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ABSTRACT 

The term molecular imaging represents the branch of medical imaging science 

intended to detect, localize and monitor the key physiological functions in cells, tissue 

and living systems at cellular and molecular level using sensitive instrumentation and 

contrast mechanisms. Aiming for the development of probes for early detection of life 

threatening diseases, tracers labeled with 11C, 68Ga and 99mTc have been synthesized. 

These radiopharmaceuticals, once administered to the patient, can localize to specific 

organs or cellular receptors. Important factors including half-life of the radioactive 

nuclide are its mode of decay, cost and availability. The subject matter of the thesis 

has been divided into five chapters. Chapter 1 includes a detailed description about 

various imaging techniques, probes used in molecular imaging and molecular targets. 

Chapter 2 describes the materials and methods required in the synthesis and 

application of bioconjugates in molecular imaging.  

 Chapter 3 discusses the implications of chalcone based bivalent ligands in 

PET imaging of Alzheimer’s disease and traumatic brain injury by targeting one of 

the pathological hallmarks, beta amyloid plaques (Aβ). The chapter is divided in two 

sub-sections where Section I focuses on the utilization of 11C radionuclide for PET 

imaging of beta amyloids. In this respect, (Chal)2DEA-Me has been synthesized and 

bioevaluated after labeling with 11C. The lead compound has shown the higher 

binding affinity, thermodynamic stability in comparison to the monomer, Chal-Me 

and classical ligands through computational and in vitro studies. It also demonstrated 

higher brain uptake with suitable brain pharmacokinetics. Taken together, the data 

suggests that the bivalent approach may be useful to achieve higher biological 

response towards TBI and AD imaging. Section II details the construction and 

evaluation of homodimeric ligand, DT(Ch)2, targeting Aβ aggregates. The developed 
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ligand allows simple synthesis and single-step incorporation of generator based metal 

radioisotope 68Ga. The complex exhibited good in vitro binding affinity towards Aβ42 

aggregates with Ki in a nanomolar range and high brain uptake with desirable brain 

pharmacokinetics in healthy brain. These preliminary studies thus indicate that the 

radiocomplex, 68Ga-DT(Ch)2 may offer a new perspective in generator produced PET 

imaging probes for Aβ imaging.  

Chapter 4 describes the synthesis of estradiol based bivalent ligands for 

imaging breast cancer by targeting estrogen receptors. Two variants viz. (EST)2DEA-

Me and (EST)2DT with different alkyl spacer arm (n=2, 4) have been developed for 

targeting ER. Both the ligands have been synthesized in three simple and 

straightforward steps using click chemistry. Synthesis was confirmed by 1H NMR, 

13C NMR and ESI-MS spectrometry. The developed bivalent ligands possessed high 

affinity towards ER (RBA > 4%). The structure of (EST)2DEA-Me is proposed for 

11C-labeling in order to extend its role in PET imaging of ER(+) tumors. While, 

(EST)2DT was further evaluated for its potential role in diagnosis and therapy of 

ER(+) tumors. Early tumor localization of 99mTc-(EST)2DT was viable and feasible 

along with the improved tumor-targeting performance by the bivalent approach. The 

non-radiolabeled ligand further exhibited anticancer activity against ER(+) cells with 

IC50 comparable to tamoxifen. The underlying mechanism for programmed cell death 

was the over-expression of ERβ and suppression of ERα levels in gene transcription 

leading to the ROS-mediated mitochondrial apoptosis (intrinsic pathway). The results 

are sufficiently encouraging for further evaluation of the ligand or the related 

compounds in possible imaging/therapy of breast cancer.  

The last Chapter 5 focuses on utilizing bismacrocyclic agent, DO3P-AME-

DO3P, a phosphonic acid derivative of DOTA in PET imaging of bone metastasis 
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after labeling with 68Ga. As generator produced 68Ga can be a new labeling approach 

for PET imaging, its use with DO3P-AME-DO3P has been evaluated at preclinical 

level. The ligand was radiolabeled with 68Ga within 10 min in ~93% yield with high 

kinetic inertness. The first analysis on the synthetic hydroxyapatite depicted high 

binding of the ligand to the bone structure. Further, in vivo PET imaging revealed the 

high bone uptake. These preliminary analyses demonstrate the potential of the ligand 

in cost effective bone PET imaging. 
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