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Abstract 

In recent years, social isolation stress of humans and its importance in the development of behavioral 
disorders of psychiactic nature has become mostly current. Experimental studies using animal models 
have demonstrated that social stress can induce depressive- and anxiety-like behaviors, as well as 
neuroendocrine and physiological dysregulation. Stress-related influences are known to alter central 
neurotransmitter systems, particularly those involved in monoaminergic transmission. Studies have 
shown that intracerebral neurotransmission dysfunction such as serotonine, norepinephrine and 
dopamine play an important role in the development of anxiety and depression. The impact of stress 
varies based on individual neurophysiological characteristics, including social status. The aim of this 
study was to investigate the effects of stress induced by social isolation on behavior and hypothalamic 
monoaminergic transmission in rats of different social statuses. Experiments were performed on groups 
of white male laboratory rats. Dominant and submissive individuals in groups were identified using 
two methods based on competition for food and water. Social isolation of dominant and submissive rats 
was carried out for 14 days in small individual cages. Depressive and anxiety-like behaviors were 
evaluated using the “forced swim” and “elevated cross maze” tests. According to behavioral tests, 
following social isolation, both dominant and submissive rats exhibited anxiety-like behaviors. In 
response to isolation, an increase in dopamine concentrations was observed in the hypothalamus of 
rats. Norepinephrine levels were significantly elevated only in dominant rats, who exhibited lower 
levels of anxiety compared to their submissive counterparts. Thus, a 14-day social isolation elicits 
anxiety-like behavior in both dominant and submissive individuals, which is associated with alterations 
in hypothalamic monoaminergic signaling, notably characterized by elevated dopamine and 
norepinephrine levels. These findings suggest that the observed increases in hypothalamic monoamine 
concentrations reflect compensatory and adaptive neurochemical responses aimed at mitigating the 
adverse effects of prolonged stress exposure and preventing the development of stress-related 
pathologies. According to the results, submissive individuals exhibit significantly greater sensitivity to 
social isolation stress than their dominant counterparts. These findings highlight the importance of 
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considering individual social profiles in future research on stress adaptive mechanisms and stress-
induced psychopathologies. 
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Introduction. Social stress is recognized as a significant risk factor for the development of behavioral 
disorders of psychiatric nature. In recent years, human social isolation and its contribution to the onset 
of these disorders have gained increased scientific attention. The quarantine measures introduced 
during the COVID-19 pandemic have further intensified interest in understanding the behavioral and 
neuroendocrine consequences of stress caused by social isolation [1, 2]. Experimental studies using 
animal models have demonstrated that social stress can induce depressive- and anxiety-like behaviors, 
as well as neuroendocrine and physiological dysregulation [3]. Moreover, social isolation has been 
associated with heightened levels of anxiety and depression [4], highlighting the need for a more 
profound investigation into the long-term consequences of social deprivation during this historically 
unprecedented period [5].  

 Stress-related influences are known to alter central neurotransmitter systems, particularly those 
involved in monoaminergic transmission [6]. These alterations are hypothesized to mediate the 
behavioral and physiological responses observed following exposure to stress [3]. A growing body of 
evidence indicates that dysfunctions in monoaminergic neurotransmission—specifically involving 
serotonin, norepinephrine, and dopamine—play a key role in the etiology of psychiatric conditions 
such as anxiety and depression [7,8]. Moreover, the release of serotonin in brain regions such as the 
hypothalamus and hippocampus depend on inborne levels of anxiety and the type of stressor to which 
animals are exposed [9].  

 The nature and outcome of stress responses are influenced by individual neurobiological 
characteristics. In rodent models, dominant and submissive animals demonstrate divergent behavioral 
and neuroendocrine reactions to stress. Under stressful conditions, submissive rats show higher 
corticosterone and serotonin levels, which must be associated with a diverse functioning of the 
hypothalamic-pituitary-adrenal (HPA) axis [10,11,12]. Several studies have also emphasized the 
parallels between submissive behavior in rodents and depressive phenotypes observed in humans 
[13,14]. These authors argue that submissive animal behavior may serve as a valid model for depression. 
Based on this perspective, we propose that submissive animals are inherently more susceptible to 
anxiety and depression and, consequently, more vulnerable to the effects of social isolation.  

 Based on the above the current study aims to investigate the effects of social isolation on behavioral 
outcomes and hypothalamic monoaminergic transmission in rats with different social statuses. By 
identifying the behavioral and neurochemical correlations of social stress in dominant and submissive 
phenotypes, this research contributes to a better understanding of the biological underpinnings of 
stress-related psychiatric vulnerabilities. 
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Materials and methods. Experiments were carried out on 60 white laboratory rats weighing 200-250g. 
Animals were divided into experimental (n =10) and control (n=10) groups. Each group contained 3 
male and 2 female rats. They were housed in standard (15 X 35X 45 cm) cages. Experiments performed 
on male rats only. In order to identify dominant and submissive animals in small groups of rats we used 
two methods enabling the stronger animal to gain a victory during the getting of food and water. In 
the first method we studied the animals’ behaviour in condition of high food motivation. After 48 h of 
food deprivation, we placed sufficient food granules (each granule weighed about 2 g) for only one 
animal in the cage. The placing was repeated several times during 30 min, during which interval we 
recorded the numbers of: bites, food graspings, attempts to grasp food and portions of food taken, as 
well as duration of grooming activity. In the second method we created high thirst motivation by 48 h 
water deprivation and then placing a water bowl in the cage so as to be accessible to only one animal. 
During 15 min the numbers of water lapping’s and bites and the duration of grooming activity were 
recorded [10,11]. The selection of dominant and submissive rats was made according to the summarized 
behavioural parameters revealed during these conflict situations.  
 The social isolation of dominant and submissive rats was performed in experimental groups. Rats were 
placed in small, individual cages (27×15×21) for 14 days under controlled environmental conditions.  
 In order to evaluate anxiety and depressive behavior of rats we used “forced swim” [15,16] and 
“elevated cross maze” tests [ 17,18].  
 We determined the monoaminergic transmission in the hypothalamus (serotonine, dopamine, 
norepinephrine) and the concentration of the basal corticosterone in plasma by immunoenzyme 
analyzer - ELISA reader. The data were processed statistically by two-way factorial analysis (ANOVA). 
Results and Discussion. According to the results of the study, notable differences were observed 
between dominant and submissive rats that were not subjected to social isolation procedures (i.e., 
control groups). Specifically, the “forced swim” test revealed that the duration of immobility was 
significantly higher in submissive animals compared to their dominant counterparts (P<0.01) (Fig. 2). 
Submissive rats also exhibited significantly lower basal serotonin concentrations in the hypothalamus 
compared to dominant rats (P<0.01) (Fig. 4). No significant differences were observed in hypothalamic 
dopamine and norepinephrine concentrations, or in basal plasma corticosterone levels between rats of 
different social status. Furthermore, the “elevated plus maze” test showed no significant differences 
between dominant and submissive rats in the amount of time spent in the open arms (Fig. 1).  
Following 14 days of social isolation, the time spent in the open arms of the elevated cross maze was 
significantly reduced in both dominant and submissive rats compared to animals in the control groups 
(P<0.01) (Fig. 1). Additionally, after stress exposure, submissive rats spent significantly less time in the 
open arms than dominant rats (P<0.05) (Fig. 1). The forced swim test revealed no significant changes 
in immobility duration in either dominant or submissive rats following isolation (Fig. 2). A significant 
increase in basal plasma corticosterone levels was detected in both dominant and submissive animals 
compared to the control groups (P<0.01) (Fig. 3). Dopamine concentrations in the hypothalamus were 
significantly elevated in both dominant and submissive rats (P<0.01) (Fig. 5), whereas norepinephrine 
levels were significantly increased only in dominant individuals after stress (P<0.05) (Fig. 6). No 
significant changes in hypothalamic serotonin concentrations were detected between the experimental 
and control groups (Fig. 4).  
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 According to the obtained results, 14 days of social isolation did not result in increased depressive-like 
behavior in either dominant or submissive rats, as assessed by the forced swim test. However, in the 
elevated cross maze, both dominant and submissive rats exhibited fear- and anxiety-like behaviors, 
which were more pronounced in submissive individuals. Despite the elevated anxiety levels, no 
significant changes in hypothalamic serotonin concentrations were observed. In contrast, dopamine 
concentrations were increased in both dominant and submissive rats. Notably, norepinephrine levels 
were significantly elevated only in dominant rats.  

 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 [10,19, 20]. In our study, social isolation stress led to increased hypothalamic dopamine 
levels in both dominant and submissive rats. However, 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 [21,22]. Notably, no changes in basal hypothalamic serotonin 
levels were found at this stage of isolation-induced stress, despite the presence of heightened anxiety.  

 The evidence for an involvement of endogenous serotonin in anxiety is contradictory. Increased 
anxiety behavior in rodents, for example, has been characterized by increased serotonergic activity in 
several brain structures, whereas other studies emphasized the link between low serotonin and anxiety 
[9, 23]. Similarly, stress-induced changes in serotonin synthesis and levels are variable, with increases, 
decreases, and no effects reported [24]. Thus, the results of our study support the hypothesis of other 
researchers that physiological mechanisms under stress and anxiety are not to depend on serotonin 
only but seem to include disbalanced interactions between serotonin and other neurotransmitters in 
the different brain structures such as hypothalamus, hippocampus, prefrontal cortex.  

 Thus, according to the findings, a 14-day period of social isolation induces anxiety-like behavior in 
both dominant and submissive rats. However, the level of fear and anxiety was notably higher in 
submissive individuals. As anticipated, these animals appeared to be more sensitive to the effects of 
isolation. These behavioral changes were accompanied by alterations in monoaminergic transmission 
within the hypothalamus, characterized by increased levels of dopamine and norepinephrine.  

 Numerous studies have demonstrated that stress exposure leads to alterations in monoaminergic 
transmission in key brain regions, including the hypothalamus, and that these changes play a critical 
role in stress adaptation and the development of stress-related pathologies [25,26,27]. Based on the 
findings of the present study and existing literature, we propose that the increased concentrations of 
dopamine and norepinephrine in the hypothalamus observed at this stage of stress exposure represent 
compensatory, adaptive mechanisms aimed at counteracting the development of stress-related 
disorders. 

Conclusions. Thus, a 14-day social isolation elicits anxiety-like behavior in both dominant and 
submissive individuals, which is associated with alterations in hypothalamic monoaminergic signaling, 
notably characterized by elevated dopamine and norepinephrine levels. These findings suggest that the 
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observed increases in hypothalamic monoamine concentrations reflect compensatory and adaptive 
neurochemical responses aimed at mitigating the adverse effects of prolonged stress exposure and 
preventing the development of stress-related pathologies. According to the study’s results, submissive 
individuals exhibit significantly greater sensitivity to social isolation stress than their dominant 
counterparts. By identifying the behavioral and neurochemical correlations of social stress in dominant 
and submissive phenotypes, this research contributes to a better understanding of the biological 
underpinnings of stress-related psychiatric vulnerabilities. 
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სოციალური იზოლაციის შედეგები ქცევასა და ჰიპოთალამური 
მონოამინერგული ნეიროტრანსმისიის მახასიათებლებზე სხვადასხვა 

სოციალური სტატუსის ზრდასრულ ვირთაგვებში 

მათითაიშვილი თამარი¹, დომიანიძე თამარი¹, ბურჯანაძე გიორგი², შენგელია მარიამი², 
მენთეშაშვილი ნატო¹ 

¹ ივანე ბერიტაშვილის ექსპერიმენტული ბიომედიცინის ცენტრი., ² ივანე ჯავახიშვილის თბილისის 
სახელმწიფო უნივერსიტეტი 

აბსტრაქტი 

უკანასკნელ წლებში განსაკუთრებული აქტუალობა შეიძინა სოციალური იზოლაციით 
გამოწვეული სტრესის მნიშვნელობამ ადამიანის ფსიქიატრიული ხასიათის ქცევითი 
დარღვევების განვითარებაში. ექსპერიმენტებმა ცხოველური მოდელების გამოყენებით 
ცხადყო, რომ სოციალური სტრესი იწვევს დეპრესიულ და შფოთვის ტიპის ქცევას, 
ფიზიოლოგიური და ენდოკრინული რეგულაციის დარღვევით. ცნობილია, რომ 
სტრესოგენური ზემოქმედება ცვლის ცენტრალური ნეიროტრანსმიტერული სისტემების 
ფუნქციონირებას, განსაკუთრებით კი იმ ნერიომედიატორებისა, რომელნიც მონოამინერგულ 
გადაცემას უზრუნველყოფენ. კვლევებით დასტურდება, რომ თავის ტვინში სეროტონინის, 
ნორადრენალინისა და დოფამინის გადაცემის დარღვევა მნიშვნელოვან როლს ასრულებს 
შფოთვისა და დეპრესიის განვითარებაში. ამავდროულად სტრესის განვითარების ხასიათი და 
შედეგები განსხვავდება ორგანიზმის ინდივიდუალური ნეიროფიზიოლოგიური 
თავისებურებების, მათ შორის სოციალური სტატუსის გათვალისწინებით. კვლევის მიზანს 
წარმოადგენდა სოციალური იზოლაციით გამოწვეული სტრესის გავლენის შესწავლა ქცევაზე 
და ჰიპოთალამუსის მონოამინერგულ გადაცემაზე განსხვავებული სოციალური სტატუსის 
ვირთაგვებში. ექსპერიმენტები ჩატარდა მამრობითი სქესის თეთრი ლაბორატორიული 
ვირთაგვების ჯგუფებზე. ვირთაგვების სოციალური სტატუსი განისაზღვრა საკვებზე და 
წყალზე კონკურენციის პრინციპზე დაფუძნებული მეთოდების გამოყენებით. დომინანტი და 
სუბმისური ვირთაგვების სოციალური იზოლაცია განხორციელდა მცირე ზომის 
ინდივიდუალურ გალიებში 14 დღის განმავლობაში. დეპრესიული და შფოთვითი ქცევა 
შეფასდა “ამაღლებული ჯვარედინი ლაბირინთის” და “იძულებითი ცურვის” ტესტების 
გამოყენებით. სოციალური იზოლაციის შემდეგ როგორც დომინანტ, ასევე სუბმისიურ 
ვირთაგვებში ქცევითი ტესტების მიხედვით გამოვლინდა შფოთვითი ქცევა. იზოლაციის 
საპასუხოდ ვირთაგვების ჰოპოთალამუსში აღინიშნა დოფამინის კონცენტრაციის მატება. 
ნორადრენალინის დონე კი მნიშვნელოვნად გაიზარდა მხოლოდ დომინანტ ინდივიდებში, 
რომელთაც ამავდროულად აჩვენეს შფოთვის შედარებით დაბალი დონე სუბმისურებთან 
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შედარებით. ამრიგად, 14-დღიანი სოციალური იზოლაცია იწვევს დომინანტ და სუბმისურ 
ვირთაგვებში შფოთვითი ტიპის ქცევას და ჰიპოთალამუსის მონოამინერგული გადაცემის 
ცვლილებებას დოფამინისა და ნორადრენალინის დონის მატებით. მიღებული მონაცემები 
მიუთითებს, რომ ჰიპოთალამუსში მონოამინების კონცენტრაციის გაზრდა წარმოადგენს 
კომპენსატორულ, ადაპტაციური ხასიათის ნეიროქიმიურ რეაქციას, რომელიც მიმართულია 
სტრესის მავნე ეფექტების შემცირებისკენ და სტრესით გამოწვეული პათოლოგიების 
საწინააღმდეგოდ. კვლევის შედეგებით დადგინდა, რომ სუბმისიური ინდივიდები 
გაცილებით მაღალი მგრძლობელობობით გამოირჩევიან სოციალური იზოლაციის მიმართ. 
აღნიშნული მიგნებები ხაზს უსვამს ინდივიდუალური სოციალური პროფილის 
გათვალისწინების მნიშვნელობას სტრესის ადაპტაციური მექანიზმებისა და სტრესით 
გამოწვეული ფსიქოპათოლოგიების კვლევის პროცესში.  

საკვანძო სიტყვები: სოციალური იზოლაცია, შფოთვითი ქცევა, მონოამინერგული 
ნეიროტრანსმისია, ჰიპოთალამუსი, ვირთაგვები 

 


