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Detailed Chapter Summary
Chapter 16, The Autonomic Nervous System and Visceral Reflexes
16.1 General Properties of the Autonomic Nervous System (p. 443)

1. The autonomic nervous system (ANS) carries out many visceral reflexes that are crucial to homeostasis. It is a visceral motor system that acts on glands, cardiac muscle, and smooth muscle.
2. Functions of the ANS are largely, but not entirely, unconscious and involuntary, meaning they are not usually under one’s willful control. Autonomic innervation is not necessary for smooth or cardiac muscle to contract, but the ANS does modulate their activity.
3. The ANS functions through visceral reflex arcs similar to those of the somatic reflexes except for the type of effector at the end of the arc.
4. The sympathetic division of the ANS prepares the body for physical activity and is especially active in stressful “fight or flight” situations.
5. The parasympathetic division has a calming effect on many body functions, but stimulates digestion; it is especially active in “resting and digesting” states.
6. Although the balance of activity may shift from one division to the other, both divisions are normally active simultaneously. Each maintains a background level of activity called autonomic tone.
7. The ANS is composed of nuclei in the brainstem, motor neurons in the spinal cord and ganglia, and nerve fibers in the cranial and spinal nerves.
8. Most autonomic efferent pathways, unlike somatic motor pathways, involve two neurons: a preganglionic neuron whose axon travels to a peripheral ganglion, and a postganglionic neuron whose axon leads the rest of the way to the target cells.
16.2 Anatomy of the Autonomic Nervous System (p. 446)

1. Sympathetic (thoracolumbar) preganglionic neurons arise from thoracic and lumbar segments of the spinal cord. They travel through spinal nerves T1 through L2 to a sympathetic chain of ganglia adjacent to the vertebral column.
2. The sympathetic chain extends for the entire length of the vertebral column, from cervical to coccygeal, but it is directly attached to the spinal cord only at levels T1 through L2. Above and below that, nerve fibers that enter the chain ascend and descend to ganglia at higher and lower levels. The chain usually has 3 cervical, 11 thoracic, 4 lumbar, 4 sacral, and 1 coccygeal ganglion.
3. Most preganglionic fibers synapse with postganglionic neurons in one of the ganglia of this chain, sometimes at a higher or lower level than the ganglion at which they enter. Some fibers pass through the chain without synapsing.
4. Myelinated preganglionic sympathetic fibers travel from the spinal nerve to the sympathetic ganglion by way of a white communicating ramus.
5. Unmyelinated postganglionic fibers may leave the ganglion through a gray communicating ramus that returns to the spinal nerve, or through sympathetic nerves that lead to target organs of the head and thorax. 
6. Other sympathetic fibers pass through the ganglia without synapsing and travel by way of splanchnic nerves to synapses in the ganglia of the abdominal aortic plexus. The celiac, superior mesenteric, and inferior mesenteric ganglia of this plexus then give off postganglionic fibers to the abdominopelvic viscera.
7. Sympathetic pathways show substantial neural divergence, with most preganglionic neurons synapsing with 10 to 20 postganglionic neurons. Sympathetic stimulation therefore tends to have widespread effects on multiple target organs.
8. The adrenal medulla is a modified sympathetic ganglion composed of modified neurons.  These cells secrete mainly epinephrine and norepinephrine into the blood when stimulated.
9. The parasympathetic (craniosacral) division issues relatively long preganglionic fibers through cranial nerves III, VII, IX, and X, and spinal nerves S2 through S4, to their target organs.
10. Parasympathetic preganglionic fibers in cranial nerves III, VII, and IX terminate in the ciliary ganglion (III), pterygopalatine and submandibular ganglia (VII), and otic ganglion (IX) in the head; postganglionic fibers complete the route to such target organs as the eye, tear glands, salivary glands, and nasal glands.
11. The vagus nerve (X) carries about 90% of all parasympathetic preganglionic fibers, innervates viscera of the thoracic and abdominal cavities, and has the most extensive and complex pathway. It forms cardiac, pulmonary, and esophageal plexuses in the thoracic cavity, then penetrates the diaphragm as a pair of vagal trunks and contributes to the abdominal aortic plexus.
12. The parasympathetic fibers arising from the sacral spinal cord form pelvic splanchnic nerves, which lead to the inferior hypogastric plexus. From there, pelvic nerves lead to the viscera of the pelvic cavity.
13. Parasympathetic preganglionic fibers end in terminal ganglia in or near the target organ. Relatively short postganglionic fibers complete the route to specific target cells.
14. The wall of the digestive tract contains an enteric nervous system, sometimes considered part of the ANS because it innervates smooth muscle and glands of the tract. It regulates gastrointestinal motility and secretion, thus coordinating digestive activities of one part of the digestive tract with another.
16.3 Autonomic Effects (p. 453)

1. The autonomic effects on a target cell depend on the neurotransmitter released and the type of receptors that the target cell has.
2. Cholinergic fibers secrete acetylcholine (ACh) and include all preganglionic fibers, all parasympathetic postganglionic fibers, and some sympathetic postganglionic fibers.
3. ACh binds to two classes of cholinergic receptors called muscarinic and nicotinic receptors. The binding of ACh to a muscarinic receptor has excitatory effects on some cells and inhibitory effects on others, owing to different subclasses of muscarinic receptors. Binding to a nicotinic receptor is always excitatory.
4. Most sympathetic postganglionic fibers are adrenergic and secrete norepinephrine (NE). NE binds to two major classes of receptors called alpha (() and beta (() receptors. Binding to an (-adrenergic receptor is usually excitatory, and binding to a (-adrenergic receptor is usually inhibitory, but there are exceptions to both owing to subclasses of each receptor type.
5. Many organs receive dual innervation by both sympathetic and parasympathetic fibers. In such cases, the two divisions may have either antagonistic or cooperative effects on the organ.
6. The sympathetic division can have contrasting effects on an organ even without dual innervation, by increasing or decreasing the firing rate of the sympathetic neuron.
7. All autonomic output originates in the CNS and is subject to control by multiple levels of the CNS.
8. The hypothalamus is an especially important center of autonomic control, but the cerebral cortex, midbrain, pons, and medulla oblongata are also involved in autonomic responses.
9. Some autonomic reflexes such as defecation and micturition are regulated by nuclei in the spinal cord.
16.4 Developmental and Clinical Perspectives (p. 456)

1. Preganglionic neurons of the ANS develop from the neural tube. Postganglionic neurons, ganglia, and the adrenal medulla develop from the neural crest.

2. The ANS becomes less efficient with age, resulting in such conditions as dry eyes and eye infections; poorer adaptation to changing light intensities, and deficient night vision; reduced intestinal motility; and inefficient control of blood pressure, sometimes resulting in orthostatic hypotension.

3. Dysfunctions of the ANS include achalasia of the cardia, Horner syndrome, and Raynaud disease (table 16.6), and Hirschsprung disease (see Deeper Insight 16.2).

