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Introduction

The sympathetic nervous system is an integral part of the autonomic nervous
system responsible for the body's 'fight-or-flight' response. It regulates
various involuntary functions such as heart rate, blood pressure, and
metabolic processes, ensuring the body can respond swiftly to stress or
danger. Central to its function are postganglionic sympathetic neurons, which
serve as the final relay in the sympathetic pathway. These neurons play a
pivotal role in transmitting signals from the central nervous system to
target tissues and organs. A key aspect of their function involves the
secretion of specific neurotransmitters, primarily norepinephrine, onto their
target cells. This secretion facilitates rapid and targeted physiological
responses, making understanding this process crucial for comprehending how
the sympathetic nervous system influences overall homeostasis.

The Anatomy and Physiology of Postganglionic Sympathetic Neurons
Location and Structure

Postganglionic sympathetic neurons are located within the sympathetic
ganglia, which are situated either close to the spinal cord (paravertebral
ganglia) or near the target organs (prevertebral ganglia). Their cell bodies
reside within these ganglia, from which their axons extend to innervate
various tissues such as the heart, blood vessels, lungs, liver, and sweat
glands.

Role in Sympathetic Response

These neurons act as messengers, translating central signals into peripheral
actions. When activated, they release neurotransmitters that bind to
receptors on target cells, eliciting responses such as vasoconstriction,
increased cardiac output, or sweating. Their activity is modulated by
preganglionic neurons, which originate in the spinal cord and synapse onto
these postganglionic neurons.



Neurotransmitter Secretion: The Central Role of Norepinephrine
The Primary Neurotransmitter: Norepinephrine

Postganglionic sympathetic neurons predominantly secrete norepinephrine (also
known as noradrenaline). This neurotransmitter is crucial for mediating many
of the sympathetic responses, including vasoconstriction and modulation of
cardiac activity.

Additional Neurotransmitters

While norepinephrine is the main neurotransmitter, some postganglionic
sympathetic fibers, especially those innervating sweat glands, also release
acetylcholine. This diversity allows the sympathetic nervous system to
regulate a wide array of physiological functions effectively.

Mechanism of Norepinephrine Secretion
Synthesis and Storage

1. Synthesis of Norepinephrine

- Norepinephrine is synthesized in the postganglionic neuron from dopamine,
which in turn is derived from the amino acid tyrosine.

- The process involves enzymes such as tyrosine hydroxylase and dopamine
beta-hydroxylase.

2. Storage in Vesicles
- Once synthesized, norepinephrine is stored in synaptic vesicles within the
neuron, ready for release upon stimulation.

Release Process
1. Activation of the Neuron

An action potential travels down the axon to the nerve terminal.
Voltage-gated calcium channels open in response to depolarization.

2. Calcium-Dependent Exocytosis

The influx of calcium ions triggers the fusion of norepinephrine-containing
vesicles with the presynaptic membrane.

- This process results in the exocytosis of norepinephrine into the synaptic
cleft.

3. Binding to Receptors on Target Cells
- Norepinephrine diffuses across the synaptic cleft and binds to adrenergic
receptors on the target cell’s surface.

Termination of Signal

- Reuptake: The primary mechanism for terminating norepinephrine action



involves reuptake into the nerve terminal via norepinephrine transporter
proteins.

- Metabolism: Enzymes such as monoamine oxidase (MAO) and catechol-0-
methyltransferase (COMT) metabolize norepinephrine, reducing its activity.

Adrenergic Receptors and Target Cell Responses

Norepinephrine exerts its effects through binding to adrenergic receptors,
which are classified into two main types:

Alpha-Adrenergic Receptors

- Alpha-1 Receptors: Promote vasoconstriction, increase peripheral
resistance, and elevate blood pressure.

- Alpha-2 Receptors: Modulate neurotransmitter release and contribute to
feedback inhibition.

Beta-Adrenergic Receptors

- Beta-1 Receptors: Increase heart rate and force of contraction.

- Beta-2 Receptors: Cause vasodilation, bronchodilation, and metabolic

effects such as glycogenolysis.

The specific response depends on the receptor subtype expressed on the target
cell and the distribution of these receptors in different tissues.

Functional Significance of Norepinephrine Secretion

Regulation of Cardiovascular Function

- Vasoconstriction of blood vessels increases blood pressure.

- Increased cardiac output is achieved via beta-1 receptor activation on the
heart.

Metabolic Effects

- Stimulation of glycogenolysis in the liver and muscles provides quick
energy during stress.

- Lipolysis in adipose tissue supplies fatty acids for energy utilization.

Other Physiological Roles

- Regulation of pupil dilation via adrenergic receptors in the iris.
- Modulation of sweat gland activity through cholinergic pathways.



Clinical Implications

Understanding the secretion of norepinephrine by postganglionic sympathetic
neurons has significant clinical relevance:

Pharmacological Targets

- Beta-blockers: Drugs that inhibit beta-adrenergic receptors are used to
treat hypertension, arrhythmias, and anxiety.

- Alpha-agonists and antagonists: Used in managing blood pressure and nasal
congestion.

- Reuptake inhibitors: Such as certain antidepressants, prolong
norepinephrine activity.

Disorders Related to Sympathetic Dysfunction

- Hypertension: Excessive sympathetic activity and norepinephrine secretion

contribute to high blood pressure.

- Orthostatic hypotension: Impaired sympathetic responses lead to inadequate
vasoconstriction upon standing.

- Pheochromocytoma: A tumor that causes excessive norepinephrine secretion,

resulting in hypertensive crises.

Summary

Postganglionic sympathetic neurons secrete norepinephrine onto their target
cells, orchestrating vital physiological responses that prepare the body for
action. This secretion process involves complex synthesis, storage, and
release mechanisms, tightly regulated to ensure appropriate responses to
stress and maintain homeostasis. The interaction of norepinephrine with
specific adrenergic receptors on target tissues underpins the diverse effects
of the sympathetic nervous system, from cardiovascular regulation to
metabolic adjustments. Advances in understanding this neurotransmitter system
have facilitated the development of numerous pharmacological agents that
manipulate sympathetic activity, proving invaluable in treating various
cardiovascular and autonomic disorders.

Conclusion

In conclusion, the secretion of norepinephrine by postganglionic sympathetic
neurons onto their target cells is a fundamental process underpinning the
sympathetic nervous system's ability to regulate multiple physiological
functions. Recognizing the mechanisms of this secretion and its effects on
target tissues provides critical insights into autonomic physiology and
pathophysiology, guiding effective therapeutic interventions for related
disorders.



Frequently Asked Questions

What neurotransmitter do postganglionic sympathetic
neurons primarily secrete onto their target cells?

Postganglionic sympathetic neurons primarily secrete norepinephrine
(noradrenaline) onto their target cells.

Are there any exceptions where postganglionic
sympathetic neurons secrete different substances?

Yes, in certain cases such as sweat glands, postganglionic sympathetic
neurons secrete acetylcholine instead of norepinephrine.

How does the secretion of norepinephrine by
postganglionic sympathetic neurons affect target
tissues?

Norepinephrine binds to adrenergic receptors on target cells, leading to
responses such as increased heart rate, vasoconstriction, or pupil dilation.

What role does acetylcholine play in the sympathetic
nervous system?

Acetylcholine is secreted by postganglionic neurons in specific tissues like
sweat glands, mediating functions such as sweating through muscarinic
receptors.

Why is norepinephrine considered the primary
neurotransmitter in postganglionic sympathetic
neurons?

Because it is predominantly released onto target tissues to mediate
sympathetic responses like vasoconstriction and increased cardiac output.

How do adrenergic and cholinergic receptors
influence the effect of neurotransmitters secreted
by postganglionic sympathetic neurons?

Adrenergic receptors respond to norepinephrine to produce sympathetic
effects, while cholinergic receptors respond to acetylcholine, as seen in
sweat glands, leading to different physiological responses.



Additional Resources

Postganglionic Sympathetic Neurons Secrete Norepinephrine Onto Their Target
Cells

Understanding the intricate workings of the autonomic nervous system is
essential for comprehending how our bodies respond to stress, maintain
homeostasis, and regulate involuntary functions. A cornerstone of this system
is the role played by postganglionic sympathetic neurons and their secretory
activities. Specifically, postganglionic sympathetic neurons secrete
norepinephrine onto their target cells, a process fundamental to the
sympathetic branch's ability to modulate various physiological responses.
This article provides a comprehensive guide to this mechanism, exploring its
anatomy, physiology, and clinical significance.

The Sympathetic Nervous System: An Overview

Before delving into the specifics of neurotransmitter secretion, it'’s
important to grasp the general structure and function of the sympathetic
nervous system.

What is the Sympathetic Nervous System?

The sympathetic nervous system is part of the autonomic nervous system,
responsible for the body's 'fight-or-flight' responses. It prepares the body
for rapid action in stressful situations by modulating heart rate, blood
pressure, airway dilation, and metabolic processes.

Key Components

- Preganglionic neurons: originate in the thoracolumbar spinal cord (T1l-L2).
- Postganglionic neurons: extend from autonomic ganglia to target organs.

- Target cells: include smooth muscle, cardiac muscle, glands, and
adipocytes.

Anatomy and Pathways of Postganglionic Sympathetic Neurons
Location of Postganglionic Neurons

Postganglionic sympathetic neurons reside within sympathetic ganglia, which
are arranged along the spinal cord. Key ganglia include:

- Paravertebral (sympathetic chain) ganglia
- Prevertebral (preaortic) ganglia

Pathways to Target Organs



The postganglionic neurons project from these ganglia via:

- Grey rami communicantes: to spinal nerves for distribution to skin and
limbs

- Gray or white rami communicantes: to blood vessels and visceral organs
- Splanchnic nerves: to prevertebral ganglia, then to target organs

Neurotransmitter Secretion by Postganglionic Sympathetic Neurons
The Role of Norepinephrine

Postganglionic sympathetic neurons predominantly secrete norepinephrine
(NE)—a catecholamine neurotransmitter—onto their target cells. This secretion
facilitates rapid physiological responses, such as vasoconstriction,
increased cardiac output, and metabolic adjustments.

Mechanism of Neurotransmitter Release
The process involves several steps:

1. Action potential arrival: depolarizes the neuron terminal.

2. Calcium influx: voltage-gated calcium channels open.

3. Vesicle fusion: calcium triggers the fusion of norepinephrine-containing
vesicles with the neuronal membrane.

4. Exocytosis: NE is released into the synaptic cleft.

5. Receptor binding: NE binds to adrenergic receptors on the target cell.

6. Termination of signal: NE is removed via reuptake, enzymatic degradation,
or diffusion.

The Chemistry of Norepinephrine

Norepinephrine is synthesized within postganglionic neurons from dopamine,
involving enzymes like dopamine B-hydroxylase. Its chemical structure allows
it to bind primarily to adrenergic receptors, which are divided into alpha
() and beta (B) subtypes, each mediating different physiological effects.

Target Cells and Physiological Responses
Receptor Subtypes and Effects

- al receptors: cause vasoconstriction, pupil dilation

- 02 receptors: inhibit neurotransmitter release, regulate blood pressure
- Bl receptors: increase heart rate and contractility

- B2 receptors: promote bronchodilation and vasodilation



Effects on Target Cells
- Blood vessels: vasoconstriction or vasodilation
- Heart: increased rate and force of contraction
- Lungs: bronchodilation

- Glands: modulation of secretion
- Adipose tissue: lipolysis

Regulatory Mechanisms of NE Secretion
Autonomic Feedback

- Presynaptic adrenergic receptors: modulate NE release via negative feedback
- Sympathetic tone: adjusts NE release based on physiological needs

Enzymatic Regulation

- Monoamine oxidase (MAO): degrades NE within neurons
- Catechol-0-methyltransferase (COMT): metabolizes NE extracellularly

Clinical Significance

Understanding postganglionic sympathetic neurons secreting norepinephrine
onto their target cells is crucial in various clinical contexts:

Hypertension

- Excessive sympathetic activity and NE release lead to vasoconstriction and
elevated blood pressure.

Heart Diseases

- Bl receptor stimulation increases cardiac workload, relevant in heart
failure management.

Pharmacological Interventions

- Adrenergic agonists (e.g., phenylephrine): mimic NE effects

- Adrenergic antagonists (e.g., propranolol): block NE receptors to treat
hypertension and arrhythmias

- Reuptake inhibitors (e.g., cocaine): increase NE availability, affecting
sympathetic tone

Summary and Key Takeaways



- Postganglionic sympathetic neurons are responsible for secreting
norepinephrine onto target cells, mediating the classic 'fight-or-flight'
responses.

- Their neurotransmitter release involves calcium-dependent exocytosis, with
NE binding to adrenergic receptors to elicit physiological effects.

- The regulation of NE secretion and its termination are critical for
maintaining homeostasis and are targets for various pharmacotherapies.

- The diversity of adrenergic receptor subtypes allows precise control over
different organ systems, making NE a versatile and vital neurotransmitter in
autonomic regulation.

Final Thoughts

The secretion of norepinephrine by postganglionic sympathetic neurons onto
their target cells exemplifies the elegant complexity of the autonomic
nervous system. This process underpins our body's ability to respond swiftly
to stressors and maintain internal stability. Advances in pharmacology
continue to leverage this knowledge, offering targeted treatments for
cardiovascular, respiratory, and metabolic disorders rooted in sympathetic
dysregulation. Understanding this fundamental mechanism is essential for
clinicians, researchers, and students alike who seek to unravel the nuances
of autonomic physiology and its clinical implications.
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