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Abstract: Direct electric curcent (DEC) was applied

to

Ehrlich tumors, which were implanted subcutaneously in
male Balb/c mice. Four platinum electrodes were inserted
into the tumors. DEC of 4 mA was applied for 2I min.

Hematological and biochemical parameters as well as
histopathological and peritumoral findings were studied.
After the electrochemical treatment both tumor volume

decrease

and necrosis percentage increase were

significant. The results show that electrochemical reactions
(in which reactive oxygen species are involved), immune
system enhancement and pH, constitute the most important
antitumoral mechanisms in tumor destruction.

INTRODUCTION

Direct electric current (DEC) has been reported as
having antitumor activity in different tumor models [-4]
and in human clinical trials [5, 7,8].
The electrochemical treatment is not established and
mechanisms are not well understood. In order to explain the
antitumoral effect of DEC some action mechanisms have
been proposed among which are: changes in transmembrane
potential [6]; pH local changes f4, 9l; electrochemical
reactions [2-4), etc. On the other hand, the role of immune
system has not been still clarified [2].
Electrochemical treatment produces direct alterations
and chemical changes in the tumor, causing the cell
metabolism and its environment to be severely disturbed

cell, as determined by Tripan blue dye exclusion test, was
over 95 Yo. Cell count was made using an hematocytometer.

Tumor volume was calculated with the use

of

the

ellipsoid volume formula (Y : nabcl6). Daily measurements
of the three diameters of the tumor a, b, c, were made
(mutually orthogonal), with a 0.05 mm precision vernier
caliper.

For supplying electrochemical treatment a high stability
and low noise DEC source was built at the Centro Nacional

de

Electromagnetismo Aplicado (CNEA).

The

used

electrode configuration consisted of a multielectrode array
formed by an anode which was placed at the center of the
tumor and by three cathodes which were inserted into it,
close to its periphery. Platinum electrodes of 0.7 mm
diameter and 20 rnm length were used. The treatment dose
was 4 mA during 2l min. Three experimental groups were
formed: a healthy control group (HCG); a sick control
group (SCG) and other sick group, which received DEC
(treated group, TG). Both HCG and SCG animals were
maintained under the same conditions as TG animals. but
without DEC. Treatment began when the initial volume of

tumors was approximately 850 mm' (zero day). The
histologic cuts from each tumor were carried out according
oÄ formol
solution and processed by the paraffin method. Hematoxylin
and eosin staining was used.
Blood extracted from the jugular vein was collected in
0.2 % EDTA. The cyanometahemoglobin method was used

to the largest diameter, they were fixed in a I0

due to reactive oxygen species (ROS5). These ROS5 could
arise from the electrochemical reactions produced around
the electrodes and from the immune system.
In this work Ehrlich solid tumors in mice were treated
with DEC
using
multielectrode array. The

for the determination of hemoglobin. White blood cells
(WBC) were counted in a Neubauer chamber. The
Leukocyte differential count was determined by

hematological and biochemical parameters as well as
histopathological and peritumoral findings are studied, and
the mechanisms and associated problems of DEC treatment

method was used for platelets count.

by

a

are discussed.

MATERIAL AND METHODS
Balb/C male mice 7 and 8 weeks old, I 8 to 22 g weight,
were used.

The Ehrlich ascitic tumor cell suspension was prepared
from the ascitic form of the tumor. Solid and subcutaneous
tumors, located dorsolaterally in animals, were initiated by
the inoculation of 5x106 viable cells. The viabiliry of the

examination of an extensive preparation of peripheral blood
after May-Grtinwald-Giemsa staining of slides. The Brecher
Sodium and potassium ions were determined by flame
photometry.
Different statistical criteria were used for comparing the

different histopathological findings and blood parameters
from the experimental groups. Wilcoxon-Mann-Whitney
rank sum was used for comparing volumes and the necrosis
percentage of tumor between the SCG and TG. McNemar's
statistical criterion was used for comparing the main
histopathological findings in organs and peritumoral zones
in animals from SCG and TG. Student's t statistical test was

used

for

comparing

the animal biochemical and

hematological parameters from HCG, SCG.
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in the antitumoral effectiveness of
DEC. This antitumoral effectiveness of DEC depends on
mechanisms involved

RESULTS

The initial volumes of tumors from the experimental
groups TG and SCG were 849.8 + 5.5 mm3 JN :271 and
850.4 + 3.7 mm' 1N :27f, respectively. Tumors from the
TG received 4 mA during 2l min.
The tumor necrosis percentages of TG, at 24, 48 and 72
hours after treatment, differed regarding those of the SCG,
and these differences were also significant. These high
necrosis percentages explain the decrease of the tumor
volumes.

Histopathological findings in mice organs did show
significant differences only in the liver and spleen weights
from the TG and the SCG.
The intensity grades of the peritumoral findings were
severe in TG. Acute inflammatory response (AIR) in all
treated tumors was observed24 hours after treatment.

With respect to the ion composition we observed that
sodium levels decrease and potassium levels increase in the
TG, 24 hours after treatment, leads to a high
potasium/sodium rate. There were statistical differences in
these biochemical parameters between the SCG and the TG.

the tumor itself (tumorogenicity and angiogenesis) and on

the effectiveness of immune system and on therapeutical
scheme (electrodes placement and dose) used.
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