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Literature on Genetic Effects of Non-lonizing Electromagnetic Fields

RFR Genetic Effects Studies
Of 346 studies: (E= 224 (65%); NE= 122 (35%)

ELF-EMF/Static Field Genetic Effects Studies
Of 203 studies: (E= 160 (77%); NE= 43 (23%)

(E = reported effect; NE = reported no significant effect)

Below is a key to abbreviations used throughout the following list of abstracts and serve as my
comments to help the reader quickly identify the significance of each work. The summary
sentences by each author are underlined. The list is divided into RFR-effects papers, and
static/ELF EMF-effects papers.

(E- Effect observed; NE- no effect observed) (VT-in vitro study; VO- in vivo study; HU-
human study; LE- long term/repeated exposure; AE- acute exposure; LI- low intensity;
GT- genotoxic effect, e.g., DNA damage, micronucleus formation, chromosome alterations;
GE- gene expression; OX- oxidative effects, i.e., involvement of free radicals and oxidative
enzymes; IX- interaction with other factors to cause genetic effects; DE- effects on
developing animals; RP- reproduction, e.g., sperm damage; WS- waveform specific effect,
e.g., modulation and frequency; CS- cell type specific effect).

Research on genetic effects of radiofrequency/cell phone radiation

(NE) 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: 1318-1325, 2009. (VT, HU,
AE, GT, RP, OX)

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-
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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)Aitken RJ, Bennetts LE, Sawyer D, Wiklendt AM, King BV. Impact of radio frequency
electromagnetic radiation on DNA integrity in the male germline. Inter J Androl 28:171-
179, 2005. (VO, LE, LI, GT, RP)

Concern has arisen over human exposures to radio frequency electromagnetic radiation
(RFEMR), including a recent report indicating that regular mobile phone use can
negatively impact upon human semen quality. These effects would be particularly
serious if the biological effects of RFEMR included the induction of DNA damage in
male germ cells. In this study, mice were exposed to 900 MHz RFEMR at a specific
absorption rate of approximately 90 mW/kg inside a waveguide for 7 days at 12 h per
day. Following exposure, DNA damage to caudal epididymal spermatozoa was
assessed by gquantitative PCR (QPCR) as well as alkaline and pulsed-field gel
electrophoresis. The treated mice were overtly normal and all assessment criteria,
including sperm number, morphology and vitality were not significantly affected. Gel
electrophoresis revealed no gross evidence of increased single- or double-DNA strand
breakage in spermatozoa taken from treated animals. However, a detailed analysis of
DNA integrity using QPCR revealed statistically significant damage to both the
mitochondrial genome (p < 0.05) and the nuclear F-globin locus (p < 0.01). This study
suggests that while RFEMR does not have a dramatic impact on male germ cell
development, a significant genotoxic effect on epididymal spermatozoa is evident and
deserves further investigation.

(E) Akdag MZ, Dasdag S, Canturk F, Karabulut D, Caner Y, Adalier N. Does prolonged
radiofrequency radiation emitted from Wi-Fi devices induce DNA damage in various
tissues of rats? J Chem Neuroanat. 75(Pt B):116-122, 2016. (VO, LE, GT, RP)

Wireless internet (Wi-Fi) providers have become essential in our daily lives, as wireless
technology is evolving at a dizzying pace. Although there are different frequency
generators, one of the most commonly used Wi-Fi devices are 2.4GHz frequency
generators. These devices are heavily used in all areas of life but the effect of
radiofrequency (RF) radiation emission on users is generally ignored. Yet, an increasing
share of the public expresses concern on this issue. Therefore, this study intends to
respond to the growing public concern. The purpose of this study is to reveal whether
long term exposure of 2.4GHz frequency RF radiation will cause DNA damage of
different tissues such as brain, kidney, liver, and skin tissue and testicular tissues of
rats. The study was conducted on 16 adult male Wistar-Albino rats. The rats in the
experimental group (n=8) were exposed to 2.4GHz frequency radiation for over a year.
The rats in the sham control group (n=8) were subjected to the same experimental
conditions except the Wi-Fi generator was turned off. After the exposure period was
complete the possible DNA damage on the rat's brain, liver, kidney, skin, and testicular
tissues was detected through the single cell gel electrophoresis assay (comet) method.
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The amount of DNA damage was measured as percentage tail DNA value. Based on
the DNA damage results determined by the single cell gel electrophoresis (Comet)
method, it was found that the% tail DNA values of the brain, kidney, liver, and skin
tissues of the rats in the experimental group increased more than those in the control
group. The increase of the DNA damage in all tissues was not significant (p>0.05).
However the increase of the DNA damage in rat testes tissue was significant (p<0.01).
In_conclusion, long-term exposure to 2.4GHz RF radiation (Wi-Fi) does not cause DNA
damage of the organs investigated in this study except testes. The results of this study
indicated that testes are more sensitive organ to RF radiation.

(E) Akdag M, Dasdag S, Canturk F, Akdag MZ. Exposure to non-ionizing electromagnetic
fields emitted from mobile phones induced DNA damage in human ear canal hair follicle
cells. Electromagn Biol Med. 37(2):66-75, 2018. (HU, LE, GT)

The aim of this study was to investigate effect of radiofrequency radiation (RFR) emitted
from mobile phones on DNA damage in follicle cells of hair in the ear canal. The study
was carried out on 56 men (age range: 30-60 years old)in four treatment groups with
n =14 in each group. The groups were defined as follows: people who did not use a
mobile phone (Control), people use mobile phones for 0-30 min/day (second group),
people use mobile phones for 30-60 min/day (third group) and people use mobile
phones for more than 60 min/day (fourth group). Ear canal hair follicle cells taken from
the subjects were analyzed by the Comet Assay to determine DNA damages. The
Comet Assay parameters measured were head length, tail length, comet length,
percentage of head DNA, tail DNA percentage, tail moment, and Olive tail moment.
Results of the study showed that DNA damage indicators were higher in the RFR
exposure groups than in the control subjects. In addition, DNA damage increased with
the daily duration of exposure. In conclusion, RFR emitted from mobile phones has a
potential to produce DNA damage in follicle cells of hair in the ear canal. Therefore,
mobile phone users have to pay more attention when using wireless phones.

(E) Akhavan-Sigari R, Baf MM, Ariabod V, Rohde V, Rahighi S. Connection between cell
phone use, p53 gene expression in different zones of glioblastoma multiforme and survival
prognoses. Rare Tumors. 6(3):5350, 2014. (HU, LE, GE)

The aim of this paper is to investigate p53 gene expression in the central and peripheral zones of
glioblastoma multiforme using a real-time reverse transcription polymerase chain reaction (RT-
PCR) technique in patients who use cell phones >3 hours a day and determine its relationship to
clinicopathological findings and overall survival. Sixty-three patients (38 males and 25 females),
diagnosed with glioblastoma multiforme (GBM), underwent tumor resection between 2008 and
2011. Patient ages ranged from 25 to 88 years, with a mean age of 55. The levels of expression
of p53 in the central and peripheral zone of the GBM were quantified by RT-PCR. Data on p53
gene expression from the central and peripheral zone, the related malignancy and the
clinicopatholagical findings (age, gender, tumor location and size), as well as overall survival,
were analyzed. Forty-one out of 63 patients (65%) with the highest level of cell phone use (>3
hours/day) had higher mutant type p53 expression in the peripheral zone of the glioblastoma; the
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difference was statistically significant (P=0.034). Results from the present study on the use of
mobile phones for >3 hours a day show a consistent pattern of increased risk for the mutant type
of p53 gene expression in the peripheral zone of the glioblastoma, and that this increase was
significantly correlated with shorter overall survival time. The risk was not higher for ipsilateral
exposure. We found that the mutant type of p53 gene expression in the peripheral zone of the
glioblastoma was increased in 65% of patients using cell phones >3 hours a day.

(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, 2019a. (VO, LE, LI, GT, OX)

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/kag,

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.

(E) Alkis MS, Akdag MZ, Dasdag S, Yegin K, Akpolat V. Single-strand DNA breaks and oxidative
changes in rat testes exposed to radiofrequency radiation emitted from cellular phones,
Biotechnology & Biotechnological Equipment, 33:1, 1733-1740, 2019b.(VO, LE, GT, OX)

The testes are a sensitive organ to electromagnetic pollution and people are concerned about
the harmful effects of the radiofrequency radiation (RFR) emitted from cellular phones.
Therefore, the purpose of this study was to investigate the effects of long-term exposure to
different RFR frequencies on single-strand DNA breaks and oxidative changes in rat testicular
tissue. Twenty-eight male Sprague—Dawley rats were divided randomly into four groups. Three
groups were exposed to radiation emitted from 900, 1800 and 2100 MHz RF generators, 2
h/day for 6 months. The sham-control group was kept under the same experimental conditions
but the RFR generator was turned off. Immediately after the last exposure, testes were
removed and DNA damage, 8-hydroxydeoxyguanosine (8-OHdG), malondialdehyde (MDA), total
antioxidant status (TAS), total oxidant status (TOS) and oxidative stress index (OSl) were
analyzed. The results of this study indicated that RFR increased TOS, OSI, MDA and 8-OHdG (p <
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0.05). TAS levels in the exposed group were lower than in the sham group (p < 0.05). In terms of
DNA damage, the tail intensities in the comet assay were higher in the exposure groups (p <
0.05). This study demonstrated that long-term exposure to RFR emitted by cellular phones may
cause oxidative stress and oxidative DNA damage in rat testicular tissue and may generate DNA
single-strand breaks at high frequencies (1800 and 2100 MHz). Our results showed that some
RFR emitted from cellular phones has potential to lead to cell damage in the testes.

(NE) Al-Serori H, Kundi M, Ferk F, MiSik M, Nersesyan A, Murbach M, Lah TT,
Knasmuller S. Evaluation of the potential of mobile phone specific electromagnetic fields
(UMTS) to produce micronuclei in human glioblastoma cell lines. Toxicol In Vitro. 40:264-
271, 2017. (VT, E, GT)

Some epidemiological studies indicate that mobile phones cause glioblastomas in humans. Since
it is known that genomic instability plays a key role in the etiology of cancer, we investigated the
effects of the universal mobile telecommunications system radiofrequency (UMTS-RF) signal,
which is used in "smart™ phones, on micronucleus (MN) formation and other anomalies such as
nuclear buds (NBUDSs) and nucleoplasmatic bridges (NPBs). MN are formed by structural and
numerical aberrations, NBs reflect gene amplification and NPBs are formed from dicentric
chromosomes. The experiments were conducted with human glioblastoma cell lines, which differ
in regard to their p53 status, namely U87 (wild-type) and U251 (mutated). The cells were
cultivated for 16h in presence and absence of fetal calf serum and exposed to different SAR
doses (0.25, 0.50 and 1.00W/kg), which reflect the exposure of humans, in presence and absence
of mitomycin C as former studies indicate that RF may cause synergistic effects in combination
with this drug. We found no evidence for induction of MN and other anomalies. However, with
the highest dose, induction of apoptosis was observed in U251 cells on the basis of the
morphological features of the cells. Our findings indicate that the UMTS-RF signal does not
cause chromosomal damage in glioblastoma cells; the mechanisms which lead to induction of
programmed cell death will be investigated in further studies.

(E) Al-Serori H, Ferk F, Kundi M, Bileck A, Gerner C, Misik M, Nersesyan A, Waldherr
M, Murbach M, Lah TT, Herold-Mende C, Collins AR, Knasmduller S. Mobile phone
specific electromagnetic fields induce transient DNA damage and nucleotide excision repair
in serum-deprived human glioblastoma cells. PLoS One. 13(4):e0193677, 2018. (VT, AE,
GT)

Some epidemiological studies indicate that the use of mobile phones causes cancer in humans (in
particular glioblastomas). It is known that DNA damage plays a key role in malignant
transformation; therefore, we investigated the impact of the UMTS signal which is widely used
in mobile telecommunications, on DNA stability in ten different human cell lines (six brain
derived cell lines, lymphocytes, fibroblasts, liver and buccal tissue derived cells) under
conditions relevant for users (SAR 0.25 to 1.00 W/kg). We found no evidence for induction of

5


https://pubmed.ncbi.nlm.nih.gov/29649215/�
https://pubmed.ncbi.nlm.nih.gov/29649215/�
https://pubmed.ncbi.nlm.nih.gov/29649215/�

damage in single cell gel electrophoresis assays when the cells were cultivated with serum.
However, clear positive effects were seen in a p53 proficient glioblastoma line (U87) when the
cells were grown under serum free conditions, while no effects were found in p53 deficient
glioblastoma cells (U251). Further experiments showed that the damage disappears rapidly in
U87 and that exposure induced nucleotide excision repair (NER) and does not cause double
strand breaks (DSBs). The observation of NER induction is supported by results of a proteome
analysis indicating that several proteins involved in NER are up-regulated after exposure to
UMTS; additionally, we found limited evidence for the activation of the y-interferon pathway.
The present findings show that the signal causes transient genetic instability in glioma derived
cells and activates cellular defense systems.

(NE) Antonopoulos A, Eisenbrandt H, Obe G, Effects of high-frequency electromagnetic
fields on human lymphocytes in vitro. Mutat Res 395(2-3): 209-214, 1997. (VT, AE, GT)

Human peripheral lymphocytes were incubated in the presence of high-frequency
electromagnetic fields of 380, 900 and 1800 MHz. The measured endpoints were cell
cycle progression and the frequencies of sister-chromatid exchanges. No differences
between treated and control cultures could be found.

(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. 9:223-229, 2013. (VO; LE, GT, OX, RP)

OBJECTIVE: 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) Ath Sekeroglu Z, Akar A, Sekeroglu V. Evaluation of the cytogenotoxic damage in
immature and mature rats exposed to 900 MHz radio frequency electromagnetic fields. Int
J Radiat Biol. 89(11):985-992, 2013. (VO, LE, GT, DE)
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Purpose: One of the most important issues regarding radio frequency electromagnetic fields (RF-
EMF) is their effect on genetic material. Therefore, we investigated the cytogenotoxic effects of
900 MHz radio frequency electromagnetic fields (RF-EMF) and the effect of a recovery period
after exposure to RF-EMF on bone marrow cells of immature and mature rats. Materials and
methods: The immature and mature rats in treatment groups were exposed to RF-EMF for 2
h/day for 45 days. Average electrical field values for immature and mature rats were 28.1+4.8
V/m and 20.0£3.2 VV/m, respectively. Whole-body specific absorption rate (SAR) values for
immature and mature rats were in the range of 0.38-0.78 W/kg, and 0.31-0.52 W/kg during the
45 days, respectively. Two recovery groups were kept for 15 days after RF-EMF exposure.
Results: Significant differences were observed in chromosome aberrations (CA), micronucleus
(MN) frequency, mitotic index (MI) and ratio of polychromatic erythrocytes (PCE) in all
treatment and recovery groups. The cytogenotoxic damage in immature rats was statistically
higher than the mature rats. The recovery period did not reduce the damage to the same extent as
the corresponding control groups. Conclusions: The exposure of RF-EMF leads to cytotoxic and
genotoxic damage in immature and mature rats. More sensitive studies are required to elucidate
the possible carcinogenic risk of EMF exposure in humans, especially children.

(E) Avendario C, Mata A, Sanchez Sarmiento CA, Doncel GF. Use of laptop computers
connected to internet through Wi-Fi decreases human sperm motility and increases sperm
DNA fragmentation. Fertil Steril 97:39-45, 2012. (HU, AE, GT, RP)

OBJECTIVE: To evaluate the effects of laptop computers connected to local area networks
wirelessly (Wi-Fi) on human spermatozoa. DESIGN: Prospective in vitro study. SETTING:
Center for reproductive medicine. PATIENT(S): Semen samples from 29 healthy donors.
INTERVENTION(S): Motile sperm were selected by swim up. Each sperm suspension was
divided into two aliquots. One sperm aliquot (experimental) from each patient was exposed to an
internet-connected laptop by Wi-Fi for 4 hours, whereas the second aliquot (unexposed) was
used as control, incubated under identical conditions without being exposed to the laptop. MAIN
OUTCOME MEASURE(S): Evaluation of sperm motility, viability, and DNA fragmentation.
RESULT(S): Donor sperm samples, mostly normozoospermic, exposed ex vivo during 4 hours
to a wireless internet-connected laptop showed a significant decrease in progressive sperm
motility and an increase in sperm DNA fragmentation. Levels of dead sperm showed no
significant differences between the two groups. CONCLUSION(S): To our knowledge, this is
the first study to evaluate the direct impact of laptop use on human spermatozoa. Ex vivo
exposure of human spermatozoa to a wireless internet-connected laptop decreased motility and
induced DNA fragmentation by a nonthermal effect. We speculate that keeping a laptop
connected wirelessly to the internet on the lap near the testes may result in decreased male
fertility. Further in vitro and in vivo studies are needed to prove this contention.

(E) Balode, Z, Assessment of radio-frequency electromagnetic radiation by the
micronucleus test in bovine peripheral erythrocytes. Sci Total Environ 180(1):81-85, 1996.
(VO, LE, GT)

Previous bioindicative studies in the Skrunda Radio Location Station area have focused on the
somatic influence of electromagnetic radiation on plants, but it is also important to study
genetic effects. We have chosen cows as test animals for cytogenetical evaluation because they
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live in the same general exposure area as humans, are confined to specific locations and are
chronically exposed to radiation. Blood samples were obtained from female Latvian Brown
cows from a farm close to and in front of the Skrunda Radar and from cows in a control area. A
simplified alternative to the Schiff method of DNA staining for identification of micronuclei in
peripheral erythrocytes was applied. Microscopically, micronuclei in peripheral blood
erythrocytes were round in shape and exhibited a strong red colour. They are easily detectable
as the only coloured bodies in the uncoloured erythrocytes. From each individual animal 2000
erythrocytes were examined at a magnification of x 1000 for the presence of micronuclei. The
counting of micronuclei in peripheral erythrocytes gave low average incidences, 0.6 per 1000 in
the exposed group and 0.1 per 1000 in the control, but statistically significant (P < 0.01)
differences were found in the frequency distribution between the control and exposed groups.

(E) Baohong Wang, Jiliang H, Lifen J, Degiang L, Wei Z, Jianlin L, Hongping D. Studying
the synergistic damage effects induced by 1.8 GHz radiofrequency field radiation (RFR)
with four chemical mutagens on human lymphocyte DNA using comet assay in vitro. Mutat
Res 578:149-57, 2005. (VT, AE, GT, IX)

The aim of this investigation was to study the synergistic DNA damage effects in human
lymphocytes induced by 1.8GHz radiofrequency field radiation (RFR, SAR of 3W/kg) with four
chemical mutagens, i.e. mitomycin C (MMC, DNA crosslinker), bleomycin (BLM, radiomimetic
agent), methyl methanesulfonate (MMS, alkylating agent), and 4-nitroquinoline-1-oxide (4NQO,
UV-mimetic agent). The DNA damage of lymphocytes exposed to RFR and/or with chemical
mutagens was detected at two incubation time (0 or 21h) after treatment with comet assay in
vitro. Three combinative exposure ways were used. Cells were exposed to RFR and chemical
mutagens for 2 and 3h, respectively. Tail length (TL) and tail moment (TM) were utilized as
DNA damage indexes. The results showed no difference of DNA damage indexes between RFR
group and control group at 0 and 21h incubation after exposure (P>0.05). There were significant
difference of DNA damage indexes between MMC group and RFR+MMC co-exposure group at
0 and 21h incubation after treatment (P<0.01). Also the significant difference of DNA damage
indexes between 4NQO group and RFR+4NQO co-exposure group at 0 and 21h incubation after
treatment was observed (P<0.05 or P<0.01). The DNA damage in RFR+BLM co-exposure
groups and RFR+MMS co-exposure groups was not significantly increased, as compared with
corresponding BLM and MMS groups (P>0.05). The experimental results indicated 1.8GHz
RFR (SAR, 3W/kg) for 2h did not induce the human lymphocyte DNA damage effects in vitro,
but could enhance the human lymphocyte DNA damage effects induced by MMC and 4NQO.
The synergistic DNA damage effects of 1.8GHz RFR with BLM or MMS were not obvious.

(E) Baohong W, Lifen J, Lanjuan L, Jianlin L, Degiang L, Wei Z, Jiliang H.Evaluating the
combinative effects on human lymphocyte DNA damage induced by ultraviolet ray C plus
1.8GHz microwaves using comet assay in vitro. Toxicology. 232(3):311-316, 2007. (VT, AE,
GT, IX)

The objective of this study was to observe whether 1.8GHz microwaves (MW) (SAR, 3 W/kg)
exposure can influence human lymphocyte DNA damage induced by ultraviolet ray C (UVC).
The lymphocytes, which were from three young healthy donors, were exposed to 254 nm UVC
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at the doses of 0.25, 0.5, 0.75, 1.0, 1.5 and 2.0 J m(-2), respectively. The lymphocytes were
irradiated by 1.8GHz MW (SAR, 3 W/kg) for 0, 1.5 and 4 h. The combinative exposure of UVC
plus MW was conducted. The treated cells were incubated for 0, 1.5 and 4 h. Finally, comet
assay was used to measure DNA damage of above treated lymphocytes. The results indicated
that the difference of DNA damage induced between MW group and control group was not
significant (P>0.05). The MTLs induced by UVC were 1.71+/-0.09, 2.02+/-0.08, 2.27+/-0.17,
2.27+/-0.06, 2.25+/-0.12, 2.24+/-0.11 microm, respectively, which were significantly higher than
that (0.96+/-0.05 microm) of control (P<0.01). MTLs of some sub-groups in combinative
exposure groups at 1.5-h incubation were significantly lower that those of corresponding UVC
sub-groups (P<0.01 or P<0.05). However, MTLs of some sub-groups in combinative exposure
groups at 4-h incubation were significantly higher that those of corresponding UVC sub-groups
(P<0.01 or P<0.05). In this experiment it was found that 1.8GHz (SAR, 3 W/kg) MW exposure
for 1.5 and 4 h did not enhance significantly human lymphocyte DNA damage, but could reduce
and increase DNA damage of human lymphocytes induced by UVC at 1.5-h and 4-h incubation,

respectively.

(E) BeauboisE, Girard S, Lallechere S, Davies E, Paladian F, Bonnet P, Ledoigt G,
Vian A. Intercellular communication in plants: evidence for two rapidly transmitted
systemic signals generated in response to electromagnetic field stimulation in tomato. Plant
Cell Environ 30(7):834-844. 2007. (VO, AE, GE, LI)

Exposing all of a wild-type tomato plant to electromagnetic radiation evoked rapid and
substantial accumulation of basic leucine-zipper transcription factor (bZIP) mRNA in the
terminal leaf (#4) with kinetics very similar to that seen in response to wounding, while in the
abscisic acid (ABA) mutant (Sitiens), the response was more rapid, but transient. Submitting just
the oldest leaf (#1) of a wild-type plant to irradiation evoked bZIP mRNA accumulation both
locally in the exposed leaf and systemically in the unexposed (distant) leaf #4, although systemic
accumulation was delayed somewhat. Accumulation of Pin2 mRNA was less than bZIP in both
the exposed and distant leaves in wild type, but there was no delay in the systemic response. In
Sitiens, bZIP mRNA accumulation was far less than in wild type in both local and distant leaves,
while Pin2 mRNA accumulation was stronger in the exposed leaf, but totally prevented in the
systemic leaf. In the jasmonic acid (JA) mutant (JL-5) and in wild-type plants treated with the
ABA biosynthesis inhibitor, naproxen, responses were similar to those in the ABA mutant, while
treatment of the exposed leaf with calcium antagonists totally abolished both local and systemic
increases in bZIP transcript accumulation.

(E) Bektas H, Dasdag S, Bektas MS. Comparison of effects of 2.4 GHz Wi-Fi and mobile
phone exposure on human placenta and cord blood. Biotechn Biotechnological Equipment,
34:1, 154-162, 2020.(HU, CE, OX, GT)

The aim of this study was to investigate the effects of radiofrequency radiation emitted from
Wi-Fi systems and mobile phones on cord blood and placenta. The study included 149 pregnant
women who were divided in subgroups: unexposed (control), mobile phone exposed, Wi-Fi
exposed and mobile phone plus Wi-Fi exposed groups. Immediately after birth, placenta and
cord blood samples were collected and protein carbonyl (PCO), malondialdehyde (MDA), total

9


https://pubmed.ncbi.nlm.nih.gov/?term=Beaubois+E&cauthor_id=17547655�
https://pubmed.ncbi.nlm.nih.gov/?term=Beaubois+E&cauthor_id=17547655�
https://pubmed.ncbi.nlm.nih.gov/?term=Girard+S&cauthor_id=17547655�
https://pubmed.ncbi.nlm.nih.gov/?term=Lallechere+S&cauthor_id=17547655�
https://pubmed.ncbi.nlm.nih.gov/?term=Davies+E&cauthor_id=17547655�
https://pubmed.ncbi.nlm.nih.gov/?term=Paladian+F&cauthor_id=17547655�
https://pubmed.ncbi.nlm.nih.gov/?term=Bonnet+P&cauthor_id=17547655�
https://pubmed.ncbi.nlm.nih.gov/?term=Ledoigt+G&cauthor_id=17547655�
https://pubmed.ncbi.nlm.nih.gov/?term=Vian+A&cauthor_id=17547655�
https://pubmed.ncbi.nlm.nih.gov/?term=Vian+A&cauthor_id=17547655�

oxidant status (TOS), total antioxidant status, 8-hydroxy-20-deoxyguanosine (8-OHdG) levels
and DNA single strand breaks were analysed. The results of the study showed an increase in 8-
OHdG, MDA, PCO and TOS in cord blood and placenta in the group exposed to mobile phones
during gestation. However, the group exposed to Wi-Fi did not show alterations in the studied
oxidative stress parameters. On the other hand, tail intensity and tail moment of DNA in the
mobile phone exposure groups were higher than those in the control and Wi-Fi exposure
groups. In conclusion, the results of this study indicated that mobile phone exposure during
pregnancy could have an important potential to cause oxidative stress and DNA damage in

cord blood and placenta. The results of this study also indicated that combined effects of Wi-Fi
plus mobile phone exposure have a higher potential to cause synergistic harmful effects.

(E) Belyaev I'Ya, Alipov YD, Shcheglov VS, Lystsov VN, Resonance effect of microwaves on
the genome conformational state of E. coli cells. Z Naturforsch [C] 47(7-8):621-627,1992.
(VT, AE, LI, GT)

The effect of low intensity microwaves on the conformational state of the genome of X-
irradiated E. coli cells was studied by the method of viscosity anomalous time dependencies. It
has been established that within the ranges of 51.62-51.84 GHz and 41.25-41.50 GHz the
frequency dependence of the observed effect has a resonance nature with a resonance half-
width of the order of 100 MHz. The power dependence of the microwave effect within the
range of 0.1-200 microwW/cm? has shown that a power density of 1 microw/cm?2 is sufficient to
suppress radiation-induced repair of the genome conformational state. The effect of microwave
suppression of repair is well reproduced and does not depend on the sequence of cell exposure
to X-rays and microwave radiation in the millimeter band. The results obtained indicate the role
of the cell genome in the resonant interaction of cells with low intensity millimeter waves

(E) Belyaev 1Y, Hillert L, Protopopova M, Tamm C, Malmgren LO, Persson BR,
Selivanova G, Harms-Ringdahl M. 915 MHz microwaves and 50 Hz magnetic field affect
chromatin conformation and 53BP1 foci in human lymphocytes from hypersensitive and
healthy persons. Bioelectromagnetics 26:173-184, 2005. (VT, AE, LI, GT)

We used exposure to microwaves from a global system for mobile communication (GSM)
mobile phone (915 MHz, specific absorption rate (SAR) 37 mW(/kg) and power frequency
magnetic field (50 Hz, 15 muT peak value) to investigate the response of lymphocytes from
healthy subjects and from persons reporting hypersensitivity to electromagnetic field (EMF). The
hypersensitive and healthy donors were matched by gender and age and the data were analyzed
blind to treatment condition. The changes in chromatin conformation were measured with the
method of anomalous viscosity time dependencies (AVTD). 53BP1 protein, which has been
shown to colocalize in foci with DNA double strand breaks (DSBs), was analyzed by
immunostaining in situ. Exposure at room temperature to either 915 MHz or 50 Hz resulted in
significant condensation of chromatin, shown as AVTD changes, which was similar to the effect
of heat shock at 41 degrees C. No significant differences in responses between normal and
hypersensitive subjects were detected. Neither 915 MHz nor 50 Hz exposure induced 53BP1
foci. On the contrary, a distinct decrease in background level of 53BP1 signaling was observed
upon these exposures as well as after heat shock treatments. This decrease correlated with the
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AVTD data and may indicate decrease in accessibility of 53BP1 to antibodies because of stress-
induced chromatin condensation. Apoptosis was determined by morphological changes and by
apoptotic fragmentation of DNA as analyzed by pulsed-field gel electrophoresis (PFGE). No
apoptosis was induced by exposure to 50 Hz and 915 MHz microwaves. In conclusion, 50 Hz
magnetic field and 915 MHz microwaves under specified conditions of exposure induced
comparable responses in lymphocytes from healthy and hypersensitive donors that were similar
but not identical to stress response induced by heat shock.

(E) Belyaev 1Y, Koch CB, Terenius O, Roxstromto 915 MHz GSM microwaves induces
changes in gene expression but not double stranded DNA breaks or effects on chromatin
conformation. Bioelectromagnetics 27:295-306, 2006. (VO, AE, GE)

We investigated whether exposure of rat brain to microwaves (MWs) of global system for
mobile communication (GSM) induces DNA breaks, changes in chromatin conformation and in
gene expression. An exposure installation was used based on a test mobile phone employing a
GSM signal at 915 MHz, all standard modulations included, output power level in pulses 2 W,
specific absorption rate (SAR) 0.4 mW/g. Rats were exposed or sham exposed to MWs during 2
h. After exposure, cell suspensions were prepared from brain samples, as well as from spleen and
thymus. For analysis of gene expression patterns, total RNA was extracted from cerebellum.
Changes in chromatin conformation, which are indicative of stress response and genotoxic
effects, were measured by the method of anomalous viscosity time dependencies (AVTD). DNA
double strand breaks (DSBs) were analyzed by pulsed-field gel electrophoresis (PFGE). Effects
of MW exposure were observed on neither conformation of chromatin nor DNA DSBs. Gene
expression profiles were obtained by Affymetrix U34 GeneChips representing 8800 rat genes
and analyzed with the Affymetrix Microarray Suite (MAS) 5.0 software. In cerebellum from all
exposed animals, 11 genes were upregulated in a range of 1.34-2.74 fold and one gene was
downregulated 0.48-fold (P < .0025). The induced genes encode proteins with diverse functions
including neurotransmitter regulation, blood-brain barrier (BBB), and melatonin production. The
data shows that GSM MWs at 915 MHz did not induce PEGE-detectable DNA double stranded
breaks or changes in chromatin conformation, but affected expression of genes in rat brain cells

(E) Belyaev 1Y, Markova E, Hillert L, Malmgren LO, Persson BR. Microwaves from
UMTS/GSM mobile phones induce long-lasting inhibition of 53BP1/gamma-H2AX DNA
repair foci in human lymphocytes. Bioelectromagnetics 30:129-141, 2009. (VT, AE, LI, GT,
WS)

We have recently described frequency-dependent effects of mobile phone microwaves (MWSs) of
global system for mobile communication (GSM) on human lymphocytes from persons reporting
hypersensitivity to electromagnetic fields and healthy persons. Contrary to GSM, universal
global telecommunications system (UMTS) mobile phones emit wide-band MW signals.
Hypothetically, UMTS MWs may result in higher biological effects compared to GSM signal
because of eventual "effective"” frequencies within the wideband. Here, we report for the first
time that UMTS MWs affect chromatin and inhibit formation of DNA double-strand breaks co-
localizing 53BP1/gamma-H2AX DNA repair foci in human lymphocytes from hypersensitive
and healthy persons and confirm that effects of GSM MWSs depend on carrier frequency.
Remarkably, the effects of MWs on 53BP1/gamma-H2AX foci persisted up to 72 h following
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exposure of cells, even longer than the stress response following heat shock. The data are in line
with the hypothesis that the type of signal, UMTS MWSs, may have higher biological efficiency
and possibly larger health risk effects compared to GSM radiation emissions. No significant
differences in effects between groups of healthy and hypersensitive subjects were observed,
except for the effects of UMTS MWSs and GSM-915 MHz MWs on the formation of the DNA
repair foci, which were different for hypersensitive (P < 0.02[53BP1]//0.01[gamma-H2AX]) but
not for control subjects (P > 0.05). The non-parametric statistics used here did not indicate
specificity of the differences revealed between the effects of GSM and UMTS MWs on cells
from hypersensitive subjects and more data are needed to study the nature of these differences.

(E) Banerjee S, Singh NN, Sreedhar G, Mukherjee S. Analysis of the genotoxic effects of
mobile phone radiation using buccal micronucleus assay: a comparative evaluation. J Clin
Diagn Res 10(3):2C82-85, 2016. (HU, LE, GT)

Introduction: Micronucleus (MN) is considered to be a reliable marker for genotoxic damage
and it determines the presence and the extent of the chromosomal damage. The MN is formed
due to DNA damage or chromosomal disarrangements. The MN has a close association with
cancer incidences. In the new era, mobile phones are constantly gaining popularity specifically in
the young generation, but this device uses radiofrequency radiation that may have a possible
carcinogenic effect. The available reports related to the carcinogenic effect of mobile radiation
on oral mucosa are contradictory. Aim: To explore the effects of mobile phone radiation on the
MN frequency in oral mucosal cells. Materials and methods: The subjects were divided into
two major groups: low mobile phone users and high mobile phone users. Subjects who used their
mobile phone since less than five years and less than three hours a week comprised of the first
group and those who used their mobile since more than five years and more than 10 hours a
week comprised of the second group. Net surfing and text messaging was not considered in this
study. Exfoliated buccal mucosal cells were collected from both the groups and the cells were
stained with DNA-specific stain acridine orange. Thousand exfoliated buccal mucosal cells were
screened and the cells which were positive for micronuclei were counted. The micronucleus
frequency was represented as mean+SD, and unpaired Student t-test was used for intergroup
comparisons. Results: The number of micronucleated cells/ 1000 exfoliated buccal mucosal cells
was found to be significantly increased in high mobile phone users group than the low mobile
phone users group. The use of mobile phone with the associated complaint of warmth around the
ear showed a maximum increase in the number of micronucleated cells /1000 exfoliated buccal
mucosal cells. Conclusion: Mobile phone radiation even in the permissible range when used for
longer duration causes significant genotoxicity. The genotoxicity can be avoided to some extent
by the regular use of headphones.

Bhargav H, Srinivasan TM, Varambally S, Gangadhar BN, Koka P. Effect of mobile
phone-induced electromagnetic field on brain hemodynamics and human stem cell
functioning: possible mechanistic link to cancer risk and early diagnostic value of
electronphotonic imaging. J Stem Cells. 10(4):287-294, 2015. (review)

The mobile phones (MP) are low power radio devices which work on electromagnetic fields
(EMFs), in the frequency range of 900-1800 MHz. Exposure to MPEMFs may affect brain
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physiology and lead to various health hazards including brain tumors. Earlier studies with
positron emission tomography (PET) have found alterations in cerebral blood flow (CBF) after
acute exposure to MPEMFs. It is widely accepted that DNA double-strand breaks (DSBs) and
their misrepair in stem cells are critical events in the multistage origination of various leukemia
and tumors, including brain tumors such as gliomas. Both significant misbalance in DSB repair
and severe stress response have been triggered by MPEMFs and EMFs from cell towers. It has
been shown that stem cells are most sensitive to microwave exposure and react to more
frequencies than do differentiated cells. This may be important for cancer risk assessment and
indicates that stem cells are the most relevant cellular model for validating safe mobile
communication signals. Recently developed technology for recording the human bio-
electromagnetic (BEM) field using Electron photonic Imaging (EPI) or Gas Discharge
Visualisation (GDV) technique provides useful information about the human BEM. Studies have
recorded acute effects of Mobile Phone Electromagnetic Fields (MPEMFs) using EPI and found
quantifiable effects on human BEM field. Present manuscript reviews evidences of altered brain
physiology and stem cell functioning due to mobile phone/cell tower radiations, its association
with increased cancer risk and explores early diagnostic value of EPI imaging in detecting EMF
induced changes on human BEM.

(NE) Bisht KS, Moros EG, Straube WL, Baty JD, Roti Roti JL, The Effect of 835.62 MHz
FDMA or 847.74 MHz CDMA modulated radiofrequency radiation on the induction of
micronuclei in C3H 10Tz cells. Radiat. Res. 157: 506-515, 2002.(VT, AE, GT)

To determine if radiofrequency (RF) radiation induces the formation of
micronuclei, C3H 10T%z cells were exposed to 835.62 MHz frequency division
multiple access (FDMA) or 847.74 MHz code division multiple access (CDMA)
modulated RF radiation. After the exposure to RF radiation, the micronucleus
assay was performed by the cytokinesis block method using cytochalasin B
treatment. The micronuclei appearing after mitosis were scored in binucleated
cells using acridine orange staining. The frequency of micronuclei was scored
both as the percentage of binucleated cells with micronuclei and as the number
of micronuclei per 100 binucleated cells. Treatment of cells with cytochalasin B at
a concentration of 2 H.g/ml for 22 h was found to yield the maximum number of
binucleated cells in C3H 10T% cells. The method used for the micronucleus
assay in the present study detected a highly significant dose response for both
indices of micronucleus production in the dose range of 0.1-1.2 Gy and it was
sensitive enough to detect a significant (P > 0.05) increase in micronuclei after
doses of 0.3 Gy in exponentially growing cells and after 0.9 Gy in plateau-phase
cells. Exponentially growing cells or plateau-phase cells were exposed to CDMA
(3.2 or 4.8 W/kg) or FDMA (3.2 or 5.1 W/kg) RF radiation for 3, 8, 16 or 24 h. In
three repeat experiments, no exposure condition was found by analysis of
variance to result in a significant increase relative to sham-exposed cells either in
the percentage of binucleated cells with micronuclei or in the number of
micronuclei per 100 binucleated cells. In this study, data from cells exposed to
different RF signals at two SARs were compared to a common sham-exposed
sample. We used the Dunnett's test, which is specifically designed for this
purpose, and found no significant exposure-related differences for either plateau-
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phase cells or exponentially growing cells. Thus the results of this study are not
consistent with the possibility that these RF radiations induce micronuclei.

(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. (VO, AE, LI, GT, OX)

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 VV 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.

(NE) Bourthoumieu S, Joubert V, Marin B, Collin A, Leveque P, Terro F, Yardin C.
Cytogenetic studies in human cells exposed in vitro to GSM-900 MHz radiofrequency
radiation using R-banded karyotyping. Radiat Res 174:712-718, 2010. (VT, AE, GT)

It is important to determine the possible effects of exposure to radiofrequency (RF) radiation on
the genetic material of cells since damage to the DNA of somatic cells may be linked to cancer
development or cell death and damage to germ cells may lead to genetic damage in next and
subsequent generations. The objective of this study was to investigate whether exposure to
radiofrequency radiation similar to that emitted by mobile phones of second-generation standard
Global System for Mobile Communication (GSM) induces genotoxic effects in cultured human
cells. The cytogenetic effects of GSM-900 MHz (GSM-900) RF radiation were investigated
using R-banded karyotyping after in vitro exposure of human cells (amniotic cells) for 24 h. The
average specific absorption rate (SAR) was 0.25 W/kg. The exposures were carried out in wire-
patch cells (WPCs) under strictly controlled conditions of temperature. The genotoxic effect was
assessed immediately or 24 h after exposure using four different samples. One hundred
metaphase cells were analyzed per assay. Positive controls were provided by using bleomycin.
We found no direct cytogenetic effects of GSM-900 either 0 h or 24 h after exposure. To the best
of our knowledge, our work is the first to study genotoxicity using complete R-banded
karyotyping, which allows visualizing all the chromosomal rearrangements, either numerical or
structural.
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(NE) Bourthoumieu S, Terro F, Leveque P, Collin A, Joubert V, Yardin C. Aneuploidy
studies in human cells exposed in vitro to GSM-900 MHz radiofrequency radiation using
FISH. Int J Radiat Biol 87:400-408, 2011. (VT, AE, GT)

PURPOSE: Since previous research found an increase in the rate of aneuploidies in human
lymphocytes exposed to radiofrequencies, it seems important to perform further studies. The
objective of this study was then to investigate whether the exposure to RF (radiofrequency)
radiation similar to that emitted by mobile phones of a second generation standard, i.e., Global
System for Mobile communication (GSM) may induce aneuploidy in cultured human cells.
MATERIALS AND METHODS: The potential induction of genomic instability by GSM-900
MHz radiofrequency (GSM-900) was investigated after in vitro exposure of human amniotic
cells for 24 h to average-specific absorption rates (SAR) of 0.25, 1, 2 and 4 W/kg in the
temperature range of 36.3-39.7°C. The exposures were carried out in a wire-patch cell (WPC).
The rate of aneuploidy of chromosomes 11 and 17 was determined by interphase FISH
(Fluorescence In Situ Hybridisation) immediately after independent exposure of three different
donors for 24 h. At least 100 interphase cells were analysed per assay. RESULTS: No significant
change in the rate of aneuploidy of chromosomes 11 and 17 was found following exposure to
GSM-900 for 24 h at average SAR up to 4 W/kg. CONCLUSION: Our study did not show any
in vitro aneuploidogenic effect of GSM using FISH and is not in agreement with the results of
previous research.

(NE) Bourthoumieu S, Magnaudeix A, Terro F, Leveque P, Collin A, Yardin C. Study of
p53 expression and post-transcriptional modifications after GSM-900 radiofrequency
exposure of human amniotic cells. Bioelectromagnetics. 3(1):52-60, 2013. (VT, AE, GT)

The potential effects of radiofrequency (RF) exposure on the genetic material of cells are very
important to determine since genome instability of somatic cells may be linked to cancer
development. In response to genetic damage, the p53 protein is activated and can induce cell
cycle arrest allowing more time for DNA repair or elimination of damaged cells through
apoptosis. The objective of this study was to investigate whether the exposure to RF
electromagnetic fields, similar to those emitted by mobile phones of the second generation
standard, Global System for Mobile Communications (GSM), may induce expression of the p53
protein and its activation by post-translational modifications in cultured human cells. The
potential induction of p53 expression and activation by GSM-900 was investigated after in vitro
exposure of human amniotic cells for 24 h to average specific absorption rates (SARs) of 0.25, 1,
2, and 4 W/kg in the temperature range of 36.3-39.7 °C. The exposures were carried out using a
wire-patch cell (WPC) under strictly controlled conditions of temperature. Expression and
activation of p53 by phosphorylation at serine 15 and 37 were studied using Western blot assay
immediately after three independent exposures of cell cultures provided from three different
donors. Bleomycin-exposed cells were used as a positive control. According to our results, no
significant changes in the expression and activation of the p53 protein by phosphorylation at
serine 15 and 37 were found following exposure to GSM-900 for 24 h at average SARs up to

4 W/kg in human embryonic cells.

(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
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radiofrequency radiation. Exp Oncol. 35(3):219-225, 2013. (VO, LE, GT, LI, DE, OX)

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 pW/cm2)
during 158-360 h discontinuously (48 ¢ - ON, 12 c¢ - 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 (8-0x0-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-ox0-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 RE-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.

(E) Busljeta I, Trosic I, Milkovic-Kraus S. Erythropoietic changes in rats after 2.45 GJz
nonthermal irradiation. Int J Hyg Environ Health. 207(6):549-554, 2004.(VO. LE, GT)

The purpose of this study was to observe the erythropoietic changes in rats subchronically
exposed to radiofrequency microwave (RF/MW) irradiation at nonthermal level. Adult male
Wistar rats (N=40) were exposed to 2.45 GHz continuous RF/MW fields for 2 hours daily, 7 days
a week, at 5-10 mW/cm2. Exposed animals were divided into four subgroups (n=10 animals in
each subgroup) in order to be irradiated for 2, 8, 15 and 30 days. Animals were sacrified on the
final irradiation day of each treated subgroup. Unexposed rats were used as control (N=24). Six
animals were included into the each control subgroup. Bone marrow smears were examined to
determine absolute counts of anuclear cells and erythropoietic precursor cells. The absolute
erythrocyte count, haemoglobin and haematocrit values were observed in the peripheral blood
by an automatic cell counter. The bone marrow cytogenetic analysis was accomplished by
micronucleus (MN) tests. In the exposed animals erythrocyte count, haemoglobin and
haematocrit were increased in peripheral blood on irradiation days 8 and 15. Concurrently,
anuclear cells and erythropoietic precursor cells were significantly decreased (p < 0.05) in the
bone marrow on day 15, but micronucleated cells' frequency was increased._ In the applied
experimental condition, RF/MW radiation might cause disturbance in red cell maturation and
proliferation, and induce micronucleus formation in erythropoietic cells.

(E) Buttiglione M, Roca L, Montemurno E, Vitiello F, Capozzi V, Cibelli G.
Radiofrequency radiation (900 MHz) induces Egr-1 gene expression and affects cell-cycle
control in human neuroblastoma cells. J Cell Physiol. 213(3):759-767, 2007. (VT, AE, GE)
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Many environmental signals, including ionizing radiation and UV rays, induce activation of Egr-
1 gene, thus affecting cell growth and apoptosis. The paucity and the controversial knowledge
about the effect of electromagnetic fields (EMF) exposure of nerve cells prompted us to
investigate the bioeffects of radiofrequency (RF) radiation on SH-SY5Y neuroblastoma cells.
The effect of a modulated RF field of 900 MHz, generated by a wire patch cell (WPC) antenna
exposure system on Egr-1 gene expression, was studied as a function of time. Short-term
exposures induced a transient increase in Egr-1 mRNA level paralleled with activation of the
MAPK subtypes ERK1/2 and SAPK/INK. The effects of RF radiations on cell growth rate and
apoptosis were also studied. Exposure to RF radiation had an anti-proliferative activity in SH-
SY5Y cells with a significant effect observed at 24 h. RF radiation impaired cell cycle
progression, reaching a significant G2-M arrest. In addition, the appearance of the sub-G1 peak,
a hallmark of apoptosis, was highlighted after a 24-h exposure, together with a significant
decrease in mRNA levels of Bcl-2 and survivin genes, both interfering with signaling between
G2-M arrest and apoptosis. Our results provide evidence that exposure to a 900 MHz-modulated
RF radiation affect both Egr-1 gene expression and cell regulatory functions, involving apoptosis
inhibitors like Bcl-2 and survivin, thus providing important insights into a potentially broad
mechanism for controlling in vitro cell viability.

(E) Cam ST, Seyhan N. Single-strand DNA breaks in human hair root cells exposed to
mobile phone radiation. Int J Radiat Biol 88(5):420-424, 2012. (HU, AE, GT)

Purpose: To analyze the short term effects of radiofrequency radiation (RFR) exposure on
genomic deoxyribonucleic acid (DNA) of human hair root cells. Subjects and methods: Hair
samples were collected from 8 healthy human subjects immediately before and after using a 900-
MHz GSM (Global System for Mobile Communications) mobile phone for 15 and 30 minutes.
Single-strand DNA breaks of hair root cells from the samples were determined using the ‘comet
assay'. Results: The data showed that talking on a mobile phone for 15 or 30 minutes
significantly increased (p< .05) single-strand DNA breaks in cells of hair roots close to the
phone. Comparing the 15-min and 30-min data using the paired t-test also showed that
significantly more damages resulted after 30 minutes than after 15 minutes of phone use.
Conclusions: A short-term exposure (15 and 30 minutes) to RFR (900-MHz) from a mobile
phone caused a significant increase in DNA single-strand breaks in human hair root cells located
around the ear which is used for the phone calls.

(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 473:52-55. 2010. (VT, AE, GT, LI, OX, WS)

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 20 min to either 900 MHz continuous waves or 900 MHz waves
modulated in amplitude at 50 Hz 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
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to modulated EMF for 20 min. 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.

(E) Cervellati F, Valacchi G, Lunghi L, Fabbri E, Valbonesi P, Marci R, Biondi C, Vesce F.
17-p-estradiol counteracts the effects of high frequency electromagnetic fields on
trophoblastic connexins and integrins. Oxid Med Cell Longev. 2013:280850, 2013. (VT, AE,
GE, IX)

We investigated the effect of high-frequency electromagnetic fields (HF-EMFs) and 17-3-
estradiol on connexins (Cxs), integrins (Ints), and estrogen receptor (ER) expression, as well as
on ultrastructure of trophoblast-derived HTR-8/SVneo cells. HF-EMF, 17-B-estradiol, and their
combination induced an increase of Cx40 and Cx43 mRNA expression. HF-EMF decreased Int
alphal and B 1 mRNA levels but enhanced Int alpha5 mRNA expression. All the Ints mMRNA
expressions were increased by 17-B-estradiol and exposure to both stimuli. ER-p mRNA was
reduced by HF-EMF but augmented by 17-B-estradiol alone or with HF-EMF. ER-f3
immunofluorescence showed a cytoplasmic localization in sham and HF-EMF exposed cells
which became nuclear after treatment with hormone or both stimuli. Electron microscopy
evidenced a loss of cellular contact in exposed cells which appeared counteracted by 17-f-
estradiol. We demonstrate that 17-f-estradiol modulates Cxs and Ints as well as ER-3 expression
induced by HF-EMF, suggesting an influence of both stimuli on trophoblast differentiation and

migration.

(E) Chandel S, Kaur S, Issa M, Singh HP, Batish DR, Kohli RK. Exposure to mobile phone
radiations at 2350 MHz incites cyto- and genotoxic effects in root meristems of Allium cepa.
J Environ Health Sci Eng. 17(1):97-104, 2019a. (VO, AE, GT)

BACKGROUND: The exponential increase of electromagnetic field radiations (EMF-r) in the
natural environment has raked up the controversies regarding their biological effects. Concern
regarding the putative capacity of EMF-r to affect living beings has been growing due to the
ongoing elevation in the use of high frequency EMF-r in communication systems, e.g. Mobile
phones. METHODS: In the present study, we tried to examine the cyto- and genotoxic potential
of mobile phone EMF-r at 2350 MHz using onions (Allium cepa L.). Fresh adventitious onion
roots were exposed to continuous EMF-r at 2350 MHz for different time periods (1 h, 2 h and

4 h). The evaluation of cytotoxicity was done in terms of mitotic index (Ml), phase index and
chromosomal aberrations. Genotoxicity was investigated employing comet assay in terms of
changes in % HDNA (head DNA) and % TDNA (tail DNA), TM (tail moment) and OTM (olive
tail moment). Data were analyzed using one-way ANOVA and mean values were separated
using post hoc Tukey's test. RESULTS: The results manifested a significant increase of MI and
chromosomal aberrations (%) upon 4 h, and >2 h of exposure, respectively, as compared to the
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control. No specific changes in phase index in response to EMF-r exposure were observed. The
% HDNA and % TDNA values exhibited significant changes in contrast to that of control upon
2 h and 4 h of exposure, respectively. However, TM and OTM did not change significantly.
CONCLUSIONS: Our results infer that continuous exposures of radiofrequency EMF-r

(2350 MHz) for long durations have a potential of inciting cyto- and genotoxic effects in onion
root meristems.

(E) Chandel S, Kaur S, Issa M, Singh HP, Batish DR, Kohli RK. Appraisal of immediate
and late effects of mobile phone radiations at 2100 MHz on mitotic activity and DNA
integrity in root meristems of Allium cepa. Protoplasma. 256(5):1399-1407, 2019b. (VO,
AE, GT)

The present study evaluated the potential of 2100 MHz radiofrequency radiations to act as
cytotoxic and genotoxic agent. Fresh onion (Allium cepa L.) roots were exposed to
electromagnetic field radiations (EMF-r) for different durations (1 h and 4 h) and evaluated for
mitotic index (MI), phase index, chromosomal aberrations, and DNA damage. DNA damage was
investigated with the help of the comet assay by assessing various parameters like % head DNA
(HDNA), % tail DNA (TDNA), tail moment (TM), and olive tail moment (OTM). Effects of
EMF-r exposure were also compared with that of methyl methanesulfonate (MMS; 90 uM),
which acted as a positive control. The post-exposure effects of EMF-r after providing the test
plants with an acclimatization period of 24 h were also evaluated. Compared to the control, a
significant increase in the MI and aberration percentage was recorded upon 4 h of exposure.
However, no specific trend of phase index in response to exposure was detected. EMF-r
exposure incited DNA damage with a significant decrease in HDNA accompanied by an increase
in TDNA upon exposure of 4 h. However, TM and OTM did not change significantly upon
exposure as compared to that of control. Analysis of the post-exposure effects of EMF-r did not
show any significant change/recovery. Our data, thus, suggest the potential cytotoxic and
genotoxic nature of 2100 MHz EMF-r. Our study bears great significance in view of the swiftly
emergent EMF-r in the surrounding environment and their potential for inciting aberrations at the
chromosomal level, thus posing a genetic hazard.

(NE) Chang SK, Choi JS, Gil HW, Yang JO, Lee EY, Jeon YS, Lee ZW, Lee M, Hong MY,
Ho Son T, Hong SY. Genotoxicity evaluation of electromagnetic fields generated by 835-
MHz mobile phone frequency band. Eur J Cancer Prev 14:175-179, 2005. (VT, AE, GT)
(Some interaction effects with chemicals are reported in this paper.)

It is still unclear whether the exposure to electromagnetic fields (EMFs) generated by mobile
phone radiation is directly linked to cancer. We examined the biological effects of an EMF at
835 MHz, the most widely used communication frequency band in Korean CDMA mobile phone
networks, on bacterial reverse mutation (Ames assay) and DNA stability (in vitro DNA
degradation). In the Ames assay, tester strains alone or combined with positive mutagen were
applied in an artificial mobile phone frequency EMF generator with continuous waveform at a
specific absorption rate (SAR) of 4 W/kg for 48 h. In the presence of the 835-MHz EMF
radiation, incubation with positive mutagen 4-nitroguinoline-1-oxide and cumene hydroxide
further increased the mutation rate in Escherichia coli WP2 and TA102, respectively, while the
contrary results in Salmonella typhimurium TA98 and TA1535 treated with 4-nitroquinoline-1-
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oxide and sodium azide, respectively, were shown as antimutagenic. However, these mutagenic
or co-mutagenic effects of 835-MHz radiation were not significantly repeated in other relevant
strains with same mutation type. In the DNA degradation test, the exposure to 835-MHz EMF
did not change the rate of degradation observed using plasmid pBluescriptSK(+) as an indicator.
Thus, we suggest that 835-MHz EMF under the conditions of our study neither affected the
reverse mutation frequency nor accelerated DNA degradation in vitro.

(E) Chaturvedi CM, Singh VP, Singh P, Basu P, Singaravel M, Shukla RK, Dhawan A, Pati
AK, Gangwar RK, and Singh SP. 2.45 GHZ (CW) microwave irradiation alters circadian
organization, spatial memory, DNA structure in the brain cells and blood cell counts of
male mice, Mus musculus. Progress In Electromagnetics Research B, Vol. 29, 23-42, 2011.
(VO, LE, GT)

Present study examines biological effects of 2.45 GHz microwave radiation in Parkes strain
mice. Forty-day-old mice were exposed to CW (continuous wave) microwave radiation (2 h/day
for 30 days). Locomotor activity was recorded on running wheel for 12 days prior to microwave
exposure (pre-exposure), 7 days during the first week of exposure (short-term exposure) and
another 7-day spell during the last week of the 30-day exposure period (long-term exposure).
Morris water maze test was performed from 17th to 22nd day of exposure. At the termination of
the exposure, blood was processed for hematological parameters, brain for comet assay,
epididymis for sperm count and motility and serum for SGOT (serum glutamate oxaloacetate
transaminase) and SGPT (serum glutamate pyruvate transaminase). The results show that long-
term radiation-exposed group exhibited a positive y[I(phase angle difference) for the onset of
activity with reference to lights-off timing and most of the activity occurred within the light
fraction of the LD (light: dark) cycle. Microwave radiation caused an increase in erythrocyte and
leukocyte counts, a significant DNA strand break in brain cells and the loss of spatial memory in
mice. This report for the first time provides experimental evidence that continuous exposure to
low intensity microwave radiation may have an adverse effect on the brain function by altering
circadian system and rate of DNA damage.

(NE) Chauhan V, Mariampillai A, Bellier PV, Qutob SS, Gajda GB, Lemay E,
Thansandote A, McNamee JP. Gene expression analysis of a human lymphoblastoma cell
line exposed in vitro to an intermittent 1.9 GHz pulse-modulated radiofrequency field.
Radiat Res. 165(4):424-429, 2006a. (VT, AE, GE)

This study was designed to determine whether radiofrequency (RF) fields of the type used for
wireless communications could elicit a cellular stress response. As general indicators of a
cellular stress response, we monitored changes in proto-oncogene and heat-shock protein
expression. Exponentially growing human lymphoblastoma cells (TK6) were exposed to 1.9
GHz pulse-modulated RF fields at average specific absorption rates (SARs) of 1 and 10 W/kg.
Perturbations in the expression levels of the proto-oncogenes FOS, JUN and MY C after exposure
to sham and RF fields were assessed by real-time RT-PCR. In addition, the transcript levels of
the cellular stress proteins HSP27 and inducible HSP70 were also monitored. We demonstrated
that transcript levels of these genes in RF-field-exposed cells showed no significant difference in
relation to the sham treatment group. However, concurrent positive (heat-shock) control samples
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displayed a significant elevation in the expression of HSP27, HSP70, FOS and JUN. Conversely,
the levels of MYC mRNA were found to decline in the positive (heat-shock) control. In
conclusion, our study found no evidence that the 1.9 GHz RF-field exposure caused a general
stress response in TK6 cells under our experimental conditions.

(NE) Chauhan V, Mariampillai A, Gajda GB, Thansandote A, McNamee JP. Analysis of
proto-oncogene and heat-shock protein gene expression in human derived cell-lines
exposed in vitro to an intermittent 1.9 GHz pulse-modulated radiofrequency field. Int J
Radiat Biol. 82(5):347-354, 2006b. (VT, AE, GE)

Purpose: Several studies have reported that radiofrequency (RF) fields, as emitted by mobile
phones, may cause changes in gene expression in cultured human cell-lines. The current study
was undertaken to evaluate this possibility in two human-derived immune cell-lines.Materials
and methods: HL-60 and Mono-Mac-6 (MM6) cells were individually exposed to intermittent (5
min on, 10 min off) 1.9 GHz pulse-modulated RF fields at a average specific absorption rate
(SAR) of 1 and 10 W/kg at 37 +/- 0.5 degrees C for 6 h. Concurrent negative and positive (heat-
shock for 1 h at 43 degrees C) controls were conducted with each experiment. Immediately
following RF field exposure (T =6 h) and 18 h post-exposure (T = 24 h), cell pellets were
collected from each of the culture dishes and analyzed for transcript levels of proto-oncogenes
(c-jun, c-myc and c-fos) and the stress-related genes (heat shock proteins (HSP) HSP27 and
HSP70B) by quantitative reverse transcriptase polymerase chain reaction (RT-PCR).Results: No
significant effects were observed in mMRNA expression of HSP27, HSP70, c-jun, c-myc or c-fos
between the sham and RF-exposed groups, in either of the two cell-lines. However, the positive
(heat-shock) control group displayed a significant elevation in the expression of HSP27, HSP70,
c-fos and c-jun in both cell-lines at T = 6 and 24 h, relative to the sham and negative control
groups.Conclusion: This study found no evidence that exposure of cells to non-thermalizing
levels of 1.9 GHz pulse-modulated RF fields can cause any detectable change in stress-related
gene expression.

(NE) Chauhan V, Qutob SS, Lui S, Mariampillai A, Bellier PV, Yauk CL, Douglas GR,
Williams A, McNamee JP. Analysis of gene expression in two human-derived cell lines
exposed in vitro to a 1.9 GHz pulse-modulated radiofrequency field. Proteomics.
7(21):3896-3905, 2007. (VT, AE, GE)

There is considerable controversy surrounding the biological effects of radiofrequency (RF)
fields, as emitted by mobile phones. Previous work from our laboratory has shown no effect
related to the exposure of 1.9 GHz pulse-modulated RF fields on the expression of 22,000 genes
in a human glioblastoma-derived cell-line (U87MG) at 6 h following a 4 h RF field exposure
period. As a follow-up to this study, we have now examined the effect of RF field exposure on
the possible expression of late onset genes in U87MG cells after a 24 h RF exposure period. In
addition, a human monocyte-derived cell-line (Mono-Mac-6, MM6) was exposed to intermittent
(5 min ON, 10 min OFF) RF fields for 6 h and then gene expression was assessed immediately
after exposure and at 18 h postexposure. Both cell lines were exposed to 1.9 GHz pulse-
modulated RF fields for 6 or 24 h at specific absorption rates (SARs) of 0.1-10.0 W/kg. In
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support of our previous results, we found no evidence that nonthermal RF field exposure could
alter gene expression in either cultured U87MG or MM6 cells, relative to nonirradiated control
groups. However, exposure of both cell-lines to heat-shock conditions (43 degrees C for 1 h)
caused an alteration in the expression of a number of well-characterized heat-shock proteins.

(E) Chavdoula ED, Panagopoulos DJ, Margaritis LH. Comparison of biological effects
between continuous and intermittent exposure to GSM-900-MHz mobile phone radiation:
detection of apoptotic cell-death features. Mutat Res 700:51-61, 2010. (VO, LE, GT, RP)

In the present study we used a 6-min daily exposure of dipteran flies, Drosophila melanogaster,
to GSM-900 MHz (Global System for Mobile Telecommunications) mobile phone
electromagnetic radiation (EMR), to compare the effects between the continuous and four
different intermittent exposures of 6min total duration, and also to test whether intermittent
exposure provides any cumulative effects on the insect's reproductive capacity as well as on the
induction of apoptotic cell death. According to our previous experiments, a 6-min continuous
exposure per day for five days to GSM-900 MHz and DCS-1800 MHz (Digital Cellular System)
mobile phone radiation, brought about a large decrease in the insect's reproductive capacity, as
defined by the number of F pupae. This decrease was found to be non thermal and correlated
with an increased percentage of induced fragmented DNA in the egg chambers' cells at early-
and mid-oogenesis. In the present experiments we show that intermittent exposure also decreases
the reproductive capacity and alters the actin cytoskeleton network of the egg chambers, another
known aspect of cell death that was not investigated in previous experiments, and that the effect
is also due to DNA fragmentation. Intermittent exposures with 10-min intervals between
exposure sessions proved to be almost equally effective as continuous exposure of the same total
duration, whereas longer intervals between the exposures seemed to allow the organism the time
required to recover and partly overcome the above-mentioned effects of the GSM exposure.

(NE) Chemeris NK, Gapeyev AB, Sirota NP, Gudkova OY, Kornienko NV, Tankanag AV,
Konovalov 1V, Buzoverya ME, Suvorov VG, Logunov VA. DNA damage in frog
erythrocytes after in vitro exposure to a high peak-power pulsed electromagnetic field.
Mutat Res. 558(1-2): 27-34, 2004. (VT, AE, GT)

Till the present time, the genotoxic effects of high peak-power pulsed electromagnetic fields
(HPPP EMF) on cultured cells have not been studied. We investigated possible genotoxic effects
of HPPP EMF (8.8 GHz, 180 ns pulse width, peak power 65 kW, repetition rate 50 Hz) on
erythrocytes of the frog Xenopus laevis. We used the alkaline comet assay, which is a highly
sensitive method to assess DNA single-strand breaks and alkali-labile lesions. Blood samples
were exposed to HPPP EMF for 40 min in rectangular wave guide. The specific absorption rate
(SAR) calculated from temperature kinetics was about 1.6 kW/kg (peak SAR was about 300
MW/kg). The temperature rise in the blood samples at steady state was 3.5 +/- 0.1 degrees C.
The data show that the increase in DNA damage after exposure of erythrocytes to HPPP EMF
was induced by the rise in temperature in the exposed cell suspension. This was confirmed in
experiments in which cells were incubated for 40 min under the corresponding temperature
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conditions. The results allow us to conclude that HPPP EMF-exposure at the given modality did
not cause any a-thermal genotoxic effect on frog erythrocytes in vitro.

(NE) Chemeris NK, Gapeyev AB, Sirota NP, Gudkova OYu, Tankanag AV, Konovalov
IV, Buzoverya ME, Suvorov VG, Logunov VA. Lack of direct DNA damage in human
blood leukocytes and lymphocytes after in vitro exposure to high power microwave pulses.
Bioelectromagnetics 2006 Apr;27(3):197-203. (VT, AE, GT)

Currently, the potential genotoxicity of high power microwave pulses (HPMP) is not clear.
Using the alkaline single cell gel electrophoresis assay, also known as the alkaline comet assay,
we studied the effects of HPMP (8.8 GHz, 180 ns pulse width, peak power 65 kW, pulse
repetition frequency 50 Hz) on DNA of human whole-blood leukocytes and isolated
lymphocytes. The cell suspensions were exposed to HPMP for 40 min in a rectangular
waveguide. The average SAR calculated from the temperature kinetics was about 1.6 kW/kg
(peak SAR was about 300 MW/Kg). The steady-state temperature rise in the 50 microl samples
exposed to HPMP was 3.5 +/- 0.1 degrees C. In independent experiments, we did not find any
statistically significant DNA damage manifested immediately after in vitro HPMP exposure of
human blood leukocytes or lymphocytes or after HPMP exposure of leukocytes subsequently
incubated at 37 degrees C for 30 min. Our results indicate that HPMP under the given exposure
conditions did not induce DNA strand breaks, alkali-labile sites, and incomplete excision repair
sites, which could be detected by the alkaline comet assay.

(E) Chen G, Lu D, Chiang H, Leszczynski D, Xu Z. Using model organism Saccharomyces
cerevisiae to evaluate the effects of ELF-MF and RF-EMF exposure on global gene
expression. Bioelectromagnetics. 33(7):550-560, 2012 . (VO, AE, GE)

The potential health hazard of exposure to electromagnetic fields (EMF) continues to cause
public concern. However, the possibility of biological and health effects of exposure to EMF
remains controversial and their biophysical mechanisms are unknown. In the present study, we
used Saccharomyces cerevisiae to identify genes responding to extremely low frequency
magnetic fields (ELF-MF) and to radiofrequency EMF (RF-EMF) exposures. The yeast cells
were exposed for 6 h to either 0.4 mT 50 Hz ELF-MF or 1800 MHz RF-EMF at a specific
absorption rate of 4.7 W/kg. Gene expression was analyzed by microarray screening and
confirmed using real-time reverse transcription-polymerase chain reaction (RT-PCR). We were
unable to confirm microarray-detected changes in three of the ELF-MF responsive candidate
genes using RT-PCR (P >0.05). On the other hand, out of the 40 potential RF-EMF responsive
genes, only the expressions of structural maintenance of chromosomes 3 (SMC3) and aquaporin
2 (AQY2 (m)) were confirmed, while three other genes, that is, halotolerance protein 9 (HAL9),
yet another kinase 1 (YAKZ1) and one function-unknown gene (open reading frame: YJL171C),
showed opposite changes in expression compared to the microarray data (P<0.05). In
conclusion, the results of this study suggest that the yeast cells did not alter gene expression in
response to 50 Hz ELF-MF and that the response to RF-EMF is limited to only a very small

23


https://pubmed.ncbi.nlm.nih.gov/?term=Chemeris+NK&cauthor_id=16304702�
https://pubmed.ncbi.nlm.nih.gov/?term=Gapeyev+AB&cauthor_id=16304702�
https://pubmed.ncbi.nlm.nih.gov/?term=Sirota+NP&cauthor_id=16304702�
https://pubmed.ncbi.nlm.nih.gov/?term=Gudkova+OY&cauthor_id=16304702�
https://pubmed.ncbi.nlm.nih.gov/?term=Tankanag+AV&cauthor_id=16304702�
https://pubmed.ncbi.nlm.nih.gov/?term=Konovalov+IV&cauthor_id=16304702�
https://pubmed.ncbi.nlm.nih.gov/?term=Buzoverya+ME&cauthor_id=16304702�
https://pubmed.ncbi.nlm.nih.gov/?term=Suvorov+VG&cauthor_id=16304702�
https://pubmed.ncbi.nlm.nih.gov/?term=Logunov+VA&cauthor_id=16304702�
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22487891�
http://www.ncbi.nlm.nih.gov/pubmed?term=Lu%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22487891�
http://www.ncbi.nlm.nih.gov/pubmed?term=Chiang%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22487891�
http://www.ncbi.nlm.nih.gov/pubmed?term=Leszczynski%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22487891�
http://www.ncbi.nlm.nih.gov/pubmed?term=Xu%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=22487891�
http://www.ncbi.nlm.nih.gov/pubmed/22487891�

number of genes. The possible biological consequences of the gene expression changes induced
by RF-EMF await further investigation.

(NE) Choi J, Min K, Jeon S, Kim N, Pack JK, Song K. Continuous exposure to 1.7 GHz
LTE electromagnetic fields increases intracellular reactive oxygen species to decrease
human cell proliferation and induce senescence. Sci Rep. 10(1):9238, 2020. (VT, AE, GT,
OX)

Due to the rapid development of mobile phone technology, we are continuously exposed to 1.7
GHz LTE radio frequency electromagnetic fields (RF-EMFs), but their biological effects have
not been clarified. Here, we investigated the non-thermal cellular effects of these RF-EMFs on
human cells, including human adipose tissue-derived stem cells (ASCs), Huh7 and Hep3B liver
cancer stem cells (CSCs), HeLa and SH-SY5Y cancer cells, and normal fibroblast IMR-90 cells.
When continuously exposed to 1.7 GHz LTE RF-EMF for 72 h at 1 and 2 SAR, cell proliferation
was consistently decreased in all the human cells. The anti-proliferative effect was higher at 2
SAR than 1 SAR and was less severe in ASCs. The exposure to RF-EMF for 72 h at 1 and 2
SAR did not induce DNA double strand breaks or apoptotic cell death, but did trigger a slight
delay in the G1 to S cell cycle transition. Cell senescence was also clearly observed in ASC and
Huh7 cells exposed to RF-EMF at 2 SAR for 72 h. Intracellular ROS increased in these cells and
the treatment with an ROS scavenger recapitulated the anti-proliferative effect of RF-EMF.
These observations strongly suggest that 1.7 GHz LTE RF-EMF decrease proliferation and
increase senescence by increasing intracellular ROS in human cells.

(NE) Ciaravino V, Meltz ML, Erwin DN, Absence of a synergistic effect between moderate
power radio-frequency electromagnetic radiation and adriamycin on cell-cycle progression
and sister-chromatid exchange. Bioelectromagnetics 12(5):289-298, 1991.(VT, AE, GT)

In our laboratories we are conducting investigations of potential interactions between radio-
frequency electromagnetic radiation (RFR) and chemicals that are toxic by different
mechanisms to mammalian cells. The RFR is being tested at frequencies in the microwave range
and at different power levels. We report here on the 1) ability of simultaneous RFR exposures
to alter the distribution of cells in first and second mitoses from that after treatment by
adriamycin alone, and 2) on the ability of simultaneous RFR exposure to alter the extent of
sister chromatid exchanges (SCEs) induced by adriamycin alone. This chemical was selected
because of its reported mechanism of action and because it is of interest in the treatment of
cancer. In our studies, Chinese hamster ovary (CHO) cells were exposed for 2 h simultaneously
to adriamycin and pulsed RFR at a frequency of 2,450 MHz and a specific absorption rate of
33.8 W/Kg. The maximal temperature (in the tissue-culture medium) was 39.7 +/- 0.2 degrees
C. The experiments were controlled for chemical and RFR exposures, as well as for
temperature. Verified statistically, the data indicate that the RFR did not affect changes in cell
progression caused by adriamycin, and the RFR did not change the number of SCEs that were
induced by the adriamycin, which adriamycin is known to affect cells by damaging their
membranes and DNA.
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(E) D'ambrosio G, Lioi MB, Massa R, Scarfi MR, Zeni O. Genotoxic Effects of
amplitude-modulated microwaves on human lymphocytes exposed in vitro under
controlled conditions. Electro- and Magnetiobiology 14:157-164, 1995. (VT, AE, GT, WS)

Peripheral human blood from 23 healthy donors aged between 23 and 95 years was exposed to
continuous wave (CW) or 50 Hz amplitude modulated (AM) microwave radiation and was
cultured for 72 h. Other exposure parameters were: frequency 9 GHz, specific absorption rate
(SAR) 90 mW/g, exposure duration 10 min. The possible genotoxic effect was evaluated by
means of cytokinesis-block micronucleus method. A significant (p < 0.05) increase in
micronuclei was found following AM microwave exposure

(E) d’Ambrosio G, Massa R, Scarfi MR, Zeni O, Cytogenetic damage in human
lymphocytes following GMSK phase modulated microwave exposure. Bioelectromagnetics
23:7-13, 2002. (VT, AE, GT, WS)

The present study investigated, using in vitro experiments on human lymphocytes, whether
exposure to a microwave frequency used for mobile communication, either unmodulated or in
presence of phase only modulation, can cause modification of cell proliferation kinetics and/or
genotoxic effects, by evaluating the cytokinesis block proliferation index and the micronucleus
frequency. In the GSM 1800 mobile communication systems the field is both phase (Gaussian
minimum shift keying, GMSK) and amplitude (time domain multiple access, TDMA) modulated.
The present study investigated only the effects of phase modulation, and no amplitude
modulation was applied. Human peripheral blood cultures were exposed to 1.748 GHz, either
continuous wave (CW) or phase only modulated wave (GMSK), for 15 min. The maximum
specific absorption rate (~5 W/kg) was higher than that occurring in the head of mobile phone
users; however, no changes were found in cell proliferation kinetics after exposure to either CW
or GMSK fields. As far as genotoxicity is concerned, the micronucleus frequency result was not
affected by CW exposure; however, a statistically significant micronucleus effect was found
following exposure to phase modulated field. These results would suggest a genotoxic power of
the phase modulation per se.

(E) De Amicis A, Sanctis SD, Cristofaro SD, Franchini V, Lista F, Regalbuto E, Giovenale
E, Gallerano GP, Nenzi P, Bei R, Fantini M, Benvenuto M, Masuelli L, Coluzzi E, Cicia C,
Sgura A. Biological effects of in vitro THz radiation exposure in human foetal fibroblasts.
Mutat Res Genet Toxicol Environ Mutagen. 793:150-160, 2015. (VT, AE, GT)

In recent years, terahertz (THz) radiation has been widely used in a variety of
applications: medical, security, telecommunications and military areas. However, few
data are available on the biological effects of this type of electromagnetic radiation and
the reported results, using different genetic or cellular assays, are quite discordant. This
multidisciplinary study focuses on potential genotoxic and cytotoxic effects, evaluated
by several end-points, associated with THz radiation. For this purpose, in vitro exposure
of human foetal fibroblasts to low frequency THz radiation (0.1-0.15THz) was performed
using a Compact Free Electron Laser. We did not observe an induction of DNA damage
evaluated by Comet assay, phosphorylation of H2AX histone or telomere length
modulation. In addiction, no induction of apoptosis or changes in pro-survival signalling
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proteins were detected. Moreover, our results indicated an increase in the total number
of micronuclei and centromere positive micronuclei induction evaluated by CREST
analysis, indicating that THz radiation could induce aneugenic rather than clastogenic
effects, probably leading to chromosome loss. Furthermore, an increase of actin
polymerization observed by ultrastructural analysis after THz irradiation, supports the
hypothesis that an abnormal assembly of spindle proteins could lead to the observed
chromosomal malsegregation.

(NE) Danese E, LippiG, Buonocore R, Benati M, Bovo C, Bonaguri C, Salvagno

GL, Brocco G, Roggenbuck D, Martina Montagnana M. Mobile phone radiofrequency
exposure has no effect on DNA double strand breaks (DSB) in human lymphocytes. Ann
Transl Med 2017 Jul;5(13):272. (VT, AE, GT) (See also: Mortazavi SMJ. Comment on
""Mobile phone radiofrequency exposure has no effect on DNA double strand breaks (DSB)
in human lymphocytes™ Ann Transl Med 5(21):441, 2017.)

Background: The use of mobile phones has been associated with an increased risk of
developing certain type of cancer, especially in long term users. Therefore, this study was aimed
to investigate the potential genotoxic effect of mobile phone radiofrequency exposure on human
peripheral blood mononuclear cells in vitro. Methods: The study population consisted in 14
healthy volunteers. After collection of two whole blood samples, the former was placed in a
plastic rack, 1 cm from the chassis of a commercial mobile phone (900 MHz carrier frequency),
which was activated by a 30-min call. The second blood sample was instead maintained far from
mobile phones or other RF sources. The influence of mobile phone RF on DNA integrity was
assessed by analyzing y-H2AX foci in lymphocytes using immunofluorescence staining kit on
AKLIDES. Results: No measure of y-H2AX foci was significantly influenced by mobile phone
RF exposure, nor mobile phone exposure was associated with significant risk of genetic
damages in vitro (odds ratio comprised between 0.27 and 1.00). Conclusions: The results of this
experimental study demonstrate that exposure of human lymphocytes to a conventional 900 MHz
RF emitted by a commercial mobile phone for 30 min does not significantly impact DNA
integrity.

(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:e6446, 2009. (VT, AE, GT, OX, RP)

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
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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: RE-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.

(NE) de Oliveira FM, Carmona AM, Ladeira C. Is mobile phone radiation genotoxic? An
analysis of micronucleus frequency in exfoliated buccal cells. Mutat Res. 822:41-46, 2017.
(HU. CE, GT)

Electromagnetic fields (EMF) are classified as "possibly carcinogenic™ by the International
Agency for Research on Cancer (IARC). Some publications have reported associations between
EMF exposure and DNA damage, but many other studies contradict such findings.
Cytomorphological changes, such as micronuclei (MN), indicative of genomic damage, are
biomarkers of genotoxicity. To test whether mobile phone-associated EMF exposure affects the
MN frequency in exfoliated buccal cells, we obtained cells smears from the left and right inner
cheeks of healthy mobile phone users, aged 18-30 (n=86), who also completed a characterization
survey. MN frequencies were tested for potential confounding factors and for duration of phone
use and preferential side of mobile phone use. No relationship was observed between MN
frequency and duration of mobile phone use in daily calls. Cells ipsilateral to mobile phone use
did not present a statistically significantly higher MN frequency, compared to cells contralateral
to exposure. A highly statistically significant (p<0.0001) increase in MN frequency was found in
subjects reporting regular exposure to genotoxic agents. Therefore, our results suggest that
mobile phone-associated EMF do not to induce MN formation in buccal cells at the observed
exposure levels.

(E) Del Re B, Bersani F, Giorgi G. Effect of electromagnetic field exposure on the
transcription of repetitive DNA elements in human cells. Electromagn Biol Med. 38(4):262-
270, 2019. (VT, AE, GE, CS)

Repetitive DNA (RE-DNA) was long thought to be silent and inert; only recent research has
shown that it can be transcribed and that transcription alteration can be induced by environmental
stress conditions, causing human pathological effects. The aim of this study was to determine
whether exposure to radiofrequency electromagnetic fields (RF-EMF) could affect the
transcription of RE-DNA. To this purpose, three different human cell lines (HeLa, BE(2)C and
SH-SY5Y) were exposed to 900 MHz GSM-modulated RF-EMF at specific absorption rate of 1
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W/kg or to sham. After exposure, mRNA levels of RE-DNA were evaluated through quantitative
real-time PCR. The following RE-DNA types were investigated: Long Interspersed nucleotide
Element 1, DNA alpha satellite and Human Endogenous Retroviruses-like sequences. When
comparing cells exposed to RF-EMF versus control samples, different results were found for the
three cell lines evaluated, indicating that RE-EMF exposure can significantly affect RE-DNA
transcription and that the effects strongly depend on the cellular context and the tissue type.
Further studies are needed to elucidate which molecular mechanisms could be involved.

(E) Del Vecchio G, Giuliani A, Fernandez M, Mesirca P, Bersani F, Pinto R, Ardoino L,
Lovisolo GA, Giardino L, Calza L. Continuous exposure to 900MHz GSM-modulated EMF
alters morphological maturation of neural cells. Neurosci Lett. 455(3):173-177, 2009. (VT,
AE, GE, DE)

The effects of radiofrequency electromagnetic field (RF-EMF) exposure on neuronal phenotype
maturation have been studied in two different in vitro models: murine SN56 cholinergic cell line
and rat primary cortical neurons. The samples were exposed at a dose of 1W/kg at 900 MHz
GSM modulated. The phenotype analysis was carried out at 48 and 72 h (24 and 48 h of SN56
cell line differentiation) or at 24, 72, 120 h (2, 4 and 6 days in vitro for cortical neurons) of
exposure, on live and immunolabeled neurons, and included the morphological study of neurite
emission, outgrowth and branching. Moreover, cortical neurons were studied to detect alterations
in the expression pattern of cytoskeleton regulating factors, e.g. beta-thymosin, and of early
genes, e.q. c-Fos and c-Jun through real-time PCR on mRNA extracted after 24h exposure to
EMF. We found that RF-EMF exposure reduced the number of neurites generated by both cell
systems, and this alteration correlates to increased expression of beta-thymosin mRNA.

(E) Demsia G, Vlastos D, Matthopoulos DP. Effect of 910-MHz electromagnetic field on
rat bone marrow. ScientificWorld Journal 2004 Oct 20;4 Suppl 2:48-54.(VO, LE, GT)

Aiming to investigate the possibility of electromagnetic fields (EMF) developed by nonionizing
radiation to be a noxious agent capable of inducing genotoxicity to humans, in the current study
we have investigated the effect of 910-MHz EMF in rat bone marrow. Rats were exposed daily
for 2 h over a period of 30 consecutive days. Studying bone marrow smears from EMF-exposed
and sham-exposed animals, we observed an almost threefold increase of micronuclei (MN) in
polychromatic erythrocytes (PCEs) after EMF exposure. An induction of MN was also observed
in polymorphonuclear cells. The induction of MN in female rats was less than that in male rats.
The results indicate that 910-MHz EMF could be considered as a noxious agent capable of
producing genotoxic effects.

(E) Deshmukh PS, Megha K, Banerjee BD, Ahmed RS, Chandna S, Abegaonkar MP,
Tripathi AK. Detection of low level microwave radiation induced deoxyribonucleic acid
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damage vis-a-vis genotoxicity in brain of Fischer rats. Toxicol Int. 20(1):19-24, 2013. (VO,
LE, GT, LI)

BACKGROUND: Non-ionizing radiofrequency radiation has been increasingly used in
industry, commerce, medicine and especially in mobile phone technology and has become a
matter of serious concern in present time. OBJECTIVE: The present study was designed to
investigate the possible deoxyribonucleic acid (DNA) damaging effects of low-level microwave
radiation in brain of Fischer rats. MATERIALS AND METHODS: Experiments were
performed on male Fischer rats exposed to microwave radiation for 30 days at three different
frequencies: 900, 1800 and 2450 MHz. Animals were divided into 4 groups: Group | (Sham
exposed): Animals not exposed to microwave radiation but kept under same conditions as that of
other groups, Group I1: Animals exposed to microwave radiation at frequency 900 MHz at
specific absorption rate (SAR) 5.953 x 10(-4) W/kg, Group I11: Animals exposed to 1800 MHz
at SAR 5.835 x 10(-4) W/kg and Group 1V: Animals exposed to 2450 MHz at SAR 6.672 x 10(-
4) W/kg. At the end of the exposure period animals were sacrificed immediately and DNA
damage in brain tissue was assessed using alkaline comet assay. RESULTS: In the present
study, we demonstrated DNA damaging effects of low level microwave radiation in brain.
CONCLUSION: We concluded that low SAR microwave radiation exposure at these frequencies
may induce DNA strand breaks in brain tissue.

(E) Deshmukh PS, Nasare N, Megha K, Banerjee BD, Ahmed RS, Singh D, Abegaonkar MP,
Tripathi AK, Mediratta PK. Cognitive Impairment and Neurogenotoxic Effects in Rats Exposed
to Low-Intensity Microwave Radiation. Int J Toxicol. 34(3):24-290, 2015. (VO, LE, GT, LI)

The health hazard of microwave radiation (MWR) has become a recent subject of interest as a
result of the enormous increase in mobile phone usage. The present study aimed to investigate
the effects of chronic low-intensity microwave exposure on cognitive function, heat shock
protein 70 (HSP70), and DNA damage in rat brain. Experiments were performed on male Fischer
rats exposed to MWR for 180 days at 3 different frequencies, namely, 900, 1800 MHz, and 2450
MHz. Animals were divided into 4 groups: group |: sham exposed; group Il: exposed to MWR at
900 MHz, specific absorption rate (SAR) 5.953 x 10 W/kg; group IlI: exposed to 1800 MHz, SAR
5.835x10™ W/kg; and group IV: exposed to 2450 MHz, SAR 6.672 x 10 W/kg. All the rats were
tested for cognitive function at the end of the exposure period and were subsequently
sacrificed to collect brain. Level of HSP70 was estimated by enzyme-linked immunotarget assay
and DNA damage was assessed using alkaline comet assay in all the groups. The results showed
declined cognitive function, elevated HSP70 level, and DNA damage in the brain of microwave-
exposed animals. The results indicated that, chronic low-intensity microwave exposure in the
frequency range of 900 to 2450 MHz may cause hazardous effects on the brain.

(E) Deshmukh PS, Megha K, Nasare N, Banerjee BD, Ahmed RS, Abegaonkar MP, Tripathi AK,
Mediratta PK. Effect of low level subchronic microwave radiation on rat brain. Biomed
Environ Sci. 29(12):858-867, 2016. (VO, LE, GT, LI)

OBJECTIVE: The present study was designed to investigate the effects of subchronic low level
microwave radiation (MWR) on cognitive function, heat shock protein 70 (HSP70) level and
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DNA damage in brain of Fischer rats. METHODS: Experiments were performed on male Fischer
rats exposed to microwave radiation for 90 days at three different frequencies: 900, 1800, and
2450 MHz. Animals were divided into 4 groups: Group |: Sham exposed, Group II: animals
exposed to microwave radiation at 900 MHz and specific absorption rate (SAR) 5.953 x 10-4
W/kg, Group lll: animals exposed to 1800 MHz at SAR 5.835 x 10-4 W/kg and Group IV: animals
exposed to 2450 MHz at SAR 6.672 x 10-4 W/kg. All the animals were tested for cognitive
function using elevated plus maze and Morris water maze at the end of the exposure period
and subsequently sacrificed to collect brain tissues. HSP70 levels were estimated by ELISA and
DNA damage was assessed using alkaline comet assay. RESULTS: Microwave exposure at 900-
2450 MHz with SAR values as mentioned above lead to decline in cognitive function, increase in
HSP70 level and DNA damage in brain. CONCLUSION: The results of the present study suggest
that low level microwave exposure at frequencies 900, 1800, and 2450 MHz may lead to
hazardous effects on brain

(E) Diem E, Schwarz C, Adlkofer F, Jahn O, Rudiger H. Non-thermal DNA breakage by
mobile-phone radiation (1800MHz) in human fibroblasts and in transformed GFSH-R17
rat granulosa cells in vitro. Mutat Res. 583:178-183, 2005. (VT, AE, GT, WS)

Cultured human diploid fibroblasts and cultured rat granulosa cells were exposed to
intermittent and continuous radiofrequency electromagnetic fields (RF-EMF) used in mobile
phones, with different specific absorption rates (SAR) and different mobile-phone modulations.
DNA strand breaks were determined by means of the alkaline and neutral comet assay. RF-EMF
exposure (1800MHz; SAR 1.2 or 2W/kg; different modulations; during 4, 16 and 24h;
intermittent 5min on/10min off or continuous wave) induced DNA single- and double-strand
breaks. Effects occurred after 16h exposure in both cell types and after different mobile-phone
modulations. The intermittent exposure showed a stronger effect in the comet assay than
continuous exposure. Therefore we conclude that the induced DNA damage cannot be based
on thermal effects.

(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. (VT, AE, GT, OX, WS, RP)

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
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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 RE-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.

(NE) Durdik M, Kosik P, Markova E, Somsedikova A, Gajdosechova B, Nikitina E,
Horvathova E, Kozics K, Davis D, Belyaev I. Microwaves from mobile phone induce
reactive oxygen species but not DNA damage, preleukemic fusion genes and apoptosis in
hematopoietic stem/progenitor cells. Sci Rep. 9(1):16182, 2019. (VT, AE, GT)

Exposure to electromagnetic fields (EMF) has been associated with the increased risk of
childhood leukemia, which arises from mutations induced within hematopoietic stem cells often
through preleukemic fusion genes (PFG). In this study we investigated whether exposure to
microwaves (MW) emitted by mobile phones could induce various biochemical markers of
cellular damage including reactive oxygen species (ROS), DNA single and double strand breaks,
PFG, and apoptosis in umbilical cord blood (UCB) cells including CD34+ hematopoietic
stem/progenitor cells. UCB cells were exposed to MW pulsed signals from GSM900/UMTS test-
mobile phone and ROS, apoptosis, DNA damage, and PFG were analyzed using flow cytometry,
automated fluorescent microscopy, imaging flow cytometry, comet assay, and RT-qPCR. In
general, no persisting difference in DNA damage, PFG and apoptosis between exposed and
sham-exposed samples was detected. However, we found increased ROS level after 1h of
UMTS exposure that was not evident 3 h post-exposure. We also found that the level of ROS rise
with the higher degree of cellular differentiation. Our data show that UCB cells exposed to
pulsed MW developed transient increase in ROS that did not result in sustained DNA damage

and apoptosis.
(E) Eker ED, Arslan B, Yildirim M, Akar A, Aras N. The effect of exposure to 1800 MHz

radiofrequency radiation on epidermal growth factor, caspase-3, Hsp27 and p38MAPK
gene expressions in the rat eye. Bratisl Lek Listy. 119(9):588-592, 2018. (VO, LE, LI, GE)

Radiofrequency electromagnetic fields (RF-EMF) may induce DNA damage and oxidative stress
in human lens epithelial cells (LECs). We aimed to investigate the expression levels of heat
shock protein 27 (Hsp27), p38 mitogen-activated protein kinase (p38MAPK), epidermal growth
factor receptor (EGFR) and caspase-3 gene expression levels in rat eye that was exposed to 1800
MHz RF-EMF. METHODS: Thirty-seven female Wistar albino rats were divided into three
groups. The rats in the study group (n = 9) were exposed to 1800 MHz RF-EMF at an electric
field 6.8 £ 0.1 V/m and 0.06 W/kg specific absorption rate (SAR) for 2 hours per day for eight
weeks. Sham group (n = 9) was kept under similar conditions as the exposed group without
exposure to RF-EMF. The rats in all three groups were sacrificed and their eyes were removed.
Hsp27, p38MAPK, EGFR, caspase-3 gene expression levels were investigated in detail with
real-time polymerase chain reactions (Real-Time PCR). RESULTS: caspase-3 and p38MAPK
gene expression were significantly upregulated in the ocular tissues following exposure to RF-
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EMF (p < 0.05). CONCLUSION: According to our findings, eye cells recognize EMF as a
stress factor, and in response, activate caspase-3 and p38MAPK gene expressions. These results
confirm that RE-EMF can cause cellular damage in rat ocular cells (Tab. 2, Fig. 3, Ref. 37).

(E) Engelmann JC, Deeken R, Miiller T, Nimtz G, Roelfsema MR, Hedrich R. Is gene
activity in plant cells affected by UMTS-irradiation? A whole genome approach. Adv Appl
Bioinform Chem. 1:71-83, 2008. (VT, AE, GE)

Mobile phone technology makes use of radio frequency (RF) electromagnetic fields transmitted
through a dense network of base stations in Europe. Possible harmful effects of RF fields on
humans and animals are discussed, but their effect on plants has received little attention. In
search for physiological processes of plant cells sensitive to RF fields, cell suspension cultures of
Arabidopsis thaliana were exposed for 24 h to a RF field protocol representing typical
microwave exposition in an urban environment. mRNA of exposed cultures and controls was
used to hybridize Affymetrix-ATH1 whole genome microarrays. Differential expression analysis
revealed significant changes in transcription of 10 genes, but they did not exceed a fold change
of 2.5. Besides that 3 of them are dark-inducible, their functions do not point to any known
responses of plants to environmental stimuli. The changes in transcription of these genes were
compared with published microarray datasets and revealed a weak similarity of the microwave to
light treatment experiments. Considering the large changes described in published experiments,
it is questionable if the small alterations caused by a 24 h continuous microwave exposure would
have any impact on the growth and reproduction of whole plants.

(E) Esmekaya MA, Aytekin E, Ozgur E, Guler G, Ergun MA, Omeroglu S, Seyhan N.
Mutagenic and morphologic impacts of 1.8GHz radiofrequency radiation on human
peripheral blood lymphocytes (hPBLs) and possible protective role of pre-treatment with
Ginkgo biloba (EGb 761). Sci Total Environ. 410-411:59-64, 2011. (VT, AE, GT, OX)

The mutagenic and morphologic effects of 1.8GHz Global System for Mobile Communications
(GSM) modulated RF (radiofrequency) radiation alone and in combination with Ginkgo biloba
(EGb 761) pre-treatment in human peripheral blood lymphocytes (hPBLs) were investigated in
this study using Sister Chromatid Exchange (SCE) and electron microscopy. Cell viability was
assessed with 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) reduction
assay. The lymphocyte cultures were exposed to GSM modulated RF radiation at 1.8GHz for 6,
8, 24 and 48h with and without EGb 761. We observed morphological changes in pulse-
modulated RF radiated lymphocytes. Longer exposure periods led to destruction of organelle and
nucleus structures. Chromatin change and the loss of mitochondrial crista occurred in cells
exposed to RF for 8h and 24h and were more pronounced in cells exposed for 48h. Cytoplasmic
lysis and destruction of membrane integrity of cells and nuclei were also seen in 48h RF exposed
cells. There was a significant increase (p<0.05) in SCE frequency in RF exposed lymphocytes
compared to sham controls. EGb 761 pre-treatment significantly decreased SCE from RF
radiation. RF radiation also inhibited cell viability in a time dependent manner. The inhibitory
effects of RF radiation on the growth of lymphoctes were marked in longer exposure periods.
EGDb 761 pre-treatment significantly increased cell viability in RF+EGb 761 treated groups at 8
and 24h when compared to RF exposed groups alone. The results of our study showed that RF
radiation affects cell morphology, increases SCE and inhibits cell proliferation. However, EGb
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761 has a protective role against RF induced mutagenity. We concluded that RF radiation
induces chromosomal damage in hPBLs but this damage may be reduced by EGb 761 pre-
treatment.

(NE) Falzone N, Huyser C, Franken DR, Leszczynski D. Mobile phone radiation does not
induce pro-apoptosis effects in human spermatozoa. Radiat Res 174:169-176, 2010. (VT,
AE. GT, OX)

Recent reports suggest that mobile phone radiation may diminish male fertility. However, the
effects of this radiation on human spermatozoa are largely unknown. The present study examined
effects of the radiation on induction of apoptosis-related properties in human spermatozoa.
Ejaculated, density-purified, highly motile human spermatozoa were exposed to mobile phone
radiation at specific absorption rates (SARSs) of 2.0 and 5.7 W/kg. At various times after
exposure, flow cytometry was used to examine caspase 3 activity, externalization of
phosphatidylserine (PS), induction of DNA strand breaks, and generation of reactive oxygen
species. Mobile phone radiation had no statistically significant effect on any of the parameters
studied. This suggests that the impairment of fertility reported in some studies was not caused by
the induction of apoptosis in spermatozoa.

(E) 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: 43-50, 2006. (VO, LE, GT, OX, DE)

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.

(NE) Figueiredo ABS; Alves RN; Ramalho AT. Cytogenetic analysis of the effects of 2.5
and 10.5 GHz microwaves on human lymphocytes. Genet. Mol. Biol. 27: 460-466, 2004.
(VT, AE, GT)
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The biological effects of microwaves on living organisms remain highly controversial. Although
some reports have suggested that microwaves may be directly or indirectly genotoxic, a direct
action is unlikely because the low energy of microwave photons makes them unable to cause
single-strand breaks in DNA. In this work, we examined the possible clastogenic properties of
microwaves (2.5 and 10.5 GHz) on blood lymphocytes in vitro by monitoring the frequency of
chromosomal aberrations. We also investigated whether blood cells showed increased
radiosensitivity or radioresistance when pretreated with the microwaves and then irradiated with
gamma radiation. There was no significant difference in the frequency of chromosomal
aberrations between cells which had or had not been treated with microwaves. Control cells had
a mean frequency of 0.013 aberrations per cell compared to 0.010 and 0.011 aberrations per cell
in the microwave-exposed samples. Nor was there any alteration in the radiosensitivity of cells
pretreated with microwaves. Gamma irradiated cells showed a mean frequency of 0.279
aberrations per cell compared to 0.343 and 0.310 aberrations per cell in samples pretreated with
microwaves. However, cell mortality increased markedly after exposure to microwaves. The
results suggest that microwaves do not interact directly or indirectly with chromosomes,
although they may target other cell structures, such as cell membranes

(NE) Finnie JW, Cai Z, Blumbergs PC, Manavis J, Kuchel TR. Expression of the
immediate early gene, c-fos, in fetal brain after whole of gestation exposure of pregnant
mice to global system for mobile communication microwaves. Pathology. 38(4):333-335,
2006. (VO, LE, GE, DE)

AIMS: To study immediate early gene, c-fos, expression as a marker of neural stress after whole
of gestation exposure of the fetal mouse brain to mobile telephone-type radiofrequency fields.
METHODS: Using a purpose-designed exposure system at 900 MHz, pregnant mice were given
a single, far-field, whole body exposure at a specific absorption rate of 4 W/kg for 60 min/day
from day 1 to day 19 of gestation. Pregnant control mice were sham-exposed or freely mobile in
a cage without further restraint. Immediately prior to parturition on gestational day 19, fetal
heads were collected, fixed in 4% paraformaldehyde and paraffin embedded. Any stress response
in the brain was detected by c-fos immunohistochemistry in the cerebral cortex, basal ganglia,
thalamus, hippocampus, midbrain, cerebellum and medulla. RESULTS: c-fos expression was of
limited, but consistent, neuroanatomical distribution and there was no difference in
immunoreactivity between exposed and control brains. CONCLUSION: In this animal model,
no stress response was detected in the fetal brain using c-fos immunohistochemistry after whole
of gestation exposure to mobile telephony.

(E) Fragopoulou AF, Polyzos A, Papadopoulou MD, Sansone A, Manta AK, Balafas E,
Kostomitsopoulos N, Skouroliakou A, Chatgilialoglu C, Georgakilas A, Stravopodis DJ,
Ferreri C, Thanos D, Margaritis LH. Hippocampal lipidome and transcriptome profile
alterations triggered by acute exposure of mice to GSM 1800 MHz mobile phone radiation:
An exploratory study. Brain Behav. 8(6):e01001, 2018. (VO, AE, GE)

Background: The widespread use of wireless devices during the last decades is raising concerns
about adverse health effects of the radiofrequency electromagnetic radiation (RF-EMR) emitted
from these devices. Recent research is focusing on unraveling the underlying mechanisms of RF-
EMR and potential cellular targets. The "omics™ high-throughput approaches are powerful tools
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to investigate the global effects of RF-EMR on cellular physiology. Methods: In this work,
C57BL/6 adult male mice were whole-body exposed (ngx, = 8) for 2 hr to GSM 1800 MHz
mobile phone radiation at an average electric field intensity range of 4.3-17.5 VV/m or sham-
exposed (nse = 8), and the RF-EMR effects on the hippocampal lipidome and transcriptome
profiles were assessed 6 hr later. Results: The data analysis of the phospholipid fatty acid
residues revealed that the levels of four fatty acids [16:0, 16:1 (6¢ + 7c¢), 18:1 9c,
eicosapentaenoic acid omega-3 (EPA, 20:5 ®3)] and the two fatty acid sums of saturated and
monounsaturated fatty acids (SFA and MUFA) were significantly altered (p < 0.05) in the
exposed group. The observed changes indicate a membrane remodeling response of the tissue
phospholipids after nonionizing radiation exposure, reducing SFA and EPA, while increasing
MUFA residues. The microarray data analysis demonstrated that the expression of 178 genes
changed significantly (p < 0.05) between the two groups, revealing an impact on genes involved
in critical biological processes, such as cell cycle, DNA replication and repair, cell death, cell
signaling, nervous system development and function, immune system response, lipid
metabolism, and carcinogenesis. Conclusions: This study provides preliminary evidence that
mobile phone radiation induces hippocampal lipidome and transcriptome changes that may
explain the brain proteome changes and memory deficits previously shown by our group.

(E) Franchini V, Regalbuto E, De Amicis A, De Sanctis S, Di Cristofaro S, Coluzzi E,
Marinaccio J, Sgura A, Ceccuzzi S, Doria A, Gallerano GP, Giovenale E, Ravera GL, Bei
R, Benvenuto M, Modesti A, Masuelli L, Lista F. Genotoxic effects in human fibroblasts
exposed to microwave radiation. Health Phys. 115(1):126-139, 2018a. (VT, AE, GT)

In the last decades, technological development has led to an increasing use of devices
and systems based on microwave radiation. The increased employment of these
devices has elicited questions about the potential long-term health consequences
associated with microwave radiation exposure. From this perspective, biological effects
of microwave radiation have been the focus of many studies, but the reported scientific
data are unclear and contradictory. The aim of this study is to evaluate the potential
genotoxic and cellular effects associated with in vitro exposure of human fetal and adult
fibroblasts to microwave radiation at the frequency of 25 GHz. For this purpose, several
genetic and biological end points were evaluated. Results obtained from comet assay,
phosphorylation of H2AX histone, and antikinetochore antibody (CREST)-negative
micronuclei frequency excluded direct DNA damage to human fetal and adult fibroblasts
exposed to microwaves. No induction of apoptosis or changes in prosurvival signalling
proteins were detected. Moreover, CREST analysis showed for both the cell lines an
increase in the total number of micronuclei and centromere positive micronuclei in
exposed samples, indicating aneuploidy induction due to chromosome loss.

(E) Franchini V, De Sanctis S, Marinaccio J, De Amicis A, Coluzzi E, Di Cristofaro S,
Lista F, Regalbuto E, Doria A, Giovenale E, Gallerano GP, Bei R, Benvenuto M, Masuelli
L, Udroiu I, Sgura A. Study of the effects of 0.15 terahertz radiation on genome integrity of
adult fibroblasts. Environ Mol Mutagen. 59(6):476-487, 2018b. (VT, AE, GT)

The applications of Terahertz (THz) technologies have significantly developed in recent
years, and the complete understanding of the biological effects of exposure to THz
radiation is becoming increasingly important. In a previous study, we found that THz
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radiation induced genomic damage in fetal fibroblasts. Although these cells
demonstrated to be a useful model, exposure of human foetuses to THz radiation is
highly improbable. Conversely, THz irradiation of adult dermal tissues is cause of
possible concern for some professional and nonprofessional categories. Therefore, we
extended our study to the investigation of the effects of THz radiation on adult
fibroblasts (HDF). In this work, the effects of THz exposure on HDF cells genome
integrity, cell cycle, cytological ultrastructure and proteins expression were assessed.
Results of centromere-negative micronuclei frequencies, phosphorylation of H2AX
histone, and telomere length modulation indicated no induction of DNA damage.
Concordantly, no changes in the expression of proteins associated with DNA damage
sensing and repair were detected. Conversely, our results showed an increase of
centromere-positive micronuclei frequencies and chromosomal nondisjunction events,
indicating induction of aneuploidy. Therefore, our results indicate that THz radiation
exposure may affect genome integrity through aneugenic effects, and not by DNA
breakage. Our findings are compared to published studies, and possible biophysical
mechanisms are discussed.

(E) Franzellitti S, Valbonesi P, Contin A, Biondi C, Fabbri E. HSP70 expression in human

trophoblast cells exposed to different 1.8 Ghz mobile phone signals. Radiat Res. 170(4):488-
497, 2008. (VT, AE, GE)

The heat-shock proteins (HSPs) are important cellular stress markers and have been proposed as
candidates to infer biological effects of high-frequency electromagnetic fields (EMFs). In the
current study, HSP70 gene and protein expression were evaluated in cells of the human
trophoblast cell line HTR-8/SVneo after prolonged exposure (4 to 24 h) to 1.8 GHz continuous-
wave (CW) and different GSM signals (GSM-217Hz and GSM-Talk) to assess the possible
effects of time and modulation schemes on cell responses. Inducible HSP70 protein expression
was not modified by high-frequency EMFs under any condition tested. The inducible HSP70A,
HSP70B and the constitutive HSC70 transcripts did not change in cells exposed to high-
frequency EMFs with the different modulation schemes. Instead, levels of the inducible HSP70C
transcript were significantly enhanced after 24 h exposure to GSM-217Hz signals and reduced
after 4 and 16 h exposure to GSM-Talk signals. As in other cell systems, in HTR-8/SVneo cells
the response to high-frequency EMFs was detected at the mRNA level after exposure to
amplitude-modulated GSM signals. The present results suggest that the expression analysis for
multiple transcripts, though encoding the same or similar protein products, can be highly
informative and may account for subtle changes not detected at the protein level.

(E) Franzellitti S, Valbonesi P, Ciancaglini N, Biondi C, Contin A, Bersani F, Fabbri E.
Transient DNA damage induced by high-frequency electromagnetic fields (GSM 1.8 GHz)
in the human trophoblast HTR-8/SVneo cell line evaluated with the alkaline comet assay.
Mutat Res 683(1-2):35-42, 2010. (VT, AE, GT, WS)

One of the most controversial issue regarding high-frequency electromagnetic fields (HF-EMF)
is their putative capacity to affect DNA integrity. This is of particular concern due to the
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increasing use of HF-EMF in communication technologies, including mobile phones. Although
epidemiological studies report no detrimental effects on human health, the possible disturbance
generated by HF-EMF on cell physiology remains controversial. In addition, the question
remains as to whether cells are able to compensate their potential effects. We have previously
reported that a 1-h exposure to amplitude-modulated 1.8 GHz sinusoidal waves (GSM-217 Hz,
SAR=2 W/kg) largely used in mobile telephony did not cause increased levels of primary DNA
damage in human trophoblast HTR-8/SVneo cells. Nevertheless, further investigations on
trophoblast cell responses after exposure to GSM signals of different types and durations were
considered of interest. In the present work, HTR-8/SVneo cells were exposed for 4, 16 or 24h to
1.8 GHz continuous wave (CW) and different GSM signals, namely GSM-217 Hz and GSM-
Talk (intermittent exposure: 5 min field on, 10 min field off). The alkaline comet assay was used
to evaluate primary DNA damages and/or strand breaks due to uncompleted repair processes in
HF-EMF exposed samples. The amplitude-modulated signals GSM-217 Hz and GSM-Talk
induced a significant increase in comet parameters in trophoblast cells after 16 and 24h of
exposure, while the un-modulated CW was ineffective. However, alterations were rapidly
recovered and the DNA integrity of HF-EMF exposed cells was similar to that of sham-exposed
cells within 2h of recovery in the absence irradiation. Our data suggest that HF-EMF with a
carrier frequency and modulation scheme typical of the GSM signal may affect the DNA

integrity.

(NE) Fritze K, Wiessner C, Kuster N, Sommer C, Gass P, Hermann DM, Kiessling M,
Hossmann KA. Effect of global system for mobile communication microwave exposure on
the genomic response of the rat brain. Neuroscience. 81(3):627-639, 1997. (VO, AE, GE)

The acute effect of global system for mobile communication (GSM) microwave exposure on the
genomic response of the central nervous system was studied in rats by measuring changes in the
messenger RNAs of hsp70, the transcription factor genes c-fos and c-jun and the glial structural
gene GFAP using in situ hybridization histochemistry. Protein products of transcription factors,
stress proteins and marker proteins of astroglial and microglial activation were assessed by
immunocytochemistry. Cell proliferation was evaluated by bromodeoxyuridine incorporation. A
special GSM radiofrequency test set, connected to a commercial cellular phone operating in the
discontinuous transmission mode, was used to simulate GSM exposure. The study was
conducted at time averaged and brain averaged specific absorption rates of 0.3 W/kg (GSM
exposure), 1.5 W/kg (GSM exposure) and 7.5 W/kg (continuous wave exposure), respectively.
Immediately after exposure, in situ hybridization revealed slight induction of hsp70 messenger
RNA in the cerebellum and hippocampus after 7.5 W/kg exposure, but not at lower intensities. A
slightly increased expression of c-fos messenger RNA was observed in the cerebellum,
neocortex and piriform cortex of all groups subjected to immobilization, but no differences were
found amongst different exposure conditions. C-jun and GFAP messenger RNAs did not
increase in any of the experimental groups. 24 h after exposure, immunocytochemical analysis of
FOS and JUN proteins (c-FOS, FOS B, ¢c-JUN JUN B, JUN D), of HSP70 or of KROX-20 and -
24 did not reveal any alterations. Seven days after exposure, neither increased cell proliferation
nor altered expression of astroglial and microglial marker proteins were observed. In conclusion
acute high intensity microwave exposure of immobilized rats may induce some minor stress
response but does not result in lasting adaptive or reactive changes of the brain.
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(E) Fucic A, Garaj-Vrhovac V, Skara M, Dimitrovic B, X-rays, microwaves and vinyl
chloride monomer: their clastogenic and aneugenic activity, using the micronucleus assay
on human lymphocytes. Mutat Res 282(4):265-271, 1992. (VT. AE, GT)

Chromosome aberration assays, sister-chromatid exchange techniques and micronucleus assays
are commonly used methods for biomonitoring genetic material damaged by chemical or
physical agents. On the other hand, their aneugenic activity, which can lead to hypoploidy and
may also be associated with carcinogenesis, has not been thoroughly investigated. In our study
we chose the micronucleus assay with a new mathematical approach to separate clastogenic
from aneugenic activity of three well-known mutagens (vinyl chloride monomer, X-rays and
microwaves) on the genome of human somatic cells. The comparison of frequencies of size
distribution of micronuclei in the lymphocytes of humans exposed to each of these three
mutagens showed that X-rays and microwaves were preferentially clastogens while vinyl
chloride monomer showed aneugenic activity as well. Microwaves possess some mutagenic
characteristics typical of chemical mutagens

(E) 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. (VO, LE, GT, OX)

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
(PUEA) in neonates. For rats of 30 days, no OS, but it is genotoxic to the livers of ER to total
body irradiation.

(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. 91(11):891-897, 2015. (VO, LE, GT)
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