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Abstract This paper describes the development of microcapsules
with high disintegration rate efficiency for drug delivery systems
(DDS) using shock waves and the design of the microcapsules. The
microcapsules, which include a gas bubble, are made by a micro-
manipulation system, and it was found that the production possibility
depends on the chemical composition of the microcapsule. To obtain
the design index of the capsule structure and configuration, a bubble
deformation process near a curved elastic wall, which was an
experimental model of the microcapsule membrane, was observed
and analyzed. The results show that disintegration efficiency depends
on the capsule size and Young’s modulus of the membrane. As for
Young’s modulus, the disintegration efficiency peak value was
around 100 kPa under several conditions. The Young’s modulus of
the microcapsule membrane changed with chemical composition,
and was determined by comparing the aspirating process of the
capsule membrane with the results of finite element analysis. When
the apparent Young’s modulus of the membrane considering visco-
elasticity is more than 250 kPa, microcapsules including gas bubbles
can be produced. In this case, the capsule membrane’s optimum
elasticity for easy disintegration is 250 kPa when considering the
above results. Therefore, it is necessary to design a microcapsule
with a gas bubble to optimize elasticity for production and ensure

high disintegration rate efficiency.

2) Novel ultrasound exposure system that simulates in vivo
condition in investigating sonotransfection and bioeffects
of ultrasound
Loreto B Feril, Jr. (FRFAS: - BEA-EMR 5 50%)

The discovery that most human diseases (e.g. genetic disorders,
cancers and metabolic disorders) are somehow linked to a particular
gene or genes has brought unprecedented progress in the science of
therapy. Gene therapy, in particular, is formulated for treating certain
ailments and is carried out by introducing recombinant genes into the
somatic cells to alter the course of a disease process. Several
strategies have been designed to attain transfection and eventual
integration into the nucleus of the target cells. Viral-mediated gene
transfer is efficient to the task, but cytotoxicity, cytopathy, and
antigenicity are among the drawbacks that limit its use in therapy.

Use of US in therapy and also in gene transfection has been

investigated both in vitro and in vivo.
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Greenleaf et. al. (1998) first used non-viral plasmid DNA in
combination with ultrasound. It was postulated that ultrasound would
initiate the delivery of DNA through the celluar membrane to within
the cells and would not at the same time produce irreversible damage
to the cells. Bao et al. (1997) further added microbubbles to increase
the rate of DNA transfer. Ward et al. (1999) and Tachibana et al.
(1999) had earlier theorized that liquid microjets induced in the
event of collapse of microbubbles could be the mechanism by which
DNA easily penetrates the cell membrane. Scanning electron
microscopy and high-speed video imaging technologies have
recently revealed images of collapsing microbubbles and ruptured
cell membrane surface that supports this theory. Unger (2004)
introduced the concept of “tailored made” microbubbles and
nanobubbles that target specific tissue lesions to deliver drugs and
DNA.

Today, the concept of applying ultrasound as a means for altering
the pharmacokinetics in various tissues and drug permeability
through cell membranes has expanded into a whole new field ranging
from gene therapy to anti-cancer drugs. A new generation of
microbubbles and nano-sized bubbles are under development
specifically for the purpose of “target and deliver” drug treatment
with non-thermal ultrasound. So far the mechanism remained
generally unknown, but the leading belief is that US increases DNA
uptake by the cells. A study investigated the effects of US on
liposome-mediated transfection using 3 different types of liposomes,
which have been previously shown to mediate transfection with
different degrees of efficiency, showed that US significantly
increased luciferase expression when combined with the liposomes™.
Optimal enhancement was observed when US was given 2 hr after
incubation of the cells with the liposome-DNA complexes,
suggesting that US works to enhance transfection only after cells had
enough time to interact with the DNA.

More recently, we have shown that improving the survival of cells
after having induced membrane damage leads to an improved
transfection rate on five cancer cell lines (U937, HeLa, PC-3, Meth A
and T-24). It was also shown that optimized US condition resulted in
a better transfection rate than that of electrotransfection and
liposome-mediated transfection™. Use of engineered microbubbles in
sonotransfection has therefore widened the therapeutic potential of

this method

3) BERZEML/-E MERIRHEAEMIZA D gene transfection
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Objective:

Malignant melanoma is one of the most malignant tumours known to

man. The prognosis of patients who have disseminated melanoma is

very poor and available treatment methods remain unsatisfactory.

Newer effective treatment has been desired. We have previously

shown that ultrasound-mediated gene transfection can be optimized
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in vitro. In this study, we investigated the transfection of Interferonf
(IFNB) gene into malignant melanoma cell line using a set up
simulating in vivo condition. IFN/ is known to be a tumor growth
inhibitor. We then investigate whether or not sonotransfection of
IFNfon malignant melanoma in nude mice can suppress tumor
growth.

Materials and Methods:

In vivo tumor therapy model

Malignant human melanoma (C32) cells subcutaneously inoculated
into mice at 2 x 10° cells/tumor site and 2 tumor sites per mouse.
Two weeks after melanoma inoculation, tumors were subsequently
exposed to 1.011 MHz ultrasound using a 2 cm (diameter)
transducer after intra-tumor injection with IFN/S genes mixed with
microbubble. Sonication (Igy, 0.44 W/cm®, burst frequency of 0.5
Hz, 25% duty factor) was done for 2 min daily for three days. Tumor
sizes (maximum diameter x width) of the transfected group were
measured every 3 days and compared with that of the un-transfected
group.

Results:

In vivo, the growth rates of malignant melanomas transfected with
IFNf gene, tended to be lower than those treated with ultrasound
only.

Conclusions:

These results suggest that ultrasound-mediated IFN/ gene therapy
could potentially become a non-surgical method in treating skin
diseases, such as malignant melanomas. Recently, extensive surgical
treatment of advanced malignant melanoma is no longer
recommended, thus ultrasound-mediated IFN/ gene transfection

could also be a new method of treatment.
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PURPOSE: To determine if commercially available echo-enhanced
microbubble contrast agents could be used to increase gene
transfection efficiency by means of relatively low-intensity
ultrasound-mediated microbubble destruction.

MATERIALS AND METHODS: Two echo enhanced contrast
agents BR1 and BR14 (Bracco) were tested in this study. 20 ug of
the reporter plasmid DNA (25 ug) encoding green fluorescent
protein (GFP) and inclusing amounts of microbubbles were mixed
with 2 x 10° Chinese hamster ovary (CHO) cells at a final volume of
1 ml. The cells were irradiated with low-intensity therapeutic
ultrasound (1 MHz) at an intensity of 1.0 W/cm” and a duty cycle of
10% for 20 seconds (Fig 2, Sonitron 1000; Rich mar, Inola, Okla).
Addition of microbubbles resulted in significantly lower viability (N
=3). The concentration of the microbubble was adjusted so as to
indicate post-ultrasound treatment viability of 50 = 10%. After the
cell viability analysis, the cell suspensions were harvested from the
wells, separated by centrifugation, and resuspended in alpha minimal
essential medium. Viable cells (2 x 10°) were plated into 6-cm
dishes. After 48-hour culture, the GFP-positive cells were detected
with a digital camera (FUJIX HC-300; Fujifilm, Tokyo, Japan),
ARGUS-20 image and a chilled CCD camera (Hamamatsu

344

Photonics K.K. Hamamatsu, Japan) from an ECLIPSE E 600
fluorecence microscopy (Nikon Inc., Tokyo, Japan) with plain
apochromat lenses using a FITC-HVQ filter (EX 450-490 nm, DM
505 nm, BA 520 nm). Cell images were printed out by FUJIX
Pictrography 3000 (FUJIFILM, Tokyo, Japan).

RESULTS: Low intensity ultrasound irradiation alone just had
minimal cell killing effects. Whereas addition of microbubbles
resulted in significant reduction of cell viability by ultrasound
irradiation. In spite of similar cell killing ration by microbubbles plus
ultrasound, BR 14 microbubble showed significantly higher
efficiency of gene transfer compared to the BR1 (Fig 3.4).
CONCLUSION: Low intensity ultrasound in the presence of BR14
echo contrast microbubbles induced efficient gent transfer but not
with BR1.
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Authors have been studying an Underwater Acoustic Lens design
by using optical lens design method, which is a part of developing an
Acoustic Imaging SONSR System. A purpose of this paper is
comparing beam radius on an image plate between acoustics and
optics which is needed to acoustic lens design method establishment
based on optical one. Then LENS B, which is a single tablet, both
side concave and acrylic underwater acoustic lens, was designed and
made with assumption of view angle and beam radius on an image
palate by optical lens design method. This paper reported measured
LENS B performance in a tank.
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2) Ultrasound-induced apoptosis and sonotransfection on
circulating cancer cells in an in-vivo simulated
sonication set-up
Loreto B Feril, Jr. (Dept of Anatomy, Fukuoka University School
of Medicine)

We have previously shown that low intensity ultrasound can
induce cell lysis, necrosis and apoptosis in vitro. Furthermore, we
have shown that ultrasound-induced apoptosis can be optimized by
using pulsed ultrasound. At the optimized condition, we have also
shown that use of microbubbles reduces the threshold for apoptosis
induction. In the present study we aimed to investigate apoptosis
induction using similar optimized condition in a novel system that
simulates in vivo condition. Employing two types of engineered
bubbles, one is microbubble Optison™ (Optison) and the other is
liposome-based nanobubbles (liposome) and using monocytic
leukemia U937 cells the induction of cell killing particularly
apoptosis was then compared. Cells were sonicated at 1.011 MHz,
intensities (Isx) 0.064, 0.15, 0.44, 0.64 W/cm’, duty factor 25%,
burst rate 0.5 Hz, for 20 sec with or without cavitation bubbles. The
results show that no cell killing can be observed in the absence of
bubbles even at the highest intensity used. The loss of cell viability
increased with increasing ultrasound intensity and more cell killing
was observed in the presence of Optison than liposome. At Igx, 0.15

W/ecm® apoptosis were 29.07% and 16.27% while necroses were
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10.40% and 4.35% with Optison and Liposome, respectively. This
result could be explained by the membrane damage theory. Smaller
bubbles involved in ultrasound-induced cavitation would result to
smaller degrees of membrane damage thus resulting to a more
repairable damage by the cell. Such repaired damage may result to
continued survival of the cells or preferential killing of cells by
apoptosis. These findings could be useful in therapy when apoptosis

induction is desired over killing the cells instantly.

3) Sonodynamic therapy of cancer using a novel porphyrin
DCPH-P-Na(I), devoid of
photosensitivity

derivative, which is
* Ken Hachimine, Hirotomo Shibaguchi, Motomu Kuroki,

Hiromi Yamada, Tetsushi Kinugasa, Yoshinori Nakae,
** Ryuji Asano, Isao Sakata, *** Yuichi Yamashita,

Takayuki Shirakusa, Masahide Kuroki
* Department of Biochemistry, and
** Photochemical Company, Ltd, Okayama 701-1221, Japan
##% Department of Surgery, Faculty of Medicine, Fukuoka
University, Fukuoka 814-0180;
To improve the efficacy of sonodynamic therapy of cancer using

photosensitizers, we developed a novel porphyrin derivative

designated DCPH-P-Na(I) and investigated its photochemical
characteristics and sonotoxicity on tumor cells. DCPH-P-Na(I)
exhibited a minimum fluorescent emission by excitation with light,
compared with a strong emission from ATX-70, which is known to
reveal both photo- and sonotoxicity. According to this observation,
when human tumor cells were exposed to light in the presence of
DCPH-P-Na(I) in vitro, the least phototoxicity was observed, in
contrast to the strong phototoxicity of ATX-70. However, DCPH-P-
Na(I) exhibited a potent sonotoxicity on tumor cells by irradiation
with ultrasound in vitro. This sonotoxicity was reduced by the
addition of L-histidine, but not D-mannitol, thus suggesting that
singlet oxygen may be responsible for the sonotoxicity of DCPH-P-
Na(I). DCPH-P-Na(I) demonstrated significant sonotoxicity against
a variety of cancer cell lines derived from different tissues. In
addition, in a mouse xenograft model, a potent growth inhibition of
the tumor was observed using sonication after the administration of
DCPH-P-Na(I)
sonodynamic therapy with DCPH-P-Na (I) may therefore be a useful

to the mouse. These results suggest that

clinical treatment for cancers located deep in the human body
without inducing skin sensitivity, which tends to be a major side-
effect of photosensitizers. (Cancer Sci 2007; 98: 916-920)
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- Exploitation of ultrasound in membrane permeabilisation
Prof. A.P. McHale (School of Biomedical Sciences, University of
Ulster, Coleraine, Co. Derry, Northern Ireland)

The permeabilising effects of electric pulses on cell membranes
and the use of ultrasound energy of various intensities, for both
thermal effects and enhancement of drug and gene delivery, have led
to extensive research into the potential applications of these systems
in the development of novel anti-cancer treatments. In the present
study we have demonstrated for the first time that the application of
brief electric pulses ‘sensitises’ tumour cells to the effects of low
intensity ultrasound. The studies were conducted in human tumours
established in athymic nude mice and in many instances resulted in
the reduction of tumour mass. The combined electric field and
ultrasound approach (CEFUS) was applied in vivo to a murine colon
adenocarcinoma (C26) and a human oesophageal adenocarcinoma
(OE19). The experiments performed demonstrated the anti-tumour
effects of the combined therapy. Varying the electrosensitisation
parameters used (voltage, waveform, electrode type) contributed to
optimise the procedure. Exponential electric pulses with a peak of
1000 V/cm were initially used, but square wave pulses (1000 V/cm,

1 ms, x2, 1 Hz) were found to be just as effective. All ultrasound
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application parameters were kept constant during the study. The
growth rate of C26 tumours treated with CEFUS was significantly
reduced with respect to untreated controls at day 7 (96% of average
initial tumour volume in CEFUS group versus 615% for controls, P
< 0.05). Similar reduction was observed in OE19 tumours treated
with CEFUS by day 4 (82% versus 232%, P < 0.032). Our
preliminary data suggest that this novel technology could potentially
be of wide application in clinical practice for the treatment of solid

tumours and is worth further investigation.
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Chlamydia trachomatis (&, HEFIIZ S e b S O S kg
FET, DVETS ZOEMEAHEREL o T b, FIETIIIR
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7z.
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MHz, 0.44 w/cm’, 0.5 Hz pulse rate, 25% duty factor, 20 sec.) %
1oz, 48 ~ T2 BEMIFIZ 2 T 3 27 LPS Bifk & H 7 #O
RFC TGO A MEL, T ba— e il F72,
Dextran-fluorescein conjugates (22 Ch, [FBE IR H T OM
JANELY AR % BIZZ L 72,
(S

HEMALTH 2 HeLafifa 721327 5 3 V7 ICEES O 50t
TOBEW L B LR, WIS EFRICRE L5 2
mirode. 79IV TIEGEMIZIZB W TIE, SonoVue Tl 1/2
MIC DOX (0.015 ug/ml) #5-0¥t, NIy Fo—
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FERUREIE R LB CRR AR B ORSA E A R  E E
Biological effects of Pressure Waves: Permeabilization of
the Cell Plasma Membrane

Doukas, Apostolos, PhD (W% /\— /N — B RKEEBEZEERR S R

W Fa—ty VRERHEY DL R Y 5 —)

ABSTRACT Cell permeabilization using shock waves may be a
way of introducing macromolecules and small polar molecules into
the cytoplasm, and may have applications in gene therapy and
anticancer drug delivery. The pressure profile of a shock wave
indicates its energy content, and shock-wave propagation in tissue is
associated with cellular displacement, leading to the development of

cell deformation. In the present study, three different shock-wave
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VD 62% F 7213 41% |\ &Gl % ¥ 2 72. Bubble Liposome Tl
1/2 MIC DOX (0.015 ug/ml) #5086, 15+ 12% F TG %
Wz 7z CZX O¥ify, BERRIBHFEZOBRIAMAIE S DOnIz7z0,
SD EAK & { 57275, 1.0 ug/ml i TR 2 ¥ 2 4 (12
hoLEZLNT

1z 7z Bubble Liposome D= (ZILFI LT, B4l % #1 2 % {#H]A)
bEigE N,

% 72, Dextran-fluorescein conjugate ¢ HeLa I~ DHL V) 1A
X, BERBEHICL TR b o7,

4) Therapeutic potentials of low intensity ultrasound

Loreto B Feril, Jr. (Dept of Anatomy, Fukuoka University School

of Medicine)

Biological effects of low-intensity ultrasound (US) focusing on
US-induced programmed cell death (apoptosis), regulation of gene
expression, and US-mediated gene transfection (sonotransfection)
are reviewed. Studies have shown that US can induce apoptosis and
that certain conditions can provide an optimal apoptosis induction.
Sonotransfection of different cell lines in vitro and target tissues in
vivo have been reported. Several genes can also be up-regulated or
down-regulated by sonication. As to the potential therapeutic
applications, apoptosis induction by US may induce direct and fast
ways of treating tumor or cancer tissues. Systemic or local
sonotransfection might also be a safe and effective gene therapy
method in effecting the cure of local and systemic disorders. Gene
regulation of target cells may be utilized in modifying cellular
response to a treatment, such as increasing the sensitivity of diseased
cells while making normal cells resistant to the side effects of the
treatment. In addition, gene regulation by US may also play an

important part in the enhanced healing of damaged tissues.

sources were investigated; argon fluoride excimer laser, ruby laser,
and shock tube. The duration of the pressure pulse of the shock tube
was 100 times longer than the lasers. The uptake of two fluorophores,
calcein (molecular weight: 622) and fluorescein isothiocyanate-
dextran (molecular weight: 71, 600), into HL-60 human
promyelocytic leukemia cells was investigated. The intracellular
fluorescence was measured by a spectrofluorometer, and the cells
were examined by confocal fluorescence microscopy. A single shock
wave generated by the shock tube delivered both fluorophores into
approximately 50% of the cells (p , 0.01), whereas shock waves
from the lasers did not. The cell survival fraction was 0.95. Confocal
microscopy showed that, in the case of calcein, there was a uniform
fluorescence throughout the cell, whereas, in the case of FITC-
dextran, the fluorescence was sometimes in the nucleus and at other
times not. We conclude that the impulse of the shock wave (i.e., the
pressure integrated over time), rather than the peak pressure, was a

dominant factor for causing fluorophore uptake into living cells, and
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that shock waves might have changed the permeability of the nuclear

membrane and transferred molecules directly into the nucleus.
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