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ABSTRACT 

Objective: In recent years, numerous reports indicate of the negative effects of electromagnetic fields 

on biological system. To evaluate the effects of 50Hz electromagnetic fields on parameters of oxidative 

stress in pregnant rats and its effects on ovarian tissue in F1 generation rats during puberty.  

Methods: In treatment group pregnant Wistar rats were exposed 3mT EMF for 21 days, 4 hours per 

day. Pregnant rats under same condition of treatment group, but off the field as a Sham group intended 

and pregnant rats were used as control in the room. After delivery the blood sample of mothers for 

biochemical analyze of MDA and SOD provided. For investigation of ovarian tissue pups, they were 

kept until maturity. Then adult female ovary of F1 generation were removed, fixed and prepared for 

light microscopy studies.  

Results: Biochemical analysis showed that MDA was significantly increased in the treated group in 

comparing with the controls, but no significant differences in SOD levels were observed between the 

groups. Microscopic results of the follicles F1 generation of treated group, in comparison with the 

control and Sham, showed that granulosa cells have interspaced from the basement membrane and in 

this group narrow and irregular in zona pellucida, vacuolization in ooplasm, detachment of granulosa 

cells was observed.  

Conclusion: The results suggest that pregnant maternal exposure in magnetic field cause of increases 

some of parameters of oxidative stress and also adverse effect on ovarian follicles in F1 generation 

during maturation and may impact on fertility. 
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INTRODUCTION 

The presence of electromagnetic fields (EMFs), 

and extremely Low-frequency electromagnetic 

field (ELF-EMF) are part of today life due to the 

increasing usage of electricity. 
(1)

 The EMF is 

produced by different home appliances devices 

such as televisions, computers, mobile phones and 

other life devices.
(2, 3)

 

Byus et al 
(4)

 have reported a decrease in the 

activity of c-AMP independent protein kinas in 

response to Radio Frequency (RF) fields 

amplitude-modulated at extremely low frequencies 

(ELF). In biological systems, undesired effects, 
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started or supported by EMF, trigger the cascade 

of events that end with adverse results.
(5) 

Three 

mechanisms have been suggested to explain the 

effects of EMF on biological systems: magnetic 

induction, magneto mechanical effects and 

electronic interaction.
(6,7)

 

Some epidemiological studies have showed that 

low frequency EMFs produced by 50 and 60 Hz 

electricity could increase malfunction of 

circulatory system, Central Nervous System 

(CNS) and even could increase the prevalence of 

neoplastic disorders in peoples living near the 

electric poles.
(8) 

Interesting researches are 

performed in related with effects of magnetic 

fields on cellular stress, reactive oxygen species 

(ROS) and free radicals, reproductive and 

fertility.
(9)

 

Recent studies have shown that ELF-EMF by 

affecting biochemical or biophysical processes in 

the cell could alter cellular behavior. EMF could 

affect chemical bonds between neighboring atom 

and could also change the direction of electron 

spin and by this way it could affect the reactions 

between biological molecules. This mechanism 

would result in concentration and life span free 

radicals.
(10)

 EMF result in excessive formation of 

ROS which would result in irreversible tissue 

damage.
(11,12) 

 ROS can easily damage DNA, Lipid 

and proteins of the membrane.
(12,13)

 

Living organisms can defense against free radicals 

by producing antioxidant enzymes such as: 

Catalase (CAT), Glutathione peroxides (GPX) and 

Superoxide dismutase (SOD).
(10)

 SOD is the most 

important  antioxidant enzymes which is involved 

in removal of superoxide and H2O2 Since lipid 

peroxidation is increased by increasing of ROS, 

Malondialdehyde (MDA) that indicate lipid 

peroxidation is used as a marker oxidative stress. 
(9,14)

 

EMF also affect reproductive system and could 

lead to sub fertility, implantation disorder and 

congenital malformations.
(15)

 

It has been reported that EMF and Radio 

Frequency Radiation (RFR) have detrimental 

effects fertility and reproductive in females.
(16,17) 

Most of In-Vitro studies suggest that low-

frequency magnetic field EMF could affect 

cellular metabolism, proliferation such effects 

many result in abnormalities in embryonic 

development.
(18)

 Previous studies of female 

newborn rats to EMF of 10 kV/m for 24- hours/ 

day during developmental and neonatal period 

resulted in delayed puberty and some 

histopathological changes on reproductive 

organs.
(19)

 

Since Stem cells are fully active in embryos, every 

physico-chemical factors could affect embryonic 

development including their reproductive organs. 

The evidence suggests that special attention must 

be taken in preventing embryos and neonates from 

EMFs.
 (20)

 

The aim of the present study is to investigate the 

effect of EMF on biomarkers of stress oxidative 

such as MDA and SOD in pregnant rats exposed 

to EMF and on the ovary of the F1 generation 

during adulthood. 

 

MATERIALS AND METHODS 

Animals 

In the present research, 18 female Wistar rats 

weighting 200-250g with 2-3 month age were 

studied. The rats were supplied from animal house 

of the histology Department Faculty of Medicine, 

Tabriz University of Medical Sciences. The rats 

were housed in plastic cages and kept under 12h 

light / dark condition under 20-22
0
C, 50-60% 

humidity and free access to food and water. The 

rats were mated and pregnancy was determined by 

detection of vaginal plagues. The pregnant rats 

were divided into 3 groups of 6 rats in each group, 

including: experimental, sham and Control. 

 

Study design 

The rats in treatment group randomly were 

exposed to 3mT EMF produced by 50Hz and the 

rats were exposed for 4 hours/day during the 

pregnancy period. The sham groups were kept in a 
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similar condition without exposure to EMF. The 

control group were kept in standard condition. 

After delivery, all rats were bleeding from the eye 

angle and the blood and sera were kept in -80
0
C 

freezer for biochemical analysis and detection of 

MDA and SOD. For study of ovarian tissue the 

neonates were kept up to adolescence and at that 

time anesthetized using chloroform and their 

ovaries were removed, fixed in 10% formalin, 

embedded in paraffin and 5µm sections were 

stained with H & E and studied with light 

microscope.  

MDA was measured on the basis of reaction 

thiobarbituric acid (TBA) and measuring 

absorbance spectrophotometer and calculated as 

nmol/ml.
 (21)

 

SOD was determined using RANSOD kit 

(obtained from RANDOX company of England) 

as U/ml, according to Sun et al.
(22)

 

 

Statistical analysis 

The data were analyzed and compared with 

control and sham group with SPSS v.19 software 

by using T-test and P<0.05 is considered as 

significant. 

 

RESULTS 

Biochemical analysis showed that in the treatment 

group MDA level in plasma compared with the 

control group was significantly higher (3.23 ± 0.39 

vs.2.5 ± 0.36,  P< 0.008). MDA level in Sham 

group was not significantly different from the 

control group (figure 1). SOD level were not 

significantly different between the groups 

(figure2). 

No pathological changes were observed in follicles 

of ovary in maturity F1 generation in control and 

Sham animals. In control group oocytes contain 

euchromatin nucleus and nucleolus, zona pellucid 

was obvious and a row of corona radiate cells, 

were obvious granulosa cells were regularly rest 

on the basement membrane. Internal and external 

theca layers were clearly seen and theca internal 

contained several blood vessels (figure 3). In sham 

group, the nucleus and nucleolus with zona 

pellucid and a row of corona radiate cells were 

similar to control group. 

In treatment group, Granulosa cells were separated 

from each other and basement membrane was 

relatively large spaces. A thin and irregular zona 

pellucida was observable and ooplasm was 

vacuolated. Blood vessels appeared to be less 

extensive in the treatment group in comparison 

with control group (figure 4). 

 

DISCUSSION 

The results of present study that maternal exposure 

to ELF-EMF from 0 day of gestation lead to 

increasing of MDA level in treated groups in 

comparison with control group (figure 1). It has 

been reported that in rats exposed to 50 Hz electric 

field, MDA level increased.
 (23) 

Changes in 

activities of antioxidant enzymes were found 

following 10-day or 2-month exposures to MFs at 

0.5- 50 µT.
(24) 

 Exposure of guinea pigs to 50 Hz, 

1.5mT for four days increased MDA, Nitric oxide 

(NO) levels and myeloperoxidase activity but 

decreased GSH level.
(25)

 It showed that long- term 

ELF-MF exposure increases lipid peroxides 

activity.
(10)

 Increasing of MDA level in this study 

is consistent with previous studies and the results 

Guler G. et al that showed serum MDA level had 

increased in guinea pig in electric field.
(26)

 

In the present study, the SOD level was not 

significantly different between groups (figure 2). 

Eraslan et al (2007) suggested that chronic (90 

days) exposure to 50 Hz EMF does not cause 

oxidative stress. They showed that the 

concentration of antioxidant enzymes in the blood 

of mice did not increase. The studies showed that 

exposure to EMF for prolonged periods causes 

increasing of SOD activity in animal tissues. 

Levels of catalase, GPX and SOD were 

significantly increased in the liver and lungs of 

mice exposed to EMF for 8 weeks.
(25) 

The 

discrepancy in SOD level in the present results, as 

compared to those mentioned above could be 
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explained by the differences in the duration 

exposure time, intensity and frequency of EMF. 

The present study shows that EMF exposure in 

prenatal period in ovary of F1 generation during 

maturity, caused separation of granolusa cells 

from each other and from basement membrane and 

thinning of zona pellucid and vacuolization of 

ooplasm (figure 4). It is reported that of exposure 

cultured follicles of mice to 33 Hz Super low 

frequency- electromagnetic field (SLF-EMF) for 

5-day resulted in disturbed follicular growth. Also 

exposure to 33 Hz or 50 Hz SLF-EMF for 3 days 

inhibited the antrum formation of follicles cultured 

in-vitro.
(2)

 

Exposure of ovarian follicles to EMF resulted in 

separation of Granulose cells from neighbor cells 
(27,28)  

which is similar to the result of the present 

study. Roshangar and colleagues have reported 

that EMF exposure increases degenerative changes 

within the follicles and narrowing of zona pellucid 

in treatment group.
(29) 

Cecconi and colleagues 

found that exposure to 33 Hz EMF decreased 

significantly the growth rate of follicles and also at 

33 and 50 Hz frequency reduced the proportion of 

follicles capable of further development. It was 

demonstrated that ELF-EMF exposure 

significantly affects the differentiation process of 

mouse follicles by diminishing the proportion of 

pre-antral follicles capable of complete growth and 

/ or of developing antral cavities. It reported that 

ELF-EMF exposure has a detrimental effect on the 

physiological parameters of the majority of 

exposed follicles and that this detrimental effect 

on the Granulose cells, determines an impaired 

ability to sustain normal oocyte differentiation.
(30) 

 

 

CONCLUSION 

The present study indicates that pregnant maternal 

exposure in magnetic field cause of increases 

some of parameters of oxidative stress and also 

adverse effect on ovarian follicles in F1 generation 

and may impact on fertility. 
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Figure 1: levels of MDA in control, sham and treatment groups 

Values represent the means ± SD, * P <0.05 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Levels of SOD in control, sham and treatment groups 

Values represent the means ± SD. No significant difference between different groups 
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Figure 3: A photograph from ovary of a control group. Note a graffian follicle with oocyte and 

surrounding granulosa cells (G). The oocyte is enclosed by zonapellucida (Z), Theca interna (TI) 

and Theca externa (TE) and blood vessel (  ) 

H & E staining , X 512 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: A photograph from ovary of a treated group (EMF- exposed). Note a graffian follicle with 

oocyte and surrounding granulosa cells (G) the cells separated from each other. The oocyte is 

enclosed by thin and irregularzonapellucida (Z) and vacuolization in ooplasm (*) observe. H & E 

staining , X 1280. 
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