
AMERICAN JOURNAL OF APPLIED MEDICAL SCIENCE  
ISSN: 2996-5101 (online) | ResearchBib (IF) = 10.81 IMPACT FACTOR 

Volume-3| Issue-8| 2025 Published: |30-09-2025| 

47 

CENTRAL NERVOUS SYSTEM PHYSIOLOGY AND NEUROPLASTICITY 

 

https://doi.org/10.5281/zenodo.17180684 

 

Alimova Zebiniso Farxodjon qizi 

azebiniso356@gmail.com 

Choriyeva O'g'iloy Shuhrat qizi 

choriyevaogiloy119@gmail.com 

Termiz iqtisodiyot va servis universiteti, Termiz shahar Farovon massiv, 43B uy, e-

mail: esadir_74@rambler.ru 

 

Annotation 

This article explores the fundamental mechanisms of central nervous system 

physiology and the processes of neuroplasticity. Neuroplasticity refers to the ability 

of nerve cells to adapt to external stimuli and experiences, playing a crucial role in 

learning, memory, and recovery after injury. The findings indicate that 

neuroplasticity persists not only during childhood but throughout life, offering 

expanded opportunities for treatment and rehabilitation in various clinical 

conditions. 
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The central nervous system (CNS) is the most important control center of the 

human body, coordinating all physiological processes, behavior, and cognitive 

activity. In recent years, the concept of neuroplasticity has attracted significant 

scientific interest in the fields of neurobiology, medicine, and psychology. The 

existence of neuroplasticity demonstrates that the human brain can reorganize its 

structure and functional activity not only during developmental stages but also 

throughout the entire lifespan. This process plays a crucial role in the formation of 

learning and memory, as well as in improving recovery following stroke, brain 

injuries, and degenerative diseases (such as Alzheimer’s and Parkinson’s 

disease). A deeper understanding of the mechanisms underlying neuroplasticity 

serves as a scientific basis for the development of new treatment and rehabilitation 

methods. Therefore, the study of this topic is considered highly relevant in modern 

medicine, both theoretically and practically. 
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The central nervous system (CNS)—composed of the brain and spinal cord—

is a complex structure that serves as the highest control center of the body. Its 

primary function is to receive information from the external and internal 

environment, process it, and form appropriate response reactions. Through the 

CNS, not only vegetative processes (such as respiration, heartbeat, and 

homeostasis), but also higher nervous activities—thinking, speech, memory, and 

emotions—are regulated. 

In recent years, the concept of neuroplasticity has become one of the most 

important areas of study in neurophysiology and clinical medicine. It refers to the 

ability of nerve cells and neural networks to reorganize their connections, structure, 

and functions in response to external influences, learning, or injury. The presence of 

neuroplasticity shows that the human brain is a flexible and dynamic structure 

throughout life. 

This article provides a thorough analysis of CNS physiology and 

neuroplasticity processes, highlighting their role in learning, memory, and the 

treatment of various clinical conditions. 

Fundamentals of Central Nervous System Physiology 

The central nervous system (CNS) performs the functions of processing, 

transmitting, and regulating information through complex networks of neurons. Its 

main functions include: 

Receiving and processing information – regulating signals from external 

sources (via receptors) and internal environments (within the body). 

Controlling motor activity – coordinating the activity of skeletal muscles and 

autonomic functions. 

Cognitive processes – ensuring memory, thinking, speech, emotions, and 

learning. 

Within the CNS, neurons are interconnected through synapses, transmitting 

nerve impulses via electrical and chemical signals. This functional unity of 

neurons forms the core mechanism of neuroplasticity. 

The Concept of Neuroplasticity 

Neuroplasticity is the CNS’s ability to adapt to internal and external 

influences by forming new neural connections or reorganizing existing ones. It is 

classified into two main types: 

Functional neuroplasticity – altering the activity of neural networks by 

strengthening or weakening the transmission of nerve impulses. For example, after 

a stroke, healthy neurons may take over the functions of damaged areas. 
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Structural neuroplasticity – the formation or elimination of dendritic 

branches, axon collaterals, and synapses. This process plays a crucial role in 

learning and long-term memory formation. 

Mechanisms of Neuroplasticity 

Neuroplasticity is implemented through the following mechanisms: 

Synaptic plasticity – changes in the efficiency of synapses, including long-

term potentiation (LTP) and long-term depression (LTD). 

Neurogenesis – the generation of new neurons, particularly in the 

hippocampus. 

Changes in myelination – reorganization of the myelin sheath around axons 

to increase the speed of nerve impulse conduction. 

Genetic and molecular changes – neurotrophic factors (such as BDNF – 

Brain-Derived Neurotrophic Factor) support neuronal survival and the formation 

of new neural connections. 

Practical Significance 

In education and learning – Neuroplasticity plays a key role in the acquisition 

of new knowledge and skills. 

In rehabilitation and treatment – Neuroplasticity serves as a foundational 

mechanism for recovery after stroke, traumatic brain injury, Parkinson’s disease, 

and Alzheimer’s disease. 

In mental health – Conditions such as depression, stress, and anxiety can slow 

down neuroplasticity processes; however, psychotherapy and physical activity can 

help restore them. 

Research Aim and Objectives 

Aim of the research: 

To deeply study the physiology of the central nervous system and the 

processes of neuroplasticity; to determine their importance in learning, memory, 

and recovery after various clinical conditions; and to scientifically substantiate the 

practical applications of neuroplasticity in modern medicine. 

Objectives of the research: 

To analyze the fundamental physiological functions of the central nervous 

system. 

To study the concept of neuroplasticity and its types (functional and 

structural). 

To identify the molecular and cellular mechanisms of neuroplasticity. 

To explain the role of neuroplasticity in learning, memory, and cognitive 

function. 
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To demonstrate the clinical importance of neuroplasticity in conditions such as 

stroke, trauma, and neurodegenerative diseases. 

To scientifically evaluate the possibilities of treatment and rehabilitation 

methods based on neuroplasticity. 

Materials and Methods 

In this scientific article, analytical-review and comparative scientific 

approaches were used to analyze information related to the physiology of the 

central nervous system and neuroplasticity. The study was based on the following 

sources and methods: 

Literature sources – Recent international scientific articles, monographs, 

textbooks on neurobiology and physiology, and results of clinical studies were 

examined. 

Comparative analysis – Neuroplasticity processes were compared across 

different age groups (childhood, adulthood, aging) and pathological conditions 

(stroke, brain injury, neurodegenerative diseases). 

Statistical approach – Experimental data from existing scientific works 

(neurogenesis, synaptic plasticity, BDNF levels) were summarized to draw 

scientific conclusions. 

Experimental data review – Results from studies conducted on animals and 

humans were analyzed, and their application to clinical practice was evaluated. 

Systemic approach – CNS function and neuroplasticity processes were 

examined integratively, analyzing both theoretical and practical aspects together. 

Research Results and Their Analysis 

The conducted analysis revealed that the physiology of the central nervous 

system and neuroplasticity processes are closely interconnected and remain active 

not only during development but throughout the entire human lifespan. 

Synaptic plasticity has been confirmed as a primary mechanism of learning 

and memory. Scientific literature highlights the central role of long-term 

potentiation (LTP) and long-term depression (LTD) in memory processes by 

increasing or decreasing the efficiency of synaptic connections. 

Neurogenesis occurs predominantly in the hippocampus and the 

subventricular zone of the lateral ventricles. The formation of new neurons is 

influenced by factors such as stress, physical activity, and intellectual stimulation, 

ensuring a high level of neuroplastic potential. 

Molecular factors – Neurotrophic factors, particularly BDNF (Brain-Derived 

Neurotrophic Factor), have been identified as essential in synaptic plasticity and 

neuron survival. Clinical studies have shown that low BDNF levels are often 

observed in depression and neurodegenerative diseases. 



AMERICAN JOURNAL OF APPLIED MEDICAL SCIENCE  
ISSN: 2996-5101 (online) | ResearchBib (IF) = 10.81 IMPACT FACTOR 

Volume-3| Issue-8| 2025 Published: |30-09-2025| 

51 

Clinical observations indicate that neuroplasticity mechanisms play a crucial 

role in the rehabilitation process after stroke or traumatic brain injuries. 

Rehabilitation exercises, psychotherapy, and pharmacological stimulants enhance 

neuroplasticity and accelerate functional recovery. 

Comparative findings – Although neuroplasticity is most pronounced during 

childhood, research has shown that it remains significantly present in adults. In old 

age, the process slows down but does not disappear completely. 

The analysis concludes that a deep understanding of neuroplasticity processes 

holds not only theoretical but also significant practical value. Approaches based on 

neuroplasticity can help enhance educational outcomes, support psychological 

well-being, and lead to the development of innovative treatment strategies for 

neurodegenerative diseases and brain trauma. 

Synaptic Plasticity, Neurogenesis, and Clinical Insights 

Synaptic plasticity has been confirmed as a fundamental mechanism of 

learning and memory. Scientific literature highlights the central role of long-term 

potentiation (LTP) and long-term depression (LTD) in memory processes. These 

phenomena enhance or diminish the efficiency of inter-neuronal communication. 

Neurogenesis has been observed primarily in the hippocampus and the 

subventricular zone of the lateral ventricles. The formation of new neurons is 

highly sensitive to stress, physical activity, and intellectual stimulation, which 

ensures a sustained level of neuroplasticity throughout life. 

Molecular factors – Neurotrophic factors, especially BDNF (Brain-Derived 

Neurotrophic Factor), are crucial for synaptic plasticity and neuron survival. 

Clinical research has shown that low levels of BDNF are associated with 

depression and neurodegenerative diseases. 

Clinical observations reveal that neuroplasticity mechanisms play a key role 

in rehabilitation after stroke or traumatic brain injury. Rehabilitation exercises, 

psychotherapy, and pharmacological stimulants have been shown to enhance 

neuroplasticity and accelerate functional recovery. 

Comparative results – Although neuroplasticity is most pronounced during 

childhood, studies confirm that it remains significant in adulthood as well. While 

the process slows down with aging, it does not disappear completely. 

The analysis suggests that an in-depth understanding of neuroplasticity is of 

great theoretical and practical value. Approaches based on neuroplasticity can 

enhance educational efficiency, support mental health, and lead to the 

development of novel treatment strategies for neurodegenerative diseases and 

post-traumatic conditions. 
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General Conclusion and Recommendations 

General Conclusion: 

Scientific analysis has demonstrated that the physiology of the central 

nervous system and the processes of neuroplasticity are crucial throughout all 

stages of human life. Neuroplasticity forms the basis of learning and memory, and 

also plays a vital role in recovery following brain injuries, stroke, and 

neurodegenerative diseases. Synaptic plasticity, neurogenesis, neurotrophic 

factors, and molecular mechanisms form the scientific foundation of 

neuroplasticity. Furthermore, recent studies have confirmed that neuroplasticity 

persists throughout the entire lifespan, offering wide-ranging opportunities for 

application in both clinical and educational fields. 

Recommendations: 

Widespread implementation of methods that enhance neuroplasticity (e.g., 

psychotherapy, physical activity, intellectual training) in both educational and 

clinical practices. 

Development of new pharmacological agents that activate neurotrophic 

factors (such as BDNF and others), and their use in clinical trials. 

Design of individualized rehabilitation programs based on neuroplasticity 

mechanisms, particularly for patients recovering from stroke and traumatic brain 

injury. 

Integration of neuroplasticity-based methods into educational systems to 

improve students’ cognitive capacity and learning outcomes. 

Promotion of regular physical activity, healthy lifestyle, and intellectual 

engagement to support neuroplasticity in older adults. 
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