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Thesis Summary (approx.800 English Words )

Ultrasound has extensive applications in medicine fields and industrial reactions. A key mechanism behind these
applications is acoustic cavitation, where the formation, growth, and collapse of microbubbles induce intense local
physical and chemical effects. In this study, a novel composite structure using chitosan nanoparticles as a stabilizing
shell for gas cores has been developed. This structure not only introduces a higher number of cavitation nuclei through
the surface hydrophobicity of chitosan chains but also promotes acoustic microstreaming, which accelerates rectified
diffusion around the gas cores. The resulting enhancement in cavitation holds promise for improved therapeutic and
industrial outcomes.

The composite is synthesized via an emulsion process that combines an aqueous suspension of chitosan nanoparticles
with anionic surfactants such as sodium dodecyl sulfate (SDS). By emulsifying these components, air cores become
encapsulated by a layer of chitosan nanoparticles, forming a stable microbubble—like structure. Key synthesis parameters—
including the amount and concentration of crosslinkers, shaking speed and time, and the volume ratio between the chitosan
nanoparticle suspension and SDS solution—play crucial roles in determining the final characteristics of the composite
By adjusting the crosslinker concentration, nanoparticle diameters can be varied from approximately 20 nm to several
hundred nanometers. Moreover, loading model drugs—such as proteins—into these nanoparticles not only alters their size
but has also demonstrated a loading efficiency exceeding 90% This high efficiency is critical for therapeutic
applications, ensuring that even if the composite shell is disrupted by ultrasonic irradiation, the encapsulated drug
retains its bioactivity and can be effectively delivered. To prepare CNP-shelled composites, longer shaking times and
higher volume ratios between the CNP suspension and SDS solution are preferable. Extended shaking durations provide
sufficient energy for the migration and deposition of CNPs at the gas—core interface, ensuring a stable and complete
shell structure

The potential of these composites in enhancing acoustic cavitation has been rigorously evaluated using iodide dosimetry
and terephthalic acid (TA) dosimetry during ultrasonic irradiation at a frequency of 20 kHz. The SDS benchmark showed
a 1.12-fold improvement over ultrasonically treated sodium iodide solution decomposition. The use of composites enhanced
hydroxyl radical generation by 1.73- to 1.98-fold, surpassing SDS by 54% to 77%, suggesting enhanced acoustic cavitation
Moreover, the study highlights the complex interplay between various experimental parameters and their impact on the
fluorescence intensity of TA solutions. Increasing the quantity of SDS or reducing the amount of chitosan nanoparticles
in the composites, as well as increasing the concentration of the composite, consistently led to a decrease in
fluorescence intensity. Through analysis, linear and logarithmic fitting models were employed to understand these
relationships, with logarithmic models demonstrating a higher accuracy as indicated by superior R-squared values. The
investigation also underscored the significance of considering residual SDS, acetic acid presence, and experimental
consistency in influencing the results. Ultimately, recent results provided valuable insights into predicting
fluorescence intensity through composite formulations. Composite has a recognized boosting influence on ultrasonic
acoustic cavitation known from iodide dosimetry, and the trend of the calculated results agrees with the experimental
data from TA dosimetry

Despite these promising developments, several challenges remain. The synthesis process, while straightforward,
requires further optimization to ensure consistent and reproducible results. Critical factors such as bubble size, shell
thickness, and specific ultrasound parameters must be systematically studied to maximize the efficiency of drug or gene
delivery. Addressing these issues is essential for the transition from laboratory studies to clinical or industrial

applications.

f%  FSCERIL, 3L 2000 52 L HE3C 300 5EA 1 ETORMT S0, b L IERHESC800 FEA 1 FRHI LT 7EE VY,

Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).

HE  RSCERIL, HAERERFZV—FURIN (T2R2) IZTA o Z—Fy MAREINET O T, AR A ONA CTIEHRL T2

&,

Attention: Thesis Summary will be published on Science Tokyo Research Repository Website (T2R2).




