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The Autonomic Nervous System (ANS)

The ANS
- Coordinates cardiovascular, respiratory, digestive, excretory and reproductive 

systems

- Visceral afferents, interoceptive inputs,projections from those parts of the 
CNS that control the viscera and autonomic functions - all these current 
inputs are compared with the anticipated needs to further control the output 
ǘƻ ǘƘŜ ōƻŘȅΩǎ ƻǊƎŀƴ ǎȅǎǘŜƳǎΦ

- Visceral efferentsςautonomic motor neurons:
ïInnervates smooth muscle, cardiac muscle, secretory epithelia and glands
ïRegulates visceral functions

Heart rate (HR), blood pressure, digestion, urination, etc

Rapidity and intensity in changing visceral functions: 

within 3 -5 sec. it can increase 2x the HR
within 10-15 sec. the arterial pressure can be doubled

The ANS has three divisions: sympathetic, parasympathetic, and enteric. 

(Langley, 1898) 

Autonomic - from the Greek for "self-governing," functioning independently of the will



Enteric ANS is a system of 
afferent neurons, interneurons, 
and motor neurons that form 
networks of neurons called 
plexuses that surround GIT.

Function as a separate and 
independent nervous system, 
but it is normally controlled by 
the CNS through sympathetic 
and parasympathetic fibers. 

Enteric division of ANS



S & PS Divisions of the Autonomic Nervous System
-work synergistically to control visceral activity and often exert
antagonistic/opposite effects on the same target organs, but:

-most blood vesselsare innervated only by S nerves. 
-PS activity dominates the heart andGI tract.

-exert cooperative effects on the external genitalia.

ÅSympathetic effects

-wide spread, long-lasting mobilization 
ƻŦ ǘƘŜ άŦƛƎƘǘΣ ŦƭƛƎƘǘΣ ƻǊ ŦǊƛƎƘǘέ ǊŜǎǇƻƴǎŜ

-activated during exercise, excitement, 
and emergencies

-exaggerated reaction -ǇŀƴƛŎ ŀǘǘŀŎƪǎΧ

ÅParasympathetic  effects

-άǊŜǎǘ ŀƴŘ ŘƛƎŜǎǘέ

-results in conserving energy



Sympathetic and parasympathetic ANS divisions 
-both have a two-synapse pathway

1st preganglionic neuron  in the CNS (brainstem or spinal cord) 
and synapse with

postganglionic neuron in peripheral ganglia that innervate the 
target cells



Comparison of Autonomic and Somatic Motor Systems

Å Somaticmotor system
ïOne motor neuron extends from the CNS to skeletal muscle: voluntary, 

direct synapse, always excitatory (Ach) ςN1 nicotinic receptors
ïAxons are well myelinated, conduct impulses rapidly

Å Autonomicnervous system 
ïChain of two motor neurons
ïInvoluntary, two-synapsis pathway (Preganglionic  & Postganglionic 

neurons), either excitatory or inhibitory
ïConduction is slower due to thinly or unmyelinatedaxons 



Motor pathways of the somatic (a) & autonomic (b) 
nervous system



Anatomical differences in Sympathetic and Parasympathetic Divisions

S&PS originate from different CNS regions

ïSympathetic= thoracolumbar 
division (T1 ςL3)

ïParasympathetic= craniosacral 
division (brainstem and sacral spinal 
cord S2-S4)

S&PS anatomical differences 

-Length of postganglionic fibers

ïS: long postganglionic fibers

ïPS: short postganglionic fibers

-Branching of axons

ïS: highly branched, influences many 
organs (1 preggl. /200 postggl. nr.)

ïPS: few branches, localized effect



Anatomical differences in Sympathetic and Parasympathetic Divisions



Organization of the sympathetic and 

parasympathetic divisions of the ANS. 

The cell bodies of sympathetic 

preganglionic neurons (red) are in the 

lateral horn of the thoracic and lumbar 

spinal cord (T1ïL3). Their axons project to 

paravertebral ganglia (the sympathetic 

chain/trunk) and prevertebral ganglia.

Postganglionic neurons (blue) therefore 

have long projections to their targets.

The cell bodies of PS preganglionic 

neurons (orange) are either in the brain 

(midbrain, pons, medulla) or in the sacral 

spinal cord (S2ïS4). Their axons project to 

ganglia close to or inside the end organs. 

Postganglionic neurons (green) have 

short projections to their targets.



Sympathetic Preganglionic 

Neurons are located in the 

thoracic and upper lumbar spinal 

cord between levels T1 and L3 in 

the lateral horn, between the 

dorsal and ventral horns.

Axons from preganglionic 

sympathetic neurons exit the 

spinal cord through the ventral 

roots along with axons from 

somatic motor neurons. 

After entering the spinal nerves, 

sympathetic efferents diverge 

from somatic motor axons to enter 

the white rami communicantes 

(myelinated).

Anatomical aspects of the Sympathetic division of ANS



Paravertebral Ganglia ςsympathetic ganglia that lie adjacentto the 
vertebral column and form the sympathetic trunk

Axons from preganglionic neurons emerge only from levels T1 to L3, and 
enter the nearest sympathetic paravertebral ganglion through a white ramus, 
however the chain of sympathetic ganglia extends all the way from the 
upper part of the neck to the coccyx (here left and right sympathetic chains 
merge in the midline to form the coccygeal ganglion).

In general, one ganglion is positioned at the level of each spinal root, but 
adjacent ganglia are fused in some cases:

The most rostral ganglion, the superior cervical ganglion, arises from fusion of 
C1 to C4 ganglia and supplies the head and neck. 

The next two ganglia are the middle cervical ganglion, which arises from fusion 
of C5 and C6.

The inferior cervical ganglion (C7 and C8), which is usually fused with the first 
thoracic (T1) ganglion to form the stellate ganglion.

Anatomical aspects of the Sympathetic division of ANS



After entering a paravertebral ganglion, a preganglionic sympathetic axon has 

one or more of three fates:

(1) synapse within that segmental paravertebral ganglion,

(2) travel up or down the sympathetic chain to synapse within a neighboring 

paravertebral ganglion, or 

(3) enter the greater or lesser splanchnic nerve to synapse within one of

the ganglia of the prevertebral plexus.

Anatomical aspects of the Sympathetic division of ANS



The major prevertebral ganglia are named 

according to the arteries that they are adjacent to 

and include the celiac, superior mesenteric, 

aorticorenal, and inferior mesenteric ganglia. 

Each preganglionic sympathetic fiber synapses on 

many postganglionic sympathetic neurons that are 

located within one or several nearby paravertebral 

or prevertebral ganglia.

It has been estimated that each preganglionic 

sympathetic neuron branches and synapses 

on as many as 200 postganglionic neurons, 

which enables the sympathetic output to have 

more widespread effects.

Anatomical aspects of the Sympathetic division of ANS



Parasympathetic fibers :
-leave CNS through cranialn. III (pupillary 
sphincter and ciliary muscle of the eye), 
VII (lacrimal, nasal, and submandibular 
glands), IX(parotid gland), X (heart, lungs, 
esophagus, stomach, entire small intestine, 
proximal half of the colon, liver, gallbladder, 
pancreas, kidneys, and upper portions of the 
ureters); 

-additional PS fibers leave the lowermost 
part of the spinal cord S2-S3 spinal nerves 
(pelvic nerves) and occasionally S1, S4 
nerves (descending colon, rectum, urinary 
bladder, and lower portions of the ureters). 

-about 75 % of all PS nerve fibers are in 
the vagus nerves(cr. N. X),passing to the 
entire thoracic and abdominal regions of 
the body.




