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Abstract

Objectives: The increasing number of devices emitting electromagnetic radiation (EMR) in people’s everyday life attracted
the attention of researchers because of possible adverse effects of this factor on living organisms. One of the EMR ef-
fect may be peroxidation of lipid membranes formed as a result of free radical process. The article presents the results
of in vitro studies aimed at identifying changes in malondialdehyde (MDA) concentration — a marker of lipid peroxida-
tion and antioxidant role of vitamin A during the exposure of blood platelets to electromagnetic radiation generated by
liquid-crystal-display (LCD) monitors. Material and Methods: Electromagnetic radiation emitted by LCD monitors is
characterized by parameters: 1 kHz frequency and 220 V/m intensity (15 cm from display screen). The time of exposure
was 30 and 60 min. The study was conducted on porcine blood platelets. The samples were divided into 6 groups: unexposed
to radiation, unexposed + vitamin A, exposed for 30 min, exposed for 30 min + vitamin A, exposed for 60 min, exposed
for 60 min + vitamin A. Results: The MDA concentration in blood platelets increases significantly as compared to control
values after 60 min of exposure to EMR. A significant decrease in MDA concentration after the addition of vitamin A was
noticed. In the blood samples exposed to EMR for 30 and 60 min the MDA concentration was significantly increased by
addition of vitamin A. Conclusions: The results show the possibly negative effect of electromagnetic radiation on the cel-
lular membrane structure manifested by changes in malondialdehyde concentration and indicate a possible protective role
of vitamin A in this process. Int J Occup Med Environ Health 2017;30(5):695-703

Key words:
Lipid peroxidation, Antioxidants, Vitamin A, Malondialdehyde, Electromagnetic radiation, LCD monitors

Received: November 13, 2015. Accepted: December 5, 2016. )
Corresponding author: M. Lewicka, Medical University of Lodz, Epidemiology and Public Health Department, Zeligowskiego 7/9, 90-752 Lodz, Poland
(e-mail: malgorzata.lewicka@umed.lodz.pl).

Nofer Institute of Occupational Medicine, LddZ, Poland 695


http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en
https://doi.org/10.13075/ijomeh.1896.00851

696

ORIGINAL PAPER M. LEWICKA ET AL

INTRODUCTION

The technological development that has taken place over
the last few years has facilitated daily life and work of
people, but at the same time caused new threats to life and
health of living organisms to appear in the environment.
One of them is the electromagnetic radiation emitted by
each device powered by electricity. Numerous studies, con-
cerning the impact of electromagnetic radiation, prove its
harmful effects on various organs and tissue function [1-3].
Studies of Mahdavi et al. have reported that extremely low
frequency electromagnetic fields (ELF-EMF) may inter-
act with the brain stress system [4].

Available epidemiological evidence suggests an associa-
tion between occupational exposure to ELF-EMF and
Alzheimer’s disease [5].

Kim et al. have concluded in animal studies that chron-
ic exposure to ELF-MF may cause adverse effects on
the male reproductive system [6].

Mahmoudabadi et al. have concluded that extremely low
frequency electromagnetic fields exposure is probably re-
lated to early spontaneous abortions. In this case-control
study, 58 women who had an unexplained spontaneous
abortion at < 14 weeks gestation and 58 matched preg-
nant women > 14 weeks gestation were enrolled in 2012.
To evaluate the extremely low frequency electromagnetic
fields, researchers determined the magnitude of electro-
magnetic fields in the participants’ houses and it was sig-
nificantly different between 2 groups [7].

Based on epidemiologic evidence indicated linking ELF ex-
posure to childhood leukemia and evidence for carcinogenic-
ity of ELF in rodent bioassays, the International Agency for
Research on Cancer (IARC) classified ELF magnetic fields
as a possible human carcinogen (2B classification) [§].
Harmful effects of electromagnetic radiation, on oxygen
metabolism of cells, has also been proven by numerous
studies [9-12].

Oxidative stress, manifested by an uncontrolled increase in
the concentration of reactive oxygen species (ROS), changes
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in the activity of antioxidant enzymes and initiation of lipid
peroxidation’s process in the cell membranes is a deleterious
process that may be an important mediator of damage to cell
structures and consequently various disease states and age-
ing. Lipid peroxidation of cell membranes is the chain reac-
tion process of cell membranes destruction due to oxidation
of nutrients — phospholipids composed of unsaturated fatty
acids. The result is excessive synthesis of lipid peroxides and
conversion of polyunsaturated fatty acids in biologically ac-
tive substances, which results in structure and fluidity chang-
es of the cell membrane, disorders of membrane transport,
changes in enzyme activity and protein receptors damage in
the membrane structures.

The end products of lipid peroxidation is malondialde-
hyde (MDA) and it may be an indicator of the occurrence
of pathological processes, so it’s a marker of lipid mem-
brane peroxidation in blood platelets.

A multitude of electromagnetic radiation emitters sur-
rounding people in everyday life and numerous reports
of experimental and epidemiological studies regarding
the harmfulness of this factor on health has necessitated
the creation of norms and principles with regard to preven-
tion activities. One of such activity, though still not giving
unequivocal answers about the effectiveness, is supplemen-
tation with antioxidant vitamins, for example vitamin A.
Thus, the authors of this article have aimed at investigating
whether electromagnetic radiation emitted by the liquid-
crystal-display (LCD) monitors has influence on the cell
membranes damage and if vitamin A has the antioxidant
role in this case.

MATERIAL AND METHODS

Sample preparation

Pig blood was collected from a slaughterhouses during
the exsanguinations of animals. It was taken to 1% ethyl-
enediaminetetraacetic acid (EDTA). Platelets were ob-
tained by fractionated centrifugation at 1200 rpm X g
for 10 min at room temperature. As a result of the cen-
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trifugation, platelet rich plasma (PRP) was obtained
from the whole blood, which was carefully pulled by
a plastic pipette from the deposited layer of erythro-
cytes and transferred into polyethylene tubes. Then
the obtained platelet rich plasma was centrifuged
at 3000 rpm x g for 15 min. The precipitated platelets
were suspended in 0.2 ml of 0.9% NaCl. The obtained sus-
pension of blood platelets was an input research model.
Each test group consisted of 30 samples which were sub-
jected to the next planned stages of the experiment. Be-
cause of the conditions of the hardware each study group
was divided into 5 series and made markings of the single
stage for 6 samples. The operation was repeated to obtain
adequate results for all 30 samples.

In this case (animal intended for food) the approval of
the Ethics Commission is not needed.

Incubation of platelets with vitamin A

An ethanolic solution of vitamin A containing 3 mg of
retinol (catalogue No. R7632-25MG, Sigma Life Sci-
ence, USA) in a volume of 10 ml was used in this study.
Two microliters of this solution was added to 0.2 ml of
a suspension of blood platelets, avoiding bright light.
The sample was incubated in a dark place for 30 min, and
then subjected to a further procedure.

Exposure condition setting and instruments

In a laboratory stand designed for reconstruction of
the parameters of electromagnetic radiation generated
by display screens (1 kHz, 220 V/m), a flat capacitor was
the source of electromagnetic field. Requirements of
the Swedish Confederation of Professional Employees
(Tjanstemannens Centralorganisation - TCO) [13] speci-
fies strict conditions for the measurement of exposure.
Authors measured the field by means of the measure-
ment procedure on the location of points placed in front
of the monitor. When electromagnetic radiation of low
frequency is tested the electric and magnetic components

should be investigated independently. Monitors with lig-
uid crystal screens produce non-sinusoidal electromag-
netic fields, with the dominant electric component, due to
control of power semiconductor chips.

Significant fields are fields with frequency of the lower
power consumption and voltage switching power supply,
with superimposed oscillations dampened RLC (resistor,
inductor, and capacitor) circuits, which act as voltage rip-
ple smoothing filters. The source of the signal simulating
shape of the field generated by the LCD was a program-
mable generator Hameg 8010, which was amplified by
the measuring amplifier W-320, and the source of the elec-
tric field was a flat capacitor arrangement.

The capacitor was formed by 2 circular copper plates posi-
tioned over and under plastic support. Eight polyethylene
tubes containing the tested preparation were inserted into
holes in the support. The holes were made symmetrically
on the circumference of a circle with the diameter smaller
than that of the capacitor plates.

As a result, the electrical component of the field act-
ing on the tubes was homogeneous in nature (Figure 1).
The tested preparation was placed in polyethylene tubes,
each containing (.2 ml of the preparation. The tempera-
ture in the laboratory stand was on the same level all
the time and it was +24/25°C. Preserving constant con-
ditions of the environment the preparation was exposed
to the activity of the electromagnetic field of 1 kHz fre-
quency and 220 V/m intensity (corresponding to a distance
of 15 cm from the monitor) for 30 and 60 min. The expo-
sure of the platelets to the radiation was done on the day
they were collected from the slaughterhouses.

Measurement of malondialdehyde (MDA) -
the marker of membrane lipid peroxidation
The concentration of malondialdehyde was determined
by measuring the absorbance on the spectrophotometer
T60 VIS (OMC Envag) at 532 nm wavelength vs. the con-
trol sample (1.8 cm® phosphate-buffered saline (PBS) +
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Fig 1. The laboratory stand designed for reconstruction of the parameters of electromagnetic radiation generated by display screens

0.4 cm® thiobarbituric acid). The study sample was pre-
pared adding 1 cm® of 20% triochloracetic acid (TCA)
to 1 cm?of blood platelet suspension at the concentration
of 1x10°/cm’. The mixture was shaken for 1 h at +4°C
and centrifuged at 4200 g at +4°C for 15 min. To 1.8 cm’
of the obtained supernatant 0.4 cm? 0.12 M thiobarbituric
acid was added. The mixture was placed in boiling wa-
ter bath for 15 min. After cooling, the obtained solution
was centrifuged at 3000x g for 10 min at room tempera-
ture. The obtained results were expressed in nmol/10° of
platelets [14].

Each sample (from one pig) was divided into 6 fractions
and each of them distributed in a different experimental
group (unexposed to radiation, unexposed + vitamin A,
exposed for 30 min, exposed for 30 min + vitamin A, ex-
posed for 60 min, exposed for 60 min + vitamin A). Sam-
ple size of each experimental group was 30.

Statistical analysis
The following statistical parameters were determined for
each characteristics in the study groups: arithmetic mean,
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standard deviation, median, minimum, maximum, skew-
ness coefficient. The obtained results were analyzed using
a nonparametric Kruskal-Wallis ANOVA rank test equiva-
lent to the analysis of variance and Mann-Whitney U test
to compare the variables between the groups. The value
of p < 0.05 was considered to be the level of confidence.
Calculations were made using the program Statistica PL
(license number SN: SP 7105488009G 51).

RESULTS

In the in vitro studies, the malondialdehyde concentra-
tion in blood platelets increases significantly (p < 0.05)
as compared to control values after 60 min of exposure
to EMF of 220 V/m intensity and 1 kV/m frequency (me-
dian: 1.8-2.48). The measurement of malondialdehyde
concentration after 30 min of exposure does not show sig-
nificant increase (as compared to initial values).

The concentration of malondialdehyde significantly de-
creases (p < 0.05) in the blood sample unexposed to EMF
with vitamin A in comparison with the unexposed sample
(median: 1.8-0.97).
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Table 1. Statistical analysis of malondialdehyde (MDA) concentration in blood platelets treated with electromagnetic radiation

dependent on exposure time and application of vitamin A*

Variable M Me Min.-max S Sk,
Control (I) 1.88 1.79 1.07-2.91 0.48 0.71
Control + vitamin A (II) 1.12 0.97 0.73-1.94 0.34 1.25
Exposure 30 min (III) 1.82 1.65 1.07-2.91 0.60 0.43
Exposure 30 min + vitamin A (IV) 1.07 1.09 0.49-1.65 0.36 -0.03
Exposure 60 min (V) 242 247 1.46-3.79 0.66 0.40
Exposure 60 min + vitamin A (VI) 0.91 0.87 0.39-1.75 0.37 0.54
Kruskal-Wallis Anova rank test H (5, N =180) = 107.31,p < 0.05
Mann-Whitney U test
ZMm 7 =(0.73,p > 0.05
VAN 7V =-323,p <0.05
ZM ZM'=542,p<0.05
Zmy 7MYV =453, p < 0.05
AN Z"V'=6.49,p < 0.05

* Number of samples of each test group = 30.

M - mean; Me - median; min. — minimal value; max — maximal value; S - standard deviation; Sk, — skewness coefficient; H - value of the Kruskal-
Wallis test; Z - value for pair of variables (I, III; I, V; I, IL; IIL, IV; V, VI) of the Mann-Whitney U test.

Malondialdehyde concentration significantly decreas-
es (p < 0.05) in the blood sample exposed to EMF
for 30 min, to which vitamin A was added as compared
with the sample exposed for the same period of time with-
out vitamin A (median: 1.65-1.1).

Malondialdehyde concentration statistically ~ signifi-
cant decreases in the blood sample exposed to the EMF
for 60 min, to which vitamin A was added as compared
with the sample exposed for the same period of time with-
out vitamin A (median: 2.48-0.87) (Table 1 and Figure 2).

DISCUSSION

The multitude of electromagnetic radiation emitters, es-
pecially in urban areas, means that contemporary man
lives in the so-called electromagnetic smog. Systems of
wireless communication, radiolocation and telecommu-
nications, industrial, medical and household equipment
are causing an increase in average electromagnetic field
strength — a phenomenon not neutral to the health and
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Fig. 2. Changes of malondialdehyde (MDA) concentration
in blood platelets exposed to electromagnetic field dependent
on exposure time and application of vitamin A
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life of living organisms — which is confirmed in newer and
newer publications.

The National Regulatory Research Institute (NRRI) accept-
ed the negative effects of electromagnetic fields on public
health as one of the most serious environmental problems.
Displays are devices with which people are in contact since
childhood nowadays. The results of researches on the im-
pact of this emitter confirm its harmfulness.

The adverse effects of electromagnetic radiation emitted
by the LCD monitors were shown by the epidemiological
studies of Korpinen et al. [15]. The respondents had skin
symptoms when they stayed in front of a computer screen
for a long period [15].

Results of other studies indicate that computer users have
more often complained of hearing loss, headaches, ver-
tigo/dizziness, tension — anxiety symptoms, depending on
the time of daily usage [16].

The previous study focused on harmful influence
of EMR emitted by display screens showing an increase
of the MDA concentration in human blood platelets af-
ter 30 min of exposure (in this study significant increase is
reported after 60 min of exposure) [17].

Balci et al.’s [18] experiments conducted on corneal and
lens tissue of rats have reported harmful effects of ELF-
EE The results of these studies have indicated that this
factor may induce oxidative stress manifested among oth-
ers in an increase of the MDA concentration [18§].
Another study indicates that computer radiation may have
an adverse effect on total antioxidant capacity (T-AOC)
and alkaline phosphates (ALP) content in serum or liver
tissue of mice [19].

Moreover, the research on the effects of electromagnetic
radiation emitted by other devices, but also as LCD moni-
tors of low and extremely low frequency (ELF-EF), indi-
cates a negative effect on the oxidative metabolism of vari-
ous cells and tissues.

The results of Canseven et al. studies have shown that
electromagnetic fields of low frequency (50 Hz frequency
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and 1,2 and 3 mT induction) have an influence on increas-
ing formation of ROS and changes in antioxidant enzyme
activity in tissues of the heart and the liver of guinea
pigs [20].

Another study has demonstrated that the low frequency
electromagnetic fields generated by car electronics, phys-
iotherapy equipment and LCD monitors may be the cause
of oxidative stress in the human body. During this experi-
ment an increase in catalase activity and MDA concentra-
tion is observed after 30 min exposure of platelets to EMF
regardless of the radiation source [21]. The obtained re-
sults are similar to the ones as the outcome of this study
excluding the observation time (our study has indicated
increase in MDA concentration after 60 min exposure and
insignificant increase after 30 min exposure).

Studies of Goraca et al. on the electromagnetic radiation
with the frequency of 40 Hz and 7 mT induction used
for 60 min/day for 14 days show significant increase in
thiobarbituric acid reactive substances (TBARS) in rats’
heart [22]. A significant increase in TBARS concentration
(a marker of lipid peroxidation) has also been observed by
scientists subjecting the action of low frequency electro-
magnetic field of the liver of a mouse [22].

Our study also shows an increase in MDA after 60 min of
exposure to electromagnetic radiation emitted by LCD
monitors. It proves insufficient adaptation of cellular an-
tioxidant capacity which protects, among others, against
oxidation of cell membrane components.

The above-mentioned and many other similar scientific re-
ports have forced researchers to pose the questions about
the effectiveness of preventive activities protecting people
against the effects of EMF leading to oxidative stress.
The effectiveness of antioxidants such as vitamin C and E
are undeniably confirmed by numerous studies [19,24,25].
In contrast, the results of a study on vitamin A and its
provitamin — fB-carotene stir up controversies among re-
searchers. Vitamin and provitamin A play a similar role
as protective vitamin E. Carotenoids prove to be capable
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of removing singlet oxygen ('O,) as well as potent scaven-
gers of other reactive oxygen species thus protecting cells
against cancer and aging, among others [26].

It has also been found that the concentration of f-carotene
and other carotenoids, such as lutein, zeaxanthin, ly-
copene, p-cryptoxanthin, a-carotene is reduced with
age, while the concentration of vitamin A is increased
in the case of people over a hundred years old [27]. At
the same time, other studies have shown that p-carotene
in high doses in the case of smokers increases the incidence
of lung cancer and increases mortality [28]. The findings
presented by the authors indicate a preventive antioxidant
role of vitamin A in the case of exposure to EMF emitted
by LCD monitors.

In this study, the authors have observed changes in
the malondialdehyde concentration in the pork blood
samples after the addition of vitamin A. When compar-
ing samples of control material — not exposed to EMF
(control vs. control + vitamin A) a significant decrease
in MDA concentration after the addition of this vitamin
has been noticed.

In the blood samples exposed to EMF for 30 min
and 60 min the MDA concentration is significantly de-
crease by addition of vitamin A.

Vitamin A is a fat-soluble that may pass into the cell and
may sweep up the free radicals which are formed inside
the cell, and those formed in the cell membrane. The re-
duced concentration of malondialdehyde in the test sam-
ples may be explained by the fact that through the anti-
oxidant action of vitamin A the amount of free radicals
goes down, which in turn results in partial inhibition of
the destruction of cell membranes by lipid peroxidation. In
effect, the measurement of the concentration of MDA —the
final product of peroxidation of cell membranes - exhibits
its significant decline.

The changes of malondialdehyde concentration in our
study may indicate the negative effect of the used radia-
tion and the protective antioxidant role of vitamin A.

The presented results of these and other authors should sug-
gest an important preventive role of vitamins A, C and E to
protect against the effects of electromagnetic radiation
which we are exposed to in everyday life.

CONCLUSIONS

The in vitro study has demonstrated that the exposure
to EMF emitted by LCD monitors changes the malondi-
aldehyde (MDA) concentration, a marker of lipid peroxi-
dation in blood platelets. After 60 min irradiation of field
of 220 V/m intensity, the MDA concentration increases
relatively to the control value.

The findings indicate that exposure to electromagnetic
radiation of 1 kHz frequency and 220 V/m intensity may
cause adverse effects within blood platelets oxygen me-
tabolism and thus may lead to an organism physiological
dysfunction (with emphasis that the results are reliable
in vitro study and cannot be directly extrapolate for living
organisms).

The observed changes in the MDA concentration in the
pork blood samples after the addition of vitamin A may
indicate the protective antioxidant role of vitamin A.
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