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a  b  s  t  r  a  c  t

Electrocardiogram  and  arterial  pressure  measurements  were  studied  under  acute  exposures  to WIFI
(2.45  GHz)  during  one  hour  in  adult  male rabbits.  Antennas  of WIFI  were  placed  at  25 cm  at  the  right
side  near  the  heart.  Acute  exposure  of rabbits  to WIFI  increased  heart  frequency  (+22%)  and  arterial
blood  pressure  (+14%).  Moreover,  analysis  of  ECG  revealed  that  WIFI  induced  a combined  increase  of  PR
and QT  intervals.  By contrast,  the  same  exposure  failed  to  alter  maximum  amplitude  and  P waves.  After
intravenously  injection  of dopamine  (0.50  ml/kg)  and  epinephrine  (0.50  ml/kg)  under  acute  exposure  to
eywords:
eart rate (HR)
rterial pressure (PA)
lectrocardiogram (ECG)
fficacy of catecholamines
opamine

RF we  found  that, WIFI  alter  catecholamines  (dopamine,  epinephrine)  action  on heart  variability  and
blood  pressure  compared  to  control.  These  results  suggest  for the  first  time,  as far  as  we  know,  that
exposure  to  WIFI  affect  heart  rhythm,  blood  pressure,  and  catecholamines  efficacy  on  cardiovascular
system;  indicating  that  radiofrequency  can  act  directly  and/or  indirectly  on cardiovascular  system.

© 2015  Elsevier  B.V.  All  rights  reserved.

pinephrine

ontents

1. Introduction  .  . .  .  . .  . .  .  . . .  . . .  .  . . .  .  . . .  .  . . . .  . .  . . . .  . . . .  . . .  .  . . .  . . . .  . . .  . . . . . . . .  . . . . . . . . . . . . . . .  . . .  . .  . . .  . . . . . . .  .  . . . . . .  .  .  . . . . .  .  . . . .  .  .  .  .  . . .  .  . . . .  . . . . . . . . .  .  .  .  . . . . .  .  600
2. Materiel  and  methods  .  .  . . .  . . .  .  .  . .  . . . .  . . .  . . . .  .  . . .  .  . . .  . . .  .  . . .  .  . . .  . . . .  . . . .  . . . . . . .  .  . .  . . . . . .  . . . . .  . .  .  .  . . .  . . .  .  . . . .  . . . . . . .  . .  .  . . . .  . . . .  . . . .  .  .  .  .  . .  . . . . . . . . . .  .  . .  .  . 601

2.1.  Animals.  . .  . . .  .  .  . . .  .  . . .  .  . .  . . . . . . .  .  . . .  .  . . .  .  .  .  .  .  .  . .  . . . .  . . .  . . .  .  . . .  . . . .  . . . .  .  . . . .  . .  .  . . . . . . .  . . . .  .  . . .  . . . .  . . .  . .  . . . . . . . . .  . . . . .  . . . .  .  . .  . .  .  .  .  .  . . . . . .  . . . .  . . .  .  .601
2.2. Exposure  system  . . .  . . .  .  . . .  .  . . .  .  . . .  . . . .  . . . .  . . .  .  . . .  . . . .  . . . . . . .  . . . . . . .  . . . . . . . . . .  . . . . . .  .  . .  . . .  . .  . . .  . . . .  .  . . . . . .  . . . . .  . . .  .  .  . . . . .  . .  .  . .  . . . . .  . . . . .  .  .  .  .  . . .  .  601
2.3.  Experimental  design  . . . .  . . .  .  . . .  .  . . . . . .  . . . .  . . . .  . . .  .  . . .  . . .  .  . . . .  . .  .  .  .  . .  .  .  .  .  . . . . . .  . . . . . . . . . .  . . . . . . .  .  . . . . .  .  . .  . . .  . .  .  . . . .  .  .  . . .  .  . . . . .  .  . .  .  .  .  .  . .  . . . .  . . . .  . 601
2.4.  Analytical  procedures  . . .  .  . . .  .  . .  . . . .  . . . .  . . .  .  . . .  .  . . . .  .  . . . . . .  . . .  . . . .  .  .  . . . . .  . . . . . . . .  . . . . .  . . . .  . . .  . . . . .  . . .  . . .  . . . .  . . .  . . .  .  . . . . . . . . .  .  .  .  . .  . . . . . .  . . . . .  . .  .  . 601
2.5.  Statistical  analysis  .  .  . . .  . . .  . . . .  . . .  .  . . .  .  .  . .  .  .  . .  . . .  .  . .  . .  . . .  .  . . .  . . .  .  . . .  . . . .  .  . . . . . . .  . .  . . .  .  .  . . .  . . . . . . . . . . . . . .  .  . . . .  . . .  .  . . . . . . . .  . . . . . .  .  .  .  .  . . . . .  .  . . . . .  . .  601

3.  Results  . .  . . . .  . . .  .  . . . .  .  .  .  .  . . .  .  . . .  .  . . .  .  . .  . . . .  . . .  .  . . .  .  . . .  .  . . . . . .  .  . . . . . . .  . . . . . .  .  . .  .  . .  .  . .  . . . .  .  . .  . . . . . . . . . . .  . . .  .  .  . .  . . . . .  . . .  . . .  . . . . . . . . .  .  .  .  . . . . .  . . . . .  .  . .  . .  .  . .  . .  601
4.  Discussion  .  . . . .  .  . .  .  . . . . .  . . . .  . . .  .  . . .  .  . . .  .  . .  . . . .  . . .  . . . .  .  . . .  . . . .  . . . .  . . .  .  . . . . .  . . .  .  .  . .  . . . . . .  . . . . . .  . . .  . . . .  .  . . .  . .  . .  .  . . . .  . . .  . . . . . .  .  .  . . . . . . . . . . .  .  .  .  .  . .  .  .  . .  . . . . .  . 602
5. Conclusion  . .  . . .  .  . . .  . . . . .  . . . .  . . .  . . . .  .  . .  .  .  . .  . . . . . . . . . . . .  . . .  .  . . .  . . .  .  . . . .  . . .  .  . . . .  .  . .  .  . . . . . .  . . .  .  . .  . . . . . . .  .  . .  .  .  . . .  .  . .  .  . . . .  .  . . . . . . .  . . . . . . .  .  .  .  . .  . . . .  .  . . . . .  .  .  . . . 605

Transparency  document .  . .  .  . . .  . . . .  . . .  .  . . . .  . . .  .  . . .  .  .  . .  .  . . .  .  . . .  . . .  . . . .  . . . . . . .  .  . .  . . . . .  . . . . .  .  . .  .  . . . .  . . .  . . . . .  . . . . . . .  . . . . . . .  . . . . . . . . .  .  . . . .  .  .  .  . . .  .  .  . .  . . .  .  .  .  . . .  .605
Acknowledgment.  . .  .  . .  .  .  . .  .  . . .  .  . . . . . .  . . . .  . . .  .  . . .  .  . . .  .  . . .  .  . . .  . . . .  . . . . . . .  . .  .  . .  . . . . . . .  . . .  . .  .  . . . . . .  .  . . . . .  . . .  . . .  . . . . .  . . .  . . . .  . . .  . . .  .  . . . . . . .  . . .  .  .  .  .  . . .  . . .  . .  . .605
References  . . .  . . . .  . . . .  .  .  . . .  .  . . .  .  . .  .  . . .  . . .  .  . . . .  . . .  .  . .  .  .  . . .  .  .  . .  .  . . .  .  . .  . . . .  . .  .  . . .  .  .  .  . . . .  . .  .  . . . . . .  .  . . . . . .  . . . . .  . . .  . . . .  . . .  . . . . .  . . . .  .  . . . .  . .  . . .  .  .  .  . . .  .  .  . . . . . .  . . .  605

. Introduction is an increase in the use of WIFI (wireless fidelity) devices 2.40 GHz
Due to the constant evolution of new technologies more and
ore people are exposed at home or at work to different frequen-

ies of electromagnetic fields (Feychting et al., 2005). In fact, there

∗ Corresponding author.
E-mail address: linda-saili@hotmail.com (L. Saili).

ttp://dx.doi.org/10.1016/j.etap.2015.08.015
382-6689/© 2015 Elsevier B.V. All rights reserved.
by local networks (Brunel, 2004). Increasing evidence suggests
that electromagnetic field (EMF) in the environment have many
bioeffects (Lahbib et al., 2014; Ghodbane et al., 2015) that could
affect cardiovascular system (Gmitrov, 2007) and induce oxidative
stress (Salah et al., 2013). Besides that, Abdelmelek et al. (2006)

showed an increase in norepinephrine in skeletal muscle after static
magnetic field (SMF) exposure, indicating sympathetic hyperac-
tivity. Interestingly, Heart rate variability was  usually used for
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uantifying the autonomic nervous system activities (Acharya et al.,
002). Previous studies on animals and humans, demonstrated
hat EMF  induced changes in heart activities. Pawlak et al. (2013)
how that the exposure of animals to EMF  increased heart rate, in
hick embryos especially from 17 days of incubation (Gaffey and
enforde, 1981), in rats, (Togawa et al., 1967) in rabbits, (Gaffey
t al., 1980) in baboons, (Tenforde et al., 1983) in monkeys, and
Jehensen et al., 1988) in humans. Moreover, Thomas and Tenforde
2005) demonstrated the rise of blood flow under magnetic field
nvironment. Interestingly, magnetic exposure induced electro-
ardiogram (ECG) abnormalities (Bortkiewicz et al., 1997). Creasey
nd Goldberg (1993) showed increase in heart rate and arrhythmia
n people working around electrical trains (26 kV/m). In addition,
raune et al. (1998) reported that exposure to GSM signals for
5 min  increased (+10%) blood pressure in volunteers. Vangelova
t al. (2005) found that the radiofrequency may  enhance hyperten-
ion and dyslipidemia. Cai et al. (2006) reported that radar exposure
ncreased the rate of ECG changes in soldiers. Interestingly, Israel
nd Tomov (2000) showed high rates of hypertension in broad-
ast and TV station operators. The chronotropic effects, classically
bserved under radiofrequencies RF could be related to heart’s
xcitability characteristic and rhythm or contraction (Elmas et al.,
012).

The present study aimed to evaluate (i) firstly the effects of WIFI
n heart rate variability and blood pressure, (ii) secondly the phys-
ological effects of catecholamines (dopamine and epinephrine) on
eart rate under WIFI in rabbit.

. Materiel and methods

.1. Animals

In the present investigation we used adult male rabbit weigh-
ng 2.00 ± 0.50 kg (Central Pharmacy, Tunis, Tunisia). Animals were
oused in groups of six in cages at +25 ◦C, under a 12:12 h light/dark
ycle, with free access to water and commercial mash. Animals
ere cared for, under the Tunisian code of practice for the care

nd use of animals for scientific purposes. The experimental proto-
ols were approved by the Faculty Ethics Committee (Faculté des
ciences de Bizerte, Tunisia).

.2. Exposure system

The animals were exposed to an access point (AP) from WIFI
evice (D-Link DWL-3200 AP with 802.11 g mode and WPA2 net-
ork protection) as previously described in Salah et al. (2013). WIFI

ntegrated two omnidirectional antennas that were setup for inter-
et broadcast via wireless at 2.45 GHz. The sham control rabbits
ere placed under the same condition without applying RF (0 Hz).
ntennas of WIFI were placed at 25 cm at the right side near the
eart (animal in dorsal decubitus).

.3. Experimental design

The rabbits were divided into six groups and for each group six
abbits and treated by intravenous injection as follows:

Group 1. Normal healthy control.
Group 2. Normal healthy: rabbits were exposed to WIFI one hour
(between 9 h and 13 h).
Group 3. Rabbits were intravenously injected once with

epinephrine (0.50 ml/kg).
Group 4. Rabbits were exposed to WIFI one hour (between 9 h
and 13 h) following once intravenous injection of epinephrine
(0.50 ml/kg).
d Pharmacology 40 (2015) 600–605 601

Group 5. Rabbits were intravenously injected once with dopamine
(0.50 ml/kg).
Group 6. Rabbits were exposed to WIFI one hour (between 9 h
and 13 h) following once intravenous injection (iv) of dopamine
(0.50 ml/kg).

The variation of the frequency and the cardiac rhythm were
measured with an electrocardiogram” ECG”. The ECG was recorded
using Biopac® (MP35/30). Changes in blood pressure were mea-
sured using a pressure transducer connected to a chart recorder.

2.4. Analytical procedures

Records of changes in heart rate were done using a device con-
sists of a software Biopac Student Lab 3.7.1, Biopac acquisition unit
(MP35/30) with the associated cables, transformer BIOPAC, BIOPAC
of electrode cables (SS2L), a computer, three vinyl disposable elec-
trodes subject (EL503). The electric phenomena hearts materialize
on the ECG by a base line broken by a P wave, a complex QRS and a T-
wave. We  measured the intervals PR, QT, RR, and P wave, beats heart
per minute (BPM) and maximum amplitude after each exposure to
WIFI (2.45 GHz, 1 h) and before each injection of catecholamines
(dopamine, epinephrine).

2.5. Statistical analysis

Statistical analysis of data was  performed using analysis of
variance (ANOVA) for comparison between groups. Values for (*)
P < 0.05, (**) P < 0.01, (***) P < 0.001 were considered statistically sig-
nificant. The data are shown as a mean ± standard error of the mean
(SEM).

3. Results

Our investigation reported that acute exposure to WIFI device
induced an important reduction of the RR interval duration com-
pared to controls, indicating an increase of heart frequencies.
Moreover, we observe an increase PR and QT intervals (Fig. 1A–C).
WIFI may  influence the activity of nodal tissues especially auriculo-
ventricular nodes. By contrast, the same exposure failed to alter P
wave (Fig. 1D).

The present data showed that WIFI radiation (2.45 GHz) induced
an increase of heart beats of animals. However, amplitude of
the electrocardiogram remained unchanged during WIFI exposure
compared to controls (Fig. 2A and B). In addition, we  observe
that acute exposure of rabbits to WIFI (2.45 GHz) during one hour
induced an important increase in blood pressure compared to con-
trols as shown in Fig. 3.

Our investigation showed that the single injection of dopamine
(0.50 ml/kg, iv) induced an increase of the RR, QT intervals dura-
tion and decreased the PR interval and P wave of electrocardiogram
compared to controls. Moreover, injection of dopamine under acute
exposure to RF (2.45 GHz, 1 h) induced an important decrease in
the length of the RR and QT intervals and an important decrease in
the duration of the interval PR compared with rabbits given only
dopamine, whereas P wave remained unchanged (Fig. 4A–D).

The administration of dopamine under WIFI exposure (2.45 GHz,
1 h) induced an important increase of beats per minute and
decreased the maximum amplitude, compared to the rabbits
injected only dopamine as reported in Fig. 5.

The epinephrine injection induced a decrease of RR, PR, QT inter-
vals duration and P wave of electrocardiogram compared to control.

Contrary, combined treatment with epinephrine (0.50 ml/kg, iv)
and WIFI induced an important increase in the length of RR and QT
intervals. The same treatment provoke an important decrease of the
duration of interval PR and P wave compared to control (Fig. 6A–D).
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Fig. 1. The effects of acute exposure to WIFI (2.45 GHz, 1 h) on: (A) the RR intervals (�t R
(�t  Q-T) and (�t Q-T WIFI), (D) P wave of electrocardiogram in rabbits (�t P) and (�t P 

rabbits were compared with control rabbits.

F
B
g

b
p
(
i

ig. 2. The effect of acute exposure to WIFI (2.45 GHz, 1 h) on: (A) BPM control and
PM WIFI, (B) max  control and max  WIFI. Values are given as the mean ± SEM for
roups of six animals.

The epinephrine injection induced an important increase in

eats per minute and decreases the maximum amplitude com-
ared to control. In case of rabbits treated with epinephrine
0.50 ml/kg, iv) under RF radiation (2.45 GHz), we  observed an
mportant decrease of beats per minute and the maximum

Fig. 3. Effects of acute exposure to WIFI on blood pressure of rabbits on: PAt contro
-R) and (�t R-R WIFI), (B) PR intervals (�t P-R) and (�t P-R WIFI), (C) QT intervals
WIFI). Values are given as the mean ± SEM for groups of six animals. WIFI exposed

amplitude compared to the rabbits injected only epinephrine
(Fig. 7A and B).

Single injection of dopamine (0.50 ml/kg) decreased the arterial
pressure compared to control. By contrast, single administration of
epinephrine (0.50 ml/kg) increased the arterial pressure. In case of
rabbits treated with dopamine and epinephrine under RF exposure
the arterial pressure return to the normal state. WIFI (2.45 GHz,
1 h) exposure alters the classical responses observed following the
administration of both catecholamines as showing in Fig. 8

4. Discussion

Our investigation point that acute exposure to WIFI induced
an increase in heart rate and arterial blood pressure; showing a
modulatory effects of RF on the cardiovascular system regulation.
Interestingly, catecholamines (dopamine and epinephrine) bioef-
fects on cardiac rhythm and vasomotricity were altered by WIFI in

rabbits.

Exposure to new wireless technologies will be inevitable in our
domestic life. The development of new technologies such as WIFI,
which allows data transfer through a microwave field (2.4 GHz) and

l and PA WIFI. Values are given as the mean ± SEM for groups of six animals.
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ig. 4. Effects of single injection of dopamine on the component of electrocardio
ean  ± SEM for groups of six animals.

ith a transmission rate from 1 to 50 Mbps (Valberg et al., 2007);
an have serious consequences on public health and multiple bioef-
ects (Sage and Carpenter, 2009). Our results show clearly that WIFI
ncreased heart rate and arterial blood pressure probably via direct
nd/or indirect pathways. The direct effects of RF could be related
o their action on Ca++ and Zn++ homeostasis especially on diva-
ent mineral flux modulated by EMF  as shown previously by Amara
t al. (2007). Interestingly, Pilla et al. (1999) demonstrated that
tatic magnetic fields (SMFs) in the range of 0–200 mT  accelerate
a++/calmodulin-dependent myosin light chain phosphorylation.

n order to demonstrate the whole mechanism and the implication
f K+ channel in the heart responses induced by RF, electrophysio-
ogical studies of RF will be programmed for future investigations.

The indirect pathway will deal with the modulatory effects of
F on autonomic nervous system, plasma catecholamines, and glu-
ocorticoides.

In fact, Abdelmelek et al. (2006) showed an increase in nor-
pinephrine in skeletal muscle following SMF  (128 mT)  exposure;

ndicating sympathetic hyperactivity. The sympathetic hyperactiv-
ty classically observed following EMF  exposure explain in part our
ata reporting an increase of heart rate (HR) and arterial blood pres-
ure under WIFI exposure. Similar investigation by Braune et al.

Fig. 5. Effects of single injection of dopamine on the beats per minute (BPM)
 in rabbits under acute exposure to WIFI (2.45 GHz, 1 h). Values are given as the

(1998) pointed for the implication of sympathetic tone induced by
EMF  in hypertension. The present investigation reported that acute
exposure to WIFI provoked a decrease in the RR interval, indicating
a tachycardia explaining the hypertension. By contrast, Jehensen
et al. (1988) showed an increase (+17%) of the length of the RR inter-
val after ten minutes of SMF  exposure in healthy volunteers. The
PR interval reflects the time that electrical impulse takes to travel
from the auriculo-ventricular node and enters to the ventricle. The
increase in the PR interval supported that the conduction system of
the heart was  altered. It is in accordance with Blanchi et al. (1973)
when mice were exposed to 100 kv/m (50 Hz); the QRS duration and
the PR interval were each lengthened by 19.50%. While, the acute
exposure to WIFI increased the QT interval; showing that the time
for both ventricular depolarization and repolarisation was larger.
Otherwise, the heart is a contractile organ that can generate its own
rhythm (Elmas et al., 2012). Arber and Lin (1985) showed that con-
tinuous exposure of neurons to microwaves for 60 min  inhibited
spontaneous activity and prolong the refractory period following

depolarization. An increase of K+ current could be implicated as a
cause for prolongation of refractory period (Seaman and Wachtel,
1978; Arber and Lin, 1985) as reported in our investigation by the
prolonged PR and QT intervals.

 and maximum amplitude (max) in rabbits under WIFI (2.45 GHz, 1 h).
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Fig. 6. Effects of single injection of epinephrine on the component of electrocardiogram under WIFI (2.45 GHz, 1 h). Values are given as the mean ± SEM for groups of six
animals.

Fig. 7. Effects of single injection of epinephrine on the beats per minute (BMP) and maximum amplitude (max) in rabbits under acute exposure to WIFI (2.45 GHz, 1 h). Values
are  given as the mean ± SEM for groups of six animals.

Fig. 8. Effects of epinephrine and dopamine injections on blood pressure under acute exposure to WIFI (2.45 GHz, 1 h). Values are given as the mean ± SEM for groups of six
animals.
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quences. Environ. Health Perspect. 115 (3), 416–424, http://dx.doi.org/10.1289/
L. Saili et al. / Environmental Toxicolo

Our data demonstrate that single injection of epinephrine
ncrease heart rate associated to a decrease in the RR, QT, PR inter-
als and even the P-wave. Moreover, single injection of dopamine
ecreased heart rate and increased RR, QT, PR intervals and even the
-wave. Acute exposure to WIFI (2.45 GHz during one hour) alters
pinephrine and dopamine effects classically observed on heart
ate, arterial blood pressure and the most studied intervals. This
ata report clearly that the action mechanism of epinephrine was
bolished through RF. We  can therefore say that RF emitted by WIFI
ct probably on the receptors, thereby altering the ligand–receptor
inding. In fact, Chiabrera et al. (2000) showed that the proba-
ility of binding could be modified by the electric component of
he RF. Previous study reported that exposure to 50-Hz magnetic
eld decreased the binding affinity of the 1B receptor subtype of
erotonin (Masuda et al., 2010). Behari et al. (1998) shows that AM
adio radiation alters Ca2+ binding in the membrane, Na+K+-ATPase
ctivity.

Our studies point that WIFI is not completely safe at home near
he animal or human body because it employ harmful radio waves.
ut it is safer compared to cellphone that it is close to our brain dur-

ng communications. WIFI signals are everywhere. If you switched
ff your WiFi at night, you are still exposed to the WIFI signals
oming in from neighbors but we have a significant reduction of
he bioeffects of WIFI with distance from the router. Future inves-
igations will focus on the long term bioeffects of WIFI placed at an
mportant distance from the animal or the human.

. Conclusion

These results suggested that exposure to WIFI (2.45 GHz) affect
R variability leading to tachycardia and hypertension. The WIFI
lter the physiological action of catecholamines on cardiovascu-
ar system perhaps via the disruption of the interaction between
igand-receptors in rabbit.

ransparency document

The Transparency document associated with this article can be
ound in the online version.

cknowledgment

We thank Bechir Azib for his excellent technical assistance.

eferences

bdelmelek, H., Molnar, S., Servais, S., Cottet-Emard, J.M., Pequignot, J.M., Favier, R.,
Sakly, M.,  2006. Skeletal muscle HSP72 and norepinephrine response to static
magnetic field in rat. J. Neural Transm. 113, 821–827.

charya, R.U., Lim, C., Joseph, P., 2002. Heart rate variability analysis using correla-
tion  dimension and detrended fluctuation analysis. ITBM-RBM 23, 333–339.

mara, S., Abdelmelek, H., Garrel, C., Guiraud, P., Douki, T., Ravanat, J.L., Favier, A.,
Sakly, M.,  Ben Rhouma, K., 2007. Zinc supplementation ameliorates static mag-
netic field-induced oxidative stress in rat tissues. Environ. Toxicol. Pharmacol.
23 (2), 193–197, http://dx.doi.org/10.1016/j.etap.2006.09.001.

rber, S.L., Lin, J.C., 1985. Microwave-induced changes in nerve cells: effects of
modulation and temperature. Bioelectromagnetics 6, 257–270.

ehari, J., Kunjilwar, K.K., Pyne, S., 1998. Interaction of low level modulated RF
radiation with Na+-K+-ATPase. Bioelectrochem. Bioenerg. 47, 247–252.
lanchi, D., Cedrini, L., Ceria, F., Meda, E., Re, G.G., 1973. Exposure of mammals to
strong 50-Hz electric fields. Arch. Fisiol. 70, 33.

ortkiewicz, A., Zmyslony, M.,  Gadzicka, E., Palczynski, S., 1997. Ambulatory ECG
monitoring in workers exposed to electromagnetic fields. J. Med. Eng. Technol.
21 (2), 41–46.
d Pharmacology 40 (2015) 600–605 605

Braune, S., Wrocklage, C., Raczek, J., Gailus, T., Lücking, C.H., 1998. Resting blood pres-
sure increase during exposure to radio-frequency electromagnetic field. Lancet
351, 1857–1858.

Brunel, J.L., 2004. Les risques liés au WiFi. Observatoire Académique de la Sécurité
Informatique: études/actualités.

Cai, G., Li, Q.Y., Wang, D.W., Qu, H.Y., Wang, S.M., Li, H., 2006. The ECG effection of
exposure to radar. Chin. Heart J. 18 (3), 325.

Chiabrera, A., Bianco, B., Moggia, E., Kaufman, J.J., 2000. Zeeman–Stark modeling
of  the RF EMF  interaction with ligand binding. Bioelectromagnetics 21 (4),
312–324.

Creasey, W.A., Goldberg, R.B., 1993, August. Safety of High Speed Guided Ground
Transportation Systems: Potential Health Effects of Low Frequency Electromag-
netic Fields Due to Maglev and Other Electric Rail Systems. US Department of
Transportation, Federal Railroad Administration. Report DOT-FRA/ORD 93/31,
Washington, DC.

Elmas, O., Comlekci, S., Koylu, H., 2012. Effects of short-term exposure to powerline-
frequency electromagnetic field on the electrical activity of the heart. Arch.
Environ. Occup. Health 67 (2), 65–71, http://dx.doi.org/10.1080/19338244.
2011.578680.

Feychting, M.,  Anders, A., Leeka, K., 2005. EMF  AND HEALTH – Annual Review of
Public Health, vol. 26., pp. 165–189.

Gaffey, C.T., Tenforde, T.S., 1981. Alterations in the rat electrocardiogram induced
by  stationary magnetic fields. Bioelectromagnetics 2, 357–370.

Gaffey, C.T., Tenforde, T.S., Dean, E.E., 1980. Alterations in the electrocardiograms of
baboons exposed to DC magnetic fields. Bioelectromagnetics 1, 209.

Ghodbane, S., Lahbib, A., Ammari, M.,  Sakly, M.,  Abdelmelek, H., 2015. static magnetic
field-exposure induced oxidative stress and apoptosis in rat kidney and muscle?
Effect of vitamin E and selenium supplementations. Gen. Physiol. Biophys. 34 (1),
23–32, http://dx.doi.org/10.4149/gpb 2014027.

Gmitrov, J., 2007. Static magnetic field effect on the arterial baroreflex-
mediated control of microcirculation: implications for cardiovascular effects
due to environmental magnetic fields. Radiat. Environ. Biophys. 46 (3),
281–290.

Israel, M.,  Tomov, P., 2000. Epidemiological study of the effect radiofrequency radi-
ation on operators in radio, TV and relay stations. In: Israel, M.,  Repacholi, M.
(Eds.), Proceedings of Eastern European Regional EMF Meeting and Workshop.
VM-OFSET, Sofia. , pp. 145–154.

Jehensen, P., Duboc, D., Lavergne, T., Guize, L., Gueı́rin, F., Degeorges, M., Syrota, A.,
1988. Change in human cardiac rhythm induced by a 2-T static magnetic field.
Radiology 166, 227–230.

Lahbib, A., Ghodbane, S., Sakly, M., Abdelmelek, H.,  2014. Vitamins and glucose
metabolism: the role of static magnetic fields. Int. J. Radiat. Biol. 90 (12),
1240–1245, http://dx.doi.org/10.3109/09553002.2014.930537.

Masuda, H., de Gannes, F.P., Haro, E., Billaudel, B., Ruffié, G., Lagroye, I., Veyret, B.,
2010. Lack of effect of 50-Hz magnetic field exposure on the binding affinity of
serotonin for the 5-HT 1B receptor subtype. Brain Res. 1368, 44–51.

Pawlak, K., Sechman, A., Nieckarz, Z., Wojtysiak, D., 2013. Effect of weak electro-
magnetic field on cardiac work, concentration of thyroid hormones and blood
aminotransferase level in the chick embryo. Electromagn. Biol. Med. 32 (2),
173–181, http://dx.doi.org/10.3109/15368378.2013.776424.

Pilla, A.A., Muehsam, D.J., Markov, M.S., Sisken, B.F., 1999. EMF signals and ion/ligand
binding kinetics: prediction of bioeffective waveform parameters. Bioelec-
trochem. Bioenerg. 48, 27–34.

Salah, M.B., Abdelmelek, H., Abderraba, M.,  2013. Effects of olive leave extract on
metabolic disorders and oxidative stress induced by 2.45 GHz WIFI signals. Envi-
ron. Toxicol. Pharmacol. 36 (3), 826–834, http://dx.doi.org/10.1016/j.etap.2013.
07.013.

Sage, C., Carpenter, D.O., 2009. Public health implications of wireless technologies.
Pathophysiology 16, 233–246.

Seaman, R., Wachtel, H., 1978. Slow and rapid responses to CW and pulsed
microwave radiation by individual Aplysia pacemakers. J. Microw. Power 13,
77–86.

Tenforde, T.S., Gaffey, C.T., Moyer, B.R., Budinger, T.F., 1983. Cardiovascular alter-
ations in Macaca monkeys exposed to stationary magnetic fields: experimental
observations and theoretical analysis. Bioelectromagnetics 4, 1–9.

Thomas, S., Tenforde, 2005. Magnetically induced electric fields and currents in the
circulatory system. Progress Biophys. Mol. Biol. 87, 279–288.

Togawa, T., Okai, O., Oshima, M.,  1967. Observation of blood flow E.M.F. in exter-
nally applied strong magnetic fields by surface electrodes. Med. Biol. Eng. 5,
169–170.

Valberg, P.A., van Deventer, T.E., Repacholi, 2007. Workgroup report: base stations
and wireless networks – radiofrequency (RF) exposures and health conse-
ehp.9633.
Vangelova, K., Deyanov, C., Israel, M.,  2005. Cardiovascular risk in operators under

radiofrequency electromagnetic radiation. Int. J. Hyg. Environ. Health 209 (2),
133–138, http://dx.doi.org/10.1016/j.ijheh.2005.09.008.

http://dx.doi.org/10.1016/j.etap.2015.08.015
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0005
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0005
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0005
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0005
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0005
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0005
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0005
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0005
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0005
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0005
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0005
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0005
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0005
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0005
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0005
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0005
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0005
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0005
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0005
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0010
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0010
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0010
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0010
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0010
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0010
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0010
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0010
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0010
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0010
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0010
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0010
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0010
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0010
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0010
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0010
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0010
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0010
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0010
dx.doi.org/10.1016/j.etap.2006.09.001
dx.doi.org/10.1016/j.etap.2006.09.001
dx.doi.org/10.1016/j.etap.2006.09.001
dx.doi.org/10.1016/j.etap.2006.09.001
dx.doi.org/10.1016/j.etap.2006.09.001
dx.doi.org/10.1016/j.etap.2006.09.001
dx.doi.org/10.1016/j.etap.2006.09.001
dx.doi.org/10.1016/j.etap.2006.09.001
dx.doi.org/10.1016/j.etap.2006.09.001
dx.doi.org/10.1016/j.etap.2006.09.001
dx.doi.org/10.1016/j.etap.2006.09.001
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0020
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0020
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0020
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0020
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0020
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0020
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0020
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0020
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0020
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0020
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0020
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0020
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0020
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0020
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0020
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0020
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0020
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0025
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0025
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0025
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0025
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0025
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0025
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0025
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0025
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0025
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0025
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0025
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0025
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0025
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0025
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0025
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0025
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0025
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0025
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0025
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0030
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0030
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0030
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0030
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0030
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0030
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0030
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0030
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0030
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0030
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0030
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0030
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0035
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0035
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0035
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0035
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0035
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0035
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0035
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0035
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0035
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0035
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0035
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0035
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0035
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0035
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0035
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0035
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0035
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0035
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0040
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0040
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0040
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0040
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0040
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0040
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0040
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0040
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0040
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0040
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0040
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0040
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0040
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0040
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0040
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0040
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0045
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0045
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0045
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0045
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0045
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0045
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0045
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0045
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0045
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0045
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0045
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0045
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0050
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0050
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0050
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0050
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0050
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0050
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0050
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0050
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0050
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0050
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0050
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0050
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0050
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0055
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0055
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0055
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0055
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0055
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0055
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0055
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0055
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0055
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0055
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0055
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0055
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0055
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0055
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0055
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0055
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0055
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0055
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0060
dx.doi.org/10.1080/19338244.2011.578680
dx.doi.org/10.1080/19338244.2011.578680
dx.doi.org/10.1080/19338244.2011.578680
dx.doi.org/10.1080/19338244.2011.578680
dx.doi.org/10.1080/19338244.2011.578680
dx.doi.org/10.1080/19338244.2011.578680
dx.doi.org/10.1080/19338244.2011.578680
dx.doi.org/10.1080/19338244.2011.578680
dx.doi.org/10.1080/19338244.2011.578680
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0070
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0070
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0070
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0070
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0070
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0070
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0070
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0070
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0070
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0070
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0070
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0070
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0070
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0070
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0070
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0075
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0075
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0075
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0075
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0075
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0075
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0075
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0075
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0075
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0075
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0075
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0075
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0075
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0075
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0075
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0080
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0080
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0080
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0080
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0080
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0080
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0080
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0080
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0080
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0080
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0080
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0080
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0080
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0080
dx.doi.org/10.4149/gpb_2014027
dx.doi.org/10.4149/gpb_2014027
dx.doi.org/10.4149/gpb_2014027
dx.doi.org/10.4149/gpb_2014027
dx.doi.org/10.4149/gpb_2014027
dx.doi.org/10.4149/gpb_2014027
dx.doi.org/10.4149/gpb_2014027
dx.doi.org/10.4149/gpb_2014027
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0090
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0090
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0090
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0090
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0090
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0090
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0090
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0090
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0090
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0090
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0090
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0090
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0090
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0090
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0090
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0090
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0090
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0090
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0090
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0090
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0090
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0090
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0090
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0090
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0090
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0090
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0090
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0090
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0090
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0095
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0100
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0100
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0100
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0100
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0100
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0100
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0100
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0100
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0100
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0100
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0100
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0100
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0100
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0100
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0100
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0100
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0100
dx.doi.org/10.3109/09553002.2014.930537
dx.doi.org/10.3109/09553002.2014.930537
dx.doi.org/10.3109/09553002.2014.930537
dx.doi.org/10.3109/09553002.2014.930537
dx.doi.org/10.3109/09553002.2014.930537
dx.doi.org/10.3109/09553002.2014.930537
dx.doi.org/10.3109/09553002.2014.930537
dx.doi.org/10.3109/09553002.2014.930537
dx.doi.org/10.3109/09553002.2014.930537
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0110
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0110
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0110
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0110
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0110
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0110
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0110
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0110
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0110
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0110
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0110
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0110
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0110
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0110
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0110
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0110
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0110
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0110
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0110
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0110
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0110
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0110
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0110
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0110
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0110
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0110
dx.doi.org/10.3109/15368378.2013.776424
dx.doi.org/10.3109/15368378.2013.776424
dx.doi.org/10.3109/15368378.2013.776424
dx.doi.org/10.3109/15368378.2013.776424
dx.doi.org/10.3109/15368378.2013.776424
dx.doi.org/10.3109/15368378.2013.776424
dx.doi.org/10.3109/15368378.2013.776424
dx.doi.org/10.3109/15368378.2013.776424
dx.doi.org/10.3109/15368378.2013.776424
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0120
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0120
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0120
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0120
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0120
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0120
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0120
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0120
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0120
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0120
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0120
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0120
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0120
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0120
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0120
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0120
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0120
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0120
dx.doi.org/10.1016/j.etap.2013.07.013
dx.doi.org/10.1016/j.etap.2013.07.013
dx.doi.org/10.1016/j.etap.2013.07.013
dx.doi.org/10.1016/j.etap.2013.07.013
dx.doi.org/10.1016/j.etap.2013.07.013
dx.doi.org/10.1016/j.etap.2013.07.013
dx.doi.org/10.1016/j.etap.2013.07.013
dx.doi.org/10.1016/j.etap.2013.07.013
dx.doi.org/10.1016/j.etap.2013.07.013
dx.doi.org/10.1016/j.etap.2013.07.013
dx.doi.org/10.1016/j.etap.2013.07.013
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0130
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0130
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0130
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0130
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0130
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0130
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0130
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0130
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0130
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0130
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0130
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0135
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0135
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0135
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0135
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0135
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0135
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0135
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0135
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0135
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0135
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0135
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0135
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0135
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0135
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0135
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0135
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0135
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0135
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0135
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0135
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0135
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0140
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0140
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0140
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0140
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0140
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0140
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0140
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0140
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0140
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0140
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0140
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0140
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0140
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0140
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0140
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0140
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0140
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0140
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0140
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0140
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0140
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0145
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0145
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0145
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0145
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0145
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0145
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0145
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0145
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0145
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0145
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0145
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0145
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0145
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0145
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0145
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0145
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0145
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0145
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0150
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0150
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0150
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0150
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0150
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0150
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0150
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0150
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0150
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0150
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0150
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0150
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0150
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0150
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0150
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0150
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0150
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0150
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0150
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0150
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0150
http://refhub.elsevier.com/S1382-6689(15)30059-4/sbref0150
dx.doi.org/10.1289/ehp.9633
dx.doi.org/10.1289/ehp.9633
dx.doi.org/10.1289/ehp.9633
dx.doi.org/10.1289/ehp.9633
dx.doi.org/10.1289/ehp.9633
dx.doi.org/10.1289/ehp.9633
dx.doi.org/10.1289/ehp.9633
dx.doi.org/10.1289/ehp.9633
dx.doi.org/10.1016/j.ijheh.2005.09.008
dx.doi.org/10.1016/j.ijheh.2005.09.008
dx.doi.org/10.1016/j.ijheh.2005.09.008
dx.doi.org/10.1016/j.ijheh.2005.09.008
dx.doi.org/10.1016/j.ijheh.2005.09.008
dx.doi.org/10.1016/j.ijheh.2005.09.008
dx.doi.org/10.1016/j.ijheh.2005.09.008
dx.doi.org/10.1016/j.ijheh.2005.09.008
dx.doi.org/10.1016/j.ijheh.2005.09.008
dx.doi.org/10.1016/j.ijheh.2005.09.008
dx.doi.org/10.1016/j.ijheh.2005.09.008

	Effects of acute exposure to WIFI signals (2.45GHz) on heart variability and blood pressure in Albinos rabbit
	1 Introduction
	2 Materiel and methods
	2.1 Animals
	2.2 Exposure system
	2.3 Experimental design
	2.4 Analytical procedures
	2.5 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Transparency document
	Acknowledgment
	References


