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Abstract:
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The aim of this study was to determine the tumor

flo.

and anti-vascular ffict of
with bleomycin or cisplatin. A

modifuing,

electrochemotherapy

complete shut-down of tumor bloodflow was observed after

electrochemotherapy wilh bleomycin and 50%o reduction
after electrochemotherapy with cisplatin. Tumor blood flow
reduction following electrochemotherapy correlated well
with its antitumor effectiveness. The results of HMEC-I
cells in vitro indicate a high sensitivity of endothelial cells

to

electrochemotherapy. Electrochemotherapy with
bleomycin resulted in a greater potentiation of cytotoxicity
compared to electrochemotherapy with cisplatin on HMEC-

I

cells. Therefore, the results indicate that the antitumor
effect of electrochemotherapy is likely to be due partly to
increased drug delivery and partly to anti-vascular action.

INTRODUCTION

Anti-tumor effectiveness

of electrochemotherapy is

GHT 1287. In the electrochemotherapy protocol, tumors
were exposed to electric pulses 3 minutes after bleomycin
(5mg/kg in 0.2 ml volume) or cisplatin (4mglkg in 0.2 ml in
volume) intravenous inj ection. Antitumor effectiveness was
evaluated by tumor growth delay and the percentage of
tumor cures 100 davs after the treatment.
Assessment of turnor staining by Patent blue

Patent blue (Byk Gulden, Switzerland) was used to
estimate tumor perfusion. Patent blue (l .25 yo), diluted in
0.2 ml physiological saline, was injected into the tail vein

of

animals after tumor treatment. After 1 minute, the
animals were sacrificed and tumors were carefully
dissected. Tumors were cut along their largest diameter and
the stained versus non-stained tissue per cross-section was
immediately estimated visually and used as an indicator of
tumor perfusion.

considered to be primarily due to the increased drug uptake
into the tumor cells, caused by electroporation. However,

Cytotoxicity assay for HMEC-I treated

several other mechanisms may be involved in the tumor
to electrochemotherapy; e.g. involvement of the
immune system and drug entrapment caused by the tumor
blood flow modiffing effect of electric pulses. Application
of electric pulses to solid tumors would not be expected to
selectively electroporate tumor cells alone. All cells in the
areas where the electric field exceeds the critical threshold
level would be electroporated. Therefore, endothelial cells

To determine the survival of cells to 3 days incubation
with drug, the cells were plated in 96-wells microtiter plates

response

are also potential targets for

electrochemotherapy would

electroporation.

If

be effective on

endothelial
cells, then this may lead to severe damage to tumor
vasculature and consequently induce a secondary cascade
of tumor cell death, by abrogating the oxygen supply of the
cells. In this study we determined the tumor blood flow
modiffing effect of electrochemotherapy with bleomycin or

cisplatin. The tumor blood flow modiffing effect was
correlated with antitumor effectiveness of electrochemotherapy and its cytotoxicity on endothelial cells in
vitro.

MATERIALS AND METHODS
Electrochemotherapy protocol and treatment evaluation

Electric pulses were delivered by two flat, parallel
stainless steel electrodes 8 mm apart, which were placed
percutaneously at the opposite margins of the SA-l tumors
in A/J mice (40 mm' in volume). Eight square-wave pulses
of 1040 V amplitude (amplitude to distance ratio 1300
V/cm), with a pulse width of 100 ps and repetition
frequency of I Hz were generated by electropulsator Jouan

by electrochemotherapy

and incubated with cisplatin (1.67 to 16.7 pM) or
to l0 mM). At the end of incubation
time 3 -(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium
bleomycin (0.1 nM

bromide (MTT) assay was performed. MTT solution (25 ml

of 5 mg/ml solution) was added to

each well and the

microtiter plates were further incubated for 3 h at 37oC. The

formed formazan crystals were dissolved in 100 ml of
dimethyl sulfoxide and the absorbance of the resulting
solution was measured at 570 nm. To determine cell
survival after electrochemotherapy cell suspensions (2.2 x
107 cells/ml in 90 pl) were prepared containing l0 ml of

different drug concentrations. The cells were

placed
between the two parallel stainless-steel electrodes (length 6
the
ffiffi, width frffi, gap mm) connected

6

2

electropulsator and subjected

to 8

to

square wave electric

pulses (electric field intensity 1400 V/cm, pulse width 100
ps, repetition frequency I Hz). The cisplatin concentrations

used ranged from 16.7 to 670 pM and the bleomycin
concentrations from 0.1 nM to 100 pM. After exposure to
electric pulses, the cells were incubated for 5 min at room
temperature (24" C) and plated in mocrotiter plates. After 3
days the MTT assay was performed. The survival of cells
treated with electrochemotherapy was normalised to

electric pulses treatment alone. The ICso value

(the

of cisplatin or bleomycin that causes
reduction in cell survival) was determined for

50olo

concentration

treatment group.
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RESULTS

Cytotoxicity electrochemotherapy to endothelial cells

Anti-tumor effectiveness

The sensitivity of HMEC-I cells to bleomycin and cisplatin
as well as to electrochemotherapy was evaluated in vitro.

Electrochemotherapy

with either bleomycin or

cisplatin

was found to be very effective in inducing a good antitumor effect on subcutaneous tumors in mice. As single
treatments bleomycin, cisplatin and electric pulses had
minor effect on tumor growth (Table l).

Table

l:

Anti-tumor effectiveness of electrochemotherapy

on SA-1 tumors in mice

(* P<0.05) (arithmetic

Therapy

Tumor

growth

mean

t

SE)

HMEC-I cells were moderately sensitive to continous
exposure to cisplatin , but highly sensitive to bleomycin.
Application od electrc pulses increased sensitivity of the
cells to cisplatin by l0-fold and to bleomycin for 5000-fold.

Table 2: Cytotoxicity of electrochemotherapy with bleomycin or cisplatin to human endothelial HMEC-1 cells
vilro (IC56 pM)

Cures

Control
Electric pulses

1.3 + 0.2*

Bleomycin (5

0.1 + 0.1

0%
0%
0%

32.7 +2.9*

70%

me/ke))
Electrochemotherapy
with bleomvcin
Cisplatin (a mg/kg)
Electrochemotherapy
with cisplatin

1.9
10.3

t 0.4*
+ 1.6*

0%
0%

with bleomycin or cisplatin,
induced substantial modification of tumor blood flow
(Fig. l). Tumor blood flow modiffing effect of electric
pulses was transient, but substantial reduction in tumor
staining was observed within I hour. However,
electrochemotherapy with bleomycin resulted in a
significant increase in unstained tumor area and virtually
complete shut-down of tumor perfusion at 24 hours after
therapy. In addition, electrochemotherapy with cisplatin
Electrochemotherapy, either

resulted in large increase in unstained tumor area compared
to the treatment with electric pulses alone.
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Better antitumor effectiveness was obtained with
bleomycin (5 mg/kg) than with cisplatin (a mg/kg) in
electrochemotherapy protocol.

A

complete shut down

of

tumor blood flow

was

observed after electrochemotherapy with bleomycin and
50oZ reduction after electrochemotherapy with cisplatin.
Tumor blood flow reduction following electrochemotherapy correlated well with its antitumor effectiveness.

The results of HMEC-I cells in vitro indicate on high
sensitivity of endothelial cells to electrochemotherapy.
Greater potentiation of cytotoxicity was observed on
HMEC-I cells for electrochemotherapy with bleomycin
than with cisplatin.
The results indicate that the antitumor effect of electrochemotherapy is likely to be due partly to increased
drug delivery and partly to anti-vascular action.
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Figure l: Changes in tumor blood flow at 1, 8 or 24 h after
electrochemotherapy with bleomycin or cisplatin, measured
by Patent blue staining. Mean values + SE of the mean of at
least 6 mice per point.
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