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ABSTRACT
Objective: To determine the morphological changes induced by mobile phone radiation in the testis of Wistar albino rats.
Study Design: Cohort study.
Place and Duration of Study: Department of Physiology, College of Medicine, King Saud University, Riyadh, Saudi Arabia,
from April 2007 to June 2008.
Methodology: Forty male Wistar albino rats were divided in three groups. First group of eight served as the control. The
second group [group B, n=16] was exposed to mobile phone radiation for 30 minutes/day and the third group [group C,
n=16] was exposed to mobile phone radiation for 60 minutes/day for a total period of 3 months. Morphological changes in
the testes induced by mobile phone radiations were observed under a light microscope.
Results: Exposure to mobile phone radiation for 60 minutes/day caused 18.75% hypospermatogenesis and 18.75%
maturation arrest in the testis of albino rats compared to matched controls. However, no abnormal findings were observed
in albino rats that were exposed to mobile phone radiation for 30 minutes/day for a total period of 3 months.
Conclusion: Long-term exposure to mobile phone radiation can cause hypospermatogenesis and maturation arrest in the
spermatozoa in the testis of Wistar albino rats.
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INTRODUCTION
The appearance and evolution of mobile phones is
one of the fastest in the history of innovation.1 More
than two-third of the world population is using this
technology.2 The newly industrialized and developing
countries are outstanding in fast growth of use of mobile
phones. Pakistan had a total of 98 million mobile phone
users as stated in May 2010.3
The mobile phones and cell towers generate electromagnetic field radiation (EMFR) and have become a
frequent source of the contamination of the human
environment by producing non-ionizing radiation.4
Mobile phones are transmitting radio frequency radiation
at 900-2000 MHz.5,6 Analog phones operate at 450-900
MHz, digital phones [Global System for Mobile
Communications, GSM] at 850-1900 MHz, and thirdgeneration phones at approximately 2000 MHz.7 EMF
radiation generated by mobile phones can inflict their
results through both thermal and non-thermal effects.8
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Exposure of EMFR depends upon the frequency of the
cellular phone used. The higher the frequency, greater
the chances of carrying more radiant energy, which is
absorbed into the human body by three main
mechanisms: (i) aerial effect: body receives and absorbs
the RF signal depending upon size of the body part and
wavelength of signal (ii) coupling of the RF signal with
the tissue and (iii) resonant absorption.9 This
phenomenon has raised concerns about the possible
hazards of mobile phone radiation on human health.10,11
Mobile phones are mainly placed in the side pockets or
hung with belt near to the reproductive structures
including testes. There is some evidence to suggest that
exposure to mobile phone radiation may affect the
reproductive function and their morphological features.12
Therefore, the present study was conducted to
determine the morphological changes induced by
mobile phone radiation in the testis of Wistar albino rats.

METHODOLOGY
This cohort study was conducted in the Department of
Physiology, College of Medicine, King Saud University,
Riyadh, Saudi Arabia, from April 2007 to June 2008.
A total of 40 male albino rats (Wistar Strain), 2 months
of age, weighing 160-175 gm, with same genetic
background, were recruited for the experiment.
Animals were randomly divided into three groups and
housed in three cages in a similar environment and were
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fed with standard pellet diet [Gold Mohar] and water
ad-libitum. They were maintained under controlled
temperature of 22-24°C and had 12-12 hours lightdark cycle [light on 06:00-18:00 hour].13 The animal
experimental protocol was approved by the animal
ethics board, College of Medicine Research Centre,
King Saud University, and experiment was performed
according to the suggested guidelines.
Wistar albino rats (n=40) were randomly divided into
three groups. The group A (n=8) served as a control and
the remaining 2 groups B and C (n=16 each) were
exposed to EMF Radiation generated by mobile phone
on a specific time of the day [during light period] for a
total period of 3 months. The group B was exposed to
mobile phone radiation for 30 minutes daily and group C
was exposed for 60 minutes daily for 3 months. In this
experiment, Global System for Mobile communications
[GSM] handsets of mobile phone of the same brand and
model were used. A mobile phone was placed inside the
cage and a call was given with another mobile phone. It
was ensured that the mobile phone inside the cage was
powered-on, and with call accepting [answering] mode
and the rats were in close proximity to the mobile
phone.13
After completion of the mobile phone radiation exposure
for the total period of 3 months, the albino rats were
scarified the testis were removed for histo-pathological
examination. The testes were collected in 10% formalin
before they were processed in a tissue processor
(vacuum infiltration processor, Tissue Tek VIP). The
tissue samples were embedded in paraffin and 5 mm
cross-sections was stained with hematoxylin-eosin. All
slides were examined under a light microscope by a
senior Histopathologist and Anatomist. The tissues were
examined for any alterations in normal spermatogenesis
such as hypospermatogenesis or maturation arrest.
The criterion for the hypospermatogenesis was any
appreciable reduction in the number of germ cells with

Figure 1: Wister albino rat testis [control group] not
exposed to mobile phone radiation [H+E stain, 400
magnifications] shows normal active spermatogenesis. There are sertoli cells, spermatogonia
(curved arrow), spermatocytes, spermatids (straight
arrow) and numerous mature spermatozoa
(arrowhead).

associated thinning of the multilayer epithelium. As for
maturation arrest, it was based on the absence of
maturation of the germ cells in the seminiferous tubules
from spermatogonia to mature viable spermatozoa.
Maturation arrest can be completed in which there is no
maturation to spermatozoa or incomplete in which few
mature spermatozoa were micro focally present. All the
parameters were graded as negative =0; mild=1+;
moderate= 2+; and severe =3+.
The morphological findings were entered into the
computer. SPSS-17 software program was used and
results [findings] were computed based on the total
number of cases and the percentage [%] of any
abnormal morphological findings in the testis of the
Wister albino rats.

RESULTS
The testicular tissue were examined for hypospermatogenesis, Leydig cell changes, sertoli cell changes,
testicular blood vessels obliterations, inflammation,
maturation arrest and malignancy in the testes of Wistar
albino rats.
No abnormal morphological findings were found in the
Leydig cell, sertoli cells and testicular blood vessels.
And no inflammation and malignancy was seen in the
testes of Wistar albino rats exposed to mobile phone
radiation. However, in 3 cases [18.75%] hypospermatogenesis was observed and maturation arrest was
also seen in 3 cases [18.75%] albino rats that were
exposed to mobile phone radiation 60 minutes daily for
the total period of 3 months compared to their matched
control (Figures 1-3).
Although, no abnormal findings were observed in the
testes of albino rats that were exposed to mobile phone
radiation for 30 minutes/day for the total period of 3
months.

Figure 2: Wister albino rat testis exposed to
Mobile phone radiation [H+E stain, 400
magnifications] shows a seminiferous tubule with
hypospermatogenesis. There are sertoli cells,
spermatogonia (curved arrow), spermatocytes,
spermatids (straight arrow). There is however a
significant reduction in the number of mature
spermatozoa (arrow head).
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Figure 3: Wister albino rat testis exposed to mobile
phone radiation [H+E Stain, 400 magnifications]
shows features of incomplete spermatid maturation
arrest. [mature spermatozoa are almost totally
absent]. The photomicrograph shows a
seminiferous tubule, sertoli cells, spermatogonia
(curved arrow), spermatocytes (straight arrow)
and spermatids (arrow head). Mature viable
spermatozoa are almost completely absent.
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DISCUSSION
The mobile phone users are exposed to different
frequencies in different countries and continents.
Exposure of radiofrequency energy depends upon the
frequency of the cellular phone. The electromagnetic
field radiation generated by mobile phones can possibly
affect the reproductive function via three mechanisms:
an EMW-specific effect; a thermal molecular effect;
or a combination of both effects.8 Animal model
studies show that electromagnetic field radiations
generated by mobile phones have a wide range of
damaging effects on the male reproductive system and
sperm parameters.8 Moreover, mobile phone radiation
decrease the serum level of hormones which are
essential for spermatogenesis. In the present study it
was found that long-term use of GSM mobile phone can
cause hypospermatogenesis and maturation arrest in
spermatozoa in the testis of Wistar albino rats compared
to their matched control.
At high intensities, RF radiation has heating properties
leading to thermal effects, increase in tissue or body
temperature on exposure to EMFR can cause reversible
disruption of spermatogenesis.14 Wang et al. suggested
that Leydig cells are among the most susceptible cells to
EMFR and injury to these cells may affect the
spermatogenesis.15 As Leydig cells produce spermatozoa,
if the Leydig cells are damaged, ultimately affect
the spermatogenesis.16 Ozguner et al. demonstrated
a decrease in seminiferous tubular diameter and
epithelium thickness after applying a radio-frequency
generator of 869-894 MHz.16 Similarly, Dasdag et al.
found that using a conventional cellular telephone that
was active for 3 minutes daily during 30 days decreased
in mean seminiferous tubular diameter in the testes in
rats.12 It has also been reported that exposure to EMFR
and mild scrotal heating can induce DNA damage in
mammalian spermatozoa. Lai and Singh first reported
DNA strand breaks from low intensity microwave RF
radiation.17 In their study, 2 hours exposure to 2450 MHz
continuous and pulsed RF radiation produced a dosedependent increase in DNA single and double-strand
breaks.
Aitken et al. suggested that radiofrequency EMW might
have a genotoxic effect on epididymal spermatozoa and
they found notable damage to mitochondrial and nuclear
genome in epididymal spermatozoa of mice with
RF EMW, 900 MHz, 12 hours a day for 7 days.18
Spermatozoa are extremely vulnerable to induction of
DNA damage as they lose their cytoplasm, which
contains anti-oxidant enzymes and their capacity for
DNA repair after spermiation. Salama et al. conducted a
study on the effects of exposure to a mobile phone on
the testicular function and structure in adult rabbit.19
They reported a fall in the sperm concentration
appeared in the phone group at week 6 and it became
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statistically significant with increased duration of
exposure from week 6 to week 8 compared with the two
control (stress and ordinary) groups.19 Moreover, there
was a more significant decline in the motile sperm
population. Histological examination showed a
significant decrease in the diameter of seminiferous
tubules in the phone group compared to the stress and
ordinary controls.

Davoudi et al. found that using GSM phones for
6 hours/day for 5 days decreased the rapid progressive
motility of sperm cells.20 The present results are in
accordance with all these findings. Ashok et al.
suggested that the use of cell phones is associated
with a decrease in semen quality.21 The decrease in
sperm count, motility, viability, and normal morphology
is related to the duration of exposure to cell phones.
Similarly, in the present animal model study,
hypospermatogenesis and maturation arrest in the
spermatozoa was found in Wistar albino rats. Wdowiak
et al. conducted a study to determine the effects of the
usage of cellular phones on the fertility in male
subjects.22 They analyzed the effects of GSM mobile
phone on the semen and it was noted that an increase
in the percentage of sperm cells of abnormal
morphology is associated with the duration of exposure
to the waves emitted by the GSM phone. Researchers
also investigated the effects of mobile phone radiation
on the various hormones such as serum testosterone,
follicular stimulating hormone (FSH), thyroid stimulating
hormone (TSH) and thyroid hormone (T3,T4). Koyu et al.
suggested that 900 MHz EMF emitted by cellular
telephones decrease the serum TSH and T3-T4
levels.23 More recently, Meo et al. investigated the effects
of EMFR generated by mobile phones on serum
testosterone levels in Wistar albino rats.24 They found
that exposure to mobile phone radiation for 60
minutes/day for the total period of 3 months significantly
decreases the serum testosterone level in albino rats
compared to their matched control. It is very obvious
that mobile phone radiation affects the reproductive
morphology as well as vital hormones such as serum
testosterone and FSH at least in animals. These
hormones are essential to spermatogenesis and
maturation of the spermatozoa.25,26 In the present study
we found hypospermatogenesis and maturation arrest in
the spermatozoa in the testes of Wistar albino rats. This
effect is most probably due to hormonal impairment
caused by EMFR.

CONCLUSION
Long-term exposure to mobile phone radiation can
cause hypospermatogenesis and maturation arrest of
spermatozoa in the testis of albino rats.
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