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DEFECTS IN SHIFTING PERFORMANCE STARTEGY OF ALCOHOLICS: FUNCTIONAL CONNECTIVITY ANALYSIS OF ANTERIOR CINCULATE CORTEX
Young-Chul Jung, M.D.

With:  JH Ku, KJ Koon, K Namkoong

Background: Decision making is a complex process involved in choosing between competing options associated with uncertain risk and outcomes. For the most part, recent debates about the relationship between substance dependence and decision making have tended to focus on risk estimation. We propose that, even when risk is obvious and anticipated, alcoholics would demonstrate defects in shifting performance strategy.

Methods: Alcohol dependent patients (N=15) and healthy normal controls (N=15) performed a novel computerized decision-making task (ODD-EVEN-PASS task) during fMRI. Figure of coins (white circles on a black background) were used as visual stimuli. Subjects were instructed to guess whether the total number of coins was ‘ODD’ or ‘EVEN’. Each selection was immediately followed by a feedback of correct (gain1$) or incorrect (loss1$). Besides the two response options (‘ODD’ or ‘EVEN’), subjects could select a third alternative option (‘PASS’) and move on to the next trial without any gain or loss.

The task was composed of two conditions: (1) Control condition (40 trials): figure was simple and definite, thus it was easy to calculate whether it was odd or even. (2) Ambiguous condition (80 trials): figure was complex and the border of the coins was blurred, thus it was impossible to exactly assess whether it was odd or even. Regarding the ambiguous condition, subjects expect to have a chance at least of fifty to fifty. However, the gain-loss schedules were predetermined and the chance to gain was only 25%. Therefore as trials are repeated, subjects get a hunch that the change to gain is lower than one’s expectation. Our task was designed in order to test how the subject responds to such a situation and whether the subject could adapt a flexible efficient strategy. In addition, we explored the neural correlates that were involved in the behavioral adjustments. 

Results: The alcohol dependent patients showed defects in shifting performance strategy. Regardless of the stimulus’ condition, the alcohol dependent patients kept guessing just between ‘ODD’ and ‘EVEN’, as if it was a forced-choice task. In contrast, the healthy normal controls demonstrated a flexible performance strategy by selecting the ‘PASS’ option in ambiguous conditions, while keep guessing in control conditions at the same time. Remarkably, all of the subjects reported that they were aware that the chance to gain in ambiguous conditions was lower than expected, but majority of the alcohol dependent described that the ‘PASS’ option did not come across one’s mind during the task.

Conclusions: Our fMRI findings implicate that the anterior cingulate cortex (ACC) is involved in considering alternative ‘pass’ responses. In addition, the functional connectivity between the ACC and the orbitofrontal cortex was altered in alcoholics.

This study was supported by Yonsei University Research Fund (6-2007-0015).
Poster # A-14

Alcohol dose effects on brain circuits during simulated driving: An fMRI study

Shashwath Meda

With: VD Calhoun, RA Astur, K Ruopp, B Cuadra, GD Pearlson 

Background: Driving under the influence of alcohol is a major public health hazard. Driving is a complex task involving the simultaneous recruitment of multiple cognitive functions.  The aims of this project were to study the neural substrates of driving and their response to different alcohol blood levels, using functional imaging and a programmable simulated driving algorithm developed at our center. 

Methods and Materials: We used ICA (independent component analysis) to isolate spatially independent and temporally connected driving-related brain circuits in 40 healthy, adult moderate social drinkers. Each subject received 2 separate single blind doses of beverage alcohol individualized to weight, age and sex (Kapur 1989) designed to produce blood alcohol concentrations (BACs) of 0.05% (moderate) or 0.1% (high) and also received one placebo dose. Functional scanning was performed on subjects during simulated driving. Brain function was assessed and compared using both ICA and a conventional general linear model (GLM) analysis.

Results: ICA results replicated and significantly extended our previous 1.5T study (Calhoun et al 2004) both spatially and temporally. GLM analysis revealed significant functional differences between the three doses and complemented the ICA results.

Conclusion: We were able to reveal different activation dynamics for multiple brain circuits during a simulated driving task and found dosage related spatio-temporal disruptions in critical driving associated regions including anterior cingulate, superior, middle and orbito frontal gyri, primary/supplementary motor areas and cerebellum. Overall, our findings might imply a significant impairment in attention, cognitive, motor planning and short term memory related functional capabilities while driving under the influence of alcohol.

Sponsored by NIAAA RO1 AA015615
Poster # B-1

COGNITIVE CONTROL AND ALCOHOL DEPENDENCE – A FUNCTIONAL MAGNETIC RESONANCE IMAGING (FMRI) STUDY OF THE STOP SIGNAL TASK
Chiang-shan Ray Li, Ph.D.

With:  P. Yan, K. Bergquist, R. Sinha
Background: The ability to restrain habitual responses, detect errors and adjust behavior accordingly is central to cognitive control. Deficits in cognitive control have been implicated in substance and alcohol use disorders. Here we combined fMRI and a stop signal task (SST) to examine regional brain activations in abstinent patients with alcohol dependence, as compared to healthy individuals.

Methods:   In the SST, a frequent go signal requires participants to respond within a time window and sets up a pre-potent response tendency (as in habitual alcohol seeking). Occasionally a stop signal instructs the participants to withhold their response. The difficulty of these stop trials depends on the time delay between the go and the stop signals – the stop signal delay, which is adjusted trial by trial following a staircase procedure. The tracking procedure ensures that behavioral performance in the SST can be modeled by the horse race model and that the stop signal reaction time can be computed on the basis of the race model. The tracking produre also ensures that the participants continue to make errors depsite their effort to avoid making errors. 

Results:  Thus, we are able to isolate the regional brain activations associated with each specific component process of cogntiive control during the stop signal task. In 24 healhty individuals, we have observed medial superior frontal and anterior cingulate activation during response inhibition, sequential greater and less activation in the dorsal cingulate/medial cortical areas during error processing, and ventrolateral prefrontal activation during post-error slowing in reaction time. Furthermore, our preliminary data suggest that, compared to healthy individuals, alcohol dependent patients demonstrated altered activation in these cortical structures, despite indistinuishable behaviral performance in the SST. Importantly, this altered pattern of cortical activations also appeared to distinguish between the patients who relapsed to alcohol use and those who maintained abstinence after their inpatient treatment. 

Conclusions:  These results thus provide important neural measures specific to the component processes of cognitive control, which may predict alcohol use behaviors in alcohol dependent patients.

Sponsored by NIH and ABMRF.
Poster # B-3

ALCOHOL EFFECTS ON BRAIN ACTIVATION IN MATCHED LOW- AND HIGH-LEVEL RESPONDERS TO ALCOHOL
Ryan Trim, Ph.D.

With:  CB Padula, CM Jaconetta, SK Robinson, S Matthews, MP Paulus, SF Tapert, 

MA Schuckit

Background:  A low level of response (LR) to alcohol is an important endophenotype associated with increased risk for alcoholism (Schuckit 1994, 1998, 1999), however little is known about how specific neural systems may differ in subjects with low and high LR to alcohol. Pilot studies have found that low LR subjects had greater activation than those with high LR in prefrontal and parietal cortices under placebo conditions (Tapert et al., 2004; Paulus et al., 2006). An examination of a visual working memory task in 13 low LR subjects found that alcohol attenuated activity in brain regions more active during rest (Trim et al, 2007).



Methods: This presentation extends our previous work by reporting data from 36 fMRI sessions with 18 healthy subjects (mean age 20.3 years) identified as either low LR or high LR by a traditional alcohol challenge paradigm. Matched low-high LR pairs did not differ on age, education, body mass index, or monthly alcohol frequency. In randomized order, each subject completed a visual working memory (VWM) task during two fMRI sessions: after a moderate dose of alcohol and after placebo.


Results:  Alcohol significantly attenuated deactivation in the bilateral cingulate gyrus (p<.001, cluster size=12,352μl), consistent with our earlier study (Trim et al., 2007). However, there was a trend for more attenuation of deactivation among low LR subjects compared to those with high LR to alcohol (p=.13). While alcohol had little overall effect on the bilateral medial frontal gyrus, there was a trend for an interaction between LR status and drinking condition in this cluster (p=.06) such that alcohol attenuated deactivation for low LR subjects, but increased deactivation for high LR subjects.

In addition, the results demonstrated that subjects with a low LR to alcohol had more parietal activation than subjects with a high LR across alcohol and placebo conditions (p=.004), consistent with findings from earlier pilot studies (i.e. Tapert et al, 2004). 


Arterial spin labeling data showed no significant differences in cerebral blood perfusion between alcohol and placebo conditions in any of these clusters. Low and high LR individuals had similar accuracy, reaction time, and misses on the VWM task across conditions.

Conclusions:  In summary, these preliminary results indicate that alcohol appears to have differential effects on brain activation for low and high LR individuals. Alcohol also attenuates activity in the default network during a visual working memory task, and individuals at risk for alcoholism due to a low LR may have disadvantageous modulation of cortical responding. The study findings do not appear due to changes in blood perfusion after alcohol ingestion.  

Sponsored by NIAAA R01 AA015760 (PI: Schuckit) and NIAAA T32 013525-05 (Trim, PI: Riley).
   Poster # B-4

AN FMRI STUDY OF ADOLESCENT INHIBITORY PROCESSING PRIOR TO THE INITIATION OF SUBSTANCE USE
Andria Norman

With: AD Spadoni, MP Paulus, SF Tapert 

Background: Although previous studies have shown differences between substance users and abstainers in blood oxygen level dependent (BOLD) response during functional magnetic resonance imaging (fMRI) (Tapert et al. 2007; Hester et al. 2004; Leland et al. 2006)
, it remains unclear whether these differences are a consequence of substance intake or premorbid influences on alcohol or drug use
. Further, no studies have examined BOLD response in adolescents prior to initiation of heavy alcohol use.

Methods: BOLD response to a go/no-go task was measured in 12-14 year-olds during fMRI. At baseline, participants had <6 drinks and <2 marijuana lifetime uses. Annual interviews assessed transition into use. At a mean follow-up of 3 years, 13 adolescents had transitioned into heavy alcohol use and were matched with 13 continuous non-drinkers on age, gender, pubertal development, socioeconomic status, IQ, externalizing scores, and lifetime substance use.

Results: Drinkers did not differ from non-drinkers on baseline go/no-go performance, but showed less BOLD response than non-drinkers during “no-go” trials in 12 clusters including left posterior cingulate and putamen; right insula, caudate, inferior parietal, medial/superior temporal gyri, lingual gyrus and cuneus; and bilateral medial/superior frontal gyri, anterior cingulate, thalamus, precunei, paracentral lobules and cerebellum (p<.05, clusters>1358 μl). During “go” trials, drinkers showed more BOLD response than non-drinkers in 4 clusters encompassing right middle/superior frontal gyri, middle/inferior occipital gyri, and precuneus; and bilateral posterior cingulate (p<.05, clusters>1358 μl). There were no clusters where drinkers showed more response to “no-go” trials or less response to “go” trials than non-drinkers.
Conclusions: Prior to onset of alcohol use, adolescents who transition into heavy drinking show less activation during inhibitory (no-go) trials, but more activation during response selection (go) trials than continuous non-drinkers. The attenuation of inhibitory-related brain activation is consistent with the hypothesis that differences in processing during inhibition, or maturation of inhibitory processing, could be risk factors for initiation of heavy substance use during adolescence. Increased activation, in the presence of similar performance during the selection trials, may indicate reduced efficiency of differentiating “go” versus “no-go” trials in drinkers. Interestingly, we observed differences in some of the same brain areas previously reported to be predictive of relapse in methamphetamine dependent individuals (Paulus et al. 2005). The current study provides further evidence that fMRI may help identify individuals at high risk for poor outcomes, and can help discern brain mechanisms that underlie premorbid differences between users and non-users. 

Supported by NIAAA grant R01 AA13419 (Tapert)

Poster # B-5

SPATIAL WORKING MEMORY IN ADOLESCENT BINGE DRINKERS: AN FMRI STUDY
Claudia B. Padula

With: T McQueeny, A Gorlick, SF Tapert 

Background:  Previous studies have shown functional and anatomical brain disruption of neural circuitry subserving the executive function of spatial working memory (SWM) in adults and adolescents with alcohol use disorders (AUD). It remains unclear if sub-diagnostic adolescent alcohol involvement is linked to brain response abnormalities. This study examined activation during a SWM task in adolescents with and without histories of binge drinking. 

Methods:  Adolescents ages 16-19 with histories of binge drinking (i.e., 4+ drinks on an occasion for females, 5+ drinks on an occasion for males; n=15) and without such histories (n=15) were recruited from local schools. No participant met criteria for a substance use disorder, and groups were similar on age, gender, ethnicity, socioeconomic status, family history, IQ, mood, and internalizing and externalizing behaviors. Blood oxygen level dependent (BOLD) and performance data were collected as participants performed a SWM task during functional magnetic resonance imaging (fMRI) acquisition.  

 Results:  While groups performed similarly on the task, drinkers showed less SWM-related BOLD response than controls in bilateral temporal, superior and medial frontal, and posterior cingulate; left lingual; and right thalamic areas (p<.025; clusters>1161 µl), and more SWM response in a left inferior parietal region (p<.05; cluster=1080 µl).  Follow up analyses showed that, for controls, less activation in the left middle temporal gyrus related to poorer task accuracy, and for drinkers, less superior/medial frontal and posterior cingulate activation related to poorer task accuracy (p<.05).  Additionally, for drinkers, more lifetime alcohol withdrawal was associated with less activation in the posterior cingulate and right middle temporal gyri (p<.05).

Conclusions:  Adolescent binge drinkers who did not meet criteria for AUD showed different brain response to SWM than non-drinkers. The pattern of reduced occipital and temporal activation, yet increased parietal response, is similar to our prior findings in adolescents with AUD (Tapert et al., 2004), potentially indicating an early stage of subtle neural reorganization. Behavioral implications of this activation pattern were indicated by poorer task performance being linked to less activation in both groups. Further, as in our prior study of adolescents with AUD, activation abnormalities were linked to greater histories of post-drinking effects, even in this sample of episodically drinking teens. Longitudinal research is essential to confirm the degree to which heavy episodic drinking during adolescence may influence neurocognition.

Sponsored by NIAAA R01 AA13419 and NIDA R01 DA021182 grants (Tapert)
Poster # B-6

ADOLESCENT BINGE DRINKERS SHOW ALTERED FMRI RESPONSE DURING VERBAL ENCODING
Alecia Schweinsburg, Ph.D.

With:  T McQueeny, SA Brown, SF Tapert

Background:  Binge alcohol use is common among teenagers, with 30% of 12th graders reporting getting drunk in the past month. Chronic heavy drinking has been associated with verbal learning and memory deficits in both adults and adolescents, yet verbal encoding in sporadic binge drinking teens has not yet been studied. Here, we examined fMRI response during verbal encoding among adolescent binge drinkers.

Methods:  Participants were ages 16 to 18 and included 12 binge drinkers who typically drank ≥4 drinks/occasion for females or ≥5 drinks/occasion for males, and 12 demographically similar nondrinkers. Tobacco and other drug use were limited in both groups, yet drinkers reported more marijuana use than nondrinkers. Participants performed a verbal paired associates learning task during fMRI acquisition. Prior to scanning, teens learned a list of word pairs. FMRI was acquired during encoding of novel (NEW) and previously-learned (OLD) word pairs; recall testing followed. Repeated measures ANOVA identified brain response patterns related to group, task condition (NEW vs. OLD) and their interaction.

Results:  Drinkers recalled marginally fewer words than nondrinkers (p=.07). A main effect was observed for more fMRI response to NEW than OLD word pairs in right dorsolateral prefrontal, left frontopolar, and bilateral posterior parietal regions, and more response to OLD relative to NEW pairs in left inferior frontal and supplementary motor areas. Compared to nondrinkers, bingers showed less response in right superior frontal and bilateral posterior parietal cortices, but more response in occipital cortex. Interactions between group and task condition indicated that controls showed greater response to OLD than NEW word pairs in anterior and mid-cingulate and right parietal cortex (ps < .05, clusters >1512µl), while drinkers showed no activation differences between task conditions. Results remained unchanged after controlling for lifetime marijuana use.

Conclusions:  Adolescent binge drinkers showed different brain response patterns during verbal learning than nondrinkers, particularly in regions commonly involved with working memory. Drinkers demonstrated (1) less response than nondrinkers in frontal and parietal regions, which could suggest less engagement of working memory systems during encoding; (2) no differential activation to previously-learned word pairs compared to novel word pairs; and (3) slightly poorer word pair recall, which could indicate disadvantaged processing of novel verbal information and a slower learning slope. Longitudinal studies will be needed to ascertain the degree to which emergence of binge drinking is linked temporally to these brain response patterns.

Sponsored by NIDA R01 DA021182 and NIAAA R01 AA13419 (Tapert)

Poster # B-7

fMRI BOLD RESPONSE TO EMOTIONAL, ALCOHOL, MARIJUANA, AND DRUG RELATED PICTURE CUES IN MANDATED COLLEGE STUDENTS
Suchismita Ray, PhD
With: C Hanson, ME Bates, SJ Hanson 

Background   Cue reactivity and craving responses have been investigated in alcohol dependent adults and results revealed that neural responses to alcohol-related stimuli are different from that of nonabusers. The present study was designed to identify brain areas activated while young mandated college students were exposed to emotional, alcohol, and other addiction-related cues. This study will serve as groundwork for our future research that will investigate the interactive roles of the central and autonomic nervous systems as they influence reactivity to emotional, alcohol, and addiction-related stimuli, both in college students and chemically dependent individuals.
Methods   Ten (5 female) Rutgers University mandated undergraduates referred to the alcohol and drug assistance program for students (ADAPS) took part in this experiment. Imaging was performed using a Siemens Allegra 3T system for all scans. Functional scans were obtained during both study and test phases of the experiment. During the study phase, participants viewed pictures consisting of 6 categories in a blocked manner. These included positive emotional, negative emotional, neutral, alcohol-, marijuana-, and drug-related pictures. Participants gave a liking and an arousal rating for each picture by pressing an mri compatible two-button mouse. Data analyses are ongoing. In this poster, we present some initial data from the study phase of the experiment.

Results   Compared to neutral cues, both positive and negative emotional cues showed greater activity in the superior frontal gyrus, middle frontal gyrus, and medial frontal gyrus (p < .05). For the negative cues, the amygdala, orbitofrontal cortex and anterior insula showed greater activity compared to the neutral cues (p < .05). For both negative and positive cues, other brain areas showed a greater activation compared to the neutral cues. They were hippocampus, cingulate gyrus, caudate nucleus, anterior cingulate, middle temporal gyrus, superior temporal gyrus, and middle occipital gyrus (p < .05). Alcohol, marijuana, and drug-related picture cues produced greater activity in the temporal gyri, frontal gyri, and cingulate gyrus than the neutral picture cues (p < .05). But unlike marijuana cues, alcohol- and drug-related cues produced greater activity in the unilateral anterior insula region compared to neutral cues (p < .05).  

Conclusions   Results suggest that the prefrontal cortex is sensitive to arousal (positive and negative > neutral). Results are also consistent with theories that highlight the importance of circuitry linking subcortical structures with frontal lobe, anterior cingulate, and temporal lobe regions in processing emotional information. The mandated students did experience some craving during exposure to alcohol and drug-related cues as evidenced by insula activation. This result may have important implications for alcohol and drug prevention interventions with this group.

Sponsor: Rutgers, The State University of New Jersey

Poster # B-8

LIMBIC SYSTEM ACTIVATION BY REWARDS AND LOSSES IN DETOXIFIED ALCOHOLICS: ANTICIPATION, RECEIPT, AND FRUSTRATION
Ashley R. Smith

With: JM Bjork, DW Hommer 

Background. The allostasis hypothesis of addiction posits that a hedonic set point is moved toward more negative affect by repeated drug exposure resulting in less experience of reward and greater sensitivity to punishment. If the allostasis hypothesis is correct, alcoholics may show reduced responsiveness to non-drug related reward cues and/or enhanced sensitivity to negative outcomes.  To address these hypotheses, we measured brain blood oxygenation dependent response (BOLD) in detoxified alcoholic inpatients and non-alcoholic controls while they worked to win monetary rewards and avoid losses.

Method. Participants included 22 alcohol dependent patients (10 women, mean age 34.1 + 8.2) at the National Institutes of Health Clinical Center in Bethesda, Maryland. Twenty-one control participants (9 women, mean age 32.1 + 8.1) were recruited using advertisements. Images were collected on a 3T scanner (TR= 2 s, TE= 40ms, flip angle = 90) while participants completed a Monetary Incentive Delay Task. 

Results. There were no significant activation differences between alcoholics and controls in BOLD response to anticipatory cues signaling opportunity to respond either to gain rewards or avoid losses (each versus non-incentive cues) as determined by voxel-wise t-tests and VOI analyses in striatum. 
Notification of reward (vs failure to win) activated the nucleus accumbens (NAcc) in alcoholics, but not controls, indicating greater sensitivity to rewarding outcome among alcoholics. The voxel-wise t-test of activation by this linear contrast indicated a significant difference in right NAcc between groups.  Notification of losses (vs successful loss-avoidance) activated anterior insula bilaterally in alcoholics but not controls. 

Conclusion. Alcoholics exhibited significantly greater NAcc activation by notification of reward than controls but no difference in response to incentive cues. These results are not consistent with the decreased sensitivity to reward described in the allostatsis model of addiction.   However, in accordance with the allostasis model, alcoholics had greater insula activation by negative (loss) outcome than controls suggesting a possible lowering of their hedonic set point.    

Sponsored by the NIAAA.

Poster # B-9

WHY WE DRINK ALCOHOL: STRIATAL ACTIVATION TO INTRAVENOUS ALCOHOL ADMINISTRATION AND ITS MODULATION BY EMOTIONALLY AFFECTIVE STIMULI
Jodi Gilman

With: VA Ramchandani, MB Davis, DW Hommer 

Purpose:  To characterize the BOLD response to intravenous alcohol administration in mesocorticolimbic and visual brain structures, and to examine the modulation of this response by emotional stimuli.  

Methods: We used fMRI to investigate visual processing of emotional images under conditions of intoxication and sobriety. Participants were social drinkers who received intravenous infusions of 6%v/v ethanol or placebo (saline), administered in counter-balanced order between sessions, according to an infusion-rate profile based on a physiologically-based pharmacokinetic model for alcohol (Ramchandani et al., 1999). This infusion-rate profile was computed using model parameters based on the participant’s height, weight, age and gender. We presented two sets of emotional images, one at 15 minutes after the start of the infusion (the time at which BAC reached our target of 0.08 %) and one at 35 minutes post-infusion, and a block of neutral and fearful faces at 25 minutes.

Results: Participants reported peak levels of intoxication 25 minutes after the start of the infusion (during the presentation of faces). BOLD response to the alcohol was seen bilaterally in the nucleus accumbens, putamen, and both dorsal and ventral striatum.  A main effect of the emotional valence of the faces was seen in several visual and frontal areas. There was an interaction between the alcohol and the stimuli in the insula, right caudate, and left nucleus accumbens.  In the neutral face condition, there was robust activation throughout the striaum and putamen to the alcohol, whereas in the fearful condition, the activation was less intense and in a more localized area.  Under the saline condition, participants had increased activation to the fearful relative to the neutral faces in several visual and limbic areas, including the amygdala and insula, but under the alcohol condition, participants had a larger response to the neutral than to the fearful faces, particularly in striatal areas. 

A volume-of-interest analysis indicated that activation of the left nucleus accumbens and the left caudate correlated with subjective levels of intoxication. We also observed significant correlations between positive affect and the magnitude of the difference in response to alcohol and saline, which indicated that participants reporting higher positive affect had a higher response to stimuli in the alcohol relative to the saline condition. 

Conclusions: These results indicate that alcohol activates mesocorticolimbic brain reward circuits including the striatum, caudate, and nucleus accumbens, and this activation is modulated by emotional stimuli.

This research is sponsored by NIAAA.

Poster # B-10

COGNITIVE AND EMOTIONAL PROCESSING OF AFFECTIVE STIMULI IN ALCOHOL-DEPENDENT PATIENTS AND HEALTHY CONTROLS
Megan Davis 

Background:  Many studies have shown that alcohol-dependent patients experience difficulty processing emotional stimuli. In this study, we used functional magnetic resonance imaging to investigate how heavy alcohol consumption affected direct and indirect processing of emotional stimuli in alcoholic patients and healthy controls.

Methods:  Fifteen alcoholics and 15 controls participated in this study. Emotional stimuli were chosen from the International Affective Picture System, where we selected 45 positively-valenced and 45 negatively-valenced pictures. The experiment consisted of three runs, in which subjects were either asked to make judgments about the emotional valence of the images, the environment of the images, or to press a button each time a picture was presented. Each picture was presented for 2000 ms, and each run lasted for 5 min 30 sec. Subjective mood ratings were recorded using the Positive and Negative Affect Scale. 

Results:  In the “no judgment” condition, in which participants were pressed a button each time they saw a picture, alcoholics had greater activation than controls in the amygdala and in the right insula to the negative images. Controls had greater activation than alcoholics to the negative images in the left parahippocampal gyrus, anterior cingulate, and precuneus. In the cognitive task, in which participants were instructed to make judgments about the environment of the image, alcoholics had greater activation than controls in the right insula, medial frontal gyrus, and right putamen to both the negative and the positive images. In the emotional judgment condition, alcoholics showed more activation in the left insula to the negative images, and more activation in the bilateral putamen to the positive images, relative to controls. Alcoholics also showed increased activation in the bilateral putamen to the positive images when they made an emotional judgment, relative to the “no judgment” condition. There was no significant difference in the subjective emotional judgments between the two groups. 

Conclusions:  These results indicate that in this paradigm, alcoholics showed greater activation in several brain regions to affective stimuli, especially negatively valenced, relative to controls. Alcoholics also showed greater modulation of emotional processing by task type, relative to controls. This suggests that heavy past alcohol use may modulate emotional brain circuits in alcoholics, and this modulation may be affected by task requirements.

Sponsored by NIAAA

Poster # B-11

EFFECT OF ALCOHOL ON PERFORMANCE ON VISUAL ODDBALL TASK: AN FMRI STUDY
Allyssa J. Allen

With:  SA Meda, RS Astur, VD Calhoun, K Ruopp, B Cuadra, GD Pearlson

Background: A recent analysis of traffic accidents involving alcohol showed that accidents were more likely to occur when drivers with a high blood alcohol concentration (BAC) were performing a secondary task shortly before the accident and that the alcohol exacerbated the negative effects of such distraction (Brewer 1980).  However, the brain mechanisms behind this phenomenon have not been thoroughly studied.  Visual oddball tasks (VO) are often used to measure attention.  Previous functional MRI (fMRI) studies of the visual oddball task have shown activation in the hippocampus, especially during oddball detection (Crottaz-Herbette 2005).  Other brain areas implicated in the oddball task are the bilateral inferior parietal lobule, bilateral anterior cingulate cortex, (Ardekani 2002).  Based on these findings, we expected to find a dose-dependent decrease in activation of these brain areas during VO performance.  

Methods: Forty male (N=20) and female (N=20) healthy social drinkers were given three different doses of alcohol tailored to their gender and weight: placebo, moderate (BAC: mean=.03 g/dL; SD=.01 g/dL), and high (BAC: mean=.09 g/dL; SD=.01 g/dL).  Participants performed a visual oddball task while driving a virtual reality driving simulator in a 3T fMRI scanner.  All imaging analysis was carried out in SPM2 (ref). At the subject level, for each dosage, contrasts were generated to look at the following brain activation differences/responses, bidirectionally: 1) oddballs on versus standards on 2) oddballs only 3) standards only. Furthermore, a second analysis was performed to examine dosage-related differences in each of the above contrasts. 

Results: Analysis showed a dose-dependent linear decrease in the right hippocampus during oddball detection, with the high dose associated with least activation.  The same trend was found in the anterior cingulate and the dorsolateral frontal lobe.  Behavioral data are still under analysis and further analysis of the functional data is pending.

Discussion:  Due to the hippocampus’ role in oddball detection, the finding of decreased hippocampal function with increased BAC may explain why drivers with higher BAC’s are more likely to have an accident due to being involved in a secondary task.  The same activation pattern is noted in the anterior cingulate and the frontal lobe, both of which are involved in decision-making, suggests that the ability to perform this task decreases with alcohol.  More importantly, our data suggests that drivers with high BAC’s may be less able to orient or detect a novel or sudden stimulus during driving.  We present behavioral analysis to assess this hypothesis.  A possible implication of the finding that activation decreases are linear across dosages is that decrements in attentional and decision-making abilities may occur even at a moderate BAC (.03 g/dL) which is far below the legal driving limit (.08 g/dL).  This suggests that the ability to detect a sudden stimulus (such as an unexpected pedestrian) may be impaired at limits lower than the legal driving limit, presumably due to the alcohol effects on the hippocampal, cingulate, and frontal brain cirtuits.

Funded by NIAAA grant  RO1 AA015615 to GP
Poster # B-12

NEURAL CIRCUITRY UNDERLYING THE EFFECTS OF ALCOHOL ON IMPULSIVITY
Beth M. Turner, Ph.D.

With: MC Stevens, A Allen, K Ruopp, GD Pearlson 

Background:  Acute alcohol intoxication has been shown to impair response inhibition in a dose-dependent fashion (Marczinski & Fillmore, 2005), however, few studies have examined brain activity changes in regions engaged for behavioral control.  Particularly relevant is the effect of alcohol on the function of anterior cingulate cortex, which previously has been strongly linked to ‘executive’ control of behavior and cognition, particularly error-detection and conflict monitoring. 

Methods: Healthy male (n=24) and female (n=27), moderate users of alcohol underwent MRI on separate days in three conditions.  In random order, participants received prior to imaging either placebo, moderate, or high doses of alcohol individually tailored, based on their body weight, to reach breath alcohol concentrations (BAC) of 0.0, 0.05, and 0.10, respectively.  Participants completed an fMRI Go/No-Go task in which they were required to withhold a strongly prepotent motor response. Participants were instructed to respond by pressing a button as quickly and as accurately as possible every time an “X” (85% probability) appeared and not to respond to the letter “K” (15% probability).  Participants were encouraged to respond as quickly as possible so that sufficient trials were available to examine brain activity associated with both response inhibition and errors. 

Results:  As expected, behavior showed dose-dependent increases in the number of false alarms, reaction times to button presses, and the number of incorrect responses. Statistical parametric maps representing hemodynamic response to successfully inhibited No-Go trials and to error trials were examined using SPM2 within-subjects ANOVA models. Results show a dose-dependent decrease in anterior cingulate activation for trials in which participants failed to inhibit the prepotent motor response (i.e., false alarms). When placebo and high alcohol doses were compared, similar decreases in anterior cingulate activity were observed for correctly-rejected No-Go stimuli. 

Discussion:  This study shows that acute alcohol consumption selectively affects anterior cingulate activity in situations where stimuli must be evaluated in order to adjust behavior. 

Supported by NIAAA grant # R01AA015615.
Poster # B-13

ANTICIPATION OF REWARDS: ACTIVATION DIFFERENCES IN CURRENT AND FORMER COCAINE USERS USING A MONETARY INCENTIVE DELAY TASK
André Thomas

With:  JL Hylton, SA Meda, MM Andrews, MJ Stevens, GD Pearlson

BACKGROUND:  Alcohol and other substance abuse is associated with risky decision making and impulsive behaviors.  The aim of this project is to determine the differences between current and former cocaine users in brain activation while anticipating rewards, using a paradigm developed to study alcohol abuse liability in Project 4 of CTNA (see related Andrews poster).  To examine the neural circuitry associated with these behaviors, we looked at brain activation using a monetary incentive delay (MID) task while subjects anticipated monetary gains or losses.

METHOD: Responses to a MID task was defined by using functional magnetic resonance imaging in 10 current cocaine dependent subjects (8 male), as defined using the DSM-IV. Subjects were compared to a group of 13 former cocaine dependent subjects (11 male), and to 33 non-drug using healthy subjects (12 male). The MID task was modified from a design published by Hommer, Knutson & Bjork. Task difficulty is set so each participant succeeds on ~66% of target responses.  fMRI volume acquisitions are time-locked to the offset of each cue and thus acquired during anticipatory delay periods. 

Analysis: A one-way ANOVA model, designed in SPM2, looked at functional differences between all 3 groups for phases of the MID task (Prospective reward, anticipation of reward, outcome to wins and losses). We used a small volume correction to look at functional differences in predefined ROI’s in a "motivational circuit" pre-specified from prior published studies. Regions included nucleus accumbens (NAcc), amygdala, ventral tegmental area (VTA), ventromedial prefrontal cortex (PFC), caudate, putamen, hippocampus, anterior cingulate, insula and orbito-frontal cortex.
RESULTS: The cocaine groups individually showed less activation in the NAcc during the anticipation periods than healthy controls (p= 0.009 uncorrected; 0.055 FW corrected).  However, current users revealed markedly more activation than former users in the VTA (p= 0.006 uncorrected; 0.051 FW corrected) and both activated more than controls.  In the anticipation phase, current users deactivated more in the NAcc, left, and right caudate compared to former users when contrasted against controls.  Conversely, former users activated more in the ventromedial PFC in the anticipation phases (0.004 uncorrected; 0.068 FW corrected and 0.009 uncorrected; 0.131 FW corrected).  Both groups activated more in both the mesial PFC than controls.

CONCLUSIONS:   Similarly to past studies on alcohol abusers, failure to activate NAcc during the reward anticipation phase of the MID task characterized both current & past cocaine abusers.

Differences in VTA, mesial PFC, and NAcc activation in anticipation phases distinguished the drug groups from controls.  The activation differences between former and current users validate the distinctions between both groups, and may highlight the plasticity and recuperative abilities of particular regions.  On whole the results are consistent with a general deficit in dopaminergic reward circuitry, perhaps both predisposing to and exacerbated by cocaine abuse, and similarly present in alcohol abusing subjects.

Sponsored by NIAAA RO1DA020709-01
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Reward Processing in Social Competitive Task in Subjects with Familial History of Alcoholism
Gregory A Book

With: AD Thomas, MR Johnson, JL Hylton, MM Andrews, M Assaf, GD Pearlson 

BACKGROUND:  Healthy subjects demonstrate activation in the “reward circuit”, especially in the ventral striatum (nucleus accumbens, NAcc) during reward anticipation, during performance of  the Monetary Incentive Delay Task (Hommer and collaborators). Alcoholic subjects, and those with a family history of alcoholism, fail to show this NAcc activation, However, the relationship of this finding to brain activation during reward processing of socially relevant, rather than monetary information is unclear. We investigated the brain circuits involved in processing of reward anticipation in healthy participants with and without a positive family history of alcoholism using a social, competitive decision-making task. 

METHODS:  Forty-five subjects, 26 with (affected father plus other relatives) and 19 age and sex matched subjects without family history of alcoholism, were tested using functional MRI while playing a goal-directed, competitive Domino game against what they believed was a human opponent. Winning involved having to bluff the opponent on occasion, risking being caught and punished. We analyzed a predefined interval during the game, the Anticipation to Outcome interval, during which participants had already chosen to bluff or play fairly, but were not yet aware of their opponent’s response; thus they did not know if they were going to be punished or rewarded. fMRI data were realigned using INrealign, normalized, and smoothed at 9mm. Statistics were created using the general linear model (GLM), generating first level (subject) and second level (group comparison) statistics. The anticipation to outcome interval was compared between the two groups.

RESULTS: Compared to participants with no family history of alcoholism, participants with such a  history showed abnormal brain activation in several brain regions while anticipating rewards, including the ventral striatum and ventromesial prefrontal cortex (p<0.05;uncorrected).
CONCLUSIONS: These results suggest that alcoholism family history positive individuals exhibit deficient BOLD activation  during periods of socially driven reward anticipation compared to non family history positive individuals. Previous studies have delineated deficiencies in ventral striatum, but not ventromesial prefrontal cortex in association with alcoholism risk during reward anticipation, although this latter region processes reward outcomes. The deficiencies found in this study may suggest an inherited aspect of a generalized response to reward anticipation which may be one part of the genetic component that increases risk for alcohol misuse problems.

Sponsored by NIAAA 1 P50-AA12870-05, J Krystal (PI), Project 4 PI G Pearlson and RO1 AA015615 to GP.
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DIFFERENCES IN REWARD CIRCUIT ACTIVIATION IN PEOPLE WITH A FAMILY HISTORY OF ALCOHOLISM
Melissa Andrews

With:  SA Meda, G Book, JL Hylton, AD Thomas, M Potenza, P Worhunsky, MC Stevens, 

GD Pearlson

Background: Reward paradigms activate a circuit that includes ventral striatum (nucleus accumbens, NAcc), midbrain and medial frontal cortex. Previous fMRI studies indicate that NAcc activation is reduced or absent in both abstinent alcoholics and non-alcohol using adolescents with a family history of alcoholism, during reward anticipation. The aims of this project were to study brain activation in adult subjects, as opposed to adolescents, with a positive family history of alcoholism versus those who did not, using functional imaging and a modified reward paradigm.

Methods and Materials:   We examined 48 subjects, (29% male), mean age of 38 (S.D. = 13.75).  30 subjects were family history positive (affected father plus other first or second degree relatives; mother could not have a history of alcoholism) and 18 group age and sex matched subjects had a negative family history of alcoholism. Of the 30 family history positive subjects, 3 had past alcohol dependence, 3 had past alcohol abuse and 1 had current alcohol dependence.  Of the 18 matched subjects with a negative family history all were healthy. Functional scanning was performed on subjects during performance of an event-related monetary incentive delay task modified from a design published by Hommer, Knutson & Bjork. 
Analysis: A one-way ANOVA model was designed in SPM2 consisting of family history positive and negative groups.  We examined activation differences in different phases of the task: prospective reward, anticipation of reward, outcome to wins and losses.  We used a small volume correction to look at functional differences in predefined ROI’s in a "motivational circuit" pre-specified from prior published studies. Regions included NAcc, amygdala, ventral tegmental area (VTA), ventromedial prefrontal cortex, caudate, putamen, hippocampus, anterior cingulate, insula and orbito-frontal cortex.

Results:  As predicted, in the anticipation of reward phase, family history positive subjects under-activated the NAcc as prior, similar studies would predict. Under-activation was also seen in the right orbital prefrontal cortex (p<.001 uncorrected; p=.01 FWE corrected), left orbital prefrontal cortex (p<.001 uncorrected; p=.056 FWE corrected), left hippocampus (p=.008 uncorrected; p=.15 FWE corrected) and throughout much of the reward circuit. In addition, subjects with positive family histories significantly under-activated during the outcome of reward phase in the left putamen (p=.001 uncorrected; p=.054 FWE corrected), right ventromedial prefrontal cortex (p=.003 uncorrected), left dorsal prefrontal cortex (p=.03 uncorrected) and left insula (p=.001 uncorrected; p=.16 FWE corrected), right NAcc (p=.03 uncorrected; p=.13 FWE corrected) and left (p=.01 uncorrected) and right caudate (p=.01 uncorrected).  In addition, family history positive subjects under-activated during the outcome of loss phase in left NAcc (p=.02 uncorrected; p=.14 FWE corrected), left (p=.02 uncorrected) and right hippocampus (p=.01 uncorrected). 

Conclusion:  As hypothesized, adult subjects with a positive family history of alcoholism under-activate NAcc during reward anticipation. However, our analysis also revealed additional abnormalities in several other regions in the reward/punishment circuit, not limited to the anticipation of reward phase and NAcc.  
Sponsored by NIAAA 1 P50-AA12870-05, J Krystal (PI), Project 4 PI G Pearlson and RO1 AA015615 to GP. 






























