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## 6470141921 : MAJOR ELECTRICAL ENGINEERING
KEYWORD: Dielectrophoresis, Crossover frequency, velocity, Membrane capacitance,
Membrane conductance, cytoplasmic conductivity
Kitipob Vijitnukoonpradit : Electrical characterization of red blood cells by
electromechanical method for microfluidic application. Advisor: Prof. Boonchai

Techaumnat, D.Eng. Co-advisor: Dr. Mati Horprathum

According to the statistics from the World Health Organization, there are currently
241 million cases of malaria. Malaria is a tropical disease caused by parasites in the
Plasmodium family and has caused nearly 627,000 deaths in 2020. This thesis studies the
dielectrophoresis (DEP) characterization of red blood cells in a microfluidic device, which
consists of a microchannel and electrodes. The purpose is to use dielectrophoresis to
differentiate between the normal red blood cells and the malaria-infected red blood cells. The
samples of the study consist of (a) normal red blood cells, which obtained from cultured
medium or volunteer blood sample, and (b)red blood cells infected with malaria.
Microchannels had small micropillars of different shapes that created appropriate electric field
gradients. A microchannel with diamond-shaped micropillars was used to observe the DEP
crossover frequency f.. A microchannel with curved micropillars was used to observe the cell
velocity generated by the low-frequency negative DEP force. In the experiment, it was found
that f, in the low-frequency range of the infected red blood cells was higher than that of normal
red blood cells. f, in the high-frequency range was similar for all cell types. The malaria-
infected red blood cells had a lower velocity than normal red blood cells do. This result showed
that malaria infection reduce membrane capacitance but increase membrane conductance. The
change in cytoplasmic conductivity, which is not observable in this study, may occur in later

stages of the infection.

Field of Study: Electrical Engineering Student's Signature .........c.cceeveeereennne.
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Twalss@nsua posr. 110A1 A Tuaumah (2.2.5) 15114 pe s vonsananmo

Perr = 47r£1KR3E0 (2.2.8)
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Tagh < £(t) > uaasdeaunasaenunaIved £(t)
e Z* uAAIAAIgAUDITIUIUTIFOU Z
d' o J a A a 9 d' 1 d‘
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AanudInganinmanaassil lUmiansagauian Iidhveseynald.
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= v dY = (Y] A [l d'dyl ad A
(2.3.7) Tawnnnnguedie. 1szizenanyazaulialudanudin las@anIns Twsda
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_ £eff,o: - &
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(2.5.1)
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3 % o
L, ludadsenevud Ina1lsiadu (depolarization factor) @1unsani lavinaums

b d
L, =25 > (25.2)

2 0 (s+a?)y(s+a?)(s +b?)(s+c?)
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{ a 9 [ I 1 < '
Tagh g uaasdannuevewnuluiang a. dviusaanigliaiunsanay AL, =L, =
a = Y Y . . !
L, = 13. Tugazlnd raaiglanudinsanaadediiu (biconcave disc) LeISIEINNTD

=\ (-] d .
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~ o I3 A = a 2
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Anopheles

!
Anopheles mosquito

moscuilo

‘«/); S v S
A

sporozoites

SKIN

exoerythrocytic
stage

gametocyte

Y
: p infected hepatocyte

LIVER

hypn% c erythrocytic
hepatic schizont stage
':'i:}% blood-stage

oS schizont

. Iatc@
trophozoite

early trophozoite
(ring form)

317 2.6.1 219953 I0v01)sFamaiTe 3]
a dy = =] A J Y a =y 1 4
MIdaIAT sV IaaamoAuAtTINa INNaN gz ieveuyad, A
< A4 9 % 2 = 4 X = 44 2
UV LB M AAINTY, MIFNF UYL eouN gy nagnsBamzimuiy lagmmg
] Q' 7 dy a v A ldyo ] a
PENBINUNUAIYWIIN0AABA. HANTENUIMAINSIUIBANNAZAINTUNITOLTOAYDI 5T
Sl A = Y A A ' ~
melumadladeauauazinud Tuunvzmun N uLsved lsamy uaiseluanes iag

Tsalatinga [4]

2.6.2 M3daauiialadanninvesnuansalagldvanmsladaninslvlisda

mMsnaasslFitecauuaiideaewiia Av Escherichia coli 25922 Wag Staphylococcus

=)

A 1 s A 8 J = =
aureus 29213 NHANUHUIIUYBIVOUTAGOGN 2 x 10° ad/ml [5]. a1t aesUATTN
ldmaaoailsznovdrenuaiiie 10 ml egluasazarentisnanmirlid 025 S/m uaz

Yy 9 ad 1 dy I [ A
d1302018 KC1 AUV 0.01 M ﬂ'li’f]’f]ﬂll‘lj‘ljlllliﬂif)l,ﬁﬂTVIiﬂWiﬁ'lu!,‘]JHLHJTJI,WNQ"UH'IUVI

a X < ] 1
ﬁﬂ'ﬂuﬂ%’l\i 50 um. 817 4 mm. uazmnmﬁﬁﬂamﬂuwmmwum 10 pm.
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=

4 aA 1 A = S Y ad 1 =
IFaaLUANLTINDLLIY pDEP ‘1/1%mwaamqmaummmaﬂimﬂ. ADNTINAQADINUINLUANLTY
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= o w 4 Ay v 2, a 7 Y s A
kHz 93 50 MHz #4219, AMUDUDN pDEP 1/]]lﬂFl]'lﬂﬂ’lﬁ‘ﬂﬂai’]Quﬁ]gu']llﬂjlﬂﬁ'lgwfﬂ'llﬁuiﬂ\?ﬂ

{ Yy 9 1 a g s ] P [
LﬂﬂJ'lgﬁiJﬁq@ LLﬁ'JEJ@uW’Iﬂ’IW’Ii’I?Jm@i@’NG]@I'lNﬁiJﬂ'lﬁ"U'E]\‘ll“lfﬁﬁﬁﬁﬂu%%aa‘ﬁLWNWzﬁllﬂU
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d' v 4 A . A A
M1INNN 3 ﬁ'iJlIGWH\?]lWﬁWJENLG‘HﬁaLL’]Jﬂ‘VILiEJ E. coli WaglUANLIY Staph. Aureus [5]

E. coli Staph. aureus
AINA
€€ 0 (S/m) E/€g 0 (S/m)
T Tanwanardy 70+10 0.07 £0.01 70+ 10 0.8 +0.05
. _6 .
wouwad 10£0.5 <15x10 16 +0.5 <1.5x 10
NG 60 0.5+0.1 60 +5 0.01 £ 0.001
4 -6
o uNBUDN 101 2=Dx10 - -
3 3
A5 AENIUDN 80 2.7x10 80 2.5x 10

2.6.3 laidnInslvlisdadmSudunamsilasunlasvesauiiamaliihve ssadannaain

o s o
BN NINBITTU
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Aa o dy 9 4 zg ~ =)
ns3vei ldaadiieosonvoany Bl6F10 Tuaisazaleimssusinaisazals D-
. o J Y
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AINAN 11 %u@‘nummmuﬂﬂﬂmum 0.001 IUDY 0.125 S/m. NTNAABIDLAN INTNOLTHU

Jala

Y o A 1 A [ gl.: o =~ o ¥ A 9 Jd a
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a 4 { 2 a { ] 1
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function [Cm Sc] = RBC_Parameter_Calculator(fcl,fch)

f1=100:100:10"6;
th =10"6:10000:10"9;
wl = 2.%pi.*fl;
wh = 2.%pi. *th;
e0 = 8.8541878%10"-12;
ratio = 2.5;
%----Sphere-----
ei = 78*e0;
ec = 60*e0;
si=0.02;
sc=0.15;
cm = 0.01;
Volume = 87;
R = ((Volume*3/(4*pi))(1/3))*10"-6;
%----Spheroid------
d=0.025*10"-6;
d2 =0.04*10"-6;
bl = ((87*3/(4*ratio™2*pi))(1/3))*10-6;
al = bl*ratio;
b2 =bl-d;
a2 =al-d2;
€2 = sqrt(a2"2-b2/2)/b2;
el =sqrt(al~2-b172)/bl;
A2b = 0.5*%(1-((1-e2"2)/e2"3)*(e2-atan(e2)));
Alb=0.5*%(1-((1-e1°2)/e1"3)*(el-atan(el)));
v = (R"2*a2)/(R+d)"2*(a2+d));
%-----Cal Sc------
check = 0;
while check ==

check2 = 0;

til = ei/si;

tcl = ec/sc;



tml = cm*R/sc;
tmpl = cm*R/si;
Kh = -(Wh.A2.%(til.*tm1-tc1.*tmp1)+1i.*wh.*(tmp 1-til-tm1)-1)./(Wh.A2.*(tc1.*tmp 1+2*ti1 . *tm1)-
1i.*wh.*(tmp 1+2*ti1 +tm1)-2);
fch_cal = interp1(real(Kh),fh,0);
em = cm*d2;
eip = eitsi./(j.*wl);
ecp = ectsc./(j.*wl);
efpl = em*(em+(ecp-em).*(A2b+v*(1-A1b)))./(em+(ecp-em).*(A2b-v*A1b));
Kl = (efpl-eip)./((efpl-eip).*Alb+eip);
fel cal = interp1(real(K1),1,0);
if fch_cal-fch > 0.01*%1076
sc =s¢-0.00001;
elseif fch_cal-fch <-0.05*10"6
sc =sc+0.00001;
else
check2 = check2+1;
end
if fcl_cal-fcl > 0.02*10"3
cm = ¢cm+0.000001;
elseif fcl_cal-fcl <-0.02*1073
cm = c¢cm-0.000001;
else
check2 = check2+1;
end
if check2 ==
check = check+1;
end
end
Cm =cm;
Sc =sc;

end

v
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function [Sm] = Membrane conductivity Calculator(r)
f=1072:1000:10"6;
w = 2.¥pi.*f;
e0 = 8.8541878*10"-12;

ei = 78*¢0;
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ec = 60*e0;
si=0.02;
sc=0.1;

cm = 0.004;
Volume = 87;

R = ((Volume*3/(4*pi))*(1/3))*10"-6;

ratio = 2.5;

dc =0.025*10"-6;
da=0.05%10"-6;

em = cm*da;

co = ((Volume*3/(4*ratio™2*pi))(1/3))*10"-6;
a0 = co*ratio;

ci = co-dc;

ai = ao-da;

L = depolarize(ai,ai,ci);
eip = eitsi./(j.*w);

ecp = ectsc./(j.*w);
check = 0;

sm = 0.00001;

while check == 0

emp = em+sm./(j.*w);

e2a = emp.*((ecp+da.*(ecp+emp)/ai)./(emp+da.*(ecp+emp)/ai));

K = (e2a-eip)./(3*(eip+L.*(e2a-¢ip)));
r_cal = (-0.4195)/min(real(K))
if r_cal-r>0.0001
sm = sm-0.00000001
elseif r_cal-r <-0.0001
sm = sm+0.00000001
else
check =1
end
Sm = sm;

end
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