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To develop advanced applications of microbubbles that can be
introduced into the body, it is essential to gain better understanding
of the nature of microbubble dynamics under exposure to ultrasound.
A high-speed observation, which directly visualizes behavior of
bubbles in various condition, is a very useful method for elucidating
dynamics of microbubbles. Several groups, including us, have
developed high-speed observation systems combined with a light
microscope and reported the results of observations. This paper
introduces the details of our observing system and also discusses the
recent progress in the other high-speed observation systems and
peripheral techniques.
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We previously developed the polyethyleneglycol (PEG)-modified
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liposomes entrapping echo-contrast gas (C3F8), “Bubble liposomes”
(BL), which can function as a novel gene delivery too 1 by applying
them with ultrasound (US) exposure. In this study, to assess the
feasibility and the effectiveness of BL for the gene therapy of various
disorders, we developed a safe and efficient local gene delivery
system into skeletal muscle, joint, and oral tissues using the
combination of BL and US exposure. In the group of plasmid DNA+
BL+US, higher luciferase gene expression in each tissue could be
observed compared to the group of plasmid DNA injection alone. We
further delivered bFGF-expressing plasmid DNA into skeletal muscle
in hindlimb ischemic model mice through the combination of
BL+US. As a result, the blood flow in the treated groups with BLs
and US-mediated the bFGF gene transfer was quickly recovered
compared to other treatment groups (non-treated, bFGF alne, or
bFGF+US). Thus, this US-mediated BLs technique for gene transfer
many provide an effective method for gene therapy for non-muscle

disorders.
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A fabrication method for hollow melamine-formaldehyde
microcapsules from microbubble templates is presented. This method
is based on the direct encapsulation of microbubbles, and thus does
not require a liquid-or solid-core decomposition process. This study
determined the conditions for controlling the surface morphology of
hollow microcapsules. Results showed that the surface morphology
of these hollow microcapsules depended on the reaction time,
glycine concentration (pH of aqueous continuous phase) and pre-
polymer concentration. The encapsulation yield of microbubbles
depended on the reaction speed controlled by glycine concentration.
This method could be useful for mass fabrication of hollow
microcapsules.
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Numerical simulations of destruction of encapsulated micro-
bubbles have been performed talking into account the effect of the
bubble-bubble interaction under the condition of the experiment by
Chang et al. [IEEE trans. Ultrason.Ferroelectr.Freq.Control 48, 161
(2001) . It has been revealed that the threshold acoustic pressure for
the destruction of encapsulated microbubbles increases as the bubble
number density increases because of the stronger bubble-bubble
interaction. The bubble-bubble interaction suppresses the bubble
expansion resulting in weaker bubble pulsation. Furthermore, the
resonance frequency of a microbubble strongly decreases as the
bubble number density increases due to the stronger bubble-bubble-
interaction.
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The advantages of ultrasound in chemical processes are the
possibility of lower reaction temperature; increased kinetic reaction
rates; higher yields and selectivity. In this study, indirect ultrasonic
irradiation method was applied to polymerization process of styrene
and degradation process of phenol. We focused on the effects of the
relationship between irradiation distance on kinetic reaction rate and
radical generation inside the reactor. In polymerization process,
polymer yield and molecular weight were influenced by reactor’s
position. In addition, the proposed dynamic process operational

method by changing irradiation conditions with the progress of the
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polymerization was efficient for intensification of emulsion polym-
erization process. In degradation process, degradation rate of phenol
was also influenced by reactor’s position. And, the effect of reactor’s
position on the degradation rate overlapped with its effects on
chemical efficiency estimated by KI oxidation dosimetry. The
degradation rate of phenol was improved by TiO, particle addition.
On the other hand, the reactor’s position influenced the degree of the
improvement of the decomposition conversion by particle addition. It
is supposed that the dispersion condition of TiO, particles in the
sample solution is influenced by reactor’s position.
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We developed a method to control behavior of microbubbles in
flow using an artificial blood vessel with multiple ultrasound sources.
Microbubbles are propelled in flow owing to a primary Bjerknes
force, which is a physical phenomenon where an acoustic wave
pushes an obstacle along its direction of propagation. Also they form
aggregation when they are put into an ultrasound field because of
secondary Bjerknes force, which acts attractive of repulsive between
neighboring microbubbles. Thus we consider that forming aggrega-
tions of bubbles is effective to be propelled before entering into an
ultrasound field to receive more primary Bjerknes force. We have
investigated the phenomenon of forming aggregations of bubbles and
observed variation of diameter and density of aggregations under
varioius conditions of ultrasound exposure. As the result, when
ultrasound was emitted to form aggregation, the induction index was
confirmed to improve more than the attempt without forming
aggregation. Here if an aggregation of bubbles can be regarded as a
larger bubble, they would be propelled by less primary Bjerknes
force. For further analysis, we are going to realize active control the
aggregations of bubbles in vivo.
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We have proposed drug delivery systems (DDS) using shock
waves to apply micro/nano technology in the fields of biomedical
engineering. In this system, a microcapsule including a gas bubble is
flown in the blood vessel, and finally broken by shock induced
microjet, then drug is reached to the affected part in the body as same
as traditional DDA. It is necessary to optimize the design of
microcapsule including gas bubbles even if their complicated
mechanism of capsule disintegration. In our previous investigations,
the prototype of microcapsules including gas bubbles were made.

In this paper, after reviewing the prototype of microcapsule, the
results of disintegration experiment to make microcapsules including
a gas by polymer material and liposome material is discussed. In
addition to this, to understand the fundamental phenomena, de-
formation process of a bubble in a microcapsule is observed by
pressure waves to analyze the behavior of the bubble collapsing the
microcapsule. It is found that by selecting the proper parameters,
there are possibilities to make the large deformation of bubble to

disintegrate.
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Quantitative molecular information generated by the emerging

technologies such as high-throughput gene and proteomic expression
profiling has been useful in assessing and understanding the disease
state in dermatological research. To bring this information to clinical
practice, a minimally-invasive method for sampling skin molecules is
a prerequisite. To meet this need, we have successfully demonstrated
an ultrasound-assisted sampling technique can recover a wide variety
of biomolecules from skin in a minimally-invasive manner and build
a unique molecular signature of skin. Verification of this technique
was made by investigating change in skin conditions due to acute
chemical insult and chronic dermatitis such as atopic dermatitis and
psoriasis using animal models. These experiments showed a brief
exposure to ultrasound retrieved nearly all major tissue constituents,
including protein (cytokines, chemokines, etc.), lipids (polar- and
non-polar lipids), and nucleic acids (DNA and RNA), which
enabled us to quantitatively assess molecular changes in skin. Our
technique coupled with an appropriate molecular test can help
physicians arrive at accurate diagnosis by combining with conven-
tional diagnostics such as visual examination of skin Additionally,
we evaluated this technique as a delivery method of drug, and
demonstrated ultrasound facilitated the passage of drugs into skin.
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To investigate whether or not the combined ultrasound and
antibiotic treatment is effective against chlamydial infection, a new
ultrasound exposure system was designed to treat Chlamydia-
infected cells. Infected cultures were treated with antibiotics then
sonicated at intensity of 0. 15 or 0. 44 W/cm® with or without Bubble
liposomes. After 48 or 72 h after infection, chlamydial inclusions
were stained and examined by fluorescence microscopy. The
internalization of dextran-fluorescein conjugates by ultrasound
irradiation with Bubble liposomes were observed by fluorescence
microscopy. The results showed that application of nanobubble-
enhanced ultrasound caused no significant effect on cell viability and
chlamydial infectivity. However, Doxycycline (1/2 MIC) or CZX
(1.0 ug/ml) in combination with nanobubble-enhanced ultrasound
dramatically reduced the number of inclusion s compared with that
administered with antibiotics only. Bubble dose-dependent synergy
was also observed. After ultrasound irradiation at intensity of 0. 44
W/em® on the presence of Bubble liposomes, 10% of HeLa cells
were observed to have internalized the dextran molecules. This study
suggests the possibility of using nanobubble-enhanced ultrasound to
deliver antibiotic molecules into cells to eradiate intracellular
bacteria such chlamydiae without causing much damage to the cells
itself.
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Our previous study demonstrated that the titanium dioxide (TiO,)

could catalyze production of hydroxyl (OH) radicals by ultrasound
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(U.S.) irradiation even without any photo-excitation, and that this
sonocatalytic facilitation of OH radical generation could be applied
to disinfection of Ligionella pneumophilia in the presence of TiO,
particles. To extend the applicability of our “TiO,/U.S. system” to
drug delivery systems for cancer therapy, surface of TiO, nano-
particles was modified with molecules recognizing specific type of
cells. Specificity of the surface-modified TiO, toward target cells was
assayed, and subsequently the sonocatalytic cytotoxicity was
evaluated. Liver and colon cancer cell lines, HepG2 and WiDr were
used. PreS1/S2 protein, which is components of Hepatitis B virus
and recognizes hepatocyte, was used as a model molecule for
targeting HepG2 cells. To evaluate the sonocatalytic cytotoxicity of
HepG2 cells with incorporation of preS1/S2-TiO,, the culture dish
was irradiated with U.S. at low frequency of 1 MHz and with output
power of 0. 3 W/m’ for 30 sec (50% Duty). Compared to the control
condition without preS1/S2-TiO, incorporation and/or U.S.
irradiation, the growth of HepG2 cells was restrained with both the
preS1/S2-TiO, incorporation and the U.S. irradiation at initial time of
culture, suggesting our “TiO, /U.S. system” could be promising tool

for cancer therapy.
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1) Bioelectrics and Medical Application of Nonlinear Ultra-
sound (Shock Waves)

Hamid Hosseini (Bioelectrics Research Center, Kumamoto

University)

Results of research on biomedical application of pulsed electric
field and shock waves are presented. In order to exploit systems for
shock wave therapy, we have been working for the development of
clinical devices that are based on the concept of shock waves or
related phenomena. The talk describes new therapeutic devices
designed for the minimally invasive approach to vascular throm-
bolysis, selective dissection of tissues, and drug or DNA delivery. To
investigate the response of cells to shock loading, a precise method
of shock waves generation has been developed. This method has
been studied for application in cardiovascular therapy, cancer
treatment, and cranioplasty in close vicinity of the brain. A laser
ablation shock wave assisted particle acceleration device has been
developed for delivering drug and DNA into soft tissue targets. The
penetration depth of micro-particles observed in the experimental
targets is believed to be sufficient for pharmacological treatments. In
order to achieve an efficient method for rapid revascularization of
cerebral thrombosis, a laser shock wave induced liquid jet system has

been developed. The micro-liquid jet system has been further
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The use of targeted contrast enhanced ultrasound imaging for
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malignant tumor is increasingly being recognized as a powerful
imaging tool. This technique of modifying ultrasound contrast agents
(specially designed microbubbles/ nanobubbles) can make possible
the detection and quantification of tumor angiogenesis at the
molecular level. Furthermore, combining diagnostic ultrasound with
higher intensity ultrasound have recently shown to be have very
efficient outcome for cancer therapy. Ultrasound can be used both to
see a tumor’s blood perfusion and then to treat it with a continuous
wave of high intensity ultrasound for therapy. Peptides can be
conjugated to the surface of microbubbles and used for targeted
contrast-enhanced ultrasound imaging of tumor angiogenesis.
Preliminary results have shown that microbubbles conjugated to
small peptide-targeting ligands provide imaging signals higher than
those provided by a large antibody molecule. The microbubbles
maybe designed to encapsulate anticancer agents that could be
locally released by high intensity focused ultrasound. This “find and
cure” approach could become an ideal treatment for cancer in the

future.
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improved and successfully applied for selective dissection of soft

tissue preserving nerve and blood vessels.
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11) Inhibition of melanoma cells when sub-cultured with IF-
beta sonotransfected melanocytes

Loreto B. Feril, Jr. (Department of Anatomy, Fukuoka University

School of Medicine)

To investigate the effects of low-intensity ultrasound on human
malignant melanoma (C-32) cells in vitro were exposed to 0. 1-0. 5
W/em® (1. 011-MHz) ultrasound. In separate experiments, cells were
sonotransfected with the following genes: GFP, IFN-beta, and GFP
tagged IFN-beta gene, after micro-bubbles were added. Sonotransfection
with IFN-beta resulted in cell killing, apoptosis induction and overall
growth inhibition of melanoma. While GFP sonotransfection did not
significantly affect cell growth, it was shown that cells transfected
with GFP-tagged IFN-beta genes were more likely to undergo
apoptosis. In addition, growth of cells sub-cultured with sonotransfected
cells was also inhibited. These findings suggest the potential use of
low-intensity ultrasound against malignant melanoma including
advanced metastatic stages that are the usual causes of death

associated with cancer.
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