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Cancer is a highly heterogeneous disease with inter-patient variations, which prevent
conventional chemotherapy from being fully effective.l> Herein, we explore the possibility of
using multifunctional theranostic nanoparticles (MFTNPSs) for simultaneous imaging, targeting
and therapy of cancer cells in vitro. This could be useful for addressing challenges arising out of
inter-patient variations and to further develop personalized therapeutic strategies thus reducing the
vulnerability and increasing the chance of patient survival.>?> The main focus of the current thesis
is the development of MFTNPs by unifying discrete “functional components” into a single
nanosystem with the potential of simultaneously performing multiple task including multimodal
imaging of the disease site, successful delivery and controlled release of the drug, providing with
additional therapeutic module in the form of hyperthermia and magnetically targeted therapy in

vitro.

The thesis addresses two different approaches for the fabrication of the MFTNPs. The first
strategy employs biocompatible and biodegradable protein (like bovine serum albumin and
lysozyme) matrices for the unification of different functional nanomaterials for fabricating the
MFTNPs. In this approach, we have developed an ideal plasmonic and magneto luminescent
MFTNPs by integrating the three main functionalities of inorganic nanomaterials namely
magnetic, plasmonic and luminescence and demonstrated successful application of these MFTNPs
in bioimaging, magnetic targeting, plasmonic photothermal therapy and drug delivery. On the
other hand, in the second strategy, we explore the newly developed method of “surface
complexation” on nanomaterials for the fabrication of a single nanocrystal based MFTNPs capable

of possibly single particle-level bioimaging and cancer therapy.
The present thesis is comprised of six chapters as described below.

Chapter 1 provides an introduction of the thesis and literature review regarding the applications
nanomaterials in cancer theranostics. This chapter presents a brief idea about different theranostics
applications of plasmonic, magnetic and luminescent nanomaterials. It also discusses the processes
for developing multifunction nanocarriers, multifunctional theranostics nanomaterials and their

advantages in cancer theranostics.

Chapter 2 describes the fabrication of plasmonic and magneto-luminescent multifunctional
nanocarriers (MFNCs) by assembling gold nanorods, iron oxide nanoparticles, and gold

nanoclusters within BSA nanoparticles (Scheme 1). The MFNCs showed self-tracking capability
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through single and two-photon imaging, and the potential for magnetic targeting in vitro.
Appreciable To-relaxivity exhibited by the MFNCs indicated favorable conditions for magnetic
resonance imaging. In addition to successful plasmonic-photothermal therapy of cancer cells
(HeLa) in vitro, the MFNCs demonstrated efficient loading and delivery of doxorubicin to HelLa
cells leading to significant cell death. These MFNCs with their multimodal imaging and

therapeutic capabilities could be promising candidates for cancer theranostics.
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Scheme 1: Schematic depiction of preparing MFNCs, their capacity for in vitro MRI contrasting
and magnetic targeting, Two-Photon imaging, plasmonic photothermal therapy, and inducing cell
death in cancer cells (HeLa), following successful loading and delivery of anticancer drug

doxorubicin (Dox).

Chapter 3 discusses the fabrication of a plasmonic-magneto-luminescent multifunctional
nanocarrier (PML-MF nanocarrier) by lysozyme-mediated agglomeration of gold-coated iron-
oxide nanoparticles (IO@AuUNPSs) and subsequent coating of these agglomerates with BSA-
stabilized gold nanoclusters (BSA-AUNCs, Scheme 2). Agglomeration-mediated red-shifting of
the plasmonic absorbance peak of IO@AUNPs within PML-MFNCs towards NIR-biological
window helped in plasmonic photothermal therapy (PPTT) by PML-MFNCs. PML-MFNCs

demonstrated excellent in vitro bioimaging and magnetic targeting capabilities due to strong
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photoluminance and superparamagnetism of the constituent AUNCs and IO@AUNPs, respectively.
PML-MF nanocarriers showed successful loading and delivery of doxorubicin to cancer cells with

significant killing efficiency that could be synergistically improved by combining with PPTT.

o

Scheme 2: Schematic representation of the fabrication of PML-MF nanocarrier and its capacity

for plasmonic photothermal therapy, drug delivery, bioimaging and in vitro magnetic targeting.

Chapter 4 demonstrates the fabrication of a novel class of magnetofluorescent theranostic
nanoparticles (MFTNPs) based on ‘surface-complexation’ of zinc ferrite (ZnFe204) NPs with 8-
hydroxyquinoline (HQ, Scheme 3). The potential of HQ surface complexed ZnFe;Os NPs (HQ-
ZFNP) in fluorescence-based bioimaging of different cancer cells was successfully demonstrated.
The superparamagnetic behavior of the HQ-ZFNP was exploited effectively in magnetic targeting
in vitro. Finally, a well-known hydrophobic anti-malarial and prospective anti-cancer drug
artemisinin was efficiently loaded into the MFTNPs. Artemisinin loaded MFTNPs were observed
to induce superior anti-proliferative response, as compared to free drug, in cancer cells in a

synergistic mechanism with combination index of 0.1 or less.
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Scheme 3: Schemetic representation of fabricating HQ-ZFNP-based magneto-fluorescent
theranostic nanoparticles, and their use in bioimaging and magnetic targeting in vitro. Also
depicted is the loading of artemisinin (ART) into BSA-coated HQ-ZFNPs with subsequent

delivery of the drug resulting in killing of cancer cells.

Chapter 5 discusses fabrication of novel magnetofluorescent nanoparticles by complexation of
zinc ions present on the surface of zinc ferrite nanoparticle with 8-hydroxy-2-
quinolinecarboxaldehyde (HQCald, Scheme 4). The as prepared HQCald-complexed ZnFe;O4
NPs showed good quantum yield (3.62%), high photostability, considerable excited state lifetime
(5.31 ns) and high saturation magnetization (12.7 emu g*). These magnetofluorescent
nanoparticles demonstrated bioimaging capability both at the ensemble and single particle levels,
and in vitro magnetic targeting. Moreover, the pronounced anti-proliferative efficacy of these
nanoparticles against cancer cells, with appropriate targeting strategies, can lead to potential cancer

theranostics.
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Scheme 4. Schematic representation of fabricating HQCald-surface complexed ZnFe;O4 NPs and
their application in ensemble and single particle level cellular imaging, magnetic targeting and in
vitro anticancer activity.

Chapter 6 contains conclusion and future prospects.

In summary, the present thesis reports the fabrication of four different multifunctional
theranostics nanomaterials (MFTNPs) for potential cancer theranostics. This has been achieved
by: (i) by assembling gold nanorods, iron oxide nanoparticles, and gold nanoclusters within BSA
nanoparticles and subsequently loading doxorubicin in it, (ii) preparing lysozyme mediated
nanoscale aggregates of gold coated ironoxide core-shell nanoparticles followed by coating them
with luminescent BSA stabilized gold nanoclusters and loading chemotherapeutic drug
doxorubicin in it, (iii) by developing green emitting complexes on the surface of zinc ferrite
nanoparticles with HQ and subsequently loading artemisinin on it, and (iv) fabricating yellow
emitting complexes on the surface of zinc ferrite nanoparticles with derivative of HQ 8-hydroxy-
2-quinolinecarboxaldehyde. All the MFTNPs developed here has been demonstrated for

Synopsis-TH-2122 126122042



fluorescent bioimaging, in vitro magnetic targeting and anticancer efficacy. Moreover, some of
them have also been demonstrated for photothermal therapy, combination therapy, two-photon or
single particle based bioimaging and magnetic resonance imaging. Taken together, all the
MFTNPs showed significant cancer theranostics effect in in vitro model. However, future studies
should be carried out in animal models in order to employ them clinical treatments. Additionally,
the unification strategies used here to fabricate MFTNPs namely use of protein matrix and surface
complexation are versatile in nature and hence should be further explored for the development of
newer MFTNPs with novel theranostics potential.
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