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NMR STUDIES OF GLUTAMATE-GABA-GLUTAMINE CYCLING AND GABA SYNTHESIS REGULATION IN RODENT CEREBRAL CORTEX

Kevin L. Behar

   Glutamate is the major excitatory neurotransmitter in the mammalian central nervous system and precursor to GABA the major inhibitory neurotransmitter. It has been recognized for many years that the neuronal repletion of these neurotransmitters are linked to substrate cycles between neurons and astroglia involving glutamine. The quantitative significance of these fluxes in relation to glucose metabolism and energetics however was unclear. Recently, using non-invasive NMR spectroscopy employing 13C-labeled isotopes of glucose and acetate, it has been possible to measure the separate flows of these neurotransmitter cycles and energy metabolism in the rodent and human brain in vivo. Studies in rodents have revealed that the glutamate/glutamine and GABA/glutamine neurotransmitter cycles are the major pathways for the neuronal repletion of the respective neurotransmitters, together accounting for >80% of astroglial glutamine synthesis. When measured at different levels of cortical activity from isoelectricity to seizures, the glutamate-GABA-glutamine cycle flux was shown to vary linearly with neuronal glucose oxidation with the incremental changes following a 1:1 proportionality. Recent measurements indicate that the GABA/glutamine cycle, which we have determined to comprise ~1/5 of total (glutamate + GABA) cycling flux in rat cortex, increases proportionately with the glutamate/glutamine cycle over the same activity range. The findings suggest that incremental changes in cortical activity and total energy involve proportional and positively correlated changes in excitatory (glutamate) and inhibitory (GABA) pathways. The regulation of GABAergic activity is complex, involving two kinetically distinct isoforms of glutamate decarboxylase, GAD67 and GAD65. Measurements of GABA synthesis flux, made under conditions that reduce GAD67 but not GAD65 protein, show that GAD67 contributes to the bulk of GABA synthesis under basal (low activity) conditions, whereas GAD65 may contribute substantially to GABA synthesis during increased activity. Sponsored by grants from NINDS, ON APPLICATIONS NIDDK, and NICHD.

IMAGING CHANGES IN MONKEY BRAIN FOLLOWING ETHANOL SELF-ADMINISTRATION

Kathleen A. Grant

   It is believed that dopaminergic mechanisms, particularly mediated through D2 receptors, within the striatum contribute to the reinforcing and addictive effects of ethanol.  Acutely administered ethanol increases the firing rate of dopamine neurons in the ventral tegmental area and can increase extracellular concentrations of dopamine in the nucleus accumbens.  The chronic effects of ethanol on dopamine neurotransmission have not been fully characterized. We have developed a model of oral ethanol self-administration in monkeys that results in a high proportion of monkeys (approximately 35%) drinking 3.0-6.0 g/kg day (12-24 drink equivalent) and attaining blood ethanol concentrations between 100-400 mg/dl 7-8 hours after the onset of drinking. Following the self-administration of ethanol for 18 months there are changes in the striatal dopamine transporter function in these monkeys. Here, we examined D2 binding potential in a population of 12 cynomolgus monkeys (n=6 males and 6 females) under a longitudinal design of ethanol self-administration.  The radiotracer [18F] 4-fluroclebopride ([18F]FCP), has a high affinity and selectivity  for dopamine D2 receptors, with a test/retest within-subject variability of approximately 2% in cynomolgus monkeys. Scans were acquired when the monkeys were naïve to ethanol (n=5), actively drinking alcohol (6 months, n=10), abstinent (6 months, n=12) and returned to 22-hour drinking (12 months, n=12). Statistical analyses with a repeated measures found no significant effect of gender on DVR (f=0.15); no interaction between gender and drinking status (i.e. heavy, moderate, light) on DVR (f=0.50), and no effect of total lifetime ethanol dose on the DVR (f=0.67).  There was also no correlation (r= -0.031) between the DVR obtained at 6 months of ethanol abstinence and the total dose of ethanol consumed after 12 months of ethanol self-administration. Overall D2 binding potentials in monkey striatum are not altered by ethanol self-administration, however these same monkey brains had increased clearance of synaptic dopamine.  Thus, rather than a decrease in D2 number, an increase in clearance could be a compensatory response to chronic elevation of dopamine in by excessive, chronic ethanol drinking. Overall, in this model of ethanol self-administration, dopaminergic changes seen with ethanol consumption may reflect presynaptic compensation rather than changes in postsynaptic D2 levels. Sponsored by AA-011997.

NEUROIMAGING STUDIES OF GABAA AND OPIOID RECEPTORS IN ALCOHOLISM

Anne R Lingford-Hughes

We have applied positron emission tomography [PET] and single photon emission tomography [SPET] to study the GABA-benzodiazepine [GBzR] and opioid systems in alcohol dependence.

   PET and SPET neuroimaging studies of the GBzR have shown that alcoholism is associated with reduced receptor levels in the brain, particularly in the frontal cortex [Gilman et al 1996; Lingford-Hughes et al 1998; Abi-Dargham et al 1998]. These reductions may occur in the absence of detectable grey matter atrophy. Gender differences were apparent, with reduced GBzR levels seen in the cerebellum but not frontal cortex in female alcohol dependence {Lingford-Hughes et al 2000]. It is not clear whether this reduction is trait or state, but many of the subjects were abstinent for some time and were cognitively and neurologically healthy.

   We know from animal models that chronic alcohol exposure differentially affects GBzR subunits levels. [11C]flumazenil appears to be a non-selective tracer, labelling the 1,2,3 and 5 containing receptors. We have recently shown that [11C]-Ro15 4513 as a PET ligand predominantly labels the 5 containing receptors in limbic areas [Lingford-Hughes et al 2002]. We are currently studying the levels of [11C]-Ro15 4513 uptake in alcohol dependence. Development of such more subtype selective tracers are required to enable us to understand the role of particular subtypes in neuropsychiatry.

   We have used a non-selective opioid tracer, [11C]diprenorphine to measure opioid receptor levels in alcoholism. The opioid system is involved in mediating pleasurable effects of alcohol and may be related to craving. Similarly to cocaine addiction [Zubieta et al 1996], we have found an increase in opioid receptors levels in both alcoholics and opioid addicts immediately after detoxification. It appears that increases in opioid receptors may be fundamental to addiction.

These studies were supported by the Wellcome Trust and an MRC Programme Grant.

NEUROIMAGING STUDIES OF ACTIVATION TO ALCOHOL CUES AND GABAA RECEPTOR FUNCTION IN ALCOHOLISM

David J. Nutt

We have applied positron emission tomography [PET] to look at the function of the brain in alcohol dependence, with regard to the pattern of activation on cue exposure to their favourite alcoholic drink and secondly to the function of the GABA-benzodiazepine receptor.

   To study the pattern of activation on cue exposure and craving to their favourite alcoholic drink, we used PET and H215O to acquire images of regional cerebral blood flow (rCBF) during cue exposure in abstinent alcohol dependent and control subjects. From our previous opiate craving PET study (Daglish et al 2001) we hypothesised that the left anterior cingulate (AC) region would be activated in response to alcohol related stimuli and the left orbito-frontal cortex (OFC) would correlate with craving measures. The alcohol cue increased activation in the occipital cortex in both groups of subjects but did not result in craving. Restricting the analysis to areas activated in the opiate study, increased activation was seen in the left medial prefrontal region in response to the alcohol cue, but no changes were seen in the OFC.

   Animal models show that chronic exposure to alcohol is associated with reduced benzodiazepine receptor function. In man, understanding changes in receptor function are potentially confounded by altered drug occupancy. To overcome this, we developed an in vivo paradigm that directly measured the relationship between brain GABA-benzodiazepine receptor occupancy by midazolam, with [11C]flumazenil, and its pharmacodynamic effects on EEG [Malizia et al 1996]. A positive correlation was found. In alcoholism, a trend towards greater occupancy by midazolam resulted in only half the amount of time asleep, but no other pharmacodynamic measure. This suggests that the functions of some but not all GABA-benzodiazepine receptors are altered in alcohol dependence in man.
PET IMAGING OF THE BRAIN OPIOD SYSTEM: FOCUS ON ADDICTION

John James Frost
Alcohol craving and reward are partially mediated by the endogenous opioid system. Naltrexone, a non-selective opioid receptor antagonist, is used to treat alcohol dependence; however, there is variability in effectiveness across patients. We have quantified mu- and delta- opioid receptors in alcohol dependent patients and assessed changes in receptor availability after naltrexone administration. Eleven, hospitalized alcohol-dependent patients (mean age: 44 ± 3 y.o, male:female = 7:4) underwent 11C-carfentanil and 11C-naltrindole PET studies for mu- and delta- opioid receptor imaging. On day 5 of supervised abstinence, a baseline study was completed; a second study was completed on day 17 of abstinence following 50 mg naltrexone 
p.o. for three days. Regional receptor availability was assessed as VT, BP (V3/V2) for mu and Ki (K1 x k3/(k2+k3)) for delta opioid receptor by Logan/Patlak graphical analysis using metabolite corrected arterial input and tissue activity derived from standard anatomical ROIs. The mean percent decrease of receptor availability (BP or Ki) was calculated by (naltrexone-basal)/basal x 100 %. Mu-opioid receptor binding was almost completely blocked in all regions. Mean percent decrease of BP was > 97% in frontal, temporal, parietal regions and caudate, 88% in putamen, 87% in thalamus, 95% in amygdala, and 75% in hippocampus. In contrast, delta opioid receptor binding was only partially blocked in receptor rich regions during naltrexone administration. Mean percent decrease of Ki was 35% in cingulate gyrus and caudate nucleus, 30% in putamen, 35% in frontal, 35% in temporal, and 21% in parietal cortex. Inhibition of delta opioid receptors by naltrexone showed large individual variability(range of %COV: 51-95%). The almost complete inhibition of mu receptor binding in all subjects suggests that variability in the clinical response to naltrexone is not explained by variability in mu receptor inhibition. The lower percent inhibition and greater intersubject variability for delta receptors may contribute to naltrexone clinical response variability. We have also compared the base line mu receptor binding to measures of craving for alcohol and to regional values from healthy controls. The results show reduced mu binding in alcohol dependent subjects in dorsal lateral prefrontal cortex, which is inversely related to craving measures. These results support a role for the  opioid system in human alcohol dependence and provide a framework for further improving the utility of opiate antagonist therapy using PET imaging.
WHOLE-HEMISPHERE AUTORADIOGRAPHY IN ALCOHOLISM RESEARCH

Jari Tiihonen


The neurobiological background of alcoholism can be studied by using neurotransmitter-specific ligands with in vivo methods such as PET and SPET, or postmortem methods such as autoradiography. The major advantages of in vivo methodology are reliable diagnostics (by interviewing the subjects) and the possibility to observe changes during recovery. The disadvantages are limited spatial resolution and availability of suitable ligands for different kinds of receptors and transporters. The advantages of autoradiography are high spatial resolution and a large selection of receptor-specific ligands, but the accuracy of post-mortem diagnostics is limited. Even a more important disadvantage is that only a small region covering a few square centimeters can be studied each time with the traditional technique. The advent of whole-hemisphere autoradiography procedure has made it possible to study the whole brain in one slice, which allows also comparisons with the in vivo PET and SPET images scanned in the same orientation. Our results obtained with this technique indicate that late-onset (type 1) alcoholic subjects have markedly lower (from 20% to 40%) density of dopamine D2-receptors and transporters (DAT) in the limbic areas such as nucleus accumbens and amygdala, but early-onset antisocial (type 2) subjects do not differ significantly from non-alcoholic controls. Both types of alcoholic subjects have about 30% lower serotonin transporter (SERT) density in the anterior cingulate cortex when compared with controls. 

NEUROIMAGING IN ALCOHOLISM: WHAT CAN WE LEARN FROM MR SPECTROSCOPY?

Karl Mann

With:  A Diehl, G Ende, H Herre, H Welzel, A Heinz

Structural brain damage as well as its partial reversibility in abstinence is well documented in chronic alcohol abuse. This study focuses on metabolic and morphological alterations by means of MR-Spectroscopy and MR-volumetry of the cerebellum and the frontal cortex in alcoholics after 4 to 37 days of abstinence (T1) and 3 months later (T2) in comparison with age-matched healthy controls. 

All proton (1H) multislice magnetic resonance spectroscopic imaging (MSSI) studies were performed on a 1.5 Tesla Siemens Vision MRI/MRS system. Voxels were selected from the cerebellar vermis, the dentate nucleus, the cerebellar cortex, frontal lobe white and gray matter, as well as the anterior cingulate gyrus. All MRSI voxels were corrected for the CSF content as well as the individual point spread function.

MRI-Volumetry was based on a 3D mprage MR data set. Whole brain segmentation was implemented using SPM99 with spatial normalization. Additional manually segmentation of the frontal lobe was carried out. 

Data from two time points of 34 detoxified patients and 16 controls have been evaluated. 14 patients continued abstinence at T2, 20 patients relapsed. Spectroscopic measurement of alcoholics at T1 (average 10,8 drinks per day in the last 90 days) showed decreased signals of NAA in frontal white matter and decreased signals of choline in the cerebellar cortex and vermis and in frontal lobe white matter compared to controls. At T2 we found increasing signals of choline in the cerebellar cortex and vermis as well as in frontal lobe white matter and in the cingulate gyrus exclusively in the abstinent patients. No increase in NAA-levels with abstinence could be detected. 

Volumetric evaluation of alcoholics showed at T1 an increased amount of CSF accompanied by  a decrease of gray and white matter in comparison to controls. Those alterations were found in the frontal lobe as well as in the whole brain of patients. First results of a subgroup of patients give evidence that the volumetric alterations are reversible with abstinence. 

Our results of reversible choline signal changes support the hypotheses of an altered cerebral metabolism of lipids in membranes or myelin in these patients. We found decreased NAA-levels only in the frontal lobe white matter but we could not corroborate the reversibility of NAA-levels with abstinence. Further localized volumetric evaluations are underway using deformation-based-morphometry and voxel-based-morphometry via SPM2003. 

Supported by the Deutsche Forschungsgemeinschaft (DFG) MA 2013/1.

NEUROCIRCUITRY OF REWARD AND ADDICTION:

WHAT WE KNOW AND WHAT WE NEED TO LEARN

Raymond F. Anton


Alcohol Dependence is acquired over time and is thought to be associated with changes in brain neurophysiology (neural adaptation). A crucial part of this adaptation is how the brain perceives alcohol and its related environmental associations (cues). Specific brain areas have been identified from animal studies to be crucial in the reinforcing, attention focusing, and reactive aspects of alcohol exposure. Recent studies have suggested that alcohol dependent individuals have differential brain activation when exposed to alcohol or its associated environmental cues in brain regions implicated to be important in animals. Parallel brain systems are also involved in other substance dependency and in reinforcement from some natural reinforcers (money, sex, food etc.) 


As brain imaging evolves and consistent patterns of regional brain activation to alcohol and alcohol-salient cues emerge, the next step is to apply this knowledge in ways that will both elucidate the pathophysiology of alcohol dependence (particularly as it relates to craving) but also begin to inform risk of becoming dependent, prevention, treatment and prognostic issues. Central to this work is the need to have a better understanding of the concept of craving. A neural network model of craving will be presented and the potential role of brain imaging in exploring the underpinnings of craving will be highlighted. Differences between alcohol withdrawal craving and reward craving will be mentioned.


This presentation will also review some work done in our center with fMRI imaging of regional brain activity after salient cue presentation to non-treatment seeking alcoholics. The larger part of the talk will be devoted to models of how to utilize these findings and what questions could/should be addressed with neuroimaging paradigms. An example will be provided of how our research group is utilizing our previous findings to explore medication effects on alcohol cue induced brain activity. 

























