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Correlation between Results of Different Methods for Measurement of Blood
Perfusion and Oxygenation Changes in Tumors after Electrotherapy
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Abstract: Dffirent mechanisms are involved in antitumor
ffictiveness of electrotherapy by low level direct electric
current (DC-ED. A strong evidence has been accumulated

Tissue staining with Patent Blue-Violet (PBV) and
Rubidium extraction (tunU). In both methods a particular
marker (either biological stain PBV or radioactive 86Rb)

by means of dffirent methods that when the electrodes are

was injected in tail vein of animals and was left to distribute

placed outside the experimental tumors in mice, DC-ET

in tissues. The amount of each marker retained in tumor
tissue at certain moment after injection was used as a
measure of tumor perfusion at that time. Both methods
were used to estimate perfusion at different times during
and after DC-ET. Polarographic oximetry (pO2). Partial
pressure of oxygen in tumor tissue was measured with
Eppendorf Histograph four hours after DC-ET. Several

induces significant reduction of blood /low and oxygenation
in tumors. The correlation between some of the results of
different methods are presented here.

INTRODUCTION

Many authors have shown that electrotherapy with
direct electric current (DC-ET) can retard growth of tumors
in various experimental tumor models and in human tumors
[l]. Among many different mechanisms involved, the most
obvious one is the direct effect of various cytotoxic

products

of

electrolysis

on living tumor cells |,21.

However, in the case where the electrodes are not placed in
tumor itself, this mechanism seems less important. In the
past we have investigated the etfect of this type of DC-ET
on perfusion and oxygenation of experimental tumors in
mice. We have shown that DC-ET locally reduces the blood
flow and consequently the oxygenation of tumor tissue
located between the electrodes and that these effects are
dose-dependent [3,4]. Based on good agreement between
the results of different methods it has been suggested that
perturbation of blood flow and oxygenation is probably the
main mechanism of antitumor action of this type of DC-ET.

measurements were made within each tumor and all
measurements of each experimental group were pooled
together. The percentage of pO2 values below 2.5 mmHg

was used as

a

measure

of

hypoxic fraction

in

each

experimental group. Near infrared spectroscopy (NIRS).
NIRO2X2 instrument (Keele University, U.K.) was used to
monitor perfusion/oxygenation changes in tumors during

DC-ET. Extensive literature covering theory

and

application of NIRS is available, e.B. [5]. NIRS enables
noninvasive monitoring of local concentration changes of
oxygenated and deoxygenated hemoglobin in tissue (HbO2
and HHb respectively) by measuring changes in attenuation
of light at several wavelengths in the near infrared region.

In addition, the total hemoglobin

(HbT:HbOr+HHb) reflecting the blood volume

changes
changes

and the differential hemoglobin changes (HbD:HbO2-HHb)
related to oxygenation of tissue can be calculated.

MATERIALS AND METHODS

RESULTS

Tumor model. Solid subcutaneous Sa-l fibrosarcoma
tumors were grown dorsolaterally in right flank of immunocompetent A/J mice. The experiments were calried out
when tumors reached the size of approximately 50 mm3.
During invasive procedures the animals were anesthetized

Perfusion of tumors rapidly decreased to the lowest
level within the first 20 minutes of the one-hour DC-ET
with 0.6 mA current. This has been demonstrated with
PBV, 86Rb, and NIRS methods [a]. The results of PBV and

with enflurane and their temperature was artificially
maintained at physiological level. Separate groups of

the perfusion

animals were used for measurement with different methods.

Number

of

animals per group was between 5-9. All

experiments were approved and conducted in accordance
with pertaining legislation concerning animal welfare.

Electrotherapy (DC-ET). Two Pt/Ir wire electrodes
were placed in parallel in normal subcutaneous tissue on
two opposite sides of the tumor. A single-shot treatment

or I hour treatment with 0.3, 0.6, or
0.9 mA direct current in the dose-dependence study and of
t hour treatment with 0.6 mA current in other studies.
consisted of either 0.5

86Rb

techniques also demonstrated that 3 days after DC-ET
tumors was still lower than before
treatment even though significant reperfusion took place by
then. Figures I and 2 show relationships between some of
86Rb,
the parameters measured with PBV,
and NIRS.
The dose-dependence of perfusion and oxygenation
changes was investigated with NIRS and pO2. It was found
that both the rate and the amplitude of decrease in HbO2
and HbD concentration during DC-ET correlated positively
with the amplitude and duration of the treatment. A similar
relationship was found between the induced decrease in
tumor pO2 and the "dose" of electrotherapy. In figure 3 the
correlation between the results of both methods is shown.
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Figure

l:

Correlation between PBV and NIRS data. Both

methods demonstrate the progressive reduction in perfusion
and oxygenation status with progression of DC-ET (0.6
mA, I h). E.g., "30 min" means "30 minutes after the start

of therapy". Mean*/-SE values and linear regression line
are shown (solid line; correlation coeff. r2 :0.82).

changes during the treatment itself.
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An important conclusion is that when the physiological
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These are both important advantages over the other

40

techniques used which are invasive and have very poor
time-resolution of data sampling.
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Figure 2: Correlation between PBV and
methods indicate that tumor blood flow decreased due to
DC-ET (0.6 mA, I h) and that 3 days after treatment the
perfusion is not yet fully restored. Perfusion level before
treatment and at different times after DC-ET is shown as
mean+/-SE values. Linear regression line (solid line;
correlation coeff. r'-- 0.791.
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oxygenation measured with different methods are clearly
understood, one method could be used in certain cases
instead of the other to gain equivalent information. For
example, in our case NIRS is a noninvasive method which
enables continuous monitoring of tissue perfusion changes.
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The results obtained by means of different methods are
mutually supportive and in agreement with each other even
though the methods measure different parameters of
perfusion and oxygenation. This is true for both the
dynamics of changes (rapid decrease in perfusion during
DC-ET and gradual reperfusion in the days following the
treatment) and for the dose-dependence of the effects. The
correlation are generally not of linear nature. For example,
perfusion decreases more rapidly according to the PBV data
than the concentration of HbD. The most probable
explanation for this is that the blood flow through tumor
reduces first (PBV) and then the deoxygenation of blood
follows (NIRS). The correlation between NIRS and pO2
data shown here is not linear. Beside the fact that the two
methods measure different but related parameters, this is at
least partially due to the fact that pO2 measurements were
taken 4 hours after DC-ET while NIRS was used to monitor
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Figure 3: Correlation between pO2 and NIRS data. Both
methods demonstrate that the effect of DC-ET increases

with the "dose" of treatment (amplitude/duration). The
NIRS data is the change in HbD induced in 60 minutes
from the start of DC-ET. The pO2 data was measured 4
hours after the end of DC-ET. Mean+/-SE values and linear
regression line are shown (solid line, corr.coeff. r2 :0.79).
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