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INTRODUCTION. 

Stress, a prevalent biological phenomenon, triggers a cascade of physiological 

responses that impact various body systems, especially the central nervous system. 

In both human and animal models, prolonged exposure to stressors, particularly 

those involving physical immobilization, has been shown to disrupt metabolic 

homeostasis within neuronal structures. Immobilization stress, in particular, 

presents a unique model for studying stress-induced changes because it simulates 

both physical restraint and psychological stress, leading to complex neurochemical 

and hormonal responses. 

Research on immobilization-induced stress has increasingly pointed to oxidative 

stress and free radical generation as key mechanisms that disrupt neuronal function 

and contribute to neurodegenerative processes. Under acute and chronic 

immobilization conditions, stress hormones—such as cortisol, adrenaline, and 

other glucocorticoids—surge, interacting with cellular pathways in the brain. These 

hormonal changes can promote oxidative damage and inflammation, impairing 

cellular integrity in critical brain regions. 

Despite a growing understanding of stress’s role in systemic disease, the precise 

metabolic alterations occurring in neuronal structures during immobilization stress 
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remain underexplored. This study aims to bridge this gap by examining the 

metabolic effects of acute and chronic immobilization stress on neuronal structures, 

with a focus on oxidative damage, immune response markers, and neuromuscular 

function. By advancing our understanding of stress-induced metabolic dysfunction 

in the brain, this research seeks to provide insights that may inform therapeutic 

strategies for mitigating stress-related neurodegenerative risks. 

Relevance of the Study. 

The study of metabolic effects of stress on neuronal structures in immobilized 

animals holds significant relevance within both basic neuroscience and clinical 

research. In today’s increasingly demanding environments, chronic stress has 

become a major public health concern due to its association with various 

neurodegenerative diseases, including Alzheimer’s, Parkinson’s, and stress-related 

cognitive decline. Understanding how stress disrupts neuronal metabolism and 

contributes to oxidative damage and inflammatory responses is essential to 

identifying early biomarkers of neurodegeneration and developing preventive 

interventions. 

Furthermore, the study emphasizes the role of oxidative stress and immune 

responses within neuronal tissue—a key aspect of neurodegenerative processes. 

Investigating these mechanisms in animal models can bridge critical knowledge 

gaps and provide foundational data that can be translated to clinical research, 

ultimately contributing to improved treatment outcomes for stress-induced 

neurological disorders.  

Purpose of the Study. 

The purpose of this study is to investigate the metabolic effects of acute and chronic 

immobilization stress on neuronal structures in animal models. Specifically, this 

research aims to analyze how immobilization-induced stress impacts oxidative 

stress levels, immune markers, and neurochemical stability within the central 

nervous system. By examining changes in neuromuscular coordination, neuronal 

metabolism, and oxidative damage under different stress conditions, the study 

seeks to identify key metabolic disruptions that may contribute to 

neurodegenerative processes. 

Through a detailed analysis of stress-related metabolic changes, this study aspires 

to provide new insights into the mechanisms by which stress influences neuronal 

health. The findings aim to support the development of potential therapeutic 

approaches to mitigate stress-related neurological damage and improve 

preventative strategies for stress-induced neurodegenerative diseases. 
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Research Materials and Methodology. 

This study was conducted using 60 adult, laboratory-bred albino rats, each 

weighing between 200-220 grams. The animals were divided into three groups to 

analyze the effects of different stress conditions: a control group with no stress 

exposure, an acute immobilization stress group, and a chronic immobilization 

stress group. Each group was housed under standard laboratory conditions with 

controlled temperature, light, and access to food and water. 

1. Experimental Design 

   -Acute Immobilization Stress Group: Animals in this group were subjected to a 

one-time immobilization procedure, where they were physically restrained for a 

period of three hours. During this time, two doses of adrenaline (25 µg/kg) were 

administered intraperitoneally at the beginning and halfway through the restraint 

period. 

   -Chronic Immobilization Stress Group: Animals in this group underwent daily 

immobilization for three hours over a 30-day period. Adrenaline was administered 

once daily at a dose of 10 µg/kg to simulate prolonged physiological stress 

response. This protocol was modified based on established models of chronic 

immobilization stress to accurately simulate the neurochemical impact of repeated 

stress exposure. 

2. Assessment of Neuronal and Metabolic Indicators  

   - Oxidative Stress Markers: To evaluate oxidative damage within the brain tissue, 

levels of malondialdehyde (MDA), dien conjugates (DC), and superoxide 

dismutase (SOD) activity were measured using standard spectrophotometric 

methods. These markers were selected for their roles in indicating lipid 

peroxidation and antioxidant activity in response to stress. 

   -Neuro-Immune Interaction: Serum concentrations of IgG autoantibodies 

interacting with central nervous system antigens were measured. The presence of 

these autoantibodies serves as an indicator of neuroimmune response under stress 

conditions. Immunoassay kits (ELISA-Neuro-Test, Immunulus, Moscow) were 

used to quantify levels of neurofilament protein-200 (NF-200), glial fibrillary 

acidic protein (GFAP), S-100 protein, and other key neuronal and glial proteins. 

   - Neuromuscular and Behavioral Assessments**: Motor coordination and 

spontaneous movement were evaluated using the Rotarod test (APK "Rotarod+", 

Neurobotics, Russia). The test assesses neuromuscular integrity and coordination 

by recording the animals' ability to maintain balance on a rotating rod, which 

provides insights into neuromuscular effects due to stress. 



  INTERNATIONAL CONFERENCE ON 
MEDICINE, SCIENCE, AND EDUCATION  

Volume 01, Issue 10, 2024 
 

 

79   INTERNATIONAL CONFERENCE ON MEDICINE, SCIENCE, AND EDUCATION                            universalpublishings.com                                                                                              
 

3. Statistical Analysis 

   Data collected were analyzed using the STATISTICA 6.0 software. Parametric 

and non-parametric statistical tests, including Student’s t-test and Mann-Whitney 

U test, were applied to evaluate significant differences between groups, with a 

Bonferroni correction where applicable to adjust for multiple comparisons. 

Statistical significance was set at p < 0.05. 

Through this multi-faceted methodology, the study captures a comprehensive view 

of metabolic, immune, and neuromuscular alterations induced by immobilization 

stress, allowing for a robust analysis of stress impacts on neuronal health. 

Discussion. 

The findings of this study shed light on the significant metabolic and functional 

changes that occur in neuronal structures under conditions of acute and chronic 

immobilization stress. Notably, the elevated levels of oxidative stress markers 

(such as malondialdehyde and dien conjugates) and changes in antioxidant enzyme 

activity (e.g., superoxide dismutase) in both stress groups confirm that stress 

disrupts neuronal homeostasis through enhanced free radical production. This 

oxidative damage is a well-documented pathway leading to cellular injury and 

neurodegeneration, suggesting that sustained exposure to stressors could accelerate 

neurodegenerative processes in vulnerable individuals. 

The neuro-immune interactions observed, specifically the presence of IgG 

autoantibodies against central nervous system antigens, indicate that stress may 

alter immune responses in a way that potentially harms neuronal tissue. The 

increased concentrations of proteins such as neurofilament protein-200 (NF-200) 

and glial fibrillary acidic protein (GFAP) in the chronic stress group further support 

this, as these proteins are often associated with cellular damage and inflammation 

in the brain. These findings align with studies linking chronic stress to the 

breakdown of the blood-brain barrier, allowing immune factors that typically do 

not interact with brain tissue to influence neuronal health adversely. 

Behaviorally, the results from the Rotarod test demonstrate that both acute and 

chronic immobilization stress impair motor coordination and neuromuscular 

function, with a more pronounced effect in the chronic stress group. This 

observation supports the hypothesis that prolonged stress exposure leads to 

functional declines that affect not only metabolic processes but also behavioral 

outcomes. The neuromuscular impairments observed may be attributed to oxidative 

stress, which disrupts cellular signaling in neurons and impairs motor coordination. 
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The comparison between acute and chronic stress conditions highlights the 

compounding effects of prolonged stress on neural health. While acute stress 

triggered immediate oxidative and neuroimmune responses, chronic stress 

exacerbated these responses, pointing to cumulative damage over time. These 

insights align with the General Adaptation Syndrome (GAS) model, which 

proposes that while the body can adapt to short-term stress, long-term stress 

overwhelms physiological defenses, leading to maladaptation and potential 

pathology. 

Conclusion. 

This study provides important insights into the metabolic and functional impacts 

of immobilization stress on neuronal structures in animal models. Both acute and 

chronic immobilization stress lead to significant increases in oxidative stress 

markers and disrupt neuromuscular coordination, with more pronounced effects 

observed under chronic stress conditions. The elevated levels of neuro-immune 

markers further suggest that stress can compromise the immune balance within the 

central nervous system, potentially contributing to neuroinflammation and the 

development of neurodegenerative conditions.  

These findings underscore the importance of addressing chronic stress as a critical 

factor in neurological health. The data support the hypothesis that prolonged 

exposure to stress not only affects neuronal metabolism but may also accelerate 

neurodegenerative processes through oxidative and neuroimmune mechanisms. 

Future research aimed at modulating these pathways could offer potential 

therapeutic strategies to mitigate the adverse effects of stress on the brain. 

Preventive approaches, including early interventions targeting oxidative stress and 

immune dysregulation, could play a valuable role in maintaining neuronal integrity 

and reducing the long-term risks associated with chronic stress exposure. 
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