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A. General Properties 

1. The visceral reflexes are mediated by the autonomic nervous system (ANS), which has two branches (sympathetic and parasympathetic). 

2. The target organs of the ANS are glands, cardiac muscle, smooth muscle, adipose tissue and nervous tissue; it operates to maintain homeostasis. 

3. Control over the ANS is, for the most part, involuntary.

4. The ANS differs structurally from the somatic nervous system in that there are two neurons leading from the ANS to the effector: a preganglionic neuron and a postganglionic neuron. 
B. Anatomy of the Sympathetic Division 

1. The sympathetic division is also called the thoracolumbar division because of the 

spinal nerves it employs.

2. Paravertebral ganglia occur close to the vertebral column. 

a. Preganglionic neurons are short, while postganglionic neurons, traveling to their effector, are long. 

b. When one preganglionic neuron fires, it can excite multiple postganglionic fibers that lead to different target organs (mass activation).

3. In the thoracolumbar region, each paravertebral ganglion is connected to a spinal nerve by two communicating rami: the white communicating ramus and the gray communicating ramus. 

4. Nerve fibers leave the paravertebral ganglia by spinal, sympathetic, and splanchnic nerves.

	 
	Anatomical localization
	Pre-ganglionic fibers
	Post-ganglionic fibers
	Transmitter (ganglia)
	Transmitter (nerve fiber ends)

	Sympathetic
	Thoraco-lumbar segments (Th1-12; L1-3)
	Short 
	Long 
	ACh
	NE

	Para-sympathetic 
	Cranial and sacral segments

(III, VII, IX, X; S2-4)
	Long 
	Short 
	ACh
	ACh


C. The Adrenal Glands 

1. The pyramid-shaped adrenal glands lie at the top of each kidney and consist of a glandular adrenal cortex surrounding an adrenal medulla made of modified sympathetic neurons. 

2. When stimulated, the adrenal medulla produces catecholamines (as hormones) that complement the action of sympathetic postganglionic neurotransmitters. 

D. Anatomy of the Parasympathetic Division 

1. The parasympathetic division is also referred to as the craniosacral division because its fibers travel in some cranial and sacral nerves.

2. The parasympathetic ganglion (terminal ganglion) lies in or near the target organs.

3. The parasympathetic fibers leave the brainstem by way of the oculomotor (III), facial (VII), glossopharyngeal (IX), and vagus (X) nerves.

4. The parasympathetic system uses long preganglionic and short postganglionic fibers.

E. Comparison of the Sympathetic and Parasympathetic Divisions 

 

General characteristics of ANS 

· usually dual and antagonistic innervation of the visceral organs 

· ganglia in the efferent pathways

· large quantity of synapses  in the ganglia

· cotransmitters and neuromodulators (they may  coexist at most ganglionic                                  synapses and neuroeffector   junctions)

· postganglionic unmyelinated nerve fibers in the efferent pathways

VI. The Autonomic Nervous System: Physiology 

A. Neurotransmitters and Receptors
1. The autonomic nervous system has cholinergic fibers that secrete ACh, and adrenergic fibers that secrete norepinephrine (NE). 

a. Preganglionic fibers of both divisions are cholinergic, as are the postganglionic fibers of the parasympathetic branch. 

b. Postganglionic fibers of the sympathetic branch are usually adrenergic.

c. ACh binds to muscarinic and nicotinic receptors. 

d. Nicotinic receptors occur on all postganglionic somas of the ANS, in the adrenal medulla, and on skeletal muscular fibers. 

e. Muscarinic receptors occur (as cholinergic receptors of the ANS) in the target tissues.

2. Different classes of adrenergic receptors account for the different effects of norepinephrine on its target cells. 

a. Binding to alpha-adrenergic receptors is usually excitatory. 

b. Binding to beta-adrenergic receptors is usually inhibitory. 

Visceral pain – perceived to be somatic in origin
1. Both divisions have nerves leading to most of the visceral organs (dual innervation). 

2. The sympathetic and parasympathetic divisions may have antagonistic effects or cooperative effects. 

C. Control Without Dual Innervation 

1. Control of organ function can be achieved without dual innervation. 

2. Sympathetic control of vasomotor tone can shift blood flow from one organ to another according to the body’s changing needs. 

D. Central Control of Autonomic Function 

1. Control of the ANS is accomplished by several levels of the CNS.

a. Conscious processes in the cerebral cortex can produce autonomic effects.

b. The hypothalamus is the most important area for integrating autonomic function because it has centers (nuclei) for numerous functions, such as sweating, vasodilation, and cardiac and pulmonary function. 

c. The reticular formation contains centers for cardiac, vasomotor, respiratory, and gastrointestinal function.

d. The spinal cord controls the defecation and urination reflexes without the involvement of the brain. 

Exceptions  NON-adrenergic  sympathetic fibers 

Cholinergic:

· sweat glands (except hands)

· vascular smooth muscles in skeletal muscle

· salivary glands

· vascular smooth muscles of penis (erection)
Histaminic: 

· vascular smooth muscles of skeletal muscle, skin, brain

Map of Referred Pain (Visceral pain – perceived to be somatic in origin)
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Responses of major organs to autonomic nerve impulses

	Organ
	Sympathetic Stimulation
	Parasympathetic Stimulation

	Heart
	Increased heart rate beta1 (& beta2)
	Decreased heart rate

	
	Increased force of contraction beta1 (& beta2)
	Decreased force of contraction

	
	Increased conduction velocity
	Decreased conduction velocity

	Arteries
	Constriction (alpha1)
	Dilation

	
	Dilation (beta2)
	

	Veins
	Constriction (alpha1)
	 

	
	Dilation (beta2)
	

	Lungs
	Bronchial muscle relaxation (beta2)
	Bronchial muscle contraction

	
	
	Increased bronchial gland secretions

	Gastro-
intestinal tract
	Decreased motility (beta2)
	Increased motility

	
	Contraction of sphincters (alpha)
	Relaxation of sphincters

	Liver
	Glycogenolysis (beta2 & alpha)
	Glycogen synthesis

	
	Gluconeogenesis (beta2 & alpha)
	

	
	Lipolysis (beta2 & alpha)
	

	Kidney
	Renin secretion (beta2)
	 

	Bladder
	Detrusor relaxation (beta2)
	Detrusor contraction

	
	Contraction of sphincter (alpha)
	Relaxation of sphincter

	Uterus
	Contraction of pregnant uterus (alpha)
	 

	
	Relaxation of pregnant and non-pregnant uterus (beta2)
	

	Eye
	Dilates pupil (alpha)
	Constricts pupil

	
	
	Increased lacrimal gland secretions

	Submandibular & parotid glands
	Viscous salivary secretions (alpha)
	Watery salivary secretions 
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