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IMAGING TRANSMITTER SYNAPTIC ACTIVITY WITH PET

Marc Laruelle

Several groups have recently provided evidence that PET and SPECT neuroreceptor imaging techniques might be applied to measure acute fluctuations in dopamine synaptic concentration in the living human brain.  Competition between DA and radioligands for binding to D2 receptor is the principle underlying this approach.  This new application of neuroreceptor imaging provides a dynamic measurement of neurotransmission that is very informative to our understanding of neuropsychiatric conditions.  In this presentation, we review and discuss the body of data supporting the feasibility and potential of this imaging paradigm.  Endogenous competition studies performed in rodents, nonhuman primates, and humans will be summarized.  Following this overview, the validity of the model underlying the interpretation of these imaging data will be assessed.  The current reference model is defined as the occupancy model, since changes in radiotracer binding potential are assumed to be directly caused by changes in occupancy of D2 receptors by DA.  A number of experimental data supporting this model are presented.  On the other hand, a number of observations remain unexplained.  First, the amphetamine-induced changes in the BP of D2 receptor antagonists [123I]IBZM and [11C]raclopride last longer than amphetamine-induced changes in DA extracellular concentration.  Second, nonbenzamides D2 receptor antagonists such as spiperone and pimozide are not affected by changes in DA release, or are affected in a direction opposite to that predicted by the occupancy model.  Similar observations were reported with D1 radiotracers.  These results suggest that the changes in BP following changes in DA concentration might not be fully accounted by a simple occupancy model.  Specifically, we will review the data supporting that agonist-mediated receptor internalization might play an important role in characterizing receptor-ligand interactions.  A better understanding of the mechanism underlying the effects observed with benzamides will be essential to develop this imaging technique to other receptor systems.

Delineating the Neurochemical Effects of 

Tobacco Smoking from Alcohol Drinking

Julie K. Staley

For decades, alcoholism and smoking have co-existed suggesting concurrent use of both substances may be related. Despite the long history of simultaneous use, only recently has the relationship between alcoholism and smoking become of interest. Smoking and alcoholism are synergistically associated in the general population such that persons who drink and smoke tend to drink more than nonsmokers and drinkers tend to smoke more than nondrinkers. Smokers feel less intoxicated upon alcohol challenge suggesting that smoking may enhance tolerance to alcohol. When compared to nonalcoholic smokers, alcoholic smokers and abstinent alcoholics with a heavy alcohol abuse history are less successful in their attempts to quit smoking. Furthermore, alcoholic smokers in treatment report stronger urges to drink, higher anxiety and if relapsed, drank more.  The motivation for simultaneous abuse of alcohol and tobacco smoke may be due to an enhancement of the rewarding effects, or alternatively, to a reduction in the toxic, unpleasant effects of the other substance. At present, the neurochemical mechanisms promoting concurrent use of alcohol and tobacco smoking are not understood. Furthermore, the majority of clinical studies in human alcoholics to date have failed to control for or to delineate the neurochemical effects of tobacco smoking and so it is unclear whether alterations in critical neurochemical substrates of alcohol abuse were due to alcohol, to tobacco smoke or to the concomitant use of both substances. Our group is currently using single photon emission computed tomography (SPECT) to image key regulatory neural substrates of alcohol including the benzodiazepine-GABAA receptor ([123I]Iomazenil); 2-containing nicotinic acetylcholine receptors ([123I]5-IA-85830) and dopamine and serotonin transporters ([123I]-CIT) in alcoholic smokers, alcoholic nonsmokers, healthy smokers and healthy nonsmokers to delineate the regulatory effects of alcohol, tobacco smoke,  and their combined effects. The findings from these studies will be presented.

Sponsored by NIAAA K01  AA00288; RO1 AA11321-01A1;NIDA/NCI P50 DA13334; ABMRF and the VA 

µ-OPIATE RECEPTOR BINDING POTENTIAL IN ABSTINENT ALCOHOLICS: 

A [11C]CARFENTANIL-PET STUDY

Matthias M Reimold

With: A Heinz, J Wrase, D Hermann, B Croissant, D Braus, G Schumann, H-J Machulla, R Bares, K Mann

INTRODUCTION: [11C]Carfentanil (CFN) binds specifically to cerebral µ-opiate receptors (µOR). We have recently reported CFN uptake to be increased in the ventral striatum (VS) of abstinent alcoholics. Aim of this study was a more detailed kinetic discussion of these findings and comparison with alcohol craving. METHODS: dynamic PET images were acquired 0-72 min after bolus injection of CFN in 25 alcoholics 2-3 weeks after detoxification and in 10 healthy controls. On ROI- and voxel-basis, CFN binding potential V3"=k3/k4 was calculated with three different reference tissue methods (Logan, Lammertsma and Hume and Ichise). Parametric images were normalized and smoothed with SPM99. CFN uptake in the reference tissue (occ. cortex) was compared to controls by means of percent injected dose and curve characteristics. All subjects were analyzed genetically for the µOR polymorphism A118G. Craving was assessed with the obsessive compulsive drinking scale (OCDS). RESULTS: Group differences in occipital CFN uptake were negligible, thus ruling out artificial V3" differences due to group differences in CFN delivery. V3" was lower in the subjects with the rare genotype (4 alcoholics and 1 healthy control), which is in agreement with the reported higher receptor affinity for competing beta-endorphines. All quantification methods confirmed significantly increased V3" in the VS of our patient group. Extrastriatal differences between alcoholics and controls were much smaller. At the MNI coordinates of the maximum group differences (smoothed normalized parametric images), V3" correlated significantly with the OCDS among alcoholics (right r=0.75, p=0.002; left r=0.55, p=0.04). SPM revealed further frontal clusters that correlated with the OCDS (BA10). CONCLUSION: µ-opiate receptor availability is increased in the VS of abstinent alcoholics and closely related to alcohol craving. Further investigations of functional relations between the µ-opiate system and alcohol dependence appear to be possible with CFN-PET.

Supported in part by the State of Baden-Württemberg and the Deutsche Forschungsgemeinschaft 

BRAIN IMAGING STUDIES OF THE REWARD SYSTEM IN ALCOHOLISM
Andreas Heinz

The pleasant effects of food and alcohol intake are partially mediated by opioidergic and dopaminergic neurotransmission in the ventral striatum/nucleus accumbens. In a series of studies, we tested the hypothesis that alcohol craving is pronounced among alcoholics with a high availability of µ-opiate receptors and a down-regulation of dopamine D2 receptors in the brain reward system. We also assessed whether nucleus accumbens D2 receptor dysfunction is correlated with increased processing of alcohol-associated cues in detoxified alcoholics. A multimodal imaging approach was used with Positron emission tomography (PET) and functional magnetic resonance imaging (fMRI). The PET radioligand [11C]carfentanil was used to measure µ-opiate receptors and [18F]desmethoxyfallypride to assess dopamine D2 receptors; standardized pictures of alcohol-associated and control images were shown to assess cue-induced functional brain activation in detoxified male alcoholics and control subjects. The availability of µ-opiate receptors in the ventral striatum/nucleus accumbens was significantly elevated in two independently recruited groups of alcoholics compared with healthy control subjects and correlated with chronic alcohol craving (Obsessive Compulsive Drinking Scale). A down-regulation of dopamine D2 receptors in the nucleus accumbens correlated with acute alcohol craving (Alcohol Craving Questionnaire) and increased processing of alcohol cues in the medial prefrontal cortex of alcoholics compared with control subjects. These findings point to neurobiological correlates of brain reward system dysfunction and alcohol urges in alcoholism.

MEASUREMENT OF D2 RECEPTORS IN STRIATAL SUBSTRUCTURES 

IN ALCOHOL DEPENDENCE

Diana Martinez

With: GF Frankle, DR Hwang, Y Huang, A Perez, DR Hwang, M Laruelle, A Abi-Dargham

Previous PET studies have shown that alcohol dependence is associated with a reduction in D2 receptor availability in the striatum (Hietala et al Psychopharm, 1993 and Volkow et al. 1996, Alc Clin Exp Res).  However, due to camera resolution, these studies measured the striatum as a whole. Thus, the goal of this study was to investigate D2 receptor availability in the meso-limbic versus nigro-striatal dopamine subdivisions of the striatum using a high resolution PET camera (ECAT EXACT HR+). 

Thirteen alcohol dependent subjects (AD) and 13 matched healthy controls (HC) were scanned with [11C]raclopride using a bolus plus constant infusion.  Data were analyzed, using a region of interest (ROI) analysis.  The ROIs were delineated on each individual subjects MRI and included the ventral striatum, caudate and putamen.  The ROIs were grouped into functional subdivisions as follows:  the limbic striatum (LST) included the ventral striatum, the sensori-motor striatum (SMST) included the putamen caudal to the anterior commissure (AC), and the associative striatum (AST) included the caudate (rostral and caudal to the AC and the putamen rostral to the AC.  Venous plasma samples were obtained in order to measure the concentration of parent activity at equilibrium.  The cerebellum was used as the reference region to estimate non-specific binding.  The ratio of specific binding to non-specific binding was used as the outcome measure (V3”).  

There was no significant difference between the AD and HC with respect to injected dose (p = 0.9), specific activity (p = 0.3) or volume of distribution in the cerebellum (V2 was 0.41 ± 0.06 for AD and 0.41 ± 0.08 for HC, p = 0.8).   Alcohol dependent subjects had a significant reduction in D2 receptor V3" compared to controls as follows: 14% reduction in the LST (2.09 for HC vs. 1.80 CCA, p = 0.02), 20% in the SMST (2.95 controls vs 2.36 AD, p = 0.0002), and a 15% reduction in the AST (2.50 vs 2.13, p = 0.002).  There was no difference in the size of the ROIs between the two groups (p > 0.05 for each ROI). Therefore, we conclude that alcohol dependence is associated with a reduction in D2 receptor availability in the subregions of the striatum, and that this decrease is similar across the functional subdivisions of the striatum.

Supported by NIMH and NIAAA.

DOPAMINE IMAGING, STRESS AND NEUROENDOCRINE CHANGES IN ALCOHOLICS AND SUBJECTS AT RISK FOR ALCOHOLISM

Dean F Wong

With: L Oswald, M McCaul, H Kuwabara, Y Zhou, J Brasic, G. Wand

   We have hypothesized that brain dopamine release (DAR) in alcoholics, secondary to IV amphetamine challenge, will be reduced compared to age matched social drinkers. Furthermore high risk alcohol dependent subjects with high trait anxiety/excitement seeking will have abnormal DAR compared to low risk subjects. We also anticipated that neuroendocrine stress measures will correlate with DAR. To test these hypotheses we have carried out measures of DAR in 17 non-alcoholic subjects (average age 21) (FH-) and 4 with a family history of alcoholism (FH+) (avg. age 21); and 12 alcohol dependent subjects (average age 45 years). Each subject underwent a MRI and of 2 PET scans with bolus 11C-raclopride. IV saline was given 5 minutes before the tracer injection in first scan and 0.3 mg/kg amphetamine (Amp) before the second scan. During the PET study, multiple cortisol, growth hormone and prolactin measurements were obtained and during a naloxone challenge test and a Trier social stress test. DAR was obtained by the % change in binding potential modeled by a reference tissue method. In the non-alcoholic subjects DAR in putamen (PU) and ventral striatum (VS) correlated significantly with cortisol levels after Amp and with subjective "Rush". There were trends for correlation with subjective experience of "Liking" and "High". The overall DAR in alcoholics tended to be lower and in sons of alcoholics higher when compared to the non-alcoholics. Our hypothesis concerning cortisol release and dopamine are confirmed. The findings of lower DAR in the alcoholics are probably due in part to the increased average age but may also be due in part to the effects of long term alcoholism. The correlates between DAR and neuroendocrine measures and drug liking and "Rush" in the controls demonstrates the feasibility of examining empiric correlations in the HPA axis in FH(+) family controls and alcoholics. This supports the concept that the HPA axis, stress and alcohol abuse may be importantly related. 

Supported by NIAAA RO1 AA12839, RO1 AA10158 and K24 DA00412

DIFFERENTIAL EFFECTS OF DEXTROMETORPHAN, ALCOHOL AND PLACEBO ON BRAIN GLUCOSE METABOLISM 

Michael Soyka

With: T Ruether, MD, K Tatsch, CG Schuetz

Pre-clinical studies indicate that acute and chronic effects of alcohol are mediated by NMDA receptor. NMDA receptors even have been suggested to be the primary target of alcohol. One of the most effective medication for increasing abstinence rates in alcohol dependent patients, acamprosate, seems to modulate NMDA receptors. The aim of this study was to compare brain glucose metabolism profiles of alcohol dependent males and controls after blocking NMDA receptors with dextromethorphan. We compared regional metabolism using [18F] fluorodeoxyglucose (FDG) positron emission tomography (PET) comparing the effect of 2 mg/kg Dextromethorphan challenge on glucose utilization in 12 recently detoxified alcoholic patient and 12 matched controls (double blind, double dummy, placebo controlled). Controls were additionally challenged with alcohol (0.6 g/kg). 

We found a lower metabolism rate in all brain regions among recently detoxified alcohol dependent males under placebo condition which is consistent with published findings. Furthermore alcohol globally reduces regional brain glucose metabolism in controls. (consistent with published findings). In alcohol dependent males dextromethorphan challenge led to a small decrease in brain glucose metabolism. In controls dextromethorphan challenge was associated with an increase in metabolism, most pronounced in the frontal region. 
The current study indicated that regional metabolization induced by alcohol and induced by the NMDA antagonist show different profiles. The NMDA antagonist Dextromethorphan shows a profile, similar to ketamin, another NMDA antagonist. Specific profiles induced by specific substances are just emerging as a tool in clinical  psychopharmacology related to alcoholism.

EFFECTS OF ACUTE PLASMA TRYPTOPHAN DEPLETION ON 

SEROTONIN RECEPTOR OCCUPANCY USING PET 


Wendol A. Williams

   Alcohol dependence (AD) is a clinically and etiologically heterogeneous syndrome determined by an interaction of genetic and environmental factors. A molecular hypothesis of the pathophysiology of AD suggests that monoamine neurotransmitter dysfunction is an important biological factor in AD. Deficient serotonin (5-HT) regulation is one of the brain monoamine abnormalities implicated as a vulnerability factor in AD. Differences in 5-HT turnover in alcoholics may be involved in reinforcing responses to ethanol and alcohol seeking behaviors.

 

   We used acute tryptophan (TRP) depletion (ATD) and positron emission tomography (PET) to investigate monoamine dysfunction in alcoholics. We are studying serotonin (5-HT) synthesis, metabolism (turnover), and release to determine whether there are differences in 5-HT neurotransmission in alcoholics compared to healthy controls.

 

   ATD lowers brain 5-HT synthesis, metabolism and release by decreasing plasma and brain TRP concentration. In humans, ATD decreases plasma TRP concentration, with a nadir occurring approximately 5 to 6 hr after drink administration. 5-hydroxyindoleacetic acid (5-HIAA), the principal metabolite of 5-HT and a marker of neuronal 5-HT metabolism, reaches its nadir in 16 hrs. We have documented reduction in plasma and CSF TRP, and CSF 5-HIAA concentrations after ATD in healthy human subjects. In alcoholics, we found significantly smaller reductions in plasma and CSF TRP. 

 

   [18F]FCWAY PET studies with concurrent CSF sampling were performed in 7 healthy subjects (4M, 3F) in a within-subject repeated measures design. Baseline PET scans before ATD (Day 1) were followed by scans taken 16 hr after ATD (Day 2), corresponding to the CSF 5-HIAA nadir. Dynamic scans were acquired over 2 hours on a GE Advance tomograph following i.v. bolus administration of 5 mCi of tracer. 

 

   Dynamic PET images were motion-corrected, and converted to functional images of distribution volume (DV) using the metabolite-corrected arterial input function. Each subject's MR image was registered to a Talairach template and this transformation was applied to the PET DV images. ROIs were drawn on structural MR images. 

 

   Our data show significant regional differences in [18F] FCWAY binding post-ATD, in discrete areas of the raphe, with lower binding post-ATD. This contradicts the original hypothesis that diminished synaptic 5-HT release leads to decreased endogenous 5-HT competition for 5-HT1A receptor sites and increased tracer binding. 

synaptic 5-HT concentration in humans using PET, [11C]DASB, 

and the rapid tryptophan depletion method
Peter S. Talbot
   Abnormal serotonin (5-HT) neurotransmission may be implicated in the pathophysiology of a number of psychiatric disorders including alcoholism, and in a range of clinical or behavioral disorders frequently associated with alcoholism, such as depression, impulse control and antisocial or aggressive behavior. However, to date, there is no direct evidence that alcoholism is associated with reduced synaptic 5-HT levels, because no method currently exists to directly assess 5-HT synaptic levels in the living human brain.

   It is well established for PET and SPECT imaging of the human dopamine (DA) system that levels of endogenous synaptic DA significantly affect the binding of radioligands such as [11C]raclopride and [123I]IBZM to the postsynaptic D2 receptor, through the mechanism of endogenous competition between the ligand and the transmitter (DA). For example, [11C]raclopride and [123I]IBZM binding potential is increased following acute DA depletion.

   This paper describes recent attempts to develop a similar technique to measure 5-HT synaptic levels. Brain 5-HT can be transiently, reliably and safely reduced in humans by the technique of rapid tryptophan depletion (RTD). RTD is a dietary manipulation that involves drinking a mixture of amino acids that lacks tryptophan, the precursor from which 5-HT is synthesized in the body.

   We have investigated whether an increase in 5-HT transporter (SERT) availability can be measured following RTD in humans using the recently introduced PET radioligand [11C]DASB. [11C]DASB has high affinity and selectivity for the SERT (KD=1.1, log P=3.2), and has a number of significant advantages over the established SERT tracer [11C]McNeil 5652, including higher plasma free fraction, faster brain washout, lower non-specific binding and higher target to background ratios. It detects significant between subject differences in SERT binding even in neocortical regions where SERT densities are very low. 

   Preliminary data suggest that, in healthy humans, RTD is associated with a significant increase in SERT availability measured with [11C]DASB. If these results are confirmed in a larger group, the technique of RTD coupled with [11C]DASB imaging might provide a method to evaluate 5-HT synaptic levels in the living brain, potentially providing a more direct insight into the role of abnormal 5-HT function in conditions including alcoholism than previously available.   Results from a larger group (n=8) will be presented and discussed.

























