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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.
Background: Early-life stress is a known risk factor for adult 

cognitive deficits, mediated in part by disruption of hippocampal 
estrogen receptors and neurotransmitter systems. Tamoxifen, 
as a selective estrogen receptor modulator, worsens cognitive 
function. Electromagnetic stimulation (EMS) helps improve 
this process.

Aim: The aim of study was investigating the effects of early-
life immobilization stress and tamoxifen on hippocampal ERα, 
ERβ, NMDA, AMPA, and GABA receptor expression in rats, 
and to evaluate whether EMS mitigates these effects. Methods: 
Newborn rats were divided into six groups (n = 7/group): 
control, control+EMS, immobilization, immobilization+EMS, 
tamoxifen, and tamoxifen+EMS. Chronic immobilization or 
tamoxifen was applied during postnatal days 1–20. EMS was 
applied during days 21–30. Receptor levels were quantified via 
appropriate biochemical assays on postnatal day 80.

Results: Tamoxifen significantly suppressed ERα and ERβ 
expression, while stress mainly reduced ERβ. NMDA receptor 
levels were reduced by both tamoxifen and stress. AMPA 
receptors was increased by tamoxifen but normalized by EMS. 
GABA receptors expression increased in stressed and tamoxifen 
groups, and decreased with EMS. EMS significantly restored 
ERβ and partially normalized NMDA and GABA levels.

Conclusion: Early-life stress, as well as tamoxifen, disrupt 
hippocampal receptor homeostasis, which may lead to cognitive 
decline in adulthood. EMS has the potential to normalize these 
neurochemical alterations. Research in this direction may 
contribute to the development of new therapeutic approaches 
aimed at preventing stress-induced impairments originating in 
early life.

Key words. Chronic stress, receptors, electromagnetic 
stimulation.
Introduction.

The hippocampus plays a central role in learning, memory, 
and emotional regulation, and it is particularly sensitive 
to hormonal and environmental influences during early 
development [1-4]. Among the key modulators of hippocampal 
function are estrogen receptors (ERs), especially ERα and ERβ, 
which mediate the effects of estradiol on neurogenesis, synaptic 
plasticity, and stress responses. Early postnatal stress can 
disrupt the normal development of hippocampal neural circuits, 
potentially leading to long-term impairments in cognitive and 
emotional functioning, and increasing vulnerability to various 

neuropsychiatric disorders in adulthood [5-12].
The effects of estrogens on hippocampal function have been 

extensively studied by neuroendocrinologists and widely 
accepted in neuroscience as general neuromodulators of 
cognitive processes. Estrogens exert numerous effects in multiple 
cognitive brain areas in both sexes [2,13]. Estradiol enhances 
long-term potentiation and cognitive function by acting through 
specific receptors. It also provides neuroprotective effects 
during times of stress and injury [5,14-16]. 

Understanding how estrogenic signaling contributes to 
memory formation has the potential to inform the development 
of novel therapeutic strategies for neurodegenerative diseases, 
mood disorders, and other conditions characterized by cognitive 
decline. Effective treatments for memory loss are currently 
insufficient, emphasizing the urgent need to understand the 
neural mechanisms involved in memory formation during early 
life, particularly those influenced by estrogens. Moreover, 
such information will expand our overview of memory 
formation. Estrogens and related sex-steroid hormones, as 
important neuromodulators of memory formation, will provide 
fundamental insights into the neurobiology of memory and new 
avenues for drug development.

Chronic stress, especially during early postnatal life, can 
disrupt the hypothalamic-pituitary-adrenal (HPA) axis and 
impair hippocampal plasticity. This disruption may lead to 
long-term deficits in memory and emotional regulation [10]. 
Additionally, exposure to stress can downregulate the expression 
of estrogen receptor beta (ERβ) in the hippocampus, increasing 
susceptibility to mood disorders and cognitive dysfunction [17-
19]. 

Intracellular processes are initiated by the binding of 
17β-estradiol (E2) to the G protein-coupled estrogen receptor 
(GPER). Additionally, there can be functional interactions 
between the canonical estrogen receptors (ERα and ERβ) 
and other receptors located at the cell membrane, such as 
metabotropic glutamate receptors (mGluRs) and NMDA/
AMPA receptors. Stress-related changes in glutamatergic (such 
as NMDA and AMPA) and GABAergic neurotransmission can 
disturb the balance between excitatory and inhibitory signals, 
further impairing hippocampal function [6,9,11,14].

Tamoxifen, a well-known selective estrogen receptor 
modulator (SERM), is frequently utilized in experimental models 
to effectively block estrogen signaling pathways. Although 
tamoxifen primarily acts as an antagonist in neural tissues, its 
specific effects on estrogen receptor (ER) expression within 
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Materials and Methods.
Animals and Experimental Design: The experiments were 

conducted on white female rats, divided into six experimental 
groups: 1. Control (I), Control + EMS (II), Immobilization (III), 
Immobilization + EMS (IV), Tamoxifen (V), Tamoxifen + EMS 
(Group VI). Each experimental group consisted of 7 animals 
(n = 7) The rats were allowed to eat and drink ad libitum. All 
experimental procedures were performed 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, Tbilisi, 
Georgia.

Chronic immobilization (2 hours/day) was applied from 
postnatal day (PN) 1 to 20. Chronic Immobilization Stress (CIS) 
in early postnatal age were additionally caused social stress - 
pups were separated from mother during 2 hours. The rats were 
placed separately 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.

Tamoxifen (dose: 100 μg ⁄ 0.1 ml in sesame oil) was 
administered intraperitoneally during postnatal days PN1– 
PN20. 

In both CIS and Tamoxifen treated rat’s EMS was applied 
for 10 consecutive days (PN 21–PN 30). Electromagnetic 
field (EMF) parameters: of 15,000 Hz frequency and 1 mTesla 
intensity, applied for 20 minutes per day over a period of 10 
days.

Animals were sacrificed on PN 80 for biochemical analysis.
Tissue Processing and Receptor Quantification: Hippocampal 

CA1 field tissue was isolated and receptor levels of ERα, ERβ, 
NMDA, AMPA, and GABA were measured using enzyme-
linked immunosorbent assay (ELISA): ERβ [ESR2 elisa kit: 
Rat Estrogen receptor beta ELISA Kit, Catalog #MBS284679, 
https://www.mybiosource.com/esr2-rat-elisa-kits/estrogen-
receptor-beta/284679], ERα – [ERalpha elisa kit: Rat Estrogen 
Receptor Alpha ELISA Kit, Catalog # MBS726536, https://www.
mybiosource.com/eralpha-rat-elisa-kits/estrogen-receptor-
alpha/726536], NMDA [NMDA-R1 elisa kit :: Rat N-methyl-D-
aspartate receptor 1 ELISA Kit, Catalog #MBS724735 https://
www.mybiosource.com/nmda-r1, AMPA- [AMPA elisa kit: 
Rat AMPA receptor (Glutamate receptor 1) ELISA Kit, Catalog 
# MBS7612453, https://www.mybiosource.com/rat-elisa-kits/
ampareceptor-glutamatereceptor1/7612453] GABA [GABA 
elisa kit : Universal GABA (Gamma-aminobutyric acid) ELISA 
Kit, Catalog # MBS7612758 https://www.mybiosource.com/
gaba-elisa-kits/gaba-gamma-aminobutyricacid/7612758] The 
results obtained were calculated based on the total protein 
concentration and expressed in ng/mg.

Estradiol secretion varies according to the phases of the estrous 
cycle. At this time the emotional state of the rat’s changes. The 
content of receptors in the hippocampus may also be altered. 
Thus, immunoenzymatically determination of receptors 
were performed at the same time of the estrous cycle - in the 
proestrus. Different phases of the estrous cycle were identified 

the hippocampus, as well as on associated neurotransmitter 
systems, remain insufficiently understood [7]. 

In previous experiments, we demonstrated that adverse 
childhood experiences (ACE)—specifically immobilization 
from PN0 to PN20 for 2 hours daily over 20 days—resulted 
in impaired spatial memory in adulthood. Stressed adolescents 
required more time to complete the correct trajectory in the 
elevated maze test and made significantly more errors compared 
to unstressed controls (https://cony2024.comtecmed.com/
wp-content/uploads/2024/09/CONy-2024-Abstract-book-and-
dividers_21.05.24.pdf, p.52,18th International World Congress 
CONy). 

Recently, non-invasive neuromodulation techniques such 
as electromagnetic stimulation (EMS) have gained attention 
for their potential to modulate brain plasticity and receptor 
expression. EMS has been shown to influence neurotrophic 
signaling, synaptic function, and mood-related behaviors in 
animal models of depression and stress [8,19]. However, little 
is known about its interaction with estrogen signaling pathways, 
particularly under conditions of hormonal blockade or early-life 
stress.

Recent study aims to examine the combined and separate 
effects of tamoxifen, chronic immobilization stress (CIS), and 
EMS on hippocampal expression of ERα, ERβ, NMDA, AMPA, 
and GABA receptors in rats. 

The selected parameters of electromagnetic stimulation 
(EMS)—15,000 Hz frequency and 1 mT intensity—were based 
on a combination of preliminary in-lab testing and existing 
literature supporting the biological safety and functional 
efficacy of low-frequency, low-intensity electromagnetic fields. 
Frequencies in the 10–15 kHz range have been reported to 
penetrate biological tissues efficiently and modulate neuronal 
excitability without inducing thermal or structural damage. 
Similarly, an intensity of 1 mT falls within established safety 
thresholds for rodent models and has been shown to induce 
central nervous system changes without adverse effects. 
Although direct studies employing this precise combination 
of parameters are limited, our previously published findings 
demonstrated that EMS applied postnatally at 15,000 Hz and 1 
mT effectively prevented stress-induced impairments in spatial 
memory in rodent models [Bukia N.G. et al., Electric-magnetic 
stimulation prevents stress-induced deterioration of spatial 
memory, Georgian Medical News, N 2 (335), pp. 46-53, 2023, 
https://pubmed.ncbi.nlm.nih.gov/37042588/]. Therefore, the 
chosen EMS protocol provided a non-invasive and behaviorally 
safe framework for investigating its potential therapeutic effects 
in the context of early-life stress.

We hypothesized that tamoxifen and CIS would disrupt the 
balance of estrogenic and neurotransmitter receptors, whereas 
EMS might restore or modulate these effects. To this end, 
we investigated changes in hippocampal neurotransmitter 
receptor expression across different experimental groups, as 
well as the potential therapeutic effects of EMS. Understanding 
these interactions could provide valuable insights into novel 
therapeutic strategies for stress-related neuroendocrine 
disorders.

https://www.mybiosource.com/esr2-rat-elisa-kits/estrogen-receptor-beta/284679
https://www.mybiosource.com/esr2-rat-elisa-kits/estrogen-receptor-beta/284679
https://www.mybiosource.com/eralpha-rat-elisa-kits/estrogen-receptor-alpha/726536
https://www.mybiosource.com/eralpha-rat-elisa-kits/estrogen-receptor-alpha/726536
https://www.mybiosource.com/eralpha-rat-elisa-kits/estrogen-receptor-alpha/726536
https://www.mybiosource.com/nmda-r1
https://www.mybiosource.com/nmda-r1
https://www.mybiosource.com/rat-elisa-kits/ampareceptor-glutamatereceptor1/7612453
https://www.mybiosource.com/rat-elisa-kits/ampareceptor-glutamatereceptor1/7612453
https://www.mybiosource.com/gaba-elisa-kits/gaba-gamma-aminobutyricacid/7612758
https://www.mybiosource.com/gaba-elisa-kits/gaba-gamma-aminobutyricacid/7612758
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by sampling the vaginal smear and cytological analysis of the 
cells under a light microscope. Changes in peripheral hormone 
levels are reflected by a changing vaginal cytology.

Data were analyzed using one-way and two-way factorial 
ANOVA, followed by Tukey’s Honestly Significant Difference 
(HSD) post-hoc test for multiple group comparisons. Statistical 
significance was considered at P ≤ 0.05.
Results and Discussion.
Estrogen Receptor Dysregulation and Impaired Plasticity.

One-way ANOVA with post-hoc Tukey HSD showed that the 
number of beta-estradiol receptors was significantly reduced 
by both immobilization (1.27±0.0694, F2,12= 271.2, Tukey 
p=0.001, P<0.01) and tamoxifen administration (1.74±0.1595, 
F2,12= 85.73, Tukey p=0.001, P <0.01) compared to control rats 
(4.3±0.0684) in adulthood in Hippocampal CA1 Region (Figure 

1). This finding is significant because ERβ plays a crucial role 
in promoting hippocampal neurogenesis, dendritic complexity, 
and long-term potentiation [16]. Suppression of ERβ during 
early development may therefore compromise the structural 
integrity and adaptive capacity of hippocampal circuits involved 
in learning and memory. ERβ expression was significantly 
restored in the tamoxifen + EMS group (4.69 ± 0.25, F2,12 
= 85.73, Tukey p=0.001, P<0.01) and in CIS group of rats 
(4.03±0.15, F2,12=271.2, Tukey p=0.001, P<0.01), suggesting 
that EMS may modulate estrogen receptor activity, possibly 
through epigenetic mechanisms, such as DNA methylation and 
histone modification—that regulate ERβ gene transcription. 
Additionally, EMS may enhance neurotrophic signaling 
pathways, including brain-derived neurotrophic factor (BDNF) 
and other growth factors, which are known to support neuronal 
survival, differentiation, and synaptic plasticity. Elucidating 

Figure 1. Effect of EMS on Estrogen Receptor Beta (ERβ) Expression in the Hippocampal CA1 Region in Control, CIS, and Tamoxifen-Treated 
Rats on Postnatal Day 80.

Figure 2. Effect of EMS on Estrogen Receptor alfa (ER α) Expression in the Hippocampal CA1 Region in Control, CIS, and Tamoxifen-Treated 
Rats on Postnatal Day 80.
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these pathways will be crucial for understanding how EMS 
promotes hippocampal resilience and cognitive function 
following stress-induced or hormonal disruptions [3,19].

It is important that, tamoxifen induced a pronounced decrease 
in ERα levels from 3.59±0.2659 to 0.224±0.067 ng/ml protein 
(F2,12 = 129.8, Tukey p =0.001, P<0.01), compared to CIS 
(3.09±0.4556, F2,12 = 6.093, Tukey p =0.030, P<0.05) effects 
(Figure 2). ERα strongly linked to synaptogenesis, spine 
density, and classical memory enhancement. Acts through 
classic nuclear transcription (slow-acting) [2]. 

EMS did not change the content of ERα in control rats. In CIS 
rats, EMS reduced ERα levels from 3.09 ±0.46 to 2.36±0.23 
(F2,12=6.093, Tukey p=0.136), although this change did not reach 
statistical significance. In the tamoxifen group, EMS showed 
a trend toward increased ERα expression, from 0.224 ±0.067 
to 0.736±0.075; however, this increase was not statistically 
significant and remained significantly lower than the baseline 
levels observed in control rats (F2,12 = 129.8, Tukey p =0.001, 
P<0.01). These findings suggest that EMS slightly modulate 
ERα expression, but further investigation is needed to determine 
the robustness and functional relevance of this effect.

This alteration in ERα expression could have substantial 
implications for glutamatergic transmission, the primary 
excitatory neurotransmission system in the brain, because it 
increases phosphorylation and membrane insertion of AMPA/
NMDA receptors [6,17]. These processes are crucial for cognitive 
functions, including learning and memory. Consequently, these 
changes may contribute to variations in cognitive performance 
among individuals undergoing tamoxifen treatment [1,2]. 
Understanding these mechanisms is vital for assessing the 
broader impacts of tamoxifen on brain health and function. 

Together, the loss of ERs (α and β) signaling likely diminishes 

the hippocampus’s ability to undergo activity-dependent plastic 
changes, increasing vulnerability to cognitive decline later in 
life.
Glutamatergic Signaling Disruption.

One-way ANOVA with post-hoc Tukey HSD revealed 
significant differences between control and CIS (P=0.001), 
control and tamoxifen treated (P=0.001) rats. NMDA receptors 
decreased in both CIS and Tamoxifen treated rats from 
0.431±0.0027 (control) to 0.286±0.0028 (CIS) (F2,12=506.5, 
P<0.01) and 0.186±0.0075 (F2,12=122.6, P<0.01) (Tamoxifen). 
EMS improved these levels to 0.466± 0.0062 (F2,12=506.5, 
P<0.01), and 0.311±0.0175 ng/mg protein (F2,12=122.6, P<0.01). 
While the Tukey test showed a significant difference (P=0.0029) 
between the immobilized and immobilized+EMS groups, the 
values remained below baseline levels (Figure 3). 

The observed downregulation of NMDA receptors in the 
tamoxifen and CIS groups suggests impaired synaptic plasticity 
at the molecular level. NMDA receptors are essential for 
calcium-dependent processes such as long-term potentiation 
(LTP), which underlies memory consolidation [14]. Their 
suppression may therefore directly impair the encoding of new 
information. 

AMPA receptor levels were significantly decreased in the CIS 
group, from 6.563±0.3010 to 4.769± 0.0910 ng/mg protein (F2,12 
= 14.77, Tukey p = 0.0053, P < 0.01). Although AMPA receptor 
expression was elevated in the tamoxifen group, increasing 
from 6.563±0.3010 to 8.42±0.1319 ng/mg protein (F2,12=20.47, 
Tukey p=0.0040, P< 0.01), this may represent a compensatory 
response to NMDA receptor downregulation. Since NMDA and 
AMPA receptors act synergistically at glutamatergic synapses, 
their imbalance could be insufficient to support functional 
synaptic plasticity [12].

Figure 3. Effect of EMS on NMDA Receptors Expression in the Hippocampal CA1 Region in Control, CIS, and Tamoxifen-Treated Rats on 
Postnatal Day 80.
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EMS increased the content of AMPA receptors in CIS rats 
(6.24±0.2946, F2,12=14.77, Tukey p =0.013, P<0.05), as well 
as in the tamoxifen group (6.46±0.2652, F2,12=20.47, Tukey 
p=0.003, P<0.01), suggesting that EMS effectively mitigated 
the stress-induced receptor downregulation (Figure 4).

The effects of estrogen, mediated through estradiol α and β 
receptors, on synaptic function are associated with increases in 
dendritic spine density [15]. The estrogen-induced enhancement 
of long-term potentiation (LTP) occurs only when the ratio of 
NMDA to AMPA transmission is elevated. 

According to our data, the ratio of NMDA to AMPA receptors 
was highest in control rats. This ratio was notably reduced during 
tamoxifen exposure (from 0.656 to 0.22) and as a result of chronic 
stress to 0.599 (Figure 4). Therefore, this regulation primarily arises 
from the modulation of ionotropic glutamate receptors, specifically 
AMPA and NMDA receptors. In hippocampal neurons, estradiol 
(E2) influences both the phosphorylation and subcellular trafficking 
of these receptors. Estradiol can positively modulate AMPAR-
mediated excitatory postsynaptic potentials, potentially leading to 
an enhancement of LTP [15].

Figure 4. Effect of EMS on AMPA Receptors Expression in the Hippocampal CA1 Region in Control, CIS, and Tamoxifen-Treated Rats on 
Postnatal Day 80.

Figure 5. Effect of EMS on GABA Receptors Expression in the Hippocampal CA1 Region in Control, CIS, and Tamoxifen-Treated Rats on 
Postnatal Day 80.
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After chronic immobilization stress, EMS increased this 
indicator in stressed (0.746) and tamoxifen (0.4) group rats 
(P<0.01). 

It can be concluded that EMS restores NMDA and AMPA 
receptors through activation of estradiol receptors, thus restoring 
excitatory transmission and promoting long-term potentiation 
of the hippocampus. The combination of these processes may 
positively affect cognitive function.

Estradiol can also increase hippocampal excitability by 
suppressing inhibitory GABAergic signaling; however, this 
mechanism varies by sex [18].
Increased GABAergic Tone and Inhibitory Dominance.

We observed increased GABA receptor expression following 
both CIS (0.53 ± 0.003, F2,12=13.17, Tukey p=0.012, P<0.05) and 
tamoxifen treatment (0.63±0.103, F2,12= 55.42, Tukey p=0.001, 
P<0.01) compared to the control group (0.39±0.003) (Figure 5). 
While GABAergic signaling is critical for maintaining neuronal 
stability, excessive inhibitory tone can suppress hippocampal 
excitability and impair memory processing. Increased GABA 
activity has been previously linked to reduced learning capacity 
in stressed animals and models of hormonal dysregulation [19]. 

This shift toward enhanced inhibition may further exacerbate 
the cognitive deficits associated with estrogen receptor 
suppression and glutamatergic dysfunction.

Notably, EMS treatment reduced GABA receptor levels in 
both immobilized (CIS) rats (from 0.53±0.003 to 0.38±0.029, 
F2,12=13.17, Tukey p=0.0084, P<0.01) and tamoxifen-treated 
rats (from 0.63±0.026, F2,12 = 55.42, Tukey p = 0.001, P<0.01), 
suggesting a restorative effect on the excitatory-inhibitory 
balance.

These findings support the therapeutic potential of EMS in 
restoring hippocampal homeostasis, which might be a reason 
of possible improving of cognitive function following early-life 
adversity. 

Collectively, the data support a model in which early-life 
stress disrupts hippocampal development by impairing estrogen 
receptor signaling, reducing excitatory neurotransmission, 
and enhancing inhibitory tone. These molecular and synaptic 
changes may underlie long-term deficits in memory and learning. 
EMS represents a promising non-pharmacological strategy for 
reversing these effects and warrants further investigation in the 
context of stress-related cognitive dysfunction.

This study has several limitations that warrant consideration. 
First, all experiments were conducted exclusively on female rats. 
While this approach was appropriate given the study’s focus 
on estrogen receptor signaling, it limits the generalizability 
of the findings to male populations. Future studies should 
include both sexes to assess potential sex-specific responses to 
early-life stress, tamoxifen exposure, and EMS intervention. 
Second, although behavioral deficits have been established in 
our previous work using tests such as the elevated plus maze 
and spatial memory tasks, behavioral and molecular data 
were not collected from the same experimental subjects in 
the current study. This separation prevents direct correlation 
between receptor alterations and functional outcomes such 
as anxiety-like behavior or cognitive performance. Future 
experiments should aim to integrate molecular and behavioral 

assessments within the same cohort to better define causal 
relationships. Third, receptor expression was evaluated at a 
single developmental time point (PN80), which limits insights 
into the temporal progression or long-term stability of EMS-
induced neurochemical changes. Longitudinal studies assessing 
receptor dynamics across multiple developmental stages would 
help determine the persistence, onset, and potential reversibility 
of these effects. Addressing these limitations in future research 
will enhance the interpretability, translational relevance, and 
therapeutic potential of the findings. 
Conclusion.

Early-life stress and Tamoxifen exposure disrupt hippocampal 
CA1 receptors balance. The suppression of ERβ and NMDA, 
along with increased GABAergic tone, may underlie long-
term cognitive deficits. EMS mitigate several of these 
alterations, especially by enhancing ERβ expression and 
restoring glutamatergic balance. These findings highlight EMS 
as a promising non-invasive intervention for stress-induced 
neuroendocrine dysfunction, with potential relevance to mood 
disorders and cognitive decline.

The research was supported by the Shota Rustaveli 
National Science Foundation N FR-22-1319.
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Стресс в раннем возрасте и тамоксифен нарушают 
баланс эстрогеновых и нейромедиаторных рецепторов 
в гиппокампе: восстановительное действие 
электромагнитной стимуляции

Букиа Н1,2, Буцхрикидзе М1,3, Сирадзе М1, Сванидзе М1, 
Мачавариани Л1.
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Аннотация
Предпосылки: Стресс в раннем возрасте является 

известным фактором риска когнитивных нарушений во 
взрослом возрасте, частично опосредованных нарушением 
функции эстрогеновых рецепторов и нейромедиаторных 
систем гиппокампа. Тамоксифен, селективный модулятор 
эстрогеновых рецепторов, может усиливать эти эффекты, 
в то время как электромагнитная стимуляция (ЭМС) 
рассматривается как перспективное неинвазивное 
нейромодулирующее вмешательство. Настоящее 
исследование направлено на изучение влияния раннего 
стресса от иммобилизации и тамоксифена на экспрессию 
рецепторов ERα, ERβ, NMDA, AMPA и GABA в гиппокампе 

крыс, а также на оценку способности ЭМС смягчать эти 
эффекты.

Методы: Новорождённые крысы были разделены на 
шесть групп (n = 7/группа): контроль, контроль+ЭМС, 
иммобилизация, иммобилизация+ЭМС, тамоксифен и 
тамоксифен+ЭМС. Хроническая иммобилизация или 
тамоксифен применялись в постнатальные дни 1–20. ЭМС 
проводилась в дни 21–30. Уровень рецепторов определяли 
с помощью соответствующих биохимических анализов на 
80-й день.

Результаты: Тамоксифен значительно подавлял 
экспрессию ERα и ERβ, в то время как стресс 
преимущественно снижал ERβ. Уровень рецепторов NMDA 
снижался как при стрессе, так и при приёме тамоксифена. 
Уровень AMPA повышался под действием тамоксифена, 
но нормализовался после ЭМС. Экспрессия GABA 
увеличивалась в группах с тамоксифеном и стрессом, 
но снижалась под влиянием ЭМС. ЭМС значительно 
восстанавливала ERβ и частично нормализовала уровни 
NMDA и GABA.

Заключение: Ранний стресс, а также тамоксифен 
нарушают рецепторный гомеостаз в гиппокампе, 
что в зрелом возрасте может привести к ухудшению 
когнитивной функции. ЭМС способствует нормализации 
нейрохимических изменений. Исследования в данном 
направлении могут способствовать внедрению новых 
терапевтических подходов для предотвращения нарушений, 
вызванных стрессовыми воздействиями в раннем возрасте.

Ключевые слова: хронический стресс, рецепторы, 
электромагнитная стимуляция
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სტიმულაციის აღდგენითი ეფექტები
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ანოტაცია
შესავალი: ადრეული ცხოვრების სტრესი რისკ-

ფაქტორია ზრდასრულ ასაკში კოგნიტური 
დეფიციტის განვითარებისათვის, რაც ნაწილობრივ 
დაკავშირებულია ჰიპოკამპში ესტროგენის 
რეცეპტორებისა და ნეირომედიატორული სისტემების 
დისრეგულაციასთან. ტამოქსიფენი, როგორც 
ესტროგენის რეცეპტორის სელექტიური მოდულატორი 
აუარესებს კოგნიტურ ფუნქციას. ელექტრომაგნიტური 
სტიმულაცია (EMS) კი ხელს უწყობს ამ პროცესის 
გაუმჯობესებას. კვლევის მიზანია მდედრ ვირთაგვებში 
შევისწავლოთ ადრეული იმობილიზაციური სტრესისა 
და ტამოქსიფენის გავლენა ჰიპოკამპში ERα, ERβ, NMDA, 
AMPA და GABA რეცეპტორების შემცველობაზე, ასევე 
დავადგინოთ EMS-ის შესაძლო თერაპიული ზეგავლენა. 
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მეთოდები: ახალშობილი მდედრი ვირთაგვები 
დავყავით ექვს ჯგუფად (n = 7/ჯგუფი): კონტროლი, 
კონტროლი+EMS, იმობილიზაცია, იმობილიზაცია+EMS, 
ტამოქსიფენი, და ტამოქსიფენი+EMS. ქრონიკულ 
იმობილიზაციას ან ტამოქსიფენის შეყვანას ვახდენდით 
PN1–PN20. EMS ტარდებოდა PN21–PN30 დღეებში. 
რეცეპტორების შემცველობას ვსაზღვრავდით 
იმუნოფერმენტული მეთოდით PN80.

შედეგები: ტამოქსიფენმა მნიშვნელოვნად შეამცირა 
როგორც ERα და ERβ-ის შემცველობა, ხოლო 
იმობილიზაციური სტრესით კი ძირითადად შემცირდა 
ERβ. NMDA რეცეპტორების დონე შემცირდა როგორც 
ტამოქსიფენის, ასევე სტრესის დროს. AMPA რეცეპტორის 
შემცველობა გაიზარდა ტამოქსიფენით, მაგრამ EMS-
ის ფონზე დარეგულირდა. GABA რეცეპტორები 

გაიზარდა სტრესის და ტამოქსიფენის ჯგუფებში, EMS-
ის შემთხვევაში კი შემცირდა. EMS-მა მნიშვნელოვნად 
აღადგინა ERβ-ის დონე და ნაწილობრივ აღადგინა 
NMDA და GABA რეცეპტორების დონე.

დასკვნა: ადრეული სტრესი, ასევე ტამოქსიფენი, 
არღვევს ჰიპოკამპის რეცეპტორულ ჰომეოსტაზს, 
რაც ზრდასრულ ასაკში შესაძლებელია გახდეს 
კოგნიტური ფუნქციის გაუარესების მიზეზი. EMS-
ით შესაძლებელია ნეიროქიმიური ცვლილებების 
ნორმალიზება. ამ მიმართულებით ჩატარებული 
კვლევები ხელს შეუწყობს ახალი თერაპიული მეთოდის 
დანერგვას ადრეულ ასაკში სტრესული ზემოქმედებით 
გამოწვეული დარღვევების თავიდან აცილებისთვის. 

საკვანძო სიტყვები: ქრონიკული სტრესი, 
რეცეპტორები, ელექტრომაგნიტური სტიმულაცია.
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