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Understanding the functions and mechanisms of the autonomic nervous system is fundamental in

physiology and pharmacology. One of the key components of this system involves postganglionic

fibers, which play a crucial role in transmitting signals from the autonomic ganglia to their target

tissues. A common question among students and practitioners alike is: what do these postganglionic

fibers secrete? This article provides a comprehensive, detailed explanation to clarify this important

aspect of autonomic physiology.

Introduction to the Autonomic Nervous System

The autonomic nervous system (ANS) is a subdivision of the peripheral nervous system responsible

for regulating involuntary physiological functions, including heart rate, blood pressure, digestion, and

respiratory rate. It operates largely unconsciously to maintain homeostasis within the body.

The ANS is divided into two main branches:

- Sympathetic Nervous System: Prepares the body for 'fight or flight' responses.

- Parasympathetic Nervous System: Promotes 'rest and digest' activities.

Both branches utilize a two-neuron chain to communicate with their target tissues:



1. Preganglionic fibers: Originate in the central nervous system and synapse in autonomic ganglia.

2. Postganglionic fibers: Extend from the ganglia to the target organs.

Understanding the secretions of postganglionic fibers is essential because these chemicals determine

the physiological response elicited by the nervous system.

What Do Postganglionic Fibers Secrete?

The primary secretions of postganglionic fibers depend on which division of the autonomic nervous

system they belong to:

- Sympathetic postganglionic fibers primarily secrete norepinephrine (noradrenaline).

- Parasympathetic postganglionic fibers primarily secrete acetylcholine.

However, the story is more nuanced, with various exceptions and additional substances involved.

Secretions of Sympathetic Postganglionic Fibers

Norepinephrine (NE) — The Main Neurotransmitter

In the sympathetic division, postganglionic fibers predominantly release norepinephrine, which acts on

adrenergic receptors located on target tissues such as smooth muscles, cardiac muscles, and glands.

This secretion mediates many sympathetic responses like vasoconstriction, increased heart rate, and

bronchial dilation.

Key points about norepinephrine secretion:



- Synthesized in the nerve terminals from dopamine.

- Stored in synaptic vesicles.

- Released into the synaptic cleft upon nerve stimulation.

- Acts on adrenergic receptors (α and β receptors).

Exceptions and Additional Secretions

While norepinephrine is the main neurotransmitter, some sympathetic postganglionic fibers secrete

other substances:

- Acetylcholine: Certain sympathetic fibers, especially those innervating sweat glands, release

acetylcholine instead of norepinephrine.

- Neuropeptides: These include substance P, neuropeptide Y (NPY), and others, which modulate the

activity of adrenergic fibers, prolonging or modifying responses.

- ATP: Acts as a co-transmitter to enhance or modify the effects of norepinephrine.

Sweat Glands — A Unique Sympathetic Response

Unlike other sympathetic fibers, those innervating sweat glands secrete acetylcholine instead of

norepinephrine. This is an exception to the general rule and is crucial for thermoregulation.

Secretions of Parasympathetic Postganglionic Fibers

Acetylcholine (ACh) — The Main Neurotransmitter

In the parasympathetic division, postganglionic fibers release acetylcholine, which acts on muscarinic



receptors on target organs such as the heart, lungs, gastrointestinal tract, and exocrine glands. This

promotes functions like slowing heart rate, stimulating digestion, and glandular secretions.

Key points about acetylcholine secretion:

- Synthesized from choline and acetyl-CoA via choline acetyltransferase.

- Stored in synaptic vesicles.

- Rapidly released upon nerve stimulation.

- Acts on muscarinic and nicotinic receptors.

Other Substances Secreted by Parasympathetic Fibers

While acetylcholine is the primary secretory product, parasympathetic fibers may also influence the

release of other substances indirectly, such as nitric oxide (NO) in vasodilation processes, but these

are generally not classified as neurotransmitters secreted directly by postganglionic fibers.

Special Cases and Additional Considerations

Neurotransmitter Co-release and Modulation

- Co-transmission: Some postganglionic fibers co-release multiple chemicals, such as norepinephrine

and neuropeptides or acetylcholine and other modulators.

- Neuropeptides: These are often released along with primary neurotransmitters and modulate the

duration and intensity of responses.



Neuroeffector Junctions

The term refers to the specialized synapses where postganglionic fibers release their neurotransmitters

to act on effector tissues, which can be smooth muscles, cardiac muscles, or glands.

Summary of Postganglionic Fiber Secretions

| Division of ANS | Primary Neurotransmitter | Notable Exceptions/Additional Substances |

|-----------------|--------------------------|----------------------------------------|

| Sympathetic | Norepinephrine | Sweat glands (acetylcholine), neuropeptides, ATP |

| Parasympathetic | Acetylcholine | Less variation, but involved in modulation via nitric oxide and other

mediators |

Physiological Significance of Postganglionic Secretion

The secretory products of postganglionic fibers are vital for the appropriate physiological responses:

- Norepinephrine increases cardiac output, constricts blood vessels, and dilates bronchi.

- Acetylcholine slows heart rate, stimulates salivary and gastrointestinal secretions, and promotes

vasodilation in certain tissues via nitric oxide.

- Neuropeptides prolong or modify responses, ensuring fine-tuning of autonomic control.

Implications in Pharmacology

Understanding what postganglionic fibers secrete is critical in pharmacology for designing drugs that

can modify autonomic responses:



- Adrenergic agents (e.g., adrenergic agonists and antagonists) target norepinephrine pathways.

- Cholinergic agents (e.g., muscarinic and nicotinic receptor drugs) influence acetylcholine-mediated

responses.

- Neuropeptide modulators are also under investigation for therapeutic purposes.

Conclusion

In summary, the secretions of postganglionic fibers in the autonomic nervous system are primarily:

- Norepinephrine in most sympathetic fibers, responsible for activating adrenergic receptors.

- Acetylcholine in parasympathetic fibers and specific sympathetic fibers (such as those innervating

sweat glands).

These chemical messengers are essential for mediating the diverse involuntary functions of the body,

and their understanding is fundamental in physiology and pharmacology for developing targeted

therapies for various autonomic dysfunctions.

---
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Frequently Asked Questions

What is the primary function of postganglionic fibers in the autonomic



nervous system?

Postganglionic fibers transmit nerve signals from the autonomic ganglia to target organs, releasing

neurotransmitters to modulate physiological functions such as heart rate, digestion, and glandular

activity.

Which neurotransmitter do most postganglionic fibers secrete in the

sympathetic nervous system?

Most sympathetic postganglionic fibers secrete norepinephrine (noradrenaline).

What neurotransmitter is commonly secreted by parasympathetic

postganglionic fibers?

Parasympathetic postganglionic fibers predominantly secrete acetylcholine.

How do the secretions of postganglionic fibers influence target

organs?

They bind to specific receptors on target organs, leading to physiological responses such as increased

secretions, smooth muscle contraction, or vasodilation.

Are there exceptions to the neurotransmitter secretion patterns of

postganglionic fibers?

Yes, some sympathetic postganglionic fibers secrete other neurotransmitters like ATP or

neuropeptides, and certain parasympathetic fibers may release nitric oxide or other modulators.

What role do postganglionic fibers play in pharmacological



interventions targeting the autonomic nervous system?

They are key sites for drugs that modulate neurotransmitter release or receptor activity, such as

adrenergic or cholinergic agents, to treat conditions like hypertension, asthma, or bladder dysfunction.

Additional Resources

Postganglionic Fibers: What Do They Secrete?

Understanding the secretions of postganglionic fibers is fundamental in physiology and pharmacology,

particularly in the context of the autonomic nervous system (ANS). These fibers are integral to the

regulation of various involuntary processes, including cardiovascular function, gastrointestinal activity,

and glandular secretions. This comprehensive review explores the nature of postganglionic fiber

secretions, their mechanisms, types, and physiological significance.

---

Overview of the Autonomic Nervous System and Postganglionic

Fibers

The autonomic nervous system is a component of the peripheral nervous system responsible for

involuntary control over smooth muscles, cardiac muscles, and glands. It is subdivided into

sympathetic and parasympathetic divisions, each with distinct pathways and target tissues.

Key points:

- Preganglionic fibers originate in the central nervous system (CNS) and synapse in autonomic ganglia.

- Postganglionic fibers extend from these ganglia to target tissues.

- The secretory activity of postganglionic fibers influences the function of the target organs through the

release of specific neurotransmitters and neuropeptides.



---

Neurotransmitters and Secretory Products of Postganglionic

Fibers

The primary function of postganglionic fibers is to transmit signals from autonomic ganglia to visceral

effector organs. This is achieved through the secretion of specific chemical mediators, which can be

classified broadly into classical neurotransmitters and neuropeptides.

1. Classical Neurotransmitters

These are the rapid-acting chemical messengers that directly influence target tissues by binding to

specific receptors.

- Acetylcholine (ACh): Predominantly secreted by postganglionic fibers of the parasympathetic nervous

system.

- Norepinephrine (NE): Mainly released by postganglionic fibers of the sympathetic nervous system.

- Epinephrine: Though primarily secreted by the adrenal medulla, some postganglionic fibers (e.g., in

the adrenal medulla) secrete this catecholamine.

2. Neuropeptides and Co-transmitters

In addition to classical neurotransmitters, many postganglionic fibers release co-transmitters that

modulate or prolong the effects.

- Neuropeptide Y (NPY)

- Vasoactive Intestinal Peptide (VIP)

- Substance P

- Neurotensin



- ATP (adenosine triphosphate)

These neuropeptides often act as neuromodulators, influencing the intensity and duration of the

primary neurotransmitter's action.

---

Secretion by Postganglionic Parasympathetic Fibers

The parasympathetic division predominantly utilizes acetylcholine as its postganglionic

neurotransmitter.

1. Acetylcholine (ACh)

- Source: Synthesized in the nerve terminal from choline and acetyl-CoA via choline acetyltransferase.

- Release mechanism: Vesicular exocytosis triggered by an influx of calcium ions upon nerve

depolarization.

- Receptor interaction: Binds to muscarinic and nicotinic receptors on target tissues.

2. Effects on Target Organs

- Glands: Stimulates secretion (e.g., salivary, lacrimal, bronchial mucous glands).

- Heart: Decreases heart rate via M2 muscarinic receptors.

- Gastrointestinal tract: Promotes motility and secretion.

- Smooth muscles: Causes contraction in various tissues like the bladder detrusor muscle.

3. Additional secretions

While ACh is the primary secretory agent, parasympathetic fibers may also release small amounts of

other substances such as nitric oxide (NO) in certain contexts, which acts as a gaseous signaling



molecule rather than a traditional secretory product.

---

Secretion by Postganglionic Sympathetic Fibers

The sympathetic division primarily secretes norepinephrine; however, it also involves the secretion of

other substances that have significant physiological roles.

1. Norepinephrine (NE)

- Source: Synthesized in the nerve terminal from dopamine via dopamine β-hydroxylase.

- Release mechanism: Similar exocytosis process as ACh, triggered by calcium influx.

- Receptor interaction: Binds to adrenergic receptors (α and β subtypes) on target tissues.

2. Additional secretory products

- Epinephrine: While not directly secreted by postganglionic fibers, some sympathetic fibers innervate

the adrenal medulla, prompting it to secrete epinephrine into the bloodstream.

- Neuropeptide Y (NPY): Co-released with NE, especially in vascular smooth muscle, leading to

vasoconstriction.

- ATP: Acts on purinergic receptors, modulating vasoconstriction and other responses.

3. Functional implications

Sympathetic secretions facilitate the "fight or flight" response, including:

- Vasoconstriction (via NE and NPY)

- Increased heart rate and contractility

- Bronchodilation (via β2 adrenergic receptors)

- Glycogenolysis and lipolysis



---

Mechanisms Underlying Secretion from Postganglionic Fibers

The process of secretion in postganglionic fibers involves a complex series of steps:

1. Action potential initiation and propagation

- Nerve impulses reach the nerve terminal, depolarizing the membrane.

2. Calcium influx

- Voltage-gated calcium channels open, allowing calcium ions to enter.

- The rise in intracellular calcium triggers vesicle fusion with the presynaptic membrane.

3. Vesicle exocytosis

- Neurotransmitter-containing vesicles fuse with the membrane, releasing their content into the synaptic

cleft or directly onto the effector tissue.

4. Receptor binding and response

- Released neurotransmitters bind to specific receptors on target cells, eliciting physiological responses

such as secretion, contraction, or relaxation.

5. Termination of signal

- Neurotransmitter action is terminated primarily via:

- Reuptake into nerve terminals

- Enzymatic degradation (e.g., acetylcholinesterase for ACh)



- Diffusion away from the synaptic cleft

---

Special Considerations: Co-transmission and Modulation

Many postganglionic fibers are capable of co-transmission, releasing multiple substances that can

have synergistic or modulatory effects.

Examples:

- Sympathetic fibers releasing NE and NPY together for prolonged vasoconstriction.

- Parasympathetic fibers releasing ACh and VIP to modulate glandular secretion and vasodilation.

This co-transmission allows for fine-tuning of physiological responses, providing a broader range of

effects than a single transmitter could achieve.

---

Physiological and Pharmacological Implications

Understanding what postganglionic fibers secrete has significant implications for pharmacology and

clinical medicine:

1. Pharmacological Targets

- Cholinergic drugs: Agents that mimic or inhibit ACh (e.g., muscarinic antagonists like atropine)

influence parasympathetic secretions.

- Adrenergic drugs: Drugs that activate or block adrenergic receptors (e.g., beta-blockers) modulate



sympathetic secretions.

- Neuropeptide modulation: Emerging therapies target neuropeptide systems for conditions like

hypertension or gastrointestinal disorders.

2. Disease States

- Autonomic dysfunction: Abnormal secretion can cause conditions such as orthostatic hypotension,

dry mouth, or hyperhidrosis.

- Cholinergic or adrenergic excess or deficiency: Affects secretory functions leading to clinical

symptoms.

3. Therapeutic Interventions

- Modulating secretion from postganglionic fibers forms the basis for treatments like:

- Anticholinergic agents in overactive bladder

- Adrenergic agonists or antagonists in cardiovascular diseases

- Neurotransmitter reuptake inhibitors affecting secretion dynamics

---

Summary

In conclusion, postganglionic fibers secrete a variety of chemical mediators that are crucial for the

regulation of involuntary physiological processes. The dominant secretory products are:

- In the parasympathetic system: Acetylcholine, which stimulates glandular secretion, smooth muscle

contraction, and cardiac modulation.

- In the sympathetic system: Norepinephrine, which induces vasoconstriction, increases heart rate, and

prepares the body for stress responses.



Additional neuropeptides like NPY, VIP, and ATP serve as co-transmitters, modulating and prolonging

the effects initiated by classical neurotransmitters. These secretions are tightly regulated, with precise

mechanisms ensuring appropriate responses to physiological needs.

Understanding these secretory processes provides essential insight into the functioning of the

autonomic nervous system and offers avenues for pharmacological intervention in various disease

states. As research progresses, the nuanced roles of co-transmitters and neuropeptides continue to

emerge, highlighting the complexity and sophistication of autonomic regulation.

---

In essence, postganglionic fibers primarily secrete acetylcholine in the parasympathetic branch and

norepinephrine in the sympathetic branch, along with a repertoire of co-transmitters that fine-tune

physiological responses.
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