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DESCRIPTION
Neurophysiology is the branch of physiology that explores the 
various mechanisms of neural communication and brain 
function. This field includes study about neurons, the primary 
cells of the nervous system, communicate through electrical and 
chemical signals to coordinate a wide array of physiological 
processes,    including   movement,     sensation,   cognition   and 
emotion. Understanding these mechanisms provides essential 
insights into both normal brain function and the pathological 
conditions that disrupt it. The main part in neurophysiology is 
the neuron, a specialized cell designed to transmit information. 
Neurons communicate through a complex process involving 
electrical impulses known as action potentials. An action 
potential is generated when a neuron receives a sufficient 
excitatory stimulus, causing a rapid influx of sodium ions and a 
subsequent outflux of potassium ions across the cell membrane. 
This ionic exchange creates a wave of electrical activity that 
passes along the axon, the neuron’s elongated projection towards 
the synaptic terminals.

The synapse is a small gap between neurons, is where electrical 
signals are converted into chemical messages. When an action 
potential reaches the synaptic terminal, it triggers the release of 
neurotransmitters, chemical messengers stored in synaptic 
vesicles. These neurotransmitters cross the synaptic cleft and 
bind to receptors on the post-synaptic neuron, initiating a 
response that can either excite or inhibit the neuron. This 
synaptic transmission is important for neural communication, 
allowing for the integration and processing of information 
within neural networks. Neurotransmitters play diverse roles in 
brain function. For instance, glutamate is the primary excitatory 
neurotransmitter, promoting action potentials in post-synaptic 
neurons, while Gamma-Aminobutyric acid (GABA) serves as the 
main inhibitory neurotransmitter, reducing neuronal excitability. 
Other   neurotransmitters,   such   as   dopamine,  serotonin and  
acetylcholine, are involved in modulating mood, arousal, and 
cognitive processes. The precise regulation of neurotransmitter 
release and receptor activity is essential for maintaining neural 
homeostasis and proper brain function.

Neural circuits are networks of interconnected neurons helps in 
the brain’s ability to perform complex functions. These circuits 
are organized into various regions and pathways that specialize in 
different tasks. For example, the motor cortex is involved in 
planning and executing movements, while the sensory cortices 
process information from the senses. The limbic system, 
including structures like the hippocampus and amygdala, is 
essential for emotion and memory. The prefrontal cortex is 
associated with higher-order cognitive functions such as decision-
making, problem-solving and social behavior.

Synaptic plasticity, the ability of synapses to strengthen or 
weaken over time, is a fundamental mechanism underlying 
learning and memory. Long-Term Potentiation (LTP) and Long-
Term Depression (LTD) are two key forms of synaptic plasticity. 
LTP, an increase in synaptic strength, occurs when repeated 
stimulation of a synapse enhances the postsynaptic neuron’s 
response to future stimuli. Neurophysiology also explores how 
the disruptions in neural communication lead to neurological 
and psychiatric disorders. For instance, in Alzheimer’s disease, 
abnormal accumulation of amyloid-beta plaques and tau tangles 
disrupts synaptic function and neural communication, leading 
to cognitive decline and memory loss. In Parkinson’s disease, 
degeneration of dopamine-producing neurons in the substantia 
nigra impairs motor control, causing tremors and rigidity. 
Understanding the neurophysiological mechanisms underlying 
these conditions is essential for developing targeted therapies 
and interventions.

Advancements in neurophysiological research have been 
propelled by various techniques and technologies. 
Electrophysiological methods, such as Electroencephalography 
(EEG) and intracranial recordings, measure electrical activity in 
the brain, providing insights into neural dynamics. Imaging 
techniques like functional Magnetic Resonance Imaging (fMRI) 
visualize brain activity and metabolic processes. Additionally, 
optogenetics and chemogenetics, which use light and chemicals 
to control specific neurons, have revolutionized the study of 
neural circuits and behavior.
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