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Excitability

Excitability refers to the ability of neurons and other cells to respond to stimuli by generating
electrical signals called action potentials. It is a fundamental property of neurons that allows them to
communicate with each other and with other types of cells, such as muscle cells, to produce
coordinated responses in the body.

Key Aspects of Neuronal Excitability: Resting Membrane Potential:

Definition: The resting membrane potential is the difference in electric charge across the cell
membrane when a neuron is not actively firing. It is typically around -70 mV in neurons, with the
inside of the cell being more negative compared to the outside. Ionic Basis: The resting membrane
potential is maintained by the uneven distribution of ions (such as sodium, potassium, and chloride)
across the cell membrane, and the action of ion pumps, particularly the sodium-potassium pump
(Na+/K+ ATPase). Action Potential:

Definition: An action potential is a rapid, temporary change in the membrane potential that travels
along the axon of a neuron. It is the primary way that neurons transmit information. Phases:
Depolarization: Triggered by a stimulus, voltage-gated sodium channels open, allowing Na+ ions to
rush into the cell, causing the membrane potential to become more positive. Repolarization: After
depolarization, voltage-gated potassium channels open, allowing K+ ions to flow out of the cell,
restoring the membrane potential to a negative value. Hyperpolarization: The membrane potential
may temporarily become more negative than the resting potential due to the continued efflux of K+
ions before stabilizing again at the resting potential. Threshold:

Definition: The threshold is the critical level of depolarization that must be reached for an action
potential to be initiated. If the membrane potential does not reach this threshold, the neuron will not
fire. All-or-None Principle: Once the threshold is reached, an action potential will occur in an all-or-
none fashion, meaning it either happens fully or not at all. Ionic Channels and Excitability:

Voltage-Gated Channels: Neuronal excitability is heavily dependent on the function of voltage-gated
ion channels, such as sodium, potassium, and calcium channels. These channels open or close in
response to changes in membrane potential, controlling the flow of ions and the generation of action
potentials. Modulation: Excitability can be modulated by various factors, including neurotransmitters,
neuromodulators, and drugs that alter the function of these ion channels. Synaptic Input:

Excitatory Postsynaptic Potentials (EPSPs): Synaptic input that depolarizes the membrane potential,
bringing it closer to the threshold for an action potential, increases excitability. This is typically
mediated by neurotransmitters like glutamate that open cation channels (e.g., Na+ channels).
Inhibitory Postsynaptic Potentials (IPSPs): Synaptic input that hyperpolarizes the membrane potential,
moving it further from the threshold, decreases excitability. This is typically mediated by
neurotransmitters like GABA that open anion channels (e.g., Cl- channels). Intrinsic and Extrinsic
Factors Influencing Excitability:

Intrinsic Factors: These include the properties of the neuron's membrane, the density and types of ion
channels present, and the neuron's overall health and metabolic state. Extrinsic Factors: These
include the influence of other neurons, hormones, and external stimuli. For instance, neuromodulators
like serotonin or dopamine can change a neuron's excitability by affecting ion channel activity.
Clinical Relevance:
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Epilepsy: Abnormal increases in neuronal excitability can lead to conditions like epilepsy, where
excessive, synchronized firing of neurons results in seizures. Anxiety and Mood Disorders: Alterations
in the excitability of neurons in certain brain regions can contribute to anxiety, depression, and other
psychiatric conditions. Neurodegenerative Diseases: Changes in neuronal excitability are also
implicated in neurodegenerative diseases like Alzheimer's and Parkinson's, where disrupted signaling
contributes to cognitive and motor dysfunction. In summary, excitability is a crucial property of
neurons that underlies their ability to generate action potentials and communicate within the nervous
system. It is finely regulated by the interaction of various ionic channels, synaptic inputs, and both
intrinsic and extrinsic factors. Disruptions in excitability can lead to a range of neurological and
psychiatric disorders.
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