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ABSTRACT
The purpose of this study is to investigate foetal impact of radiofrequencies (RFs) emitted from
mobile phones in postnatal cord blood. The study carried on 149 pregnant women divided into
four groups such as nonusers of mobile phone (n: 37; control group), 2–15 min/d (n: 39; group 1),
15–60 min/d (n: 37; group 2) and participants using mobile phone for more than 60 min/d (n: 36;
group 3). Cord blood of the infants was taken in all groups for biochemical analyses immediately
after birth. The results of the study showed that the biggest foetal impact was observed in the
third study group which was pregnant exposed RFRs (RF radiation) more than 1 h/d (1 hour per
day). AST (aspartat aminotransferaz), ALT (alanine aminotransferase), LDH (lactate dehydrogen-
ase), CK (creatine kinase), CK–MB (creatine kinase–miyocardial band), CRP (c-reactive protein), PCT
(procalcitonin), TnT (troponin T), uric acid and lactate levels of third group were found higher than
the other groups (p < 0.001). However, Mean platelet volume values of third group were found
lower than the other groups (p < 0.001). Finally, this is the first human study which was performed
on pregnant and infants because there is no previous work in this area. However, the results of
this study revealed that long-term RFR exposure of pregnant may result in some biochemical
changes in the infants. Therefore, our suggestion to pregnant is to avoid from RFR exposure
emitted from mobile phones at least during pregnancy.

ARTICLE HISTORY
Received 24 February 2018
Accepted 24 June 2018

KEYWORDS
Mobile phone;
radiofrequency radiation
(RFR); cord blood;
biochemical parameters;
pregnant

Introduction

The use of mobile phones increased drastically in the
recent century (Makker et al., 2009). Radiofrequency
waves (RF) are used for image and information transmis-
sion in mobile phones. RF fields cause torques on biomo-
lecules, which can end up displacement of ions from
imperturbable positions, oscillation in bound charges
(both electrons and ions), turning and reorientation of
dipolar molecules (SCENIHR, 2015). The results of
research on the effects of RF radiation emitted from
mobile phones on health are increasingly worrying the
public. Investigations on the biological effects of RF expo-
sure from mobile phones have resulted in the classifica-
tion of these radiations as “possible carcinogenic, i.e.
group 2B” by World Health Organization. Also, various
studies have shown that foetuses and embryos are more
susceptible to environmental toxins (Infante-Rivard &
Deadman, 2003; Lowenthal et al., 2007), because foetuses
and babies have a large number of stem cells and insuffi-
cient immunity-mediated resources. Physical and chemi-
cal agents in the environment affect even the DNA

epigenetic expression (Lowell & Davis, 2008). Czyz et al.
(2004) stated that GSM cell phone exposure influenced
gene expression grades in embryonic stem cells
(p53-lacking) and considerably increased heat shock pro-
tein HSP 70 formation. Belyaev (2010) stated that the
most powerful effects of microwaves were seen in stem
cells. The current FCC and ICNIRP public safety limits
seem to be unable to adequately protect public health,
especially for the embryo, foetus, neonate. However, the
results of studies carried out on the effects of RF radiation
(RFR) on the pregnant and infants during the pregnancy
period were not consistent.

As it is known, peripheral blood consists of blood cells
and plasma composed of lipids, proteins, electrolytes etc.
The homeostasis of these cells and molecules ensures that
the body remains healthy (Agus et al., 1982; Scheiermann
et al., 2015). Also, Mcree (1979) and Roberts et al. (1986)
stated that some haematological parameters are susceptible
to RFR exposure in animals and humans. It has been
reported that RFR exposure during pregnancy results in
haematological changes in certain populations (Repacholi,
1998). Some researchers stated that the magnetic field
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applied a dominant controlling effect on the thermoregula-
tion, metabolism and haematology in rats (Amara et al.,
2006). Trosic et al. (2004) have investigated the effects of
exposure to RFR (2.45 GHz, 30 d) on erythropoiesis in rats:
temporary effects have been observed, which were con-
nected to adaptive responses to stress related to exposure.
Jin et al. (2011) observed the sporadic variations in a serum
chemistry of young rats after exposure (5 d per week for
1 year) to united CDMAandWCDMA signals.Wong et al.
(1985) exposed rats to RFR (20MHz RF, at 1920 mW/cm²,
0.3 W/kg, 6 h/d, 5 d/week) and reported no significant
changes in RBC count, haemoglobin or any of the bio-
chemistry parameters. In a different study, Forgács et al.
(2005) observed that applied RFR (1800 MHz GSM-like,
0.018–0.023 W/kg, 100 μW/cm²) exposure may induce
slight but statistically important changes in some haema-
tological of male mice. Abdel Aziz et al. (2010) noticed that
RF exposure (900 MHz GSM like, 1.2 W/kg, 1.4–4.7 mW/
cm²) results in significant difference in haematological and
biochemistry parameters of blood of albino rats. Dasdag
et al. (2000) examined the effects of being subject to GSM
RF exposure emitted from cell phones (900 MHz, 217 Hz
modulation frequency, pulse width 577 μs) throughout a
pregnancy on the peripheral blood parameters. The results
were that there was no determinable difference in the
peripheral blood parameters. St-Pierre et al. (2008)
observed that prenatal exposure to the complex sequenced
magnetic fields (very low 5–20 nT, low 30–50 nT, medium
90–580 nT and high 590 nT–1.2 μT) resulted in significant
intensity-dependent changes in biochemistry of rats.
Moreover, Kismali et al. (2012) noted that prenatal RFR
(GSM, 1800 MHz, whole-body) exposure might lead to
changes on some biochemistry parameters of infant rab-
bits. However, Galvin et al. (1982) reported that serum
biochemistry parameters of rats were not affected by RFR
(2.45 GHz RF for 8 h at 2 or 10mW/cm², 0.44 or 2.2W/kg)
exposure. Also, Chung et al. (2003) stated that exposure of
pregnant rats to 60 Hz at magnetic field strengths up to
500 mT during gestation day 6–20 did not produce any
significant change on serum biochemistry parameters.

Because of discussion stated above, aim of this study
is to investigate whether pregnant exposed to RFRs
emitted from mobile phones during prenatal period
are under the risk of health problems. For this, we
examined biochemical parameters such as aspartat ami-
notransferaz (AST), alanine aminotransferase (ALT),
lactate dehydrogenase (LDH), creatine kinase (CK),
creatine kinase–miyocardial band (CK–MB), c-reactive
protein (CRP), troponin T (TnT), uric acid, lactate
including some blood parameters such as procalcitonin
(PCT), MPV (mean platelet volume) in cord blood of
pregnant women exposed mobile phone for different
times. Most of the researches claim that pregnant

women and the foetuses may negatively be affected by
RFRs. However, overwhelming majority of the studies
performed on the RFR exposure and pregnancy until
today were not based on pregnant women and infants.
The lack of human studies on this topic is making the
subject controversial and this situation causes both time
and economic loss. Therefore, the results of this human
study will make an important contribution enlighten-
ment of the issue.

Materials and methods

Cord blood biochemical parameters of 149 infants
whose mothers exposed to different RFR exposure
duration during pregnancy were investigated in this
study. Without the use of any assisted reproductive
technology, self-pregnancy was included in the study.
Women with any medical treatment, chronic systemic
disease and multiple pregnancy were excluded from the
study. A total of 149 pregnant women between the ages
of 18 and 40, who volunteered to participate in the
study, signed an approval form. Based on their daily
mobile phone usage periods, pregnant women were
divided into four groups as

Control group: Composed of no mobile phone users
(n: 37).

Group 1. 2–15 min mobile phone exposure (n: 39).
Group 2. 15–60 min mobile phone exposure (n: 37).
Group 3. Mobile phone exposure more than 60 min

(n: 36).
AST, ALT, LDH, CK, CK–MB, CRP, PCT, TnT, uric

acid, PLT (platelet count), MPV and lactate were exam-
ined in the cord blood of the postpartum with complete
blood count. The blood parameters investigated in this
study were analysed by autoanalyzer (PCT: Boditech
Med Inc. Korea; AST, ALT, LDH, CK, CK–MB, CRP,
TnT, uric acid: Roche Diagnostics GmbH Mannheim,
Germany; Lactate: Radiometer Medical ApS, Denmark;
PLT, MPV: Sysmex Corporation Kobe, Japan). The
study was approved by the Ethics Committee of the
Medical Faculty of Istanbul Medeniyet University,
Report No: 2016/0037.

Statistical analyses

All statistical analyses were performed with the
STATA/MP11 programme. Data were expressed as
number and percentage in mean ± standard deviation.
Normal distribution data were analysed by ANOVA
and post-hoc Bonferroni test, while those without nor-
mal distribution were analysed by Kruskal–Wallis and
post-hoc Dunn test. A value of p < 0.05 was considered
statistically significant.
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Results

Cord blood biochemical parameters of pregnant
women in this study are shown table 1 and figure 1.
Cord blood biochemical parameters of pregnant
women in this study are shown table 1 and figure 1.
AST, ALT, LDH, CK, CK-MB, CRP, PCT, TnT, uric
acid and lactate in group 3 were found higher than the
control group (p<0,001). However, MPV in group 3
were found lower than the control, group 1 and group

2 (p<0,001, p<0,001 and p<0,001respectively). LDH and
CK-MB levels increased and MPV level decreased in
group 1 according to the control (p<0,001). On the
other hand, AST, LDH, CK, CK-MB, PCT, TnT,
Lactate increased and MPV decreased in group 2
according to the control (p<0,001). We found a corre-
lation between mobile phone talking time and altera-
tion in cord blood parameters. For instance, all the
blood parameters increased except MPV depend on

Table 1. Cord blood parameters of pregnant women.
Cord blood parameters Reference range Control 2–15 m/d (Group 1) 15–60 m/d (Group 2) >60 m/d (Group 3) p

AST (IU/L) 35–100 44.54 ± 19.94 46.61 ± 17.17 64.83 ± 18.75a,b 75.05 ± 23.39a,b <0.001
ALT (IU/L) 6–40 49.29 ± 28.27 42.51 ± 22.28 47.81 ± 14.94 61.38 ± 31.25a,b,c <0.001
LDH (IU/L) 170–580 386.75 ± 147.98 765.97 ± 483.77a 807.10 ± 262.77a 866.91 ± 279.63a <0.001
CK (IU/L) 70–380 84.18 ± 35.72 110.28 ± 95.21 172.35 ± 118.73a 497.88 ± 156.09a,b,c <0.001
CK–MB (IU/L) 0–25 67.18 ± 40.91 81.69 ± 23.85a 95.00 ± 29.14a 127.66 ± 49.53a,b <0.001
CRP (IU/L) 0.06–1.58 0.71 ± 0.46 0.80 ± 0.38 1.01 ± 0.58 3.77 ± 2.03a,b,c <0.001
PCT (ng/mL) <2 0.38 ± 0.40 0.63 ± 0.50 0.80 ± 0.45a 1.18 ± 0.65a,b <0.001
TnT (ng/mL) 12.7–24.9 18.57 ± 4.81 18.32 ± 3.54 26.16 ± 7.16a,b 70.03 ± 15.05a,b,c <0.001
Uric acid (mg/dL) 1.8–5 3.04 ± 0.64 3.31 ± 0.68 3.53 ± 0.80 4.72 ± 1.01a,b,c <0.001
Lactate (mmol/L) 0–0.3 2.00 ± 0.17 2.01 ± 0.19 2.22 ± 0.20a,b 4.62 ± 1.13a,b,c <0.001
PLT (k/mm³) 84,000–478,000 271,955.56 ± 70,826 283,953.97 ± 82,324 278,397.00 ± 64,684 241,356.77 ± 62,525b,c 0.029
MPV (fL) 8.9 ± 1.5 11.48 ± 0.31 11.03 ± 0.32a 10.90 ± 2.02a 8.64 ± 1.37a,b,c <0.001

aSignificant difference from control group.
bSignificant difference from 2 to 15 min group.
cSignificant difference from 15 to 60 min group.
m/d: minutes/day; h/d: hour/day.

Figure 1. Results of cord blood biochemical parameters.
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increasing of talking time. Similarly MPV decreased
depend on increasing of talking time. By the way,
TnT and lactate in group 3 were found higher than
the other groups including the control. Similarly, level
of the same parameters in group 2 were also found
higher than the control and group 1 (p<0,001).In sum-
mary, we found that mobile phones RFR exposure has
potential to increase AST, ALT, LDH, CK, CK-MB,
CRP, PCT, TnT, uric acid and lactate and decrease
MPV in the cord blood of pregnant (<0.001).

Discussion

RFR absorption of tissues and organs is different than
each other. The alterations vary depending on the
structural characteristics such as the conductivity of
tissues etc. (Matthes, 1996). In pregnancy, the conduc-
tivity of placenta and uterus, which has higher amount
of water, is higher than the other organs. The majority
of recent studies reported that RFR emitted from
mobile phone caused oxidative stress (Dasdag &
Akdag, 2015). Oxidative stress related to RFR leads to
lipid, protein and DNA damage in various tissues
(Dasdag et al., 2012; Lai & Singh, 1996). RFR exposure
also causes lipid peroxidation in the organism. MDA is
one of the products resulting from the oxidation of
polyunsaturated fatty acids in cells. Therefore, the
increase in free radicals causes excessive production of
MDA (Dasdag et al., 2012; Halliwel & Chirico, 1993).
Cell membranes are mainly constituted of polyunsatu-
rated fatty acids, which are especially sensitive to
assault by free radicals. The attack of free radicals on
membrane lipids by changing the fluidity of the mem-
brane leads to increased membrane permeability. This
situation causes compounds such as CK and CK–MB
isoenzymes in the cytoplasm released to circulation
(Kismali et al., 2012). CK catalyses the revolution of a
high-energy phosphate from ATP to creatine. This
process results in the formation of creatine phosphate.
Majority of the CK exist in skeletal muscle and heart
muscle (Kismali et al., 2012). The MB which is isoform
of the CK enzyme is most abundant in heart. After
myocardial damage, the amount of CK–MB in myocar-
dium increases. It has been observed that CK–MB
levels were elevated in peoples with hypertension, left
ventricular hypertrophy and coronary artery disease
(Ingwall et al., 1985). Myocardial cell death of any
reason will result in an increasing and decreasing level
of CK–MB (Adams et al., 1993). Also CK, CK–MB and
LDH are enzymes that increased in blood serum in
cardiac injury (Barberi et al., 1999). TnT, a structural
protein found in the cytoplasm of myocytes, regulates
actin and myosin interaction. Even though troponin T

cannot be appeared in normal persons, in the early
phases of myocardial injuries, it can be determined in
blood serum (Kaplan, 1997). Also, Clark et al. (2001)
reported that cardiac TnT may be a convenient indica-
tion for myocardial damage in infants. However, TnT
values in paediatric patients seem to be more respon-
sive than CK and CK–MB for the indication of myo-
cardial damage (Lipshultz et al., 1997). By the way, it
has been reported that CK–MB increase during preg-
nancy due to RF exposure (Kismali et al., 2012). In this
study, we observed a statistically significant enhance-
ment in CK, CK–MB, LDH and TnT in the cord blood
of pregnant women who talking with mobile phone
more than one hour/day during pregnancy (p< 0.001).
However, a correlation was clinically observed between
increasing of the parameters and daily mobile phone
talk duration. In our study, the highest level of CK,
CK–MB, TnT and LDH was observed in the fourth
group pregnant, which is the most RF exposed group.
Therefore, it can be stated that infant of the most RF
exposed women may have a potential to be candidate of
cardiovascular disease.

Our results demonstrated that ALT and AST levels
were significantly enhanced following the increase in
treated time to RFR emitted from mobile phones.

In agreement with our results, Moussa (2009)
reported that serum transaminases (AST, ALT)
showed significant increment in rats exposed to
microwave radiation (3.5 GHz, SAR 1.2 W/kg).
Similar findings were stated for pregnant rats by
Yilmaz et al. (2017) (900 MHz, 24 h/d for 20 d) and
Ragy (2015) (900 MHz for 1 h/d for 60 d). By the way,
Đinđić et al. (2010) also indicated RFR as potential to
increased ALT. As it is known, both ALT and AST are
specific liver enzymes which are enhanced in hepatic
diseases and toxic damage of hepatocytes (Pashovkina
& Akoev, 2001). Mortazavi et al. (2016) reported that
mobile phone RF exposure can cause light or strong
inflammatory alterations in the portal areas of the
liver of rat. Furthermore, oxidative stress generated
by RF radiation exposure can reason tissue injury.
Previous studies have shown that RFRs cause oxidative
damage and lipid peroxidation in the liver (Cetin
et al., 2014; Dasdag et al., 2008; Dindic et al., 2010;
Ragy, 2015; Toossi et al., 2017; Yilmaz et al., 2017). In
the newborns, high transaminase activity relative to
adults is associated with leakage from hepatocyte
membranes with high immune and permeability
(Zanardo et al., 1985). LDH is a precious marker for
some significant diseases in infants (Patavoukas et al.,
2017). Especially, it is one of the indicators of liver cell
destruction (Joanne, 2006). Ozgur et al. (2014) carried
out a study examining effects of RF radiation (GSM
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900, 1800 MHz, 2 W/kg) on cell viability and cell
damage of the hepatocarcinoma cells under distinct
exposure periods (1, 2, 3 and 4 h). They observed
that supernatant levels of LDH were significantly
higher in Hep G2 cell culture after 4 h RFR exposure.
The seepage of liver-specific aminotransferases (LDH)
into the serum might be looked as the result of cel-
lular membrane injury and, therefore, necrosis. LDH
release might be used as a cytotoxicity determinant in
liver cells (Grub et al., 2000). Similarly, Ma et al.
(2014) reported that the serum LDH level significantly
increased in the irradiated group (900 MHz, 4 h/d, 18
successive days) on rats. However, Đinđić et al. (2010)
observed that the serum level of ALT was significantly
increased, while levels of AST and LDH did not
change remarkably in the RFR exposed rats. In our
study, ALT, AST and LDH levels were significantly
increased in the cord blood of infants of pregnant
exposed to RFR more than 60 m/d during the preg-
nancy (<0.001). The dramatic increase in these
enzymes may be due to degradation of the membrane
structure of the liver cells due to the oxidative damage
which caused by the RFRs. However, it is indicated
that RFR emitted from mobiles phones has the ability
to exert a direct effect on cellular and subcellular
levels by damaging cell membranes and influencing
signal transduction pathways. The direct effect of this
process is the leakage of cytosolic enzymes such as
LDH and energy metabolism disorders in hepatocytes.

It is reported that serum CRP and PCT are increased
in infections, severe systemic inflammations, organ dys-
functions and tissue traumas (Meisner and Reinhart,
2001; Meisner, 2002). However, Balakrishnan et al.
(2014) reported that the serum CRP as systemic inflam-
matory biomarker increased depending on the duration
of exposure to radiation emitted from mobile phone. In
our study, a significant increment in CRP and PCT
levels was observed in cord blood of pregnant women
talking with mobile phone in more than one h/d
(<0.001). As it is seen above, CRP results of this study
are supported by Balakrishnan et al. (2014) which is
performed on adult mobile phone users.

The serum lactate level which is a reflection of the
degree of global tissue anoxia can be used as a marker of
organ damage. It is reported that a statistically significant
relationship was observed between serum lactate level and
subsequent mortality and morbidity in neonates (Simalti
et al., 2015). Our results showed that serum lactate level
was increased depending on the increment in exposure
time to RFR emitted frommobile phones.We did not find
any work that revealed the relationship between RF and
lactate. However, a few studies are available on RFR
exposure and lactate. For instance, Elferchichi et al.

(2011) stated that the static magnetic field (128 mT)
exposure (for 1 h/d during 15 consecutive days) caused
an increase in the serum lactate level of rats. On the other
hand, Harakawa et al. (2005) observed that the plasma
lactate level does not change as depending on electric field
exposure (alternating current of 50 Hz, at 17500 V/m
intensity for 15 m/d during 14 d) on rats.

Serum uric acid is one of the most important anti-
oxidants and is responsible for deactivating >50% of the
free radicals in the human blood. For this reason, there is
a strong relationship between the concentration of
serum uric acid in blood serum and antioxidant activity
(Shalaby et al., 2017). Dasdag et al. (1992) indicated that
RFR emitted from TV transmitting station increased
uric acid in technicians. Dasdag et al. (1999) also
observed that uric acid increased in radio-link station
technicians. Ozgur et al. (2013) reported that the uric
acid level elevated in RF (1800 MHz GSM, 15 m/d for
7 d) exposed infant rabbits. Moreover, Guler et al. (2007)
found that uric acid levels elevated after 1.8 kV/m irra-
diation in guinea pigs, but this increment was not sta-
tistically important. In that study, it was also noted that
the uric acid levels linearly raised by the implementation
of an increasing magnitude of the electromagnetic field.
However, Kismali et al. (2012) stated that RF exposure
(1800 MHz GSM, 15 m/d) during pregnancy did not
have an effect on uric acid level. In this study, we
observed that the serum uric acid level significantly
increased in cord blood of infants of pregnant exposed
to RFR more than 60 m/d (<0.001). The reason of
elevated uric acid may have been originated from
increased number of free radical. However, results of
this study were supported by Dasdag et al. (1992, 1999)
and Ozgur et al. (2013).

Platelets (PLT) which are astonishingly multifunc-
tional are included in many pathophysiological processes
such as homeostasis and thrombosis, clot retraction, ves-
sel constriction and repair, inflammation, host defence
(Harrison, 2005). Alghamdi and El-Ghazaly (2012)
noticed that there was opposite association between the
number of platelets and duration of exposure to mobile
phones (GSM 900–1800 MHz, 0.49 W/kg, 0.72 W/kg).
They observed that the number of platelets was reduced
depending on the increase in RFR exposure duration. By
contrast, Dasdag et al. (2000) reported that RFR emitted
from mobile phone (GSM 890 and 915 MHz) was not
affected the number of PLT in rats. Also in another study,
it was noted that there was no significant difference in
PLT level between the exposed to extremely low-fre-
quency electromagnetic fields (0.97 mT, 3 h/d, 50 d) and
control groups in rats (Cakir et al., 2009). The results of
our study indicated that RFR exposure more than 60 m/d
reduced PLT in cord blood of pregnant (<0.001). The
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contradictions between the studies discuss above may
have been originated from different experimental condi-
tions. However, our result was supported by Alghamdi
and El-Ghazaly et al. (2012).

MPV indicates the presence of inflammatory condi-
tion and disease activity in many diseases (Shalaby
et al., 2017). We observed that the MPV level signifi-
cantly was decreased by RFR in cord blood of pregnant
exposed more than 60 m/d (<0.001). We did not find
any study that observes relation between RFR and
MPV. However, Cakir et al. (2009) found that the
long-term exposure to extremely low-frequency electro-
magnetic field (0.97 mT, 3 h/d, 50 d) caused significant
decrease in MPV level in rats.

In conclusion, the results of our study indicated that
RFRs emitted from mobile phones are not innocent as
stated by some studies. According to our results, we can
state that exposure duration is the main parameter for
the protection. Therefore, women have to avoid long-
term mobile phone exposure especially during preg-
nancy. This preliminary human study has potential to
be the base for future performances.

References

Abdel Aziz, I., El-Khozondar, H. J., Shabat, M., et al. (2010).
Effect of electromagnetic field on body weight and blood
indices in albino rats and the therapeutic action of vitamin
C or E. Rominian J. Biophys. 20:235–244.

Adams, J. E., Abendschein, D. R., and Jaffe, A. S. (1993).
Biochemical Markers of Myocardial Injury Is MB Creatine
Kinase the Choice for the 1990s? Clin. Cardiol. Front. 88:750–
763.

Agus, Z. S., Wasserstein, A., and Goldfarb, S. (1982). Disorders of
calcium andmagnesiumhomeostasis.Am. J.Med. 72:473–488.

Alghamdi, M. S., El-Ghazaly, N. A. (2012). Effects of
Exposure to Electromagnetic Field on Some
Hematological Parameters in Mice. Open Journal of
Medicinal Chemistry. 2:30–42.

Amara, S., Abdelmelek, H., Salem, M. B., et al. (2006). Effects
of Static Magnetic Field Exposure on Hematological and
Biochemical Parameters in Rats. Braz. Arch. Biol. Technol.
49:889–895. doi:10.1590/S1516-89132006000700005.

Bahreyni Toossi, M. H., Sadeghnia, H. R., Mohammad
Mahdizadeh Feyzabadi, M., et al. (2018). Exposure to
mobile phone (900–1800 MHz) during pregnancy: Tissue
oxidative stress after childbirth. J. Matern. Fetal. Med. 31:
1298–1303. doi:10.1080/14767058.2017.1315657.

Balakrishnan, K., Murali, V., Rathika, C., et al. (2014). Hsp70 is
an independent stress marker among frequent users of
mobile phones. J. Environ. Pathology, Toxicol. Oncol.
33:339–347. doi:10.1615/JEnvironPatholToxicolOncol.v33.i4.

Barberi, I., Calabro, M. P., Cordaro, S., et al. (1999).
Myocardial ischaemia in neonates with perinatal asphyxia.
Electrocardiographic, echocardiographic and enzymatic
correlations. Eur. J. Pediatr. 158:742–747.

Belyaev, I. Y. (2010). Dependence of non-thermal biological
effects of microwaves on physical and biological variables:
Implications for reproducibility and safety standards. (In
ICEMS Monograph Edited by Giuliani, L., and Soffritti,
M.; Non-Thermal Effects and Mechanisms of Interaction
Between Electromagnetic Fields and Living Matter). Eur. J.
Oncol. 5:87–210. Available from: http://www.icems.eu/
papers.htm?f=/c/a/2009/12/15/MNHJ1B49KH.DTL

Cakir, D. U., Yokus, B., Akdag, M. Z., et al. (2009).
Alterations of hematological variations in rats exposed to
extremely low frequency magnetic fields (50 Hz). Arch.
Med. Res. 40:352–356. doi:10.1016/j.arcmed.2009.07.001.

Cetin, H., Nazıroglu, M., Celik, O., et al. (2014). Liver antioxidant
stores protect the brain from electromagnetic radiation (900
and 1800 MHz)-induced oxidative stress in rats during preg-
nancy and the development of offspring. J.Matern. Fetal .Med.
27:1915–1921. doi:10.3109/14767058.2014.898056.

Chung, M. K., Kim, J. C., Myung, S. H., and Lee, D. (2003).
Developmental Toxicity Evaluation of ELF Magnetic Fields
in Sprague Dawley Rats. Bioelectromagnetics. 24:231–240.
doi:10.1002/bem.10114.

Clark, S. J., Newland, P., Yoxall, C. W., and Subhedar, N. V.
(2001). Cardiac troponin T in cord blood. Arch. Dis.
Childhood Fetal Neonatal Ed. 84:F34–7.

Czyz, J., Guan, K., Zeng, Q., et al. (2004). High Frequency
Electromagnetic Fields (GSM Signals) Affect Gene
Expression Levels in Tumor Suppressor p53-Deficient
Embryonic Stem Cells. Bioelectromagnetics. 25:296–307.
doi:10.1002/bem.10199.

Dasdag, S., and Akdag, M. Z. (2015). The link between radio-
frequencies emitted from wireless technologies and oxida-
tive stress. J. Chem. Neuroanat. 1335:9.

Dasdag, S., Akdag, M. Z., Ayyildiz, O., et al. (2000). Do cellular
phones alter blood parameters and birth weight of rats.Electro-
Magnetobiol. 19:107–113. doi:10.1081/JBC-100100301.

Dasdag, S., Akdag,M. Z., Kizil, G., et al. (2012). Effect of 900MHz
radio frequency radiation on Beta amyloid protein, protein
carbonyl and malondialdehyde in the brain. Electromagn.
Biol. Med. 31:67–74. doi:10.3109/15368378.2011.624654.

Dasdag, S., Balci, K., Ayyildiz, M. O., et al. (1999). Blood
biochemical parameters of the radio-link station workers.
East. J. Med. 4:10–12.

Dasdag, S., Balcı, K., Çelik, M. S., et al. (1992). Neurologic
and Biochemical Findings and CD4/CD8 Ratio in People
Occupationally exposed to RF and Microwave. Biotechnol.
Bioeng. 6:37–39.

Dasdag, S., Bilgin,H.M., Akdag,M.Z., et al. (2008). Effect of Long
Term Mobile Phone Exposure On Oxidative antioxidative
Processes and Nitric Oxide in Rats. Biotechnol. Biotechnol.
Equip. 22:992–997. doi:10.1080/13102818.2008.10817595.

Đinđić, B., Sokolović, D., Krstić, D., et al. (2010). Biochemical and
Histopathological Effects of Mobile Phone Exposure On Rat
Hepatocytes and Brain. Acta Medica Medianae. 49:37–42.

Elferchichi, M., Mercier, J., Bourret, A., et al. (2011). Is static
magnetic field exposure a new model of metabolic altera-
tion? Comparison with Zucker rats. Int. J. Radiat. Biol.
87:483–490. doi:10.3109/09553002.2011.544371.

Forgács, Z., Kubinyi, G., Sinay, G., et al. (2005). Effects of 1800
MHz GSM-like exposure on the gonadal function and hema-
tological parameters of male mice (in Hungarian). Magyar
Onkologia. 49:149–151.

ELECTROMAGNETIC BIOLOGY AND MEDICINE 189

http://dx.doi.org/10.1590/S1516-89132006000700005
http://dx.doi.org/10.1080/14767058.2017.1315657
http://dx.doi.org/10.1615/JEnvironPatholToxicolOncol.v33.i4
http://www.icems.eu/papers.htm?f=/c/a/2009/12/15/MNHJ1B49KH.DTL
http://www.icems.eu/papers.htm?f=/c/a/2009/12/15/MNHJ1B49KH.DTL
http://dx.doi.org/10.1016/j.arcmed.2009.07.001
http://dx.doi.org/10.3109/14767058.2014.898056
http://dx.doi.org/10.1002/bem.10114
http://dx.doi.org/10.1002/bem.10199
http://dx.doi.org/10.1081/JBC-100100301
http://dx.doi.org/10.3109/15368378.2011.624654
http://dx.doi.org/10.1080/13102818.2008.10817595
http://dx.doi.org/10.3109/09553002.2011.544371


Galvin, M. J., Ortner, M. J., and McRee, D. I. (1982). Studies
on acute in vivo exposure of rats to 2450-MHz microwave
radiation. III. Biochemical and hematologic effects. Radiat.
Res. 90:558–563. doi:10.2307/3575733.

Grub, S., Persohn, E., and Trommer, W. E. (2000).
Mechanisms of cyclosporine A-induced apoptosis in rat
hepatocyte primary cultures. Toxicol. Appl. Pharmacol.
163:209–220. doi:10.1006/taap.1999.8887.

Guler, G., Turkozer, Z., and Seyhan, N. (2007). Electric
field effects on guinea pig serum: The role of free radi-
cals. Electromagn. Biol. Med. 26:207–223. doi:10.1080/
15368370701585490.

Halliwel, B., and Chirico, S. (1993). Lipid peroxidation: Its
mechanism, measurement and significance. Am. J. Clin.
Nutr. 57:715–725. doi:10.1093/ajcn/57.5.715S.

Harakawa, S., Inoue, N., and Hori, T. (2005). Effects of
Exposure to a 50 Hz Electric Field on Plasma Levels of
Lactate, Glucose, Free Fatty Acids, Triglycerides and
Creatine Phosphokinase Activity in Hind-Limb Ischemic
Rats. J. Vet. Med. Sci. 67:969–974.

Harrison, P. (2005). Platelet function analysis. Blood Rev.
19:111–123. doi:10.1016/j.blre.2004.05.002.

Infante-Rivard, C., and Deadman, J. E. (2003). Maternal occupa-
tional exposure to extremely low frequency magnetic fields
during pregnancy and childhood leukemia. Epidemiology.
14:437–441. doi:10.1097/01.ede.0000078421.60231.bc.

Ingwall, J. S., Kramer, M. F., Fifer, M. A., et al. (1985). The
creatine kinase system in normal and diseased human
myocardium. New England J. Med. 313:1050–1054.
doi:10.1056/NEJM198510243131704.

Jin, Y. B., Lee, H. J., Seon, L. J., et al. (2011). One-year, simulta-
neous combined exposure of CDMA and WCDMA radio-
frequency electromagnetic fields to rats. Int. J. Radiat. Biol.
87:416–423. doi:10.3109/09553002.2010.537428.

Joanne, C. (2006). Laboratory tests. In: Comprehensive
Clinical Hepatology. 2nd edition. Bacon B. R., O’Grady J.
G., Bisceglie Di, A. M., Lake, J. R. Elsevier Ltd. 73–83.

Kaplan, S. (1997). Biochemical markers of myocardial injury
in children. Circulation. 96:2496–2497.

Kismali, G., Ozgur, E., Guler, G., et al. (2012). The influence of
1800MHz GSM-like signals on blood chemistry and oxidative
stress in nonpregnant and pregnant rabbits. Int. J. Radiat. Biol.
88:414–419. doi:10.3109/09553002.2012.661517.

Lai, H., and Singh, N. P. (1996). Single-and double-strand
DNA breaks in rat brain cells after acute exposure to
radiofrequency electromagnetic radiation. Int. J. Radiat.
Biol. 69:513–521.

Lipshultz, S. E., Rifai, N., Sallan, S. E., et al. (1997). Predictive
value of cardiac troponin T in pediatric patients at risk for
myocardial injury. Circulation. 96:2641–2648.

Lowell, W. E., and Davis, G. E. (2008). The light of life:
Evidence that the sun modulates human lifespan. Med.
Hypotheses. 70:501–507. doi:10.1016/j.mehy.2007.05.053.

Lowenthal, R. M., Tuck, D. M., and Bray, I. C. (2007).
Residential exposure to electric power transmission lines
and risk of lymphoproliferative and myeloproliferative dis-
orders: A case-control study. Intern. Med. J. 37:614–619.
doi:10.1111/j.1445-5994.2007.01389.x.

Ma, H. R., Li, Y. Y., Luo, Y. P., et al. (2014). Effect of
Guilingji Capsule on the fertility, liver functions, and
serum LDH of male SD rats exposed by 900 mhz cell
phone. Chin. J. Integr. Traditional West. Med. 34:475–479.

Makker, K., Varghese, A., Desai, N. R., et al. (2009). Cell
phones: Modern man’s nemesis? Reprod. BioMedicine.
18:148–157. doi:10.1016/S1472-6483(10)60437-3.

Matthes, R. (1996). Non-Ionizing Radiation, Austria,
International Commission on Non-Ionizing Radiation
Protection (ICNIRP):1–96.

Mcree, D. I. (1979). Review of Soviet/Eastern European
research on health aspects of microwave radiation. Bull N
Y Acad. Med. 55:1133–1151.

Meisner, M. (2002). Pathobiochemistry and clinical use of
procalcitonin. Clin. Chim. Acta. 323:17–29. doi:10.1016/
S0009-8981(02)00101-8.

Meisner, M., and Reinhart, K. (2001). Is procalcitonin really a
marker of sepsis? Int. J. Intensive Care. 8:15–25.

Mortazavi, S. M. J., Owji, S. M., Shojaei-Fard, M. B., et al.
(2016). GSM 900 MHz Microwave Radiation Induced
Alterations of Insulin Level and Histopathological
Changes of Liver and Pancreas in Rat. J. Biomed. Phys.
Eng. 6:235–242.

Moussa, S. A. (2009). Oxidative stress in rats exposed to
microwave radiation. Rom. J. Biophys. 19:149–158.

Ozgur, E., Guler, G., Kismali, G., and Seyhan, N. (2014). Mobile
Phone Radiation Alters Proliferation of Hepatocarcinoma
Cells. Cell Biochem. Biophys. 70:983–991. doi:10.1007/s12013-
014-0007-4.

Ozgur, E., Kismali, G., Guler, G., et al. (2013). Effects of
Prenatal and Postnatal Exposure to GSM-Like
Radiofrequency on Blood Chemistry and Oxidative Stress
in Infant Rabbits, an Experimental Study. Cell Biochem.
Biophys. 67:743–751. doi:10.1007/s12013-013-9564-1.

Pashovkina, M. S., and Akoev, I. G. (2001). The liver enzymes
which increase in hepatic diseases and toxic damage of
liver cells. Biol. Radioecol. 41:62–68.

Patavoukas, E., Aberg-Liesaho, J., Halvorsen, C. P., et al.
(2017). Relationship between various maternal conditions
and lactic acid dehydrogenase activity in umbilical cord
blood at birth. J. Perinat. Med. doi 10.1515/jpm-2017-
0044.

Ragy, M. M. (2015). Effect of exposure and withdrawal of
900-MHz-electromagnetic waves on brain, kidney and
liver oxidative stress and some biochemical parameters
in male rats. Electromagn. Biol. Med. 34:279–284.
doi:10.3109/15368378.2014.906446.

Repacholi, M. H. (1998). Low-Level Exposure to
Radiofrequency Electromagnetic Fields: Health Effects
and Research Needs. Bioelectromagnetics. 19:1–19.

Roberts, N. J., Jr., Michaelson, S. M., and Lu, S. T. (1986). The
biological effects of radiofrequency radiation: A critical
review and recommendations. Int. J. Radiat. Biol. Relat.
Stud. Phys. Chem. Med. 50:379–420.

SCENIHR (Scientific Committee on Emerging and Newly
Identified Health Risks) (2015). Potential health effects of
exposure to electromagnetic fields (EMF). 58–62. Available
from: https://ec.europa.eu/health/scientific_committees/
emerging/docs/scenihr_o_041.pdf

Scheiermann, C., Frenette, P. S., and Hidalgo, A. (2015).
Regulation of leucocyte homeostasis in the circulation.
Cardiovasc. Res. 107:340–351. doi:10.1093/cvr/cvv099.

Shalaby, M. M., Sobeih, A. A., Abdulghany, W. E., et al.
(2017). Mean platelet volume and serum uric acid in
neonatal sepsis: A case control study. Ann. Med. Surg.
20:97–102. doi:10.1016/j.amsu.2017.06.015.

190 H. BEKTAS ET AL.

http://dx.doi.org/10.2307/3575733
http://dx.doi.org/10.1006/taap.1999.8887
http://dx.doi.org/10.1080/15368370701585490
http://dx.doi.org/10.1080/15368370701585490
http://dx.doi.org/10.1093/ajcn/57.5.715S
http://dx.doi.org/10.1016/j.blre.2004.05.002
http://dx.doi.org/10.1097/01.ede.0000078421.60231.bc
http://dx.doi.org/10.1056/NEJM198510243131704
http://dx.doi.org/10.3109/09553002.2010.537428
http://dx.doi.org/10.3109/09553002.2012.661517
http://dx.doi.org/10.1016/j.mehy.2007.05.053
http://dx.doi.org/10.1111/j.1445-5994.2007.01389.x
http://dx.doi.org/10.1016/S1472-6483(10)60437-3
http://dx.doi.org/10.1016/S0009-8981(02)00101-8
http://dx.doi.org/10.1016/S0009-8981(02)00101-8
http://dx.doi.org/10.1007/s12013-014-0007-4
http://dx.doi.org/10.1007/s12013-014-0007-4
http://dx.doi.org/10.1007/s12013-013-9564-1
http://dx.doi.org/10.1515/jpm-2017-0044
http://dx.doi.org/10.1515/jpm-2017-0044
http://dx.doi.org/10.3109/15368378.2014.906446
https://ec.europa.eu/health/scientific_committees/emerging/docs/scenihr_o_041.pdf
https://ec.europa.eu/health/scientific_committees/emerging/docs/scenihr_o_041.pdf
http://dx.doi.org/10.1093/cvr/cvv099
http://dx.doi.org/10.1016/j.amsu.2017.06.015


Simalti, A. K., Joshi, R., Aggarwal, N., et al. (2015). An
Unusual Cause of Persisting Hyperlactatemia in a
Neonate Undergoing Open Heart Surgery. World J.
Pediatr. Congenit. Heart Surg. 6:130–134. doi:10.1177/
2150135114555202.

St-Pierre, L. S., Mazzuchin, A., and Persinger, M. A. (2008).
Altered blood chemistry and hippocampal histomorphol-
ogy in adult rats following prenatal exposure to physiolo-
gically-patterned, weak (50 – 500 nanoTesla range)
magnetic fields. Int. J. Radiat. Biol. 84:325–335.
doi:10.1080/09553000801953300.

Toossi, M. H. B, Sadeghnia, H. R., Feyzabadi M. M. M, et al.
(2017). Exposure to mobile phone (900-1800 MHz) during
pregnancy: tissue oxidative stress after childbirth. The
Journal of Maternal Fetal & Neonatal Medicine. 31
(10):1298–1303.

Trosic, I., Busljeta, I., and Pavicic, I. (2004). Blood-forming
system in rats after whole-body microwave exposure; refer-
ence to the lymphocytes. Toxicol. Lett. 154:125–132.
doi:10.1016/j.toxlet.2004.07.011.

Wong, L. S., Merritt, J. H., and Kiel, J. L. (1985). Effects of 20-
MHz radiofrequency radiation on rat hematology, splenic
function, and serum chemistry. Radiat. Res. 103:186–195.

Yilmaz, A., Tumkaya, L., Akyildiz, K., et al. (2017). Lasting
hepatotoxic effects of prenatal mobile phone exposure.
J. Matern. Fetal . Med. 30:1355–1359. doi:10.1080/
14767058.2016.1214124.

Zanardo, V., Bondio, M., Perini, G., and Temporin, G. F.
(1985). Serum glutamic-oxaloacetic transaminase and glu-
tamic-pyruvic transaminase activity in premature and full-
term asphyxiated newborns. Biol. Neonate. 47:61–69.
doi:10.1159/000242092.

ELECTROMAGNETIC BIOLOGY AND MEDICINE 191

http://dx.doi.org/10.1177/2150135114555202
http://dx.doi.org/10.1177/2150135114555202
http://dx.doi.org/10.1080/09553000801953300
http://dx.doi.org/10.1016/j.toxlet.2004.07.011
http://dx.doi.org/10.1080/14767058.2016.1214124
http://dx.doi.org/10.1080/14767058.2016.1214124
http://dx.doi.org/10.1159/000242092

	Abstract
	Introduction
	Materials and methods
	Statistical analyses
	Results
	Discussion
	References

