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ABSTRACT
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Background: The present study has investigated the effects of mobile phone (900-1800 MHz)-
induced electromagnetic radiation on redox status in the heart, liver, kidney, cerebellum, and
hippocampus of dams and the offspring mice.

Materials and methods: Pregnant Balb/C were divided into two groups including the control
and the experimental group. The experimental group was exposed to mobile phone
(900-1800 MHz), during pregnancy (2h/d for 20d). The dams and the offspring of both groups
were sacrificed and tissues of interest were harvested immediately after delivery.
Malondialdehyde (MDA) concentration, total thiol groups (TTG) content, superoxide dismutase
(SOD), and catalase (CAT) activities were determined in the tissues.

Results: In the experimental groups, MDA levels were significantly increased, while TTG, SOD,
and CAT were significantly decreased in the total tissues of dams and their offspring.
Conclusion: Exposure to mobile phone (900-1800MHz) during pregnancy induced oxidative
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stress in tissues of dams and their offspring.

Introduction

The widespread use of mobile phones has been led to
worries about effects of mobile phone (900-1800 MHz)-
induced electromagnetic radiation, on human health
[1]. Global System for Mobile Communications (GSM) in
Europe and Asia is the 900 MHz and 1800 MHz [2,3].
Exposure levels of the mobile phone range are usually
described in terms of power density. Mobile phone
waves are part of microwaves. Microwaves interactions
with biological systems categorize into three groups:
high (thermal), intermediate, low (non-thermal). Specific
absorption rate (SAR) is the scale of thermal interactions
of microwave with biological systems [4]. Thomas et al.
[5] expressed that the threshold limit of power intensity
for non-thermal effects of radio frequency (RF)/micro-
waves interactions with biological systems is 1000 (pw/
m?) and in longer time 100 (uw/m?). Previous studies
have reported that electromagnetic fields lead to oxida-
tive stress in tissues [6]. Cellular damage at different lev-
els (lipids, proteins, nucleic acids) lead to tissue injury

caused by excessive generation of free radicals/reactive
oxygen species (ROS) and attenuation of the antioxi-
dants, which is named as oxidative stress [7]. EMF can
break the chemical bonds between compound atoms
and produce ROS [8]. ROS damage to lipids lead to
toxic aldehyde formation such as malondialdehyde
(MDA) [9]. Lipid damage also induces disorder in cellu-
lar membrane functions [10]. Superoxide dismutase
(SOD) and catalase (CAT) are low-molecular-weight anti-
oxidants (LMWA) that directly defend the body against
ROS [11]. Protein damage lead to reduction of total
thiol groups (TTG). Aydin et al. [12] perceive that
900 MHz electromagnetic radiation leads to irretrievable
oxidative damage in the lymphoid tissues of immature
rats compared to adult rats. Electromagnetic radiation
at 900 MHz during the prenatal period caused patho-
logical changes in kidney tissues that owing to oxida-
tive stress [13]. About 1800MHz electromagnetic
radiation caused morphological changes of lymphocytes
[14]. Available information concerning prenatal expos-
ure to mobile phones (900-1800MHz) on tissue
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oxidative stress of mother and their newborn immedi-
ately after delivery is limit. In the present study, the
effects of EMF exposure of mobile phones
(900-1800 MHz) in the prenatal period on oxidative
stress biomarkers immediately after delivery in different
tissues of dams and offspring mice was investigated.

Materials and methods

In this study, 64 Balb/c females and 32 Balb/c males
were obtained from the Animal House of Faculty of
Medicine of Mashhad University of Medical Sciences
(MUMS), Mashhad, Iran. The mice were maintained at
room temperature (21+2°C) and humidity (50% +10),
controlled (12/12h) light/dark cycle, and in Plexiglas
cages with two washes per week. Standard food and
water was provided, ad libitum. When the mice
reached to 5-6 weeks age and a weight 24-28 g, two
female mice were left to mate with one male mouse
in the same cage. Zero day of pregnancy was con-
firmed using vaginal smear. All animals were treated in
accordance with the National Institutes of Health
Guidance for the Care and Use of Laboratory Animals,
and their use was approved by the Animal Ethics
Committee of MUMS.

Pregnant mice were divided into control and
experimental groups. No procedure was performed on
the control group. The experimental group was
exposed to mobile phone (900-1800 MHz)-induced
electromagnetic radiation for 2 h/day on days 0-19 of
pregnancy inside Plexiglas cages that were placed at a
2m distance from the electromagnetic exposure sys-
tem. The EMF exposure system was the 4-Band
Jammer for Mobile Signal (version 1.1) (ELEKTROO
Company, Shanghai, China, and Serial no. 080635).
Every 4-Band was turned on with maximum power
intensity. Mean power intensity measured by
SPECTRAN  HF-4060 (AARONIA AG, Strickscheid,
Germany) that was 1 mw/m?. No procedure was per-
formed on dams and offspring mice after birth. After
delivery, the offspring mice obtained from both con-
trol and experimental groups (n=5 each) were
euthanized using deep anesthesia and the tissues
were removed for biochemical assessments. The tis-
sues of the mothers of each group (n=5) were also
extracted. SOD and CAT enzyme activities, total thiol
content (TTG) and MDA values were determined in the
tissues. SOD activity was measured according to the
method described by Madesh and Balasubramanian
[15] and expressed as mmol min~'g™" of tissue. The
method involves generation of superoxide radical by
pyrogallol autoxidation and the inhibition of super-
oxide dependent reduction of the tetrazolium dye
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MTT [3-(4,5-dimethyl-thiazol-2-yl) 2,5-diphenyl tetrazo-
lium bromide] to its formazan, measured at 570 nm.
CAT activity was measured based on the method
described by Aebi. Decomposition of H,0, in the pres-
ence of CAT was monitored at 240 nm, and CAT activ-
ity was expressed as mmol min~'g~' of tissue [16].
Total thiol content was measured using DTNB (5,5'-
dithiobis-(2-nitrobenzoic acid) as the reagent and
expressed as nmol/g tissue. The reagent reacts with
thiol groups to produce a yellow-colored complex that
has peak absorbance at 412nm [17]. MDA levels in the
tissues were measured using the thiobarbituric acid
(TBA) test and the pink-colored chromogenic formed
during the reaction of TBA with lipid peroxides was
measured spectrophotometrically at 535nm and
expressed as nmol/g tissue [17]. The data were
expressed as mean = SEM and analyzed using two-way
analysis of variance (ANOVA). The statistical analysis
was performed using GraphPad Software, Inc. (version
6.01, La Jolla, CA). The difference between the two
groups was determined using independent t-test and
the significance was considered at p <.05.

Results

Statistical analysis showed that the MDA level in all tis-
sues including dams and offspring increased while
TTG, SOD, and CAT decreased. The MDA levels in the
heart, cerebellum, and hippocampus tissues of the
experimental dams were significantly higher than
those of the control group, with values of 92.4%
(p<.001), 889% (p<.001), and 73.4% (p<.001),
respectively (Figure 1). There was no significant differ-
ence between the MDA levels of kidney and liver tis-
sues of experimental dams as compared with the
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Figure 1. Malondialdehyde level in tissues of dams follow on
mobile phone (900 and 1800 MHz)-induced electromagnetic
radiation (mean power intensity = 1 mw/m? during pregnancy
(2h/d for 20d), ***p <.001, compared with the control

group.
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control group (p >.05). Total thiol groups significantly
decreased in the heart, liver, kidney, and cerebellum
tissues of the experimental dams which were 31.2%
(p <.0001), 21.0% (p <.01), 37.2% (p < .001), and 25.3%
of the control value (p <.001). On the other hand, no
significant changes on the total thiol content in the
hippocampus of experimental dams were observed
(p>.05) (Figure 2). MDA level increased in heart and
liver tissues of the experimental offspring group com-
pared with that of the control group in the following
arrangement: 28.51% (p<.01) and 82.91% (p <.001)
but kidney, cerebellum, and hippocampus tissues of
the experimental offspring group was not significantly
higher than that of the control group (p>.05)
(Figure 3). Total thiol groups decreased in kidney tis-
sues of the experimental offspring group compared
with that of the control group 41.39% (p <.001) while

decreasing in other investigated tissues of
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Figure 2. Total thiol groups content in tissues of dams follow
on mobile phone (900 and 1800 MHz)-induced electromagnetic
radiation (mean power intensity = 1 mw/m?) during pregnancy
(2h/d for 20d), ***p<.001, **p <.01, compared with the
control group.
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Figure 3. Malondialdehyde level in tissues of offspring follow
on mobile phone (900 and 1800 MHz)-induced electromagnetic
radiation (mean power intensity = 1 mw/m?) during pregnancy
(2h/d for 20d), ***p <.001 compared with the control group.

experimental offspring group compared with that of
the control group was not significantly different
(p > .05) (Figure 4). SOD activity significantly decreased
in the cerebellum of experimental dams compared
with the control group (72.3%, p<.01). Although,
mean SOD activity in the heart, liver, kidney, and
hippocampus of experimental dams was lower than
control mice, but the decrease failed to reach statis-
tical significance (p >.05) (Figure 5). In the same way,
catalase activity in the kidney, cerebellum, and hippo-
campus of experimental dams was significantly lower
than control group and decreased to 40.0% (p <.01),
41.2% (p<.05), and 54.9% (p <.0001) of control val-
ues, respectively. However, the decrease in catalase
activity in the heart and liver of experimental dams did
not reach to statistical significance (p>.05) (Figure 6).
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Figure 4. Total thiol groups content in tissues of offspring fol-
low on mobile phone (900 and 1800 MHz)-induced electro-
magnetic radiation (mean power intensity =1 mw/m?) during
pregnancy (2h/d for 20d), ***p <.001 compared with the
control group.

] Bl Heart
’Tg B Liver
&4 I Kidney
e T Cerebellum
\g @ Hippocampus
E
:
a
3

experimental

Control

Figure 5. Superoxide dismutase (SOD) activity in tissues of
dams follow on mobile phone (900 and 1800 MHz)-induced
electromagnetic radiation (mean power intensity = 1 mw/m?)
during pregnancy (2h/d for 20d), **p <.01, compared with
the control group.
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Figure 6. Catalase activity in tissues of dams follow on mobile
phone (900 and 1800 MHz)-induced electromagnetic radiation
(mean power intensity=1mw/m?) during pregnancy (2h/d
for 20d), *p <.05, **p < .01, ***p <.001, compared to the
control group.
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Figure 7. Superoxide dismutase (SOD) activity in tissues of off-
spring follow on mobile phone (900 and 1800 MHz)-induced
electromagnetic radiation (mean power intensity =1 mw/m?)
during pregnancy (2h/d for 20d), **p<.01, *p<.05 com-
pared with the control group.

Superoxide dismutase decreased in heart and kidney
tissues of the experimental offspring group compared
with that of the control group in the following arrange-
ment: 54.1% (p<.01) and 51.71% (p <.05) (Figure 7).
Catalase decreased in heart, liver, kidney, and cerebellar
of experimental offspring group compared with that of
the control group (p > .05) (Figure 8).

Discussion

The results of present study showed that mobile
phone-induced EMF exposure of pregnant rats caused
oxidative stress in tissues of both the mothers and
their offspring. This is first to report that the mobile
phone EMF exposure during pregnancy induces oxida-
tive damages in dams’ tissues.

Nowadays more than half the world’s population
use the mobile phones [18]. Mobile phones emit
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Figure 8. Catalase activity in tissues of offspring follow on
mobile phone (900 and 1800 MHz)-induced electromagnetic
radiation (mean power intensity = 1 mw/m?) during pregnancy
(2 h/d for 20d).

electromagnetic fields [19]. Electromagnetic fields can
change the atomic energy level and the direction of
electron spin, thereby increasing free radicals/reactive
oxygen species (ROS) formations [8]. It has been well
known that ROS induces oxidative damages to cellular
macromolecules (lipids, proteins, DNA, etc.). In add-
ition, reduction of antioxidants defense system can
lead to cell death and tissue injury [6,18]. Global
System Mobile Communication (GSM) Operator in Asia
mostly applies a 900-1800 MHz band [20]. In the pre-
sent study, to examine the effects of mobile phone,
the 4-Band Jammer for Mobile Signal was used to pro-
vide an EMF with 900-1800 MHz band. On the other
hand, effective level of electromagnetic fields on the
tissues has been known to depend on different factors
such as directly electrical conductivity of tissue. The
body significantly absorbs water during pregnancy
and whole-body electrical conductivity increases,
therefore pregnant women and embryos are signifi-
cantly more sensitive to electromagnetic fields induced
by mobile phones compared with other people
[21,22]. Considering this fact, the pregnant rats were
exposed to mobile phone EMF in the current study.
The results showed that mobile phone exposure
increased MDA level of both the mother and offspring
tissues while reduced thiol, SOD, and CAT.
Consistently, previous studies have confirmed that
exposure to EMF during pregnancy lead to childhood
leukemia, brain tumor in adult, cardiovascular disease,
and immune system disorders [23]. However, Turedi
et al. have reported that exposure to mobile phone
radiation for 1h on days 13-21 of pregnancy increased
CAT and SOD activities in the heart. The discrepancy
might be due to stopping of the radiation after birth
and examination of the heart tissue at the 21st post-
natal day [23]. This procedure was different than that
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of our study in which the experimental group was
exposed to mobile phone induced electromagnetic
radiation for 2h on days 0-19 of pregnancy and bio-
chemical estimations were performed immediately
after delivery.

In contrast to our study, Turedi et al. showed that
the SOD and CAT activities were increased in the
hearts of 21-day-old offsprings. One possible explan-
ation could be the fact that the offsprings were fed
naturally with their mothers for 21d, causing recover
from oxidative stress [24,25].

Many studies have shown that the reduction of CAT
and SOD activity could be considered as oxidative
stress marker [26,27]. In the present study, we have
shown that the heart of dams of the experimental
group was very susceptible to oxidative stress
(p <.001). The cycle of antioxidant enzyme activity of
the heart is very short; therefore, the heart seems to
have a low resistance against free radicals/ROS dam-
ages, compared with other tissues [23]. Hanci et al.
[28] observed that 900 MHz electromagnetic radiation
significantly increased MDA levels in the thymus and
spleen, while SOD activity decreased in spleen tissue
[28]. Narayanan et al. [29] also described exposure to
mobile phone (900-1800 MHz) radiation in Wistar rats
leading to memory damage and decreasing the acqui-
sition of learned responses.

Radio frequency (RF)/microwaves interactions with
biological systems categorize into three groups such
as high (thermal), intermediate, and low (non-thermal).
SAR is the scale of thermal RF/microwaves interactions
with biological systems. The SAR scale directly
depends on the increasing of tissue's temperature over
a short period of time following the exposure. Specific
heat capacity of tissue is approximately high; there-
fore, the SAR scale can be neglected in low power
intensity and short durations of exposure [4]. Exposure
level of mobile phone has been express by power
intensity [4]. Haumann et al. [5] have expressed that
threshold limit of power intensity for non-thermal
effects of RF/microwaves interactions with biological
systems is 1000 uw/m? and at long time of exposure,
that is 100 uw/m? Power intensity are measured at a
distance of 50m from the Base Transceiver Station
(BTS) is approximately 1000-2000 (pw/mz) [30]. In our
study, power intensity has been applied that was
1000 pw/m?. The biological effects of mobile phones
do not depend solely on the external power density,
they depend on the dielectric field inside the tissue or
the body [4]. Effects of EMF in different tissues depend
on the geometry and electrical properties of tissue [4].
Owing to the dams mostly absorbed the water in pre-
natal period, increasing electrical conductivity can led

to oxidative stress in tissues of the dams and the off-
spring mice. In conclusion, our result has showed that
mobile phone (900-1800 MHz)-induced EMF during
pregnancy cause oxidative stress in the tissues of the
mothers and the offsprings.
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