
In the acoustic impedance images in both VPA-rat 
and control rat, the dendrites of Purkinje cells could 
be observed as some vertical lines in the ML of PW8 
(Fig. 2c, 2d). They were observed better in VPA-rats 
than control rats of postnatal weeks 8 (Fig. 2d), but a 
quantitative difference was not shown. 

On the other hand, the graininess of the IGL in the 
VPA-rats was different from control rat. Therefore, 
the skewness of acoustic impedance values in the 
region of interesting (ROI) in the IGL was calculated. 
In the VPA-rat, deviation of particle distribution from 
acoustic impedance has showed compared to control 
(Table 1, Fig. 3b, 3d). Especially, it was indicated in 
the PW8 rat (Table 1). These results suggest that the 
condition of the granule cell-clusters in the IGL would 
be different between the VPA-rat and control rat. In 
the VPA-rat cerebellum, the granule cell clusters 
would be ununiform. 

 

 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 

4. Conclusion 
We suggest that the high-resolution acoustic 

impedance microscopy could finely analyze of 
cerebellar structure difference between the autistic 
model rat and control. In the future, quantitative 
observation of maturation-dependent alternation in 
cerebellum using the acoustic impedance microscopy 
would be useful to recovery some diseases and 
diagnosis of disease severity. 
 

5. References  
[1] Hozumi N, Kimura A, Terauchi S, Nagao M, Yoshida 
S, Kobayashi K, Saijo Y.Speed of Sound Microscopy for 
Biomedical Applications2005 IEEE International 
Ultrasonics Symposium 2005;423-426.K. Kobayashi, S. 
Yoshida, Y. Saijo, N. Hozumi, Acoustic impedance microscopy 
for biological tissue characterization, Ultrasonics. J. 54 (2014) 
1922-1928. 

[2] K. Kobayashi, S. Yoshida, Y. Saijo, N. Hozumi, Acoustic 
impedance microscopy for biological tissue characterization, 
Ultrasonics. J. 54 (2014) 1922-1928. 

[3] Agus Indra Gunawan et al., Numerical analysis of acoustic 
impedance microscope utilizing acoustic lens transducer to 
examine cultured cells, Ultrasonics. J. 63 (2015) 102-110.  

[4] S. Yoshida, N. Hozumi, D. Katsumata, T. Abe, Y. Fueta, 
S. Ueno, Y. Sekino, Fetal application of HDAC inhibitors 
facilitates the elongation of Purkinje cell dendrites and 
the network formation in rat cerebellar cortex. 44th 
Neuroscience meeting (2014). 
  

d 

ML 

IGL 

ML 

IGL 

c 

ML 

IGL 

b 

Fig. 3. Histogram of acoustic impedance amplitude. a, c, 
Red frame showed the region of interesting (ROI), and b, 
d, the histogram of acoustic impedance amplitude was 
shown in the ROI. a, b, control of PW 8, and scanned 3600 
sq. µm. (scale bar=100 µm). c, d, VPA-administrated rat of 
PW 8, and scanned 3600 sq. µm. (scale bar=100 µm). 
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Postnatal weeks layar of
cerebellum cortex

Group n Mean±SD

control 3   -0.458±0.194
VPA 4   -0.555±0.103

control 3   -0.283±0.155
VPA 4   -0.382±0.203

control 5   -0.364±0.240***
VPA 5   -0.583±0.298

control 5   -0.355±0.175
VPA 5   -0.449±0.318

Comparison between the group of VPA and control in IGL in PW8 using t  test
revealed significant difference(***p-0.003)

Table 1 Averaged acoustic impedance values of skewness from
cerebellum cotex of VPA-administrated rats and control (1.44 sq. mm.)
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Fig. 2. Particle distribution from Acoustic impedance 
images. a, control of PW 3, b, VPA-administrated rat of 
PW 3, c, control of PW 8, d, VPA-administrated rat of PW 
8. All images are scanned 3600 sq. µm. (scale bar=100 
µm). 
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1. Introduction 
	Breast cancer is the most invasive cancer 
diagnosed in woman worldwide. They behave as 
independent cells and characterized by highly 
proliferative and uncontrolled growth. Hence, in 
some cases, surgical removing and chemotherapy 
are unavoidable to save the qualities of lives of 
patients. In cancer treatment, many of differently 
targeted chemotherapies have been approved for 
clinical use, although many of them are toxic both 
to cancer and normal healthy cells. Therefore, it is 
required to check the function and reliability of 
each drug to living cells viability.  
 2D acoustic impedance microscope using 
ultrasonic wave is a useful tool to observe living 
cells and organs [1]. Recently, we have reported 
that the high resolutions acoustic impedance 
microscopy using 320 MHz could visualize 
intracellular conditions of living cultured cells 
without apparent disruption on targeted cells, such 
as chemical staining [2]. Acoustic images provide 
information about the mechanical property of the 
living cells such as density and stiffness [3].  
 In this study, we observe the effect of DNA 
targeting anticancer drugs, Nimustine 
Hydrochloride (ACNU), on cultured breast cancer 
cells using acoustic impedance microscope. We 
observed that the distribution of the treated cell-
impedance changed due to the increasing 
concentration of ACNU. 
 
2. Methods 
 C127I cell line (epithelial tumor cell line from 
mouse murine mammary tumor) distributed from 
DS Pharma were maintained in Dulbecco’s 
modified Eagle’s medium (DMEM) supplemented 
with 10% fetal bovine serum (FBS) and 1% 
kanamycin, and placed at 37℃  in a 5% CO2 
atmosphere. These breast cancer cells were 
cultured on either 75-µm-thick Polystyrene plate 
(OptiCellTM) or 50-µm-thick Polystyrene film dish 
(PS Dish) for a high-resolution acoustic impedance 
observation. Cultured cells on the dish were 
mounted on an acoustic transducer and radiated 

320 MHz ultrasonic waves with scanning manner. 
The reflections of a target were detected, digitized 
by the oscilloscope, and visualized the living cells 
elasticity. 
 ACNU, one of the derivatives of nitrosourea, is 
used as an alkylating anticancer drug because of 
their high potency to induce DNA interstrand 
crosslinks (ICLs). Breast cancer cells were treated 
in 50 µg/mL, 100 µg/mL of ACNU and their 
intracellular acoustic changes were observed using 
the acoustic microscope. 
(i) 

 
(ii) 

 
 
Fig. 1 Diagram of breast cancer cells observation using 
acoustic impedance microscope (i). Waveform 
parameter extraction formula (ii). 
 
3.  Result 
	As shown in Fig 2, cultured cells without ACNU 
treatment were spherically shaped, and the 
distribution of acoustic impedance was equal to the 
whole cells  (i). In the cells treated with 50 µg/ml 
of ACNU, the small hole of low impedance area 
appeared in the center of a cell, and acoustic 
impedance surrounding the hole was higher than 
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the outer area (ii). Furthermore, compared to cells 
treated with 50 µg/ml of ACNU, in the cells treated 
with 100 µg/ml of ACNU, the holes diameter 
became double, and the acoustic impedance of the 
whole cells was generally low (iii). 
 
(i) ACNU 0 µg/mL  

(ii) ACNU 50 µg/mL 

 
(iii) ACNU 100 µg/mL 

 
Fig. 2 Acoustic profile of breast cancer cells treated at 
different concentration of ACNU.   Right profile shows 
impedance range between 1.5-1.85 [MNs/m3], left 
profile shows impedance range between 1.2-
1.5[MNs/m3] 
 
 Data processing and statistical analysis performed 
using LabVIEW by National Instruments indicated 
that the average number of the acoustic impedance 
of whole cells was decreased as the drug 
concentration increases. There was no significant 
change in an average number of acoustic 
impedance between the cells without ACNU and 
the cells treated with 50 µg/ml of ACNU. Whereas, 
the average number of acoustic impedance in the 
cells center area showed the significant decrement 
in cells treated with 50 µg/ml of ACNU compared 
to control cells (Fig 3). 
 

 
 
Fig. 3 Analysis of acoustic impedance changes with 
ACNU treatment in breast cancer cells. 
 
 Intracellular acoustic impedance was decreased 
comprehensively after treated with ACNU. This 
impedance is reflected both elastic modulus and 
density. The F-actin bundle could contribute the 
impedance because F-actin has high elasticity.  
 In this experiment, we indicate that, although 
ACNU is suggested to inhibit the growth of cancer 
cells by inducing DNA fragmentation, there should 
be an impact on cytoskeleton or other organelles. 
 
4. Conclusion 
Through this study, we suggest the acoustic 
intracellular observation would be useful for 
detection of the dynamic changes of distribution 
and alteration of intracellular organelles that could 
be applied to develop novel tools for disease 
diagnostics and therapeutics, as well as drug 
efficacy assays. 
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