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Summary

The aim of this study was to assess the effects of radiofrequency electromagnetic field (RF
EMF) on heart rate variability (HRV) in rabbits with intensity slightly exceeding the limits for
occupations. Totally 21 New Zealand white rabbits divided into two groups were used in this
double-blind study. The first group of animals without general anesthesia was subjected to HRV
examination under exposure to a device generated RF EMF source (frequency 1788 MHz,
intensity 160 V/m, lasting 150 min.). The second group (premedications + o chloralose mg/kg
) underwent the same protocol under the exposure to the real RF EMF signal from the base
stations of mobile providers (frequency range 1805 — 1870 MHz - corresponding to the
downlink signal of Slovak mobile providers, 160 V/m, 150 min., respectively). Individual 5
min. records were used to analyze the HRV parameters: heart rate and root Mean Square of the
Successive Differences (rMSSD) for time domain analysis and spectral powers in the low (LF-
VFS) and high frequency (HF-VFS) bands for frequency domain analysis. Our study revealed
the increased in HRV parameters (HF-HRV, rMSSD) associated with lower heart rate
indicating increased cardiac vagal control under the exposure to RF EMF in experimental

methods.
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Introduction

The wireless cell phone technology is based on the broadcasting of radiofrequency (RF) signal
using the antennas usually attached to the base transceiver stations (BTSs). The number of BTSs
increases with an extensive usage of the cell phones and mobile telecommunication techniques.
Higher number of BTSs in the rural environment may result in potential hazard for living beings

regarding the exposure to radiofrequency electromagnetic fields (RF EMF).

Heart rate variability (HRV) is characterized as the oscillations of heart rate around its mean
value mediated predominantly by cardiac autonomic regulation (Bujnakova et al., 2016;
Veternik et al. 2018). Thus, analysis of HRV may indicate changes in dynamic sympathetic-
vagal balance indicating flexibility and adaptability of the organism (Camm et al. 1996). It has
been shown that different parameters of EMF may have certain detrimental effects on the cell
(e.g. Racek et al., 2018; Priicha et al., 2019) and cardiovascular system (e.g. Belyaev et al. 2016,
Durdik et al. 2019). However, there is still not enough evidence on RF EMF exposure and its
possible negative health effects. Our previous study (Misek ef al. 2018a) revealed increase in
vagal activity after the exposure to generated RF EMF in humans with intensity close to the
safety limits for general public (58 V/m for GSM1800). Gmitrov (2007) reported that static
magnetic field can modulate the arterial baroreflex control. Other studies described increase in
heart rate (HR) under exposure to WiFi routers (Saili et al. 2015) and an appearance of
arrhythmia in railroad workers after the exposure to intensities 26 kV/m (Creasey and Goldberg,
1993). Long-term exposure to radiation of BTSs and TV stations can also lead to higher chance
of arterial hypertension (Vangelova et al. 2006). As reported by Yu and Peng (2017) higher
incidence of abnormal electrocardiograms (ECGs) was seen in radio technicians, working in
their jobs for an average of 14 years. They have also informed that male boat crews who worked
in the EMF environment for an average of 4.4 years, had a significantly lower HR comparing

to the control proposing the possible effect of an EMF. In addition, computer simulations



proved that implantable devices may reach or even exceed the safety limit values (Psenakova
et al. 2016, Smondrk et al. 2018). Contrary, there also were published studies reported no

effects of RF EMF on HRV (e.g. Parazzini et al. 2013).

Almost all studies have used limit values of EMF given by the International Commission on
Non-Ionizing Radiation Protection (ICNIRP 1998) for general public. However, for example
the workers performing maintenance tasks in a close vicinity to the transmitting equipment
were exposed to higher RF exposure values compare to those valid for general public (Alanko
et al. 2008). Thus, the aim was to study the effects of RF EMF on cardiac autonomic control
indexed by HRV short-term analysis under two distinct exposure conditions in experimental

models.

Materials and Methods
Study group and exposure protocol

Totally 21 New Zealand white rabbits of both genders (divided into two groups) were used in
this double-blind study.

The group 1 embraced 10 animals (3.7 &+ 0.5 kg) examined under exposure to a generated RF
EMF source without anesthetics, sedatives or other medications. A somnolent state occurred by
slow stroking and a talk with a monotonic voice, what allowed simple non-invasive procedures
to be performed. Under this condition, the chest fur of rabbit was cut, the electroconductive gel
was applied and ECG rubber band with electrodes was placed. Subjects were examined in a
quiet room with the same light intensity under standard conditions (temperature: 18-20 °C,
relative humidity: 50 — 55 %). Each animal in the group 1 was kept at rest for 30 min. to stabilize
the HRV parameters before the experiment. The exposure setup used for the group 1 was
described in details at our previous study (Misek et al. 2018a). The loop antenna (Galuscak and

Hazdra 2008) was tuned to 1788.0 MHz. Pulse modulated sine wave with pulse width of 100



us was generated by the signal generator Agilent N9310A (Agilent Technologies, USA) and
amplified with the 5 W amplifier 5S1G4 (Amplifier Research, USA) set to output power 2 W.

The group 2 embraced 11 animals (4.2 + 0.2 kg). They were exposed to the same experimental
protocol as animals in the group 1, however, the exposure signal employed the real Global
System for Mobile Communications (GSM) signal produced by the base stations (BTS). The
Faraday cage in which the rabbits were held during the exposure does not allow the free
movement of the animals. Thus, the animals in the group 2 underwent the examination in
general anesthesia. Surgical procedures were started with premedication Zoletil 100 (Virbac,
France) at a dose 30 mg/kg i.m. Zoletil has no cumulative effect, with little effect on
metabolism, and can selectively disrupt the sensory inputs to the brain. Thus, rabbits may have
their eyes open, swallow, move their tongue, blink, and even slightly move their limbs. The
depth of anesthesia during surgical procedures was monitored by the escape reflex (where the
painful stimulation or stretching of the limb led to its flexion), also by the palpebral (blinking)
reflex and the corneal reflex. The premedication had a faster onset (in minutes) and took time
about 20-30 min. Subsequently, a-chloralose (Sigma-Aldrich, USA) at a dose of 60 mg/kg i.p.
was administered. This anesthesia had a slow onset (approximately 60 min) but a long-lasting
effect (several hours). Chloralose does not significantly affect autonomic nervous system
(ANS) activity compared to other types of anesthetics and sedatives, hence allowing us to
analyze HRV. The 25 mm long needle electrodes were placed under a skin along the sternum
on the left and right sides in order to record heart signal important for HRV analysis. Since
HRYV is influenced by afferent stimuli, only a few basic surgical interventions were performed:
the venous catheter was introduced into femoral vein for fluid and drug administration, and a
tracheostomy with inserted canula enabled monitoring of number of breaths and end-tidal CO..
The animals were breathed spontaneously, as well. In some occasions animals were allowed to

breath mixture of 100 % medical oxygen with air. The local anesthetic Mesocain s.c. was



applied in all surgical procedures as necessary. Body temperature was held at 38-40°C using an
IR lamp that does not emit RF EMF. Animals in the group 2 relaxed for 120-180 min. in order
to reach an appropriate depth of the anesthesia before the experiment. Each rabbit from the
group 2 was placed in the prone position to the Faraday cage without touching or other
disturbing during the HRV measurements. They were exposed by the real telecommunication
signal obtained from BTSs in the frequency range 1805 — 1870 MHz that corresponds to
downlink signal of Slovak mobile providers. The exposure system was described in details
elsewhere (Misek ef al. 2018b). Shortly, an antenna placed on the roof of the building collected
up the signal emitted by BTSs. The signal was then filtered, amplified (ELPRA-technik,
Slovakia) and exposed to the Faraday cage in the laboratory. Only one animal was placed in the
cage a time preventing mutual couplings between the biological objects. Placing more than one
object to the cage could result to unequal absorption for each animal (Trzaska 2015).

In both groups, the intensity of the electric field (E) was set to 160 V/m measured by the
Narda 550NBM broadband meter (Narda Safety Test Solutions, Germany). It corresponds to
approximately 25% higher limit value According to Directive 2013/35 / EU of the European
Parliament and Council, where the limit value is set to 127 V/m for a given frequency band.
The loop antenna was suspended 5 cm from the head of the rabbits in the reactive part of the
near field. In particular, an occipital lobe and the cerebellum regions of the rabbits were exposed
totally for 150 min.

Previous studies have shown that extremely low frequency (ELF) magnetic background field,
may interfere with the effects of RF EMF (Barabas and Radil 2012, Barabas et al. 2015, Belyaev
2010, Koppel et al. 2018). Thus, background ELF magnetic flux density did not exceed 90 nT
for the frequency band of 5 — 100 Hz, 67 nT for 100 Hz — 10 kHz, and 52 nT for 10 — 100 kHz
as measured with Narda EHP50-D (Narda Safety Test Solution, Germany) at the location of

exposure.



At the end of the experiment, animals in both groups were sacrificed by an overdose of sodium
pentobarbital (Morbital, Biowet, Poland, 160 mg/kg i.v.) and by final injection of 5 ml of
Potassium chloride (KCI) i.v.

Ethical statement

All procedures on animals were conducted in accordance with the European Guidelines on
Laboratory Animal Care and were approved by the Ethical Board of the Jessenius Faculty of
Medicine in Martin, Comenius University in Bratislava under permissions covered by project
No. APVV-0189-11 (prof. Jakus).

Protocol of experimental procedure

HRV was monitored continuously throughout the whole experiment. Rabbits in the both
groups were subjected to HRV measurement with the same protocol divided into 7 periods (Fig.
1). Control HRV measurements (sham exposure) were recorded during Period I. 30 min. before
the experiment and during Period VII. 30 min. after the experiment. All devices in the lab were
switched to standby mode with the EMF turned off. During Periods II. - VI. the cranial part of
the animal was exposed by RF EMF, focusing on the parietal-occipital region of the head and
the associated parts of the neck. An ECG signal was recorded every 30 min. after each trial
period.

Heart rate variability analysis

ECG signal using one-lead was continuously recorded during all experiment (Periods 1. — VII.)
using HRV system adjusted for experimental models DiANS PF8 with VarCor PF7
preamplifier (Dimea Group, Czech Republic). The artefacts were manually removed from ECG
recordings according to the generally accepted recommendations (Camm et al. 1996, Shaffer

and Ginsberg 2017).



Consequently, the five minutes intervals were used for time domain and spectral HRV
analysis. Specifically, the following parameters of HRV time analysis were evaluated: RR
interval [ms] providing information about mean heart rate, rMSSD (root Mean Square of the
Successive Differences) [s] indicating cardiovagal regulation and respiration rate. Spectral
(frequency) analysis of cardiac time series was used to determine two distinct bands according
to Mokry et al. (2006): the spectral power in low frequency (LF-HRV: 0.04 — 0.15 Hz) [ms?]
and spectral power in the high frequency (HF-HRV: 0.15 — 2.0 Hz) [ms?] bands.
Parasympathetic activity contributes mainly to the HF-HRV component whereas the LF-HRV
component mostly reflects the sympathetic and baroreceptor's modulation. In addition, total
spectral power (TSP-HRV) [ms?] was evaluated as an index of total HRV.

Temperature measurements

The body temperature of animals was measured between each of the Periods I. — VII. The

measurement accuracy was 0.1 °C in both groups. To measure the temperature in the group 1
the thermovision camera Flir i3 (FLIR systems, USA) was used. Readings were made always
from the same place at boundary of the external auditory canal and pinna. At this point, the skin
contains the smallest amount of fur that could block heat transfer. Each thermographic image
was post-processed by the Flir Tools software v. 3.1. (FLIR systems, USA), which allows
selection of the desired region of interest for temperature analysis. The software then
automatically calculated the average temperature value in the indicated area to eliminate the
measurement error.
The temperature probe BAT-12 (Physitemp Instruments, USA) was introduced subcutaneously
at the forehead of the animals in the group 2. Since the metallic parts of the probe (type T
thermocouple) directly interact with EMF, the temperature readings were performed during
short-term deactivation of the EMF between each exposure Period II. - VI.

Statistics



Statistical analysis was provided using MS Office Excel and GraphPad InStat (La Jolla, USA)
software. The Gaussian/non-Gaussian distribution was assessed by the Kolmogorov-Smirnov
test. Consequently, Student’s paired t-test was applied for RR, rMSSD and respiration rate and
Wilcoxonov t-test for LF-HRV, HF-HRV and TSP-HRYV to determine the p values followed by
the adjustment of multiple comparisons using the False Discovery Rate (FDR) method. The p

< 0.05 was considered as significant.

Results

HRYV analysis
In the group 1, the duration of RR intervals does not reveal any statistically significant

changes (Tab. 1). The HRV parameters significantly changed: rtMSSD significantly raised in
the Period VI., HF-HRV in the Period V. and TSP-HRYV in the Period VII. (compared to the
Period I.; p <0.05).

In the group 2, statistically significant prolongation of the RR was observed in the Periods II.,
III. (compared to the Period I.; p < 0.01) and Periods IV. — VII. (compared to the Period L.; p <
0.05) (Tab. 2). The HRV parameters significantly changed: rMSSD increased in all Periods II.
— VII. (compared to the Period I.; p < 0.05). Also HF-HRV significantly raised in Period VI.,
LF-HRYV in Period VII. and TSP-HRYV in Periods IV. — VII. (compared to the Period I.; p <
0.05).

Temperature changes:

In the group 1 we observed the elevation of the temperature in Period III. compared to the

Period L. (p<0.05) (Tab. 3).

Discussion
The main results revealed that the animals in the groups 1 and 2 were characterized by
increase in vagal activity during the exposure to RF EMF comparing to the pre-exposure

conditions. Other findings showed 1.) significant prolongation in RR intervals indicating lower
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HR in both groups, 2.) increase in rMSSD (Group 1: Period VI.; Group 2: Periods II. — VIL.),
HF-HRV (Group 1: Period V.; Group 2: Period VI.) and TSP-HRV (Group 1: Period VIL;
Group 2: Periods IV. — VIL) indicating increase in vagal activity However, we suggest that
steep rise in TSP-HRV (mainly in the group 2) could be related to animal species, and as an
effect of the anesthesia. 3.) temperature increased during Period III. only in the group 1. Several
mechanisms are supposed.

Firstly, the supine position represents a physiological mechanism in which cardiac-linked
parasympathetic efferents are maximized resulting in lower HR and higher HRV. In this
respect, HRV is primary mediated by a modulation of parasympathetic nerve activity, which
represents a physiological adaptive response to the recumbence by controlling a heart rate. In
our study, the bradycardic reaction ended 30 min. after the EMF exposure, indicating
modulation by the direct or indirect effect of RF EMFs on chronotropic regulation of the heart.
In a line with our previous findings on humans, this condition was observed as shifting cardiac
autonomous dynamic equilibrium towards to the parasympathetic nerve activity indexed by a
significant increase in total HRV, and particularly with an increase in HF-HRV and rMSSD

parameters (Misek et al. 2018a).

Our results were in accordance to other studies which revealed the effects of magnetic fields
on the cardiovascular system (Lazetic and Nikin 1988). A significant decrease in HR was
observed during the exposure (21.3 mT, 150 min), compared to the controls. The bradycardic
effect was reported by Jeong et al. (2005) revealing that 1-day exposure to EMF (60 Hz, 20 G)
could suppress dobutamine-induced tachycardia by affecting ventricular repolarization in rats.
Saili et al. (2015) exposed adult rabbits to WiFi (2.45 GHz) for 1 hour resulting in a rise in HR
and blood pressure. In addition, the authors reported cardiac arrhythmias and changes in

catecholamine levels (dopamine, epinephrine), suggesting that the RF EMF may directly or
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indirectly affect the cardiovascular system through the ligand-gated receptors. Mohamed e al.
(2011) exposed rats to RF EMF from a cell phone using 1800 MHz frequency band for 4 and 8
weeks. They referred increase in the sympathetic nerve activity based on tachycardic reaction
and hypertension during 4™ week of the experiment. However, the authors also observed
bradycardia effect after 8 weeks of the exposure with histopathological changes in the
myocardium accompanied by hypocalcaemia. The authors reported that observed
hypocalcemia, might be one of the mechanisms by which EMF interacts with biological tissues.
Kopani et al. (2017) revealed the formation of iron deposits in the cerebellum after RF EMF
exposure (1800 MHz band, 160V/m, 150 min) in the rabbits. The authors also found changes
in cell membrane thickness and dystrophic changes on neurons in the region of the stratum
molecule, stratum gangliosum of cerebellum and Purkinje cells compared to the control,
confirming that multiple CNS regions were affected by EMF. Purkinje cells serve as a
GABAergic (gamma-aminobutyric acid) system. GABA is neurotransmitter acts on inhibitory
synapses of pre- and post-synaptic neurons regulating the excitability of neurons in the brain.
Purkinje cells are electrophysiologically capable of spontaneously switching their activity from
resting to excited and vice versa (Loewenstein et al. 2005). Modeling of this situation has shown
that intracellular calcium may be responsible for such switching (Forrest 2014) what was later
proven on awake animals (Yartsev et al. 2009). Several studies have shown that intracellular
calcium (particularly hypocalcaemia) or changes in the cell ion channels affected by EMFs what
may changes electrical activity on the membranes leading to alternations of neuronal activity
(e.g. Ghazizadeh and Naziroglu 2014, Kim ef al. 2019a, Kim ef al. 2019b, Maskey et al. 2010,
Pall 2015). Khadrawy et al. (2009) and Noor et al. (2011) exposed adult and young rats with a
217 Hz modulated 900 MHz (SAR 1.165 W / kg; 0.2 W/m?) to detect changes in
neurotransmitters in the cerebral cortex for 1h, 1, 2, and 4 months. After one hour of exposure,

significant changes in the concentration of excitatory (increase in glutamate; increase in
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aspartate; decrease in glutamine) and inhibitory transmitters (increase in GABA; increase in
glycine) were observed in both studies compared to control. The authors report that an increase
in cortical GABA levels may be a mechanism by which the brain alleviates a state of
hyperexcitability by a compensatory mechanism. Thus, the recorded changes in the levels of
amino acids may potentially be an explanation of the changes in cortical excitability after the
exposure to RF EMF leading to a change in the chronotropic heart regulation (HRV). In this
aspect, the central autonomic network (CAN) represents network of brainstem and forebrain
regions that are implicated in both baseline ANS function, as well as the modulation of ANS
function in response to changing environments. Importantly, the CAN is under tonic inhibitory
control achieved by GABA interneurons within the nucleus tractus solitarii. Moreover, the
vagal outputs of the CAN coming into sinoatrial node produces the complex beat-to-beat HR
oscillations - HRV, therefore, the HRV analysis could represent a noninvasive window into
neurocardiac regulatory integrity (Benarroch 1993, Sklerov ef al. 2019, Thayer and Lane 2000).
We suggest that RF-EMF linked abnormalities in complex neurocardiac integrity could result
in altered cardiac vagal control as a risk factor for cardiovascular morbidity.

With respect to temperature, our results showed a sudden increase in the temperature at 60
min. (Period III.) of the exposure only in group 1. It is attributed to the direct effect of EMF on
biological tissue. Slight increase of LF-HRV and decrease of HF-HRV and RR was observed
after 60 min. what correlates with the maximum measured auricular temperature in rabbits. The
average temperature reached its maximum during 60 min. of the exposure following by
balanced ear temperature values for the remaining periods. There were no statistically
significant changes in the temperature pattern in the group 2, only recurring oscillations that
cannot be correlated with other characteristics of the HRV analysis. The aim of the
thermoregulatory behavior is optimizing a heat transfer from the body to the environment and

vice versa (Morrison and Nakamura 2011). Mechanisms for thermal protection also include
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thermoregulatory procedures of skin vasodilation for increasing heat loss by the activity of the
sympathetic nervous system, which is primarily responsible for increasing skin blood flow in
the hyperthermic environment (Kinugasa and Hirayanagi 1999). Heating could also cause a
tachycardic reaction, mediated mainly by attenuation of the vagal activity. These data suggest
that thermoregulatory changes in skin blood flow during hyperthermia are mediated by the
sympathetic activity of the premotor neurons located in a rostral raphe complex of a spinal cord
(Kataoka et al. 2014, Nakamura et al. 2005). Thus, in addition to non-thermal effect, we can
hypothesize also potential thermal effects of RF EMF. However, further research is needed.
The a-chloralose lowers the temperature by its action on the walls of the ventral half of the third
ventricle containing the hypothalamic nuclei (Feldberg and Myers, 1965). Therefore, in the
group 2 the infrared lamp was used to keep the normal body temperature range at 38-40°C. The
difference in mean body temperature between the groups could be explained as a result of
different methodology used for the groups. However, there were no statistically significant
changes in body temperature for group 2.

The results inconsistency of the animal studies seems to be the concern regarding possible
effects of EMF. The different observed effects are probably due to different experimental
conditions and exposure parameters (e.g. E-field intensity, frequency, time etc.). Also many
studies do not well describe the exposure condition such as source of EMF, intensity, power or
background EMF at the place of the exposure which are considered to be important for
replicating the studies (IARC 2013). This means that the results may not be directly comparable
to the available studies.

Limitations of the study:

In this study, only within-groups comparison is used due to differences in used methodology
regarding the effect of anesthesia on cardiovascular control. Therefore, the between-groups

comparison could provide additional important information. Moreover, differences in animal
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species should be taken into account, therefore, the application of these findings to human
medicine is still limited.

Of note, it would be necessary to extend the recovery time after the exposure in future
research. The 30 min. was shown as a short time to observe the animals’ recovery. The lack of
monitoring of arterial blood pressure during the exposure and the SAR parameter, which was

not calculated, could also be considered.

Conclusion

Our study revealed the increased HRV parameters (HF-HRV, rMSSD) associated with lower
heart rate indicating increased cardiac vagal control under the exposure to RF EMF in
experimental methods. We suggest that our findings can serve as a basis for understanding of
the pathomechanisms leading to RF EMF linked altered complex heart rate autonomic control
in human medicine. Notably, the higher vagal activity could be associated with increased risk

of cardiac arrhythmias leading to sudden death, therefore, this issue seems be very important.
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Tab. 1 HRV analysis in rabbits exposed to device generated RF EMF signal.

L 1L 1L IV. V. VL. VIL
Group 1
30min  60min  90min 120min 150min
p ns ns ns ns ns ns
LF-HRV x 18.1 188 212  20.1 19.5 210 281
[ms?]
SD 10.1 8.4 11.5 9.9 8.0 3.9 15.0
p ns ns ns * ns ns
Hfm}SIZITV x 175 203 221 271 30.5 443 451
SD 9.8 11.3 126 140 149 325 403
p ns ns ns ns ns *
TS[I;; gw x 355 391 433 472 50.1 652  73.1
SD 187 173 20.1 19.5 207 352 457
p ns ns ns ns ns ns
RR [ms] x 3100 3156 313.8 3172 3242 3283 3256
SD 309 417 386 333 317 396 271
p ns ns ns ns * ns
rM[f]SD x 5.1 5.7 6.2 7.3 7.5 9.6 8.9
SD 1.9 2.5 2.5 2.9 3.0 4.5 4.4
p ns ns ns ns ns ns
Resfr’;ﬁﬁ““ . 202 197 203 206 201 206 210
SD 1.0 0.7 1.5 1.8 1.3 0.8 1.5

X —mean value, SD — Standard deviation, ns — not significant, * p<0.05 (significance
calculated comparing to Period I.) For explanation of individual parameters, see Results.
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Tab. 2 HRV analysis in rabbits exposed to real RF EMF signal.

II. II1. IV. \'S VL
30min  60min  90min 120min 150min
LF-HRV p ns ns ns ns ns *
[ms?] X 2.1 3.4 4.5 5.4 6.6 9.1 10.0
SD 2.5 3.7 4.1 5.1 7.7 10.0 7.3
HF-HRV p ns ns ns ns * ns
(ms’] % 26 37 36 45 56 67 61
SD 1.8 3.0 2.8 3.8 3.6 4.2 5.0
TSP-HRV P ns ns * * * *
(ms’] i 48 71 81 99 123 157 161
SD 4.0 5.9 6.8 8.2 10.8 13.0 10.1
RR [ms] ) K K * * * *
X 262.7 2745 2774  283.0 2844 2885  286.9
SD 26.1 29.9 32.6 35.7 354 38.3 34.0
rMSSD P oK oK oK K oK oK
sl X 1.5 2.0 2.2 2.4 2.9 3.1 3.0
SD 0.2 0.4 0.5 0.6 0.8 0.5 0.9
Respiration p ns ns ns ns ns ns
rate % 199 200 199 202 203 200 202
SD 1.7 1.5 1.7 1.2 1.4 1.0 1.3

X —mean value, SD — Standard deviation, ns — not significant, * p<0.05, ** p<0.01
(significance calculated comparing to Period I.) Other parameters are the same as seen in

Table 1
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Tab. 3 Temperature analysis in rabbits during the exposure to RF EMF
I mL oL . V. VI

30min 60min 90min ‘ 120min 150min
ns ns

ns * ns ns

p
x 38.36  38.57 38.83 38.77 38.77 38.76 38.59
0.93 1.08 0.94

1.02 1.14 0.91 0.87
0.40 0.23

SD
AT 0.21 0.47 0.41 0.41
ns ns ns ns ns ns
40.89

p

X 40.78  40.93 40.95 40.94 40.95 40.94

SD 0.08 0.08 0.05 0.06 0.15 0.12 0.11
0.15 0.17 0.16 0.17 0.16 0.11

AT
X — mean value, SD — Standard deviation, AT — temperature difference compared to Period L.

ns — not significant, * p<0.05 (significance calculated comparing to Period I.)
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Period I.

RF EMF exposure

Period Il.

Period lll.

Period IV. PeriodV. Period VI.

Period VII.

Control

30 min

60 min

90 min

120 min

150 min

Control

Fig. 1 Experimental protocol proposing 7 periods. Period I. and II. served for control

HRV measurement

measurements before and after the experiment. All animals in both groups underwent the
same exposure protocol. During periods II. — VI. either the generated (Group L., n = 10) or

real telecommunication (Group II., n = 11) RF EMF signal was applied.
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