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Introduction
Relevance of the research topic:

Stress is the body's response to a stimulus. With prolonged, strong
exposure to stress or weakening of the body's defenses, various mental or
somatic diseases develop (Eskildsen A., et al. 2015; Janowski K., et al. 2014).
Stress can be caused by many factors, including radiation. An emotional
expression of stress is anxiety. In addition to anxiety, various memory
changes occur during stress, from improved memory to memory loss.
People spend more and more time under radiation, in addition to natural
forms of radiation, even at home, our body is exposed to electromagnetic
fields of different frequencies, microwave or ionizing radiation (Bos M., et
al. 2014; Cheung]., et al. 2015; Trammell J., et al. 2014).

Small doses of ionizing radiation are everywhere in the living environment:
in the air, in natural thermal waters, in stone materials, etc. The negative
effects of this type of radiation are known, but it should be noted that, like
all drugs, if used correctly, radiation can have a positive effect. This requires
a careful study of the mechanisms by which the body responds to this
physical stressor (Bonnet-Belfais M., et al. 2013).

Current status:

Long-term exposure to non-ionizing radiation causes the same changes in

the body as in chronic stress: it increases the concentration of hormones

involved in stress management, causing reactions in all systems of the body
(Mahdavi S, et al. 2014).

Although the negative effects of non-ionizing radiation, such as exposure to
cell phones on children, exposure to radio transmitters on the body, etc.,
are often covered in the media, the problem is still relevant. There are many
reasons for this: radiation waves of different frequencies have different
effects on the body, and the body reacts differently and differently to this
stimulus, depending on the state of its defense mechanisms.

A problem statement that means: many scientific groups study the
effect of ionizing and non-ionizing radiation on the body independently
and for several reasons: to avoid possible health hazards and to prevent the
associated risks in a timely manner. Therefore, our other studies serve these
purposes, namely the study of the effects of various types of radiation on the
human body (Kalafatakis F., et al. 2017, Wiholm C., et al. 2009).

The purpose and objectives of the study, hypothesis.

The aim of our study was to determine the stress genesis of non-ionizing
radiation, which occurs in living environment, and the effects of anxiety,
memory, attention and concentration, arising under its influence in the
presence of various stimuli.

To study the dose dependence of this radiation based on the analysis of
changes in the concentration of neurohormones involved in the processes.
Research hypothesis:

Hypothesis 1: Non-ionizing radiation as a stressor can cause anxiety and
memory changes.

Hypothesis 2: With a change in behavior during stress by non-ionizing
radiation, there is a change in the concentration of neurohormones

involved in the regulation of stress.



Hypothesis 3: Hormesis and mobilization of the body's adaptive

mechanisms, including anxiety, occur at low doses of radiation.

Research methodology:

The study was conducted in animal models. A GSM mobile phone was used
to generate the electromagnetic field, and a household microwave oven was
used to generate microwave radiation, from which microwave radiation
leaked during work. To study the impact of low doses of ionizing radiation
on the environment, a study was carried out using low doses of radon, a
radioactive element in thermal water used in the Tskhaltubo resort.

To study the biology of radiation stress, we conducted a laboratory study of
neurohormones by the method of enzyme-linked immunosorbent assay
(ELISA using appropriate kits).

To defined the level of anxiety and changes of various forms of memory,
physiological behavioral tests were carried out, namely: the level of anxiety
was determined by special tests of the Elevated plus maze and open field,
attention and concentration were studied using 5-CSRTT, and memory
using two food tests and passive avoidance test and by measuring
concentration the neurohormone ghrelin in animal plasma.

As for the state of the body's antioxidant systems, it was assessed using
laboratory tests of plasma taken from rats (glutathione, oxidized

glutathione, total oxidative status, total antioxidant status)

Research results:

Change in memory caused by a positive stimulus during the action of an
electromagnetic field.

* Results of the two feed tests: On the 10th day of the test, the number of
rats in the experimental group that arrived at the correct feed was greater
than the number of rats in the control group that arrived at the correct feed.
the case is 7.3 + 1.05 (P <0.05).

The rats of the experimental group were already less impulsive on the 30th
day after being placed in the EMF than on the 5th and 10th days.

5 - CSRTT test results; on the 10th day, the rats of the experimental group
immediately responded to the stimulus, which was manifested in the fact
that after receiving the stimulus, the nose was inserted into the correct or
wrong hole, while on the 30th day the rats made fewer mistakes than in in
the previous period (P <0.05). Comparison of 5 CSRTT data performed in
the previous period on rats did not change. 7able N 1. Influence of the
electromagnetic field on attention and concentration in 5 - CSRTT.

5 —CSRTT-results Experimental | control
group
Number of unmistakable tests-Day 5| 7.0 +1.3 9.11+15
Number of unmistakable tests-Daj 5.4+ 1.6 7.24 + 0.04
10
Number of unmistakable tests-Daj 7.1 +0.3 74+21
30

The rats in the experimental group were more impulsive and less
concentrated than the rats in the control group. On the 5th day after
training, the rats of the experimental group behaved more impulsively than
30th day in 5-CSRTT. The rats of the experimental group showed the
maximum impulsivity and less attention on the 5th day (6.7 + 2.3), during
the test on the 10th and 30th days the impulsivity of the animals of this
group decreased slightly and, respectively, 3.9 + 1. 3 and 4.1 + 2.1 became.
Diagram No. 1. Influence of the electromagnetic field on the impulse and
attention at 5 - CSRTT.
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Motor activity is increased by the influence of an electromagnetic field, and
this is especially noticeable according to the results of the test carried out
on the 5th day after training, in particular, the number of grooming and
head lifts in rats of the experimental group is statistically higher than in rats
of the control group.

Memory Changes Caused by Negative Stimuli During Exposure to an
Electromagnetic Field - Passive avoidance Test Results:

The results of our study show that when the test was repeated 20 minutes
after the passive stimulus test, most of the animals in the experimental group
exposed to the electromagnetic field were still in the dark part of the
chamber, although 20 minutes ago they experienced pain annoyance in this
part. In the group of rats in EMF, on the 5th day after the passive distraction
test, part of the rat does not enter the dark part of the chamber, and part of
it enters and soon exits. On the 30th day, there was no difference between
the experimental and control groups.

Changes in memory, attention and concentration during microwave

exposure and inhalation of radon: Studies have shown that neither

microwave radiation nor small doses of radon have a statistically significant
effect on short-term or long-term exposure.

Changes in behavior when exposed to non-ionizing radiation in an open
field: Locomotor activity: the results of the study showed that the rats in the
EMF group covered greater distances than the control group, or, conversely,
were characterized by immobilization.

Figure N1. Influence of non-ionizing radiation on locomotor activity. A) An
example of immobilization under the influence of EMF. B) Hyperactivity

under the influence of microwave radiation.
g b g

Anxiety level results in the open field test:

the results of the study show that the central squares are more freely
controlled by animals in the control group than animals in the EMF
group (4.88 + 1.36 and 2.11 + 2.62, respectively, P < 0.05) and animals of
the microwave radiation group, which, due to the distance traveled,
avoid entering the central part of the open field arena.

As for the time spent in the central squares, in parallel with the value of
the number of intersections of the central squares, the rats of the control
group spent more time in the center (33 + 8.9 s) than the experimental
EME (8.44 + 8.323). and rats of the microwave irradiation group 19 7.19
(17.76 P) <0.05).

Regarding immobilization, as can be seen from the assessment of

locomotor activity, in this case, the rats in the EMF group were



immobilized much longer than the animals in the control group (P <0.05)
at 23 + 15.91 and 5.56. + 2.5 seconds respectively.
Table N 3. Results of tests in an open field under the influence of non-

ionizing radiation:

Central Time spend
squares in central | Immobilization
N=10 entries (n) | zone (sec) (Sec)
EMF-group | 2.11+2.62 8.44+ 8.323 23+ 15.91
Microwave
group 3.22 +1.56 17.76+7.19 1.77+ 1.85
Control 4.88+1.36 33+ 8.9 5.56+ 2.5

Comparison of grooming numbers shows that grooming in control group
rats was statistically significantly higher than in the group of rats in EMF
(8.44 + 2.92 and 4.0 + 3.2, p <0.05). The study showed that the duration
of grooming in the animals in the microwave radiation group was shorter
than in the control group 2.23 + 3.42 and 6.78 + 3.42, respectively p <0.05.
Behavior change during exposure to ionizing radiation in the open field:
In the study of immobilization, the results showed that when inhaling
radon, when the test animal had no anxiety before inhalation, the
immobilization time was increased to 4.88 + 1.36 s in the control group,
and this time increased to 9.5 + 3.62 under the influence of radon
inhalation, p < 0.05.

After exposure to small doses of ionizing radiation, animals in the
anxious and non-anxious groups also stay in the peripheral part of the
open field mane for less time than animals in the anxious group of non-
radon inhalation (p <0.05)

Table N4. Influence of small doses of radon inhalation on the open field

maneuver algorithm.

Time spend in CZ and PZ in open field (sec) N=10

RIS group Pz 130.25+19.76
CZ 49.75+11.76

SC PZ 172.125+8.0
CZ 7.875+3.1

RI Pz 122.75+12.39
CZ 57.25+12.37

control Pz 139+15.98
CZ 41+17.1

Behavior in the EPMT when exposed to non-ionizing radiation:

The results of the study show that after a period of 10 days of non-
ionizing radiation, the behavior of the animal in the microwave radiation
action group changed statistically significant, where the number of
rearing increased, while in the group placed in the EMF, the number of
ascents decreased. Part of the animals in this group of study animals were
literally immobilized and left in the dark part of the maze. We obtained
similar data when counting the number of rises.

Diagram N2. Influence of non-ionizing radiation on the number of

grooming, head raize and rising in the EPM test
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When inhaled with small doses of radon, rats in the anxious group
remained in the peripheral part for less time (115.25 + 15.45) than in the
group inhaled with non-radon water (173.53 + 13.78) p <0.05.

In the anxiety response results, we obtained a statistically significant
result in terms of animal emotionality, namely: in the anxiety group that
did not receive a small dose of radon, the number of boluses was
relatively higher (1.5 + 0.6) than in the control and radon inhalation
anxiety and non-anxiety groups p <0.05.

Statistically reliable (p <0.05) was obtained in the number of head-ups
and standing-ups when comparing the data of the anxiety group that was
not affected by radon, compared with the anxiety and non-anxiety group

of radon action.

Figure 3: Impact of radon inhalation on anxiety reactions in EPMT
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Analysis of neurohormones:
The concentrations of neurohormones involved in the biology of stress
were increased after attempts to induce anxiety by exposing small doses

of radon, thereby confirming stress.
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Table N 5. Changes in the concentrations of dopamine,
noradrenaline, adrenaline and serotonin during the action of non-

ionizing radiation.

Nmol/l Control EMF group Microwave gr.

. 0,1632+0,05*
dopamine 0,126+0,011 0,1471+0,0* i

. 0,042+0,002*
noradrenaline 0,021+0,0019 0,0112+0,002** N

. 0,107+0,003*
adrenaline 0,07+0,0019 0,082+0,004* i

. 0,230+0,001*
serotonin 0,187+0,0011 0.0645+0,002* .

*P<0,01; **P<0,05; **P<0,001
Under the action of microwave radiation, cortisol concentrations
increased in the microwave radiation exposure group compared to
controls.
Diagram N5. Changes in cortisol concentration when exposed to

microwave radiation.
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Changes in ghrelin and dopamine concentrations under the action of non-
ionizing radiation: The results show that changes in ghrelin
concentrations are statistically significant in microwave radiation group
when the concentration rises from 3.5 + 0.7 Nmol /1 to (control) 5.4+1.1
Nmol/l.

Antioxidant reactions at small doses of radon: After inhalation of small
doses of radon, the GSH concentration in the brain tissue of animals is
significantly higher than in the control groups. Therefore, to evaluate
the antioxidant processes in brain tissue, we calculated the GSH / GSSG
ratio, which showed that the ratio in the case of the radon inhalation
group was statistically higher compared to other groups of rats in the
radon inhalation group.

Table N 6. Changes in antioxidant reactions induced by low-dose

radiation are shown

Total GSH .
GSSG (nmol/mg) | GSH/GSSG ratio
(nmol/mg)
RI 325 +2.77 13.62+3.29 2.46+0.39
SC | 26.25+3.28 23.625+3.73 1.13+0.23
C 27.87+2.47 15.62+3.29 1.86+0.42




As for the results of the oxidative status study, the concentration of TOS
is reliably lower in the radon inhalation group compared to the SC group.

Table N7. Changes in antioxidant reactions induced by low-dose

radiation
TOS TAS
OSI
(U/ml) (U/ml)
RI 15.12+1.12 | 0.90+0.24 | 18.35+7.17
SC 16.5+2 0.85+0.26 | 21.15+6.92
C 15.25+1.03 | 0.91+0.24 | 18.23+6.77

Review of research results:

Ionizing and non-ionizing radiation act differently on the human
body. The nervous system is particularly sensitive to radiation as a
Stressor.

The results of our study also show a link between stress induced by this
physical factor and changes in conglomerate processes, namely: in the
case of non-ionizing radiation, when we determined changes in
concentrations of neurohormones involved in stress biology, it was
found that Concentrations, while exposure to 10 days of indirect
microwave radiation (emitted from the furnace) for 3 minutes per day,
showed a statistically significant increase in these parameters. In our
study, if during a 3-minute indirect 10-day exposure to microwave
radiation, anxiety was detected by hyperactive motor movement, a 10-
day intermittent exposure to an electromagnetic field of 800 MHz
induced immobilization in 1/3 of the rats, while in 2/3 it showed
pronounced reactivity.

Reactions different from open field tests were obtained when

evaluating conditioned reflex tests induced by positive irritants. In

particular, in this case the impulsivity increased, which led to the
corresponding behaviors. Where in two feeding and 5-CSRTT tests,
motivation-related reactions are observed in animals in the
experimental group of EMF action and impulsivity increases in the
animal so that it affects attention and concentration and thus prevents
the study animal from performing the assigned task correctly.

From all the above, it seems that during the action of EMF there
is an impact on the mechanisms of excitation, which is manifested in
an increase in excitation.

Disruption of consolidation processes of memory was detected
during the action of EMF on memory, which allows us to conclude that
the influence of EMF disrupts the transmission of information related
to both the pituitary gland and structures outside it, which participate
in the task of identifying a new object.

Increased emotionality and impulsivity and decreased attention
and concentration during the action of non-ionizing radiation are
confirmed by physiological tests of anxiety in open field and cross-
labyrinth, where we can conclude that in both cases there is a strong
effect of microwave radiation.

Studies have shown an association between the occurrence of an
anxiety-like reaction and the amount of grooming. "Action, reaction
planning" takes place during grooming. While grooming is reduced,
the animal acts impulsively and unconsciously, which is what
happened in our case with the action of non-ionizing radiation.

To assess the excitement and emotion of non-ionizing radiation,
cross-labyrinth tests also show that animals become more fearless and
spend significantly more time on the open side of the labyrinth than

control group animals. Significantly more entrances to the center of



the cross-labyrinth are in the microwave action group. This indicates
that there is less danger avoidance here as well, which may be based
on a decrease in attention and concentration.

Research shows that very small doses of ionizing radiation cause
anxiolytic action. When we studied the level of anxiety after inhaling
Tskaltubo radon water, it was found to be impaired, as evidenced by
open field and cross-labyrinth tests.

In our study, exposure to small doses of rhodon did not affect the
locomotor activity and immobilization of the experimental animal, but
behavioral analysis showed that exposure to small doses of ionizing
radiation resulted in reduced anxiety responses, including In the open
part for a longer delay.

In terms of emotionality as well, after inhaling radon, we
counted fewer boluses in the group experiencing anxiety, and we
obtained an anxiolytic effect by inhaling radon.

To determine what was the basis for reducing anxiety reactions,
we evaluated antioxidant reactions and changes in oxidative status
upon inhalation of small doses of radon.

To test the activation of the antioxidant system, we measured the
GSH concentration involved in the body's oxidation-reduction
reactions and its oxidation product GSSG. From the results of our study
we can conclude that the GSH / GSSG ratio decreases with stress and
anxiety. The reason for this is an increase in GSH oxidation, which is
manifested by an increase in GSSG concentration.

Enhanced antioxidant reactions are the basis of the anxiolytic
effect of anxiety when exposed to radon. All this points to the radon
hormone: the anxiolytic effect obtained by activating antioxidant

groups.

Conclusions:

Non-ionizing radiation in the living environment acts as a stressor in
the mammals and causes the development of anxiety reactions, which
is confirmed by behavioral tests and changes in the concentrations of
neurohormones involved in stress biology.

-Anxiety developed during the action of non-ionizing radiation in the
living environment in mammals is manifested by an increase in
impulsivity, a decrease in attention and concentration.

-Anxiety reactions developed during the action of non-ionizing
radiation in the living environment, which affect the impulsivity, with
a decrease in attention and concentration gives a picture of memory
impairment in mammals;

- the action of non-ionizing radiation in the living environment
reduces the response to negative stimuli created by the positive
emotion associated with learning in a state of anxiety, resulting in
decreased attention and concentration caused by the action of non-
ionizing radiation and increased impulsivity.

- The action of small dozes of ionizing radiation reduces the level of
anxiety. This anxiolytic effect is obtained by enhancing the antioxidant

reactions in the nervous tissue.

299md394b90meo bsdOM™Agd0L Los:



° Dondoladze K, Buliskeria L, Nikolaishvili M,
Zurabashvili D. STUDY ON THE EFFECT OF GHRELIN ON
MEMORY AND CONCENTRATION OF PEOPLE WORKING
IN THE ELECTROMAGNETIC FIELD Center for mental health
and prevention of drug addiction, Tbilisi, Georgia J.
Experimental and Clinical Medicine, 2016, 1, pp.89-91

. Dondoladze K, Nikolaishvili M, Jikia G, Museliani T.
Changes of Memory for Aggressive and Non-aggressive Rats
under Electromagnetic Stress 2020, N3 p.33, ISSN 2587-4810

° Dondoladze, K., Nikolaishvili, M., Museliani, T, Jikia, G.,
Zurabashvili, D. (2020). IMPACT OF HOUSEHOLD
MICROWAVE OVEN NON-IONIZING RADIATION ON
BLOOD PLASMA CORTISOL LEVELS IN RATS AND THEIR
BEHAVIOR. Georgian Med News. 2020 Sep;(306):132-137.
PMID: 33130660.

° Dondoladze K, Nikolaishvili M, Museliani T, jikia G,
Nadareishvili D. THE EFFECT OF ELECTROMAGNETIC
FIELD ON AGGRESSIVE AND NON-AGGRESSIVE RATS
MEMORY, book: Systemic, Cellular and Molecular Mechanisms
of Physiological Functions and Their Disorders (Publisher:
NOVAPUBLISHER) ISBN: 978-1-53614-395-9, Chapter — 06,
2018

° Dondoladze K, Nikolaishvili M, Museliani T, Gikia G,
Zurabashvili D. The Impact of Electromagnetic Field on
Conditioned Reflex Memory, Neuroquantology, Volume 16, No
11 (2018), DOI: 10.14704/nq.2018.16.11.1777

. Dondoladze K, Nikolaishvili M, Zurabashvili D. Effects
of High-Frequency Electromagnetic Field on Ghrelin'S

Quantitative Changes and Animal Memory, European Scientific
Journal, Vol 12 No 33 (2016): ES] NOVEMBER EDITION

) Dondoladze K, Nikolaishvili M, Zurabashvili D. The
effect of balneotherapy on the oxidative system and changes in
anxiety behavior, enhanced by low doses of radon, International
Biology, 2021 (7); DOI:
10.1080/09553002.2021.1956009 .

. Dondoladze K, Zurabashvili D, Nikolaishvili M,
Zenaishvili S. ELECTROMAGNETIC FIELD, AS A STRESS
FACTOR OFFICES WORKING FEMALE'S PSYCHO-
EMOTIONAL STATE. Center for Mental Health and
Prevention of Addiction, Tbilisi, Georgia; J. Experimental and
Clinical Medicine, 2015, 4, pp.54-60

Journal of Radiation

dmbligbgdgdo0:
domdgo 2021, 3w EH0oLE03wobsMmwo
0003900306580; Bg306M0 dmbligbgds: The effect of Tskalubo water

3Mbx9Gmabios

on the behavioral changes; 350930, 2021
d9-4 LOgO®MsMEOLM 3w EHOOLE03WobMMHo  3mbxgMHgbE0s
b93060 dmblgbgds

99dHOMPoboG Mo 3gol  3o3wgbs  grMeEgdaly o
3Mb396¢H5305%Bg, mdoolo, 2018

M9MMm05d0, 0935%9:

LSgOPIIMOOLM  3MbRgMbzos  BdgMOEGSA30ol  LsdGgdO,
Badogobomwmyom®mo  gMbdE0900 ©s Fo0  IMM393900,
33w93900;  Bg3o0o  dmbligbgdo:
99dGHOMBs60GHMM0 390l 493w9bs  3oMMdOMNEMGREgJLE
dgblogM9gdsDY, Mmdoobo, 2018

06&9mH0b303w0bmemo


https://neuroquantology.com/issue.php?volume=24&issue=83
https://neuroquantology.com/issue.php?volume=24&issue=83
http://dx.doi.org/10.14704/nq.2018.16.11.1777

Dondoladze K, Nikolaishvili M, Museliani T, Gikia G.The effect of
Radon inhalation in aggressive rats Neurophysiological functions
and their disorders - interdisciplinary studies, November 2019, The
1st Beritashvili Talks, Thbilisi

053035  ©5339:  BLOJM-LMEoSWOHO  FBIMESFIOS O
MBMb3gmygmg3s, 3mblighgds: §93-bigogargbs dgbliogMgdsby, 350%3,
olMo9wo; 2015;

003d903E0bol  5d@GH Moo Ly3oMbYdO: 3OHMBOWSIEH0IMNEMO
39933093900 X 963MIMEMdOL sBW3g3580; doomvydo, 2015.

I UBoghomsdmmobm  3mbggdgbios  MHgmemyosdo.  bgdoco
dmbligbgds:  993-basgegbs  BLOJME0sWH  FEAMTMYMOS DY,
Jmomsolo, 2015;


https://www.researchgate.net/project/The-effect-of-Radon-inhalation-in-aggressive-rats
https://www.researchgate.net/project/The-effect-of-Radon-inhalation-in-aggressive-rats
https://www.researchgate.net/publication/347669877_Neurophysiological_functions_and_their_disorders_-_interdisciplinary_studies
https://www.researchgate.net/publication/347669877_Neurophysiological_functions_and_their_disorders_-_interdisciplinary_studies

