(M) Check for updates

TEHETHYECKASA TOKCHKOJIOIHS 83

https://doi.org/10.17816 /ecogen17283-92

IMPACT OF ELECTROMAGNETIC UHF RADIATION ON GENOME
DESTABILIZATION IN BONE MARROW CELLS OF RAT STRAINS

WITH CONTRAST NERVOUS SYSTEM EXCITABILITY

© N.A. Dyuzhikova', A.l. Vaido', E.V. Daev'2 A.V. Kopyltsov®*, S.V. Surma',
B.F. Shchegolev!, I.N. Serov?®

'Pavlov Institute of Physiology RAS, Saint Petersburg, Russia;

2Saint Petersburg State University, Saint Petersburg, Russia;

3Saint Petersburg State Electrotechnical University, Saint Petersburg, Russia;

*+Saint Petersburg State University of Aerospace Instrumentation, Saint Petersburg, Russia;

% Aires Human Genome Foundation, Saint Petersburg, Russia

For citation: Dyuzhikova NA, Vaido Al, Daev E, et al.

Impact of electromagnetic UHF radiation on genome destabilization in bone marrow cell of rat strains with contrast nervous system excitability.
Ecological genetics. 2019;17(2):83-92. https://doi.org/10.17816/ecogen17283-92.

Received: 16.02.2019 Revised: 28.02.2019 Accepted: 17.06.2019

& Chromosomal machinery of highly excited animals with low threshold of the nervous system excitability (LT strain) is more
susceptible to the damaging effect of high frequency EMR compared against the animals with high threshold of the nervous
system excitability (HT strain). High nervous system excitability determines greater decrease in chromosome aberrations level
in the presence of additional reflecting elements — Aires Defender Pro resonators under UHF-waves of standard Wi-Fi router.
It is shown that the genotype of animals and the functional state of their nervous system affect susceptibility to the UHF EMR
and the action of resonators.

& Keywords: electromagnetic UHF radiation; resonators; chromosome aberrations; bone marrow; nervous system excitability;
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& XpomocoMHBIl anmnapar BblCOKOBO3OyaMMbIX Kpbic JiuHud HIT (¢ Hu3knM moporom Bo3GymumocTH) Gosiee MOABEPXKeH MOBpe-
JKIAIOLLEMY JIEHCTBHIO BBICOKOYACTOTHBIX 9JIEKTPOMATHUTHBIX M3JydeHHHl 1o cpaBHeHHto ¢ JuHueil BIT (¢ BbicokuM noporom Bo30y-
JMUMOoCTH ). Bbicokasi Bo3OyMOCTb HEPBHOI CHCTEMbI OTpe/esisieT GOJbLIYIO BbIPAXKEHHOCTb CHHXKEHHSI MHTOTHYECKHX HapyLLIEHHIt
B MPUCYTCTBUH OTPaXKAOIIUX 3/eMeHToB — pe3oHaTtopoB Aires Defender Pro B ycsioBusiX jeficTBUSI M3/TydeHUs yJIBTPaBbICOKOYA-
CTOTHOTO jManazoHa cranpaprioro Wi-Fi-poyrepa. [Tokazano, 4To reHOTHIT KMBOTHBIX W (DYHKUHOHAJBHOE COCTOSIHME WX HepB-
HOF CHCTEMBI BJIMSIIOT Ha BOCHPHUMYHBOCTb K 3/JIEKTPOMATHUTHBLIM H3Jy4EHHSIM YJIBTPABBICOKOYACTOTHOTO JMarasoHa W JICHCTBHIO
pE30HATOPOB.

% KiloueBble c/I0Ba: 3/1€KTPOMArHHTHOE H3JyUeHHE YILTPABLICOKOUACTOTHOTO nana3ona (YBY-ananasona); pesonaropst Aires
Defender Pro; xpomocomtbie abeppaliyi; KOCTHbIN MO3T; BO30YJIUMOCTb HEPBHON CHCTEMbI; KPbICHI.
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INTRODUCTION

The impact of technogenic electromagnetic fields on the
Earth’s biosphere is constantly increasing. This phenom-
enon is associated with increase in the number of artificial
sources of electromagnetic radiation (EMR). EMR param-
eters differ from those of the Earth’s geomagnetic field;
the nature of their effect on biological objects differs as
well. Man-made electromagnetic fields are characterized
by their increased power and higher radiation frequencies.
Their effect on humans is impacted by a reduction in pen-
etration depth and an increase in the energy factor of the
effect. Insufficient data about the effects of such EMR on
animals and humans means there is an urgent need for
the study of potential mechanisms of magnetobiological
effects (MBE), assessment of their after-effects, and the
development of potential methods and tools for electro-
magnetic shielding.

Wireless communication systems such as Wi-Fi routers
are one of the major sources of technogenic electromagnet-
ic fields. Different shielding strategies against such types
of irradiation are being developed, in particular, by power
reduction and change in the spatial properties of EMR
sources. Recently, a new direction has appeared in terms
of device manufacturing—resonator-reflectors [1], which,
together with the main sources of irradiation, produce
different magnetobiological responses in living systems.

Because of the wide-spread use of home appliances,
cellular phones, and wireless routers, EMR effects on the
genetic apparatus of cells of different organs in humans
and animals have increased. It has been demonstrated
that electromagnetic fields of different frequencies, includ-
ing the range of cellular phones and Wi-Fi, can induce a
wide range of genetic damage, modify gene expression,
and affect the structural and functional properties of the
cell nucleus [2—7]. However, the mechanisms behind
EMR effects on the genetic material as well as the whole
organism are still difficult to understand [5, 9, 10]. In-
dividual peculiarities of organism responses to the elec-
tromagnetic fields’ effects are almost unknown, as is the
role of the functional condition of its nervous system in
determining the sensitivity/resistance to their effects.

Thus, it is important to study the mechanisms of EMR
effects on genetic processes in the cells of the central and
peripheral organs of models with respect to the geneti-
cally determined properties of the nervous processes, par-
ticularly nervous system excitability, as well as creation
of shielding mechanisms against the harmiul effects of
EMR. At present, Aires Human Genome Research Foun-
dation has developed devices—resonators Aires Defender
Pro (hereinaiter called resonators) for reflecting EMR [1].
Total EMR effects of wireless communication systems and
resonators on animals can be weaker and could potentially
be completely neutralized by changing the parameters of
the electromagnetic field. However, the mechanisms of

resonator protection and how they affect the chromosome

apparatus of the cells with regard to the peculiarities of the

genetically determined level of excitability of the nervous
system of animals have not been studied yet.
The goals of this study are as follows:

1) Perform a comparative study of EMR effects of stan-
dard Wi-Fi routers of 2.4 GHz, operating 4 days, 6 h
per day, on the state of the genetic apparatus of divid-
ing cells of the bone marrow of male rats of two strains
with low and high threshold of the nervous system
excitability (LT and HT accordingly) and Wistar rats;

2) Assess EMR effects of standard Wi-Fi routers in the
presence of a resonator and those of the resonator it-
self on the state of genetic apparatus of dividing cells
of the bone marrow of the LT and HT strain rats and
Wistar rats.

MATERIALS AND METHODS

The objects of examination were rats of two strains,
selected by the value of their nervous system excitability
threshold—HT (high threshold, low excitability) and LT
(low threshold, high excitability) [11, 12], and the Wis-
tar rats of the original strain (body weight: 300—350 g)
from the biocollection of the FSBIS Pavlov Institute of
Physiology RAS (No. 013420180003). Rats of HT and
LT strains were grown in standard conditions of the ani-
mal facility of the Laboratory of Genetics of Higher Ner-
vous Activity of the Pavlov Institute of Physiology RAS
and were given free access to water and food. Wistar rats
were obtained from the central animal facility of FSBIS
Pavlov Institute of Physiology RAS. After receipt, the ani-
mals were held in the conditions of the laboratory animal
facility minimum for 2 weeks for adaptation . Males were
kept in groups, six species each, in standard cages with
a standard dietary intake. About 8—10 animals were used
per option.

The international principles of the Declaration of Hel-
sinki were adhered to when working with the animals.

A standard Wi-Fi router (wireless router LinkSys
E1200EE/RU) was used with wireless communication
frequency of 2.4 GHz, two internal antennas with ampli-
fication factor 4 dBi, output power of 16.5 dBm, and aver-
age distance to animals of 40 cm.

To study router EMR, the cage with animals was put
inside a Faraday shield for protection against external low
frequency electric fields. The Wi-Fi router was placed un-
der the top cover on a removable shelf in the center [39].
It was previously demonstrated that the router operation
mode of 4 days, 6 h per day, had the highest damaging
effect on the chromosome apparatus of the bone mar-
row of Wistar rats [39]. Therefore, experimental groups
of animals were subjected to the ultra-high frequency
(UHF) radiation of the Wi-Fi router daily for a period of
6 h (8:00—14:00) for 4 days (Group “R”). The groups of

& dKo02uUHeCKaAa eceHemuKa

TOM 17 Ne2 2019

ISSN 1811-0932



TEHETHYECKASA TOKCHKOJIOIHS

85

rats placed in the Faraday shield and treated in the same
way but without a Wi-Fi router (C2) as well as the intact
animals that were not subjected to any effects (C1) served
as the control animals.

To assess the effect of the resonator [15], one experi-
mental group of each strain under examination was sub-
jected to a similar (4 days, 6 h per day) treatment with a
Wi-Fi router in the Faraday shield with resonators (option
“R + Rzt”). Six resonators placed in the center of each
side of the Faraday shield [39] were used.

One more group of animals of the Wistar strain was
placed in the Faraday shield with resonators but without
the router (option “Rzt”).

Preparation of the bone marrow cells

Twenty-four hours after completion of effect, the bone
marrow samples of animals were fixed in the freshly pre-
pared Clarke’s fluid (1 part glacial acetic acid: 3 parts
ethanol) and stored at +4 °C. Samples of the bone mar-
row were stained with 2 9% aceto—orcein solution and
squashed preparations were prepared according to the
standard technique [16, 17].

Analysis of the bone marrow preparations

Preparations of the bone marrow cells were analyzed
using microscope Micromed-3 (400—1000x magnification)
with camera MS-300 (additional 1.6x magnification).
Chromosome aberrations were studied at the stage of ana-
phase—telophase (standard ana-telophase method) with
regard to additional recommendations [17]. Minimum of
200 cells were analyzed from every animal. Normal and
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aberrant anaphases—telophases with the following types of
disturbances were analyzed: single rearrangements (frag-
ment, bridge, laggard) and multiple rearrangements (two
or more disturbances of any type per cell).

Statistical methods

Percentage frequencies of detected mitosis disturbances
were calculated. Data were verified for homogeneity and
normality of distribution of the examined indicators us-
ing chi-square test; the data were considered statistically
dissimilar at the level of significance p < 0.05 [18]. Sig-
nificance of differences among options was determined by
means of ANOVA tests (one-way analysis of variance) and
Mann—Whitney test using software Statgraphics Centu-
rion XV11 and Statistica 6.0.

RESULTS

Verification of the obtained primary data detected the
intra-group homogeneity at the absence of normality of
distribution. This allowed combining results in every op-
tion; however, non-parametric methods were used for fur-
ther comparative analysis.

Experiment results for the assessment of the effect of
EMR of a Wi-Fi router and the effect of resonators on the
stability of the genetic apparatus in the bone marrow cells
of Wistar rats demonstrated that Wi-Fi router exposure
for 4 days, 6 h per day, led to destabilization of genetic
apparatus of the dividing cells of the bone marrow. Total
frequency of mitotic disturbances was found to increase
by 3.9 and 3.6 times in the experimental group compared
with the control groups C2 and Cl, respectively (Fig. 1)
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Fig. 1.

The frequency of chromosomal aberrations in the bone marrow cells of male Wistar rats after the action of electromagnetic

radiation of the router and resonators. The values of medians, means (short line), quartile boundaries, minimum and maximum
values in the analyzed groups are given. C1 — intact rats, C2 — rats placed in a Faraday cage, R, Rzt and R + Rzt — animals
subjected to the appropriate effects of the router, resonators or their joint action. * difference from all other options (Mann—

Whitney test, p <0.0005)
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Fig. 2. The frequency of chromosomal aberrations in the bone marrow cells of male rats of strains with high and low thresholds of
excitability (highlighted in gray) after the action of electromagnetic radiation from the router and resonators. The designations
are the same as forfig. 1. * difference from the C1 and C2 variants of the EP line are reliable (Mann — Whitney test, p <0.0005),
# difference from the C1 and C2 variants of the NP line are reliable (Mann—Whitney criterion, p <0.0005)

(p < 0.0005). The presence of resonators resulted in a
reduction in the frequency of chromosome disturbances by
2.8 times in comparison with the EMR effect of the Wi-Fi
router (see Fig. 1). However, the level of chromosome ab-
errations was 1.3 and 1.4 times higher in the experimental
groups than in the control groups C2 (p = 0.029) and
Cl (p = 0.026), respectively.

Exposure of animals in the Faraday shield to only
resonators did not affect the frequency of chromosome
disturbances compared with both control groups, which
indicates the absence of destabilizing effects of resonators
on the genetic material.

EMR in the UHF range (in the mode of Wi-Fi router
operation within 4 days, 6 h per day) resulted in de-
stabilization of genetic apparatus of the dividing cells
of the bone marrow of male rats of both the examined
strains, HT and LT. The total frequency of mitotic dis-
turbances in animals from the low-excitable HT strain
increased 1.6 and 1.9 times in comparison with C2 and
K1, respectively (Fig. 2). The frequency of chromo-
some aberrations in rats of the high-excitable LT strain
in the same conditions increased 3.2 times in compari-
son with those of group C2 (Faraday shield, 4 days,
6 h per day), and 2.5 times in comparison with those
of group Cl (see Fig. 2), which had a high degree of
significance in all used statistical criteria. Though sta-
tistically significant interstrain differences in the fre-
quency of chromosome disturbances after EMR effects
of the Wi-Fi router treatment were not detected in the
used samples, the degree of destabilization of the ge-

nome of the bone marrow cells of LT rats nevertheless
was two times higher than that of HT rats (see Fig. 2),
which indicates higher sensitivity of the LT rats to
EMR effects in the range under examination (¢ = 3.38,
p < 0.01).

Bone marrow cell sensitivity to router effects in Wistar
rats was higher (level of chromosome aberrations was in-
creased 3.9 times) than that of HT strain rats (increase of
1.6 times, ANOVA: F = 19.04 p = 0.0018), but was com-
parable to that of LT strain animals, which demonstrated
an increase in the sensitivity by 3.3 times.

It should be noted that higher levels of chromosome
damage in the HT strain rats were detected in comparison
with the alternative LT strain during exposure in the Fara-
day shield; however, differences with appropriate groups of
intact controls were not detected.

The presence of resonators with a working Wi-Fi
router reduced the destabilizing effect of the latter on
the HT strain rats from 6.7 % to 3.6 %, and the ef-
fects on LT strain were reduced from 9.8 % to 2.7 %.
The frequency of chromosome aberrations in both HT
and LT strains did not differ from that in the respec-
tive controls C2 and C1 (see Fig. 2). It should be noted
that despite the absence of statistically significant inter-
strain differences in the frequency of chromosome dam-
ages with simultaneous treatments with a Wi-Fi router
and resonators, reduction of frequency of mitosis dis-
turbances was more apparent in the LT strain males
(3.6 times) than in the HT strain (1.9 times) (¢ = 5.86;
p < 0.001).
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DISCUSSION

In the structure of this experiment, it is reasonable
to consider the running Wi-Fi router as the unit radia-
tor (despite the fact that the spectrum of its irradiation
was not reduced to single frequency) to differentiate the
nature of its effect on biological objects from other sources
of radiation, including the ones similar to the source un-
der examination. Introduction of an additional factor in the
form of resonators acting as reflectors allows the study
of the formation of the modified structure of EMR [19].
The effect of EMR different in structure will have different
MBE on biological objects. Possible mechanisms of the
effect of high frequency irradiation on biological objects
have been described and discussed in detail in other stud-
ies [20—23].

The depth of EMR penetration in biological media is
specified by its magnetic component and does not exceed
Yith of the wavelength. A wavelength of 12.5 cm corre-
sponds to a frequency of 2.4 GHz. For this wavelength,
the depth of penetration in any biological media does not
exceed 3.125 em. Additional factors in penetration reduc-
tion depend on the type of biological medium or tissues
(bone, muscles, fats, etc.) through which radiations pen-
etrate.

The maximum output power of irradiation did not ex-
ceed 16.5 dBm = 44.67 mW = 0.04467 J/s for the spe-
cific type of router used in this study (LinkSys E1200EE).
Biological objects (rats) were placed at 40 cm from the
source of irradiation (router), which allowed reducing
the power of the affecting radiation in inverse propor-
tion to square of the distance. The value of heat bar-
rier for one act of molecules i.e. chemical transforma-
tion (local heat response) at 25 °C (298 K) amounts to
RT = 4.11-102"J. 1t is clear that the level of radiation
of this specific type of router at this distance from the
animals does not exceed the kT value. The issue of the
value of £T level in magnetobiology has been comprehen-
sively discussed in the fundamental work of V.N. Bingi and
AV. Savin [24].

Thus, as the intensity of used EMR does not cause
any temperature changes in the biological object, its re-
sponse to such effects can be specified by the biological
structures located at the depth of radiation penetration in
which MBESs are possible. Different elements of the neural
circuitry or neurons can be considered as major candidates
of such biological structures, which is stipulated by their
structural arrangement.

When several different sources of radiation (in fre-
quency and power) affect complicated biological systems,
each of them can affect different structural fragments, and
different elements of one structural fragment can cause
their own MBE. Overlapping of specific MBEs can result
in multidirectional changes of the registered effects caused
by one source.

Possibly, this particular case of such overlap is the reduc-
tion of the effect of chromosome destabilization in the rat
bone marrow cells due to the radiation of the Wi-Fi router
acting together with the resonators.

The results of assessment of the level of chromo-
some aberrations in the bone marrow cells of Wis-
tar male rats confirmed that the EMR from the Wi-Fi
router working 4 days, 6 h per day, has cytogenetic ac-
tivity and induces chromosome aberrations [39]. Our
experiments demonstrated that resonators did not af-
fect the level of chromosome damage in the bone mar-
row cells of Wistar rats in comparison with the control
groups.

Results of assessment of the level of chromosome ab-
errations in the bone marrow cells of rats of LT and HT
strains with contrasting excitability of the nervous system
demonstrated that EMR from the Wi-Fi router running
4 days, 6 h per day, induces mitotic disturbances in ani-
mals of both strains. Statistically significant interline dii-
ferences in the frequency of chromosome damages were
not detected; however, the level of destabilization of the
genome of the bone marrow cells of HT strain rats is
higher in comparison with the LT strain, indicating de-
pendence of their sensitivity to the effect of EMR in the
examined range on the functional condition of the ner-
vous system. Sensitivity of the bone marrow cells of Wis-
tar rats was higher in comparison with the LT strain but
it was comparable to the HT strain. Thus, the nature of
EMR’s damaging effect on the chromosome apparatus
of the bone marrow cells depends on the genotype and
is associated with the level of excitability of the animals’
nervous system.

It is known that bridge and fragment types of chro-
mosome damages fixed in the anaphase and telophase of
mitosis result from faulty repair of damaged DNA at the
stage of interphase and/or from erroneous replication [26].
EMR possibly induces DNA damage at the initial stages
of its effect. Consequences can be observed at the chro-
mosome level 24 h after beginning of the exposure with
regard to the average duration of the cell cycles of rats
and mice [27].

Despite a significant amount of work demonstrating
the availability or absence ol biological effects of UHF
EMR, the specific mechanisms of their impact on bio-
logical systems are still unknown. HF EMR likely affects
weak electromagnetic links used to support conformation
of biomolecules and supramolecular structures [5]. EMR
effects on the cell in the high frequency range can be as-
sociated with the change in activity of the inner cell sig-
nal systems and the effect on the secondary messengers,
DNA, and enzymes [9, 10]. Participation of the neuroen-
docrinal system in response to EMR is believed to medi-
ate its effect on the operation of the individual organs as
well as the entire organism [5]. An increase in the level of
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stress hormone and pathological changes in the suprarenal
glands of Wistar rats were detected because of the long-
term (4—8 weeks) effect of the radio frequencies of cellular
communication [25]. It is well known that corticosterone,
adrenaline, and noradrenaline are the most important
neuroendocrine factors of DNA damage induction during
stress [29, 30].

Because there is evidence of cell oxidative stress de-
velopment under the effect of high frequency EMR [28],
it is possible that the stability of the genetic apparatus
of dividing cells of the bone marrow changes under the
effect of the EMR router in our experiments. It is well
known that the mutagenic activity of oxidative stress is
based on genotoxic activity of endogenous factors of
a humoral nature and free-radical products of peroxida-
tion [28].

It can be assumed that detected chromosomal dis-
turbances are capable of aifecting the functional links of
the immune system associated with operation of the bone
marrow, leading to immune suppression and inhibition of
immunopoesis and hematopoesis [31]; however, these is-
sues require further study.

Examination of the individual features of sensitivity/
resistance to EMR effects and protection tools against
EMR on the genetic apparatus of cells is of great inter-
est. This aspect is directly associated with the develop-
ment of methods of prevention and correction of distur-
bances caused by EMR and is based on a personalized
approach. Genotype effects on the degree of chromo-
some damage under the effect of mutagens, genotoxi-
cants, and stress factors of different natures are well
known [32—34]. Information is limited regarding geno-
type specificity of EMR effects [35, 36]. This work pre-
sented the different sensitivities of rat strains (Wistar, LT,
HT), which was evaluated by the degree of increase in
the chromosome aberration frequency after exposure to
the EMR of a wireless router. The chromosome appara-
tus of highly excitable animals of the LT strain was more
susceptible to EMR damage in comparison with the HT
strain. Reduction of mitotic damage relative to the higher
level of chromosome aberrations induced by EMR in the
used range was better for the LT strain rats with reso-
nators. Previously, we have demonstrated that rats of the
highly excitable LT strain are more sensitive in com-
parison with the low-excitable HT strain to the effect of
cyclophosphane mutagen and to the effect of psycho-
emotional stress, which is also stated by an increase in
the quantity of cytogenetic damage to the bone marrow
cells [37, 38]. Likely, a high tonus of the nervous system
which was genetically induced, correlated with higher
metabolic activity of the organs and tissues, with more
active functioning of the thyroid gland and hypothalamus
[11], and determines higher sensitivity of the chromo-
some apparatus to the number of damaging effects such

as UHF EMR. For example, enhancement of the muta-
genic effect of microwaves in the case of the level of thy-
roid hormones is known [40]. It is also possible for se-
lection to have an effect on the increase of mutability of
highly excitable rats [37].

In summary, the level of effect of UHF EMR can de-
pend on the following:

a) The nature of MBE in structural elements of bio-
logical objects formed under the effect of EMR of several
sources—router and resonators;

b) The functional condition of the nervous system de-
termined by the difference of genotypes of animals of the
used strains.

In general, the peculiarities of the effects of ra-
diation sources with different properties on the various
structural elements of biological objects along with the
use of the animal strains of certain genotypes, such as
those with contrast properties of the nervous processes,
can help understand the mechanism behind EMR ef-
fects and the methods of reducing their damaging effects
and the study of the methods of reducing their damaging
effect.
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