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EXPERIMENTAL STUDY

GSM-like radiofrequency exposure induces apoptosis via

caspase-dependent pathway in infant rabbits
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ABSTRACT

BACKGROUND: There have been several Radio Frequency (RF) field researches on various populations and
groups of different ages in recent years. However, the most important group for research has been declared as
the pregnant women and their babies.

OBJECTIVE: The aim of the study was to analyse the effect on apoptotic factors of RF fields on newborn rab-
bit liver tissues.

MATERIALS AND METHODS: Cytochrome ¢ and AIF (Apoptosis Inducing Factor) levels were measured by
western blot and caspase 1, 3 and 9 activities were measured by colorimetric method.

RESULTS: Cytochrome c and AIF levels were not altered, but all caspase activities were increased in female
infant rabbits that exposed to 1800 MHz GSM-like RF signals when they reached 1 month of age and caspase
1 and caspase 3 levels were decreased in male infant rabbits that exposed to 1800 MHz GSM-like RF signals
between 15th and 22nd days of the gestational period. Results showed that 1800 MHz GSM-like RF exposure
might lead to apoptosis in infant rabbit’s liver tissues.

CONCLUSION: According to the results, we suggest that postnatal RF exposure causes caspase dependent

apoptosis in female infant rabbits liver tissues (Tab. 1, Fig. 2, Ref. 27). Text in PDF www.elis.sk.
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Introduction

The technologic progress of wireless communication and cell
phones causes a wide spread use of these technologies and has
led to increased interest of public, government and scientific at-
tention because of the adverse effects of the radiofrequency (RF)
electromagnetic exposure (1). There’s no doubt that degraded
ecosystems, contaminated water, polluted indoor and outdoor air,
lack of adequate sanitation, toxic hazards, disease vectors and
ionizing and non-ionizing radiations are all important environ-
mental risk factors for children therefore in developed countries
there is a big interest in the maternal and neonatal health. Radio-
frequency radiation (RFR), which is produced by wireless and cell
phone services is one of the important environmental risk factor
(2). However, in general, population vulnerable individuals such
as: children, elderly people and especially pregnant women are
exposed to the same degree of RFR, which is known to have an
adverse health effects. RFR exposure during pregnancy may in-
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teract with the embryo/foetus and as a result of this, abnormalities
and mutations may occur (3).

1800 MHz frequency band is used in the former and the new
technologies of Global System for Mobile Communication (GSM)
(4). Cellular phones are one of the man-made sources of RFR and
are used more by younger generation in the last decade. Increased
use of cellular phones attracts the attention of the public about
adverse health effects of mobile phone radiation, especially on
children and sensitive people such as pregnant women and babies
(2). Increased RFR exposure can induce reactive oxygen species
(ROS) to modify the cellular balance (5). Studies showed that ROS
can damage biomolecules like DNA and lead to apoptosis (4).

Programmed cell death, also called apoptosis, is an important
biological process for living organism. Apoptosis is very important
in various processes including normal cell turnover, embryonic
development, proper development and functioning of the immune
system, hormone-dependent atrophy and chemical-induced cell
death. Apoptosis is characterized by a series of structural changes
including chromatin condensation, DNA fragmentation and activa-
tion of cysteinyl aspartate-specific proteinases: the caspases (6-8).

Caspases (Cysteinyl-aspartate-specific proteinases) are family
of cysteine proteases and have an important role in cells for pro-
grammed cell death called apoptosis. Their role in the apoptotic
signalling network is essential. Disturbance in apoptosis pathway
could lead to many diseases such as Alzheimer’s disease, Hun-
tington’s disease, ischemic damage, autoimmune disorders and
several forms of cancer (9).
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The aim of the present study was to evaluate the possible
apoptotic effects of whole body 1800 MHz Global System for
Mobile Communications (GSM)-like RFR exposure in liver tis-
sue of infant rabbits. The levels of apoptotic factors caspase-1,
caspase-3, caspase-9 analysed by colorimetric assay, while apop-
tosis inducing factor (AIF) and cytochrome C were analysed by
western blot method.

Materials and methods

Animals

A total of 72 one-month-old female and male New Zealand
white rabbits were used in this study. The animals were obtained
from the Laboratory Animals Breeding and Experimental Re-
search Centre of Gazi University. The experimental protocol was
reviewed and approved by the Laboratory Animal Care Committee
of Gazi University (G.U.ET-06.027). Thirty-six of the rabbits were
exposed to 1800 MHz GSM-like RF radiation for 15 min/day dur-
ing a week in the intrauterine period (between 15th and 22nd days
of the gestational period when the transition from embryogenesis
to organogenesis takes place) whereas others were not exposed.

After birth, all 72 infant rabbits were kept with their mothers
until they reached one month of age. They were breastfed and their
optimum growth was obtained during this one-month period. Baby
rabbits aged one month were housed under the same conditions in
a temperature and humidity-controlled room (20 + 1 °C, 50 + 10
% relative humidity) and 14/16 h light/dark cycle conditions. The
animals were provided with tap water and standard pelletized food
ad libitum except during exposure periods. Only one animal was
placed in each cage during each radiofrequency radiation (RFR)
exposure period, because placing more than one animal in a cage
could have created stress.

Experimental design

A total of 72 one-month-old female and male New Zealand
white rabbits were used (Tab. 1). Thirty-six females were exposed
to RF radiation for 15 min/day during 7 days, whereas 36 males
were exposed to the same level of radiation for 15 min/day dur-
ing 14 days. The day after the last exposure, baby rabbits were

Tab. 1. Experimental design.

Groups Prenatal Postnatal Sex
Exposure Exposure
Group I (Sham Exposure) — — female
Group 11" + - female
Group 111 ™ — + female
Group IV ™ + + female
Group V (Sham Exposure) - - male
Group VI” + - male
Group VII ™ - + male
Group VIII™ + + male

" Infant rabbits were exposed to 1800 MHz GSM-like RF signals in the intrauterine
(IU) period (between 15th and 22nd days of the gestational period), ™ Infant rabbits
were exposed to 1800 MHz GSM-like RF signals when they reached one month of
age, ~" Infant rabbits were exposed to 1800 MHz GSM-like RF signals both in the
intrauterine (IU) period (between 15th and 22nd days of the gestational period) and
in the extrauterine (EU) period when they reached one month of age.

anesthetized and sacrificed with ketamine (35 mg/kg, i.m.) and
xylazine (5-10 mg/kg, i.m.).

Female infant rabbits were randomly divided into four groups:

Group [ [Intrauterine exposure (—); Extrauterine exposure
(-)]: Sham exposure, which means rabbits were exposed to 1800
MHz GSM-like RF signals neither in the intrauterine (IU) nor in
the extrauterine (EU) periods.

Group II [Intrauterine exposure (+); Extrauterine exposure
(-)]: Infant rabbits were exposed to 1800 MHz GSM-like RF
signals in the IU period (between 15th and 22nd days of the ges-
tational period).

Group III [Intrauterine exposure (—); Extrauterine exposure
(+)]: Infant rabbits were exposed to 1800 MHz GSM-like RF
signals when they reached one month of age.

Group IV [Intrauterine exposure (+); Extrauterine exposure
(1)]: Infant rabbits were exposed to 1800 MHz GSM-like RF signals
both in the IU period (between 15th and 22nd days of the gestational
period) and in the EU period when they reached one month of age.

Male infant rabbits were randomly divided into four groups:

Group V [Intrauterine exposure (—); Extrauterine exposure
(—)]: Sham exposure, which means rabbits were exposed to 1800
MHz GSM-like RF signals neither in the intrauterine (IU) nor in
the extrauterine (EU) periods.

Group VI [Intrauterine exposure (+); Extrauterine exposure
(-)]: Infant rabbits were exposed to 1800 MHz GSM-like RF
signals in the IU period (between 15th and 22nd days of the ges-
tational period).

Group VII [Intrauterine exposure (—); Extrauterine exposure
(1)]: Infant rabbits were exposed to 1800 MHz GSM-like RF sig-
nals when they reached one month of age.

Group VIII [Intrauterine exposure (+); Extrauterine exposure
(+)]: Infant rabbits were exposed to 1800 MHz GSM-like RF
signals both in the IU period (between 15th and 22nd days of the
gestational period) and in the EU period when they reached one
month of age.

Exposure level and quality control

GSM-like signals in 1800 MHz frequency were formed by us-
ing a signal generator (Agilent Technologies 8648C, 9 kHz-3.2
GHz) with the integrated pulse modulation unit and horn antenna
(Schwarzbeck, Doppelsteg Breitband Horn antenna BBHA 9120
L3F, 0.5-2.8 GHz). The generated power was controlled by a
spectrum analyser (Agilent Technologies N9320A, 9 kHz-3 GHz)
integrated to the signal generator. The signals were amplitude
modulated by rectangular pulses with a repetition frequency of 217
Hz and a duty cycle of 1:8 (pulse width 0.576 ms), corresponding
to the dominant modulation component of the GSM.

RFR generator provided 0.1 W (20 dBm) during the exposure
period. The signal was controlled by means of the spectrum analy-
ser connected to the signal generator, and NARDA EMR 300 and
type 26.1 probe were used for measurement of the output radia-
tion. Measurements were taken during the entire experiment and
the data was saved in the computer, which was connected to the
device via fibre optic cable. The evaluated data was 14+0.5 V/m.
Estimated SAR value is calculated as18 mW/kg.
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Western blot analysis

Rabbit liver tissues were harvested and homogenized gently in
a Dounce tissue grinder (Wheaton) with RIPA lysis buffer (20 mM
Tris PH 7.5, 150 mM NaCl, 1 % Triton X-100, 2.5 mM sodium py-
rophosphate, | mM EDTA, 1 % Na3VO04, 0.5 pg/mL leupeptin, 1
mM phenylmethanesulfonyl fluoride (PMSF)) to prepare of whole
cell extracts. The lysates were centrifuged at 12,000x g at 4 °C
for 15 min and supernatant (cytosolic extract) was used. Protein
concentrations were determined by a dye-metal-based colorimetric
protein assay (10). Commercially available Pierce 660 nm protein
assay reagent (Pierce/Thermo Scientific, Rockford, IL) which is not
affected by the levels of the reducing agents. An equal amount (30
ng) of protein was applied to each well and proteins were separated
ina 12 % sodium dodecyl sulphate polyacrilamide gel electropho-
resis (SDS-PAGE). After electrophoresis proteins were transferred
to PVDF membrane. Membrane were blocked with 3 % non-fat dry
milk. Anti-mouse (Biovision, USA) cytochrome ¢, and antimouse
monoclonal IgG AIF (Santa Cruz Biotechnology, TX, USA) were
used as a primary antibody and alkaline phosphatase conjugated
anti-mouse (Invitrogen, NY, USA) was used as a secondary anti-
body. B-actin primary antibody (Genscript, USA) was used in load-
ing control analysis for normalization. The signal was detected on
PVDF membrane by BCIP/NBT Substrate (Invitrogen, NY, USA).
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Fig. 1. Expressions of cytochrome ¢ and AIF proteins after prenatal
and postnatal GSM-Like Radiofrequency Exposure in infant rabbit
liver tissues
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Membranes were scanned using densitometer (Bio-Rad, GS-800)
and signal intensity was determined by Quantity One Software
(Bio-Rad, CA, USA) to compare expression levels among groups.
Normalized three independent experiment results were done.

Caspase colorimetric assays

Caspase 1, caspase 3 and caspase 9 colorimetric assays (Bio-
vision, CA, USA) were performed to cytosolic extract of rabbit
liver tissues using Microelisa reader (Tecan, ZH, CHE) according
to the manufacturer’s specifications.

Statistical analysis

Statistical comparison between the RF exposed and control
groups were performed using one-way ANOVA with post hoc Dun-
can test. P values < 0.05 were considered statistically significant.

Results

According to the western blot analysis, expression of apop-
tosis regulation proteins AIF and cytochrome c levels were not
significantly altered between groups. The western blot analysis
results are shown in Figure 1.

Caspase results showed that caspase 1 activity was significantly
increased in group III and group IV and decreased in group VI
and VIII, when compared to the control. Caspase 3 activity sig-
nificantly increased only in group III and decreased only in group
VI when compared to the control. Caspase 9 activity significantly
increased only in group III. Our data showed that all caspase ac-
tivities were significantly increased in female infant rabbits group
that were exposed to 1800 MHz GSM-like RF signals when they
reached 1 month of age. Also caspase 1 and caspase 3 activities
were significantly decreased in male infant rabbits group that
were exposed to 1800 MHz GSM-like RF signals between 15th
and 22nd days of the gestational period. Caspase analysis results
are shown in Figure 2.

Discussion

The cells of multicellular organisms are firmly regulated by
controlling the rate of cell division and cell death. This process is
0.030
0.025
0.020
0.015

0.010 4

Caspase 9 Activity (OD)

0.005 +

0.000 -

—
R
S PSSR \\,QA <°°Q

& o

QN
QOQQ 5 o°Q\ S 5 Q\\ 3
& O & & & & &° o

Fig. 2. Caspase 1, 3, 9 activities in infant rabbit liver tissues under prenatal and postnatal GSM-Like Radiofrequency Exposure (* p < 0.05).
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essential for homeostasis and healthy development of all living
organisms and called programmed cell death (PCD), or apoptosis.
Apoptosis is also very useful for removing infected, damaged or
potentially neoplastic cells from organism. However, the balance
between cell division and apoptotic cell death is very important
and too much or too little apoptotic cell death can lead to adverse
biological effects (11, 12).

Apoptosis mechanism is extremely complex and in general
there are two mechanisms according to whether caspases are in-
volved or not. These pathways are known as caspase-dependent
and caspase-independent pathways. Caspase-3 and caspase-9 usu-
ally participate in caspase dependent apoptotic pathway and apop-
tosis inducing factor (AIF) is the major important pro-apoptosis
factor for caspase independent apoptotic pathway (13).

Apoptosis can occur through the activation of caspase depen-
dent or caspase independent pathways. Apoptosis inducing factor
(AIF) was discovered as the first caspase independent pathway
mediated protein and plays an important role inducing nuclear
chromatin condensation as well as large-scale DNA fragmenta-
tion (14, 15). In our study, no significant differences in AIF levels
between the groups were observed. This finding suggested that,
RF exposure might not cause apoptosis via caspase independent
pathway in infant rabbit liver tissues.

In recent years there have been numerous studies about inter-
actions between RF fields and apoptosis process. In vitro studies
showed that different types of cells and different RF fields gave
different results. For example, in vitro studies showed that RF
fields did not induce apoptosis in lymphoblastoid cells (16), pe-
ripheral blood mononuclear cells (17), human lymphocytes (18),
and yet in human epidermoid cancer cells (19) and colon cancer
cells (20) apoptosis induced by RF.

In multicellular organism, a caspase dependent apoptotic path-
way is initiated by cytochrome c release from mitochondria. As a
result of this a series of reactions leads to activation of caspase 9,
then series of effector caspases like caspase 3 and finally apoptotic
cell death occurs (21). However, recent studies had indicated that
caspase 9 activation was also mediated by cytochrome c indepen-
dent mechanisms (22-25). Also studies showed that apoptosis was
triggered by oxidative stress (12). Ozgur et al demonstrated that
postnatal RF exposure caused oxidative stress in infant female
rabbits, but not in infant male rabbits (2). Also Guler et al showed
that radiofrequency radiation exposure provoked apoptosis in dif-
ferent rabbit tissues (26). Another study performed by Yilmaz et al
on rat cerebral tissues and it was pointed out that Radiofrequency
radiation exposure had effect on apoptosis (27). In the present
study cytochrome c levels were not altered, but different caspase
levels were observed between the groups. All caspase activities
were increased in female infant rabbits that exposed to 1800 MHz
GSM-like RF signals when they reached 1 month of age. In male
infant rabbits that were exposed to 1800 MHz GSM-like RF sig-
nals between 15th and 22nd days of the gestational period only
caspase 1 and 3 levels were decreased, caspase 9 levels were not
altered. These results showed that postnatal RF exposure (with-
out prenatal) caused caspase dependent apoptosis in female infant
rabbit’s liver tissues.

In conclusion; the current study demonstrated the effects of
prenatal and postnatal GSM-like radiofrequency exposure in in-
fant rabbit liver tissues. We found that all caspase activities were
significantly increased in female infant rabbit tissues that were
exposed to 1800 MHz GSM-like RF signals during postnatal
period. According to the results, we suggest that postnatal RF
exposure caused caspase dependent apoptosis in female infant
rabbit’s liver tissues.
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