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Histopathological appearance in H & E-stained rat liver
sections of all groups; (a) Real image of organ taken after 28
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PREFACE AND THESIS ORGANIZATION

Recently, biomedical imaging technologies have been widely used for early disease
identification and diagnosis. Several imaging modalities, including computed tomography
(CT), magnetic resonance imaging (MRI), photoacoustic imaging (PAI), positron emission
tomography (PET), single-photon-emission computed tomography (SPECT), and optical
imaging (OI), play important roles in the observation of biological system structures and
functions and provide important information about the pathogenesis, progression, and
treatment of diseases such as cancer. Because of their relative drawbacks, monomodal
imaging techniques typically cannot achieve the requirements of high sensitivity and spatial
resolution. As a result, combining two or more imaging modalities, known as dual or multi-
modal imaging, is a common technique to circumvent these constraints. Nowadays,
merging diverse components into a single platform is the most frequent technique for
utilizing their unique functions. The complicated components impede this strategy and
synthetic procedure, causing inevitable interference, poor reproducibility, and uncertain
pharmacokinetics, and hence less accessible for clinical use. Alternatively, one component
with multiple contrasting capacities remains more desirable due to the lower interference,
simpler fabrication, defined structures, and far better reproducibility than the composite
agents. In this thesis work, we exclusively developed a novel platform for the synthesis of
nanoparticles for multimodal imaging (MRI and fluorescent imaging) by a one-pot facile
synthetic route. Surface functionalization with commercially available polymer bovine
serum albumin and chitosan enables precise control over size and makes nanomaterial
biocompatible. Developed nanoprobes were characterized by several microscopic and
spectroscopic techniques to confirm the synthesis of ultrasmall Gd»>Os; nanoclusters.
Furthermore, post-characterization studies such as in-vitro and in-vivo biocompatibility,
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hemocompatibility, real-time imaging in mice, in-vitro imaging in HaCaT cells (Human
keratinocytes), and U-87 MG (Human glioblastoma cells), and in-vitro relaxivity
measurement suggested it as a potential contrast agent and confirmed its candidature

toward multimodal imaging.

The current thesis work is divided into six chapters.

Chapter 1 of the thesis covered a detailed description of multimodal imaging techniques
and their advantages and disadvantages. It also provides insight into their multidimensional
applications in disease prognosis. This chapter provides the details of contrast agents and
discusses various synthetic routes to synthesize Gd>O3; nanomaterials for imaging purposes.
This chapter also provides a detailed discussion of capping agents used in the synthesis of

Gd;03 nanomaterials.

Chapter 2 consists of an extensive literature survey on the synthetic approach and
multifunctional aspects of Gd2Os-based nanomaterials. This chapter also gives insight into
the effect of texture, shape, and size effect of Gd2O3 nanomaterials on its properties and
prospective application. The literature survey also addresses the possible applications of
the Gd>03 nanomaterials in the biomedical field. In addition, this study also addresses the
importance and associated challenges with determining the nucleation rate and interfacial

energy at elevated temperatures, as well as the corresponding conversions.

Chapter 3 explains a facile one-pot novel technique to synthesize water-soluble
multifluorescent Gd2O3 nanoclusters by utilizing BSA protein and ascorbic acid as capping
and reducing agents, respectively. The prepared clusters exhibited tunable fluorescence,
high quantum yield, excellent photostability, wide-range pH, and ionic strength tolerability.
These multifunctional properties of Gd203 nanoclusters are availed in labelling HaCaT cell

lines with negligible toxicity.
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Chapter 4 of the thesis reports a novel strategy to compute various parameters such as
activation energy, preexponential factor, nucleation rate, interfacial energy, and
thermodynamic parameters of Gd2O3; nanoclusters using non-isoconversional
thermogravimetric models at high temperatures. The Vyazovkin AIC method was utilized
to estimate activation energy, which was found to be 143.98 kJ/mol. In this work, we

proposed four different models for calculating nucleation rate and interfacial energy.

Chapter 5 provides the one-pot facile synthesis of Gd203 nanoclusters using a chitosan
polymer template. The prepared Gd>O; clusters show a wide range of emissions range
without mixing any dopants. The prepared clusters exhibit negligible cytotoxicity, excellent
water dispersibility, prolonged photostability, and high absolute quantum yield. The
prepared clusters exhibit high longitudinal relaxation along with luminous properties and
hence could be applied in both MR imaging and fluorescence imaging. Besides the in vitro
study, this chapter includes real-time rodent imaging using an IVIS (in-vivo imaging

system), hemocompatibility assay, and in-vivo toxicological study.

Chapter 6 of the thesis summarizes the whole study in a nutshell with the future prospects
of prepared nanoclusters in various fields and highlights the major upshot of every chapter
for achieving the objective of the whole study in a collaborative manner. The composition
reported in this study primarily focused on developing novel nanoplatforms for multimodal
imaging applications by functionalizing them with different capping agents. The current
work is envisioned to contribute significantly in the areas of science, engineering, and

nanomedicine with targeted drug delivery.
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