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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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EFFECTS OF LONG-TERM SOCIAL ISOLATION ON MEMORY AND DEPRESSIVE-LIKE 
BEHAVIOR IN RATS OF DIFFERENT SOCIAL STATUS
Matitaishvili T, Domianidze T, Burjanadze G, Shengelia M, Menteshashvili N.

Ivane Beritashvili Center of Experimental Biomedicine, Tbilisi, Georgia.

Abstract.
Prolonged social isolation constitutes a potent chronic stressor 

capable of inducing behavioral and neurochemical alterations 
associated with anxiety, depression, and cognitive dysfunction. 
In rodent models, dominant and submissive individuals exhibit 
distinct behavioral and neuroendocrine responses under 
conditions of social stress. The present study aimed to evaluate 
the effects of 30 days of social isolation on depressive-like and 
anxiety-like behaviors, as well as cognitive performance, in rats 
with differing social status.

Experiments were conducted on 20 groups of white laboratory 
rats (200–250 g), with three male animals per group. The animals 
were assigned to either control or experimental conditions. 
Social status within each group was determined using food- and 
water-motivation conflict paradigms. Rats in the experimental 
groups were subjected to 30 days of individual housing (social 
isolation), whereas control animals were maintained under 
standard group-housing conditions.

Behavioral assessments included the forced swim test and the 
elevated plus maze. Short-term spatial memory was evaluated 
using the Y-maze spontaneous alternation task. Serotonin 
concentrations in the hypothalamus and hippocampus were 
quantified using an enzyme-linked immunosorbent assay 
(ELISA). Statistical analysis was performed using two-way 
ANOVA followed by Tukey’s HSD post hoc test.

Under control conditions, submissive rats displayed higher 
immobility in the forced swim test and lower basal hypothalamic 
serotonin levels compared to dominant rats, whereas anxiety 
indices and short-term memory performance did not differ 
significantly. Chronic social isolation significantly increased 
immobility time and reduced the time spent in the open arms 
of the elevated plus maze in both dominant and submissive rats, 
indicating enhanced depressive- and anxiety-like behaviors. 
Anxiety-like responses were more pronounced in submissive 
rats. Isolation also impaired short-term spatial memory in both 
dominant and submissive animals, as reflected by a reduced 
spontaneous alternation ratio in the Y-maze. Neurochemically, 
hippocampal serotonin levels were significantly decreased in 
both social groups following isolation. In contrast, hypothalamic 
serotonin levels increased only in submissive rats, suggesting a 
social status–dependent neuroendocrine adaptation.

Overall, long-term social isolation induces marked behavioral 
and region-specific serotonergic alterations irrespective of 
social status; however, submissive animals demonstrate 
greater anxiety-related vulnerability and distinct hypothalamic 
serotonergic upregulation. These findings highlight the 
modulatory role of social status in stress susceptibility and 
suggest that region-specific serotonergic imbalance may 
represent a neurobiological mechanism underlying differential 
vulnerability to chronic social stress. The results underscore the 

importance of considering individual social profiles in future 
research on stress adaptation mechanisms and stress-induced 
psychopathologies.

Key words. Social isolation, anxiety and depressive-like 
behavior, serotonin, hippocampus, hypothalamus, short-term 
memory, rats.
Introduction.

The prolonged quarantine measures imposed during the 
COVID-19 pandemic have intensified scientific interest in 
the behavioral and cognitive consequences of chronic social 
stress, particularly those induced by extended social isolation 
[1,2]. Experimental evidence from animal models indicates 
that social stress can provoke depressive- and anxiety-like 
behaviors, accompanied by neuroendocrine and physiological 
dysregulation [3-5]. Specifically, social isolation has been 
associated with impairments in memory and other cognitive 
functions, as well as with elevated levels of anxiety and 
depression [4-6]. These findings underscore the critical need to 
investigate the long-term consequences of social deprivation, 
particularly in the context of unprecedented global stressors 
such as the COVID-19 pandemic [7].

Stress is known to modulate central neurotransmitter systems, 
with a particular impact on monoaminergic signaling pathways 
[5,8]. Alterations in these systems are thought to mediate many of 
the behavioral and physiological responses observed following 
stress exposure [9]. A growing body of evidence suggests that 
dysfunctions in monoaminergic neurotransmission—including 
serotonin, norepinephrine, and dopamine—play a central role 
in the pathophysiology of psychiatric disorders such as anxiety 
and depression [10,11]. Moreover, serotonin release in key brain 
regions, including the hypothalamus and hippocampus, appears 
to depend both on baseline anxiety levels and on the specific 
nature of the stressor encountered [12].

Individual neurobiological characteristics play a critical role in 
determining both the nature and the outcome of stress responses. 
In rodent models, dominant and submissive animals exhibit 
markedly divergent behavioral and neuroendocrine reactions to 
stress. Under stressful conditions, submissive rats show higher 
levels of corticosterone and serotonin compared to dominant 
rats, reflecting differences in hypothalamic–pituitary–adrenal 
(HPA) axis functioning and confirming that stress responses 
vary between social phenotypes [13-15]. Furthermore, parallels 
between submissive rodent behavior and depressive phenotypes 
observed in humans suggest that submissive behavior may 
serve as a valid model of depression [16,17]. Consequently, 
submissive animals may be inherently more susceptible to 
anxiety and depression, rendering them particularly vulnerable 
to the adverse effects of prolonged social isolation.

The present study aimed to evaluate the effects of long-
term social isolation on depressive-like behavior and short-
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term memory in rats, while considering their social status. 
By elucidating the behavioral and neurochemical correlations 
of social stress in dominant and submissive individuals, this 
research seeks to advance understanding of the biological 
mechanisms underlying vulnerability to stress-related 
psychiatric disorders.
Materials and Methods.

Experiments were conducted on 60 white laboratory rats 
(200–250 g). The animals were housed in 20 groups, with three 
male rats per group. During the experiment, the groups were 
divided into experimental (10 groups) and control (10 groups) 
conditions. Animals were maintained in standard cages (15 × 35 
× 45 cm) with free access to food pellets and water ad libitum. 
All experimental procedures were performed in accordance 
with the ethical standards approved by the Ethics Committee 
of the Ivane Beritashvili Center of Experimental Biomedicine, 
Tbilisi, Georgia.

To identify dominant and submissive animals within groups 
of rats, we employed two methods that allowed the stronger 
animal to gain priority access to food and water. In the first 
method, we examined the animals’ behavior under conditions of 
high food motivation. Following 48 hours of food deprivation, 
food granules (approximately 2 g each) were provided to allow 
access for only one animal in the cage. This placement was 
repeated several times over a 30-minute period, during which 
we recorded the number of bites, episodes of food stealing, 
attempts to seize food, portions consumed, and the duration of 
grooming activity. In the second method, high thirst motivation 
was induced by 48 hours of water deprivation, after which a 
water bowl was placed in the cage so that only one animal could 
access it at a time. During a 15-minute observation period, we 
recorded the duration of drinking, number of bites, and duration 
of grooming activity [13,14]. Dominant and submissive 
rats were determined based on the summarized behavioral 
parameters observed during these conflict situations.

Following the determination of social hierarchy within each 
group, rats identified as having an intermediate social status 
were excluded from subsequent stages of the study. Accordingly, 
only dominant and submissive animals were subjected to further 
experimental testing.

In the experimental groups, dominant (n=10) and submissive 
(n=10) rats were subjected to social isolation. Animals were 
housed individually in small cages (27 × 15 × 21 cm) for 30 
days. Visual contact between cages was limited, whereas 
olfactory and auditory contact remained unrestricted. In the 
control groups, dominant and submissive rats were housed in 
groups in standard cages for the same duration. 

Short-term spatial memory was evaluated using a Y-maze 
apparatus (spontaneous alternation task) [6]. The Y-maze 
comprised three arms intersecting at 120°. The frequency of 
entries into three consecutive new arms (A, B, and C) was 
defined as actual alternation, while entries into previously 
visited arms were considered errors. Reduced exploration of 
the last visited arm was interpreted as an indicator of better 
memory performance. Alternation scores were calculated using 
the formula: (actual alternation/maximum alternation-2)×100. 
The total number of arm entries was also recorded.

To assess anxiety- and depressive-like behaviors in rats, we 
employed the forced swim [18] and elevated plus-maze tests 
[19,20]. 

Behavioral testing was conducted in the following order: 
Y-maze, elevated plus maze (EPM), and finally the forced swim 
test (FST), with a 24-hour interval between consecutive tests. 
All behavioral assessments were performed between 10:00 and 
12:00 h under standardized experimental conditions. Animals 
were euthanized 24 h after completion of the final behavioral 
test (FST), and brain tissues were rapidly dissected between 
10:00 and 12:00 h for subsequent ELISA analyses.

Serotonin levels in the hypothalamus and hippocampus 
were determined using an immunoenzyme assay (ELISA): 
serotonin Elisa kit, catalog # MBS166089, https://www.
mybiosource.com/rat-elisa-kits/serotonin-st/166089. The data 
were statistically analyzed using two-way ANOVA, followed 
by Tukey’s Honestly Significant Difference (HSD) post-hoc test 
for multiple group comparisons. Statistical significance was set 
at P ≤ 0.05.
Results and Discussion.

The results of the study demonstrated that the behavior 
of dominant and submissive rats not subjected to the stress 
procedure (control groups) differed in the forced swim test. 
Specifically, the forced swim test revealed that the duration of 
immobility was significantly higher in submissive animals (59.6 
± 3.55 s) compared to their dominant counterparts (31.3 ± 2.56 
s) (Tukey’s HSD, P < 0.05) (Figure 1). The elevated plus maze 
test showed no significant differences between dominant (56.4 
± 1.96 s) and submissive (49.4 ± 3.46 s) rats in the time spent in 
the open arms (P = 0.23) (Figure 2). 

In the Y-maze test, no significant differences in spontaneous 
alternation percentage were observed between dominant and 
submissive rats during short-term memory assessment (Figure 
3). In the control groups, the percentage of spontaneous 
alternation was 77.6 ± 2.92 % for dominant rats and 74.6 
± 5.23 % for submissive rats, indicating similar short-term 
memory performance in animals of both social statuses. The 
percentage of spontaneous alternation ranged from 74 % to 78 
% in animals of both social statuses. Similarly, the number of 
entries into the Y-maze arms did not differ between dominant 
rats (8.1 ± 0.62) and submissive rats (7.8 ± 0.51).

Submissive rats exhibited significantly lower basal serotonin 
concentrations (96.81 ± 7.13) in the hypothalamus compared to 
dominant rats (187.40 ± 12.58) (Tukey HSD, P<0.01) (Figure 4). 
At the same time, in the hippocampus, serotonin concentrations 
did not differ according to social status (Figure 5).

In animals from the experimental groups subjected to 30 days 
of isolation, the duration of immobility in the forced swim test 
was significantly increased in both dominant (158.1 ± 33.5 
s) and submissive (166.6 ± 20.2 s) rats compared to control 
animals (control vs. stress: F₁,₃₆ = 45.3, p < 0.001) (Figure 1). At 
the same time, no significant differences were observed between 
dominant and submissive rats within the stressed groups with 
respect to this parameter (P = 0.78). Immobility duration was 
significantly higher in stressed dominant rats compared to 
control dominant rats (Tukey HSD, p < 0.01), and similarly, it 
was significantly higher in stressed submissive rats compared to 
control submissive rats (Tukey HSD, p < 0.01).
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Figure 1. Durations of immobility (n=10 per group).
# - compared to control dominant rats, P < 0.05, *- compared to control rats, P< 0.01

Figure 2. Time/s spent in the open arms (n=10 per group).
* - Compared to control rats, p< 0.01, # - Compared to dominant rats in the experimental groups, p < 0.05

Figure 3. Spontaneous alternation ratio (%) (n=10 per group).
* - Compared to control rats, p< 0.01

In the elevated plus maze test, the time spent in the open 
arms was significantly reduced in both experimental groups, 
including dominant (22.2 ± 1.46 s) and submissive (8.0 ± 
1.29 s) rats, compared to control animals (F₁, ₃₆ = 56.5, p < 
0.001) (Figure 2). At the same time, stressed submissive rats 
showed a significantly lower value of this parameter compared 
to stressed dominant rats (Tukey HSD, p < 0.05). In stressed 
dominant rats, the time spent in the open arms was significantly 
reduced compared to control dominant rats (Tukey HSD, p < 

0.01), while in stressed submissive rats it was also significantly 
reduced compared to control submissive rats (Tukey HSD, p < 
0.01).

Chronic social stress significantly reduced spontaneous 
alternation percentage in the Y-maze test in both dominant and 
submissive rats (Figure 3). In dominant rats, control animals 
exhibited 77.6 ± 2.92 % alternation, while stressed experimental 
animals showed 58.3 ± 4.25 %. Similarly, in submissive rats, 
controlling animals showed 74.6 ± 5.23 % alternation, compared 
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to 55.0 ± 6.53 % in stressed animals. Two-way ANOVA revealed 
a significant main effect of stress (F₁,₃₆ =15.66, p = 0.00034, 
p < 0.01), with no significant main effect of social status (p > 
0.05) or status × environment interaction (p > 0.05), indicating 
that chronic social stress impaired short-term memory similarly 
in both social statuses. As for the number of entries into the 
Y-maze arms, this parameter in stressed dominant rats was 
10.4 ± 0.71, while in stressed submissive rats it was 9.1 ± 0.73. 
No significant changes in locomotor activity were observed 
compared to the control groups.

In the experimental groups, submissive rats exhibited a 
significantly higher serotonin concentration in the hypothalamus 
compared to control submissive animals (Tukey HSD, p < 0.05) 
(Figure 4). At the same time, serotonin levels in the hippocampus 
were reduced in both dominant and submissive stressed rats 
compared to their respective control counterparts (Tukey 
HSD, p < 0.05) (Fig.5). No significant differences in serotonin 
concentrations were observed between stressed dominant and 
submissive rats in either of the examined brain structures.

According to the results obtained in the present study, long-
term social isolation for 30 days induced pronounced depressive-
like behavioral changes in both dominant and submissive rats, 
as evidenced by increased immobility in the forced swim test. 
In addition, anxiety-like behavior was also elevated in both 
experimental groups; however, it was more pronounced in 
submissive animals, as indicated by a significantly reduced time 
spent in the open arms of the elevated plus maze compared both 
to control animals and to stressed dominant rats.

Following 30 days of social isolation, performance in the 
Y-maze test revealed a reduction in spontaneous alternation 

behavior in rats of different social statuses. Specifically, a 
significant decrease in the percentage of spontaneous alternations 
was observed in both dominant and submissive isolated rats, 
indicating impairment of short-term spatial memory across 
social phenotypes. 

Importantly, the number of Y-maze arm entries did not differ 
between control and experimental groups, indicating that 
locomotor activity was not affected by chronic social stress. 
Therefore, the observed changes in the forced swim test and 
elevated plus maze are unlikely to be explained by alterations 
in general motor function or behavioral spontaneity but rather 
reflect increased anxiety- and depressive-like behaviors.

Overall, the behavioral results demonstrate increased anxiety- 
and depressive-like manifestations in rats of both social statuses 
following long-term social isolation. Anxiety-related responses 
were particularly elevated in animals with a submissive social 
status, which also exhibited increased serotonin levels in the 
hypothalamus. In contrast, a reduction in hippocampal serotonin 
levels was observed in rats of both social statuses, suggesting 
a region-specific disruption of the serotonergic system under 
conditions of chronic social isolation. Considering that 
changes in serotonin levels in brain structures were observed in 
experimental groups compared to control animals, which were 
subjected to the same behavioral testing procedures, except for 
social isolation, we suggest that the observed alterations are 
specifically attributable to the effects of social isolation.

Previous studies have demonstrated that behavioral 
and neurochemical responses to stress are influenced by 
multiple factors, including the type of stressor and individual 
characteristics of the nervous system [21-23]. Stress exposure 

Figure 4. The concentration of serotonine in the rats’ hypothalamus (pg/mg protein) (n=10 per group).
# - Compared to control dominant rats, p< 0.01, * - Compared to control submissive rats, P<0.01

Figure 5. The concentration of serotonine in the rat’s hippocampus (pg/mg protein) (n=10 per group).
*- Compared to control rats, P<0.05
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leads to alterations in monoaminergic transmission in key brain 
regions, such as the hypothalamus and hippocampus, and that 
these changes play a critical role in stress adaptation and the 
development of stress-related pathologies [23-25].

According to our previous study, it was demonstrated that 14 
days of social isolation induced anxiety-like behavior in both 
dominant and submissive rats, accompanied by alterations 
in hypothalamic monoaminergic neurotransmission [5]. 
Specifically, in our study, social isolation stress led to increased 
hypothalamic dopamine levels in both dominant and submissive 
rats. Norepinephrine levels were significantly elevated only in 
dominant individuals, who also showed lower anxiety levels 
compared to submissive rats. These findings are in line with 
other studies reporting that dominant individuals tend to exhibit 
a noradrenergic stress response profile [5,26,27]. However, 
according to the results of the present study, under conditions of 
prolonged stress, increased serotonin levels in the hypothalamus 
were observed only in submissive rats. According to existing 
studies, under stressful conditions, submissive rats exhibit 
higher corticosterone and serotonin levels, which may be 
associated with differential functioning of the hypothalamic–
pituitary–adrenal (HPA) axis [13-15].

Behavioral assessments revealed depressive-like behavior in 
both dominant and submissive animals; however, anxiety-like 
behavior was more pronounced in submissive rats. Region-
specific alterations in serotonergic activity were also observed. 
Specifically, serotonin levels in the hippocampus were reduced, 
which may contribute to stress-induced impairments in cognitive 
and emotional regulation. In contrast, serotonin levels in the 
hypothalamus were increased, but exclusively in submissive 
animals. This increase likely reflects a compensatory activation 
of hypothalamic serotonergic mechanisms aimed at modulating 
stress-related neuroendocrine responses. Although this response 
appears insufficient to prevent the development of depressive-
like behavioral manifestations [5,14,23].

The fact that these neurochemical changes were more 
pronounced in submissive rats aligns with their higher 
anxiety-like behavior and suggests a social profile-dependent 
vulnerability to stress. While depressive-like behavior was 
observed in both social phenotypes, submissive animals appear 
to experience a greater disruption in serotonergic regulation, 
characterized by hippocampal serotonin depletion alongside 
hypothalamic serotonergic upregulation. These findings 
collectively highlight a region-specific serotonergic imbalance 
as a potential neurobiological mechanism underlying the 
heightened anxiety and stress susceptibility of submissive 
animals.

The absence of hypothalamic serotonergic upregulation in 
dominant rats may reflect a different stress-coping strategy, 
potentially relying on noradrenergic mechanisms for stress 
adaptation. In contrast, submissive animals, being more stress-
vulnerable, exhibit a compensatory increase in hypothalamic 
serotonin to modulate neuroendocrine responses. These findings 
highlight neurochemical adaptations to chronic stress that are 
specific to social profile.

A limitation of the present study is that the analysis was 
restricted to serotonin levels, without assessment of other major 

monoamines, such as dopamine and norepinephrine. Given 
the well-established sensitivity of the serotonergic system to 
social stress and its central role in anxiety- and depression-like 
behaviors, serotonin was selected as the primary monoaminergic 
marker in the present study. Nevertheless, inclusion of additional 
monoaminergic markers in future studies would provide a 
more comprehensive understanding of the neurobiological 
mechanisms underlying prolonged social isolation.
Conclusion.

The results of the present study indicate that 30 days of 
social isolation induce pronounced depressive- and anxiety-
like behavioral alterations, as well as impairments in short-
term memory, in both dominant and submissive behavioral 
types of rats. Despite the overall similarity in the direction 
of these effects, animals with a submissive behavioral profile 
exhibited a higher level of anxiety-related reactivity. Chronic 
stress resulted in a reduction of hippocampal serotonin levels 
in both behavioral groups, indicating a stress-induced region-
specific neurochemical imbalance. In contrast, an increase in 
hypothalamic serotonin levels was observed only in submissive-
type animals, which may reflect a compensatory neuroendocrine 
adaptive response. Overall, the findings highlight the important 
role of social status in modulating both behavioral susceptibility 
to stress and region-specific alterations in the serotonergic 
system. The results emphasize the importance of considering 
individual social profiles in future studies of stress-adaptive 
mechanisms and stress-induced psychopathologies.
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