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Acetylcholine (ACh) is a pivotal neurotransmitter in the nervous system, involved in a broad spectrum of
physiological functions ranging from muscle activation to cognitive processes such as learning and memory.
It plays a critical role in both the central nervous system (CNS) and the peripheral nervous system (PNS).
While many neuron types release acetylcholine to modulate target tissues and neural circuits, there exists a
specific subset of neurons that do not typically release ACh. Understanding which neurons release
acetylcholine, and which do not, provides vital insights into neural communication, neuropharmacology,
and potential therapeutic targets for neurological diseases.

Overview of Acetylcholine and Its Role in the Nervous System

Acetylcholine was among the first neurotransmitters identified and remains one of the most studied. It is
synthesized in neurons from choline and acetyl-CoA via the enzyme choline acetyltransferase (ChAT).
Once synthesized, ACh is packaged into vesicles and released into the synaptic cleft upon neuronal
activation, where it binds to specific cholinergic receptors on postsynaptic cells.

The functions of acetylcholine are diverse:
- In the PNS: It activates muscles at neuromuscular junctions and regulates autonomic nervous system
functions.
- In the CNS: It influences arousal, attention, learning, and memory, particularly within the hippocampus
and cortex.

Given its widespread influence, the neurons that release acetylcholine are classified into cholinergic
neurons, distinguished by their expression of ChAT and vesicular acetylcholine transporter (VAChT).

Neurons That Typically Release Acetylcholine

Cholinergic neurons can be found in various regions, with notable examples including:



1. Basal Forebrain Cholinergic Neurons
- Project to the cerebral cortex and hippocampus.
- Play vital roles in cognition and wakefulness.
- Implicated in neurodegenerative diseases, such as Alzheimer’s disease.

2. Pedunculopontine and Laterodorsal Tegmental Nucleus Neurons
- Located in the brainstem.
- Involved in regulating REM sleep, arousal, and motor control.

3. Autonomic Ganglionic Neurons
- Part of the autonomic nervous system.
- Control functions of internal organs through parasympathetic and sympathetic pathways.

4. Motor Neurons at the Neuromuscular Junction
- Release ACh to stimulate skeletal muscle contraction.

Which Neurons Do Not Normally Release Acetylcholine?

While many neurons are cholinergic, a significant subset does not typically release ACh. These neurons
utilize other primary neurotransmitters, such as glutamate, GABA, dopamine, serotonin, or
norepinephrine, depending on their functional roles. A key point is that these neurons generally do not
synthesize or package acetylcholine, nor do they express ChAT or VAChT under normal conditions.

Neurons That Usually Do Not Release ACh

- Glutamatergic Neurons: The principal excitatory neurons in the CNS.
- GABAergic Neurons: The main inhibitory neurons in the brain.
- Dopaminergic Neurons: Found in the substantia nigra and ventral tegmental area.
- Serotonergic Neurons: Located in the raphe nuclei.
- Noradrenergic Neurons: Originating from the locus coeruleus.

These neurons are specialized for their respective neurotransmitter systems, which are critical for
maintaining neural circuit balance and specific signaling pathways.



Instances of Co-Transmission and Exceptions

It is important to note that some neurons can co-release multiple neurotransmitters, including acetylcholine.
For example:
- Certain cholinergic neurons can co-release glutamate or GABA.
- Some dopaminergic neurons have been observed to co-release acetylcholine under specific conditions.

However, these are exceptions rather than the norm. Typically, neurons categorized under the above
neurotransmitter systems do not release ACh.

Factors Determining Neurotransmitter Release Specificity

Understanding why certain neurons do not release acetylcholine involves examining factors such as:

1. Expression of Specific Enzymes and Transporters
- Cholinergic neurons express choline acetyltransferase (ChAT) and VAChT.
- Non-cholinergic neurons lack these enzymes and transporters.

2. Developmental Lineage and Genetic Programming
- Neuronal identity is established during development.
- Genes regulating neurotransmitter phenotype are selectively expressed.

3. Synaptic and Circuit Design
- The role of a neuron within a neural circuit influences its neurotransmitter profile.
- Neurons are specialized for rapid excitatory or inhibitory signaling rather than cholinergic transmission.

Implications for Neurobiology and Disease

Knowing which neurons do not release acetylcholine aids in understanding brain function and dysfunction.



1. Neurodegenerative Disorders
- Loss of cholinergic neurons in the basal forebrain is linked to cognitive decline.
- Non-cholinergic neurons are often preserved, indicating distinct vulnerability.

2. Pharmacological Targeting
- Drugs targeting cholinergic systems (e.g., acetylcholinesterase inhibitors) are used in Alzheimer’s disease.
- Recognizing non-cholinergic neurons helps refine therapeutic strategies and avoid off-target effects.

3. Neural Circuit Modulation
- Manipulating specific neurotransmitter systems allows for precise modulation of behavior and
physiological responses.

Summary and Key Takeaways

- Acetylcholine is a versatile and widespread neurotransmitter released by several neuron types.
- Major cholinergic neuron populations include basal forebrain neurons, brainstem cholinergic nuclei,
autonomic ganglia, and neuromuscular junctions.
- Many other neuron types, such as glutamatergic, GABAergic, dopaminergic, serotonergic, and
noradrenergic neurons, typically do not release ACh.
- Exceptions exist where neurons co-release multiple neurotransmitters, but these are specialized cases.
- The absence of ACh release in certain neurons is determined by the lack of key enzymes and
transporters, developmental programming, and circuit roles.
- Understanding these distinctions is critical for advancing neuropharmacology, diagnosing neurological
disorders, and developing targeted therapies.

Conclusion

The diversity of neuronal neurotransmitter profiles underscores the complexity of the nervous system.
While acetylcholine is vital for numerous functions, it is not universally used by all neuron types.
Recognizing which neurons do not normally release ACh—such as the majority of glutamatergic,
GABAergic, dopaminergic, serotonergic, and noradrenergic neurons—helps in understanding the intricate
orchestration of neural communication and paves the way for precise therapeutic interventions in
neurological and psychiatric disorders.

---
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Frequently Asked Questions

Which types of neurons primarily release acetylcholine in the nervous
system?
Cholinergic neurons, including those in the central nervous system (like basal forebrain neurons) and
peripheral nervous system (such as motor neurons at neuromuscular junctions), primarily release
acetylcholine.

What is the main function of acetylcholine released by neurons?
Acetylcholine functions as a neurotransmitter involved in promoting muscle contraction, modulating
attention, learning, memory, and regulating autonomic functions.

Are all neurons capable of releasing acetylcholine?
No, only specific subsets of neurons are cholinergic; most neurons release other neurotransmitters such as
glutamate, GABA, dopamine, or serotonin.

Which neuron types do not normally release acetylcholine?
Most neurons in the brain's dopaminergic, serotonergic, and GABAergic systems do not normally release
acetylcholine; they primarily release dopamine, serotonin, or GABA respectively.

What distinguishes cholinergic neurons from other neuron types?
Cholinergic neurons are characterized by their ability to synthesize, store, and release acetylcholine, often
identified by the presence of the enzyme choline acetyltransferase.



What is a subset of neurons that do not release acetylcholine, and what
neurotransmitters do they typically release?
A subset of neurons, such as dopaminergic neurons in the substantia nigra and serotonergic neurons in the
raphe nuclei, do not normally release acetylcholine; instead, they release dopamine and serotonin,
respectively.

How does the release of acetylcholine influence neural circuitry
compared to other neurotransmitters?
Acetylcholine modulates arousal, attention, and plasticity, often acting as an excitatory modulator, whereas
other neurotransmitters like GABA primarily inhibit, and dopamine or serotonin modulate mood and
reward pathways.

Additional Resources
Acetylcholine (ACh) is one of the most versatile and widely distributed neurotransmitters in the nervous
system. Its diverse roles span from muscle activation to modulation of cognitive functions, and it is involved
in both the peripheral and central nervous systems. The question of which types of neurons release
acetylcholine—and which do not—is fundamental to understanding neural communication and the
functional architecture of neural circuits. This review provides an in-depth exploration of acetylcholine’s
release mechanisms, the neuron types involved, and the subset of neurons that do not normally release
ACh.

---

Understanding Acetylcholine: A Neurotransmitter of Versatility

Acetylcholine is a cholinergic neurotransmitter, meaning it is synthesized and released by cholinergic
neurons. Its roles are multifaceted:

- In the Peripheral Nervous System (PNS): ACh mediates neuromuscular junction signaling, facilitating
muscle contraction.
- In the Central Nervous System (CNS): It influences attention, learning, memory, and arousal.

The synthesis, storage, release, and receptor interactions of ACh are well-characterized:

- Synthesis: Choline acetyltransferase (ChAT) catalyzes the formation of ACh from choline and acetyl-CoA.
- Storage: ACh is stored in synaptic vesicles within cholinergic neurons.



- Release: Upon depolarization, ACh is released into the synaptic cleft.
- Degradation: Acetylcholinesterase (AChE) rapidly hydrolyzes ACh, terminating its action.

The widespread presence of cholinergic neurons is a testament to the importance of ACh in maintaining
neural function.

---

Types of Neurons That Release Acetylcholine

Cholinergic neurons are classified based on their location, function, and neurochemical profile. Broadly,
they include:

1. Cholinergic Neurons in the Central Nervous System

- Basal Forebrain Cholinergic Neurons: These are among the most prominent cholinergic neurons in the
brain, projecting widely to the cortex and hippocampus. They are critical for cognitive processes such as
attention, learning, and memory. Key nuclei include:
- The nucleus basalis of Meynert
- The medial septal nucleus
- The diagonal band of Broca

- Brainstem Cholinergic Nuclei: These include cholinergic neurons in:
- The pedunculopontine nucleus (PPN)
- The laterodorsal tegmental nucleus (LDT)

These neurons project to the thalamus, basal ganglia, and other regions, modulating arousal, REM sleep, and
motor control.

- Interneuronal Cholinergic Neurons: Some interneurons within various brain regions also release ACh,
modulating local circuits.

2. Cholinergic Neurons in the Peripheral Nervous System

- Somatic Motor Neurons: These neurons innervate skeletal muscles at the neuromuscular junction,
releasing ACh to induce muscle contraction.
- Autonomic Neurons: Components of the parasympathetic nervous system, such as:
- Postganglionic parasympathetic neurons in the vagus nerve



- Sacral parasympathetic neurons
- These neurons release ACh onto target organs, regulating functions like heart rate, digestion, and
glandular secretion.

3. Cholinergic Neurons in Non-Neuronal Cells

Recent research indicates that some non-neuronal cells can produce and release ACh, including:
- Immune cells
- Epithelial cells
- Hematopoietic cells

These roles are often paracrine or autocrine in nature, influencing immune responses and tissue
homeostasis.

---

Which Type of Neuron Does Not Normally Release
Acetylcholine? A Subset

While cholinergic neurons are widespread, not all neuron types release ACh under normal physiological
conditions. This raises the key question: which neuron types do not typically produce or release ACh?

Primary Neuron Types That Do Not Normally Release ACh

- Classical Glutamatergic Neurons: Most excitatory neurons in the CNS primarily release glutamate. These
include:
- Cortical pyramidal neurons
- Many hippocampal excitatory neurons
- Thalamic relay neurons

These neurons use glutamate as their primary neurotransmitter for fast excitatory transmission and
generally do not co-release ACh.

- GABAergic Neurons: Inhibitory interneurons predominantly release gamma-aminobutyric acid (GABA).
These include:
- Parvalbumin-positive interneurons
- Somatostatin-positive interneurons



- Nitric oxide-producing interneurons (though some may co-release other transmitters)

These neurons are specialized for inhibition and usually do not release ACh under normal circumstances.

- Dopaminergic Neurons: Located mainly in the ventral tegmental area (VTA) and substantia nigra, these
neurons primarily release dopamine. While some dopaminergic neurons have been shown to co-release
other transmitters (e.g., glutamate or GABA), they do not normally release ACh.

- Serotonergic Neurons: Found in the raphe nuclei, these neurons primarily release serotonin. Co-
transmission with other neurotransmitters is possible, but ACh is not a typical product.

- Noradrenergic Neurons: Located in the locus coeruleus, these neurons primarily release norepinephrine
and do not usually release ACh.

Special Cases and Exceptions

- Co-release Phenomena: Some neurons exhibit co-transmission, releasing multiple neurotransmitters. For
example:
- Certain dopaminergic neurons can co-release glutamate or GABA.
- Some cholinergic neurons also release other transmitters like neuropeptides.

However, these are exceptions rather than the rule.

- Developmental and Pathological States: In certain developmental stages or disease conditions, neuron
phenotypes can change, and atypical co-release might occur.

---

Mechanisms Underpinning Neurotransmitter Release Specificity

Understanding why certain neurons do not normally release ACh involves examining their molecular
machinery:

- Enzymatic Profile: Neurons that do not express choline acetyltransferase (ChAT) do not synthesize ACh.
- Vesicular Transporters: The vesicular acetylcholine transporter (VAChT) is essential for packaging ACh
into vesicles. Its absence indicates a neuron does not release ACh.
- Receptor Expression: Neurons express specific receptors that determine responsiveness, but this does not
necessarily imply they release the same neurotransmitter.

---



Functional Implications of Neuron Type Specificity in ACh
Release

The selective release of ACh by certain neuron types allows for specialized modulation of neural circuits:

- Cognitive and Arousal Functions: Cholinergic projections from the basal forebrain influence cortical
activity, attention, and memory.
- Motor Control and Autonomic Regulation: Cholinergic neurons in the brainstem and PNS regulate motor
output and visceral functions.
- Inhibitory and Excitatory Balance: The predominance of glutamatergic and GABAergic neurons ensures a
balanced neural network, with cholinergic neurons modulating the overall tone and plasticity.

The neurons that do not release ACh contribute to their respective systems without directly participating
in cholinergic signaling, maintaining clear functional segregation.

---

Summary and Key Takeaways

- Widespread Release: Many neurons, especially those in the basal forebrain and brainstem, release ACh,
serving vital roles in cognition, arousal, and autonomic functions.
- Non-cholinergic Neurons: The majority of excitatory (glutamatergic) and inhibitory (GABAergic)
neurons do not normally release ACh.
- Exceptions and Co-transmission: Some neurons exhibit co-release capabilities, but these are exceptions
rather than the norm.
- Molecular Basis: The presence or absence of enzymes like ChAT and transporters like VAChT determine
the ability of a neuron to produce and release ACh.
- Functional Segregation: The selectivity in neurotransmitter release underpins the specificity of neural
circuits, allowing for complex modulation of brain and body functions.

Understanding which neurons do not normally release ACh enhances our grasp of neural circuit
architecture and has implications for neuropharmacology, especially in conditions like Alzheimer’s disease,
where cholinergic systems are compromised.

---

In conclusion, while acetylcholine is a critical neurotransmitter involved in numerous neural processes, it is
not universally produced or released by all neuron types. The subset of neurons that do not normally
release ACh—primarily glutamatergic and GABAergic neurons—play distinct roles in neural
communication, emphasizing the specificity and complexity of neurotransmitter systems in the nervous



system.
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