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Abstract. – INTRODUCTION: The concern
about mobile phone effects is increasing as the
number of users increasing too. Different stud-
ies have different results, so this topic is still
open to discussion. Aim of this report was to in-
vestigate the effects of the mobile phones on the
Bcl-2 gene and p53 proteins in rat brains.

MATERIALS AND METHODS: In the study
group of 10 rats; mobile phones that spread EMW
at a frequency between 1900-2100 MHz and Specif-
ic Absorption Rate range between 0.005 W/kg and
0.288 W/kg (Dialing mode), 0.004 W/kg and 0.029
W/kg (Calling mode) were attached to rat ears for
simulating usage in daily life for 7 times a day dur-
ing 5 minutes (3 seconds dialing mode, 4 minutes
and 47 seconds of calling mode) for a four week
period. Sham group (n=10) rats were only immobi-
lized without EMW exposure. Another group of rats
(n=10) were counted as control without any appli-
cation. immunohistopathological examination was
performed for p53 and Bcl-2 expression.

RESULTS: Immunohistopathological examina-
tions revealed that the samples in the study
group had more p53 and Bcl-2 positive stained
cells and they were stained denser. In both eval-
uations, these differences between the study
and control group were found statistically signif-
icant (p < 0.003); In Bcl-2 evaluation statistically
significant difference was found between study
and sham group to (p < 0.005); however, the p53
evaluation between the study and the sham
group did not show any statistically significant
difference (p > 0.005).

CONCLUSIONS: Our results showed that the
electro-magnetic waves emitted by the mobile
phones may have effect on apoptosis. Besides,
obtained data revealed that more realistic appli-
cation of mobile phones during experiments is
more important as expected.
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Introduction

Communicating with other beings, especially
with the other members of the same species, in the
nature is a vital necessity. This necessity describes
the rapid increase of mobile phone usage in the re-
cent years which is now considered to be the high-
est level of communication. Every day new sys-
tems that emit electro-magnetic waves (EMW) are
introduced into our lives. According to Internation-
al Telecommunication Association, by the end of
2014, there will be approximately 6.8 billion mo-
bile phone users in the world1. Therefore, the inter-
est about the effects of the EMW emitted by the
mobile phones on the brain increases every day.
These EMW emitted by the mobile phones do

not have the power to ionize an atom; however,
they have thermal and non-thermal effects depend-
ing on the power of the energy emitted. A limita-
tion has been brought in by the International Com-
mission on Non-Ionizing Radiation Protection
(ICNIRP) in order to reducing the thermal effects
that could harm the organisms2. According to this
regulation; for regions other than the extremity,
the upper limit is; 10 W/kg if the person is aware
of the effect of the wave he/she is exposed to and
is exposed due to professional reasons; 2 W/kg if
the person is not aware of the wave and exposed
by the devices used in daily life or the waves are
present in the environment. Studies have shown
that values above this limits impair the thermoreg-
ulation in tissues and cause an increase in temper-
ature more than 1 centigrade degrees (°C). This in-
crease causes various behavioral and physical ef-
fects in organisms3,4. On the other hand, the de-
vices that emit non-thermal and non-ionizing
EMW under this upper limit, in other words mo-
bile phones, really harmless?
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Actually, some studies have shown that non-
thermal and non-ionizing EMW causes oxidative
damage in the organism due to increased levels
of nitric oxid, malondialdehyde, xanthine oxidase
and adenosine deaminase5; and this oxidative
damage can harm some proteins that play role in
cell cycle and apoptotic path6.

Apoptosis
Apoptosis is a process of controlled cell death

whereby the activation of specific signaling death
pathways7. Apoptosis occurs normally during de-
velopment, aging as a homeostatic mechanism to
maintain cell populations in tissues8-10. A dysreg-
ulation of apoptosis can be seen in different
pathologies such as neurodegenerative diseases
or cancer10-12.
There are three apoptotic pathways: the extrin-

sic pathway, intrinsic pathway and perforin-
granzyme pathway7,8,13. Various factors can stim-
ulate or inhibit the intrinsic pathway. The most
typical modifiers of these pathways are Bcl-2 and
p53 gene families8,14.
Bcl-2 gene was first identified in the B-Cell

follicular lymphoma10,13,15 and in this type of
lymphoma, Bcl-2 was found to cause more
longevity8. Bcl-2 members regulate apoptosis by
controlling the mitochondrial membrane poten-
tial and preventing the release of cytochrome-c
into cytoplasm from mitochondria. This situation
is thought to increase the possibility of precipita-
tion for malignity by increasing longevity in the
cell10,16-18.
P53 gene arrests the cell cycle at late G1 phase

in case of DNA damage and spares time for DNA
repair. Meanwhile, if DNA is repaired p53 di-
minishes and then the cycle will be completed. If
the repair attempt is unsuccessful, p53 leads the
cell to apoptosis8,14,19. Therefore, if p53 gene is
damaged, the risk of tumorogenesis will increase
due to the increased amount of damaged DNA8,14.
For this reason p53 is called “The guardian of the
genome”20-23.
The purpose of our study is to investigate the

effects of EMW exposure emitted by mobile
phones with a more life-like practical method on
genes play important roles preventing oncologic
pathologies.

Materials and Methods

In our study, thirty 12 weeks-old male Wistar al-
bino rats weighted between 250-350 g were used.

Preparing the Rats and Groups
In order to obtain handling conditions, rats

were taken to the laboratory cages one week be-
fore the experiment. Rats were kept in groups of
five in 30 × 20 × 15 cm Plexiglas cages at tem-
perature of 21°C, 12/12 hour light and dark
schedule with unlimited food, and water supply
obtained. No medication was given before the
experiment.
The rats were divided into three groups of 10

animals, the “study group”, “sham group” and
“control group”. Special care was taken not to
make any difference between the average
weights of the animals within three groups.
The rats in the study group were exposed to

EMW emitted by mobile phones 7 times a day,
each application lasted 5 minutes and a total of
920 minutes in four weeks. This length off period
was based on a statistical analyses from USA
about the average time off calls among middle
aged women dated March 201024.
The rats in the sham group were kept immobi-

lized for the same duration of period and with the
same method as the study group, however, these
rats were not exposed to any EMW. 2 of these
rats were taken out of the study because they de-
veloped an abscess in the chin area.
The rats in the control group were not exposed

to any kind of immobilization or any EMW ap-
plication.
As the purpose of the study was to investigate

the apoptotic effects on the rat cerebral tissue, in
order to acquire the most realistic results, the
study group rats were exposed to EMW in the
most realistic way possible. In order to achieve
this, special care was taken to position the mobile
phone on rat ears to resemble the way humans
use the phone; with a new rat immobilization
method (AD-ID method).

Rat Immobilization Method
(AD-ID Method)
Firstly, the rat was placed face to face to the

investigator; then, placed into a small size one
fingertip cut off glove with head leading position
(Figure 1); then, placed into another small size
glove with tail leading. Meanwhile investigator
made sure that the tail pointed outwards from the
top of rat’s head. The head was taken out of the
cut off fingertip of the first glove up to the back
of the ears (Figure 2).
By this method, the rats were immobilized

without using any chemical agents or immobi-
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Figure 1. First stage of the immobilization. Figure 2. Last stage of the immobilization.

Moment 1 second 2 seconds 4 seconds 5 seconds
of dialing later later later later

Average 6.2 V/m 17.5 V/m 6.7 V/m 2.9 V/m 2.9 V/m

Table I.Values measured during dialing mode.

fields, Wandel & Goltermann GmbH & Co.,
Eningen, Germany). The measured results
showed that the mobile phones emitted different
amount of EMW during the dialing and calling
modes even in various moments within these
modes (Tables I, II).

Calculating the Specific
Absorption Rate Value
While calculating the Specific Absorption

Rate (SAR) value in accordance with the mea-
sured data, the rat brains’ dielectric constant was
calculated5 as (σ 0, 62 s/m2, and mass density
was calculated26-28 as (ρ) 1040 kg/m3. When these
values together with electrical field obtained by
the measurement device are applied to SAR cal-
culation formula:

σ * (E2)
SAR = –––––––––

ρ

The SAR value that affected the rat brains was
calculated to vary between 0.005 W/kg and 0.288
W/kg during dialing mode and between 0.003
W/kg and 0.029 W/kg during calling mode. The
rate between the highest and lowest measured
value (highest during dialing mode/lowest during
calling mode) was found 72 (Table III).
Another significant data we obtained was that;

the SAR value significantly decreases by 10 cm
distance, and diminishes to a level almost equal
to the value caused by the EMW pollution in the
environment at 20 cm distance (Table IV).

lization devices. Furthermore, they were exposed
to EMW in the most realistic way possible.

Applying EMW via Mobile Phones
In our study we used the third generation mo-

bile phones emit 1900-2100 MHz frequency
EMW and can also be used for the wireless tech-
nological communication methods other than or-
dinary call protocols such as Global Positioning
System (GPS), Wireless Local Area Network
(WLAN) and Bluetooth.
After the rats were immobilized with the “AD-

ID method”, the phone that were going to be
placed on the rat ears called another phone then
the caller phone was placed on to the rat ears as
soon as “dial” button was hit, and kept for 3 sec-
onds (Dialing mode). After the 3 seconds, the
phone that was being called was answered, the
caller phone was kept in same position for 4 min-
utes and 57 seconds (Calling mode) (Figure 2).
After the total duration of 5 minutes (dialing +

calling mode) was completed, the rats were taken
out of the gloves and placed back in to their
cages without any more application.

Measuring the EMW Emitted During
the Application
The electrical field values formed by the

EMW that were emitted to the rats during the ap-
plication were measured by an electromagnetic
radiation measuring device that conforms to the
international standards (Narda EMR-300 for
isotropic measurements of electromagnetic
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Preparing Samples
Immediately after the applications on the last

day, the rats were undergone micro craniotomy
under general anesthesia induced with mixture of
10 mg/kg ketamine HCL and 90 mg/kg xylazine
HCl intraperitoneal injection.
The rat brain tissues were taken out of their

craniums with special care not to cause any dam-
age and were placed in to containers filled with
10% of formalin. These tissues placed in the con-
tainer were then transported to the Department of
Pathology for immuno histopathological (IHP)
examination.

Immunohistopathological Examination
IHP examinations were carried out by a

pathology specialist at Mustafa Kemal University
School of Medicine Pathology Department. The
pathologist was unaware of the samples whether
they were study, sham or control.
10 separate fields taken randomly out of the

substances made out of the samples from the
glial tissues of the rats in all groups were exam-
ined in terms of p53 and Bcl-2 staining.

The samples were applied with a mouse mono-
clonal antibody against human Bcl-2 (1:100, clone
124; Dako, Carpinteria, CA, USA) for Bcl-2 stain-
ing and with a mouse monoclonal antibody
against human p53 (1:100, clone 124; Dako,
Carpinteria, CA, USA) for p53 staining. The per-
centages of the stained cells within the detected
magnification area (×100) were determined. The
intensity of stained cells and the distribution was
also evaluated. Data obtained at the end of the in-
spection was scored by the semi-quantitative scor-
ing system29,30. In this scoring system, the scoring
was made as per the intensity of the cells staining
by the antibody and the distribution percentage of
the positive stained cells. In the assessment per
stain intensity; cells that were not stained at all
were given “0” point, cells that were slightly
stained were given “1” point, cells that were mod-
erately stained were given “2” points and cells that
were intensely stained were given “3” points.
In the assessment per stained cell distribution;

no stained cells in the environment was given “0”
points, a rate of 1-25% cells was given “1” point,
26-50% “2” points, 51-75% “3” points and 76-
100% rate was given “4” points.

Moment of 1 second 2 seconds 4 seconds 5 seconds
answering later later later later

Average 2.7 V/m 3.05 V/m 3.3 V/m 2.55 V/m 2.55 V/m

Table II.Values measured during call mode.

Highest during dialing Lowest during dialing Rate

0.288 W/kg 0.005 W/kg 57.5

Highest during calling Lowest during calling

0.029 W/kg 0.004 W/kg 7.5

Table III.Values measured during call mode.

Attached to the ear during dialing 30 cm distance during dialing Rate

0.238461538 W/kg 0.00059615 W/kg 400.003

Attached to the ear during calling 30 cm distance during calling

0.029211538 W/kg 0.00002885 W/kg 1012.53

Table IV. SAR values measured by distance (As seen in the table, SAR value created by a mobile phone is reduced by a rate of
1012 at a 30 cm distance).
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The sum of intensity and distribution scores (a
value between 0-7) was assessed as the final
score of staining. The final score of 0-1 was
counted as a negative result value “-“, 2-3 as a
weak result value “+”, 4-5 as an average result
value “++”, and 6-7 as a strong result value
“+++”. Final score was also defined numerically
as 0, 1, 2, 3.

Statistical Analysis
Final scores were evaluated with the statistics

software “SPSS® for Windows” (SPSS Inc.,
Chicago, IL, USA) and Chi square test was used
to detect statistical significance; the level of sig-
nificance was set at p < 0.05.

Results

p53 Findings
As a result of the IHP assessment, the cells in

the study group were observed to have been
stained in greater numbers and more intensively
compared than other groups (Figure 3).
After final scores of each sample calculated, in-

tergroup comparisons were evaluated (Table V).

In the P53 examination, the differences be-
tween the study and control group; and between
sham and control group were determined to be
statistically significant (p < 0.003). However, the
difference between the study and sham group did
not show any statistically significance.

Bcl-2 Findings
As a result of the IHP assessment, the Bcl-2

stained cells in the study group were observed to
be in larger quantity and stained more intensely
compared to the other groups (Figure 4).
After final scores of each sample calculated, in-

tergroup comparisons were evaluated (TableVI).
The difference between the study and control

group was determined to be statistically signifi-
cant (p < 0.003). Also the difference between the
study and sham group was determined to be sta-
tistically significant too (p < 0.003).

Discussion

Because of the capabilities such as internet ac-
cess, mobile phone usage time in daily life is
rapidly increasing. This increase raises the con-

Figure 3. a, p53 control group. b, p53 sham group. c, p53 study group.

p53 Final score

Control group Number of rats 8 2 0
% in group 80.0% 20.0% 0.0%
% in result 100.0% 14.3% 0.0%

Sham group Number of rats 0 6 2
% in group 0.0% 75.0% 25.0%
% in result 0.0% 42.9% 33.3%

Study group Number of rats 0 6 4
% in group 0.0% 60.0% 40.0%
% in result 0.0% 42.9% 66.7%

Total Number of rats 8 14 6
% in group 28.6% 50.0% 21.4%
% in result 100.0% 100.0% 100.0%

Table V. p53 final scores.
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cerns about mobile phone effects on health.
However, unfortunately experimental studies ob-
tain different kind of results.
Our study was planned to contribute to this

current discussions. We obtained greater amount
of damaged cells in study group specimens by
means of p53 and Bcl2 IHP evaluation.
In our study, the highest result score of “2”

was at a rate of 66.7% in the study group for p53
assessment, this rate reaches up to 75% in the
Bcl-2 assessment. This situation leads us to think
that EMW impact is present; in other words, mo-
bile phones cause p53 and Bcl-2 expression in
cerebral tissue and affect apoptosis.
The study performed by Yilmaz et al31 on

rats, achieved the result; contrary to our study;
the application of 900 MHz frequency and 0.29-
0.87 W/kg SAR range EMW exposed from a re-
al mobile phone for 20 minutes a day for 4
weeks did not cause a significant difference in
Bcl-2 expression levels31. In this study, the mo-
bile phone was placed under the plexiglas cage
and rats were freely roaming inside the cage and
the application was only carried out during the

calling mode. In this study the distance between
the rat in the cage and the mobile phone was not
set to be standard. Moreover, considering the
thickness of the plexiglas cage and the position
of the rat’s head in the cage, the distance was
probably around 10-20 cm. It should be consid-
ered that these factors may have played a role in
obtaining a non-activity result as opposed to our
study.
In the study performed by Liu et al32 on the

cortical neuron cell cultures, the application of
1800 MHz EMW emitted from a real mobile
phone during 24 hours caused a significant in-
crease in Bax levels in cortical neurons, and a
significant decrease in Bcl-2 expressions32. An-
other study by Liu et al33 on rat astrocyte cell cul-
tures, 1950 MHz frequency and 5,36 W/kg SAR
EMW produced by a radiofrequency (RF) gener-
ator was applied for 12, 24, and 48 hours. Signif-
icant mitochondrial damage, distinctive apoptosis
in astrocytes, increase in Bax levels and consid-
erable decrease in Bcl-2 expressions was only
seen in the 48 hour application group33. Both
studies achieved similar results as our study.

Figure 4. a, Bcl-2 control group. b, Bcl-2 sham group. c, Bcl-2 study group.

Bcl-2 Final score

Control group Number of rats 7 3 0
% in group 70.0% 30.0% 0.0%
% in result 87.5% 18.8% 0.0%

Sham group Number of rats 1 6 1
% in group 12.5% 75.0% 12.5%
% in result 12.5% 37.5% 25.0%

Study group Number of rats 0 7 3
% in group 0.0% 70.0% 30.0%
% in result 0.0% 43.8% 75.0%

Total Number of rats 8 16 4
% in group 28.6% 57.1% 14.3%
% in result 100.0% 100.0% 100.0%

Table VI. Bcl-2 final scores.



998

In the study performed by Zhao et al34 on neu-
ron and astrocyte cell cultures, it was pointed out
that application of 1900 MHz frequency EMW
generated with a real mobile phone for 2 hours
caused a significant increase in Bax levels34. The
result of this study is also parallel to ours and the
daily application duration is also closer to ours
than other studies.
In the study performed by Buttiglione et al35

on SH-SY5Y neuroblastoma cell cultures,
showed that the application of 900 MHz frequen-
cy and 1 W/kg SAR EMW emitted by RF gener-
ator for 24 hours via Wired Patch Cell (WPC)
caused a significant decrease in Bcl-2 and mR-
NA amounts in the cells35. The result of this
study is also parallel to ours and it is quite re-
markable that the application duration was set to
be a long period of time just like the other studies
that used RF generators.
As for the studies that were carried out to in-

vestigate the effect of mobile phones on the
p53 protein, a study similar to ours performed
on rats Dasdag et al30 indicated that application
of 900 MHz frequency and 0.25,1,2, and 4
W/kg SAR value EMW produced by RF gener-
ator for a period of 2 hours a day, for 10
months did not cause a significant change in
the p53 protein levels of cerebral tissues30.
EMW applied to the fixated rats in plexiglas
cages was obtained by RF generators and this
wave was applied via a monopole antenna
placed in the middle of the rats. No activity was
detected at the end of the study, we believe that
might have been because the EMW applied was
produced by an RF generator which has differ-
ent featured to that of mobile phones, also be-
cause there was a distance of approximately 10
cm between the aerial and the rat’s ear as well
as a barrier made out of plastic.
In the study performed by Bourthoumieu et

al22 on human amniotic cell cultures, it was
shown that the application of 900 MHz frequen-
cy and 0.25, 1, 2 and 4 W/kg SAR EMW via
WPC for 24 hours did not cause a significant
change in the activation of the p53 protein22.
In the study carried out by Hirose et al36 on

human glioblastoma A172 cell cultures,
showed that application of 2,1425 Ghz frequen-
cy and 0.17-0.58 W/kg SAR value EMD for 28
hours via Horne aerial did not cause a signifi-
cant change in phosphorylated p53 or total p53
levels36. Lee et al6 performed out a study on hu-
man MCF7 carcinoma cell cultures and this
study showed that application of 857 Mhz or

combined 857 and 1950 Mhz. frequency, 4
W/kg SAR value EMD for 1 hour via Horne
aerial did not cause a significant change in p53,
p21 and cyclin kinase values6. In these last four
separate p53 studies, we believe not using mo-
bile phones is an important detail. We also be-
lieve, it is important to consider the fact that;
mobile phones expose different amount of
EMW having wide range of SAR values during
different activity modes and at different dis-
tances. The results of the experiments would be
affected by the use of an RF generator that
emits standard EMW.

Conclusions

Our study is an investigation of the effects of
EMW on brain cells where Bcl-2 and p53 protein
expressions are evaluated together as differ from
to the studies where they were evaluated sepa-
rately.
Our results showed that EMW emitted by mo-

bile phone have an effect on apoptotic and anti-
apoptotic proteins. Apoptosis is a mechanism
that diminishes the damaged cells and prevents
the potential malignancy; our results would sup-
port the hypothesis that this type of EMW could
be one of the triggering etiological factors that
play a role in cerebral carcinogenesis.
We cannot imagine not using mobile phones

because of their harmful effects as they make our
lives so much easier and provide communication
as well as quick Access to information; however,
if there was at least a compromise on its harmful
effects, some legal obligations could be brought
in where producers have to design systems that
would decrease the harmful effects.
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