


Autonomic Nervous
System

Ref: Textbook of Medical Physiology, Guyton, 14®
Ed.:763-773, 13t ed.: 773-784. 12th ed: 729-738, and

11th ed. P748-760.
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General functions
yMmortance S

Control and Adaptation of body systems to
internal and/or external changes



Example of adaptation to external

stimuli
Fight and Flight Reaction — Sympathetic.

0 In both SHuations
-Increase heart rate and force of ne need e
. ackiiry_ <f
contraction. ~smre delietg of Q2 — wastes. muscles.
. . . J
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What division 1s involved 1n the
control during fight or flight
reaction???



ANS characteristics

0
Anatomical characteristics and

Synaptl% organization of ANS
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o Axon of 1% (preganglionic) neuron leaves CNS
to synapse with the 2" (ganglionic) neuron

 Axon of 2™ (ganglionic) neuron extends to the
organ 1t serves

—m Somahc  WE howe cn\aj_ GNE. VU @«wmg\ the oxe from +he orij{r\ urhil
the effector.

Diagram contrasts somatic (lower) and autonomic:

D\ Preganglionic neuron Ganglionic /‘
neuron oy / .
S DorseTom / (cell body) ( i autonomic
_ this-dorsal Preganglionic axon ) | ,// '
" root ganglion 4 7-“6 __/—— Smooth
' \ ~ ' muscle
» is sensory | 1S[f = — - A

or glands

A / P I , in visceral
P\ / Postganglionic organ (e.g

T - £ axon
l \ el Autonomic — intosting)
S \ S/ ~ == ganglion :
2 : . Yy, ' =
= _ = '  somatic
Ventral root =S , _— J
Somatic motor neuron T e

Skeletal
CNS muscle
(spinal cord)

Note: the autonomic ganglion is motor



Fig.17.01

Somatic
Somatic ACh
motor neuron ACh:
Skeletal muscle—
contraction

: U\ (myelinated)
i

Spinal cord Effector
GXoN Of' e 9nd newron

(a) Somatic nervous system IS alled
/2 henes Postgamlionic. Boers Au ken omiC
- P@ganquionic fbe

ACh or NE:

Smooth muscle—
contraction or
relaxation

Autonomic
motor neurons ACh

or NE
/ ACh

! 3 Cardiac muscle—
S ® increased or
A \____-é CPO ® decreased rate and
L) i Preganglionic Postganglionic QQ force of contraction
neuron . heuron .
; A Autonomic ; Glands—increased or
Spinal cord (myelinated) ganglion (unmyelinated) Effectors daciensad anciations
15t neuron SyanSin} witha 2nd wewran
at the ekl o€ g anasien (b) Autonomic nervous system
3403 17.01

L a gang)'\q tis a cluster of cel body oF newons which represents the
And neursn . AN
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Synaptic organization of ANS

Convergence and
Divergence in
Sympathetic division
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Synaptic organization of ANS

What 1s the importance for
having more Convergence
and Divergence 1n the
Sympathetic division?

— by Stimlatng the sgmpathetic System , becauce of - Symphic opaniation he reaction Vel

you ave %e\-\-mg_ S more diﬁﬁxse nection E:u— ﬁi;_hk— o ﬁli&h& we are gel-l-ivxg\ Al the maclﬁom“&
High sueating , tncreased Heart rale_,drg mouth - -- -
- St n Parasgmpa’thd—ic__, we have no Convergentt or divegente —— the reackion for  pad-
gympatnelc  Stiwuldion & more Vecalized . [caﬁv\j_—oac\-(\la'tes Stomach only_, bur 1o decrause In<’ me—l



Adrenal gland 1s exception
e Synapse 1n gland

—— Sympathetic trunk

Spinal cord: | { 4

e Can cause body-wide

release of epinephrine m Y 4 %&m
TSuWe g hae Some @latorls passing Cpl?ov\g\ig\h_
loer

Pora wertcbom|  gomglla — pre veribrl gongla

—~— Supmrena) glands ~~7 Adrena) Medulla, Cpinspnrine ang
kaw\nem we have Adrenal
endomine cells, & N - Capillary
sk +hat veleses - SAR
O “’“"’“C A . epinephrine a5 o hemore. (UGN Y
9land 4 resal

medulla cells

Syrepsing with erdorrine cells from suprarenal glande.



Physiological characteristics of
ANS

e High speed of onset: thee’s o delay n Qefting. response.

e Automatic nature:you @t Conte\ it i is ‘muuntary_oct
4o Qet 4he (ontrol Oy SympatiehC or PrraSympalietic

e Tonic activity: Stimdlabion-
"> Certtin lcvel oF ackily
fo example :

—> NECUos O? e ngpq\’nekc, Jdusions are genem-h'ng\ 100 AP per min.

we n get Hat foic nereased By genembing  more AR por Hme whit
Okt c’wm&ing\ the Fonic activivy_ b;t_ genembrg  1ESS AR per fime anit.



Effects of
stimulation

-Blood pressure (blood vessels supplying
skeletal muscle are major players). In addition
to that the effect on heart also contributes 1n
regulation of blood pressure.

- Body temperature by the sympathetic effects
on cutaneous blood vessels and sweat glands.

osodiiafan oesing. - fckuty. .
- vesels 4+ sysik glends —s Wikl distributed tissues  in 0w bady — for dhe Ach‘v[ly\ of widelg\
distributed,  tissues 5 we need a division Hak Gn have diffuse e ffect — Sympaﬂnewc

— Widely distibuted Hissues ave Thnervated only by Sympathehic NS [Ex= Blod vessels / 6landsj




Effects of
stimulation

- Cardiovascular system: effects on vessels will result in
redistribution of blood by enhancing blood flow to skeletal
muscle and reducing blood flow to skin and mesentery.

- Effects on heart: increasing cardiac output (volume of blood
pumped per minute). -4, deliier more GYgenaked oed ko msdes.

- Respiratoryv svstem: causes relaxation of bronchial muscle
which result in bronchodilation. e get mre Air fiw taords the g+ mre

- Digestive system: inhibition of motility and secretion. exchangesf
- Metabolic effects: ‘%;i t:;
* Mobilization of glucose.

* Increased lipolysis.

* Increased metabolic rate. —s bo mbiee Nutrients for +he actoty of-

(Srat down ong Uanessacrytswe)  muLies b proide e nasiles during.
fgnt - fight oy these  utients




Effects of

stimulation

- Gastrointestinal system: increases motility and

secretory activity.

- Glands: increases secretory activity (but remember

sweat glands are under sym

pathetic control).

- Heart: decrease rate of contraction (bradycardia).

- Pupil: control pupil diameter by papillary light reflex
(myosis) (regulates the amount of light falling on

retina).

- Accommodation of the lens for near vision- by clan coniexity
- Voiding the urinary bladder (micturation). 0F e erse by

Owhiaction of wme.
Svooth vwustles
Hrere .



MOLECULAR BASIS OF
PHYSIOLOGICAL ACTIONS OF THE
ANS



Fig. 17.06 Nicotinic Effector cell
receptors Adrenergic

receptors

* He Pfegwg\icn'\c, \ng o A | @
fibers are mlcasmg‘ 4 ( / —
A Ch Preganglionic neuron

Ganglion

aS V)CUWY\SM i‘H‘(fS (a) Sympathetic division—innervation to most effector tissues
n both dwisions

(Sf}mp""hd'{c* &ms “ 7_ Nicotinic

Postganglionic neuron

Muscarinic
receptors

receptors

. QS\-@arg liomc. S
Cell of
sweat
> Pav-as\(jmpap(\e-\—ic_ (b) Sympathetic division—-innervation to most sweat glands gland
A&{-H\ d\0||n€, Effector cell
— Ir,\leiggg?;fs Muscarinic
S\ymPO'\'\\eHC ‘.\ recfeptors
norepinephrine yea > @

excephion

ACh

(c) Parasympathetic division

L ef8eckor: Sueak glamds Jpilerchor mascles, = Acekjichdine



difference. Betueen Somatic —+ Autonemic

Central
nervous system Perpheral nelrvous system Effectorl organs
| 1l 1l |
Acetylcholine
Somatic nervous system -?T‘m:é( e —— ﬁwwmﬂm@%‘: Skeletal muscle
———— / " X
\ LS Al motor peurns are n:leoswg_\ —>ACh
g, Acetylcholine —\ Nerepinephrine \ — Smooth
) .}{’ P, T3\ v A muscle
-~ *(-: > "'"""'"""""""e $en (e.g.,in
A a blood
Sympathetic Ganglion vessel)
division & Acetylcholine Epinephrine and
Autonomic b S norepinephrine
nervous -}7’7)‘.'( Glands
system S
Cardiac
muscle
Key:
=== = Praganglionic axons == -= Postganglionic axons < = Myelination === Preganglionic axons = === Postganglionic axons
(sympathetic) (sympathetic) (parasympathetic) (parasympathetic)

Copyright © 2001 Banjamin Cummings, an imprint of Addison Wesley Longman, Inc.
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— Neurotransmitters

e At ganglion: preganglionic neurons of both
sympathetic and parasympathetic release

Dont %13«:& 1l
—Neufons S\lJmPS‘"S with endacrine cellg
of glads — A Isk neamns of Sympathetic

e Effector organs: S, s, (107

- parasympathetic fibers release

- Sympathetic:
* An exception_for sympathetic nerves to

sweat glands, which release acetylcholine
(Ach).




and
mechanisms

-At ganglia: sympathetic and parasympathetic
have receptors at the post synaptic

La oine  an Shmake them
membrane nesme - 1___, Muscarine Gan ackune Yoem .

-on effector cells:

* ACh 13 a\so yelensed by feminals, of Motor Newons o £ the Sematic
System —>a+ He lewl 0F Skeleta) musdes — Hype of receplos of Ach

ove oalled nicotinic receplors

» AL hch pant we am find Huscarine {
Some Yoxic Muchroom 1 0 with  Muscorine ~ S0 it somebodg\\’ms ‘wges*ed et
mushmom  Hhey  will deelep or actiuate  all - mMuscannic reseplos in fhe bodg



Signal Transduction Mechanism
for Nicotinic receptors:
Activation of Na+ Channels

Postreceptor Event: Channel Regulation

(1) (Opens or closes Na* and K+ channels) (2) (Opens Ca*+ channels)
Extracellular Surface
Nonreceptor K+ chemical membrane
influences A messenger receptor
ECF
| / ICF
\ a* or K+ channel Plasma membrane Ca*+ channél A\

Nat Ca**

'

Altered flow of Nat
and KT between cell
and ECF @ (Opens Cat** channels)

' £ }

Intracellular

Alters electrical @ (Opens Ca** channels Cat+ stored Increase in

activity of the cell in organelles) — | within > cytosolic Cat+
organelles

y '

Plays important role Induces altered
in regulating electrical protein shape
impulses in nerves and function
and muscles l

Brings about
cellular response




- At dhe [evel of gangfa —~> nicotic  receplors are Tinked o
chamical guted Na™ Channels

— Signal Transduction  Mechanism -
- once we have (ctvated the receplors
. Activation of Chemical aa(Qd No* chamnels
((:' Depolar‘izing memb tane
- AP at He 2™ neupn.



and
mechanisms

Muscarinic Receptors (M1-MS)
Inhibitory: Conductue tissue of Hearl

)
in the heart: G protein=K+ channel H slow
the rate of depolarization. g

reduce



wnels

&Gt
o and
'fE‘Ix‘?:acel’Iul‘ar Ca?* Acetylcholine Nat
ui
& T-type 6 Muscarinic Potassium Chonnels .
\J calcium * cholinergic channel
channel receptor

OO 0000000000200 1 ‘."......'....0.1 DOOOG
it CUSTT @ ‘ @y ( ‘ (1 & Al

| |
G protein G protein

Cytosol Hyperpolarization

(b) Parasympathetic

© 2011 Pearson Education, Inc.



and
mechanisms

Muscarinic Receptors (M1-MS)
Excitatory Rceptors: (M1, M3. M5)

Found on s and are coupled
61T
Gq protein-5phospholipase €, .

This enzyme increases production of
inositol-1,4,5-trisphosphate

NS



— PLC = momse TPy —s Gusing,_ relense of @+T

Signal = Extracellular

oy’ molecule” Loy intracelular Stores, (endaplasmic vekiadum fluid
é? — responsesS at smosth miscle cells 5 pptrackion Cor example.

—r—— lemlm
Membrane phospholipid
Cell
o membrane
Intracellular
RQCGptOY G protein Protein pl fluid

/ KEY
Phosphorylated | | p|..c = phospholipase C
stores ———» sy el
[ protein J DAG = diacylglycerol
ER \' / PK-C = protein kinase C
IP, = inositol
[ ) 3
([ Sotuar EE i
- =
\_/ reticulum
signal molecule 3 G protein activates ) PL-C converts membrane () DAG activates protein () IP; causes release
activates receptor phospholipase C phospholipids into kinase C (PK-C), which of Ca?* from
and associated (PL-C), an amplifier diacylglycerol (DAG), which  phosphorylates organelles,
G protein. enzyme. remains in the membrane, profeins. creating a
and IP3, which diffuses Ca?+ signal.
into the cytoplasm.

Copyright © 2007 Pearson Education, Inc_, publishing as Banjamin Cummings F|g " 6- 1 2 ‘f)



&Uﬁw\é_ Mascarine.
intoxiation — Pecticnts
who ‘mgested toxc mushreom  develop:

- Stimulation of secretory activity: salivation,
tearing, sweating, nasal and bronchial secretion.

- Increase gastrointestinal tract motility =
vomiting and diarrhea.

- Contraction of urinary bladder-=urination.
- Slowing of the heart+=#Bradycardia.



bo poverce  efPecte of  Muscarinic intoxication — Dm‘} )

Sgs relded & gung \/)18\(\ dnce of  Atiepini-
- Inhibition of glandular secretions= dry mouth,

dry eyes, and dry nasal passages.

- Tachycardia. (increase heart rate).

- Loss of pupillary light reflex-= Mydriasis

- Loss of ability to focus the lens for near vision.

—~> You are Pol(ou)in& te hart mie of potent + pupillaty lght reflEY
once you Yiate Oy WOase tn The heart Rate —~» yau an St Jiing_ Afopin



and
mechanisms

Adrenergic receptors:

These receptors respond to
(epinephrine (EP) and norepinephrine (NE)).



and
mechanisms

~-Hdvev\e13‘|c [Receplers, |
Alpha receptors: K \}
- (a,): Excitatory: PLC=1P3

Lo svmeath muscle cells of \)cssds +Rrterioles s by activation —s \aSoCongtricfion

receptors: Nerve Adrenergic terminals=»
reduce NE release

: Nonadrenergic -

Gi1= Adenylate cyclase = decrease cCAMP



and
mechanisms

Beta receptors:

- (B,) receptors: found on heart
L em%mg\

lhh‘lb'\\m*-é_\
- (B,) receptors: found on tracheal
and bronchial smooth muscle, in the
gastrointestinal tract, and on smooth muscles of

blood vessels supplying skeletal muscles

Gs=Adenylate cyclaﬁseE» increase CAMP

L) ! Heart —v merases Heart rate |
b {"UO*H <) C @ \\K
Both B4/Bx work g actbrn P AG Smooth Muscles —» reduce velayaHovn of smooth musdes .



Postreceptor Event: Cyclic AMP Second Messenger System

Extrac_:ellular Surface
chemical membrane
messenger receptor

@ / ECF

+® (Activates through a series of steps)

/ ‘ ICF

Adenylate @ Plasma membrane
cyclase

(Converts)

ATP Cyclic AMP

l @ (Activates)

Cyclic AMP-
dependent protein

Kinase
¢ (4) (Phosphorylates) i
Particular protein —(P)
ADP
(Phosphorylation induces
protein to change shape)

l Altered protein

shape and function

Y

Brings about
cellular response




What \happens ok +he onduchive tssue o e Heark

Extracellular

fluid 1. Ackiskion Funny T-type
Norepinephrine Adenylate) channel calcium
\ or epinephrine cyclase channel

_ cAMP

G, A AP T
IV\CN&S\'V\\?/ i \

: —> WCraasing =
Cytosol of ConducHue . epolarization
yissue of heark Actioly of Nu* Chamnele

(a) Sympathetic + b-—\-&pe f &' chavnels
3 Secrens e wn KY chamels



Summary

Muscarinic receptors: Activated by Ach.
- Inhibitory: M2, M4
-Excitatory: M1, M3, M5

Adrenergic receptors: activated by Epinephrine
and Norepinephrine.

- Alpha (O00) Receptors: 01, 012, 012 hetero-
- Beta (P) Receptors: B, B, ... B,

- (R ) recentore: foiind on tracheal
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