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Abstract: Some chemotherapeutic drugs, like cisplatin,
have also radiosensitizing ffict. It is presumed, that by
increased drug accumulation, radiation response can be
potentiated. Application of electric pulses to the cells and
tissues was found to be an approach that increases drug
delivery

into the cells and

tissues. This approach,

electrochemotherapy, was combined with irradiation of
tumor cells in vitro and irradiation of tumors in vivo. In the
study on LPB fibrosarcoma we demonstrated increased
radiation response of LPB cells in vitro and of tumors in

mice. Tumor curability was icreased for 40% when
electrochemotherapy was combined with irradiation of
tumors compared to irradiation only, and for 30%
compared to radiosensitizing

ffict

of cisplatin alone.

Cisplatin is widely used in treatment of cancer. Besides
cytotoxic it has also radiosensitizing effect ll,2).lncreased
cisplatin accumulation in the cells led to an improved

of

tumors

in mice t3]. In

order to

increase drug accumulation in tumor cells several drug
delivery methods have been used, including application of
high voltage direct current electric pulses to the cells in

vitro or tissues in vivo (electroporation) l4).
Electrochemotherapy is an antitumor treatment that
combines chemotherapy with subsequent application of
electric pulses on the tumor nodule, in order to increase
drug accumulation in the tumor cells. Electrochemotherapy
using either bleomycin or cisplatin has been extensively
tested in preclinical studies and also entered clinical phase I
and II studies where it proved be highly effective antitumor
treatment [4,5]. In our previous study we demonstrated that

electroporation

LPB fibrosarcoma tumors, grown as solid subcutaneous
tumors in C57Bl/6 mice, were treated either with cisplatin
(amglkg) given intravenously, electric pulses (8 electric

pulses, amplitude 1040 V, pulse width 100 ps and
repetition flequency I Hz) or iradiated (15 Gy) by X-ray
machine. Electric pulses were delivered to the tumor
through two stainless steel electrodes 8 mm appart 3 min
after intravenously injection of cisplatin In combined
treatment shedule tumors were irradiate 20 min after

electrochemotherapy. The differences observed in
antitumor effectiveness were evaluated by tumor growth

delay and tumor curability.

RESULTS

INTRODUCTION

radiation response

In vivo

of

EAT tumors increases

the

radiosensitizing effect of cisplatin [3]. Therefore, the aim of
this study was to determine whether electroporation of
tumor cells in vitro and in vivo also increases the
radiosensitizing effect of cisplatin on the LPB tumor model.

In vitro
In the study three modalities were combined, treatment
with cisplatin, application of electric pulses and irradiation
of cells. Therefore, first we determined cytotoxic effect of
each of the modalities. Treatment of LPB cells with

for 5 min. decreased cell survival in dose
dependent manner, however with moderate effect. Very
high doses of cisplatin were needed for IC56 (120 pg/ml).
Application of electric pulses to the cells decreased cell
survival for 38Yo, and irradiation of cells with 4 Gy for 48Yo
cisplatin

(Figure l).

In all the combined treatments the results were
to the appropriate controls, in order to
demonstrate interaction between the treatments.
Electroporation of tumor cells in vitro increased
cytotoxicity of cisplatin 30-fold (Table I ).
normalized

Radiosensitization of tumor cells was observed even with
short exposure of cells to cisplatin, approximately 5-fold
decrease in IC56 value was observed. Also, irradiation of

cells after electrochemotherapy decreased 2-times
value (Table l).
Table 1:

ICso

IC5s values of different treatment combination on
LPB fibrosarcoma cells in vitro.

MATERIALS AND METHODS
In vitro

Experimental

LPB fibrosarcoma cells were grown as monolayer in
humidified atmosphere with 50 CO2 in EMEM with l0%
FCS. Cell survival after exposure of cells to different doses
of cisplatin, application of electric pulses (8 electric pulses,
electric field intensity of 1200 V/cm, pulse width 100 ps
and repetition frequency I Hz) and irradiation (a Gy) by Xray machine, was determined by colony forming assay.
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Figure l: Cell survival after exposure of cell to cisplatin
(CDDP), electrochemotherapy (ECT), cisplatin combined

with irradiation (CDDP + IR) and electrochemotherapy
combined with inadiation (ECT + IR). In electrochemotherapy protocol (1200 V/cm), cells were exposed to the

drug for 5 min. When electrochemotherapy was combined
with irradiation, cells were irradiated l0 min. after electrochemotherapy.

In vivo

Our previous data shows that electrochemotherapy
of cisplatin in the tumors and its
antitumor effect t6l. Also in this study electrochemotherapy of LPB fibrosarcoma proved to be effective

Figure 2: Percentage of tumor cures in C57Bll6 mice after
treatment with electrochemotherapy (ECT) inadiation (IR),

electric pulses and inadiation (EP + IR), cisplatin and
irradiation (CDDP + IR) and electro-chemotherapy and
irradiation (ECT + IR).

CONCLUSIONS
The results of our study show that electrochemotherapy
with cisplatin increased radiosensitizing effect of cisplatin
on LPB fibrosarcoma tumor cells rz vitro and on LPB
fibrosarcoma tumors in vivo.

increases acccumulation

treatment resulting in 3.6 days tumor growth delay, whereas
treatment with cisplatin or electric pulses only had up to 0.9

day tumor growth delay. Combined treatment

of

LPB
fibrosarcoma tumors with cisplatin and irradiation
increased radioresponse of tumors from 7 .1% to 20oÄ tumor
cures. Electroporation of tumors did not affect radiation
response of tumors. Whereas, electrochemotherapy given
prior to irradiation, increased radioresponsiveness of LPB
fibrosarcoma tumors for 42.90Ä (Table 2,Figure2).

Table 2: Antitumor effectiveness of irradiation combined
with cisplatin administration and application of electric
pulses on LBB fibrosarcoma tumor model.

Experimental

n

Control
CDDP

l5
l5
l5
l5
15
16
l5
16

groups
EP

GD

DT
(days)'
5.0 + 0.3
5.2 + 0.4

!

5.9 1.4
8.6 r 0.5
20.7 + 2.3
25 + 4.5

(days)b

Cures'
n, (o )
0

0.2
0.9
3.6

0

0

0
ECT
2 (7,t)
15.7
IR
l (6.3)
20
EP+IR
16.5
3 (20)
CDDP+IR
2t .5 + 5.2
34.4
8 (50)
ECT+IR
39.5 + 5.8
uTumor doubling time of the tumors that regrew after the
trcatment
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