Autonomic NervousSystem (ANS)

Physiology Lecture 9



The Autonomic Nervous System (ANS)

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

(Langley, 1898)
TheANS

- Coordinates cardiovascular, respiratory, digestive, excretory and reproduc
systems

- Viscerahfferents, interoceptive inputpyrojections from those parts of the
CNS that control the viscera and autonomic functioadl these current

Inputs are compared with the anticipated needs to further control the outj
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- Viscerakfferents¢ autonomic motor neurons:

I Innervates smooth muscle, cardiac muscle, secretory epithelia and g
I Regulates visceral functions

Heart rate (HR), blood pressure, digestion, urinatetn,

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 divisiolsgmpathetic, parasympatheticandenteric.



Enteric division of ANS

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.

Figure 14-6 The myenteric (Auerbach’s) plexus. The image is a scanning
electron micrograph of the myenteric plexus of the mouse large intes-
tine. The external longitudinal muscle of the intestine was removed so
that the view is of the plexus (the highly interconnected meshwork of
neuron cell bodies, axons, and dendrites on the surface) spreading over
the deeper circular layer of muscle. (From Burnstock G: Autonomic
neuromuscular junctions: Current developments and future directions.
J Anat 146:1-30, 1986.)



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

-most blood vessebre innervated only by S nerves.
-PS actividominates theneartand Gl tract

-exert cooperative effects on thexternal genitalia

Symp athet Parasympathetic
system nervous system

A Sympathetic effects
Dilates pupils f‘?") TN Contracts pupils

-wide spread, londasting mobilization
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Speeds hea Slows hea

-activated during exercise, excitement,
and emergenCIeS Speeds breathing Slows breathing

-exaggerated reactionLJr YA O | G d I O‘[

A Parasympathetic effects
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Sympathetic and parasympathetic ANS division

-both have a twesynapse pathway

15t preganglionic neuron in the CNS (brainstem or spinal cc
and synapse with

postganglionic neuron in peripheral ganglia that innervate t|
target cells

Central nervous
system

Peripheral
ganglion

Target cell

X%

S

Preganglionic
neuron

Figure 14-1 Organization of the sympathetic and parasympathetic divi-

sions of the ANS.
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Comparison of Autonomic and Somatic Motor Systems

A Somaticmotor system
I One motor neurorxtends from the CNS to skeletal museigiuntary,
direct synapse, alwayexcitatory (Achy N1 nicotinic receptors
I Axons are welnyelinated conduct impulses rapidly

A Autonomicnervous system
I Chain otwo motor neurons
I Involuntary two-synapsis pathway (Preganglionic & Postganglionic
neurons), eitheexcitatory or inhibitory
I Conduction is slower due thinly or unmyelinate@xons
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Motor pathways of the somatic (a) & autonomic (b)
nervous system
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Anatomical differences in Sympathetic and Parasympathetic Divisic

Parasympathetic Sympathetic
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Anatomical differences in Sympathetic and Parasympathetic Divisic
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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 (T17 L3). 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 (S21 S4). Their axons project to

=2 ganglia close to or inside the end organs.

Postganglionic neurons (green) have
short projections to their targets.



Anatomical aspects of the Sympathetic division of ANS
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Figure 14-2 Anatomy of the sympathetic division of the ANS. The figure shows a cross section of the
thoracic spinal cord and the nearby paravertebral ganglia as well as a prevertebral ganglion. Sympathetic
preganglionic neurons are shown in red and postganglionic neurons in dark blue-violet. Afferent (sensory)

pathways are in blue. Interneurons are shown in black.

Gray ramus
communicans

White ramus
communicans

Sympathetic
paravertebral
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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 Ganglig sympathetic ganglia that liadjacentto the
vertebral column and form theympathetic trunk

Axons from preganglionic neurons emerge only from levels T1 to L3, an
enter the nearest sympathetic paravertebral ganglion through a white ral
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 cha
merge in the midline to form the coccygeal ganglion).

In general, one ganglion is positioned at the level of each spinal root, bu

adjacent ganglia are fused in some cases:
The most rostral ganglion, threuperior cervical gangliorarises from fusion of
C1 to C4 ganglia and supplies the head and neck.
The next two ganglia are thmiddle cervical ganglionyhich arises from fusion
of C5 and C6.
Theinferior cervical gangliorfC7 and C8), which is usually fused with the firs
thoracic (T1) ganglion to form thetellate 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.
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Anatomical aspects of the Sympathetic division of ANS
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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.

| Figure 14-3 Anatomy of the sympathetic prevertebral plexuses. Each
ganglion and its associated plexus are named after the artery with which
they are associated.



Ciliary ganglion

Parasympathetic fibers

ciiary muscies of eye  -leave CNS througtranialn. [l (pupillary

X Nasal glands
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sphincter and ciliary muscle of the eye),
VIl (lacrimal, nasal, and submandibular
glands) X (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 lowermos
part of the spinal cor®2S3 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 nervegcr. N. X)passing to the
entire thoracic and abdominal regions of
the body.






