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Autonomic Nervous System (ANS): Sympathetic and Parasympathetic

(Dr. Vidic provided a handout on autonomics that will be useful when reviewing this lecture)

I.  Feedback on yesterday’s cranial nerve lecture

A. Question:  What nerve innervates the parotid body—the vagus or glossopharyngeal?

Answer:   Both

B. Question:  Why does cranial nerve III (occulomotor) have both afferent and efferent divisions on the handout?

Answer:   The afferent division is from the trigeminal ganglion (not originally from CNIII).

1. This is also true of cranial nerves IV and VI.

2. Some pseudounipolar cells will be found along the pathway of the three orbital nerves, although there are no organized ganglia.

3. The majority of afferent fibers are from the trigeminal ganglion.

II.  General description of the Autonomic Nervous System (also called visceral efferent).

A.    Involuntary 

1.    We cannot control it 

2.    Reflex from organs sends messages to central nervous system

3. Central nervous system elaborates messages and sends message back to organs by way of the  

        autonomic nervous system  

B.     Two divisions 

1.     Sympathetic

2.     Parasympathetic

3.     Difference between the two systems is the neurotransmitting substance (see below)

C.   Pathway is composed of two neurons between the central nervous system and the innervated structure

1.     1st order: preganglionic

a.    Cell body is in central nervous system

b. Axon exits central nervous system to meet 2nd neuron (2nd order: postganglionic)

c.     Myelinated

2. 2nd order: postganglionic

a.    Cell body is outside of central nervous system

b.    Axon reaches target organ

c. Poorly or non-myelinated

D.     Ganglia, “Relay station”

1.     Synapse 

a. Somewhere in periphery where the 1st order (preganglionic) neuron meets the 2nd order      

        
        (postganglionic)  neuron

b.     Site of transmission of impulse from one neuron to the next  

c.     There is NO synapse in previously studied ganglia such as dorsal root ganglia, trigeminal   

        
        ganglion, facial ganglion, vagal ganglion, and glossopharyngeal ganglion, which contain   

        
         pseudounipolar cells.

2.      Neurotransmitters

a. Types   

1. Norepinephrine (adrenaline) – sympathetic neurons

2. Acetylcholine – parasympathetic neurons

b.     Drugs 

1.    Adrenergic drugs mimic the sympathetic nervous system

2. Cholinergic drugs mimic the parasympathetic nervous system

3. Can use drugs to stimulate either system depending on pathology

III.  Sympathetic


A.  Source: T1-L2 intermediolateral column of spinal cord


B.  Sympathetic chain

1. Preganglionic (1st order) neurons exit spinal cord and hit corresponding ganglion of sympathetic chain

2. The neurons do one of four things once enter chain

1. synapse in that ganglion

2. ascend sympathetic chain

3. descend sympathetic chain

4. exit without synapsing (as with thoracic splanchnic nerves)

3.    Whatever exits sympathetic chain is postganglionic (2nd order)

C.  Neck area diagram of sympathetic chain: T1-T4 ganglia and three cervical ganglia

1. T1, T2, T3, and T4 sympathetic ganglia receive preganglionic axons from corresponding segments of spinal cord

2. All preganglionic axons do not synapse in these (T1-T4) ganglia; some ascend along sympathetic chain to three upper sympathetic chain ganglia

a. Inferior cervical ganglia

b. Middle cervical ganglia

c. Superior cervical ganglia  (largest and highest in chain)

3. Some axons from T1-T4 spinal cord segments synapse in the inferior cervical ganglia, others in the middle cervical ganglia, and all the rest will synapse in superior cervical ganglia  

4. Whatever exits these three ganglia is postganglionic

D. Distribution of sympathetics in head and neck 

1. Superior cervical ganglia gives off many branches to form the internal carotid nerve*

[*this is the one name Dr. Vidic requires us to know—the rest are just named plexi (perifacial plexus, perilingual plexus, etc.)]  

a. Internal carotid nerve joins the carotid artery, and branches around it, to form the pericarotid plexus

b. As the carotid artery distributes, so does the plexus.  

2. These three ganglia do give off gray rami, but they do not receive white rami (these are questions Dr. Vidic said would be asked of students about these ganglia) 

a. White rami come directly from spinal cord-- spinal cord has no sympathetics [This is what Dr. Vidic said—we do not necessarily understand this part—better luck to you; refer to page 2 of handout for further description] 

b. These ganglia do give off gray rami to corresponding cervical nerves (C1, C2, C8, etc)

3. Sympathetic branches that join arteries

a. Distribution of arteries in head and neck is distribution of sympathetics (do not need to be more specific)

b. Examples: superior thyroid artery, lingual artery, facial artery, etc. are wrapped in sympathetics  

c. This is method by which sympathetics reach distal territories of head and neck  


IV.  Parasympathetic


A.  Sources

1.    Brainstem (nuclei)




a.     Parasympathetic nuclei of CN III, CN VII (small), CN IX, CN X (dorsal, largest)

b. Where do axons of preganglionic neurons go?

2.     Sacral segment of spinal cord (S2-4)  (will worry about later)

B.  Parasympathetic Ganglia

(See diagram of parasympathetic ganglion on page 4 of handout)

1. Impulse is traveling from left to right 

2. Swelling is ganglia 

3. Incoming roots  (left) and outgoing branches (right); (Dr. Vidic says it is not important to know why… just blindly learn) 

a. Three things coming in: one is functional and the other two are trespassing


i. Preganglionic parasympathetic will synapse and whatever continues is postganglionic 

ii. Postganglionic sympathetic (because came out of sympathetic chain) goes through ganglion without being interrupted 

iii. General sensory goes through ganglion without being interrupted  

b. Whatever comes out contains three components

i. Postganglionic parasympathetic 

ii. Postganglionic sympathetic

iii. General sensory – holds true for all parasympathetic pathways 

c. Example: ciliary ganglion and exiting short ciliary nerves

d. Holds true for all parasympathetic pathways, four of which are studied here

V.  Four Parasympathetic Pathways

 All four ganglia receive general sensory components from branches of trigeminal nerve


V1- ciliary



V2-sphenopalatine (pterygopalatine)



V3-otic and submandibular

A.    Occulomotor Nerve—Ciliary Ganglion  (See CNIII diagram on page 5 of handout)  (only worry about broken 

        line=parasympathetic) 

1. Course of parasympathetics

a.  Run along occulomotor nerve and enter orbit (superior orbital fissure) 

b.  Follow lower division of occulomotor nerve 

c.  Separates to enter its ganglion—ciliary ganglion

2. Sensory root of ciliary ganglion-- nasociliary nerve (V1)  

3. Sympathetic root of ciliary ganglion-- ophthalmic artery 

4. Innervates inside of eyeball

a.   Diaphragm / iris 

b.   Accommodation (curvature of lens)

B.    Greater Petrosal Nerve—Sphenopalatine Ganglion (See CNVII diagram on page 5 of handout)  

1. Course of parasympathetics

a.    Enter internal acoustic meatus 

b.    Detaches from facial nerve at geniculate ganglion to become the greater petrosal nerve

c.    Exits ear through hiatus of greater petrosal nerve

d.    Courses into the foramen lacerum 

e. Continues through the pterygoid canal 

f. Contacts sphenopalatine ganglion at end of canal

2. Sensory root of sphenopalatine ganglion—maxillary nerve (V2)

3. Sympathetic root of sphenopalatine ganglion—internal carotid artery (pericarotid plexus)

a. Contacts internal carotid artery at foramen lacerum 

b. Name of sympathetic portion-- deep petrosal nerve

c. When deep petrosal nerve joins greater petrosal nerve, the name changes to nerve of pterygoid canal

d. Therefore, the nerve of pterygoid canal brings two components to shpenopalatine ganglia—sympathetic and parasympathetic 

4. Innervates 

a. Nasal glands

b. Palatine glands

c. Lacrimal glands (most important) 

i. Special parasympathetic innervation to lacrimal gland

A. Some parasympathetics reenter maxillary nerve 

B. Separate as the orbital branch  

C. Separate and go to lacrimal nerve  

D. Hitchhike until they reach the lacrimal gland (most complicated)

C.     Chorda Tympani—Submandibular Ganglion (See CNVII diagram on page 5 of handout)

1. Course of parasympathetics

a. Continues along facial (does not branch off at geniculate ganglion as above)

b. Separates with chorda tympani

c. Exits middle tympanic fissure 

d. Goes through infratemporal fossa 

e. Joins lingual nerve

f. Ends in submandibular ganglion 

2. Sensory root of submandibular ganglion—lingual nerve (V3)

3. Sympathetic root of submandibular ganglion—lingual artery

4. Innervates two salivary glands

a. submandibular glands

b. sublingual glands

D. Lesser Petrosal Nerve—Otic Ganglion (See CNIX diagram on page 5 of handout)

1. Course of parasympathetics

a. Travels along glossopharyngeal nerve until the tympanic nerve separates

b. Follows tympanic nerve which enters middle ear 

c. Tympanic nerve ends within middle ear (provides general sensation)

d. Parasympathetic portion continues up to pierce the petrous temporal bone at the hiatus of lesser petrosal nerve

e. Courses on roof of petrous temporal and then exits cranium at foramen ovale 

f. Ends in otic ganglion  

2. Sensory root of Otic Ganglion—mandibular nerve (V3)

3. Sympathetic root of Otic Ganglion—middle meningeal artery 

a. Middle meningeal artery runs through foramen spinosum which is close to foramen ovale (course of parasympathetics)

4. Innervates Parotid Gland

a. All postganglionic parasympathetic fibers become incorporated with auriculotemporal nerve

b. Hitchhike to parotid gland where all sympathetic and parasympathetic fibers that innervate parotid gland are discharged

VI.  Vagus—Parasympathetic Innervation


A.  Largest parasympathetic nerve in body, also simplest


B.  These parasympathetics do not follow above system 

1. No distinct ganglia

2. Will not speak of pathways


C. Each branch of vagus contains parasympathetics

1.    Example: pharyngeal branch provides parasympathetics to pharynx



2.    Example: larynx, thyroid, and parathyroid branches provide parasympathetics to those areas, etc.


D.  Preganglionic parasympathetic neurons in vagus

1. Synapse on target organ 

a. Submucosal plexus 

b. Myenteric plexus   (a. and b. are histology—do not worry about specifics)

E.   All that is not supplied by parasympathetics of above four pathways is taken care of by vagus 

1. Heart, chest, ½ of abdomen 

2. Pharynx, larynx, thyroid, parathyroid, thorax, ½ abdomen

VII.  Remaining Parasympathetic Innervation

A.  Lower part of sacral spinal cord (S2-S4)

B.  Innervates remaining half of abdomen and rest of lower body (to little toe)


(will learn specifics on this later)

*Dr. Vidic’s Closing Remarks:

When speaking of tiny nerves such as short ciliary, remember that they carry some very important things (to the eyeball).  Unfortunately, these structures are small, but it does not mean they should be disregarded.  This (lecture) proves everything here is very important.  Be aware of pathways and parasympathetic system

