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ABSTRACT 
 
 Background: The project is designed to evaluate the effect of intrauterine exposure to 50Hz 
electromagnetic field (EMF) on testicular development. Method: Pregnant BALB/c mice were exposed to 3 µT 
EMF for 21 days, 4 hours/day. Unexposed pregnant mice were used as controls. After delivery, testes were 
removed from male pups, fixed and prepared for light and electron microscopic studies. Results: Microscopy 
revealed that the seminiferous tubules from EMF-exposed mice were widely separated from each other, in 
comparison to control mice. It appeared that the populations of sertoli cells decreased in experimental group, 
and were also seen some hypertrophied huge gonocytes in the lumen of tubules. The gonocytes seemed smaller 
in size and many vacuoles appeared in the interstital area of seminiferous tubules. In control group the germ 
cells appeared normal and sertoli cells were not affected. Conclusion: In general, as a result of the exposure to 
EMF during early developmental period, morphological changes in testicular development were evident. This 
effect may well extend till adult stage and may affect fertility as well. 
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Introduction 
 
 The ever-increasing variety of technologies that 
generate electric and magnetic fields (EMF), such as 
the production, distribution, and use of electrical 
power, television, radio broadcasting, and mobile 
telecommunications, raise concerns about the 
possible adverse health effects of EMF exposure.  
Low-frequency EMF is produced by 50 Hz, whereas 
3-30 KHz is known as very low frequency (VLF). 
Human exposure to magnetic fields in this  range  
primarily results from computer monitors or video-
display terminals, resulting from the approximate 20-
KHz horizontal modulation of the electron beam [9].  
 Scientific research has shown that exposure to 
EMF during gestation may affect testicular structure 
and fetal development at 13.5 days post-conception 
in rats [47,33]. The EMF-mediated effects on 
spermatogenesis are not entirely clear, and there is a 

need to understand how EMF exposure affects 
mammalian spermatogenesis during different stages 
of testicular development [47]. It has been reported 
that magnetic and electric fields can interact with the 
fetal development. High doses of 400 µT static 
magnetic fields exposure of fetal mice for 1h caused 
malformation of brain, hernia, fused rib and curled 
tail [44]. Exposure of mice to 60 Hz EMF of 0.5 µT 
increased the incidence of germ cell death and 
increased apoptotic rate [24]. In the reproductive 
system, the fetal gonad is known to be highly 
sensitive to diethylstilbestrol and ethinyl estradiol 
during development [5]. Also [26] did not find 
dominant lethal mutation in the male germ cells in 
mice when they were exposed to power frequency 
magnetic fields at 10 mT for the approximate period 
of spermatogenesis. [6] suggests that the effect of the 
exposure may delay gonocyte development, and 
decrease fetal body weight and testis weight. Studies 
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are necessary to elucidate the effect of 50Hz EMF on 
testicular development. The present study aims to 
investigate the effect of mice newborn testis 
pathology exposures to low frequency EMF. 
 
Materials and Methods 
 
Animals: 
 
 Thirty adult female BALB/c mice weighing 25-
30 g (3 months of age) were obtained from the 
animal housing unit in the Department of Histology, 
Faculty of Medicine, Tabriz University of Medical 
Science, Tabriz-Iran. The animals were housed in 
plastic cages and kept in a room with a 12 h light: 12 
h dark, temperature C2220  , humidity of 50-60% 
[20]. As the adult male and female mice the male 
pups from both groups were sacrificed and their 
testes were removed and prepared for histological 
studies 
 Adult male and female mice were mated. The 
day on which vaginal plugs were detected was 
designated as day 0 of pregnancy. The pregnant mice 
were divided into two groups of 15. The 
experimental group was exposed to 3 µT (50 Hz) 
magnetic field in the EMF producing device. The 
exposure time was 4 hours /day from 8:00 am to 
12:00 noon for 21 consecutive days. The control 
group was kept in the same environmental condition 
but without exposure to EMF. After delivery, the 
male newborn pups were sacrificed and their testes 
were dissected and prepared for microscopic studies. 
 
Tissue Preparation: 
 
 One of the testes was fixed in 2% glutaraldehyde 
(Taab Laboratories, Aldermaston, England) in 0.1M 
phosphate buffer (pH=7.4) and placed in a 

refrigerator at C4 for a maximum of 6h. SThe 
semi-thin sections (1μm) were cut and stained with 
Toluidine Blue [23]. The other testis was fixed in 
10% formalin (Merck, Germany) for 48 hrs and 

processed for light microscopic studies. The samples 
were embedded in paraffin, and 5- m  thick sections 

were prepared and stained with hematoxylin and 
eosin (H&E). The data were analyzed using t-test and 
p< 0.05 is considered as significant.   
 
Results and Discussions 
 
 No pathological changes were observed in 
control animals.  The results showed that the effects 
of 50 Hz EMF on testicular tubule formation were 
widely separated from each other in comparison to 
control groups. Testicular sections from control mice 
revealed seminiferous cords comprised of Sertoli 
(capitalize "S" in Sertoli throughout) cells that were 
mainly located at the periphery of the cords. Primary 
germ cells (gonocytes) were located in the center of 
the cords. The cords were enclosed by connective 
tissue containing myoid cells. The cords were 
separated by connective and mesenchymal tissue, the 
interstitial tissue contained fetal leydig cells starting 
to differentiate from mesenchymal cells within the 
interstitial spaces between the cords (Fig1  A, B and  
Fig.2  A,B).In EMF-exposed mice, the number of  
Sertoli cells and gonocytes was decreased in the 
seminiferous tubules.  In most tubules, there was 
shedding of gonocytes and Sertoli cells inside the 
lumen (Fig.1 C, D).The seminiferous tubules are 
separated from each other by numerous large 
vacuoles. Tubule in cross sections had an irregular 
shape and some were ruptured, the interstitial tissue 
contained leydig cells and some lymphocytes with 
mesenchyme cells (Fig.1 C, D).In the semi-thin 
sections, the seminiferous cords appeared solid, 
containing gonocytes and Sertoli cells (Fig.2 A and 
B). Semi-thin sections in the experimental group 
showed tubular destructions and degeneration of 
seminiferous cords (Fig.2 C and D). Some of the 
cords in the experimental group appeared as hollow 
tubules (Fig.2 D). The cells were obscure in the 
tubules and many sertoli like cells were present in the 
interstitial tissue (Fig.2 C). 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.  1:   Light micrographs of seminiferous tubules of male, newborn mice. Two representative section from 

control (A, B) and EMF-exposed (C, D) group are shown. 
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A,B: Seminiferous tubules from newborn animal. Showing large size of gonocytes (G) in the central part of the 
sex cord with sertoli cells (S) around the periphery. The peritubulr Myoid cells (PMC) and leydig cells (L) 
are present within the interstitium.  

C,D: Exposed seminiferons tubules of new fetus mice to EMF showing Irregular shape of the tubule with huge 
size and hypertrophy of gonocytes (G). Proliferation and differentiation of sertoli cells (S) with maculated 
interstitial area (V), with leydig cells (L), lymphocyte (arrow) Fig1 A and 1C was used 1000 X ,  IB and 
ID was used 400X. 

 

 
 
Fig.  2: Semithin section of testicular tubule two representative section from control (A, B) and experimental (C, 

D) groups are shown. 
A,B:   Seminiferous tubules from 1-day- old animal. Several gonocytes (G) can be seen in the center of the 

tubule. Sertoli cells (S) are found periphery. The peritubular Myoid cells (PMC) around the tubule, and 
Leydig cell (L) are present within the interstitium (I). 

C,D:    Seminiferous tubule of EMF exposed new fetus mice with increase size than control animals (2A,B) are 
show different shape and size of gonocytes (G), rupture of the tubule, interstitial area (I) full with 
mesenchyme cells (M). Leydig cells (L), The peritubular Myoid cells (PMC) around the tubule, sertoli 
cells (s),  connective tissue cells (arrow), in fig IA and IC was used 1000X, IB and ID was used 400X. 

 
Discussion: 
 
 The present results indicated that exposure of 
mice to 3 µT of 50 Hz magnetic field from 0 day of 
gestation affects testicular development by reducing 
the population of Sertoli cells, destroying gonocytes, 
and rupturing tubules or cords in a way that Sertoli-
like cells infiltrated into the interstitial tissue. Our 
results are similar to the findings of [48,17,33,40,6].  
[10] suggested that hypothyroidism results in delayed 
maturation of sertoli cells, apoptosis of germ cells 
and peritubular myoid cells in histological patterns 
with optical microscopy after exposure to 60 Hz and 
1mT EMF, although it seems to influence srtoli cells 
qualitatively, causing the delay of the appearance of 
tubule lumen.The seminiferous tubules of the testes 
are composed of two distinct cell types; germ cells 
and a unique somatic supporting cell type, the sertoli 
cells.In the testis, the sertoli cells induce 
differentiation of fetal leydig cells and act to 
maintain the gonocytes, and depending on species, 
the early spermatogonia [13]. Sertoli cells produce 
several glycoproteins essential to testicular 
development, such as transferrin, inhibin, and 
androgen-binding protein and anti-Mullerian protein 
[18,46,12]. Our result suggests that EMF can affect 
the differentiation of both cell types at the earliest 

time of testicular differentiation. Considering that 
sertoli cells are the first cell type to differentiate and 
that differentiation of fetal leydig cells is controlled 
by sertoli cells [22,35], Testes differentiate from 
genital ridge at about 12th  day, post coitum in the 
mice, 30 day in the sheep, and around 6 weeks of 
gestation in human [21]. Sex cord developed at 12.5 
day of gestation in mice from Mesonephric 
endothelial cells [8,34]. Gonocyte numbers are, 
however reported to be increased in mice testis 
towards the end of gestation suggesting an inhibitory 
role for androgen. 
 The peritubular myoid cells (PMC) have been 
postulated for some time to have a role in regulation 
of sertoli cell activity, but knowledge of PMC cell 
control and function remains extremely meager, 
particularly in the fetus. Previous results from 
laboratory animal studies suggest that EMF disturbed 
the development of animal embryos [4,50,42].  Many 
researchers showed a possible effect of EMF on 
biological systems, but outcomes are still 
controversial [7,38]. The interpretation of conflicting 
results on damage caused by low-frequency EMF on 
testes is not easy with the presence and application of 
different methods by different researchers, lack of 
adequate environment control during the experiment 
such as temperature, humidity etc.Several studies 
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have reported adverse effects caused by exposure to 
electromagnetic field such as cytotoxic effects on 
spermatogonia, increased apoptosis, reduction in the 
count of sperm, reduction of the fertility in rat and 
adverse effects on sperm quality in humans 
[38,28,3,24]. Early pregnancy exposure to magnetic 
field and heavy-ion affects gonads in prenatal male 
fetuses and postnatal testicular development 
[49,2,33]. Although exposure to 60Hz magnetic field 
has no significant adverse effects on reproductive 
capacity, developing fetus and neonatal development 
in rats, also has not remarkable effect on 
chromosomes and morphological characteristics of 
male germ cells in mice [29,43,14]. 
 
Conclusion: 
 
 The results from the present study indicate that 
EMF exposure during fetal period has detrimental 
effects on testicular development and destruction of 
testicular cords, which may result in subfertility on 
adulthood.   
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