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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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Abstract.
A mental disorder is a condition that affects an individual's 

cognition, emotional regulation, or behavior, causing distress 
or impairing main areas of functioning. The effects of 
electromagnetic stimulation (EMS) and oxytocin (OXY) on 
blood corticosterone (CORT) levels in immobilized (10 days, 
2 hours a day or one time, 2 hours) male and female rats while 
accounting for their sex hormone levels were studied. The 
experiments were conducted on intact and gonadectomized 
rats. As a result of immobilization, the content of CORT in the 
blood increased in both groups of rats. Chronic immobilization 
stress dysregulates HPA axis function in rats of both sexes. 
Repeated EMS and OXY intranasal (IN OXY) (18 IU) (after 
each session of immobilization) or intracerebroventricular (1 μl/
animal) returned the blood CORT level to normal. The effects of 
EMS and IN OXY were significant in intact rats compared with 
gonadectomized rats. EMS and IN OXY enhance the negative 
feedback of CORT.

Key words. Oxytocin, electric-magnetic stimulation, 
corticosterone.
Introduction.

According to the World Health Organization (WHO), one in 
eight people globally lives with a mental disorder, impacting 
approximately 970 million individuals. The American and 
British Medical Societies have highlighted that immobility 
can lead to serious health issues, including cardiovascular 
disease, cancer, diabetes, and various mental health disorders, 
contributing to behaviors characteristic of depression. The 
investigation of disorders arising from a sedentary lifestyle 
is particularly critical among younger populations, as their 
neuroendocrine systems are still developing during this 
formative period, coinciding with significant changes related to 
sexual maturation. Furthermore, passive and inactive behavior 
can be viewed as a form of chronic, moderate stress [1-7].

The hypothalamic-pituitary-adrenal (HPA) axis plays a crucial 
role in modulating the physiological responses of mammals 
to psychological and physiological stimuli. Within the 
hypothalamus, nerve impulses triggered by stress are converted 
into an endocrine response. The paraventricular nucleus serves 
as a complex integration center, processing neuroendocrine, 
autonomic, cognitive, and emotional signals to regulate 
glucocorticoid secretion [8-14].

Corticotropin-releasing hormone (CRH) and arginine 
vasopressin, both synthesized in the paraventricular nucleus, 
stimulate the release of adrenocorticotropic hormone (ACTH). 
ACTH then enters the bloodstream, prompting the adrenal 
cortex to produce glucocorticoids—cortisol in humans and 
CORT in rodents. A negative feedback mechanism ultimately 
inhibits further glucocorticoid release [15-21]. While acute and 

time-limited increases in glucocorticoid levels are adaptive, 
prolonged elevations are linked to serious health issues, 
including ventricular enlargement, cerebral atrophy, cognitive 
impairment, and potential neurotoxicity. Extended high levels 
of cortisol can also lead to damage in the hippocampus, further 
impacting cognitive function [17,22,23].

Antidepressant medications can effectively treat moderate 
stress-induced depression; however, approximately 25% to 30% of 
patients remain resistant to these treatments. Consequently, modern 
psychiatric research is focused on exploring new approaches to 
antidepressant therapy to help this group of patients.

One promising method is electromagnetic stimulation (EMS), 
a non-invasive treatment that may serve as a valuable adjunct to 
traditional therapies. In 2008, the Food and Drug Administration 
(FDA) approved transcranial magnetic stimulation (TMS) for 
the treatment of resistant forms of depression, highlighting its 
potential to positively impact patient outcomes.

Oxytocin (OXY) plays a crucial role in the formation of 
interneuron connections [21]. Its secretion is significantly 
influenced by the levels of sex hormones in the blood [6]. OXY 
mRNA has been identified in the ventromedial hypothalamus 
(VMH) and the paraventricular nucleus (PVN) [7], both of 
which are involved in regulating steroid-dependent behaviors. 
Conversely, chronic stress can alter the levels of sex hormones 
in the bloodstream.

The objective of this study was to investigate how EMS and 
OXY affect CORT levels in the blood of immobilized rats of 
both sexes, while also taking into account their respective sex 
hormone levels.
Materials and Methods.

The study involved white rats of both sexes, weighing 
between 150-200 g, divided into two groups: intact (Group I) 
and gonadectomized (Group II). The rats were allowed to eat 
and drink ad libitum. Under light ether anesthesia, the testes 
and ovaries of the rats in group II were removed. The rats were 
then allowed to recover for two weeks post-gonadectomy before 
being used in the experiment.

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.

To model moderate stress, we selected chronic immobilization 
for a period of 10 days, with a duration of 2 hours per day. We 
placed the rat in an organic glass cage with a partition that could 
be moved. The location of the partition was adjusted based on 
the size of the rat to ensure immobility for the required duration.

To stimulate rats using electromagnetic field (EMF), we 
utilized a tool developed by Tbilisi Polytechnic University. This 
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tool enables us to manipulate the EMF parameters with special 
manipulators. During the experiment, we tested the physical 
parameters of the EMS and selected the following parameters 
for stimulation: frequency of 15000 Hertz (1 m/Tesla) for 20 
minutes a day during 10 days. Our study aimed to investigate the 
potential effects of EMF on blood CORT levels. Consequently, 
we examined both groups of rats—those exposed to EMF and 
those not exposed—to assess the impact of the stimulation. 

In order to complete our task, we conducted our experiment 
in two stages. During the first stage, we divided the male and 
female rats from Groups I and II into five smaller groups. In 
four of these experimental groups, we subjected the rats to a 
single two-hour immobilization and measured the CORT levels 
in their blood one and two hours after immobilization. Prior 
to immobilization, we administered intracerebroventricular 
intraventricular injections of saline and OXY (at a dose of 1 
μl/animal) to the rats. In some cases, rats also received EMS 
immediately after the saline or OXY injection. The fifth 
group served as a control group and was not subjected to 
immobilization. In total, there were 20 rats in this control group.

During the second series of our experiment, we immobilized 
both Group I and Group II rats for 20 days. After each 
immobilization session, one subgroup of rats was given 
intranasal injections of OXY at a dosage of 18 IU (IN OXY). 
For the second subgroup, we administered EMS for 10 days 
after immobilization. In the third subgroup, we exposed EMS 
for 10 days after IN OXY administration. Each subgroup had 
five rats. After the experiment, we analyzed CORT levels in the 
blood using the immunoenzymatic method (ELIZA).
Data analysis.

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

Basal CORT levels were determined in intact male and female 
rats. The results indicated that female rats exhibited higher 
CORT levels compared to their male counterparts. 1 hour after 
a single 2-hour immobilization, the blood CORT level increased 
from 87.45±1 to 165±37.38 in females, and from 38.26±13 to 
129±21.15 in males (in both cases P≤0.01). After 2 hours of 
immobilization, CORT content almost returned to normal 
(92.45±18 females, 39.4±11 males). Before immobilization, on 
the background of single intracerebroventricular administration 
of OXY, the content of CORT in stressed female and male rats 
remained within the normal range, 76.32±9 and 42.65±12.08, 
respectively, and was almost equal to the data of intact, non-
stressed rats. Accordingly, the increase in the content of OXY 
inhibited the increase in CORT in the blood, which can be 
explained by its direct effect on the hypothalamic-pituitary axis. 
The mentioned fact should also indicate suppression of fear and 
alarm reaction.

In gonadectomized, intact rats, the blood CORT levels were 
similar to those in intact rats. Female rats had higher blood 
CORT levels (76.3±9) compared to male rats (36.54±62). After 
being immobilized for an hour, the blood CORT levels sharply 
increased in both males and females: in females increased from 

76.3±9 to 230±36.5, while in males, it increased from 36.54±62 
to 138.3±34 (P<0.01 in both cases). An injection of OXY into 
the brain's ventricular system reduced the CORT levels in 
stressed gonadectomized female rats from 230±36.5 to 161±17 
and in males from 138.3±34 to 96±11 (P<0.01 in both cases). 
The amount of CORT in the rats was significantly higher than 
that of intact immobilized rats.

Based on research, the impact of OXY on blood CORT levels 
depends on peripheral sex hormones. In male and female rats, 
OXY might increase negative feedback on both the pituitary 
gland that secretes adrenocorticotropic hormone and the 
hypothalamus.

After being administered OXY, the CORT levels in male and 
female rats in groups I and II were not affected by a single EMS 
treatment within 20 minutes. These results were similar to those 
observed after just OXY administration. Therefore, repeated 
stimulation is necessary to achieve the effects of EMS.

To determine the effect of long-term exposure to OXY and EMS 
on stress-induced reactions, we studied the effect of EMS and OXY 
on the blood CORT level depending on peripheral sex hormones in 
stressed (20-day immobilization) and unstressed rats.

As a result of 20-day immobilization, the content of CORT in 
intact rats increased from 87.45±12 to 118±9 in females, from 
38.26±13 to 75±8 in males (P<0.01 in both cases) ng/ml. IN 
OXY for 20 days after each immobilization session reduced the 
content of CORT from 118±9 to 93.4±6 in females, from 75±8 
to 59.5±1 in males (both P<0.01) ng/ml. EMS for ten days after 
immobilization (20 minutes per day) also reduced the blood 
CORT level in females (89.5±7) and males (51.4±3) ng/ml. With 
sequential exposure to OXY and EMS, these data decreased 
even more to 74 ± 5 in females and 41 ± 2 (in both cases, P < 
0.01) ng/ml. Therefore, this indicates the normalization of this 
indicator.

As a result of immobilization, ovariectomized females showed 
a significant increase in blood CORT level from 76.3±9 to 
189±12 (females) and from 36.54±6 to 135±21 (males) (in both 
cases P<0.01) ng/ml. IN OXY administration after each session 
of immobilization (without EMS), decreased the blood CORT 
level in both sexes of groups I and II of rats. However, these 
data were inferior to the results obtained with simultaneous 
exposure to OXY and EMS (see Figures 1 and 2). After each 
immobilization session, IN OXY (10 days) and EMS over the 
next 10 days returned the blood CORT level to basic both in 
females 74±5 and in males 41±2 (in both cases P<0.01) ng/ml.

In the absence of peripheral sex hormones, the blood CORT 
level of gonadectomized female and male rats (189±12 and 
135.7±21) was significantly higher than in intact female 
and male rats (118±9 and 75±8). Therefore, sex hormones 
play an essential role in maintaining the activity of the HPA 
axis and regulating negative feedback. IN OXY, as well as 
EMS, decreased the CORT levels. However, its content was 
significantly higher than in intact stressed and gonadectomy 
unstressed rats. As a result of simultaneous exposure to OXY 
and EMS, the blood CORT level further decreased, although 
it remained significantly elevated compared to the data of 
unstressed rats (P<0.01).
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Discussion.
Changes in the level of sex hormones affect the release of 

CORT in response to exposure to a stressor [9,15]. According 
to our data, after prolonged immobilization without peripheral 
sex hormones, the blood CORT level in gonadectomized female 
and male rats was significantly higher than in intact ones.

Sex hormones act on the sex receptors of the hypothalamic-
pituitary-adrenal axis and thus change its activity. Androgens, 
testosterone, and its metabolite dihydrotestosterone bind to 
androgen receptors (ARs). Estrogens bind to two different types 

of estrogen receptors: ERα alpha and ERβ beta. These receptors 
belong to the nuclear receptor subfamily, which includes the 
mineralocorticoid (MRs), GluRs, and progesterone receptors 
(PRs). Sex hormones can bind to intracellular receptors and 
cause changes by altering gene transcription, but they can also 
have a rapid effect by activating membrane-bound estradiol 
receptors. These receptors act by activating the G protein [4,18].

 It has been confirmed that the cerebral cortex, hippocampus, 
bed nucleus stria terminalis (BNST), and mediopreoptic areas 
(MPOA) of the hypothalamus contain AR, ERα, and ERβ 

Figure 1. Dynamics of changes in the level of CORT in the blood (ng/ml) 1 and 2 hours after a single 20-minute immobilization, under conditions 
of intracerebroventricular administration of OXY, as well as against the background of sequential exposure to OXY and EMS in rats of both sexes 
of groups I (intact) and II (gonadectomy).

Figure 2. Dynamics of changes in the blood CORT level (ng/ml): during prolonged immobilization (20 days, 20 minutes a day), IN OXY 
administration before each session of immobilization, EMS (10 days after immobilization), and simultaneous exposure to IN OXY and EMS in I 
(intact) and II (gonadectomy) groups of rats of both sexes.
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receptors. The female hormone estradiol can affect the PVN 
directly, as well as triggering higher brain structures to send 
signals to the PVN. Meanwhile, the male hormone testosterone 
has an indirect effect on the PVN but can impact the MPOA and 
BNST of the hypothalamus directly [10,11,14,23].

 The estrous cycle also changes the activity of the HPA 
axis. In particular, during diestrus, when the estradiol content 
decreases, the secretion of glucocorticoids increases, and in 
response to stress factors, these animals resemble male rats. In 
female rats during proestrus and estrus, when estradiol secretion 
is maximal, basal and stress-induced increases in ACTH and 
CORT secretion are characteristic. Progesterone reduces the 
activity of the HPA axis. Thus, when evaluating estradiol HPA-
axis activity, the estrous cycle phases should be considered 
[4,18].

OXY is a neuropeptide hormone that regulates smooth muscle 
contraction for reproduction and lactation. It is also involved in 
the formation of attachment and social bonds [1,12]. Various 
stressors can trigger the OXY secretion in the blood and the 
brain. OXY receptors are detected in many brain regions rich in 
glucocorticoid receptors, suggesting that OXY may help inhibit 
neuroendocrine stress responses. This hypothesis was confirmed 
by the observation of stressed children, who had decreased 
levels of OXY in their urine, and women who were victims of 
childhood abuse [13]. They had a decrease in the concentration 
of OXY in their cerebrospinal fluid. In our case, OXY decreased 
the blood CORT level in stressed rats.

During our experiment, we administered oxytocin intranasal 
[3,5]. There are three potential functional pathways through 
which OXT can enter brain structures, and these pathways 
are not mutually exclusive. The first is the vascular route, 
either directly from the nasal vein or indirectly through the 
lymphatic vessels ultimately reaching the cerebral blood vessels 
through specific transport mechanisms. The second pathway 
is neurological; olfactory sensory paravascular neurons may 
respond to OXT, possibly through their AVP1a receptors, 
leading to changes in their activity patterns. The third pathway 
involves multiple perineural spaces that allow OXT to reach 
the subarachnoid space, which is filled with cerebrospinal 
fluid. [19,22]. Research has shown that OXT levels increase in 
microdialysates from both the hippocampus and the amygdala, 
peaking 30 to 60 minutes after nasal administration [8]. Thus, 
IN OXT can indeed reach behaviourally important areas of the 
brain and affect memory processes. 

Alterations in OXY and CORT secretion response to stress 
may contribute to an individual's vulnerability to the effects 
of stress. Conversely, the mutual regulation between these 
two hormones may underlie resilience to stress. Resilience is 
a dynamic, interactive process of coping with traumatic stress, 
reducing feelings of vulnerability in new environments, and 
maintaining relatively normal physical and psychological 
functioning. In contrast, vulnerability can be defined as the 
rapid development of harmful physiological and psychological 
processes resulting from exposure to trauma, culminating 
in psychiatric disorders [2,22]. OXY released from the 
hypothalamus and adenohypophysis can inhibit CRF and ACTH 
secretion. Therefore, circulating OXY may inhibit CORT 

secretion directly from the adrenal glands. Our results provide 
significant evidence to support the existence of a relationship 
between these two hormones.

The HPA axis and the OXY buffer systems work together to 
maintain balance and achieve homeostasis. When homeostasis 
is disrupted, various pathologies may develop. Our research in 
conjunction with data from others, suggest that brain OXY can 
help regulate the stress-induced activity of the HPA axis and 
facilitate the return of CORT levels to normal after stress. In 
our study, we observed the anxiolytic effects of OXY during 
immobilization stress, as it reduced anxiety and normalized 
CORT levels.

Our data shows that in intact rats with peripheral sex hormones, 
OXY reduced CORT levels in the blood through both intranasal 
and intracerebroventricular effects. This might be due to the 
activation of ERβ in PVN. In gonadectomized rats, the outcome 
of OXY on blood CORT level is minimal. These experimental 
results, when viewed alongside existing scientific literature, 
underscore the critical role of peripheral sex hormones and the 
influence of OXY in modulating blood CORT levels in response 
to stress.

Exposure to experimentally selected parameters of EMS 
reduced stress responses. In particular, EMS decreased the 
CORT level in the blood and did not cause side effects. 
Therefore, EMS is a non-invasive treatment method with 
therapeutic effects. How EMS restores baseline CORT levels 
after stress is unclear. One of the ways is affecting the expression 
of sex hormone receptors in HPA axis structures and the PVN 
of the hypothalamus because the effects of EMS were observed 
only in intact rats. So, peripheral sex hormones are critical in the 
implementation of EMS effects. Under the influence of EMS, 
the sedative effect of OXY is strengthened.

 Exposure to the experimentally selected parameters of EMS 
effectively reduced stress responses, notably decreasing blood 
CORT levels without causing any side effects. This suggests 
that EMS is a non-invasive treatment method with therapeutic 
potential. However, the exact mechanism by which EMS 
restores baseline CORT levels after stress remains unclear. 
One possibility is its influence on the expression of sex 
hormone receptors in HPA axis structures and the PVN of the 
hypothalamus, as the effects of EMS were observed only in 
intact rats. This indicates that peripheral sex hormones play a 
crucial role in mediating the effects of EMS.

Additionally, under the influence of EMS, the sedative effect of 
OXY appears to be enhanced, further supporting the therapeutic 
potential of this treatment approach.
Conclusion.

Chronic immobilization stress dysregulates HPA axis 
function in rats of both sexes. Gender differences are related to 
circulating gonadal hormones. EMS mitigates the persistent rise 
in blood CORT levels. Notably, in the absence of sex hormones, 
EMS proves less effective. Both intracerebroventricular and 
intranasal administration of oxytocin significantly reduce 
blood CORT levels, suggesting activation of negative feedback 
mechanisms. Additionally, the sedative and anxiolytic effects of 
OXY intensify with repeated exposure to EMS.
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Электромагнитная стимуляция регулирует уровень 
кортикостерона в крови у обездвиженных крыс: 
гендерные различия
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Абстракт
Психическое расстройство — это состояние, которое 

влияет на когнитивные способности, эмоциональное 
регулирование или поведение человека, вызывая дистресс. 
Изучено влияние электромагнитной стимуляции (EMS) 
и окситоцина (OXY) на уровень кортикостерона в крови 
(КОРТ) у иммобилизованных (10 дней, 2 часа в день 
или однократно, 2 часа) крыс-самцов и самок с учетом 
уровня половых гормонов. Эксперименты проведены на 
интактных и гонадэктомированных крысах. В результате 
иммобилизации содержание КОРТ в крови увеличивалось 
у обеих групп крыс. Хронический иммобилизационный 
стресс нарушает регуляцию функции гипоталамо-
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гипофизарно-надпочечниковой оси у крыс обоего пола. 
Повторные EMS и интраназальное введение OXY (IN 
OXY) (18 UI) (после каждого сеанса иммобилизации) или 
интрацеребровентрикулярно (1 мкл/животное) возвращали 
уровень КОРТ крови к норме. Эффекты EMS и IN OXY 

были значимыми у интактных крыс по сравнению с 
крысами, подвергшимися гонадэктомии. EMS и IN OXY 
усиливают отрицательную обратную связь КОРТ.

Ключевые слова: окситоцин, элетро-магнитная 
стимуляция, кортикостерон.


	Title

