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1) The Physics of Sonoporation

Dr Paul A. Campbell (Reader in Physics, Div. Electronic

Engineering & Physics, Ewing Building, University of Dundee,

Dundee DD1 4HN, Scotland. UK)

Microbubble contrast agents were originally developed to enhance
echogenicity in diagnostic sonography. However, their somewhat
unique acoustic response and facility to transduct energy into spatial-
ly focussed regimes, together with the clinical demand for non-inva-
sive adjuncts and options to conventional therapy, have seen interest
in exploring the therapeutic potential of microbubbbles grow steadily
within this past decade or more. For the purposes of the present pa-
per, the author has sought to select several key aspects of acoustically
driven microbubble interactions, (both with 00117 ther bubbles, and

with cells also) and to assess what we have learned, and perhaps
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more importantly, what we still require to understand better. This is
presented in the context of both in vitro sonoporation experimenta-
tion, and also with more clinically related areas such as transdermal
drug delivery

2) High speed observation of microbubbles

Nobuki Kudo (Hokkaido University, Japan)

Membrane perforation of endothelial cells with attached mi-
crobubbles caused by exposure to single-shot short pulsed ultrasound
is described, and the mechanisms of membrane damage and repair
are discussed. Real-time optical observations of cell-bubble interac-
tion during sonoporation and successive scanning electron micro-
scope observations of the membrane damage with knowledge of bub-
ble locations revealed production of micron-sized membrane
perforations at the bubble locations. High-speed observations of the
microbubbles visualized production of liquid microjets during non-
uniform contraction of bubbles, indicating that the jets are responsi-

ble for cell membrane damage.
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Therapeutic Ultrasound (JSTU)
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1) M/AREDADFEODOFER - HFAYEE  Evaluation of
microbubble behavior using acoustical and optical methods

THEEE, Az (i s R B R )

In this study, two methods for evaluating behavior of microbubbles
under exposure to ultrasound were examined. One is an optical meth-
od that directly visualizes bubble behavior using a high-speed cam-
era, and the other is an acoustical method that estimates bubble be-
havior by measurement of transmission characteristics of a bubble
suspension at different pressure amplitudes of probing pulses. These
methods have complementary roles because the acoustical method
can evaluate characteristics of a bubble suspension that contains bub-
bles of various sizes, whereas the optical method can evaluate only
one or two bubbles at a time. According to the experimental results,
acoustic properties of microbubbles of ultrasound contrast agents es-
timated using the two methods showed good agreement, suggesting
the usefulness of these complementary methods.

2) BEREXYET—2 3> OEDREIGA Acoustic cavita-
tion and its therapeutic use in High Intensity Focused
Ultrasound (HIFU)

FHiE H, MAE RS, AR GRALRELIA)

In the medical ultrasound applications, acoustic cavitation and mi-
crobubbles are closely tied to the diagnostic and therapeutic uses.
The therapeutic use of microbubbles has recently been the subject of
much interest. In a HIFU treatment, the heat generated by the bubble
oscillation contributes to an enhanced localized heating effect. In the
lithotripsy of renal calculi, the acoustic cloud cavitation contributes
to the comminution of the renal stones. In all these applications, it is
essential to understand the microbubbles and bubble cloud dynamics.
The bubble motion and bubble cloud behavior are strongly influ-
enced by the internal phenomena of the bubbles, such as thermal dif-
fusion, mist formation, mass diffusion and heat and mass transfer
through the bubble wall. Temperature monitoring with thermocou-
ples and a thermal liquid crystal sheet are conducted in in vitro ex-
periments to investigate the behavior of the microbubbles and its ef-

fect on the therapy. In in vivo experiments, monitoring with an
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ultrasound diagnostic system, microbubble enhanced HIFU are ap-

plied. It is shown that microbubbles are utilized to enhance the heat-

ing efficiency in the HIFU process.
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JFUN—=ADIGHA Development of liposomal bubbles

(Bubble liposomes) as novel tools in drug delivery sys-

tem
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In cancer immunotherapy with dendritic cells (DCs), which are
the most potent antigen-presenting cells, it is important that DCs
present peptides derived from tumor-associated antigens on MHC
class I molecules and activate tumor-specific cytotoxic T lympho-
cytes (CTLs). However, MHC class I molecules generally present
endogenous antigens expressing in cytosol. Development of an excel-
lent antigen delivery system capable of inducing efficient presenta-
tion of exogenous antigens via MHC class I in DCs is required for
the establishment of effective cancer immunotherapy with DCs.
Recently, we developed the novel liposomal bubbles (Bubble lipo-
somes (BLs)) entrapping perfluoropropane gas which is utilized for
contrast enhancement in ultrasonography. In addition, we reported
that BLs are promising as effective gene delivery tools by the combi-
nation with ultrasound (US) exposure in vitro and in vivol-2). In the
gene delivery mechanism, the mechanical effect based on the disrup-
tion of BLs by US exposure, which results in generation of some
pores on plasma membrane, might be associated with direct delivery
of extracellular plasmids into cytosol. Therefore, we thought that the
combination of BLs and US exposure would directly deliver exoge-
nous antigens into cytosol of DCs (Fig. 1). In fact, this approach
could efficiently deliver exogenous antigens into MHC class I anti-
gen presentation pathway (Fig. 2), and induce potent anti-tumor ef-
fect by the immunization of antigen-delivered DCs (Fig. 3). In this
presentation, we would like to discuss cancer immunotherapy based
on BLs-mediated antigen delivery to DCs.

4) Novel Microbubbles: Evaluation and Bioeffects

Mariame A. Hassan, Takashi Kondo (Department of Radiological

sciences, Graduate School of Medicine and Pharmaceutical

Sciences, University of Toyama)

As a consequence to the ample applications of microbubbles in ul-
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trasonography and therapeutic ultrasound and; meanwhile, the lack
of coherent mathematical models that govern the bubble stability and
behavior outside or within the acoustic field, the area of research has
been wide open for novel microbubbles to be introduced, unfortu-
nately, on random bases. Many studies have emerged with new pro-
cedures and setups for composing microbubbles using different shell
materials and gases. In fact, it is no longer the issue of tailoring mi-
crobubbles that concerns alone, but the method for evaluating these
products does. The strict evaluation offers the way of using these ef-
forts exerted and forcing them on the track for clinical applicability.

The evaluation of novel microbubbles can be generally classified
into two stages, the first one deals with the physical stability of the
bubble suspension before irradiation. In this stage, the stability
should be guaranteed not only to ensure that the microbubbles are
uniformly provided each time they are manufactured but also to en-
sure that they will survive in-vivo until they reach the target organ
where they will be irradiated. The second stage involves the determi-
nation of the safety of the microbubbles on the surrounding tissues
after irradiation. Microbubbles have been shown to elicit numerous
biological responses, ranging from cytolysis to subtle membrane
changes, as controlled by the nature of their constituents and the their
behavior in the acoustic field. These effects, however, could also offer
some advantages as they open the way for therapeutic uses in cancer
therapy or gene delivery. Thus the assessment of the bioeffects of mi-
crobubbles doesn’t result in an all-or-none decision but redirects the
new products to their proper use.

Here, we will demonstrate an example of the evaluation of two dif-
ferent groups of novel microbubbles. The first group consisted of air-
filled bovine serum albumin (BSA) microbubbles of different sizes
for which stability studies were conducted using a simple, yet sensi-
tive method based on light scattering. The validity of the method was
compared to another conventional methods in use. The second
groups of microbubbles consisted of three microbubbles, namely,
AS-0100, BG6356A and BG6356B, which possessed different shells
and gas cores. These bubbles had already their stability assessed and
they were tested for their biological and chemical effects including
the enhancement of ultrasound-induced apoptosis and cell lysis and
free radical production.
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Imaging of the parenchymal blood flow using microbubbles
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Ultrasound contrast imaging associated with microbubble-based

Ultrasound

contrast agent is explained in this manuscript. When microbubbles in

liquid are stimulated by the ultrasound pulse, the echo signals from
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the microbubbles include higher-order frequency components which
does not include in the transmission pulse. Principal of the
microbubble imaging is based on the extraction of such signals,
which is conventionally called “harmonic imaging”. As well as
imaging, bubble-distraction method is also one of the unique tech-
niques in the ultrasound microbubble imaging. By the transmission at
higher acoustic power, microbubbles in the scan fields rapidly
disappear and the reperfusion of the vascular and organ perfusion
will be visualized in real-time.

6) Ultrasonic Synthesis and Characterisation of Air- and

Oil-filled Lysozyme Microspheres

Muthupandian Ashokkumar,' Meifang Zhou' and Francesca

Cavalieri® ('School of Chemistry, University of Melbourne, VIC

3010, Australia; 22Dipartimento di Scienze e Tecnologie Chimiche,

Universita di Roma)

The emulsification and chemical effects generated during acoustic
cavitation have been used for synthesising air- and oil- filled protein
microspheres [1, 2]. When lysozyme is used as the protein, stable
microspheres are formed. The stability of the air-filled microbubbles
is studied using pulsed sonoluminescence technique. Sunflower oil-,
tetradecane- and perfluorohexane- filled lysozyme microspheres have
also been synthesised successfully. Among the three different oils
used, perflurohexane-filled microspheres are found to be relatively
stable with a narrow size distribution. In order to explore the
possibility of encapsulating biofunctional molecules (e.g., drugs), a
fluorescent dye dissolved in oil is encapsulated and its ultrasound-
induced release has been investigated.

7) XA 7ONTIEBERAEE Microbubbles and Therapeutic
Ultrasound
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Therapeutic ultrasound catheters and extracorporeal ultrasound
probes are under development specifically for this purpose, some
already in clinical trials. Such examples as enhancement of
thrombolytic agents by ultrasound have proven to be beneficial for
acute stroke patents and peripheral arterial occlusions. Non-invasive
focused ultrasound in conjunction with anti-cancer drugs may help to
reduce tumor size, lessen recurrence as well as reduce severe drug
side effects. Chemical activation of drugs by ultrasound energy for
treatment of atherosclerosis and tumors is another new field recently
termed as “Sonodynamic Therapy”. Lastly, advance in molecular
imaging has also initiated great expectations in applying ultrasound
for both diagnosis and therapy at the same time. Microbubbles or
nanobubbles targeted at the molecular level will permit medical
doctors to make a final diagnosis of a disease by ultrasound and

immediately proceed to therapeutic ultrasound.
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