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ABSTRACT: The reliable separation of circulating tumor cells from blood cells is crucial for early
cancer analysis and prediction. The aim of this research is the separation of circulating tumor cells and
subtypes of white blood cells (Granulocytes and T-lymphocytes) by employing dielectrophoretic force.
Dielectrophoresis refers to the movement of a neutral but polarizable particle, such as a cell, virus, or
nanoparticle, in a non-uniform electric field. Dielectrophoresis is a powerful tool in microfluidics and

lab-on-a-chip devices for cell sorting, such as separating cancer cells from blood cells or different types

of bacteria. In this study, an innovative microfluidic device equipped with circular electrodes operating  Keywords:

at a low voltage of 1 V for the main channel and 0.8 V for the second channel is proposed, which . o -0 o

functions at a frequency of 100 kHz. The use of low voltage ensures the survival and health of biological . .
Fluid Mechanics

cells, which is a key factor in medical applications. Plots of electrical potential, velocity, pressure, and

the dielectrophoretic force applied to the three studied cell types were presented through simulations. Diclectrophoresis

The efficiency of the proposed microseparator for cancer cells was calculated to be approximately 94%.  Cancer Cell Separation
Subsequently, using the Finite Element Method as a comparative approach, the impact of changing  Simulation

the voltage of the main channel electrodes on the efficient separation of particles was investigated and

analyzed.

1- Introduction

Separating circulating tumor cells (CTCs) inside the
blood, have attracted considerable interest due to their
important role in early cancer diagnosis and prognosis,
allocating for minimally invasive methods and providing
fundamental information about metastasis at the cellular level
[1, 2]. Cancer metastasis is a difficult series of steps in which
cancer cells travel from the initial tumor site to nearby organs
[3]. This process begins with the appearance of the primary
tumor, where cancer cells increasingly grow and infect the
nearby tissues, including the blood and lymphatic arteries.

The label-free dielectrophoresis methodology, which
involves the manipulation of cells via non-uniform electric
fields, has emerged as a promising technique for the separation
of circulating tumor cells [4].

The aim of this study is to develop strategies for the
segregation of human glioblastoma (hGBM) tumor cells, and
subtypes of WBCs. An innovative microfluidic apparatus
featuring circular electrodes that operate at a low voltage
of 1 volt functioning at a frequency of 100 kHz through the
mechanism of dielectrophoresis force, was introduced. The
implementation of low-voltage conditions is imperative to
maintain the viability of biological cells, which is an essential
consideration in the realm of medical applications.

*Corresponding author’s email: reza.vafaie@ubonab.ac.ir

2- Materials and methods

Fig. 1(b) shows Schematic representation of a singular
shell model. When particles that exhibit polarization
characteristics are placed within a suspension medium and
subsequently subjected to the influence of an inhomogeneous
electric field, they experience a directional motion as a direct
response to the dielectrophoretic forces acting upon them
(Fig. 1b). In the case of spherical particles, a comprehensive
and quantitative expression delineating the magnitude of
the dielectrophoretic force can be articulated through the
mathematical formulation presented in Equation (1):[5]

F,.. =2nr’¢,e, Re[CM (f )IVE* (1

Three modules are wused for simulation of the
microseparator; an electrical current, creeping flow, particle
tracing in a fluid flow and transport of species. The electric
current module was used to supply the non-uniform electric
current fields. The creeping flow was used to simulate fluid
flow at very low Reynolds numbers where the inertia term in
the Navier-Stokes equation can be ignored.

The illustration represented as Fig. 2(a) provides a
comprehensive schematic depiction of the microfluidic
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Fig. 1. (a) Schematic representation of a singular shell model. (b) dynamics of particle motion by
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Fig. 2. (a) A schematic representation of the microfluidic device (b) the real part of
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device. The suggested microseparator encompasses a two-
stage system, featuring two distinct inlets. The upper inlet
is used as the blood sample of length 200 ym and width of
40 um, and the other one is used as the buffer inlet of the
same length and width. There are three cell separation outlets,
each has a length of 200 xum and a width of 40 ym. In the
initial stage, there exists a total of eight uniform circular
electrodes, while in the second stage, four circular electrodes
are positioned on the lower aspect of the microchannel. The
velocity of inflow at the buffer inlet is sustained at a specific

846

rate (953[um/s]) in contrast to the inflow velocity at the blood
sample inlet (180[pum/s]). In this arrangement, the separation
of WBCs, and CTCs was conducted. Fig. 2(b) shows the real
part of CM factor for the cells. In the selected frequency (100
kHz) for separation of the cells, the negative DEP is exerted
on the cells.

3- Results and disscution
Figure 3 shows the DEP force for each cell species
through the first stage of the microchannel evaluated across
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Fig. 3. DEP force for each cell species through the first stage.

the vertical cut line. Based on the figure, hGBMs are the M Particle trajectories, Surface: Electric potential (V)

most influenced cell species by the DEP force because of the L JI— v oum

higher DEP force in the range of 40 x 10 -'' [N]. In a similar 300 1

fashion, T-lymphocytes are the less affected by the weakest P

DEP at the range of 65 x 10 - [N]. 200 06 1y
Figure 4 illustrates the separation of the cells within 100F & 04

the proposed microseparator. The hGBMs (depicted within 3 02 fio

white circles) and Granulocytes (depicted within pink

circles), owing to their larger diameters, experience the most -100 ¥ 5

substantial dielectrophoretic force generated by the electrodes 2200 02

operating at 1V, thereby being deflected towards the lower 04

outlet within the main channel. The T-lymphocytes (depicted s 06 8

within blue circles) progress to the upper outlet. All cellular -400 Ty B

types undergo negative dielectrophoresis at a frequency of 500 b

100 kHz, then they move away from high electric field near 0 200 400 600 800  1000Mm

the electrodes.

Fig. 4. Simulation of particles trajectories in the pro-

4- Conclusions posed microseparator.

In this study, a microfluidic device featuring circular
electrodes operating at low voltages and frequency of 100
kHz was modeled and simulated. This design uses DEP force

to separate hGBM cancer cells, and WBCs sub types. Low- Microchannel by Using Dielectrophoresis Force, Jurnal

voltage operation that is critical for maintaining cell viability, Kejuruteraan, 33(1) (2021) 55-61.

which is a key consideration in biomedical applications. [2]N.T.A. Othman, H. Obara, A. Sapkota, M. Takei,
Measurement of particle migration in micro-channel by
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Fig. 1. Schematic representation of releasing CTCs into bloodstream [31].
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Fig. 2. (a) Schematic representation of a spherical cellular structure characterized by a singular shell model.
(b) A schematic depiction of the dynamics of particle motion as influenced by dielectrophoretic (DEP) re-
sponse within the context of a non-homogeneous electric field [33].
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5. viscous stress tensor
6. non-slip
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Fig. 3. The physics and boundary conditions in the simulation of the proposed microseparator.
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2. Precise Separation & Final Sorting
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Table 1. The dielectric properties of blood cells, carrier fluid, and operating conditions.
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Fig. 3. (a) A schematic representation of the microfluidic apparatus (b) the real part of CM factor vs frequency
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Fig. 3. (a) A schematic representation of the microfluidic apparatus (b) the real part of CM factor vs frequency
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experimental results of Piacentini et al.
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Fig. 7. Simulation of (a) electric potential, (b) velocity field, and (c) pressure in the proposed microseparator.
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Fig. 8. Dielectrophoretic force for each cell species through the first stage of the microchannel evaluated over
the simulation time across the vertical cut line.

905 y9097 SBJghw JS 3axi) = (SP) (glwlie (ogls
Gl s ghw glgil JS dlasi [ Bad (g5 40 baws CL s
Z\oo X (g_e.}.h (ﬁﬁ)& )b X
@ S5 b (85 e ladshe lp sleliegy ess
obesily dacuwelglS o T clacuwsid gy D o duwle £AY
Sy 3 oo el el cuns & ZAY 5 M Cip 4 il
55 LR 5 LA 4 S35 i 3 4 gl S 5 T (slacunsil

MW

i) o SVlie oS Jlo > 135 a onlisal (e 5 JUS (sly ey /A
8> oy bl sl (g Vo B D odgazme > Ldel) 65V slajls ]
a2 D5 Aladl ¢l sl S 3)l8'+ LS o 030kl (558 939 5]

il 5 a5 eBly il (clod )l gl o] 48l g

A

g oo )93 ladg Sl S35

9 bluwdglS (59) 2 ooyl (3 G i S
VY S cal 0ud (ilodnd el 5y ped adb > hGBM
89, 31 539 7SI 63 59,5 s (bl 223 00 LS ) (Lo
03392975 (63 9y e Ll S o0 g9 A 9 A JB] s 4o
ade Lials s 4 a8l @ g A K] 13 ool s 4 ol I zeS
b (g V) WaagpiSl 4 ok Jlae] 51

sl odlisl 3)90 ksl s bl 2 olsiee |, (SE) (il ool
2,8 i 5 Spgeo 4y (Silodend )3 (535 5085 (gl Jols Slaxs

2955 3 (90,5 y9055 G ghw 3axi) = (g5l lendl,
Yoo x (oudd (32,5 (92,5 9095 (S ghus dlan JS [ Sa

4 S5 (535 9095 SbaJobe sl ol Lol plosily

Do oo e AN



ASA G AFD dsio AF-F Jls &V 0,0 DY 0,95 ¢5usS pool Sl pusiges 4yl

(N) sl 51,5 sl s y599 2501 (53 59,0 x 10713 (N) T comsaddy Jlael 0992501 (65 (59,05
19+ Pl N DT Nl N Nl Nkl N N 65}
60
17}
! 55
& 15} % 50
13} D 45
g 9 40
11 _
1 ;o
K 9 § 30
f) 71 3 25
z l) 20!
-~ =z 15
3| 10
10/ >
0 50 100 150 200 250 300 350 400 450 Oo, 50 100 150 200 250 300 350 400 450
% 10-12- (N) hGBM ; Jloe! s ,585 250 (65 (55,00 2 (m) e Jsb
40 T i T e T S s M )
3 35
3 @
30
k2]
225
} 20
g 15
g 10
5
0 50 100 150 200 250 300 350 400 450
(km)oles” Jsbo

1 5y s 31l 53 ilotnsd e g 3 5 JUIS5Sam sl dloye 3 Ul £55 53 (5l i80S 53 Sy A USG5
Ll bawd (b 341 50,8 s b saud oald LS

Fig. 9. Dielectrophoretic force for each cell species through the first stage of the microchannel evaluated over
the simulation time across the horizontal cut line.
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Fig. 10. Simulation of particles trajectories in the proposed microseparator.
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Table 2. The comparison between the proposed DEP device with recently reported papers.
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