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The modulation effect of 8 Hz (2.5 mT) extra low frequency electromagnetic 
fields (ELF EMF) on cisPt induced changes of cell hydration and number of 
ouabain receptors (Na+/K+-ATPase molecules) in membrane of Sarcoma-180 tissue 
was studied. Tissue hydration was measured as wet mass/dry mass and expressed 
as a water content of g/g in dry mass. The number of 3H-ouabain receptors in 
membrane was counted by isotope scintillation counter. It was shown, that 8 Hz 
ELF EMF has dehydration effect on cancer tissue. Besides, 8 Hz ELF EMF is not 
a modulator of cisPt effect on tumor tissue.  
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Introduction. It is now well established that cancerous tissue is markedly 
over-hydrated and can be as much as 90% water and the cancer cells’ over-
hydration serves as one of the essential diagnostic parameters for cancer [1]. The 
over-hydration serves as a messenger for activation of abnormal cell proliferation 
and depressing apoptosis. It is known also that the loss of oxidative capacity by 
cancerous cell, pointed out by Warburg [2], is accompanied by cell hydration and 
mitochondrial swelling [3].  

Increased cell hydration causes cancer not only by promoting cell division 
and oncogene expression, but also by inactivating genes inducing cell 
differentiation and by preventing apoptosis. As intracellular macromolecules are 
functioning in aqua medium, their activity also depends on cell hydration [4].  
Earlier it was shown that the cell hydration is a dynamic cell parameter, through 
which the metabolic regulation of cell functional activity, such as cell membrane 
excitability, chemo-sensitivity, enzyme activity and cell proliferation are realized 
[4–6]. It has a messenger function in the generation of different diseases including 
cancer, nervous and cardiovascular disorders [6, 7]. There is a close correlation 
between cell hydration and the number of ouabain receptors (Na+/K+-ATPase 
molecules) in cell membrane, that’s why ouabain-receptors could be considered as 
a marker for membrane surface [8]. Cell swelling leads to the increase, while its 
shrinkage leads to the decrease of the number of functionally active protein 
molecules in membrane [5].  
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The Na/K pump (Na+/K+-ATPase molecules), which has a crucial role in cell 
volume regulation, is one of extra sensitive sensors for electromagnetic fields 
(EMF) exposure [9]. 

Recently, the use of electromagnetic fields has been expanded to therapeutic 
purposes, because their interactions with living matter produce effects that initiate, 
accelerate or inhibit biological processes. Extra low frequency electromagnetic 
fields (ELF EMF) are non-invasive and non-ionizing and even have non-thermal 
effects on cells and tissues. These properties have led to studies of the influence of 
ELF EMF on the development of various diseases, including cancer. Some authors 
have suggested the therapeutic use of ELF EMF for cancer treatment, because in 
different experimental models ELF EMF have been able to inhibit the growth of 
cancer cell lines and tumors; however, few in vivo experiments have been 
performed to investigate the molecular mechanisms of ELF EMF in cancer 
development [10–13] Recent data showed that 4 and 8 Hz (2.5 mT) ELF EMF have 
pronounced effects on physicochemical properties of water and water solution [14]. 
It was demonstrated that 4 Hz (2.5 mT) ELF EMF having dehydration effect on 
tissues have a pronounced antitumor activity on Sarcoma-180 in mice [15, 16]. 

Since water is a dominant component of environmental medium and 
biological systems, and its molecular dissociation is extremely sensitive to different 
environmental factors, it is possible to influence upon tumor cell proliferation using 
8 Hz ELF EMF. 

There are many drugs applicable for cancer treatment. The platinum (II) 
compounds represent an important class of antitumor drugs; they are used in 50% 
of all cancer therapies [17]. One of more effective of them is cis-diammine-
dichloroplatinum or cisplatin (cisPt(NH3)2Cl2) [18]. Cisplatin is a well known 
anticancer DNA-damaging agent. But only approximately 1% of the intracellular 
cisplatin reacts with nuclear DNA [19]. 

As the cell hydration serves as a main messenger, through which the 
regulation of functional activity of intracellular macromolecules including DNA 
activity is realized, it was suggested that by modulating the cell hydration it could 
be possible to change the tumor sensitivity to cisplatin. 

Consequently, the purpose of present work was to check the hypothesis, for 
which was carried out a study of the modulation effect of 8 Hz (2.5 mT) ELF EMF 
on cisplatin-induced changes of cell hydration and number of ouabain receptors in 
cell membrane of Sarcoma-180 tumor tissue. 

Materials and Methods. Anticancer activity of cisPt and its probably 
modulation by 4 Hz EMF was studied on the model of transplantable mice tumor – 
Sarcoma-180 (Crooker’s sarcoma).  

Chemicals. As a physiological solution (PS) was used the Tyrode’s solution 
of following composition (in mM): 137 NaCl; 5.4 KCl; 1.8 CaCl2; 1.05 MgCl2;       
5 C6H12O6; 11.9 NaHCO3; 0.42 NaH2PO4 and adjusted to pH 7.4. 

For estimation of the number of active pump units in the membrane 
radioactive [3H]-ouabain, which had 12 Ci/mM specific activity was used. 

ELF EMF Source. The setup for treatment of water by ELF EMF.  
The harmonic voltage generated by Generator (4) (see Scheme) after being 

amplified by low-noise amplifier (3) pass to the Helmholz rings (2) and due to the 
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harmonic magnetic field inside of them. The magnetic field created by these rings 
had high homogeneity. 

 
 

 
Scheme: 

 
1 –  glass test tube with diameter 10 cm and   
       volume 100 mL;       
2 –  rings of Helmholtz;        
3 –  low-noise amplifier;  
4 –  generator of a harmonic field. 

 
Animals. Non-linear white male mice with the average weight of 18–20 g 

were used for the experiments. The animals were purchased from the Animal 
Resources Centre at the UNESCO Chair-Life Sciences, Republic of Armenia. All 
procedures were conducted in accordance with the Animal Ethics guidelines. 

Experimental Part. Non-linear white 40 male mice with the average weight 
of 18–20 g were used for the experiments. The mice were placed in special cages 
that had free-air ventilation. The temperature in the room was 25–27 0C for all 
control and experiments. The animals had free access to food. The transplantation 
of the tumor was realized in sterile conditions. Pieces of tumor tissues served as a 
transplant for the transplantation. Our experimental animals were divided into        
4 groups (each group or treatment content 10 mice) correspondingly: 1 – control,   
2 – 8 Hz,  3 – cisPt,  4 – 8 Hz+cisPt. 

During 6 days the mice in the groups 3 and 4 were supplied by ordinary 
water and were injected into the peritoneal cavity with (0.1 mg/mL, 0.5 mL per mouse) 
the testing substance (Cisplatin Ebeve, Austria) after 48 h of the tumor transplan-
tation. The mice of the 2 and 4 groups were supplied by 8 Hz EMF treated water. 

Tissue Preparation. 24 hours after the last injections experimental animals 
were dissected, then the tumors were isolated. In order to avoid the possible effects 
such as emotional stress and pain sensation (arising at the ordinary technique of 
animal decapitation-during the forcible immobilization of the awaked animal), the 
experimental animals were immobilized by dipping their heads into liquid nitrogen 
(for 3–4 s), which led to the freezing of the heads and death of mice. At the full 
absence of animals’ somatic reflexes upon the extra stimuli tissue samples were 
removed. 

Estimation of Cell Hydration. For the estimation of cell hydration, the tissue 
slices with similar shape and weight were dried in thermostatically controlled oven 
for 24 h at 1050C. Tissue hydration was measured as wet mass/dry mass and 
expressed as water content g/g in dry mass.  

Isotop Measurement. For counting the number of ouabain 3H-receptors 
control and experimental tissue slices with similar shape and weight, the latter were 
incubated in physiological solution (PS) for 30 min containing radioactive         
[3H]-ouabain (at 10–9 M concentration). After that, the slices were washed threefold 
for 10, 5 and 5 min respectively to remove any radioactive ouabain absorbed by the 
intracellular spaces and not binded with receptors. Then, the tissue pieces were placed 
in special vials and each sample was homogenized in 50 μL 68% HNO3 solution. 
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Then Bray’s scintillation fluid was added (2 mL) and the radioactivity of mixture was 
counted by Walac 1450 liquid scintillation and luminescent counter (Finland). The 
results were averaged on the basis of the weight of each individual tissue sample. 

Results and Discussion. The series of experiments were held to find out the 
effects of cisPt and 8 Hz (2.5 mT) ELF EMF treated water, and their combination 
on tumor tissue hydration and ouabain binding on cancer cell membrane. 

As can be seen from the data presented on Fig. 1, ouabain at 10–9 M concent-
ration has cancer tissue hydrating effect both in case of control and experimental 
groups. The 8 Hz EMF pretreated water has dehydrating effect on cancer tissue 
both in ouabain free conditions and in combination with ouabain (10–9 M). The Fig. 1 
shows, that cisPt has dehydrating effect on cancer tissue in presence of ouabain. 
The opposite effect (statistically not significant) occurs in the absence of ouabain. 
The Fig. 1 indicates also, that the combinative application of 8 Hz EMF treated 
water and cisPt, has not demonstrated any significant effect on tumor tissue, both 
in case of ouabain free process, and with treatment of tumor tissue samples in 
ouabain containing (10–9M) physiological solution. 

 

  
Fig. 1. The effect of 8 Hz EMF and cisPt, their combination and ouabain on the cancer (Sarcoma-180) 
tissue hydration. The experimental  animals were supplied  by  8 Hz EMF treated  water,  injected 
with  cisPt  correspondingly. Half  part  of  tissue samples  were  incubated  in  physiological  solution 

containing  radioactive [3H]-ouabain (10–9 M) ( ) and the other part – ouabain free ( ). 
 

The Fig. 2 indicates, that the ouabain binding of cell membrane has 
significantly changed. 8 Hz has dehydration effect on cell membrane (Fig. 1), 
which is accompanied with increased ouabain binding with cell membrane. This 
could be explained by increased affinity of ouabain receptors (Na+/K+-ATPase). 

As can be seen from Fig. 2, the positive correlation between tissue hydration 
and ouabain binding of cancer cell membrane-dehydration is accompanied with 
decrease of ouabain binding. The Fig. 2 shows also, that 8 Hz ELF EMF with cisPt 
causes diminution of ouabain binding. 

        control                   8Hz                    cisPt                8Hz+cisPt 
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Fig. 2. Binding of radioactive  [3H]-ouabain on  the cancer  cell  membrane. The experimental animals 
were supplied by 8 Hz EMF treated water, injected with cisPt, and were used their combination 
correspondingly. Tissue  samples  were  incubated  in  physiological  solution, containing  radioactive 

[3H]-ouabain (10–9 M). 
 

Conclusion. 
 8 Hz ELF EMF (2.5 mT) pretreated water has dehydrating effect on cancer 

tissue and ouabain affinity modulating effect on cancer cell membrane; 
 CisPt has depressing effect on cancer tissue hydration; 
 combination of 8 Hz ELF with cisPt affect on the correlation between cell 

hydration and ouabain binding on cell membrane; 
 8 Hz ELF EMF don’t stimulates the cisPt induced tumor depressing effect; 
 8 Hz  ELF EMF can be a possible tool in cancer therapy; 
 8 Hz ELF EMFcombination with cisPt is not a useful tool for stimulation 

of cisPt antitumor effect. 
 

Received 15.07.2013  
 

R E F E R E N C E S  
 

1. Damadian R., Minkoff L., Goldsmith M., Stanford M., Koutcher J. Field Focusing Nuclear 
Magnetic Resonance (FONAR): Visualization of a Tumor in a Live Animal. // Science, 1976,       
v. 194,  p. 1430–1432. 

2. Warburg O.  On the Origin of Cancer Cells. //  Science, 1956,  v. 123,  p. 309–314. 
3. Minkoff L., Damadian R. Actin-Like Proteins from Escherichia coli: Concept of Cytotonus as 

the Missing Link between Cell Metabolism and the Biological Ion-Exchange Resin. // Journal of 
Bacteriology, 1976,  v. 125,  p. 353–365. 

4. Parsegian V.A.  Protein-Water Interactions. //  Int. Rev. Cytol.,  2002,  v.  215,  p. 1–31. 
5. Ayrapetyan S.N. On the Physiological Significance of Pump Induced Cell Volume Changes.  // 

Adv. Physiol. Sci., 1980,  v. 23,   p. 67–82. 
6. Haussinger D. The Regulation of Cell Function by Hydration. // J. Biochem., 1996, v. 313,            

p. 697–710. 

       control                     8Hz                     cisPt                 8Hz+cisPt 

N
um

be
r o

f o
ua

ba
in

 m
ol

ec
ul

es
 / 

m
g 

dr
y 

m
as

s 



Yeganyan L. R.   Effect of 8 Hz ELF EMF and its Combination with Cisplatin on Sarcoma-180…  
  

43 

7. Danielyan A.A., Mirakyan M.M., Grigoryan G.Y., Ayrapetian S.N. The Static Magnetic Field 
on Ouabain 3H Binding by Cancer Tissue. // Physiological Chemistry and Physics and Medical 
NMR, 1999,  v. 31,  № 2,  p. 139–144. 

8. Ayrapetyan S., Suleymanyan M., Saghian A., Dadalyan S. Autoregulation of Electrogenic 
Sodium Pump.  //  Cell  Mol. Neurobiol.,  1984,  v. 4,  p. 367–384. 

9. Dvoretsky A., Shainskaya A., Ayrapetyan S. Membrane Structural Reconstructions and Ion 
Transport System Function at Radiation Pathology. In: Proceedings of 14th International 
Congress of Biochemistry. Czechoslovakia, Prague, 1990, TH:524. 

10. Cameron I., Sun L., Short N., Hardman W., Williams C. Therapeutic Electromagnetic Field 
(TEMF) and Gamma Irradiation on Human Breast Cancer Xenograft Growth, Angiogenesis and 
Metastasis. // Cancer Cell Int., 2005,  v. 5,  p. 23. 

11. Mi Y., Sun C., Yao C., Li C., Mo D., Tang L., Liu H.  Effects of Steep Pulsed Electric Fields 
(SPEF) on Mitochondrial Transmembrane Potential of Human Liver Cancer Cell. // Conf. Proc. 
IEEE Eng. Med. Biol. Soc.,  2007,  p. 5815–5818. 

12. Tofani S., Cintorino M., Barone D., Berardelli M., De Santi M. M., Ferrara A.,                 
Orlassino R., Ossola P., Rolfo K., Ronchetto F., Tripodi S.A., Tosi P. Increased Mouse 
Survival, Tumor Growth Inhibition and Decreased Immunoreactive p53 After Exposure to 
Magnetic Fields. // Bioelectromagnetics,  2002,  v. 23,  p. 230–238. 

13. Tofani S., Barone D., Cintorino M., de Santi M.M., Ferrara A., Orlassino R., Ossola P., 
Peroglio F., Rolfo K., Ronchetto F. Static and ELF Magnetic Fields Induce Tumor Growth 
Inhibition and Apoptosis.  //  Bioelectromagnetics,  2001, v. 22,  № 6,  p. 419–428. 

14. Baghdasaryan N., Mikayelyan Y., Nikoghosyan A., Ayrapetyan S. The impact of Background 
radiation, Illumination and Temperature on EMF-induced changes of aqua medium properties // 
Electromagnetic biology and medicine, 2013. 

15. Ayrapetyan S., Akopyan K. The Method for Inhibition of Development and Grow of Cancer. 
Patent № 2149 A2, 2008.  

16. Yeganyan L., Muradyan R., Arsenyan F., Bazikyan G., Ayrapetyan S. Magnetically Treated 
Water at 4 Hz and 2.5 mT as a Modulator of Cisplatin Effect on Cell Hydration and Ouabain 
Binding of Sarcoma-180 Tissue.  //  The Environmentalist,  2012,  v. 32,  № 2,  p. 236–241. 

17. Galanski M., Jakupec M.A., Keppler B.K. Update of the Preclinical Situation of Anticancer 
Platinum Complexes: Novel Design Strategies and Innovative Analytical Approaches. //                 
Curr. Med. Chem.,  2005,  v. 12,  p. 2075–2094. 

18. Van Basten J., Schrafford-Koops H., Sleijfer D., Pras E., van Driel M., Hoekstra H.              
Current Concept About Testicular Cancer.  //  Eur. J. Surg. Oncol.,  1997,  v. 23,  p. 354–360. 

19. Pérez R.P. Cellular and Molecular Determinants of Cisplatin Resistance. // Eur. J. Cancer, 1998, 
v.  34,  p. 1535–1544. 

 
 
 
 
 
 
 
 
 

 
 
 


