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Abstract

The influence of an electromagnetic field (EMF) — network frequency causes
minimal CNS dysfunction in Wistar rats in ontogenesis, which is expressed by
a decrease of the levels of glutamate and aspartate, methionine and serine, in
the blood — lysine, taurine, tyrosine, catecholamine and serotonin, an increase
GABA and glycine in the blood, proline and cysteine in the urine. The ratio of
excitatory/inhibitory mediator amino acids is significantly reduced. The ratio
of essential/non-essential amino acids and the total level of amino acids also
decrease in the blood. Against the background of taking the herbal preparation
(grape seed oil), the identified changes disappear or smooth out, which is man-
ifested in the behavior of rats in the open field — the animals are characterized
by a smaller number of urinations and boluses, an increase in the total time of

grooming and a small number of translocations.
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Introduction

Among the effects associated with exposure to an electromagnetic field (EMF),
neurotropic and psychotropic effects occupy a special place, since the nervous system,
along with the endocrine, cardiovascular and reproductive systems, is one of the most
sensitive to the effects of EMF [1]. In connection with the ecological crisis, special at-
tention is paid to finding ways to protect against the effects of chronic low-frequency
EMF exposure in natural conditions [2,3]. As protection against EMF, it is possible to
use biologically active substances of natural origin that can activate the body's protec-
tive resources, affecting mainly the neurohumoral and immune-hematopoietic systems.
The general nonspecific resistance of the body increases, the endogenous background
of resistance is stimulated (a complex of endogenous biologically active compounds:
amines, thiols and other antioxidants that perform protective functions and suppress
the accumulation of a destructive excess of peroxidation products). Due to the absence
(or low) toxicity and good tolerance, products of natural origin are recommended as
food additives that increase the overall nonspecific resistance of the body, stimulating
protective, antioxidant reserves. Among the biologically active substances of natural
origin, representatives of bioflavonoids — oligomeric proanthocyanidins — antioxidants
that prevent cell degeneration occupy the central place. They also contain vitamin E.
It should be noted that many components of plants are included in the list of medicinal
herbal raw materials [4]. The pharmaceutical market today advertises many medicinal
compositions containing special dietary supplements with antioxidant action. It is gen-
erally accepted that natural substances exhibit a much more optimal therapeutic and
prophylactic effect than synthetic counterparts do.

In this aspect, grape seed oil (oleum Vitini Vini Pezae) deserves special attention.
A number of researchers [5,6] convincingly showed that among the majority of known
oils recommended as food additives, the highest content of essential fatty acids is
found in grape seed oil, the physicochemical constants and biological activity of which
depend on climatic and geographical conditions [7,8].

Studies related to the action of network frequency EMF on Wistar rats before and
after feeding with a food supplement from grape seeds in Georgia have not been car-
ried out.

The aim of the study is to determine the nature of the action of the dietary supple-
ment from the Saperavi grape seed oil on some biochemical correlates of blood plas-
ma and urine, as well as the behavior of rats in an open field before and after exposure
to EMF of the network frequency. Studies of this nature contribute to the search for
optimal ways of active prevention of EMF exposure in urban environments.
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Materials and Methods

The experiments were carried out on two-month-old Wistar rats weighing 76-85 g.
The animals were bred in the nursery of our Center and kept under the same condi-
tions of care and free access to water and stable food (barley, corn, sunflower, cab-
bage, carrots and bread with milk. They were also given a multivitamin “Undevit”).

The animals were divided into three groups of 10 rats each. Control group A ate a
standard diet. Experimental group B also had a standard diet and was subjected to a
continuous magnetic field for 30 days. Experimental group C received a standard diet
and peritoneal 0.5 ml of a 5% solution of grape seed oil (Natural Extra) “Saperavi” for
10 days before exposure to a magnetic field.

The electric field was applied using an original induction coil (coil diameter 750
mm, length 2200 mm). The coil had several sections of turns and a control unit of two
types. The first of them made it possible to influence the high voltage of a stationary
EMF of the mains frequency, and the second was universal — for the impact of a sta-
tionary and simulated frequency. The large dimensions of the coil made it possible to
study complex forms of behavior and their ethological correlates even directly during
the action of an EMF. Groups C and B were exposed to an electromagnetic field with
a frequency of 50 Hz, 1.5 MT.

As behavioral comparison criteria, ethological parameters were used, determined
by the method of the so-called “Open Field”, which was a round chamber with a diam-
eter of 80 cm, divided into 32 identical sectors. It was illuminated from a height of 1 m
with a 200-watt lamp. The duration of each rat in the “Open Field” was 180 seconds.
The results were transmitted by a video camera to a computer equipped with a special
Rat Watcher program. The program was a significantly improved version of the Pole-91
program previously developed at our Center [9]. It is provided for personal computers
such as IBM PC and runs on the Windows operating system.

The following parameters were recorded: animal motor activity (by which the time
spent to leave the central circle was noted), the number of sector lines crossed, the num-
ber of translocation cycles and time spent, and the average line crossing speed. Orienta-
tion-exploratory activity was assessed by the number of vertical standing up, according to
the average time spent on one standing up. The idea of emotional activity was assessed
by the number of boluses and urinations. Stereotypical activity was judged by the number
of grooming cycles, the amount of time spent on them, etc. Attention was paid to the num-
ber of cycles of immobility, the average time spent on one cycle.

The level of free amino acids in plasma and urine was determined by high-perfor-
mance liquid chromatography on an RTS-1 chromatograph (Woters, USA) according to
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the method [10], and catecholamines on the same device according to the method [3].
Blood was taken from the distal part of the tail after appropriate treatment.

The results of the study were subjected to statistical processing using Student’s
criteria for the computer program SPSS version 13 ANOVA.

Saperavi grape seed oil was obtained by pressing at low temperatures [11]. This
method is the most gentle, as it is carried out without additional heating of the oil. An in-
crease in pressure in the mixture is accompanied by a natural increase in temperature
up to 3% C, which does not adversely affect the quality of the oil. The oil obtained in this
way has a pronounced aroma and taste, and biologically active substances (vitamins,
polyunsaturated fatty acids, pigments, etc.) are almost completely preserved. The oil is
not subjected to refining, which significantly reduces its quality. The considered method
does not allow to obtain oil in a large volume, it is called “Natural Extra”. After the end
of the first phase of the process, the pressings are separated, the residue is mixed
and pressed again. Obtained after the secondary extraction is filtered, it is also of high
quality and is not subjected to refining. It's called Natural Delicate Oil.

Results

After exposure to EMF group B, a distinct change in the level of amino acids is ob-
served — namely, compared with the control, there was a decrease in the blood plasma of
proline, methionine, tyrosine, glutamic acid, and aspartic acid. The content of asparagine,
glutamine, valine, tryptophan and threonine also decreased. The content of leucine and
cysteine did not change. Amino acids in the urine are increased. Compared to the control,
the level of glycine, asparagine, aspartic acid and tryptophan decreased. The level of va-
line, glutamine, threonine also moderately decreased, the content of tyrosine and phenyl-
alanine did not change, the level of cysteine, proline, leucine and alanine.

The effect of EMF on rats treated with a food supplement (group C) turned out to
be significantly different.

Out of the plasma monoamino monocarboxylic amino acids, the levels of alanine
and leucine did not change, valine and threonine increased and glycine decreased,
while in the urine the level of valine and glycine increased, leucine, threonine de-
creased, and alanine did not change. Out of the monoamino dicarboxylic acid amino
acids in plasma and urine, the levels of aspartic and glutamic acids, as well as as-
paragine and glutamine, increased significantly. Among sulfur-containing amino ac-
ids, plasma and urinary methionine levels increased, while plasma cysteine levels
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increased and remained unchanged in plasma. In the group of aromatic amino acids,
plasma tyrosine levels increased, while plasma and urine phenylalanine levels did not
change. The content of heterocyclic amino acids (proline and histidine) in plasma re-
mained unchanged, while in urine it increased and decreased respectively. Tryptophan
levels in plasma and urine increased.

As a result of exposure to EMF, significant changes were observed in relation to
biogenic amines. In plasma, there was a decrease in the level of adrenaline, norepi-
nephrine and dopamine, while in the urine only a decrease in dopamine.

And the levels of norepinephrine and adrenaline significantly increased (A-B). The
content of serotonin in plasma decreased, in urine it did not change, but the level of
5-indoacetic acid increased significantly.

The effect of the magnetic field on rats treated with a food supplement (group C)
turned out to be significantly different.

The levels of dopamine, norepinephrine, adrenaline and serotonin in plasma in-
creased significantly in group C rats compared to group B, while the content of dopa-
mine, adrenaline and 5-indolacetic acid in the urine increased. Serotonin levels have
not changed.

The following observations were made in the “open field”. Comparative analysis
of the behavior of control (A) and grape-seed oil-fed rats (B) groups in the “open field”
showed a difference in motor activity. The latent period of exit from the central circle
changed, which turned out to be shorter in the rats of the control group (1.91£0.8 in-
stead of 3.2+0.6 seconds). For group B, the number of crossed lines is much higher
compared to the rats of the control group A (48.6£2.0 and 42.81£5.0 seconds). The dif-
ference is significant both in the time spent on translocation and in the percentage of
time spent on translocation in relation to the total time spent on the experiment. From
this it follows that the rats of group B move faster compared to the control ones and
spend on average less time to overcome the cells — 30.0+4.2% instead of 35.6+4.0%.
This conclusion is confirmed by the number of cycles of immobility. The table shows
that in rats of the control group these indicators are higher (13.2+0.2 sec.) than in
animals of group B (4.1+0.5 sec). In addition, the rats of groups A and B also differ in
their orientational activity in the open field. The number of vertical rises was 17.0+1.01
(group A), and in group B rats it was 22.1£0.5. The average time of vertical risings for
control animals was 0.8+0.2 sec., and for group B it was 1.6£0.3 sec. An increase in
the number of vertical standing and a significant increase in the time spent on orienta-
tion while in one or another compartment means that the rats are examining the com-
partment in which they are located. Comparison of the stereotypical activity of rats of
groups A and B in the open field showed that, although the number of grooming cycles
in animals differs little, the rats of group B spend 9.7+0.3 seconds per cycle, and the
control rats — 4.9+0.1 seconds.
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Thus, based on the data obtained, it can be concluded that rats treated with grape
seed oil are characterized by lower anxiety, which is manifested in fewer urinations and
boluses, a high number of total grooming times, and a small number of translocations.
As a result of exposure to a magnetic field (group C), the behavior of rats in the open
field changed significantly compared to the indicators of the control group A.

The exit time from the central circle significantly decreased (1.2+0.5 sec 1.9+0.8
sec, respectively), the number of crossed cells significantly decreased (34.4+£2.9
and 42.8+5.0 sec, respectively), and the number of immobility cycles also de-
creased (10.1£1.8 and 13.21£0.2 sec), increased the specific time of immobility
during the testing period (50.2+4.0 and 30.3x4.7%) and translocation during the
testing period (38.0+£3.5 and 35.6+4.0%), respectively. Thus, they move more slow-
ly, as a result of which the number of crossed cells decreases. Also in group C,
there is a very low number of rises to the paws, which is especially reduced in the
middle circle and adjacent cells (9.8£1.0 and 17.0+1.01, respectively). This may be
due to a decrease in the activity of the central nervous system, as a result of which
the number of orientation reflexes decreases, and the number of urination and
boluses increases sharply (2.5£0.1 and 8.0+0.2). the average number of groom-
ing cycles (4.5x0.7) compared with group A (11.1x0.2) drops sharply against the
background of an increase in its total time (6.8+0.1 sec). Behavior of group D rats
in @ magnetic field and those fed with grape seed oil significantly differs from the
behavior of group C animals. The data indicate low anxiety. The specific time spent
on translocation for group C animals is 38.0 +3.5, and for group D animals it is
45.8 £ 0.6%. The specific time of immobility in rats of group C was 50.2+4.0% sec,
and for animals of group D it was 35.91£0.7%, while the number of immobility cycles
increased significantly (16.8+0.3), the time to exit from the central circle (3.8+0.4
sec) and the number of crossed lines (40.9+0.5). The rats of group D outperformed
group C with a significant increase in the number of vertical standings (14.8+0.6)
and their duration (1.9£0.5 sec), as well as in the average number of grooming
cycles (7.4+0.5) and their total time (9.6+0.3 sec). The mean number of boluses
(1.2£0.4) and frequency (1.5+0.4) appeared to be reduced.

Thus, as a result of exposure to EMF in blood plasma and urine, a certain
change in the level of individual amino acids is observed, which themselves or
through derivatives affect the functional state of the central nervous system. In-
creased levels of GABA and glycine. It is accompanied by a decrease in serotonin
levels. These shifts not only affect the processes of activation of the brain, but also
contribute to the emergence of dysfunction of behavioral processes, which mani-
fests itself in a change in the activity of animals and a decrease in plasma glutamate
and aspartate with a parallel decrease in GABA and glycine. Of great importance
is a significant change in the qualitative ratio of the amino acid composition of the
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plasma, followed by a change in the balance of functionally opposite mediators, the
pathogenetic significance of which is the regulation of the functional activity of the
central nervous system. In plasma, there is a decrease in the level of serotonin, in
the urine only 5-hydroxyindoleacetic acid. The ratio of the levels of dopamine and
norepinephrine to serotonin revealed a significant increase in this indicator, which
convincingly indicates a decrease in the relative amount of serotonin, that is, there
is a pronounced activation of the kynurenine pathway of tryptophan metabolism,
which leads to an imbalance of functional processes. Deviation from the optimal
level and ratio of biogenic amines and free amino acids, caused by the influence of
a magnetic field, changes the biochemical and physiological processes directly or
indirectly associated with the implementation of behavioral acts. The change in the
level of amino acids and their derivatives in biological fluids and tissues is one of
the most important causes of multiple pathology, which manifests itself not only in
the dysfunction of the nervous system, but also contributes to the development of a
number of nervous and mental disorders as a result of the action of EMF, especially
in ontogenesis [12,13].

A food supplement (grape seed oil) contributed to a certain regulation of the chang-
es caused by exposure to EMF. In the group of rats irradiated with EMF and treated
with a food supplement, there is an increase in plasma glutamate and aspartate, which
is accompanied by a decrease in GABA and glycine, which helps to optimize the ratio
of activating/inhibiting amino acids. Obviously, a change in the balance of functionally
opposite mediators contributes to the process of regulating metabolic shifts. The above
problems of the effect of EMF and food additives on the level of individual biochemical
constants of the organism and the holistic behavior of animals require further study.
Meanwhile, multiorgan lesions characteristic of EMT, according to modern data are
largely associated with the primary violation of the functional processes of the CNS,
including primary cerebrovascular disorders [14,15]. In this regard, the study of the im-
pact of the electromagnetic field on various forms of behavior against the background
of food additives can be of practical importance.

Discussion

The data obtained indicate that the decrease in anxiety after a certain time after the
use of the herbal preparation is due not only to the residual effects of organic changes
in the brain structures associated with the organization of behavior, in particular, spe-
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cific glutaminergic neurons of the “attack center” of the hypothalamus but also with the
activation the entire adaptive-compensatory system in the process of restitution from
exposure to EMF. The clarification of these issues will deepen the current understand-
ing of the chronic effects of industrial EMF (frequency 50 Hz, inductance 1.5 MT) and
the effect of grape seed oil on neurochemical correlates and dysfunction of the nervous
system of animals.
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