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Abstract: The drug-loaded ultrasound (US) contrast nanoparticles, which can effectively accumulate in the
tumor to penetrate into its deep section, were prepared. After being heated or under the near infrared (NIR)
light irradiation, the size of nanoparticles would transform from nanometer-scale to micrometer-scale in vitro,
which can vastly enhance the effect of USimaging. We evaluated the size changes of the nanoparticles in vitro,
investigating their effect in ultrasound imaging and distribution in vivo. Liposomes containing hydrophobic
modified hollow gold nanospheres (HAUNS), doxorubicin (DOX) and perfluorohexane (PFH), which were
referred to DOX and HAUNS loaded PFH liposome (DHPL), were prepared by thin film evaporation and
ultrasonic technique. The morphology and size of DHPL were measured by transmission electron microscopy
and particle size analyzer with dynamic light scattering (DLS) method. The agar gel pore model was used
to investigate the enhanced effect of nanoparticles in vitro US imaging under the NIR light irradiation. The
biodistribution of DHPL in 4T1 tumor-bearing mice after intravenous injection was measured by the in vivo
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imaging system. The DHPL were spherical at a particle size of 302 +5 nm and polydispersity index of
0.195+0.018. The HAUNS loaded on phospholipid membrane was observed in transmission electron microscope
(TEM) image. Under the NIR light irradiation (1 or 2 W-cm™?), the temperature of the solution containing the
DHPL (0.2, 0.04, 0.02 g-L* in terms of HAUNS) rose rapidly. And a certain amount of micrometer-sized
particles could be detected by the particle size analyzer when the temperature of the analyzer was raised to 52 C.

The abundant microbubbles, which would enhance the effect of US imaging, were detected by ultrasonic
diagnostic apparatus when the nanoparticles were irradiated by NIR light in the in vitro US imaging experiment.
The in vivo distribution experiment showed that the DHPL could effectively accumulate in the tumor due to the

enhanced permeability and retention effect (EPR effect) of the tumor.

In this study, we successfully made a

nanometer-micrometer reversible nanoparticles that can accumulate inside the tumor to provide a feasible scheme
for US imaging in the tumor site and the combinational photothermal-chemotheraphy simultaneously.
Key words: ultrasound contrast agent; in vitro ultrasound imaging; perfluorohexane; hollow gold nano-

sphere; photo-thermal conversion; phase shift
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Figure 1l The basic characteristics of DOX and HAUNS loaded PFH liposome (DHPL). A: Ultraviolet and visible spectrophotometry
(UV-Vis) scan of HAUNS; B: The transmission electron microscope (TEM) image of HAUNS; C: The dissolution capability of
OMP-HAUNS in absolute ethanol and chloroform. DOX: Doxorubicin; PFH: Perfluorohexane; HAUNS: Hollow gold nanospheres;

OMP: Octadecyl 3-mercaptopionate
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Figure2 The morphology and particle size stability of DHPL. A: The TEM image of DHPL; B: The size stability of DHPL stored in

4°C freezer
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Figure 3 The temperature-rising curve of DHPL under near
infrared (NIR) light irradiation. The change of solution tem-
perature of DHPL preparation (0.2, 0.04, 0.02 g-L™* of HAUNS)
when it was irradiated by different sets of NIR light
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Figure 4 The variation of particle size of DHPL in various
temperature by particle size analyzer. A: The particle size of
DHPL at different temperatures, B: The change of particle size of
DHPL through the three cycles of heating and cooling at four
different temperatures;, C: The specific distribution of size when
DHPL was through the three cycles of heating and cooling at
62°C
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Figure5 The uptakein MCF-7. A: After administration of 2 h, the uptake of SA-DOX, DPL, DHPL by MCF-7 cells was observed.
The red fluorescence was DOX, and the blue fluorescence was nuclear fluorescence signal. B: The histogram shows the results of
fluorescence semi-quantitative analysis of three samples. SA-DOX: Stearic acid bound doxorubicin; DPL: DOX loaded PFH liposome.
n=3, x+s. P<0.05vsSA-DOX or DPL group
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Figure 6 Thein vitro ultrasound (US) imaging images. A: The in vitro US images of the DPL + HAUNS group when the agar gel
model was irradiated with 1 W-cm 2 of NIR light for 5 min (upper) or 2 W-cm 2 of NIR light for 3 min (lower). B: The in vitro US
images of the DHPL group when the agar gel model was irradiated with 1 W-cm ™2 of NIR light for 5 min (upper) or 2 W-cm 2 of NIR
light for 3 min (lower). C: USimages of PBS group as negative control group with 2 W-cm2 of NIR light radiation for 3 min. The
circle region was the location of microbubbles produced after irradiation with NIR, and also as the region of interest (ROIl). The
corresponding line graph below the images is the gray value of ROI region of each image
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MIN

Figure 7 The in vivo distribution of 4T1 tumor bearing mice after injection with DiR@DHPL.
bearing mice at 6, 24, and 48 h after intravenous injection with DIR@DHPL.
semi-quantitative analysis of DIR@DHPL in heart, liver, spleen, lung, kidney and tumor (ID%/g).
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