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Eff ects of melatonin on Wi-Fi-induced oxidative stress in lens of rats
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Introduction: Melatonin has been considered a potent antioxidant that detoxifi es a variety of reactive 
oxygen species in many pathophysiological states of eye. The present study was designed to determine 
the eff ects of Wi-Fi exposure on the lens oxidant, antioxidant redox systems, as well as the possible 
protective effects of melatonin on the lens injury induced by electromagnetic radiation (EMR). 
Materials and Methods: Thirty-two rats were used in the current study and they were randomly divided 
into four equal groups as follows: First and second groups were cage-control and sham-control rats. Rats 
in third group were exposed to Wi-Fi (2.45 GHz) for duration of 60 min/day for 30 days. As in the third 
group, the fourth group was treated with melatonin. The one-hour exposure to irradiation in second, 
third and fourth took place at noon each day. Results: Lipid peroxidation levels in the lens were slightly 
higher in third (Wi-Fi) group than in cage and sham control groups although their concentrations were 
signifi cantly (P < 0.05) decreased by melatonin supplementation. Glutathione peroxidase (GSH-Px) 
activity was signifi cantly (P < 0.05) lower in Wi-Fi group than in cage and sham control groups although 
GSH-Px (P < 0.01) and reduced glutathione (P < 0.05) values were signifi cantly higher in Wi-Fi + melatonin 
group than in Wi-Fi group. Conclusions: There are poor oxidative toxic eff ects of one hour of Wi-Fi exposure 
on the lens in the animals. However, melatonin supplementation in the lens seems to have protective eff ects 
on the oxidant system by modulation of GSH-Px activity.

Key words: Antioxidants, electromagnetic ration, glutathione, lens, oxidative stress

Departments of Ophthalmology, 1Biophysics, Medical Faculty, 
Süleyman Demirel University, Isparta, 2Biophysics, Medical Faculty, 
Izmir Katip Celebi University, Izmir, Turkey

Correspondence to: Dr. Mustafa Nazıroğlu, Director of Neuroscience 
Research Center, Suleyman Demirel University, TR-32260 Isparta, 
Turkey. E-mail: mustafanaziroglu@sdu.edu.tr

Manuscript received: 14.07.13; Revision accepted: 14.12.13

People are intensely exposed to electromagnetic radiation 
particularly for the last two decades. Electromagnetic 
radiation (EMR) signals consist of extremely low frequency 
fi elds (between 1Hz up to 100 kHz) and high frequency fi elds, 
in the band of the radio frequency fi elds (RF, 100 kHz–3GHz) 
and of the microwaves (MW, above 3 GHz). Besides their use 
for technological applications (e.g, power lines, mobile phones), 
the EMFs are today widely used in medicine for diagnostic 
and therapeutic purposes.[1,2] The World Health Organization 
Report (2007) and WHO Environmental Health Criteria 
Report (2007) issued precautions against EMR, considering 
the increased social and public interest in this subject, based 
on the epidemiological data, which associates the extra risk of 
amyotrophic lateral sclerosis, childhood leukemia, adult brain 
cancer, and miscarriage with EMR exposure of the power line 
radiation.[3]

The interaction of the biological system and EMR in the 
molecular level can result in change in cell cycle, induction 
of cell death, modification of protein expression and 
mainly oxidative stress.[4-7] EMR exposure of eye results in 
overproduction of reactive oxygen species (ROS), which can 
damage cellular components such as lipids, nucleic acids and 
proteins.[8] Lipid peroxidation in eye occurs because of elevated 
levels of ROS with the liberation of reactive aldehydes, such as 
malondialdehyde (MDA) and 4-hydroxy-2-nonenal.[9] ROS in 
eye can cause cellular damage by depleting enzymatic and/or 

non-enzymatic antioxidants triggering progressive dysfunction 
and eventually genotoxic events.[10,11] ROS are also increasingly 
generated in the tissues in many vision impairing and blinding 
diseases including cataracts, glaucoma and retinopathies. 
Oxidative stress induced by ROS is a major risk factor for senile 
cataract, particularly nuclear cataract.[9] The level of ROS in eye 
is usually regulated by intracellular antioxidant defense system. 
The antioxidant defense system is composed of antioxidant 
molecules such as reduced glutathione (GSH) and of a variety 
of antioxidant enzymes such as superoxide dismutase and 
glutathione peroxidase (GSH-Px).[12] The eye lens has also 
evolved a wide range of protective and repair systems to protect 
its components from oxidative stress, including high levels 
of reduced GSH and abundant antioxidant enzymes such as 
superoxide dismutase and catalase.[13]

Melatonin (N-acetyl-5-methoxytryptamine), also an 
indoleamine, is a neurohormone secreted primarily by the pineal 
gland and has an eff ect on most biological and physiological 
processes. The biosynthesis of melatonin from serotonin proceeds 
via two key enzymes, arylalkylamine N-acetyltransferase and 
hydroxyindole-O-methyltransferase (5-hydroxytrypamine).[14] 
Melatonin in the eye is synthesized in the crystalline lens cortical 
fi ber cells, retinal photoreceptor cells and ciliary body. Additionally, 
specifi c melatonin receptors are found in the retina, coroid, ciliary 
body, lens, sclera, which are targets for melatonin.[15]

We have recently observed modulator role of melatonin 
on Wi-Fi-induced oxidative stress in brain and dorsal root 
ganglion of rats.[16] To our knowledge, there is no report 
whether Wi-Fi induce oxidative stress in lens of experimental 
animals and humans. The aim of the present study was to 
determine the eff ects of Wi-Fi frequency (2.45 GHz) exposure 
on the lens oxidant, antioxidant redox systems, as well as 
the possible protective eff ects of melatonin on the lens injury 
induced by the EMR.
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Materials and Methods
Animals
In this study, 16 weeks old, 32 male albino rats of Wistar strain, 
weighing 220 ± 20 g were used. The study was approved by 
Ethical Committ ee of Suleyman Demirel University. Laboratory 
animals prepared by Ethical Committ ee of (Protocol Number; 
2011-01). The rats were quarantined before irradiation, 
housed in individual stainless-steel cages in a pathogen-free 
environment in a windowless laboratory room with automatic 
temperature (22 ± 3°C) and lighting controls (12-h light/12-h 
dark) and fed standard laboratory chow and water ad libitum. 
Average light intensity was determined to be 4000 lux and 
humidity was 40 ± 10% in the laboratory. The authors confi rm 
adherence to the Association for Research in Vision and 
Ophthalmology (ARVO) statement for the Use of Animals in 
Ophthalmic and Vision Research.

Experimental groups
After one week adaptation process, the animals were 
randomized into four groups of eight rats each. The rats in 
Group A1 (cage control) were not exposed to electromagnetic 
radiation (EMR) or did not receive melatonin. The rats in 
Group A2 (sham control) received an intraperitoneal injection 
of isotonic saline solution in the same volume and by the 
same scheme as that used in the group receiving melatonin 
without EMR exposure. Group B rats (the EMR group) were 
exposed to 1 hour of EMR from 9 am to 10 am for 30 days. 
Group C rats (treatment groups) were exposed to EMR in the 
same manner as Group B and received melatonin treatment. 
Melatonin was initially dissolved in 0.1 ml of dimethyl 
sulfoxide (DMSO) and then diluted with physiological saline 
solution. Melatonin was administered intraperitoneally at a 
dose of 10 g/kg and in a 0.1 ml volume of DMSO. The injection 
was administered 24 hours aft er EMR exposure and continued 
for 30 days.

Exposure system and design
We used six rats in the exposure system in the same 
time [Fig. 1]. Details of exposure system have been described 
in detail elsewhere.[16,17] We used power values as 1 mW/m2 in 
the experiments as described below. A “SET ELECO” generator 
from Set Electronic Co, Istanbul (Turkey), provided with a 
half-wave dipole antenna system was used to irradiate the 

cells with a 2.45 GHz radio frequency with 217 Hz pulses. The 
electric fi eld density was set at 11 V/m in order to get a 0.1 W/
kg whole-body average specifi c absorption rate (SAR) and 
electromagnetic radiation values estimated for 2.45 GHz set up.

The EMR dose was calculated from the measured electric 
fi eld density (V/m). SAR values were calculated by using 
electric properties of tissue sample and measured electric fi eld 
intensities for every distance in certain frequency. These values 
were shown in Table 1.

The rats of Group A2 were placed in the cylindrical 
restrainer with the radio frequency source switched off  during 
times similar to those used for irradiation. The A1 control 
animals were kept in their cage without any treatment or 
restraint of any kind.

Preparation of lens samples
Head of all animals were cut and the lens samples were 
dissected as described in own previous study.[18] The lens 
tissues were placed into glass bott les, labeled and stored in 
a deep freeze (−33°C) until processing (maximum 15 days). 
Aft er weighing, The lens samples were placed on ice, and 
homogenized (2 minutes at 5000 rpm) in a fi ve volumes (1:5, 
w/v) of ice-cold Tris-HCl buff er (50 mM, pH 7.4), by using a 
glass ultrasonic homogenizer (HD 2070, Bandelin Ultrasonic 
homogenizer, Bandelin Electronics GmbH and Co. KG, Berlin, 
Germany). All preparation procedures were performed on ice. 
The lens homogenate samples were used for immediate lipid 
peroxidation, GSH levels and enzyme activities.

Lipid peroxidation determinations
Lipid peroxidation levels in the lens homogenate were 
spectrophotometrically (at 532 nm) measured with the 
thiobarbituric-acid reaction by the method of Placer et al.[19] 

Reduced glutathione (GSH), glutathione peroxidase (GSH-Px) 
and protein assays
The GSH content in the lens samples was spectrophotometrically 
measured at 412 nm using the method of Sedlak and 
Lindsay.[20] Standard curve of the GSH were prepared with 
diff erent concentrations of GSH. GSH-Px activities of the lens 
homogenate were measured spectrophotometrically at 37 ºC 
and 412 nm according to the Lawrence and Burk.[21] The protein 
content in the lens homogenate was measured by method of 
Lowry et al.,[22] with bovine serum albumin as the standard.

Statistical analyses
All results are expressed as means ± standard deviation (SD). 
To determine the eff ect of treatment, data were analyzed using 
analysis of Mann-Whitney U test. P values of less than 0.05 were 
regarded as signifi cant. Data was analyzed using the Statistical 
Package for the Social Sciences soft ware (SPSS) statistical 
program (version 17.0 soft ware, SPSS Inc. Chicago, IL, USA).

Results and Discussion
In this study, we found fi rstly in the literature that 2.45 GHz 

Table 1:

Measuring parameters Values

Power (mW/m2) 1.0

SAR 0.1434
Distance between head of rat and antenna (m) 1.0Figure 1: The experimental setup for irradiation of rats[5,6]

Measuring parameters Values
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Figure 2: The effects of melatonin on lipid peroxidation levels on lens 
of Wi-Fi-induced EMR. (Mean ± SD). (mean ± SD). aP < 0.05 versus 
Wi-Fi and control groups
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Figure 3: The effects of melatonin on reduced glutathione (GSH) levels 
on lens of Wi-Fi-induced EMR. (Mean ± SD). (mean ± SD). aP < 0.05 
versus Wi-Fi group
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Figure 4: The effects of melatonin on reduced glutathione peroxidase 
(GSH-Px) activities on lens of 2.45 GHz induced EMR. (Mean ± SD). 
(mean ± SD). aP < 0.05 versus controls. bP < 0.01 versus Wi-Fi group 
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EMR, to which people are intensely Wi-Fi exposed in daily 
life, increased malondialdehyde (MDA), the indicator of lipid 
peroxidation and oxidative stress on the lens, and decreased 
antioxidants including GSH level and GSH-Px activity. 
Oxidative stress and thus, ROS, are believed to be a principal 
cause of noncongenital cataract. ROS have been implicated 
in the development of lens opacifi cation, which has been 
demonstrated in both experimental animal models[18,23] and 
in cultured lens systems.[24,25] Cataract patients also exhibited 
elevated levels of oxidative stress.[18] ROS including superoxide 
and singlet oxygen can also be generated in the lens and 
aqueous humor, which explains why areas of the world with 
higher intensity of EMR irradiation have higher incidence of 
cataracts.[26]

Levels of lipid peroxidation are shown in [Fig. 2]. 
Mean values of cage control, sham control, Wi-Fi and 
Wi-Fi + melatonin groups as M/g protein were 10.8, 10.7, 
11.4 and 9.8, respectively. The lipid peroxidation levels were 
insignifi cantly higher in Wi-Fi group than in cage and sham 
control groups. However, lipid peroxidation levels were 
signifi cantly (P < 0.05) lower in Wi-Fi + melatonin group than 
in Wi-Fi and control groups.

Levels of GSH are shown in [Fig. 3]. Mean values of cage 
control, sham control, Wi-Fi and Wi-Fi + melatonin groups as 
M/g protein were 3.08, 3.12, 2.95 and 3.41, respectively. The 
GSH levels were insignifi cantly decreased in Wi-Fi group. 
However, GSH levels were signifi cantly (P < 0.05) higher in 
Wi-Fi + melatonin group than in Wi-Fi group.

Activities of GSH-Px are shown in [Fig. 4]. Mean values of 
cage control, sham control, Wi-Fi and Wi-Fi + melatonin groups 
as IU/g protein were 9.8, 10.4, 8.8 and 11.4, respectively. The 
GSH-Px activities were signifi cantly (P < 0.05) lower in Wi-Fi 
group than in cage and sham control groups. The antioxidant 
enzyme activities were modulated by melatonin administration 
and their activities were signifi cantly higher in Wi-Fi + melatonin 
group than in Wi-Fi (P < 0.01) and control groups (P < 0.05).

GSH is the most prevalent low molecular weight thiol 
containing antioxidant within mammalian cells. The GSH 
acts to protect cellular constituents from oxidative damage by 
directly reacting with oxidants or as the substrate for GSH-Px to 
scavenge peroxides.[27] It is believed that the high content of GSH 
in the lens protects thiols in structural proteins and enzymes 
for proper biological functions. The endogenous high level 
of GSH plays a crucial role as the fi rst line of defense against 
exogenous and endogenous ROS and enables lens proteins 
to remain in a reduced state.[27] The ROS are continuously 
formed and are detoxifi ed by superoxide dismutase, GSH-Px 
and catalase. Excessive production of free-radicals and the 
consumption of antioxidants lead to insuffi  cient endogenous 
defense mechanisms. Lipid peroxidation values as MDA were 
increased in the lens samples by the Wi-Fi frequency exposure 
although GSH-Px activity was decreased by the exposure. The 
GSH-Px activity decreased in the lens samples because it may 
relate to the used antioxidants due to decrease ROS production 
and the compensatory in the antioxidant redox system.

Melatonin, as well as its metabolites, act directly to detoxify 
ROS such as hydroxyl radicals, peroxynitrite anion, singlet 
oxygen and reactive nitrogen species such as nitric oxide.[2,28] 
Melatonin possesses an electron-rich aromatic indole ring and 
acts as an electron-donor, thus having the ability to reduce 
and repair electrophilic radicals.[28] In addition, melatonin 

stimulates antioxidant enzymes such as superoxide dismutase 
and GSH-Px and they exert an antioxidative eff ect, indirectly.[27] 
Melatonin, as well as its metabolites, terminates the initiation 
and propagation of lipid peroxidation.[2] Melatonin is a 
stabilizer of cell membranes against oxidative stress.[28] In 
the current study we observed GSH and GSH-Px values 
were increased by melatonin administration although lipid 
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peroxidation levels decreased due to its antioxidant protector 
eff ects and free radical scavenger eff ects. Consistent with results 
of the current study, studies using ultraviolet radiation[29] and 
ionize radiation[30] as the oxidant agent, in which antioxidant 
effi  cacy of melatonin on the lens was demonstrated, reported 
that oxidant-antioxidant indicators were similarly aff ected.

In conclusion, the results presented for Wi-Fi on lens are not 
consistent with a generalized antioxidant abnormality although 
melatonin induced modulator role on the over production of 
ROS. The benefi cial eff ects of melatonin on antioxidant systems 
included regulation of the lipid peroxidation, GSH-Px and GSH 
values in the lens.
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