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We develop a new method to distinguish structural change of cells based on light scattering and Fourier spectra
analysis. The light scattering detection system is composed of a laser source, an optical microscope, a CCD
with high resolution and low distortion. After the scattering patterns of cells are recorded by the CCD, the
Fourier spectra are obtained by the intensity distribution of scattered light. In the experiment, the change of cell
structure is designed by sonication treatment. It is found that different typical peaks can be shown in the Fourier
spectra of MCF7 cells with and without sonication treatment, which indicates that this method can be used to
distinguish the structural change of cells.

PACS: 42. 68. Mj, 87. 18.Hf

The detection of light scattering is a relatively
low cost, high speed and real-time method without
any other accessory material. Therefore, it has been
extensively applied to many detection technological
fields.[1−6] Biological cells contain a number of dif-
ferent types of organelles in the cytoplasm, such as
nucleus, mitochondria and lysosomes etc.. These or-
ganelles can act as light scattering centres because
they have higher refractive index than the cytoplasm.
When the cells are illuminated by a laser beam, the
light will be scattered around the cells. Different
structures of cells will lead to different scattered light
patterns. Thus, the microstructure information of
cells may be acquired by the different specific scat-
tering light pattern features. This method may have
great potential to distinguish the cancerous cells and
normal cells in the biomedical applications.[7−9] Gen-
erally speaking, the structures of cancer cells, includ-
ing nuclear, membrane, and cytoskeleton, etc, are dif-
ferent from the normal cells.[9] The identification of
structure change of cancer cells is very helpful for
further understanding their functional characteristics.
In this study, we design a light scattering detection
system to capture the structural change of cells by
analysing the light scattering signal. A 650 nm fi-
bre coupled laser is used to excite single cells, and
the CCD images of light scattering patterns of cells
are recorded. After all the images are collected, the
Fourier spectra transformation are performed accord-
ing to the light scattering patterns to obtain the in-
formation about the structural change of cells. It
is demonstrated that different structures of MCF7
cells with and without sonication treatment could be
distinguished by comparison of the Fourier spectra,
which may provide an important and accurate method

for the detection of cancer cells with identifying their
structure changes.

The human breast cancer cell lines MCF7 were
cultured in RPMI 1640 media containing 10% fe-
tal bovine serum (FBS), 100 U/ml penicillin and
100µg/ml streptomycin at 37∘C in a humidified 5%
CO2 atmosphere. Cells were harvested from cultures
and were resuspended in the fresh media. Micro-
spheres were purchased from BD Biosciences Com-
pany, USA.
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Fig. 1. Schematic diagram of the detection system.

MCF7 cell samples were divided into two groups.
One is control group without ultrasound exposure.
The other is treated group with ultrasound exposure.
An arbitrary waveform generator (Agilent 33250A,
USA) is used to produce a sinusoidal signal. The cen-
tral frequency of the transducer is 1MHz and the focal
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distance is 8 cm. The transducer and test-tube filled
with cell suspension were mounted in a tank with de-
gassed water. Output of the function generator was
adjusted to 1000 mV under the 1MHz transducer fre-
quency and the sample tube was exposed to the sound
field produced by the transducer for 40 s. The acous-
tic pressure was measured to be 0.48 MPa by using the
calibrated hydrophone.
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Fig. 2. Light scattering patterns of different samples (in-
terval is 1 s). (a) MCF7 cell without ultrasound exposure,
(b) standard microspheres.
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Fig. 3. Some scattering patterns (a) and their Fourier
spectra (b) of MCF7 cell without ultrasound exposure.
These Fourier spectra have the same typical peaks at
0.0391 (1/pixel position).

A Navitar Zoom6000 system (USA) and a SEN-

Tech STC-N63 CCD camera were used in the optical
system. The laser source is a 650-nm fibre coupled
laser. The transmission media is a single mode fibre
and the front end diameter of fibre is 20µm. The
schematic diagram of the detection system is shown
in Fig. 1. The detection process is as follows: posi-
tioning cells to sample stage, adjusting microscope to
focus on a cell for observation, aligning the fibre front
end to the cell and adjusting the distance within a
few micrometres to guarantee the incident light to be
parallel light. On opening the laser power, the laser
beam illuminated the cells and light scattering pat-
terns were formed. After the light scattering patterns
were recorded by the CCD camera, the scanning of the
scattered light intensity distribution was performed on
the scattering pattern. Last, Fourier transform on the
scanned intensity distribution was carried out.
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Fig. 4. Some scattering patterns (a) and their Fourier
spectra (b) of MCF7 cell treated by ultrasound expo-
sure. These Fourier spectra have the same typical peaks
at 0.0469 (1/pixel position).

Upon the laser beam illumination, the light scat-
tering patterns were formed and captured by the CCD
camera. Figure 2 shows the light scattering patterns
of MCF7 cells without ultrasound treatment and mi-
crospheres. It is found that the cells light scatter-
ing patterns are changed with time. However, the
light scattering patterns of microspheres remain un-
changed. The reason may be that for living cells, the
organelles and cell membrane are not static and the
overall structure of cell is dynamically changed, re-
sulting in a random change of light scattering pat-
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terns. The structure and morphology of microspheres
prepared by polymer are constant. Thus no change
is observed in the light scattering patterns. Because
of the dynamic fluctuation of MCF7 cell scattering
patterns, we could not obtain the cell’s feature from
one picture of light scattering pattern. It has been
reported that the size variations or/and the refrac-
tive index variations will change the typical frequency
peaks of Fourier spectra obtained by intensity distri-
bution of the scattered light of cells.[10] Therefore, in
order to extract the structural information of cells,
Fourier transform of scattering patterns has been per-
formed. Some scattering patterns of MCF7 cells with-
out ultrasound exposure and their Fourier spectra are
shown in Fig. 3. It can be observed that the patterns
of scattered light are different from each other, but
all the Fourier spectra have a typical peak at 0.0391
(1/pixel position). Could this typical peak at 0.0391
serve as a feature of MCF7 cells? In order to under-
stand the typical peak, a comparative experiment was
explored. The MCF7 cells, changed on the structure
by sonication treatment, were also performed by the
same imaging and Fourier transform. The scattering
patterns and Fourier spectra of MCF7 cells treated by
ultrasound exposure are shown in Fig. 4. Because the
light scattered patterns of MCF7 cells treated by ul-
trasonic exposure are also different from each other, it
is difficult to distinguish the difference between MCF7
cells with and without ultrasonic exposure only ac-
cording to the light scattered patterns. However, their
Fourier spectra have a typical peak at 0.0469 (1/pixel
position), which is different from those of the MCF7
cells without ultrasound exposure. The typical peak of
MCF7 cells was changed from 0.0391 to 0.0469 after
the ultrasound treatment. The reason may be that
under ultrasound exposure, the damage or perfora-
tion of the cell membrane occurs.[11,12] The structural
change of MCF7 cells may result from the diffusion of
contents in cytoplasm outside of the cells and the in-
crease of cell membrane permeability after ultrasound
exposure.[13] From the result, we presume that the
typical peak of Fourier spectra can serve as a specific

spectral feature which reveals the structural change
of cells. Although this result is limited to qualitative
analysis currently, by optimizing the detection system
and enhancing the detection precision, this detection
technique can be used as a quantitative analysis tool
of cell structure.

In summary, we have presented a light scattering
pattern analysis technique for distinguishing different
structures of cells, based on the relationship between
light scattering pattern and structures of cells. The
light scattering patterns are recorded by a CCD cam-
era and transformed into Fourier spectra to obtain
the specific typical peak, which indicates the structure
change of cells. The result shows that this technique
may distinguish the structural difference of MCF7
cells before and after ultrasound exposure. It is ex-
pected that this technique can be further developed
as an analysis tool for distinguishing cells with differ-
ent structures such as cancer cells and normal cells.
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