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STUDY ON THE THERMAL EFFECTS OF BIOLOGICAL
TISSUES DURING ELECTROPORATION

DENG Zhong-Shan LIU Jing
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Abstract In this article, the thermal effects of biological tissues diring elsctroporation were studied
through numerical simulations. It was indicated that tha biological tissues would be thermally injured
during electroporation if inappropriate parameisrs of pulse vcltags were administrated. The result also
suggested that under the same parazueter of pulse veltuge and the same burn threshold for description

of thermal injury degree, the tissue ia vivo i3 liable to be thermally injured, compared with the tissue

in vitro.

Key words

1.5 &

HEIAH A R A R R S LR TE 20 HEAD 80 FAX
FEER—TTHER, RELEORNEERE LY
B TRkt R, 10 0 A R R I S 1 4
PR R AL, AT SR MR E T, T
KRR, AWEEY R TIAGR. BFILATEE
I FA A AU A 2 e . ZRERRYT . IR A R
7k M LU R RSB IRR R R B P, R
BHOR L EAXS SR, (B A R A 58 B ARk X T
B FAFFEEE, FHALSKEERMNERE
LIk e B 1R — 7 T (A R B O S AL RTIRE,
73— 77 1 B X AR R IR A T I 2B
5 B Rt 3 £ A T 40 M ABE L VR B T R B el =
HB 37 5 FLIR B P 5 S5 LR R 2R TIZ SR, T
FIOAMBLE RS R LB HER . ACRA
BeAi BT I K (9 Monte Carlo 5% 1) 34 A= 4741 4188
FILPARPBNSAT T O, FRETHER
ZF LB B A RO I T B,

s EHA: 2005-02-24; #2iTHH: 2005-11-23
HEWE: BX BRFEEEHIHTE (No.50306027)

biological tissue; electroporation; thermal effect; thermal injury

2 1A R
AR5 P T S5 LAY #0404 S L B A
HSRIEALL, KRR

pcaTE;t( ) vk (X, 8] -
weppcp (X, 1) + Q(X, t) (1)

K, X AZERRE; p ok FHIAHRNEE,
EER BT R, o, oo AR EEFILES we A
MR EEER; To,T 53 B4 BKILIER B R 40U
QX,t) = Qm(X,t) + Qr(X,t) + pocownTa 5 Qm A
HAARBE; Q. AZTAIRIRI, X THEHAL, A
BEFRTREHA w, =0, Qn =087,
TERZ SLBRiE #UT R - Fr R, FAVEE R x
5 R DK IR ARG, XX 2 () R SR

il — AR 7 T HET R RE, FRA
HEBERR I EEE T R, A, ASOR R AT

fEER A B0l (1975-), 5B, Wk, L, FTENFEYERNPIE.



13 TP YIS AL ORI 5 o

UL J% B H Monte Carlo HykX AR EIETT R,
W5k, WEEEREAMT O,

) C1-W(I-HAty QX t)At
T(X,t+ At)= 1T WaAt {1_w%1—6ﬂM
1-w(l-p8)At—m-Fo
1-W(1-p)At o
g?__iﬁ___ﬂX+AX¢H
£ 1-W(L-B)At ;
m/2

Fo
; A A X~ A t)} (2)
XA, At AWEFR; W = peesws/pc; Fo =
kAt/pcAx® AEHEME; m=2,4,6 HHRTNT—
4, “H ZHER; S OARMETF, 0<8<1,
3 (2) B AR (1) 9 Monte Carlo #Z88R), HAH
SRR R RS 2 0] & oUHR (6], BLAR I,

ARERNL, ACRARMKTERSE: <
002m, y<005m, 2<005m, MTEHKH
ZUETE, LR & ERSCER 6] 5 X T B A4 L2
B, BF © =002 m &BHRGF, ER{RDERF
) b, HRMRIHIRE N ARSI 470, Bl

T(X,0) = T 3)

He, XEAHR T WARFRBRE Ty, MERK
HR Ty BFEZIRE T. .

KBARRER, X Q) PREEHK/ER Q.
EFELKFRIGHE, MBE, ARANHEER
Laplace HTRR 5.

V [eVp(X,t)]=0 (4)
Hev e HARE S, EXBREFH Gause-
Seidel EAH L, HHEP HSHEBBEMMOMES EH
B, HEDRARLG &M, KH B 5 #E
3T R LA ) L R

E(z,y,z) = ~Vp(z,y,2) (5)

&5, BHERTALRNEENT EPRFERE
T 4 H:

Q- (z,y,2) = 0 E?(, ¥, 2)/2 (6)
Hh o B BRGER,
3 ZHRRVTE

EYMIH RS HBHL RGO p=p, =
1000 kg/m?, ¢ = ¢, = 4200 J/kg-°C, T, = T, = 37°C,

k=05 W/m°C , Xfijii#kh R EAHEEE 55
WA hy = 10 W/m?, Ty = 25°C , HAMHE
RE o = 0286 S/ml" | BpPHEE ¢ = 100 V,
n<t<n+05p],n=12.06

B 1(a). (b) 4 H T KA AR BT B AR5
MR ES R G, RRKPOMNE
HA z=0, y=0.01 m, 2=0.025 m } z=0, y=0.04
m, z=0.025 m , BHKTH 1 cmx1 cm) , ZEZ]
— A AR BE B A 42°CE, RATES
HER E R R RN — R FRL R ERN 42°C, X
AT ONSR E LR MK E HARE BT
BRI RIR G E. W& 1), (b) &1
L 2R BIMEE Bk E R R R AR, SR
RS EEE Y AR, LHEE 1(b)
HARTELBRMBEA R 2 cm 178 ERE
T 42°C, HHlE LS HET NS H IR A
FUPN, B 1 Mg RERN TR YITBESH
xR RS R EE LAY, O B AT BRI R,
Bk R E A 10,

2.05 —

42
0.04
g 003
~
> 0.02
0.01 2
0.00

70.000 0.004 0.008 0012 0.016 0.020
x/m

(a) t=20s

0.05
0.04 2. 382

g 003

~

= 0.02
0.01 2

4842

0.00

0.000 0.004 0.008 0012 0.016 0.020
x/m

(b) t=230s .
H 1 Bk AR R T AR A S o e 2 FLA B TE
z = 0.025 m AbZE NI 2 IR & A

A T FLER T AT DAFE AR 8 SR AR AR 4B,
BARXME R RREESE PR, BB
RS RRLERFAEERT TR, K454
THE 2., GtED, BERACERA 0 <z <002
m, y=0.01 m, 2=0.025 m f; 0 < z < 0.02 m, y=0.04



120 T 8 # % # % &

27 &

m, 2=0.025 m) , B 2 ATLIE H, HX-FAR H AR T
B, RS AR A A AR 1 B DI LA, S
B B A SR R AR, IR AR I oR
7% 18 B B LR A AT BE AR RO 134 A B

0.05

0.04

g 003

0.02 1 gi

0.01 4

@®

z/

0.00 T T
0.00 001 0.02

y/m
B2 Bk SURF 4 TE AR S it e g TR A
x = 0.01 m ZRIRAESHAR (t =30s)

B R P g 7L B AT 2 E N SO R IR AR
e B IRR RPN, xR,
ALARFINAE Az, HEEGYHE. ERE
77 R MR AT RS, B3l T AERAN
FIBEROTHEESR, B 3(). B 3(b) #5I1XAF
BB AR A T AR, XTEE 3(a) S 1(b), & 2(b)
5K 2 (LR, &KAME R AR
BT, WA R R AR i A A TR S LB
HARAZFMHRBG R, B, SEGHRNHE
FARLHBEFIL, —REEH AR BRSH

0.05
0.04 x
4

0.03

{

0.02 4 .
42
0.01 ®
54
0.00 :

0.000 0.004 0.008 0.012 0.016 0.020
x/m

(a) HAXERAFHRHEMR, HE2=0025m
hbt =305 BWHIBESH

0.03 004 005

y/m

0.05
0.04 1
0.034 A

0.02 4 @42 5@

0.014

z/m

0.00

0.00 001 002 003 004 005

y/m
(b) EREHBHER, BE =001 m 4 t=30 s HOREH
B3 fEAAFaFEER

FERHBME, FEATEPBRENICRAT
TiEEX, XTFHREBXGBEKN (nEEEEa
%), AOHEEBMEREER. b, PR
B, HANBGRE—NEELE, WRA Arrhenius
AR EERHR

Q:/OtPexp (—%) dt (7

K, QOUPIRIRE, E. ATELRE, R OVEHA
SEEY, POABERRT. YARRBEETRES
18 (42°C), AN ERIRG > 4E; & TIBIEN,
# R HR (7) 18, RTREE, AR H0EH

g,

L% %

=g

A% A Yy 20 L B LSS R P LR BN )
BRSREREN, LRGN NGG, BER
FILS B RIS 4 IR LU M, ASCHR K
HETHTEYER8FLP S,

2 % x W

[1] Gehl J. Electroporation: Theory and Methods, Perspec-
tives for Drug Delivery, Gene Therapy and Research.
Acta Physiologica Scandinavica, 2003, 177(4): 437447

[2] Shirakashi R, Kostner C M, Muller KJ, et, al. Intracel-
lar Delivery of Trehalose into Mammalian Cells by Elec-
tropermeabilization. Journal of Membrane Biology, 2002,
189(1): 45-54

[3] Pliquett U F, Martin G T, Weaver J C. Kinetics of the
Temperature Rise within Human Stratum Corneum Dur-
ing Electroporation and lontophoresis. Bioelectrochem-
istry, 2002, 57(1): 65-72

[4] Martin G T, Pliquett U F, Weaver J C. Theoretical Anal-
ysis of Localized Hheating in Human Skin Subjected to
High Voitage Pulses. Bioelectrochemistry, 2002, 57(1):
5564

[5] Davalos R V, Rubinsky B, Mir L M. Theoretical Analysis
of the Thermal Effects During in Vivo Tissue Electropo-
ration. Bioelectrochemistry, 2003, 61(1-2): 99-107

[6] Deng Z S, Liu J. Monte Carlo Method to Solve Multi-
Dimensional Bioheat Transfer Problem. Numerical Heat
Transfer, Part B: Fundamentals, 2002, 42(6): 543-567

[7] Boone K, Barber D, Brown B. Review-Imaging with Elec-
tricity: Report of the European Concerted Action on
Iinpedance Tomography. Journal of Medical Engineering
and Technology, 1997, 21(6): 201-232

[8] Davalos RV, Huang Y, Rubinsky B. Electroporation: Bio-
Electrochemical Mass Transfer at the Nano Scale. Mi-
croscale Thermophysical Engineering, 2000, 4(3): 147-
159



