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AUTONOMIC NERVOUS SYSTEM (ANS)

Primary Disciplinary Field(s): Neurobiology, Physiology, Psychology

1. Core Definition

The Autonomic Nervous System (ANS), also referred to as the visceral or involuntary nervous

system, constitutes the portions of the central and peripheral nervous systems primarily
responsible for governing vital, involuntary bodily functions. Unlike the somatic nervous system,
which controls skeletal muscles and conscious movement, the ANS operates below the level of
conscious awareness, maintaining internal homeostasis necessary for survival. Its targets include
smooth muscle, cardiac muscle, and glands, regulating critical systems such as the circulatory,
digestive, respiratory, and urogenital organs. This comprehensive regulatory function ensures that
the body can adapt rapidly to internal and external stressors without requiring deliberate thought.

Historically, the system earned the name "autonomic" because early physiologists believed it
functioned entirely independently of the Central Nervous System (CNS), hence suggesting a

degree of self-governance or autonomy. While modern understanding confirms that the ANS is
heavily modulated by higher brain centers--particularly the hypothalamus, brainstem, and limbic
system--its basic reflex arcs and effector pathways are indeed involuntary. The ANS achieves its
regulatory effects through a complex network comprising both autonomic nerves and specialized
relay centers known as autonomic ganglia, which are distributed throughout the periphery.

The fundamental goal of the ANS is to manage the body's energy resources and prepare it for
action or recuperation. This management is achieved through two major, often opposing, divisions:
the sympathetic division (responsible for "fight or flight") and the parasympathetic division
(responsible for "rest and digest"). The dynamic interplay between these two components allows
for fine-tuned physiological adjustments, such as rapid changes in heart rate, pupillary dilation,
adjustments to glandular activity like salivation and perspiration, and the precise control of
gastrointestinal motility and secretion.

2. Anatomical Components and General Structure

The anatomical organization of the ANS differs structurally from the somatic system, utilizing a
unique two-neuron chain to relay signals from the CNS to the target organs. This chain consists of
a preganglionic neuron, originating in the brainstem or spinal cord, and a postganglionic
neuron, located within an autonomic ganglion outside the CNS. The preganglionic neuron
synapses with the postganglionic neuron in the ganglion, and the postganglionic axon then travels
the remaining distance to innervate the effector tissue, which could be smooth muscle, cardiac
muscle, or glandular tissue.
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The location of the preganglionic neuron origins and the placement of the associated ganglia
define the major ANS divisions. The sympathetic system originates in the thoracolumbar region (T1
through L2) of the spinal cord, utilizing ganglia often located close to the spinal column (the
sympathetic chain ganglia). Conversely, the parasympathetic system originates from the
craniosacral regions--the brainstem nuclei (Cranial Nerves lll, VII, IX, X) and the sacral spinal cord
(S2-S4)--and typically employs ganglia situated far from the CNS, often near or within the wall of
the target organ itself (intramural ganglia).

The divergence and convergence of signals within the ganglia represent a key functional difference
between the sympathetic and parasympathetic systems. In the sympathetic division, a single
preganglionic neuron often synapses with many postganglionic neurons, leading to a highly diffuse,
widespread response suitable for mass activation during stress. The parasympathetic division,
however, exhibits less divergence, meaning its responses are more localized and specific, allowing
for the precise control of individual organ systems necessary for routine maintenance and recovery
functions.

3. The Sympathetic Nervous System (SNS)

The Sympathetic Nervous System (SNS) is popularly characterized as the division responsible
for the body's preparation for stressful, emergency, or energy-expending situations--the classic
"fight-or-flight" response. When the organism perceives danger or encounters intense physical
exertion, the SNS rapidly mobilizes resources to maximize immediate survival capabilities. This
mobilization involves a cascade of physiological changes designed to increase alertness, strength,
and speed at the expense of non-essential functions like digestion.

Physiologically, sympathetic activation results in several notable changes. The heart rate and force
of contraction increase dramatically, enhancing blood flow to the skeletal muscles, brain, and
heart. Peripheral vasoconstriction redirects blood away from the skin and visceral organs,
contributing to pallor in stressful situations. Furthermore, the SNS triggers the relaxation of airways
(bronchodilation) to maximize oxygen intake, pupil dilation (mydriasis) to improve visual acuity, and
stimulates the adrenal medulla to secrete catecholamine hormones (epinephrine and
norepinephrine) directly into the bloodstream, amplifying and prolonging the systemic effects of the
sympathetic surge.

Crucially, sympathetic output inhibits energy storage and recovery processes. Digestive motility
slows down considerably, enzyme secretion is reduced, and salivary glands produce thick,
mucous-rich saliva rather than watery digestive fluid. Changes in glandular activity also include
increased perspiration, vital for dissipating the heat generated by increased metabolic activity.
While the SNS is designed for acute responses, chronic, elevated sympathetic tone is often
implicated in modern stress-related diseases, underscoring its pivotal role in regulating
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physiological health and disease etiology.

4. The Parasympathetic Nervous System (PNS)

Serving as the counterbalancing force to the SNS, the Parasympathetic Nervous System (PNS)
governs the body during periods of tranquility, recovery, and energy conservation, encapsulated by
the phrase "rest and digest.” The PNS is critical for maintaining long-term stability and ensuring the
routine processes of nutrient absorption, waste elimination, and basic physical restoration proceed
efficiently. Its control is primarily mediated by the Vagus nerve (Cranial Nerve X), which innervates

the majority of the thoracic and abdominal viscera.

Activation of the PNS typically results in a slowing of the heart rate and a decrease in cardiac
output, lowering overall cardiovascular stress. It promotes blood flow to the digestive tract,
stimulating peristalsis and the secretion of digestive enzymes and watery saliva, thereby
enhancing nutrient processing. Other key functions involve pupillary constriction (miosis),
protecting the retina from excessive light, and contraction of the bronchi, stabilizing normal
breathing patterns. These functions collectively optimize the body for energy assimilation and
recovery from sympathetic challenges.

Furthermore, the PNS plays a primary role in controlling excretion and sexual arousal. It promotes
the contraction of the bladder wall and relaxation of the internal sphincter necessary for urination
(micturition). In the context of sexual response, parasympathetic activity is essential for facilitating
vascular changes leading to the engorgement of the penis and clitoris, marking the initial
physiological stage of sexual arousal. This demonstrates the system's deep involvement in
involuntary processes that extend beyond simple maintenance to encompass essential
reproductive functions.

5. Neurotransmitters and Signaling Pathways

Chemical signaling is the language of the ANS, relying predominantly on two primary
neurotransmitters: Acetylcholine (ACh) and Norepinephrine (NE). The system is structurally
categorized based on where these chemicals are utilized. All preganglionic neurons, whether
sympathetic or parasympathetic, release ACh at the autonomic ganglia. This ACh binds to nicotinic
receptors on the postganglionic cell, ensuring that the signal transmission across the ganglion is
consistently excitatory.

The postganglionic neurons differentiate based on the target effector. In the parasympathetic
division, the postganglionic neuron releases ACh onto the target organ (e.g., heart muscle,
digestive gland). This ACh binds to muscarinic receptors, leading to varied effects--sometimes
excitatory (e.g., promoting digestion) and sometimes inhibitory (e.g., slowing heart rate). The
system that utilizes ACh at the target organ is therefore termed cholinergic.
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Conversely, in the sympathetic division, the vast majority of postganglionic neurons release
Norepinephrine (also known as noradrenaline) at the effector site. These neurotransmitters bind
to adrenergic receptors (alpha and beta types) on the target cells. This system is consequently
termed adrenergic. A crucial exception exists within the sympathetic division: sympathetic
postganglionic neurons that innervate sweat glands release ACh, making these specific pathways
cholinergic, despite belonging structurally to the SNS. The adrenal medulla, while technically a
modified sympathetic ganglion, releases epinephrine and norepinephrine directly into the
bloodstream, acting as both a neurotransmitter source and an endocrine gland.

6. Clinical Significance and Disorders

The intricate balance maintained by the ANS is essential for health, and disruptions to this system
can lead to a broad category of conditions known collectively as dysautonomia. Dysautonomia
encompasses disorders resulting from damage or dysfunction of the autonomic nerves, leading to
impaired control over involuntary functions. Because the ANS regulates everything from blood
pressure and temperature to digestion and pupil response, symptoms of dysfunction can be highly
diverse and debilitating, often leading to misdiagnosis due to their diffuse nature.

Common symptoms of autonomic dysfunction include orthostatic intolerance (difficulty maintaining
blood pressure when standing, leading to dizziness or fainting), chronic fatigue, abnormal heart
rate regulation (tachycardia or bradycardia), and disturbances in gastrointestinal motility. Specific
conditions within this umbrella include Postural Orthostatic Tachycardia Syndrome (POTS),
where standing causes an excessive increase in heart rate, and pure autonomic failure, a severe
neurodegenerative disorder resulting in widespread autonomic deficits. Conditions like diabetes
mellitus often cause secondary autonomic neuropathy due to chronic damage to peripheral nerves,
illustrating the fragility of the system.

Clinical management of ANS disorders often involves pharmacological interventions aimed at
restoring balance--for instance, using beta-blockers to dampen excessive sympathetic activity or
cholinergic agonists to stimulate parasympathetic pathways. Understanding the precise location of
the lesion (preganglionic vs. postganglionic involvement, or CNS modulation failure) is critical for
effective treatment. The role of the ANS in stress response also places it at the center of
psychosomatic medicine, demonstrating how psychological states can directly and powerfully
influence physical health through the modulation of involuntary bodily functions.

7. Further Reading

Autonomic Nervous System (Wikipedia)

Central Nervous System (Wikipedia)

The Autonomic Nervous System: Anatomy, Physiology, and Requlation (NCBI Bookshelf)
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