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The impact of electromagnetic fields with frequency  
of 50 Hz on metabolic activity of cells in vitro  

 
 
Abstract. The article presents the results of research on the influence of the sinusoidal electromagnetic field with a frequency of 50 Hz on the 
metabolic activity of two cell lines normal BJ and cancer 143b, with different exposure times (0.5 h, 1 h, 2 h and 3 h). It is shown the difference in its 
effect on cancer and physiological line. In order to analyze the viability there was performed the MTT test. 
 
Streszczenie. W artykule zostały zaprezentowane wyniki badań wpływu sinusoidalnego pola elektromagnetycznego o częstotliwości 50 Hz na 
aktywność metaboliczną dwóch linii komórkowych - normalnej BJ i nowotworowej 143b przy różnych czasach ekspozycji (0.5 h, 1 h, 2 h i 3 h). 
Wykazano różnice w oddziaływaniu na linię fizjologiczną oraz nowotworową. W celu dokonania analizy żywotności wykonano test MTT.   
(Oddziaływanie pola elektromagnetycznego o częstotliwości 50 Hz na aktywność metaboliczną komórek w warunkach in vitro) 
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Introduction 
For many years, scientists are trying to learn how 

the electromagnetic field affects the living organisms, 
including human. Many studies have shown that there may 
be a relationship between exposure to the electromagnetic 
field of low frequency (EL-EMF) and the illness of cancer in 
adults and children (eg. leukemia, central nervous system 
lymphoma) [1, 5]. There are also papers which do not 
confirm this relationship [3]. There is not known a 
relationship between radiation dose and its effect.  

This paper presents the results of study the effect 
of EL-EMF with frequency of 50 Hz on the metabolic activity 
of normal (human fibroblasts; BJ) and cancer (Human 
osteosarcoma; 143B) cell lines at various exposure times 
and different values of magnetic induction. Natural emitters 
of the electromagnetic field in the surrounding environment 
are the Earth, Sun, Space and phenomena that take place 
there - electrical discharges, sea tides. In recent decades 
there has been a huge increase in the number of sources of 
artificial electromagnetic fields with frequencies not found in 
the nature. The emitters of such fields are power lines, 
transformer stations, radar stations, radio navigation 
equipments, mobile phone base stations and all devices 
powered by the power network.  

The impact of electromagnetic fields on living 
organisms is usually very complex. It depends on the type 
of these fields, the size of the intensity and nature of the 
variability in time, and the properties of the biological 
structures of the body itself [5]. In mammals, including 
humans, there is no specialized receptors, which would 
normally be stimulated by electromagnetic fields informing 
the central nerve system about its actions. They occur only 
in the lower evolutionary animals, such as fish and 
migratory birds and are used inter alia for navigation [4]. 
Despite the lack of receptivity to electromagnetic fields, it 
may cause, both in the low and high frequency biological 
effects among others, synthesis of nucleic acids and 
proteins [6]. The electromagnetic radiation leads to a sharp 
increase in the level of reactive oxygen forms, which by 
oxidation of lipids, proteins, sugars, DNA and RNA cause 
cells damage [7, 8]. The effects of the electromagnetic field 
were also observed at the level of the mechanisms 
regulating cells proliferation as well as programmed cells 
death - apoptosis, making it a potential therapeutic agent 
both in cell proliferative diseases such as cancer and in the 
regeneration treatment [9-12] Our previous studies suggest 
that EMF can have a significant biological effect on the cells 

of the pineal gland in a time-dependent exposure to its 
action [13]. The pineal gland is likely to sense EMFs as 
light, as a consequence, may decrease the melatonin 
(MEL) production. Melatonin has been identified as an 
naturally occurring free-radical scavenger  [14] and 
therefore reduced night time levels can lead to cancer and 
other serious illnesses. 
 At the same time there are more and more research 
results on the positive effect EMF on the neurosecretion 
activity of centers localized in the limbic system of the 
human central nervous system, which can be used in the 
treatment of depression [15]. EMF is used in therapy in 
physical medicine as a magnet therapy, and the magnetic 
stimulation.  
 

Materials and methods 
 The research team of bioelectromagnetism of Institute of 
Applied Biotechnology and Basic Sciences and the Faculty 
of Mathematics and Natural Sciences of the University of 
Rzeszow conducted the study, which aimed at determining 
the effects of sinusoidal electromagnetic field with values of 
magnetic induction 2mT, 2.5 mT, 3mT, 4 mT and 6 mT, with 
frequency of 50 Hz and different times of exposition - 0.5h, 
1h, 2h and 3h on metabolic activity of cell lines in vitro.  
 

 
 

 Fig. 1 The cell culture exposed to EMF inside the Magneris system 
 
EMF Exposure System 
 The source of the electromagnetic field was the 
Magneris generator (Astar). The distributions of EMF was 
determined by Astar using: magnetic field meter GM04 
(Hirst Magnetic Instruments, UK), Hall effect sensor type 
A1321 (Allegro MicroSystems), TDS1002B oscilloscope 
(Tektronix), BM515X digital multimeter (BRYMEN). The 
device generates a low frequency electromagnetic fields in 
the range of 2 to 120 Hz, giving the possibility to change the 
shape for sinusoidal, triangular and rectangular. 
Electromagnetic field distribution inside the two-piece flat 



162                                                                               PRZEGLĄD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 93 NR 1/2017 

applicator has given the opportunity to conduct study for 
different values of magnetic induction. The cell culture 
inside the Magneris system is shown at figure 1. 
 
Cells culture 
 The human osteosarcoma cell line, 143B, and human 
fibroblast cell line, BJ, were obtained from the American 
Tissue Culture Collection.  Cell lines were cultured in 
Roswell Park Memorial Institute (RPMI) 1640 Medium 
(Lonza), supplemented with 10% foetal bovine serum (FBS) 
(Gibco) and antibiotics (100 IU/mL penicillin and 100µg/mL 
streptomycin) (Gibco) as defined by the manufacturer. Cells 
were grown in 75 cm2 culture flasks containing 15 ml RPMI 
1640. After a few passages cells were seeded in 96-well 
plate (5 x 103 cells per well) and cultured in a humidified 
atmosphere of 5% CO2 at 37oC. All studies used cells at 70 
to 80 % confluence.  
 
Electromagnetic field exposure 
 The 96 wells plates were kept inside an EMF generator 
by the above-specified times. After the exposition there was 
conducted the MTT assay. 
 
MTT Assay 

In order to assess the viability of cells after 
exposure to electromagnetic fields the MTT assay was 
performed.  

The MTT assay allows measurement of an activity 
of the energy conversion in mitochondria utilizing the ability 
of succinate dehydrogenase (an enzyme which is only 
active in cells with intact metabolism) for the reduction of 
tetrazolium salt (3- (4,5-dimethyl-2-thiazolyl) -2,5-diphenyl -
2H-tetrazolium bromide, MTT) a yellow-colored to purple 
colored formazan. 
 

 
 
Fig. 2 The diagram of the MTT assay 
 
The amount of produced formazan is proportional to the 
oxidative activity of cells mitochondria, and thus to the 
number of metabolically active (viable) cells in a population. 
In order to calculate the percentage viability it was 
necessary to measure the absorbance on 
spectrophotometer. Cells viability was calculated relative to 
the control, which was taken as 100%, according to the 
formula (1): 

(1)   Vሺ%ሻ ൌ
୮

୮
100    

where:V (%) - viability percentage, 
pB - the average absorbance values for the tested sample, 
pK - the average absorbance values for controls. 
The diagram of the experiment is shown at figure  2. It 
shows the stages of the experiment step by step. 
 
Statistical Analysis 
 The statistical analysis of the results was performed 
using GraphPad Prism ver. 6.0. All of the results are 
presents as the means± SD. Differences between control 
and test samples were assessed with one-way analysis of 
variance (ANOVA) with Dunnett post hoc test. A p-value of 
<0.05 was considered as statistically significant. 

Fig. 3 The diagram of the experiment of the impact of EMF on 
metabolic activity of cell lines 
 

Experimental results and discussion 
There are shown the test results for commercial cell lines 
143b (cancer line)  and BJ (normal line) after the exposition 
on EL-EMF. All results were compared with sham-exposed 
control cells. The Fig. 4 shows the results for 143b cell line 
and Fig. 5 for BJ cell line for different times of exposition 
and different values of magnetic induction.  

 

 

Fig. 4 The viability (%) of 143b cell line  treated with 0.5, 1, 2, and 3 
hours of an electromagnetic field with a frequency of 50 Hz and 
magnetic induction in the range 2-6mT. The results are presented 
as the mean ± SEM; ** P≤0.01; *** P≤0.001. 
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Fig. 5 The viability (%) of BJ cell line  treated with 0.5, 1, 2, and 3 
hours of an electromagnetic field with a frequency of 50 Hz and 
magnetic induction in the range 2-6mT. The results are presented 
as the mean ± SEM; ** P≤0.01; *** P≤0.001. 
 

The results of the study showed a significant effect 
of the sinusoidal electromagnetic field with a frequency of 
50 Hz on the viability of analyzed two cell lines – cancer 
and normal. There was a decrease in cell viability of 143b 
line, however, it depends on the exposure time (Fig. 4). 
Significantly lower viability with regard to control 
characterized cells subjected to at least 1-hour exposure to 
electromagnetic fields in each of the analyzed values of 
magnetic induction. The result of the half-hour exposure of 
cells to electromagnetic fields was a significant decrease in 
cells viability for magnetic induction 6mT with a 
simultaneous significant increase in viability in conditions of 
2mT magnetic induction  (Fig. 4). Opposite effect of the 
influence of electromagnetic fields on cells viability was 
observed in BJ cells line. After each of the analyzed time of 
exposure to electromagnetic fields there was observed a 
significant rise in the viability of cells compared to the 
control (Fig. 5). The mechanisms by which EMF affects 
biological processes are not well established. Some 
research proposed non-specific processes such as the 
generation of heat, formation of free-radicals, and 
promotion of DNA damage [16-18]. Exposure of cells to 20-
60 Hz EMF patterns has been shown to affects on cAMP 
levels, MAP kinase activation, Ca2+-calmodulin kinase 
activation, or Ca2+ channels [19-22]. However, none of 
these mechanisms does explain the differences in response 
to the EMF between cancer and normal cells. Research 
conducted by Buckner et al (2015) were showed that 

exposure of malignant cells to EMF (for > 15 min) promoted 
Ca2+ influx and inhibition of cell proliferation. Non-malignant 
cells did not show any EMF-dependent changes in Ca2+ 
influx or cell growth [23]. These observations are consistent 
with the idea that exposure to specific EMF patterns could 
provide a potential anti-cancer therapy. 
 
Summary  

Studies on the effects of electromagnetic fields on 
living organisms are an important element of the biophysical 
studies. These are interdisciplinary research, combining 
inseparable biology, medicine and issues of 
electrodynamics and electrical metrology. Scientists 
research have suggested the influence of electromagnetic 
field exposure and the occurrence of childhood leukemia, 
brain tumors, genotoxic action, or the degradation of the 
immune system. People are exposed to EMF every day. 
Consequences of EMF effects on living organisms are not 
fully understood and depends on the type of cells which are 
affected, the exposure time, the type and intensity of field. 

In our study we examined whether the time of 
exposition on sinusoidal EMF with frequency of 50 Hz, and 
the value of magnetic induction (from 2 to 6 mT) affect the 
viability of two cell lines - BJ (normal line) and 143b (cancer 
line). The obtained results showed that the effect on the 
tested cell lines is different and statistically significant 
depends on the kind of line - cancer compared to the 
normal, and also depends on the value of the field and the 
exposure time.  

After the exposition on the electromagnetic field 
there was observed a significantly different viability 
decrease in cancer line, but in normal cells the increase of 
viability. These results suggest that treatment with the 
electromagnetic field may be applicable in oncology and 
rehabilitation. 
 
Acknowledgements 
The study was carried out with the use of equipment 
granted by the project "Centre of Applied Biotechnology and 
Basic Sciences" supported by the Operational Programme 
"Development of Eastern Poland 2007-2013". No. 
POPW.01.03.00-18-018/09, 
 
Part of the research was carried out with funding from the 
municipal office of Kolbuszowa, Poland. 
Declaration of interest 
The authors declare no conflict of interest. 
   
Authors:  
  PhD Eng. Anna Koziorowska,  University of Rzeszow, Faculty of 
Mathematics and Natural Sciences,  
E-mail: akozioro@ur.edu.pl  
MSc Przemysław Sołek,  University of Rzeszow, Institute of Applied 
Biotechnology and Basic Sciences,E-mail: pp.solek@gmail.com 
Eng. Lena Majchrowicz,  University of Rzeszow, Institute of Applied 
Biotechnology and Basic Sciences, 
E-mail: lenam@op.pl 
PhD Maria Romerowicz-Misielak, University of Rzeszow, Institute 
of Applied Biotechnology and Basic Sciences, 
E-mail: m_romer@interia.pl 
 

REFERENCES 
1. Baldi I., Coureau G., Jaffre A., Gruber A., Ducamp S., Provost 

D., Lebailly P., Vital A., Loiseau H., Salamon R. (2011) : 
Occupational and residential exposure to electromagnetic fields 
and risk of brain tumors in adults: A case-control study in 
Gironde, France, International Journal of Cancer, 129 (6), pp. 
1477-1484 

2. Feychting M, Forssen U, Floderus B (1997) Occupational and 
residential magnetic field exposure and leukemia and central 
nervous system tumors. Epidemiology 8:384–389 



164                                                                               PRZEGLĄD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 93 NR 1/2017 

3. Verkasalo PK, Pukkala E, Hongisto MY, Valjus JE, Järvinen 
PJ, Heikkilä KV, Koskenvuo M (1993) Risk of cancer in Finnish 
children living close to power lines. Br Med J 307:895–899 

4. Kalmijan A.J. (1978) Experimetal evidence of geomagnetic 
orientation in elasmobranch fishes. Pp. 347-353 in Animal 
Migration, Navigation and Homing, K, Schmidt-Konig, editor; 
and W.K. Keeton, editor, eds. New York: Springer Verlag. 

5. Feychting M., Ahlbom A., Kheifets L. (2005) EMF and health. 
Ann Rev Public Health 26: 165-189. 

6. Blank M. (2008) Protein and DNA reactions stimulated by 
electromagnetic fields. Electromagn Biol Med. 27(1):3-23. 

7. Koh E.K., Ryu B.K., Jeong D.Y., Bang I.S., Nam M.H., Chae 
K.S. (2008) A 60-Hz sinusoidal magnetic field induces 
apoptosis of prostate cancer cells through reactive oxygen 
species. Int J Radiat Biol. 84: 945-955. 

8. Poniedzialek B., Rzymski P., Nawrocka-Bogusz H., Jaroszyk 
F., Wiktorowicz K. (2013) The effect of electromagnetic field on 
reactive oxygen species production in human neutrophils in 
vitro. Electromagn Biol Med. 32(3):333-41. 

9. Pirozzoli M.C., Marino C., Lovisolo G.A., Laconi C., Mosiello L., 
Negroni A. (2003) Effect of 50 Hz electromagnetic field 
exposure on apoptosis and differentiation in a neuroblastoma 
cell line. Bioelectromagnetics. 24(7):510-6. 

10. Berg H., Gunther B., Hilger I., Radeva M., Traitcheva N., 
Wollweber L. (2010) Bioelectromagnetic field effects on cancer 
cells and mice tumors. Electromagn Biol Med. 29(4):132-43. 

11. Pang L., Traitcheva N., Gothe G., Gomez J.A.C., Berg H. 
(2002) ELF-electromagnetic fields inhibit the proliferation of 
human cancer cells and induce apoptosis. Electromagnetic 
Biology and Medicine. 21: 243-248. 

12. Seeliger C., Fallidorf K., Sachtleben J., van Griensven M. 
(2014) Low-freqiency pulsed electromagnetic fields significantly 
improve time of closure and proliferation of human tendon 
fibroblasts. Eur J Med Res. 5;19-37. 

13. Koziorowska A., Pasiud E., Fila M., Romerowicz-Misielak M. 
(2016) The impact of electromagnetic field at a frequency of 
50Hz and a magnetic induction of 2.5 mT on viability of pineal 
cells in vitro. J Biol Regul Homeost Agents. 30(4) in press. 

14. Reiter R. (1994) Melatonin suppression by static and extremely 
low frequency electromagnetic fields: relationship to the 

reported increased incidence of cancer. Rev. Environ. Health 
10. 171-186. 

15. Martiny K., Lunde M., Bech P. (2010) Transcranial low voltage 
pulsed electromagnetic fields in patients with treatment-
resistant depression. Biol Psychiatry. 15;68(2):163-9. 

16. Wolf F.I., Torsello A., Tedesco B., Fasanella S., Boninsegna A., 
D'Ascenzo M., et al. (2005) 50 Hz extremely low frequency 
electromagnetic fields enhance cell prolieration and DNA 
damage: Possible involvement of redox mechanisms. Biochim 
Biophys Acta. 1743:120-129. 

17. Vijayalaxmi, Prihoda T.J. (2009) Genetic damage in 
mammalian somatic cells exposed to extremely low frequency 
electromagnetic fields: a meta-analysis of 97 publications 
(1990-2007). Int J Radiat Biol. 85:196-2013. 

18. Simko M. (2007) Cell type specific redox status is responsible 
for diverse electromagnetic field effects. Cur Med Chem. 
14:1142-1152. 

19. Nie K., Henderson A. (2003) MAP kinase activation in cells 
exposed to a 60 Hz magnetic field. J Cell Biochem. 90: 1197-
1206. 

20. Thumm S., Loschinger M., Glock S., Hammerle H., Rodemann 
H.P. (1999) Induction of cAMP-dependent protein kinase A 
activity in human skin fibroblasts and rat osteoblasts by 
extremely low-frequency electromagnetic fields. Radiat Environ 
Biophys. 38: 195-1999. 

21. Schimmelpfeng J., Stein J.C., Dertinger H. (1995) Action of 50 
Hz magnetic fields on cyclic AMP and intercellular 
communication in monolayers and spheroids of mammalian 
cells. Bioelectromagnetics. 16:381-386. 

22. Cui Y., Liu X., Yang T., Mei Y.A., Hu C. (2014) Exposure to 
extremaly low-frequency electromagnetic fields inhibits T-type 
calcium channels via AA/LTE4 signaling pathway. Cell 
Calcium. 55: 48-58. 

23. Buckner C.A., Buckner A.L., Koren S.A., Persinger M.A., 
Lafrenie R.M. (2015) Inhibition of cancer cell growth by 
exposure to a specific time-varying electromagnetic field 
invilves T-type calcium channels. PLoS One. 14;1(4)e0124136. 

 

 


