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Summary
The possible effects of the electromagnetic fields (EMF) generated by mobile phones 
on reproductive functions have been discussed in recent years. The aim of this study 
was to evaluate the effects of EMF emitted from mobile phones on the rat testis 
morphology and histopathology using stereological techniques. We also investigated 
cortisol, testosterone, FSH and LH levels. A total of thirty-two (n = 32) male Wistar 
albino rats were used in this study. Animals were randomly divided into four groups as 
control (C, n = 8), sham (Sh, n = 8), mobile phone speech (Sp, n = 8) and mobile phone 
standby (ST by). Morphometric measurements were made with the help of a computer-
assisted stereological analysis system. The testis weight and volume were significantly 
lower in the EMF exposed groups. The mean volume fraction of interstitial tissue was 
higher, but the volume fraction of tubular tissue was lower in the EMF-exposed 
groups. The mean tubular and germinal tissue volume, seminiferous tubule diameter 
and germinal epithelium height were also lower in EMF exposed groups. The cortisol 
levels in the EMF-exposed groups were significantly higher. In conclusion, the EMF 
created by mobile phones caused morphologic and histological changes by the 
affecting germinal epithelium tissue negatively.
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1  | INTRODUCTION

Mobile phones are communication tools which operate on different 
mobile phone systems and at various carrying frequencies in line with 
these systems (Bhalla & Bhalla, 2010). Electromagnetic energy gener-
ated by working mobile phones penetrates living tissues and may cause 
degenerative effects in different biological systems. Previous studies 
have shown negative effects of the electromagnetic fields (EMF) cre-
ated by mobile phones on neurological (Saikhedkar et al., 2014), cardio-
vascular (Mohamed, Ahmed, El-Kafoury, & Lasheen, 2011), endocrinal 
(Mortavazi et al., 2009) and developmental systems (Ye et al., 2015).

Testes are the male reproductive organs in which spermatozoon 
production takes place and are located at a close distance from mobile 
phones carried in back pocket, front pocket or on waistband. This 
causes testes to be exposed to EMF waves emitted by mobile phones 

for long hours during the day. Therefore, the number of studies on the 
effect of mobile phones on reproductive functions has increased in 
recent years. In studies carried out on rat models, it has been reported 
that exposure to mobile phones results in negative histological and 
morphological alterations in testes (Dasdag et al., 1999; Mugunthan, 
Anbalagan, & Meenachi, 2014; Mugunthan, Anbalagan, Samy, 
Rajanarayanan, & Meenachi, 2015; Salama, Kishimoto, & Kanayama, 
2010). It has been shown that exposure to mobile phones (800 MHz) 
leads to a significant decrease in sperm count and total percentage 
of motile spermatozoa (Salama et al., 2010). In another study, a sig-
nificant decrease was observed in the body and testis weights, testis 
volumes, seminiferous tubule densities, seminiferous tubule diame-
ters, and Sertoli and Leydig cell counts of rats exposed to EMF emitted 
by 2G (900–1800 MHz) and 3G (1900–2200 MHz) mobile phones 
(Mugunthan et al., 2015). On the other hand, there are also studies 
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reporting that mobile phone induced EMF has no negative effect 
on testicular parameters (Dasdag, Akdag, Ulukaya, Uzunlar, & Yegin, 
2008; Dasdag et al., 2003).

Cortisol secreted by the suprarenal gland is an indicator of stress. 
Cortisol levels are reported to increase with exposure to EMF for a long 
time (Shahryar, Lotfi, Bahojb, & Karami, 2008). The increased amount 
of cortisol has been found to cause apoptosis of Leydig cells in tes-
tes, thus reducing testosterone levels (Gao et al., 2002). Therefore, it 
is important to consider the effect of cortisol in EMF studies. One of 
the reproductive hormones, testosterone, is secreted by Leydig cells, 
while two others, follicle stimulating hormone (FSH) and luteinising 
hormone (LH), are secreted by the adenohypophysis. There are stud-
ies in the literature examining the effects of EMF on reproductive hor-
mones (Kim, Kim, Moon, & Shin, 2007; Nisbet, Nisbet, Akar, Cevik, & 
Karayigit, 2012; Ozguner et al., 2005; Salama et al., 2010). These stud-
ies have shown increasing (Nisbet et al., 2012), decreasing (Ozguner 
et al., 2005) and nonexistent (Salama et al., 2010) effects of EMF on 
testosterone levels. In testes-focused studies, it has been observed that 
FSH and LH hormone levels do not change in general (Kim et al., 2007; 
Ozguner et al., 2005). In accordance with all these findings in the litera-
ture, the hypothesis of this study is “EMF generated by mobile phones 
has a negative effect on testis tissue and reproductive hormones”.

The purpose of the present study was to examine the effects of 
EMF generated by different mobile phone modes on the testis mor-
phology of rats using stereological techniques. Moreover, the effects 
of EMF on testis histopathology and on testosterone, FSH and LH lev-
els were also evaluated.

2  | MATERIALS AND METHODS

2.1 | Experimental animals

The experimental protocol of the present study was approved by 
Gaziantep University Animal Experiments Local Ethics Committee 
decision numbered 11.2011/54-4 and dated 28.11.2011. A total of 
32 (n = 32) male Wistar Albino rats aged 8–10 weeks and weighing 
200 ± 20 g were used in the study. The animals were taken from the 
Experimental Animal Research Laboratory of the Faculty of Medicine 
at Gaziantep University. The life cycle of the rats was maintained at 
the same laboratory. The rats were kept under standard conditions 
stated by the international ethical guidelines on laboratory animals 

during the experiment. All animals were kept in wire mesh cages for 
12 hr at night and 12 hr in daytime, at circadian rhythms, 24–26°C 
ambient temperature and 45%–60% humidity. The rats were fed 
standard commercial rat pellets and tap water.

2.2 | Experiment protocol

In this study which was conducted using a randomised controlled 
experimental design, the rats were divided into four groups namely 
the control (C; n = 8), sham (S; n = 8), mobile phone speech (Sp; n = 8) 
and mobile phone standby (ST by; n = 8). In order to generate EMF, 
mobile phones using GSM mobile phone systems were employed. 
The highest SAR (specific absorption rate) of the mobile phones was 
0.96 W/kg and each of these phones had a 890-915 MHz carrier fre-
quency band, 217 Hz modulation frequency, 250 mW maximum aver-
age power and 2 W maximum peak power (Dasdag et al., 1999).

Special circular plastic experimental boxes separated into four sec-
tions with barriers and having one rat in each section were used for 
rats in the S, Sp and ST by groups. These experimental boxes restricted 
the movement of the rats while allowing respiration. One mobile 
phone was placed in each of the special sections located 1 cm below 
and in the middle of the experimental boxes (Figure 1). Our purpose 
of modelling the experiment in the S group was to evaluate possible 
stress factors that could occur in immobile rats. To this end, the rats in 
group S were placed in the box with their testes directed towards the 
mobile phone and the mobile phones were switched off (no EMF was 
generated). The rats were kept in this experimental box for 12 hr/day.

In order to examine the effects of EMF generated by different 
modes of the mobile phone, the rats in the Sp and ST by groups were 
placed in experimental boxes in the same way as those in the group S. 
Speech mode was obtained by keeping the mobile phone in the exper-
iment box on speech mode for 2 hr/day. For the standby mode, the 
mobile phone was put on standby for 12 hr/day. The models of the bat-
teries of the mobile phones were in the same standard conditions, and 
the batteries were fully charged before each experiment. Experimental 
practices were carried out between 07:00–19:00 for groups S and ST 
by, and 07:00–09:00 for the Sp group 7 days a week. The rats in the C 
group and the other groups outside the experiment period were kept 
in their normal life cages in a separate room without being exposed to 
any type of electromagnetic field. The duration of the experiment was 
determined as 10 weeks for all groups. The ambient temperature was 

F IGURE  1 Schematic representation 
of the experimental set up on the (a), top 
view; (b), side view; and MP: mobile phone 
(circular plastic boxes were separated into 
four sections with barriers and each section 
was used for one rat)
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fixed at 22°C for all groups. Average rectal temperatures of the rats in 
groups C, S, Sp and ST by were measured with a thermometer before 
and after each experiment, twice a week. The body weights of the rats 
were measured in the day the experiment was initiated (Day 1) and 
in the day it was finalised (the last day of the week 10), using a digital 
scale with 0.01 g precision.

2.3 | Preparation of the testis tissues

At the end of the experiment (on the last day of week 10), all of the 
rats were anesthetised. The anesthetisation of rats in groups was 
made randomly. Ketamine hydrochloride (50 mg/kg) and xylazine 
hydrochloride (5 mg/kg) were applied intraperitoneally for anaesthe-
sia. The thoracic cages of the rats were opened through thoracotomy 
and blood samples were taken for hormone analysis intracardially. 
Later, the rats were euthanised using the exsanguination method and 
their left testes were removed rapidly. Each testis tissue was weighed 
on the scale with 0.01 g precision. The value obtained by dividing the 
testis weight (TW) into the body weight (BW) of the rat was multiplied 
by a hundred (TW/BW × 100) and the gonadosomatic index (GSI) was 
calculated (Melo, Matta, Paula, Gomes, & Oliveira, 2010). 10% formal-
dehyde solution was used for fixation.

2.4 | Histological operations

Each fixated testis was cut in 2 mm thickness on a transverse plane 
using microtome blade. The tissues (7–8 slices) were dehydrated in 
graded ethanol series, cleaned with xylene and embedded in paraffin 
blocks with each slice facing the same direction. The prepared tissues 
were cut on a transverse plane at 30 μm thickness using microtome 
(Leica RM 2135, Leica Instruments, Nussloch, Germany) with system-
atic uniform random sampling (SURS). Section sampling fraction (ssf) 
was 1/35 and 18–22 sections were sampled from each testis. Later, 
the sections were stained with haematoxylin–eosin (H&E).

2.5 | Stereological and morphometric 
evaluation of the testes

The computer-aided stereological analysis system (StereoInvestigator 
version 8.0, MicroBrightField, USA) was employed for the stereologi-
cal and morphometric evaluation. With the stereological analysis sys-
tem, testis volume (TV), seminiferous tubule diameter (STD), germinal 
epithelium height (GEH), the volume fractions (Vv) and volumes of the 
tunica albuginea (TAl), interstitial tissue (IT) and structures forming the 
seminiferous tubule were evaluated.

2.6 | Evaluation of the testis volume

The calculation of testis volumes was done using the point count-
ing method in line with Cavalieri’s principle, which is a stereological 
method (Gundersen et al., 1988). On the section to be evaluated, the 
contour of the area to be measured was drawn on a low magnifica-
tion objective lens (4x). Following this, a point grid with a grid space 

of 100 μm was thrown on the section. The points falling into the 
counters were counted automatically by the system. Testis volume 
was calculated automatically by the system using the formula below 
(Noorafsan, 2014):

In this formula; “(a/p)” stands for the area represented by each 
point on the point grid, while “ΣP” stands for the number of points per 
area of evaluation, “t” stands for section thickness (30 μm), and “ssf” 
stands for section sampling fraction (1/35). In testis volume calcula-
tions, values under 5% for the coefficient of error (CE) and coefficient 
of variance (CV) (CE and CV < 0.05) showed that the sampling strategy 
was appropriate.

2.7 | Evaluation of the testis volume 
fractions and volumes

While evaluating the volume fractions, a square-shaped frame with 
100 points (grid space=15 μm) was thrown over the section. This 
square moved at equal step lengths on X and Y planes on the evalu-
ated section. Thus, the evaluated section was scanned in compliance 
with the SURS rule. Within the areas scanned by this square, the 
points corresponding to testis components were counted separately 
for each component (Figure 2).

The components of which the volume fractions were evaluated in 
the testis tissue were determined as the interstitial tissue, tubular tissue 
(tubular tissue=tunica propria (TP) + germinal epithelium (GE) + semi-
niferous tubule lumen) and tunica albuginea (Drostghoal, Sorooshnia, & 
Zardkaf, 2011). In the interstitial tissue; Leydig cells, connective tissue 
cells and fibres, blood vessels and lymphatic space were examined and 
all these structures were evaluated as IT (De Melo et al., 2013). Volume 

Volume (testis)= (a∕p)×
∑

P×ssf×t

F IGURE  2 Evaluation of the volume fraction (Vv) of the testicular 
compartments (a square-shaped frame was thrown over the 
section and within the areas scanned by this square, and the points 
corresponding to interstitial tissue, germinal epithelium and lumen 
were counted separately for each component); magnification: ×40
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fractions of each structure were calculated automatically by the sys-
tem using the formula below (Drostghoal et al., 2011): 

“Vv(tissue/testis)” stands for the volume fraction of the tissue com-
ponent to be evaluated, “Pn” stands for the number of points corre-
sponding to the tissue component of interest, and “Pt” stands for the 
number of points corresponding to the testis. The volume of each 
testis component was calculated by multiplying the volume fraction 
of the component by the testis volume (Drostghoal et al., 2011). The 
addition of the tunica propria, germinal epithelium and lumen volumes 
gave the seminiferous tubule volume. Testis parenchyma volume (V 
testis–V tunica albuginea) was obtained by adding the seminiferous 
tubule volume and the interstitial tissue volume together.

2.8 | Evaluation of the seminiferous tubule 
diameter and germinal epithelium height

Seminiferous tubule diameter was calculated by applying the “quick 
measure line” feature of the stereological analysis system in combi-
nation with the unbiased counting frame. The frame moved at equal 
step lengths on X and Y planes and scanned the entire section in 
compliance with the SURS rule. The seminiferous tubules were evalu-
ated with the unbiased counted frame methodology (Liu, Chang, Xu, 
& Zhang, 2009). The tubules evaluated for STD were considered in 
terms of being circular or closer to a circle in shape. Two diameters 
(D-1 and D-2) which were perpendicular to each other and connected 
the outer peripheries of the seminiferous tubule were drawn and they 
were averaged. Measurements that gave D-1/D-2 ≥ 0.85 (1.0 =  a full 
circle) were included in calculations (Yama & Duru, 2011). Germinal 
epithelium height was calculated as the distance between the tunica 
propria and lumen side in seminiferous tubules measured for STD. Two 
perpendicular measurements were taken for this (G-1 and G-2) and 
they were averaged (Melo et al., 2010).

2.9 | Histopathological evaluation of the testis tissue

A semi-quantitative method, “Johnsen testicular biopsy score count,” 
was used for the evaluation of the spermatogenesis in the testis 
(Dasdag et al., 1999, 2003; Ozguner et al., 2005). With this scoring 
method, the absence or presence of the main cells in the seminiferous 
tubule was measured in a scale of 1–10. This study evaluated at least 
50 seminiferous tubules selected randomly under a light microscope 
and the obtained data were averaged for each testis.

2.10 | Evaluation of the hormonal parameters

Blood samples taken intracardially were drawn into common bio-
chemical tubes. These samples were centrifuged at 3 g for 10 min 
and blood serums were obtained. These serum samples were stored 
at −80°C before the measurements of cortisol, testosterone, FSH and 
LH hormone levels. Cortisol, testosterone and LH hormone levels 

were evaluated with the electrochemiluminescence method on the 
Roche Cobas 8,000 modular analyzer. Rat FSH ELISA kit (E02F0001; 
BlueGene Biotech, Shanghai, China) was used to determine FSH levels.

2.11 | Statistical analysis

Kolmogorov–Smirnov test was used to check whether the continuous 
variables fit normal distribution. In the comparisons of more than two 
groups of normally distributed variables, ANOVA and LSD multiple 
comparison tests were conducted, whereas Kruskal–Wallis and Dunn 
multiple comparison tests were used for the variables that did not fit 
normal distribution. Differences between repeated measurements 
were tested using paired samples t test. Mean ± SD values were given 
as the descriptive statistics. SPSS for Windows version 22.0 package 
program was used for statistical analyses and p < .05 was accepted as 
the statistically significant value.

3  | RESULTS

The mean rectal temperatures of the rats in groups C, S, Sp and ST by 
were compared and no significant difference was observed between the 
values before and after the experiment (p > .05). Moreover, no signifi-
cant difference was found among the post-experimental rectal temper-
ature values of the study groups as well (p > .05). This finding indicates 
that the experiment was carried out under standard conditions and the 
experimental practices did not change central body temperatures.

3.1 | Testis and body weights of the rats and 
gonadosomatic index values

After the experiment, mean testis weights of the rats in the groups Sp 
and ST by were found to be significantly lower than the mean testis 
weights of the rats in groups C and S. It was found that the mean body 
weight of the rats in the Sp group decreased significantly in compari-
son with the C group. Additionally, the difference between the ST by 
group and the groups C and S was statistically significant. The differ-
ence between the GSI values of the experiment groups and the groups 
C and S was also statistically significant (Table 1).

3.2 | Testis volume values of the rats

Mean testis volumes of the rats in Sp and ST by groups (including tunica 
albuginea) decreased significantly in comparison with groups C and S. As 
compared to the control group, the rate of decrease in the testis volumes 
of the rats in Sp was 26.2%, while it was 32.0% in the group ST by (Table 1).

3.3 | Volume fractions and volumes of the testis 
components of the rats

TAl volume fractions of the rats in groups control, S, Sp and ST by 
were 2.26 ± 0.40, 2.10 ± 0.08, 2.20 ± 0.04 and 2.10 ± 0.10 respec-
tively. No statistically significant difference was found among the 

Vv
(tissue/testis)=Pn∕Pt
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groups (p > .05). TAl volumes of the rats in groups control, S, Sp 
and ST by were 0.023 ± 0.006, 0.020 ± 0.005, 0.017 ± 0.001 and 
0.015 ± 0.001 cm3 respectively. TAl volume in the ST by group was 
found to decrease in comparison with both the group C and the group 
S (p = .001 and p = .006 respectively). TAl volumes of the rats in the Sp 
group decreased significantly in comparison with the group C (p = .001).

Interstitial tissue volume fractions of the rats in the Sp and ST by 
groups increased as compared to the groups C and S; while tubular tis-
sue volume fractions of the rats in the Sp and ST by groups decreased 
in comparison with the groups C and S. The volume fractions of the IT, 
TT and tubular tissue subcomponents (TP, GE and seminiferous tubule 
lumen) are shown in Table 2.

It was found that testis parenchyma volumes (V testis–V tunica 
albuginea) of the rats in the Sp and ST by groups were significantly 
lower than the groups C and S (Table 1). The IT volumes, TT volumes 
and subcomponents (TP, GE and seminiferous tubule lumen) of TT vol-
umes are given in Table 2.

3.4 | Values of seminiferous tubule diameter and 
germinal epithelium height

Seminiferous tubule diameter values of the rats in the Sp and ST by 
groups were found to be decreased in comparison with groups C and 
S. It was observed that the difference between the GEH values of the 
rats in the Sp and ST by groups and the values of those in groups C and 
S was statistically significant (Table 3).

3.5 | Johnsen testicular biopsy score results

Johnsen scores of the rats in the groups Sp and ST by decreased sig-
nificantly in comparison with the groups C and S (Table 3).

3.6 | Morphological findings

Testis tissues of the rats were examined histopathologically under a light 
microscope in a qualitative manner. It was seen that germinal epithelium 

TABLE  1 The gonadosomatic index, testis and body weights, testis and testis parenchyma volumes in groups

Groups GSI Testis weight (g) Body weight (g) Testis volume (cm3)
Testis parenchyma 
volume (cm3)

C 0.55 ± 0.01 1.53 ± 0.06 276.6 ± 11.1 1.027 ± 0.071 1.005 ± 0.071

S 0.56 ± 0.07 1.49 ± 0.25 265.5 ± 10.6d 0.941 ± 0.120 0.920 ± 0.117

Sp 0.49 ± 0.01** 1.27 ± 0.07** 259.8 ± 8.3b 0.758 ± 0.043* 0.741 ± 0.042*

ST by 0.47 ± 0.04* 1.10 ± 0.13*,a 232.9 ± 10.3*,c 0.700 ± 0.094* 0.686 ± 0.093*

C, control group (n = 8); S, sham group (n = 8); Sp, speech group (n = 8); ST by, standby group (n = 8); mean ± SD.
*p < .001: compared to C and S groups, **p < .01: compared to C and S groups, ap < .05: compared to Sp group, bp < .01: compared to C group, cp < .001: 
compared to Sp group, dp < .05: compared to C group.

TABLE  2 The volume fractions and volumes of the testis parenchyma components in groups

Groups IT TP GE Lumen TT

C (Vv-%) 8.78 ± 1.42 1.73 ± 0.36 77.75 ± 2.13 11.71 ± 1.86 91.19 ± 1.43

(V-cm3) 0.088 ± 0.015 0.017 ± 0.003 0.782 ± 0.074 0.117 ± 0.010 0.916 ± 0.067

S (Vv-%) 9.19 ± 1.27 1.75 ± 0.40 77.77 ± 1.95 11.31 ± 2.06 90.84 ± 1.27

(V-cm3) 0.084 ± 0.011 0.016 ± 0.004 0.717 ± 0.108b 0.103 ± 0.015 0.837 ± 0.112b

Sp (Vv-%) 10.90 ± 1.63a 1.98 ± 0.47 76.64 ± 2.42 10.43 ± 1.68 89.04 ± 1.66a

(V-cm3) 0.081 ± 0.016 0.015 ± 0.003 0.568 ± 0.018* 0.078 ± 0.015* 0.660 ± 0.029*

ST by (Vv-%) 12.75 ± 2.10*, ** 2.22 ± 0.63 75.36 ± 1.47 9.66 ± 1.26 87.23 ± 2.10*,**

(V-cm3) 0.089 ± 0.024 0.016 ± 0.005 0.516 ± 0.062* 0.066 ± 0.007* 0.597 ± 0.070*

C, control group (n = 8); S, sham group (n = 8); Sp, speech group (n = 8); ST by, standby group (n = 8); IT, interstitial tissue; TP, tunica propria; GE, germinal 
epithelium; TT, tubular tissue; mean ± SD.
*p < .001: compared to C and S groups, **p < .05: compared to Sp group, aP<.05: compared to C and S groups, bP<.05: compared to C group.

TABLE  3 The seminiferous tubule diameter (STD), germinal 
epithelium height (GEH) and Johnsen scores in groups

Groups STD (μm) GEH (μm) Johnsen scores

C 307.09 ± 2.64 86.03 ± 3.25 9.41 ± 0.28

S 292.53 ± 2.77a 83.14 ± 2.24d 9.07 ± 0.32

Sp 283.29 ± 2.87a,b 76.55 ± 1.78* 8.43 ± 0.79b,d

ST by 268.32 ± 13.26*, ** 73.73 ± 4.61*,c 8.21 ± 0.89b,e

C, control group (n = 8); S, sham group (n = 8); Sp, speech group (n = 8); ST 
by, standby group (n = 8), mean ± SD.
*p < .001: compared to C and S groups, **p < .001: compared to Sp group, 
aP < .001: compared to C group, bP < .05: compared to S group, cP < .05: 
compared to Sp group, dP < .05: compared to C group, eP < .01: compared 
to C group.
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tissue integrity was mostly maintained and series of spermatogenic cells 
were in normal order and sequence in the groups C and S.

In the Sp and ST by groups, in addition to germinal epithelium 
degeneration, germinal epithelium was observed to separate from 
tunica propria in some seminiferous tubules. Rare examples of gaps 
were observed among series of spermatogenic cells (Figure 3), while 
spermatogenic cellular masses were found in the seminiferous tubule 
lumen (Figure 4). It was also seen that Leydig cell groups decreased in 
number in the interstitial tissue while the densities of other IT compo-
nents such as connective tissue and blood vessels increased.

3.7 | Hormonal values

The cortisol values of the rats in the Sp and ST by groups were 
increased statistically significant compared to C group. No statistically 
significant difference was found in the FSH, LH and testosterone hor-
mone levels among the groups (p > .05) (Table 4).

4  | DISCUSSION

This study examined morphological and histopathological effects of 
EMF generated by mobile phones in Sp and ST by modes on rat tes-
tis. A stereological method, Cavalieri’s principle (point count method), 
was used for the evaluations of the effects of EMF on testis volume, 
volume fractions and volumes of testis components. Spermatogenesis 
was examined using Johnsen testicular biopsy score count method. 
It was seen at the end of the study that exposure to mobile phones 
caused degeneration in germinal epithelium tissue and as a result, 
such parameters as testis volume, tubular tissue volume fraction and 
volume, germinal epithelium volume, STD, GEH and Johnsen biopsy 
score were affected adversely. Moreover, exposure to mobile phones 
was found to increase cortisol levels as well.

In parallel with the effects of EMF emitted by mobile phones on 
different systems (Mohamed et al., 2011; Mortavazi et al., 2009; 
Saikhedkar et al., 2014), many studies have examined its effects on 
male reproductive functions (Agarwal, Deepinder, Sharma, Ranga, 
& Li, 2008; Mugunthan et al., 2014, 2015; Veerachari & Vasan, 
2012). Some of these studies have been carried out on humans and 
the relationship between the use of mobile phones and infertility 
was investigated. In a study conducted with 361 males attending 
an infertility clinic, Agarwal et al. (2008) found that mobile phone 
usage affected sperm quality negatively by decreasing the number, 
motility and viability of spermatozoa and this could result in infer-
tility in males. Veerachari and Vasan (2012) reported that exposure 
to mobile phone generated EMF caused oxidative stress in in vitro 
semen samples and this had an adverse effect on sperm parameters 
and DNA structure.

On the other hand, since it is not possible to observe morphologi-
cal and morphometric changes in testis tissue in clinical studies, some 
studies have examined the effects of mobile phones on animal models 
(Dasdag et al., 2003, 2008; Forgacs et al., 2006). Studies carried out 
with animal models have such advantages as reaching experimental 
groups at any time, keeping the experimental process under control 
and finalising the experiments at any moment.

No agreement has yet been reached concerning the effects of 
exposure to mobile phones on male reproductive functions. While the 
literature contains studies reporting harmful effects of mobile phones 
on reproductive functions (Dasdag et al., 1999; El-Bediwi, El-Kott, 
Saad, & Eid, 2011; Hancı et al., 2013; Nisbet et al., 2012), there are 
also studies (Forgacs et al., 2006; Lee et al., 2010) stating that testis 
functions are not affected. In these studies, there may be differences 
in the methodologies of generating EMF (with experimental equip-
ment in laboratory environment or using mobile phones directly), the 
frequency of EMF, intensity, experiment duration, mode, total dura-
tion of implementation and the types of experimental animals used. 
Failure to achieve standardisation in the experimental process causes 
the results concerning the effects of EMF to vary.

F IGURE  3 Showing the histopathological changes in the standby 
group (D: the degenerated seminiferous tubules, (*): the separated 
germinal epithelium from tunica propria, (→): the gaps were among 
series of spermatogenic cells); magnification: ×20 

F IGURE  4 Showing the cellular masses were found in the 
seminiferous tubule lumen; magnification: ×40
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The number of studies examining the effect of mobile phones on 
testis volume is quite low. In these studies, testis volume has been 
evaluated using the immersion method and EMF was observed to 
decrease testis volume (Mugunthan et al., 2014, 2015). In our study, 
however, testis volume, testis parenchyma volume, volume fractions 
and volumes of the components forming the testes were evaluated 
with Cavalieri’s principle (point counting method). Cavalieri’s prin-
ciple is frequently used to calculate tissue volumes by using two-
dimensional tissue samples. This method allows an objective and 
effective calculation of volume and volume fractions of a given tissue 
(Gundersen et al., 1988). In our study, testis volume, tubular tissue vol-
ume fraction and volume, and GE volume in the Sp and ST by groups 
were observed to decrease in comparison with the C and S groups. 
This finding clearly reveals the degenerative effect of the EMF gen-
erated by mobile phones on the germinal epithelium. These results 
obtained from the groups exposed to EMF are similar to the previous 
findings reached by Tenorio et al. (2011).

Seminiferous tubule diameter and GEH are important morpho-
metric parameters showing the damage caused by EMF. Studies 
have shown that EMF generally reduces STD (Mugunthan et al., 
2015; Salama et al., 2010; Tenorio et al., 2011). Ozguner et al. (2005) 
showed the negative effects of 900 MHz EMF, which they generated 
experimentally, on STD as well as on GEH. Hancı et al. (2013) stated 
that EMF (900 MHz) decreased STD and epithelium thickness in mice 
in the prenatal period. However, it has also been claimed that EMF 
had no effect on STD (Dasdag et al., 2003). In our study, STD and GEH 
have been sampled according to the “systematic uniform sampling 
principle” for the first time. As a result of our evaluations, EMF was 
observed to decrease STD and GEH in both experimental groups.

The degenerative effect on the germinal epithelium was reflected 
negatively on the Johnsen testicular biopsy scores. The Johnsen score 
we obtained revealed hypospermatogenesis. The related literature 
contains studies showing negative histopathological effects of mobile 
phones (Mugunthan et al., 2014, 2015). Liu et al. (2015) reported that 
electromagnetic radiation (900 MHz) decreased sperm count and 
increased the rate of apoptotic spermatozoa. Various studies have 
evaluated histopathological changes using qualitative methods other 
than the Johnsen score. These studies have revealed findings such as 
a decrease in the number of spermatogenic cells, breaking of these 
cells from the germinal epithelium (El-Bediwi et al., 2011), separa-
tion of seminiferous tubules from each other and a decrease in the 
number of Leydig cells (Kumar, Mehta, & Nidhi Shukla, 2015). Similar 

histopathological changes have been observed in our study. In our 
study, the degenerative effect of EMF was higher in the ST by group 
than the Sp group. We associate this with the fact that testes in the ST 
by group absorbed more radiation.

The number of studies on the relationship of EMF with cortisol is 
quite limited. In a previous study, Shahryar et al. (2008) reported that 
long exposure (50 days) to mobile phones (950 MHz) increased serum 
cortisol levels. Kitaoka, Kitamura, Aoi, Shimizu, and Yoshizaki (2013) 
found that an extremely low-frequency (60 Hz, 3mT) magnetic field 
increased corticosterone (a glucocorticoid hormone produced in rats) 
while it did not change the ACTH levels which control corticosterone 
activity. In our study, EMF created a stress on the rats and serum corti-
sol levels increased in the experimental groups correspondingly. It has 
been stated that the increase in cortisol levels causes degeneration 
in testes and significantly decreases testosterone secretion (Phillips, 
Lakshmi, & Monder, 1989). Similarly in our study, the increased corti-
sol may have contributed to the degeneration in germinal epithelium 
in addition to the direct effect of EMF on morphological parameters.

Different results have been obtained in studies concerning the 
effects of EMF on testosterone. Salama et al. (2010) found that mobile 
phones (800 MHz) did not change the serum testosterone levels in 
rabbits. Hajioun (2014) came to a similar conclusion. On the other 
hand, El-Bediwi et al. (2011) stated that EMF decreases testosterone 
levels, whereas Nisbet et al. (2012) reported an increase. Kim et al. 
(2007) found that EMF (2.45 GHz) increased testosterone levels in 
rats but did not alter FSH/LH levels. In our study, although a decrease 
was observed in Leydig cell groups in the experimental groups, testos-
terone levels did not change in these groups. A quantitative evaluation 
of Leydig cells would present the relationship between EMF and tes-
tosterone more clearly.

In conclusion, it has been found in our study that EMF generated 
by mobile phones causes degeneration in the germinal epithelium. 
As a result of this degeneration, significant decreases were observed 
in the testis volumes, tubular tissue volumes, STD and GEH of the 
experimental groups. While EMF increased serum cortisol levels in 
the experimental group, it caused no change in gonadal hormones. All 
these findings are considered to be useful for studies examining the 
effects of EMF on reproductive functions.
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Groups Cortisol (μg/dl)
Testosterone  
(ng/dl) FSH (ng/ml) LH (IU/L)

C 4.16 ± 0.91 262.1 ± 46.2 11.33 ± 1.74 0.229 ± 0.008

S 4.39 ± 0.57 256.9 ± 42.8 10.84 ± 2.31 0.227 ± 0.010

Sp 5.13 ± 1.02* 249.2 ± 65.0 10.14 ± 1.35 0.223 ± 0.009

ST by 5.16 ± 0.70* 245.9 ± 82.6 10.96 ± 1.66 0.216 ± 0.015

C, control group (n = 8); S, sham group (n = 8); Sp, speech group (n = 8); ST by, standby group (n = 8) 
mean ± SD.
*p < .05: compared to C group.

TABLE  4 The cortisol, testosterone, 
FSH and LH values in the groups

     |  7 of 8ÇETKIN et al.

 14390272, 2017, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/and.12761 by U

niversity O
f B

ritish C
olum

bia, W
iley O

nline L
ibrary on [30/12/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



REFERENCES

Agarwal, A., Deepinder, F., Sharma, R. K., Ranga, G., & Li, J. (2008). Effect of 
cell phone usage on semen analysis in men attending infertility clinic: 
An observational study. Fertility and Sterility, 89, 124–128.

Bhalla, M. R., & Bhalla, A. V. (2010). Generations of mobile wireless technology: 
A survey. International Journal of Computers and Applications, 5, 26–32.

Dasdag, S., Akdag, M. Z., Aksen, F., Yılmaz, F., Bashan, M., Dasdag, M. M., & Celik, 
M. S. (2003). Whole body exposure of rats to microwaves emitted from a 
cell phone does not affect the testis. Bioelectromagnetics, 24, 182–188.

Dasdag, S., Akdag, M. Z., Ulukaya, E., Uzunlar, A. K., & Yegin, D. (2008). 
Mobile phone exposure does not induce apoptosis on spermatogenesis 
in rats. Archives of Medical Research, 39, 40–44.

Dasdag, S., Ketani, M. A., Akdag, Z., Ersay, A. R., Sari, I., Demirtas, Ö. C., & Celik, 
M. S. (1999). Whole-body microwave exposure emitted by cellular phones 
and testicular function of rats. Urological Research, 27, 219–223.

De Melo, F. C., De Sousa, T. P., Costa, K. L., Da Matta, S. L., De Melo, F. R., & 
Santa-Rita Rde, M. (2013). Descriptive morphometry and stereology of 
the tubular compartment in the wild rodent Hylaeamys megacephalus 
(Rodentia: Cricetidae) from central Brazil. Animal Reproduction Science, 
138, 110–117.

Drostghoal, M., Sorooshnia, F., & Zardkaf, A. (2011). Stereological analy-
sis of wistar rat testis during early post-natal development. Anatomia 
Histologia and Embryologia, 40, 89–94.

El-Bediwi, A. B., El-Kott, A. F., Saad, M., & Eid, E. (2011). Effects of electro-
magnetic radiation produced by mobile phone on some visceral organs 
of rat. Journal of Medical Science, 11, 256–260.

Forgacs, Z., Somosy, Z., Kubinyi, G., Bakos, J., Hudak, A., Surjan, A., & 
Thuroczy, G. (2006). Effect of whole-body 1800 MHz GSM-like micro-
wave exposure on testicular steroidogenesis and histology in mice. 
Reproductive Toxicology, 22, 111–117.

Gao, H. B., Tong, M. H., Hu, Y. Q., Guo, Q. S., GE, R., & Hardy, M. P. (2002). 
Glucocorticoid induces apoptosis in rat leydig cells. Endocrinology, 143, 
130–138.

Gundersen, H. J. G., Bendtsen, T. F., Korbo, L., Marcussen, N., Moller, A., 
Nielsen, K., … West, M. J. (1988). Some new, simple and efficient stere-
ological methods and their use in pathological research and diagnosis. 
APMIS : acta pathologica, microbiologica, et immunologica Scandinavica, 
96, 379–394.

Hajioun, B. (2014). Effects of cell phone radiation on testosteron levels and 
testicular changes in rats treated with garlic (Allium stavium L.) hydroal-
coholic extract. Progress in Biological Sciences, 4, 63–73.

Hancı, H., Odacı, E., Kaya, H., Aliyazıcıoğlu, Y., Turan, İ., Demir, S., & 
Çolakoğlu, S. (2013). The effect of prenatal exposure to 900-MHz 
electromagnetic field on the 21-old-day rat testicle. Reproductive 
Toxicology, 42, 203–209.

Kim, J. Y., Kim, H. T., Moon, K. H., & Shin, H. J. (2007). Long-term exposure 
of rats to a 2.45  GHz electromagnetic field: Effects on reproductive 
function. Korean Journal of Urology, 48, 1308–1314.

Kitaoka, K., Kitamura, M., Aoi, S., Shimizu, N., & Yoshizaki, K. (2013). 
Chronic exposure to an extremely low-frequency magnetic field 
induces depression-like behavior and corticosterone secretion with-
out enhancement of the hypothalamic-pituitary-adrenal axis in mice. 
Bioelectromagnetics, 34, 43–51.

Kumar, P., Mehta, P., & Nidhi Shukla, V. (2015). Histological changes in rat 
testis after exposure to mobile phone radiations. International Journal of 
Life Sciences Research, 3, 73–79.

Lee, H. J., Pack, J. K., Kim, T. H., Kim, N., Choi, S. Y., & Lee, J. S. (2010). The 
lack of histological changes of CDMA cellular phone-based radio fre-
quency on rat testis. Bioelectromagnetics, 31, 528–534.

Liu, Z., Chang, Q., Xu, Z. L., & Zhang, Z. G. (2009). Stereological mea-
surement of rat’s seminiferous tubule. Chinese Medical Journal, 122, 
2643–2646.

Liu, Q., Si, T., Xu, X., Liang, F., Wang, L., & Pan, S. (2015). Electromagnetic 
radiation at 900 MHz induces sperm apoptosis through bcl-2, bax and 
caspase-3 signaling pathways in rats. Reproductive Health, 12, 65.

Melo, F. C. S. A., Matta, S. L. P., Paula, T. A. R., Gomes, M. L. M., & Oliveira, 
L. C. (2010). The effects of Tynnanthus fasciculatus (Bignoniaceae) infu-
sion on testicular parenchyma of adult wistar rats. Biological Research, 
43, 445–450.

Mohamed, F. A., Ahmed, A. A., El-Kafoury, B. M. A., & Lasheen, N. N. (2011). 
Study of the cardiovascular effects of exposure to electromagnetic 
field. Life Science Journal, 8, 260–274.

Mortavazi, S., Habib, A., Karami, A. G., Doost, R. S., Abedi, A. P., & Babaie, 
A. (2009). Alterations in TSH and thyroid hormones following mobile 
phone use. Oman Medical Journal, 24, 274–278.

Mugunthan, N., Anbalagan, J., & Meenachi, S. (2014). Effects of long term 
exposure to a 2G cell phone radiation (900-1900 MHz) on mouse tes-
tis. International Journal of Scientific Research, 3, 523–529.

Mugunthan, N., Anbalagan, J., Samy, A. S., Rajanarayanan, S., & Meenachi, 
S. (2015). Effects of chronic exposure to 2G and 3G cell phone radia-
tion on mice testis-A randomized controlled trial. International Journal 
of Current Research and Review, 7, 36–47.

Nisbet, H. O., Nisbet, C., Akar, A., Cevik, M., & Karayigit, M. O. (2012). 
Effects of exposure to electromagnetic field (1.8/0.9 GHz) on testicular 
function and structure in growing rats. Research in Veterinary Science, 
93, 1001–1005.

Noorafsan, A. (2014). Stereology as a valuable tool in the toolbox of 
testicular research. Annals of Anatomy-Anatomischer Anzeiger, 196,  
57–66.

Ozguner, M., Koyu, M., Cesur, G., Ural, M., Ozguner, F., Gokcimen, A., & 
Delibas, N. (2005). Biological and morphological effects on the repro-
ductive organ of rats after exposure to electromagnetic field. Saudi 
Medical Journal, 26, 405–410.

Phillips, D. M., Lakshmi, V., & Monder, C. (1989). Corticosteroid 11β- dehy-
drogenase in rat testis. Endocrinology, 125, 209–216.

Saikhedkar, N., Bhatnagar, M., Jain, A., Sukhwal, P., Sharma, C., & Jaiswal, 
N. (2014). Effects of mobile phone radiation (900 MHz radiofrequency) 
on structure and functions of rat brain. Neurological Research, 36, 
1072–1079.

Salama, N., Kishimoto, T., & Kanayama, H. O. (2010). Effects of exposure 
to a mobile phone on testicular function and structure in adult rabbit. 
International Journal of Andrology, 33, 88–94.

Shahryar, H. A., Lotfi, A. R., Bahojb, M., & Karami, A. R. (2008). Effects of 
electromagnetic fields of cellular phone on cortisol and testosterone 
hormones rate in syrian hamsters (mesocricetus auratus). International 
Journal of Zoological Research, 4, 230–233.

Tenorio, B. M., Jimanez, G. C., Morais, R. N., Torres, S. M., Albuquerque 
Nogueira, R., & Silva Junior, V. A. (2011). Testicular development evalu-
ation in rats exposed to 60 Hz and 1 mT electromagnetic field. Journal 
of Applied Toxicology, 31, 223–230.

Veerachari, S. B., & Vasan, S. S. (2012). Mobile phone electromagnetic 
waves and its effect on human ejaculated semen: An in vitro study. 
International Journal of Infertility and Fetal Medicine, 3, 15–21.

Yama, O. E., & Duru, F. I. (2011). Temporal adaptation in the testes of rat 
administered single dose Momordica charantina for three interrupted 
spermatogenic cycles: Cytometric quantification. Middle East Fertility 
Society Journal, 16, 194–199.

Ye, W., Wang, F., Zhang, W., Fang, N., Zhao, W., & Wang, J. (2015). 
Effect of mobile phone radiation on cardiovascular development of 
chick embryo. Anatomia Histologia and Embryologia, 45, 197–208. 
doi:10.1111/ahe.12188

How to cite this article: Çetkin M, Kızılkan N, Demirel C, et al. 
Quantitative changes in testicular structure and function in rat 
exposed to mobile phone radiation. Andrologia. 
2017;49:e12761. https://doi.org/10.1111/and.12761

8 of 8  |     ÇETKIN et al.

 14390272, 2017, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/and.12761 by U

niversity O
f B

ritish C
olum

bia, W
iley O

nline L
ibrary on [30/12/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1111/ahe.12188
https://doi.org/10.1111/and.12761

