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Fig. 1. Simulation model (a)—(c) Model of cell; (d), (e) model of simulation area.

163301-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 69, No. 16 (2020)

163301

N N
2(1 —vin) ey + (14 2vin)

= 4
ESP E (2 + Vin) :1 (]- - Vm) ( )
* km
m=Em—Jo (5)
* . kin
€in = €in _JU)E ) (6)
Vin = (1 —d/R)?, (7)

Afer, WAMIEZ A L e WA A L
B, v WAMIRIR 338, e AN E A
B, em WAL LR EL, Ko AR TR &,
RN AT AL, ki A AN TR, d A
JEEJEERE, R A4

MRAE (4) X—(7) 2, 7607 B 8 ik e 4
S AEF SRR SR, R 1 s, MR E BIS M5
JRBR, FEAT PR IG5 H A 75 34 5 AH LY, A0 3R e
FH AOK S O 240 B A 47 BRI . ASBIF S el FH Y
PORIEIRAE A 1 mA, #iEFER f 4 4 Hz—1 GHz.

* 1 IEW B MR B AR ITHS

Table 1.  Simulation parameters of normal and ma-
lignant (farage) onsillar B-cells!".
28 RN A
E751 0.6 0.6
gt al 5.6 x 10° 9.1 x 106
SHRs/Sm ! YT 1.31 0.48
TR 111 x 102 4.4 x 103
A 2.04 1.07
7853 80 80
i)l 12.8 9.8
RPN EiliiNon 60 60
TR 106 60.3
(3 120 120
FEKIR(L x L) 20 x 20 20 x 20
AL (1) 2 x4 2 x 4
. AHEAR(R,) 3.3 5.2
JUTZHEL/pm
MR (R,) 2.8 4.4
ANHLARIE (d) 0.007 0.007
R (dy) 0.04 0.04
3 EAER

3.1  ZARRMAES A B S It

FIAIT S0 ) = 220 M A IR R A (4 A i
B, Al ) BRI AN (Joanitz . oA gr) A

PR A AL (RSB0 L R TEHLRS ). A A [l Fh 2t
M A HL A R VE 25 S, AR SCLL B2 LA S5 R o3
b gE A, ST TCAZ AR (B 1(b)) . 4 A% 40 ML
(I 1(a)) DL ANMEEAT | A0MA% 240 i KA
YR A 705 LAY, S AP — S A L 2
FEMESBON A BTG 52 0, A4 4 28 1) 5 5
FL 2R R 22 ) 1 P ZEAT L.

P T PR 200 A S B e BELAEDIR S, PR
Kl 2(a) (1-1), (2-1), (3-1) Al A HATE f = 10.5 kHz
i, g A AN RS FIE 2(a)
R 240 L PN r, A AR R %) 38 i e AR
f=3MHz i, K 2(a) 1B (1-2), (2-2), (3-2) H
YR N KR Y FL I 2 A, 20 L PN (R o Y
Hoors < won < w39 f= 1 GHz I, I E 24
sedii g, BARKE 2(a) (1-3), (2-3) NEBTEHLIHZR,

f/Hz Tk

(a) P/V

10.5k =l 3.0

(b)

Fi(Z"/Q)

B2
&

MHL(Z'/Q)

Bl 2 ASIR] 40 M4 07 BL 25 5 K Cole-Cole Plot  (a) AN [ 4
T AR A [ A3 R B D5 A5 5 (b) AN TR 4 B i) Cole-Cole
Plot

Fig. 2. Simulation results of different cells and Cole-Cole
Plot: (a) Simulation results of different frequencies of differ-
ent cells; (b) Cole-Cole Plot of different cells.
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Fig. 3. Simulation results of no-nuclear cells with or without
membrane: (a) Simulation results of non-nucleated cells
with different frequencies; (b) the Cole-Cole Plot corres-

ponding to the simulation results.
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Fig. 4. Simulation results of cells with different nuclear radius: (a) Simulation results of cells at different frequencies; (b), (c) Cole-

Cole Plot of different nuclear radius.
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Fig. 5. Experimental set-up.
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Fig. 6. Experiment: (a) Object and model of dead and alive yeast; (b) Cole-Cole Plot of 20% dead and alive yeast.
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Abstract

Bioelectrical impedance spectroscopy is a noninvasive, label-free and quantitative detection technology,
which has great advantages in the physiological and pathological analysis of biological cells and tissues. In this
paper, the relationship between the electrical properties of a single cell and its structure is studied by numerical
simulation. Moreover, experiments are conducted to verify the simulation results. For simulation, three single
cell models are used to express its structure. Among of the three models, No Shell Model (NS) is proposed in
this paper to study the influence of cell membrane on bioelectrical impedance spectroscopy. In addition, the
effects of cell type, cell membrane and cell nucleus on its electrical properties are studied by simulation based on
Single Shell Model (SS) and Two Shell Model (TS). The simulation results show that: 1) the electrical
characteristics of cells can reflect its structure, therefore, the cell type can be accurately distinguished by its
electrical characteristics; 2) the high frequency part of the Cole-Cole Plot is caused by ionic polarization of
cytoplasm or extracellular fluid, and the low frequency part of the Cole-Cole Plot is caused by interface
polarization between cell membrane and the extracellular fluid; 3) the influence of cell nucleus size on
impedance measurement is mainly in the low frequency range, which is caused by the polarization of the
interface between cell nucleus and intracellular fluid, and when the nucleocytoplasmic ratio is less than 0.25, the
effect of nuclear size on impedance analysis could be ignored. Finally, an experiment was conducted on 20%
yeasts suspension with different activity to verify the simulation results. It is known that the cell membranes of
dead yeasts are destroyed, however, living yeasts have completed cell structures. The structure difference
between living and dead yeast is distinguished by electrical impedance spectroscopy through numerical
simulation. The experimental results are consistent with the simulation results, which verifies the fact that the
high frequency part of the Cole-Cole Plot is caused by ionic polarization of cytoplasm or extracellular fluid, and
the low frequency part of the Cole-Cole Plot is caused by interface polarization between cell membrane and the

extracellular fluid.
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