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KITTIPAN SIWAWANNAPONG : DEVELOPMENT OF
FUNCTIONALIZED ORGANIC NANOPARTICLES FOR CANCER
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Pa-PEG ULTRA-SMALL NANOPARTICLES/ DUAL-MODAL IMAGING/

PHOTODYNAMIC THERAPY/ RENAL CLEARANCE/ TOXICITY

Some severe side effects can be observed in cancer patients who receive a
treatment for a long time; moreover, some drug tend to accumulate inside the body
organs due to its large size with sluggish elimination. Ultra-small nanomedicine is a
promising approach that takes advantage of its small size to minimize the considerable
long-term effect by being rapidly cleared out from the body via the renal pathway.
Therefore, an ultra-small theranostic drug with renal excretable behavior is sought-
after for improving human health. In this work, we reported a versatile ultra-small
nanomaterial that can be both a cancer diagnostic and therapeutic agent for
photodynamic therapy (PDT), with renal clearable function. Pyropheophorbide-a (Pa)
was conjugated with polyethylene glycol to form Pa-PEG nanodots (NDs) via a facile
amide bond coupling reaction. Optical characterization indicated that Pa-PEG NDs
serve as fluorescent imaging agents. Moreover, a red-shift of the Q-band from 680 nm
to 710 nm after modification offered photoacoustic imaging benefiting from heat
pulse signal generation in the more extended NIR range. Singlet oxygen detection
revealed that a higher singlet oxygen concentration was generated during 660 nm light

irradiation compared to that of free Pa molecules in water, confirming the greater
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occurrence of photodynamic effect. In vitro studies were carried out to confirm the
PDT effect with cancer cells; most of the malignant cells were eradicated after cells
were exposed to Pa-PEG NDs and light at 660 nm for 30 min. After intravenous
injection of nanomaterials into the mice, fluorescence (FL), and photoacoustic (PA)
dual-modal imaging consistently suggested that Pa-PEG NDs showed maximum
concentration at the tumor site after 8 hours and this was the optimal time for in vivo
PDT treatment. Finally, the tumors on mice injected with Pa-PEG NDs were
effectively inhibited by PDT treatment. Furthermore, nanomaterial biodistribution
displayed a higher FL/PA signal in kidneys over other organs, implying these ultra-
small nanodots could pass through the kidney’s filtration membrane, which would be
rapidly eliminated out of the body to reduce the long-term effect. Therefore, we
demonstrated the remarkable properties of Pa-PEG NDs that can be both in vivo
diagnostic and photodynamic therapeutic agents with renal clearable behavior for

future clinical translation.
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