
World Applied Sciences Journal 33 (1): 27-32, 2015
ISSN 1818-4952
© IDOSI Publications, 2015
DOI: 10.5829/idosi.wasj.2015.33.01.14570

Corresponding Author: Mona S. Elneklawi, Department of Biomedical Equipments & Systems, 
Faculty of Applied Medical Sciences, October 6 University, Cairo, Egypt. 
 

27

Evaluation of Extremely Low Frequency Electric Field Role on 
Mice Induced with Ehrlich Tumor

Fadel M. Ali, Reem H. Elgebaly and Mona S. Elneklawi1 1 2

Department Biophysics, Faculty of Science, Cairo University, Egypt1

Biomedical Equipments and Systems Department, 2

Faculty of Applied Medical Sciences, October 6 University, Egypt

Abstract: In this work the evaluation of extremely low frequency electric field (ELF EF) role on mice induced
with Ehrlich tumor was studied by employing 0.5 Hz electric field and 0.7 Hz electric field. Thirty female Balb/c
mice 22±2 g carrying Ehrlich tumor in the thigh divided into three equal groups. Group A represents the control,
group B was exposed to 0.5 Hz and group C was exposed to 0.7 Hz. Histopathological examination was used
to investigate the impact of ELF EF on Ehrlich tumor, liver and spleen in both exposed groups. The results
indicated that general health improvement was observed in exposed groups. However, group B showed more
improvements than did group C. By comparing data from current and previous work, it was concluded that the
use of ELF EF proved to be effective in controlling tumor cells and recovery of other organs such as liver and
spleen.
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INTRODUCTION on physical parameters of the EMF (frequency and

The principle that electric fields can provoke and/or the  type  of  bacteria cells   used.   The   biological
biological effects has been known since the middle of the effects of  EMF have been studied, particularly on cells
19  century. Currently, the biological possessions of (T-lymphocytes, tissue and tumors), biomolecules andth

extremely low-frequency electromagnetic field (ELF EMF) microorganisms, as well as on other animals and people
have attracted attention of many researchers to not only [6]. More recently, its interaction with cell membranes [7]
establish the basic mechanisms of its interaction to living has been studied. Many scientific studies verified that
systems but also its potential of practical applications [1]. electric and/or magnetic fields at extremely low frequency
The influence of electromagnetic fields (EMF) on (<300 Hz) can influence the biological systems, change
biological systems has been attracting interests of more the cellular proliferation [8], stimulate the ATP production
and more scientists during the past two decades. A great [9] and change the flow of ions through the membranes
deal of research has been conducted and convincing [7], control the growth of Ehrlich tumors in mice [10-13],
evidence indicates that exposure to low frequency EMF death of cancer cells [14], fungi [15, 16] and bacterial cells
can induce the alterations in living systems [2]. Several [17, 18]. Ehrlich tumor is a species-specific, transplantable
studies have been performed to verify direct effects neoplasia from malignant epithelium that corresponds to
exerted by ELF EMF on cell functions. Bacteria have also mice’s mammary adenocarcinoma. It grows in several
been used in the studies with ELF EMF [3]. In particular, strains of this animal species: in an ascitic form when
it has been demonstrated that ELF EMF can negatively [4] inoculated in the peritoneal cavity and in the solid form
or positively [5] affect functional parameters (cell growth when subcutaneously inoculated. In order to elucidate
and viability) and bacteria antibiotic sensitivity depending factors involved in carcinogenesis, several researchers

magnetic flux  density) applied, the time of exposure
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have been using transplantable experimental tumors to Histopathological Examinations for Liver, Spleen and
study the effect of chemicals, viruses and hormones on Tumor from All Groups: Histopathological examinations
carcinogenesis. The use of transplantable neoplasias were done from all groups at two different time intervals
provides researchers with previous knowledge of the to monitor the impact of different treatments on liver,
amount of tumor cells inoculated and their early spleen and tumor. They were excised, fixed in 10% neutral
characteristics. In addition, rapid neoplasia development formalin, embedded in paraffin blocks and sectioned.
decreases study time [19]. Tissues sections were obtained directly after treatment

MATERIALS AND METHODS All tissue sections were examined using light microscope

Experimental Setup: It was important to construct an camera (Canon).
experimental setup, suitable for the exposure protocol.
The exposure device was constructed in the Faculty of RESULTS
Science Cairo University Research Lab, to produce
extremely low  frequency  electric field in the range from Histopathological examinations were done twice for
0.1 to 20 Hz with intervals of 0.1 Hz. In this study 0.5 Hz liver, spleen and tumor from the three different groups.
and 0.7 Hz were used according to Fadel et al. [20]. The first took place 1 day post treatment and the second

Experimental Animals: Thirty female Balb/c mice of investigate the impact of the different treatment along
average weight 22±2 g each were used in this experiment. time. Fig. 1 and 2 showed differences in liver sections
They were injected in the right thigh by 0.2 ml from a excised from mice sacrificed at first and second collection
suspension containing 10 cells/ml isolated from Ehrlich respectively, where all groups showed focal hepatic6

ascites carcinoma in mice, prepared in the national cancer necrosis associated with inflammatory cells infiltration 1
institute (NCI) Cairo University, Egypt. The Ehrlich tumor day post treatment, while hydropic degeneration of
injected mice were then equally divided into three groups hepatocytes appeared in all groups 35 days post exposure
namely A, B and C: except group B which in addition to that showed focal

Animals of group A (control group) were left without infiltration. Similar to that, Fig. 3 and 4 showed the
any further treatment during the course of the differences between the three groups with respect to time
experiment. 13 days post tumor implantation for  spleen  sections excised from mice sacrificed in the
Animals of group B were exposed to 0.5 Hz for one two collections where groups A and C showed
hour. lymphocytic necrosis and depletion while  extramedullary
Animals of group C were exposed to 0.7 Hz for one megakaryocytosis   appeared   in   group   B  first  day
hour. post   exposure  and  35  days  later  no  histopathological

and    stained  with  hematoxylin  and eosin  (HandE)  [21].

(CX31 Olympus microscope) connected with a digital

were done 35 days post treatment to be  able to

hepatic necrosis associated with inflammatory cells

(a) (b) (c)
Fig. 1: Sections of liver excised from different groups after the first day of  treatment where  (a) shows liver of mice from

group A showing vacuolar degeneration of hepatocytes and focal hepatic necrosis associated with inflammatory
cells infiltration, (b) shows liver of mice from group B showing multiple focal hepatic necrosis associated with
inflammatory cells infiltration, and (c) shows liver of mice from group C showing multiple focal hepatic necrosis
associated with inflammatory cells infiltration. (H & E X 400).
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(a) (b) (c)
Fig. 2: Sections of liver excised from different groups 35 days post treatment where (a) shows liver of mice from group

A showing hydropic degeneration of hepatocytes and diffuse infiltration of hepatic sinusoids with mononuclear
cells, (b) shows liver of mice from group B showing hydropic degeneration of hepatocytes and focal hepatic
necrosis associated with inflammatory cells infiltration, and (c) shows liver of mice from group C showing
hydropic degeneration of hepatocytes. (H & E X 400).

(a) (b) (c)
Fig. 3: Sections of spleen excised from different groups after the first day of treatment where (a) shows spleen of mice

from group A showing lymphocytic necrosis and depletion, (b) shows spleen of mice from group B showing
extramedullary megakaryocytosis, and (c) shows Spleen of mice from group C showing lymphocytic necrosis and
depletion (H & E X 400).

(a) (b) (c)
Fig. 4: Sections of spleen excised from different groups 35 days post treatment where (a) shows spleen of mice from

group A showing extramedullary megakaryocytosis, (b)  shows Spleen of mice from group B showing no
histopathological changes, and c shows spleen of mice from group C showing no histopathological changes. (H
& E X 400).

exchanges were observed in the exposed groups (BandC) only group B showed difference 35 days when necrosis of
and group A developed showing extramedullary tumor cells appeared. This is presented through Fig. 5 and
megakaryocytosis. Finally masses of chromatophilic Fig. 6, where the differences between tumor sections
tumor cells appeared in all groups with necrosis of muscle excised from the different groups at different time intervals
bundles for groups B and C at first day post exposure and are demonstrated. 
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(a) (b) (c)
Fig. 5: Sections of tumor excised from different groups after the first day of treatment where (a) shows photomicrograph

of Ehrlich solid tumor from mice in group A showing masses of chromatophilic tumor cells (H & E X 400), (b)
shows photomicrograph of Ehrlich solid tumor from mice in group B  showing masses of chromatophilic tumor
cells and necrosis of muscle bundles, and (c) shows photomicrograph of Ehrlich solid tumor from mice in group
C showing masses of chromatophilic tumor cells and necrosis of muscle bundles (H & E X 100).

(a) (b) (c)
Fig. 6: Sections of tumor excised from different groups 35 days post treatment where (a) shows photomicrograph of

Ehrlich solid tumor from mice in group A showing masses of chromatophilic tumor cells and necrosis of muscle
bundles, (b)  shows photomicrograph of Ehrlich solid tumor from mice in group B showing necrosis of tumor cells
and necrosis of muscle bundles, and (c) shows Photomicrograph of Ehrlich solid tumor from mice in group C
showing masses of chromatophilic tumor cells and necrosis of muscle bundles (H & E X 100). 

DISCUSSION its state where they appeared with no histopathlogical

The main objective of the present study is to tumor tissues was achieved through exposure to 0.5 Hz
evaluate the role of ELF EF on tumor cells and other returning to the conclusion that 0.5 Hz is more effective
organs such as liver and spleen. Applying frequencies of than 0.7 Hz in treating biological systems. These findings
0.5 Hz and 0.7 Hz were done on mice with Ehrlich tumor are in agreement with those reported by Blank [22], who
and histopathlogical studies were done to investigate the stated that biological processes can be controlled and
effect of employed frequencies on the tumor, liver and amplified by weak electromagnetic field (EMF) through
spleen. Results indicated that there is slight progress in their effects on charge distribution. The studied
the liver tissue health where infiltration of inflammatory frequencies generated on tumor cells may result in tumor
cells occurred in the exposed group B only on the growth inhibition, these results are in agreements with
contrary with group C where no improvement occurred. those  reported  by Fadel et al. [11]. Two processes
Also group B showed difference 35 days post exposure should be carried out to stop uncontrollable cell divisions.
when necrosis of tumor cells appeared while group C The first is to enhance the activity of the tumor
remained with masses of chromatophilic tumor cells and suppressor genes which discourage cell growth. The
necrosis of muscle bundles. This may lead to the second process is the rechange of the oncogenes to
conclusion that 0.5 Hz has higher effect than 0.7 Hz in proto-oncogenes to promote normal cell growth and
improving health of liver tissue. For spleen it is clear that function [23]. One may add here that changes in the
both 0.5 Hz and 0.7 Hz were quite effective in improving properties of one or more of the several parameters that

changes post 35 days of exposure. Finally, control of
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can affect cell division which include DNA properties, cell 8. Nakasono, S. and H. Saiki, 2000. Effect of ELF
membrane and intercellular contents can enhance or
inhibit cellular division.

CONCLUSION

From the previous findings obtained by Fadel et al.
[11,  13,  20],  the present results one may conclude that
0.5 Hz and 0.7 Hz waves are very promising for the
treatment of tumors either in primary site state and/or as
a preventive agent for metastasis formation in the
secondary site (liver and spleen). However there is still
much work to be done to render this technique clinically
applicable.
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