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Abstract Antibacterial photodynamic therapy (APDT), which is a non-invasive treatment method, is based on the
interaction between near-infrared light and a nontoxic photosensitizer concentrated at the lesion site to generate
reactive oxygen species (ROS). These species are highly cytotoxic in virtually all bacteria. With the development of
biomaterials and nanotechnology, advances in nano-biotechnology have resulted in the optimization of
biocompatibility and biosafety of small-molecule photosensitizers. The targeting ability has improved and the
quantum yield under illumination has significantly increased. Nanotechnology exhibits excellent clinical application
prospects with respect to antimicrobial therapy. In this review, recent applications and developments of APDT are
summarized by combining various modification strategies and mechanisms for nanophotosensitizers.
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a: self-assembled nanoparticles
b: nanoparticles as cargo to deliver photosensitizers
c: nanoparticles covalent with photosensitizers for deliverying
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Fig. 1 Schematic illustration of APDT for nanoparticles
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Fig. 2 Schematic illustration of nanostructured phthalocyanine self-assembly
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Table 1 Common inorganic nanophotosensitizers

Photosensitizer APDT parameter

Nitrogen-doped graphene
0.1 W/em?, 670 nm
quantum dots

White light: 150 mW/cm?;
UV light: 30 mW/cm®

Fullerene monoadducts

Black phosphorus Xenon lamp: 200 W, 1 m

nanosheets high
Chitosan-assisted MoS,
nanosheets as coating 660 nm, 0.5 W/cm?*

in titanium implants

Activity of microbe Reference
E. coli was eliminated nearly 100% after 3 min
laser irradiation exposure. 18]
When excited by UVA light or white light,
fullerene monoadducts can kill three different [20]
classes of pathogenic microbial cells, such as
MRSA. E.coli, and fungal yeast C. albicans.
Black phosphorus nanosheets can kill 98.90% and [21]
99.51% E.coli within 10 min.
When irradiated by only 660 nm visible light for
10 min, the nanosheets exhibit antibacterial
[22]

efficacy of 91.58% and 92.52% against E. coli

and S.aureus, respectively.
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Fig. 3 Schematic illustration of nanoliposome system for antibacterial treatment™®
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