Autonomic Division of NS

Compare and contrast the
structures of the sympathetic

and the parasympathetic /4 "

divisions, including functions
and neurotransmitters.

Show the levels of integration
in the ANS, and compare
these with the SNS.
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Somatic sensory

Special sensory

receptors (provide
sansations of smell,
taste, vision,
balance, and
hearing)

receptors (manitor
skelstal muscles,
jaints, skin surface;
provide position sense
and touch, pressure,
pain, and tampara-
ture sensations)

Visceral sensory receptors (monitor
internal organs, including those
of cardiovascular, respiratary, digestive,
urinary, and reproductive systems)

RECEPTORS

EFFECTORS




ANS is all efferent!

CHNS
Brain and
spinal cord

PNS
Cranial nerves
and spinal nerves

I
( 3

Sensory (afferent)
division

e =

Somatic sensory Visceral sensory Somatic motor Visceral motor

General: Touch, pain, General: Stretch, General: Motor General: Motor
pressure, vibration, pain, temperature, innervation of all innervation of
temperature, and chemical changes, and skeletal muscles smooth muscle,
proprioception in skin, irritation in viscera; cardiac muscle,

body wall, and limbs nausea and hunger and glands; equivalent
to automomic nervous

Special: Hearing, :
equilibrium, vision, Special: Taste system (ANS)
Sympathetic

smell
division




Overview of ANS

Pathway for Visceral Motor Output

The somatic NS uses one effector nerve
but the ANS output always involves
two neurons between spinal cord
(CNS) and effector.

Preganglionic neuron

B Ganglionic _
- neuron m

g _~—Dorsal root — (cellbody) |

— Pregangl‘lonlc axon “ _

Postganglionic

axon
Autonomic —

e ganglion

\\— Ventral root
Somatic motor neuron

CNS
(spinal cord)

Smooth
muscle

or glands
in visceral
organ (e.g.
intestine)




Overview ofif ANS

CENTRAL NERVOUS SYSTEM
{brain and spinal cord)

Information
processing I

Sensory Mator
information commands

ANS has two divisions with both
structural AND functional
differences:

division

1. Parasympathetic — Rest and v

Repose F
Pamsyn'npameﬂc Sympalhetic
1.  Craniosacral output

2.  Digestion, “housekeeping”

3. Postganglionic axons release Ach i
(Cholinergic) Tr———

of cardiovascular, res| 2,
urinary, and reproductive systems)

2. Sympathetic- Fight or Flight pr—
1.  Thoracolumbar output
2. Heart Rate, Respiration
Vasoconstriction

Postganglionic axons release NE
(Adrenergic)




ANS: Some
Nomenclature

Naming of neurons:

effector

Neuron #1: Neuron #2:
preganglionic C> ganglionic [j> effector
(presynaptic) (postsynaptic)

Preganglionic fiber
(=axon): Postganglionic fiber
Lighely myelinated Unmyelinated




1. Parasympathetic
Division

e AKA Craniosacral division

sPreganglionic neurons (cell bodies)
located in brain stem & sacral
segments of spinal cord.

sCranial Nerves III, VII, IX, X

sPupils (III), Lacrimal and Salivary
Glands (VII), Viscera (X)

sSacral segments S, _,

mBladder, Genitals

Sympathetic

&,

r

a0 B Salivary
glands

==°_.-K Lungs
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Parasympathetic
Division, cont’d

O, ) "“r". -----

Submandibular

ganglion

| CREEEE Y £ Submandibular and
1 Otic ganglion sublingual glands

¥ 2 Parotid gland

i "y &
= Ganglionic neurons (cell ;' k 7 °*‘.’”‘a“"" Gl
bodies) in ganglia near i P'“"“S Lo Lung
target organs: Intramural 1 (=9
I | | :
ganglla : | I|I \r‘h ‘3i ;:ﬁ:l:gger
= Effects of parasympathetic \ S&';“i‘:‘; e Y
division: R & R I
ST 3\ A _ Pancreas

= Synapses: s 1S
o All use ACh 4

o, Large
S intestine
£

Pelvic —*

splanchnic o .- f Small
nerves N - intestine
Inferior =
hypogastric & Rectum
plexus
Genitalia |f ( )./ Urinary
(penis, : & % bladder

a 1
clitoris, and vagina) and ureters
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Parasympathetic IS G .
Division, cont’d

Submandlbular

ganglmn

. CEEEEEEY €5 Submandibular and
1 Otic ganglion sublingual glands

""Tf> Parotid gland

|

Some functions: \ k . "
Constriction of Pupils (opposite A E.'r:‘""d
sympathetic) n \V e '.| Lung
Secretion of Digestive Glands 1] [~
Secretion of Digestive Hormones Ny Lverane
e Insulin, etc. 1 Sﬁﬁi 31 :
Visceral Smooth Muscles 1 77 ——J St
Defecation and Urination ST |2 b‘\\ - Pancreas

Constriction of Respiratory T
SyStem Pelvic I.

Decrease Heart Rate splanchnic

- Large
w.; -.-" intestine

Y ) * Small
HERVEe s intestine
Sexual Arousal '
Inferior >
hypogastric 4 Rectum
plexus
Genitalia i‘ )./ Urinary
(penis, j % bladder

clitoris, and vaglna) and ureters



Parasympathetic
= Craniosacral

Spinal
cord

Ganglionic neurons = —

Preganglionic neurons = —

Pt lati li
e Iﬂ Lacrimal gland
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Otic ganglion ~ #_Ji¢
' “f/ Heart
Cardiac and
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;.':FE!.RLIEES Lungs

== Liver and gallbladder

Stomach
Pancreas

Spleen
Large intestine

Small intestine

Rectum

' Kidney

Urinary
bladder



Parasympathetic
Division, Summary.

A. Rest and repose

B. Neurons #1 are long, thinly myelinated,
come from the brain stem (N III, VII, IX,
X) or sacral spinal cord (S,.,), run with the
spinal or pelvic nerves and produce ACh.

C. Neurons #2 are short, nonmyelinated,
produce ACh, and may be either
excitatory or inhibitory to muscarinic
receptors.

D. Mostly control of internal physiology




2. Sympathetic
Division

AKA Thoracolumbar division

Preganglionic neurons (cell bodies)
Ioczélted between T1 & L2 of spinal
cor

Ganglionic neurons (cell bodies) in
ganglla near vertebral column, AKA
“Chain Ganglia.”

Paravertebral ganglia = sympathetic
chain ganglia

Prevertebral ganglia = collateral
ganglia

Special case: adrenal medulla is a
modified ganglion

Effects of Sympathetic Division? F or F




Sympathetic Efferent Pathways:
Examples

Fig 15.11 Fig 15.12

A cervical ganglion ——__ .

of sympathetic trunk, Ll N\
—‘."é:l ] . o

in neck

{e.g., small intestine)
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Special Case.:
Adrenal Medulla

“Modified sympathetic ganglion”

Terminus for neuron #1,
stimulates specialized 2nd order
neurons with very short axons in
adrenal medulla to release NT
into blood stream (= hormones)

Epinephrine (adrenaline) ~ 80%
and norepinephrine
(noradrenaline)

Endocrine effects are longer
lasting than nervous system
effects

—— Sympathetic trunk

F’\"

?p::al cord: \r‘entral

root

Thoracic 4/

splanchnie /
nerves /

Adrenal
medulla

medulla cells

Epinephrine and
norepinephrine

Capillary

Adrenal gland




Sympathetic Receptors
(not In booek)

Alpha (a-)(Smooth muscle in blood
vessels)

Beta (B-)(Heart, resp tract, skeletal
muscle)

An enormous number of drugs
have their effect at these
receptors




Summary of Sympathetic Division

A. Neuron #1 is short, neuron #2 is long

B. Synapsing occurs in paravertebral chain ganglia
or prevertebral collateral ganglia

. Neuron #1 releases Ach, usually neuron #2
releases NE (“adrenergic”)

. Prepares for emergency action, excitatory to
many organs, inhibitory to others ( digestive for
exampleg “For F”

. Effects are very widespread and somewhat
persistent; (not as slow as endocrine system)




Dual Innervation

Superior cervical

of the vagus

E a C h O rg a n re Ce i Ve S g;nmg};znetic trunk | !i ! ll'l: Left vagus nerve
innervation from Sympathetc 1% Gardiac branches

Stellate ganglion

sympathetic and

Trachea
Thoracic spinal
nerves (ventral

- - Aortic arch rami)
parasympathetic fibers A— ot o
run plexus on the
ganglia bronchus
Fibers of both divisions . e ey
meet & commingle at [ enen

nerves
Adrenal

plexuses (fig 17-9) to

Kidney

(suprarenal) gland

Stomach with
vagus nerve
Celiac ganglion

iInnervate organs close
to those centers

Names of plexuses
derived from locations
or organs involved

Lumbar and sacral
splanchnic nerves

and plexus

Superior mesenteric
ganglion and plexus
Inferior mesenteric
ganglion and plexus
Aortic plexus
Superior hypogastric
plexus

Inferior hypogastric
(pelvic) plexus and

\ganglion
Pelvic sympathetic trunk
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ANS
Summary
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Comparison

Sympathetic Parasympathetic

K; R Preganglionic

Preganglionic
fiber

Ganglionic
Nneurons

Adrenal
medulla

Neurotransmitters

y Acetylcholine Parasympathetic

Sympathetic ganglion

ganglion circulatory v Norepinephrine : .>/

A Ganglionic
+ Epinephrine neuron

— /| Postganglionic
Postganglionic ; fiber
fiber . i




Visceral Sensory

= [he interior monitoring
= Much of the input via CN X

(Va g u S) ; L!.mgs and
= Visceral pain is often 7 ey

perceived as somatic Gallbladder
= /4 . /4 Heart
pain—"referred pain. =

CENTRAL NERVOUS SYSTEM Live r
it bt ' Stomach

Information Pancreas
ﬂ:> e Small
5 intestine

Sensory Motor g \ -
information commands Ova ries
within within
afferent efferent Colon
division division PERIPHERAL

ncluces "SYETEM Kidneys
Urina
Somatic Autonomic ry
nervous nervous system bladder
system
4; i} Ureters
F—‘[Zj "
D | division | ‘ division ‘ 1 R

Special sensory Somatic sensory
receptors (provide receptors (maniter
sensations of smell, skelatal muscles,

taste, vision, joints, skin surface;
balance, and provide position senss
hearing) and touch, pressure,
pain, and tempera-
ture sensatians)

Heart
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Visceral sensory receptors (monitor
internal organs, including those
of cardiovascular, respiratory, digestive,
urinary, and reproductive systems)

RECEPTORS EFFECTORS




Horner’'s Syndrome

Loss of sympathetic
Innervation to an eye

Ptosis

Miosis

Anhidrosis

Causes are varied:

Parasympathetic

Genitals >




IHigher Levels ofi Control

s Common sense tells us that the
ANS isn't only automatic. “Higher
centers” exert significant control
over the ANS

e Anger => rapid HR
e Nervousness => sweat
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