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Introduction to the Parasympathetic Nervous System

The autonomic nervous system (ANS) is an essential division of the peripheral nervous system
responsible for involuntary physiological functions, including heart rate, digestion, respiratory rate, and
glandular activity. Among its two main subdivisions—the sympathetic and parasympathetic nervous
systems—the parasympathetic branch is primarily involved in conserving energy, promoting relaxation,

and facilitating maintenance functions such as digestion and cellular repair.

A fundamental feature of the parasympathetic nervous system is its reliance on a specific
neurotransmitter and receptor system that orchestrates its effects. Central to this communication are
preganglionic and postganglionic neurons, which work in concert to transmit signals from the central
nervous system (CNS) to target organs. In particular, parasympathetic preganglionic neurons release
acetylcholine (ACh) onto nicotinic receptors on postganglionic neurons, which in turn modulate the

activity of various effector tissues.

The Neurochemical Basis of Parasympathetic Transmission



Preganglionic Neurons and Their Neurotransmitter

Preganglionic neurons in the parasympathetic nervous system originate in the brainstem and sacral
spinal cord (specifically, S2-S4 segments). These neurons have their cell bodies in the CNS and

project their axons to autonomic ganglia located near or within the target organs.
The hallmark of parasympathetic preganglionic neurons is their release of acetylcholine (ACh) as the

primary neurotransmitter. This chemical messenger plays a pivotal role in initiating the parasympathetic

response.

Postganglionic Receptors and Their Types

Postganglionic neurons in the parasympathetic pathway possess nicotinic cholinergic receptors on their
cell bodies. These ionotropic receptors are ligand-gated ion channels that open upon binding with

acetylcholine, leading to depolarization and excitation of postganglionic neurons.

Once activated, postganglionic neurons often release ACh again, which interacts with muscarinic
receptors on target tissues, mediating various physiological effects such as decreased heart rate,

increased glandular secretion, and smooth muscle contraction.

Mechanism of Parasympathetic Neurotransmission

Step-by-Step Process of Neurotransmitter Release and Action

1. Signal Initiation in the CNS: The process begins when the CNS signals the preganglionic neuron,

typically via excitatory synaptic inputs.



2. Preganglionic Axon Propagation: The preganglionic neuron’s axon extends from the CNS to an

autonomic ganglion near or within the target organ.

3. Release of Acetylcholine: Upon reaching the ganglion, the preganglionic neuron releases

acetylcholine into the synaptic cleft.

4. Activation of Nicotinic Receptors: Acetylcholine binds to nicotinic receptors on the postganglionic

neuron’s membrane, causing ion channels to open, leading to depolarization.

5. Postganglionic Neuron Activation: The depolarization propagates along the postganglionic neuron,

which then releases acetylcholine onto target tissues.
6. Effector Response via Muscarinic Receptors: Acetylcholine binds to muscarinic receptors on target

cells, eliciting responses such as glandular secretion, smooth muscle contraction, or decreased cardiac

activity.

Key Receptor Types and Their Roles

- Nicotinic Cholinergic Receptors: Located on postganglionic neurons; mediate fast synaptic
transmission.

- Muscarinic Cholinergic Receptors: Located on target tissues; mediate slower, modulatory responses.

Physiological Effects of Parasympathetic Activation

Activation of the parasympathetic nervous system results in a wide array of physiological effects. Some

of the most notable include:

- Cardiovascular system: Decreased heart rate and force of contraction.

- Digestive system: Increased secretion of saliva, gastric juices, and pancreatic enzymes; stimulation of



gastrointestinal motility.
- Respiratory system: Constriction of bronchi, facilitating airflow.
- Genitourinary system: Promotion of bladder contraction and urination.

- Ocular functions: Pupil constriction (miosis) and accommodation for near vision.

Clinical Significance and Pharmacological Implications

Understanding the neurotransmitter and receptor dynamics in the parasympathetic nervous system has

significant clinical implications:

- Cholinergic Agonists: Drugs that mimic acetylcholine, such as pilocarpine, are used to treat glaucoma
and dry mouth.

- Cholinergic Antagonists: Agents like atropine block muscarinic receptors, useful in pre-anesthetic
medication to reduce secretions or in treating bradycardia.

- Neurotoxins: Certain toxins or nerve agents inhibit acetylcholinesterase, leading to excessive

acetylcholine accumulation and cholinergic crisis.

Summary of Key Concepts

- Parasympathetic preganglionic neurons primarily release acetylcholine.

- They act on nicotinic receptors located on postganglionic neurons.

- Postganglionic neurons may also release acetylcholine, acting on muscarinic receptors on target
tissues.

- The parasympathetic nervous system promotes "rest and digest" functions, maintaining homeostasis
and conserving energy.

- Pharmacological agents targeting these pathways are used in various medical treatments.



Conclusion

The communication within the parasympathetic nervous system is orchestrated through a well-defined
neurochemical pathway involving acetylcholine and specific receptors. The preganglionic neurons
release acetylcholine onto nicotinic receptors on postganglionic neurons, which then influence target
tissues through additional cholinergic signaling. This intricate system enables the parasympathetic
nervous system to regulate vital involuntary functions efficiently, maintaining physiological balance and
responding adaptively to the body’s needs. Understanding these mechanisms not only provides insight
into autonomic physiology but also guides therapeutic strategies for numerous clinical conditions

involving autonomic dysfunction.

Frequently Asked Questions

What neurotransmitter do parasympathetic preganglionic neurons
release onto postganglionic receptors?

Parasympathetic preganglionic neurons release acetylcholine onto nicotinic postganglionic receptors.

Onto which type of receptors do parasympathetic postganglionic

neurons primarily release neurotransmitters?

Parasympathetic postganglionic neurons primarily release acetylcholine onto muscarinic receptors.

In the parasympathetic nervous system, what is the target receptor for
preganglionic neurons?

Preganglionic neurons release acetylcholine onto nicotinic receptors on postganglionic neurons.



What is the typical neurotransmitter released by parasympathetic
postganglionic neurons?

Parasympathetic postganglionic neurons typically release acetylcholine.

How does the neurotransmitter released by parasympathetic
preganglionic neurons affect postganglionic neurons?

They release acetylcholine onto nicotinic receptors, which activate the postganglionic neurons.

What is the receptor type on target organs that parasympathetic
postganglionic neurons act upon?

They act upon muscarinic receptors on target organs.

Additional Resources

Parasympathetic Preganglionic Neurons Release Acetylcholine onto Nicotinic Postganglionic Receptors

And Postganglionic Neurons

The autonomic nervous system (ANS) intricately manages involuntary physiological functions,
maintaining homeostasis amid ever-changing internal and external environments. Central to its
parasympathetic division are specialized neurons that orchestrate activities such as digestion, heart
rate modulation, and glandular secretions. At the heart of this process lies a fundamental
neurochemical interaction: parasympathetic preganglionic neurons release acetylcholine (ACh) onto
nicotinic receptors on postganglionic neurons, which further propagate signals to target organs. This
article delves into the molecular and cellular mechanisms underpinning this critical communication
pathway, exploring the types of receptors involved, the sequence of neural events, and the

physiological implications of this neurochemical dialogue.



The Architecture of the Parasympathetic Nervous System

Understanding the signaling mechanisms requires a clear grasp of the parasympathetic nervous
system’s structural framework. The parasympathetic division originates primarily from the brainstem
nuclei (notably the dorsal motor nucleus of the vagus nerve) and the sacral spinal cord segments
(S2-S4). From these origins, preganglionic fibers extend towards terminal ganglia located near or

within the walls of target organs such as the heart, lungs, gastrointestinal tract, and bladder.

Key features include:

- Preganglionic Neurons: These are cholinergic neurons, meaning they release acetylcholine as their

primary neurotransmitter.

- Postganglionic Neurons: Also cholinergic in the parasympathetic division (except in some rare cases),

these neurons receive signals from preganglionic fibers and project to effector tissues.

- Target Organs: Heart, lungs, digestive organs, and reproductive structures among others.

The coordination between these neurons ensures precise control of visceral functions, with

neurotransmitter interactions at various receptor sites being central to the process.

Neurochemical Basis: Acetylcholine as the Primary Neurotransmitter

The defining feature of parasympathetic preganglionic neurons is their exclusive use of acetylcholine
(ACh). This small, versatile molecule acts as a chemical messenger, facilitating rapid communication

across synapses.



Why acetylcholine?

- Versatility: It interacts with multiple receptor types, allowing diverse physiological responses.

- Speed: Its rapid breakdown by acetylcholinesterase ensures quick termination of signals, enabling

fine-tuned regulation.

Synthesis and Release:

- Acetylcholine is synthesized in the presynaptic terminal from choline and acetyl-CoA via the enzyme

choline acetyltransferase (ChAT).

- Once formed, it's packaged into vesicles and released into the synaptic cleft upon depolarization of

the presynaptic membrane.

This release mechanism is a hallmark of cholinergic neurons, underpinning the classic

parasympathetic response.

The Role of Nicotinic Receptors on Postganglionic Neurons

When preganglionic fibers reach the terminal ganglia, they form synapses with postganglionic neurons.

Here, acetylcholine binds to nicotinic receptors, a subtype of ligand-gated ion channels.

Characteristics of nicotinic receptors:

- Ligand specificity: They are activated specifically by acetylcholine and nicotine.

- Structural features: Composed of five subunits forming a central pore that opens upon ligand binding.



- lon conductance: Opening of these channels allows the influx of sodium (Nal:l) and calcium (Caz[l),

leading to depolarization of the postganglionic neuron.
Physiological significance:

- The activation of nicotinic receptors causes excitation of postganglionic neurons, triggering the

release of neurotransmitters onto target tissues.

- This step ensures rapid and synchronized activation of visceral organs, which is essential for

functions like digestion and heart rate regulation.
Pharmacological implications:

- Agents like nicotine mimic acetylcholine at nicotinic receptors, leading to stimulation of postganglionic

neurons.

- Conversely, certain drugs or toxins can block these receptors, impairing parasympathetic signaling.

Postganglionic Neurons and Their Receptors

After activation by nicotinic receptors, postganglionic neurons propagate signals via their own
neurotransmitters, primarily acetylcholine in parasympathetic pathways, which acts on specific

receptors on target tissues.
Types of receptors on target organs:
- Muscarinic receptors (G protein-coupled receptors): The predominant type in parasympathetic effector

tissues.

- Nicotinic receptors: Present at the neuromuscular junctions of skeletal muscles (somatic nervous



system) but also in some parasympathetic pathways.

Mechanisms of effector activation:

- Acetylcholine released from postganglionic neurons binds to muscarinic receptors on smooth muscle,
cardiac tissue, or glands.
- This binding triggers intracellular signaling cascades, resulting in physiological responses such as

increased gland secretion, smooth muscle contraction, or decreased heart rate.

Distribution of receptors:

- Cardiac tissue: Muscarinic M2 receptors decrease heart rate when activated.
- Glands: Muscarinic M3 receptors stimulate secretion.

- Smooth muscles: Activation causes contraction in organs like the gastrointestinal tract.

The Complete Neurochemical Pathway: From Pre to Effector

Summarizing the sequence:

1. Preganglionic neuron activation: An action potential travels from the central nervous system to the
preganglionic nerve terminal.

2. Acetylcholine release: Depolarization prompts vesicular release of ACh into the synaptic cleft.

3. Nicotinic receptor activation: Acetylcholine binds to nicotinic receptors on postganglionic neurons,
causing depolarization.

4. Postganglionic neuron activation: The depolarization propagates along the postganglionic fiber to its
nerve endings.

5. Neurotransmitter release onto target tissues: Acetylcholine is released onto muscarinic receptors,

eliciting specific physiological responses.



This chain ensures rapid, coordinated activity of parasympathetic responses necessary for maintaining

resting states and conserving energy.

Pharmacological and Clinical Relevance

Understanding the neurochemical interactions between pre- and postganglionic neurons underpins

many therapeutic strategies:

- Cholinergic Agonists: Drugs like pilocarpine stimulate muscarinic receptors to treat dry mouth or

glaucoma.

- Cholinergic Antagonists: Agents such as atropine block muscarinic receptors, used to reduce

secretions or treat bradycardia.

- Nicotinic Receptor Modulators: Nicotine itself, as well as certain neurotoxins, influence nicotinic

receptor activity, with implications in addiction and neurotoxicity.

Disruptions in this pathway can lead to autonomic dysfunctions, manifesting as altered heart rate,

gastrointestinal motility issues, or glandular secretory problems.

Conclusion

The parasympathetic nervous system's efficacy hinges on the precise release of acetylcholine from
preganglionic neurons onto nicotinic receptors on postganglionic neurons, which then activate their
own receptors on target tissues. This neurochemical handshake ensures swift and targeted regulation
of vital functions, from slowing the heart to stimulating digestive secretions. Advances in pharmacology

continue to exploit this pathway, offering therapeutic avenues for a variety of conditions rooted in



autonomic dysregulation. As research deepens our understanding of these molecular interactions, we
gain a clearer picture of how the body's involuntary processes are finely tuned by the elegant

chemistry of neurotransmitter signaling.
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