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Aim: 
Development of radionuclide tracers from allosteric modulators or orthosteric/allosteric dual-acting ligands for in-vivo 
high-sensitive positron emission tomography (PET) 3D imaging 
 
 
Background / Methodology: 
Autonomic nerve tone plays a critical role as modulator of the cardiac-brain system in both healthy and pathological 
conditions. To further investigate the profound roles of muscarinic receptors as well as their dynamic and regional 
changes in the progress of cardiac-brain pathological conditions, we aim to develop radionuclide tracers from allosteric 
modulators or orthosteric/allosteric dual-acting ligands for cutting edge in vivo high-sensitive positron emission 
tomography (PET) 3D imaging technology. In this regard, we particularly focus on muscarinic acetylcholine receptor 
subtype 1 (M1). Based on structure-activity relationships of known allosteric modulators targeting M1 receptors and 
investigation results achieved in Prof. Decker’s working group regarding orthosteric/allosteric bitopic ligands, novel 
radionuclide tracers will be designed and synthesized. N-piperidinyl benzimidazolione structures have been reported to 
be selective M1 receptor allosteric modulators. The dualsteric ligands connecting M1 orthosteric ligands with N-
piperidinyl benzimiddazolone structures have also been proven to bind to M1 receptors. Therefore, corresponding 
radionuclide tracers derived from these ligands, with either carbon-11 or fluorine-18 labeling, will be able to be used in 
the assessment of neurodegenerative diseases (e.g. Alzheimer’s disease) or cardiac M1 density changes during the 
progress of heart failure (e.g. myocardial infarction). The “cold” references (nonradioactive fluoride derivative) obtained 
after chemical syntheses will be tested in radioligand binding assay to determine their binding affinity and selectivity at 
M1 receptors. Those ligands with potential long-term kinetics will be selected and the corresponding “precursors” - on 
which the radioactive atom will be introduced - will be synthesized for further labeling and in vivo experiments. The 
obtained precursors will be labeled and used for animal imaging studies. The biodistribution and kinetics of these 
ligands in the brain and heart of rodents will be recorded. Furthermore, M1 orthosteric antagonist atropine and selected 
allosteric agonist (e.g. MK-7622, VU-319) will be used to determine the specificity of these tracers. The in vivo studies 
will be performed either at the National Cardiovascular and Cerebral Center (NCVC) in Osaka, Japan or Johns Hopkins 
University in Baltimore, United States (out-going phase of the student). 
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