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In vitro study of black phosphorus quantum dot-loaded liposomes
for photothermal therapy of cervical cancer
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Abstract: In this study, black phosphorus quantum dots (BPQDs)-loaded liposomes (liposome-BPQDs) were
prepared to explore physicochemical properties and photothermal effects on cervical cancer cells. BPQDs were
fabricated by ultrasonic method. Liposome-BPQDs were prepared by thin film dispersion. Surface morphology,
particle size, zeta potential and Raman spectra of liposome-BPQDs were characterized. The cytotoxicity of the
liposome-BPQDs against human cervical cancer cells (HeLa) was examined by CCK-8 assay. Confocal laser
scanning microscope (CLSM) and fluorescence microscopy were used to observe the uptake and apoptosis of HeLa
cells. The results indicated that liposome-BPQDs were ellipsoidal or spherical under scanning electron microscope,
TEM observation showed liposome-BPQDs were about 90-110 nm in diameter. The particle size measurements
showed liposome-BPQDs were (104.2+0.35) nm in diameter, and zeta potential were examined to be (—11.3+
3.01) mV. The encapsulation efficiency was (84.40+2.13)%.Under natural conditions with outdoor ventilation,
temperature range of 25 °C —34 °C and relative humidity of 80% —82%, the photothermal effects of liposome-
BPQDs was better and the degradation denaturation of liposome-BPQDs were slower than those of BPQDs.
The results also reflected that liposome-BPQDs could be uptaken by HeLa cells easily. After near-infrared laser
irradiation, the mortality of HeLa cells rise significantly when the amount of BPQDs reach 20 ug-mL". In summary,
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liposome-BPQDs with high stability exhibited good photothermal effects, which can be expected to be applied to

photothermal therapy of cervical carcinoma.

Key words: black phosphorus quantum dot; liposome; physicochemical property; cervical carcinoma; photo-

thermal therapy
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Figure 1

\}Q

Characterization of liposome and liposome-BPQDs. a: Scanning electron microscope (SEM) image of black phosphorus (BP)

single crystal particles (scale bar, 15 um); b: SEM image of BPQDs (scale bar, 150 nm); ¢: SEM image of liposome (scale bar, 200 nm); d:

SEM image of liposome-BPQDs (scale bar, 200 nm); e: Transmission electron microscope (TEM) image of liposome (scale bar, 200 nm); f:

TEM image of liposome-BPQDs (scale bar, 200 nm); g, h, i: The particle size distributions, polymer dispersity index (PDI), zeta potential of

liposome and liposome-BPQDs with 0.45 pm filters for one time (liposome #1, liposome-BPQDs #1) and three times (liposome #3, li-

posome-BPQDs #3). BPQDs: black phosphorus quantum dots
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Figure 2  Encapsulation efficiency of liposome. a: Image of
black phosphorus (BP) single crystal particles; b: Encapsulation
efficiency of liposome with different concentrations (10, 50, 100,
150, 200, 250, 300, 350 p.p.m) of BPQDs. The concentration of 10

p.p-.m BPQDs is equal to 10 pg-mL"' BPQDs
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Figure 3 Degradation and Raman spectroscopy of BPQDs and liposome-BPQDs. a: Images of the color differences of the samples 2 mL

liposome, BPQDs water sample (30 pg - mL™"), liposome-BPQDs water sample (with the same concentration of 30 pg - mL" BPQDs)

observed on the 1st, 4th, 7th, 10th, 14th, 18th, 21st, 25th and 35th days under natural conditions of outdoor ventilation, temperature range of

25 °C-34 °C and relative humidity of 80%-82%; b: The corresponding Raman spectra of 633 nm wavelength of 1 mL BPQDs, liposome-

BPQDs water sample measured on the first day (day 1), the 10 th day (day 10), and the 20 th day (day 20) under the same natural conditions

of outdoor ventilation, temperature range of 25 °C-34 °C and relative humidity of 80%-82%
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Figure 4 Comparison of photothermal effects of BPQDs and liposome-BPQDs. a-i: The photothermal effect spectra of the samples of
2 mL liposome, BPQDs water sample (30 pg - mL™"), liposome-BPQDs water sample (with the same concentration of 30 pg - mL"' BPQDs)
measured by 808 nm laser (P =1 W -cm™) on the first day (day 0), 1 week, 2 weeks, 3 weeks, 4 weeks and 5 weeks after exposed the natural

conditions of outdoor ventilation, temperature range of 25 °C-34 °C and relative humidity of 80%-82%
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Figure 5 Cytotoxicity test for liposome-BPQDs. a: The relative viability of HeLa cell after incubated with liposome-BPQDs with different
concentrations (0, 5, 10, 20, 30, 40, 50, 80, 100, 120 pg - mL") of BPQDs in 37 °C, 5% CO, incubator for 24 h; b: The relative viability
of HeLa cell after incubated with liposome-BPQDs with different concentrations (0, 1, 5, 10, 20, 30 pg-mL™") of BPQDs in 37 °C, 5% CO,
incubator for 12 h (liposome-BPQDs-12 h), 24 h (liposome-BPQDs-24 h) after irradiated with the 808 nm laser (P =1 W -cm™) for 10 min
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Figure 6 Uptake of liposome-BPQDs nanopaticles by HeLa cells.
Observation of cellular uptake of liposome-BPQDs (250 pL) by
confocal laser scanning microscope (CLSM) with DAPI staining
of HeLa cells nuclei, Cy5.5-labelled BPQDs, Atto 532 DOPE-

labelled liposomes ( all scale bars, 10 pm)
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Figure 7  Apoptosis detection of HeLa cells. The aoptosis of
HeLa cells observed by fluorescence inversion microscopy after
incubated with liposome-BPQDs with different concentrations (0,
5, 10, 20, 30, 40 pg-mL™") of BPQDs in 37 °C, 5% CO, incubator
for 2 h after irradiated with the 808 nm laser (P = 1 W - cm?) for
10 min. Cells stained with Calcein-AM/PI, the green fluorescence
region represents living cells and the red fluorescence region repre-

sents dead cells.(all scale bars, 100 um)
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