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Abstract

Purpose: Our study was designed to assess the effects of low
intensity radiation of a GSM (Global System for Mobile com-
munication) 900 MHz cellular phone on early embryogenesis in
dependence on the duration of exposure.

Materials and methods: Embryos of Japanese Quails were
exposed in ovo to GSM 900 MHz cellular phone radiation
during initial 38 h of brooding or alternatively during 158 h
(120 h before brooding plus initial 38 h of brooding) discontinu-
ously with 48 sec ON (average power density 0.25 uW/cm?, spe-
cific absorption rate 3 uW/kg) followed by 12 sec OFF intervals.
A number of differentiated somites were assessed microscopi-
cally. Possible DNA damage evoked by irradiation was assessed
by an alkaline comet assay.

Results: Exposure to radiation from a GSM 900 MHz cellular
phone led to a significantly altered number of differentiated
somites. In embryos irradiated during 38 h the number of differ-
entiated somites increased (p<0.001), while in embryos irradi-
ated during 158 h this number decreased (p < 0.05). The lower
duration of exposure led to a significant (p <0.001) decrease in
a level of DNA strand breaks in cells of 38-h embryos, while the
higher duration of exposure resulted in a significant (p <0.001)
increase in DNA damage as compared to the control.

Conclusion: Effects of GSM 900 MHz cellular phone radiation on
early embryogenesis can be either stimulating or deleterious
depending on the duration of exposure.

Keywords: Electromagnetic field, microwave radiation, embryo,
somitogenesis, DNA damage

Introduction

On 31 May 2011 the International Agency for Research on
Cancer on behalf of the World Health Organization classi-
fied radiofrequency electromagnetic fields as being possible

carcinogenic to humans (Baan et al. 2011). This decision,
reportedly based on an increased risk for glioma develop-
ment associated with the usage of wireless phones, can serve
as an indicator for the importance of research on risk assess-
ment on modern wireless technologies. Indeed, mobile
communication devices intensively spread worldwide has
become the most powerful source of non-ionizing electro-
magnetic radiation in the human environment.

Potential risk of microwaves (MW) for human health is
closely connected to contemporary approaches to define
safety limits for non-ionizing electromagnetic radiation.
According to the International Commission on Non-
Ionizing Radiation Protection recommendations (ICNIRP
1998), safety limits were adopted solely on thermal effects
of short-term exposure of biological tissues to electromag-
netic fields. Nevertheless, a great amount of both epidemio-
logical and experimental data available nowadays points to
non-thermal effects of MW on biological systems. Accord-
ingly, an increased risk of carcinogenesis was demonstrated
after long-term or ‘heavy’ use of mobile communication
devices (Eger et al. 2004, Hardell et al. 2007, Hardell and
Carlberg 2009, Khurana et al. 2009, Morgan 2009). On the
other hand, the Interphone study reports demonstrate a
decreased risk of cancer development for ‘light’ users of
cell phones (Cardis et al. 2010). However, the underlying
mechanisms of health effects revealed still remain unclear.
In this connection, experimental data on clear dependence
of mutagenic effect of the low intensity MW exposure on the
level of MW energy is particularly important (Phillips et al.
1998). While the mutagenic effect of non-ionizing radiation
is viewed as one of the most important experimental evi-
dence of its potential carcinogenicity (Behari and Paulraj
2007), these data deserve special attention. Importantly,
a few relevant studies have already demonstrated depen-
dence of the biological effects of MW on the intensity of
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radiation (in non-thermal range). In particular, the oxida-
tive and mutagenic effects of MW were convincingly shown
on a model of human spermatozoa (De Iuliis et al. 2009). In
addition, the intensity-dependent biological effects of GSM
MW were revealed on a model of Drosophila melanogaster
(Panagopoulos et al. 2010). Likewise, we have earlier dem-
onstrated that exposure of quail embryos in ovo to MW of
GSM 850 MHz with intensity 5-15 pW/cm? led to distinct
malformations of somites in 40-h embryos (Yakymenko
etal. 2011c).

On the other hand, we recently learned that the 38-h expo-
sure to extremely low intensity MW (0.2 pW/cm?) can result
in the facilitating effects on somitogenesis of quail embryos
(Tsybulin et al. 2012). Therefore, in the present study we
investigated whether prolongation of the exposure to MW
of the same extremely low intensity can lead to any opposite
effect on somitogenesis. Additionally, possible mutagenic
effects of different durations of the low intensity MW expo-
sure of embryonic cells were assessed.

It is important to note that in this study a commercial
model of a cellular phone of the GSM standard was used
as a source of radiation. To that, GSM is currently a pre-
vailing standard for mobile communication, which covers
about 80% of all services around the world. The frequencies
of electromagnetic waves used in GSM are about 850, 900,
1800 or 1900 MHz, which all belong to a microwave range.
Using them, information is transferred via modulation of
electromagnetic wave frequency. In the GSM standard
TDMA (Time Division Multiple Access) principle is real-
ized, which means a part time access to the logical chan-
nel with frequency of channels’ rotation at about 217 Hz
(Hyland 2000).

Importantly, commercial models of cellular phones are
widely used nowadays in risk assessment studies (see for
example Ilhan et al. 2004, Meral et al. 2007, Agarwal et al.
2009, Volkow et al. 2011). Indeed, one of the most intriguing
questions is whether any detectable biological/health effects
can be caused by the radiation from typical commercial wire-
less devices under the existing safety limits. Our data dem-
onstrate such effects and consequently give an affirmative
answer to this question. In addition, our results suggest that
the various durations of low intensity MW irradiation evoke
robust biological effects, which vary in their directions.

Materials and methods

Incubation of embryos

Embryos of Japanese quail were used in this study. Fresh
fertilized Japanese quail eggs were purchased from Bila
Tserkva Poultry Farm (Bila Tserkva, Ukraine). For each
experiment two groups of eggs qualified to the incubation
standards were formed (n = 10-12). Brooding of embryos
was initiated by placing the eggs into a laboratory incu-
bator ILU-F-0.3 (Pyatigorskselmach, Pyatigorsk, Russia)
under conditions described as optimal for quail embryos:
Temperature of incubation 38.3 + 0.2°C, relative humidity
60% (Yakimenko et al. 2002). Horizontal trays for incuba-
tion and manual rotation of eggs three times per day were
used. Metal walls of the incubator were replaced by plastic
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covers to avoid shielding or reflection of MW. The exposed
and control groups of embryos were incubated simultane-
ously in the same incubator chamber, separated from each
other by 10 cm, while the control group was shielded by
six layers of an aluminum foil (each foil layer was 0.03 mm
thick, 20 X 30 cm?).

Irradiation of embryos

We intended to design our strategy in order to compare bio-
logical effects of MW irradiation in a relation to the duration
of exposure, and hence to a received dosage of irradia-
tion. We reasoned that various exposures applied during
the period of actual brooding of the eggs would result in
embryos at different developmental stages which would
make the comparisons difficult if possible. Therefore, to
prolong the period of exposure we irradiated embryos
in ovo at a ‘resting’ stage in addition to irradiation at the
actual brooding stage. We based this strategy on our pre-
vious studies which demonstrated high sensitivity of
bird embryos to non-ionizing radiation exposure applied
both before and during the initial period of incubation
(Yakimenko et al. 2002, Tsybulin and Yakymenko 2009).

A commercial cell phone (Nokia 3120, Bochum, Ger-
many) assigned to a local mobile connection provider
(Kyivstar, Kyiv, Ukraine) was used as a source of GSM 900
MHz radiation. Activation of the muted and silenced cell
phone was performed by auto-redial computer program
AutoRingUp (Special Software, Tomsk, Russia). The pro-
gram ensured redial of the cell phone number after discon-
nection of a previous call. Each dial cycle consisted of a
connection attempt (cell phone ON) which lasted for about
48 sec followed by 12 sec OFF interval. During each con-
nection trial (without ‘answering’ a call) the phone emitted
MW radiation at 890-915 MHz carrier frequency. During
the call a GSM signal is non-modulated by any voice signal
while maintaining a pulse modulation which is equivalent
to an amplitude modulation simultaneously by several
frequencies (217 Hz; 434 Hz; 651 Hz, etc). However, there
is no detectable amplitude modulation at the frequency of
217 Hz (Stewart 2000). The phone rested on a plastic stand
3 cm over the surface of eggs. All experiments were carried
out at the same place of the laboratory that ensured a stable
position of a cell phone relatively to a nearest base trans-
ceiver station. As a result, relatively stable level of radiation
from the cell phone throughout the experimental series was
obtained (Figure 1).

Radiofrequency (RF) Field Strength Meter (Alphalab
Inc, Salt Lake City, UT, USA) was used for measurement
of power density of MW radiation. The intensity of MW
radiation varied significantly during the time of the calls
while still maintaining a reproducible profile (Figure 1). An
average power density of MW radiation on the surface of
incubation eggs during the calls was 0.25 = 0.008 pW/cm?.
The level of background RF radiation in the laboratory was
0.001 uW/cm? (in range of 100-3000 MHz). The aluminum
foil shield used in our experiments ensured near-the-
background level of RF radiation (0.002 pW/cm?) for the
control quail embryos while cell phone was under the
operation conditions in a zone of exposed embryos.
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Figure 1. Plot of the intensity of GSM 900 MHz microwaves emitted from a cellular phone Nokia 3120 during a calling cycle at 3 cm from the
back of the phone. Intensities were recorded at various hours during the day inside the incubator, the place at the laboratory space was not
changed throughout the experiment series; n = 9; the mean * the standard error of the mean (SEM).

The level of specific absorption rate (SAR) in quail
embryo in ovo for applied MW radiation was assessed as
(o/p)E? according to (Chou et al. 1996, Cespedes and Ueno
2009), where 6~70 S/m is conductivity of embryo/hatch-
ing egg structures, p = 1040 kg/m? is an average density of
quail embryo/hatching egg structures and E=0.02 V/m is
the electric field inside the hatching egg. The last number
was calculated through the equation S =F?/377 (see, for
example, ICNIRP 1998), where S is a power density of MW
in W/m?, and E is electric field inside hatching egg, keep-
ing in mind that average power density on the egg surface
in our experiments was 0.0025 W/m? (0.25 uW/cm?) and
permittivity of hatching egg structures is about 50 for MW
range (Eroshenko et al. 2005). The calculated value of SAR
was about 3 pW/kg, which is far below the ICNIRP limit in
2 W/kg (ICNIRP 1998).

Embryos of the Exposed I experimental groups (lower
dosage) were irradiated by the phone in ovo during the
first 38 h of brooding in an incubator as shown in Figure 2.
Embryos of the Exposed II groups (higher dosage) were
first irradiated on a laboratory bench at room temperature
during 5 days (120 h), after which eggs were transferred to
the incubator where irradiation continued for 38 h similarly
as in Exposed I groups (158 h of irradiation in total). It is of
note here that in fresh fertilized quail eggs embryos stay in a
stage of a gastrula which consists of a few hundred cells and
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Figure 2. Set up for irradiation of quail embryos in ovo (exposed
group) to MW emitted by a commercial GSM 900 MHz cell phone
(magnification X 0.5).

which are to continue their development if placed under
proper brooding conditions. The temperature on the surface
of hatching eggs of both the control and exposed groups was
controlled by thermometers with a 0.1°C precision.

Analysis of the intensity of somitogenesis

A number of differentiated somites in a bird embryo are well
known as one of the most objective integral index of early
embryonic development (Hamburger and Hamilton 1992).
Analysis was carried out as described (Yakymenko et al.
2011c). Briefly, after 38 h of brooding embryonic develop-
ment was stopped by cooling the eggs in cold water (10°C).
Embryos were taken off the surface of yolk using filter paper
rings after cracking the egg shells and removal of the whites.
Embryos were then washed carefully in a cold phosphate-
buffered saline (PBS) (Alsi, Kyiv, Ukraine). A calculation of
the numbers of differentiated somites and visual analysis
of development abnormalities were carried out under a
light microscope Biolam 70 (Leningrad optical-mechanical
corporation, Petersburg, Russia). All unfertilized eggs were
excluded from the following statistical analysis.

Analysis of DNA single- and double-strand breaks

in embryo cells

Analysis of DNA single- and double-strand breaks in
embryo cells was performed using an alkaline Comet assay
as described (Singh et al. 1988, Hartmann et al. 2003) with
slight modifications. Briefly, embryos, taken and washed
as above, were detached from paper rings and cells were
dissociated by careful trituration of a whole embryo in PBS
to achieve about 5 X 108 of cells per ml. The frosted micro-
scope slides were first covered with a layer of an agarose
gel (Sigma-Aldrich, Munich, Germany). Then, 1-2 X 10°
of cells were embedded into 75 pl of 1% low melting point
agarose (Sigma-Aldrich) at 37°C and the gel was cast
over the first agarose layer on ice for 10 min. Slides were
immersed into a lysis solution (2.5 M NaCl, 100 mM eth-
ylenediamine tetra-acetic acid (EDTA), 10 mM Tris, 10%
dimethylsulphoxide (DMSO), 1% Triton X-100, pH 10, all
reagents Sigma-Aldrich) and kept for an hour at 4°C. After
cell lysis, the slides were placed in a horizontal gel elec-
trophoresis unit filled with alkaline electrophoresis buffer

RIGHTS LI N K



Int J Radiat Biol Downloaded from informahealthcare.com by IBI Circulation - Ashley Publications Ltd on 09/09/13

For personal use only.

(300 mM NaOH and 1 mM EDTA, pH 13). After 30 min of
alkali treatment for unwinding the DNA, electrophoresis
was performed for 20 min at 0.8 V/cm. Slides were rinsed
consecutively with neutralization buffer (0.4 M Tris Cl, pH
7.5, Sigma-Aldrich) and distilled water, and stained with
SYBR Green I (Sigma-Aldrich). All procedures described
were conducted under dimmed light. The slides were
evaluated under a fluorescence microscope (Carl Zeiss
Fluoval, Jena, Germany) coupled to an image analysis sys-
tem Digital Camera for Microscope DCM 500 (Hangzhou
Huaxin IC Technology Inc, Hangzhou, Zhejiang, China).
Analysis of the images was performed using CometScore
software (TriTek Corp, Sumerduck, VA, USA). At least 50
cells were analyzed for each slide/embryo. DNA damages
were assessed by calculation of tail length (um), percent-
age of DNA in a tail, and a tail moment (product of the tail
length to tail DNA content).

Statistical analysis

Student’s t-test was used for the statistical analysis, with
significance levels *p < 0.05, **p <0.01 and ***p < 0.001 as
compared with the matched controls.

Results

Effects of GSM 900 MHz cell phone radiation on
somitogenesis depend on the duration of exposure
In the Exposed I groups, the MW exposure of quail embryos
in ovo by a commercial GSM 900 MHz cell phone to aver-
age power density 0.25 pW/cm? during 38 h with 48 sec ON,
12 sec OFF intervals increased the number of differentiated
pairs of somites by 14.4% (p <0.001) as compared with the
unexposed controls (Table I, Figure 3).

On the other hand, in the Exposed II groups an extension
of the MW exposure to 158 h in total by additional irradiation
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Table I. GSM 900 MHz microwaves emitted from the commercial
cell phone affect somitogenesis of quail embryos. Embryos were
irradiated in ovo either during initial 38 h of brooding (Exposed I)
or during 5 days before the brooding plus initial 38 h of brooding
(Exposed II). Numbers of pairs of differentiated somites were counted
microscopically.

Exposure

Total Power Exposure The number of

time, density, dose, differentiated
Groups hours  pUW/cm? m]/cm? somite pairs
Exposed I' 38 0.25 27.36 13.31 = 0.26%**
Control It - - - 11.63 X 0.25
Exposed ITtt 158 0.25 113.76 9.78 + 0.69*
Control ITt - - - 11.45 +0.27

tn =26, combined data of three experiments; the mean +SEM; ttn=32,
combined data of four experiments; the mean + SEM; *p <0.05; ***p <0.001 as
compared with the matched control.

of embryos for 120 h at room temperature before actual 38
h brooding decreased the number of pairs of differentiated
somites by 14.6% (p < 0.05) as compared with the matched
controls (Table I, Figure 3).

Importantly, the equal number of differentiated somites
in the control groups in both series of experiments was
observed. Therefore, five-day storage of hatching eggs before
the actual brooding affected neither viability nor develop-
ment potential of embryos, which corresponds to the incu-
bation standards (Petek et al. 2003).

Microscopic analysis of embryos did not reveal any devel-
opmental abnormalities neither in the control, nor in the
exposed groups. Measurement of temperature at the surface
of hatching eggs did not show any differences between the
exposed and the control groups (not shown).

Taken together, these data show that radiation emitted by
a commercial GSM 900 MHz cell phone can either increase
or decrease the number of differentiated somites in develop-
ing embryos depending on the duration of the exposure.

Figure 3. Microscopic pictures of 38 h quail embryos, ventral view (magnification X 24). (a) Control; (b) Exposed I (exposure during initial 38 h
of brooding); (c) Exposed II (exposure during 5 days before the brooding plus initial 38 h of brooding).
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Table II. GSM 900 MHz microwaves emitted from the commercial cell phone affect
DNA integrity in cells of quail embryos. Embryos were irradiated in ovo either during
initial 38 h of brooding (Exposed I} or during 5 days before the brooding plus initial
38 h of brooding (Exposed II). Alkaline comet assay was used for an assessment of
DNA single- and double-strand breaks in dissociated embryonic cells.

Indexes Exposed It Control It Exposed II'*  Control It
Exposure dose, mJ/cm? 27.36 - 113.76 -

Tail length (um) 5.38 £ 0.35%** 11.69+0.87 21.20£0.60*** 12.13+0.57
DNA in tail, % 19.16+0.88%** 25.38*+1.35 29.24 +0.68*** 22.32+0.76
Tail moment 1.90£0.27*** 555+0.69 8.55+0.39*** 4.52+0.38

150 cells from each of 5 embryos were analyzed; the mean + SEM; 11100 cells from each of 5 embryos

were analyzed; the mean + SEM; ***p < 0.001 as compared with the matched control.

Effects of GSM 900 MHz cell phone radiation on integrity
of DNA in cells of quail embryos depend on the duration
of exposure
In the Exposed I group, MW exposure of embryos in ovo
by a commercial GSM 900 MHz cell phone significantly
decreased (p < 0.001) single- and double-strand DNA breaks
analyzed by an alkaline comet assay (Table II, Figure 4).
Indeed, both the tail length and tail moment were more
than twice lower as compared with the relative control
indices, while percentage of DNA in tails was 24.5% lower.

On the other hand, in the Exposed II group, prolongation
of exposure for 5 days before actual 38 h brooding resulted in
a significant (p < 0.001) increase of DNA damage in embry-
onic cells (Table II, Figure 4). Thus, indices of both tail length
and tail moment in cells of the Exposed II group embryos
were almost twice higher, while percentage of DNA in tails
was 31.2% higher as compared with the corresponding con-
trol groups.

To correctly assess any possible effects of the five-day stor-
age of hatching eggs before actual brooding we compared

the level of DNA strand breaks in the Control I to Control
II embryos. The observed values were slightly different and
reached statistical significance only for percentage of DNA
in tails (p < 0.05). However, this difference was substantially
lower than between the corresponding exposed and the
control groups. Noteworthy, we observed high level of DNA
damages in control quail embryo cells as compared to others
biological models (Diem et al. 2005). This probably reflects
commitment of cells in the early embryo to intensive prolif-
eration which obviously might affect the state of their DNA.
Taken together, this suggests that the low intensity radia-
tion emitted by a commercial GSM 900 MHz cell phone can
result in either decrease of DNA strand breaks; or otherwise
induce substantial DNA damage in cells of the developing
bird embryo depending on the duration of the exposure.

Discussion

Worldwide expansion of mobile communication techno-
logy during the last decades dramatically increased the

Figure 4. Microscopic pictures of alkaline comet assay on cells from 38 h quail embryos (magnification X 40). (a) Control; (b) Exposed I (exposure
during initial 38 h of brooding); (c) Exposed II (exposure during 5 days before the brooding plus initial 38 h of brooding).
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level of chronic exposure of the human population and the
environment to radiofrequency electromagnetic fields of
microwave range. It is important to underline that the mod-
ern international safety limits for RF were developed based
solely on thermal effects of short-term exposure of human
body (ICNIRP 1998). However, numerous lines of evidences
strongly suggest the non-thermal biological effects of RF/
MW (reviewed in, e.g., Belyaev2010, Yakymenko et al. 2011a).
Therefore, it seems to be reasonably substantiated that
national safety limits in many counties are currently much
stricter than the ICNIRP recommendations. For example, RF
power density for general public is restricted to 2.5 uW/cm?
in Ukraine, 4 pyW/cm? in Switzerland and to 10 uW/cm? in
Russia, China and Italy (Ministry of Health of Ukraine 1996,
Hardell and Sage 2008) as compared to 450-1000 pW/cm?
recommended by ICNIRP (ICNIRP 1998). However, even
those tight national safety limits often do not regulate the
duration of RF exposure, operating only with the intensity;
and neither apply safety approaches based on the dosage
of energy. Nevertheless, these factors can be crucial for
mobile communication users, especially for children and
young adults as nowadays they get exposed to MW continu-
ously in their life, sometimes as much as for a few hours of
phone conversations a day (Yakymenko et al. 2011b). A great
importance of the duration of exposure in risk assessment
of MW effects was convincingly demonstrated in a recent
report {Schwarz et al. 2008). On the other hand, a distinc-
tive stimulating and even healing biological effects of MW
in optimized doses have been described as well (Belyaev
2010). This indicates a complexity in the intimate mecha-
nisms of interaction of the low intensity MW with the bio-
logical systems.

Recently we demonstrated a mild facilitating effect of the
low intensity GSM 900 MHz exposure of quail embryos on
somitogenesis (Tsybulin et al. 2012). This effect was achieved
with MW at 0.2 uW/cm? power density. Importantly, this is
three orders of magnitude below the actual ICNIRP safety
limits. Therefore, the aim of the present study was to elu-
cidate whether prolongation of exposure with the same
low intensity can result in aggravation of its effects on early
embryos. Indeed, our results show that extended exposure to
cell phone radiation can inhibit the early embryonic devel-
opment and induce DNA single- and double-strand breaks
in embryonic cells. Previously a great importance of the
duration of MW exposure in genotoxic effects was convinc-
ingly demonstrated in a study of Schwarz et al. (2008) on an
in vitro model of human fibroblasts.

Importantly, the extremely low intensity of radiation and
thermal control during the experiments exclude thermal
mechanism of effects revealed in our study. Moreover, a
conventional thermal effect within a biologically acceptable
temperature limits leads to an acceleration of bird embryo
development but not to depression of it.

Mechanisms of biological effects of the low intensity
MW are currently intensively studied. In particular, many
experimental data indicate an involvement of reactive oxy-
gen species (ROS) in the induction of the detrimental effects
of MW (Ozguner et al. 2005, 2010, Friedman et al. 2007,
Agarwal et al. 2009, De Iuliis et al. 2009, Kesari et al. 2011,
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Avci et al. 2012). Reportedly, both mitochondrial and NADH
oxidase pathways of ROS generation can be activated under
the certain regimens of MW exposure (Friedman et al. 2007,
De Iuliis et al. 2009). It has been experimentally proven that
under MW exposure an excessive ROS generation can result
in oxidative damage of DNA (De Iuliis et al. 2009) and other
adverse effects up to the cell death (Salford et al. 2003, Bas
etal. 2009). Similarly, such intrinsic metabolic changes could
be behind observed retardation of early embryonic devel-
opment revealed by inhibited somitogenesis. In addition,
earlier we showed a significant activation of peroxidation
processes in tissues of quail embryos after14-day exposure
at 0.2 pW/cm? power density (Tsybulin et al. 2012).

On the other hand, an intriguing question remains
about the mechanisms of the facilitating effects of the
low intensity MW exposure confirmed in the present
study. Previously we suggested that a ‘classical’ hormetic
effect (Calabrese 2008) is behind the observed stimula-
tory activity of low intensity MW (Tsybulin et al. 2012).
Indeed, certain potentially adverse metabolic changes at
under-threshold levels can activate various defense/repair
mechanisms, including antioxidant and detoxification sys-
tems, which might result in facilitating effects. Apparently,
this concept can also be applied for an explanation of the
acceleration of early embryogenesis and decrease in DNA
damages observed in the present study. Importantly, either
increase or decrease of DNA damage levels depending on
MW power density was earlier revealed in lymphoblasteid
cells (Phillips et al. 1998).

We designed this study to reveal possible biological
effects of radiation emitted by a commercial cellular phone
used nowadays routinely by the general public. It is note-
worthy that a commercial model of a cell phone produces a
rather complex non-uniform signal in the microwave range.
Moreover, a close vicinity of a cell phone to an exposed
object like in our experiments results in an additional
exposure to extremely low frequency (ELF) magnetic field
due to electric currents in a battery circuit of a cell phone.
Obviously, the use of a commercial model of a cell phone
provides unique opportunities for studies on risk assess-
ment. On the other hand, it makes it difficult to standardize
the exposure applied. Thus, although we carefully assessed
the level of MW signals during the exposure, the evaluation
of the ELF magnetic field was left beyond the scopes of the
present study. Reportedly, ELF magnetic field nearby a cell
phone during its operation can reach from a few uTup to a
few tens uT of magnitude (Stewart 2000, Einat and Yahalom
2011). The latter is comparable to the international safety
limits for ELF magnetic field, which, for example, for fre-
quency 50 Hz is 100 uT (ICNIRP 1998). Consequently, cer-
tain modulating effects of magnetic fields could have added
to the biological phenomena revealed in our experiments.
The issue of the biological influence of magnetic fields is
currently under consideration for a follow up study.

In addition, one of the intriguing questions for a fol-
low-up study is to investigate long-term effects of early
embryo exposure. Importantly, as the bird embryo is gener-
ally accepted as a sensitive and useful model for risk assess-
ment (Henshel et al. 2003), our data can be considered with
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certain restrictions for assessing interaction of MW with the
human tissues. It is important to note that the distance from
a cell phone to the irradiated embryos used in our experi-
ments was close to that from a cell phone to an inner ear or
closest parts of brain of a person during a cell phone conver-
sation without a hands-free device, o1, say, to genitalia when
a user keeps a cell phone in a pocket. Moreover, we can con-
clude that human fetuses can also be potentially affected by
sharply increased public MW over-exposure. Importantly,
some epidemiological studies have demonstrated a statisti-
cally significant increase in the risks of behavioral problems
in children after prenatal MW exposure (Divan et al. 2008).
Likewise, recent experimental study showed altered neu-
rodevelopment and behavior in mice after cell phone MW
exposure of fetuses (Aldad et al. 2012).

Taken together, our data demonstrate that changing the
duration of exposure to GSM 900 MHz cellular phone radia-
tion in a model of early embryogenesis can result in various
detectable biological phenomena with the possible adverse
effects.

Acknowledgements

We are grateful to the unknown referees for the valuable
comments on the first versions of the manuscript.

Declaration of interest

The authors report no declaration of interest. The authors
alone are responsible for the content and writing of the

paper.

This study was supported by National Academy of
Sciences of Ukraine (Grant # 2.2.5.349); and received a
financial contribution from the European Community
within the Seventh Framework Programme (FP/2007-2013)
under Grant Agreement # 229603 which was co-financed by
the South Moravian Region via South Moravian Programme
(SoMoPro).

References

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

Aldad TS, Gan G, Gao XB, Taylor HS. 2012. Fetal radiofrequency
radiation exposure from 800-1900 mhz-rated cellular telephones
affects neurodevelopment and behavior in mice. Scientific Reports
2:312.

Avci B, Akar A, Bilgici B, Tuncel OK. 2012. Oxidative stress induced
by 1.8 GHz radio frequency electromagnetic radiation and effects
of garlic extract in rats, International Journal of Radiation Biology
88:799-805.

Baan R, Grosse Y, Lauby-Secretan B, El Ghissassi E Bouvard V,
Benbrahim-Tallaa L, Guha N, Islami E Galichet L, Straif K. 2011.
Carcinogenicity of radiofrequency electromagnetic fields. The
Lancet Oncology 12:624-626.

Bas O, Odaci E, Kaplan §, Acer N, Ucok K, Colakoglu S. 2009. 900 MHz
electromagnetic field exposure affects qualitative and quantitative
features of hippocampal pyramidal cells in the adult female rat.
Brain Research 1265:178-185.

Behari ], Paulraj R, 2007, Biomarkers of induced electromagnetic field
and cancer. Indian Journal of Experimental Biology 45:77-85.

Belyaev 1. 2010. Dependence of non-thermal biological effects of
microwaves on physical and biological variables: Implications for
reproducibility and safety standards. European Journal of Oncology
Library 5:187-217.

Calabrese EJ. 2008. Hormesis: Why it is important to toxicology
and toxicologists. Environmental Toxicology and Chemistry 27:
1451-1474.

Cardis E, Deltour I, Vrijheid M, Combalot E, Moissonnier M, Tardy
H, et al. 2010. Brain tumour risk in relation to mobile telephone
use: Results of the INTERPHONE international case-control study.
International Journal of Epidemiology 39:675-694.

Cespedes O, Ueno S. 2009. Effects of radio frequency magnetic
fields on iron release from cage proteins. Bioelectromagnetics 30:
336-342.

Chou CK, Bassen H, Osepchuk ], Balzano Q, Petersen R, Meltz
M, Cleveland R, Lin JC, Heynick L. 1996. Radio frequency
eleciromagnetic exposure: Tutorial review on experimental
dosimetry. Bioelectromagnetics 17:195-208.

De Iuliis GN, Newey RJ, King BV, Aitken RJ]. 2009. Mobile phone
radiation induces reactive oxygen species production and DNA
damage in human spermatozoa in vitro. PLoS One 4:e6446.

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

Divan HA, Kheifets L, Obel C, Olsen J. 2008. Prenatal and postnatal
exposure to cell phone use and behavioral problems in children.
Epidemiology 19:523-529.

Eger H, Hagen K, Lucas B, Vogel P, Voit H. 2004. Influence of the
proximity of mobile phone base stations on the incidence of cancer.
Environmental Medicine Society 17:273-356.

Einat M, Yahalom A. 2011. Induced static magnetic field by a cellular
phone. Applied Physics Letters 99:093503.

Eroshenko G, Vihliantsev S, Kostenko V. 2005. [Biological basics of
incubation intensification by electric field]. Paper presented at
[Innovation technologies in research and industry], Kamyshin.

Friedman J, Kraus S, Hauptman Y, Schiff Y, Seger R. 2007. Mechanism
of short-term ERK activation by electromagnetic fields at mobile
phone frequencies. The Biochemical Journal 405:559-568.

Hamburger V, Hamilton HL. 1992. A series of normal stages in the
development of the chick embrye. 1951. Developmental Dynamics
195:231-272.

Hardell L, Sage C. 2008. Biological effects from electromagnetic
field exposure and public exposure standards. Biomedicine &
Pharmacotherapy 62:104-109.

Hardell L, Carlberg M. 2009. Mobile phones, cordless phones and
the risk for brain tumours. International Journal of Oncology 35:
5-17.

Hardell L, Carlberg M, Sodergvist E Mild KH, Morgan LL. 2007.
Long-term use of cellular phones and brain tumours: increased
risk associated with use for > or=10 years. Occupational and
Environmental Medicine 64:626-632.

Hartmann A, et al. 2003. Recommendations for conducting the in vivo
alkaline Comet assay. 4th International Comet Assay Workshop.
Mutagenesis 18:45-51.

Henshel DS, DeWitt J, Troutman A. 2003. Using chicken embryos for
teratology studies. Current Protocols in Toxicology Chapter 13(Unit
13,14):11-19.

Hyland GJ. 2000. Physics and biology of mobile telephony. The Lancet
356:1833-1836.

International Commission on Non-Ionizing Radiation Protection
(ICNIRP). 1998. Guidelines for limiting exposure to time-varying
elecrtic, magnetic and electromagnetic fields (up to 300 GHz).
Health Physics 74:494-522.

Ilhan A, Gurel A, Armutcu E Kamisli §, Iraz M, Akyol O, Ozen S. 2004.
Ginkgo biloba prevents mobile phone-induced oxidative stress in
rat brain. Clinica Chimica Acta 340:153-162.

Kesari KK, Kumar S, Behari J. 2011. 900-MHz microwave radiation
promotes oxidation in rat brain. Electromagnetic Biology and
Medicine 30:219-234.

Khurana VG, Teo C, Kundi M, Hardell L, Carlberg M. 2009. Cell phones
and brain tumors: A review including the long-term epidemiologic
data. Surgical Neurology 72:205-215.

Meral I, Mert H, Mert N, Deger Y, Yoruk I, Yetkin A, Keskin S. 2007.
Effects of 900-MHz electromagnetic field emitted from cellular
phone on brain oxidative stress and some vitamin levels of guinea
pigs. Brain Research 1169:120-124.

RIGHTS



Int J Radiat Biol Downloaded from informahealthcare.com by IBI Circulation - Ashley Publications Ltd on 09/09/13

For personal use only.

Ministry of Health of Ukraine. 1996, [State sanitaryrules and regulations
protect the public from exposure to electromagnetic radiation] in
Orders of Ministry of Health of Ukraine, ed. Kyiv.

Morgan LL. 2009. Estimating the risk of brain tumors from
cellphone use: Published case-control studies. Pathophysiology
16:137-147.

Ozguner F, Altinbas A, Ozaydin M, Dogan A, Vural H, Kisioglu AN,
Cesur G, Yildirim NG. 2005. Mobile phone-induced myocardial
oxidative stress: Protection by a novel antioxidant agent caffeic acid
phenethyl ester. Toxicology and Industrial Health 21:223-230.

Panagopoulos D], Chavdoula ED, Margaritis LH. 2010. Bioeffects of
mobile telephony radiation in relation to its intensity or distance
from the antenna. International Journal of Radiation Biology 86:
345-357.

Petek M, Baspinar H, Ogan M. 2003. Effects of egg weight and length
of storage on hatchability and subsequent growth performance of
quail. South African Journal of Animal Science 33:242-247.

Phillips JL, Ivaschuk O, Ishida-Jones T, Jones RA, Campbell-Beachler
M, Haggren W, 1998. DNA damage in Molt-4 T-lymphoblastoid
cells exposed to cellular telephone radiofrequency fields in vitro.
Bioelectrochemistry and Bioenergetics 45:103-110.

Salford LG, Brun AE, Eberhardt JL, Malmgren L, Persson BR. 2003.
Nerve cell damage in mammalian brain after exposure to microwaves
from GSM mobile phones. Environmental Health Perspectives 111:
881-883; discussion A408.

Schwarz G, Kratochvil E, Pilger A, Kuster N, Adlkofer F Rudiger
HW. 2008. Radiofrequency electromagnetic fields (UMTS, 1,950
MHz) induce genotoxic effects in vitro in human fibroblasts but
not in lymphocytes. International Archives of Occupational and
Environmental Health 81:755-767.

GSM 900 MHz radiation affects embryogenesis 763

Singh NP, McCoy MT, Tice RR, Schneider EL. 1988. A simple technique
for quantitation of low levels of DNA damage in individual cells.
Experimental Cell Research 175:184-191.

Stewart W, 2000. Mobile phones and health. Independent expert group
on mobile phone. Available 24 November 2012 at: http://www.
iegmp.org.uk/index.htm

Tsybulin O, Yakymenko I 2009. [Effect of non-thermal optic
electromagnetic radiation on embryo development of quails].
Photobiology and Photomedicine 2:75-85.

Tsybulin O, Sidorik E, Kyrylenko S, Henshel D, Yakymenko I. 2012.
GSM 900 MHz microwave radiation affects embryo development of
Japanese quails. Electromagnetic Biology and Medicine 31:75-86.

Volkow ND, Tomasi D, Wang GJ, Vaska P, Fowler JS, Telang F, Alexoff D,
Logan J, Wong C. 2011. Effects of cell phone radiofrequency signal
exposure on brain glucose metabolism. Journal of American Medical
Association 305:808-813.

Yakimenko I, Besulin V, Testik A. 2002. The effects of low intensity red
laser irradiation on hatching eggs in chicken and quail. International
Journal of Poultry Science 1:06-08.

Yakymenko I, Sidorik E, Kyrylenko S, Chekhun V. 2011a. Long-term
exposure to microwave radiation provokes cancer growth: Evidences
from radars and mobile communication systems. Experimental
Oncology 33:62-70.

Yakymenko I, Sidorik E, Tsybulin O, Chekhun V. 2011b. [Potential risks
of microwaves from mobile phones for youth health]. Environment
and Health 56:48-51.

Yakymenko I, Henshel D, Sidorik E, Tsybulin O, Rozumnuk V. 2011c.
[Effect of mobile phone electromagnetic radiation on somitogenesis
of birds]. Reports of the National Academy of Sciences of
Ukraine:146-152.

RIGHTS


http://www

