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Abstract 
Neuroimaging techniques have revolutionized neuroscience research in the past three decades. These techniques have allowed investigators to study the brain structures and function in real time. These techniques are efficient in detecting changes in the brain structure, hemodynamic response, and electrical potentials but are limited in their ability to detect acute changes in the levels of neurotransmitters. As a result, we have limited understanding of the pathophysiology of psychiatric and neuropsychiatric conditions. To address this limitation, we developed the Single-scan Dynamic Molecular Imaging Technique (SDMIT). It allows detection, mapping and measurement of dopamine released acutely during performance of a cognitive or behavioral task in the live human brain. The technique exploits the competition between dopamine and its receptor ligand for occupancy of the receptor sites. In this technique, a radiolabeled dopamine receptor ligand is injected intravenously and volunteers are asked to perform a cognitive or behavioral task. During the task performance, ligand concentration is measured dynamically using positron emission tomography (PET) camera. Because of the competition, dopamine released by the task displaces the ligand from receptor sites, reducing its concentration. Dopamine released by the task is detected by measuring the ligand concentration in different parts of the brain using a specially formulated receptor kinetic model – the linear extension of simplified reference region model. Using this technique, we studied a number of psychiatric conditions to understand the nature of dysregulated dopamine neurotransmission in these conditions. In patients with attention deficit hyperactive disorder (ADHD), we found a reduction in the amount of dopamine released at rest (tonic release) in the right caudate and a compensatory enhancement of the task-induced dopamine release (phasic release) in the same area. These observations resolve dispute concerning dopaminergic activity in ADHD and provides a novel date to help formulate new therapeutic strategy.
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