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NEUROTRANSMISSION

Primary Disciplinary Field(s): Neuroscience, Physiology, Pharmacology, Psychology

1. Core Definition

Neurotransmission describes the complex, fundamental process by which an electrochemical

signal is communicated from one nerve cell (neuron) to another adjacent neuron or effector cell,

such as a muscle or gland cell. This process is the foundational mechanism underlying all neural

activity, facilitating everything from simple reflexes to complex cognitive functions. Fundamentally,

neurotransmission involves the conversion of an electrical signal--the action potential--into a

chemical signal via the release of specialized messenger molecules known as neurotransmitters,

which then bridge the microscopic gap separating the cells.

The transmission event occurs at the specialized junction called the synapse. When the electrical

signal reaches the end of the presynaptic neuron's axon terminal, it triggers a cascade of events

leading to the release of neurotransmitters into the synaptic cleft. These chemical messengers

then diffuse rapidly across the cleft and bind to specific receptor sites located on the membrane of

the postsynaptic cell. The binding initiates a new response in the receiving cell, which may be

excitatory (leading to a new action potential) or inhibitory (making the receiving cell less likely to

fire). This entire sequence--from the initiation of the action potential in the sending neuron to the

resulting change in the excitability of the receiving neuron--is precisely what defines the process of

neurotransmission.

The efficiency and specificity of neurotransmission are paramount to the functional integrity of the

nervous system. The process ensures that signals are transmitted rapidly, reliably, and only to the

intended target cells, allowing for the precise coordination required for movement, sensory

processing, memory formation, and emotional regulation. Failures or dysregulations in this

signaling pathway are implicated in nearly all neurological and psychiatric disorders, making

neurotransmission a central focus of biological and medical research.

2. Etymology and Historical Development

The conceptual framework for neurotransmission emerged from early 20th-century debates

regarding how neurons communicated. Prior to conclusive evidence, scientists were divided

between two competing hypotheses: the "soup" proponents, who argued for chemical

communication, and the "spark" proponents, who believed transmission was purely electrical. Key

foundational work by Santiago Ramón y Cajal, who developed the Neuron Doctrine, established

that the nervous system consists of discrete cells rather than a continuous net, necessitating a

specialized junction--the synapse, a term coined by Sir Charles Sherrington--to facilitate

communication across the gap.
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The decisive breakthrough confirming chemical transmission came from the elegant 1921

experiment conducted by Austrian pharmacologist Otto Loewi. Loewi isolated two frog hearts, one

with its vagus nerve intact and the other without. By stimulating the vagus nerve of the first heart,

he slowed its beat, and then applied the perfusate (fluid bathing the first heart) to the second heart.

The second heart also slowed, demonstrating that a diffusible chemical substance--which he called

Vagusstoff, later identified as acetylcholine--was responsible for carrying the inhibitory signal.

This confirmed that signal transfer between two neurons or between a neuron and a target organ

was mediated chemically, establishing the basis for the modern understanding of chemical

neurotransmission.

While chemical transmission dominated the understanding of the synapse, subsequent research

revealed that Sherrington's initial concept of the synapse also encompassed electrical

transmission. Electrical synapses, characterized by gap junctions that allow direct current flow

between cells, provide instantaneous communication, though they are less flexible than chemical

synapses. The recognition that both chemical and electrical mechanisms exist, serving different

functional requirements (modulatory vs. speed-critical), deepened the complexity of the field.

Further developments in the mid-to-late 20th century, spurred by advancements in

electrophysiology and biochemistry, led to the identification of dozens of distinct neurotransmitters,

their corresponding receptor subtypes, and the molecular machinery governing vesicle release,

transitioning the field into the era of molecular neuroscience.

3. Key Mechanisms and Molecular Components

Chemical neurotransmission is a highly regulated, multi-stage process involving distinct molecular

machinery at the presynaptic terminal, the synaptic cleft, and the postsynaptic membrane. The

entire cycle ensures efficiency, speed, and subsequent termination of the signal.

The process begins with the arrival of a suprathreshold action potential at the axon terminal of the

presynaptic neuron. This depolarization opens voltage-gated calcium channels located on the

presynaptic membrane. Because the concentration of calcium ions (Ca2+) is significantly higher

outside the cell than inside, this influx causes a rapid rise in intracellular calcium concentration,

which serves as the critical trigger for vesicle fusion. Synaptic vesicles, tiny membrane-bound sacs

containing neurotransmitter molecules, are docked near the active zone of the presynaptic

terminal, held in place by a complex set of proteins known as the SNARE complex (Soluble NSF

Attachment Protein Receptor). The calcium influx induces rapid conformational changes in

calcium-sensing proteins, such as synaptotagmin, which interact with the SNARE complex, forcibly

fusing the vesicle membrane with the presynaptic membrane, a process called exocytosis.

Upon exocytosis, the neurotransmitter molecules are released into the synaptic cleft, the narrow

fluid-filled space between the two neurons. These molecules rapidly diffuse across the cleft, a

ARABPSYCHOLOGY.C
OM

https://scales.arabpsychology.com/?p=43152
https://scales.arabpsychology.com
https://scales.arabpsychology.com


NEUROTRANSMISSION 4

PSYCHOLOGICAL SCALES scales.arabpsychology.com

distance typically less than 20 nanometers, and bind transiently to specific receptor proteins

embedded in the postsynaptic membrane. These receptors can be ionotropic (ligand-gated ion

channels) or metabotropic (G protein-coupled receptors). Binding to ionotropic receptors causes an

immediate opening of the ion channel, leading to a rapid flow of ions and generating an excitatory

postsynaptic potential (EPSP) or an inhibitory postsynaptic potential (IPSP). Binding to

metabotropic receptors triggers a slower, but often more widespread, cascade of intracellular

second messengers, modulating the postsynaptic cell's activity over a longer duration.

Crucially, the signal must be terminated quickly to prevent continuous stimulation and allow for

subsequent transmissions. Termination is achieved primarily through three mechanisms:

reuptake, where specific transporter proteins on the presynaptic terminal or surrounding glial cells

retrieve the neurotransmitter back into the axon terminal; enzymatic degradation, where enzymes

within the synaptic cleft (like acetylcholinesterase) break down the neurotransmitter into inactive

metabolites; or diffusion away from the synaptic site. This rapid clearance ensures the temporal

fidelity of the neural signal, allowing the synapse to reset for the next incoming action potential and

maintaining high processing speed.

4. Classes and Diversity of Neurotransmitters

Neurotransmitters are highly diverse, enabling the nervous system to execute a vast array of

specialized signaling roles. They are typically categorized based on their chemical structure, which

dictates their synthesis, storage, and mechanism of action. This diversity allows for complex

modulation of neural circuits, far beyond simple excitatory or inhibitory signaling.

Amino Acid Neurotransmitters: These are the most prevalent neurotransmitters in the central

nervous system (CNS). Glutamate is the primary excitatory neurotransmitter, critical for learning

and memory (long-term potentiation), while Gamma-aminobutyric acid (GABA) is the primary

inhibitory neurotransmitter, essential for regulating excitability and preventing seizures. Glycine

functions as a major inhibitory neurotransmitter, primarily in the spinal cord and brainstem.

Monoamines: Derived from single amino acids, this group includes catecholamines (dopamine,

norepinephrine, and epinephrine) and indolamines (serotonin). These neurotransmitters often

employ metabotropic receptors and play crucial roles in regulating mood, arousal, attention, and

reward pathways. For instance, dysregulation of dopamine is central to addiction and movement

disorders like Parkinson's disease, while serotonin is heavily involved in affective disorders.

Peptide Neurotransmitters (Neuropeptides): These are short chains of amino acids,

synthesized in the cell body and transported down the axon. Examples include endorphins,

substance P, and vasopressin. Neuropeptides often coexist with classical neurotransmitters, acting

as neuromodulators--substances that do not directly open ion channels but instead modify the

sensitivity of postsynaptic neurons to other signals. They typically have slower, longer-lasting

effects than amino acid or monoamine transmitters.
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Other Classes: A growing number of unconventional signaling molecules are recognized,

including soluble gases (e.g., nitric oxide, which acts as a retrograde messenger diffusing back to

the presynaptic terminal) and purines (e.g., adenosine triphosphate, ATP). These unconventional

messengers often violate the classical rules of chemical neurotransmission, demonstrating the

biological complexity and plasticity inherent in synaptic signaling.

5. Significance and Impact on Function

Neurotransmission is not merely a mechanism for signal transfer; it is the fundamental process that

enables the nervous system to compute, adapt, and store information. Its impact extends across all

physiological and psychological domains, providing the chemical basis for behavior, cognition, and

homeostatic regulation.

The ability of synaptic junctions to modify their strength based on previous activity--a phenomenon

known as synaptic plasticity--is directly dependent on efficient neurotransmission and is the

physiological substrate for learning and memory. Processes such as Long-Term Potentiation (LTP)

and Long-Term Depression (LTD) involve persistent changes in the amount of neurotransmitter

released or the sensitivity and number of postsynaptic receptors, allowing neural circuits to encode

new information and refine existing pathways. Without regulated neurotransmission, the capacity

for adaptive behavior and memory consolidation would be impossible.

Furthermore, neurotransmission is the primary target for pharmacological intervention in both

neurological and psychiatric diseases. Psychoactive drugs often exert their effects by mimicking,

enhancing, or blocking the actions of endogenous neurotransmitters. Selective Serotonin Reuptake

Inhibitors (SSRIs), for example, prolong the action of serotonin in the synaptic cleft by blocking its

reuptake, thereby treating symptoms of depression and anxiety. Similarly, medications targeting

dopamine receptors are crucial for managing schizophrenia and Parkinson's disease.

Understanding the intricacies of synaptic transmission provides the necessary blueprint for

developing treatments that precisely correct chemical imbalances, thereby managing or mitigating

symptoms of complex brain disorders.

6. Complexities and Variations in Signaling

While the classic model of synaptic neurotransmission serves as a strong foundation, the reality of

neural communication involves significant complexity and variation, including forms of signaling

that extend beyond the immediate synapse.

One major area of complexity is the distinction between synaptic transmission and volume

transmission. Synaptic transmission is highly localized and rapid, restricted to the cleft between

the presynaptic and postsynaptic membranes. Volume transmission, conversely, involves

neurotransmitters or neuromodulators diffusing over much greater distances in the extracellular
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space, potentially affecting numerous neurons that possess the appropriate receptors, often far

removed from the site of release. This type of signaling is slower and more widespread, typically

associated with modulatory systems like those involving monoamines and neuropeptides, which

are responsible for global states such as arousal or motivation, rather than specific information

processing.

Another variation involves the phenomenon of retrograde signaling. In classical

neurotransmission, the signal flows unilaterally from the presynaptic to the postsynaptic neuron.

However, retrograde messengers (such as endocannabinoids or nitric oxide) are synthesized and

released by the postsynaptic cell in response to high activity, then travel backward across the

synapse to the presynaptic terminal. Upon reaching the terminal, these messengers often regulate

the subsequent release of neurotransmitter, providing a crucial feedback loop that modulates

synaptic strength and plasticity. This bi-directional communication highlights the dynamic interplay

between the two communicating cells and their capacity for self-regulation.

7. Further Reading

Neurotransmitter (Wikipedia)

Physiology (Wikipedia)

Synaptic Cleft (Wikipedia)
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