
SUMMARY

Mobile phones are excessively used by the
public in almost all the regions of the world.
The aim of the present study was to determine
the morphological changes induced by mobile
phone radiation in the liver and pancreas in
Wistar albino rats. A total of 40 male, Wistar
albino rats were assigned for the study. The
first group served as a control (n=8); the sec-
ond group (Group B, n=16) was exposed to
mobile phone radiation for 30 minutes, and
the third group (Group C, n=16) was exposed
to mobile phone radiation for 60 minutes
daily for a total period of three months.
Detailed morphological changes induced by
mobile phone radiation were observed under
light microscopy. Exposure to mobile phone
radiation for 30 min/day caused inflammation
of the liver in 18.75% of the animals (Group
B). However, when the duration of exposure
was increased to 60 min/day, we found inflam-
mation in the liver in 43.75% and in pancreas
in 31.25% of albino rats compared to their
matched controls. It is concluded that long-
term exposure to mobile phone radiation can
cause inflammation in the liver and pancreas
of albino rats. Based on this animal model
study, such effects are also expected in
humans, and it is therefore suggested that,

long term and/or unnecessary excessive use of
mobile phones should be avoided.
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INTRODUCTION

The emergence and evolution of mobile
phones is one of the fastest in the history of
innovation (Colonna, 2005). They are being
used not only by adults but also by children.
The number of mobile phone users is con-
stantly increasing and the total number
worldwide has surpassed 4.8 billion. This
means that more than two-thirds of the world
population is using this technology
(Worldwide Mobile Phone users, 2009).
Mobile phones and cell-phone towers generate
Electromagnetic Field Radiation (EMFR) and
have become a frequent source of contamina-
tion of the human environment by producing
non-ionizing radiation (NIR) (Boris et al.,
2010). This phenomenon has raised concerns
about the possible hazards of the electromag-
netic field radiation emitted by mobile phones
on human health (Stuchley, 1988; Maier et al.,
2000; Al-Khalaiwi and Meo, 2004; Meo and
Drees, 2005; Karger, 2005; Kleinlogel et al.,
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2008). The EMF radiation generated by
mobile phones can inflict its results through
both thermal and non-thermal effects (Derias
et al., 2006; Acar et al., 2009). Despite the
large number of studies published over a
decade, it still remains uncertain that their use
may lead to serious debilitating problems in
the different body structures while placing the
mobile phones or during its use Aitken et al.,
2005; Christensen et al., 2005; Moulder et al.,
2005; Shoemaker et al., 2005). Mobile phones
are mainly placed in the front or side pockets
(close to the heart, liver and pancreas) or hung
with a waist belt (close to the reproductive
organs). The extensive use of mobile phones
has been followed by common public debate
about possible adverse effects on human
health. Thus, the present study was designed
to investigate the effects of the
Electromagnetic Field Radiation (EMFR)
generated by mobile phones as regards the
morphological findings in the livers and pan-
creata of albino rats. 

MATERIALS AND METHODS

This study was conducted at the
Department of Physiology, College of
Medicine, King Saud University, Riyadh,
Saudi Arabia. 

Animal Model
A total of 40 male albino rats (Wistar

strain), 2 months of age, weighing 150-160 g,
with same genetic background were recruited
for the experiment. The animals were housed
in three cages in a similar environment and
were fed with standard pelleted diet (Gold
Mohar) and water ad-libitum. They were
maintained under a controlled temperature of
22-24°C and had a 12-12-hour light-dark
cycle (lights on 06:00-18:00 h) (Sokolovic et
al., 2008). The experimental animal protocol
was approved by the animal ethics board of
the College of Medicine Research Centre,
King Saud University, and experiments were
performed according to the suggested guide-
lines. 

Experimental Protocol
Wistar albino rats (n=40) were divided into

three groups. Group A (n=8) served as a con-
trol and the remaining two groups, B and C
(n=16 each), were exposed to EMF Radiation
generated by a mobile phone at a specific time

of the day (during the lights-on period) for a
total period of three months. Group B was
exposed to mobile phone radiation for 0-30
minutes daily, and group C was exposed to
mobile phone radiation for 31-60 minutes
daily for three months. In this experiment,
Global System for Mobile communications
(GSM) handsets of mobile phones 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 and it was also
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 (Sokolovic et
al., 2008; Mailankot et al., 2009; Narayanan
et al., 2009; Gul et al., 2009). 

Histopathological examination
After completion of mobile phone radiation

exposure for the total period of 3 months, the
albino rats were sacrificed, the livers and pan-
creas were removed for histopathological
examination. The organs were collected in
10% formalin before processing in a tissue
processor (Vacuum infiltration processor,
Tissue Tek VIP). The tissue samples were
embedded in paraffin and 5 μm cross-sections
were stained with hematoxylin-eosin. All
slides were examined under a high-power
microscope by an expert histopathologist. 

Grading of the morphological findings:
The composition of the inflammatory infiltra-
tion was determined based on the predomi-
nance of lymphocyte and histiocytes. All
parameters were graded as negative =1;
mild=1+; moderate= 2+; and severe =3+.
The findings were fed into a digital data sheet
and the results were computed based on the
percentage (%) of the morphological findings
in liver and pancreas. 

Statistical analyses
The morphological findings were entered

into the computer. The percentage was
obtained based on the number of animals.
Fisher’s Exact Chi-squared test was applied
between the groups and the level of signifi-
cance was considered at p<0.05. 

RESULTS

Figure 1 shows the morphological findings
in the livers of Wistar albino rats that were
exposed to mobile phone radiation. We found
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inflammation in 3 albino rats (18.75%) that
were exposed for 0-30 minutes daily and 7
(43.75%) in the animal that were exposed to
31-60 min/day for the total period of three
months, as compared to their matched con-
trols. The level of significance was (p=0.52)
between the A versus B groups; (p= 0.053)
the A versus C groups; and (p=0.25) between
the B versus C groups. 

We also observed inflammation of pancre-
atic cells in 5 (31.25%) albino rats that were
exposed to 31-60 minutes daily over the total
period of three months as compared to their
matched controls, as shown in Fig. 2. The
level of significance was (p=0.13) between A
versus C, and (p= 0.04) between the B versus
C groups.

DISCUSSION

Mobile phone users are extensive world-
wide. They are exposed to different frequen-
cies in different countries and on different
continents. Exposure to radiofrequency radia-
tion depends upon the frequency of the cellu-
lar phone. The Electromagnetic Field
Radiation generated by mobile phones may
affect different organs and their functions via
three mechanisms: an EMW-specific effect; a
thermal molecular effect, or a combination of
both (Dasdag et al., 1999). Animal model
studies have shown that electromagnetic field
radiation generated by mobile phones has a
broad range of damaging effects on different
organs/systems. As far as the present study is

concerned, we found that long-term use of
mobile phones can cause inflammation in liv-
ers and pancreatic cells of Wistar albino rats as
compared to their matched control. Moreover,
the liver inflammation increased with the
duration of exposure to mobile phone radia-
tion. 

Boris et al. (2010) reported increased num-
bers of micronuclei and discrete perivenular
fatty changes in the liver of EMFR-exposed
rats. The serum activity of ALT and MDA
concentrations was significantly higher in the
liver tissues of exposed rats. Increases in ALT
activity indicate cytotoxic effect of non-ioniz-
ing radiation on hepatocytes, inducing apop-
tosis and necrosis. An elevated oxyradical gen-
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Figure 1. Effect of Electromagnetic Field Radiation generated by
mobile phones on the livera of Wistar albino rats (N=40). Group
A: Control (Not exposed to mobile phone radiation). Group B:
Exposed to mobile phone radiation for 30 min daily for the total
period of three months. Group C: Exposed to mobile phone radi-
ation for 60 min daily for the total period of three months.

Figure 2. Effect of Electromagnetic Field Radiation generated by
mobile phones on the pancreas of Wistar albino rats (N=40).
Group A: Control (Not exposed to mobile phone radiation).
Group B: Exposed to mobile phone radiation for 30 min daily for
the total period of three months. Group C: Exposed to mobile
phone radiation for 60 min daily for the total period of three
months.

Figure 3. The Wistar albino rat liver (H+E stain, x 400) shows a
mild inflammatory cell infiltrate of lymphocytes and histiocytes
in the portal tract.

Figure 4. Wister albino rat pancreas (H+E Stain, x 400) shows a
mild infiltration of lymphocytes in the islets of Langerhans
(Insulitis).



eration and subsequent cell membrane disrup-
tions were reported to be the reasons for elec-
tromagnetic field-induced cell damage
(Lahijani et al., 2009). Moreover, increases in
lipid peroxidation as a direct indicator of
hepatocyte injury under a long-term mobile
phone radiation exposure together with
increased ALT activity is also a marker of
hepatocellular damage. Imaida et al. (1998)
conducted a study on rats exposed to near-
field EMR. They reported that the histopatho-
logical findings in the liver revealed changes,
but the differences among the groups were not
significant. Oral et al. (2006) observed that
exposure to 900-MHz radiation emitted by
mobile phones can cause endometrial apopto-
sis and oxidative stress in rats. 

Lahijani et al. (2009) demonstrated the
histopathological and ultra-structural changes
in the livers of preincubated chicken embryos
exposed to EMFs. Morphological observations
indicated that EMFs would create hepatocytes
with fibrotic bands, severe steatohepatitis,
vacuolizations, swollen, crystallized mito-
chondria with degenerated cristae, dentate
nuclei, degenerated hepatocytes, abnormal
lipid accumulations, lipid droplets pushing
hepatocyte nuclei to the corner of the cells,
cellular infiltrations inside the sinusoid and
around the central veins, and a disrupted reti-
culin plexus. An elevated oxyradical genera-
tion and subsequent cell membrane disrup-
tions were the reasons for electromagnetic
field-induced cell damage. 

Kavindra and Kesari (2010) reported that
microwaves generated from cellular phones
affect biological systems by increasing free
radicals, which may enhance lipid peroxida-
tion, and by changing antioxidative activities,
leading to oxidative damage. Moreover, they
reported that catalase activity showed signifi-
cant increase in livers as compared with con-
trols. Their results suggested that regular use
of mobile phones at domestic level could have
negative impacts on enzymatic activity.
(Kucer, 2008) demonstrated the ocular symp-
toms experienced during the use of mobile
phones. They studied the different symptoms
and found that mobile phones can cause
inflammation in the eyes. Similarly, in the
present study we found that long-term use of
mobile phone can cause inflammation in the
liver and pancreatic cells of albino rats as com-
pared to their matched controls.

The interaction mechanisms of RF radiation
emitted by mobile phones on liver tissue is not
well understood, although there are some stud-
ies that, using 900 MHz RF radiation for 7
days to 3 months (30 min/day to 1 h/day),
shows this association in relation to lipid perox-
idation and free radical formation (Ozguner et
al., 2005). It has also been demonstrated that
RF radiation can induce oxidative damage by
increasing antioxidant enzyme activities: ALT,
MDA CAT and SOD (Ozguner et al., 2006).
Akdag et al. (2008) reported that 2h/day
(7days/week) exposure of 900 MHz radiation
over a period of 10 months elicited an increase
in MDA and TOS levels in the liver tissue of
the exposed group as compared to sham group.
Reactive oxygen species (ROS) induced by
oxidative stress may be an important factor in
tissue injury resulting from radiation (Jajte et
al., 2002). Keeping in mind the results of pre-
vious studies, it can be ascertained that long
term use of mobile phones can cause several
effects, including inflammation of the liver and
pancreas. Since the literature is lacking in
descriptions of any association of mobile phones
and their effects on pancreatic cells, in the pres-
ent study we were prompted to study the mor-
phological findings in both liver and pancreat-
ic cells of albino rats. 

Conclusion: Long-term exposure to mobile
phone radiation can cause inflammation in the
liver and pancreatic cells of Albino rats. Based
on this animal model study, such effects are
also expected in humans, and we therefore
suggest that long term and/or excessive use of
mobile phones should be avoided. 
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