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Black phosphorus loaded with zinc ions for enhanced photothermal
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Abstract: Prostate cancer is the most common malignant tumor of male reproductive system, which seriously
threatens men's health. It has been shown that the existence of zinc ions can inhibit the growth of prostate cancer
cells. In addition, photothermal treatment of cancer is attracting more and more attention due to its high accuracy
and efficiency. In this study, zinc ions loaded black phosphorus nanosheets (BP-Zn) were prepared, and the photo-
thermal therapy efficiency of the system on human prostate cancer cells (PC-3) was evaluated. The inhibition effect
of zinc ions on PC-3 cells was studied. It was demonstrated that the toxicity of zinc ions on PC-3 cells was concen-
tration- and time-dependent. Moreover, it can be seen from in vitro photothermal therapy that the treatment effect
of black phosphorus assisted by zinc ions is superior to that of black phosphorus alone. This study further studied
the in vivo therapeutic effect of BP-Zn. The results once again confirmed that the combinational photothermal treat-
ment of zinc ions and BP had excellent anti-tumor effect. The animal procedures were approved by the Animal
Ethics Committee of Tsinghua Shenzhen International Graduate School.
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Figure 1  Transmission electron microscope image of single BP
NSs (A) and BP-Zn (B). Energy dispersive spectrometer (EDS)
mapping of BP-Zn (C). BP NSs: Black phosphorus nanosheets;
BP-Zn: Zinc ions loaded black phosphorus nanosheets
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Figure 2  Size distribution of BP NSs (A) and BP-Zn (B). Zeta potentials of BP NSs and BP-Zn (C).n=3,x ts
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Figure 3 Changes in temperature of BP NSs, BP-Zn and water under 1.0 W-cm laser over 10 min (A). Heating of a suspension of the

BP-Zn in water for three on/off cycles (1.0 W-cm?) (B)
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Figure 4 Cell viability of PC-3 cells after incubation with various concentrations of zinc ions for different time (A); treatment with different

concentrations of BP with near infrared region (NIR) laser irradiation (808 nm, 1.0 W-cm, 10 min) (B). n = 3, x +s. “P<0.01
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Figure 5 In vitro cytotoxicity of BP and BP-Zn with or without
NIR irradiation (808 nm, 1.0 W-cm?, 10 min). n = 3, x £ 5. "P<
0.01, ™P<0.001
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Figure 6 In vivo photothermal therapy of BP and BP-Zn. Representative photos of tumors removed from the sacrificed mice at the end of

study (A). Tumor growth curves of PC-3 tumor-bearing mice administered with different therapeutic methods (B). PBS: Phosphate buffer

saline. n = 3, x + 5. "P<0.05, "“P<0.001
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Figure 7 Representative H&E stained images of major organs of PBS and BP-Zn groups
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