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Experimental study of damage on vascular endothelial
cells according to microbubble concentration and
ultrasound exposure
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1. Introduction

In recent years, cellular immunotherapy
has been recognized to be a new cancer therapy to
reduce side effects as relapse and metastasis
inhibitory effect, where the therapeutic cells are
injected into the bloodstream. There is a
fundamental problems of the Ilimitation of
accumulation at the target area to disperse the
cells in blood flow. To address this problem, we are
researching on ultrasonic therapy using bubble-
surrounded cells (BSCs) [2,3] containing therapeutic
cells and thin catheters [4]. However, upon
controlling BSCs and a catheter as shown in Fig.1,
the effect of ultrasound exposure on the vessel wall
has not been clarified.
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Fig.1 The concept of treatment with acoustic radiation
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Therefore, in this study, we carried out the validation
of the vascular endothelial cells viability versus
presence of microbubbles and various conditions of
ultrasound exposure.

2. Methods

In this study, we have used lipid bubbles in
recent years (LBs) [5] and normal vascular
endothelial cells extracted from bovine carotid artery.
The following experiment was conducted for the two
cases using the cells with and without LBs floating
around the cells. The LBs concentration was 0.3
mg/mL at which the amount of LBs was saturated
when BSCs were prepared by stirring the cells and
LBs with the ligand in the previous study.
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Fig.2 Experimental setup to cell viability.

Fig.2 shows the experimental setup. We
filled the tank with degassed water and the
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temperature was kept constant at 37 °C in a
thermostatic bath. A suspension which had
concentration of 1.0 X 10°/mL cells were injected for
0.1 mL per well in a plate. An ultrasound transducer
was set at a distance d = 65 mm, which was
corresponded to the focal distance, away from the
center of the suspension under ultrasound exposure
with frequency of 1 and 3 MHz. Maximum exposure
time was 60s and maximum sound pressure was
400kPa-pp. After the exposure, the cells were
cultured in CO; incubator for 24 hours at 37 °C and
then applied a colorimetric assay (Cell Counting Kit-
8, 0.01 mL/well). After incubating for 4 hours, the
absorbance in the well at 450 nm was measured.
Finally, cell viability rate o was obtained using eq.

(1).
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In eq. (1) Icommor is absorbance of the
suspension without ultrasound exposure, /lpun 18
initial average absorbance without suspension, Zsumpre
is absorbance of the suspension after ultrasound
exposure.

3. Results

Fig.3 (a) shows the results of cell viability
versus exposure time when we irradiated 1MHz
ultrasound using experimental setup as Fig.2. In the
case of cells only, the survival rate was almost 100%
regardless of the exposure time, and no damage due
to ultrasound exposure was observed. But when LBs
were present, the cell viability tended to decrease in
proportion to the exposure time, especially at a sound
pressure of 400 kPa-pp.

Next, Fig.3 (b) shows the results of cell
viability when we irradiated 3 MHz ultrasound. In
the case of 3 MHz, the cell viability rate decreased to
a maximum of 4% under the conditions with a LBs
concentration of 0.3 mg/mL, a sound pressure of 200
kPa-pp, and an exposure time of 60 s, and there was
no significant change in the survival rate. From these
results, it was found that the damage to cells was
larger when 1 MHz ultrasonic waves were exposure
in the presence of LBs compared to 3 MHz.

The difference in the cell viability between
two frequencies was caused by sound pressure
distribution. The 1 MHz sound pressure distribution
was wider than the 3 MHz sound pressure
distribution, so it is considered to have a large effect
on cells and LBs. From the results of a similar
research using fibroblasts and osteoblasts, the cell
viability was higher with 3 MHz [6], and it can be
said that the same tendency was observed.
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Fig.3 Viability variation of the cells under ultrasound
exposure with (a) 1 MHz and (b) 3 MHz.

4. Conclusion

We have verified cell viability of vascular
endothelial cells in response to ultrasound exposure.
When 1 MHz ultrasound was irradiated in the
presence of LBs, the cell viability decreased to 82%
under conditions of 400 kPa-pp and exposure time
60s. In the next step, we are going to work on
conditions for extending exposure time and cell
viability in BSCs with LBs attached to cells.
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