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Abstract  Kinetics of thermally induced damage of rat liver at different constant temperature 55 ~ 95°C were studied with
continuous wave transillumination technique. It showed that thermal damage could be described by scattering coefficient.
According to the relation of change in scattering coefficient and time at different temperature the activation energy E = 135.2

kJ/mol  and entropy of activation AS =116.7 J/K mol were calculated. The thermal damage of rat liver was analyzed.
This work provides a new method to measure thermal damage properties.

Key words rat liver continuous wave transillumination ~scattering coefficient thermally induced damage damage properties

67

24

10 11

2001-04-02 2001-06-18
No. 59836240 No. 60025514
1966.10— E-mail zhudawn @ hotmail . com



668

2
2.1
10
-18C
120 pm
120 pm
Essenpreis >
4°C
24 h
72h "
2.2

10 mm x 10 mm

30 ms

150 pm

24 h

29

650 nm 5 mW
2 mm
5 mm
100 kHz 100 ms
100 Hz
500 pm
LB801
+0.5C
3000 ~
4000 ml 0.9%
2.3
1
2
3
4 5%C
1 ~ 3 55 ~95C
2
3
120 pm
13
Beer

M = Hq + Hs Meff t



669

x107% § K™! h =6.63x 107>
sample box
lauser J
650nm | devector
fiber
PC lock-in and
amplification . T
Hsn Hsd r
1
Fig.1 CW transillumilation system for monitoring of c, C,
thermal kinetics of tissue peot T= 0+ Cn# a T+ C, + Cn# sn 6
3 6
M = — %ln 1 d /]0 1 Hs t T - Hsn = Hsd r - Hsn 1- e_Q 7
d [0 I d A#\ t T = IL[-\‘ t T - #S’L AIL[S‘ max l T =
d Hsd r - Hsn 7
A#S 4 T = A/ls max T 1 - e_Q 8
p 7 . Apg ¢t T = Dpg e T - e ¥ Tt 9
Ha
10 11 4
23
55C 60°C 65C 70C 75°C 80°C 85°C 90°C
T 95
14
Apg b 1y =~ Apy t ITz—%ln It /10
2
10 It t
2 a 80C
Cq
C’l
0
6
Ci/ Ch+ C, =1-exp -0 3 )
14
Co/ Ci+C, =1-exp -k T 4 2 b 80°C
kT Arrhenius “ o
KT =dQ/di = Aexp — E/RT = 27k, T/h x 7 a
exp — E/RT exp — AS/RT 5
E T K
A AS J/K

R =8.31 J/mol K ky, =1.38



670

60 ~ 95C

55C

Fig.2 'Typical chart of transmitted intensity [

in scattering coefficient  Ag,

5.1

3.0
™~ (a)
Zz st
.
a
2.0
5 | ]
@ S
= LSk
E N
£ 1.0}
2=

0.5 . . .

0 200 400 600 300
Time" ¢ /s

10
28
te
£8.lf
E
-
PRh
Em
gtz

) . N :
i) 200 400 600 B0
Time /3
a b

a and change

b as a function of time

55 ~95C
2 b
A/z.\.th(]TxBT—e_kT‘ 10
kT BT CT
BT
0.9~1 kT cCT
10

9 10

E/RT

29

kT T

crT

BT
1
T
kT 3
kT

Ink T /T

rate parameter ol scattering change
by thermal damage of rat liver

2.7 2.8 2.9 @081
1/Temperature /K '

x 107}
slope = — 16264, 716 1
o}  yint=43. 254

6 0.5 1.0 L5 2.0 Z.5 3.0 55 4.0
1/Temperature/K ™' x 107"

Ink T and 1/T
Fig.3 Rate parameter of scattering coefficient as a

function of 7 Ink T and 1/T

Ink T =43.25-16265x 1/T
5 1nk' T =

A AS
E = 135.2 kJ/mol
A =6.10 x 10" !
AS ~ 116.7 J/K- mol

11
InA -



5.2
A. R. Moritz 3

63%

Time-tempetature threshold
by themal damage of ran Liver

4 —aexp(—dH/RT)
di =135, 225/k}/mole

A =8, 096e+018/9"!
d5 = L. 167e+002/)/K

-
=-|

,...
2
u

Exposure time. ¢ /s=1/k
2
T
5
5:
"
™
5
1]
H
[=.v)

50 55 60 65 70 75 B0 &5 90 B3 T00
Exposure temperature. T/k

4
Fig.4 Time-temperature threshold by thermal damage

of rat liver

Arrhenius

10

9 Arrhenius
15

671

17 18

19 20

Oregon Steven. L. Jacques

1 Gerthard Muller Andre Roggan. Laser-induced interstitial
thermotherapy M . Bellingham Washington SPIE 1995. 3
~6

2 Beop-Min Kim Steven L. Jacques Sohi Rastegar et al. .

Nonlinear finite-element analysis of the role of dynamic changes
in blood perfusion and optical properties in laser coagulation of
tissue J . [EEE Journal of Selected Topics in Quantum
Electronics 1996 2 4 922 ~933

3 A. Roggan G. Muller. Dosimetry and computer based



10

11

672

irradiation planning for laser-induced interstitial thermotherapy
LITT Gerhard Muller Andre Roggan Laser-induced
interstitial thermotherapy M . Bellingha Washington SPIE
1995. 114 ~ 156
Matthew G. inner Megumi N. lizuka Michael C. Kolios et
al.. A theoretical comparison of energy sources—microwave
ultrasound and laser—for interstitial thermal therapy J .
Physics in Medicine Biology 1998 43 12 3535 ~ 3547
R. Meijerink M. Essenpreis J. W. Pickerking et al.. Rate
process parameters of egg white measured by light scattering
gethard Muller andre Roggan laser-induced interstitial
thermotherapy M . Bellingha Washington SPIE 1995. 66
~ 80

A. J. Welch. The thermal response of laser irradiated tissue
J . IEEE J. Quantum Electron. 1984 QE-20 12 1471
~ 1481
Y. Yang A. J. Welch H. G. Rylander. Rate process
parameters of albumen J . Lasers Surg. Med. 1991 11
2 180~ 190

John W. Pinkering Paul Posthumus Martin J. C. van

Gemert. Continuous measurement of the heat-induced changes
in the optical properties at 1.064 nm of rat liver J . Lasers
Surg. Med. 1994 15 2 200 ~ 205

Wang Jiangang Wang Guiying Xu Zhizhan. Monte-Carlo
method for research on imaging of inhomogeneity in the
scattering medium J . Chinese J. Lasers

2001 A28 2 169 ~ 172 in Chinese

Inci F. Cilesiz Ashley J. Welch. Light dosimetry effects of
dehydration and thermal damage on the optical properties of the
human aorta J . Appl. Opt. 1993 32 4 477 ~487

K. Dorschel O. Minet et al.. The optical
properties of biological tissue in the near infrared wavelength
Gerhard Muller  Andre
thermotherapy ~ M

A. Roggan

range—review and measurements

Roggan  laser-induced interstitial

12

13

14

15

16

17

18

19

20

29

Bellingha Washington SPIE 1995. 11 ~ 44
Thermally
properties of biological tissue
College London 1992. 68 ~ 69
Luo Qingming Gong Hui

induced changes in optical

Ph. D dissertation  University

Essenpreis M. .

Liu Xiande et al.. Simulation and
examination of laser propagation in biological tissue J . Acta
Photonica Sinica 1995 24 2 125~129 in
Chinese

Dan ZHU  Qingming LUO The
coagulation process of biological tissue measured by light
scattering C . SPIE 1999 3863 518 ~ 522

A. R. Moritz

I . The rrlative importance of time and source temperature in

Jiangsheng YU er al. .

F. C. Henriques. Studies of thermal injury.

causation of cutaneous burns J . Amer. J. Pathol. 1947
23 695 ~ 720
Xu Yunsheng. Thermal Analysis of skin Burns PhD thesis.

Huazhong University of Science and Technology

1992. 15~ 18

A. G. Borovoi E. I. Naats

light by a red blood cell
3 364~371

N. T. Wright S. S. Chen J. D. Humphrey. Time-

temperature equivalence of heat-induced changes in cells and

proteins J . ASME J. Biomech. Eng. 1998 120 1 22
~26

Ramtin Agah Devang Sheth Massoud Motamedi. Effect of
coagulation on laser light distribution in m myocardial tissue
C . SPIE 1991 1425 172~ 179

Steven L. Jacques. How tissue optics affect dosimetry for
photothermal

mechanisms of laser-tissue interaction

in Chinese
U. G. Oppel. Scattering of
J . J. Biomed. Opt. 1998 3

photochemical and  photomechanical
recent advances in the
uses of light in physics chemistry engineering and medicine

C . SPIE 1991 1599 316 ~ 322



