treatment Model

Substance Abusing Patient

Non- Substance Abusing Patient


Předvádějící
Poznámky prezentace

_______________________________________________________

_______________________________________________________

________________________________________________________

________________________________________________________

________________________________________________________

________________________________________________________

________________________________________________________

________________________________________________________

________________________________________________________



A Continuing Care Model



Předvádějící
Poznámky prezentace

_______________________________________________________

_______________________________________________________

________________________________________________________

________________________________________________________

________________________________________________________

________________________________________________________

________________________________________________________

________________________________________________________

________________________________________________________



We Need to View and
Treat Addiction as a
Chronic, Relapsing lliness



Drug Abuse Treatment Core Components and
Comprehensive Services

Mental
Health

Group/Individual
Core Counseling

Treatment

Intake
Assessment

Urine .
Monitoring \Vocational

Housing &
Jransporiation

Abstinence

Based Case

Management

Pharmaco-therapy

Continuing
Care Educational

Treatment
Plans

Self-Help
(AA/NA)

AIDS/THIV.

Risks

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



Prevention

e \What do we know about prevention of substance use
disorder?






Right Lateral and Top Views of the
Dynamic Sequence of GM Maturation

Over the Cortical Surface

Source: Gogtay, Nitin et al. (2004) Proc. Natl. Acad. Sci. USA 101, 8174-8179
Copyright ©2004 by the National Academy of Sciences



Exposure to drugs of abuse during adolescence could
have profound effects on Brain Development & Brain
Plasticity

Understanding drug abuse and addiction from a
Development Perspective has important implications
for their Prevention & Treatment



Amygdala }
Judgment

Emotion

Physical
Prefrontal Cortex } : coordination,
/ ~ sensory processing
Nucleus
Accumbens

[Cerebellum

K. Winters


Předvádějící
Poznámky prezentace
NA = regulates motivation to seek rewards

Amygdala =  emotional processing center; evaluates relative pleasure vs aversiveness

PFC = planning; setting priorities; organizing thoughts; suppressing impulses; weighing consequences of one’s actions



=
Addiction Is a Developmental Disease

starts in childhood and adolescence

1.8

1.6

HC
ALCOHOL

1.4

e b—— h—

1.2

1.0

0.8

0.6

first-time dependence

0.4

% in each age group to develop

0.2

0.0

o p———"

Age at , at alcohol and at cannabis dependence, as per DSM 1V

National Epidemiologic Survey on Alcohol and Related Conditions, 2003


Předvádějící
Poznámky prezentace
Most new cases of drug dependence develop during adolescence.  Perhaps there is something special (“sensitive”) about adolescence for developing addiction.

http://www.mclean.harvard.edu/images/patient_care/guyoncouch.jpg
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Intervening early in childhood can alter the life course trajectory
in a positive direction.

Intervening early in childhood can both increase protective factors
and reduce risk factors.

Intervening early in childhood can have positive
long-term effects.

Intervening in early childhood can have effects on a wide array of
behaviors, even behaviors not specifically targeted by the intervention.

Early childhood interventions can positively affect children’s
biological functioning.

Early childhood prevention interventions should target the proximal
environments of the child.

Positively affecting a child's behavior through early imtervention
can elicit positive behaviors in adult caregivers and in other children,
improving the overall social emvironment.

For more information visit: waw . dmigabuse gowv/earhychildhood







Preventing Drug Use
amang Children s Adolescents

www.drugabuse.gov




Prevention Programs

—Promotion
—Universal
—Selective

—Indicated

—What’s important in all of these
approaches?




ACEs
Adverse Childhood Events



Genetics

‘ ene/
Environment

Interaction

Environment



Předvádějící
Poznámky prezentace
From Linda 10/26/00 for New Orleans Neuroscience presentation


Epigenetic effects of drugs

Chromosome
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Transcription factors:
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Epigenetic Mechanisms Regulate How Genetic
Information Is Expressed Across Development,
Tissue, Environment and Disease States

EPIGENETIC REGULATION IN DRUG ADDICTION o [DINA M@W)y;vamﬂ -
silences gene

0 Hisvone Modiftcaiton
= ieihylaon,
aceiylaion, oF
phosphoiylaiton

o Non codvng RINA




Where Do We Needf = = S
ANET | P g
to Go From Here?” =

We Need to..

Advance thé S CIEN CE

and to..

End the | ; I GMA and

| matmn






Thank You

Center on Alcoholism, Substance Abuse &
Addictions


mailto:Tcondon@unm.edu

	Snapshot of what research is telling us about treatment and prevention
	Disclosures
	Advances in Science �Have Revolutionized Our �Way of Life…�And Our Fundamental Views of �Drug Abuse and Addiction
	Remember Ohura’s Communicator? 
	Then…
	And Now
	Advances in Science �Have Revolutionized Our Fundamental Views of �Alcohol and Drug Abuse and Addiction
	Snímek číslo 8
	Snímek číslo 9
	Snímek číslo 10
	So..What have we learned?
	Snímek číslo 12
	Snímek číslo 13
	Snímek číslo 14
	Snímek číslo 15
	Snímek číslo 16
	Snímek číslo 17
	Snímek číslo 18
	Nuclear Circuitry Mediating the Activation of Goal-Directed Behavior
	Snímek číslo 20
	Snímek číslo 21
	Snímek číslo 22
	Snímek číslo 23
	Addiction is the �Quintessential �Biobehavioral Disorder
	Snímek číslo 25
	What else have we learned?
	Snímek číslo 27
	Snímek číslo 28
	Snímek číslo 29
	Snímek číslo 30
	Snímek číslo 31
	Snímek číslo 32
	Snímek číslo 33
	Snímek číslo 34
	The Brains of Addicts �Are Different From �the Brains of Non-Addicts��…And Those Differences�Are An Essential Element�of Addiction
	Snímek číslo 36
	Available Pharmacotherapies 
	Snímek číslo 38
	Treating a Biobehavioral Disorder Must Go beyond just Fixing the Chemistry
	Snímek číslo 40
	Snímek číslo 41
	The Most Effective Treatment Strategies Will Attend to all Aspects of Addiction:
	        The Acute Care Treatment Model
	A Continuing Care Model 
	Snímek číslo 45
	Snímek číslo 46
	Prevention�
	Snímek číslo 48
	Snímek číslo 49
	Snímek číslo 50
	Construction Ahead
	Snímek číslo 52
	Snímek číslo 53
	Snímek číslo 54
	Snímek číslo 55
	Snímek číslo 56
	Prevention Programs
	Snímek číslo 58
	Snímek číslo 59
	Snímek číslo 60
	Snímek číslo 61
	Snímek číslo 62
	Snímek číslo 63
	Snímek číslo 64

