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Evaluation of oxidant stress and antioxidant defense in
discrete brain regions of rats exposed to 900 MHz radiation
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Abstract: Aim: In the current study, the effects of 900 MHz radio-frequency electromagnetic radiation (RF-EMR)
on levels of thiobarbituric acid-reactive substances (TBARS), total antioxidants (TA), and glutathione S-transfer-
ase (GST) activity in discrete brain regions were studied in adolescent rats.

Materials and methods: Thirty-six male Wistar rats (6—8 weeks old) were allotted into three groups (n = 12 in
each group). Control group (1) remained undisturbed in their home cage; sham group (2) was exposed to mobile
phone in switch off mode for four weeks; RF-EMR-exposed group (3) was exposed to 900 MHz of RF-EMR (1
hr/day with peak power density of 146.60 uW/cm?) from an activated Global System for Mobile communication
(GSM) mobile phone (kept in silent mode; no ring tone and no vibration) for four weeks. On 29th day, behavioral
analysis was done. Followed by this, six animals from each group were sacrificed and biochemical parameters
were studied in amygdala, hippocampus, frontal cortex, and cerebellum.

Results: Altered behavioral performances were found in RF-EMR-exposed rats. Additionally, elevated TBARS
level was found with all brain regions studied. RF-EMR exposure significantly decreased TA in the amygdala
and cerebellum but its level was not significantly changed in other brain regions. GST activity was significantly
decreased in the hippocampus but, its activity was unaltered in other brain regions studied.

Conclusion: RF-EMR exposure for a month induced oxidative stress in rat brain, but its magnitude was differ-
ent in different regions studied. RF-EMR-induced oxidative stress could be one of the underlying causes for the
behavioral deficits seen in rats after RF-EMR exposure (Fig. 5, Ref. 37). Text in PDF www.elis.sk.

Key words: radio-frequency electromagnetic radiations, mobile phone, reactive oxygen species, adolescent rat.

Mobile phone use has boomed out in recent years with an
estimated 4.6 billion subscriptions globally (1). It has become an
integral part of modern telecommunications. In many countries,
over 50 % of the population uses mobile phones, and in some
parts of the world, mobile phones are the most reliable or the only
phones available (1). These gadgets use radiofrequency waves for
transmitting data. The frequency band used for this varies from
country to country. Generally the GSM (Global System for Mobile
Communications) mobile phones use 900/1800 MHz frequency
bands. Unlike ionizing radiation such as X-rays or gamma rays,
radiofrequency fields can neither break chemical bonds nor cause
ionization in the human body (1). Although this fact is true and
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well known to everyone, the interaction between this radiation and
biological system is a major concern. The possible health effects of
mobile phone RF-EMR are bothering the whole world because of
the uncontrollable growth of the industry over the globe. Very little
is known about the effects of these radiations on biological systems.
Adding more complexity to this situation, the International Agency
for Research on Cancer (IARC) of World Health Organization
(WHO) has classified RF-EMR emitted from mobile phones to be
carcinogenic to humans (2). Growing body of research suggests
the adverse effect of RF-EMR on various organs such as skin (3),
testis (4) and thyroid gland (5). It also alters learning and memory
(6,7, 8), hippocampal distribution of calbindin and glial fibrillary
acidic protein (GFAP), immunoreactivity (9), emotionality (10)
and brain glucose metabolism (11). Although there are number of
reports on the effects of RF-EMR on various systems (especially
on behavioral alteration in rats), no satisfactory mechanism has
been proposed to explain the biological effects of these radiations
on various systems. Reactive oxygen species (ROS) might play a
role. ROS have been involved in a wide variety of cellular func-
tions but they can be both essential and highly toxic to cellular
homeostasis (12). ROS exert their cytotoxic effect by peroxidation
of membrane phospholipids leading to change in permeability and
loss of membrane integrity (13). Several reports suggest that RF-
EMR could alter the free radical metabolism in tissue in vivo and
induce oxidative stress, but controversies stay on in many of these
reports and several questions remain unanswered (14, 15, 16, 17).
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In the present scenario, it is important to elucidate whether the
behavioral and other effects seen in rats after RF-EMR exposure
are due to oxidative stress. In other words, the crucial questions
are as follows: Does RF-EMR exposure induce oxidative stress
in rat brain? If so, how does it affect various brain regions? Does
it affect different brain regions equally or differently? Which area
of the brain is affected the most due to oxidative stress induced by
RF-EMR? Can this be correlated with the behavioral changes seen
in rats after RF-EMR exposure? The current study is a preliminary
attempt to answer these questions and to suggest an underlying
cause for behavioral effects seen in rats due to RF-EMR exposure.
We therefore investigated the effects of 900 MHz RF-EMR on the
levels of thiobarbituric acid-reactive substances (TBARS), total
antioxidants (TA), and glutathione S-transferase (GST) activity
in discrete brain regions (amygdala, hippocampus, frontal cortex,
and cerebellum) of adolescent rats.

Materials and methods

Animals

All procedures used in the study were approved by the Insti-
tutional Animal Ethics Committee (IAEC). Albino rats of Wistar
strain (6-8 weeks old, 150-160 g of weight) were used for the ex-
periment. The rats were bred in the Central Animal Research Facil-
ity (CARF) and maintained on a 12-hr light/dark cycle (light on:
07:00-19:00) in a well ventilated temperature-controlled (23 °C
+ 2 °C) room. They were housed in polypropylene cages (3 per
cage) measuring 41 cm x 28 cm x 14 cm and fed with water and
food ad libitum. In order to reduce the litter effects on dependent
measures, rats in each experimental group were sampled from 8
different litters.

Study design

The study was conducted on 36 male Wistar rats. Animals
were randomly allotted into three groups of 12 rats in each group.
Animals from control group remained in their home cage for four
weeks. Those from sham group were exposed to a mobile phone
(in switch-off mode; 1 hr/day for four weeks) placed in a wood
bottom bamboo wire mesh cage in the center of the home cage.
Animals from RF-EMR group were exposed to RF-EMR (900
MHz) from an active GSM (Global System for Mobile commu-
nications) mobile phone (kept in silent mode; no ring tone and
no vibration) for 1 hr/day for four weeks. The placement of the
mobile phone during exposure was same as mentioned above.
After the experimental period (on 29" day), behavioral analysis
was done. Followed by this, six animals from each group were
sacrificed to study biochemical indexes (such as TBARS, TA,
and GST activity) in amygdala, hippocampus, frontal cortex, and
cerebellum.

900 MHz RF-EMR exposure and power dosimetry

All groups of rats were kept under the same environmental
conditions during the experiments. The method of mobile phone
RF-EMR exposure and dosimetry is the same as described before
(8, 18). Briefly, RF-EMR exposed group was exposed to 900 MHz

radiation from an active mobile phone. RF-EMR exposure by the
downlink frequency band (890 to 915 MHz with basic band of 900
MHz) of GSM was studied. The exposure of rats was achieved by
placing the phone in a wood bottom bamboo wire mesh cage (12
cm x 7 cm % 7 cm) in the center of the home cage (which has 3 rats
in it). This was done carefully to prevent the rats from getting in
direct contact with the device. A level 4 GSM mobile phone with
a permitted power level of 2 W (with SAR specification 1.58 W/
kg) was used for this purpose. Animals were exposed to 900 MHz
RF-EMR by giving 50 missed calls or unattended calls (within one
hour) per day for 28 days. The phone was kept in silent mode (no
ring tone and no vibration) and was allowed to ring ~45 seconds
during each call, followed by a 15-second interval before next
call. This process was repeated 50 times. A spectrum analyzer
(SPECTRAN HF-2025E with MCS Real-Time Spectrum Analy-
zer Software, Aaronia AG, Germany) was used to determine the
power in the vicinity of mobile phone. The peak power density
recorded from the vicinity of the mobile phone (3 cm away from
the phone) was found to be 146.60 pW/cm? When the cell phone
was not activated but in ‘ON’ mode, the peak power density was
found to be 2.109 nW/cm? (18).

Sample preparation and biochemical determination of oxidative
stress

Animals were sacrificed by cervical dislocation under light
cther anesthesia. Brains were immediately removed and washed
in ice-cold physiological saline repeatedly. Brain tissues of inter-
est (amygdala, hippocampus, frontal cortex, and cerebellum) were
carefully dissected out over an ice-cold watch glass (19). Each of
the brain regions (right and left regions, in case of amygdala, hip-
pocampus, and frontal cortex) were pooled, blotted, and weighed.
These were then placed in chilled 0.01 mol/L phosphate buffer (pH
7.4) for homogenizing. Tissue homogenate was prepared using 10
ml of PBS for every gram of tissue. This was done using a tissue
homogenizer (ROTEK, Ambala, INDIA). The homogenate was
then centrifuged at 3000 rpm for 15 min. The supernatant was col-
lected and transferred to an eppendorf tube and again centrifuged
at 12000 rpm for 30 min. The supernatant thus obtained was used
to determine various biochemical indexes using the Genesys 10
UV spectrophotometer. To avoid experimenter bias, an indepen-
dent person coded the samples before subjecting them to various
biochemical determinations. Protein concentrations of the tissue
homogenates were determined by the standard method of Brad-
ford et al (20) using bovine serum albumin as standard, and the
values were expressed in mg/ml. Satoh’s method (21) was fol-
lowed to determine the TBARS levels, and the method described
by Koracevic et al (22) was used to determine total antioxidants.
For determining Glutathione S-transferase activity in various brain
regions, method described by Beutler was followed (23).

Statistical analysis

Values of various groups are expressed as Mean + S.E.M. One
way analysis of variance test (ANOVA) with Tukey’s post-hoc
test was used to determine statistical difference between groups.
p value < 0.05 was considered statistically significant.

261



Bratisl Lek Listy 2014; 115 (5)
260-266

Results

Altered behavioral performances were found in RF-EMR
exposed rats (published elsewhere; (18)). In the present report,
altered biochemical indexes seen in discrete brain regions of rats
exposed to RF-EMR are presented.

1. Biochemical indexes in the amygdala
TBARS levels were significantly elevated in the amygdala
of rats exposed to RF-EMR. In control/sham animals, it was ~20

pmol/mg of tissue protein, but in the RF-EMR exposed rats, it
was elevated more than two times. The approximate mean value
reached 50 pmol/mg of tissue protein (Fig. 1A: Control/Sham
vs RF-EMR; ** p < 0.01, 000 p < 0.001; ANOVA, Tukey’s post
hoc tests). TA was significantly decreased in the RF-EMR group
compared to control/sham groups (Fig. 1B: Control vs RF-EMR;
* p <0.05, Sham vs RF-EMR; 0 p < 0.05 ANOVA, Tukey’s post
hoc tests). GST activity was not significantly different in RF-EMR
group in comparison to control/sham groups (Fig. 1C).
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Fig. 1. Levels of (A) thiobarbituric acid reactive substances, (B) total antioxidants, and (C) Glutathione S-transferase activity in the amygdala.
TBARS levels were significantly elevated and TA levels were significantly decreased in the amygdala. GST activity was not changed significantly
in RF-EMR group in comparison to control/sham groups. (Note: MDA-A — Malondialdehyde levels in amygdala, TA-A — Total antioxidants in
amygdala, and GST-A — Glutathione S-transferase activity in amygdala respectively). ** p < 0.01, ¢ p <0.05, 000 p < 0.001.
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Fig. 2. Levels of thiobarbituric acid reactive substances (A), total antioxidants (B), and Glutathione S-transferase activity (C) in the hippocam-
pus. TBARS levels were elevated ~2 times in RF-EMR exposed group than control/sham groups. TA remained unaltered and GST activity was
significantly decreased in comparison to control/sham groups. (Note: MDA-H — Malondialdehyde levels in hippocampus, TA-H — Total anti-
oxidants in hippocampus, and GST-H — Glutathione S-transferase activity in hippocampus respectively). ** p < 0.01, 0 p < 0.01, 0 p < 0.05.
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Fig. 3. Levels of thiobarbituric acid reactive substances (A), total antioxidants (B), and Glutathione S-transferase activity (C), in the frontal
cortex. TBARS level were increased ~4 times in RF-EMR exposed groups when compared to control/sham groups. TA and GST activity did
not show such significant difference when compared to controls. (Note: MDA-F — Malondialdehyde levels in frontal cortex, TA-F — Total anti-
oxidants in frontal cortex, and GST-F — Glutathione S-transferase activity in frontal cortex respectively). *** p < 0.001, 000 p < 0.001.
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Fig. 4. Levels of thiobarbituric acid reactive substances (A), total antioxidants (B), and Glutathione S-transferase activity (C), in the cerebel-
lum. Elevated levels of TBARS were seen in cerebellar tissue of RF-EMR-exposed rats. TA levels were decreased but GST activity in cerebel-
lum of rats exposed to RF-EMR did not show any significant difference from controls. (Note: MDA-C — Malondialdehyde levels in cerebellum,
TA-C — Total antioxidants in cerebellum, and GST-C — Glutathione S-transferase activity in cerebellum respectively). *** p < 0.001, 000 p <

0.001, * p < 0.05.

1. Biochemical indexes in the hippocampus

The hippocampus of RF-EMR exposed rats showed elevated
levels (two times) of TBARS when compared to control/sham
groups (Fig. 2A: Control/Sham vs. RF-EMR; ** p <0.01, 00 p <
0.01; ANOVA, Tukey’s post hoc tests). TA in all groups was not
significantly different from each other (Fig. 2B). GST activity
was also significantly decreased in RF-EMR-exposed rats when
compared to control/sham groups (Fig. 2C: Control vs. RF-EMR;
** p < 0.01, Sham vs RF-EMR; 0 p < 0.05, ANOVA, Tukey’s
post hoc tests).

1II. Biochemical indexes in the frontal cortex

TBARS levels were maximally elevated in this region in
comparison to other brain regions studied in the present study.
Its level increased ~4 times in RF-EMR exposed rats when
compared to control/sham rats (Fig. 3A: Control/Sham vs.
RF-EMR; *** p < 0.001, 600 p < 0.001; ANOVA, Tukey’s
post hoc tests). TA in RF-EMR group did not show such sig-
nificant difference when compared to control/sham rats (Fig.
3B). GST activity also remained unaltered in this brain region
(Fig. 3C).

263



Bratisl Lek Listy 2014; 115 (5)
260-266

150

o
2

4
A
=3
g

i
2

MDA in RF-EMR exposed group
{pmolimg of tissue protein)
8
TA in RF-EMR exposed group
(nmolimg of tissue protein)
_|

=
o

E s
(5?\ (P‘e ?569 Q"‘
N

& <«

@)

TA

“&&o q"@ o & b@-b &

-
o

(m IU/mg of tissue protein)
(=3
w

GST activity in RF-EMR exposed group

T

v
*® &°

Fig. 5. Comparison of thiobarbituric acid reactive substances levels (A), total antioxidants (B), and Glutathione S-transferase activity (C) in dif-
ferent brain regions studied. The MDA levels were maximally elevated in the frontal cortex when compared to all other brain regions studied.
TA was found to be significantly reduced in the cerebellum and GST activity was significantly reduced in the hippocampus. The magnitude of
oxidative stress varies in different brain regions studied. * p < 0.05, ¢ p <0.05, ** p < 0.01.

1V. Biochemical indexes in the cerebellum

Elevated levels of TBARS were seen in cerebellar tissue of
RF-EMR exposed rats. In control group, the TBARS levels were
~20 pmol/mg of tissue protein, but in RF-EMR group, the level
was increased to ~50 pmol/mg of tissue protein (Fig. 4A: Con-
trol/Sham vs. RF-EMR; *** p < 0.001, 000 p < 0.001; ANOVA,
Tukey’s post hoc tests). TA was also decreased in the cerebellum of
RF-EMR exposed rats, but this difference was found to be statisti-
cally significant only with control group (Fig. 4B: Control vs. RF-
EMR; * p <0.05; ANOVA, Tukey’s post hoc tests). GST activity
in cerebellum of RF-EMR-exposed rats was slightly elevated com-
pared to control/sham groups but it was not significant (Fig. 4C).

V. Comparison of biochemical indexes in different brain regions
of RF-EMR-exposed rats

Statistical analysis of various biochemical parameters in dif-
ferent brain regions of RF-EMR-exposed rats revealed that MDA
levels were maximally elevated in the frontal cortex when com-
pared to all other regions studied (Fig. 5A: Hippocampus vs. Fron-
tal cortex; * p < 0.05, Frontal cortex vs. Cerebellum; 0 p < 0.05;
ANOVA, Tukey’s post hoc tests). TA was significantly reduced
in cerebellum when compared to other regions studied (Fig. 5B:
Frontal cortex vs. Cerebellum; 0 p < 0.05, ANOVA, Tukey’s post
hoc tests). TA was also reduced in amygdala compared to hippo-
campus and frontal cortex but this difference was not statistically
significant (Fig. 5B). GST activity was significantly decreased in
the hippocampus of RF-EMR-exposed group compared to all other
regions studied (Fig. 5C: Hippocampus vs. Frontal cortex; ** p <
0.01; Hippocampus vs. Cerebellum; 0 p <0.05; ANOVA, Tukey’s
post hoc tests,). Its activity was also reduced in the amygdala but
this reduction was not statistically significant compared to other
brain regions studied (Fig. 5C). RF-EMR exposure induced oxi-
dative stress in rat brain by increasing lipid peroxidation and by
decreasing antioxidant defense mechanisms. The magnitude of
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oxidative stress varies in different brain regions studied. In other
words, it affects different brain regions differently.

Discussion

Reactive oxygen species (ROS) is a collective term that de-
scribes chemical species that are formed upon incomplete reduction
of oxygen. These includes the superoxide anion (O,"), hydrogen
peroxide (H,0,) and hydroxyl radical (HO). ROS are generated
as byproducts of normal cellular metabolism. However, mamma-
lian cells are equipped with both enzymatic and non-enzymatic
antioxidant defense to minimize the cellular damage caused by
interaction between cellular constituents and ROS (24).

Antioxidants are responsible for removing free radicals, scav-
enging ROS or their precursors, inhibiting formation of ROS and
binding metal ions needed for catalysis of ROS generation (25).
Several conditions are known to disturb the balance between ROS
production and cellular defense mechanisms. This imbalance can
result in cell dysfunction and destruction resulting in tissue in-
jury. The increase in level of ROS in the cell could be due to their
increased production or decreased destruction by antioxidants.

Upon critically evaluating the results obtained in the current
study, it is evident that all brain regions studied had an elevated
TBARS concentration in RF-EMR exposed rats compared to con-
trol and sham rats. An elevated level of TBARS is an index of lipid
peroxidation in these regions. It was maximally elevated in the
frontal cortex (Fig. 5A) and in amygdala when compared to other
brain regions of RF-EMR exposed rats. This indirectly points to the
fact that 900 MHz RF-EMR exposure induced either generation of
excess ROS or decreased removal of ROS in different brain regions.

Determining TA may help to identify conditions affecting the
oxidative status in vivo (e.g. exposure to reactive oxygen species
and antioxidant supplementation). In other words, its measure-
ment will help to assess the redox status in an organism. Our result
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shows that TA was decreased in the amygdala and cerebellum of
RF-EMR-exposed groups in comparison to control and sham. This
is an important finding in view of the simultaneous deleterious ef-
fects of free radicals on the brain. It is well known that decreased
antioxidants result in increased lipid peroxidation. One explana-
tion for the observed lower level of TA in RF-EMR-exposed rats
may lie in increased utilization of antioxidants in the process of
scavenging the free radicals. In contradiction to this, in other brain
regions studied, the TA values remained unaltered.

The glutathione transferase (GST; also known as glutathione S-
transferase) is a major phase II detoxification enzyme found mainly
in the cytosol. In addition to its role in catalyzing the conjugation
of electrophilic substrates to glutathione (GSH), it has peroxidase
and isomerase activities. It can inhibit the Jun N-terminal kinase
(thus protecting cells against H,0,-induced cell death), and it is
able to bind non-catalytically to a wide range of endogenous and
exogenous ligands (26). When we analyze the activity of GST in
various brain regions, it is evident that its activity in RF-EMR-
exposed group was found to be different in various regions. In the
present experiment, GST activity was decreased in the hippocam-
pus and amygdala of RF-EMR-exposed rats in comparison to the
control groups. It may be suggested that due to RF-EMR exposure,
there is some reduction in antioxidant defense capacity (especially
those involving glutathione) in these brain regions. Thus the RF-
EMR exposure makes brain more susceptible to other toxic ef-
fects. In brief, it is suggested that the RF-EMR exposure induced
an imbalance in ROS production and cellular defense in various
brain regions. How to explain these changes remains to be solved.

Neurons are largely depending on oxidative phosphoryla-
tion for energy and this makes them more vulnerable to oxidative
stress compared to other cells. The metabolic activity of the brain
is extremely high and the demand for oxygen consumption is also
high with approximately 2 % of the oxygen being converted into
superoxide anion radicals (O*") and hydrogen peroxide (27). In
the current study, the rats were continually exposed (whole body
exposure) to radiation for an hour per day, and this was continued
for 28 days. This chronic exposure could have altered the oxidant-
antioxidant balances in the brain and lead to oxidative stress.

The current study is different from others in the fact that we
report the magnitude of oxidative stress due to RF-EMR exposure
in different brain regions. Also, it was evident from the current re-
sults that oxidant-antioxidant balance was altered significantly in
prefrontal cortex and amygdala, while these brain regions regulate
the emotionality (28) of organism. The biochemical changes in these
regions could be read along with altered emotionality (18) seen
in rats after RF-EMR exposure. Recent reports demonstrate that
RF-EMR affects emotional learning and memory (8) regulated by
basolateral amygdala and medial prefrontal cortex (29). RF-EMR
also affected the hippocampal dependent spatial memory functions
inrats (30, 31) and inmice (7). From the current results, it is evident
that the biochemical indexes in these brain regions (amygdala, hip-
pocampus) were also altered. In the light of these facts we believe
that one of the reasons for behavioral alteration seen in rats after
RF-EMR exposure is due to oxidative stress induced by RF-EMR in
these brain regions. Further studies are necessary to elucidate what

could be the other underlying cause (other than oxidative stress)
for behavioral and other effects seen in RF-EMR-exposed animals.
The effect of RF-EMR—induced oxidative stress is a concern
due to reasons as follows: 1) It could interfere with the learning and
memory processes (32); 2) It may also accelerate various neurode-
generative diseases (33); 3) It might impair and oxidize DNA, lip-
ids, sugars and proteins and consequently result in dysfunction of
these molecules within cells and finally bring on cell death in vari-
ous organs (34); 4) It could be a probable tumor promoter (35, 36).
The biological effects of mobile phone radio-frequency electro-
magnetic radiations (RF-EMR) are reported by many. But contro-
versies remain in many of these reports. Oktem et al have reported
that 900 MHz radiation induced renal impairments demonstrated
by an increase in tissue MDA, urine N-Acetyl-Beta-D-Glucosa-
minidase (NAG) levels, decreased superoxide dismutase (SOD),
catalase (CAT), and glutathione peroxidase (GSH-Px) activities
but melatonin treatment ameliorated oxidative tissue injury in rat
kidney (16). A study undertaken to investigate the influence of elec-
tromagnetic radiation (900 MHz) on oxidant and antioxidant levels
inrabbits showed that serum SOD activity was increased, and serum
nitric oxide (NO) levels were decreased in EMR-exposed animals
compared to the sham group. No change was found in the levels of
NO, MDA, and activities of adenosine deaminase, xanthine oxidase,
catalase, myeloperoxidase, glutathione peroxidase in the serum
and brains of either group (17). In another study, guinea pigs were
exposed to 890-915 MHz radiation (217-Hz pulse rate, 2-W maxi-
mum peak power, SAR 0.95 w/kg) from a cellular phone for 12 hr/
day (11-h 45-min stand-by and 15-min spiking mode) for 30 days
found that the MDA levels were increased, glutathione (GSH) level
and CAT enzyme activity were decreased, and vitamins A, E and
D(3) levels did not change in the brain tissues of RF-EMR-exposed
guinea pigs. Furthermore, the levels of MDA, vitamins A, D(3) and
E, as well as CAT enzyme activity increased, whereas GSH level
decreased in the blood of RF-EMR-exposed animals (37).
Mobile phone safety recommendations depend only on ‘sinu-
soidal wave’ emitted from the cell phone when it is idle. At idle
mode or stand-by mode, the RF-EMR exposure is negligible and
hence it might not be harmful at this level. But chronic exposure
to the ‘carrier signal’ emitted when phone is in ‘ON’ mode would
have induced the above mentioned biological effects in rats.
Several attempts have been made to explain the possible mech-
anisms of action of electromagnetic radiation on the brain. Mo-
bile phone radiation could have several effects on brain functions.
These include thermal effects, non-thermal or specific effects, or
cumulative effects (both thermal and non-thermal). The specific
effects could be the culprit in inducing the above mentioned ef-
fects. Currently we are not sure about that as there is no concrete
experimental evidence of mobile phone-specific effects. Further
studies are warranted to prove which effect is inducing a change in
various biochemical parameters in different brain regions of rats.

Conclusion

Results of the current study clearly demonstrate that, RF-EMR
exposure for a period of one month induced excessive lipid per-

265



Bratisl Lek Listy 2014; 115 (5)
260-266

oxidation and decreased antioxidants defense status in different
brain regions of rats. We also conclude that oxidative stress could
be one of the underlying mechanisms for behavioral alterations
seen in rats after RF-EMR exposure. It is advisable to have a pre-
cautionary measure to reduce continuous and chronic exposure to
RF-EMR from mobile phone and other RF-EMR emitting devices.
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