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ALTERED BRAIN METABOLISM IN ALCOHOLIC INDIVIDUALS WITH SELF-REPORTED HISTORY OF WITHDRAWAL SEIZURES.
Joanna Jacobus

With:  BC Schweinsburg, MJ Taylor, OM Alhassoon, TB Harrison, A Gongvatana

Background:
An estimated one third of individuals may experience alcohol-related withdrawal seizures in the first 24 to 48 hours after detoxification. The abnormal electrophysiology associated with seizures may potentiate cellular damage associated with alcohol withdrawal leading to changes in the brain. However, the relationship between alcohol withdrawal seizure history and molecular markers of neural injury is not well understood in recently detoxified alcoholics. 1H magnetic resonance spectroscopy (MRS) was used to evaluate the relationship between alcohol-related withdrawal seizures, brain metabolism, and alcohol use variables.

Methods: Twenty recently detoxified alcoholics with a past history of at least one alcohol-related seizure (RDA-SEIZ, age 44.6 ( 9.2, days of abstinence 24 ( 7.4), 20 abstinent alcoholics who reported never experiencing a withdrawal seizure (RDA, age 43.4 ( 5.7, days of abstinence 28.6 ( 10.1), and 28 non-alcoholic controls (CON; age 43.6 ( 10.9) received 1H MRS (1.5 T, PRESS, TE= 35 ms, TR = 3000 ms). An LCModel approach provided estimates of N-acetylaspartate (NAA), myo-Inositol (Ins), choline (Cho), and creatine (Cr) from a frontal white matter (FWM) and parietal white matter (PWM) region of interest (ROI). Metabolite signals were scaled to the unsuppressed water signal and corrected for cerebrospinal fluid partial volume.
Results:  RDA-SEIZ and RDA were comparable on measures of drinking history and current length of abstinence. RDA-SEIZ demonstrated significantly greater days of abstinence during total duration of alcohol dependence. Repeated measures ANOVA (group x ROI) revealed a significant group main effect of alcohol status on NAA (eta2 = .765 ) and Cho (eta2 = .151). Tukey HSD follow-up revealed RDA-SEIZ < RDA and CON. A main effect of alcohol status was also found for Cr (eta2 = .135) with Tukey HSD showing RDA-SEIZ < RDA. Correlation analysis revealed significant relationships between metabolite concentrations, years of alcohol use (YA), and lifetime abstinence (LA) for RDA, RDA-SEIZ, and both groups combined. Interestingly, the RDA-SEIZ group demonstrated a negative association between FWM Cho and YA (r2 = .403, p = .0035). Further correlations examining RDA and RDA-SEIZ combined revealed negative associations between FWM Cho and YA (r2 = .132, p = .0247) as well as a negative relationship between PWM NAA and LA (r2 = .162 , p = .0120). 
Conclusions:  Findings suggest alcoholic individuals with a history of withdrawal seizure have a unique metabolic profile relative to those without seizures. While the neuropathological underpinnings are unclear, we speculate that observed changes could be related to additional excitotoxic injury that leaves the white matter vulnerable. The group differences between RDA and RDA-SEIZ and the relationships observed between alcohol use variables and MRS highlight the importance of assessing alcohol use variables in order to fully understand the neurocognitive sequelae often associated with alcoholism. 
Sponsored by a grant from the Medical Research Service of the Department of Veterans Affairs to Igor Grant, M.D. (SA325).
Poster # A-7

HIPPOCAMPAL VOLUMES IN ADOLESCENTS WITH AND WITHOUT A FAMILY HISTORY OF ALCOHOLISM
Karen L. Hanson, Ph.D.
With:  KL Medina, BJ Nagel, AL Norman, AD Spadoni, SF Tapert

Background: The hippocampus may be vulnerable to the effects of heavy alcohol use, especially during adolescence. Adolescents with alcohol use disorders have shown poorer memory functioning (Tapert et al., 2002), reduced left hippocampal volume (Nagel et al., 2005), and increased right versus left hippocampal asymmetry (Medina et al., 2007). Whether these differences in brain structure and neuropsychological functioning pre-date personal heavy alcohol use remains unclear. Here, we evaluate hippocampal volume in relation to family history (FH) of alcoholism, a major risk factor for adolescent alcohol use disorders.

Methods: Participants were demographically matched adolescents (aged 12-14) with (n=15) and without (n=15) a FH of alcoholism. Each group consisted of 10 males and 5 females. Adolescents had minimal or no previous substance use. Participants completed measures of intelligence, memory, and mood. Manual hippocampal tracings were completed on high-resolution T1-weighted magnetic resonance images by reliable raters, and intracranial volumes were controlled in analyses. 

Results: FH groups did not differ on verbal intellect, verbal list learning, visual memory, mood, or hippocampal volumes. Significant group x gender interactions (p<.05) indicated that FH positive males had larger left hippocampi than FH negative males, and FH positive males showed greater left versus right hippocampal asymmetry. For FH negative participants, smaller right hippocampal volume correlated with better delayed visual memory (p<.01), but this relationship was not seen in FH positive youth. 

Conclusions: Alcoholism risk factors, such as family history of alcoholism, may differentially influence adolescent hippocampal development as a function of gender. Still, results do not indicate that FH accounts for prior findings of reduced left hippocampal volume in heavy drinking youth. Findings are preliminary given the small sample, but suggest that future studies examining the effects of alcohol use on the adolescent brain should consider the influence of FH, especially among boys.

Supported by grants RO1 AA13419 (Tapert), 5 T32 AA013525 (Hanson; PI: Edward Riley), K08 NS52147 (Nagel), and F32 DA020206 (Medina).
Poster # A-8

REGIONAL VARIABILITY IN THE NON-HUMAN PRIMATE BRAIN ETHANOL MAGNETIC RESONANCE SPECTRUM
Graham Flory, Ph.D.

With:  CD Kroenke, KA Grant

Background:  Conflicting results often emerge from studies that address individual, gender, and brain-region specific differences in sensitivity to the neurotoxic effects of ethanol.  Disparate results may stem from methodological challenges inherent in human-subjects research, such as inaccurate self-reports of prior alcohol use, the use of other drugs, and varying lengths of exposure to alcohol.  Given these challenges, there are clear advantages to using animal subjects, most notably the ability to examine brain structures before and after exposure to a known quantity of ethanol.  Specifically, the use of macaque monkeys is desirable because their brains are large enough for studies of multi-voxel NMR spectroscopy – a technology that has the potential to quantify the amount of ethanol a particular brain region is exposed to following peripheral ethanol administration.

Methods:  This initial feasibility study was conducted on macaque monkeys using a Siemens 3T trio MRI system.  A 3D-MPRAGE image was first generated, followed by a single transverse CSI slice (TE/TR = 150 ms/1770 ms, isotropic 8-mm-sided voxels).  An intravenous injection of 1.5 g/kg of ethanol was then administered and subsequent CSI slices were acquired every 2 minutes for one hour.  Ethanol MR signal was quantified as the integrated intensity of the pre/post infusion difference spectrum from 1 to 1.5 ppm. 

Results: Significant regional variation in the ethanol 1H methyl MR signal intensity was observed for each subject, with CSI voxels nearest the midline exhibiting approximately 40% larger ethanol signal amplitudes than immediately more lateral regions.  This regional pattern was found to be similar between subjects, was distinct from regional variability in NAA signal intensity, and was not observed in CSI measurements performed on a dilute solution of ethanol (indicating that the pattern of inter-voxel variability was not due to instrumental settings of the MRI system).    

Conclusions:  The results of this preliminary investigation reveal that the ethanol magnetic resonance spectrum can readily be quantified in the macaque brain using multi-voxel NMR spectroscopy.  We are intrigued by the consistent pattern of regional variability in the ethanol spectra, and are in the process of applying this technology to a larger group of subjects to determine whether this pattern arises from regional differences in brain-ethanol concentration or regional differences in the molecular environment of ethanol.  To distinguish these two possibilities, measurements are being conducted with varying T2-sensitization settings; for if the observed regional variability is in fact due to the heterogeneous molecular environment of ethanol, we would expect this variability to be reflected in 1H methyl T2 values.

Poster # A-9

ARE TREATED ALCOHOLICS REPRESENTATIVE OF THE ENTIRE POPULATION WITH ALCOHOL USE DISORDERS? – A BRAIN MAGNETIC RESONANCE STUDY
Stefan Gazdzinski, Ph.D.

With:  TC Durazzo, MW Weiner, DJ Meyerhoff

Background:
Almost all we know about neurobiological brain injury in alcohol use disorder has been derived from convenience samples of treated alcoholics. Recent research has identified differences between treated and treatment-naïve alcohol-dependent individuals in drinking patterns, amount of psychiatric comorbidity, and some demographic factors. Thus, it is not clear whether neuroimaging results from convenience samples of treated alcoholics can be generalized to the entire population with alcohol use disorders (AUD). 


 Methods:  We scanned 35 treated alcoholics at one week of abstinence (ALC) and 32 age matched treatment-naïve heavy drinkers (HD) at 1.5T with MPRAGE, DSE and short-TE multislice 1H MRSI. Regional white matter (WM), gray matter (GM) and CSF volumetry used automated probabilistic segmentation and automated atlas-based region labeling of major lobes, cerebellum, brainstem and subcortical structures. Atrophy corrected concentrations of N‑acetyl-aspartate (NAA, marker of neuronal viability), choline (Cho, involved in membrane turnover), and myo-Inositol (m-Ino, a putative marker of glial cells and osmolyte), were obtained within three 1.5 cm thick parallel planes through the centrum semiovale, nuclei of the basal ganglia, and cerebellar vermis.  

Results:  ALC, compared to HD, demonstrated smaller volumes of lobar GM and thalami, partially accounted for by comorbid chronic cigarette smoking, and lower concentrations of NAA, Cho, and m-Ino in multiple lobar and subcortical regions. Lower WM NAA concentrations in ALC vs. HD were explained by average number of drinks per month over the year preceding the study. However, the other differences were not explained by common drinking, demographic, and clinical variables (used as covariates as the same time) or by excluding participants with comorbid mood disorders.

Conclusions:  All this suggests that the degree of brain atrophy, as well as neuronal and membrane injury in clinical samples of alcohol dependent individuals cannot be generalized to the much larger population with AUD that does not seek treatment.

Sponsored by NIAAA:  AA10788 (DJM) and AA11493 (MWW).

Poster # A-10

MAGNETIC RESONANCE DERIVED AND NEUROPSYCHOLOGICAL PREDICTORS OF RELAPSE IN TREATMENT SEEKING ALCOHOLICS
Timothy Durazzo, Ph.D.

With:  S Garzdzinski, DJ Meyerhoff

Background: Within approximately 12 months following completion of treatment for alcohol use disorders (AUD), between 50 and 80% of individuals will relapse. The majority of research investigating the factors associated with relapse following treatment has focused on psychological, sociodemographic and behavioral variables. There are no studies that simultaneously examined the ability of neurobiological, neurocognitive, psychiatric, demographic and behavioral factors to predict relapse. The goal of this study was to determine if the magnetic resonance, neurocognitive, clinical laboratory and psychiatric/behavioral outcome measures we obtain in treatment-seeking alcoholics at approximately 1 month of abstinence, predict drinking status subsequent to treatment.
Methods: Participants (n = 65; 3 females) were recruited primarily from the SFVA Medical Center. After approximately one month of abstinence from alcohol and following or near conclusion of outpatient treatment, participants completed 1H MR studies at 1.5T that yielded regional brain volumes and metabolites (N-acetylaspartate (NAA) and Choline (Cho) via 1H MRSI. Participants were also assessed with a comprehensive neurocognitive battery. Participants were re-contacted 3 – 12 months following assessment and were classified as Abstainers if they reported no alcohol consumption and Relapsers if they reported any consumption.  Abstainers and Relapsers were contrasted on the various MR or neuropsychological measures obtained at approximately one month of abstinence. Variables that were significantly different between groups were entered as predictors in a stepwise binary logistical regression, with future drinking status (i.e., Abstainer or Relapser) as the dependent measure. 

Results: The hierarchical model was significant [χ2 (5) = 32.7, p < .001, r2 = .68] with the following predictors: frontal white matter (WM) volume [β = -.782, p = .049], frontal WM NAA [β = -1.22, p = .045], frontal GM Cho [β = -1.56, p = .006], comorbid unipolar mood disorder [β = -2.54, p = .002] and processing speed [β = -2.57, p = .004].  The model accurately classified 82% of Abstainers and 93% of Relapsers and accounted for 68% of drinking status variance. With each unit decrease in frontal WM volume, frontal WM NAA, frontal GM Cho and processing speed, the odds of relapse were increased 2.2, 3.4, 4.8 and 13.0 times, respectively. Diagnosis of a unipolar mood disorder was associated with a 12.7-fold increase of the odds of relapse.
Conclusions: Relapsers demonstrate greater biological abnormalities in frontal-subcortical circuits involved in the development and maintenance of AUD, as well as emotional processing, and mood and behavioral regulation. Persistent disturbances in the integrity of these circuits may increase the risk for relapse through a combination of factors such as increased sensitivity to cue-induced cravings, decreased impulse control and chronically dysphoric mood. The findings suggest that objective neurobiological measures are valuable in predicting relapse to drinking and should be given more consideration in designing personalized treatment strategies.
 This project was supported by NIH AA10788
Poster # A-11

EARLY GESTATIONAL ETHANOL EXPOSURE IN MICE RESULTS IN BRAIN ABNORMALITIES AS DEMONSTRATED BY HIGH-RESOLUTION MRI
Scott E. Parnell, Ph.D.

With:  EA Myers, DB Dehart, GA Johnson, MA Styner, KK Sulik

Background: The effects of ethanol exposure during early development have not been adequately determined. Using a recently developed high-resolution magnetic resonance imaging (MRI) technique, specimens can be examined far more rapidly for potential effects of ethanol compared to conventional histological techniques.

Methods: For this study, pregnant C57Bl/6J mice were administered two intraperitoneal doses of 23.7% ethanol (2.8 g/kg - each dose) on gestational day (GD) 8 at GD 8, 0 hrs and GD 8, 4 hrs. The fetuses were removed on the beginning of GD 17 and immersion fixed in Bouin’s fixative containing the contrast agent, Prohance (Bracco Diagnostics). Fetuses were selected for MRI based on ocular abnormalities (which are correlative with ethanol-induced CNS abnormalities) and control specimens were chosen that were stage-matched to the exposed fetuses. The fetal mice were scanned at 7.0 T using a solenoid radiofrequency coil recently designed for high-resolution MRI and the 512x512x1024 image arrays were acquired using 3-D spin warp encoding. These scans resulted in images with a resolution of 29 m (isotropic), which were then analyzed using the segmentation/3-D rendering program ITK-SNAP by manually outlining various regions within the brain and utilizing voxel count to determine volume.

Results: Notable differences between ethanol-treated and control fetuses were observed in the hippocampus, caudate-putamen (striatum) and the third ventricle. The hippocampi and caudate-putamen of ethanol-exposed fetuses were smaller than controls, while the third ventricle was significantly enlarged after ethanol exposure as compared to controls.

Conclusions: These data indicate that while the resolution is less than that possible with light microscopy, MRI technology has progressed to the point where it is substantially faster and less labor intensive than conventional techniques, and can successfully be applied as a high throughput screening method for alcohol and other teratogens. Additionally, this study demonstrates that a brief exposure to ethanol during early gestation can result in serious brain malformations, a finding that has serious implications for early embryonic development.

This work was supported by NIH grant AA11605 and the UNC Neurodevelopmental Disorders Research Center HD 03110.
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PREFRONTAL WHITE MATTER ORGANIZATION, EXECUTIVE COGNITIVE FUNCTIONING, AND ALCOHOL USE DISORDERS IN ADOLESCENTS
Dawn L. Thatcher, Ph.D.

With: TA Chung, DB Clark 

Background: White matter development and organization continues throughout adolescence and into young adulthood. White matter abnormalities have been noted in adults with alcohol use disorders (AUDs) using both structural and diffusion tensor MRI. In this exploratory study, we compared white matter structural organization in adolescents with and without AUDs, and examined the association between white matter organization and a measure of executive cognitive functioning. 

Methods: Seventeen subjects with AUDs (65% male, age range 14-18) were compared with 17 sex and age-matched reference adolescents using diffusion tensor imaging (DTI) and a measure of executive cognitive functioning (Wisconsin Card Sorting Task). We predicted that adolescents with AUDs would exhibit lower levels of white matter organization as measured by fractional anisotropy (FA) in frontal and subcortical regions of the brain implicated in executive cognitive function, and that FA would be negatively correlated with errors on the Wisconsin Card Sorting Task (higher FA associated with less errors). DTI was performed to collect a series of 3mm slices with 0mm slice gap. Forty-six slices at B0 and in each of 12 gradient directions were obtained. DTI data were preprocessed using tools within FSL (Smith, 2004). Voxelwise statistical analyses of resulting RA values were carried out using TBSS (Tract-Based Spatial Statistics; Smith, 2006). TBSS projects all subjects’ FA data onto a mean FA skeleton, before applying voxelwise cross-subject statistics. Standard atlases were used to identify the location of significant clusters. 

Results: Compared with the matched reference group, the AUD group exhibited a cluster of significantly lower FA in the sagittal stratum (t=-5.06, p<0.01), which contains the inferior longitudinal fasciculus and other long association fibers connecting prefrontal to other cortical regions of the brain. Another cluster of significantly lower FA was located in the anterior corona radiata (t=-6.53, p<0.01), a fiber bundle connecting the corpus callosum to prefrontal and other anterior cortical regions. Additionally, consistent with our hypothesis, FA in these areas was negatively correlated with perseverative errors on the Wisconsin Card Sorting Test. 

Conclusions: These preliminary results indicate that adolescents with AUDs show poorer white matter organization in specific regions of the brain involved in executive cognitive function, and that lower white matter organization was associated with an indicator of poorer executive cognitive functioning. Prospective studies with larger samples are necessary to better understand the impact of early alcohol use on adolescent white matter organization and neurobehavior functioning.

Sponsored by NIDA & NIAAA.
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ALTERED WHITE MATTER FIBER INTEGRITY IN ADOLESCENT BINGE DRINKERS
Timothy McQueeny


With:  BC Schweinsburg, AD Schweinsburg, J Jacobus, LF Frank, SF Tapert

Background:  Adolescents and adults with alcohol use disorders often display different neurocognitive profiles with parallel changes in brain white matter (WM) volume. However, the nature of WM change is not well understood, particularly among teenagers, in whom heavy social or binge drinking is common. Binge consumption of alcohol may exert potent effects on the microstructural WM environment resulting in alterations to fiber structure and orientation, which is observable using diffusion tensor imaging (DTI). In this study, we used DTI to examine WM integrity through fractional anisotropy (FA), a measure of the directional diffusion of water in WM tracts, among binge drinking adolescents.

Methods:  Participants (ages 16-19) were 14 teenagers with histories of binge drinking (12 boys, 2 girls) and 14 demographically similar controls with no such history. Groups were matched by age, gender, and ethnicity, and were statistically equivalent on socioeconomic status, family history of substance use disorders, verbal IQ, mood, and internalizing and externalizing behaviors.  Binge drinkers typically consumed ≥5 drinks or ≥4 drinks on an occasion, for boys and girls, respectively. Each volunteer received whole brain DTI (1.875 x 1.875 x 3.0 mm resolution, b=2000, 15 directions, 4 averages), which provided scalar measures of WM fiber integrity including FA. FA maps were subjected to tract based spatial statistics, which aligns predominant fiber pathways in the study sample, permitting voxelwise comparison of FA (Smith et al., 2006).

Results:  AFNI independent samples t-tests revealed that teen binge drinkers exhibited significantly lower FA in a substantial number of WM areas (clusters>38 µl of contiguous voxels at p<.05) throughout the brain. These included superior longitudinal fasciculus, corona radiata, internal and external capsules, and commissural, limbic, brainstem, and cortical projection fibers. The magnitude of the effect was medium to large using Cohen’s d. Among binge drinkers, decreased FA was related to more lifetime drinking episodes in 3 clusters including the cerebellar peduncle (middle and superior) and left inferior fronto-occipital fasciculus.  Also in drinkers, more lifetime alcohol withdrawal symptoms was associated with lower FA in two clusters located in the corpus callosum (body and genu) and right anterior corona radiata (p<.05). 

Conclusions:  Binge drinking adolescents demonstrated widespread reductions of FA in major WM pathways. These results could indicate that infrequent exposure to large doses of alcohol may compromise WM fiber coherence throughout the brain. While speculative, it is possible that the observed changes may relate to axonal atrophy or loss and membrane breakdown, which is important to consider in the context of adolescent neurodevelopment and ongoing myelination.

   Sponsored by NIAAA R01 AA13419 (Tapert), NIDA R01 DA021182 (Tapert), and NIH MH64729 (Frank).






























