ABSTRACT

Modern biomedical diagnostics increasingly relies on multimodal imaging probes, but
developing a single nanocarrier that is stable, biocompatible, and effective across multiple
modalities remains challenging. This PhD. thesis aims to design polymer-modified
nanocarriers that offer two or more imaging modalities for potential use in biomedical
diagnostics and therapy. For the inorganic core, superparamagnetic iron oxide (Fe3O4) and
lanthanide-doped upconverting nanoparticles (e.g., NaYF4:Yb,Er or Gd(Tb)F3:Tb(Gd),Yb,Nd)
were synthesized as platforms for optical, computed tomography (CT), and magnetic resonance
imaging (MRI). Poly(N,N-dimethylacrylamide) (PDMA)-based copolymers were synthesized
by reversible addition-fragmentation chain-transfer (RAFT) polymerization with
bisphosphonate anchoring groups to bind to the hydrophobic particle surface; this ensured
transfer of particles to water, their colloidal stability, and biocompatibility. The copolymers
were further functionalized with either doxorubicin (Dox) via a pH-sensitive hydrazone linker,
or a fluorescent dye for additional imaging. Comprehensive particle characterization, such as
dynamic light scattering (DLS), transmission electron microscopy (TEM), Fourier-transform
infrared (FTIR) and ultraviolet-visible spectroscopy, thermogravimetric analysis (TGA), and
nuclear magnetic resonance (NMR), confirmed successful surface functionalization and long-
term dispersion stability of the polymer-coated nanoparticles. Fe3O4 nanoparticles coated with
an alendronate-functionalized PDMA copolymer and covalently attached Dox were efficiently
internalized by U87 glioblastoma cells. Cell viability was substantially reduced, matching the
cytotoxicity of free Dox, while adding MRI contrast capability. Also, core-shell
NaYF4:Yb,Er@NaYF4:Nd nanoparticles were coated with positively charged PDMA-
aledronate copolymers, which ensured both colloidal stability and the cellular uptake. In
addition, the copolymers significantly slowed down the chemical dissolution of the
nanoparticles demonstrating a protective effect. Particles were also coated with an alendronate-
functionalized PDMA copolymer and labeled with a Cy7 dye to render them with three
complementary imaging modalities: MRI, CT, and near-infrared fluorescence. No acute
toxicity was observed in the animals healed with the particles during in vivo studies,
demonstrating favorable biocompatibility. The application of a polymer as a protective coating
for particles increases not only their colloidal stability, but also enables the introduction of
additional modalities to develop a comprehensive diagnostic and therapeutic system for future

multimodal imaging.
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