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Abstract: The nervous system is a highly complex network responsible for the 

coordination of all physiological functions in the human body. It integrates sensory input, 

processes information, and initiates motor output. This paper explores the physiological 

mechanisms underlying neural activity, with particular emphasis on the structure and 

function of neurons, synaptic transmission, and the role of neurotransmitters in 

communication. Using data from recent neurophysiological studies, the article outlines 

how electrical and chemical processes form the foundation of human cognition, reflexes, 

and homeostasis. 
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1. Introduction 

The nervous system is the body’s central communication network that controls 

voluntary and involuntary actions. It consists of the central nervous system (CNS) and the 

peripheral nervous system (PNS), which together maintain homeostasis and coordinate 

complex functions such as thought, emotion, and movement. 

Understanding the physiology of the nervous system is fundamental in neuroscience, as it 

reveals how electrical and chemical signals regulate behavior and bodily functions. 

Disorders of the nervous system—such as Parkinson’s disease, Alzheimer’s disease, and 

multiple sclerosis—highlight the importance of maintaining neural integrity. 
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The aim of this paper is to describe the physiological structure and function of the 

nervous system, focusing on neuron physiology, synaptic transmission, and the integration 

of neural networks in maintaining bodily coordination. 

 

2. Materials and Methods 

2.1. Literature Sources 

This paper is based on an analytical review of recent neurophysiological research, 

including peer-reviewed journal articles from PubMed, ScienceDirect, and Google Scholar 

between 2018–2024. 

2.2. Analytical Approach 

A qualitative approach was adopted to synthesize findings from multiple studies on 

neural activity, ion channel behavior, and neurotransmission. Comparative data were 

examined to illustrate mechanisms of action potential generation, synaptic function, and 

neurotransmitter pathways. 

2.3. Experimental Context 

Although this paper is primarily theoretical, reference is made to electrophysiological 

techniques such as EEG, patch-clamp analysis, and imaging studies (fMRI and PET) that 

elucidate neuronal behavior and functional mapping of the brain. 

 

3. Results 

3.1. Structure and Function of Neurons 

Neurons are the basic structural and functional units of the nervous system. Each 

neuron consists of a cell body (soma), dendrites, and an axon. Dendrites receive incoming 

signals, while the axon transmits outgoing electrical impulses to target cells. The resting 

membrane potential of a neuron, approximately –70 mV, results from the distribution of 

ions across the cell membrane through sodium-potassium pumps and selective ion 

channels. 
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3.2. Action Potential Mechanism 

When a neuron receives sufficient stimulus, depolarization occurs as voltage-gated 

Na⁺ channels open, leading to the generation of an action potential. This electrical impulse 

travels along the axon via saltatory conduction in myelinated fibers, ensuring rapid signal 

transmission. 

3.3. Synaptic Transmission 

At the axon terminal, electrical signals are converted into chemical signals through 

the release of neurotransmitters. Synaptic vesicles release molecules such as acetylcholine, 

dopamine, or serotonin into the synaptic cleft. These neurotransmitters bind to receptor 

proteins on the postsynaptic membrane, leading to excitation or inhibition of the target cell. 

3.4. Integration in Neural Networks 

Neurons form vast networks that process information in a distributed manner. 

Excitatory and inhibitory inputs are integrated at the axon hillock to determine the firing 

rate of neurons. Functional imaging has shown that the coordination between cortical and 

subcortical regions allows for sensory perception, motor control, and emotional regulation. 

 

4. Discussion 

The physiology of the nervous system represents one of the most sophisticated 

examples of biological communication. The combination of electrical and chemical 

signaling allows for precise and rapid transmission of information across the body. 

Synaptic plasticity—the ability of synapses to strengthen or weaken over time—is a 

fundamental mechanism underlying learning and memory. Research on long-term 

potentiation (LTP) demonstrates how repeated stimulation increases synaptic efficacy, 

forming the basis for neuroadaptation. 

Moreover, dysfunctions in neurotransmitter systems are directly linked to 

neurological and psychiatric disorders. For example, dopamine deficiency leads to motor 

impairment in Parkinson’s disease, while excessive glutamatergic activity contributes to 

excitotoxicity in Alzheimer’s disease. 
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Modern techniques such as optogenetics and brain–computer interfaces have opened new 

opportunities to manipulate and observe neuronal activity in real time, further expanding 

our understanding of brain physiology. 

 

5. Conclusion 

The nervous system’s physiology reflects the intricate balance between structure and 

function, enabling the body to respond, adapt, and learn. From ion channel dynamics to 

neurotransmitter signaling, every aspect of neural physiology contributes to the integrated 

performance of the human organism. Future studies focusing on molecular and 

computational neuroscience will continue to unravel the complexities of neural networks 

and their role in health and disease. 
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