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Morphological Study on the Effects of Heat and Radiation on
Mouse Mammary Carcinoma

Shiken Jo, Masaji Takahashi, Masahiro Hiraoka, Keizo Akuta,
Mitsuyuki Abe and Mutsuhiro Furuta*
Department of Radiology, Faculty of Medicine, Kyoto University
(Director: Prof. Mitsuyuki Abe)
*Department of Pathology, Kyoto National Hospital

Research Code No. : 407.1

Key Words : Hyperthermia, Radiation, Morphological study,
Tumor cell degeneration

There exist a large number of literatures on hyperthermia, but little work has been done to study
early morphological changes in tumor cells after heat exposure. In this study, morphological changes in
transplanted mammary carcinoma in syngeneic C3H/He mice were examined using a photomicroscope
until 12 hours after local exposure to radiation (30 Gy), heat (44°C, 45 min) and radiation plus heat.

Immediately, 3 and 12 hours after the treatments, tumors were excised, fixed and sectioned at 4 um.
The sections were stained with hematoxylin and eosin. For the quantitative estimation of morphological
changes, 500 cells were examined at random through the solid part of the tumor with respect to cell
degenerations. Degenerated cells were classified into 8 categories, viz., 1) hypertrophy of cell, 2)
vacuolar degeneration of cytoplasm, 3) irregularity of nucleus, 4) vacuolar degeneration of nucleus, 5)
pyknosis, 6) karyolysis, 7) karyorrhexis and 8) disappearance of nucleus. The number of cells which
demonstrated respective degenerations stated above was expressed as percent of 500 cells examined at
random.

The morphological changes of tumor cells were essentially different between groups of radiation and
heat. Degeneration of tumor cells was observed earlier in a heat group than in a raddiation group. It
seemed likely that the early appearance of pyknosis and karyolysis observed after heating resulted in the
direct effect of heat on tumor cells.

The combined effect of heat and radiation appeared to be additive when the effect was estimated on
the basis of percent cells with all types of degenerations, while synergetic when estimated by a percent
cells with a disappearance of nucleus which directly leads cell death.
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Water bath temperature

(45%C - 0.01)

Fig. 1 Distributions of intratumor temperature
when a tumor-bearing leg was immersed for
5min. in the water bath maintained at 45C.
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Fig. 2 Changes in the incidence of cell degenerations immediately through the
12th hour after radiation (@), heat (A) and radiation plus heat (H). Cell
degenerations were classsified into § different categories. Fifteen to 20% of
tumor cells treated by heat alone and also by radiation plus heat showed
pyknosis and karyolysis immediately after the treatments. In the combined
treatment group, the disppearance of nucleus was observed in 15% of tumor
cells at the 12th hour after the treatment, while in less than 4% in each group
of radiation and heat alone. This suggests that, as for the disappearance of
nucleus, the combined effect of radiation and heat in synergetic.
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Fig. 4 Morphological changes in tumor cells immediately after the treatrnents
are shown. Tumor cells treated by radiation alone (a) did not show any
degenerative change except minimal vacuolation of cytoplasms. Remarkable
degenerations of the nuclei including pyknosis (1) and karyolysis (T T) were
revealed in tumor cells treated by heat alone (b) or radiation plus heat (c).
Furthermore, degenerations of nuclei were more prominent in tumors treated
by radiation plus heat than alone (H.E., X500).
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Fig. 5 Morphological changes in the tumor cells 12 hours after the treatments
are shown. Vacuolation of nuclei (T) were seen in tumor cells treated by
radiation alone (a). In the heat alone (b), not only remarkable pyknoesis and
karyolysis but also karyorrhexis (1) were noticed. In the radiation plus heat (c),
the degree of degenerations increased strongly and the disappearance of nuclei
(T 1) was observed (H.E., x500).
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Fig. 6 Percentages for all of degenerated tumor cells are illustrated according to
the treatment modalities and the time courses after the treatments. Degener-
ative changes appeared earlier in tumor cells treated by heat alone or radiation
plus heat than radiation alone. The combination effect of radiation and heat
was likely to be additive because the sum of percentages for degenerated cells
treated by radiation and heat alone was almost equal to that for the combined

treatment group.
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