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IN-VIVO CHANGES IN BRAIN GLUCOSE METABOLISM AND DOPAMINE D2 RECEPTOR AVAILABILITY IN RESPONSE TO ACUTE ETHANOL BINGE DRINKING IN RATS
Panayotis K. Thanos, Ph.D.

With: UB Patel, YF Hwang, M Michaelides, GJ Wang, ND Volkow  

Background: Binge drinking is a serious problem among adolescents and young adults.  In the United States, 51.8 percent of Americans older than the age of 12 have been reported as current alcohol drinkers, representing approximately 126 million people (SAMHSA 2005).  Between the ages of 12 to 20 years old, 10.8 million people report using alcohol while 18.8 percent of these people are binge drinkers (SAMHSA 2005). Human studies have shown that ethanol (EtOH) intake decreases brain glucose metabolism (BGM) in specific brain regions including the thalamus, mesencephalon, and cerebellum. While in both humans (Ahlenius et al, 1973) and rodents (Pfeffer et al, 1986), D2R antagonists have been found to decrease the reinforcing effect of alcohol.  In alcohol self-administration studies, an over-expression of D2R in the nucleus accumbens allowed for a significant reduction in alcohol consumption for both genetically predisoposed rats (Thanos et al. 2004) and those that were not (Thanos et al. 2001). To date,, there are no studies that have looked at the effects of ETOH binge drinking on BGM or D2R availability in-vivo in rodents. 

Methods: The present study utilized small animal Positron Emission Tomography (μPET) and examined changes in BGM with 2-[18F]fluro-2-deoxy-D-glucose ([18F]FDG) and D2R availability with the highly selective D2R radioligand [11C]raclopride in response to either a 0.5g/kg or 2g/kg oral dose of EtOH in rats. In order to simulate the process of binge drinking the rats were trained to binge drink using a daily limited access drinking paradigm for water (10 minutes daily). On the day of each μPET scan rats were presented with either water or EtOH  prior to the scan.  Blood samples were obtained for blood ethanol concentration (BEC) measurements.  Brain regions examined included the following 15 regions: olfactory bulb (OB), frontal cortex (FC), cingulate gyrus (CG), orbital cortex (ORC), insular cortex (IC), parietal cortex (PC), nucleus accumbens (NA), caudate putamen (CPu), granular cortex (GC), occipital cortex (OC), temporal cortex (TC), hippocampus (HP), thalamus (TH), hypothalamus (HY), and cerebellum (CB). 

Results: The results in the present study were in agreement with decreases in BGM as seen with alcohol in clinical studies 


(Volkow, Wang et al. 2006) ADDIN EN.CITE . Specifically, preliminary findings of this study have shown: i) decreases of 10-11% in whole brain BGM. ii) and regional BGM decreases in some regions as much as 10-30%. 

Conclusion: The decreases observed in BGM in the brain may be interpreted as a decrease in brain activity induced by ethanol intoxication. 

Sponsored by: NIDA, NIAAA (Intramural Research Program, LNI), by the U.S. Department of Energy under contract DEAC02-98CH10886.
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COMPARISON OF CEREBRAL PERFUSION CHANGES IN NON-SMOKING AND SMOKING RECOVERYING ALCOHOLICS
Anderson Mon, Ph.D.

With: S Gazdzinski, TC Durazzo, DJ Meyerhoff

Background: Previous PET and SPECT studies have demonstrated lower cerebral blood flow (CBF) and lower glucose metabolism in alcoholics that somewhat increased with abstinence from alcohol. Despite the fact that 80% alcoholics are cigarette smokers and the known effects of tobacco smoke on CBF, these studies did not account for the comorbid effects of chonic cigarette smoking on CBF. We have previously demonstrated lower gray matter (GM) perfusion in smoking alcoholics (sALC) than in their non-smoking counterparts (nsALC) at one week of abstinence from alcohol. However, the effects of smoking on perfusion recovery were not assessed. 

Methods: We measured cerebral perfusion in 51 alcoholics (ALC). 21 were non-smokers (nsALC, 19 males, 2 females), with age 51.6 ( 9.7 years, and 30 smokers (sALC, 29 males, 1 female), with age 47.9 ( 9.7 yrs) with a pulsed arterial spin labeling single-shot EPI sequence at 1 week of abstinence from alcohol; and repeated the experiments on 16 of the nsALC and 18 sALC at one month of abstinence from alcohol. 24 non-smoking light drinkers (nsLD, 21 males, 3 females), with age 44.2 (  8.7 years were also scanned only once. The perfusion sequence covered five 8mm thick slices (2mm apart), placed above the circle of Willis and oriented 5° off the orbital meatal line. Imaging parameters were TR=2.5s, TE=15ms, TI2 (time between labeling pulse and the excitation pulse) =1500ms and an in-plane resolution of 2.3 x 2.3 mm2. 3D T1-weighted images were also acquired with TR/TI/TE=10/300/4ms for tissue segmentation. The T1 images were automatically segmented into probabilistic maps of GM, white matter (WM) and CSF in frontal and parietal lobes. These maps were co-registered to the perfusion images, thus allowing for calculation of mean perfusion in frontal and parietal GM and WM. Regional GM and WM perfusions were calculated from voxels containing at least 80% GM tissue and 95% WM tissue, respectively.  

Results: At one week of abstinence, sALC had 16% lower frontal GM perfusion (p = 0.01) and 12% lower parietal GM perfusion (p = 0.03) than nsLD and tended to have 10% lower frontal GM perfusion than nsALC (p = 0.08). Over the month of abstinence, perfusion increased by 10% in parietal GM of nsALC (p=0.03). Over the 6 months of abstinence, perfusion increased in frontal and parietal GM only in nsLAC (20% and 17%, respectively, both p=0.05). The perfusion changes in sALC did not reach statistical significance. No significant cross-sectional differences or longitudinal changes were observed in WM perfusion. 

Discussion: Our results are consistent with faster metabolite recovery in nsALC, compared to sALC and they suggest that chronic cigarette smoking not only exacerbates the alcohol induced brain injury, but also slow down the recovery thereof..

Sponsored by NIAAA:  AA10788 (DJM)
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[123I]beta-CIT Imaging of DAT and SERT availability in heavy alcohol drinkers during acute withdrawal.

Kelly Cosgrove, PhD

With: E Krantzler, E Perry, EB Frohlich, S Stiklus, GD Tamagnan, RM Baldwin, 

JH Krystal, JK Staley 

Background: Preclinical and clinical studies suggest that chronic alcohol consumption leads to a downregulation in striatal dopamine transporter (DAT) availability, but that this is potentially reversed during acute withdrawal. Serotonin transporter (SERT) availability has also been shown to be reduced in the brainstem of alcoholics. The effects of subsyndromal alcohol drinking along with the interactions with comorbid tobacco smoking have not yet been studied.  

Methods: Thus far, data from 15 heavy drinking (aged 35.3 + 11.5) and 10 healthy subjects (aged 36.9 + 11.9) have been analyzed. Heavy drinkers consumed 207.1 + 134.2 drinks [range 66.2 – 427.9 drinks] over the previous month. Drinkers were imaged during acute withdrawal, e.g., within 5 days of their last drink (range 1-5 days) using I-123-beta-CIT.  Alcohol drinkers and control subjects were injected with 5.9 + 0.6 mCi and 6.0 + 0.2 mCi respectively on day 1 and returned 20-24 h later for the SPECT scan. All subjects also participated in one magnetic resonance imaging study. All alcohol drinkers had negative breath alcohol levels on the day of injection and also on the scan day. The outcome measure used was V3 (specific – nonspecific uptake/free plasma parent). 

Results: Preliminary data suggests higher DAT (17% in striatum) and SERT (15% in diencephalon, 17% in brainstem) availability in heavy drinking subjects compared to control subjects matched for age, sex and smoking status. There is a significant positive correlation (r=.54, p=.03) between days since last drink and SERT availability in the diencephalon. There is no overall difference between alcoholic smokers and nonsmokers in striatal DAT or diencephalon and brainstem SERT availability. 

Conclusions: These findings suggest higher DAT and SERT availability in heavy drinkers during the first week of alcohol withdrawal. The correlation with days since last drink suggests that the higher availability is a compensatory adaptation to withdrawal from alcohol. 

Sponsored by NIAAA, NIDA, MIRECC, and the VA Alcohol Research Center. 
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[123I]IOMAZENIL SPECT IMAGING OF BENZODIAZEPINE RECEPTOR AVAILABILITY IN LONG TERM SOBER ALCOHOL DEPENDENT SUBJECTS

Irina Esterlis, PhD

With:  JK Staley, H Nan, I Petrakis, E Guidone, GD Tamagnan, RM Baldwin, JP Seibyl, 

JH Krystal

Background:
Chronic alcohol consumption is associated with aberrant GABAA-benzodiazepine receptor (GABAA-BZR) numbers. Initial studies demonstrated lower GABAA-BZR receptor numbers in alcohol dependent subjects abstinent for at least 1 month, whereas recent studies have demonstrated higher cortical GABAA-BZR numbers in alcohol dependent nonsmokers but not smokers at 1 week of abstinence from alcohol. Further, GABAA-BZR availability during the first week of abstinence correlated with the severity of alcohol withdrawal in all alcohol dependent subjects. These findings suggest that both interval since last drink and smoking status are critical variables contributing to GABAA-BZR expression throughout recovery from alcohol dependence.  

Methods:  
In the current study, cortical GABAA-BZR availability was assessed in alcohol dependent subjects who had been sober for at least 6 months. We hypothesized that long term sober alcohol-dependent subjects (LTS) would have lower GABAA-BZR availability compared to age and sex-matched control subjects. Cortical GABAA-BZR was imaged using [123I]iomazenil SPECT in 10 (9 male, 1 female; mean age 42.9+6.7; 6 smokers) LTS subjects and 9 (8 male, 1 female; mean age 42.2+12.4) sex, age, and smoking-status matched control subjects. 

Results:  LTS subjects drank on average for 15.6+6.2 y and had been abstinent for 58.1+77.3 mo at the time of the SPECT scan. Region of interest analyses showed a trend toward lower [123I]iomazenil uptake in alcoholic subjects in parietal (23%, p=0.14), frontal (23%, p=0.07), anterior cingulate (22%, p=0.13), temporal (22%, p=0.08), and occipital (21%, p=0.16) cortices, and significantly lower uptake in the cerebellum (27%, p=0.02). We also observed a slight tendency toward a negative correlation between years of drinking and receptor availability in the occipital (r=0.57, p=0.096), anterior cingulate (r=0.54, p=0.114), parietal (r=0.51, p=0.133), frontal (r=0.46, p=0.176), temporal (r=0.47, p=0.174), and cerebellar cortices (r=0.50, p=0.144).

Conclusion:   These findings suggest that lower cortical GABAA-BZR availability is a marker of long-term sobriety.

Funded by the Dana Foundation, New York, NY; Veterans Affairs Mental Illness Research, Education, and Clinical Center for Dual Diagnosis; and the Veterans Affairs Alcohol Research Center, West Haven, Conn; and grants K01AA00288, K05 AA014715-01, RO1 AA1132, and P50 DA13334.
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SEROTONIN RECEPTORS AND TRANSPORTERS IN ALCOHOL DEPENDENCE (MEASURED WITH AUTORADIOGRAPHY)
Markus Storvik, Ph.D.

With:  FM Hakkinen, E Tupala, J Tiihonen

Background: Most alcoholics can be classified as Cloninger type 1 alcoholics, characterized by an anxiety-prone temperament with no increased impulsive aggression. Less common type 2 alcoholism is more strongly correlated with heredity and characterized by teenage-onset of antisocial behavior. The type 2 alcoholism has been suggested to be related to serotonergic defects. The data from previous binding studies together with functional and genomic studies
suggest several type-specific alterations in monoaminergic systems in the context of substance abuse.
Methods: Here we review a series of our recent whole hemisphere autoradiography studies on serotonin and dopamine transporter and receptor densities have been performed on Cloninger type 1 and 2 alcoholics. We also present our recent data on the glutamatergic NMDA-receptors in alcoholics.
Results: The type 1 alcoholics have low novelty seeking and high reward dependency. Serotonin transporters and 5-HT1A receptors are found be decreased in the perigenual anterior cingulate cortex. In addition, they were previously found to have decreased dopamine transporter density in the same area. The polyamine and glutamate binding sites of the NMDA receptors on the other hand were at the basal level or slightly increased, indicating the forebrain were otherwise mostly intact. The results suggest that enhancing dopaminergic function with medication could reduce the craving for the rewarding and anxiolytic experience of alcohol. Type 2 alcoholics have high novelty seeking and were suggested to have a serotonergic defect in the brain. In the series of studies, the serotonergic transporters and 5-HT1A receptors are decreased in prefrontal cortical areas in type 2 alcoholics, similarly as seen in the type 1
alcoholics. No major dopaminergic alterations were observed, but NMDA receptor binding may be slightly increased in also in the type 2 alcoholics. The serotonin transporter density was observed to be decreased in amygdala in both type 1 and 2 alcoholics. However, the recent data of decreased serotonin transporter density in the hypothalamus seen only in the type 2 alcoholics may help to explain why in this group exaggerated aggressive behavior may occur
when ethanol compromises the planning of actions.
Conclusions: The alterations in the serotonin receptor densities in type 1 and 2 alcoholics are different from each others. There is a strong positive correlation between the decreased serotonin receptor density in the hypothalamus and the amygdala in the type 2 alcoholics only. The differences between the groups may suggest different etiology for the alterations in these
groups.































