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Abstract- Although mobile phones among daily indispensable wireless accessories a big concern about their emitted electromagnetic radiation (EMR) hazard. The present study investigated the possible damage induced by their EMR strength and duration on mammalian genome,
using male Albino rats as an animal model. Animals were exposed to mobile phone emitted radiation of 1800 MHz frequency for a period of 2
hours. Exposure was performed either continuously or intermittent manners for 3 different exposure periods. The possible mutation in BRCAI
and TP53 tumor suppressor genes were studied, and the degree of genomic DNA fragmentation was followed. The obtained results revealed
that longer period (six weeks) of continuous EMR exposure induced mutation in both studied genes with relative increase in DNA fragmentation when compared with intermittent exposure. The study warrants the public against excessive exposure to mobile phone-induced EMR.
Minimization of such exposure has to safeguard against genetic DNA fragmentation with possible consequent mutation and cancer formation.
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Introduction
The use of mobile phones is one of the fastest growing technological developments in present days. Globally, they estimated about
5.9 billion mobile phone subscriptions at the end of 2011 [1]. Unfortunately, epidemiological and experimental studies revealed that
their emitted EMR at different frequency range can induce various
biological alterations. It is recently accused to be the cause of several biological alterations as increasing blood-brain barrier permeability [2], gene expression alteration [3], oxidative DNA damage [4],
infertility [5,6] fetal loss and developmental malformations [7]. The
altered gene expression has to negatively inflict cellular structural
and its functional activity with increased tendency to tumor formation [8]. The EMR is recently classified as “possibly carcinogenic
to humans” (Group 2B) as indicated by International Agency for
Research on Cancer (IARC) [9]. The capacity for malignant growth
is acquired by the stepwise accumulation of defects in specific
genes regulating cell growth and tissue homeostasis. Many studies
suggested that exposure to EMR was associated with a small but
significant increase in the risk of cancer [9,10], which could be induced from gene mutations that resulted from DNA damage [11].
The carcinogenic process has three stages: initiation, promotion
and progression. Tumor initiation begins with cellular DNA damage.
If this damage is not fixed it can lead to genetic mutations, its repair
was occurred mostly through the tumor suppressor genes [12,13].
They are protective genes that normally limit the tumor growth [14].

BRCA1 and TP53 are two examples of these genes. The term P53
originally referred to a 53-kD phosphoprotein. Its gene was located
on chromosome 17p [15]. The P53 plays a crucial role in cell cycle
regulation and development of apoptosis after DNA damage. Moreover, its role in tumorigenesis was previously reported in solid and
hematologic malignancies [16]. Since the TP53 is mutated in more
than 50% of human cancers, it has attracted the interest of several
researchers. TP53 mutations can lead either to loss or change of
P53 binding activity to its downstream targets and may thus induce
aberrant cell proliferation [17]. The breast cancer associated gene1
(BRCA1) contains 24 exons that encode a large protein of 1812
amino acids in mice [18]; it acts as a negative regulator for tumor
growth. Different types of mutation have been found in the BRCA1
gene which predisposed to development of cancer [19]. Its mutation
causes defective DNA damage repair, cell cycle arrest, increased
apoptosis and genetic instability [20]. After DNA damage, through
exposure to ionizing radiation, ultraviolet irradiation, the protein
expression of BRCA1 is down regulated in TP53 wild type cells. In
contrast, protein expression of BRCA1 is stabilized or up regulated
after DNA damage in both human and mouse TP53 deficient cells,
suggesting that TP53 interact with BRCA1 [21]. Furthermore,
BRCA1 requires the presence of P53 for the enhancement of transcriptional activation [22]. The present study was performed to examine the effect of continuous and discontinuous exposure of mobile phone on DNA damage and BRCA1 and TP53 genetic alterations.
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Material and Methods
Animals
The current study was carried out on 135 of males’ albino rats;
weighing 100-120 gm. Rats were reared in Biochemistry and Chemistry of Nutrition Department Faculty of Veterinary Medicine, Cairo
University. Basing on the exposure to the EMR, the animals were
divided into three main groups of equal rat number (n=45); the first
group served as a sham exposed group where the animals were
exposed to a mobile phone without battery. The second group
(continuous group) exposed daily to EMR from mobile phone for
two hrs. and the third group (discontinues group) exposed to EMR
for 2 discontinues hours per day (30 minutes exposed interval). The
three groups were divided on three experimental periods (two
weeks, 4weeks and six weeks) each period composed of (sham
(n=15), continuous (n=15) and discontinuous group (n=15)). The
animals were housed separately in plastic cages under controlled
condition of temperature and light in accordance with the Guide for
the Care and Use of Laboratory Animals [23]. They were provided
with standard food pallets and water adlibitum. The decapitation
was proceeding for all rats (n=45) at the end of each period.

TP53 Gene Mutation Analysis using PCR-SSCP
The genomic DNA was amplified using PCR for identification of the
mutation of the rat TP53 gene in exon 7 according to Gouda, et al
[27]. We are using the forward primer 5’-GTG GTA CCG TAT GAG
CCA CC-3’ and the reverse one 5’-CAA CCT GGC ACA CAG CTT
CC-3’. The PCR mixture contained 5X PCR Taq Master/ high yield
(Jena Bioscience, Germany), 0.5 μl of each primer, 1 μl of BSA, 1 μl
of DNA, and sterilized distilled water to make a final volume of 25
μl. The PCR reaction was included pre-denaturation for 5 minutes
at 95°C followed by 35 cycles 95°C for 1 min, 59°C for 1 min, 72°C
for 1 minutes and a final extension of 10 minutes at 72°C.The mutation detection for TP53 was performed using SSCP technique. A
total of 10 μL PCR product was mixed with 10 μL of the denaturation solution (0.1% bromophenol blue, 0.1% xylene cyanole in
formamide). The mixture was denatured for 10 minutes at 98°C,
rapidly chilled on ice for 20 minutes. The samples were then electrophoresed in 15% PAGE at 150 V for 5 minutes, subsequently at
80 V at room temperaturen. The gel was stained with ethidium bromide (0.5µg/ml) and visualized under a UV transilluminator, the
picture was taken using a digital camera.

Exposure Technique
The rats were exposed to 1800 MHz of EMR emitted from a mobile
phone (Nokia 6600) measured with TRI- filed meter
(www.trifieldmeter.com) with specific absorption rate = 0.33 W/kg.
The cell phone was kept on ringing position and placed 0.5 cm underneath the cage. In the discontinuous group, rats were exposed
to EMR from mobile phone in ringing position for 30 minutes and
phone without battery for 30 minutes. The sham group was kept in
similar cages for the same period in a separate room. The animals
were free to move in the cage during the exposure period.

Genomic DNA Fragmentation
In fragmentation assay, DNA concentration was determined calorimetrically by diphenylamine assay as previously described by Diab,
et al [28]. Liver samples were lysed in hypotonic lysis buffer pH 8.0.
Lysates were centrifuged at 13000 X g for 10 min. The supernatant
containing small DNA fragments was separated from the pellet of
intact DNA, and divided into 2 portions one for electrophoretic analysis using agarose gel electrophoresis. The second portion and
pellet were precipitated with TCA and then were centrifuged. After
centrifugation the supernatant were resuspended in 2 volumes of
diphenylamine solution. Samples were store at 4°C for 48 h and
measured spectrophotometry at 578nm. DNA fragmentation was
expressed as percentage of total DNA appearing in the supernatant
fractions.

Sampling
At the end of each experimental period, all rats were anesthetized,
decapitated and livers were removed immediately for further analysis.
Genomic DNA Extraction
Genomic DNA was extracted from liver according to Parborell, et al
[24] using the salting out method. The yield and purity of isolated
DNA were estimated spectrophotometrically at 260 nm and 280 nm.
Mutation Analysis for BRCA1 Gene using PCR Single Strand
Conformational Polymorphism (PCR-SSCP)
Rat BRCA1 intron 6 was amplified by PCR using specific primers as
follows, forward primer: 5- GCCCTGGCTGTTATCAAA-3 and reverse one: 5-TGCTGCCTAAGGATAATG-3 [25]. PCR was carried
out in a total volume of 25 μl containing: 5X PCR Taq Master/ high
yield (Jena Bioscience, Germany), 1X BSA, 25 pmol of each primer
and 200 ng of genomic DNA. Amplification was carried out in an
automated thermal cycler (Bico, Germany) for 35 cycles of denaturation for 60 sec. at 95°C, annealing for 60 sec. at 52°C, and extension for 60 sec. at 72°C, with initial denaturation at 95°C for 5 min
and final extension for 10 min at 72°C.
SSCP analysis for point mutation was performed according to Yassaee, et al [26] under the following conditions: a mixture of 10 μl
PCR product and 10 μl loading buffer was denatured for 10 minutes
at 98°C, rapidly cooled on ice for 20 minutes and separated on a
15% non-denaturing polyacrylamide gel in 1 X TBE buffer for 4-5
hrs. at 100 V. Bands were then visualized using ethidium bromide
staining.

Statistical Analysis
DNA fragmentation values were listed as the mean ± S.D. The
observed difference between different means in the three groups
was statistically analyzed by ANOVA test. The observed difference
among means by SSCP technique was statistically evaluated the
using Fisher’s exact test at p<0.05 and the analysis were performed
by SPSS 16.0 software package (SPSS Inc., Chicago, IL, USA).
Results
PCR-SSCP Analysis of BRCA1 Gene Mutation in Liver Induced
by Mobile Phone Exposure in Rats
Table 1- Frequency of BRCA1 gene mutation detected after exposure to EMR
Duration of
exposure
2 weeks
4 weeks
6 weeks

Sham group
Number %(M)
15(0)
15(0)
15(0)

0
0
0

2 hrs. Continuous 2 hrs. Discontinuous
p value
group
group
Number

% (M)

Number

%(M)

15(0)
15(3)
15(5)

0
20
33.3

15(0)
15(3)
15(3)

0
20
20

1.00ND
1.00ND
0.05*

M = mutant %, ND = insignificant, 15 = total number of rats, (---) number of mutant
rat
*mean there is a significant difference in the frequency of percentage of mutation
between the different groups using the Fisher’s exact test. The most prominent
frequency was recorded in the continuously exposed rats for 6 weeks 33.3%.
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Fig. 2- Representative results of SSCP Analysis of Amplified PCR
Products of TP53 Gene Exon7
(2a)- Lane 1: sham, Lanes 2 & 3: 2 hrs. continuous group, Lane 4: 2
hrs. discontinuous group; (2b)- Lane 1: sham, Lanes 2 & 3: 2 hrs.
continuous group, Lane 4: 2 hrs. discontinuous group
The band pattern reveals whether a mutation exists (Lane 3 (2b))
with heterozygous wild/mutant; other lanes had no mutation.
Table 2- Summary of incidences of TP53 gene mutation after exposure to EMR

c
Fig. 1- Representative Results of PCR-SSCP Analysis of BRCA1
Gene Mutation in Liver Induced by Mobile Phone Exposure in Rats
1(a)- Lanes 1 & 2: sham group, Lanes 3 & 4: 2 hrs. discontinuous
exposure, Lane 5: 2 hrs. continuous exposure; 1(b)- Lanes 1 & 2:
sham group, Lane 3: 2 hrs. discontinuous exposure, Lanes 4 & 5: 2
hrs. continuous exposure; 1(c)- Lanes 1: sham, Lanes 2 & 3: 2 hrs.
discontinuous exposure, Lanes 4 & 5: 2 hrs. continuous exposure.
The band pattern reveals whether a mutation exists (Lanes 5 (1b), 2
& 4 (1c)) with heterozygous wild/mutant; while the other lanes have
no mutation.
[Table-1] and [Fig-1] showing the mutation effects of mobile phone
exposure on BRCA1 in Rats, [Fig-1](a), [Fig-1](b), [Fig-1](c) are
showing the PCR-SSCP analysis results after 2, 4 and 6 weeks
exposure respectively.
SSCP Analysis of Amplified PCR Products of TP53 Gene Exon7
[Fig-2] and [Table-2] showing SSCP Analysis of Amplified PCR
Products of TP53 Gene Exon7, [Fig-2](a) showing 2 & 4 weeks
exposure while [Fig-2](b) showing 6 weeks exposure.

2 hrs. Continuous 2 hrs. Discontinuous
p value
Duration of Sham group
group
group
exposure
Number %(M) Number % (M)
Number
%(M)
2 weeks
4 weeks
6 weeks

15(0)
15(0)
15(0)

0
0
0

15(0)
15(3)
15(5)

0
20
33.3

15(0)
15(0)
15(0)

0
0
0

1.00ND
1.00ND
0.00737**

M = mutant %, ND = insignificant, 15 = total number of rats, (---) number of mutant
rat
* mean there is a significant difference in the frequency of percentage of mutation
between the different groups using the Fisher’s exact test. The most frequent one
appeared in 2hrs continuous group after 6 weeks (33.3%).

DNA Fragmentation Induced in Hepatic Tissue after EMR Exposure
[Fig-3] and [Table-3] showing DNA fragmentation induced in hepatic
tissue after continuous and discontinuous mobile phone EMR exposure, [Fig-3](a), [Fig-3](b), [Fig-3](c) are showing the hepatic tissue
DNA Fragmentation after 2, 4 and 6 weeks exposure respectively.
Electrophoresis of supernatant DNA fragments shows the increased
rate of DNA fragmentation in rats exposed to either continuous or
discontinuous mobile phone EMR in comparison to sham control
group. The most prominent effect was recorded in the continuously
exposed rats for 6 weeks.
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Fig. 3- Representative results of DNA Fragmentation Induced in
Hepatic Tissue after EMR Exposure
(3a)- Lane 1: sham, Lanes 2 & 3: 2 hrs. continuous exposure, Lane
4: 2 hrs. discontinuous group; (3b)- Lane 1: sham, Lanes 2 & 3: 2
hrs. discontinuous exposure, Lane 4, 5: 2 hrs. continuous group;
(3c)- Lane 1: sham, Lanes 2, 3: 2 hrs. discontinuous exposure,
Lane 4, 5: 2 hrs. continuous group.
Table 3- Effects of continuous and discontinuous exposure of mobile phone EMR on the percentage of genomic DNA fragmentation
Groups

Duration of exposure
2 weeks

Sham

2 hrs. continuous

2 hrs. Discontinuous

27.09±1.54A*

31.32±1.23B b*

30.4±0.64C

4 weeks

29.1±7.7

36.11±3.65b

31.286±1.73

6 weeks

30.06±2.53A*

39.26±1.138Bb*

33.27±2.82C*

Capital letter indicate significant in relation to duration, Small litter indicate significant
in relation to treatment.
*indicate significant between groups within the same duration.

Discussion
Depending on many factors including duration of exposure to EMR,
distance from the various sources, species, tissues as well as the
conditions of exposure variable biological effects were reported
[29]. The use of heavy cell phone doubles the risk of getting brain
cancers in adult users that use the cell phone on the side of the
head. This risk is five-times increased in younger people [30]. Experimental data obtained from our study indicated that 1800 MHz of
EMR exposure for 6 weeks (2 hrs. /day) resulted in mutation in
BRCA1 and TP53 genes [Table-1] and [Table-2]. The percentage of
mutation in BRCA1 gene was increased with prolonged continuous
exposure [Table-1]. The exposure to EMR had several cytogenetic
effects (effect on chromosomes, DNA fragmentation, and gene
mutations). Lopez-Martin, et al [31] found that EMR caused different
effects on c-Fos gene expression in the rat brain, Nylund &
Leszezynski [32] showed that gene and protein expression were
altered, in two variants of human endothelial cell line, in response to
one hour mobile phone radiation exposure. Karien, et al [33]
showed that the EMR alters protein expression in human endothelial cell line. On the other hand, Hung, et al [34] reported that EMR
exposure did not produce significant changes in cell numbers, cell
cycle distribution, or level of DNA damage or global gene expression. The mutation in BRCAI gene leads to multiple genetic alterations including the inactivation of TP53 gene and activation of a
number of oncogenes as reported by Somasundaram [35]. Whereas mutations in TP53 seem to occur at a very high frequency in
BRCAI mutation, suggesting that P53 might be an important checkpoint for BRCAI associated tumorigenesis [36]. As shown from the
data, the percentage and the level of genomic DNA fragmentation
increased in rats exposed to mobile phone EMR. Continuous exposure showed the highest percentage of fragmentation in a timedependant manner [Table-3]. The damage effect of EMR on DNA
had been reported in pervious several studies [37-40]. This fragmentation could be due to long exposure to EMR that leads to intracellular membrane vacuolation with lysosomal leakage of different
DNases leading to DNA damage [37]. A number of in vivo experiments have found EMR exposure can cause cell damage and reactive oxygen species (ROS) production [41,42], besides, the chronic
exposure to EMR induced decreasing in total antioxidant enzyme
capacity leading to accumulation of ROS. The leakage of ROS from
damaged peroxisomes and damaged mitochondrial membranes
leading to DNA damage [40]. Campisim, et al [43] reported that,
increases in ROS production and DNA fragmentation in brain cells
after acute exposure to EMR emitted from mobile phone. In contrary, other studies failed to prove any contribution of EMR on cellular
DNA damage. Hook, et al [44] found that there was not any significant effect of EMR on T lymphoblastoid cells, EMR neither affected
the reverse mutation frequency nor accelerated DNA degradation
[45]. Others had previously proved that 2450 MHz irradiation does
not appear to cause DNA damage in cultured mammalian cells [46].
Conclusion
In conclusion although there is a still debate among the scientific
community regarding the harmful effect of mobile cell phone use,
the obtained data warrant the public about the possible contribution
of the emitted ERM in deactivation of tumor suppressor genes
(TP53 and BRCA1) in mammalian rat model with possible effect in
human subject, the fact that needs more care in the use of such
facilities, especially among young generation.
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