
www.SID.ir

Arc
hive

 of
 S

ID

CELL JOURNAL(Yakhteh), Vol 14, No 2, Summer 2012 110

Low Frequencies and Repetitive Therapy in the Treatment of 
Invasive Ductal Carcinoma in Balb/c Mice

* Corresponding Address: P.O.Box: 14395-587, Department of Medical Physics, Faculty of Medical Sciences, Tarbiat 

Modares University, Tehran, Iran

 Email: pourmir@modares.ac.ir

Abstract

In electrochemotherapy (ECT), there is an unpleasant sensation of muscle 
contraction when using a low frequency (1 Hz). Therefore, by increasing the pulse fre-
quency above the tetanic frequency this painful sensation can be reduced.  The aim of the 

estimate the effect of its repeated sessions. 

-
moral injections of bleomycin. We also used this ECT protocol for the second therapy 
session six days after tumour regrowth. The effect of treatment was measured by 

performed with ANOVA.

-

Our results demonstrate that the effects of 1 Hz and 5 kHz pulse repetition 
frequencies are comparable for inhibited tumour growth. Repetitive treatment can improve 
the effectiveness of ECT. 
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Introduction

Electrochemotherapy (ECT) is a local, high ef-

agents with high voltage, short electric pulses. 
Electric pulses increase cellular permeability and 
improve the delivery of chemotherapy drugs such 
as cisplatin and bleomycin into the tumor cells. 
This new approach increases the local toxicity of 

these drugs, therefore decreasing the chemotherapy 

ECT, with high voltage direct current electric 

bleomycin as a non-permeant therapeutic drug. 
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-

drug concentration, has good antitumor effective-

-

and 100 µs duration is needed for treatment. Low 

for patients (10-12). Therefore, researchers have at-
tempted to prevent this painful sensation by using ei-

-
duction), researchers have shown that by increasing 

-

permanent molecules (10, 11). This approach was 
in vivo experiment and a 

the other hand, low amplitude ECT reduced pain 
intensity. Other researchers have shown that with a 
low amplitude and long duration, the electric pulse 

with low electric pulses inhibited tumor growth and 
pain (17).

-
amined in vivo, however do not yet have a standard 

This regrowth has been observed in all treatment 

repetitive tumor treatment (20), however there is a 

therapy in the treatment of tumors.

-
cies of high amplitude (1000 v/cm) ECT at low 

ductal carcinoma tumors, and to estimate the effect 
of repetitive therapy in these two ECT protocols.

Materials and Methods

Mice and tumors

day/night light cycle for seven days for adaptation.

An invasive ductal carcinoma tumor was purchased 
 frag-

ment of invasive ductal carcinoma was transplanted 

reached about 1 cm, the mice were randomly divided 

)2 2/(µ
0
-µ

1
)2 where 

-
search was approved by the Ethics Committee of Tar-

Tumor treatment

ECT was performed by injecting bleomycin 
-

ml/g of this solution was injected into the tu-
mors.  Two minutes after the intra-tumoral in-
jection of bleomycin, electric pulses were deliv-
ered. Electric pulses were applied to the tumors 

-
-
-

pulses of 1000 v/cm amplitude with a repetition 

two parallel stainless-steel electrodes placed 
subcutaneously on opposite sides of the tumors.

Tumor volume monitoring

diameters along the two largest dimensions with 
a digital caliper every three days (each diameter 
was measured three times). Tumor volumes were 

2

is the larger diameter and "b" the smaller diam-
-

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

CELL JOURNAL(Yakhteh), Vol 14, No 2, Summer 2012 112

Shankayi and Firoozabadi

treatment (Vn)/the tumor volume measured in the 

tumor growth were calculated according to the for-
-

Statistical analysis

Statistical analyses were performed using 
-

-
ity. One-way ANOVA was performed, followed 

-
jection of the null hypothesis.

Results

Electrochemotherapy with 1 Hz and 5 kHz pulses

In this part of our study we estimated the effects of 

-
-

tumor volumes; however tumors began to grow again 

-
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Fig 1: Electrochemotherapy (ECT) of tumors in mice at different frequencies. The results are presented as mean ± SE. EP; 
Electric pulses alone, ECT; Electrochemotherapy (BLM + EP). 
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Fig 2: Electrochemotherapy (ECT) of tumors in mice at different frequencies. 
The results are presented as mean ± SE. 
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EP; Electric pulses alone, ECT; Electrochemotherapy (BLM + EP), N; Number of animals in each experimental group, 
CR; Complete response and PR; Partial response. 

The effect of repetitive electrochemotherapy 
treatment

Our results showed that tumors in the ECT group 
-

peated ECT six days after the tumors began to 
ther-

apy for each group. Complete response was not ob-
-

responses (total disappearance of the tumor). The tu-

Discussion

in the treatment of invasive ductal carcinoma. Our 
results showed that these two conditions affected 

after treatment (Fig 1).

-

-
geous, the most unpleasant side effect of ECT is 
muscle contractions related to sensations during 

possible to reduce these unpleasant sensations and 
-
-

An important part of ECT is that it facilitates 

-

been examined. This in vitro study has shown that

-

value (10).

Recently, clinical experiments did not show a 

-
lar permeability, the electrical pulse also reduced 

-
mor, which provides a longer time for the drug to 

-
-

tration, as this would decrease drug wash out from 
-
-

ment of mouse sarcoma. Their study has conclud-
ed that ECT by these two protocols were effective 
as treatments, however in contrast to our results, 

-

tumors caused an immediate reduction in blood 
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blood perfusion of invasive ductal carcinoma, but 

on blood perfusion reduction in the short time after 
delivery of the electric pulses (27).

This contrast led us to verify the effect of these 
two protocols in the treatment of invasive ductal 
carcinoma tumors (the same tumors and condi-
tions as the Raeisi et al. experiment) and we ob-

-

tumors and treatment conditions as Raeisi et al. 
(27) have predicted a variation in the reduction of 
blood perfusion in different tumors, causes to ob-

transport and its accumulation in tumor cells, the 
-

tumor effects of ECT. The combination of these two 

possible that different tumors need different ECT 
protocols and our results imply that ECT protocol 
effectiveness depends on the tumor types.

In the present study we attempted to improve the 
effect of ECT with repetitive therapy sessions. Ini-
tially we observed growth in all tumors. After six 
days of tumors regrowth, ECT in the same manner 

Researchers have suggested three different ap-

intra-tumoral injection of chemotherapy drugs 
which can cause an increase in the aggregation of 
the drug and iii. repetitive treatment of tumors that 
regrow after one therapy session which could cre-

-
onstrated that ECT effectiveness increased with 
multiple treatments (20). In ECT, the tumor vol-
ume that is covered by induced electric pulses is 
important, as larger tumors that cannot be covered 

In these cases, repetitive ECT is very effective and 

repetitive treatment in tumors that are resistant to 
ECT have demonstrated that with repetitive treat-
ment and choose suitable protocol could improve 

Shankayi and Firoozabadi

effectiveness of ECT in the treatment of tumors 
-

petitive treatment for tumors resistant to ECT, but 

results.

Conclusion

treatment of invasive ductal carcinoma. Repetitive 
ECT is effective for tumors that resume growth 
after single session therapy in that it can control 
these types of tumors. 
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