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An Experimental Study on the Effect of X-ray and Microwave
Hyperthermia on the Liver of Rats

Eun Chul Chung
Ewha Womans University, Medical College, Department of Radiology

Hyperthermia can enhance the radiation effect as a synergistic effect in combination of X-ray irradia-
tion and hyperthermia.
Hyperthermia sensitizes radioresistant S-Phase cells in cell cycle and inhibits cellular recovery
from sublethal damage.
Author fabricated 100 watt, 2450 MHz microwave applicator for hyperthermia, planned the methods
and conditions of heating, and measured the temperature by using Agar phantom as a preliminary
test.
For biological examination, 90 rats were divided into 4 groups as hyperthermia, X-ray irradiation
(6, 8, and 10 Gy), X-ray irradiation with hyperthermia, and normal control gorups.
Histologic examination of the lfiver was done. The results were as followings
1) In hyperthermia group, there was mild degeneration of hepatocyte and mild degree of edema
in portal tracts.
2) Mild degeneration of hepatocyte was appeared in the liver after 15 days of 6 Gy X-ray irradiation,
and mild necrosis of hepatocyte with disarray after 60 days of 8 Gy irradiation. the findings were
more severe in the group of 10 Gy irradiation.
3) In the group of combined modality of irradiation plus hyperthermia, mild degneration of hepatoc-
yte was appeared after 15 days of 6 Gy irradiation, and mild necrosis of hepatocyte with disarray
after 60 days of 8 Gy irradition.
4) The thermal enhancement ratio (TER) of the liver, which was calculated at the end point
of disarray and necrosis of hepatocyte, was 1.0 in the group of combined modality.
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Fig. 1. Distribution of heat in an agar phantom with sur-
face hyperthermic applicator.
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Fig. 2. Distribution of heat in rat’s tissue with surface
hyperthermic applicator.
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Table 1. Grouping of experimental animals
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Fig. 3. Distribution of thermal depth dose by heat power
with 2450MHz microwave after 10 minute’s hea-
ting.
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Observation
Total

Group Radiation Dose(Gy) 15 days 60 days

(No. of Rats) Number of Rats
Normal Control 6
Hypethermia 6 6 12
Radiation 6 6 12
6 6 12
10 6 6 12
Radiation + Hyperthermia 6 6 12
6 12
10 12
Total No. of Rats 42 42 90
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Table 2. Histopathologic findings of the liver
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Pathology Lobule Portal tracts
Hepatocytes Duffer Inflamm. Inflam.
Groups(Days) Disarray Congestion Degen. Necrosis  cells cells Edema cells
Normal Control * —# ++ - - ++ - - +
Hyperthermia 15 N * * N o N - *
60 - ++ + - ++ - + +
Irradiation
X6 Gy@ 15 - - ++ -
60 - ++ - ++ +
X8 Gy@ 15 - ++ ++
60 - ++ ++ ++ ++
X-10 Gye@ 15 + ++ ++ ++ - ++ +
60 + ++ +++ ++ F++ + + 4+ +
Irradiation+ .
Hyperthermia
6 Gy+ 15 - - ++ -
60 - ++ - ++ +
8 Gy + 5 - + ++ - ++
60 + ++ ++ + ++ ++
10 Gy+ 15 + ++ ++ ++ ++
60 + ++ +++ +4 + 4+ + +++

* Normal control © 1day
@ X-6 Gy : Irraiation 6 Gray

¥ — : Absence, + . Mild, ++ © Moderate, +++ [ Severe

— 314 —



1) 6Gy ZAhT

6Gy WA ZAFE ZHAH 9] WA o] AsA H
Qom FHE A g FFo A
© 53:‘— i ]ﬂﬁ"— 'ﬁ/\/«A
2) 8Gy ZAHE
8Gy AT ZAFE A= 6GyRAE Al BlE 7HA
o WA AEst 29 Astgon] 60UTA
HHE ZEAIR AAF HA BFFHAOH
el 5o Astgld.
3) 10GyZAHE

jQ
=
rr
ot
Eu)
1%

b

g

ol

e

10Gy BAMY AT S XY BEHL 8
Gyt FAMStEl o ZHAZY FHAbs} Fufe B
Zol % A HHPhoto. 5).

oy HiT (st Lo

on MAMZA GEF T E Holy} AAHA &
ig=

2) 8GyH T

8Gy A 2AE 60UTAN THEY ZEF

A JA7E AetA degen I FE7h A
ZA =T R FAE A

3) 10GyE I+

10Gy *FAHA }.A}—“‘F 154FoE 8Gy BT
Mg Aw e 7h l‘“f’J A7t BEHALH 60Y
o IAAZE ettt BoEe R
10 2 A 10Gy HARA ZAF o
H ¢ th(Photo. 6).

2
rr

2o ofy
ofrt
P oly

>
S

Olﬂ
(g
L

o

Fl ool HY Fo
JH'I

o =2
o b
ot

il 1:10

jwe]
23
R}
B
=
o
b
)

o

,d
=2
SN

>
@ °F
%uﬁ’,é&“
‘d_télr'_ﬁ
U N
oS L
Tl
o=
o rir
w T
:,,‘o!u.
g o
ﬂ_{q‘rﬂ"
)
—l%_ﬂja
o2 g
fuzrtl—t:l>J
JﬂmﬁL
2 =
o= &
ol ® rir =

WA o2 off DY ox
fru
=
e
e
N
=)
X
H
i
=)
x
o
o
)
.
o
O

fo o o [

mwy |o
°
rJ
i1
i
2
v

2. LYY

ARz DAL oA 243 tFio] 39
om AZAY 2% HAYET} 5L 9L B
A% & A H(Photo 7).

AIZAZANE G 8ol S92
449 520 HHGoH %
F. 25 AZY FA9 4 A4
1:}

b

4

-5

_.“i
r:i " of
<)
Mo,
o

oo M

RuS U
BAVER i e)

:'
2 el

Me A2 gidog 93 Wjgd J
Mol A3 F7hs o] Ve ¥
Agol #EAUT, 4R AL
/q]u]—,,] sﬂ-x}’ ojL_EJH 4.;47\]_1:1
PE Bk ol @ viA T2 ‘*‘5}”

Fol T7HH I A2V ZFE S

o
o

L T U )

omﬁé

_>1:

(R o mQ PN 3L N
D . A SV o< 1= i)
o ¢ ot M
N L koo o
;l—\—‘ol)lmxm

% op TE
Ol

. H
i)

O
S
naad

)
ol
2
=)
i
s ol X

=

_>‘_~I_‘
=
b1
o
T H e
oo ot
K =AY

£
N
>,

fr =
i

M o rir
DA
ook

o 1%
Br
ey
o,
rJ

o b
32
[o o

oo
& op
=
(=]
kY
=
2

o 7
ofl &
o,

h
o
i
we ¢ S

L
L
ity
4r
Sl
vk
Ho

A8tA ettt (Photo. 8).

k=l
-

ol o) HFFE AfSAY dA LT A
e 74 18661 Busch/h MR w4 E £
Tol HEF 249 S Mg oY He 474 ¥
A} A7k AYH o ghepom,

2Eay e 20 40~43C 9 €< PO RN
PAHIAE 4 ste g Ygste A2 aRE F
WA 7le Aes 4P4ATE Ed= sto 944
o2 GYFFY AR o GHIL e,

+daide 1FAFE, 253, 299 £
ProlZRy 2] glom AL RE 2580
Ak o|F vrolARde HL ¥ A 294
&% ¥0|2 W 2~3emo| o] 2Eo] bty
SdAA] 5~6emfE FE AF FWo P

|
w
P
S
|



] X«LC.LQE].

AA7d Ag vlo|Z 23 &4 7]TE 2400MHz
vfo] AR B 2 A 15-20wattd 202 2-10cm ¥+7
ol A 3cm Zolol A 40~44C 7R 7HEAIL £ 21
924

gof gt & wisiAE 19379 Saffert™]
«IEH ZlEeH i 48 M 244 gE 13
A5 = F41 4 A centrilobule) & HAF} 7HA] E 9
FEo] HYA 45T 8o FYvta g},
ol Wale AiiaFH do 8 AH &4

Zolzta Az,

A7 *‘ﬁ”ﬂﬂ}it R RS R
Hate 7HE 5 1580E AY F4F vz e
604 o= H%oﬂ A% FEel AT,

Lo dRoge YA HatE 9277
gethe Bivh gol Ith™, StormE ol ¢8hd
HlA w2 ed ey AAE 23 gRde g4
= dozloy A 3 ERAYde 2% |
7k glglen ole A4MEE g o8 BRIt
TIMELE e Bito] dofuh el el HE
&3 A58 7] Mol Wi

THE WA EAR My AFAo] w2 VR
2 TFHo g2 196397 E HARde] gF T
&l el LA A3

1965 Ingold52& o] A7 HM A o
BARNARE A3 4040 o EAF 138 oA 2]
o, 54+ 2 &2 277 alkaline phosphatase?]
S BEHo A o g2 HEEA T,
Reed520] 7 «1 TAbd e Bez2ddd W s

H3tgo e B "o &£4oEA

u xS BHL AfYROE 3

P

W

2w ofy
)
)
o,
15

o, A_, z

ol
Y
e e
S
kPN
_org
2 S
:L

o]% veno-occlusive disease
Zéﬂ“Oﬂ HAsHA 27 LA 67 EF

=
S
g
rir
(o}
o,

O

2
i
g
S

mz L ofy

T gk,
Axte] dRATE 6Gye TAARALE 60 7
g Fo A ZHAEY Ugol ZEHAL HAvL
AstA Uetdr] AR Eer 100Gy 2AECdE
%29 At FEHAG FAEY BAL 6Gy
2% A8 A YEldA HWW e 5
Az A3 AL, FEYFEY FFL 6Gy AT 15
g A A eHA e 12}0}&1 8Gy Ao &=

1
s

iﬁo

_,rl

vl A et detdozA zAd g

£ o
=
b

b
-

m&l{‘i
NN
B

o e

il o
flo o
ok

oo oz
.
r 2 oF

O

>

—
AN
%2

o, ::‘4 ro
A

ol b fo
o i o
R on

©
rto
ko
ok
2 b
>
i

e ofN e ng

o
e ot e o oofn
ok
S
>

o
>
e

i
ok —é
P 3

ofL il
=

2 g
1=}
N e
e

¢

it W

> 5o

S
-
i
fo
23

“

)
Mo m
o T
ol
>
2
o
N
S
e
to,

-l

tlo ko o
oE oSt
o o >
s offt S-;ré"’ oiE o, o
o
W
e o ug
L Y oL ofN
Jj ok
> N R

FEE
RHg-9 At

A
=2
o

2L HE Fo rfo o 1o o
=)
)
9,
N
=

o R ooE af
of
ofo
>,

=
m o
> yg AL

D nekamp™e] 9J3tH 454 & L& &5}
F7k3kd 40T o] A 1.2, 43
o AH Y of whe} 2ol

ox
X, ofy
1o ru;
ku

o o
4

o,
=)
o
%S,
_E,

e
ol

5 o
=
S “q°
S 2
¥

iy
=2,

e
o
S

A 79 "a‘?:’%iﬂri% X-4 6Gy, 8Gy ® 10Gy =
AZ- EA 2C 2 FA 8k 3087 7Md s, 24l
29 3EHZTY HAZF YElYD FURe Rz
A Ee] HAo] Yehted, o)7L WA gER
AL AR ey WA HEe B
o AT F Aol Zof B F gt oW &
F7 &2 86yl A 1.00] 9tk o & Stewart 2 Dene-
kampZt | F-¢ £2F & o] &3t 4L IS A& 17~

1.99] Aol7b YAt

Y Kin$% Scot570| BB EHES
Hdeyor ARd 2% F424Y 9398
L0~1303, FF& 1.3~2322A4 Azte 492
Ao AT, RYE AR F2A 9 4292
of Aol ol A4z AR Qo) U o 23}]
EHU ]E]-J_ Eﬂﬂﬂ o) 13)14)27)28)29) %_oo‘r% zé}b}}_
Autk 957 m27) dEo) 29 FAPYo=
AgzARg 2~3C & LEREE 2AHEY
o AL 3 YL A 2Paag

4t (lactic acid) o] A& 4 0 & A5 7] wj F ol e} 2
%}7_}5};}30)31)

oz FHzAY 3Fz4e edaye &
Hol B FolHel WF U L& AT Hol3
2N 4T 8IS EY F AL AOR



=22
=l =2

LU e P B oL RIS
AE9) $47)(Sphase) 1A AL WA}

S
£ o

e o
(a3
&
bl

1 ol B

RN

MO ox
rlo

oM [

k!l o oy
Jok
it
v
o
i)

L
2>,
N
Y

ol

< 3
ARFARE F7H7IH EXAERY 35S AA
Aoz uAd g3 E AsAlle Aot

AAE 100watt, 2450MHz violZ2 23 &7

g o83t dF 9oniElE WHeE SEQY,
gAbdgy g iauaﬂr AL Q& et
7y el 248 Hg s dAdY g5 2& 2
E% 494

D egadle XY A3 HAY FHro
A% 2EL dodle Ao AFHYG.

2) AL AT A HH E o] BEH AT AL}
FAHYUL 2AFO] F7he wat 2 =Tt A
3 A ot

3) WA A 23 #HITAA 6Gy

Ab

Al

4)

Els

&

F o>
=
£

ol
-

References

1) Robinson JE, Wizenberg MJ, McCready WA : Ra-
diation and hyperthermal response of normal tissue
in situ. Radiology 1974 113 © 195-198

2) Hume SP, Field SB : Hyperthermic sensitization of
mouse intestine to damage by X-vay : the effect of
sequence and temporal seperation of the two treatme-
nts. Br ] Radiol 1978 . 51 : 302-307

3) Leith JT, Milker RC, Gerner EW et al . Hyperther-
mic potentiation © Biologic aspects and application
to radiation therapy. Cancer 1977 © 39 . 766-769

4) Falk P © The effect of radiation alone and of radiation
followed by hyperthermia on the vascularture of
mouse intestine. Br | Radiol 1984 @ 57 . 709-715

5) Gerweck LE, Gillette EL Dewey WC © Effect of heat
and radiation on synchronous chinese hamster ce-

lIs * killing and repaiv. Radiation Res 1975 : 64 :
611-623
6) Dewey WC, Hopwood LE, Sapareto SA, Gerweck
LE * Cellular respons to combination of hyperther-
mia and radiation. Rad 1977 * 123 * 463-474
7) Sapareto SA, Hopwood LE, Dewey WC, Raju MR,
Gray JW ! Effect of hyperthermia on survival and
progression of chinese hamster ovary cells. Cancer
Res 1978 . 38 * 392-400
8) Overgaard ] . Simultaneous and sequential hyper-
thermia and radiation treatment of an experimental
tumor and its surrouding normal tissue in vivo. Int
J Radiat Oncology Biol Phys 1980 © 6 . 1507-1517
9) Song CW, Kang MS, Rhee JG, Levit SH - The effect
of hyperthermia on vascular function, pH, and cell
survival. Radiology 1980 : 137 : 795-803
10) Ben-Hur E, Elkind MM, Bronk BV : Thermally
enhanced vadiovesponse of cultured chinese hamster
cells © Inhibition of repair of sublethal damage and
enhancement of lethal damage. Radiation Res 1974
58 © 38-51
11) Rohdenberg CL, Prime F . Effect of combined ra-
diation and heat on neoplasm. Arch Surg 1921 © 2 .
116-129
12) Crile GJ : The effect of heat and radiation on cancers
implanted on the feet of mice. Cancer Res 1963 © 23 .
372-380
13) Storm FK, Harrison WM, Elliot RS et al . Normal
tissue and solid tumor effects of hyperthermia in ani-
mal models and clinical trials. Cancer Res 1979 © 39-
2245-2251
14) Kim JH, Hahn EW, Tokita N . Combination of hype-
rthermia and radiation therapy for cutaneous malig-
nant melanoma. cancer 1978 41 - 2143-2148
15) Saffert CA : Heat hyperthermia. Minn Med 1937 .
77 - 106 Cited by Leonard Bianchi
16) Leonard B, Helmut O, Kurt B, May EN : Liver da-
mage in heatstroke and its response. Human Patho-
logy 1972 13 © 237-248
17) Henle K], Dethlefsen LA : Heat fractionation and
thermotolerance - A veview. Cancer Res 1978 ~ 38 -
1843-1851

- 317 —



18) Raymond U, Noell KT, Woodward KT, Worde BT
et al * Microwave induced local hyperthermia in co-
mbination with vadiotherapy of human malignant
tumors. Cancer 1980 : 45 * 638-646

19) Ogata K, Hizawa K, Yoshida M et al : Hepatic in-
Jury following irradiation - A morphological study.
Tukushiwa | Exp Med 1963 . 9 © 240-251

20) Ingold JA, Reed GB, Kaplan HS et al . Radiation
hepatitis. AJR 1965 : 93 © 200-208

21) Reed GB, Gor AJ © The human liver after radiation
injury. A form of veno-occlusive disease. Am J Pathol
1966 - 48 : 597-612

22) Fajardo LF, Colby TV : Pathogenesis of veno-occlu-
sive liver disease after vadiation. Arch Pathol Lab
Med 1980 : 104 : 584-588

23) Hills SA, Denekamp J © The response of mouse tu-
mors to combined heat and radiation. Brit ] Radiol
1979 52 1 209-218

24) Suit HD, Gerweck LE : Potential for hyperthermia
and radiation therapy. Cancer Res 1970 © 39 * 2290-
2298

25) Stewart FA, Denekamp ] : Sensitization of mouse
skin to irradiation by moderate heating. Radiology

1977 © 123 * 195-200

26) Law MP, Ahier RG, Field SB: The response of
mouse skin to combined hyperthermia and X-rays.
Int ] Radiat Oncol Biol Phys 1977 32 . 1563-163

27) Scott RS, Johnson RJR, Kowal H et al : Hyperther-
mia in combination with radiofrequency . A review
of 5 years experience in the trealment of superficial
tumors. Int ] Radiat Oncol biol Phys 1983 © 9 . 1327-
1333

28) Kim JH, Hahn EW : Clinical and histological stu-
dies of localized hyperthermia. Cancer Res 1979 - 39
1 2258-2261

29) Hornback NB, Shupe RE, Shidnin H et al . Preli-
minary clinical reports of combined 433 MHz micro-
wave thevapy and radition therapy in patients with
advanced cancers. Cancer 1977 © 41 . 2854-2863

30) Gerweck LE : Modification of cell lethality of eleva-
ted temperature : The pH effect. Radiat Res 1977 .
70 * 224-235

31) Lig ¢, shn EZ, Hahn CM : Recovery of cells from
heat induced polentiating lethal damage ' Effects of
PH and nutrieni environment. Int | Radiat Oncol
Biol Phys 1980 : 6 : 577-582

Legend for Photographs

. Hyperthermia induced by 2450MHz, 10 watt microwave applicator on the abdominal surface of the

Photo.
rat.

Photo. 2. Irradiation of rat using 6MV Linear accelerator.

Photo. 3. Light microscopic finding of liver of normal control showing focal infiltrations of inflammatory cells.

Photo. 4. Light microscopic finding of liver of 15 days after hyperthermia, showing cellular degeneration of
hepatocytes.

Photo. 5. Light microscopic finding of liver of 10Gy irradiation only, showing necrosis of hepatocyte and moderate
edematous change of portal tracts.

Photo. 6. Light microscopic finding of 60 days after combination treatment of hyperthermia and 10Gy irradiation,
showing necrosis of hepatocytes and servere edematous change of portal tracts.

Photo. 7. Electron microscopic findings of hyperthermia group showing smooth nuclear membrane, many round
or ovoid mitochondrias and a droplet of fat globule(X10,000).

Photo.

. Electron microscopic findings of 60days after 10Gy irradiation with hyperthermia showing wrinkled

nuclear membrane, abundant round mitochondrias, vacuoles and many electron dense particles(X 10,
000).
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Photo. 8.
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