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Specificity of Genetic and Environmental Risk Factors
for Use and Abuse/Dependence of Cannabis,
Cocaine, Hallucinogens, Sedatives, Stimulants,
and Opiates in Male Twins

Kenneth S. Kendler, M.D.
Kristen C. Jacobson, Ph.D.
Carol A. Prescott, Ph.D.

Michael C. Neale, Ph.D.

Ohjective: Data on use and misuse of six
classes of illicit substances by male twin
pairs were used to examine whether ge-
netic and shared environmental risk fac-
tors for substance use disorders are sub-
stance-specific or -nonspecific in their
effect

Method: Lifetime history of use and
abuse/dependence of cannahis, cocaine,
hallucinogens, sedatives, stimulants, and
opiates was assessed at personal inter-
view in both members of 1,196 male-
male twin pairs ascertained by the Vir-
ginia Twin Registry. Multivariate twin
modeling of substance-nonspecific (com-
mon) and substance-specific genetic,
shared environmental, and unigque envi-
ronmental risk factors was performed by
using the program Mx

Results: High levels of comorbidity in-
volving the different substance categories
were observed for both use and abuse/

dependence. One common genetic factor
was found to have a strong influence on
risk for illicit use and abuse/dependence
for all six substance classes. A modest in-
fluence of substance-specific genetic fac-
tors was seen for use but not for abuse/
dependence. Shared environmental fac-
tors were more important for use than for
abuse/dependence and were mediated
entirelv through a single common factor

Conclusions: In an adult population-
based sample of male twins, both the ge-
netic and the shared environmental ef-
fects on risk for the use and misuse of six
classes of illicit substances were largely or
entirely nonspecific in their effect. Envi-
ronmental experiences unigque to the per-
son largely determine whether predis-
posed individuals will use or misuse one
class of psychoactive substances rather
than another

{Am | Psychiatry 2003; 160:687-695)




TABLE 1. Lifetime Prevalence of Use and Abuse/Dependence of Six llicit Substance Classes by Monozygotic and Dizygotic
Twins From a Population-Based Registry

Prevalence (%)
Behavior and Group Cannabis Cocaine Hallucinogens Sedatives Stimulants Opiates

Llse
Monozygotic twins (N=1_408) 51.5 16.5 13.2 10.7 18.2
Dizveotic twins (N=984) 57.5 187 16.7 11.9 204
Total (N=2,392) 54.0 17 .4 14.6 11.2 19.1
Abuse/dependence
Monozygotic twins (N=1_408) 16.9 49 34 24 7.0
Dizveotic twins (N=984) 20.2 .0 3.3 4.2 8.5
Total (N=2,392) 18.3 63 3.3 3.1 7.6

TABLE 2. Within-Individual Tetrachoric Correlations for Lifetime Use and Abuse/Dependence Among Six lllicit Substance
Classes in Monozygotic and Dizygotic Twins (N=2,392 Individuals) From a Population-Based Registry?

Tetrachoric Correlation

Substance Class Cannabis Cocaine Hallucinogens Sedatives Stimulants Oplates
Cannabis — 0.85 0.85 .69 0.76 (.60
Cocaine 0.80 — 0.82 0.79 0.78 072
Hallucinogens 0.83 0.83 — 0.79 0.78 0.78
Sedatives 078 0.7y 0.81 — .82 .85
Stimulants 0.73 0.74 0.74 0.85 — 0.77
Opiates 0.67 0.70 0.79 0.81 (.69 —
A Correlations for substance use are shown in the shaded areas above the diagonal; correlations for abuse/dependence are shown in the clear
areas below the diagonal




TABLE 4. Estimated Proportions of Variance Accounted for by Factors From the Best-Fit Models for Liability to Lifetime Use
and Abuse/Dependence of Six Illicit Substance Classes by Monozygotic and Dizygotic Twins (N=2.392 Individuals) From a
Population-Based Registry

Proportion of Variance
Additive Genetic Factors Shared Environmental Factors Unigue Environmental Factors

Behavior substance- substance- Common® Substance-
and Substance Common  Specfic Total Commen  Specifict Total Factor 1 Factor 29 Specific Total

Llse
Cannabis 0.34 0.01 0.35 .35 .35 0.00 0.3 Q.00 0.30
Cocaine 0.49 0.07 (.56 0.4 014 0.03 016 010 0.29
Hallucinogens 0.45 010 0.55 029 0.29 0.03 0.0z 004 0.15
Sedatives 0.51 0.08 0.59 0.07y 0.07 0.26 0.05 0.03 0.34
Stimulants (.55 0.04 0.59 0.08 (.08 (.08 009 o1& 0.33
Oplates 037 0.00 0.37 017 017 033 0,00 013 0.46

Abuse/dependence
Cannabis 0.73 0.73 0.01 0.01 0.09 017 0.26
Cocaine 0.63 .63 0.00 (.00 .15 02z 0.37
Hallucinogens 0.63 0.63 0.05 0.05 0.24 0.09 0.33
Sedatives 0.51 0.51 007 0.07 0.34 0.08 042
Stimulants 0.57 0.57 0.06 0.06& 016 021 0.37
Opiates 0.23 0.23 0.00 0.00 .G 0.14 0.78




Additive Genetic Factors

Behavior Substance-
and Substance Common  Specific? Total

Use
Cannabis 0.34 0.01 0.35
Cocaine 0.49 0.07 0.56
Hallucinogens 0.45 0.10 0.55
Sedatives 0.51 0.08 0.59
Stimulants 0.55 0.04 0.59
Opilates 0.37 0.00 0.37

Abuse/dependence
Cannabis 0.73 0.73
Cocaine 0.63 0.63
Hallucinogens 0.63 0.63
Sedatives 0.51 0.51
Stimulants 0.57 0.57
Opilates 0.23 0.23




The Structure of Genetic and Environmental Risk
Factors for Common Psychiatric and Substance
Use Disorders in Men and Women

Kenneth 5. Kendler, MD; Carol A. Prescott, PhD; John Myers, MS; Michael C. Neale, PhD

Backgrovad: Patterns of comorbidity suggest that the
common psvchiatric and substance use syndromes may
be divisible into 2 broad groups of internalizing and ex-
ternalizing disorders. We do not know how genetic and
environmental risk factors contribute to this pattern of
comorbidity or whether the etiologic structure of these
groups differ in men and women.

Methods: Lifetime diagnoses for 10 psvchiatric syn-
dromes were obtained at a personal interview in more
than 5600 members of male-male and female-female twin
pairs ascertained from a population-based registry, Mul-
tivariate twin modeling was performed using the pro-
gram Mx.

Results: We lirst fit models to the following 7 syn-
dromes: major depression, generalized anxiety disor-
der, phobia, alcohol dependence, drug abuse/depen-
dence, adult antisocial behavior, and conduct disorder.
The full model, which could be constrained to equality
in male and female subjects, identified 2 genetic factors.
The first had strongest loadings on alcohol dependence,
drug abuse/dependence, adult antisocial behavior, and
conduct disorder; the second, on major depression,
generalized anxiety disorder, and phobia. Alcohol de-
pendence and drug abuse/dependence had substantial
disorder-specific genetic risk factors. Shared environ-

mental factors were most pronounced for conduct dis-
order and adult antisocial behavior. Mo clear internaliz-
ingfexternalizing structure was seen for the unique
environmental common factors. We then fit models to
5 internalizing svndromes. The full model, which could
also be constrained to equality in men and women, re-
vealed one genetic factor loading most heavily on major
depression and generalized anxiety disorder and an-
other loading most stronglv on animal and situational
phobia.

Conclusions: The underlying structure of the genetic
and environmental risk factors for the common psychi-
atric and drug abuse disorders in men and women is very
similar. Genetic risk factors predispose to 2 broad groups
of intermalizing and externalizing disorders. Within the
internalizing disorders, 2 genetic factors are seen that pre-
dispose to disorders dominated bv anxious-misery and
fear. Substance use disorders have disorder-specitic ge-
netic risks. The externalizing disorders of conduct dis-
order and adult antisocial behavior are significantly in-
fluenced by the shared environment. The pattern of
lifetime comorbidity of common psvchiatric and sub-
stance use disorders results largely from the effects of ge-
netic risk factors,

Arch Gen Psychiatry. 2003;60:929-937




Table 1. Prevalence Rates and Comorbidity Between 7 Major Psychiatric and Substance Use Disorders®
__________________________________________________________________________________________________________________________________________________________________________________________________________|

Lifetime
Prevalence, % Assessed Comorhidity, Tetrachoric Correlations (OR)

Disorder II'm‘.-n WI‘.II'I'IEI'II I MD GAD Phobia AD DAD AASB cD I
MD 28.5 404 . 0.50 (4.57) 0.22 (1.80) 0.35 (2.70) 0.25 (1.97) 0.26 {2.11) 0.18 {1.67)
GADT 14.6 259 0.50 (4.14) .. 0.37 (312 0.29 (2.45) 0.26 (2.22) 0.36 (3.17) 0.18 (1.72)
Phobia 21.8 30.0 0.26 (1.88) 0.29 (2.22) 017 (1.58) 017 (1.50) 0.12 (1.44) 0.19 (1.75)
AD 23.9 8.2 0.33 (2.84) 0.22 (2.01) 0.28 (2.43) e 0.43 (3.29) 0.45 (3.66) 0.32 (2.43)
DAD 22.4 1.0 0.29 (2.36) 0.21 (1.91) 0.22 (1.81) 0.59 (8.17) 0.57 (5.13) 0.43 (3.01)
AASB 15.1 6.1 0.29 {2.69) 0.33 (2.99) 0.23 (2.16) 0.45 (5.55) 0.58 (8.18) . (.56 (5.78)
CD 19.1 44 0.33 (3.42) 0.21 (2.08) 0.21 (2.15) 0.42 (4.67) 0.50 (5.24) 0.61 (11.81)

Abbreviations: AASE, adult antisocial behavior; AD, alcohol dependence; CD, conduct disorder; DAD, drug abuse/dependence; GAD, generalized anxiety
disorder; MD, major depression; OR, odds ratio.
*Results for men were above the diagonal; for women, below. All correlation and ORs are significant at P<.05.
tindicates broad diagnostic criteria.
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Figure 3. A proposed structure for the genetic risk factors for common psychiatric and substance use disorders in men and women. Strong relationships are
depicted by solid lines and, in the case of panic disorder only, weaker relationships by dotted lines. This model exaggerates the clarity of the factor structure
obtained in our analyses, as the evidence suggests that internalizing disorders load weakly on the externalizing commaon factor and vice versa.




Shared Genetic Risk of Major Depression,
Alcohol Dependence, and Marijuana Dependence

Contribution of Antisocial Personality Disorder in Men

Qiang Fu, MD, PhD; Andrew C. Heath, DPhil; Kathleen K. Bucholg, PhD; Elliot Nelson, MD;
Jack Goldberg, PhD; Michael J. Lyons, PhD; William R. True, PhD, MPH;
Theodore Jacob, PhD; Ming T. Tsuang, MD, PhD, D5c; Seth A. Eisen, MD, M5c¢

Backgrownd: Little is known about genetic factors that
underlie the interrelationships among antisocial person-
ality disorder (ASPD), major depression (MD), alcohol
dependence (AD), and marijuana dependence (M]D). We
examined the contribution of genetic effects associated
with ASPD to the comorbidity of MD and substance use
disorders.

Methods: The Vietnam Era Twin Registryisa general popu-
lation registry of male veteran twins constructed from com-
puterized Department of Defense files and other sources.
Atelephone diagnostic interview was administered to eli-
gible twins from the Registry in 1992, Of 5150 twin pairs
who served on active military duty during the Vietnam era,
3360 pairs (1868 monozygotic and 1492 dizygotic) inwhich
both members completed the pertinent diagnostic interview
sections were included. The main outcome measures were
lifetime DSM-III-R ASPD, MD, AD, and M]D.

Resvlts: Structural equation modeling was performed
to estimate additive genetic, shared environmental, and

nonshared environmental effects commeon and specific
to each disorder. The heritability estimates for lifetime
ASPD, MD, AD, and M]JD were 69%, 40%, 56%, and
50%. respectively. Genetic effects on ASPD accounted
for 38%, 50%, and 58% of the total genetic variance in
risk for MD, AD, and MJD, respectively. Alter control-
ling for genetic effects on ASPD, the partial genetic cor-
relations of MD with AD and with M]JD were no longer
statistically significant. Genetic effects specific to MD
and AD and familial effects specific to MJD remained
statistically significant. Nonshared environmental con-
tributions to the comorbidity in these disorders were
small.

Conclusions: In this sample, the shared genetic risk be-
tween MD and both AD and MJD was largely explained
by genetic effects on ASPD, which in turn was associ-
ated with increased risk of each of the other disorders.

Arch Gen Psychiatry. 2002;59:1125-1132




Gcﬂnﬁtic effects on ASPD accounted

5 and 58% of the total genetic variance in

risk for MD AD, .md M]D, Icqpe:tl‘rl.lv After control-

ling for genetic effects on ASPD, the partial genetic cor-

relations of MD with AD and with MJD were no longer

statistically significant. Genetic effects specific to MD

and AD and familial effects specific to MJD remained

statistically significant. Nonshared environmental con-

tributions to the comor bidity in these disorders were
small.

Conclusions: In this sample, the shared genetic risk be-
tween MD and both AD and M]D was largely explained
by genetic effects on ASPD, which in turn was associ-
ated with increased risk of each of the other disorders.

Arch Gen Psychiatry. 2002,59:1125-1132




Decision-making and addiction (part I): impaired activation of
somatic states 1n substance dependent individuals when
pondering decisions with negative future consequences

Antoine Bechara*, Hanna Damasio
Department of Newrology, University of Iowa, 200 Hawlkins Drive, JTowa City, I4 52242, US4
Eecerved 26 March 2001 ; received in revised form 13 December 2001 accepted 20 December 2001

Abstract

Some substance dependent individuals (SDI) suffer from a decision-making impairment akin to that seen in neurological patients with
lesions of the ventromedial (VM) prefrontal cortex. The somatic-marker hypothesis posits that decision-making is a process that depends
on emotion and that deficits in emotional signaling will lead to poor decision-making. In this study, we tested the hypothesis that SDI
who perform disadvantageously on a decision-making instrument, the gambling task (GT), have a deficit in the somatic signals that help
guide their decision in the advantageous direction. Since deficits in decision-making/somatic markers can also result from dvsfunctional
amvgdala, we asked indirectly (1.e. via tests sensitive to VI or amygdala dysfunction) whether such a deficit in SDI is restricted to VM
dvsfunction or includes the amygdala. Using the GT, and skin conductance response (SCE) as an index of somatic state activation, we
studied groups of SDI (n = 46), normal controls (n = 49), and VM patients (n = 10). A subgroup of SDI showed defective performance
on the GT coupled with impaired anticipatory SCR., but normal SCR. to punishment, and normal acquisition of conditioned SCR to an
aversive loud sound. This supports the hypothesis that the poor decision-making in some SDI 1s associated with defectrve somatic state
activation that 1s linked to a dysfunctional VM cortex. Thus, the dysfunctional VIV cortex underlying the “myopia™ for the firture in some
5DI may be one of the principle mechanisms underlying the transition from casual substance taking to compulsive and uncontrollable
behavior. © 2002 Elsevier Science Ltd. All rights reserved.
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Fig. 1. Belatrve to normal control subjects, substance dependent individ-
vals {SDI) were impaired in their performance on the GT, but the impair-
ment was not as severe as that seen mm VM patients. The fizure shows
net scores ({(C' +D') — (A" +B')) of cards selected by each group across
different blocks expressed as mean + S.E.M. Positive net scores reflect

advantageous performance while negative net scores reflect disadvanta-
geous performance.
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Decision-making and addiction (part II): myopia for
the future or hypersensitivity to reward?

Antoine Bechara®*. Sara Dc:-lan"", Andrea Hindes?®

? Department of Neurology, University of Jowa, 200 Hawlins Dirive, Iowa City, 14, 52242, US4
Y Department of Psychology, University of Iowa, 200 Hawkins Dvive, Iowa City, I4 52242, US4

Eecerved 26 March 2001 ; received in revised form 13 December 2001 accepted 20 December 2001

Abstract

On a decision-making instrument known as the “gambling task™ (GT). a subgroup of substance dependent indrviduals (SDI) opted for
choices that vield high immediate gamns in spite of higher future losses. This resembles the behavior of patients with ventromedial (VM)
prefrontal cortex lesions. In this study, we addressed the possibility that hypersensitivity to reward may account for the “myopia™ for the
future 1 this subgroup of SDI. We used a vanant version of the GT, 1n which the good decks wvielded high immediate punishment but
higher delaved reward. The bad decks vielded low immediate punishment and lower delaved reward. We measured the skin conductance
response (SCE) of subjects after recerving reward (reward SCR) and during their pondering from which deck to choose (anticipatory
SCR). A subgroup of SDI who was not impaired on the original GT performed normally on the variant GT. The subgroup of SDI who was
impaired on the origmnal GT showed two levels of performance on the vanant GT. One subgroup (36% of the sample) performed poorly
on the vanant GT. and showed similar behavioral and physiclogical impairments to VM patients. The other subgroup of SDI (64% of the
sample) performed normally on the variant task, but had abnormally large physiological responses to reward. 1.e. large SCR. after recerving
reward (reward SCR) and large SCE in anticipation of outcomes that yield large reward. Thus, the combined cognitive and physiological
approach of assessing decision-making characterizes three sub-populations of SDI. One sub-population 15 without impairments that can
be detected by any measure of the GT paradigm. Another sub-population 1s similar to VM patients in that they are insensitive to the future,
both positive and negative. A third sub-population 1s hypersensitive to reward, so that the presence or the prospect of recerving. reward
dominates their behavior. © 2002 Elsevier Science Ltd. All nghts reserved.
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Fig. 3. Net scores of performance on the variant gambling task (E'F'G'H"). Groups are divided according to non-impaired or impaired behavioral
performance on both the criginal (A'B'C'D") and variant (E'F'G'H") versions of the GT. The criteria for impaired or non-impaired performance are based
on cut off scores between the performance of normal contrels and patients with VM lesions. For the original task, the impaired net score is <10. For the
variant task, the impaired score is <8. Data are presented as mean £ S.EM We note that of the 13% of normal subjects who behaved like VM patients
on the GT, 50% of them (two subjects) showed abnormal behavior, but they generated anticipatory SCRs, suggesting that thedr deficit is not identical
to that of VM patients. Only one of the subjects who was impaired on the GT and had abnormal anticipatory SCEs also showed impairment on other
executive function tests, 12 the WCST.




Activation of Orbital and Medial Prefrontal Cortex by
Methylphenidate in Cocaine-Addicted Subjects But Not in
Controls: Relevance to Addiction

Nora D. Volkow,!2 Gene-Jack Wang,* Yeming Ma,? Joanna S. Fowler,* Christopher Wong,* Yu-Shin Ding,’

Robert Hitzemann,* James M. Swanson,’ and Peter Kalivas®

National Institute of Drug Abuse and *National Institute of Alcohol Abuse and Alcoholism, Rockville, Maryland 20857, *Medical and Chemistry
Departments, Brookhaven National Laboratory, Upton, New York 11973, ‘Department of Behavioral Neuroscience, Oregon Health and Science University,
Portland, Oregon 97201, *Child Development Center, University of California at Irvine, Irvine, California 92612, and “Department of Neurosciences, Medical
University of South Carolina, Charleston, South Carolina 29465

Drugs of abuse are rewarding to addicted and nonaddicted subjects, but they trigger craving and compulsive intake only in addicted
subjects. Here, we used positron emission tomography (PET) and [ '*F]deoxyglucose to compare the brain metabolic responses (marker
of brain function) of cocaine-addicted subjects (n = 21) and controls (n = 15) to identify brain regions that are uniquely activated in
addicted subjects by intravenous methylphenidate (a drug that cocaine-addicted subjects report to be similar to cocaine). In parallel, we
also measured the changes in dopamine (DA) induced by intravenous methylphenidate (using PET and [ ''C]raclopride) in the striatum
and in the thalamus. Metabolic responses between groups diftered significantly only in the right medial orbital prefrontal cortex [Brod-
mann’s area (BA) 25 and medial BA 11], where methylphenidate increased metabolism in addicted subjects but decreased metabolism in
controls. These changes were associated in all subjects with increased “desire for methylphenidate” and in the addicted subjects with
“cocaine craving.” Inaddicted subjects, increases in BA 25 werealso associated with mood elevation. Methylphenidate-induced increases
in metabolism in the medial orbital prefrontal cortex were associated with itsincrease of DA in the thalamus but not in the striatum. These
tindings provide evidence that enhanced sensitivity of BA 25 (region involved with emotional reactivity) and BA 11 (region involved with
salienceattribution and motivation) in cocaine-addicted subjects may underlie the strong emotional response to the drug and the intense
desire to procureit that results in craving and compulsive drug intake. It also suggests that the mesothalamic DA pathway may contribute
to these processes.
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W.C. Drevets, C. Gautier, J.C. Price, D.J. Kupfer, P.E. Kinahan, A.A. Grace,
J.L. Price, and C.A. Mathis

Amphetamine-Induced Dopamine Release in Human Ventral Striatum

Correlates with EUPhoria dorsal striatum ventral striatum
Biol. Psychiatry 2001;49:81-96




Wayne C. Drevets, M.D., Julie C. Price, Ph.D., David J. Kupfer, M.D., Paul E. Kinahan,
Brian Lopresti, B.S., Daniel Holt, B.S., and Chester Mathis, Ph.D

PET Measures of Amphetamine-Induced Dopamine Release
in Ventral versus Dorsal Striatum
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Amphetamine-Induced Increases in
Extracellular Dopamine, Drug Wanting, and
Novelty Seeking: A PET/[!'C]Raclopride
Study in Healthy Men

Marco Leyton, Isabelle Boileau, Chawki Benkelfat, Mirko Diksic, Glen Baker, and Alain Dagher

Eight healthy men underwent two positron emission
tomography (PET) [ Clraclopride scans, one following
placebo, the second following d-amphetamine (0.30 mg/ke,
p.o.). PET data were analyzed using: (1) brain parametric
maps to statistically generate regions of significant change;
and (2) a priori identified regions of interest (ROI)
manually drawn on each individual’s co-registered
magnetic resonance (MR) images. Compared with placebo,
d-mmphetamine decreased [V1C[raclopride binding potential
(BP) with significant effects in ventral but not dorsal
striagtum. Change in BP in the statistically generated
cluster correlated with self-reported drug-induced “drug

wanting” (r = 0.83, p = .01) and the personality trait of
Novelty Seeking-Exploratory Excitability (r = 0.79,p =
.02). The same associations were seen in the manually
dratwon ROl in ventral striatum but not in dorsal putamen
or caudate. Changes in extracellular dopamine (DA) did not
correlate with mood. Mesolimbic DA might mediate interest
in obtaining reward rather than reward, per se. Individual
differences in amphetamine-induced DA release might be
related to predispositions to drug and novelty seeking.
[Neuropsychopharmacalogy 27:1027-1035, 2002]

© 2002 American College of Neuropsychopharmacology.
Published by Elsevier Science Inc.




Figure 2. Statistically generated t-map of d-amphetamine-induced changes in ["CJraclopride binding potential superim-
posed on average MRL Right side on right.




Table 3. ["'C]Raclopride binding potential values on test
days with placebo or d-amphetamine (0.3 mg/kg, p.o.).

Newman-Keuls post hoc tests.

Test Day Ventral Striatum  Caudate Putamen

Placebo 1.44 + 0.5 1.97 £ 0.2* 245+ (0.3*
d-Amphetamine 1.26 = 0.4% 194 = 0.2* 245 *0.3*

*Difterent from placebo, p = .05.
* Ditferent from ventral striatum, p < .001.
" Different from caudate, p < .001.




Table 4. Pearson correlations with change in

['!'C]raclopride binding potential.

Want
ROI Drug NS NS-1 HA

RD

RD-2

T-Map 0.83** 0.43 0.79*% 0.06
Ventral Striatum 0.62% 0.75% 0.74* 0.16

Caudate —0.14 —0.13 008 —-0.25
Putamen —0.19 —0.09 0.09 —=0.34

0.06
—0.03
—0.13
—0.07

—0.01
—0.28
—0.24
—0.14

fp=.10,%p=.05 *p=.01. 'Want Drug": Self-reported drug wanting
on the amphetamine administration test day. T-Map: statistically gener-
ated cluster of change; NS: Novelty Seeking; NS-1: Exploratory Excitabil-
ity; HA: Harm Avoidance; RD: Reward Dependence; RD-2: Persistence




Morphine on dialysate dopamine in n.accumbens shell and core
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Amphetamine on dialysate dopamine in n.accumbens shell and core
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Cocaine on dialysate dopamine i1n n.accumbens shell and core
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Nicotine on dialysate dopamine
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Location of microdialysis probes in rats
responding for 1.v. cocaine
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NOSE-POKES
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DOPAMINE OUTPUT
(% of basal values)

(mg/kg)
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Non-stereotyped activity
o Still
« Locomotion
 Sniffing upward
e Grooming

* Rearing

Stereotyped activity
* Gnawing (self-mutilation)
* Gnawing confined
 Sniffing down confined
 Licking
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Non-stereotyped activity
o Still
« Locomotion
 Sniffing upward
e Grooming

* Rearing

Stereotyped activity
 Sniffing down
* Gnawing
e Head bobbing
 Licking
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Decreased striatal
dopaminergic responsiveness
in detoxified cocaine-
dependent subjects

N. D. Volkow*t, G.-J. Wang*, J. 5. Fowler:, J. Logan-,
S. J. Gatley’, R. Hitzemannt, A. D. Chen*, S. L. Dewey
& N. Pappas’
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Figure 1 Distribution volume imagas of ['Clraclopride at the level of the striatum

lacebo
(baseline) and after methylphenidate (MP) administration. Baseline binding for
["Clraclopride in striatum and the reductions in striatal binding with MP were

endent subject than in the control




Table 1 Mean and standard deviations (=) for self reports of drug-induced
(placebo or methylphenidate) behavioural effects in controls and in cocaine-
dependent subjects

Mormal controls Cocaine depandent WF effect
Placebo KAF Placebno MP =

Alen MS
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{MP). MP significantly increased self reports for high, restlessness and cocainge craving
Behavioural responses to MFP were signiticantly larger in controls 1o restiessnaess and hgh
whereas for cocaineg craving responses weare larger In the cocaine-dependent subjects.
ANOVWA interaction effect (diagnosis = drug): *F =< 0,06, **F =< 0,006, ***F - 0.001. NS, not
significant




