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Reports of declining male fertility have renewed interest in assessing the role of electromagnetic fields (EMFs). 

Testicular function is particularly susceptible to the radiation emitted by EMFs. Significant decrease in sperm count, 

increase in the lipid peroxidation damage in sperm cells, reduction in seminiferous tubules and testicular weight and DNA 

damage were observed following exposure to EMF in male albino rats. The results suggest that mobile phone exposure 

adversely affects male fertility.  
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Widespread uses of electromagnetic field emitting 

devices has escalated over the past decade and to 

many they are now an essential part of business, 

commerce, and society. Extensive use of such devices 

which emit or receive radiofrequency electromagnetic 

field (EMF) may cause adverse effects on human 

health. As the usage of cell phone has increased, it has 

also increased the concern regarding the harmful 

effects of its use on health. To protect public health, 

the World Health Organization (WHO) established 

the International EMF Project in 1996 to assess the 

scientific evidence of possible health effects of 

electromagnetic frequencies in the range of 30 Hz to 

300 GHz. It is apparent that the wave frequency and, 

duration of exposure are the main factors which 

influence the hazardous effects of mobile phone 

radiation on the male reproductive system of male
1,2

. 

Electromagnetic field can have adverse effect on the 

reproduction system and could cause infertility
1-5

. 

Leydig’s cells, seminiferous tubules and spermatozoa 

are the main targets of possible damages caused by 

EMF. Exposure to EMF may reduce testosterone 

biosynthesis, impairs spermatogenesis and damaging 

sperm DNA
6,7

 Oxidative stress and hyperthermia are 

the main reason for infertility
8
. The diameter of the 

seminiferous tubule in the testis was reduced after 

EMF exposure at a specific absorption rate of 0.141 

W/kg after a period of one month. It was also shown 

that the diameter of seminiferous tubules and mean 

height of the germinal epithelium of the rat testes 

were significantly decreased due to such exposure
9,10

. 

Subchronic exposure of rats affected testosterone 

production and markedly elevated malondialdehyde 

(MDA) in testis
1,2

. One of the bio-markers widely 

assayed in determination of oxidative damage in 

lipids is MDA and it is considered to be an important 

parameter for detection of damage to cell 

membrane
11

. Sperms are unique in structure and 

function and more susceptible to damage by lipid 

peroxidation (LPO)
12

. Sperm membrane is rich in 

polyunsaturated fatty acids that can undergo lipid 

peroxidation by exposure to EMF that can cause an 

increase in reactive oxidative species (ROS) in cells
13

. 

Infertile men with high seminal ROS levels have a 

lower percentage of motile sperm
14

. Overproduction 

of ROS and deficiency of antioxidants in cells cause 

an imbalance resulting in molecular oxidative damage 

(stress)
15

, DNA damage, cell membrane lipid 

peroxidation, and amino acid modifications
16-18

. 

The effect of mobile phone frequency and 10-GHz 

exposure on reproductive pattern in male rats has 

been reported
1-4

. The subject of the present study is 

extended to include 3G mobile phone radiation (1900-

2170 MHz) and to seek further support to previous 

findings, through the introduction of some additional 

parameters. It is planned to investigate biochemical 

changes that confirm the infertility pattern due to the 
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nonspecific stress caused by the EMF exposure. 

Effects and possible mechanism are presented in this 

communication.  

 
Materials and Methods 

Materials—Proteinase K, agarose, dithiothreitol, 

ethidium bromide and tetraethoxypropane were 

purchased from Sigma (St. Louis, MO, USA). The 

rest of the chemicals were purchased from Merck 

Chemicals (Mumbai, India). 
 

Animals—Male Wistar rats (190±10 g; 70 days old) 

were used in the present study. The animals were 

maintained as per national guidelines and protocols, 

approved by the Institutional Animal Ethics 

Committee (IAEC-JNU/83/675-687; Code No. 

12/2008) of Jawaharlal Nehru University, New Delhi. 

The animals were housed in clean polypropylene 

cages in a controlled temperature (25-27 
o
C with 40-

50% RH) with constant 12:12 h L:D cycle (08.00–

20.00 hrs light and the rest of the period dark). The 

animals were fed standardized normal diet (Tetragon 

Cheime Private Limited, Banguluru, India) and 

provided water ad libitum.  
 

Animal exposure—The animals were divided into 2 

groups of 6 each: sham and EMF-exposed. The 

experiments were repeated twice. The rats were 

placed in a Plexiglas cage ventilated with holes of 2 

mm diameter. Exposure cages were made in such a 

way that a rat could be comfortably placed. A mobile 

phone was kept on a platform placed on the top of the 

exposure box housing with one animal at a time. The 

platform carrying the mobile phone was firmly tied 

with a string to a pulley, whose movement was 

controlled by a stepper motor (Fig. 1). The stepper 

motor was programmed to have an angular movement 

from 2 degree to 20 degree (moving at 2 degree per 

min). This system simulates a probability of the 

movement of a mobile phone near the head of an 

actual user in the ‘talk mode’. The placing of the 

mobile phone antenna on the top of the animal cage 

ensured that the emission was mainly directed 

towards the animal. The frequency of the cell phone 

was fixed at 1910.5 MHz and kept in 'talk mode'. 

Animals were exposed for 60 days, two hours each 

day (6 days a week). Exposure was carried out in a 

blind manner. Immediately after the completion of the 

exposure, animals were sacrificed and assays on 

testicular parameters were carried out. All twelve 

samples were analysed for each parameter under blind 

condition. 

Specific absorption rate (SAR)—Exposure was 

given by a 3G mobile phones (Nokia C5) having a 

time average specific absorption rate of 1.34 W/kg, as 

mentioned by the manufacturer. For calibration, the 

emitted power of mobile phones was measured by 

using a specially designed monopole probe connected 

to an Agilent fieldfox spectrum analyser (model-

N9912A, Santa Clara, CA, United States). The 

average maximum and minimum emitted powers 

from the mobile phone were 1.41 and 0.113 mW 

respectively. Knowing the power density, the SAR 

was computed from the theoretical computation of 

Durney et al
19

. Correspondingly, the maximum and 

minimum SAR values were 0.28 and 0.0226 W/kg, 

respectively
19

. 

Testicular weight and sperm count—After the 

completion of the last exposure period, animals were 

sacrificed by cervical dislocation. Testes were 

dissected out, freed from adherent tissues and 

weighed up to nearest 0.001 g on a Mettler analytical 

balance (BL-220H, Shimadzu Corporation, Kyoto, 

Japan). Caput and cauda sections of each testis were 

cut into small pieces in 5 mL of warm saline or PBS 

solution to release sperm for 10 min. A sample was 

then diluted for sperm count using a hemocytometer 

[Neubauer improved double ruling (Fein-Optik, 

Blankenburg, Germany)]. Sperms were counted in 5 

 
 

Fig. 1—Exposure set up of 3G mobile phone on Perspex animal 

holding cage (length: 55 cm, width: 17.5 cm, height: 15 cm). One 

end of platform supporting the mobile phone was tied to a string 

and the other end was fixed to the animal cage by a hinge. The 

string was attached to a pulley, movement of which was 

controlled by a stepper motor. The stepper motor was 

programmed to be controlled by a personal computer 
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squares of the slide and the average number was 

calculated. The hemocytometer was 0.1 mm deep, and 

had 25 large squares on it which represent an area of 

one square mm. The volume in 25 squares is 0.1 µl. 

Counts in 5 squares would consist of the sperm that 

settled out in 0.02 µL of the diluted sample. 

Therefore, the count was multiplied by 50,000 to 

determine the sperm concentration in 1.0 mL. To get 

the concentration of the original sperm sample, 

concentration of the diluted solution was multiplied 

by a dilution factor. Sperm counting was done 

according to
 

WHO guidelines
20

. The following 

equation was used to convert the counts in five 

squares to concentration in 1 mL of the original sperm 

sample: 
 

Sperm count = (dilution factor) (count in 5 squares) (5 × 10
4
) 

 

By convention, sperm concentration is expressed in 

terms of number of sperm/mL. 
 

Scanning microscopy of seminiferous tubules—

Seminiferous tubules were cut out from a testis. The 

tubules were then cut into pieces, fixed into 

Karnovsky’s fluid, post-fixed in osmium tetroxide for 

2 h, and dehydrated with three sets of acetone 

dipping. After dehydration in the last portion of 

acetone, seminiferous tubules were dehydrated using 

a vacuum pump. Images of samples were taken using 

scanning electron microscope (Leo 435 VP) in the All 

India Institute of Medical Sciences (AIIMS), New 

Delhi. The diameter of seminiferous tubules was 

measured using the SiViewer software (Olympus Soft 

Imaging Solutions GmbH, Munster, Germany).  
 

Malondialdehyde estimation—MDA in sperm (10
6
 

cells) was measured by monitoring the formation of 

thiobarbituric acid reactive substances (TBARS) 

using the method described by Buego and Austin
21

. 

The principle of the method is spectrophotometric 

measurement of the colour generated by the reaction 

of thiobarbituric acid (TBA) with MDA. Briefly, 2 

mL of each sample treated with trichloroacetic acid 

(15% w/v) containing 1 mM EDTA was centrifuged 

at 1,000×g for 10 min. The supernatant was heated at 

100 °C with an equal volume of TBA (0.7% w/v) for 

20 min, and after cooling, the absorbance (532 nm) 

was measured using a spectrophotometer. 
 

Detection of DNA strand brake using the Comet 

assay—In the present investigation, the comet assay 

(also referred to as single-cell gel electrophoresis) was 

used to determine DNA damage (DNA single strand 

breaks). Immediately after the last exposure period, 

one rat at a time was sacrificed and testis was 

removed. Seminiferous tubules were cut out from the 

testis and diced in phosphate-buffered saline (PBS) 

and kept at 37 
o
C in a water bath for 7–10 min. The 

spermatozoa released in PBS were collected by 

pipetting and centrifuged at 500×g for 5 min to obtain 

the spermatozoa. Assay was performed according to 

the method described by Codrington et al
22

. Fresh 

sperm samples (50 µL) were added to 500 µL of 

molten 0.5% low melting point grade agarose 

(suspended in phosphate-buffered saline, pH 7.4, at 

42 
o
C). The mixture (60 µL) was pipetted out and 

poured onto a fully frosted slide and immediately 

covered with a cover glass (24×60 mm). The gel was 

allowed to solidify at 4 
o
C in the dark for 20 min. All 

subsequent steps were performed in the dark or under 

yellow light to prevent any additional DNA damage. 

These slides were immersed in an ice-cold lysing 

solution (2.5 M NaCl, 100 mM EDTA, and 10 mM 

Tris-HCl; final pH 10, containing 10% 

dimethylsulfoxide, 1% Triton X-100, and 40 mM 

dithiothreitol) and kept for 1–2 h at 4 °C. Slides were 

washed in distilled water for 5 min after the initial 

lysis. After lysing overnight, the slides were removed 

and washed in distilled water and then immersed in 

freshly prepared alkaline solution (1 mM EDTA and 

0.05 M NaOH, pH 12.1) for 20 min. Slides were 

placed on the a gel tray submerged in Tris-borate-

EDTA buffer (TBE) in horizontal electrophoresis 

unit. This tris-borate EDTa buffer level was kept at 2-

3 mm above the slides. Electrophoresis was carried 

out at 14 V (0.7 V/cm) for 30 min. The slides were 

then removed from the electrophoresis apparatus and 

fixed in ice-cold 70% ethanol for 5 min and left 

vertical at room temperature to air dry. Slides were 

stained with 100 µL of ethidium bromide (20 µg/mL) 

and immediately analysed. Images were taken at 400 

X magnifications using an Axio Cam MRm camera 

attached to a Carl Zeiss HBO 50 fluorescence 

microscope (Carl Zeiss HBO 50, Jena GmbH, Jena, 

Germany). 

Comet scoring—Slides were assayed for DNA 

strand brakes. Twenty five cells were randomly 

analysed per slide for a total of 50 cells (two slides) per 

animal, and fluorescent images were scored for comet 

parameters. From each cell head and tail length (µm), 

intensity (%), and tail migration (µm) from the 

beginning of the nuclear area to the last five pixels of 

DNA perpendicular to the direction of migration at the 

leading edge were measured. The scoring of the comet 
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assay was done by using the Comet Assay IV Software 

(Perceptive Instrument Pvt Ltd, Suffolk, UK). 
Histopathological examination—Testis samples 

were removed and fixed in 10% formalin. They were 

then embedded in paraffin, sectioned, and stained 

with hematoxylin and eosin. Slides were examined by 

light microscopy through a 40X magnification. 

Statistical analysis—Data are presented as 

mean±SE. Statistical analysis was performed using 

the two tailed Student's t test. A difference at P<0.05 

was considered statistically significant. 
 

Results 

Sperm count—The total epididymal sperm count in 

the EMF exposed experimental animals differ 

statistically (P< 0.0005) from that of the sham group. 

In the exposed group, the average spermatocyte count 

(per mL) was 159.16±10.68×10
6
 and in the sham group 

was 210.83±8.61×10
6
. In comparison with sham 

exposed group, sperm motility of the EMF exposed 

group was not significantly different, although it is 

lower in irradiated rats. 

Testicular weight—The testicular weight of EMF 

exposed group was 1.55±0.022 g whereas that of 

sham exposed group was 1.72±0.04 g. The weight in 

the EMF group was found to be significantly reduced 

by 9% (P= 0.0005). Reduction in the weight of rat 

testis was probably due to induced atrophy. The 

relative testicular weight shows an effect on the 

reproductive system. 

MDA—MDA in sperm was measured by monitoring 

the formation of TBARS. The result shows a 

significant (P<0.005) increase in the testes of EMF 

exposed group (0.67±0.01) as compared with that of 

the sham-exposed group (0.42±0.03). 

Diameter of seminiferous tubules—The 

seminiferous tubules appeared rounded or oval in 

their outlines and lined by germinal epithelium. The 

seminiferous tubules of the EMF exposed adult rats 

showed a marked reduction in diameter. The diameter 

of the EMF exposed animal was 157.62 ± 8.03 µm 

which was significantly reduced (P=0.0002) when 

compared with the sham control (181.49 ± 6.24 µm). 

Comet assay—Figure 2 shows sample photographs 

of DNA comets of spermatozoa from sham exposed 

and EMF exposed rats. Significantly more tail 

migration took place in EMF exposed samples as 

compared to sham exposed control. Data of various 

parameters of comet measurements are presented in 

Table 1. They indicate that chronic exposure to 

mobile phone radiation increased DNA single strand 

breaks in spermatozoa of rat. 

Histopathological examination—The testis is 

surrounded by a thick capsule called tunica albuginea. 

Leydig’s cells are located in the interstitial tissue 

between the convoluted seminiferous tubules, which 

synthesize and secrete testosterone. Testes of EMF 

exposed rats exhibited no observable pathological 

alterations. Sham exposed and EMF exposed samples 

showed no significant histological difference in testicular 

sections stained with haematoxylin eosin (Fig. 3). 
 

Discussion 
Over the last decade, the exponential growth of 

mobile communications has been accompanied by a 

parallel increase in the level of environmental 

electromagnetic fields (EMF). As such, the continued 

expansion of mobile communications raises important 

questions because EMF has long been suspected to 

have biological effects.  

 
 

Fig. 2—Images of ethidium bromide–stained spermatozoa DNA obtained from rat testis of control group (A) and EMF exposed group 

(B). DNA damage level was determined by the increasing tail migration while DNA is seen to shift from the body of the head into the 

tail. (magnification 400x under fluorescence microscope). 
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Mammalian spermatogenesis is a complex process. 

Spermatogenesis occurs within a collection of  

U-shaped seminiferous tubules. The seminiferous 

tubules are lined by sertoli cells, which support germ 

cells in varying stages of development. In mammalian 

testes, germ cells expand clonally through many 

rounds of mitosis before undergoing the 

differentiation steps that result in mature spermatozoa. 

In the present study we have observed a reduction in 

sperm counts in rats after exposure to EMF. 
 

Although a male partner produces sufficient 

numbers of spermatozoa to achieve fertilization, due 

to functional defects in these cells, conception is 

prevented. Fail to conceive in couples may be due to 

stress. Despite several reasons for defect in sperm 

cells, fragmentation of DNA has been associated with 

impaired fertilization. Ramadan et al.
23

 reported a 

decrease in sperm count, motility and daily sperm 

production with marked testicular histopathological 

changes after magnetic field exposure. 
 

Mobile phone exposure in males is linked to 

development of testicular abnormalities, atypical 

sperm, chromosomal aberrations and congenital 

defects in offspring
23

. Jung et al.
25 

have found that 

EMF (including radiofrequency radiation RFF) could 

impair spermatogenesis in the testis, but only after 

excessive exposure. Dasdag et al.
26

 have reported that 

mobile phone radiation affected testicular function 

through defects in male germ line. Aitken et al.
27-28 

have shown that exposure to RFR lead a significant 

impact on the integrity of both mitochondrial and 

nuclear genomes in mice. It is thus evident that 

mobile phone radiation at a given power level is 

capable of inflicting damage to the germline.  

The finding of an increase in MDA level in the 

present study seems to support the effect of mobile 

phone radiation on sperms. Lipid peroxidation may 

cause cellular injury to the spermatozoa due to an 

increase in sperm membrane fluidity
28

. Sperm 

membrane damage can be caused by an increase in 

reactive oxygen species, such as superoxide anion, 

hydroxyl radical and hydrogen peroxide produced by 

mobile phone radiation resulting in increased lipid 

peroxidation. Several authors reported that MDA and 

ROS levels increased and antioxidant levels were altered 

due to EMF exposure
28

. Moustafa et al.
29

 showed that 

the lipid peroxide level in healthy adult male volunteers 

was significantly increased after 1, 2, and 4 h of 

exposure to radiofrequency fields. Malondialdehyde is a 

major oxidative degradation product of membrane and 

has been shown to be biologically active with 

hepatotoxic and genotoxic properties
30

. 

Results of the present study showed that mobile 

phone radiation did not cause any structural change in 

histopathological pattern in testicular organs and this 

suggests that the applied mobile phone exposure 

evoked only functional changes in the irradiated rats. 

Amara et al.
31

 demonstrated effects of extremely-low 

Table 1—Sperm data by comet assay 

[Values scored using Comet Score software are mean ± SD] 

Parameters      Control     Exposed P values 

Comet length (px) 240.93 ± 70.29 392.93 ± 102.44 0.006 

Comet height (px) 204.46 ± 46.6 259.3 ± 64.36 0.001 

Comet area (px) 51717.8 ± 26849.41 103985.56 ± 48338.54 0.00003 

Comet intensity 3666841.03 ± 2503584.94 6254537 ± 3682978.54 0.003 

Comet mean intensity 69.07 ± 17.35 59.91 ± 16.25 0.03 

Head diameter (px) 205.46 ± 46.58 254.9 ± 59.28 0.001 

Head area (px) 51714.3 ± 26849.22 97356.77 ± 40297.53 0.00003 

Head intensity 3423001.63 ± 2353990.11 4771510 ± 2866878.23 0.06 

Head mean intensity 64.57 ± 17.17 47.45 ± 12.11 0.00007 

%DNA in head 93.26 ± 4.91 77.57 ± 12.36 0.00006 

Tail length (px) 39.96 ± 36.51 138.03 ± 57.84 0.00002 

Tail area (px) 3.5 ± 13.69 6628.8 ± 31541.48 0.25 

Tail intensity 243839.4 ± 243649.56 1483027 ± 1255060.51 0.0001 

Tail mean intensity 237418.21 ± 247483.71 12842721.83 ± 1206822.34 0.0005 

%DNA in tail 6.73 ± 4.91 22.42 ± 12.36 0.00006 

Tail moment 2.75 ± 3.08 34.59 ± 45.02 0.0006 

Olive moment 5.59 ± 4.72 34.13 ± 35.02 0.0001 
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frequency magnetic field (ELF-MF) in a 

histopathologic investigation of testicular tissue. 

Decreased spermatogenesis in some seminiferous 

tubules, congestion in blood vessels of the 

interstitium, and increase in interstitial edema and 

Sertoli cells were observed. Leydig cells were found 

to be normal in appearance. 
 

The testis is known to be very sensitive to impact 

and injury. It is possible to some extent that when 

subjected to adverse conditions e.g. higher 

temperature or injury, testicular size can shrunk by 

competing against their intrinsic recovery properties 

of system and hormonal function through the use of 

externally administrated hormones or medicine. 

Testes may shrink or undergo atrophy during damage 

or hormonal-replacement therapy. In these cases, a 

loss in testicular volume corresponds with a loss of 

spermatogenesis. Handelsman and Staraj
32

 have 

shown that reduced testicular sizes are related to 

advancing age, malnutrition, alcoholism, malignancy, 

chronic and terminal illness. Aweda et al.
33

 showed 

that microwave affected the male reproduction by a 

consistent reduction in testis weight. 
 

Among many biological targets, the DNA molecule 

has been frequently investigated with respect to 

potential damage caused by mobile phone radiation. It 

is an important consideration because of DNA's 

relevance for cell function, proliferation, viability and 

genetic material from one generation to the next 

generation. The ability to repair DNA lesions in cell is 

an ubiquitous defense mechanism that is essential for 

its survival and maintenance of its functions. Different 

cells have different repair maintenance mechanisms
33

. 

It was suggested that DNA repair pathways could be 

differently affected by EMF exposure
34,35

. Cells have 

their own set of antioxidant defence mechanisms to 

fight with free radical formation and to overcome the 

limit of damaging effects. Superoxide dismutase 

(SOD), catalase (CAT) and glutathione peroxidase 

(GPx) are the enzymatic defence systems of cells 

against oxygen radicals. Excessive production of free 

radicals specifically ROS, has been associated with a 

wide variety of clinical disorders
36-38 

environmental 

stresses (such as UV, heat exposure, EMF exposure).  
 

Exposure of a biological system to EMF cause a 

weak induced signal near the cellular boundary and 

lead to the penetration of energy from a coherent 

signal, with amplification derived from noise via 

stochastic phenomena
4
. Thus, the signal can 

circumvent the barrier height of the plasma membrane 

and penetrate inside the nucleus to cause DNA 

damage (e.g., strand breaks). This signal may also 

provide sufficient energy to cause overproduction of 

ROS
4
. Furthermore, mobile phone radiation might 

induce vasodilatation and increase the production of 

NO as stated by
39-41

. Moreover, stress could induce 

functional and structural lesions observed in this 

study. The main damage of increased ROS production 

can cause alterations in macromolecules such as 

polyunsaturated fatty acids in membrane lipids, vital 

proteins, and DNA
42-44

. Agarwal et al.
45 

has reported 

similar results on human ejaculated sperms ,which 

provide support to these data.  

 
 

Fig. 3—Transverse section of rat testis. Histology of testis from 

sham exposed rat showed normal seminiferous tubule lined with 

stratified epithelium, composed of two major cells, the supporting 

cells (sertoli cells) and spermotogenic cells (A). No visible 

changes between the sham exposed and EMF-exposed groups 

were observed (B). [H&E, ??X] 
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Conclusion 
This study demonstrates that exposure to mobile 

phone radiation can affect sperm functions via 

mechanisms that involve oxidative stress. Oxidative 

stress is the main cause of infertility in man.  
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