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Functional hierarchy of the peripheral nervous system
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Somatic Motor System (voluntary):
Spinal motor neuron synapses onto target skeletal muscle 
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Autonomic Nervous System (involuntary):
Two-Step Projection:
1. Spinal/Brainstem pre-ganglionic neuron synapses onto post-ganglionic neuron
2. Post-ganglionic neuron synapses onto target smooth muscle

(e.g. in blood vessel, glands)

cell body in CNS cell body in
peripheral ganglion



Comparison of Skeletal Muscle and Smooth Muscle

Fox Table 12.8

attached to tendons and bones; 
contracts to move skeleton.

wrapped around blood vessels, GI tract, glands;
contracts to constrict vessels or squeeze glands. 

neurotransmitter receptors all over cell surfacereceptors at neuromuscular junction
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Fox Figure 12.35a

Skeletal Muscle

Smooth Muscle
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Figure 12.35b



13

Figure 12.35c
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Figure 12.36

smooth muscle has 
spontaneous 
contractions

Sympathetic Nervous System: Anatomy
Sympathetic chain of paravertebral ganglia

• connected to spinal roots by white ramus (preganglionic going into ganglion) and gray ramus 
(postganglionic leaving out of ganglion)

• convergence of inputs leads to mass activation of postganglionic neurons
• postganglionic fibers join spinal nerves, innervate blood vessels et al. in skeletal muscles and 

skin.

Splanchnic Nerves
• Sympathetic preganglionic fibers below the diaphragm project to collateral ganglia
• Postganglionic fibers from collateral ganglia innervate digestive, urinary, reproductive organs

Medulla of Adrenal Gland
• modified sympathetic ganglion
• Preganglionic fibers stimulate medullary cells to secrete epinephrine and norepinephrine into 

the blood

Neurotransmitters
• Preganglionic nerves release Acetylcholine (ACh) to stimulate nicotinic receptors on 

postganglionic cells
• Postganglionic cells release Norepinephrine (NE) to stimulate or inhibit target tissues via 

adrenergic receptors
• There are some important exceptions: e.g. sympathetic fibers to sweat glands use ACh.

ramus - Latin for branch
splan - Greek for organ
medulla - Latin for middle
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Sympathetic Nervous System: Anatomy
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Adrenal Gland

Figure 9.4
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Figure 9.7

Sympathetic Nervous System: Neurotransmitters



Parasympathetic Nervous System: Anatomy
Craniosacral Division

• preganglionic cells are in the brainstem and in the sacral level of the spinal cord
• preganglionic fibers travel in parasympathetic nerves, NOT spinal nerves
• (so, cutaneous (skin) effectors and blood vessels in skeletal muscle get sympathetic 

but NOT parasympathetic regulation)

Terminal Ganglia
• preganglionic fibers project to ganglia near or in the target organ
• postganglionic cells send short fibers from ganglia to target cells

Mixed Nerves
• Glossopharyngeal and Vagus Nerves also have sensory component to relay visceral 

sensation to brainstem (e.g. blood pressure, intestinal contents).

Neurotransmitters
• Preganglionic nerves release Acetylcholine (ACh) to stimulate nicotinic receptors 

on postganglionic cells
• Postganglionic cells release Acetylcholine (ACh) to stimulate or inhibit target 

tissues via muscarinic receptors

Figure 9.5

Parasympathetic Nervous System: Anatomy

Figure 9.6
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Autonomic Nervous System: Neurochemistry

• Both sympathetic and parasympathetic preganglionic neurons release ACh to 
stimulate nicotonic receptors on postganglionic cells

nicotinic receptors are blocked by curare

• Parasympathetic postganglionic neurons release ACh onto muscarinic receptors
muscarinic receptors are blocked by atropine
muscanic receptors are G-protein-coupled receptors that have stimulatory or 
inhibitory effects on target organ, depending on the specific receptor subtype 
(M1-5)

• Sympathetic postganglionic neurons release NE (mostly) onto adrenergic receptors
adrenergic receptors are G-protein-coupled receptors that have stimulatory or inhibitory 
effects on target organ, depending on the receptor subtype (alpha or beta)
adrenergic receptors are blocked by alpha blockers or beta blockers.

• Most target organs have dual innervation by sympathetic and parasympathetic 
fibers. The effects are usually antagonistic (but can be complementary, or 
cooperative).

• Some organs receive only sympathetic innervation: adrenal medulla, skin (arrector 
pili & sweat glands), and most blood vessels.

belladona extract
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Autonomic Nervous System: Anatomy

ACh -> 
Nicotinic 
Receptors
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Figure 9.9a
e.g. smooth muscle of airways

Figure 9.9b e.g. smooth muscle of airways

sympathetic relaxation  
and dilation of airways

parasympathetic
constriction of 

airways
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 NorEpi -> α or β

ACh -> Muscarinic



Figure 9.11

How do we know 
nicotinic receptors 
are involved?

Figure 9.11

M2 M3 or 5

How do we know 
muscarinic receptors 
are involved?
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Epinephrine (Adrenalin) secreted from Adrenal Gland & Autonomic 
Neurons during stress (one NT -> multiple effects)
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How do we know α or 
β1 or β2 receptors are 
involved?

Fox Figure 7.31

G-Proteins can affect second messenger signaling
(e.g. cAMP levels in the cytoplasm)
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beta-adrenergic
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