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Abstract: The therapeutic effect of radiation treatment

IVIATERIAL AND METHODS

combined with short electric impulses of high voltage has
been studied on subcutaneous implanted N32 rat brain
tumours. Frqctionated Co60 gamma radiation treatment
was administered separately or in combination with electric

Superficial tumours on the thigh were produced by the
of 100 000 N32 glioma cells able to grow
subcutaneous on Fischer-344 rats. After 4 weeks, a solid

injection

pulses. Electropulsation and/or rqdiation treatment was
repeated on four consecutive days and evaluated by cure

tumour has grown to a diameter of about I cm located
directly under the skin. The fur over the tumour was shaven
and the tumour was fixed in position between two plate

complete remission. When radiation and electric pulses

electrodes. Electrocardial paste was used to achieve good
electric conductivity between tissue and electrodes. Electric
pulses were delivered through two flat brass electrodes
sized 2x2 cm and mounted on a slide calliper to set the
correct distance between the electrodes. Exponentially

rate, tumour growth deloy and microscopically
examination. All untreated and radiation-treated animals
showed progressive disease with neither partial nor
were applied concomitantly, a cure rate of 67%
achieved for more than B0 days after treatment.

was
The

remaining showed I37% prolonged survival. Animals given
only electric pulses resulted in a prolonged survival of 69%
and 25% cures (CR> 100d). Histopathological and
immuno-histochemical examinations showed almost instant

deteriorating fficts on tumour vascularisation and a
gradual development of widespread tumour cell death over
time (up to 72 hrs).
INTRODUCTION
In previous studies we have found that a combination of
chemo-therapy and intrakranial el-pulse treatment in vivo
increases the survival of rats with RG2 brain tumours

implanted in

the brain (Figure I )
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decaying pulses (N:16) of I ms time constant with a field
strength of 1300 V/cm, were delivered at approximately
one pulse per second. All animals were treated during four
consecutive days. Animals were sacrificed when tumour
volume reached 5 cm3.

RESULTS

We found that the electric pulse treatment alone had
about the same effect of decreasing the tumour growth as
the radiation treatment. In Fig. I is shown the result from
treatment of rat glioma tumours implanted on the flank with
the electric pulses using calliper plate electrodes with 1300
V/cm and l6 pulses. The treatment was repeated during 4
consecutive days. Radiation treatment was performed with
20 Gy Cobolt-60 gamma radiation fractionated in 5 Gylday
durins 4 consecutive days.

Needle electrodes

inseried on each side
of the lumour '.
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Figure l: Experimental set-up of intrakranial

el-pulse

treatment of rat brain glioma.
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The purpose of the present study was to investigate the
effect of el-pulse treatment on rat glioma tumours. In the
present study we have applied el-pulses combined with
radiotherapy for treatment of N32 brain tumours implanted
under the skin of the thieh of Fisher-344 rats.
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Figure 2: Selective eeffect of electro pulse treatment and
radiation treatment in 4 consecutive days on the growth of
N32 tumors implanted on the flank of rats.
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Then we studied if the effect of combined electric pulse

With combined treatment of the animals first with

treatment and radiation therapy had the same effect of
decreasing the tumour growth. In Fig. 2 is shown the result
of treatment rat glioma tumours implanted on the flank with
electroporation using calliper plate electrodes with 1300
V/cm and l6 pulses combined with radiation treatment with
20 Gy Cobolt-60 gamma radiation fractionated in 5 Gylday.
The treatment was repeated during 4 consecutive days. We
studied both the combination of electropulse treatment

radiation and then with electropulse treatment the survival
was 40oÄ. But with the reversed combined treatment of the
animals first with electropulse treatment and then radiation
the survival was 80oÄ at 3 months after treatment.

before or after radiation treatment.

As shown in Fig. 3 the combined treatment has a
dramatic effect on the tumour growth. After a few days the
tumour was in complete remission without recurrences at 3
month after treatment.

HISTOPATHOLOG ICAL STUDY
Histopathological study was performed to investigate
the time scale of the tumour regressive changes after the
different treatments. The animals were sacrificed and the
tumours were excised at different time points ranging from
2 to 72 hours after the treatment.
After excision of the tumour, a slice was cut through the
largest diameter embedded in paraffin, sectioned at 5 pm
and stained with haematoxylin and eosin.
DISCUSSION AND CONCLUSIONS

High voltage exponentially decaying pulses of
millisecond duration causes glioma tumour cell killing even
without prior drug delivery. The voltage together with the
time constant was monitored after each pulse. During the
delivery of the 16 pulses, the time constant continuously
decreased which indicated a decrease in conductivity of the
treated tumour volume. This could result from
electroporation and extensive cell lysis with release of
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Figure 3: Combined effect of electro pulse treatment and
radiation treatment in 4 consecutive days on the growth of
N32 tumors implanted on the flank of rats.
We also studied the survival of the rats and found that at

after 130 days there were no survivals of controls or

rats

treated with either radiation or electro pulses only. For time
after inoculation longer than 105 days the tumors were in
complete remission (Fig. a).

of lower conductivity. Electric

high

voltage pulses in combination with radiotherapy result in a
high degree of long lasting complete remission in rats.
It is not clear what causes especially the high rate of

long lasting complete remissions of the

combined

treatment. The radiation treatment merely prolongs the
survival with no partial remission observed in 16 animals
while radiation therapy combined with high voltage pulses

resulted in a CR rate as high as 67% (n:9).
Histopathological examination revealed extensive
intratumoural microvessel destruction immediately after
electric pulse treatment, which most probably contributed

to the tumour cell death.
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Figure 4. Percent of survivors i.e. rats with tumor size <
30x30 mm2 at different tirne after inoculation. Combined
treatment with radiation prior to high voltage pulses.
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