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1. Introduction 

Microbubbles (MBs) are widely used as 
contrast agents in ultrasound diagnostic imaging 
due to its eminent responsiveness to several MHz 
band, which is generally used in clinical ultrasound 
applications. In recent years, researchers are trying 
to apply MBs not only to ultrasound contrast agent 
but also ultrasound drug deliverly system (DDS), 
intended for visualization of dose and high accuracy 
medication to the affected part [1]. For clinical 
application of MB-DDS, techniques that accumu- 
lating MBs selectively on target point and releasing 
drugs carried by MBs should be established.  

Typical MB-DDS techniques adopt ligand – 
receptor linking as accumulation method of MBs, 
which is specific binding between a ligand body 
and a receptor body [2]. After accumulation of MBs, 
focused ultrasound irradiation is perfomed to cause 
cavitation to releasing drugs, but ultrasound 
irradiation may cause moving accumulated MBs 
away from the target point because ultrasound 
intensity can be much bigger than ligand – receptor 
linking strength, resulting in lower effeciency of 
targeting drug deliverly. To maximizing efficiency 
of MB-DDS, it is crucial to develop contactless 
manipulation method to accumulate MBs without 
depending on regand – receptor linking. 

The purpose of this study is to investigate 
acoustic manipulation of MBs using focused 
ultrasound by moving the focus of ultrasound 
mechanically, and to find the key to control MBs. 
 
2. Materials and Methods 

A schematic view of the experimental setup is 
shown in Fig. 1. 
2.1. Preparation of MBs 

In this study, we used MBs called Sonazoid® 
(Daiichi-Sankyo), Perfluorobutane (PFB: C4H10) 
gas coated with phospholipids. Sonazoid was 
diluted with distilled water according to the 

attached protocol, then diluted Sonazoid solution 
5-50 times with distilled water. 

2.2. Experimental setup for ultrasound exposure 
Bubbles in the ultrasound wave field are 

subjected to the primary Bjerknes force which is an 
acoustic radiation force represented by product of 
MBs’ volume and gradient of acoustic pressure [3]. 
From the relation between the focused ultrasound’s 
frequency and MBs’ resonant frequency, small MBs 
which have higher resonant frequency can be 
trapped at the antinode or focus of the focused 
ultrasound field. 

MBs were trapped by focused ultrasound 
(2.04 and 5.46 MHz center frequency, CW), which 
were irradiated with a function generator (WF1974, 
NF Corp.), amplified with a wave amplifier (2100L, 
Electronics & Innovation), and concave transducer 
(PZT ceramics, both Diameter and focus length: 40 
mm). Amplified input was monitored with an 
oscilloscope (WaveSurfer 24Xs-A, Teledyne 
LeCroy). Time-lapse behaviors of MBs were 
observed with a high speed camera (MotionPro X3, 
IDT), coupled with an inverted microscope 
(TE2000-E, Nikon). Transducer was controlled with 
an auto stage (KXG06030-F, Suruga Seiki). 
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Fig. 1  Experimental setup 
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perpendicular to the flow direction. The distance 
between the sound axis of the transducer and the 
center of observation area of the microscope was set 
with a = 3 mm. We also established two areas, 
which sizes are wx = 2 mm and wy = 1 mm, in the 
observations area to evaluate the effect of induction 
by ultrasound emission. The fluorescent images 
were recorded with maximum 30 frames/sec. 
 

 
Fig.2 Experimental setup to observe behavior of NBs. 

 
3. Results 

In the experimental setup of Fig.1, we 
have emitted a pulse wave, which has central 
frequency of 5 MHz, duration time of 1.0 µs, and 
the maximum sound pressure of 100 kPa-pp. Fig.3 
shows the calculated distribution of ultrasound 
attenuation versus frequency with FFT analysis 
including three trials. We have found the obvious 
concave property of attenuation around 2 MHz, 
which we consider that NBs oscillated with the 
frequency near 1 MHz and 5 MHz, whereas NBs 
did not respond with 2 MHz. 

 
Fig.3 The ultrasound attenuation property though NBs 

suspension calculated with FFT analysis. 

In the next experiment shown in Fig.2, we 
have observed the behavior of NBs under 
ultrasound exposure. The transducer emitted a 
sinusoidal wave with single frequency selected 
from 1, 2 and 5 MHz, where the maximum sound 

pressure was fixed to be 200 kPa-pp. Fig.4 shows 
the brightness difference between the area A and B, 
where the difference is positive when more NBs 
were found in the area A, versus flow velocity from 
10 to 40 mm/s. With the frequency of 5 MHz, we 
confirmed a distinct decrease of the brightness 
difference in proportion to flow velocity, which 
indicates that the active induction becomes difficult 
according to flow velocity, and shows the same 
tendency to our experience using microbubbles 
[1,2]. On the other hand, with frequency of 1 and 2 
MHz, we observed slight brightness differences, 
which indicates a low controllability of NBs. 
Considering with the results with Fig.3, the result of 
controllability with 2 MHz is reasonable, whereas 
further discussion is necessary with 1 MHz. 

 

 
Fig.4 The brightness difference between the area A and B 

versus flow velocity of NBs suspension. 

4. Conclusions 
 In this paper, we observed the behavior of 
NBs using florescent microscope under ultrasound 
exposure, which includes three different frequencies 
of sinusoidal waves, after examining the ultrasound 
attenuation through NBs suspension. With the 
frequencies of 2 and 5 MHz, the behavior of NBs 
was reasonable, which predicts that there would be 
an optimal frequency or their combination to induce 
NBs. We are going to apply the results for active 
induction of NBs in in vivo blood vessels. 
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3. Results 
Fig. 2 shows preliminary manipulation result 

of MBs using focused ultrasound with a center 
frequency of 2.04 MHz and peak negative pressure 
of 5.9 kPa. Yellow and white lines represent the 
locus of focal point of ultrasound and the bubble 
locus, respectively. Fig. 2 (a) shows the absolute 
locus relations between focal locus and bubble 
locus, while Fig. 2 (b) shows relative locus of focal 
locus and bubble locus. When comparing absolute 
locus of bubble locus and focal locus, bubble locus 
shifted to upper right in 50 μm (Fig. 2 (a)), while 
relative loci were nearly corresponded (Fig. 2 (b)). 

Fig. 3 shows precise manipulation result of 

MBs using focused ultrasound with a center 
frequency of 5.46 MHz and peak negative pressure 
of 7.6 kPa. Yellow and white lines represent the 
locus of focal point of ultrasound and the bubble 
locus, respectively. Fig. 4 shows trapped MBs at the 
focus of the focused ultrasound in Fig. 3. MBs were 
moved in an arc on the first and last straight path, 
while they moved in almost straight line on the 
second straight path (Fig. 3). Trapped MBs at the 
focus of focused ultrasound was 3 MBs (Fig. 4), 
and MBs’ cluster was moved along the locus of the 

focus with rotation. 

4. Discussion 
From the square shape and “M” shape 

manipulation experiment, MBs can be manipulated 
in two-dimensional plane by moving the focus of 
ultrasound mechanically, forming bubble cluster. 
The difference between the locus of focus and that 
of bubble cluster was assumed that was caused by 
refraction of the ultrasound beam at the interface 
between water and gel and secondary Bjerknes 
force from peripheral MBs. 

Taking into account the order difference 
between the locus of the focus and the beam width 
(Fig. 5), the locus shift was sufficiently less (≃ 
1/10) than ultrasound resolution. Therefore, this 
method can manipulate MBs accurately. 

Acknowledgment 
This work was supported by a grant for Trans- 
lational Systems Biology and Medicine Initiative 
(TSBMI) from the Ministry of Education, Culture, 
Sports, Science and Technology of Japan. 
 
References 
1. K. Ferrara, R. Pollard, and M. Borden, Annu. 

Rev. Biomed. Eng. 9, 415 (2007). 
2. C. Pu, S. Chang, J. Sun, S. Zhu, H. Liu, Y. Zhu, 

Z. Wang and R. X. Xu, Mol. Pharmaceutics 11, 
49 (2014). 

3. T. G. Leighton A. J. Walton and M. J. W. 
Pickworth, Eur. J. Phys. 11, 47 (1990). 

 

 
(a) Absolute locus  (b) Relative locus 

 
Fig. 2  The square locus manipulation of bubble 

and focus. Ultrasound frequency = 2.04 
MHz, peak negative pressure = 5.9 kPa. 

 

 

 
 

Fig. 3  The “M” shape locus manipulation of 
bubble and focus. Ultrasound frequency 
= 5.46 MHz, peak negative pressure = 
7.6 kPa. 

 

 

 
 

Fig. 4  MBs cluster trapped at the focal point 
 

 

 
 

Fig. 5  Comparison of manipulated path and 
focal point width. 

 


