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[Abstract]  Objective To prepare a fucoidan-modified phase-transitional contrast agent (FPCA) and to
evaluate its in vitro capabilities for ultrasound imaging and targeting of hepatoma cells. Methods Nano-liposomes
encapsulated with perfluoropentane were prepared using thin-film hydration and ultrasonic emulsification methods.
Then, FPCA nanoparticles were prepared through chemical grafting of fucoidan and the characterization of their physical
and chemical properties was performed. After applying external stimuli of heating with hot water bath and microwave
irradiation, the phase-transition status of FPCA was observed with microscope. The imaging abilities of phase-transited
FPCA on two-dimensional ultrasound and contrast-enhanced ultrasound were observed with ultrasonic diagnostic
instrument. The ability of FPCA to target at hepatoma cells was evaluated and verified with fluorescence confocal
observation and flow cytometry analysis. Results The FPCA prepared in the study had an average diameter of
(222.1+32.5) nm, displaying spherical appearance, good dispersion, good stability, and good biocompatibility. The phase-
transition of FPCA was induced by both heating with hot water bath and microwave irradiation. For phase transition, the
optimal temperature was found to be 50 °C and the preferred microwave power was 1.5 W/cm’. Moreover, after phase
transition, FPCA showed significant imaging enhancement on both two-dimensional ultrasonography and contrast-
enhanced ultrasonography. Through fluorescein isothiocyanate (FITC) labeling, FPCA could specifically bind with
hepatoma cells at a high binding rate of (96.19+1.62)%, while it rarely bound with normal liver cells, showing a binding
rate of less than 10%. Conclusion A new type of phase-transitional ultrasound contrast agent with good stability and
biocompatibility was successfully prepared. It not only could enhance ultrasound imaging through phase transition, but
also had specific active hepatoma cell-targeting properties.
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Fig 1 Physiochemical characterization of FPCA

A: Visual appearance of FPCA emulsions; B: Microscopical observation of FPCA emulsions; C: Transmission electron microscope image of FPCA; D: Surface

potential of FPCA before and after chemical grafting of fucoidan (n=3); E: Fluorescence image of FPCA stained with FITC; F: FPCA sizes in deionized water over time at

room temperature (n=3).
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Table 1 Average size and surface potential of FPCA nanoparticles in different solvents at 25 C and 37 C, respectively

Deionized water Medium Plasma
Characterization P
25 °C 37 C 25 C 37 °C 25 °C 37 C
Average size/nm 222.1+32.5 256.4+27.8 300.6+34.7 302.5+33.3 302.6+32.8 307.9+30.6 >0.05
Potential/mV -15.2+3.6 -14.4+3.4 -16.7+2.8 -14.412.6 -13.842.5 —15.5+3.1 >0.05
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Fig 2 Phase transition assay of FPCA
Microscopical images of FPCA after water bath heated (A) at different temperature (30, 40, 45, 50, and 55 °C) for 10 min and microwave irradiation (B) at different

power levels (0.6, 0.9, 1.2, 1.5, and 1.8 W/cm®) for 5 min, respectively; counting and analytical comparison of phase transformed FPCA after heating with water bath (C,

n=>5) and microwave irradiation (D, n=>5), respectively. * P<0.05, vs. other groups.
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Fig 3 Ultrasound imaging assay of FPCA

B-mode images (A) and CEUS images (B) of FPCA at 30, 40, 45, 50 and 55 C, respectively, after microwave irradiation, with deionized water as control. C, D:

Quantitative analysis in A and B, respectively, n=3, * P<0.05.
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Fig 4 Targeting assay of FPCA by laser confocal microscopy

Blue shows DAPI nuclear stain; green shows FITC cytoplasm stain. Scale

0.05) . bar=50 pm.
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Fig 5 Binding assay of FPCA and PCA in SMMC-7 721 and L02 cell lines by flow cytometry
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