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The effect of 900-MHz radiofrequency 
electromagnetic fields during the adolescence on the 
histological structure of rat testis and its androgen 

and estrogen receptors localization 

INTRODUCTION 

Mobile phone is a technological device that 
has become a crucial part of daily life. The          

increase of using mobile phones in recent years 
has led scientists to investigate the possible          
effects of electromagnetic waves which is              
emitted by these devices on human health. Some 
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ABSTRACT 
Background: Mobile phones as an electronic device which are emitting 
radiofrequency-electromagnetic field (RF-EMF). In this study was intend to 
determine the contingent effects of cell phone induced RF-EMF on testicular 
tissue in adolescence. Materials and Methods: Rats in the RF-EMF group were 
exposed to 900 MHz RF-EMF, while sham and control rats were not. After the 
completion of the test steps, the testicular tissues which were rapidly 
removed from the body of sacrificed rats were examined by using 
histopathological and biochemical methods. Testicular tissues cut to 5 µm 
thickness undergo routine histological procedures. Thus, histopathological 
evaluation will be completed. Malondialdehyde (MDA), glutathione (GSH), 
catalase (CAT) and superoxide dismutase (SOD) levels in testicular tissues 
were measured by biochemical methods to determine whether oxidative 
stress occurred or not. Results: Histopathologic findings were not observed in 
any of the studied groups. There was also no difference between the groups 
in terms of localization of androgen and estrogen receptors. The incidence of 
apoptotic index and TUNEL-positive cells was similar in all three groups. In the 
RF-EMF group, although the levels of MDA and CAT were significantly higher, 
GSH levels were lower than the other groups. There was no essential 
difference between the groups in terms of SOD level. Conclusions: The 
obtained results of this study showed that exposed to 900 MHz RF-EMF in 
adolescents caused oxidative stress in the testes, but testicular damage which 
is caused to oxidative stress is remained too low to be detected by 
histopathological methods in this study. 
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studies reported that RF-EMF which arise from 
mobile phones and base stations may seriously 
affect human health. It has been appeared that 
the severity of these effects may vary depending 
on RF-EMF exposure conditions, duration, tissue 
type, gender, energy level of RF-EMF radiation, 
and specific absorption rate (1-3). Moreover,              
according to few studies it has been reported 
that 900 MHz RF-EMF may cause oxidative 
stress and apoptosis in cells (4, 5). There is a              
controversion about the possible effects of                
RF-EMF on testicular tissue. In some studies, 
exposure to 900 MHz RF-EMF has been reported 
to cause pathological effects in testicular tissue 
such as non-thermal stress, increased apoptosis 
in spermatogenic cells, decrease in seminiferous 
tubular diameter and seminiferous epithelial 
thickness (1, 6, 7). In other studies to detect the 
effects of mobile phones on male reproductive 
health, 850-1900 MHz RF-EMF has been                       
reported to cause problems which are                       
hypospermatogenesis, decreased sperm count 
and motility, maturation arrest, tubular necrosis, 
and infertility (8-11).  On the contrary, many              
studies have shown that 900 MHz RF-EMF has 
no negative effect on testes and male                     
reproductive health (3, 12).  

Today, it is accepted that estrogens and            
androgens have essential roles in germ cell             
development and meiosis (13, 14). Androgens and 
estrogens mainly form their effects via                   
binding-activated nuclear receptors. (15, 16).              
Studies have shown that pathological disorders 
such as functional deficiencies and absence of 
sex hormone receptors may cause infertility (13, 
17, 18). Therefore, it is important to investigate 
that the exposure to 900 MHz RF-EMF whether 
affects AR and ER receptor expression in                  
testicular tissue or not, especially in                         
adolescence, in order to reveal the causes of  
possible negative effects of EMF in the testis.  

Studies on the effects of RF-EMF on the testis 
are generally involve in adulthood (1, 2, 4, 5, 7, 8, 10, 12, 
19). Adolescent studies are very limited (3, 20, 21). 
As is known, adolescence is the period in which 
testicular tissues develop and differentiate and 
sperm production begins. Since tissues and             
organs have not yet developed properly in this 
period, they may be more sensitive to the effects 
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of RF-EMF (20, 22-24). Mobile phones around the 
world serve between 800-2200 MHz radio               
frequencies. The frequency of the mobile phone 
in Turkey and Europe ranges between 880-960 
MHz. For this reasons, in the study, possible             
effects of 900 MHz RF-EMF on adolescent rat 
testicular tissue were evaluated by using                  
histopathological and biochemical methods. 
 
 

MATERIALS AND METHODS 
 

The experimental procedures were carried 
out with the approval of the Local Ethics               
Committee of Animal Experiments of Karadeniz 
Technical University (KTU) (Date: 17.06.2014, 
Protocol Number: 2014/32). 

 

 Animals 
Eight rats are randomly selected for each 

group in twenty-four Sprague Dawley rats, aged 
21 days, purchased from KTU Surgical Practice 
and Research Center and RF-EMF, sham and 
control groups were formed. During the study, 
the rats were kept in air-conditioned rooms with 
12 hours of light and 12 hours of darkness. Also, 
water and food are unlimitedly served. The               
adolescent period in rodents is divided into 
three periods as early (postnatal 21 to 34 days 
old), mid (postnatal 34 to 46 days old) and late 
(postnatal 46 to 59 days old) (24). Testicular              
development in rats is almost completed in the 
mid-adolescent period, and by the end of this 
period, the first sperm produced in the testes are 
thrown into the lumen of the seminiferous               
tubule (25).  This study continued from the              
beginning of early adolescence period to the end 
of mid adolescence period. RF-EMF and sham 
rats were kept in RF-EMF cages for 1 hour per 
day. At this one-hour period, RF-EMF rats were 
exposed to 900 MHz RF-EMF, whereas sham 
group rats were not exposed. Control group rats 
did not undergo any procedure. Experimental 
applications were terminated when rats reached 
46 days of age. 

 

RF-EMF application system 
RF-EMF applications were realised in a             

special room that particularly prepared for this 
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purpose in KTU Surgical Applications and               
Research Center. The rats were kept in a                  
plexiglass cage (size 30 cm × 42 cm × 50 cm) 
during RF-EMF implementation. The cage had 
the size of the floor space (126 cm floor space) 
where rats could move freely. RF-EMF rats in the 
cage were exposed to 900 MHz RF-EMF for one 
hour between 11:00 and 12:00 each day. On the 
other hand, sham group that were placed in the 
same cages between 10:00 and 11:00 each day. 
Hovewer, they are not faced with any kind of 
implementation. During the study,                          
measurements were made prior to each                 
application to determine whether there was an 
external RF-EMF in different parts of the room 
where the application was performed (26). An 
oscillator (1218-BV, Lockable Oscillator,                
900-2000 MHz, General Radio Company,                
Concord, Massachusetts, USA, Serial No. 1483) 
with an output power of approximately 300 mW 
and a frequency set to 900 MHz for the                   
generation of RF-EMF of 900 MHz in the cage. An 
uninterruptible constant power supply (1267-B 
Regulated Power Supply, General Radio                 
Company, Concord Massachusetts, USA, Serial 
No. 903) was used for both the operation of the 
oscillator and the continuous supply of energy. 
The output of the oscillator was connected to a 
half-wave dipole antenna made of a copper rod 
with a length of 15 cm and a diameter of 1 mm 
by means of a coaxial cable. The antenna was 
placed on a rod fixed between the right and left 
edges of the cage about 11 cm from the upper 
open surface of the cage (26). 

 
Humidity, temperature and RF-EMF density 
measurements 

Humidity, temperature and RF-EMF density 
values were measured in daily. Detailed data on 
these measurements and data on the Specific 
Absorption Rate (SAR, 0.01 W / kg) are                      
indicated in the previous study (26). 

 
Histological procedures 

All rats were sacrified by cervical dislocation 
after the experimental applications ended. The 
right and left testes, which were quickly                   
removed from the body, were divided into two 
equal parts. One half of the right and left testes 

were separated for biochemical analysis, and the 
other half was immersed in Bouin’s solution for 
histopathological analysis and fixed at room 
temperature for 36 hours. Fixated tissues were 
embedded in paraffin through routine                      
histological procedures. Paraffine blocks cut by 
microtome thickness of 5μm were stained with 
Hematoxylin & Eosin (H&E) method. The            
diameter of the seminiferous tubules and the 
thickness of the seminiferous epithelium were 
determined by measuring the six most rounded 
seminiferous tubules in different areas on each 
histological slide that using the Olympus cellsens 
standard program (version1.17) on an X20            
objective. Histopathological examinations were 
performed using Olympus BX-53 microscope 
and photographs were taken with this                      
microscope camera (DP 80 Olympus Japan). 

 
Immunohistochemistry 

Sections were incubated for 1 hour in a 60 °C 
oven to ensure stronger adhesion of the slides to 
the tissue, followed by a series of xylol and               
alcohol. In order to remove endogenous                
peroxidase, tissue sections were kept in 3%             
hydrogen peroxide (H2O2) (prepared with             
methanol) for 10 minutes and then washed in 
distilled water (5 minutes). The antigen retrieval 
protocol began by transferring tissue sections to 
the plastic coplin jar containing 0.01M citrate 
buffer (pH 6.0). The koplin jar was placed at the 
midpoint of the rotating platform of the                
microwave oven and heated four times in              
succession for five minutes at 600W. The 
amount of buffer in the coplin jar was controlled 
and the reduced fraction was completed with 
distilled water in every five minutes.  

The sections removed from the microwave 
then allowed to cool to room temperature for 20 
minutes. Antigen retrieval was completed by 
washing the cooled tissue sections in PBS 
(phosphate buffered saline) for 5 minutes.               
Sections washed in PBS after antigen retrieval 
protocol, 10% normal goat or rabbit serum was 
incubated at room temperature (10 minutes) to 
prevent nonspecific antibody binding.   

To determine the localizations of AR, ERα and 
ERβ, tissue sections were incubated with primer 
antibodies in a humidified chamber at 4 °C for 
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16-20 hours and respectively for rabbit anti-AR 
(PG-21, androgen receptor polyclonal                   
antiserum, 06-680 upstate, lot: JBC1381969), 
rabbit anti-Erα (estrogen receptor alpha                  
polyclonal antiserum, bs-2098R, Bios, lot: 
9K01V2) and mouse anti-Erβ (estrogen receptor 
beta monoclonal antiserum, sc-390243; Santa 
Cruz, CA, lot: B2217).  Before this procedure,            
PG-21 was diluted 1: 100 while primary                 
antibodies of ERα and ERβ were diluted 1: 200.  

For negative control, PBS was used instead of 
primary antibody (figure 4J, K, L). Subsequently, 
it was incubated with biotinylated secondary 
antiserum for 1 hour and then with streptavidin 
horseradish peroxidase for 1 hour in a 37 ºC  
humid environment. Sections were washed with 
PBS solution for 10 minutes before each                      
incubation. Sections were then immersed in   
AEC (3-amino-9-ethylcarbozole) chromogen                   
substrate, washed with distilled water, stained 
with hematoxylin (10 minutes) and covered 
with mounting medium. After, tissue                    
sections were examined by microscope and                         
photographed. 

 

TUNEL (Terminal deoxynucleotidyl                    
transferase dUTP nick end labeling) assay 

Apoptosis was determined by examining           
deparaffinized testis tissue sections by TUNEL 
analysis. For this, the In Situ Cell Death                  
Detection Kit was used according to the                  
manufacturer's (Roche) instructions. Tissue  
sections were examined by fluorescence                  
microscope and photographed. TUNEL positive 
cell number; was obtained by counting apoptotic 
cells in 50 seminiferous tubules in each animal 
(in one tissue section for each animal) of                    
RF-EMF, sham and control rats (counted total 
400 seminiferous tubules in each group). The 
apoptotic index (AI) of each group was                 
determined by calculating the the average             
number of apoptotic cells in 400 seminiferous 
tubules. (AI = total TUNEL positive cells number 
in four hundred seminiferous tubules / 400).  

 

Biochemical procedures  
For biochemical analyzes, tissue samples (0.5 

g) which taken from each rat were homogenized 
(4.5 ml) using an appropriate buffer. Phosphate 

buffer (50 mM) was used for CAT analysis,               
Tris-HCl buffer (50 mM) for GSH analysis,               
Tris-HCl buffer (0.2 mM) for SOD analysis, and 
KCL solution (10%) for MDA. The mixtures were 
then homogenized for 15 minutes. (Ultra Turrax 
T25, Rose Scientific Ltd., Edmonton, Canada). 
The supernatants were used for analysis by            
centrifuging the homogenates at 4 °C for 4000 
rpm 30 min for MDA, 6000 rpm 60 min for SOD, 
4000 rpm 30 min for GSH and 8500 rpm 60 min 
for CAT. 

 

Tissue MDA Assay 
In determining tissue MDA level, the method 

that described by Ohkawa et al. (1979) was used. 
Supernatants collected from the homogenates 
were placed in sterile glass tubes with                    
measuring buffer (80 g/L SDS, 200 g / L Acetic 
acid, 8 g/L TBA) added. The tubes were                   
incubated for 1 hour at 100 oC and then allowed 
to cool. The tubes were then vortexed by adding 
a solution of n-butanol-pyridine (15: 1 v/v). The 
tubes were centrifuged at 3000 rpm for 5 
minutes and measured at 532 nm using a             
spectrophotometer (Epoch, Bio-tek, USA). The 
results were calculated from the standard graph 
prepared that previously using 1, 1, 3,                           
3-tetraethoxypropane and expressed as nmol/g 
tissue. 

 

Tissue CAT assay 
Tissue CAT activity was measured using the 

kinetic method developed by Aebi (1984). The 
supernatants from the homogenates were                
measured at 240 nm for 3 minutes by adding the 
measuring solution (at 30 mM H2O2 pH 7 in 50 
mM KH2PO4 buffer) to the cuvettes. The results 
were expressed as µmol/minute/mg tissue by 
calculating the absorbances taken into the               
formulation. 

 

Tissue SOD assay 
Tissue SOD activity was measured using the 

method described by Sun et al. (1988) (27).           
Supernatants from homogenates were added to 
sterile test tubes containing measuring buffer 
(0.3 mM xanthine, 0.6 mM EDTA, 150 150M NBT, 
0.4 M Na2CO3, 1 g/L BSA). Then, xanthine oxidase 
solution (167 U/L xanthine oxidase in 2 M (NH4)

Gur et al. / The effect of 900-MHz RF-EM fields on rat testis  

Int. J. Radiat. Res., Vol. 19  No. 1, January 2021 138 

 [
 D

O
I:

 1
0.

29
25

2/
ijr

r.
19

.1
.1

35
 ]

 
 [

 D
O

R
: 2

0.
10

01
.1

.2
32

23
24

3.
20

21
.1

9.
1.

16
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rr
.c

om
 o

n 
20

25
-0

7-
04

 ]
 

                             4 / 10

http://dx.doi.org/10.29252/ijrr.19.1.135
https://dor.isc.ac/dor/20.1001.1.23223243.2021.19.1.16.7
https://ijrr.com/article-1-3465-en.html


Gur et al. / The effect of 900-MHz RF-EM fields on rat testis  

139 Int. J. Radiat. Res., Vol. 19  No. 1, January 2021 

2SO4) was added. After 20 minutes’ incubation 
under room temperature, stop solution (0.8 mM 
CuCl2) was added to terminate the reaction. It 
was read at 560 nm using a spectrophotometer. 
Results were expressed as U/mg tissue. 

 
Tissue GSH assay 

The method which is described by Seldak and 
Lindsay (1968) (28) was used to determine GSH 
levels in testicular tissues. Homogenized testis 
tissues (in 2 ml of 50 mM Tris-HCl buffer                    
solution containing 20 mM EDTA in pH 7.5) 
were added 2 ml of ethanol to dissolve proteins. 
The mixture was then centrifuged at 4 °C for 4 
minutes. GSH level was determined by                       
measuring the reaction between GSH and 5,5 
'dithiobis (2-nitrobenzoic acid) in the                        
supernatant. GSH level was also measured by 
spectrophotometer at 412 nm. The results were 
stated in nmol/mg. 

 
Statistical analyses 

SPSS 22.0 (10) software was used to statistical 
evaluations. Numerical findings were assessed 
by using one-way ANOVA and Duncan's tests. 
Values were expressed as mean±standard error 
(mean±SEM). In all comparisons, p<0.05 was 
considered statistically significant.  
 
 

RESULTS 
 

Histological analysis 
In this study, histopathological changes were 

not observed in sham and RF-EMF group rat  
testes. The histological structure of the testicular 
tissues of these groups was similar to the                  
control group. In all three groups, germinal              
epithelium is consisted with; spermatogonia, 
spermatocytes, round and elongated spermatids, 
spermium and Sertoli cells (figure 1).                       
Seminiferous tubule diameters and germinal 
epithelium thicknesses were similar in all 
groups (figure 2). There was no significant              
difference between the groups in terms of                
histological structure of interstitial tissue. The 
proportion and morphology of Leydig cells were 
same in all three groups (figure 1).  

 

 

TUNEL assay 
TUNEL-positive cells (green fluoresence) 

were detected in testicular tissues of all groups 
examined (figure 3). Apoptosis was especially 
prominent in seminiferous tubules. RF-EMF           
exposure did not affect the rate of apoptosis in 
testicular tissues. The rate of apoptosis and the 

Figure 1. Light micrographs showing the RF-EMF (A, B), sham 
(C) and control groups’ (D) testes stained with H&E (A, C, D: 

magnification × 200, B: magnification × 400). No                       
histopathological changes were observed. The histological 

structure of the testicular tissues in all groups was similar. Mc: 
peritubular myoid cell, spn: spermatogonia, pst: primary          
spermatocytes, S: Sertoli cell, rsp: round spermatid, esp:         

elongated spermatid, sm: spermium, L: Leydig cell. 

Figure 2. Seminiferous tubule's diameter (A), germinal            
epithelium thickness (B) and apoptotic index (C) of all of the 

groups. Same letter (a) on the bars indicate no statistical 
difference. There was no stastistical differences among the 

groups (one way-ANOVA, p>0, 05). 
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apoptotic index in the convoluted seminiferous 
tubules were similar in all groups examined 
(figure 2).  

Imminohistochemistry 
In the RF-EMF group, AR-positive                       

immunoreaction was detected in the nuclei, not 
in the cytoplasm of testicular cells. AR positive 
immunostaining was observed in the nuclei of 
peritubular myoid cells, pericytes, Sertoli cells 
and Leydig cells. Germ cells were AR negative. 
ERα-positive immunostaining was appeared in 
the nucleus of spermatogonium, in the                       
acrosomal region of round spermatids and in the 
cytoplasm of Leydig cells. ERβ positive                    
immunoreaction was detected in the nuclei of 
spermatogonia and some elongate spermatids. 
The localizations of AR, ERα and ERβ in rat               
testes of the RF-EMF group were similar to those 
of other groups (figure 4).  

 
 Biochemical analysis 

As shown in figure 5, MDA and CAT levels in 
the testicular tissues of the RF-EMF group were 
significantly higher than those of the other 
groups, but also GSH levels were significantly 
lower (all, p <0.05). MDA and CAT levels of the 
control group were lower than the sham group 
(P <0.05). When GSH levels in testicular tissues 
of all three groups were compared; GSH levels 

were significantly lower (P <0.05) in the RF-EMF 
group than in the other groups, and were almost 
the same in the sham and control groups. There 
was no statistically important difference               
between the groups in terms of SOD levels                 
(P >0.05) (figure 5).  

Figure 3. TUNEL assays in in the testis of the RF-EMF (A), 
sham (B), control groups (C). Negative control (D) (A:                 

magnification × 400, B, C, D: magnification × 200). The rate of 
apoptosis is similar in all of the groups. The green fluorescent 
signals indicate TUNEL-positive cells in germ cells (arrows) and 

interstitial cells (arrowheads). 

Figure 4. Immunohistochemical localisation of AR, ERα and 
Erβ in RF-EMF group (A, B, C), sham group (D, E, F) and control 
group (G, H, I) testes and negative controls (J, K, L) (A, G, J, K, 
L: magnification × 200, C, D, E, F, H, I: magnification × 400, B: 
magnification × 1000). Letters show positive immunostained 

cells. Sp: spermatogonia, dars: developing acrosomal region of 
round spermatid, esp: elongated spermatid, S: Sertoli cell, L: 

Leydig cell, mc: peritubular myoid cell. 

Figure 5. MDA level (A), GSH level (B), CAT (C) and SOD (D) 
activity in the testes of RF-EMF, sham and control group. 

Different letters (a, b, c) on the bars indicate statistical          
difference according to the Duncan test (p<0.05). 
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DISCUSSION 

The results of scientific studies on the effects 
of cell-based RF-EMF on testicular tissue are 
controversial. Although some researchers have 
reported that RF-EMF has no negative effect on 
testes (3, 12, 29), there are some reports that it           
significantly increases sperm count (29).               
However, some other researchers reported that 
pathologic disorders in the testis tissue which is 
exposed to RF-EMF; such as decreasing in              
seminiferous tubular diameter and                      
seminiferous epithelial thickness, necrosis in 
some of the  seminiferous tubules, edema in            
interstitial tissue, germ cell degeneration,               
hypospermatogenesis and maturation arrest 
have been reported (1, 6, 7, 30). 

Studies investigating the effects of 900 MHz 
RF-EMF on testicular tissue during adolescence 
are limited (20, 21). Narayanan et al. (2018)            
reported that pathological changes such as loss 
of spermatogonium, Sertoli cell damage,                 
increasing in abnormal sperm count and             
decrease in sperm count could be formed in rat 
testis tissues that exposed to RF-EMF, but the 
rate of these changes was not statistically               
significant. Hancı et al. (2018) found that             
pathological changes characterized by vacuolar 
degeneration and irregularities in germinal              
epithelium in rat testicular tissues exposed to RF
-EMF. On the contrary to these literatu res, no 
histopathological changes were observed in              
testicular tissue in any of the RF-EMF, field and 
control groups examined in the study. This            
result is in conformity with studies reporting 
that there is no negative effect of RF-EMF on  
testicular tissue (3, 12, 29). 

In some studies, exposure to 900 MHz                   
RF-EMF has been reported to increase the rate 
of apoptosis in the germinal epithelium in              
adolescent and adult testicular tissues (6, 20, 21, 31). 
Therefore, in this study, TUNEL analysis was 
performed to determine whether RF-EMF affects 
the rate of apoptosis in testicular tissue. As a 
result of the research, it is observed that the  
ratio of apoptosis in germinal epithelium was 
similar in all groups. This result is parallel with 
the results of the studies indicating that RF-EMF 
does not affect the rate of apaptosis in testicular 

tissues (3, 9) and it also supports the histological 
findings obtained in this study. 

In the control group, AR positive                         
immunohistochemical staining were observed in 
nuclei of Leydig, Sertoli and peritubular myoid 
cells. These findings were accordance with              
previous studies (13, 32, 33). Although some of the 
immunohistochemical studies indicated that AR 
positive immunostaining was also observed in 
germ cells such as spermatogonium (34, 35),             
spermatocyte (34) and spermatid (36, 37), it was 
reported that germ cells were negative in most 
of the studies (32, 33, 37, 38). In the study, all germ 
cells in the control rat testes were AR negative. 

Currently, there is no consensus on the               
localization of ERα in testicular cells. Saunders 
et al. (2001) reported that human and monkey 
testicular tissues were ERα-negative, although 
Zhou et al. (2002) (39) and Oliveira et al. (2003)  
reported that peritubular myoid cells and Leydig 
cells are ERα-positive. In human testis,                    
ERα-positive immunostaining was detected only 
in Leydig cells. In the rat testis, however,               
ERα-positive immunostaining was observed in 
the nucleus of Leydig cells and in the cytoplasm 
of spermatocytes and spermatids (40). In this 
study, ERα-positive immunostaining was            
detected in the nucleus of spermatogoniums and 
in the acrosomal region of round spermatids in 
rat testis. 

Although ERβ-positive immunostaining was 
observed only in the nuclei of testicular cells in 
the majority of literature (40-44), it was also              
detected in the cytoplasm of the spermatocytes 
and round spermatids by Saunders et al. (1998) 
(14). In the studies on testicular tissue,                        
ERβ-positive immunostaining was observed in 
Sertoli cells (14, 40, 42, 44), Leydig cells (43, 45),                
peritubular myoid cells (40, 42, 43),                           
spermatogonium (43, 45), spermatocytes (43, 45) and 
spermatids (41-43) have been reported. In this 
study, ERβ-positive immunoreactivity was 
formed in the nuclei of testicular cells such as 
spermatogonia and elongated spermatids in the 
control group. 

The localizations of AR, Erα and ERβ                       
receptors in testicular cells of RF-EMF and sham 
groups were similar to those in the control 
group. That is, 900 MHz RF-EMF did not affect 
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the localization of sex hormone receptors in             
testicular cells. This result supports the data  
obtained with TUNEL analysis and histological 
examinations used in this study. So, RF-EMF has 
been reported to cause histopathological             
changes in testicular tissue in some studies (6, 20, 
21). Even though these histopathological effects 
are accepted to exist, the data obtained in               
relation to sex hormone receptors in the present 
study show that histopathological effects cannot 
be related to steroid hormone receptors. 

There is a special balance between free              
oxygen radicals and antioxidants in the body. 
The shift of this balance to the free oxygen             
radicals is called oxidative stress. Oxidative 
stress causes lipid peroxidation causing               
biomolecular damage. MDA is one of the lipid 
peroxidation products which is an important 
indicator of oxidative stress (41, 46, 47). Some              
researches have reported that using cell phone 
causes oxidative stress (1, 5). In this study, it was 
found that MDA levels increased significantly in 
the RF-EMF group compared to the other 
groups. Similarly, MDA levels were significantly 
higher in the sham group than in the control 
group. These results show that RF-EMF and            
retention in the cage cause oxidative stress in 
rat testis. The results of studies on the effects of 
cell phone-induced RF-EMF exposure on MDA 
levels in testicular tissue are variable. In some 
studies that is conducted on adolescents and 
adults stated that MDA levels increased                 
significantly (1, 20, 21, 48), while others decreased 
significantly (31). 

The level of oxidative stress in the body is 
regulated by enzymatic and non-enzymatic             
antioxidant systems. GSH is a non-enzymatic 
antioxidant found in all cell compartments. In 
this study, GSH level in the EMF group was              
statistically lower than in the sham and control 
groups. This finding, which is an indicator of  
oxidative stress, is consistent with the results of 
some studies (31, 49). However, Hancı et al. (2018) 
reported that RF-EMF did not affect GSH level. 

Numerous studies have been conducted to 
find out the effects of 900-MHz RF-EMF on                 
antioxidant enzyme levels in adolescent rat            
testicular tissue (19, 20, 31, 49). Results of studies 
that examining whether SOD and CAT enzyme 

levels in testicular tissue are affected by RF-EMF 
are variable. Sepehrimanesh et al. (2016)                 
reported decreased SOD and GPx activity in the 
RF-EMF group. Odaci and Ozyilmaz (2015)         
reported that SOD and CAT levels decreased  
significantly in the RF-EMF group compared to 
other groups. On the other hand, Hanci et al. 
(2018) reported an increase in contrast. In this 
study, the CAT level was significantly increased 
in the RF-EMF group compared to the other 
groups, but the SOD level did not show change. 

In this study, changes in anti-oxidant                  
parameters such as MDA, CAT and GSH in              
RF-EMF group in rat testes indicate that 900 
MHz RF-EMF exposure causes oxidative stress in 
testicular tissue. Nevertheless, a number of               
specific antioxidant enzymes and free radical 
scavengers are available to protect the testis  
tissue from oxidative stress, which performs two 
important functions, spermatogenesis and 
steroidogenesis (50). This strong antioxidant            
system of testicular tissue is likely to prevent the 
level of oxidative stress occurring in the RF-EMF 
group from reaching the level leading to              
histopathological changes. However, increasing 
the duration of the experiment, daily RF-EMF 
exposure, or both, may increase the severity of 
oxidative stress in the testicular tissue and cause 
histopathological changes. 

 
 

CONCLUSION 
 

As a result; in this study, no difference was 
found between the RF-EMF group and other 
groups in the examinations performed with            
other analysis methods used in the study. These 
results can be interpreted as 900 MHz RF-EMF 
causes oxidative stress in testicular tissue, but 
damage caused by oxidative stress remains too 
low to be determined by other methods used in 
this study. Prolonged exposure to RF-EMF may 
possibly lead to more important pathological 
disorders. However, the results obtained in the 
present experimental model showed that             
exposure to 900 MHz RF-EMF during the          
adolescent period had no important effect on the 
structure, development and differentiation of 
testicular tissue. 
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