








(E) Agarwal A, Desai NR, Makker K, Varghese A, Mouradi R, Sabanegh E, Sharma R.
Effects of radiofrequency electromagnetic waves (RF-EMW) from cellular phones on
human ejaculated semen: an in vitro pilot study. Fertil Steril. 92(4) 1318-1325, 2009.

OBJECTIVE: To evaluate effects of cellular phone radiofrequency electromagnetic
waves (RF-EMW) during talk mode on unprocessed (neat) ejaculated human semen.
DESIGN: Prospective pilot study. SETTING: Center for reproductive medicine
laboratory in tertiary hospital setting. SAMPLES: Neat semen samples from normal
healthy donors (n = 23) and infertile patients (n = 9). INTERVENTION(S): After
liquefaction, neat semen samples were divided into two aliquots. One aliquot
(experimental) from each patient was exposed to cellular phone radiation (in talk mode)
for 1 h, and the second aliquot (unexposed) served as the control sample under identical
conditions. MAIN OUTCOME MEASURE(S): Evaluation of sperm parameters
(motility, viability), reactive oxygen species (ROS), total antioxidant capacity (TAC) of
semen, ROS-TAC score, and sperm DNA damage. RESULT(S): Samples exposed to RF-
EMW showed a significant decrease in sperm motility and viability, increase in ROS
level, and decrease in ROS-TAC score. Levels of TAC and DNA damage showed no
significant differences from the unexposed group. CONCLUSION(S): Radiofrequency
electromagnetic waves emitted from cell phones may lead to oxidative stress in human
semen. We speculate that keeping the cell phone in a trouser pocket in talk mode may
negatively affect spermatozoa and impair male fertility.

(E) Ahmed NA, Radwan NM, Aboul Ezz HS, Salama NA. The antioxidant
effect of Green Tea Mega EGCG against electromagnetic radiation-induced
oxidative stress in the hippocampus and striatum of rats. Electromagn Biol
Med. 2017;36(1):63-73, 2017.

Electromagnetic radiation (EMR) of cellular phones may affect biological systems
by increasing free radicals and changing the antioxidant defense systems of
tissues, eventually leading to oxidative stress. Green tea has recently attracted
significant attention due to its health benefits in a variety of disorders, ranging
from cancer to weight loss. Thus, the aim of the present study was to investigate
the effect of EMR (frequency 900 MHz modulated at 217 Hz, power density 0.02
mW/cm?, SAR 1.245 W/kg) on different oxidative stress parameters in the
hippocampus and striatum of adult rats. This study also extends to evaluate the
therapeutic effect of green tea mega EGCG on the previous parameters in
animals exposed to EMR after and during EMR exposure. The experimental
animals were divided into four groups: EMR-exposed animals, animals treated
with green tea mega EGCG after 2 months of EMR exposure, animals treated
with green tea mega EGCG during EMR exposure and control animals. EMR
exposure resulted in oxidative stress in the hippocampus and striatum as evident
from the disturbances in oxidant and antioxidant parameters. Co-administration
of green tea mega EGCG at the beginning of EMR exposure for 2 and 3 months
had more beneficial effect against EMR-induced oxidative stress than oral
administration of green tea mega EGCG after 2 months of exposure. This



recommends the use of green tea before any stressor to attenuate the state of
oxidative stress and stimulate the antioxidant mechanism of the brain.

(E) Akbari A, Jelodar G, Nazifi S. Vitamin C protects rat cerebellum and encephalon
from oxidative stress following exposure to radiofrequency wave generated by a BTS
antenna model. Toxicol Mech Methods. 24(5):347-352, 2014.

Radio frequency wave (RFW) generated by base transceiver station has been reported to
produce deleterious effects on the central nervous system function, possibly through
oxidative stress. This study was conducted to evaluate the effect of RFW-induced
oxidative stress in the cerebellum and encephalon and the prophylactic effect of vitamin
C on theses tissues by measuring the antioxidant enzymes activity, including: glutathione
peroxidase, superoxide dismutase, catalase, and malondialdehyde (MDA). Thirty-two
adult male Sprague-Dawley rats were randomly divided into four equal groups. The
control group; the control-vitamin C group received L-ascorbic acid (200 mg/kg of body
weight/day by gavage) for 45 days. The RFW group was exposed to RFW and the RFW+
vitamin C group was exposed to RFW and received vitamin C. At the end of the
experiment, all groups were killed and encephalon and cerebellum of all rats were
removed and stored at -70 °C for measurement of antioxidant enzymes activity and
MDA. The results indicate that exposure to RFW in the test group decreased antioxidant
enzymes activity and increased MDA compared with the control groups (p < 0.05). The
protective role of vitamin C in the treated group improved antioxidant enzymes activity
and reduced MDA compared with the test group (p <0.05). It can be concluded that RFEW
causes oxidative stress in the brain and vitamin C improves the antioxidant enzymes
activity and decreases MDA.

(E) Akimoto T, Umemura M, Nagasako A, Ohtake M, Fujita T, Yokoyama U, Eguchi H,
Yamamoto T, Ishikawa Y. Alternating magnetic field enhances cytotoxicity of
Compound C. Cancer Sci. 109(11):3483-3493, 2018.

We previously reported the efficacy of anti-cancer therapy with hyperthermia using an
alternating magnetic field (AMF) and a magnetic compound. In the course of the study,
unexpectedly, we found that an AMF enhances the cytotoxicity of Compound C, an activated
protein kinase (AMPK) inhibitor, although this compound is not magnetic. Therefore, we
examined the cellular mechanism of AMF-induced cytotoxicity of Compound C in cultured
human glioblastoma (GB) cells. An AMF (280 kHz, 250 Arms) for 30 minutes significantly
enhanced the cytotoxicity of Compound C and promoted apoptosis towards several human
GB cell lines in vitro. The AMF also increased Compound C-induced cell-cycle arrest of GB
cells at the G2 phase and, thus, inhibited cell proliferation. The AMF increased Compound C-
induced reactive oxygen species production. Furthermore, the AMF decreased ERK
phosphorylation in the presence of Compound C and suppressed the protective autophagy
induced by this compound. The application of an AMF in cancer chemotherapy may be a
simple and promising method, which might reduce the doses of drugs used in future cancer
treatment and, therefore, the associated side effects.



(E) Akoev IG, Pashovkina MS, Dolgacheva LP, Semenova TP, Kalmykov VL.
[Enzymatic activity of some tissues and blood serum from animals and humans
exposed to microwaves and hypothesis on the possible role of free radical processes
in the nonlinear effects and modification of emotional behavior of animals]. [Article
in Russian] Radiats Biol Radioecol. 42(3):322-330, 2002. (LI)

The dependence of activities of actomyosin ATPase, alkaline phosphatase,
aspartataminotranspherase, monoaminoxidase and that of affective rat behavior on
frequency of modulation of microwaves (0.8-10 microW/cm2) was explored at short-time
actions. Series of nonlinear phenomenons, inexplicable from positions of the energy
approaches are revealed, The working hypothesis explaining opportunity of high
performance of weak and super-weak microwaves and other revealed phenomena by
resonance interaction of such electromagnetic radiofrequency radiation with
paramagnetic molecules of biological tissues was proposed. This resonance interaction
activate free radicals and initiate auto-supporting and auto-intensifying of chain chemical
reactions. The spontaneous autocatalytic oxidation of catecholamines enlarges a common
pool of free radicals, capable to participate in such enhanced generating. The protective
role of monoaminoxidase is postulated. Monoaminoxidase is basically located on an
outer surface of mitochondrias and it is deaminating monoamines. The deaminating
prevents penetration of catecholamines inside of mitochondrias and their quinoid
oxidation there with formation of free-radical semi-quinons, capable to destroy system of
ATP synthesis. These inferences are obliquely confirmed by the experimentally revealed
correlation between activity of monoaminoxidase and integrative activity of the rat brain.

(E) Alkis ME, Bilgin HM, Akpolat V, Dasdag S, Yegin K, Yavas MC, Akdag MZ.
Effect of 900-, 1800-, and 2100-MHz radiofrequency radiation on DNA and
oxidative stress in brain. Electromagn Biol Med. 38(1):32-47, 2019.

Ubiquitous and ever increasing use of mobile phones led to the growing concern
about the effects of radiofrequency radiation (RFR) emitted by cell phones on
biological systems. The aim of this study is to explore whether long-term RFR
exposure at different frequencies affects DNA damage and oxidant-antioxidant
parameters in the blood and brain tissue of rats. 28 male Sprague Dawley rats were
randomly divided into four equal groups (n = 7). They were identified as Group 1.:
sham-control, Group 2: 900 MHz, Group 3: 1800 MHz, and Group 4: 2100 MHz.
Experimental groups of rats were exposed to RFR 2 h/day for 6 months. The sham-
control group of rats was subjected to the same experimental condition but generator
was turned off. Specific absorption rates (SARS) at brain with 1 g average were
calculated as 0.0845 W/kg, 0.04563 W/kg, and 0.03957, at 900 MHz, 1800 MHz, and
2100 MHz, respectively. Additionally, malondialdehyde (MDA), 8-
hydroxydeoxyguanosine (8-OHdG), total antioxidant status (TAS), and total oxidant
status (TOS) analyses were conducted in the brain tissue samples. Results of the
study showed that DNA damage and oxidative stress indicators were found higher in
the RFR exposure groups than in the sham-control group. In conclusion, 900-, 1800-,
and 2100-MHz RFR emitted from mobile phones may cause oxidative damage,
induce increase in lipid peroxidation, and increase oxidative DNA damage formation



in the frontal lobe of the rat brain tissues. Furthermore, 2100-MHz RFR may cause
formation of DNA single-strand breaks.

(cancer) Anghileri LJ, Mayayo E, Domingo JL. Iron-radiofrequency synergism in
lymphomagenesis. Immunopharmacol Immunotoxicol. 28(1):175-183, 2006.

The parenteral iron administration effects on the acceleration of lymphomagenesis by
radiofrequency exposure were investigated using an animal model that develops spontaneous
lymphomas with ageing. Complementary studies of the in vivo uptake of 59Fe-labeled ferric
gluconate and ferric-ATP complex showed differences ob absorption and excretion between
both iron compounds. In vitro assays of their effects on calcium cellular uptake using a cell
model and tissues homogenates showed a molecular structure-dependence. The current results
(mortality, clinical and histopathological examinations) demonstrated a synergism between
radiofrequency and ferric gluconate, and the increased risk of radiofrequency exposure when it
is simultaneous to parenteral iron administration.

(E) Arbabi-Kalati F, Salimi S, Vaziry-Rabiee A, Noraeei M. Effect of mobile phone
usage time on total antioxidant capacity of saliva and salivary immunoglobulin a. Iran J
Public Health. 43(4):480-484, 2014.

BACKGROUND: Nowadays mobile phone is very popular, causing concern about the effect
it has on people’s health. Parotid salivary glands are in close contact to cell phone while
talking with the phone and the possibility of being affected by them. Limited studies have
evaluated the effect of cell phone use on the secretions of these glands; so this study was
designed to investigate the effects of duration of mobile phone use on the total antioxidant
capacity of saliva. METHODS: Unstimulated saliva from 105 volunteers without oral lesions
collected. The volunteers based on daily usage of mobile phones were divided into three
groups then total antioxidant capacity of saliva was measured by Ferric Reducing Ability of
Plasma (FRAP) method. Data were analyzed by SPSS software version 19. ANOVA was
used to compare 3 groups and post-hoc Tukey test to compare between two groups.
RESULTS: Average total antioxidant capacities of saliva in 3 groups were 657.91 pumol/lit,
726.77 pm/lit and 560.17 pumol/lit, respectively. The two groups had statistically significant
different (P = 0.039). CONCLUSION: Over an hour talking with a cell phone decreases total
antioxidant capacity of saliva in comparison with talking less than twenty minutes.

(E) *Atasoy HI, Gunal MY, Atasoy P, Elgun S, Bugdayci G. Immunohistopathologic
demonstration of deleterious effects on growing rat testes of radiofrequency waves
emitted from conventional Wi-Fi devices. J Pediatr Urol. 9(2): 223-229, 2013. (LI)

OBIJECTIVE: To investigate effects on rat testes of radiofrequency radiation emitted from
indoor Wi-Fi Internet access devices using 802.11.g wireless standards. METHODS: Ten
Wistar albino male rats were divided into experimental and control groups, with five rats per
group. Standard wireless gateways communicating at 2.437 GHz were used as radiofrequency
wave sources. The experimental group was exposed to radiofrequency energy for 24 h a day
for 20 weeks. The rats were sacrificed at the end of the study. Intracardiac blood was sampled
for serum 8-hydroxy-2'-deoxyguanosine levels. Testes were removed and examined




histologically and immunohistochemically. Testis tissues were analyzed for malondialdehyde
levels and prooxidant-antioxidant enzyme activities. RESULTS: We observed significant
increases in serum 8-hydroxy-2'-deoxyguanosine levels and 8-hydroxyguanosine staining in
the testes of the experimental group indicating DNA damage due to exposure (p < 0.05). We
also found decreased levels of catalase and glutathione peroxidase activity in the experimental
group, which may have been due to radiofrequency effects on enzyme activity (p < 0.05).
CONCLUSIONS: These findings raise questions about the safety of radiofrequency exposure
from Wi-Fi Internet access devices for growing organisms of reproductive age, with a
potential effect on both fertility and the integrity of germ cells.

(E) *Avci B, Akar A, Bilgici B, Tuncel OK. Oxidative stress induced by 1.8 GHz radio
frequency electromagnetic radiation and effects of garlic extract in rats. Int J Radiat
Biol. 88(11):799-805, 2012.

PURPOSE: We aimed to study the oxidative damage induced by radiofrequency
electromagnetic radiation (RF-EMR) emitted by mobile telephones and the protective effect of
garlic extract used as an anti-oxidant against this damage. MATERIALS AND METHODS:
A total of 66 albino Wistar rats were divided into three groups. The first group of rats was
given 1.8 GHz, 0.4 W/kg specific absorption rate (SAR) for 1 h a day for three weeks. The
second group was given 500 mg/kg garlic extract in addition to RF-EMR. The third group of
rats was used as the control group. At the end of the study, blood and brain tissue samples
were collected from the rats. RESULTS: After the RF-EMR exposed, the advanced oxidation
protein product (AOPP) levels of brain tissue increased compared with the control group (p <
0.001). Garlic administration accompanying the RF-EMR, on the other hand, significantly
reduced AOPP levels in brain tissue (p < 0.001). The serum nitric oxide (NO) levels
significantly increased both in the first and second group (p < 0.001). However, in the group
for which garlic administration accompanied that of RF-EMR, there was no difference in
serum NO levels compared with the RF-EMR exposed group (p > 0.05). There was no
significant difference among the groups with respect to malondialdehyde (MDA) levels in
brain tissue and blood samples (p > 0.05). Similarly, no difference was detected among the
groups regarding serum paroxonase (PON) levels (p > 0.05). We did not detect any PON
levels in the brain tissue. CONCLUSIONS: The exposure of RF-EMR similar to 1.8 GHz
Global system for mobile communication (GSM) leads to protein oxidation in brain tissue and
an increase in serum NO. We observed that garlic administration reduced protein oxidation in
brain tissue and that it did not have any effects on serum NO levels.

(E) Aweda MA, Gbenebitse S, Meidinyo RO. Effects of 2.45 GHz microwave exposures
on the peroxidation status in Wistar rats. Niger Postgrad Med J. 10(4):243-246, 2003.

One of the consequences of exposures to microwave (MW) radiations is the enhanced
production of free 02, free radicals, peroxides and superoxides. The effects on the lipid
peroxidation status (LPS) of whole body irradiation of 120 Wistar rats with 2.45 GHz
MW at a power density of 6mWcm(-2) have been studied using the MW generator model
ER6660E from Toshiba UK Ltd. The LPS in the rats was monitored for a period of 8
weeks post irradiation using thiobarbituric acid (TRA) method. The MW exposures
caused an increase in the LPS from the mean control value of 4.18 x 10(-6)g 1(-1)to a



maximum of 6.50 x 10(-6) g 1(-1) within the first 24 hrs, and then gradually reduced to
control value after about a week. 1mg kg(-1) of ascorbic acid administered before
irradiation caused a decrease in the LPS from the control value to a minimum of 2.86 x
10(-6)g 1(-1) within the first week. The value then gradually rose to a maximum of 3.96 x
10(-6)g 1(-1) within the monitoring period. 1 mg kg(-1) of a-tocopherol also administered
before irradiation also caused a decrease in the LPS from the control value to a minimum
of 2.10 x 10(-6) g 1(-1) within the first week. The value then gradually rose to a
maximum of 3.94 x 10(-6) g 1(-1) within the monitoring period. The results obtained
from this study demonstrate that MW exposures cause significant increase in the LPS and
there are protective effects of the anti-oxidants ascorbic acid and alpha-tocopherol.

(E) Ayata A, Mollaoglu H, Yilmaz HR, Akturk O, Ozguner F, Altuntas I. Oxidative
stress-mediated skin damage in an experimental mobile phone model can be prevented
by melatonin. J Dermatol. 31(11):878-883, 2004.

Most mobile phones emit 900 MHz of radiation that is mainly absorbed by the external
organs. The effects of 900 MHz of radiation on fibrosis, lipid peroxidation, and anti-oxidant
enzymes and the ameliorating effects of melatonin (Mel) were evaluated in rat skin. Thirty
Wistar-Albino rats were used in the study. The experimental groups were the control group,
the irradiated group (IR), and the irradiated+Mel treated group (IR+Mel). A dose of 900 MHz,
2 W radiation was applied to the IR group every day for 10 days (30 min/day). The IR+Mel
group received 10 mg/kg/day melatonin in tap water for 10 days before the irradiation. At the
end of the 10th day, a skin specimen was excised from the thoracoabdominal area. The levels
of malondialdehyde (MDA) and hydroxypyroline and the activities of superoxide dismutase
(SOD), glutathione peroxidase (GSH-Px), and catalase (CAT) were studied in the skin
samples. MDA and hydroxyproline levels and activities of CAT and GSH-Px were increased
significantly in the IR group compared to the control group (p<0.05) and decreased
significantly in the IR+Mel group (p<0.05). SOD activity was decreased significantly in the
IR group and this decrease was not prevented by the Mel treatment. These results suggest that
rats irradiated with 900 MHz suffer from increased fibrosis and lipid peroxidation (LPO). Mel
treatment can reduce the fibrosis and LPO caused by radiation.

(E) *Aydin B, Akar A. Effects of a 900-MHz electromagnetic field on oxidative stress
parameters in rat lymphoid organs, polymorphonuclear leukocytes and plasma. Arch
Med Res. 42(4):261-267, 2011.

BACKGROUND AND AIMS: The present study investigated the effects of a 900-MHz
electromagnetic field (EMF) for 2 h/day for 45 days on lymphoid organs (spleen, thymus,
bone marrow), polymorphonuclear leukocytes (PMNs) and plasma of rats, focusing on
changes in the enzymatic and nonenzymatic antioxidant system. We determined whether there
is any difference between immature and mature rats in terms of oxidative damage caused by
EMF and tested recovery groups to determine whether EMF-induced damage is reversible in
immature and mature rats. METHODS: Twenty four immature and 24 mature rats were
divided randomly and equally into six groups as follows: two control groups, immature (2
weeks old) and mature (10 weeks old); two groups were exposed to 900 MHz (28.2 + 2.1
V/m) EMF for 2 h/day for 45 days. Two recovery groups were kept for 15 days after EMF
exposure. RESULTS: Substantial, deleterious biochemical changes were observed in
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oxidative stress metabolism after EMF exposure. Antioxidant enzyme activity, glutathione
levels in lymphoid organs and the antioxidant capacity of the plasma decreased, but lipid
peroxidation and nitric oxide levels in PMNs and plasma and also myeloperoxidase activity in
PMNSs increased. Oxidative damage was tissue specific and improvements seen after the
recovery period were limited, especially in immature rats. CONCLUSIONS: In the present
study, much higher levels of irreversible oxidative damage were observed in the major
lymphoid organs of immature rats than in mature rats.

(E) *Aynali G, Naziroglu M, Celik O, Dogan M, Yariktas M, Yasan H. Modulation of
wireless (2.45 GHz)-induced oxidative toxicity in laryngotracheal mucosa of rat by
melatonin. Eur Arch Otorhinolaryngol. 270(5):1695-1700, 2013. (L1I)

It is well known that oxidative stress induces larynx cancer, although antioxidants induce
modulator role on etiology of the cancer. It is well known that electromagnetic radiation
(EMRY) induces oxidative stress in different cell systems. The aim of this study was to
investigate the possible protective role of melatonin on oxidative stress induced by Wi-Fi
(2.45 GHz) EMR in laryngotracheal mucosa of rat. For this purpose, 32 male rats were
equally categorized into four groups, namely controls, sham controls, EMR-exposed rats,
EMR-exposed rats treated with melatonin at a dose of 10 mg/kg/day. Except for the controls
and sham controls, the animals were exposed to 2.45 GHz radiation during 60 min/day for 28
days. The lipid peroxidation levels were significantly (p < 0.05) higher in the radiation-
exposed groups than in the control and sham control groups. The lipid peroxidation level in
the irradiated animals treated with melatonin was significantly (p < 0.01) lower than in those
that were only exposed to Wi-Fi radiation. The activity of glutathione peroxidase was lower in
the irradiated-only group relative to control and sham control groups but its activity was
significantly (p < 0.05) increased in the groups treated with melatonin. The reduced
glutathione levels in the mucosa of rat did not change in the four groups. There is an apparent
protective effect of melatonin on the Wi-Fi-induced oxidative stress in the laryngotracheal
mucosa of rats by inhibition of free radical formation and support of the glutathione
peroxidase antioxidant system.

(E) Bahreyni Toossi MH, Sadeghnia HR, Mohammad Mahdizadeh Feyzabadi M,
Hosseini M, Hedayati M, Mosallanejad R, Beheshti F, Alizadeh Rahvar Z. Exposure to
mobile phone (900-1800 MHz) during pregnancy: tissue oxidative stress after childbirth.
J Matern Fetal Neonatal Med. 31(10):1298-1303, 2018.

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 (2 h/d for 20 d). 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
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in the total tissues of dams and their offspring. CONCLUSION: Exposure to mobile phone
(900-1800 MHz) during pregnancy induced oxidative stress in tissues of dams and their
offspring.

(E) Balci M, Devrim E, Durak I. Effects of mobile phones on oxidant/antioxidant balance
in cornea and lens of rats. Curr Eye Res. 32(1):21-25, 2007.

Purpose: To investigate the effects of mobile-phone-emitted radiation on the
oxidant/antioxidant balance in corneal and lens tissues and to observe any protective
effects of vitamin C in this setting. Methods: Forty female albino Wistar rats were
assigned to one of four groups containing 10 rats each. One group received a
standardized daily dose of mobile phone radiation for 4 weeks. The second group
received this same treatment along with a daily oral dose of vitamin C (250 mg/kg). The
third group received this dose of vitamin C alone, while the fourth group received
standard laboratory care and served as a control. In corneal and lens tissues,
malondialdehyde (MDA) levels and activities of superoxide dismutase (SOD),
glutathione peroxidase (GSH-Px), and catalase (CAT) were measured with
spectrophotometric methods. Results: In corneal tissue, MDA level and CAT activity
significantly increased in the mobile phone group compared with the mobile phone plus
vitamin C group and the control group (p < 0.05), whereas SOD activity was significantly
decreased (p < 0.05). In the lens tissues, only the MDA level significantly increased in
the mobile phone group relative to mobile phone plus vitamin C group and the control
groups (p < 0.05). In lens tissue, significant differences were not found between the
groups in terms of SOD, GSH-Px, or CAT (p > 0.05). Conclusions: The results of this
study suggest that mobile telephone radiation leads to oxidative stress in corneal and lens
tissues and that antioxidants such as vitamin C can help to prevent these effects.

(E) Balci M, Namuslu M, Devrim E, Durak 1. Effects of computer monitor-emitted
radiation on oxidant/antioxidant balance in cornea and lens from rats. Mol Vis. 15:2521-
2525, 2009.

PURPOSE: This study aims to investigate the possible effects of computer monitor-emitted
radiation on the oxidant/antioxidant balance in corneal and lens tissues and to observe any
protective effects of vitamin C (vit C). METHODS: Four groups (PC monitor, PC monitor
plus vitamin C, vitamin C, and control) each consisting of ten Wistar rats were studied. The
study lasted for three weeks. Vitamin C was administered in oral doses of 250 mg/kg/day. The
computer and computer plus vitamin C groups were exposed to computer monitors while the
other groups were not. Malondialdehyde (MDA levels and superoxide dismutase (SOD),
glutathione peroxidase (GSH-Px), and catalase (CAT) activities were measured in corneal and
lens tissues of the rats. RESULTS: In corneal tissue, MDA levels and CAT activity were
found to increase in the computer group compared with the control group. In the computer
plus vitamin C group, MDA level, SOD, and GSH-Px activities were higher and CAT activity
lower than those in the computer and control groups. Regarding lens tissue, in the computer
group, MDA levels and GSH-Px activity were found to increase, as compared to the control
and computer plus vitamin C groups, and SOD activity was higher than that of the control
group. In the computer plus vitamin C group, SOD activity was found to be higher and CAT
activity to be lower than those in the control group. CONCLUSION: The results of this study

10



suggest that computer-monitor radiation leads to oxidative stress in the corneal and lens
tissues, and that vitamin C may prevent oxidative effects in the lens.

(E) Barteri M, De Carolis R, Marinelli F, Tomassetti G, Montemiglio LC. Effects of
microwaves (900 MHz) on peroxidase systems: a comparison between lactoperoxidase
and horseradish peroxidase. Electromagn Biol Med. 2015 Jan 12:1-7. [Epub ahead of
print]

This work shows the effects of exposure to an electromagnetic field at 900 MHz on the
catalytic activity of the enzymes lactoperoxidase (LPO) and horseradish peroxidase (HRP).
Experimental evidence that irradiation causes conformational changes of the active sites and
influences the formation and stability of the intermediate free radicals is documented by
measurements of enzyme kinetics, circular dichroism spectroscopy (CD) and cyclic
voltammetry.

(E) *Bilgici B, Akar A, Avci B, Tuncel OK. Effect of 900 MHz radiofrequency radiation
on oxidative stress in rat brain and serum. Electromagn Biol Med. 32:20-29, 2013.

The increasing use of mobile telephones raises the question of possible adverse effects of the
electromagnetic fields (EMF) that these phones produce. In this study, we examined the
oxidative stress in the brain tissue and serum of rats that resulted from exposure to a 900-MHz
EMF at a whole body average specific absorption rate (SAR) of 1.08 W/kg for 1 h/day for 3
weeks. We also examined the antioxidant effect of garlic powder (500 mg/kg/day) given
orally to EMF-exposed rats. We found that malondialdehyde (MDA) (p < 0.001) and
advanced oxidation protein product (AOPP) (p < 0.05) increased in rat brain tissue exposed to
the EMF and that garlic reduced these effects (p < 0.05). There was no significant difference
in the nitric oxide (NO) levels in the brain. Paraoxonase (PON) was not detected in the brain.
There was a significant increase in the levels of NO (p < 0.001) detected in the serum after
EMF exposure, and garlic intake did not affect this increase in NO. Our results suggest that
there is a significant increase in brain lipid and protein oxidation after electromagnetic
radiation (EMR) exposure and that garlic has a protective effect against this oxidative stress.

(E) Bin-Meferij MM, EI-Kott AF. The radioprotective effects of Moringa oleifera
against mobile phone electromagnetic radiation-induced infertility in rats.Int J Clin Exp
Med. 2015 Aug 15;8(8):12487-97. eCollection 2015.

The present study has investigated the effects of mobile phone electromagnetic radiation
(EMR) on fertility in rats. The purpose of this study was to explore the capability of
polyphenolic-rich Moringa oleifera leaf extract in protecting rat testis against EMR-induced
impairments based on evaluation of sperm count, viability, motility, sperm cell morphology,
anti-oxidants (SOD & CAT), oxidative stress marker, testis tissue histopathology and PCNA
immunohistochemistry. The sample consisted of sixty male Wistar rats which were divided
into four equal groups. The first group (the control) received only standard diet while the
second group was supplemented daily and for eight weeks with 200 mg/kg aqueous extract of
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Moringa leaves. The third group was exposed to 900 MHz fields for one hour a day and for
(7) days a week. As for the fourth group, it was exposed to mobile phone radiation and
received the Moringa extract. The results showed that the EMR treated group exhibited a
significantly decrease sperm parameters. Furthermore, concurrent exposure to EMR and
treated with MOE significantly enhanced the sperm parameters. However, histological results
in EMR group showed irregular seminiferous tubules, few spermatogonia, giant
multinucleated cells, degenerated spermatozoa and the number of Leydig cells was
significantly reduced. PCNA labeling indices were significant in EMR group versus the
control group. Also, EMR affects spermatogenesis and causes to apoptosis due to the heat and
other stress-related EMR in testis tissue. This study concludes that chronic exposure to EMR
marked testicular injury which can be prevented by Moringa oleifera leaf extract.

(E) *Bodera P, Stankiewicz W, Zawada K, Antkowiak B, Paluch M, Kieliszek J, Kalicki
B, Bartosinski A, Wawer 1. Changes in antioxidant capacity of blood due to mutual
action of electromagnetic field (1800 MHz) and opioid drug (tramadol) in animal model
of persistent inflammatory state. Pharmacol Rep. 65(2):421-428, 2013.

Background: The biological effects and health implications of electromagnetic field (EMF)
associated with cellular mobile telephones and related wireless systems and devices have
become a focus of international scientific interest and world-wide public concern. It has also
been proved that EMF influences the production of reactive oxygen species (ROS) in different
tissues. Methods: Experiments were performed in healthy rats and in rats with persistent
inflammatory state induced by Complete Freund's Adjuvant (CFA) injection, which was given
24 h before EMF exposure and drug application. Rats were injected with CFA or the same
volume of paraffin oil into the plantar surface of the left hind paw. Animals were exposed to
the far-field range of an antenna at 1800 MHz with the additional modulation which was
identical to that generated by mobile phone GSM 1800. Rats were given 15 min exposure, or
were sham-exposed with no voltage applied to the field generator in control groups.
Immediately before EMF exposure, rats were injected intraperitoneally with tramadol in the
20 mg/kg dose or vehicle in the 1 ml/kg volume. Results: Our study revealed that single EMF
exposure in 1800 MHz frequency significantly reduced antioxidant capacity both in healthy
animals and those with paw inflammation. A certain synergic mode of action between applied
electromagnetic fields and administered tramadol in rats treated with CFA was observed.
Conclusions: The aim of the study was to examine the possible, parallel/combined effects of
electromagnetic radiation, artificially induced inflammation and a centrally-acting synthetic
opioid analgesic drug, tramadol, (used in the treatment of severe pain) on the antioxidant
capacity of blood of rats. The antioxidant capacity of blood of healthy rats was higher than that
of rats which received only tramadol and were exposed to electromagnetic fields.

(E) Bodera P, Stankiewicz W, Antkowiak B, Paluch M, Kieliszek J, Sobiech J,
Niemcewicz M. Influence of electromagnetic field (1800 MHz) on lipid peroxidation in
brain, blood, liver and kidney in rats. Int J Occup Med Environ Health. 28(4):751-759,
2015.

OBJECTIVES: The aim of this study is the evaluation of the influence of repeated (5 times for
15 min) exposure to electromagnetic field (EMF) of 1800 MHz frequency on tissue lipid
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peroxidation (LPO) both in normal and inflammatory state, combined with analgesic
treatment. MATERIAL AND METHODS: The concentration of malondialdehyde (MDA) as
the end-product of the lipid peroxidation (LPO) was estimated in blood, liver, kidneys, and
brain of Wistar rats, both healthy and those with complete Freund's adjuvant (CFA)-induced
persistent paw inflammation. RESULTS: The slightly elevated levels of the MDA in blood,
kidney, and brain were observed among healthy rats in electromagnetic field (EMF)-exposed
groups, treated with tramadol (TRAM/EMF and exposed to the EMF). The malondialdehyde
remained at the same level in the liver in all investigated groups: the control group (CON), the
exposed group (EMF), treated with tramadol (TRAM) as well as exposed to and treated with
tramadol (TRAM/EMF). In the group of animals treated with the complete Freund's adjuvant
(CFA) we also observed slightly increased values of the MDA in the case of the control group
(CON) and the exposed groups (EMF and TRAM/EMF). The MDA values concerning
kidneys remained at the same levels in the control, exposed, and not-exposed group treated
with tramadol. Results for healthy rats and animals with inflammation did not differ
significantly. CONCLUSIONS: The electromagnetic field exposure (EMF), applied in the
repeated manner together with opioid drug tramadol (TRAM), slightly enhanced lipid
peroxidation level in brain, blood, and kidneys.

(E) Bourdineaud JP, Srut M, Stambuk A, Tkalec M, Bréthes D, Malari¢ K,
Klobuéar GIV. Electromagnetic fields at a mobile phone frequency (900 MHz)
trigger the onset of general stress response along with DNA modifications in
Eisenia fetida earthworms. Arh Hig Rada Toksikol. 68(2):142-152, 2017.

Eisenia fetida earthworms were exposed to electromagnetic field (EMF) at a mobile
phone frequency (900 MHz) and at field levels ranging from 10 to 120 V m-1 for a
period of two hours (corresponding to specific absorption rates ranging from 0.13 to 9.33
mW kg-1). Potential effects of longer exposure (four hours), field modulation, and a
recovery period of 24 h after two hours of exposure were addressed at the field level of
23 V m-1. All exposure treatments induced significant DNA modifications as assessed by
a quantitative random amplified polymorphic DNA-PCR. Even after 24 h of recovery
following a two hour-exposure, the number of probe hybridisation sites displayed a
significant two-fold decrease as compared to untreated control earthworms, implying a
loss of hybridisation sites and a persistent genotoxic effect of EMF. Expression of genes
involved in the response to general stress (HSP70 encoding the 70 kDa heat shock
protein, and MEKKZ1 involved in signal transduction), oxidative stress (CAT, encoding
catalase), and chemical and immune defence (LYS, encoding lysenin, and MYD,
encoding a myeloid differentiation factor) were up-regulated after exposure to 10 and
modulated 23 V m-1 field levels. Western blots showing an increased quantity of HSP70
and MTCOL proteins confirmed this stress response. HSP70 and LYS genes were up-
regulated after 24 h of recovery following a two hour-exposure, meaning that the effect
of EMF exposure lasted for hours. Exposure to mobile phone (900-1800 MHz) during
pregnancy: tissue oxidative stress after childbirth.

(NE) Brescia F, Sarti M, Massa R, Calabrese ML, Sannino A, Scarfi MR. Reactive

oxygen species formation is not enhanced by exposure to UMTS 1950 MHz radiation
and co-exposure to ferrous ions in Jurkat cells. Bioelectromagnetics. 30:525-535, 2009.
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This study was designed to assess if radiofrequency (RF) radiation induces oxidative stress in
cultured mammalian cells when given alone or in combination with ferrous ions (FeSO(4)).
For this purpose the production of reactive oxygen species (ROS) was measured by flow
cytometry in human lymphoblastoid cells exposed to 1950 MHz signal used by the third
generation wireless technology of the Universal Mobile Telecommunication System (UMTYS)
at Specific Absorption Rate of 0.5 and 2.0 W/kg. Short (5-60 min) or long (24 h) duration
exposures were carried out in a waveguide system under strictly controlled conditions of both
dosimetry and environment. Cell viability was also measured after 24 h RF exposure using the
Resazurin and Neutral Red assays. Several co-exposure protocols were applied to test if RF
radiation is able to alter ROS formation induced by FeSO(4) (RF given before or concurrently
to FeSO(4)). The results obtained indicate that non-thermal RF exposures do not increase
spontaneous ROS formation in any of the experimental conditions investigated. Consistent
with the lack of ROS production, no change in cell viability was observed in Jurkat cells
exposed to RF radiation for 24 h. Similar results were obtained when co-exposures were
considered: combined exposures to RF radiation and FeSO(4) did not increase ROS formation
induced by the chemical treatment alone. In contrast, in cultures treated with FeSO(4) as
positive control, a dose-dependent increase in ROS formation was recorded, validating the
sensitivity of the method employed.

(E) *Burlaka A, Tsybulin O, Sidorik E, Lukin S, Polishuk V, Tsehmistrenko S,
Yakymenko I. Overproduction of free radical species in embryonal cells exposed to low
intensity radiofrequency radiation. Exp Oncol. 35(3):219-225, 2013. (L)

Aim: Long-term exposure of humans to low intensity radiofrequency electromagnetic
radiation (RF-EMR) leads to a statistically significant increase in tumor incidence.
Mechanisms of such the effects are unclear, but features of oxidative stress in living cells
under RF-EMR exposure were previously reported. Our study aims to assess a production of
initial free radical species, which lead to oxidative stress in the cell. Materials and Methods:
Embryos of Japanese quails were exposed in ovo to extremely low intensity RF-EMR of
GSM 900 MHz (0.25 uW/cm2) during 158-360 h discontinuously (48 ¢ - ON, 12 ¢ - OFF)
before and in the initial stages of development. The levels of superoxide (O2:-), nitrogen oxide
(NO-), thiobarbituric acid reactive substances (TBARS), 8-0x0-2'-deoxyguanosine (8-0xo-dG)
and antioxidant enzymes' activities were assessed in cells/tissues of 38-h, 5- and 10-day RF-
EMR exposed and unexposed embryos. Results: The exposure resulted in a significant
persistent overproduction of superoxide and nitrogen oxide in embryo cells during all period
of analyses. As a result, significantly increased levels of TBARS and 8-oxo-dG followed by
significantly decreased levels of superoxide dismutase and catalase activities were developed
in the exposed embryo cells. Conclusion: Exposure of developing quail embryos to extremely
low intensity RF-EMR of GSM 900 MHz during at least one hundred and fifty-eight hours
leads to a significant overproduction of free radicals/reactive oxygen species and oxidative
damage of DNA in embryo cells. These oxidative changes may lead to pathologies up to
oncogenic transformation of cells.
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(E) Burlaka A, Selyuk M, Gafurov M, Lukin S, Potaskalova V, Sidorik E. Changes in
mitochondrial functioning with electromagnetic radiation of ultra high frequency as
revealed by electron paramagnetic resonance methods. Int J Radiat Biol. 90:357-362,
2014.

Purpose: To study the effects of electromagnetic radiation (EMR) of ultra high frequency
(UHF) in the doses equivalent to the maximal permitted energy load for the staffs of the
radar stations on the biochemical processes that occur in the cell organelles. Materials

and Methods: Liver, cardiac and aorta tissues from the male rats exposed to non-thermal
UHF EMR in pulsed and continuous modes were studied during 28 days after the
irradiation by the electron paramagnetic resonance (EPR) methods including a spin
trapping of superoxide radicals. Results: The qualitative and quantitative disturbances in
electron transport chain (ETC) of mitochondria are registered. A formation of the iron-
nitrosyl complexes of nitric oxide (NO) radicals with the iron-sulphide (FeS) proteins, the
decreased activity of FeS-protein N2 of NADH-ubiquinone oxidoreductase complex and
flavo ubisemiquinone growth combined with the increased rates of superoxide production
are obtained. Conclusions: (1) Abnormalities in the mitochondrial ETC of liver and aorta
cells are more pronounced for animals radiated in a pulsed mode. (2) The alterations in
the functioning of the mitochondrial ETC cause increase of superoxide radicals
generation rate in all samples, formation of cellular hypoxia, and intensification of the
oxide-initiated metabolic changes. (3) Electron paramagnetic resonance methods could be
used to track the qualitative and quantitative changes in the mitochondrial ETC caused by
the UHF EMR.

(E) Campisi A, Gulino M, Acquaviva R, Bellia P, Raciti G, Grasso R, Musumeci F,
Vanella A, Triglia A. Reactive oxygen species levels and DNA fragmentation on
astrocytes in primary culture after acute exposure to low intensity microwave
electromagnetic field. Neurosci Lett. 473(1):52-55, 2010.

The exposure of primary rat neocortical astroglial cell cultures to acute electromagnetic fields
(EMF) in the microwave range was studied. Differentiated astroglial cell cultures at 14 days in
vitro were exposed for 5, 10, or 20min to either 900MHz continuous waves or 900MHz waves
modulated in amplitude at 50Hz using a sinusoidal waveform and 100% modulation index.
The strength of the electric field (rms value) at the sample position was 10V/m. No change in
cellular viability evaluated by MTT test and lactate dehydrogenase release was observed. A
significant increase in ROS levels and DNA fragmentation was found only after exposure of
the astrocytes to modulated EMF for 20min. No evident effects were detected when shorter
time intervals or continuous waves were used. The irradiation conditions allowed the
exclusion of any possible thermal effect. Our data demonstrate, for the first time, that even
acute exposure to low intensity EMF induces ROS production and DNA fragmentation in
astrocytes in primary cultures, which also represent the principal target of modulated EMF.
Our findings also suggest the hypothesis that the effects could be due to hyperstimulation of
the glutamate receptors, which play a crucial role in acute and chronic brain damage.
Furthermore, the results show the importance of the amplitude modulation in the interaction
between EMF and neocortical astrocytes.
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(E) Cao H, Qin F, Liu X, Wang J, Cao Y, Tong J, Zhao H. Circadian Rhythmicity of
Antioxidant Markers in Rats Exposed to 1.8 GHz Radiofrequency Fields. Int J Environ
Res Public Health. 12(2):2071-2087, 2015.

BACKGROUND: The potential health risks of exposure to Radiofrequency Fields
(RF) emitted by mobile phones are currently of considerable public interest, such as
the adverse effects on the circadian rhythmicities of biological systems. To determine
whether circadian rhythms of the plasma antioxidants (Mel, GSH-Px and SOD) are
affected by RF, we performed a study on male Sprague Dawley rats exposed to the
1.8 GHz RF. METHODS: All animals were divided into seven groups. The animals in
six groups were exposed to 1.8 GHz RF (201.7 yW/cm2 power density, 0.05653
W/kg specific absorption rate) at a specific period of the day (3, 7, 11, 15, 19 and 23
h GMT, respectively), for 2 h/day for 32 consecutive days. The rats in the seventh
group were used as sham-exposed controls. At the end of last RF exposure, blood
samples were collected from each rat every 4 h (total period of 24 h) and also at
similar times from sham-exposed animals. The concentrations of three antioxidants
(Mel, GSH-Px and SOD) were determined. The data in RF-exposed rats were
compared with those in sham-exposed animals. RESULTS: circadian rhythms in the
synthesis of Mel and antioxidant enzymes, GSH-Px and SOD, were shifted in RF-
exposed rats compared to sham-exposed animals: the Mel, GSH-Px and SOD levels
were significantly decreased when RF exposure was given at 23 and 3 h GMT.
CONCLUSION: The overall results indicate that there may be adverse effects of RF
exposure on antioxidant function, in terms of both the daily antioxidative levels, as
well as the circadian rhythmicity.

(cancer) (E) Cao Y, Zhang W, Lu MX, Xu Q, Meng QQ, Nie JH, Tong J. 900-MHz
microwave radiation enhances gamma-ray adverse effects on SHG44 cells. J Toxicol
Environ Health A. 72(11):727-732, 2009.

Mobile phones are widely used globally. However, the biological effects due to exposure to
electromagnetic fields (EMF) produced by mobile phones are largely unknown.
Environmental and occupational exposure of humans to gamma-rays is a biologically relevant
phenomenon. Consequently studies were undertaken to examine the interactions between
gamma-rays and EMF on human health. In this study, exposure to 900-MHz EMF expanded
gamma-ray damage to SHG44 cells. Preexposure EMF enhanced the decrease in cell
proliferation induced by gamma-ray irradiation and the rate of apoptosis. The combination of
EMF and gamma-ray exposure resulted in a synergistic effect by triggering stress response,
which increased reactive oxygen species, but the expression of hsp70 at both mRNA and
protein levels remained unaltered. Data indicate that the adverse effects of gamma-rays on
cellular functions are strengthened by EMF.

(cancer) (E) Castello PR, Hill I, Sivo F, Portelli L, Barnes F, Usselman R, Martino CF.
Inhibition of cellular proliferation and enhancement of hydrogen peroxide production in
fibrosarcoma cell line by weak radio frequency magnetic fields. Bioelectromagnetics.
35(8):598-602, 2014.
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This study presents experimental data for the effects of weak radio frequency (RF) magnetic
fields on hydrogen peroxide (H202) production and cellular growth rates of fibrosarcoma
HT1080 cells in vitro. Cells were exposed either to 45 uT static magnetic fields (SMFs)-
oriented vertical to the plane of growth or to SMFs combined with weak 5 and 10 MHz RF
magnetic fields of 10 W TRMS intensity perpendicular to the static field. Cell numbers were
reduced up to 30% on Day 2 for the cells exposed to the combination of SMF and a 10 MHz
RF magnetic field compared with the SMF control cells. In addition, cells exposed to 10 MHz
RF magnetic fields for 8 h increased H202 production by 55%. The results demonstrate an
overall magnetic field-induced biological effect that shows elevated H202 levels with
accompanying decrease in cellular growth rates.

(E) Cetin H, Naziroglu M, Celik O, Yiiksel M, Pastac1 N, Ozkaya MO. Liver antioxidant
stores protect the brain from electromagnetic radiation (900 and 1800 MHz)-induced
oxidative stress in rats during pregnancy and the development of offspring. J Matern
Fetal Neonatal Med. 2014 Mar 3. [Epub ahead of print]

Objectives: The present study determined the effects of mobile phone (900 and 1800 MHz)-
induced electromagnetic radiation (EMR) exposure on oxidative stress in the brain and liver as
well as the element levels in growing rats from pregnancy to 6 weeks of age. Methods:
Thirty-two rats and their offspring were equally divided into 3 different groups: the control,
900 MHz, and 1800 MHz groups. The 900 MHz and 1800 MHz groups were exposed to
EMR for 60 min/day during pregnancy and neonatal development. At the 4th, 5th, and 6th
weeks of the experiment, brain samples were obtained. Results: Brain and liver glutathione
peroxidase (GSH-Px) activities, as well as liver vitamin A and -carotene concentrations
decreased in the EMR groups, although brain iron, vitamin A, and B-carotene concentrations
increased in the EMR groups. In the 6th week, selenium concentrations in the brain decreased
in the EMR groups. There were no statistically significant differences in glutathione, vitamin
E, chromium, copper, magnesium, manganese, and zinc concentrations between the 3 groups.
Conclusion: EMR-induced oxidative stress in the brain and liver was reduced during the
development of offspring. Mobile phone-induced EMR could be considered as a cause of
oxidative brain and liver injury in growing rats.

(E) *Ceyhan AM, Akkaya VB, Giilecol SC, Ceyhan BM, Ozguiner F, Chen W. Protective
effects of B-glucan against oxidative injury induced by 2.45-GHz electromagnetic
radiation in the skin tissue of rats. Arch Dermatol Res. 304(7):521-527, 2012.

In recent times, there is widespread use of 2.45-GHz irradiation-emitting devices in
industrial, medical, military and domestic application. The aim of the present study was
to investigate the effect of 2.45-GHz electromagnetic radiation (EMR) on the oxidant and
antioxidant status of skin and to examine the possible protective effects of B-glucans
against the oxidative injury. Thirty-two male Wistar albino rats were randomly divided
into four equal groups: control; sham exposed; EMR; and EMR + B-glucan. A 2.45-GHz
EMR emitted device from the experimental exposure was applied to the EMR group and
EMR + B-glucan group for 60 min daily, respectively, for 4 weeks. B-glucan was
administered via gavage at a dose of 50 mg/kg/day before each exposure to radiation in
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the treatment group. The activities of antioxidant enzymes, superoxide dismutase (SOD),
glutathione peroxidase (GSH-Px) and catalase (CAT), as well as the concentration of
malondialdehyde (MDA) were measured in tissue homogenates of the skin. Exposure to
2.45-GHz EMR caused a significant increase in MDA levels and CAT activity, while the
activities of SOD and GSH-Px decreased in skin tissues. Systemic -glucan significantly
reversed the elevation of MDA levels and the reduction of SOD activities. 3-glucan
treatment also slightly enhanced the activity of CAT and prevented the depletion of GSH-
Px activity caused by EMR, but not statistically significantly. The present study
demonstrated the role of oxidative mechanisms in EMR-induced skin tissue damages and
that B-glucan could ameliorate oxidative skin injury via its antioxidant properties.

(E) Chandel S, Kaur S, Singh HP, Batish DR, Kohli RK. Exposure to 2100 MHz
electromagnetic field radiations induces reactive oxygen species generation in Allium
cepa roots. Journal of Microscopy and Ultrastructure, 5(4):225-229, 2017.

During the last few decades there has been an enormous increase in the usage of cell phones as
these are one of the most convenient gadgets and provide excellent mode of communication
without evoking any hindrance to movement. However, these are significantly adding to the
electromagnetic field radiations (EMF-r) in the environment and thus, are required to be
analysed for their impacts on living beings. The present study investigated the role of cell
phone EMF-r in inciting oxidative damage in onion (Allium cepa) roots at a frequency of
2100 MHz. Onion roots were exposed to continuous wave homogenous EMF-r for 1, 2 and 4
h for single day and generation of reactive oxygen species (ROS) in terms of malondialdehyde
(MDA), hydrogen peroxide (H202) and superoxide anion (O2—) content and changes in the
activities of antioxidant enzymes- superoxide dismutases (SOD) and catalases (CAT) were
measured. The results showed that EMF-r exposure enhanced the content of MDA, H202 and
02-. Also, there was an upregulation in the activity of antioxidant enzymes— SOD and CAT—
in onion roots. The study concluded that 2100 MHz cell phone EMF-r incite oxidative damage
in onion roots by altering the oxidative metabolism.

(E) Chauhan P, Verma HN, Sisodia R, Kesari KK. Microwave radiation (2.45
GHz)-induced oxidative stress: Whole-body exposure effect on
histopathology of Wistar rats. Electromagn Biol Med. 36(1):20-30, 2017.

Man-made microwave and radiofrequency (RF) radiation technologies have been
steadily increasing with the growing demand of electronic appliances such as
microwave oven and cell phones. These appliances affect biological systems by
increasing free radicals, thus leading to oxidative damage. The aim of this study
was to explore the effect of 2.45 GHz microwave radiation on histology and the
level of lipid peroxide (LPO) in Wistar rats. Sixty-day-old male Wistar rats with
180 £ 10 g body weight were used for this study. Animals were divided into two
groups: sham exposed (control) and microwave exposed. These animals were
exposed for 2 h a day for 35 d to 2.45 GHz microwave radiation (power density,
0.2 mW/cm?). The whole-body specific absorption rate (SAR) was estimated to
be 0.14 W/kg. After completion of the exposure period, rats were sacrificed, and
brain, liver, kidney, testis and spleen were stored/preserved for determination of
LPO and histological parameters. Significantly high level of LPO was observed in
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the liver (p < 0.001), brain (p < 0.004) and spleen (p < 0.006) in samples from
rats exposed to microwave radiation. Also histological changes were observed in
the brain, liver, testis, kidney and spleen after whole-body microwave exposure,
compared to the control group. Based on the results obtained in this study, we
conclude that exposure to microwave radiation 2 h a day for 35 d can potentially
cause histopathology and oxidative changes in Wistar rats. These results
indicate possible implications of such exposure on human health.

(E) *Chen YB, Li J, Liu JY, Zeng LH, Wan Y, Li YR, Ren D, Guo GZ. Effect of
Electromagnetic Pulses (EMP) on associative learning in mice and a preliminary study
of mechanism. Int J Radiat Biol. 87(12):1147-1154, 2011.

PURPOSE: To investigate the effects of electromagnetic pulses (EMP) on associative
learning in mice and test a preliminary mechanism for these effects. MATERIALS AND
METHODS: A tapered parallel plate gigahertz transverse electromagnetic (GTEM) cell with
a flared rectangular coaxial transmission line was used to expose male BALB/c mice to EMP
(peak-intensity 400 kV/m, rise-time 10 ns, pulse-width 350 ns, 0.5 Hz and total 200 pulses).
Concurrent sham-exposed mice were used as a control. Associative learning, oxidative stress
in the brain, serum chemistry and the protective action of tocopherol monoglucoside (TMG)
in mice were measured, respectively. RESULTS: (1) Twelve hour and 1 day post EMP
exposure associative learning was reduced significantly compared with sham control (p<0.05)
but recovered at 2 d post EMP exposure. (2) Compared with the sham control, lipid
peroxidation of brain tissue and chemiluminescence (CL) intensity increased significantly
(p<0.05), while the activity of the antioxidant enzymes Superoxide Dismutase [SOD],
Glutathione [GSH], Glutathione Peroxidase [GSH-Px], Catalase [CAT]) decreased
significantly (p<0.05) at 3h, 6 h, 12 hand 1 d post EMP exposure. All these parameters
recovered at 2 d post EMP exposure. (3) No significant differences between the sham control
group and EMP exposed group were observed in serum cholesterol and triglycerides. (4)
Pretreatment of mice with TMG showed protective effects to EMP exposure.
CONCLUSIONS: EMP exposure significantly decreased associative learning in mice and
TMG acted as an effective protective agent from EMP exposure. This mechanism could
involve an increase of oxidative stress in brain by EMP exposure.

(cancer) (E) Cig B, Naziroglu M. Investigation of the effects of distance from sources on
apoptosis, oxidative stress and cytosolic calcium accumulation via TRPV1 channels
induced by mobile phones and Wi-Fi in breast cancer cells. Biochim Biophys Acta. 2015
Feb 19. pii: S0005-2736(15)00053-X. doi: 10.1016/j.bbamem.2015.02.013. [Epub ahead of
print]

TRPV1 is a Ca** permeable channel and gated by noxious heat, oxidative stress and
capsaicin (CAP). Some reports have indicated that non-ionized electromagnetic radiation
(EMRY)-induces heat and oxidative stress effects. We aimed to investigate the effects of
distance from sources on calcium signaling, cytosolic ROS production, cell viability,
apoptosis, plus caspase-3 and -9 values induced by mobile phones and Wi-Fi in breast
cancer cells MCF-7 human breast cancer cell lines were divided into A, B, C and D
groups as control, 900, 1800 and 2450MHz groups, respectively. Cells in Group A were
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used as control and were kept in cell culture conditions without EMR exposure. Groups
B, C and D were exposed to the EMR frequencies at different distances (Ocm, 1cm, 5¢cm,
10cm, 20cm and 25cm) for 1h before CAP stimulation. The cytosolic ROS production,
Ca?* concentrations, apoptosis, caspase-3 and caspase-9 values were higher in groups B,
C and D than in A group at Ocm, 1cm and 5cm distances although cell viability (MTT)
values were increased by the distances. There was no statistically significant difference in
the values between control, 20 and 25cm. Wi-Fi and mobile phone EMR placed within
10cm of the cells induced excessive oxidative responses and apoptosis via TRPV1-
induced cytosolic Ca** accumulation in the cancer cells. Using cell phones and Wi-Fi
sources which are farther away than 10cm may provide useful protection against
oxidative stress, apoptosis and overload of intracellular Ca®*. This article is part of a
Special Issue entitled: Membrane channels and transporters in cancers.

(E) Comelekoglu U, Aktas S, Demirbag B, Karagul MI, Yalin S, Yildirim M, Akar
A, Korunur Engiz B, Sogut F, Ozbay E. Effect of low-level 1800 MHz
radiofrequency radiation on the rat sciatic nerve and the protective role of
paricalcitol. Bioelectromagnetics. 39(8):631-643, 2018.

The nervous system is an important target of radiofrequency (RF) radiation exposure
since it is the excitable component that is potentially able to interact with
electromagnetic fields. The present study was designed to investigate the effects of
1,800 MHz RF radiation and the protective role of paricalcitol on the rat sciatic nerve.
Rats were divided into four groups as control, paricalcitol, RF, and RF + paricalcitol.
In RF groups, the rats were exposed to 1,800 MHz RF for 1 h per day for 4 weeks.
Control and paricalcitol rats were kept under the same conditions without RF
application. In paricalcitol groups, the rats were given 0.2 ug/kg/day paricalcitol, three
times per week for 4 weeks. Amplitude and latency of nerve compound action
potentials, catalase activities, malondialdehyde (MDA) levels, and ultrastructural
changes of sciatic nerve were evaluated. In the RF group, a significant reduction in
amplitude, prolongation in latency, an increase in the MDA level, and an increase in
catalase activity and degeneration in the myelinated nerve fibers were observed. The
electrophysiological and histological findings were consistent with neuropathy, and
the neuropathic changes were partially ameliorated with paricalcitol administration.

(E) Dasdag S, Akdag MZ, Ulukaya E, Uzunlar AK, Ocak AR. Effect of mobile
phone exposure on apoptotic glial cells and status of oxidative stress in rat brain.
Electromagn Biol Med. 28(4):342-354, 2009.

The aim of this study was to investigate the effects of mobile phone exposure on glial
cells in brain. The study carried out on 31 Wistar Albino adult male rats. The rat heads in
a carousel exposed to 900 MHz microwave. For the study group (n:14), rats exposed to
the radiation 2 h per day (7 days in a week) for 10 months. For the sham group (n:7), rats
were placed into the carousel and the same procedure was applied except that the
generator was turned off. For the cage control (n:10), nothing applied to rats in this
group. In this study, rats were euthanized after 10 months of exposure periods and brains
were removed. Brain tissues were immunohistochemically stained for the active
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(cleaved) caspase-3, which is a well-known apoptosis marker, and p53. The expression of
the proteins was evaluated by a semi-quantitative scoring system. However, total
antioxidative capacity (TAC), catalase, total oxidant status (TOS), and oxidative stress
index were measured in rat brain. Final score for apoptosis in the exposed group was
significantly lower than the sham (p < 0.001) and the cage control groups (p < 0.01). p53
was not significantly changed by the exposure (p > 0.05). The total antioxidant capacity
and catalase in the experimental group was found higher than that in the sham group (p <
0.001, p < 0.05). In terms of the TOS and oxidative stress index, there was no statistically
significant difference between exposure and sham groups (p > 0.05). In conclusion, the
final score for apoptosis, total antioxidant capacity and catalase in rat brain might be
altered by 900 MHz radiation produced by a generator to represent exposure of global
systems for mobile communication (GSM) cellular phones.

(E) De luliis GN, Newey RJ, King BV, Aitken RJ. Mobile Phone Radiation Induces
Reactive Oxygen Species Production and DNA Damage in Human Spermatozoa In
Vitro. PLoS ONE 4(7): 6446, 2009. doi:10.1371/journal.pone.0006446

Background: In recent times there has been some controversy over the impact of
electromagnetic radiation on human health. The significance of mobile phone radiation on
male reproduction is a key element of this debate since several

studies have suggested a relationship between mobile phone use and semen quality. The
potential mechanisms involved have not been established, however, human spermatozoa are
known to be particularly vulnerable to oxidative stress by virtue of the abundant availability of
substrates for free radical attack and the lack of cytoplasmic space to accommodate
antioxidant enzymes. Moreover, the induction of oxidative stress in these cells not only
perturbs their capacity for fertilization but also contributes to sperm DNA damage. The latter
has, in turn, been linked with poor fertility, an increased incidence of miscarriage and
morbidity in the offspring, including childhood cancer. In light of these associations, we have
analyzed the influence of RF-EMR on the cell biology of human spermatozoa in vitro.
Principal Findings: Purified human spermatozoa were exposed to radio-frequency
electromagnetic radiation (RF-EMR) tuned to 1.8 GHz and covering a range of specific
absorption rates (SAR) from 0.4 W/kg to 27.5 W/kg. In step with increasing SAR, motility
and vitality were significantly reduced after RF-EMR exposure, while the mitochondrial
generation of reactive oxygen species and DNA fragmentation were significantly elevated
(P,0.001). Furthermore, we also observed highly significant relationships between SAR, the
oxidative DNA damage bio-marker, 8-OH-dG, and DNA fragmentation after RF-EMR
exposure. Conclusions: RF-EMR in both the power density and frequency range of mobile
phones enhances mitochondrial reactive oxygen species generation by human spermatozoa,
decreasing the motility and vitality of these cells while stimulating DNA base adduct
formation and, ultimately DNA fragmentation. These findings have clear implications for the
safety of extensive mobile phone use by males of reproductive age, potentially affecting both
their fertility and the health and wellbeing of their offspring.
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(E) De Luca C, Chung Sheun Thai J, Raskovic D, Cesareo E, Caccamo D, Trukhanov A,
Korkina L. Metabolic and genetic screening of electromagnetic hypersensitive subjects
as a feasible tool for diagnostics and intervention. Mediators Inflamm.
2014;2014:924184. doi: 10.1155/2014/924184. Epub 2014 Apr 9.

Growing numbers of "electromagnetic hypersensitive” (EHS) people worldwide self-report
severely disabling, multiorgan, non-specific symptoms when exposed to low-dose
electromagnetic radiations, often associated with symptoms of multiple chemical sensitivity
(MCS) and/or other environmental "sensitivity-related illnesses™ (SRI). This cluster of chronic
inflammatory disorders still lacks validated pathogenetic mechanism, diagnostic biomarkers,
and management guidelines. We hypothesized that SRI, not being merely psychogenic, may
share organic determinants of impaired detoxification of common physic-chemical stressors.
Based on our previous MCS studies, we tested a panel of 12 metabolic blood redox-related
parameters and of selected drug-metabolizing-enzyme gene polymorphisms, on 153 EHS, 147
MCS, and 132 control Italians, confirming MCS altered (P < 0.05-0.0001) glutathione-(GSH),
GSH-peroxidase/S-transferase, and catalase erythrocyte activities. We first described
comparable-though milder-metabolic pro-oxidant/proinflammatory alterations in EHS with
distinctively increased plasma coenzyme-Q10 oxidation ratio. Severe depletion of erythrocyte
membrane polyunsaturated fatty acids with increased ® 6/ @ 3 ratio was confirmed in MCS,
but not in EHS. We also identified significantly (P = 0.003) altered distribution-versus-control
of the CYP2C19+1/+2 SNP variants in EHS, and a 9.7-fold increased risk (OR: 95% C.I. =
1.3-74.5) of developing EHS for the haplotype (null)GSTT1 + (null)GSTML1 variants.
Altogether, results on MCS and EHS strengthen our proposal to adopt this blood
metabolic/genetic biomarkers' panel as suitable diagnostic tool for SRI.

(NE) *Demirel S, Doganay S, Turkoz Y, Dogan Z, Turan B, Firat PG. Effects of third
generation mobile phone-emitted electromagnetic radiation on oxidative stress
parameters in eye tissue and blood of rats. Cutan Ocul Toxicol. 31(2):89-94, 2012.

Purpose: To investigate the effects of electromagnetic radiation (EMR) emitted by a third
generation (3G) mobile phone on the antioxidant and oxidative stress parameters in eye
tissue and blood of rats. Methods: Eighteen Wistar albino rats were randomly assigned
into two groups: Group I (n = 9) received a standardized a daily dose of 3G mobile phone
EMR for 20 days, and Group Il served as the control group (n = 9), receiving no exposure
to EMR. Glutathione peroxidase (GSH-Px) and catalase (CAT) levels were measured in
eye tissues; in addition, malondialdehyde (MDA) and reduced GSH levels were measured
in blood. Results: There was no significant difference between groups in GSH-Px (p =
0.99) and CAT (p = 0.18) activity in eye tissue. There was no significant difference
between groups in MDA (p = 0.69) and GSH levels (p = 0.83) in blood. Conclusions: The
results of this study suggest that under a short period of exposure, 3G mobile phone
radiation does not lead to harmful effects on eye tissue and blood in rats.
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(E) *Deshmukh PS, Banerjee BD, Abegaonkar MP, Megha K, Ahmed RS, Tripathi AK,
Mediratta PK. Effect of low level microwave radiation exposure on cognitive function
and oxidative stress in rats. Indian J Biochem Biophys. 50(2):114-119, 2013. (LI)

Use of wireless communicating devices is increasing at an exponential rate in present
time and is raising serious concerns about possible adverse effects of microwave (MW)
radiation emitted from these devices on human health. The present study aimed to
evaluate the effects of 900 MHz MW radiation exposure on cognitive function and
oxidative stress in blood of Fischer rats. Animals were divided into two groups (6
animals/group): Group | (MW-exposed) and Group Il (Sham-exposed). Animals were
subjected to MW exposure (Frequency 900 MHz; specific absorption rate 8.4738 x 10(-5)
W/kq) in Gigahertz transverse electromagnetic cell (GTEM) for 30 days (2 h/day, 5
days/week). Subsequently, cognitive function and oxidative stress parameters were
examined for each group. Results showed significant impairment in cognitive function
and increase in oxidative stress, as evidenced by the increase in levels of MDA (a marker
of lipid peroxidation) and protein carbonyl (a marker of protein oxidation) and unaltered
GSH content in blood. Thus, the study demonstrated that low level MW radiation had
significant effect on cognitive function and was also capable of leading to oxidative
stress.

(NE) de Souza FT, Silva JF, Ferreira EF, Siqueira EC, Duarte AP, Gomez MV, Gomez
RS, Gomes CC. Cell phone use and parotid salivary gland alterations: no molecular
evidence. Cancer Epidemiol Biomarkers Prev. 2014 Apr 21. [Epub ahead of print]

Background The association between cell phone use and the development of parotid tumors is
controversial. Because there is unequivocal evidence that the microenvironment is important
for tumor formation, we investigated in the parotid glands whether cell phone use alters the
expression of gene products related to cellular stress. Methods We used the saliva produced by
the parotid glands of 62 individuals to assess molecular alterations compatible with cellular
stress, comparing the saliva from the gland exposed to cell phone radiation (ipsilateral) to the
saliva from the opposite, unexposed parotid gland (contralateral) of each individual. We
compared salivary flow, total protein concentration, p53, p21, reactive oxygen species (ROS),
and salivary levels of glutathione (GSH), heat shock proteins 27 and 70 and IgA between the
ipsilateral and contralateral parotids. Results No difference was found for any of these
parameters, even when grouping individuals by period of cell phone use in years or by
monthly average calls in minutes. Conclusions and Impact We provide molecular evidence
that the exposure of parotid glands to cell phone use does not alter parotid salivary flow,
protein concentration or levels of proteins of genes that are directly or indirectly affected by
heat-induced cellular stress.

(E) Devrim E, Erguder 1B, Kih¢oglu B, Yaykash E, Cetin R, Durak I. Effects of
Electromagnetic Radiation Use on Oxidant/Antioxidant Status and DNA Turn-over
Enzyme Activities in Erythrocytes and Heart, Kidney, Liver, and Ovary Tissues
From Rats: Possible Protective Role of Vitamin C. Toxicol Mech Methods.
18(9):679-683, 2008.

23



In this study, the aim was to investigate possible effects of Electromagnetic Radiation
(EMR) use on oxidant and antioxidant status in erythrocytes and kidney, heart, liver, and
ovary tissues from rats, and possible protective role of vitamin C. For this aim, 40 Wistar
albino female rats were used throughout the study. The treatment group was exposed to
EMR in a frequency of 900 MHz, the EMR plus vitamin C group was exposed to the
same EMR frequency and given vitamin C (250 mg/kg/day) orally for 4 weeks. There
were 10 animals in each group including control and vitamin C groups. At the end of the
study period, blood samples were obtained from the animals to get erythrocyte sediments.
Then the animals were sacrificed and heart, kidney, liver, and ovary tissues were
removed. Malondialdehyde (MDA) levels and superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GSH-Px), xanthine oxidase (XO), and adenosine
deaminase (ADA) enzyme activities were measured in the tissues and erythrocytes. It
was observed that MDA level, XO, and GSH-Px activities significantly increased in the
EMR group as compared with those of the control group in the erythrocytes. In the
Kidney tissues, it was found that MDA level and CAT activity significantly increased,
whereas XO and ADA activities decreased in the cellular phone group as compared with
those of the control group. However, in the heart tissues it was observed that MDA level,
ADA, and XO activities significantly decreased in the cellular phone group as compared
with those of the control group. The results suggest that EMR at the frequency generated
by a cell phone causes oxidative stress and peroxidation in the erythrocytes and kidney
tissues from rats. In the erythrocytes, vitamin C seems to make partial protection against
the oxidant stress.

(E) Djordjevic B, Sokolovic D, Kocic G, Veljkovic A, Despotovic M, Basic J, Jevtovic-
Stoimenov T, Sokolovic DM. The effect of melatonin on the liver of rats exposed to
microwave radiation. Bratisl Lek Listy. 116(2):96-100, 2015.

OBJECTIVES: We aimed to clarify if melatonin treatment (2 mg/kg i.p.) may favorably
impact the liver tissue in rats exposed to microwave radiation. The experiment was performed
on 84 six-weeks-old Wistar male rats exposed for 4h a day, for 20, 40 and 60 days,
respectively, to microwaves (900 MHz, 100-300 microT, 54-160 V/m). Rats were divided in
to four groups: I (control) - rats treated with saline, 11 (Mel) - rats treated with melatonin, 111
(MWs) - microwave exposed rats, IV (MWs + Mel) - MWs exposed rats treated with
melatonin. We evaluated oxidative stress parameters (malondialdehyde and carbonyl group
content), catalase, xanthine oxidase, deoxyribonuclease I and Il activity. BACKGROUND:
Oxidative stress is the key mechanism of the microwave induced tissue injury. Melatonin, a
lipophilic indoleamine primarily synthesized and released from the pineal gland is a powerful
antioxidant. RESULTS: Exposure to microwaves caused an increase in malondialdehyde
after 40 (p < 0.01), protein carbonyl content after 20 (p < 0.05), catalase (p < 0.05) and xantine
oxidase activity (p < 0.05) after 40 days. Increase in deoxyribonuclease I activity was
observed after 60 days (p < 0.05), while deoxyribonuclease Il activity was unaffected.
Melatonin treatment led to malondialdehyde decrease after 40 days (p< 0.05), but surprisingly
had no effect on other analyzed parameters. CONCLUSION: Melatonin exerts certain
antioxidant effects in the liver of rats exposed to microwaves, by diminishing the intensity of
lipid peroxidation(Fig. 6, Ref. 32).
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(E) Duan W, Liu C, Zhang L, He M, Xu S, Chen C, Pi H, Gao P, Zhang Y, Zhong M, Yu
Z, Zhou Z. Comparison of the Genotoxic Effects Induced by 50 Hz Extremely Low-
Frequency Electromagnetic Fields and 1800 MHz Radiofrequency Electromagnetic
Fields in GC-2 Cells. Radiat Res. 183(3):305-314, 2015.

Extremely low-frequency electromagnetic fields (ELF-EMF) and radiofrequency
electromagnetic fields (RF-EMF) have been considered to be possibly carcinogenic to
humans. However, their genotoxic effects remain controversial. To make experiments
controllable and results comparable, we standardized exposure conditions and explored the
potential genotoxicity of 50 Hz ELF-EMF and 1800 MHz RF-EMF. A mouse spermatocyte-
derived GC-2 cell line was intermittently (5 min on and 10 min off) exposed to 50 Hz ELF-
EMF at an intensity of 1, 2 or 3 mT or to RF-EMF in GSM-Talk mode at the specific
absorption rates (SAR) of 1, 2 or 4 W/kg. After exposure for 24 h, we found that neither ELF-
EMF nor RF-EMF affected cell viability using Cell Counting Kit-8. Through the use of an
alkaline comet assay and immunofluorescence against y-H2AX foci, we found that ELF-EMF
exposure resulted in a significant increase of DNA strand breaks at 3 mT, whereas RF-EMF
exposure had insufficient energy to induce such effects. Using a formamidopyrimidine DNA
glycosylase (FPG)-modified alkaline comet assay, we observed that RF-EMF exposure
significantly induced oxidative DNA base damage at a SAR value of 4 W/kg, whereas ELF-
EMF exposure did not. Our results suggest that both ELF-EMF and RF-EMF under the same
experimental conditions may produce genotoxicity at relative high intensities, but they create
different patterns of DNA damage. Therefore, the potential mechanisms underlying the
genotoxicity of different frequency electromagnetic fields may be different.

(E) Elhag MA, Nabil GM, Attia AM. Effects of electromagnetic field produced by mobile
phones on the oxidant and antioxidant status of rats. Pak J Biol Sci. 10(23):4271-4274,
2007.

This study was designed to investigate the effect of EMR produced by GSM Mobile Phones
(MP) on the oxidant and antioxidant status in rats. Rats were divided into three groups: (1)
controls, (2) rats exposed to a fractionated dose of EMR (15 min day(-1) for four days) (EMR-
F) and (3) rats exposed to an acute dose of EMR (EMR-A). A net drop in the plasma
concentration of vitamin C (-47 and -59.8%) was observed in EMR-F and EMR-A groups,
respectively, when compared to controls. While, a significant decrease in the levels of
lypophilic antioxidant vitamins: vitamin E (-33 and -65.8%), vitamin A (-44.4 and -46.8%)
was observed in EMR-F and EMR-A groups, respectively, when compared to controls. A net
drop in plasma level of reduced glutathione (GSH) (-19.8 and -35.3%) was observed in EMR-
F and EMR-A groups, respectively. EMR exposure of rats produced a significant decrease in
catalase (CAT) and superoxide dismutase (SOD) activities, with the values of these activities
for EMR-A group is significantly lower than those of EMR-F. These results indicate that the
effects of acute doses of EMR produced by mobile phones on the rat's antioxidant status is
significantly higher than those of fractionated doses of the same type of radiation. On the basis
of present results, it can be concluded that exposure to acute doses of EMR produced by
mobile phones is more hazardous than that produced by fractionated doses of the same type of
radiation.
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(E) Erdem Kog G, Kaplan S, Altun G, Giimiis H, Giilsiim Deniz O, Aydin I, Emin
Onger M, Altunkaynak Z. Neuroprotective effects of melatonin and omega-3 on
hippocampal cells prenatally exposed to 900 MHz electromagnetic fields. Int J Radiat
Biol. 2016 Jul 21:1-6. [Epub ahead of print]

PURPOSE: Adverse effects on human health caused by electromagnetic fields (EMF)
associated with the use of mobile phones, particularly among young people, are increasing all
the time. The potential deleterious effects of EMF exposure resulting from mobile phones
being used in close proximity to the brain require particular evaluation. However, only a
limited number of studies have investigated the effects of prenatal exposure to EMF in the
development of the pyramidal cells using melatonin (MEL) and omega-3 (®-3).
MATERIALS AND METHODS: We established seven groups of pregnant rats consisting of
three animals each; control (CONT), SHAM, EMF, EMF + MEL, MEL, EMF + ®-3 and ®-3
alone. The rats in the EMF, EMF + MEL, EMF + -3 groups were exposed to 900 MHz EMF
for 60 min/day in an exposure tube during the gestation period. The CONT, MEL and ®-3
group rats were not placed inside the exposure tube or exposed to EMF during the study
period. After delivery, only spontaneously delivered male rat pups were selected for the
establishment of further groups. Each group of offspring consisted of six animals. The optical
fractionator technique was used to determine total pyramidal neuron numbers in the rat
hippocampal region. RESULTS: The total number of pyramidal cells in the cornu ammonis
(CA) in the EMF group was significantly lower than in the CONT, SHAM, EMF + MEL, and
EMF + -3 groups. No significant difference was observed between the EMF, MEL and ®-3
groups. No difference was also observed between any groups in terms of rats' body or brain
weights. CONCLUSION: MEL and »-3 can protect the cell against neuronal damage in the
hippocampus induced by 900 MHz EMF. However, further studies are now needed to
evaluate the chronic effects of 900 MHz EMF on the brain in the prenatal period.

(E) Ertilav K, Uslusoy F, Ataizi S, Naziroglu M.Long term exposure to cell phone
frequencies (900 and 1800 MHz) induces apoptosis, mitochondrial oxidative stress and
TRPV1 channel activation in the hippocampus and dorsal root ganglion of rats. Metab
Brain Dis. 33(3):753-763, 2018. Jan 13.

Mobile phone providers use electromagnetic radiation (EMR) with frequencies ranging
from 900 to 1800 MHz. The increasing use of mobile phones has been accompanied by
several potentially pathological consequences, such as neurological diseases related to
hippocampal (HIPPON) and dorsal root ganglion neuron (DRGN). The TRPV1 channel
is activated different stimuli, including CapN, high temperature and oxidative stress. We
investigated the contribution TRPV1 to mitochondrial oxidative stress and apoptosis in
HIPPON and DRGN following long term exposure to 900 and 1800 MHz in a rat model.
Twenty-four adult rats were equally divided into the following groups: (1) control, (2)
900 MHz, and (3) 1800 MHz exposure. Each experimental group was exposed to EMR
for 60 min/ 5 days of the week during the one year. The 900 and 1800 MHz EMR
exposure induced increases in TRPV1 currents, intracellular free calcium influx (Ca®"),
reactive oxygen species (ROS) production, mitochondrial membrane depolarization (JC-
1), apoptosis, and caspase 3 and 9 activities in the HIPPON and DRGN. These
deleterious processes were further increased in the 1800 MHz experimental group
compared to the 900 MHz exposure group. In conclusion, mitochondrial oxidative stress,
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programmed cell death and Ca?* entry pathway through TRPV1 activation in the
HIPPON and DRGN of rats were increased in the rat model following exposure to 900
and 1800 MHz cell frequencies. Our results suggest that exposure to 900 and 1800 MHz
EMR may induce a dose-associated, TRPV1-mediated stress response.

(E) *Eser O, Songur A, Aktas C, Karavelioglu E, Caglar V, Aylak F, Ozguner F, Kanter
M. The effect of electromagnetic radiation on the rat brain: an experimental study. Turk
Neurosurg. 23(6):707-715, 2013.

AIM: The aim of this study is to determine the structural changes of electromagnetic waves in
the frontal cortex, brain stem and cerebellum. MATERIAL and METHODS: 24 Wistar
Albino adult male rats were randomly divided into four groups: group I consisted of control
rats, and groups I1-1V comprised electromagnetically irradiated (EMR) with 900, 1800 and
2450 MHz. The heads of the rats were exposed to 900, 1800 and 2450 MHz microwaves
irradiation for 1h per day for 2 months. RESULTS: While the histopathological changes in the
frontal cortex and brain stem were normal in the control group, there were severe degenerative
changes, shrunken cytoplasm and extensively dark pyknotic nuclei in the EMR groups.
Biochemical analysis demonstrated that the Total Antioxidative Capacity level was
significantly decreased in the EMR groups and also Total Oxidative Capacity and Oxidative
Stress Index levels were significantly increased in the frontal cortex, brain stem and
cerebellum. IL-1p level was significantly increased in the EMR groups in the brain stem.
CONCLUSION: EMR causes to structural changes in the frontal cortex, brain stem and
cerebellum and impair the oxidative stress and inflammatory cytokine system. This
deterioration can cause to disease including loss of these areas function and cancer
development.

(E) Esmekaya MA, Ozer C, Seyhan N. 900 MHz pulse-modulated radiofrequency
radiation induces oxidative stress on heart, lung, testis and liver tissues. Gen Physiol
Biophys. 30(1):84-89, 2011.

Oxidative stress may affect many cellular and physiological processes including gene
expression, cell growth, and cell death. In the recent study, we aimed to investigate whether
900 MHz pulse-modulated radiofrequency (RF) fields induce oxidative damage on lung, heart
and liver tissues. We assessed oxidative damage by investigating lipid peroxidation
(malondialdehyde, MDA), nitric oxide (NOXx) and glutathione (GSH) levels which are the
indicators of tissue toxicity. A total of 30 male Wistar albino rats were used in this study. Rats
were divided randomly into three groups; control group (n = 10), sham group (device off, n =
10) and 900 MHz pulsed-modulated RF radiation group (n = 10). The RF rats were exposed to
900 MHz pulsed modulated RF radiation at a specific absorption rate (SAR) level of 1.20
W/kg 20 min/day for three weeks. MDA and NOX levels were increased significantly in liver,
lung, testis and heart tissues of the exposed group compared to sham and control groups (p <
0.05). Conversely GSH levels were significantly lower in exposed rat tissues (p < 0.05). No
significantly difference was observed between sham and control groups. Results of our study
showed that pulse-modulated RF radiation causes oxidative injury in liver, lung, testis and
heart tissues mediated by lipid peroxidation, increased level of NOx and suppression of
antioxidant defense mechanism.
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(E) Esmekaya MA, Tuysuz MZ, Tomruk A, Canseven AG, Ycel E, Aktuna Z, Keskil S,
Seyhan N. Effects of cell phone radiation on lipid peroxidation, glutathione and nitric
oxide levels in mouse brain during epileptic seizure. J Chem Neuroanat. 75(pt.B):111-
115, 2016.

The objective of the this study was to evaluate the effects of cellular phone radiation on
oxidative stress parameters and oxide levels in mouse brain during pentylenetetrazole (PTZ)
induced epileptic seizure. Eight weeks old mice were used in the study. Animals were
distributed in the following groups: Group I: Control group treated with PTZ, Group I1: 15min
cellular phone radiation+PTZ treatment+30min cellular phone radiation, Group I11: 30min
cellular phone radiation+PTZ treatment+30min cellular phone radiation. The RF radiation was
produced by a 900MHz cellular phone. Lipid peroxidation, which is the indicator of oxidative
stress was quantified by measuring the formation of thiobarbituric acid reactive substances
(TBARS). The glutathione (GSH) levels were determined by the Ellman method. Tissue total
nitric oxide (NOX) levels were obtained using the Griess assay. Lipid peroxidation and NOx
levels of brain tissue increased significantly in group Il and 11 compared to group 1. On the
contrary, GSH levels were significantly lower in group Il and Il than group I. However, no
statistically significant alterations in any of the endpoints were noted between group Il and
Group I11. Overall, the experimental findings demonstrated that cellular phone radiation may
increase the oxidative damage and NOx level during epileptic activity in mouse brain.

(NE) Fasseas MK, Fragopoulou AF, Manta AK, Skouroliakou A, Vekrellis K,
Margaritis LH, Syntichaki P. Response of Caenorhabditis elegans to wireless devices
radiation exposure. Int J Radiat Biol. 91(3):286-293, 2015.

Purpose: The aim of this study was to examine the impact of electromagnetic radiation,
produced by GSM (Global System for Mobile communications) mobile phones, Wi-Fi
(Wireless-Fidelity) routers and wireless DECT (Digital Enhanced Cordless
Telecommunications) phones, on the nematode C. elegans. Materials and methods: We
exposed synchronized populations, of different developmental stages, to these wireless
devices at E-field levels below ICNIRP's (International Commission on Non-lonizing
Radiation Protection) guidelines for various lengths of time. WT (wild-type) and aging- or
stress-sensitive mutant worms were examined for changes in growth, fertility, lifespan,
chemotaxis, short-term memory, increased ROS (Reactive Oxygen Species) production and
apoptosis by using fluorescent marker genes or qRT-PCR (quantitative Reverse Transcription-
Polymerase Chain Reaction). Results: No statistically significant differences were found
between the exposed and the sham/control animals in any of the experiments concerning
lifespan, fertility, growth, memory, ROS, apoptosis or gene expression. Conclusions: The
worm appears to be robust to this form of (pulsed) radiation, at least under the exposure
conditions used.

(E) Fatma M. Ghoneim, Eetmad A. Arafat. Histological and histochemical study of the
protective role of rosemary extract against harmful effect of cell phone electromagnetic
radiation on the parotid glands. Acta Histochemica, Available online 4 May 2016.
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Electromagnetic fields (EMFs) are a class of non-ionizing radiation (NIR) that is emitted from
mobile phone. It may have hazardous effects on parotid glands. So, we aimed to investigate
the histological and histochemical changes of the parotid glands of rats exposed to mobile
phone and study the possible protective role of rosemary against its harmful effect. Forty adult
male albino rats were used in this study. They were classified into 4 equal groups. Group |
(control), group 11 (control receiving rosemary), group 11 (mobile phone exposed group) and
group IV (mobile exposed, rosemary treated group). Parotid glands were dissected out for
histological and histochemical study. Moreover, measurement of oxidative stress markers;
malondialdehyde (MDA) and total antioxidant capacity (TAC) was done. The results of this
study revealed that rosemary has protective effect through improving the histological and
histochemical picture of the parotid gland in addition of its antioxidant effect. It could be
concluded from the current study, that exposure of parotid gland of rat models to
electromagnetic radiation of mobile phone resulted in structural changes at the level of light
and electron microscopic examination which could be explained by oxidative stress effect of
mobile phone. Rosemary could play a protective role against this harmful effect through its
antioxidant activity.

(NE) | ! | Ferreira AR, Knakievicz T, de Bittencourt Pasquali
MA, Gelain DP, Dal-Pizzol F, Fernandez CE, de Almeida de Salles AA, Ferreira HB,
Moreira JC. Ultra high frequency-electromagnetic field irradiation during pregnancy
leads to an increase in erythrocytes micronuclei incidence in rat offspring. Life Sci.
80(1)43-50, 2006.

Mobile telephones and their base stations are an important ultra high frequency-
electromagnetic field (UHF-EMF) source and their utilization is increasing all over the
world. Epidemiological studies suggested that low energy UHF-EMF emitted from a
cellular telephone may cause biological effects, such as DNA damage and changes on
oxidative metabolism. An in vivo mammalian cytogenetic test, the micronucleus (MN)
assay, was used to investigate the occurrence of chromosomal damage in erythrocytes
from rat offspring exposed to a non-thermal UHF-EMF from a cellular phone during their
embryogenesis; the irradiated group showed a significant increase in MN occurrence. In
order to investigate if UHF-EMF could also alter oxidative parameters in the peripheral
blood and in the liver - an important hematopoietic tissue in rat embryos and newborns -
we also measured the activity of antioxidant enzymes, quantified total sulfhydryl content,
protein carbonyl groups, thiobarbituric acid-reactive species and total non-enzymatic
antioxidant defense. No significant differences were found in any oxidative parameter of
offspring blood and liver. The average number of pups in each litter has also not been
significantly altered. Our results suggest that, under our experimental conditions, UHF-
EME is able to induce a genotoxic response in hematopoietic tissue during the
embryogenesis through an unknown mechanism.
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(E) Friedman J, Kraus S, Hauptman Y, Schiff Y, Seger R. Mechanism of a short-term
ERK activation by electromagnetic fields at mobile phone frequency. Biochem J.
405:559-568, 2007.

The exposure to non-thermal microwave electromagnetic field generated by mobile
phones affects the expression of many proteins. This effect on transcription and protein
stability can be mediated by the mitogen-activated protein kinase (MAPK) cascades,
which serve as central signaling pathways, and govern essentially all stimulated cellular
processes. Indeed, a long-term exposure of cells to mobile phone irradiation results in the
activation of p38MAPKSs as well as the ERK/MAPKSs. Here we studied the immediate
effect of irradiation on the MAPK cascades, and found that ERKSs, but not stress related
MAPKSs are rapidly activated in response to various frequencies and intensities. Using
signaling inhibitors we delineated the mechanism that is involved in this activation. We
found that the first step is mediated in the plasma membrane by NADH oxidase, which
rapidly generates reactive oxygen species (ROS). These ROS then directly stimulate
matrix metalloproteinases and allow them to cleave and release heparin binding-EGF.
This secreted factor, activates EGF receptor, which in turn further activates the ERK
cascade. Thus, this study demonstrates for the first time a detailed molecular mechanism
by which electromagnetic irradiation by mobile phones induces the activation of the ERK
cascade and thereby induces transcription and other cellular processes.

(NE) *Furtado-Filho OV, Borba JB, Dallegrave A, Pizzolato TM, Henriques JA,
Moreira JC, Saffi J. Effect of 950 MHz UHF electromagnetic radiation on biomarkers of
oxidative damage, metabolism of UFA and antioxidants in the livers of young rats of
different ages. Int J Radiat Biol. 90(2):159-168, 2014.

Purpose: To assess the effect of 950 MHz ultra-high-frequency electromagnetic radiation
(UHF EMR) on biomarkers of oxidative damage, as well as to verify the concentration of
unsaturated fatty acids (UFA) and the expression of the catalase in the livers of rats of
different ages. Materials and methods: Twelve rats were equally divided into two groups
as controls (CR) and exposed (ER), for each age (0, 6, 15 and 30 days). Radiation
exposure lasted half an hour per day for up to 51 days (21 days of gestation and 6, 15 or
30 days of life outside the womb). The specific absorption rate (SAR) ranged from 1.3-
1.0 W/kg. The damage to lipids, proteins and DNA was verified by thiobarbituric acid
reactive substances (TBARS), protein carbonyls and comets, respectively. UFA were
determined by gas chromatography with a flame ionization detector. The expression of
catalase was by Western blotting. Results: The neonates had low levels of TBARS and
concentrations of UFA after exposure. There was no age difference in the accumulation
of protein carbonyls for any age. The DNA damage of ER 15 or 30 days was different.
The exposed neonates exhibited lower expression of catalase. Conclusions: 950 MHz
UHF EMR does not cause oxidative stress (OS), and it is not genotoxic to the livers of
neonates or those of 6 and 15 day old rats, but it changes the concentrations of
polyunsaturated fatty acid (PUFA) in neonates. For rats of 30 days, no OS, but it is
genotoxic to the livers of ER to total body irradiation.
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(NE) Furtado-Filho OV, Borba JB, Maraschin T, Souza LM, Jose JA, Moreira CF,
Saffi J. Effects of chronic exposure to 950 MHz ultra-high-frequency electromagnetic
radiation on reactive oxygen species metabolism in the right and left cerebral cortex of
young rats of different ages. Int J Radiat Biol. 2015 Aug 14:1-17. [Epub ahead of print]

PURPOSE: To assess the effect of 950 MHz ultra-high-frequency electromagnetic radiation
(UHF-EMR) on biomarkers of oxidative damage to DNA, proteins and lipids in the left
cerebral cortex (LCC) and right cerebral cortex (RCC) of neonate and 6-day-old rats.
MATERIALS AND METHODS: Twelve rats were equally divided into two groups as
controls (CR) and exposed (ER), for each age (0 and 6 days). The LCC and RCC were
examined in ER and CR after exposure. Radiation exposure lasted half an hour per day for up
to 27 days (throughout pregnancy and 6 days postnatal). The specific absorption rate ranged
from 1.32 - 1.14 W/kg. The damage to lipids, proteins and DNA was verified by thiobarbituric
acid reactive substances, carbonylated proteins (CP) and comets, respectively. The
concentration of glucose in the peripheral blood of the rats was measured by the Accu-Chek
Active Kit due to increased CP in RCC. RESULTS: In neonates, no modification of the
biomarkers tested was detected. On the other hand, there was an increase in the levels of CP in
the RCC of the 6-day-old ER. Interestingly, the concentration of blood glucose was decreased
in this group. CONCLUSIONS: Our results indicate that there is no genotoxicity and
oxidative stress in neonates and 6 days rats. However, the RCC had the highest concentration
of CP that do not seem to be a consequence of oxidative stress. This study is the first to
demonstrate the use of UHF-EMR causes different damage responses to proteins in the LCC
and RCC.

(E) Gajski G, Garaj-Vrhovac V. Radioprotective effects of honeybee venom (Apis
mellifera) against 915-MHz microwave radiation-induced DNA damage in wistar
rat lymphocytes: in vitro study. Int J Toxicol. 28(2):88-98, 20009.

The aim of this study is to investigate the radioprotective effect of bee venom against
DNA damage induced by 915-MHz microwave radiation (specific absorption rate of 0.6
W/Kkg) in Wistar rats. Whole blood lymphocytes of Wistar rats are treated with 1
microg/mL bee venom 4 hours prior to and immediately before irradiation. Standard and
formamidopyrimidine-DNA glycosylase (Fpg)-modified comet assays are used to assess
basal and oxidative DNA damage produced by reactive oxygen species. Bee venom
shows a decrease in DNA damage compared with irradiated samples. Parameters of Fpg-
modified comet assay are statistically different from controls, making this assay more
sensitive and suggesting that oxidative stress is a possible mechanism of DNA damage
induction. Bee venom is demonstrated to have a radioprotective effect against basal and
oxidative DNA damage. Furthermore, bee venom is not genotoxic and does not produce
oxidative damage in the low concentrations used in this study.

(E) *Garaj-Vrhovac V, Gajski G, Pazanin S, Saroli¢ A, Domijan AM, Flajs D, Peraica
M. Assessment of cytogenetic damage and oxidative stress in personnel occupationally
exposed to the pulsed microwave radiation of marine radar equipment. Int J Hyg
Environ Health. 4(1):59-65, 2011.
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Due to increased usage of microwave radiation, there are concerns of its adverse effect in
today's society. Keeping this in view, study was aimed at workers occupationally exposed
to pulsed microwave radiation, originating from marine radars. Electromagnetic field
strength was measured at assigned marine radar frequencies (3 GHz, 5.5 GHz and 9.4
GHz) and corresponding specific absorption rate values were determined. Parameters of
the comet assay and micronucleus test were studied both in the exposed workers and in
corresponding unexposed subjects. Differences between mean tail intensity (0.67 vs.
1.22) and moment (0.08 vs. 0.16) as comet assay parameters and micronucleus test
parameters (micronuclei, nucleoplasmic bridges and nuclear buds) were statistically
significant between the two examined groups, suggesting that cytogenetic alterations
occurred after microwave exposure. Concentrations of glutathione and malondialdehyde
were measured spectrophotometrically and using high performance liquid
chromatography. The glutathione concentration in exposed group was significantly lower
than in controls (1.24 vs. 0.53) whereas the concentration of malondialdehyde was
significantly higher (1.74 vs. 3.17), indicating oxidative stress. Results suggests that
pulsed microwaves from working environment can be the cause of genetic and cell
alterations and that oxidative stress can be one of the possible mechanisms of DNA and

cell damage.

(E) *Ghanbari M*, Mortazavi SB, Khavanin A', Khazaei M2 The Effects of Cell Phone
Waves (900 MHz-GSM Band) on Sperm Parameters and Total Antioxidant Capacity in
Rats. Int J Fertil Steril. 7(1):21-28, 2013.

BACKGROUND: There is tremendous concern regarding the possible adverse effects of cell
phone microwaves. Contradictory results, however, have been reported for the effects of these
waves on the body. In the present study, the effect of cell phone microwaves on sperm
parameters and total antioxidant capacity was investigated with regard to the duration of
exposure and the frequency of these waves. MATERIALS AND METHODS: This
experimental study was performed on 28 adult male Wistar rats (200-250 g). The animals
were randomly assigned to four groups (n=7): i. control; ii. two-week exposure to cell phone-
simulated waves; iii. three-week exposure to cell phonesimulated waves; and iv. two-week
exposure to cell phone antenna waves. In all groups, sperm analysis was performed based on
standard methods and we determined the mean sperm total antioxidant capacity according to
the ferric reducing ability of plasma (FRAP) method. Data were analyzed by one-way
ANOVA followed by Tukey's test using SPSS version 16 software. RESULTS: The results
indicated that sperm viability, motility, and total antioxidant capacity in all exposure groups
decreased significantly compared to the control group (p<0.05). Increasing the duration of
exposure from 2 to 3 weeks caused a statistically significant decrease in sperm viability and
motility (p<0.05). CONCLUSION: Exposure to cell phone waves can decrease sperm
viability and motility in rats. These waves can also decrease sperm total antioxidant capacity
in rats and result in oxidative stress.

(E) Ghazizadeh V, Naziroglu M. Electromagnetic radiation (Wi-Fi) and epilepsy induce
calcium entry and apoptosis through activation of TRPV1 channel in hippocampus and
dorsal root ganglion of rats. Metab Brain Dis. 2014 May 3. [Epub ahead of print]
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Incidence rates of epilepsy and use of Wi-Fi worldwide have been increasing. TRPV1 is a
Ca®" permeable and non-selective channel, gated by noxious heat, oxidative stress and
capsaicin (CAP). The hyperthermia and oxidant effects of Wi-Fi may induce apoptosis and
Ca®" entry through activation of TRPV/1 channel in epilepsy. Therefore, we tested the effects
of Wi-Fi (2.45 GHz) exposure on Ca*" influx, oxidative stress and apoptosis through TRPV1
channel in the murine dorsal root ganglion (DRG) and hippocampus of pentylentetrazol
(PTZ)-induced epileptic rats. Rats in the present study were divided into two groups as
controls and PTZ. The PTZ groups were divided into two subgroups namely PTZ + Wi-Fi and
PTZ + Wi-Fi + capsazepine (CPZ). The hippocampal and DRG neurons were freshly isolated
from the rats. The DRG and hippocampus in PTZ + Wi-Fi and PTZ + Wi-Fi + CPZ groups
were exposed to Wi-Fi for 1 hour before CAP stimulation. The cytosolic free Ca®*, reactive
oxygen species production, apoptosis, mitochondrial membrane depolarization, caspase-3 and
-9 values in hippocampus were higher in the PTZ group than in the control although cell
viability values decreased. The Wi-Fi exposure induced additional effects on the cytosolic
Ca”" increase. However, pretreatment of the neurons with CPZ, results in a protection against
epilepsy-induced Ca?* influx, apoptosis and oxidative damages. In results of whole cell patch-
clamp experiments, treatment of DRG with Ca?* channel antagonists [thapsigargin, verapamil
+ diltiazem, 2-APB, MK-801] indicated that Wi-Fi exposure induced Ca”" influx via the
TRPV1 channels. In conclusion, epilepsy and Wi-Fi in our experimental model is involved in
Ca”" influx and oxidative stress-induced hippocampal and DRG death through activation of
TRPV1 channels, and negative modulation of this channel activity by CPZ pretreatment may
account for the neuroprotective activity against oxidative stress.

(NE) Glaser K, Rohland M, Kleine-Ostmann T, Schrader T, Stopper H, Hintzsche
H. Effect of Radiofrequency Radiation on Human Hematopoietic Stem Cells.
Radiat Res. 186(5):455-465, 2016.

Exposure to electromagnetic fields in the radiofrequency range is ubiquitous, mainly
due to the worldwide use of mobile communication devices. With improving
technologies and affordability, the number of cell phone subscriptions continues to
increase. Therefore, the potential effect on biological systems at low-intensity
radiation levels is of great interest. While a number of studies have been performed
to investigate this issue, there has been no consensus reached based on the results.
The goal of this study was to elucidate the extent to which cells of the hematopoietic
system, particularly human hematopoietic stem cells (HSC), were affected by mobile
phone radiation. We irradiated HSC and HL-60 cells at frequencies used in the major
technologies, GSM (900 MHz), UMTS (1,950 MHz) and LTE (2,535 MHz) for a short
period (4 h) and a long period (20 h/66 h), and with five different intensities ranging
from 0 to 4 W/kg specific absorption rate (SAR). Studied end points included
apoptosis, oxidative stress, cell cycle, DNA damage and DNA repair. In all but one of
these end points, we detected no clear effect of mobile phone radiation; the only
alteration was found when quantifying DNA damage. Exposure of HSC to the GSM
modulation for 4 h caused a small but statistically significant decrease in DNA
damage compared to sham exposure. To our knowledge, this is the first published
study in which putative effects (e.g., genotoxicity or influence on apoptosis rate) of
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radiofrequency radiation were investigated in HSC. Radiofrequency electromagnetic fields did
not affect cells of the hematopoietic system, in particular HSC, under the given experimental
conditions.

(E) Grigor'ev luG, Mikhailov VF, lvanov AA, Mal'tsev VN, Ulanova AM,
Stavrakova NM, Nikolaeva IA, Grigor'ev OA. [Autoimmune processes after long-
term low-level exposure to electromagnetic fields (the results of an experiment). Part
4. Manifestation of oxidative intracellular stress-reaction after long-term non-
thermal EMF exposure of rats] Radiats Biol Radioecol. 50(1):22-27, 2010. [Article in
Russian]

This paper presents the results of the study of the effects of long-term low-level exposure
of rats to microwaves. Rats were exposed in far field to 2450 MHz continuous wave
fields providing an incident power density at the cages of 500 microW/cm2 for 7 hours
daily for a total of 30 days resulting in a whole-body SAR of 0.16 +/- 0.04 W/kg. Three
groups ("EMF-exposure”, "sham-exposure™ and cage-control) were formed, each
consisting of 16 rats. Circulating antibodies (IgA, 1gG and IgM) directed against 16
chemical substances were evaluated in coded serum from each group of rats by enzyme
multiplied analysis (ELISA test). An increased amount of compounds resulting from
interaction of amino acids with nitric oxide (NO) or its derivatives (NO2-Tyrosine, NO-
Arginine, NO-Cysteine + NO-Bovine Serum Albumin, NJ-Methionine + NO-Asparagine
+ No-Histidine, NO-BTrypnohan + NJ-Tyrosin), fatty acids with small chains,
hydroxylated fatty acids, palmitic/myristic/oleic acid, AZE (product of oxidation of fatty
acids) was found in blood serum from EMF-exposed rats. As a rule, antibodies to
conjugated antigens were seen for IgM, rarely seen for IgG and were completely absent
for IgA. The levels of antibodies were higher on day 7 after the exposure compared to
those on day 14 after the exposure.

(E) Gulati S, Yadav A, Kumar N, Priya K, Aggarwal NK, Gupta R. Phenotypic
and genotypic characterization of antioxidant enzyme system in human
population exposed to radiation from mobile towers. Mol Cell Biochem. 2017
Aug 17. doi: 10.1007/s11010-017-3150-6. [Epub ahead of print]

In the present era, cellular phones have changed the life style of human beings completely and
have become an essential part of their lives. The number of cell phones and cell towers are
increasing in spite of their disadvantages. These cell towers transmit radiation continuously
without any interruption, so people living within 100s of meters from the tower receive 10,000
to 10,000,000 times stronger signal than required for mobile communication. In the present
study, we have examined superoxide dismutase (SOD) enzyme activity, catalase (CAT)
enzyme activity, lipid peroxidation assay, and effect of functional polymorphism of SOD and
CAT antioxidant genes against mobile tower-induced oxidative stress in human population.
From our results, we have found a significantly lower mean value of manganese superoxide
dismutase (MnSOD) enzyme activity, catalase (CAT) enzyme activity, and a high value of
lipid peroxidation assay in exposed as compared to control subjects. Polymorphisms in
antioxidant MnSOD and CAT genes significantly contributed to its phenotype. In the current
study, a significant association of genetic polymorphism of antioxidant genes with genetic
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damage has been observed in human population exposed to radiations emitted from mobile
towers.

(E) Guler G, Tomruk A, Ozgur E, Seyhan N. The effect of radiofrequency radiation
on DNA and lipid damage in non-pregnant and pregnant rabbits and their
newborns. Gen Physiol Biophys. 29(1):59-66, 2010.

The concerns of people on possible adverse health effects of radiofrequency radiation
(RFR) generated from mobile phones as well as their supporting transmitters (base
stations) have increased markedly. RFR effect on oversensitive people, such as pregnant
women and their developing fetuses, and older people is another source of concern that
should be considered. In this study, oxidative DNA damage and lipid peroxidation levels
in the brain tissue of pregnant and non-pregnant New Zealand White rabbits and their
newborns exposed to RFR were investigated. Thirteen-month-old rabbits were studied in
four groups as non-pregnant-control, non-pregnant-RFR exposed, pregnant-control and
pregnant-RFR exposed. They were exposed to RFR (1800 MHz GSM; 14 V/m as
reference level) for 15 min/day during 7 days. Malondialdehyde (MDA) and 8-hydroxy-
2'-deoxyguanosine (8-OHdG) levels were analyzed. MDA and 8-OHdG levels of non-
pregnant and pregnant-RFR exposed animals significantly increased with respect to
controls (p < 0.001, Mann-Whitney test). No difference was found in the newborns (p >
0.05, Mann-Whitney). There exist very few experimental studies on the effects of RFR
during pregnancy. It would be beneficial to increase the number of these studies in order
to establish international standards for the protection of pregnant women from RFR.

(E) *Guler G, Tomruk A, Ozgur E, Sahin D, Sepici A, Altan N, Seyhan N.
The effect of radiofrequency radiation on DNA and lipid damage in female and male
infant rabbits. Int J Radiat Biol. 88(4):367-373, 2012.

PURPOSE: We aimed to design a prolonged radiofrequency (RF) radiation exposure and
investigate in an animal model, possible bio-effects of RF radiation on the ongoing
developmental stages of children from conception to childhood. MATERIALS AND
METHODS: A total of 72 New Zealand female and male white rabbits aged one month were
used. Females were exposed to RF radiation for 15 min/day during 7 days, whereas males
were exposed to the same level of radiation for 15 min/day during 14 days. Thirty-six female
and 36 male infant rabbits were randomly divided into four groups: Group I [Intrauterine (1U)
exposure (-); Extrauterine (EU) exposure (-)]: Sham exposure which means rabbits were
exposed to 1800 MHz Global System for Mobile Telecommunication (GSM)-like RF signals
neither in the 1U nor in the EU periods. Group 1l [IU exposure (-); EU exposure (+)]: Infant
rabbits were exposed to 1800 MHz GSM-like RF signals when they reached one month of
age. Group 11 [IU exposure (+); EU exposure (-)]: Infant rabbits were exposed to 1800 MHz
GSM-like RF signals in the 1U period (between 15th and 22nd days of the gestational period).
Group IV [IU exposure (+); EU exposure (+)]: Infant rabbits were exposed to 1800 MHz
GSM-like RF signals both in the 1U period (between 15th and 22nd days of the gestational
period) and in the EU period when they reached one month of age. Biochemical analysis for
lipid peroxidation and DNA damage were carried out in the livers of all rabbits. RESULTS:
Lipid peroxidation levels in the liver tissues of female and male infant rabbits increased under
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RF radiation exposure. Liver 8-hydroxy-2'-deoxyguanosine (8-OHdG) levels of female rabbits
exposed to RF radiation were also found to increase when compared with the levels of non-
exposed infants. However, there were no changes in liver 8-OHdG levels of male rabbits
under RF exposure. CONCLUSION: Consequently, it can be concluded that GSM-like RF
radiation may induce biochemical changes by increasing free radical attacks to structural
biomolecules in the rabbit as an experimental animal model.

(E) Gurler HS, Bilgici B, Akar AK, Tomak L, Bedir A. Increased DNA oxidation (8-
OHdG) and protein oxidation (AOPP) by Low level electromagnetic field (2.45 GHz) in
rat brain and protective effect of garlic. Int J Radiat Biol. 2014 May 21:1-15. [Epub
ahead of print]

Purpose: To investigate the oxidative damage and protective effect of garlic on rats exposed to
low level of electromagnetic fields (EMF) at 2.45 GHz Microwave radiation (MWR).
Methods: Thirty six Wistar rats were divided into three groups. Group | was the control group
and not exposed to EMF. Group Il and 111 were exposed to low level EMF (3.68+0.36 VV/m) at
2.45 GHz MWR for 1 hour/day for 30 consecutive days. Daily 500 mg/kg garlic was given to
Group I during the study period. At the end of the study, thiobarbituric acid reactive
substances (TBARS), advanced oxidation protein products (AOPP) and 8-
hydroxydeoxyguanosine (8-OHdG) levels were investigated in brain tissue and blood
samples. Results: Exposure to low level of EMF increased 8-OHdG level in both plasma and
brain tissue whereas it increased AOPP level only in plasma. Garlic prevented the increase of
8-OHdG level in brain tissue and plasma AOPP levels. Conclusions: It may be concluded that
low level EMF at 2.45 GHz MWR increases the DNA damage in both brain tissues and
plasma of the rats whereas it increases protein oxidation only in plasma. It may also be argued
that the use of garlic decreases these effects.

(E) Gulati S, Yadav A, Kumar N, Priya K, Aggarwal NK, Gupta R. Phenotypic and
genotypic characterization of antioxidant enzyme system in human population
exposed to radiation from mobile towers. Mol Cell Biochem. 2017 Aug 17. doi:
10.1007/s11010-017-3150-6. [Epub ahead of print]

In the present era, cellular phones have changed the life style of human beings
completely and have become an essential part of their lives. The number of cell phones
and cell towers are increasing in spite of their disadvantages. These cell towers transmit
radiation continuously without any interruption, so people living within 100s of meters
from the tower receive 10,000 to 10,000,000 times stronger signal than required for
mobile communication. In the present study, we have examined superoxide dismutase
(SOD) enzyme activity, catalase (CAT) enzyme activity, lipid peroxidation assay, and
effect of functional polymorphism of SOD and CAT antioxidant genes against mobile
tower-induced oxidative stress in human population. From our results, we have found a
significantly lower mean value of manganese superoxide dismutase (MnSOD) enzyme
activity, catalase (CAT) enzyme activity, and a high value of lipid peroxidation assay in
exposed as compared to control subjects. Polymorphisms in antioxidant MnSOD and
CAT genes significantly contributed to its phenotype. In the current study, a significant
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association of genetic polymorphism of antioxidant genes with genetic damage has been
observed in human population exposed to radiations emitted from mobile towers.

(E) Guney M, Ozguner F, Oral B, Karahan N, Mungan T. 900 MHz radiofrequency-
induced histopathologic changes and oxidative stress in rat endometrium: protection by
vitamins E and C. Toxicol Ind Health. 23(7):411-420, 2007.

There are numerous reports on the effects of electromagnetic radiation (EMR) in various
cellular systems. Mechanisms of adverse effects of EMR indicate that reactive oxygen
species (ROS) may play a role in the biological effects of this radiation. The aims of this
study were to examine 900 MHz mobile phone-induced oxidative stress that promotes
production of ROS and to investigate the role of vitamins E and C, which have
antioxidant properties, on endometrial tissue against possible 900 MHz mobile phone-
induced endometrial impairment in rats. The animals were randomly grouped (eight each)
as follows: 1) Control group (without stress and EMR, Group 1), 2) sham-operated rats
stayed without exposure to EMR (exposure device off, Group I1), 3) rats exposed to 900
MHz EMR (EMR group, Group I11) and 4) a 900 MHz EMR exposed + vitamin-treated
group (EMR + Vit group, Group V). A 900 MHz EMR was applied to EMR and EMR +
Vit group 30 min/day, for 30 days using an experimental exposure device. Endometrial
levels of nitric oxide (NO, an oxidant product) and malondialdehyde (MDA, an index of
lipid peroxidation), increased in EMR exposed rats while the combined vitamins E and C
caused a significant reduction in the levels of NO and MDA. Likewise, endometrial
superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GSH-PXx)
activities decreased in EMR exposed animals while vitamins E and C caused a significant
increase in the activities of these antioxidant enzymes. In the EMR group histopathologic
changes in endometrium, diffuse and severe apoptosis was present in the endometrial
surface epithelial and glandular cells and the stromal cells. Diffuse eosinophilic leucocyte
and lymphocyte infiltration were observed in the endometrial stroma whereas the
combination of vitamins E and C caused a significant decrease in these effects of EMR. It
is concluded that oxidative endometrial damage plays an important role in the 900 MHz
mobile phone-induced endometrial impairment and the modulation of oxidative stress
with vitamins E and C reduces the 900 MHz mobile phone-induced endometrial damage
both at biochemical and histological levels.

(E) *Hamzany Y, Feinmesser R, Shpitzer T, Mizrachi A, Hilly O, Hod R, Bahar G,
Otradnov I, Gavish M, Nagler RM. Is human saliva an indicator of the adverse health
effects of using mobile phones? Antioxid Redox Signal. 18(6):622-627, 2013.

Increasing use of mobile phones creates growing concerns regarding harmful effects of
radiofrequency nonionizing electromagnetic radiation on human tissues located close to the
ear, where phones are commonly held for long periods of time. We studied 20 subjects in the
mobile-phone group who had a mean duration of mobile phone use of 12.5 years (range 8-15)
and a mean time use of 29.6 h per month (range 8-100). Deaf individuals served as controls.
We compared salivary outcomes (secretion, oxidative damage indices, flow rate, and
composition) between mobile phone users and nonusers. We report a significant increase in all
salivary oxidative stress indices studied in mobile phone users. Salivary flow, total protein,
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albumin, and amylase activity were decreased in mobile phone users. These observations lead
to the hypothesis that the use of mobile phones may cause oxidative stress and modify salivary
function.

(E) *Hana H, Odaca1 E, Kaya H, Aliyazicioglu Y, Turan I, Demir S, Colakoglu S. The
effect of prenatal exposure to 900-MHz electromagnetic field on the 21-old-day rat
testicle. Reprod Toxicol. 42:203-209, 2013.

The aim of this study was to investigate the effect of exposure to a 900-MHz electromagnetic
field (EMF) in the prenatal term on the 21-old-day rat testicle. Pregnant rats were divided into
control (CG) and EMF (EMFG) groups. EMFG was exposed to 900-MHz EMF during days
13-21 of pregnancy. Newborn CG rats were obtained from the CG and newborn EMFG
(NEMFGQ) rats from the EMFG. Testicles were extracted at postnatal day 21. Lipid
peroxidation and DNA oxidation levels, apoptotic index and histopathological damage scores
were compared. NEMFG rats exhibited irregularities in seminiferous tubule basal membrane
and epithelium, immature germ cells in the lumen, and a decreased diameter in seminiferous
tubules and thickness of epithelium. Apoptotic index, lipid peroxidation and DNA oxidation
were higher in NEMFG rats than in NCG. 21-day-old rat testicles exposed to 900-MHz EMF
in the prenatal term may be adversely affected, and this effect persists after birth.

(E) Hane1 H, Turedi S, Topal Z, Mercantepe T, Bozkurt I, Kaya H, Ersoz S, Unal B,
Odaci E. Can prenatal exposure to a 900 MHz electromagnetic field affect the
morphology of the spleen and thymus, and alter biomarkers of oxidative damage in 21-
day-old male rats? Biotech Histochem. 2015 May 19:1-9. [Epub ahead of print]

We investigated the effects of a 900 Megahertz (MHz) electromagnetic field (EMF), applied
during the prenatal period, on the spleen and thymus of 21-day-old male rat pups. Pregnant
Sprague-Dawley rats were divided into control and EMF groups. We applied 900 MHz EMF
for 1 h/day to the EMF group of pregnant rats. Newborn male rat pups were removed from
their mothers and sacrificed on postnatal day 21. Spleen and thymus tissues were excised and
examined. Compared to the control group, thymus tissue malondialdehyde levels were
significantly higher in the group exposed to EMF, while glutathione levels were significantly
decreased. Increased malondialdehyde and glutathione levels were observed in splenic tissue
of rats exposed to EMF, while a significant decrease occurred in superoxide dismutase values
compared to controls. Transmission electron microscopy showed pathological changes in cell
morphology in the thymic and splenic tissues of newborn rats exposed to EMF. Exposure to
900 MHz EMF during the prenatal period can cause pathological and biochemical changes
that may compromise the development of the male rat thymus and spleen.

(E) Hassig M, Jud F, Naegeli H, Kupper J, Spiess BM. Prevalence of nuclear cataract in
Swiss veal calves and its possible association with mobile telephone antenna base
stations. Schweiz Arch Tierheilkd. 151(10):471-478, 20009. (L)

The purpose of this study was to valuate the prevalence of nuclear cataract in veal calves and

to elucidate a possible impact by mobile phone base stations (MPBS). For this experiment a
cohort study was conducted. A follow-up of the geographical location of each dam and its calf
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from conception through the fetal period up to slaughter was performed. The first trimester of
gestation (organogenesis) was particularly emphasized. The activities of selected protective
antioxidants (superoxide dismutase, catalase, glutathione peroxidase [GPx]) were assessed in
aqueous humor of the eye to evaluate the redox status. Of 253 calves, 79 (32 %) had various
degrees of nuclear cataract, but only 9 (3.6 %) calves had severe nuclear cataract. Results
demonstrate a relation between the location of veals calves with nuclear cataracts in the first
trimester of gestation and the strength of antennas. The number of antennas within 100 to 199
meters was associated with oxidative stress and there was an association between oxidative
stress and the distance to the nearest MPBS. Oxidative stress was increased in eyes with
cataract (OR per kilometer: 0.80, confidence interval 95 % 0.62,0.93). It has not been shown
that the antennas actually affected stress. Hosmer-Lemeshow statistics showed an accuracy of
100 % in negative cases with low radiation, and only 11.11 % accuracy in positive cases with
high radiation. This reflects, that there are a lot of other possibilities for nuclear cataract beside
MPBS. Further studies on the influence of electromagnetic fields during embryonic
development animal or person at risk are indicated.

(E) Hassig M, Wullschleger M, Naegeli HP, Kupper J, Spiess B, Kuster N, Capstick M,
Murbach M. Influence of non ionizing radiation of base stations on the activity of redox
proteins in bovines. BMC Vet Res. 2014 Jun 19;10(1):136. [Epub ahead of print]

BACKGROUND: The influence of electromagnetic fields on the health of humans and
animals is still an intensively discussed and scientifically investigated issue (Prakt Tierarzt
11:15-20, 2003; Umwelt Medizin Gesellschaft 17:326-332, 2004; J Toxicol Environment
Health, Part B 12:572-597, 2009). We are surrounded by numerous electromagnetic fields of
variable strength, coming from electronic equipment and its power cords, from high-voltage
power lines and from antennas for radio, television and mobile communication. Particularly
the latter cause's controversy, as everyone likes to have good mobile reception at anytime and
anywhere, whereas nobody wants to have such a base station antenna in their proximity.
RESULTS: _In this experiment, the non-ionizing radiation (NIR) has resulted in changes in the
enzyme activities. Certain enzymes were disabled, others enabled by NIR. Furthermore,
individual behavior patterns were observed. While certain cows reacted to NIR, others did not
react at all, or even inversely. CONCLUSION: The present results coincide with the
information from the literature, according to which NIR leads to changes in redox proteins,
and that there are individuals who are sensitive to radiation and others that are not. However,
the latter could not be distinctly attributed - there are cows that react clearly with one enzyme
while they do not react with another enzyme at all, or even the inverse. The study approach of
testing ten cows each ten times during three phases has proven to be appropriate. Future
studies should however set the post-exposure phase later on.

(E) Hatice S. Giirler, Birsen Bilgici, Aysegiil K. Akar, Leman Tomak & Abdiilkerim
Bedir. Increased DNA oxidation (8-OHdG) and protein oxidation (AOPP) by low level

electromagnetic field (2.45 GHz) in rat brain and protective effect of garlic.
International Journal of Radiation Biology. Posted online on August 4, 2014.

Purpose: To investigate the oxidative damage and protective effect of garlic on rats exposed
to low level of electromagnetic fields (EMF) at 2.45 GHz Microwave radiation (MWR).
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Methods: Thirty-six Wistar rats were divided into three groups. Group | was the control group
and not exposed to EMF. Group Il and 111 were exposed to low level EMF (3.68 + 0.36 VV/m)
at 2.45 GHz MWR for 1 hour/day for 30 consecutive days. Daily 500 mg/kg garlic was given
to Group 11 during the study period. At the end of the study, thiobarbituric acid reactive
substances (TBARS), advanced oxidation protein products (AOPP) and 8-
hydroxydeoxyguanosine (8-OHdG) levels were investigated in brain tissue and blood
samples. Results: Exposure to low level of EMF increased 8-OHdG level in both plasma and
brain tissue whereas it increased AOPP level only in plasma. Garlic prevented the increase of
8-OHdG level in brain tissue and plasma AOPP levels. Conclusions: It may be concluded that
low level EMF at 2.45 GHz MWR increases the DNA damage in both brain tissues and
plasma of the rats whereas it increases protein oxidation only in plasma. It may also be argued
that the use of garlic decreases these effects.

(E) Hidisoglu E, Kantar Gok D, Er H, Akpinar D, Uysal F, Akkoyunlu G, Ozen S, Agar
A, Yargicoglu P. 2100-MHz electromagnetic fields have different effects on visual
evoked potentials and oxidant/antioxidant status depending on exposure duration. Brain
Res. 2016 Jan 14. pii: S0006-8993(16)00031-7. doi: 10.1016/j.brainres.2016.01.018. [Epub
ahead of print]

The purpose of the present study was to investigate the duration effects of 2100-MHz
electromagnetic field (EMF) on visual evoked potentials (VEPs) and to assess lipid
peroxidation (LPO), nitric oxide (NO) production and antioxidant status of EMF exposed rats.
Rats were randomized to following groups: Sham rats (S1 and S10) and rats exposed to 2100-
MHz EMF (E1 and E10) for 2h/day for 1 or 10 weeks, respectively. At the end of
experimental periods, VEPs were recorded under anesthesia. Brain thiobarbituric acid reactive
substances (TBARS) and 4-hydroxy-2-nonenal (4-HNE) levels were significantly decreased
in the E1 whereas increased in the E10 compared with their control groups. While brain
catalase (CAT), glutathione peroxidase (GSH-PXx) activities and NO and glutathione (GSH)
levels were significantly increased in the E1, reduction of superoxide dismutase (SOD)
activity was detected in the same group compared with the S1. Conversely, decreased CAT,
GSH-Px activities and NO levels were observed in the E10 compared with the S10. Latencies
of all VEP components were shortened in the E1 compared with the S1, whereas latencies of
all VEP components, except P1, were prolonged in the E10 compared with the S10. There
was a positive correlation between all VEP latencies and brain TBARS and 4-HNE values.
Consequently, it could be concluded that different effects of EMFs on VEPs depend on
exposure duration. Additionally, our results indicated that short-term EMF could provide
protective effects, while long-term EMF could have an adverse effect on VEPs and
oxidant/antioxidant status.

(NE) Hong MN, Kim BC, Ko YG, Lee YS, Hong SC, Kim T, Pack JK, Choi HD, Kim N,
Lee JS. Effects of 837 and 1950 MHz radiofrequency radiation exposure alone or
combined on oxidative stress in MCF10A cells. Bioelectromagnetics. 33(7):604-611,
2012.

The aim of this study was to determine whether the exposure to either single or multiple radio-
frequency (RF) radiation frequencies could induce oxidative stress in cell cultures. Exposures
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of human MCF10A mammary epithelial cells to either a single frequency (837 MHz alone or
1950 MHz alone) or multiple frequencies (837 and 1950 MHz) were conducted at specific
absorption rate (SAR) values of 4 W/kg for 2 h. During the exposure period, the temperature
in the exposure chamber was maintained isothermally. Intracellular levels of reactive oxygen
species (ROS), the antioxidant enzyme activity of superoxide dismutase (SOD), and the ratio
of reduced/oxidized glutathione (GSH/GSSG) showed no statistically significant alterations as
the result of either single or multiple RF radiation exposures. In contrast, ionizing radiation-
exposed cells, used as a positive control, showed evident changes in all measured biological
endpoints. These results indicate that single or multiple RF radiation exposure did not elicit
oxidative stress in MCF10A cells under our exposure conditions.

(NE) Hook, G. J., Spitz, D. R., Sim, J. E., Higashikubo, R., Baty, J. D., Moros, E. G. and
Roti Roti, J. L. Evaluation of Parameters of Oxidative Stress after In Vitro Exposure to
FMCW:- and CDMA-Modulated Radiofrequency Radiation Fields. Radiat. Res. 162,
497-504, 2004.

The goal of this study was to determine whether radiofrequency (RF) radiation is capable of
inducing oxidative stress or affecting the response to oxidative stress in cultured mammalian
cells. The two types of RF radiation investigated were frequency-modulated continuous-wave
with a carrier frequency of 835.62 MHz (FMCW) and code division multiple access centered
on 847.74 MHz (CDMA). To evaluate the effect of RF radiation on oxidative stress, J774.16
mouse macrophage cells were stimulated with y-interferon (IFN) and bacterial
lipopolysaccharide (LPS) prior to exposure. Cell cultures were exposed for 20-22 hto a
specific absorption rate of 0.8 W/kg at a temperature of 37.0 £ 0.3°C. Oxidative stress was
evaluated by measuring oxidant levels, antioxidant levels, oxidative damage and nitric oxide
production. Oxidation of thiols was measured by monitoring the accumulation of glutathione
disulfide (GSSG). Cellular antioxidant defenses were evaluated by measuring superoxide
dismutase activity (CuZnSOD and MnSOD) as well as catalase and glutathione peroxidase
activity. The trypan blue dye exclusion assay was used to measure any changes in viability.
The results of these studies indicated that FMCW- and CDMA-modulated RF radiation did
not alter parameters indicative of oxidative stress in J774.16 cells. FMCW- and CDMA-
modulated fields did not alter the level of intracellular oxidants, accumulation of GSSG or
induction of antioxidant defenses in IFN/LPS-stimulated cells. Consistent with the lack of an
effect on oxidative stress parameters, no change in toxicity was observed in J774.16 cells after
either optimal (with or without inhibitors of nitric oxide synthase) or suboptimal stimulation.

(E) Hou Q, Wang M, Wu S, Ma X, An G, Liu H, Xie F. Oxidative changes and apoptosis
induced by 1800-MHz electromagnetic radiation in NIH/3T3 cells. Electromagn Biol
Med. 34(1):85-92, 2015.

To investigate the potential adverse effects of mobile phone radiation, we studied reactive
oxygen species (ROS), DNA damage and apoptosis in mouse embryonic fibroblasts
(NIH/3T3) after intermittent exposure (5 min on/10 min off, for various durations from 0.5 to
8 h) to an 1800-MHz GSM-talk mode electromagnetic radiation (EMR) at an average specific
absorption rate of 2 W/kg. A 2',7'-dichlorofluorescin diacetate fluorescence probe was used to
detect intracellular ROS levels, immunofluorescence was used to detect YH2AX foci as a
marker for DNA damage, and flow cytometry was used to measure apoptosis. Our results
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showed a significant increase in intracellular ROS levels after EMR exposure and it reached
the highest level at an exposure time of 1 h (p <0.05) followed by a slight decrease when the
exposure continued for as long as 8 h. No significant effect on the number of YH2AX was
detected after EMR exposure. The percentage of late-apoptotic cells in the EMR-exposed
group was significantly higher than that in the sham-exposed groups (p <0.05). These results
indicate that an 1800-MHz EMR enhances ROS formation and promotes apoptosis in
NIH/3T3 cells.

(E) Houston BJ, Nixon B, King BV, De luliis GN, Aitken RJ. The effects of
radiofrequency electromagnetic radiation on sperm function. Reproduction.
152(6):R263-R276, 2016.

Mobile phone usage has become an integral part of our lives. However, the effects of the
radiofrequency electromagnetic radiation (RF-EMR) emitted by these devices on
biological systems and specifically the reproductive systems are currently under active
debate. A fundamental hindrance to the current debate is that there is no clear mechanism
of how such non-ionising radiation influences biological systems. Therefore, we explored
the documented impacts of RF-EMR on the male reproductive system and considered any
common observations that could provide insights on a potential mechanism. Among a
total of 27 studies investigating the effects of RF-EMR on the male reproductive system,
negative consequences of exposure were reported in 21. Within these 21 studies, 11 of
the 15 that investigated sperm motility reported significant declines, 7 of 7 that measured
the production of reactive oxygen species (ROS) documented elevated levels and 4 of 5
studies that probed for DNA damage highlighted increased damage due to RF-EMR
exposure. Associated with this, RF-EMR treatment reduced the antioxidant levels in 6 of
6 studies that discussed this phenomenon, whereas consequences of RF-EMR were
successfully ameliorated with the supplementation of antioxidants in all 3 studies that
carried out these experiments. In light of this, we envisage a two-step mechanism
whereby RF-EMR s able to induce mitochondrial dysfunction leading to elevated ROS
production. A continued focus on research, which aims to shed light on the biological
effects of RF-EMR will allow us to test and assess this proposed mechanism in a variety
of cell types.

(E) Houston BJ, Nixon B, King BV, Aitken RJ, De luliis GN. Probing the Origins of
1,800 MHz Radio Frequency Electromagnetic Radiation Induced Damage in Mouse
Immortalized Germ Cells and Spermatozoa in vitro. Front Public Health. 6:270, 2018.

As the use of mobile phone devices is now highly prevalent, many studies have sought to
evaluate the effects of the radiofrequency-electromagnetic radiation (RF-EMR) on both
human health and biology. While several such studies have shown RF-EMR is capable of
inducing cellular stress, the physicobiological origin of this stress remains largely unresolved.
To explore the effect of RF-EMR on the male reproductive system, we exposed cultured
mouse spermatogonial GC1 and spermatocyte GC2 cell lines, as well as cauda epididymal
spermatozoa to a waveguide generating continuous wave RF-EMR (1.8 GHz, 0.15 and 1.5
W/kg). This study demonstrated that a 4 h exposure is capable of inducing the generation of
mitochondrial reactive oxygen species (ROS) in populations of GC1 (7 vs. 18%; p < 0.001)
and GC2 cells (11.5 vs. 16 %; p < 0.01), identifying Complex 11 of the electron transport
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chain (ETC) as the potential source of electrons producing ROS. Assessing the generation of
ROS in the presence of an antioxidant, penicillamine, as well as measuring lipid peroxidation
via 4-hydroxynonenal levels, indicated that the elevated incidence of ROS generation
observed under our exposure conditions did not necessarily induce an overt cellular oxidative
stress response. However, exposure to RF-EMR at 0.15 W/kg for 3 h did induce significant
DNA fragmentation in spermatozoa (that was no longer significant after 4 h), assessed by the
alkaline comet assay (p < 0.05). Furthermore, this fragmentation was accompanied by an
induction of oxidative DNA damage in the form of 8-hydroxy-2'-deoxyguanosine, which was
significant (p < 0.05) after spermatozoa were exposed to RF-EMR for 4 h. At this exposure
time point, a decline in sperm motility (p < 0.05) was also observed. This study contributes
new evidence toward elucidating a mechanism to account for the effects of RF-EMR on
biological systems, proposing Complex 111 of the mitochondrial ETC as the key target of this
radiation.

(cancer) (E) Hoyt6 A, Luukkonen J, Juutilainen J, Naarala J. Proliferation, oxidative
stress and cell death in cells exposed to 872 MHz radiofrequency radiation and oxidants.
Radiat. Res. 170(2):235-243, 2008. (WS)

Human SH-SY5Y neuroblastoma and mouse L929 fibroblast cells were exposed to 872 MHz
radiofrequency (RF) radiation using continuous waves (CW) or a modulated signal similar to
that emitted by GSM mobile phones at a specific absorption rate (SAR) of 5 W/kg in
isothermal conditions. To investigate possible combined effects with other agents, menadione
was used to induce reactive oxygen species, and tert-butylhydroperoxide (t-BOOH) was used
to induce lipid peroxidation. After 1 or 24 h of exposure, reduced cellular glutathione levels,
lipid peroxidation, proliferation, caspase 3 activity, DNA fragmentation and viability were
measured. Two statistically significant differences related to RF radiation were observed:
Lipid peroxidation induced by t-BOOH was increased in SH-SY5Y (but not in L929) cells,
and menadione-induced caspase 3 activity was increased in L929 (but not in SH-SY5Y) cells.
Both differences were statistically significant only for the GSM-modulated signal. The other
end points were not significantly affected in any of the experimental conditions, and no effects
were observed from exposure to RF radiation alone. The positive findings may be due to
chance, but they may also reflect effects that occur only in cells sensitized by chemical stress.
Further studies are required to investigate the reproducibility and dose response of the possible
effects.

(E) Hu S, Peng R, Wang C, Wang S, Gao Y, Dong J, Zhou H, Su Z, Qiao S, Zhang S,
Wang L, Wen X.Neuroprotective effects of dietary supplement Kang-fu-ling against
high-power microwave through antioxidant action. Food Funct. 2014 Jul 24. [Epub
ahead of print]

Kang-fu-ling (KFL) is a polybotanical dietary supplement with antioxidant properties. This
study aimed to evaluate the potential protective effects of KFL on cognitive deficit induced by
high-power microwave (HPM) and the underlying mechanism for this neuroprotection. The
electron spin resonance technique was employed to evaluate the free radical scavenging
activity of KFL in vitro and KFL exhibited scavenging hydroxyl radical activity. KFL at doses
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of 0.75, 1.5 and 3 g kg-1 and vehicle were administered orally once daily for 14 days to male
Wistar rats after being exposed to 30 mW cm-2 HPM for 15 minutes. KFL reversed HPM-
induced memory loss and the histopathological changes in hippocampus of rats. In addition,
KFL displayed a protective effect against HPM-induced oxidative stress and activated the
nuclear factor-E2-related factor 2 (Nrf2) and its target genes in the hippocampus of rats. The
Nrf2-antioxidant response element (ARE) signaling pathway may be involved in the
neuroprotective effects of KFL against HPM-induced oxidative stress. In summary, the dietary
supplement KFL is a promising natural complex, which ameliorates oxidative stress, with
neuroprotective effects against HPM.

(E) ikinci A, Mercantepe T, Unal D, Erol HS, Sahin A, Aslan A, Bas O, Erdem H,
Sonmez OF, Kaya H, Odac1 E. Morphological and antioxidant impairments in the spinal
cord of male offspring rats following exposure to a continuous 900-MHz electromagnetic
field during early and mid-adolescence. J Chem Neuroanat. 2015 Dec 17. pii: S0891-
0618(15)00096-4. doi: 10.1016/j.jchemneu.2015.11.006. [Epub ahead of print]

The effects on human health of devices emitting electromagnetic field (EMF) have become
the subject of intense research among scientists due to the rapid increase in their use. Children
and adolescents are particularly attracted to the use of devices emitting EMF, such as mobile
phones. The aim of this study was therefore to investigate changes in the spinal cords of male
rat pups exposed to the effect of 900 megahertz (MHz) EMF. The study began with 24
Sprague Dawley male rats aged 3 weeks. Three groups containing equal numbers of rats were
established - control group (CG), sham group (SG) and EMF group (EMFG). EMFG rats
were placed inside an EMF cage every day between postnatal days (PD) 21 and 46 and
exposed to the effect of 900MHz EMF for 1hour. SG rats were kept in the EMF cage for
1hour without being exposed to the effect of EMF. At the end of the study, the spinal cords in
the upper thoracic region of all rats were removed. Tissues were collected for biochemistry,
light microscopy (LM) and transmission electron microscopic (TEM) examination.
Biochemistry results revealed significantly increased malondialdehyde and glutathione levels
in EMFG compared to CG and SG, while SG and EMFG catalase and superoxide dismutase
levels were significantly higher than those in CG. In EMFG, LM revealed atrophy in the
spinal cord, vacuolization, myelin thickening and irregularities in the perikarya. TEM revealed
marked loss of myelin sheath integrity and invagination into the axon and broad vacuoles in
axoplasm. The study results show that biochemical alterations and pathological changes may
occur in the spinal cords of male rats following exposure to 900MHz EMF for 1hour a day on
PD 21-46.

(E) llhan A, Gurel A, Armutcu F, Kamisli S, Iraz M, Akyol O, Ozen S. Ginkgo biloba
prevents mobile phone-induced oxidative stress in rat brain. Clin Chim Acta. 340(1-2):
153-162, 2004.

BACKGROUND: The widespread use of mobile phones (MP) in recent years has raised the
research activities in many countries to determine the consequences of exposure to the low-
intensity electromagnetic radiation (EMR) of mobile phones. Since several experimental
studies suggest a role of reactive oxygen species (ROS) in EMR-induced oxidative damage in



tissues, in this study, we investigated the effect of Ginkgo biloba (Gb) on MP-induced
oxidative damage in brain tissue of rats. METHODS: Rats (EMR+) were exposed to 900
MHz EMR from MP for 7 days (1 h/day). In the EMR+Gb groups, rats were exposed to EMR
and pretreated with Gb. Control and Gb-administrated groups were produced by turning off
the mobile phone while the animals were in the same exposure conditions. Subsequently,
oxidative stress markers and pathological changes in brain tissue were examined for each
groups. RESULTS: Oxidative damage was evident by the: (i) increase in malondialdehyde
(MDA) and nitric oxide (NO) levels in brain tissue, (ii) decrease in brain superoxide dismutase
(SOD) and glutathione peroxidase (GSH-Px) activities and (iii) increase in brain xanthine
oxidase (XO) and adenosine deaminase (ADA) activities. These alterations were prevented by
Gb treatment. Furthermore, Gb prevented the MP-induced cellular injury in brain tissue
histopathologically. CONCLUSION: Reactive oxygen species may play a role in the
mechanism that has been proposed to explain the biological side effects of MP, and Gb
prevents the MP-induced oxidative stress to preserve antioxidant enzymes activity in brain
tissue.

(E) Imge EB, Kili¢oglu B, Devrim E, Cetin R, Durak I. Effects of mobile phone use
on brain tissue from the rat and a possible protective role of vitamin C - a
preliminary study. Int J Radiat Biol. 86(12):1044-1049, 2010.

Purpose: To evaluate effects of mobile phone use on brain tissue and a possible protective
role of vitamin C. Materials and methods: Forty female rats were divided into four groups
randomly (Control, mobile phone, mobile phone plus vitamin C and, vitamin C alone).
The mobile phone group was exposed to a mobile phone signal (900 MHz), the mobile
phone plus vitamin C group was exposed to a mobile phone signal (900 MHz) and treated
with vitamin C administered orally (per os). The vitamin C group was also treated with
vitamin C per os for four weeks. Then, the animals were sacrificed and brain tissues were
dissected to be used in the analyses of malondialdehyde (MDA), antioxidant potential
(AOP), superoxide dismutase, catalase (CAT), glutathione peroxidase (GSH-PXx),
xanthine oxidase, adenosine deaminase (ADA) and 5'nucleotidase (5'-NT). Results:
Mobile phone use caused an inhibition in 5'-NT and CAT activities as compared to the
control group. GSH-Px activity and the MDA level were also found to be reduced in the
mobile phone group but not significantly. Vitamin C caused a significant increase in the
activity of GSH-Px and non-significant increase in the activities of 5'-NT, ADA and CAT
enzymes. Conclusion: Our results suggest that vitamin C may play a protective role
against detrimental effects of mobile phone radiation in brain tissue.

(E) Irmak MK, Fadillioglu E, Gulec M, Erdogan H, Yagmurca M, Akyol O. Effects of
electromagnetic radiation from a cellular telephone on the oxidant and antioxidant
levels in rabbits. Cell Biochem Funct. 20(4):279-283, 2002.

The number of reports on the effects induced by electromagnetic radiation (EMR) in various
cellular systems is still increasing. Until now no satisfactory mechanism has been proposed to
explain the biological effects of this radiation. Oxygen free radicals may play a role in
mechanisms of adverse effects of EMR. This study was undertaken to investigate the
influence of electromagnetic radiation of a digital GSM mobile telephone (900 MHz) on
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oxidant and antioxidant levels in rabbits. Adenosine deaminase, xanthine oxidase, catalase,
myeloperoxidase, superoxide dismutase (SOD) and glutathione peroxidase activities as well as
nitric oxide (NO) and malondialdehyde levels were measured in sera and brains of EMR-
exposed and sham-exposed rabbits. Serum SOD activity increased, and serum NO levels
decreased in EMR-exposed animals compared to the sham group. Other parameters were not
changed in either group. This finding may indicate the possible role of increased oxidative
stress in the pathophysiology of adverse effect of EMR. Decreased NO levels may also
suggest a probable role of NO in the adverse effect.

(E) **Jelodar G, Akbari A, Nazifi S. The prophylactic effect of vitamin C on oxidative
stress indexes in rat eyes following exposure to radiofrequency wave generated by a BTS
antenna model. Int J Radiat Biol. 89(2):128-131, 2013.

Purpose: This study was conducted to evaluate the effect of radiofrequency wave (RFW)-
induced oxidative stress in the eye and the prophylactic effect of vitamin C on this organ by
measuring the antioxidant enzymes activity including: glutathione peroxidase (GPx),
superoxide dismutase (SOD) and catalase (CAT), and malondialdehyde (MDA). Materials
and methods: Thirty-two adult male Sprague-Dawley rats were randomly divided into four
experimental groups and treated daily for 45 days as follows: Control, vitamin C (L-ascorbic
acid 200 mg/kg of body weight/day by gavage), test (exposed to 900 MHz RFW) and the
treated group (received vitamin C in addition to exposure to RFW). At the end of the
experiment all animals were sacrificed, their eyes were removed and were used for
measurement of antioxidant enzymes and MDA activity. Results: The results indicate that
exposure to RFW in the test group decreased antioxidant enzymes activity and increased
MDA compared with the control groups (P < 0.05). In the treated group vitamin C improved
antioxidant enzymes activity and reduced MDA compared to the test group (P < 0.05).
Conclusions: It can be concluded that RFW causes oxidative stress in the eyes and vitamin C
improves the antioxidant enzymes activity and decreases MDA.

(E) *Jelodar G, Nazifi S, Akbari A. The prophylactic effect of vitamin C on induced
oxidative stress in rat testis following exposure to 900 MHz radio frequency wave
generated by a BTS antenna model. Electromagn Biol Med. 32(3):409-416, 2013.

Radio frequency wave (RFW) generated by base transceiver station (BTS) has been reported
to make deleterious effects on reproduction, possibly through oxidative stress. This study was
conducted to evaluate the effect of RFW generated by BTS on oxidative stress in testis and the
prophylactic effect of vitamin C by measuring the antioxidant enzymes activity, including
glutathione peroxidase, superoxide dismutase (SOD) and catalase, and malondialdehyde
(MDA). Thirty-two adult male Sprague-Dawley rats were randomly divided into four
experimental groups and treated daily for 45 days as follows: sham, sham+vitamin C (I-
ascorbic acid 200 mg/kg of body weight/day by gavage), RFW (exposed to 900 MHz RFW)
'sham’ and 'RFW'" animals were given the vehicle, i.e., distilled water and the RFW+vitamin C
group (received vitamin C in addition to exposure to RFW). At the end of the experiment, all
the rats were sacrificed and their testes were removed and used for measurement of
antioxidant enzymes and MDA activity. The results indicate that exposure to RFW in the test
group decreased antioxidant enzymes activity and increased MDA compared with the control
groups (p < 0.05). In the treated group, vitamin C improved antioxidant enzymes activity and
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reduced MDA compared with the test group (p < 0.05). It can be concluded that REW causes
oxidative stress in testis and vitamin C improves the antioxidant enzymes activity and
decreases MDA.

(NE) Jeong YJ, Son Y, Han NK, Choi HD, Pack JK, Kim N, Lee YS, Lee HJ. Impact of
Long-Term RF-EMF on Oxidative Stress and Neuroinflammation in Aging Brains of
C57BL/6 Mice. Int J Mol Sci. 2018 Jul 19;19(7). pii: E2103.

The expansion of mobile phone use has raised questions regarding the possible biological
effects of radiofrequency electromagnetic field (RF-EMF) exposure on oxidative stress and
brain inflammation. Despite accumulative exposure of humans to radiofrequency
electromagnetic fields (RF-EMFs) from mobile phones, their long-term effects on oxidative
stress and neuroinflammation in the aging brain have not been studied. In the present study,
middle-aged C57BL/6 mice (aged 14 months) were exposed to 1950 MHz electromagnetic
fields for 8 months (specific absorption rate (SAR) 5 W/kg, 2 h/day, 5 d/week). Compared
with those in the young group, levels of protein (3-nitro-tyrosine) and lipid (4-hydroxy-2-
nonenal) oxidative damage markers were significantly increased in the brains of aged mice. In
addition, levels of markers for DNA damage (8-hydroxy-2'-deoxyguanosine, p53, p21,
yYH2AX, and Bax), apoptosis (cleaved caspase-3 and cleaved poly(ADP-ribose) polymerase 1
(PARP-1)), astrocyte (GFAP), and microglia (Iba-1) were significantly elevated in the brains
of aged mice. However, long-term RF-EMF exposure did not change the levels of oxidative
stress, DNA damage, apoptosis, astrocyte, or microglia markers in the aged mouse brains.
Moreover, long-term RF-EMF exposure did not alter locomotor activity in aged mice.
Therefore, these findings indicate that long-term exposure to RF-EMF did not influence age-
induced oxidative stress or neuroinflammation in C57BL/6 mice.

(cancer) (E) Kahya MC, Naziroglu M, Cig B. Selenium Reduces Mobile Phone (900
MH2z)-Induced Oxidative Stress, Mitochondrial Function, and Apoptosis in Breast
Cancer Cells. Biol Trace Elem Res. 160: 285-293, 2014.

Exposure to mobile phone-induced electromagnetic radiation (EMR) may affect biological
systems by increasing free oxygen radicals, apoptosis, and mitochondrial depolarization levels
although selenium may modulate the values in cancer. The present study was designed to
investigate the effects of 900 MHz radiation on the antioxidant redox system, apoptosis, and
mitochondrial depolarization levels in MDA-MB-231 breast cancer cell line. Cultures of the
cancer cells were divided into four main groups as controls, selenium, EMR, and

EMR + selenium. In EMR groups, the cells were exposed to 900 MHz EMR for 1 h (SAR
value of the EMR was 0.36 +0.02 W/kg). In selenium groups, the cells were also incubated
with sodium selenite for 1 h before EMR exposure. Then, the following values were analyzed:
(@) cell viability, (b) intracellular ROS production, (c) mitochondrial membrane
depolarization, (d) cell apoptosis, and () caspase-3 and caspase-9 values. Selenium
suppressed EMR-induced oxidative cell damage and cell viability (MTT) through a reduction
of oxidative stress and restoring mitochondrial membrane potential. Additionally, selenium
indicated anti-apoptotic effects, as demonstrated by plate reader analyses of apoptosis levels
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and caspase-3 and caspase-9 values. In conclusion, 900 MHz EMR appears to induce
apoptosis effects through oxidative stress and mitochondrial depolarization although
incubation of selenium seems to counteract the effects on apoptosis and oxidative stress.

(E) Kamali K, Taravati A, Sayyadi S, Gharib FZ, Maftoon H. Evidence of oxidative
stress after continuous exposure to Wi-Fi radiation in rat model. Environ Sci Pollut Res
Int. 25(35):35396-35403, 2018.

Exposure to electromagnetic radiation (EMR) is rapidly increasing in everyday environment,
consequently conferring potential health effects. Oxidative stress is emerging as a mechanism
implicated in pathophysiology and progression of various diseases. To our knowledge, no
report has been made on the status of antioxidant redox systems after continuous exposure to
radiofrequency radiation emitted from a Wi-Fi access point in animal model so far. Therefore,
we aimed to continuously subject rats in the experimental group to radiofrequency (RF)
radiation emitted from a commercially available Wi-Fi device. Male Wister rats were exposed
to 2.45 GHz RF radiation emitted from a Wi-Fi for 24 h/day for 10 consecutive weeks. In
order to assess the change in antioxidant redox system of plasma after continuous exposure to
a Wi-Fi device, the total antioxidant capacity of plasma, level of thiobarbituric acid reactive
substances, concentration of reduced glutathione (GSH), and activity of different enzymatic
antioxidants, e.g., superoxide dismutase [SOD], catalase [CAT], glutathione peroxidase
[GSH-Px], and glutathione S-transferase [GST], were measured. In the Wi-Fi exposed group,
a significant decrease was detected in total antioxidant capacity of plasma and the activities of
several antioxidant enzymes, including CAT, GSH-Px, and SOD (P <0.05). Meanwhile, the
GST activity was significantly increased in this group (P <0.05). However, no significant
changes were found in GSH and TBARS levels following exposure to RF radiation.
According to the results, oxidative defense system in rats exposed to Wi-Fi signal was
significantly affected compared to the control group. Further studies are needed to better
understand the possible biological mechanisms of EMR emitted from Wi-Fi device and
relevant outcomes

(NE) *Kang KA, Lee HC, Lee JJ, Hong MN, Park MJ, Lee YS, Choi HD, Kim N, Ko
YK, Lee JS. Effects of combined radiofrequency radiation exposure on levels of reactive
oxygen species in neuronal cells. J Radiat Res. 2013 Oct 8. [Epub ahead of print]

The objective of this study was to investigate the effects of the combined RF radiation (837
MHz CDMA plus 1950 MHz WCDMA) signal on levels of intracellular reactive oxygen
species (ROS) in neuronal cells. Exposure of the combined RF signal was conducted at
specific absorption rate values of 2 W/kg of CDMA plus 2 W/kg of WCDMA for 2 h. Co-
exposure to combined RF radiation with either H202 or menadione was also performed. The
experimental exposure groups were incubator control, sham-exposed, combined RF radiation-
exposed with or without either H202 or menadione groups. The intracellular ROS level was
measured by flow cytometry using the fluorescent probe dichlorofluorescein diacetate.
Intracellular ROS levels were not consistently affected by combined RF radiation exposure
alone in a time-dependent manner in U87, PC12 or SH-SY5Y cells. In neuronal cells exposed
to combined RF radiation with either H202 or menadione, intracellular ROS levels showed
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