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Biofunctional Carbon Quantum Dots for Fluorescent Imaging and Theranostic
Modulation of Oxidaitve stress and Inflammaging
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This thesis presents a set of interconnected studies on the design, synthesis,
characterization, and biological application of biomass—derived carbon quantum
dots (CQDs) as optically traceable nanomaterials for redox modulation. The work
progresses from fundamental material development and nano-bio interaction
studies to functional applications in mammalian and plant systems, establishing

CQDs as versatile platforms for imaging and modulation of oxidative stress.

Inflammaging is a chronic, low—grade inflammatory state associated with aging
and driven by cumulative cellular dysfunction, persistent increase in pro-—
inflammatory mediators, 1including cytokines, chemokines, and acute—phase
proteins, driven primarily by oxidative stress, and excessive reactive oxygen
species (ROS) production. These processes contribute to the development of age-
related diseases such as osteoarthritis, rheumatoid arthritis, and chronic
kidney disease. Due to their intrinsic fluorescence, redox sensitivity, and
tunable surface chemistry, biocompatibility, high photostability and
photolumniscnce, CQDs represent promising tools for monitoring and regulating

inflammatory microenvironments.

The thesis is organized into six chapters.

Chapter 1 introduces the biological framework of healthy aging with a focus on
osteoarthritis. Inflammaging is presented as a central mechanism underlying
disease progression, with emphasis on key mediators such as interleukin—-6 and
reactive oxygen species. The chapter outlines the rationale for employing
quantum dots as nanotheranostic tools to detect and modulate inflammatory

processes.




Chapter 2 establishes the foundational principles of nano—-bio interactions
through an investigation of near—-infrared—emitting silicon quantum dot
micelles. Physicochemical properties, protein corona formation, and
biocompatibility are evaluated using in vitro and in vivo models, providing

methodological benchmarks relevant to subsequent CQD studies

Chapter 3 describes the synthesis of carbon quantum dots from waste—derived
biomass, specifically palm kernel shells and oyster shells. These CQDs function
as biocompatible fluorescent probes capable of visualizing inflammatory states

and indirectly modulating inflammatory signaling via localized redox effects.

Chapter 4 focuses on nitrogen—doped carbon quantum dots as chemically tunable
platforms for enhanced bioimaging and ROS sensing. The study highlights the
role of surface functionalization in governing redox—responsive fluorescence

behavior and improving sensitivity to oxidative stress

Chapter 5 reports the synthesis of coriander—-derived carbon quantum dots from
the ethyl acetate fraction of a methanolic extract. These CQDs demonstrate
stable fluorescence, oxidative stress mitigation, and effective intracellular
localization across both mammalian and plant systems, confirming the cross-—

kingdom applicability of biomass-derived CQDs.

Chapter 6 summarizes the overall conclusions of the thesis. The findings support
nanotheranostics as a viable strategy for diagnosing and treating inflammation-—
related conditions by integrating imaging, sensing, and therapeutic modulation

within a single nanoscale platform.
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