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= Abstract=

An Experimental Study on the Effects of Irradiation Combined with
Microwave Hyperthermia on the Heart in the Guinea Pigs

Young Sik Lee * Kyung Ja Lee - Chung Sik Rhee.
Department of Radiology, College of Medicine, Ewha Womans Universily

Radiobiological and clinical evidences indicate that irradiation combined with hyper-
thermia produce a significant improvement in therapeutic effect of cancer.

Hyperthermia can enhance the radiation effect as a synergistic reaction in irradiation
combined with hyperthermia. Hyperthermia sensitize radioresistant S-phase and inhibit
cellular recovery from the sublethal damage.

Ninety guinea pigs were divided into 4 groups for the experiment of application of
irradiation combined with hyperthermia on their heart : (1) normal control group. (2)
group receiving only hperthermia, (3) group receiving a single dose of irradiation of
10, 20 and 30 Gy resepectively, (4) group receiving varying single dose of irradiation
like group (3) irradiation combined hyperthermia. Heating by 100 watt, 2450 MHz micro-
wave hyperthermia on the heart was applied for 30 minutes maintaining 42~45C imme-
diately following irradiation.

Microscopic examination and calculation of thermal enhancement ratio were carried
out and results were as follows :

1) Hyperthermia alone did not evoke much changes. compared to normal control
group.

2) In the group of irradiation alone, myocardial muscle degeneration was noted in
10Gy irradiation and its severity was increased along with radiation dose.

3) In the group of irradiation alone, myocardial muscle necrosis was noted at 15
days after 20Gy irradiation. In_the group of irradiation cmbined with hyperthermia,
myocardial muscle necrosis was noted in 10Gy irradiation.

4) In the group of irradiation alone, interstitial fibrosis was noted at 15 days after
30Gy irradiaiton. In the group of irradiation combined with hyperthermia, interstitial
fibrosis was noted at 15 days after 20Gy irradiation and its severity was increased along
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with radiation dose.
5) The thermal enhancement ratio(TER) was 1.5 on the end point of interstitial fibrosis
of the guinea pig heart.
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Fig. 1. Block diagram of the microwave hvperthermia svstem.
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Fig. 2. Cross section of surface heat applicator with spiral antenna.
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Fig. 4. Distribution of heat in an agar phantom with surface applicator.
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Fig. 5. Thermal flatness with 12cm djameter microwave applicator.
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Fig- 6. Distribution of heat in a living guinea pig’s tissue with surface applicator.
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Fig. 7. Thermal depth dose by heat power with

2450 MHz microwave after 6 minutes’ heat.
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Duration
Group Dose of radiation No. of animals
15days 30days

Control 3 3 6
Hvperthermia 6 6 12
Radiation 10Gy 6 6 12
20Gy 6 6 12
30Gv 6 6 12
Radiation 10Gy 6 6 12
+ 20Gv 6 6 12
Hyperthermia 30Gy 6 6 12
No. of animals 45 45 920
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(Table 2, %, Photo 2).
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Table 2. Light microscopic findings of mvocardial muscle

Morphologic changes

Group Dose of radiation Duration
Degeneration, Necrosis
Normal control - -
Hvperthermia 15 - -
30 - -
Radiation 10Gv 15 - -
30 +~++ -
20Gv 15 ++ +
30 tH~+++ + o~ +
30Gv 15 +++ + +
30 +++ ++
Radiation 10Gv 15 ++~+++ +
30 +++ +
20Gv 15 ++ +
30 ++ +
Hvperthermia 30Gv 15 + -+ ++
30 ++ + ++
Note - — % abscence, + i mild, ++ i moderate, +++ ; severe
Table 3. Light microscopic findings of intersutial tissue
Morphologic changes
Group Dose of radiation Duration
Edema Infl. Fibrosis
Normal Control - - -
Hvperthermia 15 + - -
30 + - -
Radiation 10Gv 15 +~++ - -
30 +~++
20Gv 15 +~++ - -
30 + - -
30Gv 15 +~++ + +
30 +~++ + +
Radiation 10Gv 15 ++ - -
30 ++ - —
20Gv 15 ++ - +
30 ++ — +
Hvperthermia 30Gv 15 ++ - +
30 ++ - -+

Note :
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Photo 1. Light microscopic finding, normal heart, showing myocardial muscle & interstitial area(H
& E, X200).
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Photo 2. Light microscopic findings of heart, 30days after 10Gy irradiation, showing mild to moderate
myocardial muscle cell degeneration(H & E, X200).
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Photo 3. Light microscopic finding of heart, 15 davs after 20Gy irradiation, showing moderate to severe
mvocardial muscle cell degeneration(H & E, X200).

Photo 4. Light microscopic finding of heart, 15 days after 380Gy irradiation, showing severe mvocardial
muscle cell degeneration(H & E, X200).
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Photo 5. Light microscopic finding of heart, 15 days after 830Gy irradiaton, showing inflammatory
cells(H & E, X200).
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Photo 6. Light microscopic finding of heart, 30 days after 30Gy irradiation, showing severe myocardial
muscle cell degeneration & moderate necrosis(H & E, X200).
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Photo 7. Light microscopic finding of heart, 15 days after 10Gy irradiation combined with hvperther
mia, showing moderate to severe myocardial muscle cell degeneration(H & E, X200).

Photo 8. Light microscopic finding of heart, 15 days after 20 Gv rrradiation combined with hvperther
mia, showing moderate myocardial muscle cell degeneration(H & E, X200).



Photo 9. Light microscopic finding of heart, 15 days after 30 Gv irradiation combined with hyperther-
mia, showing moderate mvocardial muscle cell degeneration & mild necrosis(H & E, X 200).
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Photo 10. Light microscopic finding of heart, 30 dav§ after 30Gy irradiation combined with hvperther
mia, showing interstitial fibrosis(H & E, X200).
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Photo 11. Light microscopic finding of heart, 30 days after 380Gy irradiation combined with hvperther-
mia, showing mild to moderate. interstitial fibrosis(MT, X200).

Photo 12. Electron microscopic finding of normal heart. Mvofibrils are well preserved with numerous
mitochondria(*) & intercalated disc(arros). Endothelial cells are also well preserved( X
12000).



Photo 13. Electron microscopic finding of heart, 15 days after 10Gv irradiation.
Compared to Photo 12, endothelial cells(*) are rather prominent & perivascular edema
is present(X8000).

Photo 14. Electron microscopic finding of heart, 30 davs after 10Gy irradiation.
The myofibrils are markedly[distored & degenerated with increased swollen mitochondna
prominent endothehal cells(arrow) & perivascular edema( X7000).



X

Photo 15, Electron microscopic finding of heart, 10 days after hyperthermia.
Myvofibrils are well preserved with as blood vessies & intercalated disc(X6000)
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Photo 16. Electron microscopic finding of heart, 15 days after 10 Gy irradiation combimed with hyper-
thermia.

Focal destruction of myofibrils are present as well as more prominent perivascular edema

(arrow) (X6000).



Photo 17. Electron microscopic finding of heatt, 30days after 10Gv irradiation combined with hyper

thermia.
Mvofibrils are focallv degenerated, although intercalted disc are well preserved (inset) .
The blood vessles show prominent endothelial cells with narrowed lumen(arrow)

(X10000).



