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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
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11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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ELECTRIC-MAGNETIC STIMULATION PREVENTS STRESS-INDUCED
DETERIORATION OF SPATIAL MEMORY

Bukia N.G., Butskhrikidze M.P., Machavariani L.P., Svanidze M.J., Nozadze T.N.

LEPL Iv. Beritashvili Center of Experimental Biomedicine, Tbilisi, Georgia.

Abstract.

In response to physical and psychological stressors,
neurobiological processes are activated to maintain homeostasis.
Stress alters the activity of the hypothalamic-pituitary-adrenal
(HPA) axis. The mechanism for this effect is not yet clear. For
the formation of moderate stress, the Chronic Immobilization
Stress (CIS) model was chosen to perform the restriction of
movement activity 2 hours every day for 20 days continuously.

The impacts of CIS on cognitive function (elevated multi
branch maze test) and Glucocorticoid receptor (GluR) levels
in the hippocampus were studied in adult rats of both sexes.
Electromagnetic stimulation (EMS) is an effective and non-
invasive treatment method. After the end of CIS, the parameters
of EMS (10000-15000 Hz, 1.5 m/Tesla, for 20 min, 10 days) on
cognitive function and GIuR changes were established in intact
and gonadectomized rats. The study's goals were to determine
the effect of CIS on spatial learning and GIuR content in the
hippocampus; b. the capacity of EMS to prevent or restore
disorders developed in response to stress; and c. whether
emerging stress responses are gender dependent.

It has been revealed that immobilization stress increases the
maze passing time and the number of errors in both male and
female rats. The effect of stress was more significant in male rats
than in female rats. Gonadectomy increased the maze passage
time regardless of sex. EMS for ten days has a positive effect
on spatial learning. In females subjected to stress, the time to
complete the maze path was fully restored to the level of intact
rats, although in males this time remained relatively high. The
time spent to pass the trajectory was increased after ten days of
stress without EMS. As a result of immobilization stress, in both
intact and gonadectomized rats, the GluR content had decreased
in the hippocampus but was restored after EMS.

The CIS induced a reduction of GluRs in the hippocampus
that is manifested as the deterioration of spatial memory. EMS
restored GIluR expression and had a facilitative effect on the
performance of the intended task. The effects of EMS on GluRs
were minimal in absence of sex hormones.

Key words. Electromagnetic stimulation, hippocampus,
glucocorticoid receptors, stress, gender.

Introduction.

The HPA-axis is one of the key systems in mammals that
modifies the physiological response to psychological and
physiological stimuli. At the level of the hypothalamus, neural
impulses linked with a stressor are converted into an endocrine
response [1,2]. The hypothalamic paraventricular nucleus
is a complex integration unit that receives and integrates
neuroendocrine, autonomic, cognitive, and emotional signals
and is in control of triggering glucocorticoid secretion [3,4].
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Corticotrophin releasing hormone (CRH) and, to a lesser
extent, arginine vasopressin are then produced from the
hypothalamic paraventricular nucleus into the hypophyseal
portal system, where they synergistically induce the release of
adrenocorticotropic hormone. The adrenocorticotropic hormone
is then carried into the circulation and induces the production
of glucocorticoids (cortisol in humans; corticosterone in
rodents) by the adrenal cortex. The negative feedback
mechanism eventually inhibits the release of glucocorticoids.
Glucocorticoids are crucial mediators of the physiological
stress response, influencing numerous physiological systems
and allowing the body to respond to a stressor. Acute, time-
limited increases in glucocorticoid levels are adaptive, but long-
term elevation has been linked to ventricular dilation, cerebral
atrophy, cognitive impairment, and perhaps neurotoxicity.
Prolonged high cortisol levels also harm the hippocampus,
attenuating negative feedback even more [5-7].

Glucocorticoid receptors (GluRs) are widely distributed in the
mammalian brain, including the limbic system, hypothalamus,
pituitary, cerebral cortex, and monoaminergic nuclei of the
brain stem [8,9]. GluRs are activated by increased levels of
glucocorticoids, either due to the natural circadian rhythm or in
response to stress and transmit signals to the HPA axis. GluRs
moderate glucocorticoid activity until the termination of the
stress response through negative feedback inhibition, mainly at
the level of the hypothalamus and pituitary [10,11].

The activity of the HPA axis is also influenced by limbic
systems such as the hippocampus, the amygdala, and the
prefrontal cortex [3]. The hippocampus has an abundant amount
of GluRs, which play a crucial inhibitory function both in the
activity of the HPA axis at baseline and in the termination of the
stress response [12]. The typical reaction to stress is suppression
of cortisol release by activating GR-mediated feedback
mechanisms. Failure to regulate cortisol release after persistent
stress indicates a breakdown in the negative feedback loop. This
effect is found in the presence of a severe depressive illness.

The hippocampus plays a critical role in the regulation of
glucocorticoid levels due to the abundance of GRs in this
structure and is involved in negative feedback loops, which
eventually terminate the physiological response to stress
[5,13]. According to studies in rats, prolonged exposure to
corticosteroids is associated with neuronal cell death in the
hippocampus, changes in cell shape, atrophy of the dendritic
processes, decreased neurogenesis, and stress-induced memory
impairment [3,6,14].

The HPA-axis reaction to stress is gender dependent. Females
often have a more robust neuroendocrine response to acute
stress, as demonstrated by higher levels of CORT and ACTH
after exposure to a variety of stressors of different modalities

46



[15]. Sex determines differences in regulation at each level of
the HPA axis and limbic regions that result in sex-dependent
variations in HPA output [1,15,16].

Electric-magnetic stimulation (EMS) is a non-invasive
therapeutic method for various neurodegenerative diseases.
The FDA authorized repetitive TMS (transcranial magnetic
stimulation) in 2008 for the treatment of mild medication-
resistant depression, anxiety, and mood disorders. The electric-
magnetic field (EMF) appears to be physiologically active and
propagates throughout the live tissue almost without resistance
[17,18]. Despite the abundance of scientific evidence, it is
not yet clear how low-frequency EMS affects stress-induced
responses, including impairment of cognitive function. It is also
critical to investigate gender differences in the effects of EMS.

The purpose of this study was to investigate the effects of EMS
on the results of spatial learning tests in the elevated multi-
brunch maze and changes of GluRs content in a CIS paradigm
depending on sex hormones.

Methods.

Animals: The rats were housed under standard laboratory
conditions with a "12 h light—12 h dark" cycle (in order to ensure
constant circadian rhythms), a constant temperature of 22°C.
Water and food were available ad libitum. The number of rats in
each cage was limited to 4-5 to minimize overcrowding stress
that could result in an increase in corticosteroids and anxiety.
All experimental procedures were conducted in accordance with
the European Communities Council Directive Guidelines for
the care and use of laboratory animals (2010/63/EU—European
Commission) and the animal care and use committee at the Iv.
Beritashvili Center of Experimental Biomedicine.

Chronic immobilization stress (CIS) is a commonly
accessible model of chronic stress based on restricted movement
activity. The animals were immobilized for 20 days, 2 hours per
day for the induction of moderate stress.

For EMS, the device with a coil designed at Tbilisi Technical
University, Georgia was used. After the immobilization
procedure, experimentally established EMS settings (10000—
15000 Hz, 1.5 m/Tesla, for 20 min, 10 days) were used to
investigate the potential therapeutic effects of EMS.

Cognitive function: was studied using a multibranch maze
test, which is highly sensitive to hippocampal dysfunction.
Through the method of trial and error, rats learn to move along
the optimal trajectory from the starting platform to the housing
box. The process of successful learning was accompanied by
food reinforcement. The method is based on rats' inherent
preference for investigating a novel limb rather than a known
one, which causes them to vary the choice of the target arm
throughout repeated testing. To correctly determine the choice
for each next trail, an animal must remember which arm was
visited in the previous trial, [7,19]. Five trials (5 min each)
were performed daily. The process of learning the maze was
evaluated by variations in the number of errors made from trial
to trial in search of the optimal path to the housing box and by
the time needed to pass the maze test.

Glucocorticoid Receptors (GluRs) were identified in
the hippocampus using a radioimmunoassay (Rat NR3C1/
Glucocorticoid Receptor (Sandwich ELISA) ELISA Kit LS-
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F4309). S-F4309 is a 96-well enzyme-linked immunosorbent
assay (ELISA) for the quantitative detection of Rat NR3C1/
Glucocorticoid Receptors in samples of cell lysates and tissue
homogenates. The animals were decapitated 24 hours after the
final stressor. The hippocampus was dissected from the rest of
the brain [20] and kept at -80°C until ELISA.

Under ether anesthesia, bilateral gonadectomy of male
and female rats was performed using the standard technique
[21,22]. Experiments on gonadectomized rats started 30 days
after surgery.

Data analysis.

Data were statistically processed by one- and two-way factorial
analysis (ANOVA) and considered significant when P<0.05.

The experimental design.

The experiment was carried out in the following groups of female
and male rats (200250 g): intact, intacttEMS, intact stressed,
intact stressed+EMS, gonadectomized, gonadectomized+EMS,
gonadectomized stressed, gonadectomized stressed+EMS (n=5 in
each group of rats). The spatial learning capacity of rats in the elevated
multibrunch maze test and the GluRs content in the hippocampus were
evaluated in all groups of rats according to gender.

Results.

CIS effects on spatial learning in an elevated maze test in
female and male intact rats in the background of EMS.

Intact rats were able to pass through the multi-brunch maze
trajectory and reach the nest without errors on the 6th day of
training, that was reinforced by food. Female rats were able
to complete this trajectory in 1542 sec and male rats in 2543
sec. (Figures 1 and 2). After CIS, male, and female rats moving
activity were felled down. They were unable to reach the nest
box by themselves. They made errors even on the sixth day of
testing. Males spent 275+12 sec and females 198+16 sec to
complete the trajectory (in both cases, P<0.01).

Exposure to EMS significantly reduced maze passing time in
intact stressed animals, from 275+12 to 75+7 sec in males and
from 198+16 to 2948 sec in females (in both cases, P<0.01)
on the 6th day of training. However, in intact stressed males,
the error-free running time through the maze remained elevated
(75+7 sec) compared to unstressed rats, in the presence of EMS
(17£7 sec) or without (25+3 sec) (in both cases, P<0.01). In
stressed female rats, the time to pass through the maze was
reduced due to exposure to EMS (29+8) (P<0.01) and was as in
intact unstressed rats (Figures 1-3).

CIS effects on spatial learning in an elevated multi-brunch
maze test in female and male gonadectomized rats in the
background of EMS.

On the 6th day of testing, gonadectomized rats spent longer
time to complete the elevated multi-brunch maze test compared
to intact rats (males 55+5 sec and females 45+6 sec) (P<0.01).
In castrated stressed male rats subjected to EMS, the completion
time decreased from 26349 sec to 134+8 sec (P<0.01) however
it was significantly longer than in castrated unstressed rats
(4146 sec) (P<0.01). In ovariectomized female rats, the time
dynamic changed the same way as in male rats. In more detail,
in rats exposed to EMS, the passage time decreased from 22049
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Figure 1. Learning dynamics in intact stressed and unstressed male rats with and without EMS in the multi-brunch maze test.
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Figure 2. Learning dynamics in intact stressed and unstressed female rats with and without EMS in the multi- brunch maze test.
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Figure 3. The effect of CIS on the time to complete the maze test in intact rats of both sexes exposed to EMS.
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sec to 13245 sec (P<0.01), while ovariectomized unstressed rats
passed the same trajectory in 38+4 sec (P<0.01). (Figures 4-6).

It might be assumed that the effect of EMS on spatial learning
in the elevated multibranch maze is mediated by sex hormones.
Without sex hormones, the effect of EMS is minimal.

Analysis of NR3Cl gene expression in intact and

gonadectomized rats.

GluRs are key mediators of the neuroendocrine response to
stress. We have determined the effects of CIS on the regulation
of GluRs in the Hippocampus of male and female rats. In intact
female and male rats GluR levels was in males 5.5+0.09 and
females 5.2+0.07 ng/ml. Therefore, predominate amount was in
males compared to females (P<0.05). Gonadectomy decreased
GluR levels in both sexes - males 5.1+ 0.08, females 4.65+ 0.22
(P<0.05) (see Figures 7 and 8).

Analysis of hippocampal NR3C1 gene expression in intact and
gonadectomized rats both sexes after CIS in the background
of EMS.

CIS decreased GluR levels in rats of both sexes, but more
significant depression of GIuR levels was detected in stressed

male rats compared to females. After CIS GIuR levels were
decreased in intact male rats from 5.5+0.09 to 2.21+0.35 ng/ml
and in intact females from 5.2+0.07 to 3.45+0.39 (in both cases,
P<0.01) ng/ml. Therefore, our data revealed stressor-specific
alterations in GluR levels, which were more pronounced in
males compared to females. Presumably, females, compared to
males, have strongly expressed compensatory reactions, which
prevent the process of GluRs reduction as a result of stress. As
mentioned above, more CIS-induced deterioration of spatial
learning was detected in males (Figures 7 and 8).

CIS also decreased GluR levels in gonadectomized rats in the
same manner as in intact males, from 5.1£0.08 to 2,55+0.56
ng/ml (P<0.01) in males and from 4.65+0.22 to 2.45+0.41
ng/ml (P<0.01) in females. However, there was a significant
difference (P<0.01) between reduction levels in intact stressed
(3.45+0.39) and ovariectomized (2.45+0.41) female rats, but no
such changes in male rats.

EMS upregulated GluRs in intact female and stressed male
rats, but the increase was greater in females (from 3.45+0.39 to
4.7+0.42 ng/ml) then in males (from 2,21+0.35 to 4.24+0.37 ng/
ml) (both cases, P<0.01). At the same time, EMS improved the
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Figure 4. Learning dynamics of intact stressed and unstressed castrated male rats with and without EMS in the multi-brunch maze test.
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Figure 5. Learning dynamics in intact stressed and unstressed ovariectomized female rats with and without EMS in the multi-brunch maze test.
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time to pass the elevated maze by both sexes, albeit with a more
significant effect in intact female than in male rats.

In gonadectomized stressed rats, EMS upregulated GluR
levels from 2.55+0.56 to 3.6+0.29 ng/ml and from 2.45+0.41
to 3.374£0.32 ng/ml in male and female rats, respectively, but
the effect was significantly less than in intact CIS rats (P<0.01).
It was suggested that EMS-mediated regulation of GIuR
expression is more efficient in the presence of sex hormones.

Finally, the time-dependent restoration of GluRs was
evaluated 10 days after CIS without EMS. Levels of GluRs
were not restored in those rats. Thus, it might be assumed that
EMS indeed contributes to the restoration of GluRs.

Discussion.

One key mechanism of diminishing HPA-axis activity by
antidepressants is dysregulation of the HPA-axis [12]. GR-
mediated gene transcription can also be inhibited by several
antidepressants. In animal experiments, antidepressant medicine
has been shown to increase GluR levels in the brain, decrease
stress-induced glucocorticoid production, and improve HPA-axis
feedback. In vitro research has shown that antidepressants can
improve GR function [15,23]. Animal studies have also shown that
dexamethasone can cause cell death, particularly in the striatum
and the CA1 and CA3 parts of the hippocampus, and that long-term
antidepressant medication can prevent this damage [14].

It should be noted that glucocorticoids exert their adaptive
effects (such as changes in energy metabolism, gene transcription,
and so on) through GluRs, and reducing GluRs signaling would
affect not only negative feedback inhibition, but also the action
of glucocorticoids on cellular processes. Furthermore, it has
been established that stress exposure in children and adolescents
increases the methylation process of the NR3C1 gene, resulting
in downregulation of GR transcription and functionality and
an increased risk of anxiety, sadness, social withdrawal, and
fearfulness [4,24].

Since the stressful episode was extended (CIS rats were
restrained for 20 days) due to impaired negative feedback,
glucocorticoids remained elevated for a longer period, resulting
in hippocampus damage that was reflected as increased
trajectory crossing time in the spatial learning test. Moreover,
male rats were more vulnerable to immobilization stress as their
passing maze time increased and the number of errors was also
higher than in female rats. At the same time, the levels of GluRs
in males were substantially lower than in females. It is possible
to conclude that GIuR changes are critical for the manifestation
of stress-induced responses.

GluR deficiency in the hippocampus reduces negative input
to the HPA-axis. As a result, CORT and ACTH secretion
does not decrease, but rather hypersecretion of corticosterone
damages several brain areas, including the hippocampus,
resulting in cognitive impairment. Thus, chronic stress initiates
a cycle (glucocorticoids-hippocampus-HPA axis) that worsens
hippocampal damage.

EMS restored hippocampal GluR levels in rats of both sexes
after immobilization stress. As aresult, it is reasonable to believe
that EMS can restore the negative feedback of glucocorticoids to
the HPA axis. Restored corticosteroid receptor signaling leads
to a reduction in stress-induced deterioration of spatial learning.

51

As a result of gonadectomy, the trajectory passing time
increased, while the GIuR content in the hippocampus decreased
(P<0.05). We hypothesize that in gonadectomized rats, under
conditions of peripheral sex hormone deficiency, the negative
feedback of glucocorticoids on the HPA axis is reduced. The
content of glucocorticoids increases in the blood, that has a
damaging effect on the hippocampus and other structures of the
brain. This increases the risk of emotional background formation,
neuronal loss, and impaired neurogenesis. Furthermore, sex
steroids have been shown to be neuroprotective by controlling
hippocampal structural integrity, amyloid beta production,
neuronal loss, and neurogenesis [25,26].

Thus, in our study, we discovered a correlation between spatial
memory and alterations in GluRs in the hippocampus, which
is crucial for understanding the processes of stress-induced
reactions. Also, the beneficial effect of EMS was to minimize
the negative impacts of CIS. Because EMS-mediated effects
on GluR levels were more efficient in the presence of sex
hormones, we postulate that those hormones are involved in the
implementation of EMS effects.

We consider that an important goal for future research would
be the elucidation of the neuromediator systems that were
activated or inhibited by EMS that restores the negative feedback
of glucocorticoids on the hippocampus and HPA axis under stress
conditions. As a result, hippocampus damage is reduced preventing
stress-dependent deterioration of cognitive function.

Conclusion.

Chronic immobilization stress impairs the function of
the hippocampus, lowers GluR levels, and destabilizes the
functioning HPA axis in rats of both sexes. The observed
difference between sexes is related to circulating gonadal
hormones because gonadectomy changed the sex-dependent
patterns of GluRs after CIS. EMS increases GluR levels in the
hippocampus, restores negative feedback to the HPA axis, and
prevents the decline of cognitive function, in particular spatial
memory. By restoring GluR levels in the hippocampus and HPA
axis activity, EMS may be able to correct long-term deficiencies
in cognitive and endocrine reactivity. However, in the absence
of sex hormones, the effects of EMS are less efficient.
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DJIeKTPOMATHUTHAS CTHMYJISAHS npe1oTBpaliaeT
CTpeccOM BBI3BAHHOE YyXyAIlIeHHEe MPOCTPAHCTBEHHOI
naMsaTH

Bykus H.I'., Bynxpuknaze M.IL., MauaBapunann JLU.,
Caanugze M./, Hozanze T.H.
Llenmp  sxcnepumenmanvHou
bepumaweunu, Tourucu, I py3sus

ouomeouyunvl  um. HUs

A6cTpakT

B orBer Ha ¢u3MUeCKHH W TICHXOJIOTHYECKHAH CTpecc
aKTHBUPYIOTCS. ~ HEHpPOOWONOTMYECKHME  MPOLECCHl IS
nojsepKaHust romeocrasa. CTpecc HM3MEHSET aKTUBHOCTB
THIIOTaJIaMO-TUNO(HU3apHO-HAATIOUeYHHKOBOU crctemsl (I TH).
Mexanmu3m storo 3¢ ¢ekra moka He siceH. s hopmupoBaHus
yMepeHHOTo cTpecca Oblla BBHIOpaHAa MOJENb XPOHHYECKOTO
AMMOOHMITN3AIMOHHOTO cTpecca- CIS (orpannueHme
JIBUTATEJIbHON aKTUBHOCTH I10 2 Yaca eXXEeAHEBHO B TeucHne 20
JTHEH).

Brmsane CIS Ha KOTHATHBHYIO (DYHKIHIO (TECT IPUTIOTHATOTO
MHOTOBETBEBOTO JIAOMPHHTA) U YPOBEHB TTIFOKOKOPTHKOMTHBIX
penenropoB (GluR) B rummokamre u3ydanu y B3pOCIBIX KPBIC
oboero momna. DnexrpomMarauTHas ctuMy s (EMS) ssnsercs
3¢ QEeKTUBHBIM W HEWHBAa3WBHBIM MeTonoM JeueHus. [locie
okoHuaHus CIS y MHTaKTHBIX ¥ FOHaJ3KTOMUPOBAHHBIX KPBIC
ycranaBimuBany mapamerpsl EMS (10 000-15 000 T'm, 1,5 m/T,
20 muH, 10 cyT) KOTOpBIEC TO3UTHBHO BIHUIA HA KOTHUTHBHYIO
¢yakmmto n m3meneHusst GluR. Llems wmccnemoBanms OBLTO
onpenenuts: a. BusHue CIS Ha IpocTpaHCTBEHHOE 00yUYCHHE
u cogepxxanue GluR B rummokamme; 6. crmocobHocts EMS
NPEeAOTBpaliaTh  WIM  BOCCTAHABIMBATH  PAcCTPOWCTBA,
Pa3BHBIINECS B OTBET HA CTPECC; U C. 3aBHUCAT JIM BO3HUKIIHNE
PEaKIUH Ha CTPECC OT MOJIOBBIX TOPMOHOB.

BerABII€HO, YTO MMMOOMIM3AIMOHHBIA CTPECC YBEINYNBACT
BpEMs TIPOXOKACHHS JTaOMPHHTA M KOJIMYECTBO OIIMOOK Kak
y CaMIIOB, TaK M y CaMOK KpbIC. BrustHME cTpecca y camiios
KpBIC OBIIO O0Iee 3HAUUTENBHBIM, YeM Y CaMOK. | oHalpKTOMHS
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YBENIMYMBaIa BpPeMs MPOXOXKICHUS JAOWPHHTA HE3aBHCUMO
ot nosia. EMS B TeueHue JecAaTH JTHEH MOJOXKHUTEIBHO BIIHSIIT
Ha TMPOCTPAHCTBEHHOE OOydeHWe. Y CaMOK, MOJBEPIIIUXCS
CTpeccy, BpeMs TPOXOXKACHUSA JAOUPHUHTA MOJHOCTHIO
BOCCTAHABJIMBAIOCh 10 YPOBHS WHTAKTHBIX KpPBIC, XOTS Y
CaMIIOB 3TO BpPEMsI OCTaBaJIOCh OTHOCHUTEIHLHO BBICOKUM.
BpeMst npoxosk/ieHus1 TPAaeKTOPUHU YBEIMUYUIIOCH MOCIE AECATH
nHel crpecca 6e3 EMS. B pe3ynbrare HMMMOOMIN3AIIMIOHHOTO
CTpecca KaK y HMHTAKTHBIX, TaK M Y TOHAIIKTOMHPOBAHHBIX
kpeic comepxkanne GIuR cHIDkanoch B rUmmokammne u
BOCCTaHaBIUBAJIOCh nociie EMS.

Bakmrouenne. CIS Be3biBaeT cHmkeHre GluRs B rummokamiie,
YTO MPOSIBISIETCS B yXYALIEHUH TPOCTPAHCTBEHHOM MaMSITH.
EMS BoccranaBnmmBaer skcnpeccuto GluR wu  obneruaer
BBITIOJIHEHUE TIOCTaBJIEHHON 3agaun. B OTCyTCTBHE IMOJIOBBIX
ropMoHOB 3P dekTsl EMS Ha GluR MUHUMAaTBHEL.

KuioueBbie ciioBa:

DNeKTpoOMarHuTHas CTUMYJISLIHS,
TJIIOKOKOPTUKOUAHBIE PELENTOPBL, CTpecC, MO

THUIITIOKAaMII,

HccnenoBanue BBINOIHEHO NpH nojaepxkke HannonaasHOro
HayuHoro ¢onna um. lllora Pycrasenn N FR-19-185

99dBHOMBoaboGHemo  LEHoIMwsgos byl  MIwols
LEHOguom  AsdMfiggwo  LogMzomo  dgbbogMgdol
2399956M9LgdSL

0300 6.9., dbeo3zodg 8.3., 35353560560 .0., b3sb0dg
0.%., bxBsdg 0.6.

03.89600358300b  9du3gm0dgbE o
3950, MdowOobO, LodsOG Nz m

d0mdgo0bol

BLEOMsIBHOo

309gmbBobol  FgloboePmbgdws  BobBozwemo s
gLOJMWMyo©Ho  LAHMILOL  Lodslybm  odGHoMEMm©gds
BgoOmdomwmyomn®o  3OHm3gbgdo.  LEMgbo  (33¢0L
3030005 5399MH-303530HBMM-00060389w DY KX0M3IZol
(HPA) 0g6dol 5g@03mdsl. 3 bgdmgdgwogdol dgdsbobdo
XIO 30093 9O 5MHOL BdMEw™IEy sblbowo. BmIogHo
LEHOgLOL BMOHToOHBOOLMZOL OO 0dbs JOMmbozmwo
080d00bBs3ool LGHMYLOL dmgwo - CIS (Bm@GmeHmwo
5dBHogmdol d9Brm3s 2-2 Lssmom egdo, 20 oL
3960530 ™d580).
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CIS-ob 983990 3mabodeO Bmbd3osby (sds@ergd o

WdOMOBMOL  BHILGHO) @O AWIIMIMOE0IMONMO
69393G™O500L  (GluR)  GomEgbmdsby  303m353380
dgbfogmomo  ogm  mM0ozg  Lggbolb  HBOILEWW

30005237080. 9egdBOHMIsgbod o bEodmwssos (EMS)
300l 989dBHMMO0 @S 9M90bgsHBoMmo  I3MMbsMmdOL
dgomeo. CIS-ob  sltrmeadol 99093, bgdms
0b6@odBH Mmoo s 3mbsgdBHMIoBgdMwo 3oHMsR3900L
EMS (10,000-15,000 Hz, 1.5 9/@, 20 {jo, 10 mg), Gsdsg
©5JO0MO© 03mJdgs 3MboGMG §MbdEosHg s GluR
(330 g0gdbY. 330q30L doBsbo 0gm oa39Y0bs: o.
CIS-0b gog3egbs LogMEmeEr sbfsgwsby s GluR-ob
3903300359 303m358300; 8. EMS-0l «6560, 005300056
5030ml 96 9933500l BEGGILMD  ©H3953806MH dMO
©9MM393900; O 3. IMI0WIINYW0s M M LEBMYLBY
500m 396980 H959d30900 Lobidglem 3mEMIMbgdby.

2450m3wo0bs, ®MI CIS DOHEOL sdo®mobmdo gs3crol
©OMb s 9930M3700L  MomEIbmdIl GMmME 3536,
olg 80y 30005339080. 8536 30MHM3398d0 LGHMILOL
9839330 B 360d3bgcrmgsb0s, 30069 yEMHdTO.
3065009 BH™M05d 25DMS WBOMOBMOL 2ozl ™
LJgbol B0vbn39®. 90 EOL gsbdsgermdsdo EMS-
0005gd0ms©  00mgdgs  bogmEgom  ILfgwsby.
LGOIl IEIOMJOT0, WsdBOMOBMOL yogerols MHm
LEOYWOHE S0EYS 06FIJHMO0 30603900l ©Mbgdy.
9B MM FgMYIO0M ASBOHPOEO 0ym BsdMgddo. EMS-ol
3960989, B59dEHMM00L 3930l MM 250bsM©s CIS-ol
3990093 000m00E0BsE30GOHO LEGHMILOL FgIYROW, OMYMO3
0b@od@Hmemo, oby  gmbsyd@mdomemo 3060533900l
3030350380 GluR-ob d99339mds d9030MH®s QS SMPAS
EMS-ob 9990092,

5336s. CIS 0f393L 303m 358330 GluR-gd0l 899306905,
653 350Mm0bs3gds LogMmEOMO JgblogMgdOL gowgsMglgdom.
EMS 5000996L GluR -gdol 999339 mdsl. bdgbmdmogo
3m®3mbgdol s®MLGdMdOL Jgdmbgggzsdo, EMS-ob gi39d@o
GluR-%bg 30600sq0w®os.

153356dm Lo@yzgodo:

999 BHOMsb0EHwGO UGHodMms30o, 303m35830,

3W3MIMO G0N0 69393EHMMJO0, LGHMILO, bglo

330935 Bo@ods mms  OLlomeggerol  gMHmgbmero
1599300gM™ Bmbol FbsmsFgmoom N FR-19-185
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