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Introduction 

 

Cell mechanobiology is a way of describing the 

effect of mechanical properties on biological 

activities. For instance, cancer cells are known to be 

two to five times softer than healthy cells. [1] The 

cell mechanical properties are commonly measured 

using the atomic force microscopy (AFM) [2], the 

magnetic twisting cytometry [3] and the 

micropipette aspiration [4]. But these techniques 

have a low throughput and require a direct contact 

for every cell. Separating cells with a high 

throughput according to their mechanical properties 

can play an important role in the study of cells 

properties and disease diagnostics. Acoustofluidics, 

merge acoustics and microfluidics and is a growing 

research field that is used in various fields. The 

objective of this research is to design a microfluidic 

device that can separate cells according to their 

stiffness using Surface Acoustic Waves (SAW). For 

this study, the Young’s modulus of healthy MDCK 

cells and MDCK cells chemically treated with 

Cytochalasin D were measured using the 

micropipette aspiration technique. Then, they were 

injected in a microchannel placed between two 

interdigital transducers (IDTs) that generate surface 

acoustic waves (SAW). The cells travel to different 

pressure nodes according to their compressibility 

and are separated in different outlets. In a separate 

study, a Finite Element Analysis using Ansys is 

performed to analyse the fluid flow with the cells in 

the microchannel with acoustic waves. 

 

 

 

Materials and methods 
 
Cell Culture 

 

Madin-Darby Canine Kidney (MDCK) cells were 

used in this study. The cells were used in two dishes 

and incubated. In the first dish, 2mL of EDTA-

added trypsin 0.25% were added. After the cells 

detached from the dish, they were transferred to a 

10mL conical tube and 2mL of medium were added 

before centrifuging the solution at 1000rpm for 3 

minutes using a centrifuge (Himac CT6E, Hitatchi 

Koki). The supernatant was removed fresh medium 

was added. In the second dish, the cells were treated 

Micropipette Aspiration 

 

For the micropipette aspiration, a glass capillary 

without filament was pulled using the pipette puller 

(NashigePC-10) then cut using the Micro forge 

(Nashige MF-900) at a diameter of 10 µm. The glass 

pipette was attached to the micropipette holder. A three-

way valve the syringe was connected to the 

micropipette holder and the reservoir on a height 

controller. The cells were placed on glass dish and 

under the microscope (iX81, Olympus, Japan). A 

Microcontroller was used to control the pipette. The 

cells were aspired with different pressures. 

 

Device fabrication 

 

The design of the microfluidic device was made on 

AutoCAD then drawn on the Electron-beam 

lithography system (ELS-3700 Elionix). The mask was 

cleaned in the supersonic machine with Aceton for 3 

minutes, isopropanol for 3 minutes then pure water for 

3 minutes. The silicon wafer (25cm x 25cm) was spin 

coated with SU8-3050 with a spin speed of 2600rpm for 

30seconds then placed on a hotplate and cooked at 65°C 

for 5 minutes and 95°C for 20 minutes. It was then left 

in room temperature to dry for one hour. After that, the 

wafer was exposed under the UV light using the mask 

aligner (Micro tech MA-6). It was exposed at 

175mJ/𝑐𝑚3 for 23.6seconds. The wafer was then placed 

on a hot plate and post baked at 65°C for 1 minute, 95°C 

for 5 minutes then cooled at the room temperature for 5 

minutes. The development was done by slowly putting 

the wafer in PGMEA solution for 7 minutes, then 

cleaning it with isopropanol. The hard baking was done 

by putting the wafer on a hot plate at 65°C. The 

temperature was ramped up to 150°C for 5 minutes and 

ramped down at 65°C for 1 minute. The wafer was then 

removed and cooled down to room temperature. After 

that, the wafer was placed in the vacuum with a drop of 

trichlorosilane for one hour, then treated with plasma. 

Finally, the soft lithography was done by mixing 

polydimethylsiloxane (PDMS) with a curing agent at a 

ratio of 1:10 in a separate dish, then vacuumed for 30 

minutes to remove the bubbles and poured in a 25cm x 

25cm mould with the wafer at the bottom. The mould 

was then baked at a temperature of 110°C for 2hours. 

 

the acoustic contrast (∅) shown in the equation (2) 

is positive, the particles move to pressure node of the 



with Cythochalasin D (5mg/ml, 200 µL, Sigma 

USA). The medium was removed and the cells were 

washed with Phostphate Buffer Solution (PBS), then 

1µl of Cythochalasin D was added diluted in 5mL of 

PBS and was incubated for 3 hours. Then the 

Cythochalasin D was removed 2mL of EDTA-

added trypsin  0.25% were added. was done on 

AutoCAD then manufactured by Kyodo Inc. The 

longitudinal direction of IDTs was aligned parallelly 

to the flow direction using the microscope, then 

baked for 2 hours at a temperature of 60°C to 

enhance the bonding of the PDMS channel on the 

piezoelectric substrate. The setup is shown in 

(fig.1). 

 

 
Fig.1 (a) schematic illustration of the experimental 

setup. (b) Photograph of the experimental setup 

 

 

When two synchronized sinusoidal signals of the 

same frequency are applied on the IDTs using a 

signal generator (DG-4102), particles experience a 

force called acoustic radiation force [4] is given by 

the equation (1) 

 

 
where R is the radius of the particle; k is the wave 

number; Fac is the acoustic energy density; y is the 

distance from the acoustic pressure node; 𝜌p and 𝜌f 

are respectively the densities of the particle and fluid 

and 𝛽p and 𝛽f are respectively the compressibilities 

of the particle and fluid. When  
 
 
 

acoustic wave, when it’s negative, they move to the 

antinode. 

 
 

The parameters of the IDTs were selected for a period 

of 300µm, resulting in a resonant frequency of 

12.8MHz. This frequency was chosen to make sure the 

wavelength is long enough for the particles to travel to 

three different outlets. The design of the interdigital 

transducers  

 
2.4 Finite Element Analysis (FEA) 

 

A FEA was performed in parallel with the experiments. 

The microchannel was designed on Ansys fluent with a 

total number of elements of 179494 and 279858 total 

nodes. The steady laminar modal was used to simulate 

the fluid flow in the microchannel. A Discrete Element 

Method (DEM) was used with two particles defined 

(fig.2). Each has a 15µm diameter, and with 2 different 

Young’s Modulus (0.56Kpa and 0.23Kpa). The fluid 

defined is culture medium DMEM with a density of 

1.00gr/ml and a viscosity of 0.00078 kg/m.s. 

 

 
 

 
Results and Discussion  
 
The Micropipette aspiration technique was performed 

to measure the Young’s Modulus of the cells injected in 

the inlet. The obtained values (fig.3) are 0.56 ±0.06 KPa 

for the Young’s modulus of healthy MDCK cells (n=8) 

and 0.23 ±0.09 KPa (n=4) for the Young’s modulus of 

cells treated with Cytochalasin D. It is reasonable 

considering that the Cytochalasin D induces 

depolymerization of actin filaments, making the cells 

softer [5]. Considering that the relationship 

between the Bulk modulus (inverse of the 

compressibility) and the Young’s modulus is given by 

the equation (3), the calculated contrast factor of the 

MDCK cells was found to be 0.24 and the contrast 

factor of the chemically treated MDCK cells was found 

to be 0.11. 

 

 
 



 

 
 
The cells were injected using a syringe pump from 

the central inlet. The generator was activated at a 

frequency of 12.8MHz and an amplitude of 12Vp-p. 

Considering that the channel’s width is 450µm and 

the period of the IDTs is 300µm , for a phase equals 

to 0, we get four pressure nodes and three anti-

pressure nodes. First, a positive and negative control 

experiments were performed, then a mixture of 

healthy MDCK cells and chemically modified ones 

was injected into the channel. The distribution of the 

cells is showed in figure 5 (b).  

 

 
 

 

 

 

 

 

 

 

 

 

 

When injected together, we observed that the cells were 

pushed to the edges of the channel, corresponding to the 

pressure nodes affected by the radiation force and the 

drag force. The result matches the expectation 

considering that the contrast factor of healthy MDCK 

cells and treated MDCK cells are both positive. 

Considering the fact that the contrast factor of healthy 

MDCK cells and treated MDCK cells are both positive. 

Cells with different size or compressibility experience 

different magnitudes of acoustic radiation forces that 

have an effect on their migration time and final position. 

They both end up mostly around pressure nodes. 

 

Conclusion 
 
Some studies characterized the mechanical properties of 

cells by checking cell compressibility as the only factor. 

Other studies were able to separate microbeads or cells 

only according to their size. Surface acoustic waves can 

accomplish the two types of separation, based on the 

mechanical properties and the size. In this study, we 

focused on the effect of the mechanical properties in the 

trajectory of the cells and microspheres. The experiment 

with healthy MDCK cells, chemically treated MDCK 

cells and microspheres using a frequency of 12.8MHz, 

an amplitude of 12Vpp and a phrase 0° showed that 

under an acoustic wave radiation. The particles travel in 

the flow following different nodal lines. Under the 

effect of the radiation force and the stokes drag, which 

can lead to efficient separation. However, it is very 

sensitive to external vibrations and requires a lot of 

stability. 
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Fig.5 (a)  Control experiments (b) Ratio of cells 

distribution in the microchannel  

 


