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Abstract

Background: There is tremendous concern regarding the possible adverse effects of cell
phone microwaves. Contradictory results, however, have been reported for the effects
of these waves on the body. In the present study, the effect of cell phone microwaves on
sperm parameters and total antioxidant capacity was investigated with regard to the duration of exposure and the frequency of these waves.
Materials and Methods: This experimental study was performed on 28 adult male Wistar
rats (200-250 g). The animals were randomly assigned to four groups (n=7): i. control; ii.
two-week exposure to cell phone-simulated waves; iii. three-week exposure to cell phonesimulated waves; and iv. two-week exposure to cell phone antenna waves. In all groups,
sperm analysis was performed based on standard methods and we determined the mean
sperm total antioxidant capacity according to the ferric reducing ability of plasma (FRAP)
method. Data were analyzed by one-way ANOVA followed by Tukey’s test using SPSS
version 16 software.
Results: The results indicated that sperm viability, motility, and total antioxidant capacity
in all exposure groups decreased significantly compared to the control group (p<0.05).
Increasing the duration of exposure from 2 to 3 weeks caused a statistically significant
decrease in sperm viability and motility (p<0.05).
Conclusion: Exposure to cell phone waves can decrease sperm viability and motility in
rats. These waves can also decrease sperm total antioxidant capacity in rats and result in
oxidative stress.
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Introduction
Microwaves are part of the wide range of
electromagnetic waves with a frequency range
of 300 MHz-300 GHz (1). The evidence indicates that these waves are harmful to humans
and based on their; intensity, frequency, type,
and exposure duration, create biological effects (2). Further, there is tremendous concern
for the possible adverse effects of cell phone
microwaves. Researchers have warned people
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of the harmful effects of this radiation on the
brain, heart, thyroid, skin, kidneys, eyes, liver,
and reproductive tissues, (3-10) although contradictory results have been reported in studies
by Dasdag et al. (11), Ferreira et al. (12) and
Ahlbom et al. (13).
The Global System for Mobile Communications
(GSM) was established in 1987. The majority of
European and Asian countries, including Iran, use
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this system. In GSM, the frequencies transmitted
from cell phones to cell phone antennas (base station) range from 870 to 915 MHz (uplink) whereas frequencies transmitted from antennas to cell
phones range from 935 to 960 MHz (downlink)
(14). The importance of this system and its widespread use is extensive (15); in Iran approximately
37 million people have used cell phones according
to GSM in 2010.
There have been few studies on the effects of cell
phone waves on sperm parameters. Wdowiak et al.
(10) have observed that cell phone waves caused
a decrease in motility and percentage of sperm
with normal morphology in people who used cell
phones. Further, Yan et al. (16) have shown that
these waves decreased motility, viability, and the
percentage of sperms with normal morphology.
A similar study, however, has indicated that increased duration of cell phone use can cause an
increase in sperm vulnerability and decrease in
sperm parameters (17).
However, the issue in question is that cell phone
waves may cause oxidative stress by enhancing lipid peroxidation and changing antioxidant
activities in the body (18). Oxidative stress is a
process in which the normal balance between per
oxidants and antioxidants changes in such a way
that leads to strengthening oxidants and biological damage (19).
Antioxidants are molecules responsible for preventing oxidative homeostasis and coping with
oxidative stress. These molecules prevent the formation of active oxygen species and inhibit their
functions. Antioxidants are classified into two
groups: enzymatic and non-enzymatic (20).
Few studies have examined the effects of cell
phone waves on antioxidants. The results of a
study have indicated that cell phone waves increase lipid peroxidation, decrease the total
concentration of thiols and total antioxidant capacity of blood plasma, resulting in oxidative
stress (18). Some studies, however, have shown
that these waves have no effect on the antioxidant system (21-23).
Sperm are sensitive to oxidative stress. The
sperm membrane of mammals is full of unsaturated fatty acids and sensitive to oxidation. Abnormal sperm are responsible for the overproduction
of reactive oxygen species (ROS) which result in
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oxidative stress and considered to be one of the
causes of male infertility (24).
Under normal circumstances semen plasma contains sufficient antioxidant mechanisms and is
able to neutralize the effect of ROS on sperm.
However, if for any reason an imbalance occurs,
the sperm goes through changes that negatively
influence sperm parameters. Age, environmental
factors (e.g., radiation exposure) and nutrition
are factors that affect this change (20). De Luliis
et al. (25) have observed that cell phone waves
decrease sperm mitochondria, motility, and viability through ROS. Sariozkan et al. (26) have
indicated that freezing semen to preserve sperm
results in lipid peroxidation of the sperm membrane and consequently decreases sperm motility,
viability and fertility.
Infertility and its related problems are considered major issues in a couple’s life. The most common cause of infertility in males is their inability
to produce sufficient normal, active sperm (24).
However, contradictory results have been reported regarding the effects of cell phone waves on
sperm (21, 22). This effect, however, is not clear
and requires additional investigation. Thus, in the
present research we investigate the effect of cell
phone waves on sperm parameters. Taking into
consideration the importance of antioxidant elements as body protectors (24, 27), we have also
evaluated the effect of cell phone waves on sperm
total antioxidant capacity.

Materials and Methods
This experimental research was carried out on
28 male Wistar rats (200-250 g) in the Fertility
and Infertility Research Center at Kermanshah
University of Medical Sciences. The animals
were purchased from Iran Pasteur Institute and
kept in the animal house of according to recommended conditions (28) in terms of temperature
(21-23˚C), light (12 hours light/12 hours dark),
ventilation and food. Recommendations from the
Ethical Committee of Tarbiat Modares University
was implemented regarding research conducted
on the animals.
The rats were randomly assigned to 4 groups of
7 rats in each group according to the study design
as follows. Group 1 comprised the control group
maintained under experimental conditions, with-
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out any exposure to simulated cell phone waves.
Group 2 animals were exposed to cell phone receiver simulated waves (915 MHz frequency) for
14 days. Group 3 animals were exposed to cell
phone receiver simulated waves (915 MHz frequency) for 21 days and group 4 animals were exposed to simulated waves of a cell phone antenna
(950 MHz frequency) for 14 days.
In this study, the 915 MHz frequency represented
cell phone receiver waves, whereas the 950 MHz
represented cell phone antenna waves. Frequencies
of 915 or 950 Hz represented cell phone waves.
Design and construction of the exposure cylinder
and radiation chamber
Exposure cylinder
In order to expose the animals to cell phone-simulated waves, we constructed a Plexi glass cylinder
that consisted of internal (radius: 15 cm, height:
30 cm) and an internal (radius: 5 cm, height: 30
cm) cylinder. The animals were placed between the
internal and external space during the experiments
and had free access to all areas of the space. The
internal cylinder was intended to prevent the animals from entering the near field of the monopole
antenna which was vertically installed in the center
of the internal cylinder. The monopole antenna
was used as the simulation device from which cell
phone waves (Fig 1) were emitted vertically into
the center of the internal cylinder. Animals were
prevented from entering this area because measuring the density was not accurate in the field close
to the antenna.

Exposure to cell phone-simulated waves
The vertical antenna (monopole) of the cell
phone simulation generator was placed in the
center of the internal cylinder and the density was
measured at 5, 10, and 15 cm from the antenna at
a height of 5cm from the floor of exposure cylinder
using a portable system (Holaday, USA). The average density in the mentioned distances was 1.60
mw/cm2.
The rats in groups 2 and 3 were exposed to microwaves (915 MHz) as the carrier wave (switch
carrier 217 Hz and modulation 200 KHz) for eight
hours a day for 14 and 21consecutive days, respectively. Exposure conditions in group 4 were similar to group 2 except that the frequency of radiation waves was 950 MHz.
Measurement of sperm parameters
Animals from all groups were anesthetized
with chloroform at the end of the experiment.
After opening the anterior wall of the thorax,
blood was taken from the heart. The cauda of the
left epididymis was separated and segmented in
HAM’s/F10 (Gibco, UK) that contained 10% fetal
bovine serum which had been maintained at a temperature of 37˚C and 5% CO2. After 45 minutes,
sperm analysis was performed according to World
Health Organization (WHO) instructions (29) as
follows.
Sperm motility
Sperm motility was examined according to
WHO recommendations and categorized as: a. fast
progressive; b. slow progressive; c. non-progressive and d. non-motile in ten microscopic fields.
The total sperm that comprised categories a and b
were determined as the percentage of motility for
each sample.
Sperm viability

Fig 1: The exposure cylinder and radiation chamber.

We performed supra vital staining to identify live
sperm. One drop of medium that contained sperm
was placed on a slide and mixed with a small drop
of eosin B (0.5% in saline). The cover slip was immediately placed on the drop and analyzed at ×400
magnification. In this staining method, the head of
a dead sperm, due to deficiency in the membrane,
absorbs eosin and turns red. However, live sperm
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do not absorb color. In each slide, 100 sperm were
counted and the percentage of viable sperm reported.

solution, it was kept in the freezer (4˚C) and
measured immediately after the solution was
prepared.

Sperm counting

Ferric reducing ability of plasma (FRAP test)

A Neubauer hemocytometer was used to count
sperm. One drop of a diluted sample was placed
on the slide after which all of the sperm in the central square were counted. Sperm count in 1 ml was
calculated.

First, we prepared standard solutions at concentrations of 125, 250, 500 and 1000 µM from
FeSO4. 7H2O. Then, TPTZ powder (0.0247 g)
was dissolved in 7.5 ml HCl (40 mM) to prepare the TPTZ solution after which 7.5 ml of
an FeCl3. 6H2O solution (20 mM) and 75 ml of
an acetate buffer solution (300 mM, pH=3.6)
were added to the TPTZ solution to make the
FRAP solution. Chemicals used for the FRAP
test were purchased from Merck Company in
Germany.

Sperm morphology
We used the Papanicolaou staining method to
analyze sperm morphology. After staining, sperm
in ten microscopic fields were analyzed and classified according to WHO classification as either
normal or abnormal (a. deficient in the head, b.
deficient in the neck and c. deficient in the cauda).
The percentage of sperm with normal morphology
was then determined.
After sperm were analyzed they were centrifuged at a temperature of 4˚C for 15 minutes at
2500 rpm. After separating the supernatant, 1 cc
of phosphate buffer that contained EDTA (30)
was added to the remaining sperm pellet. The
samples were preserved at -70˚C until antioxidant measure.
Measuring the total antioxidant capacity
The total antioxidant capacity of the rat sperm
was measured by the ferric reducing ability of
plasma (FRAP) test (Benzie and Strain method)
(31). This method is based on the ability of sample to decrease ferric ione (Fe3+) to ferro ione
(Fe2+).
The samples were incubated at 37˚C for 20
minutes, then centrifuged for 10 minutes at
4˚C and 3000 rpm. Using sampler, 850 µl supernatant was separated from the pellet. Then,
the sperm from the remaining sperm pellet that
contained 150 µl of buffer liquid were broken
by sonication (Labsonic, Germany). During
sonication, sample were placed in a salt and ice
mixture to avoid decreasing the sample’s antioxidant capacity. After the sperm were broken,
the sample was centrifuged (4˚C) again at 8000
rpm. Then, the supernatant was separated from
the pellet. At the time of preparing the FRAP
IJFS, Vol 7, No 1, Apr-Jun 2013
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After preparing the FRAP solution, we added
1.5 ml of the solution to 150 µl of distilled water
and placed the solution in a water bath (37˚C)
equipped with a shaker for five minutes. Then,
50 µl of the experimental or standard group
samples were added to the tubes and placed in
the same water bath (37˚C) for ten minutes. Immediately the complex absorption rate at a wave
length of 593 nm was recorded by spectrophotometer (Jenway 3620D, England). All samples
were run in duplicate and measured to enhance
analytical accuracy.
Statistical analysis
The results are written as mean ± SD. Data were
analyzed by one-way ANOVA and the Tukey posthoc test using SPSS software version 16. P<0.05
was considered significant.

Results
According to the results, the mean sperm viability in the control group was 87.64 ± 1.82%.
In the experimental groups the mean sperm viability was 81.14 ± 2.87% (group 2), 74.71 ±
2.80% (group 3) and 81.00 ± 6.61% (group 4)
which was a significant decrease compared with
the control group. In a comparison between
groups, the increased duration of exposure from
2 to 3 weeks resulted in a significant decrease in
sperm viability (Table 1). The findings showed
that the mean percent of motility in the control
group was 49.96 ± 4.59%. In the experimental
groups it was 40.91 ± 4.11% (group 2), 32.91
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± 4.09% (group 3) and 41.29 ± 6.41% (group 4),
which was a significant decrease in all exposure
groups. When the duration of exposure was increased from 2 to 3 weeks, this decrease in motility was statistically significant (p<0.05; Table 1).
For sperm count and normal morphology, we
observed no statistical decrease in all exposure
groups compared to the control group (p>0.05). A
comparison of the exposure groups with each other also showed no statistical difference (p>0.05) in
terms of these two parameters (Table 1).
The mean sperm total antioxidant capacity in
the control group was 406.35 ± 64.12 μM/60
million sperm and for the experimental groups
it was 297.92 ± 92.76 (group 2), 251.16 ± 48.03

(group 3), and 290.34 ± 71.37 (group 4) μM/60
million sperm. A comparison of the total antioxidant capacity in the exposure and control
groups indicated that there was a statistically
significant decrease in all three exposure groups
in terms of sperm total antioxidant capacity.
The comparison of exposure groups with each
other showed that the mean sperm total antioxidant capacity in group 3 decreased compared
with group 2, but this decrease was not statistically significant (p>0.05; Table 2). This comparison, however, between group 2 (915 MHz)
and group 4 (950 MHz) revealed no difference.
Thus, in terms of sperm total antioxidant capacity, the effect of cell phone waves was similar
to that of cell phone antenna waves (Table 2).

Table 1: Comparison of the means of sperm parameters in control and exposure groups
(one- way ANOVA and Tukey’s test)
Groups

Sperm
count (×106)
(mean ± SD)

Sperm
viability (%)
(mean ± SD)

Sperm
motility (%)
(mean ± SD)

Normal
morphology (%)
(mean ± SD)

1

58.56 ± 6.01

87.64 ± 1.82

49.96 ± 4.59

82.06 ± 4.60

2

62.14 ± 8.92

81.14 ± 2.87a

40.91 ± 4.11a

81.78 ± 3.96

3

57.72 ± 8.05

74.71 ± 2.80bc

32.91 ± 4.09bc

79.70 ± 6.61

4

60.19 ± 6.94

81.00 ± 6.61a

41.29 ± 6.41a

83.37 ± 6.04

Group 1; Control, Group 2; Exposed to simulated cell phone receiver waves (915 MHz) for 14 days, Group 3; Exposed to
simulated cell phone receiver waves (915 MHz) for 21 days and Group 4; Exposed to simulated cell phone antenna waves (950
MHz) for 14 days.
a; Compared to control group (p<0.05), b; Compared to control group (p<0.001) and c; Compared to group 2 (p<0.05).

Table 2: Comparison of the means of total antioxidant capacity of sperm in control and
exposure groups (one-way ANOVA and Tukey’s test)
Groups

Total antioxidant capacity
μM/60 million sperm

P value (vs. control group)

(mean ± SD)
1

406.35 ± 64.12

2

297.92 ± 92.76

0.044

3

251.16 ± 48.03

0.001

4

290.34 ± 71.37

0.025

Group 1; Control, Group 2; Exposed to simulated cell phone receiver waves (915 MHz) for
14 days, Group 3; Exposed to simulated cell phone receiver waves (915 MHz) for 21 days and
Group 4: Exposed to simulated cell phone antenna waves (950 MHz) for 14 days.
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Discussion
The present research indicated that significant
decreased occurred for sperm viability, motility and total antioxidant capacity in all exposure
groups compared with the control group. The comparison between groups showed a significant decrease in percentage of viability and motility with
increased duration of exposure from 2 to 3 weeks,
but it did not affect sperm total antioxidant capacity. The results of the study were in agreement with
the findings of Agarwal et al. (17) which indicated
that cell phone waves negatively impacted sperm
count, viability and normal morphology and the
effects were more serious with increased duration
of daily cell phone use. The findings were compatible with the results of a study by Erogul et al. (32)
in which cell phone waves decreased sperm motility, but did not affect sperm count.
In a prospective study on 13 males with normal
semen analysis, Davoudi et al. (33) found that using GSM phones for hours 6 per day for 5 days decreased rapid progressive motility of sperm which
was in accordance with our results. However, it
should be noted that the present study found that
not only motility but also sperm viability were
negatively affected by the use of cell phones.
As mentioned earlier, simulated cell phone
waves had no effect on sperm count in rats which
contrasted the results by Kesari et al. (34). It should
be noted that in their study, samples from humans
were used, whereas the current study used laboratory animal samples. Additionally, the differences
in duration of exposure in the cited studies should
be taken into account.
The results of the current study in terms of the
effect of cell phone waves on normal morphology
and sperm count contrasted those of other studies.
An observational study of 361 males was conducted to determine if there was a correlation between
cell phone use and sperm morphology. Males were
divided into four groups: i. no use, ii.<2 hours/day,
iii. 2-4 hours/day and iv. >4 hours/day. They observed a statistically significant difference in mean
normal morphology between the low and high cell
phone use group. Fejes et al. showed a significant
decrease in sperm count related to cell phone handling frequency (35).
The results of our study have revealed that cell
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phone waves decrease sperm total antioxidant
capacity. A side effect of cell phone waves is increased free radicals, thus our findings can partly be
due to the production of these harmful radicals (36).
This finding was in line with another study (37)
where cell phone waves increased lipid peroxidation and decreased glutathione antioxidant capacity in the testes and epididymis of rats. The results
of our research were also compatible with the findings of a study by Meral et al. (38).
Oxidative stress generated in the testicular organ
due to cell phone exposure leads to a build-up of
free radicals and ROS levels in sperm. Sperms are
susceptible to damage from oxidative stress due to
the high content of polyunsaturated fatty acids in
their membranes and limited stores of antioxidant
enzymes (24).
On the other hand, a decrease in sperm motility
and viability is linked to the concentration of superoxide anion in semen. When superoxide is produced
extracellulary, it can oxidize membrane phospholipids and cause a decrease in viability (17).
Based on the findings of our study, it was possible that the effect of increased duration of exposure
to cell phone waves (from 2 to 3 weeks) on the percentage of motility and viability was more than the
increased frequency, and that the time of exposure
to cell phone waves might be more important than
cell phone frequency. Increased frequency (from
915 to 950 MHz) did not impact the percentage of
motility and viability in rats. Similarly, increased
frequency did not create a significant difference in
sperm total antioxidant capacity in adult male rats.

Conclusion
It can also be concluded from the findings of
this study that cell phone waves may, in addition to affecting sperm parameters, cause oxidative stress in the body and consequently create
various diseases. Thus, because of the extensive
use of cell phones, further research is required.
It is recommended that more attention be paid
to cell phone waves as a source of oxidative
stress and exposure to these waves be decreased
as much as possible. It is also suggested that
individuals who spend more time on cell phones
be monitored periodically in terms of reproductive system health and it is recommended that
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they consume a diet full of antioxidants in order
to minimize the adverse effects of these waves.

Acknowledgments

14.

This study is part of a doctoral dissertation registered in Tarbiat Modares University, with registry number 5257688. This paper was supported
financially by the Research Department of Tarbiat
Modares University. The authors would like to
thank the vice chancellor of the Research Department at Tarbiat Modares University for contribution to this research. There is no conflict of interest
in this article.

15.
16.
17.

18.

References
1.
2.
3.

4.
5.

6.

7.

8.

9.

10.
11.

12.

13.

Verschaeve L, Maes A. Genetic, Carcinogenic and teratogenic effects of radiofrequency fields. Mutat Res. 1998;
410 (2): 141-165.
Banik S, Bandyopadhyay S , Ganguly S. Bioeffects of
microwave--a brief review. Bioresource Technol. 2003;
87(2):155-159.
Lahkola A, Salminen T, Auvinen A. Selection bias due to
differential participation in a case-control study of mobile
phone use and brain tumors. Ann Epidemiol. 2005; 15(5):
321-325.
Makker K, Varghese A, Desai NR, Mouradi R, Agarwal
A. Cell phones: modern man’s nemesis? Reprod Biomed
Online. 2009; 18(1): 148-157.
Koyu A, Cesur G, Ozguner F, Akdogan M, Mollaoglu H,
Ozen S. Effects of 900 MHz electromagnetic field on TSH
and thyroid hormones in rats. Toxicol Lett. 2005; 157(3):
257-262.
Ayata A, Mollaoglu H, Yilmaz HR, Akturk O, Ozguner F,
Altuntas I. Oxidative stress-mediated skin damage in an
experimental mobile phone model can be prevented by
melatonin. J Dermatol. 2004; 31(11): 878-883.
Oktem F, Ozguner F, Mollaoglu H, Koyu A, Uz E. Oxidative
damage in the kidney by 900-MHz-emitted mobile phone :
protection by melatonin. Arch Med Res. 2005; 36(4): 350355.
Ozguner F, Bardak Y, Comlekci S. Protective effects of
melatonin and caffeic acid phenethyl ester against retinal
oxidative stress in long-term use of mobile phone: a comparative study. Mol Cell Biochem. 2006; 282(1-2): 83-88.
Meo SA, Arif M, Rashied S, Husain S, Khan MM, Almasri
AA, et al. Morphological changes induced by mobile
phone radiation in liver and pancreas in wistar albino rats.
Eur J Anat. 2010; 14(3): 100-109.
Wdowiak A , Wdowiak L , Wiktor H . Evaluation of the effect of using mobile phones on male fertility. Ann Agric Environ Med. 2007; 14(1): 169-172.
Dasdag S, Zulkuf Akdag M, Aksen F, Yilmaz F, Bashan M,
Mutlu Dasdag M, et al. Whole body exposure of rats to
microwaves emitted from a cell phone does not affect the
testes. Bioelectromagnetics. 2003; 24(3): 182-188.
Ferreira AR, Bonatto F, Bittencourt Pasquali MA, Polydoro
M, Dal-Pizzol F, Fernandez C, et al. Oxidative stress effects on the central nervous of rats after acute exposure
to ultra high frequency electromagnetic fields. Bioelectromagnetics. 2006; 27(6): 487-493.
Ahlbom A, Bridges J, de Seze R, Hillert L, Juutilainen

19.
20.
21.

22.

23.

24.

25.

26.

27.
28.
29.
30.
31.

J, Mattsson MO, et al. Possible effectss of electromagnetic fields (EMF) on human health opinion of the Scientific Committee on Emerging and Newly Identified Health
Risks(SCENIHR). Toxicology. 2008; 246 (2-3): 248-250.
Talib SH, Patil P, Nikam P. Mobile phone and health hazards. JJIACM. 2010; 11(3): 212-219.
Kundi M, Mild K, Hardell I, Mattsson MO. Mobile telephones and cancer-a review of epidemiological evidence.
J Toxicol Environ Health B Crit Rev. 2004; 7(5): 351-384.
Yan JG, Agresti M, Bruce T, Yaan YH, Granlund A, Matloub HS. Effects of cellular phone emissions on sperm
motility in rats. Fertil Steril. 2007; 88(4): 957-964.
Agarwal A, Desai NR, Makker K, Varghese A, Mouradi
R, Sabanegh E, et al. Effects of radiofrequency electromagnetic waves (RF-EMW) from cellular phones on human ejaculated semen: an in vitro pilot study . Fertil Steril.
2009; 92(4): 1318-1325.
Awanti SM, Ingin JB, Jeevangi SR, Patil GA, Awanti
BS.The effect of radiofrequency radiation emitted from
mobile phones on plasma oxidants and antioxidants in
mobile phone users. J Clini Diag Res. 2010; 4: 2758-2761.
Elsaved NM. Antioxidant mobilization in response to oxidative stress: a dynamic environmental nutritional interaction. Nutr. 2001; 17(10): 828-834.
Hammadeh ME, Filippos A, Hamed MF. Reactive oxygen
species and antioxidant in seminal plasma and their impact on male fertility. Int J Fertil Steril. 2009; 3(3): 87-110.
Zmyslony M, Politanski P, Rajkowska W, Szymczak W,
Jajte J. Acute exposure to 930 MHz CW electromagnetic
radiation in vitro affects reactive oxygen species level in
rat lymphocytes treated by iron ions. Bioelectromagnetics.
2004; 25(5): 324-328.
Lantow M, Schuderer J, Hartwing C, Simko M. Free radical release and HSP70 expression in two human immunerelevant cell lines after exposure to 1800 MHz radiofrequency radiation. Radiat Res. 2006; 165(1): 88-94.
Zeni O, Di Pietro R, dAmbrosio G, Massa R, Capri M,
Naarala J, et al. Formation of reactive oxygen species in
L929 cells after exposure to 900 MHz RF radiation with
and without co-exposure to 3-chloro-4-(dichloromethyl)5-hydroxy -2(5H)-furanone. Radiat Res. 2007; 167(3):
306-311.
Agarwal A, Singh A, Hamada A, Kesari K. Cell phones
and male infertility: A review of recent innovations in technology and consequences. Int Braz J Urol. 2011; 37(4):
432-454.
De Luliis GN, Newey RJ, King BV, Aitken RJ. Mobile
phone radiation induces reactive oxygen species production and DNA damage in human spermatozoa in vitro.
Plos One. 2009; 4(7): e6446.
Sariozkan S, Tuncer PB, Bucak MN. Ulutas PA. Influence
of various antioxidants on microscopic-oxidative stress indicators and fertilizing ability of frozen-thawed bull semen.
Acta Vet Brno. 2009; 78: 463-469.
Sikka SC. Oxidative stress and role of antioxidants in normal and abnormal sperm function. Front in Biosci. 1996;
1: e 78-86.
Sohrabi D, Alipour M, Mellati AA. Effect of metronidazole
on spermato genesis, plasma gonadotrophins and testosterone in male rats. IJPR. 2007; 6(4): 279-283.
World Health Organization. WHO laboratory manual for
the examination and processing of human semen 5 edition. Geneva, Switzerland; 2010.
Bauche F, Fouchard MH, Jegou B. Antioxidant system in
rat testicular cells. FEBS Lett. 1994; 349(3): 392-396.
Benzie Iris FF, strain JJ. The ferric reducing ability of
plasma (FRAP) as a measure of "Antioxidant power"; the

27

Ghanbari et al.

FRAP Assay. Anal Biochem. 1996; 239: 70-76.
32. Erogul O, Oztas E, Yildirim I, Kir T, Aydur E, Komesli G,
et al. Effects of electromagnetic radiation from a cellular
phone on human sperm motility: An in vitro study. Arch
Med Res. 2006; 37(7): 840-843.
33. Davoudi M, Brossner C and Kuber W. The influence of
electromagnetic waves on sperm motility. Urol Urogynacol. 2002; 19:18-22.
34. Kesari KK, Kumar S, Behari J. Mobile phone usage and
male infertility in wistar rats. Indian J Exp Biol. 2010;
48(10): 987-992.
35. Fejes I, Zavaczki Z, Szollosi J, Koloszár S, Daru J, Kovács
L, et al. Is there a relationship between cell phone use and
semen quality. Arch Androl 2005; 51(5): 385-393.

IJFS, Vol 7, No 1, Apr-Jun 2013

28

36. Mailankot M, Kunnath AP, Jayalekshmi H, Koduru B, Valsalan R. Radio frequency electromagnetic radiation (RFEMR) from GSM (0.9/1.8GHz) mobile phones induces
oxidative stress and reduces sperm motility in rats. Clinics
(Sao Paulo) 2009; 64(6): 561-565.
37. Agarwal A, Deepinder F, Sharma RK, Ranga G, Li J. Effect of cell phone usage on semen analysis in men attending infertility clinic: an observational study. Fertil Steril.
2008; 89(1): 124-128.
38. Meral I, Mert H, Mert N, Deger Y, Yoruk I, Yetkin A, et
al. Effects of 900-MHz electromagnetic field emitted from
cellular phone on brain oxidative stress and some vitamin
levels of guinea pigs. Brain Res. 2007; 1169: 120-124.

