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PRAPASSARA MUANGSOPA : DEVELOPMENT OF NEAR-INFRARED PHOTOSENSITIZER
NANOPARTICLES FOR ENHANCED PHOTODYNAMIC CANCER THERAPY. THESIS
ADVISOR : ASSOC. PROF. ANYANEE KAMKAEW, Ph.D. 101 PP.
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Photodynamic therapy (PDT) stands out as a promising modality for cancer
treatment due to its non-invasive nature and high specificity. In this work, we proposed
the development of theranostics nanomedicines that combine therapeutic and diagnostic
capabilities into a single compound. We present organic nanoparticles derived from two
distinct photosensitizers (PSs); 1) a heptamethine cyanine dye and 2) an Aza-BODIPY dye,
which are suitable for the development of fluorescent probes for near-infrared (NIR)
fluorescence imaging and PDT, targeting cancer cells via the enhanced permeability and
retention (EPR).

For cyanine-based nanoparticles (NPs), a carrier-free nanosystem for NIR imaging
and PDT combined with chemotherapy was developed through the simple self-assembly
of a dye and a chemotherapeutic agent. We used iodinated cyanine dye (I-IR783) as a
PDT/NIR agent and formed nanoparticles with methotrexate (MTX), a chemotherapeutic
drug, using a modified nanoprecipitation method. The resulting nanoparticles (I,-
IR783/MTX@NPs) exhibited an average size of 240.6 + 2.5 nm. These nanoparticles
demonstrated significant internalization into 4T1 murine breast cancer cells and showed
a synergistic anticancer effect upon 805 nm LED lamp irradiation. After NIR light exposure,
the PDT efficacy of the nanosystemin a physiological environmentwas validated through
the detection of intracellular reactive oxygen species and a live/dead viability/cytotoxicity
assay. Additionally, optical coherence tomography (OCT) was employed as an alternative
method to monitor the therapeutic response. Thus, I,-IR783/MTX@NPs exhibit significant
potential for theranostic applications in breast cancer PDT-chemotherapy.

Another organic NP is based on Aza-BODIPY dye. We introduced a heavy-atom-
free aza-BODIPY (AB-OH) compound featuring a donor-acceptor-donor (D-A-D) structure,
coupled with poly(ethylene glycol)-succinic acid polymer (mPEG-SA). Upon self-assembly



into nanoparticles, AB-OH@mMPEG-SA demonstrated the ability to generate reactive
oxygen species (ROS) and heat when exposed to 660 nm red LED lamp irradiation.
Confocal imaging revealed that the nanomaterials can be internalized and accumulated
at the tumor site more effectively than the free dye. In addition, AB-OH@mMPEG-SA
displayed light-induced cytotoxicity in 4T1 cells, whereas the non-irradiated cells
maintained full viability. Furthermore, the NPs demonstrated superior anticancer activity
compared to the parent AB-OH compound. This study underscores the potential of AB-
OH@MPEG-SA NPs, exhibiting promising PDT/mild PTT (photothermal therapy) efficacy,

as prospective candidates for cancer diagnosis and treatment.
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