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campbell biology sympathetic nervous system us refers to the detailed exploration of
the sympathetic division of the autonomic nervous system as presented within the
renowned "Campbell Biology" textbook, a cornerstone in biological education across the
United States. This article delves into the intricate mechanisms, functions, and significance
of the sympathetic nervous system, drawing directly from the comprehensive insights
provided in this widely used biology curriculum. We will unravel its role in the body's stress
response, its neural pathways, neurotransmitters, and target organs, providing a thorough
understanding of its vital operations. Understanding this system is crucial for grasping how
organisms adapt and respond to a dynamic environment.
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Introduction to the Sympathetic Nervous System

The sympathetic nervous system (SNS) is a crucial component of the peripheral nervous
system, operating largely unconsciously to regulate involuntary bodily functions. It is one of
the two main divisions of the autonomic nervous system, the other being the
parasympathetic nervous system. The SNS is primarily responsible for orchestrating the
body's "fight-or-flight" response, preparing it to confront or escape perceived threats. This
intricate system mobilizes resources, increases alertness, and redirects blood flow to
essential organs during times of stress or excitement. Its influence is widespread, affecting
nearly every organ system to ensure survival and maintain homeostasis in the face of
challenges.

Within the context of "Campbell Biology," the sympathetic nervous system is presented as
a marvel of physiological engineering, demonstrating the sophisticated control mechanisms
that govern life. The textbook highlights its evolutionary significance, showcasing how this
system has been refined over millennia to provide a rapid and effective response to
environmental demands. Understanding the nuances of the SNS is not merely an academic
exercise; it provides profound insights into how our bodies function under pressure and how
various physiological processes are interconnected. This section lays the groundwork for a
deeper exploration of its anatomical structures, functional pathways, and the myriad effects
it exerts on the organism.



Anatomy and Physiology of the Sympathetic
Division

The anatomical structure of the sympathetic nervous system is characterized by its origin in
the thoracic and lumbar regions of the spinal cord. Preganglionic neurons, whose cell
bodies are located within the gray matter of these spinal cord segments, project to
sympathetic ganglia. These ganglia are typically arranged in two chains, known as the
sympathetic trunks or paravertebral ganglia, running parallel to the spinal cord.
Additionally, there are prevertebral ganglia located anterior to the vertebral column, such
as the celiac, superior mesenteric, and inferior mesenteric ganglia.

Postganglionic neurons, originating from these sympathetic ganglia, then innervate various
target organs throughout the body. The divergence within this system is notable; a single
preganglionic neuron can synapse with multiple postganglionic neurons, allowing for a
widespread and coordinated sympathetic response. This anatomical arrangement is
fundamental to the SNS's ability to rapidly and simultaneously affect numerous bodily
systems. The sympathetic trunks provide a pathway for sympathetic nerves to ascend or
descend the spinal cord, innervating organs in regions not directly supplied by the thoracic
or lumbar spinal nerves.

Origin and Pathways of Sympathetic Nerves

Sympathetic preganglionic neurons originate from the intermediolateral cell column of the
spinal cord, found in the thoracic (T1-T12) and the first two to three lumbar (L1-L3)
segments. These neurons are myelinated and form the white rami communicantes, which
carry their axons to the sympathetic trunk ganglia. Upon reaching the trunk, preganglionic
axons can synapse with postganglionic neurons within the same ganglion, ascend or
descend within the trunk to synapse in a different ganglion, or pass through the
sympathetic trunk without synapsing to form splanchnic nerves that reach prevertebral
ganglia.

The postganglionic neurons are unmyelinated and emerge from the ganglia as gray rami
communicantes, which re-enter the spinal nerves to reach their targets. Alternatively,
postganglionic axons from prevertebral ganglia directly innervate abdominal and pelvic
organs. This complex network of pathways ensures that the sympathetic signals can be
distributed efficiently and precisely to diverse effectors, from the heart and lungs to the
digestive tract and sweat glands.

The Sympathetic Trunk and Prevertebral Ganglia

The sympathetic trunk, also known as the paravertebral chain, extends along the entire
length of the vertebral column. It is composed of segmental ganglia, typically 23 pairs,
which are connected by nerve fibers. These ganglia are crucial relay stations for
sympathetic innervation. The superior cervical ganglion innervates structures in the head



and neck, while the thoracic ganglia innervate organs in the thorax, and the lumbar and
sacral ganglia innervate structures in the abdomen and pelvis, respectively.

Prevertebral ganglia, located anterior to the vertebral column, include the celiac ganglion,
superior mesenteric ganglion, inferior mesenteric ganglion, and aorticorenal ganglia. These
ganglia receive preganglionic fibers via splanchnic nerves and primarily innervate the
digestive organs, kidneys, and adrenal medulla. The adrenal medulla, a modified
sympathetic ganglion, releases epinephrine and norepinephrine directly into the
bloodstream, prolonging and amplifying the sympathetic response.

Neural Pathways and Neurotransmitters

The communication within the sympathetic nervous system relies on a specific set of
neurotransmitters. The primary neurotransmitter released by preganglionic sympathetic
neurons is acetylcholine (ACh). This ACh binds to nicotinic acetylcholine receptors on the
postganglionic neurons, exciting them and triggering the release of their own
neurotransmitters.

The situation becomes more complex at the synapse between postganglionic neurons and
their target organs. The vast majority of postganglionic sympathetic neurons are
adrenergic, meaning they release norepinephrine (NE), also known as noradrenaline, as
their primary neurotransmitter. Norepinephrine acts on adrenergic receptors (alpha and
beta receptors) on the effector cells. However, there are exceptions; sympathetic neurons
that innervate sweat glands are cholinergic, releasing ACh, which acts on muscarinic
acetylcholine receptors on the sweat glands, leading to increased sweating.

Neurotransmitters at the Ganglia

At the sympathetic ganglia, the preganglionic neuron releases acetylcholine (ACh) into the
synaptic cleft. This ACh is an excitatory neurotransmitter and binds to nicotinic receptors on
the postsynaptic membrane of the postganglionic neuron. These nicotinic receptors are
ligand-gated ion channels that, when activated by ACh, allow sodium ions to enter the
postsynaptic neuron, causing depolarization and generating an action potential in the
postganglionic neuron. This ensures efficient and rapid transmission of the signal from the
central nervous system to the sympathetic ganglia.

Neurotransmitters at Target Organs

The majority of postganglionic sympathetic neurons are noradrenergic, releasing
norepinephrine (NE) at their neuroeffector junctions. Norepinephrine then binds to specific
adrenergic receptors on the target cells, initiating a cellular response. There are two main
types of adrenergic receptors: alpha (α) and beta (β), each with further subtypes (α1, α2,
β1, β2, β3). The binding of NE to these receptors can result in excitation or inhibition of the



target cell, depending on the receptor type and location.

For instance, NE binding to α1 receptors on vascular smooth muscle causes
vasoconstriction, increasing blood pressure. NE binding to β1 receptors on the heart
increases heart rate and contractility. Conversely, NE binding to β2 receptors on the
smooth muscle of the bronchi causes bronchodilation, facilitating easier breathing. As
mentioned, sympathetic neurons innervating sweat glands are an exception, releasing ACh,
which binds to muscarinic receptors to stimulate sweat production. This selective release of
neurotransmitters allows for fine-tuned control over various physiological processes.

Physiological Effects of Sympathetic Activation

The activation of the sympathetic nervous system triggers a cascade of physiological
changes designed to prepare the body for intense physical activity or stressful situations.
These effects are widespread and coordinated, aiming to maximize the organism's ability to
respond effectively to perceived threats. The "fight-or-flight" response is a hallmark of
sympathetic activation, characterized by a surge in energy and a heightened state of
arousal.

Key physiological effects include an increase in heart rate and blood pressure, redirection of
blood flow away from non-essential organs towards skeletal muscles, dilation of the pupils,
and an increase in respiration rate. Metabolic processes are also affected, with the
sympathetic nervous system promoting the breakdown of glycogen and fat to provide
readily available energy sources. This comprehensive mobilization of bodily resources
ensures that the organism is equipped to handle immediate challenges.

Cardiovascular System Responses

Upon sympathetic stimulation, the heart's pacemaker cells are stimulated, leading to a
significant increase in heart rate (tachycardia). Concurrently, the contractility of the cardiac
muscle increases, resulting in a higher stroke volume and thus an elevated cardiac output.
Blood vessels supplying skeletal muscles and the heart undergo vasodilation (mediated by
β2 receptors in some cases and direct neural influences), ensuring adequate oxygen and
nutrient supply during exertion. Conversely, blood vessels in the digestive organs and skin
typically vasoconstrict (mediated by α receptors), diverting blood flow to more critical
areas. Blood pressure rises due to increased cardiac output and peripheral resistance.

Respiratory System Adjustments

The sympathetic nervous system plays a critical role in enhancing respiratory function
during stress. Bronchodilation, mediated by the release of norepinephrine acting on β2
adrenergic receptors in the smooth muscle of the airways, widens the passages, allowing
for increased airflow into and out of the lungs. This ensures a greater supply of oxygen to



the body and facilitates the removal of carbon dioxide. The respiratory rate may also
increase, further augmenting oxygen intake and gas exchange, supporting the heightened
metabolic demands of the "fight-or-flight" response.

Metabolic and Endocrine Influences

Sympathetic activation profoundly impacts metabolic processes. The liver and skeletal
muscles are stimulated to break down stored glycogen into glucose, which is then released
into the bloodstream, providing readily available energy for cellular respiration. Adipose
tissue is stimulated to break down stored triglycerides into fatty acids, which can also be
used as an energy source. Furthermore, the sympathetic nervous system stimulates the
adrenal medulla to release epinephrine and norepinephrine into the circulation. These
hormones further amplify and prolong the sympathetic response, contributing to sustained
metabolic mobilization and increased alertness.

Other Target Organ Effects

Beyond the cardiovascular, respiratory, and metabolic systems, the sympathetic nervous
system influences a wide array of other organs. The pupils dilate (mydriasis) due to
contraction of the radial muscles of the iris, allowing more light to enter the eye and
enhancing visual acuity, particularly in dim light. The gastrointestinal tract's motility and
secretions are generally inhibited to conserve energy and resources for immediate action.
The urinary bladder's smooth muscle relaxes, while the internal urethral sphincter
contracts, inhibiting urination. The erector pili muscles in the skin contract, causing
"goosebumps." Sweat glands are stimulated to produce sweat, aiding in thermoregulation
during strenuous activity.

Sympathetic Nervous System in Action: Examples

The practical implications of sympathetic nervous system activation are evident in
everyday life and more extreme circumstances. Consider the common experience of being
startled or facing a challenging situation. Your heart rate immediately increases, your palms
may sweat, and your senses become sharpened. These are all direct manifestations of the
sympathetic nervous system preparing your body for action.

During strenuous physical exercise, the SNS works in concert with other systems to ensure
that muscles receive sufficient oxygen and fuel. In moments of danger, it provides the rapid
surge of energy and alertness needed for survival. Even less dramatic situations, such as
public speaking or encountering a deadline, can elicit a mild sympathetic response,
highlighting its pervasive role in mediating our reactions to various stimuli.



The "Fight-or-Flight" Response

The classic "fight-or-flight" response is the quintessential example of sympathetic nervous
system activation. When the brain perceives a threat, whether real or imagined, it triggers
a rapid and coordinated series of physiological events orchestrated by the SNS. This
response is designed to maximize the chances of survival by either confronting the threat
(fight) or escaping from it (flight). The surge in adrenaline and noradrenaline, increased
heart rate, elevated blood pressure, and redirection of blood flow are all critical
components of this survival mechanism.

Physical Exertion and Exercise

During physical activity, the body's demand for oxygen and energy increases dramatically.
The sympathetic nervous system is activated to meet these demands. It increases heart
rate and contractility to pump more blood, dilates bronchioles to improve air intake, and
causes vasodilation in working muscles to deliver oxygen and nutrients. Simultaneously, it
may cause vasoconstriction in non-essential areas like the digestive system to conserve
blood for active muscles. The mobilization of glucose and fatty acids also provides the
necessary fuel for sustained effort.

Stress and Emotional Arousal

Even psychological stressors, such as public speaking, exams, or emotional conflicts, can
activate the sympathetic nervous system. This activation leads to symptoms like a
pounding heart, sweaty palms, dry mouth, and feelings of anxiety. The body prepares for a
potential challenge, even if no physical action is required. Chronic stress, characterized by
prolonged sympathetic activation, can have detrimental effects on health over time.

Integration with Other Bodily Systems

The sympathetic nervous system does not operate in isolation. It is intricately integrated
with other physiological systems to maintain overall homeostasis and ensure coordinated
bodily functions. Its interactions with the endocrine system, particularly the adrenal glands,
are crucial for amplifying and sustaining its effects. Furthermore, its responses are
modulated by sensory inputs and higher brain centers, allowing for adaptive and context-
specific activation.

Understanding these interconnections provides a more holistic view of how the body
functions. The sympathetic nervous system's ability to influence and be influenced by other
systems underscores its central role in regulating a wide range of physiological processes
essential for survival and well-being. This complex interplay ensures that the body can
respond effectively to both internal and external challenges.



Interaction with the Endocrine System

A prime example of integration is the sympathetic nervous system's relationship with the
endocrine system, specifically the adrenal medulla. When preganglionic sympathetic
neurons synapse with the chromaffin cells of the adrenal medulla, they stimulate the
release of epinephrine (adrenaline) and norepinephrine (noradrenaline) directly into the
bloodstream. These hormones act as circulating neurotransmitters, reinforcing and
prolonging the effects initiated by direct sympathetic nerve stimulation. This hormonal
amplification is critical for sustained sympathetic responses, such as during prolonged
stress or intense physical activity.

Sensory Input and Central Nervous System Control

The sympathetic nervous system receives significant input from sensory receptors
throughout the body and is under the control of higher brain centers, including the
hypothalamus, brainstem, and limbic system. For instance, baroreceptors in blood vessels
monitor blood pressure and send signals to the brainstem, which can then modulate
sympathetic outflow to maintain cardiovascular homeostasis. Similarly, the hypothalamus
acts as a key integrating center for the "fight-or-flight" response, receiving information
about emotional states and environmental conditions to initiate appropriate sympathetic
activation. This hierarchical control allows for complex and adaptive responses to a wide
range of stimuli.

Disruptions and Disorders of the Sympathetic
Nervous System

While the sympathetic nervous system is vital for survival, its dysregulation can lead to
various health issues. Conditions affecting the sympathetic nervous system can result in a
range of symptoms, from abnormal heart rhythms and blood pressure fluctuations to
chronic pain and autonomic dysfunction. Understanding these disorders is crucial for
diagnosis and treatment.

These disruptions can arise from neurological damage, genetic predispositions, or as
secondary effects of other diseases. Research into these conditions continues to advance
our understanding of the SNS's importance and the consequences of its impairment. The
treatment often involves managing symptoms and addressing the underlying cause to
restore a degree of autonomic balance.

Autonomic Neuropathies

Autonomic neuropathies are conditions that damage the nerves of the autonomic nervous
system, including the sympathetic division. These can be caused by various factors such as



diabetes, autoimmune diseases, infections, or certain medications. Symptoms can include
orthostatic hypotension (a drop in blood pressure upon standing), impaired sweating,
gastrointestinal problems, and sexual dysfunction, all stemming from a failure of proper
sympathetic regulation.

Hypertension and Hypotension

Abnormalities in sympathetic activity are strongly linked to blood pressure regulation.
Excessive sympathetic tone can contribute to hypertension (high blood pressure) by
causing sustained vasoconstriction and increased cardiac output. Conversely, a diminished
sympathetic response can lead to hypotension (low blood pressure), particularly orthostatic
hypotension, where the body fails to adequately compensate for changes in posture.

Chronic Pain Syndromes

The sympathetic nervous system plays a role in the processing and amplification of pain
signals. In certain chronic pain conditions, such as complex regional pain syndrome (CRPS)
or phantom limb pain, sympathetic dysfunction is believed to contribute to the persistence
and intensity of pain. Treatments targeting sympathetic activity, such as sympathetic
blocks, are sometimes employed in these cases.

The Role of the Sympathetic Nervous System in
Human Health and Disease

The sympathetic nervous system is a critical regulator of physiological processes that are
fundamental to maintaining health and responding to disease. Its ability to mobilize
resources and prepare the body for action is essential for survival. However, chronic or
inappropriate activation of the SNS can contribute to the development and progression of
various diseases, including cardiovascular disorders, metabolic syndrome, and even certain
psychological conditions.

Understanding the delicate balance maintained by the sympathetic nervous system is
therefore paramount in the fields of medicine and biology. From facilitating athletic
performance to exacerbating the effects of chronic stress, its influence is far-reaching.
Continued research into the SNS promises to unlock new therapeutic strategies for a wide
range of human ailments, further highlighting its profound importance in the context of
biological systems as taught in Campbell Biology.

---

FAQ Section



Q: What is the primary function of the sympathetic
nervous system as described in Campbell Biology?
A: As detailed in Campbell Biology, the primary function of the sympathetic nervous system
is to prepare the body for the "fight-or-flight" response, enabling it to react to stressful or
emergency situations by increasing alertness and mobilizing energy resources.

Q: Where do the preganglionic neurons of the
sympathetic nervous system originate?
A: In Campbell Biology, it is explained that the preganglionic neurons of the sympathetic
nervous system originate from the thoracic and upper lumbar segments of the spinal cord,
specifically within the intermediolateral cell column.

Q: What neurotransmitters are commonly used by the
sympathetic nervous system?
A: Campbell Biology highlights that acetylcholine (ACh) is the neurotransmitter used by
preganglionic sympathetic neurons, while most postganglionic sympathetic neurons release
norepinephrine (NE) at their target organs. Cholinergic sympathetic neurons, innervating
sweat glands, release ACh.

Q: How does the sympathetic nervous system affect the
heart rate?
A: According to Campbell Biology, sympathetic activation increases heart rate by releasing
norepinephrine, which binds to beta-1 adrenergic receptors on the heart's pacemaker cells,
accelerating their firing rate.

Q: What is the role of the adrenal medulla in
sympathetic nervous system function?
A: Campbell Biology explains that the adrenal medulla is a modified sympathetic ganglion
that, upon stimulation by sympathetic preganglionic neurons, releases epinephrine and
norepinephrine directly into the bloodstream. These hormones act as circulating
messengers that amplify and prolong the sympathetic response throughout the body.

Q: Can the sympathetic nervous system be involved in
conditions like high blood pressure?
A: Yes, Campbell Biology discusses how overactivity or dysregulation of the sympathetic
nervous system can contribute to hypertension (high blood pressure) by causing sustained
vasoconstriction and increasing cardiac output.



Q: How does the sympathetic nervous system influence
blood flow during the fight-or-flight response?
A: Campbell Biology illustrates that during sympathetic activation, blood flow is redirected.
Vasoconstriction occurs in non-essential areas like the digestive tract and skin, while
vasodilation may occur in skeletal muscles and the heart to supply these organs with more
oxygen and nutrients needed for strenuous activity.

Q: What are adrenergic receptors, and why are they
important in sympathetic function?
A: Campbell Biology describes adrenergic receptors (alpha and beta receptors) as proteins
found on the surface of target cells that bind to norepinephrine and epinephrine. The type
of adrenergic receptor and its location determine the specific response of the target organ,
allowing for diverse effects of sympathetic stimulation.
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