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LOCAL EXCITATORY STATE (LES)

Primary Disciplinary Field(s): Neuroscience, Cellular Physiology, Neuropsychology

1. Core Definition and Context

The Local Excitatory State (LES) refers to a transient, localized change in the electrical potential

across the membrane of a neuron, specifically characterized by a movement toward

depolarization. In physiological terms, this means the resting membrane potential--which is

typically negative (e.g., -70 mV)--becomes less negative, approaching the threshold required to

initiate an action potential. This phenomenon is distinct from the all-or-nothing action potential

because the LES is a graded potential; its magnitude is directly proportional to the intensity of the

stimulus that provoked it, and it dissipates quickly over distance and time if not sufficiently

reinforced. The LES represents the initial electrical response generated when a neuron receives

incoming excitatory input, whether from another neuron via a synapse or from a sensory receptor

responding to external stimuli.

Functionally, the LES acts as the fundamental building block of neural communication and

integration within the central nervous system. Without the ability of individual neurons to generate

and summate these localized changes, complex information processing would be impossible.

When excitatory neurotransmitters bind to receptors on the postsynaptic membrane, they typically

cause the opening of ion channels--most commonly those permeable to positive ions, such as

sodium (Na+). The influx of these positive ions reduces the overall negative charge inside the cell

relative to the outside, leading to the necessary depolarization that defines the LES. This initial

localized change is critical for determining whether the neuron will ultimately fire a signal down its

axon to communicate with subsequent neural circuits.

2. Physiological Mechanism of Excitation

The induction of a Local Excitatory State is fundamentally rooted in the rapid, controlled movement

of specific ions across the neuronal membrane, governed by principles of electrochemical

gradients. When an excitatory signal arrives at the synapse--often resulting in the release of

neurotransmitters like glutamate--these chemical messengers bind to ligand-gated ion channels,

primarily on the dendrites or soma of the receiving neuron. This binding event causes a

conformational change in the receptor protein, opening the pore and allowing ions to flow down

their concentration gradients. Because the concentration of sodium ions (Na+) is significantly

higher outside the cell and the interior is electrically negative, sodium rushes into the cell, resulting

in a positive current flow.

This inward flow of positive charge constitutes the local depolarization characteristic of the LES.

Unlike the channels responsible for the rapid upstroke of an action potential (voltage-gated

ARABPSYCHOLOGY.C
OM

https://en.wikipedia.org/wiki/Action_potential
https://en.wikipedia.org/wiki/Sodium_ion
https://en.wikipedia.org/wiki/Glutamate_(neurotransmitter)
https://scales.arabpsychology.com/?p=62620
https://scales.arabpsychology.com
https://scales.arabpsychology.com


LOCAL EXCITATORY STATE (LES) 3

PSYCHOLOGICAL SCALES scales.arabpsychology.com

channels), the channels generating the LES are typically chemically-gated (ligand-gated) and

remain open only as long as the neurotransmitter is bound. Furthermore, the magnitude of the

resulting depolarization is directly proportional to the amount of neurotransmitter released and the

number of receptors activated. A small amount of neurotransmitter produces a weak, localized

LES, while a large release produces a stronger, more significant depolarization, reflecting the

graded nature of this potential. The subsequent repolarization and return to the resting potential

occur as the ions passively redistribute, and the active mechanisms, such as the Na+/K+ ATPase

pump, restore the initial ionic balance.

3. The Graded Nature of LES

A defining characteristic of the Local Excitatory State is its property as a graded potential,

meaning the amplitude of the electrical change is variable and scalable, contrasting sharply with

the fixed magnitude of an action potential. The strength of the initial stimulus dictates the height of

the LES; a stronger stimulus--such as a higher frequency of incoming presynaptic firing or a

greater quantity of neurotransmitter release--will lead to a larger influx of positive ions and thus a

greater degree of depolarization. This graded response allows the neuron to effectively encode

subtle differences in the intensity of incoming information, a crucial function for sensory processing

and complex integration.

Moreover, the LES is subject to decremental conduction; its electrical influence diminishes rapidly

as it spreads away from the point of origin (the synapse or receptor site). Neuronal membranes

possess resistance and capacitance that cause the current to leak out, meaning that a local

potential generated far out on a dendrite will have a much weaker effect on the neuron's trigger

zone (the axon hillock) compared to one generated close to the soma. This spatial limitation

necessitates complex mechanisms of integration, where multiple, individually weak LES signals

must converge both spatially and temporally to achieve functional significance at the decision-

making point of the neuron.

4. Relationship to Action Potentials and Threshold Dynamics

The ultimate goal of the Local Excitatory State is to influence the generation of an action potential,

the definitive long-distance signaling mechanism of the nervous system. The action potential is

initiated only if the combined depolarization caused by the LES reaches the critical threshold

potential (typically around -55 mV in many neurons) at the axon hillock. This threshold represents

the voltage at which voltage-gated sodium channels, which are densely concentrated in the axon

hillock, undergo a massive, regenerative opening, leading to the rapid, self-propagating spike of

the action potential.

If the cumulative depolarization falls short of the threshold, the LES simply dissipates, and no
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signal is transmitted down the axon. Therefore, the LES serves as a critical intermediary step,

converting incoming synaptic activity into a variable electrical signal that is then processed through

summation to determine the cell's output. The summation process is essential because, typically, a

single LES is insufficient to reach the threshold; rather, hundreds or even thousands of

simultaneous or near-simultaneous LES events must combine their effects to push the membrane

potential past the crucial firing point.

5. Spatial and Temporal Summation

Because individual Local Excitatory States are usually too small and too short-lived to trigger an

action potential independently, neurons rely on two primary mechanisms of integration: spatial

summation and temporal summation. Spatial summation occurs when multiple LES events,

generated simultaneously at different synaptic locations across the dendrites and soma, converge

and additively contribute their depolarizing effects at the axon hillock. For example, if three different

synapses fire simultaneously, each contributing 5 mV of depolarization, the total effect at the axon

hillock could theoretically be 15 mV, which might be sufficient to cross the threshold.

Temporal summation, conversely, involves the compounding effect of successive LES events

arriving rapidly from a single presynaptic input. Since the effect of an LES lasts for a short duration,

if a presynaptic neuron fires multiple times in quick succession before the previous LES has fully

decayed, the new depolarization adds to the residual depolarization, increasing the total

membrane potential change. Both types of summation are constantly at play within complex

neuronal circuits, allowing the neuron to integrate information arriving from diverse inputs over brief

periods of time, thereby facilitating sophisticated decision-making at the cellular level.

6. Comparison with Local Inhibitory State (LIS)

The Local Excitatory State operates in direct opposition to the Local Inhibitory State (LIS), which is

characterized by hyperpolarization or stabilization of the membrane potential. While LES moves

the potential closer to threshold (depolarization), LIS moves the potential further away from

threshold (hyperpolarization) or makes it more difficult to depolarize (shunting inhibition). The LIS is

typically mediated by inhibitory neurotransmitters, such as GABA, which cause the influx of

negative ions (like chloride, Cl-) or the efflux of positive ions (like potassium, K+), resulting in a

more negative internal charge.

Neural integration is thus a dynamic competition between converging LES and LIS inputs. The final

decision of whether the neuron fires an action potential is determined by the net balance of

excitatory versus inhibitory potentials summed at the axon hillock. A strong LIS can effectively

counteract and cancel out multiple LES inputs, providing the necessary regulatory control to

prevent runaway excitation and ensure precise timing of neural signaling. This delicate balance is
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fundamental to maintaining stable neural network function and preventing pathologies such as

epileptic seizures, which are often characterized by excessive, unchecked LES activity.

7. Significance in Neural Integration and Plasticity

The Local Excitatory State is indispensable for neural integration, serving as the essential signal

transformation point where chemical communication is converted back into electrical activity that

can be summed and acted upon. The precise regulation of the LES amplitude and duration

underlies processes ranging from simple reflexes to complex cognitive functions. For instance, in

sensory pathways, the magnitude of the LES in sensory neurons encodes the intensity of the

external stimulus, a critical step in translating physical energy into neural code.

Furthermore, the mechanisms that generate and modulate the LES are central to synaptic

plasticity--the ability of synapses to strengthen or weaken over time--which is the biological

substrate for learning and memory. Long-term potentiation (LTP), a primary mechanism of memory

formation, relies heavily on strengthening the postsynaptic response, effectively increasing the

amplitude and duration of the LES generated by subsequent inputs. This change is often achieved

through the insertion of more receptors (e.g., AMPA receptors) into the postsynaptic membrane,

making the neuron more sensitive to incoming excitatory signals and increasing the probability that

an LES will contribute successfully to an action potential.

Further Reading

Graded potential

Excitatory postsynaptic potential (EPSP)

Synaptic plasticity

Membrane potential
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