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Effect of Adriamycin Combined with 40 and 43°C Hyperthermia on
Cultured V79 Cells and S-180 Tumor and
Their Uptake of the Drug
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Department of Radiology, Kansai Medical University
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The combined effects of hyperthermia and chemotherapy with adriamycin (ADR) on both cultured
mammalian cells and growing tumors were analyzed according to different temperatures and
durations of heating, timing of drug administration, and fractionation of treatments. Furthermore,
ADR uptake in tumor was measured to evaluate the effect of ADR in combination with hyperthermia.
Hyperthermic cell killing with ADR in vitro was much more potent at 40°C than at 43°C. Results of
sequential combinations heating followed by ADR and ADR followed by heating under hyperthermia
of 40 and 43°C were not significantly different from those of simultaneous treatment. However, the
anti-tumor effect of the combination was much more pronounced at 43°C than at 40°C for up to 60 min
of treatment. ADR uptake showed a substantial increase under high temperatures of 40 and 43°C in
both cultured cells and tumors.

Fractionated treatments combined with chemotherapy and hyperthermia showed no enhanced
effects on tumor under temperatures of 40 and 43°C, since three fractionated experiments with ADR
and 43°C hyperthermia had an effect almost identical to that of three fractionated experiments with
hyperthermia alone, suggesting the possible induction of thermotolerance by ADR. The results of the
present study indicate that potentiation of the combined effect of hyperthermia and chemotherapy
with ADR may depend only upon the dose in one of these two modalities.
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Fig. 1 Effect of elevated temperature on cell sur-
vival of V79 cells : hyperthermia ((A) 37°C, (M)
40°C, () 43CJ and combined effect with ADR
(250ng/ml: (A) 37°C, (O0) 40°C, (O) 43¢ .
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Fig. 2 Effect of local hyperthermia with ADR (10

ug/gb.w.) on tumor growth time (TGT) of S-180
solid tumors in vivo. This effect was compared
with unheated controls (turnors treated only with
ADR or local hyperthermia) ; (@) unheated con-
trol, (O) ADR alone, (M) 40Cwithout ADR,
(A) 43°Cwithout ADR, ((0) 40°Cwith ADR, (&)
43 Cwith ADR.
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Fig. 3 Effect of temperature and duration of hy-
perthermia on the amount of ADR uptake by V79
cells. Cells were incubated with ADR (5xg/ml)
at 37C (O), 40T (&), 43°C (.
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Fig. 4 Change in concentration of ADR in a solid
S-180 tumor with and without hyperthermia. The
drug concentration was measured at 30, 60, 90,
and 120min after the i.p. administration of ADR
(10ug/gbw.); (O) unheated, ((I) 40°C, (&)
43°C.
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Fig. 5 Effect of sequential treatments with hyper-
thermia (40°C for 60min) and ADR (10ug/g.b.w.)
on TGT of a solid S-180 tumor in vivo.
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Fig. 6 Effect of sequential treatments with hyper-
thermia (43°C for 30min) and ADR (10ug/g.b.w.)
on TGT of a solid S-180 tumor in vivo.
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Fig. 7 Effect of fractionated ADR administrations
combined with hyperthermia on TGT of a solid
S-180 turor in vivo: ((J) hyperthermia (single:
30min), (O) hyperthermia (three fractionations :
30min %X 3), (M) hyperthermia (single) with ADR
(10xg/gb.w.), (@) hyperthermia (three
fractionations: 30minx3) with ADR (three
fractionations: 3.3ug/gbw. X3 with each
fractionated heating).
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