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Radiofrequency (RF) hyperthermia on experimental tumor was made using the surface
coil within the NMR spectometer and its effects was monitored simultaneously in the
same spectrometer by measuring 3P-NMR spectra. Rat glioma cells (EA 285) were
inoculated subcutaneously in the lumbar region of CD Fisher rats. When the tumor
grew over 1.5cm in diameter, in vivo $'P-NMR spectrum was measured with use of a
1.1 cm surface coil in the SCM-200 spectrometer (JEOL, 4.8 Tesla).

Following this control study, RF pulse at various power levels was applied to the tumor
tissue. After this hyperthermia therapy, in vivo 8'P-NMR spectra were again measured
sequentially without changing the position of the rat. In the pre-irradiation stage, peaks
of ATP and a phosphomonoesters (PME) peak were high and a Pi peak was low.
After the RF pulse at 5 watts was continuously applied for 60 minutes, the ATP peaks

decreased and the Pi peak increased immediately, resulting finally in a dominant Pi peak
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pattern within 30 minutes in all 10 cases examined. The tumor temeprature rose to

43.5°C during the RF hyperthermia. These spectrum changes occurred much earlier

than the histological changes. This Pi dominant pattern lasted at least for 7 days, when

histological examinations revealed extensive necrosis.

There was no changes in the spectrum in any of 10 cases after irradiation with an

RF pulse below 3 watts for 60 minutes. Thus, we could make the RF hyperthermia in

the NMR spectrometer and its effects was monitored simultaneously within the same spec-

trometer. It is concluded that the NMR device can be used not only for the diagnosis of

diseases but also as an therapeutic tool.
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Setting of experimental animal
in the NMR spectrometer
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lMatching and Tuning l

Measurement of 31P-NMR spectrum
at pre-irradiation period

t

RF irradiation in the same
NMR spectrometer

t

Sequential measurements of 31p.
NMR spectra after the irradiation

1 TFlow chart of the procedure of RF hyper-
thermia and simultaneous monitoring of its
effects using an NMR spectrometer.
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2 31P-NMR spectra of the rat glioma in two
different stages of tumor growth. The as-
signments of 3'P-NMR signal peaks are: I,
B-ATP; II, a-ATP and a-ADP with NAD*/
NADH ; III, y-ATP and B-ADP: IV,
phosphocreatine (PCr); V, phosphodies-
ters; VI, inorganic phosphate (Pi); VII,
phosphomonoesters (PME). As the stage
of tumor growth advanced from the active
stage (a) to an advanced stage (b), ATP
peaks decreased with a concomitant incre-
ase of Pi.
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3 Changes in the 3'P-NMR spectrum of the
rat glioma caused by the effective RF
hyperthermia.

After the RF pulse was applied to the
tumor continuously at a power of 5 watts
for 60 minutes with a surface coil in the
magnetic field of the NMR spectrometer,
ATP peaks decreased and the Pi peak
increased immediately, resulting finally in
a Pi dominant pattern within 30 minutes.
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4 Macroscopic finding of the tumor tissue 7
days after the effective RF hyperthermia
demonstrated in the figure 3.

Necrotic area was seen in the region from
the surface to the 5 mm depth in the tumor
(arrows), where the RF pulse was applied.
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Bl 5 3P-NMR spectra in the rat glioma pre-
and post RF hyperthermia at a power of
3 watts. There were no changes in the
spectrum after 60 minutes irradiation.
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6 Changes in the intratumoral temperature
during the RF hyperthermia.
Intratumoral temperature 3 mm depth
under the skin rose to 43.5°C within a
few minutes after the application of RF
pulse and this level lasted during the RF
hyperthermia. After discontinuing the appli-
cation of RF pulse, it decreased to the pre-
irradiation level within a few minutes.
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7 Distribution of intratumoral temperature
during the RF hyperthermia.
Tumor temperature rose to above 43°C
in the region of 2mm to 6 mm depth from
the surface.
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