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ABSTRACT

ABSTRACT: Radiofrequency electromagnetic radiation (RF-EMR) of mobile
phone has adverse effects on human health, such as the liver tissue.
Melatonin, as a neurohormone has antioxidant property. The aim of present
study was to evaluate the protective effects of melatonin on liver damage
induced by mobile phone-radiofrequency radiation. Matherials and Methods:
In this experimental study, 32 adult male BALB/c mice were divided randomly
into four groups: control group (received only normal saline), melatonin
group (2 mg/kg, for 30 consecutive days, intraperitoneally), Electromagnetic
radiofrequency radiations (RF-EMR) group (4 hours per day for 30 consecutive
days, whole body), and melatonin + RF-EMR) group (melatonin was
prescribed one hour before exposure to RF-EMR. One day after treatment
F. Talebpour Amiri, PhD., period were evaluated oxidative stress parameters, serum biochemical, and
Fax: + 98 1133543248 histopathological assays of liver. Results: The results exhibited that RF-EMR
E-mail: significantly increased oxidative stress (increased Malondialdehyde and
Ftaleb2001 @yahoo.co.uk decreased Glutathione level) compared with control and melatonin group (P <
Revised: April 2019 0.001). His?or?atho'logical'ﬁn'dings in 'Fhe RF-EMR grou'p showed p?eriportal
Accepted: May 2019 leucocyte infiltration, dilation of sinusoids, necrosis, vacuolation, and
. granulomatous formation. Also, alanine transaminase and aspartate
;251)] gg‘f;‘;; Lz, ) 2O transaminase, alkaline phosphatase in serum increased significantly
’ compared with control and melatonin groups (P<0.001). Melatonin
administration significantly reduced oxidative stress (P<0.01) in the radiated
mice and ameliorated histopathological compared with control group.
Conclusion: The data indicate that RF-EMR induces oxidative damage and
changes histopathological structure in the liver. Melatonin decreased
oxidative stress and improved the liver damage induced by RF-EMR.
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INTRODUCTION

Radiofrequency electromagnetic radiation
(RF-EMR) at a low radiofrequency has a
deleterious effect on human health. Prior studies
showed that RF-EMR has harmful effects on the
organs of the body (). RF-EMR of mobile phone
with production of free radicals and increasing

oxidative stress induced damage in vital organs
such as liver (2. Alanine transaminase (ALT) and
aspartate  transaminase  (AST), alkaline
phosphatase (ALP) as liver enzymes increase in
liver injury and previous studies have shown
that mobile phone exposure causes increase
liver enzymes (. The mobile phone with
oxidant / peroxide imbalance causes tissue
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damage (%3). Therefore, the use of antioxidants
can play a significant role in reducing the
damage caused by cell phones.

Melatonin, as a neurohormone, is synthesized
and released in human from the pineal gland
during the night (1. Synthesis and secretion is
inhibited by electromagnetic radiation in the
frequency range of visible light (4. Melatonin
acts as an antioxidant, antiapoptotic agent and
immune stimulant, and adjusts the amount of
mRNA for specific proteins. So, It is effective in
preventing some diseases (5.6). This hormone is
able to reduce the damage induced by oxidative
stress with free radical scavenging (). In
previous studies were seen protective effects of
melatonin on wireless devices (8. The protective
effect of melatonin has been proven by reducing
oxidative stress against kidney (), retina(10),
brain (1) and testicular (12 injury due to
radiofrequency radiation. The researchers have
also shown the protective effect of melatonin in
hepatotoxicity due to radiotherapy in cancer
patients (13 and microwave radiation (14). But
until now, there has been no study on the
protective effect of melatonin on liver damage
caused by mobile phone radiation.

Based on the above, it is hypothesized that
melatonin, due to its antioxidant and
anti-inflammatory properties, can have a
protective effect on hepatotoxicity induced by
RF-EMR from mobile phones. The aim of this
study was to investigate the hepatoprotective
effect of melatonin on liver injury induced
electromagnetic waves by mobile phone with
histochemical (MDA, GSH), biochemical (ALT,
AST, ALP) and histopathological assessment.

MATERIALS AND METHODS

Experimental design

In this experimental study, 32 BALB/c male
mice weighing approximately 25-30 g were
prepared from the Mazandaran University of
Medical Sciences Research Center. For
adaptation to the experiment environment, one
week before the start of the study, the animals
were maintained on a darkness / brightness 12:
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12, 55 + 5% humidity and 22-24 °C. All the ex-
perimental methods were planned in
accordance with the Institutional Animal Ethics
Committee of the Mazandaran University of
Medical Sciences, Sari, L.R. Iran. During the
experiment, the mice had free access to
water and food. After acclimatization to the
environment, the mice were randomly divided
into four groups (8 animals/group):

Group I: Normal saline (C): Mice received
normal saline as the same volume of other
groups by intraperitoneally.

Group II: Melatonin (M): mice received
intraperitoneally of melatonin at a dose of 2 mg/
kg for 30 consecutive days.

Group III: RF-EMR (R): Mice were
continuously exposed to radiofrequency
radiation (900 MHz, 100 to 300 MT, 54 to 160
W/m) for 30 consecutive days, 4 continuous
hours per day (15).

Group IV: RF-EMR and Melatonin (R + M):
mice were received daily 2mg / Kg of melatonin,
one hour before exposure to the Mobile
Radiation System (16),

Animals were continuously exposed to
RF-EMR for 30 days (4 hours a day).

The irradiation system consists of a plastic
cage (animal compartment of 40 x 40 x 30 cm)
and a Nokia X mobile device (having a SAR value
of 1.3 watts/kg for the head area and SAR
equivalent to 1.43 kb / kg for the whole body). A
continuous wave signal of MHZ 900 was emitted
from the radiation system around the
electromagnetic radiofrequency waves (carrier
frequency of the GSM band). The cell phone was
placed on animal cages in all experiments time.
Therefore, the mice were able to move freely in
their cages during the radiation period. During
the encounter, the cell phone was in
conversation mode and a voice was recorded
with similar text played for animals. The phone
was fully charged before it was started. It should
be noted that during experiment, the control
group was placed in the vicinity of the mobile
phone in flight mode.

Sample collection
At the end of the treatment period (day 31),
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the mice were anesthetized with ketamine (55
mg / kg) and zylazin (5 mg / kg). Blood was
collected from the heart. Blood samples were
transferred in tubes containing heparin solution
as anticoagulant and then centrifuged at 3000
rpm for 10 minutes. Then mice were killed by
displacement of the neck and the liver was
removed from the abdomen. A part of the liver
was fixed in 10% formalin for histological
assessment and part of the liver after washing
with PBS and drying with filter paper for was
frozen in -70 C freezer histochemical assay.

Analysis of oxidative stress biomarkers

To analyze the oxidative stress, two markers
of MDA and GSH were measured in the liver. The
concentration of lipid peroxidation in liver
was measured by spectrophotometry using
thiobarbituric acid (TBA). To begin, 0.25 ml of
phosphoric acid (0.05 mol) was mixed with 0.2
ml sample and then 03 ml of 0.2%
thiobarbituric acid (TBA) was added. Samples
were placed in a boiling water bath for 30
minutes. Then the sample tubes were
immediately transferred to the ice bath and then
0.4 ml of n-butanol was added to each sample.
The resulting mixture was centrifuged (3500
rpm for 10 minutes) and the MDA was measured
on the basis of reaction with thiobarbituric acid.
The created MDA was calculated in each sample
in supernatant (490 nm) using a ELISA reader
(Tecan, Rainbow Thermo, Austria). The content
of MDA was expressed as nmol / mg protein.
tetrameox Propane (TEP) was used as standard
in this test (17).

To measure glutathione (GSH) in liver tissue,
glutathione content in the samples was
measured using a spectrophotometer (UV-1601
PC, Shimadzu, Japan) and 5, 5 'di-tibis-2-
nitrobenzoic acid (DTNB) as an index at 412 nm,
and was expressed as (uM) 20 (7).

Serum biochemical analysis

The level of activity of ALT, AST and ALP
enzymes as serum liver injury diagnostic
enzyme markers was determined by kit (Pars
Test -1050016) and diagnostic Kit (LDH FSDGKG
2201) (Cat. No. 3000 BT), respectively. A
quantitative diagnosis was performed in a serum
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using photometric method according to the
company's instructions.

Liver histopathology analysis

For histological analysis, 24 hours after
samples fixation, processing, embedding,
sections with 5 micron thickness were stained
with Hematoxylin and Eosin. Then, the
histological structure of the liver was analyzed
blindly by a histologist with an optical
microscope. For semi-quantitative analysis,
tissue micrographs were analyzed using a
scoring system. Based on the severity of liver
sinusoid dilatation, inflammatory cell
infiltration, congestion, degeneration, presence
of vacuole in the cytoplasm and granulomatous
formation were scored. 0 score; (normal), 1
score; (mild), 2 score; (medium) and 3 score;
(severe) (18),

Statistical analysis

Data was presented as means * standard
deviation (S.D.). SPSS 19 version (Chicago, USA)
was used for statistical analysis. Differences
between groups were analyzed by means
one-way ANOVA and Tukey tests and p-values
<0.05 were considered to be statistically
significant.

RESULTS

The effect of melatonin on oxidative stress
markers of hepatotoxicity induced RF-EMR
The levels of oxidative stress parameters are
shown in Figurel RF-EMR induced oxidative
stress in the liver tissue. MDA as the final
product of lipid peroxidation was significantly
higher in the group exposed to electromagnetic
waves compared to the control and melatonin
groups (P<0.001). Melatonin could significantly
reduced MDA levels in mice exposed to
electromagnetic waves (P<0.01). GSH, as an
endogenous antioxidant, had a significant
decrease in the electromagnetic radiation group
compared to the control and melatonin groups
(P<0.01). Treatment with melatonin, one hour
before  electromagnetic  radiation could
significantly increased GSH levels (P<0.05).
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Figure 1. Effect of melatonin on MDA and GSH levels in liver damage induced by electromagnetic radiation in mice. All values
were expressed as mean + standard deviation. a is significant against the control group, B is significant against the melatonin group
and vy is significant against the group exposed to electromagnetic radiation ( *, P<0.05; **, P<0.01; ***, P<0.001).

MEL: Melatonin; RF-EMR: Radiofrequency Electromagnetic radiation; MDA, Malondialdehyde and GSH, Glutathione.

The effect of melatonin on enzymatic markers
of hepatotoxicity induced RF-EMR

The activity of enzyme markers in liver
serum damage (ALT, AST, ALP) was shown in
table 1. Electromagnetic radiation increased the
levels of ALT, AST, ALP in RF-EMR group
compared with the control and melatonin
groups (P<0.001). This increase was effectively
and significantly lowered by melatonin
(P<0.01).

The effect of melatonin on histopathological
changes of hepatotoxicity induced RF-EMR
Figure 2 shows photomicrography of the
liver tissue structure in all groups. The
histomorphologic findings of the liver with
normal structure (sinusoids, hepatocytes and
Kupffer cells) were observed in the control
group. In the melatonin treated mice, the liver

morphology was similar to the control group.
Mice exposed to RF-EMR showed hepatic injury
more such as, dilatation of sinusoids, Kupffer cell
proliferation, congestion, and proliferation of
inflammatory cells around the portal region,
eosinophilic cytoplasm and granulomatous
formation. However, administration of
melatonin in animals exposed to RF-EMR was
seen to be a relatively good improvement in the
structure of the liver tissue.

The mean of liver tissue damage score in all
groups is shown in figure 3. RF-EMR increased
the rate of liver damage in mice exposed to
RF-EMR compared to control group (P<0.001).
While mice administered with melatonin, the
rate of liver damage was lower than those
exposed only to RF-EMR (P<0.01). The liver
tissue structure score was close in control and
melatonin groups.

Table 1. Effect of melatonin on ALT, AST, and ALP levels in liver damage induced by electromagnetic waves in mice.

Groups ALT AST ALP
Control 128.5+10.61 147.3+17.92 190.8 + 13.55
MEL 124.6 £17.39 169.3 +21.89 189.9 + 12.46
RF-EMR 190.1 £ 13.14 g *¥** p *** 227.5+22.29 g *** p *¥** 262.8 + 37.57 @ ¥** p ***
RF- EMR + MEL 149 +£31.38 ¢ ** 192.5+18.09 c ** 216.6 £21.76 ¢ **

All values were expressed as mean + standard deviation. a is significant compared to the control group, b is significant against the melatonin group
and c is significant against the electromagnetic waves group. (**; P <0.01 ***; P <0.001). MEL: Melatonin, RF-EMR: Radiofrequency Electromagnetic
radiation. ALT; alanine aminotransferase, AST; aspartate aminotransferase and ALP; alkaline phosphatase.
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Figure 2. Photomicrographs show the effect of Melatonin and RF-EMR treatment on the histological architecture of liver in the
groups. Control (A), melatonin (B), RF-EMR (C) and melatonin + RF-EMR (D). Normal structure can be seen in control and
melatonin groups. Liver tissue in the RF-EMR group showed Kupffer cells proliferation (white narrow arrow), the sinusoidal dilation
(Thin white arrow), and the inflammatory cell infiltration (Thick white arrow) were seen in liver tissue of mice exposed to RF-EMR.
Mice that received RF-EMR with melatonin, liver structure was preserved to a large amount. H & E staining with a magnification of
40 x, scale bar = 100um. RF-EMR: Radiofrequency Electromagnetic radiation
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Figure 3. Histogram shows liver injury score. All values were expressed as mean + SD. a significant vs the control, B significant vs
the melatonin and y significant vs the RF-EMR groups. **; P <0.01, ***; P <0.001). MEL: Melatonin, RF-EMR: Radiofrequency
Electromagnetic Radiation.

DISCUSSION

The liver is one of the most important and
vital organs. In the current study, RF-EMR
induced oxidative stress and increased lipid
peroxidation. Increasing the oxidative stress
parameters leads to severe damage to the liver
tissue structure. This damage was confirmed by
increasing liver enzymes (ALT, AST, and ALP).
The level of oxidative stress markers, liver
enzymes, and liver tissue structure has been
greatly improved by the administration of

Int. J. Radiat. Res., Vol. 18 No. 1, January 2020

melatonin as an antioxidant.

The results of our study showed that a GSM
mobile phone device with 900-1800 MHz
wavelength could induced oxidative stress by
increasing MDA and reducing GSH. Many studies
have shown that the biological effects of RF-EMR
on tissues are induced by oxidative stress. The
release of free radicals plays a role in the
mechanism of the adverse effects of radiation.
RF-EMR through free radicals and with their
effect on the cell membrane, increase lipid
peroxidation and reduce the level of
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antioxidants, thus cause oxidative stress in the
biological systems of the body (9. MDA is a
marker of oxidative stress and lipid
peroxidation is as a marker of free radical
damage to the cell membrane, since free radicals
cause peroxidation of unsaturated fatty acids
(20), Dasdag and colleagues have shown in their
study that MDA level increased in rats exposed
to radiofrequency radiation with a wavelength
of 900 MHz, but no significant changes were
observed in catalase, myeloperoxidase, and total
antioxidant capacity. Also, they revealed
electromagnetic waves led to liver damage by
increasing NO as the main source of oxidative
stress marker (1), Cig and colleagues, in in vitro
study, have shown that RF-EMR from mobile
phones and WI-FI waves can induce high levels
of oxidative stress and apoptosis. They have
shown that these waves through an effect on
calcium signaling and transient receptor
potential vanilloid 1channel (TRPV1) involved in
the induction of heat, ROS production, and
accumulation of intracellular calcium ions (22).
Esmekaya and colleagues also have shown that
radiofrequency radiations with 900 MHz
wavelength for 3 weeks and 20 minutes per day
could increase MDA level and reduce the amount
of GSH in the liver, lung, testis and heart tissue
(19). Irmak and colleagues in his study showed
that the RF-EMR from 900MHz mobile phones in
rabbit model increases oxidative stress markers
and reduces endogenous antioxidants (23). In the
present study, we showed that the exposure to
900 MHz RF-EMR could increase MDA levels.
The high levels of MDA confirm the peroxidation
of the lipid membrane of the liver cells. On the
other hand, in this study, the levels of GSH in the
liver tissue were reduced in mice exposed to
RF-EMR. GSH is an endogenous antioxidant in
tissues that is able to scavenge free radicals by
having hydroxyl groups (24.

Francisco and co-worker in their study
reported that the use of antioxidants could
protect individuals from oxidative and
inflammatory damage caused by RF-EMR (25,
Koyu and colleagues 2005 revealed that rats
exposed to waves of 1800 MHz leading to liver
tissue damage along with oxidative stress. They
have shown that Caffeic acid phenethylester
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(CAPE) with antioxidant properties improves
oxidative stress markers (26), The protective
effect of melatonin was seen on the brain (1) and
heart 27 damage induce by RF-EMR. It has also
been shown in several studies that melatonin
protects liver damage induced by oxidative
stress (28-30), Mariam Chahbouni and colleagues
in their study showed that melatonin has a
beneficial effect  on the level of
aminotransferases (ALT, AST, and LDH) in
patients with muscular dystrophy By inhibiting
lipid peroxidation and inflammation
(interleukins, TNF-o and interleukin-gamma)
(1), Also, Giilina Erdem Kog¢ and co-workers
reported that melatonin was significantly
improved number of pyramidal cells in the
hippocampus in newborns rats that exposed to
RF-EMR during pregnancy (32). Ozguner and
colleagues showed that mobile RF-EMR for half
an hour for 60 days increase oxidative stress
markers and reduce endogenous antioxidants.
In their study, they also showed that melatonin
at a dose of 100 pg/kg could reduce oxidative
damage to retinal tissue (33). Our study also
found that an RF-EMR with a wavelength of
900MHz was associated with severe damage of
liver tissue, and this damage was directly
related to oxidative stress. Reiter showed that
animals that receive radiations due to reduced
oxidative stress, melatonin is more absorbed
into the tissues (34). Also, in another study,
administration of melatonin before and after
exposure to radiation could reduce the harmful
effects of RF-EMR with the effect on the lifetime
of free radicals (33).

The most common wavelength of the
modulated GSM signals on the phone is a
wavelength of 900-1800 MHz and WI-FI with a
wavelength of 2450 MHz, and the severity of the
damage caused by RF-EMR waves depends on
the time and frequency of use (3¢). RF-EMR cause
changes in the concentration of polyunsaturated
fatty acid and DNA damage, resulting in damage
to the tissue structure of the liver. Rats exposed
to microwave with 2.45 GHz wavelengths
(power density, 0.2 mW / cm2) for 35 days (two
hours in per day) showed increase in lipid
peroxidation with histopathologic damage in the
liver tissue (7). Histopathological findings in this

Int. J. Radiat. Res., Vol. 18 No. 1, January 2020
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study showed proliferation of kupffer cell and
proliferation inflammatory cells around the
portal region, eosinophilic cytoplasm and
granulomatous formation. Melatonin neutralizes
the toxic effects of ROS by producing N1-acetyl-
N2-formyl-5-methoxykynuramine (AFMK) 8),
Also, melatonin with embedding in the
superficial part of the lipid cell membrane
protects them from the damage induced by free
radicals 39). Furthermore, melatonin due to its
antioxidant properties is able to protect the DNA
of nucleotide and mitochondria, lipids of the
membrane, and cytosolic proteins against
oxidative damage (*0). In this study, we showed
that melatonin could greatly improve the
damage caused by radiations.

The loss of balance between peroxidants and
antioxidants and oxidative stress has a major
role in inducing histopathologic damage (“1.
RF-EMR with varying concentrations of
polyunsaturated fatty acids and DNA damage
causes damage to the liver tissue structure (42),
Ragy and co-worker in their study showed that
animals that were exposed with RF-EMR for two
months (an hour a day) increased ALT and AST
levels. One month after discontinuation of
radiation, they showed that these changes were
modified again 43). Also, Fatma and colleagues
showed that rats exposed to radiation (for 2
months, 3 days in per week) increase liver
enzymes activity and levels of MDA and H202
and decrease their anti-oxidants levels such as
GSH and CAT in the liver tissue 4. Unlike our
results and the above researchers, Achudume
and colleagues stated rats that were
continuously exposed to RF-EMR at 900MHz for
two months decrease the level of liver enzymes.
They stated that this reduction is due to liver
dysfunction “3). Chauhan and colleagues have
shown that rats exposed to 2.45 GHz microwave
wavelengths and (power density, 0.2 mW / cm2)
for 35 days per day 2 hours, induced lipid
peroxidation and subsequently
histopathological damage in the liver tissue 7).

Finally, we showed in this study that the use
of a mobile device significantly interrupts
oxidative and inflammatory conditions in
healthy mice. Our results also showed that the
use of melatonin could protect the liver injury

Int. J. Radiat. Res., Vol. 18 No. 1, January 2020

induced by RF-EMR through antioxidant
properties. However, this is a preliminary study
and considering that people are usually exposed
to RF-EMR for a long time in their lives, it is
better to be reviewed further studies with
longer durations and at different distances
relative to the body surface.
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