International Conference on Applications of Neuroimaging to Alcoholism


Poster # 15

[123I]5-IA-85830 SPECT IMAGING OF 2-NICOTINIC ACETYLCHOLINE RECEPTORS IN NONHUMAN PRIMATE BRAIN: PHARMACOLOGICAL SPECIFICITY AND EFFECTS OF CHRONIC NICOTINE ADMINISTRATION

Kelly P Cosgrove

With: S Ellis, MS Al-Tikriti, P Jatlow, M Picciotto, RM Baldwin, JK Staley

   A wealth of evidence exists demonstrating elevated high affinity nicotinic agonist binding to nicotinic acetylcholine receptors (nAChR) after chronic nicotine treatment in rodents, and in peripheral blood cells and postmortem brain from human tobacco smokers. In the present study, the pharmacological specificity of the novel nAChR radiotracer [123I]5-IA-85830 was evaluated and the nicotine induced upregulation of nicotine binding sites was studied using single photon emission computed tomography (SPECT) in nonhuman primates. In vivo pharmacology studies were conducted in two ovariectomized female baboons. [123I]5-IA was administered using the bolus plus constant infusion paradigm, and SPECT scans were acquired for 8 consecutive hours. After equilibrium was established, between 4-5 hours, nicotine or the nAChR noncompetitive antagonists mecamylamine, cotinine, and bupropion were administered to determine if they directly competed with [123I]5-IA binding. Nicotine administered as an I.V. bolus (0.01-0.06 mg/kg) or as the transdermal nicotine patch (14 mg) decreased [123I]5-IA binding by 70% whereas mecamylamine, cotinine, and bupropion did not alter [123I]5-IA uptake, demonstrating that [123I]5-IA bound selectively to the nicotinic agonist binding site.  In addition, two male rhesus macaques each participated in four [123I]5-IA SPECT scans, including two baseline scans; one after 6 weeks of oral nicotine and 1-2 days withdrawal (6wk/1d; 6wk/2d) and one after 8 weeks oral nicotine and 7 days withdrawal (8wk/7d).  Compared to baseline, regional [123I]5-IA uptake decreased 45-70% after 6wk/1d and 35-60% after 6 wk/2d.  In contrast, after 8wk/7d, regional [123I]5-IA uptake was increased by 60-250%. Urinary cotinine levels were elevated up to 3 days after the last nicotine exposure and gradually decreased to low levels by 7 days withdrawal suggesting the decreased [123I]5-IA uptake following 6 weeks oral nicotine and 1-2 days withdrawal was due to competition with residual nicotine. These findings demonstrate that the nicotine-induced upregulation in nicotinic agonist binding can be measured using [123I]5-IA SPECT and that approximately 7 days are required for nicotine and cotinine to clear so that binding is not confounded.  Thus, human smokers need to abstain for approximately one week to reliably measure the nicotinic agonist site on the 2-nAChR.  

Sponsored by NIAAA MRSDA K01 AA00288, TTRUC 5P50-DA-13334, VA MIRECC and The Patterson Trust.
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A BENZODIAZEPINE RECEPTOR AGONIST PET RADIOLIGAND, 

[11C]TRIAZOLAM: EVALUATION IN BABOONS

Lawrece  S. Kegeles

With: D R Hwan, R N Waterhouse, Y Huang, R Narendran, P S Talbot, M Laruelle

   In vitro studies have suggested that agonist but not antagonist ligands at the benzodiazepine receptor (BDZR) may be sensitive to GABA levels by concentration-dependent changes in affinity. Thus the established antagonist [11C]flumazenil is not expected to respond to GABA concentration variations. An agonist ligand, [11C]triazolam, has previously been reported (Bottlaender et al., J Neurochem 1994:62,1102-1111). The purpose of this study was to perform preclinical evaluation of this ligand, including test-retest reproducibility, blocking studies, and tracer kinetics modeling.  

   Radiochemistry was as previously reported with minor modifications and gave specific activity of 0.99 ± 0.75 mCi/nmol (n = 30) at end-of-synthesis. Three male baboons were each studied in two 2-scan sessions: a test-retest pair and a baseline scan followed by unlabeled flumazenil block, 0.2 mg/kg (n=12 scans). Ketamine pre-anesthesia was followed by intubation and isoflurane anesthesia for the scan session duration. An arterial input function was obtained with automated sampling combined with HPLC. MRI scans were used to define multiple cortical and subcortical regions of interest. Two-tissue compartment tracer kinetics modeling was used to evaluate VT, the total distribution volume of the radioligand. Test/retest variability was estimated as the absolute difference between test and retest, divided by their average.  

   Kinetic modeling gave excellent fits to the regional time-activity curves. VT values varied according to the known distribution of BDZR in primate brain. For the three baboons, estimates of test/retest variability of VT across regions were 2.4 ± 1.4%, 7.3 ± 3.3%, and 4.3 ± 1.7%. Following flumazenil treatment, all regional distribution volumes decreased and the activity showed a homogeneous distribution. Using VT after flumazenil as a measure of nondisplaceable binding, the specific binding corresponded to 49% of baseline VT in cingulate and 57% in occipital cortex.  

   These studies show that [11C]triazolam can be reliably synthesized and its kinetics reliably modeled in baboon PET studies. The blocking studies demonstrate adequate target to background ratio. [11C]triazolam is a promising ligand to study the affinity for agonists of the BDZR and its modulation by GABAergic tone.

Sponsored by NIMH and Ritter Foundation

Poster # 17

DIRECT AND NON-INVASIVE STUDY OF ETHANOL PHARMACOKINETICS IN BABOON USING POSITRON EMISSION TOMOGRAPHY (PET) 

AND CARBON-11 AND DEUTERIUM LABELED ETHANOL

Zizhong Li

With: J. S. Fowler, P. Carter, Y. Xu, D. Warner, D. Alexoff, C. Shea, V. Garza, Y. –S. Ding, P. King, S. J. Gatley

Despite the massive public health problem caused by chronic alcoholism, little is known about how alcohol interacts with tissue, nor its pharmacokinetics within the human body and their relationships to alcohol’s behavior and toxic effect. The objective of this study is to use PET to evaluate the pharmacokinetics of ethanol in living systems to better understand the biological mechanism of alcoholism and alcohol related disease. 

For many years, the deuterium isotope effect has been used with PET to probe drug mechanism (Fowler et al, 1988). The deuterium isotope effect refers to the reduction in the reaction rate where a deuterium atom is substitute for hydrogen atom in a C-H bond which is broken in the rate limiting step. Major alcohol metabolism pathways: alcohol dehydrogenase (ADH); microsomal ethanol-oxidizing system (MEOS) and catalase, are all known to show a strong isotope effect.  In this study, CH311CD2OH (1) and CH311CH2OH (2) were synthesized through a Grignard reaction followed by reduction of lithium aluminum hydride (or deuteride) and purified by HPLC then formulated into saline solution. Three different PET studies were conducted: (1) Brain scans with tracers 1 and 2 administered intravenously into same baboon with a time interval of 2 hours; (2) Brain scans with tracer 1 administered orally with pharmacological dose (0.5g/kg) of ethanol in 35 ml water and (3) Torso scan with tracers 1 and 2 administered intravenously into the same baboon with a time interval of 2 hours. 

PET studies revealed that the ethanol reaches highest uptake in brain between 30 to 40 seconds after iv injection and the different brain regions have different ethanol uptake with highest in striatum and cerebellum which is consistent with alcohol rewarding and behavior consequences.  Tracer 1 always had higher uptake in striatum, cerebellum and some other brain regions than 2 in the same baboons. This stable isotope effect may reflect in part the ethanol metabolism in brain. After oral administration, the brain alcohol concentration increase and reaches its highest value at around 20 min and gradually falls over the next 60 min. Different uptake and elimination kinetics and isotope effects were observed in liver, lungs, heart and kidneys, with highest isotope effect and slowest elimination in liver and minimal isotopic effect and fastest elimination in heart, which is consistent with the ADH distribution. 

Supported by DOE-OBER, LDRD and NIH.
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Opioid Receptor Binding Differences between Alcohol Dependent Subjects 

and Healthy Controls Before and Four Weeks into Abstinence

Christian G. Schütz

With: F Willoch,  HJ Wester, F Munz, M Schwaiger, M Soyka, P Bartenstein
Evidence suggests that alterations in the endogenous opioid system are involved in mediating acute and chronic effects of alcohol consumption. Recently it has become feasible to study pharmacological binding in human brains in vivo. The current study investigates opioid receptor binding in 8 alcohol dependent males (DSM IV) and 11 matched healthy controls using a dynamic 11C-diprenorphine PET protocol. Alcoholics were scanned immediately before detoxification and 4 weeks into abstinence. 

Care was taken to confirm absence of effects due to atrophy and partial volume effect. Spectral analysis was applied on a voxelwise basis in order to extract delivery and retention of 11C-diprenorphine. For voxelwise comparisons of relative values SPM99 was applied on the resulting parametric images after proportional scaling.

 No significant regional differences between the patient group and the controls in tracer delivery could be detected. Together with absence of significant neuronal atrophy successful stereotactic normalisation could be assumed. Whole brain global binding values in alcohol dependent males before detoxification (mean IRF60: 0.129) were non-significantly (p=0.11). higher than in controls (mean IRF60: 0.109). After detoxification whole brain global values (mean IRF60: 0.109) were identical between the two groups. Before abstinence increased relative binding could be demonstrated in extended cortical regions of alcohol dependent patients, specifically the frontal cortex. Clusters did not reach significance when corrected for multiple comparisons. However significant decreased binding (pcorrected  < 0.05) could be detected in the midbrain region and the medial posterior part of the thalamus (li>re). Significant changes after four weeks of abstinence were a reduction of the relative increased binding in the frontal cortex in the paired comparison (p < 0.05, corrected for multiple non-independent comparisons). Decreased binding in the subcortical regions persisted unaltered.

    Results must be considered preliminary, but these findings indicate differentiated altered endogenous opioid binding in chronic alcohol dependent males, with increased binding in cortical region, decreased binding in subcortical regions associated with the mesolimbiclimbic system.A tendency towards normalization was found in the frontal cortical region within four weeks,with no signs of rapid normalization in the subcortical regions with decreased binding. Overall, this indicates, that alterations in alcohol patients show a complex, regionally specific pattern.

























