10.5005/jp-journals-10016-1034
RESEARCH ARTICLE

IJIFM

Mobile Phone Electromagnetic Waves and Its Effect on
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ABSTRACT

Mobile phones usage has seen an exponential growth recently.
With this increasing demand, the amount of electromagnetic
radiation (EMR) exposed is also increasing. Hence, we studied
the effect of these radiations on ejaculated human semen and
speculate the contribution of these harmful radiations in male
infertility. Samples exposed to EMR showed a significant
decrease in sperm motility and viability, increase in reactive
oxygen species (ROS) and DNA fragmentation index (DFI)
compared to unexposed group. We concluded that mobile
phones emit electromagnetic waves which lead to oxidative
stress in human semen and also cause changes in DNA
fragmentation. We extrapolate these findings to speculate that
these radiations may negatively affect spermatozoa and impair
male fertility.
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INTRODUCTION

The use of mobile telecommunication services in the last
decade has witnessed a drastically increased development
and the amount of radiofrequency electromagnetic wave
(RF-EMW) exposure in our daily lives has also increased
as a result of this. As the usage of mobile phones has risen,
so also the concerns regarding the harmful effects of
radiations emitted from mobile phones on human health.
Repacholi et al reported that World Health Organization
(WHO) to protect public health has 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.! Despite of
extensive research in this field more than a decade, the
potential harmful effects of cell phone radiation remain
controversial. Agarwal A et al in his study has highlighted
the role of mobile phone exposure on sperm motility,
morphology and viability, suggesting a reduction in male
fertilization potential.> Many studies have examined the
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relationship of cell phone use and its effect on semen
parameters and concluded that mobile phone use may cause
a decrease in fertility.3® To investigate the effects of cell
phone radiation on semen parameters in human requires an
in vivo exposure study which is not feasible, owing to ethical
issues. Various in vitro studies using animal models have
consistently demonstrated oxidative stress in different
tissues (kidney, endometrium, eye, testis, brain, myocardial
tissue and so on) in response to cell phone radiation.”*®
These studies have also shown potential beneficial effects
of antioxidants, such as melatonin, vitamin C and
vitamin E, on oxidative stress status induced by RF-EMW
in animals. However, results of animal studies related to
the effects of cell phone radiation on reproductive functions
are conflicting.’**® An animal model does not give us
valuable information and inference cannot be drawn from
it for several reasons, including the smaller dimensions of
the testes, the nonpendulous scrotum, the free migration of
the testes through the inguinal canal between the abdomen
and the scrotum and the unavoidable exposure of the
animal’s entire body to RF-EMW at the time of the
experiment.?’ Hence, an in vitro model would be the best
scientific way to assess the effects of mobile phone exposure.
The World Health Organization’s recent research agenda
for studies on RF suggests that in vitro studies play a
supporting role in health risk assessments and are critical
to the optimal design of animal and epidemiology studies.?
In a study conducted by Erogul et al, reports of exposure of
human semen samples to cell phone radiation under in vitro
conditions resulting in a decrease in sperm motility (neat
semen) after 5 minutes has been documented.?? Other
investigators like Falzone et al found no effect of RF-EMW
on mitochondrial membrane potential of spermatozoa and
motility at a specific absorbance rate (SAR) of 2 W/kg.?
However, they showed a decrease in straight-line velocity
and beat-cross frequency at an SAR of 5.7 W/kg. In the
present study, our objective was to validate the results of
several recent epidemiologic studies by establishing a cause-
and-effect relationship between RF-EMW emitted from a
mobile phone in talk mode and changes in semen
parameters. We tested our hypothesis by examining the
effects of RF-EMW on sperm motility, sperm vitality, ROS
levels and DNA integrity of spermatozoa in unprocessed
ejaculated human semen.
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MATERIALS AND METHODS

The study was approved by the Ankur RITS—Institutional
Review Board.

Subjects (Data Collection)

Semen samples were collected from 20 healthy donors who
volunteered for the study after giving written consent. All
specimens were collected by masturbation after an
abstinence period of 48 to72 hours and allowed to liquefy
completely for 15 to 30 minutes at 37°C. Following
liquefaction, each sample was divided into two aliquots:
Exposed group (sample exposed to cell phone radiation)
and control group (sample not exposed to mobile phone
radiation but kept in identical conditions as the exposed
sample).

Exposure of Semen Samples to
Electromagnetic Waves

One aliquot of each divided semen sample was exposed to
EMW emitted from a commercially available mobile
telephone in talk mode (Sony Ericsson w300i; service
provider Bharti Airtel Limited; GSM: Global System for
Mobile communication services; 900 MHz frequency;
maximum power <1 W; SAR 1.46 W/kg). This phone model
had a loop-shape, omnidirectional antenna placed on the
top back of its handset. The distance between the phone
antenna and each specimen was kept at 2.5 cm. The duration
of exposure was 60 minutes (Fig. 1).

Power Density (UW/cm?)

According to the International Commission for Non-ionizing
Radiation Protection (ICNIRP 1998)?* and the Federal
Communications Commission (FCC 1999),° the reference
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v
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v
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in two equal parts

v

Both samples kept at room temperature

v

level for exposure of RF-EMW is peak power density. It is
a commonly used term for characterizing an RF
electromagnetic field. Power density was monitored during
basal condition (no cell phone radiation) and experimental
condition (cell phone in talk mode) in the laboratory
throughout the experiment. Power density in the control
condition was 0.01 to 0.1 pW/cm?. Power density in the
experimental condition (during cell phone in talk mode and
at 2.5 cm from cell phone antenna) was 1 to 40 pW/cm?.

Frequency and Temperature

The frequency emitted by the cell phone was confirmed
with the help of a RF spectrum analyzer (Kaltman
Creations). Both specimens (aliquots) were kept at room
temperature to avoid the effect of temperature on ROS
formation and semen parameters.

Semen Analysis

Soon after liquefaction, both the exposed and control
samples are analyzed for sperm concentration, motility and
viability according to WHO guidelines 5th edition.?®
Analysis was repeated of both the aliquots (control and
exposed) after 1 hour of radiation exposure.

ROS Measurement

Measurement of ROS in the exposed and unexposed aliquots
was performed after 1 hour by chemiluminescence assay
using luminol (5-amino-2, 3-dihydro-1, 4-phthalazinedione;
Sigma Chemical Co, Bengaluru, India). A 100 mmol/I stock
solution of luminol was prepared in dimethyl sulfoxide. For
the analysis, 10 ul of the working solution (5 mmol/l) was
added to 400 ul of neat sperm sample. Chemiluminescence
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Fig. 1: Study design and set-up for the exposure of semen sample to RF-EMW (RF-EMW: Radiofrequency electromagnetic waves;
ROS: Reactive oxygen species)
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was measured for 15 minutes using a Promega luminometer
(Promega, Bad-Madison, WI, USA). Results were expressed
as x 10° counted photons per minute (cpm).

DNA Damage

Sperm DNA fragmentation was evaluated by fluorescence
microscopy using acridine orange dye and Halo sperm test.
Semen sample (0.1 ml) is added to 0.3 ml of normal saline
taken in a clean dry test tube. The sample is centrifuged for
10 minutes at 1000 rpm. The supernatant is discarded and
25 ul of the pellet is added to 25 ul of acridine orange and
kept in the dark for 10 minutes. After 10 minutes, 3 ml of
normal saline is added to the pellet and centrifuged for 10
minutes at 1000 rpm. After centrifugation, supernatant is
discarded and pellet is retained. A 5 pl of the pelleted sample
is taken onto a clean dry slide and observed under
fluorescence microscope. All red sperms indicate DNA
fragmented and green sperms indicate DNA not fragmented.
Results of the test were expressed as percentage DNA
fragmentation (% of DFI).

Statistical Analysis

Descriptive statistical analysis has been carried out in the
present study. Results on continuous measurements are
presented on mean = SD (min-max) and results on
categorical measurements are presented in number (%).
Significance is assessed at 5% level of significance.

Student t-test (two tailed, dependent) has been used to
find the significance of study parameters on continuous scale
within each group (sperm count) and Wilcoxon signed rank
test has been used to find the significance of parameters
expressed in percentage (%), effect size computed to
estimate the level of effect of exposure to mobile on fertility
parameters.

Statistical Software

The statistical software namely SAS 9.2, SPSS 15.0,
Stata 10.1, MedCalc 9.0.1, Systat 12.0 and R environment

ver. 2.11.1 were used for the analysis of the data and
Microsoft Word and Excel have been used to generate
graphs, tables, etc.

RESULTS

There were no significant difference between study samples
and control samples in all parameters of the semen analysis,
ROS and DFI as depicted in Table 1.

Sperm Parameters

No significant difference was seen in sperm concentration
between preexposure and postexposure of the study
samples (50.65 £ 16.96 million/ml vs 50.55 + 17.16
million/ml). Sperm motility was significantly lower in
postexposed study samples compared with preexposure
study samples. Mean total motility for preexposed study
samples and postexposed study samples was 53.05 + 9.29%
and 45.75 £ 7.49% respectively (p < 0.001). Sperm
viability was significantly lower in exposed samples than
in unexposed samples (p < 0.001). Mean viability for
preexposed study samples and postexposed study samples
was 51.30 + 5.77% and 47.70 £ 5.24% respectively
(Table 2).

Reactive Oxygen Species

The ROS levels were significantly higher in postexposed
study samples than in postexposed study samples
(Table 1). The increase in ROS value as a result of
exposure was from 31.75 + 26.03 x 10° cpm to 38.10 +
27.51 x 10° cpm, which was statistically significant with a
p-value of less than 0.001.

DNA Integrity

Significant difference was also noticed in DNA integrity
(% of DFI) between the preexposure study samples and
postexposure study samples (42.35 + 16.01% vs 49.80 +
18.22%, p-value <0.001) (Table 2).

Table 1: Difference between study and control samples in various parameters

Variables Intervention Study sample Control sample p-value
Sperm count (millions/ml) Preexposure 50.65 + 16.96 51.10 £ 17.55 0.935
Viability (%) Preexposure 51.30 £ 5.77 51.30 £ 5.77 1.000
Motility (%)

e Progressive Preexposure 33.15+6.12 32.05+6.21 0.576
¢ Nonprogressive Preexposure 19.90 + 7.12 20.35+7.73 0.849
¢ Immotile Preexposure 46.95 + 9.28 47.60 + 9.46 0.828
¢ Total motility (progressive and Preexposure 53.05+£9.29 52.4 + 9.46 0.880

nonprogressive)

ROS (x 10° cpm) Preexposure 31.75 + 26.03 31.70 + 25.76 0.995
DFI (%) Preexposure 42.35 + 16.01 42.86 + 15.94 0.922
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DISCUSSION

The exposure to radiofrequency electromagnetic wave
(RF-EMW) in our daily lives is constantly raising and this
has alarmed the analysis of possible harmful effects on the
human health. Recently, Friedman et al showed that
RF-EMW stimulate plasma membrane NADH oxidase in
mammalian cells and cause production of ROS.?” This may
be attributed to an increase in the activity of spermatozoal
NADH oxidase after RF-EMW exposure. Aitken et al
demonstrated that human spermatozoa possess a multiple
plasma membrane redox system that shares similarities with
transmembrane NADH oxidase. Activation of plasma
membrane NADH oxidase may cause production of ROS,%’
this can be detected by luminol-based chemiluminescence
because luminal measures both intra- and extracellular
ROS.?® Chronic exposure to RF-EMW can decrease the
activity of catalase, superoxide dismutase (SOD), and
glutathione peroxidase, and thus decrease total antioxidant
capacity, but experimental studies designed to measure
malonaldehyde level and SOD activity show conflicting
results.?® Development of oxidative stress or disturbance in
free radical metabolism by cell phone radiation has been
demonstrated in a few animal studies.'®® Reactive oxygen
species are produced continuously by spermatozoa and they

are neutralized by antioxidants present in the semen.* When
ROS production exceeds the capacity of antioxidants, a state
of oxidative stress is created and results in various changes
in semen parameters and contributing significantly in male
infertility. A decrease in sperm motility and viability is
linked to concentration of superoxide anion in semen. When
superoxide is produced extracellularly, it can oxidize
membrane phospholipids and results in a decrease in
viability.3! Short-term in vitro exposure to RF-EMW should
not cause a decline in sperm concentration; however, chronic
oxidative stress may lead to a decrease in sperm count.*
Due to methodologic variations, interpretations of studies
regarding DNA damage are complicated. Aitken et al
demonstrated that exposure of mice to RF-EMW, 900 MHz,
12 hours/day for 7 days led to damage to the mitochondrial
genome and nuclear beta-globin locus of epididymal
spermatozoa.'® In contrast, Stronati et al demonstrated no
significant DNA damage in human lymphocytes exposed
to RF-EMW at SAR of 1 and 2 W/kg for 24 hours.*® Results
of other studies are equally conflicting.>**” Recent data
suggest that RF-EMW may not have enough energy to cause
DNA damage.®*! The lack of any DNA damage may be
explained by the scavenging of free radicals by antioxidants
in seminal plasma.®%4?43 However, it may induce gene
expression of proteins, including heat shock proteins.*0:44-46

Table 2: Comparison of sperm parameters, ROS and DFI between exposed and unexposed samples of the
study and control samples

Variables Intervention Study sample Control sample

Sperm count (millions/ml) Preexposure 50.65 + 16.96 51.10 £ 17.55
Postexposure 50.55 +17.16 51.00 £ 17.39
p-value 0.428 0.163

Viability (%) Preexposure 51.30 £ 5.77 51.30 £ 5.77
Postexposure 47.70 £5.24 50.78 £ 5.98
p-value <0.001** 0.042*

Motility (%)

e Progressive Preexposure 33.15+6.12 32.05+6.21
Postexposure 25.70 £ 4.86 31.80 £ 6.10
p-value <0.001** 0.276

¢ Nonprogressive Preexposure 19.90 + 7.12 20.35+7.73
Postexposure 20.05 +6.17 20.50 = 6.58
p-value 0.404 1.000

* Immotile Preexposure 46.95 + 9.28 47.60 * 9.46
Postexposure 53.80 £ 7.95 47.85 +£8.91
p-value <0.001** 0.285

e Total motility (progressive and

nonprogressive) Preexposure 53.05 £ 9.29 52.4 £ 9.46

Postexposure 45.75 £ 7.49 52.3£8.97
p-value 0.035* 1.000

ROS (x10° cpm) Preexposure 31.75 £ 26.03 31.70 + 25.76
Postexposure 38.10 £ 27.51 33.05 £ 26.73
p-value <0.001** <0.001**

DFI (%) Preexposure 42.35 +16.01 42.86 + 15.94
Postexposure 49.80 + 18.22 43.55 + 16.76
p-value <0.001** 0.059***

*Moderately significant (p-value: 0.01 < p <0.05)
**Strongly significant (p-value: p <0.01)
***Suggestive significance (p-value: 0.05 < p < 0.10)
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In our study, the sperm DNA integrity did change in the
EMW-exposed group compared with the unexposed control
samples.

In our study, we gathered data related to the effect of
mobile phone radiation (in talk mode) and analyzed the
decrease in semen parameters. Our results showed a
significant decrease in sperm motility and viability, and a
significant increase in ROS production and DNA
fragmentation index (DFI %) in the exposed samples. The
increase in ROS levels in RF-EMW-exposed semen samples
may be due to the stimulation of the spermatozoa’s plasma
membrane redox system by RF-EMW or the effect of EMW
on leukocytes present in the semen samples. In our study
we used unprocessed semen samples, which contain both
mature and immature spermatozoa to assess the effect of
EMW on sperm function, whereas in a recent study
conducted by Falzone et al only mature sperm from the
Percoll fraction was used for analysis.?® It has been
suggested that free radical generating capacity may be higher
in spermatozoa in the low-density region of the Percoll
gradient (immature spermatozoa) compared with the
capacity of sperm from the higher-density fraction (mature
spermatozoa).?® In a study conducted by Agarwal et al, both
normal donors and patients who are infertile were studied
and their effects on exposure to RF-EMW were analyzed.?
Accordingly, the results showed that there were increase in
seminal ROS values in both the donors and the patients,
and the increase in ROS levels in exposed samples from
patients was significantly higher than the increase in ROS
levels in donor samples indicating that immature and
abnormal spermatozoa may be more susceptible to mobile
phone radiation. This may be explained by the fact that these
patients are already with poor quality sperm in terms of
both poor motility and abnormal morphology and presence
of leukocytes and the radiation exposure will attenuate the
response and the results. Therefore, excessive exposure to
mobile phone—emitted RF-EMW would be more likely to
further deteriorate the sperm quality, after long-term and
constant exposure, in both mature as well as immature sperm
to a larger extent, thereby increasing the likelihood of these
patients being infertile. VVarious researchers have shown that
RF-EMW has no effect on free radical release from immune-
relevant cells.*”° Many earlier studies have shown that a
50 Hz magnetic field at 1 mT induces free radical formation
in phagocytes or monocytes.>'%?

In our study, we selected the duration of RF-EMW
exposure and experimental temperature according to
guidelines of EMW exposure in an in vitro experiment. Talk
time on a mobile phone differs from individual to individual,
so deciding the duration for the experimental condition was
a complicated matter. Recent in vitro studies on human

sperm and human endothelial cell lines have used 1 hour of
in vitro exposure.>® A decline in ROS levels in semen with
time at 37°C has been demonstrated in a study conducted
by Kobayashi et al.>* In a study by Esfandiari et al, ROS
levels were significantly higher in semen samples stored at
a lower temperature (25°C vs 37°C).% According to the
available guidelines, sensitivity of the experiment should
be at the highest level to maximize the possibility of
detecting any significant effect(s) of RF-EMW. To
maximize the likelihood of observing the deleterious effects
in this study, we chose an exposure time of 1 hour at room
temperature. The distance of 2.5 cm was selected to mimic
the close proximity of the testis to a cell phone in a trouser
pocket (on talk mode) while a person is talking on a
Bluetooth. Recent studies have shown that RF-EMW has
no thermal effects at SAR <2 W/kg RF,'%%:57 yet we
monitored the samples at room temperature with a control
in identical condition to eliminate other environmental
influence on the changes in the semen parameters.

CONCLUSION

We have demonstrated that mobile phone radiation causes
oxidative stress in unprocessed semen and leads to decrease
in spermatozoa motility and viability. The fact that many
men carry their cell phones in a trouser pocket (or clipped
to their belts at the waist) while using Bluetooth can make
them more prone to the RF-EMW exposure and can cause
changes in semen parameters through oxidative stress and
may lead to infertility. Based on our in vitro results, we can
speculate that carrying a cell phone in a pocket may cause
deterioration in sperm quality, however it is to be
remembered that the phone and the male reproductive
organs are separated by multiple tissue layers, so to
extrapolate these effects which are seen under in vitro
conditions to real-life conditions requires further studies
and research.
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