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Tissue Damages Induced by Electromagnetic Fields in
Immature Mice Ovarian
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Abstract

Objective: Electromagnetic fields (EMF) due to increased oxidative stress impact on body systems including female
reproductive system and reduce fertility. The use of antioxidants decreases the amount of damage through the oxidative
stress reduction. The present research studies the effect of vitamin E and selenium on oxidative stress factors level resulting
from EMF in immature mice ovarian tissue.

Materials and Methods: In this study, 48 immature mice were randomly divided into 6 groups (n=8): (1) control, (2) EMF, (3)
EMF with Vitamin E, (4) EMF with selenium, (5) EMF with vitamin E and selenium and (6) vitamin E and selenium. Finally,
after 2 months the mice were killed by cervical dislocation and the ovaries were removed to evaluate tissue damages and
oxidative stress factors including malondialdehyde (MDA), glutathione peroxidase (GPx), superoxide dismutase (SOD) and
total antioxidant (TAC).

Results: In mice under EMF, MDA level increased and SOD, GPX and TAC decreased in ovarian tissue (P <0.05). Treatment
of mice under EMF via vitamin E with selenium and by vitamin E alone significantly improved these parameters (P <0.05);
though, treatment with selenium did not show any significant effect. Histological analysis exhibited the ovaries of the
animals that received vitamin E and selenium showed fewer morphological changes than the EMF group.

Conclusion: The results of this study indicated that vitamin E and selenium plus vitamin E significantly reduced oxidative

stress in ovarian tissue of the mice exposed to EMF, but prescribing selenium alone had no significant effect.
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Introduction

Electromagnetic wave or electromagnetic radiation
(EMR) is a phenomenon that spreads as propagated in
a vacuum or material. These waves include electric and
magnetic fields oscillating perpendicular to each other
and perpendicular to the direction of energy (1,2). Since
the past few decades human has ever been exposed
to industrial electric (ELF) and electromagnetic fields
(EMFs) from power transmission lines or household
electromagnetic waves such as radio, television and
mobile phones. EMFs not only are produced in advanced
industries such as strong power transmission lines and cell
phones but also are widely used in medical diagnosis such
as magnetic resonance imaging (MRI) (1,3).

Considering the increasing use of electrical wave
generator devices in modern life, exposure to EMF
is inevitable. Today, there are discussions on adverse
biological effects of these fields on the human body (1,4).
Given the huge technological advances in EMFs, there are
many controversies among researchers in studying the
effects of EMFs on biological tissues (4,5). Yet, there is
not a precise molecular mechanism of EMFs impact that
causes different human diseases; although, hypotheses

have been proposed in relation to changes in the cell cycle,
apoptosis induction, proteins expression change and
particularly oxidative stress (6,7).

In general, it is believed that magnetic and electric fields
available in the environment increase the probability of
DNA damage due to long-term stability of free radicals
(5,8,9). The effects of EMFs have been reported on
the reproductive process as fertility decline, reduction
in implantation rate, live births and the incidence of
congenital anomalies (10). Studies have shown that
exposure to EMFs can cause morphological changes
in the epithelium of uterus, uterus tubes and ovaries as
well as cause changes in oxidative stress indices. In this
regard, it has been shown that EMF causes increased levels
of malondialdehyde (MDA) and decreased activity of
ovarian tissue glutathione peroxidase (GPx) and leads to
oxidative stress (11). Also, Guney et al indicated that EMF
causes changes in biomarkers of oxidative stress in rats’
endometrium and the use of vitamin E and C improves the
above parameters (12). Due to the increasing expansion
of devices generating electromagnetic waves and adverse
effects on the reproductive system, it is necessary to look
for ways to reduce the side effects caused by EMFE. Studies
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have shown that the use of antioxidants can reduce the
effects of EMF (13,14). Antioxidants such as vitamin E
and selenium can be noted.

Vitamin E is a powerful antioxidant that prevents cell
damage by destroying free radicals so that it has been
observed that vitamin E is able to compensate for the
adverse effects of arsenic on thickness of zona pellucida
in secondary and antral follicles (15). Selenium is an
essential element in human health. There is much
evidence suggesting that this mineral plays an important
role in normal growth and reproduction in animals and
humans (16,17).

In the present study the effect of vitamin E and selenium
on oxidative stress and tissue damages induced by EMFs
in immature mice ovarian have been investigated.

Materials and Methods

Animals

In this experimental study 48 immature female mice
(Balb/C) weighing about 24-28 g (3-4 weeks) were used.
Animals were prepared of the animals’ house of Tabriz
University of Medical Sciences and were kept under
standard conditions (temperature of 22-24°C with the
cycle of light/dark for 12 hours).

Study Design and Experimental Groups
The animals were randomly divided into 6 groups (n=38):
1) control, 2) EMF, 3) EMF + vitamin E (EMF+ E), 4) EMF
+ selenium (EMF + S), 5) EMF + vitamin E and selenium
(EMF + V & S), and 6) vitamin E and selenium (V + S).
EMR was 4 hours daily for 2 months with 3 mT and 50
Hz. Vitamin E (1.35 mg/kg of body weight) and selenium
(0.1 mg/kg of body weight) were also prescribed as gavage
daily for 2 months. The doses of vitamin E and selenium
were selected on the basis of previous studies. At the
end of the experiment, the mice were killed by cervical
dislocation and their ovaries were removed to study the
tissue damages and oxidative stress factors including
MDA, GPx, superoxide dismutase (SOD) and total
antioxidant (TAC).

Malondialdehyde Assessment

Measurement of MDA level is based on thiobarbituric
acid reaction (TBARS). Tissue MDA level was measured
by the method described by Kaya (18).

Glutathione Peroxidase and Superoxide Dismutase
Assessment

To measure cytosolic enzymes, ovarian tissue was
homogenized in 1.15% KCL. The tissue SOD activity was
measured based on the method described by Paoletti using
a spectrophotometer. Moreover, GPx enzyme activity was
measured by Randox (United Kingdom) based on Paglia
and Valentine descriptive method (18).

Total Antioxidant Capacity Assessment
TAC capacity was measured using Randox (United
Kingdom). This measure is based on the formation of

cation ABTS + and then its inhibition by antioxidant
compounds of the sample.

Histological Study

Some ovaries were removed and then fixed in formaldehyde
(10%) at the room temperature. After fixation, the ovaries
were dehydrated with an ascending ethanol sequence,
cleared with xylene, and embedded in paraffin. Sections
(5 um) were obtained and stained with hematoxylin and
eosin (H&E) for histological examination.

Statistical Analysis

All statistical analyses were performed via SPSS software.
All values were expressed as (mean + SEM). Finally, the
data was analyzed using one-way analysis of variance
(ANOVA) followed by Tukey. The results with P<0.05
were considered statistically significant.

Results

Figure 1 shows the level of MDA in ovarian tissue.
MDA level in the ovarian tissue of the mice under EMF
significantly increases as compared to the control group
(P=0.001). Mice treatment by selenium did not show
any significant impact on the decrease of MDA level
compared to EMF group (P=0.24), while the statistical
analysis indicated that the prescription of vitamin E
with EMF significantly reduce the level of tissue MDA
compared to EMF group (P=0.02). In addition, in the
group that received vitamin E and seleniumwith EMF
simultaneously, significant MDA reduction was observed
(P=0.001). The group that received only selenium and
vitamin E didn’t show significant change in level of
MDA compared to the control group (P=0.99). MDA
level in the group that received vitamin E and selenium
with EMF showed no significant effect compared to the
group EMF with vitamin E (P=0.32), but compared to the
group treated with selenium it had a significant reduction
(P=0.03).

Statistical analysis showed that GPx activity in the
ovarian tissue of EMF group significantly decreased
compared to the control group (P=0.001). GPx activity in
mice treated with vitamin E (p = 0.009) as well as vitamin E
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Figure 1. Comparing the MDA Level of Ovarian Tissue in Different
Groups.

+ shows significant difference with the control group and * shows
significant difference with the EMF group.
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plus selenium (P=0.001) increased significantly compared
to the EMF group; although, prescribed selenium didn’t
show any significant effect on the GPx activity compared
to the EMF group (P=0.99). Comparison between the
groups treated with vitamin E and selenium with vitamin
E group showed no significant difference (P=0.5) but
a significant increase in GPx activity was observed
compared with the selenium group (P=0.001) (Figure 2).

Investigation of SOD enzyme activity in ovarian tissue
indicated that in EMF group the activity of this enzyme is
significantly lower than the control group (P=0.001). The
comparison between the groups treated with EMF showed
a significant increase in the SOD enzyme activity level in
mice received vitamin E (P=0.001) as well as vitamin E
plus selenium (P=0.001). However, the mice that only
received selenium did not show a significant change than
the EMF group (P=0.08). The group receiving selenium
and vitamin E showed no significant change compared to
the control group (P=0.41). According to the statistical
analysis, the group receiving vitamin E and selenium
significantly increased compared to the selenium
group (P=0.01), but there was no significant difference
compared with the vitamin E group (P=0.99) (Figure 3).

The results of this study showed that the TAC activity in
the ovarian tissue of the mice under the EMF significantly
decreased compared to the control group (P<0.001). In
addition, the enzyme activity in all groups treated with
selenium (P=0.039), vitamin E (P=0.01) and vitamin
E + selenium (P=0.025) showed a significant increase
compared to the EMF group. There was no significant
difference between treatment groups (P=0.87) (Figure 4).

In the present study, the ovaries and follicles of
the control group had normal histology (Figure 5A).
Morphological analysis exhibited degenerative changes
in cell's arrangement of follicles in ovaries of EMF
exposed mice. Also the ovaries of the EMF group showed
moderate hemorrhage and congestion on histopathologic
examination (Figure 5B). The ovaries of the animals
that received vitamin E and selenium showed fewer
morphological changes of hemorrhage and congestion
than did the EMF group (Figure 5C-F).
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Figure 2. Comparing the GPx activity of Ovarian Tissue in Different
Groups.

+ shows significant difference with the control group and * shows
significant difference with the EMF group.

Discussion

The results of this study suggest that exposure to EMF
alters the factors causing oxidative stress and results in
oxidative damage. Moreover, the use of antioxidants
during the radiation period can reduce the effects of the
EME

One of the strongest hypotheses that explain EMF
effects on different body structures is the imbalance
between production and elimination of free radicals and
molecules such as peroxides and normal redirections
of removing these substances (5,10). EMF can alter the
cell membrane potential and ions concentration due to
penetration into the cell and through the decreased activity
of antioxidant enzymes lead to the change of reactive
oxygen species (ROS) and incidence of the oxidative stress
(7,19). Oxidative stress through mechanisms such as lipid
peroxidation and oxidative damage of protein and DNA
cause cell damage (20).

Our results showed that EMF causes significant increase
of MDA level (as the marker of lipid peroxidation) and
decrease of SOD, GPx and TAC activity level compared
to the control group. These findings are consistent with
previous studies (21). In this regard, Alchalabi et al
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Figure 3. Comparing the SOD activity of Ovarian Tissue in Different
Groups.

+ shows significant difference with the control group and * shows
significant difference with the EMF group.
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Figure 4. Comparing the TAC level of Ovarian Tissue in Different
Groups.

+ shows significant difference with the control group and * shows
significant difference with the EMF group.
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Figure 5. Light microscopy of ovarian tissue in different groups (H&E). Normal ovarian morphology in the control group (A). Moderate con-
gestion and hemorrhage in an ovary from the EMF group (B). Administration of vitamin E and selenium reduce the morphological change in

treatment groups (C,D,E). Se + E group had normal morphology (F).

have shown that exposure to EMF increases the MDA
level and decreases GPx activity in ovarian tissue and
uterine of rats (11). GPx is an antioxidant enzyme that
using glutathione participates in the process of reducing
lipid hydroperoxides and hydrogen peroxide to reduce
oxidative damage (22). GPx activity decrease suggests
the excess use of glutathione and reflects the increasing
levels of tissue MDA and oxidative damage. GPx activity
decrease and MDA levels increase in ovarian tissue of the
group under EMF in this study can be an emphasis on
lipid peroxidation increase.

SOD is also one of the most important antioxidant
system enzymes that decompose superoxide anion radicals
to H,0,. In this way, the toxicity of superoxide disappears
and free radicals caused by superoxide aren't created. In
the present study it was observed that EMF significantly
reduced SOD enzyme activity. This finding is consistent
with the results of previous studies (2,12).

In the present study it was seen that treating mice with
vitamin E and combination of vitamin E with selenium
reduces the level of MDA and increases the activity of
GPx and SOD of ovarian tissue in the mice under the
EMF; however, prescribed selenium alone did not show
significant effect on the factors mentioned above.

Vitamin E is a powerful antioxidant that is able to
prevent cell damage by holding sulfhydryl groups of
proteins binding to the membrane and eliminating free
radicals (6). In this regard, Khaki et al have shown that
vitamin E administration can protect ovarian tissue
against oxidative damages caused by EMF that our results
correspond with their study (15).

Selenium is one of the antioxidant supplements that
can be found in large quantities in marine products,
liver and cereals (16). There is conflicting information

about the effects of selenium on various tissues and
some studies suggest that this mineral can have negative
effects on different tissues (23). In the present study,
though administration of selenium caused changes in
oxidative stress factors, these changes were not significant
compared to the EMF group that can be due to the dose
used or duration of treatment.

Some previous studies have noted that a combination
of vitamin E and selenium can reduce the damage caused
by oxidative stress since this element acts as a peroxidase
glutathione enzyme cofactor for intracellular antioxidant
system and because peroxidase glutathione enzyme
completes vitamin E’s effects thus combining vitamin E
and selenium can increase its antioxidant effects (24). The
present study also indicated that combined administration
of selenium with vitamin E improves the oxidative stress
factors compared to the EMFE.

Previous studies have suggested that antioxidants destroy
free radicals created during lipid peroxidation (12,15).
Therefore, reduced levels of MDA and increased activity
of ovarian tissue GPx and SOD in this study in groups
treated with vitamin E and selenium and combination of
vitamin E may also be related to their antioxidant effects.

Reduced activity of the body’s antioxidant system
is another factor involved in oxidative damages (25).
Therefore, in this study, TAC was also measured. The
results showed that EMF reduces the activity of ovarian
tissue antioxidant system. But, treating the mice exposed to
EMEF by vitamin E, selenium and vitamin E with selenium
significantly increased the TAC capacity. This finding is
consistent with the results of the research conducted by
Khaki et al and they have also reported that exposure
to EMF leads to the reduction of TAC and treatment by
antioxidant prevents this process (14).
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Histological study from this research shows that, EMF
causes degenerative damages on ovarian tissue such as
follicular cell detachment, hemorrhage and congestion
in interstitial tissue. These findings conform results
of previous study. Bakacak et al shows EMF causes
decrees in number of ovarian follicles and degenerative
change in interstitial tissue (5). Uses of antioxidant
reduce degenerative effects of EMF in treatment
groups. Histological examination shows vitamin E and
combination of vitamin E with selenium is more effective
than selenium.

Conclusion

The results of this study suggest that exposure to EMF
causes damage resulted from oxidative stress. Prescription
of vitamin E and vitamin E with selenium can prevent
damage caused by EMF due to the elimination of free
radicals and increase of the body’s antioxidant system
activity. The administration of selenium alone showed
no significant impact; but, since there is conflicting
information about the effects of selenium on various
tissues, it is recommended that the effects of different
doses of selenium on damages caused by EMF in ovarian
tissue to be examined in future studies.
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