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Abstract

Objectives: Electromagnetic field (EMF) causes damages to the kidney through the increase of oxidative stress, and the use of
antioxidants can reduce the effects caused by EMF. The present study investigated the effects of vitamin E and sodium selenite on
the expression levels of Bax and Bcl2 genes and renal histopathology in the EMF-exposed mice.

Materials and Methods: In this study, 48 mice with the approximate weight of 24-28 g were used. The mice were randomly
assigned to six groups (n==8): 1) control; 2) EMF; 3) EMF + vitamin E; 4) EMF + sodium selenite; 5) EMF + vitamin E + sodium
selenite; and 6) vitamin E + sodium selenite. Mice were exposed to the EMF for 4 hours a day for 2 months. After this duration, the
mice were sacrificed by cervical dislocation and the right kidney was taken out for the evaluation of the histopathological changes
and the left kidney was used to determine the expression of Bax and Bc/2 genes by real-time polymerase chain reaction (PCR).
Results: Statistical analyses showed that EMF significantly decreased the kidney corpuscle diameter and bcl2 gene expression.
Moreover, increased urinary space, basal membrane thickness, and increased expression of Bax gene were observed compared
to the control group (P<0.05). However, the treatment of mice exposed to EMF with vitamin E and sodium selenite significantly
decreased the effects of EMF on these parameters (P<0.05).

Conclusions: The results of this study showed that vitamin E and sodium selenite could significantly inhibit the destructive effects
of EMF on the expression of Bax and bc/2 genes and prevent the histopathological changes in the kidneys of mice.
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Introduction

Electromagnetic waves are a form of energy that are
emitted by charged particles and create magnetic
fields through passing a wave from a path in space.
Electromagnetic fields (EMFs) are produced following
the development of various devices in the world (1). More
than 3 billion people are exposed to the mentioned EMF
every day. Owing to the overuse of devices that generate
electrical waves, exposure to EMF is inevitable. EMF and
its harmful effects on the human body, therefore, are
important issues that have recently been considered in the
medical and engineering areas (2).

Today, there are controversies about the biological
adverse effects of EMF on the human body. In recent
studies, the adverse effects of EMF on reproductive system,
hormonal cycle, induction of cancer, and effects on other
organs of the body have clearly been observed (3). The
effects of EMF on the kidneys have been investigated
from a variety of dimensions, of which two dimensions
of morphologic aspects and changes in the activation
processes of antioxidant enzymes are the most notable. In

the first case, studies have shown that EMF leads to the
formation of small and large cysts in different regions of
the kidney, inflammation of epithelial cells and glomeruli,
necrosis of these regions, and reduction of the number of
tubules, which ultimately results in pathological changes
in the organ (4,5). Regarding the antioxidant enzymes,
depending on the length of exposure of the kidneys to
EME, decreased superoxide dismutase (SOD), glutathione
peroxidase (GPx), and total antioxidant capacity (TAC),
as well as increased malondialdehyde (MDA) have been
observed (6).

Penetration of magnetic and electrical fields into
the cell membranes increases the risk of DNA damage
and tissue damage by prolonging free radical stability,
altering membrane potential, reducing the activity of
antioxidant enzymes, and subsequently altering the ROS
metabolism (7,8). Previous studies have confirmed the
destructive effects of oxidative stress occurred due to the
EMF exposure (5,9). These studies have also shown that
the administration of antioxidants can reduce the adverse
effects of EME
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Vitamin E is a lipid-soluble vitamin found in the cell
membrane, which protects the cell membrane against
oxidative damage. It consists of four tocopherols and
four tocotrienols. Moreover, vitamin E supplementation
influences the cellular reply to oxidative stress through
the inflection of signal-transduction pathway. In fact, this
vitamin has been well known as an antioxidant that plays an
important role in neutralizing the toxic effects of reactive
oxygen species (ROS) (10). Angiotensin converting
enzyme activity, blood pressure, and GFR remained nearly
at normal level under vitamin E supplementation (11).

Sodium selenite is also an essential element in human
health. There are much evidence conforming that this
mineral plays an important role in normal growth
and reproductive ability of animals and humans (12).
Sodium selenite is a necessary co-Factor for glutathione
peroxidase. This substance, in combination with protein,
generates selenoprotein, which is a critical antioxidant
enzyme protecting the cell against free radical damage
(11).

Given that increased oxidative stress and cellular
damage is one of the mechanisms of kidney tissue damage
caused by EMF exposure, as well as considering that
there are contradictory results about the effects of EMF
and inhibitory and antioxidant impacts of vitamin E
and sodium selenite on urinary system, the purpose of
this study was to investigate the effects of vitamin E and
sodium selenite on the expression of Bax and Bcl2 genes
and renal histopathology in the EMF-exposed mice.

Materials and Methods

Study Design and Experimental Groups

In this experimental study, 48 mice with approximate
weight of 24-28 g were used. The mice were prepared
from the animals’ house of Tabriz University of Medical
Sciences and kept in a standard condition (temperature
24 £ 2°C, with a light/dark cycle of 12 hours). Having
the mice adapted to the conditions of the animal house,
they were divided randomly into 6 groups, each including
8 animals, and treated as follows: 1) control 2); EMF; 3)
EMF + vitamin E; 4) EMF + sodium selenite; 5) EMF +
vitamin E + sodium selenite; and 6) vitamin E + sodium
selenite.

Electromagnetic radiation of 3 mT and 50 Hz was
radiated 4 hours daily for 2 months. Vitamin E (1.35
mg/kg body weight) and sodium selenite (0.1 mg/kg
body weight) were administrated by a gavage daily for
2 months (4). In the end, the mice were sacrificed by
cervical dislocation and their kidneys were removed. The

Table 1. Sequences of the Designed Primers Used for Real-time PCR

left kidney was used for the assessment of Bax and Bcl-2
gene expression by real-time PCR. The right kidney was
also paraffin embedded after the tissue processing, and
finally, 5 pm sections were prepared and evaluated by the
hematoxylin and eosin (H&E) staining (for examination
of tissue changes) and periodic acid-Schiff (PAS) (for
measuring the thickness of the basement membrane).

RNA Extraction and DNA Synthesis

In order to evaluate the expression of Bax and Bcl-2 genes,
the kidney tissue was crushed using liquid nitrogen and
mortar, and then homogenized using TRIZOL solution
according to the manufacturer’s instructions. Next, the
total RNA was extracted and its purity was determined via
a NanoDrop. Then, cDNA was synthesized using the oligo
primers and Revert AID TM first strand cDNA synthesis
kit (manufactured by Fermentas Company).

Real-Time PCR

The NCBI website was used to design the primers. Table
1 shows the primers of Bax and Bcl2 genes and also the
GAPDH gene as a reference gene. According to the kit
instructions, the multiplication reaction was carried out as
triple repetition in 20 pL volume, containing 10 uL SYBR
Green, 0.5 pL forward primer, 0.5 pL reverse primer, 2
uL synthesized cDNA, and 7uL distilled water. The real-
time PCR reaction was set up in three steps: 95°C for 15
seconds, 60°C for 30 seconds, and 72°C for 30 seconds,
in 40 consecutive cycles. The drawing temperature of the
melting curve was between 60°C to 95°C. Real-time data
were calculated by the ratio formula (ratio= 2-AACt),
where AACt = ACT (control sample) - ACT (target
sample).

Histological Studies

To evaluate the histological changes after tissue processing,
5 um sections were prepared and stained with H&E and
PAS. Tissue changes including renal corpuscle diameters,
glomeruli and urinary space were examined by H&E
staining, and the changes of the basement membrane
were evaluated by PAS staining. In order to measure the
diameter of the renal corpuscle, 16 slides were primarily
prepared from each group and 5 renal corpuscles were
examined in every slide, in such a way that two large
and small diameters were measured, then their average
was calculated. Finally, in order to track changes in the
urinary space, the glomerular diameter was calculated
by mentioned method and the result was considered as
the differences between renal corpuscle diameter and

Gene Forward Primer (5'-3") Reverse primer (5'-3") Product Length
Bax GACTCCCCCCGAGAGGTCTT ACAGGGCCTTGAGCACCAGTT 121
Bcl2 GAGCGTCAACAGGGAGATGTC TGCCGGTTCAGGTACTCAGTC 72
GPDH AAGTTCAACGGCACAGTCAAGG CATACTCAGCACCAGCATCACC 121
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glomeruli as urinary space (12). Moreover, changes in the
basement membrane were determined semi-quantitatively
using a four-point scale: -none; +weak; ++moderate; +++
strong (13, 14).

Periodic Acid-Schiff Staining

Cells were seeded in 24-well plates and induced for 10
days, then fixed with 4% paraformaldehyde for 15 minutes.
After washing with PBS, cells were incubated with 0.5%
periodic acid solution for 5 minutes, and then stained with
Schiff reagent for 15 minutes, followed by counterstaining
with hematoxylin solution for 3 minutes. All steps were
taken at room temperature, and cells were rinsed with tap
water after each step.

Results

Histopathological Observations

Table 2 presents histopathological changes in the renal
tissues of mice in different groups. Statistical analysis
revealed that EMF significantly decreased the renal
corpuscle diameter, and increased the urinary space
(Figure 1) and the thickness of the basement membrane
(Figure 2) compared to the control group (P<0.05) (Table

G

Figure 1. Histomorphometry of Renal Corpuscle of Mice in Different Groups.

2, Figure 3). On the other hand, the treatment of the
mice by vitamin E and sodium selenite in related groups
showed that the administration of these antioxidants
would significantly reduce adverse effects of EMF
on the mentioned parameters during EMF exposure
(P<0.05). Moreover, in the group that received only
sodium selenite and vitamin E, there were no significant
changes in comparison to the control group. Similarly,
histopathological changes in the group receiving vitamin
E and sodium selenite were not significant compared to
the groups receiving EMF plus vitamin E and EMF plus
sodium selenite (Figures 1 and 2).

Molecular Aspects of Bax and bcl2 Genes Expression

The real-time PCR results indicated that EMF significantly
increased the expression of Bax (Figure 4) gene (as a pro-
apoptotic gene) and decreased the expression of bcl2
(Figure 5) gene (as an anti-apoptotic gene) in the kidneys
of mice in comparison with the control group (P<0.05).
Prescribing vitamin E and sodium selenite as antioxidants
prevented the harmful effects of EMF on the expression
of mentioned genes in the treated groups (P<0.05). In
the group receiving only vitamin E and sodium selenite,

Note. EMF significantly decreased the renal corpuscle diameter and increased the urinary space. The treatment of mice with vitamin E and sodium selenite
decreased the adverse effects of EMF on these parameters (A: Control, B: EMF, C: EMF+E, D: EMF+S, E: EMF+E+S, F: E+S). G and H show the way of the renal

corpuscle, and urinary space diameters measurement (H&E staining) (H&E x100).

Table 2. Effects of Vitamin E and Sodium Selenite on Corpuscle Diameter and Urinary Space in Mice Treated With EMF

Groups Control EMF EMF+E EMF+S EMF+E+S E+S
Corpuscle diameter 79.38 £ 1.87 57.31 £1.23" 71.74 £ 1.742 68.66 + 2.00° 69.46 + 1.37° 76.19 £ 2.11
Urinary space (um) 9.45 +0.48 12.90 + 1.01° 10.78 + 0.92° 10.84 = 1.03° 10.71 £ 0.82° 10.19 = 1.00

Data are mean =+ SE. * P< 0.05 compared with EMF group; ® P< 0.05 compared with control group.
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Figure 2. Photomicrograph of the Renal Corpuscle of Mice in Different Groups.

Note. EMF significantly increased the thickness of the basement membrane. The treatment of mice with vitamin E and sodium selenite decreased the effects of EMF
on the thickness of the basement membrane (A: Control, B: EMF, C: EMF+E, D: EMF+S, E: EMF+E+S, F: E+S) (PAS staining) (PASx100).

the gene expression was not significant compared to the
control group.

Discussion

Electromagnetic waves are a form of energy emitted by
charged particles and dispersed in the space through
passing a waveform path (15). According to the World
Health Organization statistics, the EMFs play an important
role in the development of numerous diseases, such as
ALS, childhood leukemia, and brain tumor (16).

Basement membrane

RN

Control Emf Emf+E Emf+S Emf+E+S E+S

Figure 3. Effect of Vitamin E and Sodium Selenite on the Thickness of
Basement Membrane of the Renal Corpuscle in Mice Treated With EMF.
Note. Data are mean = SE. * P < 0.05 compared with control (con) group; *
P < 0.05 compared with EMF group.

Bax/GAPDH

Con EMF EMF+E EMF+S EMF+E&S E+S

Figure 4. Effects of Vitamin E and Sodium Selenite on the Relative Expression
of Bax Gene to GAPDH Gene in Mice Treated With EMF.

Note. Data are mean = SE. * P < 0.05 compared with control (con) group; *
P < 0.05 compared with EMF group.

A number of studies have shown that some emaciated
glomeruli, leukocytes infiltration between the kidney
tubules, and the vacuolation of some tubules are other
problems that EM waves cause in the kidneys (5). The renal
hypoperfusion may result from an imbalance between
vasodilators and vasoconstrictors. It is well established
that free radicals play a major role in the induction of the
cellular responses upon EM exposure (17).

The EMF effects on body tissues are generally evaluated
under two dimensions of histopathological changes and
molecular alteration, both of which were considered in
this study (2). The results of this study showed that EMF
causes histopathological changes, as well as altering the
expression of Bax and Bcl2 genes in the kidneys of mice.

In the context of histopathologic changes, in this study,
it was observed that EMF could make various changes
in kidneys such as atrophy and shrinkage of glomeruli,
tubular degeneration, increased urinary space, and
increased thickness of the basement membrane. In this
regard, Odaci et al realized that during the prenatal
development, EMF can cause edema in the renal tissue, as
well as visible small and large cysts in the medullary and
cortico-medullary regions of the kidney (18).

Previous studies have attributed the destructive effects
of EMF on tissues to oxidative stress (4, 17). The magnetic
and electrical fields present in the environment, after

Bcl2

g

Bcl2/GAPDH

EMF+S EMF+E&S E+S

EMF EMF+E

Figure 5. Effects of Vitamin E and Sodium Selenite on the Relative Expression
of Bcl2 Gene to GAPDH Gene in Mice Treated With EMF.

Note. Data are mean =+ SE. * P < 0.05 compared with control (con) group; *
P < 0.05 compared with EMF group.
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passing the cell membrane, increase damages to DNA
and cause the oxidative stress by prolonging free radical
stability, changing the membrane potential, reducing the
activity of the antioxidant enzymes, and the subsequent
changes in the ROS metabolism (19). In this respect,
Aydin et al found that in the presence of EMF, the activity
of antioxidant enzymes decreases, while the production
of ROS increases. They also showed that long-term EMF
radiation leads to the production of more free radicals and
carcinogens. Similarly, in the present study, EMF caused
adverse effects on the kidney tissue, probably through the
oxidative stress (20).

Regarding molecular changes, in this study, it was
observed that EMF radiation led to the increased Bax
gene expression (as a pro-apoptotic gene) and decreased
Bcl2 gene expression (as an anti-apoptotic gene) in the
kidney as compared to the control group. Previous studies
have indicated that oxidative stress causes changes in the
expression of Bax and Bcl2 genes (21, 22). Therefore,
considering that EMF increases the oxidative stress, and
since oxidative stress is a stimulant for the Bax gene
expression and an inhibitor of Bcl2 gene expression, in the
present study, EM waves affected the expression of Bax
and Bcl2 genes likewise. This effect certifies the role of
EMEF in the initiation of the apoptosis process.

Previous studies have suggested that the use of
antioxidants can reduce the adverse effects of oxidative
stress (23). For instance, the study of Al-Damegh
demonstrated that the use of vitamins C and E can
reduce the harmful effects of oxidative stress on testicular
tissue in mice by reducing the lipid peroxidation in
mitochondria and microsomes (24). In addition, various
studies have shown that antioxidants such as melatonin,
caffeine, and phenyl ester acid inhibit oxidative stress and
apoptosis formed by EMF (24). Furthermore, a number
of previous studies have suggested that the use of vitamin
E and selenium can reduce the effects of EMF on ovarian
tissue (4).

In the current study, it was observed thatin groups treated
with vitamin E and sodium selenite, the pathological
changes due to EME including tubular degeneration and
glomerular atrophy, were slightly reduced. Moreover, in the
group receiving vitamin E and sodium selenite plus EME,
the mentioned histopathologic changes were significantly
improved. The results of a study conducted by Naziroglu
et al on the sodium selenite and vitamin E effects on liver
and kidney in the mice treated with cisplatin showed
that usage of sodium selenite and vitamin E significantly
increased the antioxidant enzymes. These findings are in
line with the results of our study (25).

Furthermore, evaluating the expression of Bax and
Bcl2 genes in groups treated with vitamin E and sodium
selenite revealed that the use of these antioxidants reduced
the expression of Bax gene and increased the expression
of Bcl2 gene. Similarly, previous evidence suggests that
antioxidants such as vitamins C and A reduce side effects

of oxidative stress and decrease the expression of Bax
gene, while increasing the expression of Bcl2 gene (25,26).
Given that vitamin E and sodium selenite have antioxidant
properties, in this study, it was also assumed that these
two antioxidants reduce the expression of Bax gene and
increase the expression of Bcl2 in this way; thereby leading
to the reduction of kidney histopathologic changes (27).
There is, however, some contradictory data about the
effects of sodium selenite on the kidney tissue. Some
studies have indicated that sodium selenite has a damaging
effect on the kidney, which is inconsistent with our results
(28). Such difference in results can be attributed to the
dosage of sodium selenite and the exposure duration (28).
Vitamin E is a fat-soluble vitamin and a well-known
antioxidant that plays an important role in neutralizing
the toxic effects of ROS. This vitamin is able to prevent
cellular damages by preserving the sulthydryl group of
membrane-bound proteins and eliminating free radicals
(10). Sodium selenite is also a mineral that is found in
large quantities in marine products, liver, and cereals.
Sodium selenite has been known as an antioxidant in the
selenoprotein formulation (25). Some earlier studies have
displayed the synergistic effects of sodium selenite and
vitamin E (4, 11). Sodium selenite integrates with vitamin
E in the intracellular antioxidant system as the co-factor of
the peroxidase glutathione enzyme. In the present study,
vitamin E and sodium selenite likely prevented the adverse
effects of EMF on the kidney via reducing oxidative stress.

Conclusions

As found in this study, EMF exerted adverse effects on
the kidney and caused alterations in the expression of Bax
and bcl2 genes through oxidative stress. Treatment with
vitamin E and sodium selenite, however, could prevent
the destructive effects of EMF owing to the antioxidant
characteristics of these two substances.
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