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Hollow copper sulfide nanoparticles loading deferoxamine for
photothermal antibacterial therapy and promoting angiogenesis
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(School of Medicine, Jiangsu University, Zhenjiang 212013, China)

Abstract: Diabetic ulcer is recognized as a chronic nonhealing wound, often associated with bacterial infection
and tissue necrosis, which seriously affect patients' health and quality of life. The traditional treatment methods
exist some problems, such as bacterial resistance and secondary trauma, so it is urgent to find new methods to meet
the requirements of diabetic ulcer treatment. In this study, we prepared a drug delivery system (DFO@CuS nanopar-
ticles) based on hollow copper sulfide (CuS) nanoparticles loaded with deferoxamine (DFO), which realized the
synergistic therapy of promoting angiogenesis and photothermal antibacterial. The morphological structure and
particle size distribution of DFO@CuS nanoparticles were characterized by transmission electron microscopy and
particle size analyzer, respectively. The antibacterial effect of DFO@CuS nanoparticles was evaluated by the plate
coating method. The effects of DFO@CuS nanoparticles on the proliferation, migration, and tube formation of
human umbilical vein endothelial cells (HUVECs) were evaluated by CCK-8 (cell counting kit-8) assay, cell scratch
assay, and tube formation assay. The results showed that DFO@CuS nanoparticles were hollow and spherical in
shape with an average particle size of (200.9 + 8.6) nm. DFO@CuS nanoparticles could effectively inhibit the
growth of methicillin-resistant Staphylococcus aureus (MRSA) and Pseudomonas aeruginosa (PA) under near-
infrared (NIR) light irradiation. DFO@CuS nanoparticles showed negligible cytotoxicity and effective acceleration
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of cell migration and tube formation in a certain concentration range. In conclusion, the prepared DFO@CuS

nanoparticles exhibit good photothermal antibacterial properties and pro-angiogenic effects, providing a basis for

their application in the treatment of diabetic ulcer.
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Figure 1 Characterization of DFO@CuS nanoparticles (DFO@CuS NPs). Transmission electron microscope images of (A) CuS nanoparti-
cles (CuS NPs) and (B) DFO@CuS nanoparticles. Scale bar = 50 nm. (C) The dynamic light scattering results of CuS NPs and DFO@CuS
NPs. (D) Zeta potentials of deferoxamine (DFO), CuS NPs, and DFO@CuS NPs. (E) UV-vis spectra of DFO, CuS NPs, and DFO@CuS NPs
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Figure 2 Photothermal effect of DFO@CuS NPs. A: Photothermal activity comparison of CuS NPs, DFO@CuS NPs, and water under
2.0 W-cm™ 980 nm near-infrared (NIR) laser irradiation for 5 min; B: Infrared thermal imaging of water and DFO@CuS NPs under
2.0 W-cm™ 980 nm NIR laser irradiation for 0-5 min; C: Photothermal conversion characterizations of DFO@CuS NPs with various concen-

trations under 2.0 W-cm™ 980 nm NIR laser irradiation for 5 min; D: The photothermal conversion cycling test of DFO@CuS NPs under
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Figure 3 Antibacterial activity of DFO@CuS NPs at different concentrations (with or without NIR) in vitro. A: Photographs of methicillin-
resistant Staphylococcus aureus (MRSA) bacterial colonies formed on Luria-Bertani (LB) agar plates with DFO@CuS NPs at different con-
centrations (with or without NIR); B: The corresponding colony forming units (CFU) count of MRSA with various treatments; C: Photo-
graphs of Pseudomonas aeruginosa (PA) bacterial colonies formed on LB agar plates with DFO@CuS NPs at different concentrations (with

or without NIR); D: The corresponding CFU count of PA with various treatments. The power density was 2.0 W-cm™ for 5 min (n =3, X £ s.
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Figure 4 In vitro cell viability, scratch assay, and tubule formation assay. A: Cell viability of human umbilical vein endothelial cells
(HUVECsS) treated with DFO@CuS NPs at different concentrations for 24 h; B: Digital images of HUVECs cells after treatment with
DFO@CuS NPs at different concentrations for 30 h, Scale bar = 100 um; C: In vitro tube formation of HUVECs after treatment with
DFO@CuS NPs at different concentrations for 24 h. Scale bar = 200 um; D: Quantification of tubule nodes and length by ImagelJ (n = 3,

¥+s5."P<0.05,""P<0.000 1 vs 0 pg'mL"' DFO@CuS NPs)
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TS RE, A R0 A sk s, ik,
DFO@CuS 44 KA [5] By B A 6 # Pt B B A if 55 2E A
FH, 33X B 3 2 IR T SR A N8 M R 1 R
I3 159 IR IR T SR A HT T vk

TEUL SRR B, RREAHFSEKE— PR
DFO@CuS 94K KL 7E Hl JR I3 5 920 60 THI (1) 82 FH , %6 T 7K
O LA (R T AV 5 B 40 25554 34, AR iR
JIAL R 7K R 5 DFO@CuS 99 K i it 47 1 %5,
DU T 2% 94 KR TE W PR 358 0 V6 97 R I R o e AF,
H T DFO & 52 P 55, CuS 9Kk 5 7K B 1 AL 3% T B
225 DFO (5 5E Pk, 10 CuS 94 KL (1 56 F R 7] LA
¥ 52k BE B 4T 8, A3 I F- {2 33E DFO (3 Rz IR A, X
PN 2K S AR AL i SR AT T T

B & TRk VUi R AR UZ 4 B 7 BB K ik it 7T 7
5 TrUE TR I el 51 BT HEAT SRR MR EE F S ST ISR AN
B8l Trliz 0 ST S W0 50 LR 71 ST A RRANZAT -
FERRSE: FrA A 7 B M e
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