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Abstract

The potential health consequences of common exposure of human organisms to high-voltage industrial 
frequency and radio-frequency electromagnetic fields have not yet been completely recognized. The 
aim of this study was to evaluate the impact of a 50 Hz electromagnetic field generated by high-voltage 
alternating electric current transmission lines, a 900 MHz electromagnetic field emitted by mobile phones, 
and simultaneous exposure to those forms of electromagnetic fields on prooxidant and antioxidant processes 
in the liver tissue of 40 male rats randomly divided into three experimental groups exposed to different 
forms of electromagnetic fields and a control sham-exposed one. After completing 28 daily exposures in 
obtained liver tissue homogenates we determined the contents of markers of prooxidant processes (total 
oxidant capacity and malone dialdehyde), as well as activity of selected antioxidant enzymes (superoxide 
dismutase, its isoenzymes Cu,Zn-SOD and Mn-SOD, catalase and glutathione peroxidase). Moreover, cell 
ultrastructures in specimens from liver samples were examined under an electron microscope. A four-week 
exposure to a high-voltage 50 Hz electromagnetic field did not affect the prooxidant/antioxidant balance 
in the liver tissue of rats, while exposure to the radiofrequency electromagnetic field emitted by a mobile 
phone and simultaneous exposure to both forms of electromagnetic field significantly inhibited the intensity 
of prooxidant processes and decreased the activity of antioxidant enzymes in liver tissue, especially  
in the case of simultaneous action of both fields – probably due to their excessive use for restoring  
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Introduction

Despite commonplace use of electrical equipment that 
generates 50 Hz electromagnetic fields, as well mobile 
phones that emit radio-frequency electromagnetic fields, 
the health consequences of exposure of human organisms 
to those fields have not been fully recognized. And today 
it is common for humans to be exposed to both fields at 
the same time. The lack of comprehensive knowledge 
concerning biological consequences of exposure to 
electromagnetic fields is the cause of anxiety in many 
communities around the world, as to the possible harmful 
influence of that exposure on human health. 

There are only a few reports concerning the impact of 
50 Hz electromagnetic fields and radio-frequency elec-
tromagnetic fields generated by base transceiver stations 
(BTS) – as well as mobile phones – on alimentary tract 
organs [1-2]. 

It is assumed that electromagnetic fields used in 
mobile telephone systems may influence the human 
body by way of two different mechanisms. The first 
is the influence of electromagnetic fields generated by 
BTS (not being in direct contact with the human body), 
whereas the second effect is connected with the influence 
of electromagnetic fields emitted by mobile phones that 
affect the body directly. Both those factors interfere, 
causing cumulative influence of electromagnetic field 
energy [3-4]. Nevertheless, the research carried out so far 
denies the occurrence of biological effects dependent on 
physical modulation of electromagnetic fields [5-6].

Among the unrecognized consequences of exposure of 
living organisms to electromagnetic fields one can include 
the impact of those fields upon the pro- and antioxidant 
status of digestive system organs. 

A vital part of homeostasis is the maintenance of 
the balance of pro- and anti-oxidant systems within the 
body. Many experimental studies have confirmed that 
electromagnetic fields with various physical parameters 
could intensify the generation of reactive oxygen species 
(ROS) with subsequent disturbances of a balance 
between an intensity of oxidant processes and capacity 
of antioxidant defense system, depending on the activity 
of antioxidant enzymes and non-enzymatic antioxidants 
[7-11]. This toxic phenomenon, called oxidative stress, 
results in stimulation of the process of membrane lipid 
peroxidation in the form of direct oxidation cell membrane 
thiol groups (–SH) by reactive oxygen species with 
subsequent disintegration of their structure and increase of 
permeability, leading in consequence to the development 
of apoptosis and cell death [10-14]. 

The antioxidant barrier in an organism is formed by 
a non-homogeneous group of non-enzymatic compounds 

and antioxidant enzymes such as superoxide dismutase 
(SOD), copper-zinc superoxide dismutase (Cu, Zn-
SOD), manganese superoxide dismutase (Mn-SOD), 
catalase (CAT), glutathione peroxidase (GPx), glutathione 
reductase (GR), and glutathione S-transferase (GST) [15-
17]. 

The literature lacks papers dealing with the influence 
of the above-mentioned electromagnetic fields on the in-
tensity of prooxidant processes, as well as on the activ-
ity of antioxidant enzymes in digestive system tissues. 
The aim of this study was to evaluate the impact of 50 
Hz electromagnetic fields generated by high-voltage al-
ternating electric current transmission lines, 900 MHz 
electromagnetic fields emitted by mobile phones, and 
simultaneous exposure to those forms of electromagnetic 
fields on prooxidant/antioxidant balance in liver tissue of 
male rats. We analyzed the contents of markers of oxida-
tive stress and membrane lipid peroxidation (total oxidant 
capacity (TOC) and malone dialdehyde (MDA), respec-
tively) and the activity of the selected basic antioxidant 
enzymes superoxide dismutase, copper-zinc superoxide 
dismutase, manganese superoxide dismutase, catalase, 
and glutathione peroxidase, as well as examining the cell’s 
ultrastructure in specimens from liver samples in an elec-
tron microscope.

Experimental Procedures

The experiment was performed on 40 male Wistar rats 
with a mean age of 10 weeks and mean initial body mass 
of 180±7.5 g before the experiment. For the duration of the 
experiment the animals were kept in special plastic cages, 
in optimal environmental conditions (stable humidity of 
air of 60% and 21ºC, retaining the 24-hour cycle of a 
12-hour day phase in artificial light and a 12-hour night 
phase). The animals were provided with daily sanitary-
hygienic service. They were fed with standard laboratory 
pellet food for rodents (Labofeed B) and had unlimited 
access to tap water. 

All procedures involving animals were carried out in 
accordance with the Animals Scientific Procedures Act 
published by the U.S. National Institute of Health (1985) 
and EU Directive 2010/63/EU for animal experiments, 
and were accepted by the Local Ethical Commission for 
Experiments on Animals in Katowice (permission No. 
65/2008).

The rats were randomly divided into four groups, 
consisting of 10 animals each.  

Rats from the examined group (S) were exposed for 
28 succeeding days to an electromagnetic field with phys-
ical parameters emitted by typical high-voltage alternat-

prooxidant/antioxidant balance without causing any structural changes in liver cells visible in an electron 
microscope. 
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ing electric current transmission lines, with frequency of  
50 Hz, intensity of 10 kV/m, and magnetic induction of 
4.3 pT, which was generated by a high-voltage test trans-
former between two round electrodes of experimental ex-
posure system that were 50 cm from each other. The ex-
posure lasted 22 hours a day (with a break between 08:00 
and 10:00), and during exposure the animals were placed 
on an earthed electrode in a special plastic cage (10 ani-
mals per cage) that did not disturb the applied electromag-
netic field and allowed for the possibility of free move-
ment.

Rats from the examined group (M) were exposed  
for 28 succeeding days to an electromagnetic field with 
frequency of 900 MHz generated by a Nokia 5110  
mobile phone placed directly under the cage with ani-
mals, that was turned on every half hour for eight hours 
daily and emitted a signal for 15 s, hence the total dura-
tion of dialed calls was four minutes per day. The mean 
value of power density of the electromagnetic field regi- 
stered while initializing the connection was 85.3 µW/m2, 

and during the connection was 17.0 µW/m2.  The average 
density of the electromagnetic field was calculated on the 
basis of 16 consecutive measurements of the field’s den-
sity, recorded in five measuring points within the plastic 
cage by means of a TES-92 electromagnetic interference 
meter. 

Rats from the examined group (S+M) were exposed 
for 28 succeeding days to simultaneous actions of a high-
voltage 50 Hz electromagnetic field emitted by typical 
high-voltage alternating electric current transmission lines 
and a radio-frequency electromagnetic field generated by 
a mobile phone, with identical physical parameters and 
time distribution of exposure as in previous examined 
groups S and M.

Rats from control group K were subjected for 28 
succeeding days to sham-exposure, during which they 
were kept in environmental conditions identical to those 
of the examined animals (excluding the presence of 
electromagnetic fields). 

After completion of the cycle of 28 daily exposures to 
electromagnetic fields or sham-exposures (control rats), the 
animals were starved by 24 hours and then anaesthetized 
using a mixture of xylazine (10 mg/kg i.p.) and ketamine 
(100 mg/kg i.p.). Next, after surgically opening the chest 
by costotomy and collecting total amounts of blood (ca. 
4 ml) from the left heart ventricle with use of 0.5x30 mm 
injection needle connected to a syringe, the abdominal 
cavity was opened and liver samples were taken. In the 
homogenates prepared from the obtained samples, we 
measured the contents of oxidative stress markers (TOC 
and marker of membrane lipid peroxidation MDA, as well 
as the activity of the selected basic antioxidant enzymes 
SOD, its isoenzymes Cu, Zn-SOD and Mn-SOD, CAT, 
and GPx). 

In order to determine whether potential disturbances 
of the prooxidant/antioxidant balance are an effect of 
functional changes or structural lesions, in specimens 
prepared from liver tissue samples, we used an electron 
microscope to examine cellular membranes, intercellular 

junctions, mitochondria, smooth and rough endoplasmatic 
reticulum, lysosomes, and cell nuclei.

The contents of TOC in liver homogenates were 
determined by a method based on oxidation of Fe2+ to 
Fe3+ in an acidic environment with subsequent creation if 
colour complex, according to Erel [18], while the contents 
of MDA in liver homogenates were measured by the 
spectrofluorimetric method according to Ohkawa [19].

The activity of SOD in homogenates of liver tissue 
were determined by the method according to Oyanagui 
[20], which is fully specific for superoxide dismutase. 
Enzymatic activity has been expressed in nitrite units 
(NU) per 1 mg of protein. One nitrite unit (NU) stands 
for the ability of reducing the generation of nitrite ions by 
50%, in reference to initial values, in the presence of SOD. 
The activity of the superoxide dismutase isoenzymes Mn-
SOD and Cu, Zn-SOD has been determined by means of 
the same methodology with the use of potassium cyanide 
as an inhibitor of the Mn-SOD isoenzyme and, as in the 
case of total activity of SOD, it was expressed in [NU/mg] 
of protein. 

The activity of CAT in liver homogenates was 
determined by the kinetic method according to Aebi 
[21] and the activity of GPx in liver homogenates was 
measured using the spectrophotometric method according 
to Paglia and Valentine [22].

Statistical Analysis

The obtained results, presented as mean value ± 
standard deviation (SD), underwent statistical analysis 
with the use of Statistica 7.1 PL software. The statistical 
estimation was performed on the basis of analysis of 
variance (ANOVA), after prior checking the homogeneity 
of variance by means of Levene’s test and the normality 
of distribution in specific groups. If the homogeneity of 
variance was detected in Levene’s test, single-factor 
parametric ANOVA (Student T-test) was used, whereas in 
the case of the occurrence of non-homogenous variance, 
the ANOVA Kruskal-Wallis test was applied. Each time, a 
comparison was made between results obtained in specific 
electromagnetic field-exposed groups and the control 
group. The assumed level of significance was p<0.05.

Results

The contents (mean value ± SD) of total protein in 
homogenates of liver tissue in electromagnetic field-
exposed rats from groups S, M, and S+M, as well as in 
sham-exposed rats from control group K are presented in 
Fig. 1. 

In rats from group S+M, exposed simultaneously  
to both forms of electromagnetic field, the contents  
of total protein in homogenates of liver tissue was  
significantly higher in comparison with control group K 
(18.62±1.69 mg/ml vs. 15.25±0.72 mg/ml, p<0.001). In 
other groups (S and M) of electromagnetic field-exposed 
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rats no significant differences of contents of total protein in 
homogenates of liver tissue were observed (as compared 
to control sham-exposed rats from group K). 

Fig. 2 presents the contents (mean value ± SD) of 
markers of prooxidant processes (malone dialdehyde 
(MDA) and Total Oxidant Capacity (TOC)) in homogenates 
of liver tissue in electromagnetic field-exposed rats from 
groups S, M, and S+M, as well as in sham-exposed rats 
from control group K. 

In rats from group S, exposed to the 50 Hz electromag-
netic field generated by high-voltage alternating electric 
current transmission lines, no significant differences of the 

contents of MDA and TOC in homogenates of liver tissue 
were observed, as compared to control sham-exposed rats 
from group K. 

In rats from group M, exposed to 900 MHz electro-
magnetic fields emitted by a mobile phone, the contents 
of MDA in homogenates of liver tissue were significant-
ly lower in comparison with control group K (3.38±0.53 
μmol/g protein vs. 4.69±0.73 μmol/g protein, p<0.001), 
and the contents of TOC in homogenates of liver tissue 
were also significantly lower in comparison with con-
trol group K (12.59±2.99 μmol/g protein vs. 15.07±2.06 
μmol/g protein, p<0.001). 

In rats from group S+M, exposed simultaneously to 
both forms of electromagnetic fields, the contents of MDA 
in homogenates of liver tissue were significantly lower 
in comparison with control group K (3.38±0.53 μmol/g 
protein vs. 4.69±0.73 μmol/g protein, p<0.001), whereas 
the contents of TOC in homogenates of liver tissue were 
also distinctly lower in comparison with control group K 
(12.59±2.99 μmol/g protein vs. 15.07±2.06 μmol/g pro-
tein, p = 0.116), but the observed difference was not sta-
tistically significant. 

Fig. 3 presents the activity (mean value ± SD) of 
selected basic antioxidant enzymes (superoxide dismutase 
(SOD), copper-zinc superoxide dismutase (Cu, Zn-SOD), 
manganese superoxide dismutase (Mn-SOD), catalase 
(CAT) and glutathione peroxidase (GPx)) in homogenates 
of liver tissue in electromagnetic field-exposed rats from 
groups S, M, and S+M, as well as in sham-exposed rats 
from control group K. 

In rats from group S exposed to the 50 Hz electro-
magnetic field generated by high-voltage alternating 
electric current transmission lines, no significant 

Fig. 3. The activity (mean value ± SD) of antioxidant enzymes: 
superoxide dismutase (SOD; NU/mg protein), manganese-
dependent superoxide dismutase (Mn-SOD; NU/mg protein), 
cuprum and zinc-dependent superoxide dismutase (Cu,Zn-SOD; 
NU/mg protein), catalase (CAT; kIU/g protein), and glutathione 
peroxidase (GPx; IU/g protein) in homogenates of liver tissue in 
rats exposed to a 50 Hz electromagnetic field generated by high-
voltage alternating electric current transmission lines (group S), 
in rats exposed to a 900 MHz electromagnetic field emitted by a 
mobile phone (group M), in rats exposed simultaneously to both 
forms of electromagnetic field (group S+M), and in the control 
sham-exposed rats (group K), with statistical analysis. * p<0.05, 
*** p<0.001.

Fig. 1. The contents (mean value ± SD) of total protein (mg/
ml) in homogenates of liver tissue in rats exposed to a 50 Hz 
electromagnetic field generated by high-voltage alternating 
electric current transmission lines (group S), in rats exposed 
to a 900 MHz electromagnetic field emitted by a mobile phone 
(group M), in rats exposed simultaneously to both forms of 
electromagnetic field (group S+M), and in the control sham-
exposed rats (group K), with statistical analysis. *** p<0.001.

Fig. 2. The contents (mean value ± SD) of markers of oxidant 
processes: malone dialdehyde (MDA; µmol/g protein) and total 
oxidant capacity (TOC; µmol/g protein) in homogenates of liver 
tissue in rats exposed to a 50 Hz electromagnetic field generated 
by high-voltage alternating electric current transmission lines 
(group S), in rats exposed to a 900 MHz electromagnetic 
field emitted by a mobile phone (group M), in rats exposed 
simultaneously to both forms of electromagnetic field (group 
S+M), and in the control sham-exposed rats (group K), with 
statistical analysis. * p<0.05, *** p<0.001.
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differences of the activity of total SOD, Cu, Zn-SOD, Mn-
SOD, CAT, and GPx in homogenates of liver tissue were 
observed, as compared to control sham-exposed rats from 
group K. 

In rats from group M, exposed to the electromagnetic 
field emitted by mobile phones, the activities of Cu,Zn-
SOD and CAT in homogenates of liver tissue were 
significantly lower in comparison with control group 
K (90.78±8.76 NU/mg protein vs. 99.05±5.74 NU/mg 
protein, p<0.032, and 297.98±16.65 kIU/g protein vs. 
360.92±27.27 kIU/g protein, p<0.001, respectively), 
while the activity of total SOD, Mn-SOD, and GPx in 
homogenates of liver tissue did not differ significantly in 
comparison with control group K. 

In rats from group S+M, exposed simultaneously to 
both forms of electromagnetic fields, the activities of total 
SOD, Cu,Zn-SOD, CAT, and GPx in homogenates of liver 
tissue were significantly lower in comparison with control 
group K (119.06±9.18 NU/mg protein vs. 141.42±5.40 
NU/mg protein, p<0.001; 78.04±9.10 NU/mg protein 
vs. 99.05±5.74 NU/mg protein, p<0.001; 292.92±22.65 
kIU/g protein vs. 360.92±27.27 kIU/g protein, p<0.001, 
and 18.95±1.93 IU/g protein vs. 22.52±1.35 IU/g protein, 
p<0.001, respectively), while the activity of Mn-SOD in 
homogenates of liver tissue did not differ significantly in 
comparison with control group K. 

The results of examining liver specimens using an 
electron microscope, comprising cellular membranes, 
intercellular junctions, mitochondria, smooth and 
rough endoplasmatic reticulum, lysosomes, and cell 
nuclei revealed no structural differences in any of 
the electromagnetic field-exposed groups of rats, in 
comparison with the control sham-exposed group. 

Discussion of Results

In recent years the human population has become 
permanently exposed to electromagnetic fields with 
industrial frequency generated by high-voltage alternating 
electric current transmission lines and to radiofrequency 
electromagnetic fields emitted by mobile telephony 
systems, both in living places and in occupational 
conditions. This is why the impact of those electromagnetic 
fields upon living organisms and its potential health 
consequences captures a lot of attention and generates 
much controversy [23-26]. Studies conducted so far have 
focused mainly on the reactions occurring in the central 
nervous system and the potential carcinogenic effects of 
those electromagnetic fields, in both humans and animals. 
The available results of those studies are not unequivocal, 
which may be due to different methodology of exposure 
and physical parameters of applied electromagnetic fields 
in the studies reported [4, 27-31]. 

However, exposure to electromagnetic fields may 
also affect other functions of the human organism, 
including oxidative processes, resulting in disturbances 
of prooxidant/antioxidant balance in cells (so-called 
oxidative stress). Oxidative stress occurs in a situation 

when an excessive amount of generated reactive oxygen 
species (ROS) cannot be neutralized by an inefficient 
antioxidant defense system, resulting in an inability to 
detoxify the reactive intermediate products, which causes 
in consequence oxidative lesions of cell constituents, 
especially cellular membranes [32-33]. It is assumed that 
electromagnetic fields may affect proxidant/antioxidant 
balance in cells directly by impacting ROS generation and 
the activity of antioxidant enzymes or by systemic effect. 

Available literature lacks experimental data regarding 
the impact of long-term exposure to both of the above-
mentioned forms of electromagnetic fields on oxidative 
processes taking place in particular structures of the 
alimentary tract, including liver, especially in the case of 
combined simultaneous action of those fields. 

This is why an experimental animal model was de-
signed for the present study to simulate a common situa-
tion in which energy sector workers or inhabitants living 
in the vicinity of high-voltage transmission lines regularly 
use mobile phones. In this model adult male rats were sub-
jected to relatively long-term (28 days) exposure to a 50 
Hz electromagnetic field with typical physical parameters 
observed in the corridor of high-voltage transmission lines 
(electric field intensity of 10 kV/m and magnetic induction 
of 4.3 pT) lasting 22 hours daily, to 900 MHz electromag-
netic field with power density of the electromagnetic field 
17.0-85.3 µW/m2, emitted by a typical mobile phone 16 
times a day with total time of daily exposure lasting four 
minutes, and to simultaneous exposure to those forms of 
electromagnetic field. 

Taking into account the fact that the determination of 
the impact of electromagnetic fields upon oxidative stress 
in tissues is a complex process, including the assessment 
of the consequences of excessive generation of ROS in the 
form of an increase of tissue oxidant capacity and inten-
sity of lipid peroxidation, as well as the activity of an an-
tioxidant defense system in presented experimental mod-
el, similar to most experimental studies, the evaluation of 
impact of applied electromagnetic fields on prooxidant/
antioxidant balance was performed by means of analysis 
of the contents of markers of oxidative stress and mem-
brane lipid peroxidation – total oxidant capacity (TOC) 
and malone dialdehyde (MDA), respectively – and the ac-
tivity of the selected basic antioxidant enzymes superox-
ide dismutase, copper-zinc superoxide dismutase, manga-
nese superoxide dismutase, and catalase and glutathione 
peroxidase in homogenates of liver tissue, as well as the 
examination of a cell’s ultrastructure in specimens from 
liver samples in an electron microscope.

In the present study we observed a lack of significant 
changes in the contents of both markers of prooxidant 
processes and in the activity of all antioxidant enzymes 
in liver homogenates in rats from group S, as compared 
to control sham-exposed group K, indicating that a four-
week exposure to a high-voltage 50 Hz electromagnetic 
field does not affect prooxidant/antioxidant balance in 
liver tissue.

In turn, a significant decrease in the contents of both 
markers of prooxidant processes with accompanying 
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significant decrease in the activity of Cu, Zn-SOD and 
CAT (in group M) and in the activity of total SOD, Cu, Zn-
SOD, CAT and GPx (in group S+M) in liver homogenates 
indicates that exposure to a 900 MHz electromagnetic field 
emitted by mobile phone and simultaneous exposure to 
both forms of electromagnetic fields cause disturbances of 
prooxidant/antioxidant balance in liver tissue of exposed 
animals. 

The potential mechanisms of observed effects could 
be related to the inhibition of oxidative processes in 
liver tissue by electromagnetic field with subsequent 
compensatory inhibition of antioxidant enzyme activity or 
– what is more probably being taken into account as shown 
by the literature data presented below – to extremely 
efficient action of enzymatic antioxidant system in liver 
cells, leading to excessive neutralization of previously 
stimulated oxidative stress.

So far, only a few experimental studies in attainable 
literature concern the influence of electromagnetic fields 
with industrial frequency of 50 Hz generated by alternating 
electric current transmission lines and radiofrequency 
electromagnetic fields emitted by mobile phones on the 
oxidative status of liver tissue. 

The results of [34] confirmed that exposure of guinea 
pigs to a 50 Hz electromagnetic field with intensity of  
0.3-1.8 kV/m for 1, 3, 5, 7, and 10 days caused an increase 
in the activity of SOD and in the contents of TBARS 
lipid peroxides in liver tissue of exposed animals, and 
intensification of observed changes depended on the 
intensity of electromagnetic field and time of exposure. 
In the next study of the same team, the exposure of guinea 
pigs to an electromagnetic field with higher intensity of 
12 kV/m caused a significant increase in the contents of 
MDA and a significant decrease in the activity of SOD, 
GPx, and myeloperoxidase (MPO) in liver tissue of 
exposed animals [35]. On the other hand, exposure of 
rats to a 50 Hz electromagnetic field with an intensity of  
17.5 kV/m, 15 minutes per day for seven days did not 
change significantly the concentration of MDA and 
the activity of antioxidant system in plasma of exposed 
animals [36]. 

The exposure of guinea pigs to an 1,800 MHz 
electromagnetic field emitted by GSM mobile 
communications systems 10-20 minutes per day for seven 
days caused intensification of oxidative stress in liver 
tissue in the form of significant increase in the contents of 
MDA and total nitric oxide (NO) and significant decreases 
in the activities of SOD, MPO, and GPx in liver tissue 
[37]. In another experimental study exposure of male 
albino rats to a 900 MHz electromagnetic field one hour 
per day for 60 days caused a significant increase in the 
contents of MDA and a significant decrease in the level of 
total antioxidant capacity (TAC) in liver tissue of exposed 
animals. The observed alterations were transitory and they 
disappeared 30 days after withdrawal of exposure [38]. In 
turn, exposure of rats to electromagnetic fields emitted by 
a GSM mobile communication system caused a significant 
decrease in the activities of SOD and CAT, as well as in 
the concentration of reduced glutathione (GSH) in plasma 

of exposed animals, and the effect of acute exposure was 
stronger than those of fractionated exposure, provided  
15 minutes per day for four days [39].

Generally, the results of other authors confirm the 
decrease in activity of antioxidant enzymes during exposure 
to analyzed electromagnetic fields, but in most of the 
studies an increase in the contents of markers of oxidative 
stress and lipid membrane peroxidation was observed. It 
might be due to different physical parameters of applied 
electromagnetic fields and different methodology of 
exposure, especially related to duration of the experiment. 
It seems that the longer time of adaptation to impact of 
radio-frequency electromagnetic field, as in the present 
experiment, with a relatively short time of daily exposures, 
enables more efficient action of enzymatic antioxidant 
systems, resulting in final neutralization of a previously 
generated increased amount of oxidative stress products, 
and thus a decrease in antioxidant enzyme activities could 
be a result of their excessive use for restoring prooxidant/
antioxidant balance on a new lower level. 

Moreover, the lack of any structural changes in 
liver cells visible in an electron microscope and the 
disappearance of disturbances of prooxidant/antioxidant 
balance after withdrawal of exposure observed in 
[38] indicate the functional character of the observed 
alterations.

Conclusions

Four-week exposure to a high-voltage 50 Hz 
electromagnetic field does not affect the prooxidant/
antioxidant balance in the liver tissue of rats, while 
exposure to a radiofrequency electromagnetic field emitted 
by mobile phone and simultaneous exposure to both forms 
of electromagnetic field significantly inhibits the intensity 
of prooxidant processes and decreases the activity of most 
antioxidant enzymes in liver tissue, especially in cases 
of simultaneous action of both fields, probably due to 
their excessive use for restoring prooxidant/antioxidant 
balance, without causing any structural changes in liver 
cells visible in an electron microscope. 
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