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1. Introduction 

Two-dimensional acoustic impedance 
imaging is useful for observation of elasticity on 
living organs with no invasion [1][2]. The 
high-resolution acoustic impedance microscopy 
with 320 MHz transducer could visualize 
intracellular conditions of cultured cells, especially 
the distribution and condition of their cytoskeletons. 
Cytoskeleton is a complex structure like meshwork 
of protein fibers to exist in the cell. In particular, 
actin filament (F-actin) is closely related to cell 
formation, proliferation and differentiation. F-actin 
is repeating dynamically between polymerization 
and depolymerization in living cells, and stabilized 
with some actin-binding proteins.   

Murine C2C12 myoblasts, which are 
undifferentiated immature muscle cells, 
differentiate and fuse together to form mature 
muscle cells; myotubes in vitro[3]. During muscle 
cell differentiation, cytoskeletons would polymerize 
much and change their distribution.  

In this study, we report the living cell 
observation of differentiating C2C12 muscle cells 
using the high resolution acoustic impedance 
microscopy and compare the physiological and 
biochemical observations. 

2. Methods 

2.1 C2C12 cell culture 

C2C12 myoblasts (DS Pharma Biomedical 
Co.Ltd, Japan) were proliferated in Minimum 
Essential Medium Eagle with Hanks’ salt (HMEM) 
supplemented with L-Glutamine, 10 % fetal bovine 
serum (FBS), some vitamins, amino acids, and 0.1 
g/L Kanamycin. To induce differentiation, culture 
medium was replaced with serum-free medium. All 
cells were cultured and observed on the OptiCellTM 
(Thermo Scientific Nunc, USA). It is composed of 
polystyrene films of culture area 50 cm2 and 

membrane thickness 75μm, and C2C12 myoblasts 
are injected and cultured in the space between two 
membranes. Some samples were treated with 25 
μg/ml Cytochalasin B (CyB) [4]. 

To observe intracellular structure, the pulsed 
focus ultrasound (central frequency: 300 MHz) was 
transmitted and the reflection from the interface 
between cell and polystyrene film was received, and 
interpreted into characteristic acoustic impedance. 
The 2D profile of acoustic impedance was acquired 
by mechanically scanning the transducer.  

Physiological and biochemical conditions 
were observed with pharmacological reaction and 
the expression of myotube dependent myosin 
protein (MY-32) using the immunocytochemistry. 

3. Results and Discussion 

Proliferated C2C12 cells on OptiCellTM were 
induced to differentiate with serum-free medium. 
Pre-differentiated C2C12 cells distribute randomly 
and show a few contractive reactions to 1 mM 
caffeine treatment, while differentiated C2C12 cells 
constrict frequently and express lots fast contractile 
proteins (Fig. 1). In fig. 1 b and e, dense blue 
squares show more frequent reactive areas. The 
differentiated cells express lots of MY-32 protein. 
These physiological changes would reflect the 
reconstruction of intracellular cytoskeletons.  

The intracellular impedances in C2C12 cells 
were increased remarkably during their 
differentiation (Fig. 2). High impedance structure 
was distributed roundly in undifferentiated cells 
around cell nucleus and the impedance in 
undifferentiated cells was not changed. With the 
progress of differentiation, fibrous high impedance 
areas were observed and the intracellular impedance 
was increased. Intracellular high impedance areas 
would show the density of F-actin. 

 

(Imasonic) with both focal length and diameter of 
120 mm was driven by a staircase driving system 
(Microsonic) at a frequency of 1.0 MHz. To induce 
displacements inside the sample, HIFU at an 
intensity of 3.0 kW/cm2 with a duration of 1 ms was 
irradiated as a “push pulse”. Before and after 
irradiation, RF data were acquired via a sector 
probe (Hitachi Aloka Medical UST-52105), set in 
the central hole of the therapeutic transducer, 
connected to an ultrasonic imaging system 
(Verasonics V-1). To avoid interference between 
HIFU and imaging pulses, an interval of 500 μs was 
set between push pulse exposure and RF data 
acquisition. Synchronization between devices made 
through a function generator. After RF data 
acquisition for visualizing focal zone, the target 
sample was coagulated by HIFU exposure at the 
same intensity as the push pulse with a duration of 
7 s and a duty cycle of 90%. 
 
2.3 Data processing 
 RF data were acquired by transmitting plane 
wave pulses at a center frequency of 3.75 MHz with 
steering angles of -6, -3, 0, 3 and 6 with a PRF of 
3.33 kHz. The five consecutive data applying 
delay-and-sum-based receive beamforming were 
compounded and construct one frame as shown in 
Fig. 1. This RF frame construction was repeated to 
track the propagation of displacement after 
irradiating push pulse. The axial displacements 
were calculated by using the combined 
autocorrelation method3) with a reference frame 
before the push pulse exposure. 
 
3. Results and Discussion 

After the push pulse exposure, the axial 
displacement propagated as shown in Fig. 2. The 
displacement map at 0 ms was obtained by linear 
extrapolation using those at 1.1 and 2.0 ms. The 
displacements at the 4 points (marked with “x” in 
Fig. 2) at depths of 79, 84, 89 and 94 mm were 
plotted in Fig. 3. The measured values are drawn 
with solid lines and the linear extrapolation to the 
end of push pulse exposure is drawn with dotted 
lines. The extrapolation seems to have succeeded 
thanks to the high frame rate. 

The area with axial displacements exceeding the 
half maximum in the map at 0 ms in Fig. 2 is shown 
side by side with the gross pathology of the actual 
coagulated sample in Fig. 4. The distribution of the 
axial displacement immediately after the HIFU 
push pulse shows good agreement with the region 
coagulated by HIFU with much longer duration. 
This suggests that the displacement map well reflect 
the HIFU focal zone. 
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Fig. 2 Shear wave propagation 

 
Fig. 3 Time variation of displacements 

at different 4 depths 
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Fig. 4 (a) Displacement map by HIFU-ARFI 

after extrapolation 
(b) Sliced sample after HIFU exposure 

 
4. Conclusion 

In this study, a focal zone visualization method 
employing high-speed ARFI imaging was proposed. 
The extrapolated displacement immediately after 
the HIFU push pulse agreed well with the region 
coagulated by HIFU, which demonstrated potential 
usefulness of the proposed method to predict 
thermal coagulation. 
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Fig. 1 Physiological and biochemical observation of 
C2C12 cell differentiation. Undifferentiated cells (a, b, c) 
and differentiated cells (d, e, f) are shown. a and d show 
phase contrast light microscopic images, and b and  e 
show the contraction frequency to caffeine treatment in 
each culture. c and f show the expression of MY-32. 

 

 
Fig. 2 Intracellular impedance of differentiating C2C12 
cells. a, undifferentiated 2 day-cells, and b, 
undifferentiated 8 day-cells. In contrast, c, d and e are 
differentiated cells. c, 2 day, d, 4 day and e, 10 day after 
differentiation.  

The treatment with CyB, which is F-actin 
depolymerizeing agent, shows the stability of 
F-actin. The impedance of C2C12 cells was 
decreased with CyB treatment, whereas the 
impedance of differentiated cells shows more 
resistance than undifferentiated cells (Fig. 3). In 
differentiated C2C12 cells, F-actin would be 
stabilized by some actin binding proteins. 

 
Fig. 3 The change of acoustic impedance with CyB 
treatment. a and b; undifferentiated C2C12 cells, and c 
and d; differentiated. a and c show pretreated images, 
and c and d treated images for 120 min. 

4. Conclusion 

We suggest that the acoustic impedance 
microscopy could detect the intracellular 
viscoelastic change during myotube differentiation. 
In differentiated C2C12 cells, intracellular 
impedance increased remarkably, and in parallel, 
they expressed mature-type protein, and showed the 
potential of contraction. High-resolution acoustic 
impedance microscopy was able to observe 
cytoskeletal change in living cells conveniently. We 
suggest that the acoustic impedance microscopy 
would useful to detect the intracellular conditions of 
artificial organs. 
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