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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 GluR changes were established in intact 
and gonadectomized rats. The study's goals were to determine 
the effect of CIS on spatial learning and GluR 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 GluR 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]. 

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 
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[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-

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 (200–250 g): intact, intact+EMS, 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 15±2 sec and male rats in 25±3 
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 29±8 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 263±9 sec to 134±8 sec (P≤0.01) however 
it was significantly longer than in castrated unstressed rats 
(41±6 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 220±9 
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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.

Figure 2. Learning dynamics in intact stressed and unstressed female rats with and without EMS in the multi- brunch maze test.

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 132±5 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 NR3C1 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 GluR levels was detected in stressed 

male rats compared to females. After CIS GluR 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 4.2±0.37 ng/
ml) (both cases, P≤0.01). At the same time, EMS improved the 

Figure 4. Learning dynamics of intact stressed and unstressed castrated male rats with and without EMS in the multi-brunch maze test.

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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Figure 6. The effect of CIS on maze passage time in gonadectomized rats of both sexes exposed to EMS.

Figure 7. EMS effects on Hippocampal GluR levels (ng/ml) in intact stressed and unstressed male and female rats.

Figure 8. EMS effects on Hippocampal GluR levels (ng/ml) in gonadectomized stressed and unstressed male and female rats.
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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 3.37±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 GluR 
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 GluR 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 a result, 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.

As a result of gonadectomy, the trajectory passing time 
increased, while the GluR 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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Электромагнитная стимуляция предотвращает 
стрессом вызванное ухудшение пространственной 
памяти

Букия Н.Г., Буцхрикидзе М.П., Мачавариани Л.И., 
Сванидзе М.Дж, Нозадзе Т.Н.

Центр экспериментальной биомедицины им. Ив 
Бериташвили, Тбилиси, Грузия

Абстракт
В ответ на физический и психологический стресс 

активируются нейробиологические процессы для 
поддержания гомеостаза. Стресс изменяет активность 
гипоталамо-гипофизарно-надпочечниковой системы (ГГН). 
Механизм этого эффекта пока не ясен. Для формирования 
умеренного стресса была выбрана модель хронического 
иммобилизационного стресса- CIS (ограничение 
двигательной активности по 2 часа ежедневно в течение 20 
дней).

Влияние CIS на когнитивную функцию (тест приподнятого 
многоветвевого лабиринта) и уровень глюкокортикоидных 
рецепторов (GluR) в гиппокампе изучали у взрослых крыс 
обоего пола. Электромагнитная стимуляция (EMS) является 
эффективным и неинвазивным методом лечения. После 
окончания CIS у интактных и гонадэктомированных крыс 
устанавливали параметры EMS (10 000–15 000 Гц, 1,5 м/Т, 
20 мин, 10 сут) которые позитивно влияли на когнитивную 
функцию и изменения GluR. Цель исследования было 
определить: а. влияние CIS на пространственное обучение 
и содержание GluR в гиппокампе; б. способность EMS 
предотвращать или восстанавливать расстройства, 
развившиеся в ответ на стресс; и с. зависят ли возникшие 
реакции на стресс от половых гормонов.

Выявлено, что иммобилизационный стресс увеличивает 
время прохождения лабиринта и количество ошибок как 
у самцов, так и у самок крыс. Влияние стресса у самцов 
крыс было более значительным, чем у самок. Гонадэктомия 
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увеличивала время прохождения лабиринта независимо 
от пола. EMS в течение десяти дней положительно влиял 
на пространственное обучение. У самок, подвергшихся 
стрессу, время прохождения лабиринта полностью 
восстанавливалось до уровня интактных крыс, хотя у 
самцов это время оставалось относительно высоким. 
Время прохождения траектории увеличилось после десяти 
дней стресса без EMS. В результате иммобилизационного 
стресса как у интактных, так и у гонадэктомированных 
крыс содержание GluR снижалось в гиппокампе и 
восстанавливалось после EMS.

Заключение. CIS вызывает снижение GluRs в гиппокампе, 
что проявляется в ухудшении пространственной памяти. 
EMS восстанавливает экспрессию GluR и облегчает 
выполнение поставленной задачи. В отсутствие половых 
гормонов эффекты EMS на GluR минимальны. 

Ключевые слова:
Электромагнитная стимуляция, гиппокамп, 

глюкокортикоидные рецепторы, стресс, пол
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ივ.ბერიტაშვილის ექსპერიმენტლი ბიომედიცინის 
ცენტრი, თბილისი, საქართველო

აბსტრაქტი
ჰომეოსტაზის შესანარჩუნებლად ფიზიკური და 

ფსიქოლოგიური სტრესის საპასუხოდ აქტიურდება 
ნეირობიოლოგიური პროცესები. სტრესი ცვლის 
ჰიპოთალამურ-ჰიპოფიზურ-თირკმელზედა ჯირკვლის 
(HPA) ღერძის აქტივობას. ამ ზემოქმედების მექანიზმი 
ჯერ კიდევ არ არის ბოლომდე ახსნილი. ზომიერი 
სტრესის ფორმირებისთვის არჩეული იქნა ქრონიკული 
იმობილიზაციის სტრესის მოდელი - CIS (მოტორული 
აქტივობის შეზღუდვა 2-2 საათით დღეში, 20 დღის 
განმავლობაში).

CIS-ის ეფექტი კოგნიტურ ფუნქციაზე (ამაღლებული 
ლაბირინთის ტესტი) და გლუკოკორტიკოიდური 
რეცეპტორების (GluR) რაოდენობაზე ჰიპოკამპში 
შესწავლილი იყო ორივე სქესის ზრდასრულ 
ვირთაგვებში. ელექტრომაგნიტური სტიმულაცია (EMS) 
არის ეფექტური და არაინვაზიური მკურნალობის 
მეთოდი. CIS-ის დასრულების შემდეგ, ხდებოდა 
ინტაქტური და გონადექტომიზებული ვირთაგვების 
EMS (10,000-15,000 Hz, 1.5 მ/ტ, 20 წთ, 10 დღე), რამაც 
დადებითად იმოქმედა კოგნიტურ ფუნქციაზე და GluR 
ცვლილებებზე. კვლევის მიზანი იყო დაგვედგინა: ა. 
CIS-ის გავლენა სივრცულ დასწავლაზე და GluR-ის 
შემცველობაზე ჰიპოკამპში; ბ. EMS-ის უნარი, თავიდან 
აიცილოს ან შეცვალოს სტრესთან დაკავშირებული 
დარღვევები; და გ. დამოკიდებულია თუ არა სტრესზე 
აღმოცენებული რეაქციები სასქესო ჰორმონებზე.

გამოვლინდა, რომ CIS ზრდის ლაბირინთში გავლის 
დროს და შეცდომების რაოდენობას როგორც მამრ, 
ისე მდედრ ვირთაგვებში. მამრ ვირთაგვებში სტრესის 
ეფექტი უფრო მნიშვნელოვანია, ვიდრე მდედრებში. 
გონადექტომიამ გაზარდა ლაბირინთის გავლის დრო 
სქესის მიუხედავად. ათი დღის განმავლობაში EMS-
მდადებითად იმოქმედა სივრცით დასწავლაზე. 
სტრესირებულ მდედრებში, ლაბირინთის გავლის დრო 
სრულად აღდგა ინტაქტური ვირთაგვების დონემდე. 
ეს დრო შედარებით გაზრდილი იყო მამრებში. EMS-ის 
გარეშე, ტრაექტორიის გავლის დრო გაიზარდა CIS-ის 
შემდეგ. იმობილიზაციური სტრესის შედეგად, როგორც 
ინტაქტური, ისე გონადექტომიური ვირთაგვების 
ჰიპოკამპში GluR-ის შემცველობა შემცირდა და აღდგა 
EMS-ის შემდეგ.

დასკვნა. CIS იწვევს ჰიპოკამპში GluR-ების შემცირებას, 
რაც გამოიხატება სივრცითი მეხსიერების გაუარესებით. 
EMS აღადგენს GluR -ების შემცველობას. სქესობრივი 
ჰორმონების არარსებობის შემთხვევაში, EMS-ის ეფექტი 
GluR-ზე მინიმალურია.

საკვანძო სიტყვები:
ელექტრომაგნიტური სტიმულაცია, ჰიპოკამპი, 

გლუკოკორტიკოიდული რეცეპტორები, სტრესი, სქესი

კვლევა ჩატარდა შოთა რუსთაველის ეროვნული 
სამეცნიერო ფონდის მხარდაჭერით N FR-19-185


	Title

