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Effect of Emitted Radiation from Mobile Phones

and its Base Station Antennas on Some
Biochemical Parameters in Human Red Blood
Cells

Hathama Razooki Hasan *, Ali Haneen Issmer ** '

Abstract — The effects of radiations used in global system for mobile communications (GSM) on humans are an emerging area of
investigation. Therefore, the purpose of this work is to study the effect of microwave/radiofrequency emitted from mobile phones and its
base stations antennas on human health. The present study included measurement of total protein concentration, superoxide dismutase
(SOD) activity, nitric oxide (NO"), and peroxynitrite (ONOQ") concentrations in human red blood cells (RBCs) samples that were collected
from 87 healthy volunteers classified into three groups: Group T (36 volunteers) who reside nearby mobile phone base-station antennas.
Group M (23 volunteers) were using commercially available mobile phone heavily, and the third group was the control group (28
volunteers) who reside faraway from base- station and had using mobile phone for less, or equal to 10 minutes daily. The results indicated
presence of a highly significant increase in total protein concentration, SOD activity, NO" concentration and ONOO™ concentration (P <
0.05).While the results indicated non-significant differences in the protein concentration and SOD activity in RBCs samples of group M in
comparison with that of control group, while a highly significant increase in both NO" and ONOO™ concentrations (P < 0.05). The results
proved that the long exposure to emitted radiations from base stations and heavy using of mobile phone at domestic level has negative

impact on human health due to increase the concentration of peroxynitrite, which can in turn cause many diseases like cancer.
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1 INTRODUCTION

The effects of radiations used in global system for mobile
communications (GSM) on humans are an emerging area of
investigation. Two systems of digital mobile phone commonly
used, GSM 900 MHz and GSM 1800 MHz [1]. Except that
radiation from base station antennas is about 100 times more
powerful and uses a little higher carrier frequency, almost there
is no deference between radiation from base station antennas and
that from mobile phone of the same system (GSM 900 or GSM
1800 MHz) [2]. Radiofrequency (RF)-microwave radiations
emitted from maobile phone has certain well-defined frequencies,
which facilitate its discernment by a living organism, and via
which the organism can, in turn, be affected by oscillatory
electrical processes of various kinds, each characterized by a
specific frequency, some of which happen to be close to those
used in GSM. Thus some endogenous biological electrical
activities can be interfered with via oscillatory aspects of the
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nitrogen species; ROS: reactive oxygen species; SOD:
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incoming radiation, in much the same way as can the
reception on a radio [3].Free radicals are a group of highly
chemically reactive, short-lived molecules consisting of
unpaired electrons in the outer orbital [4, 5]. These free
radicals are included reactive oxygen species (ROS) and
reactive nitrogen species (RNS) [6]. Increased free radicals
formation together with a reduced antioxidant defense known
oxidative stress [7]. Mobile phones radiation may affect the
biological systems by increasing free radicals that enhance
lipid peroxidation, change the antioxidative activities, protein
and DNA damage [8]. Biological effects of radiation may be
primarily due to its thermal effect by an increase in
temperature [9]. Though, its non-thermal effects have also
been studied [10]. Among the scavenging mechanisms in the
cell are the enzymes [8]. Superoxide dismutase (SOD), the first
line of defense against ROS, catalyzes the dismutation of the
superoxide anion into hydrogen peroxide which can then be
transformed into H20 and O2 by catalase [11]. Nitric oxide
(NO) is a small uncharged molecule having a half-life of 2-30
seconds with unpaired electron make it highly reactive and
ideal messenger molecule [12]. Three forms of nitric oxide
synthase (NOS) catalyze the formation of nitric oxide and
citrulline from arginine [13]. It is an important biological
molecule that is responsible for cell signaling and host
defense against oxidant produced in vivo, but the excess of
(NO*) can be toxic [14]. In this connection, peroxynitrite
(ONOO ) is unstable molecule and produced in vivo by the
reaction of superoxide anion with nitric oxide and this
production is regulated mainly by nitric oxide synthase (NOS)
and superoxide dimutase (SOD). One of major mechanism of
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peroxynitrite toxicity is production of hydroxyl (O°H) and
carbonate (COs3* -) radicals. Many harmful roles can be played
by peroxynitrite, such as DNA damage, leading to
mutagenesis and carcinogenesis. In addition, lipid
peroxidation in membranes, causing membrane permeability
and fluidity changes. Finally, direct oxidation of transition
metal in the active center of the enzymes and nitration of
tyrosine residues in different proteins that present in the site
[15, 16].

2 SUBJECTS AND METHODS

The study was performed on two groups of volunteers
were exposed to electromagnetic radiation, the first group was
individuals who reside nearby mobile phone base- station
antennas (within 100 m around) at least for three years, while
the second group was individuals who using commercially
available mobile phone heavily (5 hours daily not less than
one year).These two groups were compared with control
group for volunteers who reside faraway from base-station
and had using of mobile phone for less or equal to10 minutes.
All volunteers were inhabitant at Baghdad city and aged 25£5
years. In addition, they were healthy; nonsmokers adult male
and they were of the same socioeconomic status. All chemicals
were obtained from BDH and FLUKA companies. Venous
blood samples were collected from volunteers into
heparinized tubes which were then centrifuged at 3000 g for
10 minutes, plasma and buffy coat were aspirated carefully by
Pasture pipette and red blood cells (RBC) were washed twice
with equal volume of normal saline solution (0.9% NaCl) and
centrifuged at 3000g for 10 minutes, then stored at -20 °C until
analyses were carried out. A volume of 1 mL of sediment
RBCs was added to four volumes of the cold deionized water
to prepare the RBCs lysate. Then ethanol/chloroform extract
was prepared by adding 1 volume of hemolysate to 3 volume
of ice-cold deionized water followed by 1 volume of cold
ethanol, then 0.6 volume of cold chloroform in ice bath. The
solution should be mixed after each addition and finally
shaken well for about five minutes. Then the tubes were
centrifuged at 3000 g for 10 minutes. The clear top layer was
used to determine the following parameters in RBC: the
protein concentration, superoxide dismutase (SOD) activity,
nitric oxide concentration and peroxynitrite concentration.

2.1 DETERMINATION OF PROTEIN CONCENTRATION

The protein concentration in RBCs extract of all samples
was determined by simple Lowry's method [17].

2.2 DETERMINATION OF SOD ACTIVITY

Superoxide dismutase (SOD) activity was determined
according to riboflavin/ NBT method [18].

2.3 DETERMINATION OF NITRIC OXIDE CONCENTRATION
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Nitric oxide concentration in RBCs extract was determined
according to Jose et al [19]. Nitrite levels in extract RBCs were
measured by Griess reaction. Reduction of nitrate to nitrite
was accomplished by catalytic reaction using cadmium.
Absorbance of this complex was measured at 545 nm. A
standard curve was established with a set of serial dilutions of
sodium nitrite. Linear regression was made by using the peak
area from the nitrite standard. The resulting equation was then
used to calculate the unknown sample concentrations and the
results were expressed as micromoles per liter.

2.4 DETERMINATION OF PEROXINITRITE CONCENTRATION

The peroxynitrite mediated nitration of phenol was
measured spectrophotometrically according to the method of
Vanuffelen et al [20].

2.5 STATISTICAL ANALYSIS

The results were expressed as a mean value +SD.
Comparison of mean values among experimental groups was
performed using Student’s t-test. P < 0.05 was considered
statistically significant.

3 RESULTS AND DISCUSSION

3.1 PROTEIN CONCENTRATION

There is no enough information available in the literatures
about the change in the amount of protein response to mobile
phone radiation in humans [21]. Therefore protein
concentration in RBCs lysate of the studied samples was
measured after hemoglobin removal by adding ethanol and
chloroform [18

—_

=36 n=23

=
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Fig.1: Mean value of protein concentration (mg/ml) in RBC of group
T*, M** and C*¥**_ (*T: Volunteers who reside nearby mobile phone
base- station antennas. ** M: Volunteers who used commercially
available mobile phone heavily. *** C: Control group for individuals
who reside faraway from base- station antennas and had using
mobile phone for less, or equal to 10 minutes daily).

The results in Fig.l reveal presence of a very highly
significant increase in protein concentration in RBC of group T
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compared with that of group C volunteers (P < 0.05) also this
increase was highly significant in the lysate of group M
compared with that of group C stress proteins which are
induced by a variety of potentially harmful extracellular
stimuli. The role of these proteins is to maintain the structure
and function of cellular proteins. The earlier studies showed
that ELF induces heat shock protein [26,27,28,29]. Karinen et
al. reported that protein expression in human skin might be
affected by the exposure to RF-EMF from mobile phone [21].
The results of the presented study disagree with Kula et al
who found that significant decreases in the levels of total
protein in serum of steelworkers exposed to electromagnetic
field [30], and also disagree with El-Abiad and Marzook who
showed a significant reduction in total serum protein in old
rats exposed to radiation from mobile base station [31]. In
addition, disagree with Hassan who observed significant
decrease in total protein concentration in rats exposed to
electromagnetic field [32]. While Aghazadeh et al found that
protein concentration significant increased when rats were
radiated with gamma dose [33].

3.2 SOD AcTiviTy

Superoxide dismutase (SOD) activity in RBC was
measured in all samples for each group  according to
riboflavin/NBT method [18]. The amount of superoxide
dismutase giving 50% inhibition (SOD50) of an O;*-dependent
reaction is defined as one unit of SOD activity [34].

n=36
g , n=23 n=28
57
S'LEJ 53 /
o
T M C

Fig.2: Mean values of specific activity (U/mg tot. protein) of SOD in
RBC of group T, M and C.

The results as shown in Fig.2 reveal high significant
increase in SOD specific activity (P < 0.05) in RBCs samples of
group T, but the differences were non-significant (P > 0.05) in
RBCs samples of group M, in comparison to that of the group
C. It is well known that the erythrocytes are particularly
vulnerable to oxidative damage due to continuous exposure to
high oxygen tension as well as the presence of large amounts
of iron, a potent catalyst for oxygen free polyunsaturated fatty
acids which are the major targets for peroxidation [35]. The

967

present results agree with that of study conducted by Kula et
al, which pointed that activity of SOD increased of rats
exposed to magnetic fields [30]. Also agree with some studies
which reported a significant increase in SOD activity in
animals exposed to mobile phone radiation [36, 37, 38]. On the
other hand, the present results were in contrast with results of
study which reported that activity of SOD in human
erythrocytes was significantly decreased after exposure to
radiofrequency fields of the mobile phone [39]. In vitro,
microwaves produced by mobile phones significantly
depleted SOD activity in human blood platelets after exposure
to radiation[40], but other author indicated that RF radiation
did not alter SOD in J774.16 cells [41]. Other researchers found
SOD activity decreased significantly in the animal tissues or
cells exposed to mobile phone radiation or radiation with
same frequency [42, 43, 44, 45, 46]. One important point
should be considered when someone look at the disagreement
in the results among different reports is the differences in
technical features of used devices in the experiences. The
normal erythrocyte is resistant to oxidative damage, because it
is rich in SOD, CAT, reduced glutathione, glutathione
peroxidase, glutathione S- transferase, and vitamin E [47, 48].
Superoxide dismutase metabolizes free radicals and
dismutates superoxide anion (O:°-) to (H202), and protects
the cell against O*-" mediated lipid peroxidation [47]. Since
there is an enhancement of free radical activity that causes
endothelial damage, the body raises the level of its
antioxidants in order to combat such oxidative stress or
oxidative damage [49]. Dismutation of increased superoxide
radicals, in particular, can be achieved by high SOD activity
[50].The increased activity of SOD result in overproduction of
H>O, which is the product of dismutation reaction, and it has
been reported that H»O, suppresses SOD activity and
superoxide radicals O,*- inhibit catalase activity which
remove H>O, [51]. Also the reactive oxygen species (ROS)
production can induce the expression of several genes of
antioxidant enzymes such as SOD; catalase [52].The
frequencies of oscillation of groups of atoms in the active
center of an enzyme are located in the range of 10-100 GHz.
The approximate resonant frequencies in Hz have been
determined experimentally for a few structures in living cells
[53]. Mobile phone radiation induction of free radical
formation in some tissues has been reported [54, 36] but the
direct biological effects of exposure to 900 MHz RF radiation
have not been studied extensively. Only biochemical reactions
that involve more than one unpaired electron will be affected
by a magnetic field [55]. Though, it is difficult to understand
the implicit mechanism for radiation related oxidative stress
[56, 57].The results in the present study suggest that ROS were
generated under the experimental conditions employed. The
observed increased activity may be caused by two factors: (1)
increased expression of SOD gene and/or (2) changes in
physical properties of SOD. Some of post-translational
modifications may be change SOD activity [58]. One study has
demonstrated that alkylation of CuZn SOD enhances its
structural stability [59] this may lead to dimensioned rate of
degradation of enzyme; thus, resulting in a higher
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concentration of the enzyme being present in the cells.
Another possibility is that the greater stability of the
CuZnSOD enzyme might lead to an elevated activity of the
enzyme [58]. Modification of the catalytic activity of an
enzyme by allosteric effectors is well established in
enzymology [60].

3.3 NITRIC OXIDE CONCENTRATION

n

n=8
n=15

Nitric Oxide
Concentration
(uM)

M C

Fig.3: Mean value of nitric oxide concentration (uLM) in RBC of group
T,MandC.

In the current study, nitric oxide concentration in RBCs
samples of the studied groups was determined by the method
based on the reduction of nitrate to nitrite by cadmium and
the nitrite produced being determined by Griess reaction [19].

The present results in the Fig.3 show presence of high
significant increase in nitric oxide concentration in RBC of
group T and group M compared with that of C group
volunteers (P < 0.05 in both). Only few data about NO* levels
in animal beings including human after exposure to mobile
phone have been published. The current results agree with
results of some earlier studies which measured NO°
concentration using rats exposed to different frequencies of
electromagnetic radiation and different conditions [38,54,
61,62]. On the other hand, Irmak et al observed decreased NO*
levels in rats exposed to 900 MHz mobile phones radiation
[36]. The increased NO* levels in the exposure groups may be
related to the stress conditions formed by the radiation in
order to scavenge O,*and may act as a defense mechanism
presumably related to tissue damage; mobile phones might
induce vasodilatation and increase the production of NO* [56].
Treatment of human endothelial cells with UV radiation
resulted in an increase of both NO* and ONOO- release. The
amount of NO* released by UV-irradiated endothelial cells in
the presence of SOD was much higher than in its absence,
suggesting the neutralization of NO* by O,* with subsequent
formation of ONOO- . The reaction between NO* and O-*
released by endothelial cells is limited by the rate of diffusion
of the two radicals. Control of the O,* and NO* reaction may
be the function of the extracellular SOD enzymes which bind
to endothelial cell surfaces [63]. In this connection, ionizing
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radiation is known to increase the activity of the transcription
factor NF-jB [64]. It is well- established that NF-jB activity
produces increased synthesis of the inducible nitric oxide
synthase (iNOS) which increases, in turn; nitric oxide levels
[65, 66]. The toxic effect of nitric oxide can be divided into two
categories; direct effect resulting from binding to Fe
containing proteins and it is well known hemoglobin forms
about 95% of the intracellular protein of the RBCs, the ferrous
iron of hemoglobin is susceptible to oxidation by different
oxidizing agents, forming methemoglobin, which cannot
transport oxygen [67]. Since the main function of red blood
cells is to transfer oxygen to tissues, it is exposed to high
oxidative stress levels [68] and this will be the case when one
live nearby the mobile base station and, or use the mobile
heavily every day.

3.4 PEROXYNITRITE CONCENTRATION

Fig.4: Mean value of peroxynitrite concentration (uM) in RBC of group
T,MandC.

The present results in the Fig.4 that highly significant
increase in peroxynitrite concentration in RBC of group T and
group M compared with that of C group (P < 0.05 in both).
There are no findings in the literatures illustrate the effect of
mobile phone radiation on the peroxynitrite concentration. It
is worth mentioning that NO* rapidly reacts with superoxide
radicals and generates cytotoxic peroxynitrite. Many of
authors reported that NO® reacts with endogenously
generated superoxide radicals and the resultant ONOO- [65,
69]. Peroxynitrite, although not a free radical, it is a strong
oxidizing agent that is stable and directly toxic. At
physiological pH, It can diffuse through the cell and lipid
membranes to interact with a wide range of targets, including
protein methionine, oxidation of sulthydryl groups of proteins
[70], lipids, nitrate free tyrosine and tyrosine residues in
proteins to form 3- nitrotyrosine (3-NT), which is a stable
product that provides ONOO- mediated tissue damage [71]. It
also breaks down to form additional RNS, including the free
radical nitrogen dioxide (NO*), an effective initiator of lipid
peroxidation and single stranded breaks and modification of
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bases in DNA, leading to mutagenesis and carcinogenesis [69,
72,15].

5 CONCLUSION

Out of the present study’s results, it can be concluded that
living near the mobile base station, and using the mobile
heavily have bad effects on human health due to increase the
concentration of peroxynitrite. This compound can damage
the cell by interfering with proper functions of the different
biomolecules, which can in turn cause many diseases like
cancer.
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