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ANS

* The autonomic
nervous system
consists of peripheral
afferent and efferent
neurons, and other
neurons constituting
a widespread CNS
representation.
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ANS

* ANS regulates the organism'’s internal
environment and controls physical exchanges
between the organism and the external
environment.

* Together with the P .
endocrine system, &~ ... >
the ANS provides & & o= k%_J_’ AN |
for homeostasis. % ~




HISTORY

The term “autonomic nervous system”
being originally proposed by the
Cambridge based Professor
James Langley, is also called the
’vegetative nervous system”,

a term coined by Reil in 1807.

Gaskell (a London based Professor
and the first editor of the Journal of
Physiology) christened ANS as
“involuntary nervous system”
(involuntary, because, it is not
under volition).




Somatic vs. Autonomic

(b) Autonomic nervous system




Comparison of Somatic and Autonomic
Nervous Systems

Somatic ACh

motor neuron ACh;
| f 2 g
Spinal cord Effector

(a) Somatic nervous system
Copyright © 2005 John Wiley & Sons. Inc. All rights resemved.

ACh or NE:
i Smooth muscle-
iﬁ%??\ﬂucmns ACh N contraction or
or NE relaxation
ACh Cardiac muscle-—
ﬂ@ increased or
O decreased rate and

Postganglionic Oo force of contraction

. neuron :
Autonomic : Glands—increased or
ganglion (unmyelinated)  Effectors gecreased secretions

Preganglionic
neuron
Spinal cord (myelinated)

(b) Autonomic nervous system
Copynght @ 2005 John Wiley & Sons, Inc. All rights reserved.
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Central & peripheral ANS

COMPONENTS OF THE ANS

* The central ANS is quite
diffuse, consisting of

Telencephalon

] CENMTRAL Diencephalon
tracts and regions of gray ANS Brainston
matter in the spinal cord, Spinal cord

brainstem, diencephalon,

and telencephalon.
i Parazympathetic
* The peripheral ANS division
includes the neurons of SERIPHERAL Sympathetic
the parasympathetic and e grston

sympathetic divisions,

the enteric neurons of the ‘ Enteric neurons |<]

gut, and visceral afferent
fibers.

Vizceral Efferent
afferent fibers

fibers



Two divisions of ANS

COMPONENTS OF THE ANS

J_... Frontal cortex

* “Parasympalhetic”

nervous system — IEE SRR Limbic lobe
“craniosacral” (arises from Diencephalon == Hypothalamus
the brain and sacral part of Brainstem mfp Reticular formation

Cranial nerve nuclei

Spinal cord == Ascending/Descending

the spinal cord — L5-S5).
pathwaps

« “Sympathetic” nervous A
system — “thoracolumbar” ; ' preganglionic neurons

(arises from the thoracic Farajis:lrrir-ﬁ::lheticir Postganglionic neurons
and upper lumbar

segments of the cord —
C8-L4).

: e Postganglionic neurons
Ey;i]fiaﬂli]:::m Adrenal medulla

Enteric neurons =
|

Myenteric and
Submucosal plexuses




TWO

divisions

of ANS

Parasympathetic Sympathetic

Eye +
~~ (dilates
pupil)
)‘f Skin* +
, Salivary —
» Sympathetic /} / ;”’ glandgy

Q ganglia _/ / /

uiff-;' o/ / Riinga's
R o (dilates

\
NN

+ Lungs >, airways)
(constricts "
airways) ~ Heart +

Thoracic -

+Stomach»_J! )
+st|ncreas>-)-J

L=

+ Genitals >
(erection)

. Genitals +

Sacral (ejaculation)

+ stimulatory effect
— inhibitory effect




Afferent & efferent ANS fibers

* The afferent of autonomic fibers bring information
from the viscera (visceral pain sensation).

* The efferent (motor) fibers of autonomic system

supply:
- smooth muscles
- cardiac muscles

- exocrine glands

Preganglionic
neurotransmitter

Postganglionic
neurotransmitter

Preganglionic fiber

| Autonomic ganglion
Central
nervous
system

Varicosity _'__. E
®
| o)
Postganglionic fiber e

[
Effector organ



The Central ANS (first)

The central ANS
provides for L(
homeostasis by three
main routes. First, it
controls the viscera
via its connections to
preganglionic
neurons that control
the heart, smooth
muscle, and glands of | Control of Appetitive Behaviors
the body through
parasympathetic and
sympathetic neurons.

MECHANISMS BY WHICH THE
AUTONOMIC NERVYOUS S5YSTEM
CONTROLS HOMEOSTASIS

Control of Preganglionic Neurons

Control of Endocrine System




The Central ANS (second)

* It controls behaviors responsible for physical exchanges
between the organism and its environment via its connections
to motivational and somatic motor pathways.

* Such behaviors are called "appetitive", meaning "appetite
satisfying", and include ingestive (eating and drlnklng)
excretory (micturition and S
defecation), and reproductive
(mating and parturition)
behaviors.

* [ts control of the endocrine
system contributes to both
of the foregoing control
mechanisms.




The Central ANS (third)

THE HYPOTHALAMUS
AN INTEGRATIVE CENTER

° Wlth|n the Central ANS, FOR HOMEOSTATIC CONTROL
the hypothalamus is the ———
major integrative center ufl’—)

¥

for homeostatic control.
* Technically, the -
hypothalamus is part of L
the limbic system, that
provides for mood and

affect, the appreciation of
our emotional state.

External

Hypothalamus |#— Sianal
ignals

Brainstem
Autonomic

Somahic
Centers

Motor

Centers

Final Common Pathways

Internal Appetitive
Regulations Behaviors



HYPOTHALAMIC CONNELCTIONS
WiTH THE LIMBIC 5¥'STEM

_— "

(F"refruntaf i Motor i Az zsociation

Cortex Cortex Cortex

Cingulate Gyrus

- Hippocampus
Anterior

Thalamic

Nucleus

Amygdala
Mammillary

Bodies

Hy pothal amus




The Peripheral ANS

The AN.S iS Said to be . Somatic motor reflex Autonomic motor reflex
responsible for preparing | s i Eo
the body for the four F's: """ =\ g X’ —2_

- fighting = A

- fleeing

- feeding

- fooling around

The sympathetic
division establishes
conditions appropriate
for fight or flight.

The parasympathetic
division for feeding or
fooling around.

Sensory
_ neuron

A comparison between a somatic motor reflex and an autonomic motor reflex.



THE SYMPATHETIC SYSTEM

* The preganglionic fiber
moves up or down and
then synapses, usually

with several neurons, in y/ Sympathetic chain/trunk
the trunk. From these |/

synapses N

the postganglionic Preganglionic

nerve fibers emerge e

and proceed to their 11,12

destination. spinal

segments { .




THE SYMPATHETIC SYSTEM

* Some preganglionic fibers leave the sympathetic
trunk, still as preganglionic fibers, (i.e. without
synapsing) and enter in another ganglion outside
the sympathetic trunk (e.g. collateral ganglion) to
synapse with >
the next order

neuron 52
(the postganglionic | {/ /i
fiber). - it

Sympathetic trunk

Sympathetic ganglion




Posterior root of spinal nerve

Spinal cord
Spinal ganglion

Posterior

f ramus
- Anterior
ramus

Sympathetic rami

R

Sympathetic trunk
ganglion

Roots of splanchnic nerve



THE SYMPATHETIC SYSTEM

* The post ganglionic
fibers, which emerge
from the sympathetic
trunk (chain) to join a
spinal nerve, do so as
gray rami
communicantes
(because these post
ganglionic fibers are non
medullaled, they look
grayish).

SYMPATHETIC DIVISION OF THE ANS

€ Organ
Paravertebr al Innervated
Chain
K » Iriz [dilator]
- ( E Cervical Salivary glands
T, ( ganglia Heart
— < » Lungs
- > EE“‘F stomach
k ganglion Spleen
.,_,.--'E = Adrenal gland
» Eidneys
Mesenteric
[T ganglia *})Small_& Large
intezsfines
o * Urinary bladder

e W e W
g N

—

1 1

Preganglionic Postganglionic
fibers fibers
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The structures innervated by
the postganglionic nerve fibers

1) the smooth muscles (respiratory tract, vascular tree,
gastrointestinal tract);

2) the heart muscles;

Sympathetic system

3) the sweat glands; (3 Diiates pupil
i3 ' Inhbits salivation
4) the arrector pili @1\ |
muscles of the skin; Robaxgs brooch
. Accelerates heartbeat
5) exocrine glands T

ﬂll

Inhibits peristalsis
and secretion

(salivary, pancreas,
gastric glands).

Stimulates glucose production
and release

-
X

T

- Secretion of adrenaline
and noradrenaline



Cranial nerve |l

|
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. Midbrain Cranial nerve VI
| & ST e o e e e
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 Hindorain Cranial nerve IX - o
i
i Cranial nerve X /

T1

T2
] T3 .

T4
F — . ttonm . S ——e

TS

T6 o

T7 e e ) Celiac

Sym&g‘fﬁehc chain ganglion s ‘1

1 T8 "y ganglion s i

9 : Greater splanchnic - o

: \ nerve, % i =
T10 e
T11 , s
Lesser splanchnic

T2 ; nerve

3 Superior —___

L2 mesenteric g

ganglion \
\ \
gg Inferior B (S
54

i mesenteric
] ganglion
‘;‘.:-—.

Pelvic nerves

g autonomic nervous system. The sympathetic division is shown in red,
e parasympathetic in blue. The solid lines indicate preganglionic fibers,
the dashed lines indicate postganglionic fibers.

Evye

Lacrimal gland
and nasal mucosa

Submandibular
and sublingual
glands

Parotid gland

Lung

Heart

Liver and gallbladder

Spleen
Stomach

Pancreas
Large intestine

Small intestine

Adrenal gland
and kidney

Urinary bladder

Reproductive
organs



THE SYMPATHETIC GANGLIA

(structures where synapsing between
pre- and postganglionic fibers occurs)

1. The sympathetic trunk: two sympathetic trunks; each
consisting of 22 paravertebral ganglia.

2. Prevertebral ganglia (“collateral ganglla ):
a) the celiac or solar; -

b) superior
mesenteric;
C) interior (oo
mesenteric ganglion. e
3. Terminal ganglia

(situated near the
bladder and rectum)




s Preganglionic neuron
e -~ - POstganglionic neuron

_ Posterior root
Posterior ganglion

White ramus

Anterior (ventral)
root

i
o

| thetic chain
~ Spinal nerve | Sympa

. ganglion

Visceral effectors:
,Smooth muscle of
blood vessels, arrector

sweat glands

i

— Sympathetic chain

Splanchnic
nerve

pili muscles, and

Visceral effector:
intestine

Collateral
ganglion
(celiac ganglion)



“SYMPATHOADRENAL AXIS”

* Fibers of the greater  The Adrenal Medulla of the Adrenal Gland

splanchinc nerve W E—
(sympathetic, preganglionic) = | J Sk
enter the suprarenal _ xh

medulla and end in the o % Ventral ff ;

root

chromaffin cells (secrete Thoracic

adrenalin as well as e ‘-
noradrenalin). @

* Whenever the sympathetic __ Kidney
system is stimulated, there sdrenat gane
is a concomitant oo N—
stimulation of adrenalin | § Wy
and noradrenalin secretion \to “" 2

\"}\1\ v.\ ’?ﬁl D "':
from suprarenal medulla. \ Adrenal

medulla cells

=— Capillary



PARASYMPATHETIC SYSTEM
(craniosacral outflow)

CRANIAL OUTFLOW

(preganglionic)

The 3rd (oculomotor),

7th (facial),

9th (glossopharyngeal) and
the 10th (vagus) cranial
nerves are the nerves via
which the cranial
parasympathetic nerves emerge
from the brain and are distributed
to the peripheral structures.
They relay in their ganglia:

ciliary (3r), submaxillary (7t),
otic (9t). The ganglia for the

Brainstem

vagal efferents are situated spinal cord —f\

close to their target organs.

Preganglionic
neurons in
nuclei of Ill,
VII, IX and X
cranial nerves

Preganglionic
neurons in S2,S3,
S4 spinal segments



PARASYMPATHETIC SYSTEM
(craniosacral outflow)

SACRAL OUTFLOW T Stz
(preganglionic) Senha T,

*  From the lateral horns of
the 2nd, 3rd and 4th
segments of the sacral
regions, the
parasympathetic fibers
come out to form pelvic
splanchnic nerves. The
sacral autonomic supplies:

(a) the last part of the colon
and the rectum:;

(b) urinary bladder;

(c) the uterus or the blood
vessels of the penis.




PARASYMPATHETIC DIVISION OF THE ANS

Locusz of cell body

Pereipheral nerve

anglion

Organ Innervated

Edinger-Westphal
nucleus

Supernior salivatory
nucleus
Inferior zalivatory
nucleus
Dorzal vagal

&
Nucelus ambiguous

Sacral spinal cord

Oculomotor nerve [ll)

Facial nerve [¥ll]

Glossopharyngeal
nerve [1X]

Yagus nerve

Splanchnic nerve

Ciliary ganglion

Pterygopalatine
and
Submandibular gangila

Otic ganglion

Yarious terminal gangha

Pelvic plexus

Inz [sphincter]
Ciliary muscle

Lacrnimal,
submandibular,
and sublingual glands

Parotid glands

Bronchial tree
Lungs
Heart
Liver, gall bladder. pancreas
Kidneys
Gut [ezophagus to colon)

Dezcending colon
Rectum
Bladder

Genitaha




| hommp,e‘,
cerelE 5Pl

A i s
If \h.,-- (’_/_,,

Edinger
Westphal nuslaus -

Sup. salivar
P Sucieut
Inf sollvary

nucieyus .~

lator nucleus,
of vagus—-

Submandibular
ganglion

" A~ Submandibular
A0nd sublingual
nlivary glands

Spinai<
cord

)Smmf"ch
-

}Smull
mTEsfme

rinary
bladder




SYMPATHETIC AFFERENTS

Nerve cell soma of the
afferent fibers from
viscera are situated in the
corresponding dorsal root
ganglion. These fibers:

Spinothalamic Tract

Primary
somatosensory
cortex

Third-order
neuron

Thalamus

1) may form afferent limb of an
autonomic reflex arc;

2) may be the first order neuron
carrying visceral sensations
(for pain sensation later order o
neuron travel up with the
spinothalamic tract to end in (/\W
the thalamus, and further relay Y

occurs to the sensory cortex). e o reuon

neuron

L\ Second-order

Medulla oblongata

Spinal cord




PARASYMPATHETIC
AFFERENTS

The central processes from the ganglia (afferents from the
periphery are carried via the 7th, 9th and 10th cranial
nerves) end in the nucleus of tractus solitarius (NTS).

The NTS is a center where ANS is integrated.
The NTS receives inputs from:

1) carotid sinus (baroreceptors) and carotid body
(chemoreceptors);

2) baroreceptors R
from pulmonary .. |/ U
circulation; w Y M
3) olfactory and EO- 4 ;
J' r.ia il Anernal blood pressure

taste sensations.

I AL 7 A

i B e

1 ’ "~—,}——-—-.—~-—-—-lnh|b|:<}1'y interneurons
i "f" ¥ X

'

'

|

I

M
Motor fibers il (1A
N otor fibers IJ»LL"J#
‘A g L Ll
Spinal ot _-\‘l. /'F-.,'T’{. |
cond : HFMJ
C. Aulonomic D. Sympathetic | I I'|'-I|f-;;'.._\_
ganglion nerve ending J 'fl(-“'i ~ {1 E. Alpha or

beta

s e el e o



PARASYMPATHETIC
AFFERENTS

The NTS sends fibers to:

1) higher brain centers which, in turn
control the lateral horn cells of the
sympathetic system;

2) to hypothalamus (which
can control
the endocrines); Nucleus tractus

solitarius
3) to dorsal motor nucleus
of the vagus (which
controls the heart/
bronchi/gastrointestinal
tract);

4) to selected parts of the
limbic system (which G
control the emotion).

Fourth
ventricle

Nucleus
retroambiguus

Koeppen & Stanton: Berne and Levy Physiology, 6th Edition.
Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved



EFFECTS OF SYMPATHETIC
STIMULATION

CARDIOVASCULAR SYSTEM

Heart (excitation) — positive chronotropic, dromotropic,
inotropic and bathmotropic effects:

a) rate of the heart
Increase;

b) contractility of the
heart increase
(cardiac output rises); o PR e

C) _Coronary flow P?Etr;%aarlﬁﬂ?iﬂ":;
increases.

Hypothalamu:
Medulla

Efferents

Spinal
Cord

) Pre-gangliopic
Sympathetic

"'
*" Pre-vertebral Efferents
Ganglia }




EFFECTS OF SYMPATHETIC
STIMULATION

Blood vessels — target tissue is smooth muscles of the
vessels.

a) sharp vasoconstriction of cutaneous and
splanchnic arterioles;

b) vasodilatation of
coronary and skeletal

Structure of Blood Vessels — 3 Layers “Tunics”

arterioles; (e ) Lot
. . . ! ‘ : Srl::fnnad(;tzzltlizl l:fg;r rane
c) vienoconstriction. | ||| i i

Blood pressure rises — ||: "l £
systolic, diastolic and ||/ [F [ Ll Tenica extema
the mean blood IRt
pressures.

External elastic membrane

network

Basement membrane
Endothelial cells

: Canillarv



SYMPATHETIC DIVISION OF THE ANS

i b Organ
Paravertebral Innervated
Chain
(: » Iris [dilator)
- E ES Cervical Salivary glands
T, ( ganglia Heart
— 'i"q » Lungs
]: }@—P Stomach
E ganglion Spleen

= Adrenal gland
= Eidneys

Mesenteric
._,,.-,_g.ﬂ-» et
intezshnes

* Urinary bladder

| (]

E 3
Nty T W,
e

S

1

1 !

Preganglionic Posztganglionic
fibers fibers



EFFECTS OF SYMPATHETIC
STIMULATION

RESPIRATORY SYSTEM
Sympathetic stimulation leads to:

a) bronchodilatation
(due to relaxation
of the bronchial
muscles);

b) tachypnea (rise
In the rate of
ventilation volume).

MALAR bbb




EFFECTS OF SYMPATHETIC
STIMULATION

DIGESTIVE SYSTEM

* Stimulation of the sphincters
(leading to their spasm) and
relaxation of the general
muscles of the gut (leading
to inhibition of peristalsis)
result.

* There is therefore, inhibition
of peristalsis and holding up
of the content of the gut.




SYMPATHETIC DIVISION OF THE ANS

b Organ
Paravertebral Innervated
Chain
( » Iris [dilator)
- E ES Cervical salivary glands
T, ( ganglia Heark
- g E"'< » Lungs
1 J: » EE“‘?': Stomach
— ganglion Eiicen
¥ = Adrenal gland
5 . = Kidneys
—

Mesenteric
ganglia ‘9‘) '_5I'I'|-E|||_!': Large
intezfhines

* Urinary bladder

l

T
- . P W, oW
e T

1 1

FPreganglionic Posztganglionic
fibers fibers



EFFECTS OF SYMPATHETIC
STIMULATION

SKIN, BODY TEMPERATURE

* Cutaneous vasoconstriction (leading to pallor), and
piloerection result (due to the contraction of arrectorus
pilorum muscles situated at the base of hair follicle).

* Together, cause elevation of the core temperature of the

body, and thus is i
useful during blood capilles

exposure to cold. 0 i
Sympathetic — musles i

stimulation can, also, sicdanasin
lead to sweating il T
(sympathetic nerve l
endings of the

erector muscle

i

sweat glands are Receptor 8 @S 4B | Hypothalemus of brain
. . Temperature receptors ' is stimulated and sends
C h o I Ine rg IC ) . detect changes and send nerve impulses to

relevant body parts

nerve impulses 10 the brain | gl



ANS receptors -
ANS neurotransmitters

* The ANS uses neurotransmitters and neuromodulators,
as well as a hormone, that act at ionotropic and
metabotropic receptors.

* The body needs to which the ANS must respond are
relatively long-lasting, so the action of postganglionic
neurons is mediated by long-lasting metabotropic

m e C h a n I S m S PARASYMPATHETIC - egne:g :>n A P"ilgﬁ?f;‘:;m st Various
i n iti ated by Gl @\/H 3 organs
neurotransmitter

binding to G snemene @_/—< e (G o
rotein-linked
lPeceptors. @;/H@—(@

SOMATIC MOTOR . Motor neuron < ACH Skeletal
SYSTEM muscle

Cholinergic receptor subtypes: Ny, = nicotinicy, Ny, = nicolinic,,, and M= muscarinic.
Adrenergic receplor subtypes: a = alpha and g8 = beta.

Copynght © 2007 by Saunders, an impnnt of Elsevier inc




ANS receptors -
ANS neurotransmitters

* Neuroactive peptides that act as neuromodulators
are very common in the neurons of the ANS. Their
long, slow synaptic actions are very important to the
function of the ANS. Fast, ionotropic synaptic action
IS limited to
cholinergic Actions at Muscarinic Cholinergic
transmission Receptors
between pre- and
postganglionic
neurons.

ACh Muscarinic
acetylcholine

..............
Vi FYFrY SN ddddedry

G protein



Receptors, Signaling Mechamisms, & Meurotransmitters Important For ANS Function

M {1 IP3, DAG
M Metabotropic * cAMP: ﬁg“ _
M 1FIP3.DAG Acetycholine
My 1+ cAMP
My, [Heural] | lonotropic iF ONa K
@1 1t IP4,DAG E > NE] L
: : : pinephrine
G M etabotropic gi:ﬂ,‘i}gx kY e :E i :E i
B1 O P Morepinephrine [ME)
Ba 1t cAMP E >> NE]
D
! Metabotropic 17 cAMP Dopamine

T cAMP: gy & *F g,




Brain

Terminal
ganglion
Cranial &y \ Visceral
E;;\E:sgmpa elc effectors
Paravertebral
gangflion
Visceral
effectors
Adrenal
Sympathetic mecile
(thoracolumbar) :
nerves \—r E, NE (hormones)
Visceral
effectors
Collateral
ganglion
Sacral | Visceral
parasympathetic effector
organs

nerves




CHEMICAL TRANSMISSION

IN ANS

ACETYLCHOLINE is liberated at:
1) the postganglionic parasympathetic nerve endings;

2) the ANS ganglia (both
sympathetic and
parasympathetic);

3) the postganglionic
sympathetic nerve
endings supplying the
sweat glands and some
arterioles of skeletal
muscles (cholinergic
sympathetic nerves);

4) the preganglionic
sympathetic nerves

terminating on adrenal
medullary cells.

Sympathetic pathways
use acetylcholine and
norepinephrine.

Parasympathetic pathways
use acetylcholine.

Nicotinic
receptor

Autonomic
ganglion

Autonomic
ganglion

Muscarinic
%, receptor

Adrenergic
receptor



Parazympathetic Actions Mediated By Acetylcholine

Organ/Cells Rezponze Organ/Cells Hezponse
EYE BLOOD YESSELS
Sphincter muscle, Iz Contrachon [Miosis] Arteries Dilation [by EDRF [MNO])
Ciliary rvscle Cantraction [Near Yizion) Welns Chilation [by EDRF [MO])
HEART GASTROIMTESTIMAL TRACT
54 node Decreased rate Matility Increase
&Y hiode Decreased conduction velocity Sphincters Felaxation
LUNG Secretion Stirulation
Bronchial muzcle Contraction LAMNDS
Bronchial glands Secretian Sweat, zalivany, lacnimal  Secretion
LURIN&RY BELADDER REPRODUCTIVE S5 TEM
Detrzar Contraction Fenuz, clitons Erection
Trgone & sphincter  Relasation




Sympathetic Actions Mediated by Adrenoceptors

Organ/Cells Rezponse Organ/Cells Response
EYE BLOOD VESSELS
Sphincter muscle, Ing Dilation (Mydriasiz) Arteriales Cangtriction, except coranary
Cikary muscle Felaxabon [Far Vision] and skeletal muscle
HEART where dialation oocurs
S4 node Incieased rate Yeing Constriction
AY node Increased conduction | GASTROINTESTIMAL TRACT
Wentricles Increased contractility | Moty Deciease
LUMG Sphincters Contraction
Eronchial ruscle Redaxation Secietion Uncertain
LRINARY BLADDER SEIN
Trigane & sphincter Contrachon Filomaotor muscles Contraction
REPRODUCTIOM S%STEM Sweat glands Lozalized secretion
tale zex crgan E jaculation KIDMEY Rerin zecigtion




CHEMICAL TRANSMISSION
IN ANS

NORADRENALIN (NOREPINEPHRINE) — acts as a transmitter at:
1) postganglionic sympathetic nerve terminals;

2) some regions within the brain. Sympathetic pathways Parasympathetic pathways
use acetylcholine and use acetylcholine.

NORADRENALIN norepinephrine.

RECEPTORS - are basically v C O

two types (in sympathetic

system):
1) alfa-receptors occur both

at the vascular smooth ACh— #=08

muscles in general and s

cardiac muscles as well e _

' i Aut i |
as in some selective nerve oot
terminals;

2) beta-receptors occur in R 2

the cell membrane of vascular recepter |
smooth muscles (of skeletal O”fﬂef tissue
muscles) and cardiac muscle.

Autonomic
ganglion

Muscarinic
¥, receptor



Neurotransmitters of the Autonomic Nervous System Sympathesic patfiways Parasympathetic pathways

- T

ACh NE
Smooth muscle Cardiac muscle
:,,,,,”"""h' r Smooth muscle

& skeletal muscle Glands
Sweat glands

Parasympathetic L o —

use norepnephrine. use acetyichoine.

%

o — ACh
\ Nicotinic
racepior
Ausonomic
ganghion
Norepmephme ACh\

ACh Muscarinic
Cardiac muscle receptor
Smooth muscle Target tissue
Glands 21



Preganglionic Fibers Postganglionic Neurons Effector Cells

Micaotinic ACh Receptors [Mary]
Farazympathetic 7 o Srnooth Muzcle, Glands,
™, j b and Entenc Neurans

= Muscarinic 4Ch Receptors [Few]

\

Syumpathetic o Adrenal I'"-.
b ) M edulla \
J Muscannic ACh Receptors

aympathetic o (:‘ul Adrenergic Postganglionic Mewon — » |
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i

C thet Cholinergic; Postganglion Meuraon
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LOCATION OF RECEPTORS FOR CATECHOLAMINES
(Epinephrine, Norepinephrine, and Dopamine)

Adrenal ; Mostly o, and DE Receptors
Medulla . -
Sympathetic Preganglionic Fibers Epinephrine /' Vanable Propartion of Alpha

\ w { / and Beta Heceptors
_'.l'. ...-. i

Micatinic ACh Receptor:

\} aympathetic Fostganglionic : Heart, smooth Muscle, Glands,
”\..# / ,f<- and Entenc Neurons

-~
-~ 7,

- i
Muscannic ACh Receptors

Receptors for Catecholamines




Neuromodulators in the ANS

* Neuroactive peptides are found in preganglionic and
postganglionic neurons of the ANS, including the
chromaffin cells of the adrenal medulla, as well as in the
enteric neurons of the gut.

* Receptors for neuropeptides are present on effector cells,
neuronal cell bodies, dendrites, and presynaptic terminals.

CNS PNS

i{}

neuron

Preganglionic -

vy
\§: Postganglionic

neuron

Autonomic

Effector organs:

Cardiac muscle
Smooth muscle
Glands
Adipose tissue

ganglion




Neuromodulators in the ANS

* |In many cases, neuropeptides act as neuromodulators,
providing for, via G protein-mediated pathways, a long-
lasting increase (or decrease) in the response of the cell to
one or another of the primary neurotransmitters that act

O n it Varicosity of sympathetic axon
" Cytosol Norepinephrine
|
] Synaptic
e® o.J'o %o, vesicles - AR
Extracellular o > ..If':"- s (fused) .Neurop;p!ide Y%
space o ® e “'. 0% ® .: °
50 ®
ca®* N , ' i o® . %

a
04 i
\“* ®, \g receptor @ receptor
Smo ’h Depolarization = / =i
H_)
L Iv Gpm'e" - \




Feptides in the ANS

and Itz Effector Tizsues Location

Angiotensin 1 D
Bombesin CD

[Gastrin releasing pephtide]
Calcitonin gene-

related peptide B D
Cholecystokimin [CCK] D
Dynorphin C
Enkephalin A D E
Galanin D
Luteinizig hormone A

releasing hormone [LHRH]
Heuropephide ¥ B
MNeurotensin A
O=ptocin D
Somatostatin A D
Substance P ABLC
Yasoachive Intestinal BECDE

Polypeptide [VIP)

A = Preganglionic neurons C= Enteric neuwrons

H= Fu:atgangli-nnitr neurons D= Viseral afferent fibers
E = Adrenal nedulla




Cell Signaling by G Protein
Activation

* G proteins are a class of proteins that control the
formation of intracellular second messengers by
regulating the activity of enzymes in the plasma

membrane. .
G-Protein-Coupled Receptor

* When the
neurotransmitter (or  geoen-eoupled E’J%‘:,";.‘i‘ane sailnl R 'I;m
hormon_e) plnds to its s
G protein-linked STOPLASM G v Enoyme g
receptor, a

Activated

conformation change = ., i -
in the receptor protein “ ------ @ —:
activates of the G protein. ' &

Cellular response (4)



Activation of G Proteins
Hemuthnsmittm

+ Receptor Receptor

- L -
[Inactive) [Active]
B B FE O OF RN Eb Gk R F i % EE R FF R F

R R OR W i R R E RN e

G Protein /
[Active] ’

Detached / e
Alpha Subumt 2000




Cell Signaling by G Protein
Activation

This can produce
several effects,

incl Udlng : ﬂ Intracellular Effector Mechanisms
Increase or decrease Iin Regulated by G Protein Activation
cyclic adenosine

monophosphate (cCAMP) CAMP

increase in inositol

trisphosphate (IP3) and el g
diacylglycerol (DAG), ND
direct effects on ion

channels, and cGMP

production of nitric
oxide (NO).



FACTORS HEGULATING
THE HUMBER OF RECEFPTORS

FACTOH

TISSUE RESPONSE

Frezence of agonist

or endogenous hgand

Prezence of antagonizt

Denervation

Aqging

Hormones

Innervation
[During development]

Ik Heceptors
E zensitivity

i Heceptors
&k zensitivity

b Heceptors
E zensitivity

4L Heceptors
k zensitivity

iF or ¥ Heceptors
k zensitivity

1F Heceptors
E zensitivity




HIGHER CONTROL OF
SYMPATHETIC

* The lateral horn cells of the spinal cord of the thoracolumbar
regions are the “spinal centers” of sympathetic. These spinal
centers are controlled by “higher centers”.

* An immediate higher center is "vasomotor center” at medulla.
The “vasomotor center”, in turn is controlled and influenced by:

a) still higher centers like hypothalamus, limbic system,
cerebral cortex (prefrontal lobe) and pontine nucleus;

b) reflexes like

sinuaortic reﬂex; PREFRONTAL CORTEX Pealiobs
LIMBIC SYSTEM
c) blood oxygen
tension and pH;
d ) d ru g S . lateral ventricle thalariiis

hypothalamus

hypophysis \&
o LY
‘- medulla oblongata

midbrain



HIGHER CONTROL OF
PARASYMPATHETIC

* Anterior region of hypothalamus is a higher center of
parasympathetic activity.

* The dorsal nucleus of vagus is
iInfluenced by various reflexes
like baroreceptor reflex.

* The superior (7th), inferior (9t)
salivary nuclei and
Edinger-Westphal nuclei (3rd)
are influenced by various
reflexes.




Midbrain

Hindbrain

Note: dual innervation of organs
by both systems

Copynght @ McGraw-Hill Education. Permission required for reproduction or display.

¥ add

TS
T6

- -

4 o srmpatha;ic chain
~ ganglion

|\ Greater splanchnic
s

=

* R
T10 |
™ Lesser splanchnic
T2 nerve
L1
Lz Superior
measenteric
ganglion

L8R8

Inferior
mesenteric
\

Pelvic nerves

Ciliary muscle and
pupil of eye

Lacrimal gland
and nasal mucasa

Submandibular
and sublingual
glands

Parotid gland

Lung

Heart

Liver and gallbladder
Spleen

Stomach

Pancreas

Large intesting

Small intestine

Adrenal gland
and kidney

Urinary bladder

Reproductive
organs



TYPICAL 51GNS OF ANS DYSFUNCTION

FPostural {orthostatic) Hypotension
oexual Impotence
Disturbances of Mictuntion

Defective Sweating




Clinical Signs of ANS
Dysfunction

* Autonomic dysfunction may occur due to a disease
process that is selective for the cells and fibers of the
ANS. Examples are pure autonomic failure, multiple
system atrophy, and familial dysautonomia (Riley-Day
syn drome ) _ Guillcin-Barré Syndrome

* In other cases, autonomic signs X
accompany other medical
conditions. Examples are
Parkinson's disease, diabetes, ==+, ¢
infectious peripheral neuropathy //I "1\
(Guillain-Barre syndrome), |
alcoholism, multiple sclerosis,
and spinal cord damage.




Clinical Signs of ANS
Dysfunction

* Some typical signs of ANS dysfunction, especially postural
hypotension, impotence, and disturbance of micturition,
may be the first signs of pure autonomic failure and
multiple system atrophy.

* Degeneration of pre- and  parkinson's disease
pOStgangliOniC aUtonomiC Pallidum  Substantia negri
neurons occurs in these
diseases. This
degeneration may .v‘
progress and include j j(
lower motor neurons /,

(multiple system atrophy) 7/ .

or cells in the substantia
nigra (Parkinson's
d isease). Hand tremor



Peripheral Neuropathies

* In peripheral neuropathies, similar signs may occur,
but they are usually accompanied by the distinct signs
of peripheral somatic sensory and somatic motor
dysfunction that are hallmarks of damage to peripheral
nerves.

* For example, in acute infectious peripheral neuropathy
(Guillian-Barre syndrome), initial signs are distal
paresthesias, numbness, and muscle weakness, the
latter accompanied by :

Guillain-Barre

muscle wasting and sncome (S8 1o £
decreased stretch secisnenes  aran) v
reflexes, but no spinal cord

Affected
nerve  ZES

fasciculations. |

Exposed
nerve fiber

¢ Damaged myelin




Mulitiple Sclerosis and Spinal Cord
Lesions

* These disorders mainly inf
disconnecting the pregang

uence ANS function by
lonic neurons of the spinal

cord, the final common pat
their supraspinal control.

* The effects depend on the
lesion.

* Complete spinal cord

N for much of the ANS, from

level and severity of the

transection is devastatingto . MULTIPLESCLEROSIS

body temperature control,
blood pressure regulation,
and bowel, bladder, and
sexual function.

Nerve affected
by MS



Thank You
For Your Attention!

PARASYMPATHETIC DIVISA0N
Terminal gangiia i )

Sebibngual ared
siEmand Eular glins

Sympathetic
— Speeds up
— Fight or flight

Parasympathetic
— slows down
— rest & digest
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