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Summary: Exposure to electromagnetic fields (EMF) has become a sensitive topic for the 
public health. Despite accumulative exposure of humans to EMF, their effects on oxidative 
stress and cell death status in cardiac cells have not been studied. In the present study, the 
properties of transverse electromagnetic (TEM) cells were explored by varying the 
frequency and the power at first, then the temporal shape of the source EMF in a second 
time. In addition, we evaluated the effects of EMF on antioxidant and cell death/survival 
status of H9C2 cardiomyoblasts. Using reverse transcription quantitative PCR (RT-qPCR), 
we analyzed mRNA expression of antioxidant enzyme catalase, anti-apoptotic factor Bcl-2 
and pro-apoptotic factor Bax in H9C2 cells subjected to 915 MHz for 24h, 48h and 72h.  
The exposure of H9C2 cells to EMF for 24h, 48h and 72h did not significantly change 
mRNA expression levels of catalase, Bcl-2 and Bax. Therefore, these results indicate that 
short-term exposure to EMF did not influence antioxidant and cell death status 
incardiomyoblasts. 
 
 

I. INTRODUCTION 

The use of electrical devices has gradually increased throughout the last century, and 
scientists have suggested that electromagnetic fields (EMF) generated by such devices may 
affect living systems. Lifetime exposure to EMF is becoming the subject of extensive 
scientific investigations since it has the potential to cause crucial changes and deleterious 
biological effects1-3. Studies in recent years have reported that EMF impact functional 
potentials of cells and organelles via affecting enzymes, membrane receptors and causes 
some disorders4. The adverse biological effects of EMF on tissues associated with 
oxidative stress reflecting an imbalance between the generation of reactive oxygen species 
(ROS) and the antioxidant capacity of the cell5. Oxidative stress plays an important role in 
DNA damage process, specific gene expression and cell apoptosis. Antioxidant defense 
systems have developed in organisms to control the formation of ROS and to prevent the 
harmful effects of these molecules6. Catalase is a crucial antioxidant enzyme in the 
protection of the cell against oxidative damage caused by ROS. Altered catalase expression 
has been associated with several diseases including diabetes, hypertension, Alzheimer 
disease7

. If these antioxidant defense mechanisms are impaired through exposure to EMF 
that causes the overproduction of ROS, antioxidants may not be sufficient or ROS 
formation may increase to such an extent that it overpowers the defense capabilities of 
antioxidants8. Depending on the intensity, EMF could have direct or indirect effects on 
functional status of cells and physiological systems1,9,10. However, there is still much 
uncertainty on the EMF interactions with cellular antioxidant system and several questions 
remain to be answered.  
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In this study, we sought to determine whether EMF could affect cell death/survival and 
antioxidant system status in cardiomyoblasts.  

II. PRESENTATION OF THE IN VITRO EXPOSURE SYSTEM  

II.1. Radiofrequency equipements  

A large number of studies have been conducted on the RF and microwave exposure of 
biological media. Among the equipment satisfying the criteria of broad frequency ranges 
and waveform modulation we find TEM and GTEM cells, as well as partially open 
transmissions structures11. On our side we have opted for a TEM cell whose dimensions are 
compatible with the support of cells on one side, and easily integrated in a controlled 
temperature and hydrometry system. 
The TEM cell is powered by a fixed frequency solid-state RF generator (915MHz) of 
variable power that can go up to 1kW. 

II.2. In vitro model 

Rat cardiomyoblasts (H9C2 cell line) are cultured in DMEM (Dulbecco's Modified Eagle 
Medium) Glutamax supplemented with 10% fetal calf serum (FCS). The cells are cultured 
in a Petri dish (80-90% confluence) placed above the central conductor of the TEM cell. 
H9C2 cells were exposed to 915 MHz for 24h, 48h and 72h. 

III. NUMERICAL RESULTS  

III.1. Determination of the dielectric properties of the biological medium 

In order to perform electromagnetic modeling of the recommended exposure system, 
knowledge of the dielectric property of the biological medium is essential12,13. For this, the 
technique of measuring samples reported on a microstrip transmission line was used14. 
Instead of a thin film of solid dielectric we used a rectangular container of very thin wall. 
The measuring cell with the presence of liquid DMEM Media - GlutaMAXTM is shown in 
Fig.1.  
 

 

Fig.1 Permittivity measurement cell. 

The extraction of the complex permittivity as a function of the frequency is based on the 
comparison between measurements carried out using a vector network analyzer and an 
electromagnetic modeling of the cell using finite element software (HFSS). In order to 
validate the approach of the tests were performed on liquid samples references. 
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Fig.2 Comparison between measured and calculated (a) Module and (b) Phase of the transmission 
coefficient of the cell with 95% ethanol. 

 
Fig.2 shows comparisons between simulations and measurements on 95% ethanol. 

Modeling in HFSS uses a simple relaxation model with r(0)=25,  r(∞)=4.78,  d=159ps. 
There is good agreement on the phase of the transmission coefficient, as well as 
comparable results on its module. Results were also obtained on tap water with a model at 
a relaxation frequency giving acceptable agreement up to 800MHz. 
The extraction procedure was applied to the liquid DMEM Media - GlutaMAXTM whose 
first results are shown in Fig.3. The increase of the imaginary part as a function of the 
frequency shows its capacity of absorption of the electromagnetic energy in the range of 
radio frequency. 
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Fig.3 Real (blue) and imaginary (pink) part of the complex relative permittivity of the DMEM Media 

- GlutaMAXTM liquid. 

III.2. EM fields in the TEM cell 

The TEM cell used in our experiment was modeled in HFSS. Fig.4 gives an overview of 
the presence in the center of a kneaded box in the center of the cell. 
Simulations have been performed for several scenarios between 100MHz and 915MHz for 
the following scenarios: 

 Empty TEM cell 
 TEM cell with empty Petri dish 
 TEM cell with Petri dish filled with water of a certain thickness, from 2mm to 

10mm. 
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Fig.4 TEM cell modeled in HFSS. 
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Fig.5 Coefficients of reflection (a) and transmission (b) of the TEM cell for different scenarios. 

As shown in Fig.5 we compared the reflection coefficients for the different conditions 
(Fig.5 (a)) and the transmission coefficients (Fig.5 (b)). Due to the relatively modest 
volume of the petri dish the influence on the reflection remains low. Even in the presence 
of a liquid thickness of 10mm the degradation of the reflection level is only 0.9dB passing 
from -15.3dB in an empty cell at -14.4dB. 
The transmission coefficient records a difference of 0.03dB from -0.13dB to 2mm of liquid 
at -0.16dB to 10mm of liquid at 900MHz. There is therefore a greater absorption of 
electromagnetic energy with a larger amount of liquid. This increase is much more visible 
on the results of simulation of the specific absorption rate (SAR) as shown in Fig.6. Indeed 
with an excitation power of the default cell, the SAR in the liquid is almost 9 times higher 
with a liquid thickness of 10mm than the case of 2mm. 

 
(a) 

 
(b) 

Fig. 6 Specific Absorption Rate in the liquid. (a) 2mm thick water (b) 10mm thick water. 

 
The same work must be continued under the following conditions: 
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 Replacement of water with DMEM Media - GlutaMAXTM; 
 The use of an effective medium with the presence of living cells; 
 SAR optimization based on product quantity and location of the petri dish. 

IV. EXPERIMENTAL RESULTS  

IV.1. Reflection of TEM cell 

The first experimental results concern measurements of S parameters of the TEM cell: 
 Without the Petri dish; 
 With the empty Petri dish; 
 With a Petri dish partially filled with water. 
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Fig.7 Measured reflection. 

There is a similar appearance to the simulation results, but with a much lower reflection 
level which indicates a more favorable real operating condition than is suggested by the 
HFSS simulation in which all the details of the cell could not be modeled. As expected the 
presence of the Petri dish filled with liquid increases the level of reflection but remains 
negligible. 

IV.2. 1st exposure test in vitro 

The first exposure tests on H9C2 cells were performed in an environment controlled 
temperature and hydrometry using a 915 MHz generator with a modest power of 13dBm. 
Expression patterns for pro-apoptotic factor (BAX), anti-apoptotic factor (BCL2) and 
antioxidant enzyme (catalase) in H9C2 cells exposed to EMF for 24h, 48h and 72h were 
determined by RT-PCR. As shown in Fig. 8, exposure of H9C2 cells to 915 MHz did not 
significantly change the mRNA expression of BAX, BCL2 and catalase as compared to 
control conditions. In H9C2 cells subjected to EMF for 72h, BCL2 and catalase mRNA 
levels showed a tendency to decrease, but this did not reach statistical significance (Fig.9) 
as compared to control. The exposure of H9C2 cells to EMF for 72h did not alter the 
expression of Bax protein, marker of intracellular pathway of apoptosis initiation. These 
results suggest an adaptive response of cells subjected to the 915 MHz frequency EMF. 
However, additional experiments are needed to determine the long-term effects of EMF on 
cell death/survival balance and antioxidant system in cardiac cells. 
 



17th International Conference on Microwave and High Frequency Heating 
AMPERE 2019, Valencia, Spain, September 9-12, 2019 

 

6                                                   EDITORIAL POLITECNICA DE VALENCIA                                                     

 

 
Fig.8 Dynamics of expression of antioxidant enzyme catalase and pro- and anti-apoptotic factors in 
H9C2 cells exposed to EMF for 24h and 48h. The results present the mean ± SEM of 3 independent 

experiments. 

 

 
Fig.9 Dynamics of expression of antioxidant enzyme catalase and pro- and anti-apoptotic factors in 

H9C2 cells exposed to EMF for 72h. The results present the mean ± SEM of 3 independent 
experiments. 

 

V. DISCUSSION  

Recently, public concern has been raised in relation to the possible health risks of EMFs 
emitted from mobile phones and Wi-Fi devices, since the use of such devices has increased 
exponentially in daily life. The molecular machinery regulating cell death has started 
becoming elucidated, and a number of studies have undertaken the task to determine the 
role of oxidative stress in cell fate determination within the context of human disease 
progression. Oxidative stress and stress-induced cell reprogramming are also largely 
involved in the pathophysiology of human diseases, where both survival and cell death 
signaling cascades have been reported to be modulated by ROS. Excessive ROS 
production is associated with elevated oxidative damage to DNA, proteins, and lipids as a 
result of unbalanced pro-oxidant and antioxidant activities5. A previous study showed that 
oxidative damage associated with neurodegenerative diseases has deleterious effects on 
brain tissue15. Another study reported that RF exposure at 1800 MHz slightly elevated the 
concentration of lipid peroxidation markers in the brain16. In the present study, to elucidate 
whether EMF affect cell death and antioxidant status in cardiac cells, we evaluated mRNA 
expression of BAX (pro-apoptotic factor), BCL2 (anti-apoptotic factor) and catalase 
(antioxidant enzyme) in H9C2 cells subjected to EMF 915 MHz for 24h, 48h and 72 h. We 
did not observe significant differences in BAX, BCL2 and catalase levels after EMF 
exposure for 24h-72h, indicating that short-term EMF exposure did not influence 
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antioxidant system and cell death status in cardiomyoblasts. However, further studies 
examining dynamic changes in oxidative stress and apoptosis after long-term exposure of 
cardiac cells EMFs are warranted. 
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