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THE OPIOID SYSTEM IN ALCOHOL DEPENDENCE

Anne Lingford-Hughes

A key modulator of the mesolimbic dopaminergic pathway is the opioid system – in particular the mu opioid receptor on GABA-ergic neurons in the VTA. Alcohol has been shown to release endogenous opioids and underlying differences in the opioid system appear related to vulnerability to alcoholism. Clinically an opiate antagonist, naltrexone, is efficacious in treating alcoholism, in particular by reducing the risk of a lapse becoming a relapse and has been shown to reduce craving.

We have been using PET neuroimaging to characterize the neuropharmacology of alcohol and opiate addiction – and by comparing these dependencies, what might be common to addiction and what appears ‘substance specific’.  We will describe our studies in alcoholism, and for comparison in opiate addicts, using 11C-diprenorphine PET to measure opioid receptors in early abstinence. This PET tracer is an non-specific antagonist and so we hypothesised would allow us to explore the kappa and delta subtypes to complement the published studies with 11C-carfentanil. 

We recruited ten opioid and eleven alcohol dependent patients undergoing detoxification and twenty healthy control subjects. All subjects underwent one [11C]diprenorphine PET scan following standard protocols. A volume of distribution (VD) image of the 11C-diprenorphine binding was generated using a metabolite corrected input function. Regions of interest were delineated and specific VD data calculated. 

In comparison with controls, alcohol dependent patients showed a trend towards an increase in global and all regions of interest studied. In the alcohol dependent group, an increase in craving was significantly associated with increased availability of opioid receptors in the striatum and whole brain. Four subjects were re-scanned after 3 months of sobriety; in one subject opiate receptor availability was reduced and in the other 3, no changes were seen. For comparison, global [11C]diprenorphine VD was significantly higher in opioid dependent subjects than controls (p=0.019). This was also found in 15 of the 21 a priori regions of interest (t-test p<0.05 uncorrected) (Williams et al 2007).  No association was seen in opioid dependent patients despite their high level of craving.  

We could find no differing correlations with known regional densities of mu, kappa or delta in either patient group, suggesting no differential effect on these subtypes. 

Like others, we have shown that opiate receptor levels are increased in early abstinence from alcohol – and similarly in opiate addiction. This suggests a fundamental role for the opiate system in addiction. 
Williams TM, Daglish MRC Lingford-Hughes AR, Taylor LG, Hammers A, Brooks DJ, Grasby PG, Myles JS, & Nutt DJ. (2007) Increased availability of opioid receptors in early abstinence from opioid dependence: a [11C]diprenorphine PET study. Br J Psychiatry. 191(1) 63-69. 

An MRC Programme Grant funded this study.   
Blockade of cue-induced brain activation of abstinent alcoholics by a single administration of amisulpride as measured with fMRI

Derik Hermann, M.D.

Central Institute of Mental Health, Mannheim, Germany; Department of Addictive Behavior and Addiction Medicine
Once alcohol dependence is established, alcohol-associated cues may induce dopamine release in the reward system, which is accompanied by alcohol craving and may lead to relapse. In cocaine addicts, dopamine release in the thalamus was positively correlated with cocaine craving. We tested the effects of the atypical dopamine D(2/3) blocker amisulpride on cue-induced brain activation in a functional magnetic resonance imaging (fMRI) paradigm. METHODS: Alcohol-associated and neutral pictures were presented in a block design to 10 male abstinent alcoholics (1-3 weeks after detoxification) and 10 healthy men during fMRI. The fMRI scans were acquired before and 2 hours after the oral application of 400 mg amisulpride. Before and after each scan, alcohol craving was measured with visual analogue scales. RESULTS: Before the application of amisulpride, alcohol versus control cues elicited a higher blood oxygen level-dependent (BOLD) signal in the left frontal and orbitofrontal lobe, left cingulate gyrus, bilateral parietal lobe, and bilateral hippocampus in alcoholics compared with healthy controls. After amisulpride, alcoholics showed a reduced activation in the right thalamus compared with the first scan. Alcoholics no longer showed significant differences in their cue-elicited BOLD response after amisulpride medication compared with medication-free controls. Self-reported craving was not affected by amisulpride medication. CONCLUSIONS: Amisulpride medication was associated with reduced cue-induced activation of the thalamus, a brain region closely connected with frontostriatal circuits that regulate behavior and may influence relapse risk.

Sponsored by the Deutsche Forschungsgemeinschaft (He 2597/7-2;SM80/1-1), German Ministry of Education and Research and Sanofi Synthelabo
Risk, expectation, work and reward: The plot gets more complicated

Daniel Hommer

FMRI studies of the brain systems underlying motivation and reward began about 10 years ago.  Several labs have used functional brain imaging to investigate motivation in alcoholism and substance abuse.  In this talk I will review our lab’s efforts in this area with emphasis on our recent work.  Initially we developed a simple FMRI task based on the types of tasks used to study motivation in monkeys.  This effort resulted in a series of papers by Brain Knutson describing our results with the motivation incentive delay (MID) task.  This work, all in healthy volunteers, showed that the ventral striatum (VS) was activated during the few seconds preceding a button press to obtain money but not preceding a button press for no reward.  In addition, we found that following notification of winning money, a region of the mesial-inferior frontal cortex was activated.  We attempted to use the initial version of the MID task to compare alcoholics with non-alcoholics, but results with regards to differences in activation during anticipation of working for reward were inconclusive.  Although alcoholics tended to have less activation than controls we did not find significant differences between groups.  However, Jim Bjork, then a post-doc in the lab, found that healthy adolescents had significantly less activation in VS while anticipating responding for reward than young adults, demonstrating that the initial version of the MID task could detect differences in VS activation between groups.  

A problem with the initial MID task is that it is difficult to separate the brain response during anticipation of working for reward from the brain response to reward notification.  This is because the time course of the BOLD signal is longer than the interval separating events in the task.  One way around this problem is to vary the interval (called “jittering”) between each event.  We developed a new version of the MID task in which the interval between all events is jittered.  Using this task we found no significant difference between alcoholics and controls during anticipation of working for reward.  However, we did find differences in the right VS during notification of reward.  The alcoholics had a larger response when they were informed that they had successfully won money, suggesting that alcoholics have a greater response to positive outcomes.  In addition, notification of loss (vs. successful loss-avoidance) significantly activated anterior insula bilaterally in alcoholics but not controls, suggesting that alcoholics’ greater sensitivity to outcome extends to loss as well as gain.  Further support for greater outcome sensitivity came from a different FMRI experiment that examined risk taking.  In this study we found that alcoholics had significantly greater activation than controls in VS when informed that they were engaged in a trial in which there was no risk and they were certain of a rewarding outcome.  However, alcoholics showed less activation than non-alcoholics in anterior cingulate regions related to decision making during risk evaluation.


 We failed to find evidence for blunted VS activation among alcoholics while Wrase et. al. (NeuroImage 35: 787, 2007) report that alcoholics have less VS activation during reward anticipation during a non-jittered MID task.  However, in a non-jittered experiment, alcoholics’ brain response to outcome could affect their subsequent response to anticipation.  We recently completed an experiment that suggests how this might happen.  In a study designed to explore brain function related to frustration we found that the unexpected replacement of trial outcomes with a demand to repeat the trial deactivated the VS in a magnitude-sensitive fashion, with significantly more severe deactivation in the alcoholics than controls.  Alcoholics appear to be more sensitive to frustration and they respond with a deactivation in the VS.  If carried over to the next trial this could result in an apparent blunted VS response to anticipation of reward.

The National Institute of Alcohol Abuse and Alcoholism Intramural Research program of the NIH, Bethesda, MD, funded this work. 

Genetic Variation in Components of Dopamine Neurotransmission Impacts Ventral Striatal Reactivity Associated with Impulsivity

Ahmad R. Hariri, Ph.D.

Individual differences in traits such as impulsivity involve high reward sensitivity and are associated with risk for substance use disorders.  The ventral striatum (VS) has been widely implicated in reward processing, and individual differences in its function are linked to these disorders.  Dopamine (DA) plays a critical role in reward processing and is a potent neuromodulator of VS reactivity.  Moreover, altered DA signaling has been associated with normal and pathological reward-related behaviors.  Functional polymorphisms in dopamine-related genes represent an important source of variability in DA function which may subsequently impact VS reactivity and associated reward-related behaviors.  Using an imaging genetics approach, we examined the modulatory effects of common, putatively functional dopamine-related polymorphisms on reward-related VS reactivity associated with self-reported impulsivity.  Genetic variants associated with relatively increased striatal DA release (DRD2 -141C Deletion) and availability (DAT1 9-repeat) as well as diminished inhibitory postsynaptic DA effects (DRD2 -141C Deletion & DRD4 7-repeat) predicted 9-12% of the inter-individual variability in reward-related VS reactivity.  In contrast, genetic variation directly affecting DA signaling only in the prefrontal cortex (COMT Val158Met) was not associated with variability in VS reactivity.  Our results highlight an important role for genetic polymorphisms affecting striatal DA neurotransmission in mediating inter-individual differences in reward-related VS reactivity.  They further suggest that altered VS reactivity may represent a key neurobiological pathway through which these polymorphisms contribute to variability in behavioral impulsivity and related risk for substance use disorders.
Support: NIH Grants HL040962, MH072837 & MH074769; NARSAD.
REWARD CIRCUIT ABNORMALITIES AND FAMILY HISTORY OF ALCOHOLISM; COMPARISON TO PSYCHOSTIMULANT ABUSERS. IS IMPULSIVITY AT THE ROOT OF THE PROBLEM?

G. D. Pearlson1,2

1Olin Neuropsychiatry Research Center, Institute of Living,Hartford, CT 06106; 2Dept. of Psychiatry, Yale University School of Medicine, New Haven, CT 06510  
Part of the inherited vulnerability to alcohol abuse may involve impulsivity, defined both by 

1. risky decision making, instantiated in such paradigms as the Go/No-Go Task (G/N-G) and 2. by abnormal reward sensitivity, e.g. defined via deficient activation in neural circuitry engaged by delayed reward tasks such as the monetary incentive delay (MID) task, biasing such individuals towards immediate rewards. Numerous self-rating and experimental behavioral measures also attempt to capture varied aspects of impulsivity. Reward sensitivity-based paradigms activate a “reward circuit” that includes the ventral striatum (nucleus accumbens, NAcc), amygdala, midbrain ventral tegmental area (VTA), mesial prefrontal cortex, caudate, putamen, hippocampus, anterior cingulate, insula and orbitofrontal cortex (OFC). Previous fMRI studies indicate reduced NAcc activation during reward anticipation in both abstinent alcoholics and alcoholism family history positive (FH+), non-alcohol using adolescents. 

Important questions include; 1. Are the impulsivity and abnormal reward sensitivity associated with the inherited vulnerability to alcohol abuse specific to that condition, or shared with other types of substance abuse where impulsivity is said to be prominent? 2. Are the abnormal NAcc fMRI activation patterns specific to the reward anticipation phase or also seen following receipt of rewards and punishments? 3. Are these patterns confined to NAcc or also manifested elsewhere in the “reward circuit”? 4. What aspects of impulsivity are most closely associated with the above abnormalities?  
To address some of these issues, as part of ongoing studies we compared brain activation in adults FH+ for alcoholism versus those without such histories, and to additional subjects with current or prior histories of cocaine abuse, using 2 functional MRI imaging tasks; 1. an MID reward paradigm modified from a design published by Hommer, Knutson & Bjork and 2. a G-NG task. In addition, we assessed all subjects on varied measures of impulsivity, including the BIS-11, BIS-BAS, Zuckerman scale, Balloon Analog Risk Task (BART) and Experimental Delay Discounting Task (EDT).

Major findings included the expected abnormally reduced pattern of NAcc activation to reward anticipation during the MID task in the alcoholism FH+ that were in turn less abnormal than those seen in former and especially in current cocaine abusers. Additional activation abnormalities elsewhere in the reward circuit were also seen in all groups vs normal controls during reward anticipation. Also, all groups showed abnormal fMRI responses within the circuit to receipt of rewards and punishments vs controls, indicating that defects are more general to the reward process and its associated circuitry and not confined to the reward anticipation period or to NAcc. Several measured aspects of impulsive behavior were significantly correlated with these abnormal fMRI activation patterns, and to abnormal activation on the G/N-G task.

Sponsored by NIAAA 1 P50-AA12870-05, J Krystal (PI), Project 4 PI to G Pearlson, and by RO1-DA020709 and RO1 AA015615 to GP.

DYSFUNCTION OF REWARD PROCESSING CORRELATES WITH ALCOHOL CRAVING IN DETOXIFIED ALCOHOLICS

Jana Wrase, Ph.D., Anne Beck, Florian Schlagenhauf, Thorsten Kienast, Brian Knutson, 

Andreas Heinz
Objective: Alcohol dependence may be associated with dysfunction of mesolimbic circuitry, such that anticipation of nonalcoholic reward fails to activate the ventral striatum, while alcohol-associated cues continue to activate this region. This may lead alcoholics to crave the pharmacological effects of alcohol to a greater extent than other conventional rewards. The present study investigated neural mechanisms underlying these phenomena.
Methods: 16 detoxified male alcoholics and 16 age-matched healthy volunteers participated in two fMRI paradigms. In the first paradigm, alcohol-associated and affectively neutral pictures were presented, whereas in the second paradigm, a monetary incentive delay task (MID) was performed, in which brain activation during anticipation of monetary gain and loss was examined. For both paradigms, we assessed the association of alcohol craving with neural activation to incentive cues.
Results: Detoxified alcoholics showed reduced activation of the ventral striatum during anticipation of monetary gain relative to healthy controls, despite similar performance. However, alcoholics showed increased ventral striatal activation in response to alcohol-associated cues. Reduced activation in the ventral striatum during expectation of monetary reward, and increased activation during presentation of alcohol cues were correlated with alcohol craving in alcoholics, but not healthy controls. 
Conclusions: These results suggest that mesolimbic activation in alcoholics is biased towards processing of alcohol cues. This might explain why alcoholics find it particularly difficult to focus on conventional reward cues and engage in alternative rewarding activities.

The Deutsche Forschungsgemeinschaft (He 2597/4-3) supported this study.
Effect of acamprosate and naltrexone on fMRI bold response to alcohol-related stimuli

Michael N. Smolka

Section of Systems Neuroscience, Department of Psychiatry and Psychotherapy, Technische Universität Dresden, Germany

Background: Acamprosate and naltrexone are supposed to reduce the risk for relapse in alcoholics. Although the molecular targets are pretty well characterized it is still widely unknown which neural networks mediate their therapeutic effects in humans. One mechanism discussed is that acamprosate and naltrexone reduce cue reactivity and craving. Functional neuroimaging studies adopting traditional cue reactivity procedures allow to elucidate the neural bases of craving and the effects of drugs for relapse prevention.

Methods: Visual alcohol-related and control stimuli were presented in a block design during functional magnetic resonance imaging (fMRI) to assess brain activation in 50 recently detoxified alcoholics. All participants were investigated twice, the first time after 2 to 3 weeks of abstinence, before start of study medication and a second time after 2 weeks on medication. Patients were treated with acamprosate, naltrexone or placebo in a double blind fashion. fMRI data were analyzed with SPM5. The level of significance was set to p<0.001 in at lest 10 adjacent voxels.

Results: Irrespective of medication cue-induced BOLD response decreased in the right ventral striatum and the thalamus from session 1 to session 2. Differential effects of medication did not reach the predefined level of significance. However, in patients who assumed that an active drug was administered the decrease of cue-induced brain activity in the temporal lobe (ventral stream), right postcentral gyrus, right claustrum and insula was more pronounced compared to those who assumed they received placebo.
Conclusions: Unexpectedly, no differential effect of acamprosate, naltrexone or placebo medication could be detected after two weeks of treatment. Thus the decrease in cue-elicited brain activity might represent a neural correlate of decreasing craving and a process of natural recovery during early abstinence. 

Interestingly, we found a significant effect of the expectation to get an active drug in the temporal, parietal and insular cortex. This finding might indicate that the placebo effect is more pronounced than the effect of medication itself, which is in accordance with recent data from Project Combine. 
Acknowledgements: This work was supported by the BMBF (Grant # 01EB0410-6)

IMAGING DOPAMINE RELEASE IN AT RISK SUBJECTS FOR ALCOHOLISM:  NEW PROBES AND NEW CHALLENGES

Anissa Abi-Dargham1, 2, M.D., Diana Martinez1, MD, Larry Kegeles1, MD, Nina Urban1 MD, Mark Slifstein1, PhD, Godfrey Pearlson3, MD, John Krystal3, MD

1Departments of Psychiatry and 2Radiology at New York State and Columbia University, 3Department of Psychiatry at Yale University
We previously reported a regionally selective decrease in amphetamine induced DA release in the ventral striatum in recently detoxified alcohol dependent subjects compared to controls measured with high resolution Positron Emission Tomography (PET) and [11C]raclopride (Martinez et al. 2005).  D2 receptor density was decreased in all striatal substructures and was related to daily drinking prior to abstinence.  Whether these alterations are a vulnerability factor to develop alcoholism, or a consequence of chronic alcohol exposure is unclear.  We undertook here a series of studies aiming first at developing paradigms to assess dopamine release as sensitive probes for vulnerability, and at applying these paradigms in young at risk healthy volunteers to compare FHN and FHP subjects matched for drinking habits.

To date we have studied in 13 subjects the effect of an oral alcohol challenge versus placebo on [11C]raclopride binding, and in 4 subjects the effects of a Monetary Incentive Delay Task (MIDT) versus a control oddball task on [11C]raclopride.  The same subjects also undergo an fmri study to assess the ventrostriatal activation related to the task.

Neither study is completed at this point.  In the initial 13 subjects who underwent the alcohol challenge (an equivalent of three drinks ingested in 5 minutes), displacement in [11C]raclopride was measured as the percent difference between alcohol day and placebo day in BPND. Average age was 23 ± 1.5 years.  The sample included 5 F, 8 M, and all ethnicities (6 C/ 3 H/ 2 AA/ 2 As), 9 FHN and 4 FHP subjects.  There were no differences in placebo day versus challenge day in injected dose or mass of the radiotracer.  The alcohol challenge resulted in a displacement in the whole sample of 5.4% ± 12.8% in ventrostriatal [11C]raclopride BPND.  This displacement was significant only at trend level (p=0.13).  There was great variability in the amount of displacement observed which will allow an assessment of relationships between DA release and behavioral effects of the challenge. 

We will test in these two cohorts the presence of detectable dopamine release related to the two challenges as measured with changes in [11C]raclopride binding, and compare differences in magnitude of displacement between FHN and FHP as well as the relationship to behavioral effects.  Developing methods to image vulnerability will help to assess the pathophysiological alterations that may precede the disease.  These can be used for early detection and for targeted treatment.  Funded by the NIAAA (CTNA-2).

Martinez D, Gil R, Slifstein M, Hwang DR, Huang Y, Perez A, Kegeles L, Talbot P, Evans S, Krystal J, Laruelle M, Abi-Dargham A. (2005) Alcohol dependence is associated with blunted dopamine transmission in the ventral striatum. Biol Psychiatry 58:779-786


 IN VIVO (DA) PET MEASURES IN HEALTHY ADULTS WITH A FAMILY HISTORY OF ALCOHOLISM

Dean F. Wong, M.D., Ph.D.

Radiology, Psychiatry, Neuroscience and Environmental Health Science


Multiple lines of evidence demonstrate an interaction of genetic and environmental factors for the development of alcohol dependence.  We have been focusing on of brain (DA) stress hormones and behavioral measures to help explain vulnerability for drug use disorders.  We document below 5 different projects that address these issues together with an update on current ongoing progress.  


Initially we tested the hypothesis that glucocorticoids were associated with psychostimulant (AMP), reinforcement and measures of D2/D3 striatal receptor occupancy, presumably by intrasynaptic (DA) following IV bolus (AMP) challenge. We employed 11C (RAC) PET.all at high specific activity (18 – 20 mCi bolus IV) first as a baseline and then in the 2nd PET scan preceded 5 minutes by 0.3 mg/kg IV AMP body weight.  All PET were carried out in the GE Advance PET camera.  DAR was defined as the percent change in (BP) of 11C (RAC) between placebo and (AMP) PET scans.  Mathematical modeling in all cases employed reference region techniques including parametric mapping providing voxel by voxel measures of (BP).


In the first study (Oswald, et al, Neuropsychopharmacology 30:821 – 832, 2005) we examined 16 healthy adults ages 18 – 27.   Measures of subjective drug effects, plasma cortisol and growth hormone indicated that cortisol levels were positively correlated with DAR in the left ventral striatum and dorsal putamen.  Subjects with higher cortical responses to the (AMP) had more positive subjective drug effects.  Higher ratings of positive drug effects were also associated with greater DAR in the left VS, dorsal putamen and dorsal caudate. These studies were among the first to demonstrate in vivo evidence demonstrating the cortisol changes with the (DA) release consistent with early incentive sensitization (Piazza, et al and Koop, et al). Subsequently we observed the same relationship between cortisol and (AMP)-induced DAR when cortisol was stimulated by a mental stress test (Wand et al, In Press).


In a subsequent study, 43 healthy subjects (28 mean and 15 women) age 18-20 were studied.  (DAR), subjective drug effects were examined. Although there was no sex difference in baseline BP, men had significantly greater DAR than women, specifically in the VA. Further, men had greater DAR in 3 of 4 additional striatal brain regions including VS, caudate and anterior putamen. As well the males had ratings of positive effects measured by behavioral scales following (AMP), but were greater than those reported by women. There was no sex difference in neuroendocrine hormonal responses. These studies show for the first time sex difference in (DA) release in the striatum (Munro, et al. Biological Psychiatry 59:966-974, 2006). 


The next study directly examined the relationship between the striatal (DA) release and family history of alcohol dependence. Forty-one healthy men and women (11 family history positive (FHP) 30 family history negative (FHN) age range 18-29 years) were studied for DAR. In this study neither baseline (BP) nor DAR differed by family history nor did subjective responses to (AMP). However, both cortisol and growth hormone increased following (AMP) challenge. These results show that neither the baseline BP nor DAR differed by family history. Further subjective responses to the IV (AMP) challenge during the PET scan did not differ by family history. 

Acknowledgements: NIAAA: AA12839 (Wong), AA10158 (Wand) and AA12837 (McCaul); NIDA DA00412 (Wong); and NCRR S10RR017219 (Wong) and S10RR023623 (Wong)

Ventral Striatal Dopamine Changes as a Function of Alcohol, 

Alcohol Cues, and Expectations

David A. Kareken, Ph.D.

Department of Neurology, Indiana University School of Medicine

This study examined dopamine changes in response to: 1) Alcohol anticipation induced by alcohol’s naturalistic conditioned cues (the sights and smell of preferred drinks) and 2) Alcohol administration, independent of anticipation.
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Methods: Eight non-dependent drinkers (Table) underwent three [11C]raclopride (RAC) PET scans. At scan start, subjects were exposed to either neutral (lilac, leather) or alcohol-related visual and olfactory cues (subjects’ preferred drinks). Subjects were told that neutral cues would signal intravenous saline infusion, and that alcohol cues would signal IV alcohol infusion to intoxication (pharmacokinetically modeled to attain/maintain breath alcohol concentration at 80 mg%).  Subjects were scanned with: 1) Neutral cues/saline infusion, (baseline, BL), 2) Alcohol cues, alcohol infusion only after scanning (cued anticipation, CUES), and 3) Neutral cues, unexpected alcohol infusion (ETOH).  Dynamic RAC data were acquired on a Siemens HR+ scanner, and parametric images of D2 binding potential (BPND) were generated with a standard reference region graphical analysis.  BPND difference images (ΔBPND) were created and defined as (BPND1 − BPND 2)/BPND1, where BPND1 refers to BL, and BPND2 refers to CUES or EtOH.  Voxel-wise analysis of the ΔBPND images employed single-sample t-tests in SPM2, confining the search to the bilateral striatum.

Results: Relative to BL, CUES significantly decreased DA concentration in the right ventral striatum (average ΔBPND in displayed cluster = −18% ± 4% SEM).  Unanticipated alcohol resulted in significantly increased DA in the left nucleus accumbens/ventral caudate area (average ΔBPND in displayed cluster = −13% ± 2% SEM).

Conclusions: Cued anticipation of alcohol decreased ventral striatal DA when alcohol was withheld. Unanticipated alcohol administration increased left ventral DA.  We previously showed (Yoder, et al 2005, 2007) that anticipated intravenous alcohol does not increase striatal DA concentration.  Combined, these two studies are consistent with theories of striatal involvement in reward prediction error.

Supported by P60 AA07611-P44 & R01 AA014605-02 to D.A. Kareken, the Human Research component of the Indiana Alcohol Research Center (P60 AA07611), and the Indiana University School of Medicine GCRC (MO1 RR000750).
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Voxelwise map of dopamine (DA) changes (ΔBPND) overlaid on averaged MRI. Left: Decreased DA to alcohol cues during anticipation. Right: DA increases to unanticipated alcohol.  Display threshold p< 0.005.





Subject Characteristics	


	Mean	SD	% (n)    .


Age 	23.8 	4.03


Male			62.5 (5)


AUDIT 	6.5 	3.02


Drinks/week	11.14 	8.18


Drinks/month	47.75 	35.07


Drinks/drinking day	4.57	1.76


Subjects w/ FHA 			50.0 (4)


Relatives with alcoholism 	2.25 (Range: 1-4)


(amongst those with FHA)


	


Notes: AUDIT= Alcohol Use Disorders Identification Test; FHA= Family history of alcoholism.
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