
The Effects of 50 Hz Electromagnetic Fields Induction of 
Apoptosis in Rat Ovarian Follicles

Introduction
Electromagnetic radiations which are briefly called EM 
radiation or electromagnetic field (EMF) are Emission 
waves phenomenon’s that spreads in vacuum or Article. 
These waves consist of electric and magnetic fields that 
are perpendicular to the direction of energy. According 
to frequency, electromagnetic radiation are classified 
into radio waves, radar waves, infrared radiation, visible 
light, ultraviolet, X-rays and gamma (1). This waves are 
widely used in daily life devices and equipment such as 
refrigerators, freezers, televisions, radios, microwave 
ovens, photocopiers, computer monitors, printers and 
halogen lamps (2). The frequency and wavelength rang of 
microwaves is variable from 300 MHz to 300 GHz and 1 
mm to 1 m, respectively (3). Also, emitted waves of cell 
phones with frequency is about 900 MHz to 1 GHz (4). 
With radiation of these waves on molecules, its energy 
absorbed by molecules that causes changes in molecular 
vibration or temperature. The biological effects of 
microwave radiations are complex and controversial, but 
there is evidence which shows different biological effects 
on Irradiated molecules (5). Increasing use of electrical 
devices especially mobile phones led to teratogenic 

effects on different developmental processes and human 
health. Non-thermal biological effects can changes in cell 
functions, proliferation rate and gene mutations that cause 
cell death (6).
Health and hygiene standard for exposure in EMFs at 
about 2.5 MHz, has been accepted as universally standard 
and EMFs higher than this value, are dangerous (7). In 
recent years, more than 50 studies have been done to 
study the effects of radiation on different animals (8). The 
results of studies revealed the increasing of hyperploidy 
because of chemical-induced in mammalian oocytes (9), 
reduction in fertility (10), disordering in spermatogenesis 
(11,12) and also reduction in number of viable embryos 
in mice (13,14). The effects of EMFs on cell proliferation 
(15) and apoptosis (16,17) have investigated.
Exposure to electromagnetic with a 50 Hz frequency 
caused to damages in the basal cells, epithelial nuclei dense 
and heterochromatin. Also, in the stromal connective 
tissue was observed abnormal process. It seems that the 
results of animal and epidemiologic studies can creating 
strong connection between EMF and public health (18). 
The findings showed that not significantly changes in the 
weight and size of ovary and their offspring with expose 
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to the low frequency EMF. The study of micrographs 
shows hetro-chromatinated oocytes and follicular cells 
increased polysomes, accumulation of mitochondria and 
cleft nucleus. Reduction level of FSH, LH hormones and 
mating rate was observed compared to control group (19). 
As well as, some of the studies showed that exposure to 
EMFs can increase degenerative changes in oocyte nest 
and follicular formation (20).
The ovaries are located in the abdominal cavity; each 
ovary contains a large number of bags or cavities called 
follicles. Thus, with each follicle enlargement, various 
stages of oogenesis (egg formation) take place within 
them and after the sexual cells reached into second type 
of oocytes, follicles open and the second release of the 
oocyte. And after the sexual cells reach into second type 
oocyte level, follicle open, rip surface of ovarian and make 
free the second type oocyte. This cells with follicular fluid 
go from ovary to ovum egression part. This phenomenon 
is called ovulation. The final stage of ovum forming (it 
means the alteration of second type oocyte to ovum) takes 
place outside the ovary and in vagina (21). This study was 
aimed to investigate apoptosis on ovarian follicles under 
EMF condition.

Materials and Methods
Thirty rats were selected randomly and divided into 
3 groups (n = 10). Group 1 received 50 Hz EMFs for 8 
weeks (3 weeks via intrauterine + 5 weeks after births). 
Group 2 received 50 Hz EMFs for 13 weeks (3 weeks 
via intrauterine + 10 weeks after birth). Group 3 was 
considered as a control in the normal condition. After 
this period, evaluation apoptosis in ovarian follicles were 
analyzed by TUNEL method (Roche, In Situ Cell Death 
Detection Kit, Fluorescein). A: Embedding has done by 
xylol and paraffin. B: Putting the samples in the microwave 
equipment 700 W for 10 minutes. C: Incubation of the 
samples for 60 minutes. D: Washing the samples 3 times 
in antifulorescin-pod for 30 minutes. G: Washing the 
samples 3 times in PBS. H: Putting the samples in H2O2- 
Diamnobenzidine. E: Lightly counter-stain tissue sections 
with hematoxylin stain (Hematoxylin counter-stain) 
(Sigma-Aldrich; St. Louis, MO). To evaluate of ovarian 
follicles by light microscopic, all species of tissue fixed at 
10% formalin, then they were processed to prepare 5-mm-
thick paraffin sections for light microscopy images. 
Percentage of apoptotic cells in follicles and Granulosa 
had determined by counting of cells (×40).

Statistical Analysis
Statistical analyses were done in control and experimental 
groups by SPSS and ANOVA tests. P < 0.05 used as 
minimal of the significant deviation.

Results
This study suggests degenerative and pathologic changes 
of the ovarian tissue and follicles in groups under EMF 

Figure 1. (A) Micrograph of ovarian follicle of control group showed 
secondly follicle with obvious granulosa cell (1), antral space (2), 
internal theca (3) and primordial follicle (4). The view of structures 
is normal (H&E - x40). (B) Micrograph of ovarian follicle of exper-
imental  group 1 showed growth of follicle with degenerative view 
in granulosa cells (1) and disarrange of tissue structures, the cell 
layers and nucleus accumulation of collagen fibers (2) (H&E - x40). 
(C) Micrograph of ovarian follicle of experimental  group 2 showed 
growth of follicle with sever degenerative view in granulosa cells 
(1) and disarrange of tissue structures, the cell layer and nucleus 
accumulation of collagen fibers (2). Also it showed sever infiltration 
of leucocytes (3), degeneration of oocyte cytoplasm (4) and zona 
pellucida (5) (H&E - x40X).

Figure 2. (A) Photomicrographs of ovarian follicles in control group 
show of granulos a cells with very low tunnel positive (arrow) apop-
totic cells. (Tunnel stain and backgrounds with hematoxylin stain - 
x40). (B) Photomicrographs of ovarian follicles (primary multi layer 
follicles) in 8 weeks EMF exposed group: The numerous granulo-
sa cells are tunnel positive (arrow) in compare to control group. 
(Tunnel stain and background with hematoxylin stain - x40). (C) 
Photomicrographs of ovarian follicles (primary multilayer follicles 
& anteral  follicles) in 13 weeks EMF exposed group: The numerous 
granulosa and theca cells are tunnel positive (arrow) compared to 
EMF exposed (8 weeks) group. (Tunnel stain and background with 
hematoxylin stain - x40).

besides the increase in number of apoptotic cell in 
experimental group under EMF exposure. The results 
of experimental 13 weeks under EMF expose indicated 
significant increase apoptotic cells relation control group 
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Figure 1B. Micrograph of ovarian follicle of experimental  group 1 showed growth of follicle with degenerative 
view in granulosa cells (1) and disarrange of tissue structures, the cell layers and nucleus accumulation of 
collagen fibers (2) (H&E - x40). 
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Figure 1C. Micrograph of ovarian follicle of experimental  group 2 showed growth of follicle with sever 
degenerative view in granulosa cells (1) and disarrange of tissue structures, the cell layer and nucleus 
accumulation of collagen fibers (2). Also it showed sever infiltration of leucocytes (3), degeneration of oocyte 
cytoplasm (4) and zona pellucida (5) (H&E -x40X). 
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Figure 1C. Micrograph of ovarian follicle of experimental  group 2 showed growth of follicle with sever 
degenerative view in granulosa cells (1) and disarrange of tissue structures, the cell layer and nucleus 
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Figure 1A. Micrograph of ovarian follicle of control group showed secondly follicle with obvious granulosa cell (1), antral 
space (2), internal theca (3) and primordial follicle (4). The view of structures is normal (H&E - x40). 
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(Mean± SE: 15 ± 0.41) (Figure 1). Also experimental 8 
weeks groups under EMF expose indicated significant 
decrease apoptotic cells experimental 13 weeks group 
(Figure 2) (Mean ± SE: 12 ± 0.41). Totally, number of 
apoptotic cells in experimental groups (8, 13 weeks) under 
EMF expose compare to control group increased  (Table 1; 
Figure 3) P < 0.05).

Discussion
Our world is full of a variety of electrical and electronic 
appliances. Although these devices have made our 
daily lives easier but secretly causes harm to our health. 
Electrical devices such as TV, CM, washing machines, 
mobiles microwave and many electrical appliances such as 
transmitters and antennas around homes emit dangerous 
waves which are harmful to human health. Scientist’s 
studies show that long-term presence with these danger 
waves cause a variety of symptoms, cell death, infertility, 
DNA damaging, tumor and cancer. In addition to, the 
radiation waves for pregnant women, fetuses cells and 
children health have a serious injury (2-5). Studies have 
shown that EMFs can have devastating effects on the cell 
and tissue of testicular, spermatogenesis, level proteins of 
serum and activity of alkaline phosphatase (7,8). EMFs 
are doing their effects in different ways including changes 
in the emissions of the membrane, the destruction of 
connective bands, changes in protein expression, imperial 
synthesis of macromolecules and changes in nucleotides 
bases (22,23). The risks of EMFs on reproduction process 
to forming reduced fertility, implantation rats, reduced of 
live birth and the incidence congenital malformation have 
been reported (24-27).
Exposure to EMFs can cause morphological changes 
in the epithelium of uterus and fallopian tube. It 
also increases the density of nuclei granulose cells, 
morphological changes in oocytes and the number of 
atretic and cystic follicles (28). Accruing to some studies, 
follicular atresia is caused by apoptosis and activation of 
certain genes (29-31). In 1977 Mailhes et al showed that 

radiation on animals caused an increase in hyperploids 
of mammalian oocyte (32). Several studies showed that 
radiation impairs the spermatogenesis (32-24). Also, the 
study of Al-Akhras et al showed that 50 HZ frequency of 
EMFs led to significant decreases in the sperms number 
of rats. In addition, serum levels of FSH and testosterone 
decrease, while levels of LH increase (35). Hjollund et al 
reported that the waves do not have a significant effect 
on hormones (36). Huuskonen et al did not find any 
change in the estradiol and progesterone levels by using 
130 μT EMFs (37). In study conducted by Bakacaka et al, 
they did not observe significant reduction in the follicles 
number of rat under exposed with EMFs. The researchers 
in previous experiments showed that EMFs reduce the 
follicles number, DNA damage and cause apoptosis and 
oxidation stress in ovary. Research on the EMFs effects 
have showed that ovaries nucleuses are smaller and the 
number of autophagy vacuoles in granulosa cell increased. 
(38) Morphological changes in the ovary indicate that the 
cytotoxic effect of EMFs and changes in the granulosa cell 
is at the same time apoptosis in the granulosa cell. The 
findings suggest that exposure with EMFs may disrupt the 
normal process of follicles (39-41). our study indicated 
EMF expose increased apoptotic cells in ovarian follicles.
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