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Action of extremely low frequency electromagnetic fields
on the expression of heme oxygenase 2
in the retina of European roe deer (Capreolus capreolus L.)

Abstract: In this paper, we present the results of studies on the effect of an extremely low frequency electromagnetic field on the expression of heme
oxygenase 2 in the retina of the European roe deer (Capreolus capreolus). Retinal tissue slides were exposed to an electromagnetic field of 50 Hz for
15 or 30 minutes. The analysis showed that the extremely low frequency electromagnetic field did not affect the viability of retinal cells. A significant
decrease in the activity of heme oxygenase 2 in the tissues after the field exposure was also demonstrated. No statistically significant differences in
the expression of PARP protein were observed, which indicates the lack of apoptotic changes in the cells.

Streszczenie: W niniejszej pracy zostaty przedstawione wyniki badar oddziatywania pola elektromagnetycznego ekstremalnie niskiej czestotliwo$ci
na ekspresje oksygenazy hemowej 2 w siatkéwce sarny europejskiej (Capreolus capreolus). Skrawki tkanki siatkéwki zostaty poddane oddziatywaniu
pola elektromagnetycznego o czestotliwosci 50 Hz przez 15 lub 30 minut. Przeprowadzona analiza wykazata iz pole elektromagnetyczne o
ekstremalnie niskiej czestotliwosci nie wptywa na zywotno$c¢ komorek siatkowki. Wykazano réwniez, znaczny spadek aktywnos$ci oksygenazy hemowej
2 w tkance siatkéwki sarny po oddziatywaniu pola. Nie zaobserwowano statystycznie istotnych réznic w ekspresji biatka PARP, co wskazuje na brak
zmian apoptotycznych w komoérkach. (Pola elektromagnetyczne o ekstremalnie niskiej czestotliwosci wpfywa na ekspresje oksygenazy
hemowej 2 w siatkdwce sarny europejskiej (Capreolus capreolus L.))
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Introduction

The electromagnetic field is an environmental factor that
influences organisms. In the electromagnetic field spectrum,
frequencies ranging from 0 Hz to 300 GHz can be
distinguished (Kasprzyk i Butlewski, 2013). Higher-range UV,
X-ray and gamma radiation are capable of ionizing patrticles,
which can result in DNA damage. Electromagnetic waves in
the extremely low range, and, among others visible light and
infrared, do not produce enough energy to cause changes in
DNA and are an example of non-ionizing radiation
(Hamedani i in., 2022). The most common electromagnetic
field in the environment is extremely low frequency, which is
emitted by mains-powered devices, as well as by
transmission devices and the power infrastructure. It is
assumed that the energy generated by extremely low
electromagnetic fields is not sufficient to have a genotoxic
effect, because it is not able to directly damage DNA.
However, its action can generate oxygen radicals and
destabilize the action of antioxidant mechanisms. However,
non-ionizing electromagnetic fields cause biological effects
even at very low intensities. (Henrykowska i in., 2014).
Therefore, it can be used and utilized in the treatment of
many diseases. One example is the use of extremely low
electromagnetic fields in the treatment of hepatocellular
carcinoma, where therapy using extremely low frequency
electromagnetic fields resulted in disease stabilization and in
some patients triggered a partial positive response (Baharara
iin., 2016).

The response to light is common to most life forms, but
only animals with eyeballs are capable of spatial vision.
(Land, 2005). This happens by stimulating the visual
receptors, which causes depolarization of the optic nerve by
breaking down rhodopsin and shaping the image in the
central nervous system.. (Youssef i in., 2011). The structure
of the retina is similar in all vertebrates. It is a thin, semi-
transparent layer of nervous tissue (Ansari i Nadeem, 2016)
lining the eyeball. (Purnyn, 2013). The visual and iris parts of
the retina are distinguished. In vertebrates, the

photosensitive receptors are directed to the pigment
epithelium (inverted retina), and light reaches them after
penetrating the dioptric centers and the entire retina (Purnyn,
2013). Photoreceptors (cones, responsible for daytime
vision, and rods, which are not involved in color vision) are
responsible for phototransducing the light signal into an
electrical impulse (Willoughby i in., 2010).

The retina is responsible for the generation and
transmission of visual signals, which requires a fast
metabolism. Mitochondria responsible for cellular respiration
therefore produce large amounts of reactive oxygen species
(ROS) (Hsueh i in., 2022). Furthermore, this tissue is
constantly exposed to the light radiation, which also leads to
increased ROS production. In conditions that do not allow the
full use of the potential to counteract oxidative stress (OS),
many pathological physiological reactions occur in the body,
such as tissue inflammation. (Jadeja i Martin, 2021).

European roe deers are small mammals, weighing
between 28 and 32 kg. (Koziorowska i in., 2024). The area
inhabited by European roe deer is often in close proximity to
human habitation — small towns and housing estates. They
also rarely move longer distances, as this can be risky and
cost a lot of energy (Lovari i in., 2017). The European roe
deer is a popular and widespread species throughout most
of Europe and adapts very well to its environment. The
electromagnetic field is one of the factors that are constantly
present in the lives of many organisms, including roe deer.
Roe deer habitats are often located near high-voltage lines
or power infrastructure, which can emit electromagnetic
fields at extremely low frequencies. Our previous in vitro
studies have shown that exposure of living organisms to such
a field can affect their physiological processes, including the
reproductive system and the regulation of the biological
clock.

Heme oxygenases are cytoprotective enzymes. They are
found in the endoplasmic reticulum and their main role is to
break down heme into iron, carbon monoxide and bilirubin.
(Intagliata i in., 2019). There are three isoforms of these
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proteins, inducible heme oxygenase 1 (HO-1), heme
oxygenase-2 (HO-2) — the constitutive form (Kikuchi et al.,
2005), and heme oxygenase-3 (HO-3). The latter is
considered a processed HO-2 transcript, and therefore a
pseudogene. Heme oxygenase (HO) is an enzyme which
important role in the body is to break down heme, especially
in the eye area, where the sunlight, which is the catalyst for
this process is most readily available. The breakdown of
heme into carbon monoxide (CO), iron, and biliverdin is of
great importance in maintaining the internal stability of the
body, because heme in moderate amounts is essential for
many biological functions. The resulting heme degradation
products can initiate oxidative processes in erythrocytes,
however, at low concentrations they exhibit cytoprotective
properties. Heme degradation products have anti-
inflammatory, antioxidant and antiapoptotic properties and
are important biologically active compounds. Heme
oxygenase 2 is found in high levels in the brain and testes. It
plays a neuroprotective role and influences male
reproduction. The presence of this enzyme in high levels in
the brain suggests a role in oxidative stress defense and CO-
mediated vasodilation in the brain (Intagliata i in., 2019).

Research objective

The aim of the research presented in this paper was to
investigate the effect of an extremely low frequency
electromagnetic field of 50 Hz exposition on the activity of
heme oxygenase 2 in the retina of the European roe deer
(Capreolus capreolus L.).

Materials and methods

Retinal tissues were isolated from the eyes of roe deer
collected during selective hunts in the vicinity of Kolbuszowa
(Poland), during the long light day (July), and then exposed
to an electromagnetic field with an extremely low frequency
of 50 Hz for 15 and 30 minutes. The viability of cells after
exposure to an electromagnetic field was examined and
compared to the control group cells (maintained in the same
conditions, without exposure to an electromagnetic field).
The next step was to isolate total protein from the tested
tissues and from control tissues, which were denatured to
take a linear form. Proteins were examined using the
Western Blot technique. After visualization of the results,
based on the images of the membrane, it was checked
whether there were any differences between the activity of
heme oxygenase 2 in the studied groups and the control
group. In addition, the presence of PARP protein and
changes in the expression of this protein after exposure to an
electromagnetic field were also examined. PARP protein is
involved in the repair of double-stranded basic break. The
last stage of the study was the LDH test on homogenates
isolated from retinal tissues.

Conducting tissue culture and the influence of the
electromagnetic field on tissues

Making our study we used a new, innovative pPulse10
generator placed inside the incubator as a source of
electromagnetic field. Thanks to this, the tissues during the
culture were provided with constant and controlled
environmental conditions (temperature, humidity,
atmospheric composition) and controlled electromagnetic
field parameters - magnetic induction and current amplitude
value.

The generator is controlled by an external control panel
or a computer with dedicated software, which allows to
modify the parameters of the generated field. These include
the waveform (rectangular, triangular), operating mode
(continuous or pulsed), amplitude of the generated wave,
wave frequency (from 2 to 20,000 Hz). The cells or tissues

tested on plates were placed inside the generator on a metal
plate. During the tests, the temperature, atmospheric
composition, and magnetic induction value were controlled.
This ensured constant parameters and certainty of the data
provided.

Fig. 1. Photo of the innovative pPuIs'e1‘ 0 generator

Applied research methods

Viability assay was performed using Trypan Blue
solution. The samples were transferred to glass slides and
cell viability was counted in triplicate for each sample and the
results were statistically analyzed. Western Blot method was
used to assess protein expression. Protein content was
measured using Pierce™ BCA Protein Assay Kit, compared
to a standard curve. Based on the results, the amount of
sample was determined in Western Blot method.

The Western blot method is graphically presented in
Figure 2.
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Fig. 2. Graphical representation of the Western Blot method. Created
with www.biorender.com.

Statistical analysis of results

GraphPad Prism 9.0.0 (GraphPad Software Inc., San
Diego, California, USA; www.graphpad.com) was used for
statistical analysis of both viability and LDH assays. After
checking the normality of the results, one-way ANOVA was
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used for viability and LDH assays. Tukey's test was used to
compare differences between groups.

Densitometric analysis was performed using ImageJ
(version 1.54i March 3, 2024; U.S. National Institutes of
Health, Bethesda, Maryland, USA). Then, the results of HO-
2 protein and PAPR protein were equated to B-actin. In this
case, two-way ANOVA and Tukey's test were used as a
parametric statistical technique.

The results of the research

The results of the obtained tests were presented in the
form of graphs comparing the test groups and the control and
the test groups with each other. The graph showing the
viability of cells stained with Trypan Blue solution (Figure 3.),
tested using an automatic cell counter, indicates statistically
insignificant differences in both groups compared to the
control. The studied groups also do not show any significant
differences when compared with each other.
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Fig. 3. Changes in the viability of retinal cells exposed to an
electromagnetic field of 50 Hz for 15 and 30 minutes compared to
the control group.

After performing the LDH test (Figure 4.), no statistically
significant differences were found between the study groups
or in comparison with the control group. A slight decrease
was observed after 15 minutes of exposure to the stress
factor, which was the electromagnetic field, as well as
another decrease after 30 minutes of exposure, but they
were not statistically significant.

Densitometric analysis showed significant statistical
differences between the control group and both study groups
for heme oxygenase-2 (Figure 5.). The results showed a
significant decrease in protein expression in the groups
exposed to the electromagnetic field. There were no
statistically significant differences between the study groups.
A slight decrease in expression can be seen between the
group treated for 30 minutes compared to the group treated
for 15 minutes.

The PARP protein was tested to determine whether a
stress factor (in this case an extremely low-frequency
electromagnetic field) had an effect on the increased
occurrence of programmed cell death — apoptosis — in retinal
cells. The analysis was also carried out to check whether
changes in HO-2 protein expression would affect the
concentration of the PARP form in the homogenates studied
(Figure 5.). However, this protein does not show significant
changes in expression between the control group and the
groups after exposure to an electromagnetic field with a
frequency of 50 Hz. In the group treated for a longer time (30
min.), a slight increase can be observed compared to the

group exposed for 15 minutes. However, this change is not
statistically significant.
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Fig 4. Results of the LDH test performed on protein homogenates of
retinal cells after exposure to an electromagnetic field for 15 and 30
minutes.
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Fig. 5. Results of Western Blot analysis of heme oxygenase 2
proteins and PARP protein following exposure to electromagnetic
field on roe deer retinal tissues.

Conclusions

The influence of extremely low-frequency
electromagnetic fields on organisms has been studied by
many authors for years (Wdowiak and Mazurek, 2016). The
impact on humans, animals and the natural environment is
studied (Koziorowska et al., 2020). Roe deer lead a relatively
sedentary lifestyle and can be an ideal research model for
analyzing the effects of extremely low-frequency
electromagnetic radiation on living organisms. Extremely low
frequency electromagnetic field is not a factor influencing the
viability of retinal cells. Moreover, no statistically significant
differences in PARP protein expression were observed,
which indicates the lack of apoptotic changes in cells.
However, the stress factor caused a decrease in HO-2
protein activity after both 15 and 30 minutes of exposure.

The research presented in this paper indicating a
reduction in the expression of heme oxygenase-2 after
exposure of tissue to an extremely low-frequency
electromagnetic field may be used in the future in therapies
aimed at counteracting diseases of the visual sense or the
central nervous system caused by oxidative stress. HO-2 is
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considered a regulator of heme oxygenase-1 — one of the
main antioxidant proteins. Reduction of HO-2 activity leads
to overexpression of HO-1 and, consequently, to increased
cellular response to oxidative stress Since the basis of many
vision-related diseases, such as glaucoma or diabetic
retinopathy, is the disruption of homeostasis between ROS
and antioxidants, it is possible in the future to use EL-EMF
and overexpression of HO-1 in combination with other
mechanisms of cell defense against ROS for the treatment
of these diseases.

The part of the research was supported by the project
Interdisciplinary Center for Preclinical and Clinical Research
(the project number RPPK.01.01.00-18-0001/18).
The authors declare no conflict of interest.

Autors: Anna Koziorowska, PhD, DSc. Eng., Rzeszow University,
College of Natural Sciences, Institute of Material Engineering, ul.
Pigonia 1, 35-310 Rzeszéw, Poland. e-mail: akozioro@ur.edu.pl,
Natalia Gatka, MSc, Rzeszow University, College of Natural
Sciences, Institute of Biotechnology, ul. Pigonia 1, 35-310 Rzeszéw
(student)

Ewelina Bator, PhD, Rzeszow University, Interdisciplinary Center for
Preclinical and Clinical Research,Werynia 2a, 36-100 Kolbuszowa,
Poland. e-mail: ebator@ur.edu.pl

Gabriela Betlej, PhD, Rzeszow University, Interdisciplinary Center
for Preclinical and Clinical Research,Werynia 2a, 36-100
Kolbuszowa, Poland. e-mail: gbetlej@ur.edu.pl

Robert Krasowski, PhD, Non-public Teacher Training Facility in
Limanowa, ul. Bronistawa Czecha 5G, 34-600 Limanowa Poland. e-
mail:robertk2@onet.eu

Maria Romerowicz-Misielaki,PhD, Rzeszow University, College of
Natural Sciences, Institute of Biotechnology, ul. Pigonia 1, 35-310
Rzeszoéw, Poland. e-mail: mromerowicz@ur.edu.pl

Marek Koziorowski, Prof., Rzeszow University, College of Natural
Sciences, Institute of Biotechnology, ul. Pigonia 1, 35-370 Rzeszéw,
Poland. e-mail: mkoziorowski@ur.edu.pl

REFERENCES

[1] Ansari, M. W., Nadeem, A. (2016). Atlas of Ocular Anatomy.
Springer International Publishing.

[2] Baharara, J., Hosseini, N., Farzin, T. R. (2016). Extremely low
frequency electromagnetic field sensitizes cisplatin-resistant
human ovarian adenocarcinoma cells via P53 activation.
Cytotechnology, 68(4), 1403-1413.

[3] Gholipour Hamedani, B., Goliaei, B., Shariatpanahi, S. P.,
Nezamtaheri, M. (2022). An overview of the biological effects of
extremely low frequency electromagnetic fields combined with
ionizing radiation. Progress in Biophysics and Molecular Biology,
172, 50-59.

[4] Henrykowska, G., Lewicka, M., Szczesny, A., Dziedziczak-
Buczynska, M., Pacholski, K., Buczynski, A. (2014) Wptyw

odlegtosci od urzadzen emitujgcych  promieniowanie
elektromagnetyczne na metabolizm tlenowy wybranych
elementéw morfotycznych krwi. Przeglad Elektrotechniczny,
2014(6),192-194.

[5] Hsueh, Y.-J., Chen, Y.-N., Tsao, Y.-T., Cheng, C.-M., Wu, W.-
C., Chen, H.-C. (2022, styczen 23). The Pathomechanism,
Antioxidant Biomarkers, and Treatment of Oxidative Stress-
Related Eye Diseases. https://www.mdpi.com/1422-
0067/23/3/1255

[6] Intagliata, S., Salerno, L., Ciaffaglione, V., Leonardi, C., Fallica,
A.N,, Carota, G., Amata, E., Marrazzo, A., Pittala, V., & Romeo,
G. (2019). Heme Oxygenase-2 (HO-2) as a therapeutic target:
Activators and inhibitors. European Journal of Medicinal
Chemistry, 183, 111703.

[7] Jadeja, R. N., Martin, P. M. (2021). Oxidative Stress and
Inflammation in Retinal Degeneration. Antioxidants, 10(5),
Article 5.

[8] Kasprzyk, R., & Butlewski, M. (2013). Pole elektromagnetyczne
jako czynnik szkodliwy w przemysle elektroenergetycznym.

Zeszyty Naukowe Politechniki Poznanskiej. Organizacja i
Zarzadzanie, Nr 59, 19-33.
[9] Kikuchi, G., Yoshida, T., & Noguchi, M. (2005). Heme

oxygenase and heme degradation. Biochemical and Biophysical
Research Communications, 338(1), 558-567.

[10]Koziorowska, A., Depciuch, J.,Biatek, J., Wos, I., Koziol, K.,
Sadlo, S., Piechowicz, B. (2020). Electromagnetic field of
extremely low frequency has an impact on selected chemical
components of the honeybee. Polish Journal of Veterinary
Sciences. 23(4), 537 — 544.

[11]Koziorowska, A., Gatka, N., Bator, E., Krasowski, R.,
Koziorowski, M. (2024) The electromagnetic fields with an
extremely low frequency as a factor affecting the aromatase
synthesis in the uterine tissues of European roe-deer (Capreolus
Capreolus L.) Przeglad Elektrotechniczny, 2024(1), pp. 296—
299.

[12]Land, M. F. (2005). The optical structures of animal eyes.
Current Biology, 15(9), 319-323.

[13]Lovari, S., Serrao, G., Mori, E. (2017). Woodland features
determining home range size of roe deer. Behavioural
Processes, 140, 115-120.

[14]1Purnyn, H. (2013). The Mammalian Retina: Structure and Blood
Supply. Neurophysiology, 45(3), 266—276.

[15]Wdowiak, A., Mazurek, P. (2016). Wplyw pola
elektromagnetycznego na rozréd cziowieka. Przeglad
Elektrotechniczny, 2016(1), 124-127.

[16]Willoughby, C. E., Ponzin, D., Ferrari, S., Lobo, A., Landau, K.,
Omidi, Y. (2010). Anatomy and physiology of the human eye:
Effects of mucopolysaccharidoses disease on structure and
function — a review. Clinical & Experimental Ophthalmology,
38(s1), 2-11.

[17]Youssef, P. N., Sheibani, N., Albert, D. M. (2011). Retinal light
toxicity. Eye, 25(1), 1-14.

PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 101 NR 3/2025 43


mailto:akozioro@ur.edu.pl
mailto:robertk2@onet.eu
https://www.mdpi.com/1422-0067/23/3/1255
https://www.mdpi.com/1422-0067/23/3/1255
javascript:void(0)
javascript:void(0)
https://www.scopus.com/authid/detail.uri?authorId=16029068200
https://www.scopus.com/authid/detail.uri?authorId=58813603000
https://www.scopus.com/authid/detail.uri?authorId=41461012100
https://www.scopus.com/authid/detail.uri?authorId=57193046640
https://www.scopus.com/authid/detail.uri?authorId=6602603704

