LECTURE 9 and 10

Version 2

AUTONOMIC NERVOUS SYSTEM (1) & (I1)

Red : important
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Green : notes, Extra




Objectives

e At the end of this lecture, students should be able to:

Organization of the Autonomic Nervous system
Neurotransmitters and Receptors

Agonists and Antagonists to Autonomic receptors
Sympathetic & Parasympathetic Tone

Examples




The nervous system

Nervous
system

The Central Nervous System (CNS)

Includes the brain and
spinal cord.

The Peripheral Nervous System (PNS)

Somatic Nervous
system
(voluntary system)

divided into

Found in girls
slides only

Formed by neurons & their process

present in all the regions of the body.

e|t consists of| cranial nerves arises |

[ from the brain |&| spinal nerves arising |

| from the spinal cord |

l

Autonomic nervous
system
(involuntary system)

(Controls cardiac muscles, smooth
muscles, endocrine system)




SOMATIC AND AUTONOMIC NERVOUS SYSTEM

The motor efferent nervous system has two component :

SOMATIC AUTONOMIC

¢ A voluntary nervous. ¢ An involuntary nervous, that

+¢* Consist of single motoneuron and controls the function of visceral
skeletal muscle fibers. organs.

¢ Cell bodies of motor neurons ¢ Consist of two major divisions :
reside in CNS (brain or spinal 1- Sympathetic
cord). 2- Parasympathetic

** Their axons (sheathed in spinal  %*Activated by centers in spinal
nerves) extend all the way to cord, brain stem and
their skeletal muscles hypothalamus.

** Operated by visceral reflex




Autonomic nervous system (ANS)

* Organization of autonomic nervous system motor pathway consists of two
neurons:
- Preganglionic neuron. (cell body inside CNS “in brain or cord”)
- Postganglionic neuron. (cell body in ganglion outside CNS)

s All preganglionic neurons release Acetylcholine (Ach).

**Postganglionic release either Ach or norepinephrine.

Organization of the Autonomic Nervous System

AAONOMmEc motor refles

' /”"% This picture was
P
¢

o7 AN only found in
S == 3 male slides
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slides only

Autonomic nervous system

* ANS: is the subdivision of the peripheral nervous system that regulates
body activities that are generally not under conscious
control.

 Visceral motor innervates non-skeletal (non-somatic) muscles.

Composed of a special group of neurons
serving

Smooth muscle
(walls of viscera Internal organs
and blood vessels)

Cardiac muscle (the
heart)




erminology

. . . . . . ... This
anatomic terms and refer to anatomic origin of terms are used to describe neurons of either division, art
preganglionic neurons in the central nervous system. according to which neurotransmitter they synthesize P

was
and release.
only

+* Adrenergic neurons release nor-epinephrine and found
the receptor is adrenoreceptor in male

¢ Cholinergic neurons release Ach and the receptor  s|ides
is cholinergic

Higher control of the autonomic Nervous System

* - Sympathetic NS is regulated by neurons in the Posterior part of Z::S Er?s;tng?;
the hypothalamus. !

girls slides

- Parasympathetic NS is regulated by neurons in the Anterior part
of the hypothalamus.




Sympathetic Nervous System (SNS)

Pregangbons
eOperates continuously to modulate the functions of —R /

hom
many organ systems e.g; heart, blood vessels, 3
gastrointestinal tract, bronchi and sweat glands.
eStressful stimulation activates SNS leads to a response
known as “fight or flight” / “E” division : increased
arterial pressure, blood flow, blood glucose, metabolic

rate and mental activity.
(Exercise, Excitement, Emergency, and Embarrassment)

(SNS location) S e
Origin: Sympathetic preganglionic neurons originate
from thoracolumbar lateral horns of the spinal cord (T1-
L3) (T1-L2).

Sympathetc chain

Postganglionic newron
K*._(‘ Efector organ

e Effector organ

) S S— Effector organ

(SNS ganglia)
Paravertebral Ganglia: (sympathetic chain) near
T1 = Thoracic vertebral body
L2~L3 = Lumber (Ciead) e (o8l 2 ganll cain (5 811 3 ganl) Altial o)
(SNS nerve fiber) Prevertebral Ganglia: Ganglia between Paravertebral

. : _ - )
Preganglionic neurons: short , lightly myelinated Ganglia and the target organ

- _ near large blood vessel in gut :celiac, superior mesenteric
Postganglionic neurons: long , unmyelinated R T




The inmervatbomn of The parasyrmpathatic aflvinbon on
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PARASYMPATHETIC NERVOUS SYSTEM

Responsible for activities that occur when the
body is at rest “rest and digest”/ “D” division
(Digestion, Defecation, and Diuresis)

(Parasympathetic NS location)
Origin: Their fibers originate from brain&sacrum (Craniosacral)
1. cranial nuclei Cell bodies of the motor nuclei of the cranial

nerves lll, VI, IX and X (3rd,7th.9th.10th) in brain stem _ .
(mid brain, pons, medulla) (Parasympathetic NS ganglia)

2. sacral segments of the spinal cord (S2 -S4) Gives: (cranio- Close to or on Fhe affect.ed organ.
sacral outflow) e Terminal ganglia

(Parasympathetic NS fiber) * in the wall of organ

1- preganglionic neurons « The cranial nerves lll, VIl and IX affect the pupil and
has long axon salivary glandsecretion
« Vagus nerve (X) carries fibres to the heart, lungs,
short axon stomach, upper intestine and ureter
 The sacral fibres form pelvic plexuses which

(Length of Pre and Post is Parasympathetic innervate the distal colon, rectum, bladder and
is the opposite of the sympathetic NS) reproductive organs.

2- Postganglionic neurons




The autonomic nervous system

Girls slides

Subdivision

Nerves
Employed

Location of
Ganglia

Chemical
Messenger

General
Function

Sympathetic

Thoracolumbar

Alongside
vertebral
column

Norepinephrine

Fight or flight

Parasympathetic

Craniosacral

On or near an
effector organ

Acetylcholine

Conservation of
body energy




SYMPATHETIC & PARASYMPATHETIC
NERVOUS SYSTEM ORIGIN

; Red symp

ANS NEUROTRANSMITTERS

 ANS Neurotransmitters: Classified as either  * Adrenergic
cholinergic or adrenergic neurons based

upon the neurotransmitter released. -
* Cholinergic




Sympathetic Neurotransmitters

* Remmber: ANS motor
pathway consists of two
neurons:
< * Preganglionic neuron

Neurotransmitter:
yrepinephrine -Neurotransmitter:

Adreno-receptors:
-Cholinergic-Receptors:

alpha | | . Nicotinic  Postganglionic neuron
alpha 2
Beta |

Beta 2

2. Muscarinic

Note: they’re named after drugs they're sensitive to




Sympathetic Neurotransmitters

All the green texts are notes or extra information

Acetylcholine works

increase secretion
and dilation of blood

on

vessels

Preganglionic neurones
are Cholinergic = ( release
acetylcholine (Ach) )

Found in girls
slides only

Norepinephrine works

on

decrease secretion and
constriction of blood

vessels

Postganglionic neurons:
release norepinephrine at
target organs.

(, Aoetylcholme Norepinephrine \ — Smooth
- 2 muscle
A?-Y ' ./ — Q‘ B St 6‘ :‘0. (e.g., in
S a blood
Sympathetic e Gangllon vessel)
division Acetylcholine Epinephrine and
Autonomic (G,{_/,g \ . norepinephrine
i Sl s !

nervous cal v %,: Tl N Blood — Glands

system Va o ) deo vessel

Adrenal medulla
Acetylcholine \
<"* ----- A 2 Cardiac
s muscle
Ganglion —_—

-All sympathetic
postganglionic release
noradrenalin
(norepinephrine) except
sweat glands & blood vessels
to skeletal muscles (they
release Ach)

e Because the muscles need
more blood to work while
running, and the body during
heavy activity (high energy
and temperature inside)
needs to release sweat
-Stimulation of adrenal
medulla will secrete:
epinephrine and
norepinephrine
So they are secreted from
adrenal medulla
-Adrenal medulla stimulated
during sympathetic.




.

<

The Adrenal Medulla of the Adrenal Gland

— Sympathetic trunk

J y /4 c"ajﬁ'é_)‘}han
= / AL 23K
Spinal cord: / il
T,-L, Ventral / Slaad)

: root

Thoracic
splanchnic
nerves

Kidney

Adrenal Adrenal gland

medulla : )
Epinephrine and

norepinephrine

Capillary

Adrenal
medulla cells

Found in girls
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Response to adrenergic stimulation

The adrenergic neurotransmitters

Norepinepherine
From all post-ganglionic sympathetic
nerve fibres except that for:
Sweat glands, blood vessels of the
skeletal muscles, piloerector musel of
hair cells (Acetylcholin)

Epinephrine
From adrenal medulla which
acts as moditied

sympathetic ganglia




Found in girls
slides only

Parasympathetic Neurotransmitters

* Pre & Postganglionic neurons release: ‘ *
« acetylcholine = Cholinergic

Autonomic nervous system: (neurotransmitters)

preganglionic postganglionic

CEIER Tyl ELU I acetyl choline acetyl choline
sympathetic acetyl choline norepinephrine*

Adrenal medulla: preganglionic - acetyl choline
postganglionic (chromaffin cell) - 80% epinephrine, 20% norepinephrine




Sympathetic vs. Parasympathetic Receptors

All
preganglionic
autonomic
receptors are
nicotinic

In sympathetic nervous system

* Pre receptor: Nicotinic

* Pre receptor: Nicotinic

» Post receptor: Muscarinic

In parasympathetic nervous system

» Post receptor: Adrenoreceptor (a and [3)
except in sweat glands where it is Muscarinic

(Because the ONLY neurotransmitter in parasympathetic: acetylcholine (Ach)

Porpheral mlrvcu- wystem tnociotlm-
Ac ety hodeve
———————— a3 ‘ Skeletal muscle
\ . muscle
- Q-':"ft\{ """"""""" A :'-- ﬁi (eg.n
Gangluen m
F penepheine and
_(\ morepinephrine
Bloocd —~ Glanas
TR ]
Adrenal rmedulile
Acetylcholine ﬁ
“':_-'* ----- € Cardiac
. o muscle
Ganghon —
T erasympateta) ~ (parssympathetic)

CENTRAL NERVOUS SYSTEM

Wrheuy

PROMOMON

Progingion
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Arera ~e0M
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Nicotinic Effctor cell
recaplors Adrenerge

facentors

Preganglonic newron /= Postganglionic neuron
Ganglion
» Effector oell
Nicotine

Musearinic

rcaplors

Sympathetic
Adrenergic
Receptors

Parasympathetic
muscarinic
receptors

Found in girls
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Chemical or neural transmitter

All preganglionic
fibers release
acetylcholin

(Ach).

All
parasympathetic
postganglionic
release Ach.

All sympathetic
postganglionic
release noradrenalin
except sweat glands
& blood vessels to

skeletal muscles.




JB A pedle ga 3L 138

Parasympathetic Nervous system L 5.l

PARASYMPATHETIC NERVOUS SYSTEM

%:‘: N SN @ "
Preganglionic fibers Postganglionic fibers - |
Medulla {:ijsm . | ¢ gslag:aglidlg I !
Originate from: Ganglia is located on/in 9
1. Cranial Nuclei (Brain organs
stem)
2. Sacral (SZ-S4) _%i Bronchial tree
S,

¥
Long Axon Short Axon )
Cholinergic Cholinergic Lo s
Interact with Nicotinic Interact with Muscarinic QT

receptors receptors , ¥§ 3
H nerves . 0@ Male genitalia

© Elsevier. Costanzo: Physiology 3E www.studentconsult.com




Receptors

Adrenoreceptors Cholinoreceptors

¢ Vascular smooth muscles
 Activation of a receptors leads to
contraction of smooth muscles

Inhibition/ excitation.
Found in sweat glands
Found in smooth muscles.

Found in:

* S.Anode

* AVnode

* Ventricular muscle

* Salivary gland onorfor
L JelS Al inay 5 -

* Activation of B1 receptors leads to smooth ey

muscle contraction (especially in heart) « Ex: Na+/K+ ion channel Nicotinic receptors for all

L. preganglion
* On all postganglionic receptors: Nicotinic receptors on all

neurons, motor, and adrenal medulla postganglion

Activation of B2 receptors leads to
smooth muscle relaxation

More sensitive to Epinephrine o ol Ol sl OY A
kl\u}ﬂ‘ k.;; EJ).L}A




o1 receptor

4 RECEPTORS

Norepinephrine g
N 4
Inactive 04 Receptor ~ Gy protein ~ phospholipase C

G B[
Norepinephrine y @
N
Active 0y Receptor ~ Gg protein ~ phospholipase C

[B]7

Diacylglycerol IPs
l Ca®* released
4 protein kinase C from ER or SR

Found in males

slides only

31, B2 receptors

{31 AND [}, RECEPTORS

Norepinephrine u

N

Inactive [} Receptor ~ Gg protein ~

adenylyl cyclase

o | B |y

Norepinephrine u @
b 4

Active B Receptor ~ G protein ~ adenylyl cyclase

Physiologic actions

© Elsevier. Costanzo: Physiology 3E www.studentconsult.com

© Elsevier. Costanzo: Physiology 3E www.studentconsult.com




Cholinorecepters

Found in males
slides only

All the green texts are notes or extra information
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Nicotinic ACh Muscarinic ACh

receptors

receptors

Postsynaptic membrane of * Produces parasympathetic nerve effects in
« All autonomic ganglia the heart, smooth muscles, and glands

* All neuromuscular junctions

* G-protein-coupled receptors (receptors

« Some CNS pathways Muscarinic receptor influence ion channels by means of G-proteins)

ACh

’QOOOOO Ligand-gated channels

" (ion channels are part
of receptor)

K+
4 s 8 43l pwrepolarization 4w
Depolarization Hyperpolarization

a4z J ( )_uS:d\
. )J CoG (K* channels
il (i j 50 e [ opened)

Excitation Inhibition

Produces slower
heart rate

Na* or Ca?*

Depolarization
nicotinic Jis s (sS))
(K* channels 328 ok 4l o sali o) i
closed) bsn S 7 Jld il y o

Excitation

Causes smooth muscles of the
digestive tract to contract




Receptor

o

Nicotinic

Muscarinic

Adrenoreceptors

Agonists (activator)

Norepinephrine
Phenylephrine
Clonidine
Norepinephrine
Isoproterenol
Epinephrine
Isoproterenol
Albuterol
Cholinoreceptors
ACH

Nicotinic Carbachol

ACH
Muscarinic

Carbachol

Antagonists (inhibitor)
Phenoxybenzamine
Prazosin
Yohimbine
Propranolol
Metoprolol
Propranolol

Butoxamine

Curare

Hexamethonium (blocks
ganglionic receptor but
not neuromuscular
junction)

Atropine

Found in males
slides only

Prototypes of
Agonists and
Antagonists to
Autonomic Receptors




Sym pathetic and Pa rasym pathetic Tone Found in males slides only

Vagus nerve: is the 10th cranial
The role of them is to keep the stimulated organs in normal stage. nerve, and interfaces with

Examples: parasympathetic control of the
sympathetic always keeps the blood vessel constricted % of its normal diameter. heart, lungs, and digestive tract.
removal of vagus nerve (Parasympathetic) = atony = loos of peristalsis (contraction of small intestine) = constipation.

Effect of loss of sympathetic and parasympathetic tone after denervation

Loss of sympathetic tone in blood vessel causes severe vasodilatation but after sometime, intrinsic tone increases
by chemical adaptation. : .
Serve Vasodilatation :

e WL s aus

Function of Adrenal Gland

Stimulation of nerves causes large quantities of Epinephrine and
Norepinephrine to be secreted in blood

The effect of Epinephrine & Norepinephrine which secreted from Adrenal gland lasts _ _ .
5-10 times more than the ones which secreted from sympathetic. Epinephrine = Adrenaline

Nor-Epinephrine = Nor-Adrenaline




PHYSIOLOGICAL FUNCTIONS OF THE norta

AUTONOMIC NERVOUS SYSTEM

structure

Sympathetic Stimulation

Parasympathetic Stimulation

Iris (eye muscle)

stimulates the contraction of meridional fibers of the iris

Sympathotic stmulation

ooooooo

e stimulates the contraction of circular
muscle of the iris to constrict the pupil.
e Focusing of the lens is controlled by
parasympathetic through contraction of
ciliary muscle.

Salivary glands

Saliva production reduced

Saliva production increased

Oral/Nasal Mucosa

Mucus production reduced

Mucus production increased

Heart Heart rate, activity and force increased Heart rate, activity and force decreased
Lung Bronchial muscle relaxed ({maasS¥) Jsd grand Glde o 5i) Bronchial muscle contracted
Stomach Peristalsis reduced Gastric juice secreted; motility increased

Small intestines

Motility reduced

Digestion increased

The Glands

» decreases the secretion rate by causing vasoconstriction
the constriction of blood vessels).

increases the secretion rate.




structure

Sympathetic Stimulation

Parasympathetic Stimulation

Large intestines

Motility reduced

Secretions and motility increased

Liver Increased conversion of glycogen to glucose iuall hiall)
(USedl a e sy (Sae
Kidney Decreased urine secretion Increased urine secretion

Adrenal medulla

Norepinephrine and epinephrine secrete

Bladder

Wall relaxed ,Sphincter closed

Wall contracted ,Sphincter relaxed

The Gastrointestinal
Tract

* Contains the enteric
nervous system (one of the
main divisions of ANS).

decrease the activity of GI.

5

)
Ty
T

TT
((}U

R B

E‘-— Epithelial cells, endocrine cells,
and receplor cells

LI

T T TS
T AL

= Lamina propria

— Muscularis mucosae
Submucosal plexus —.

— Clrcular muscle

Myenteric plexus —— — Longitudinal muscle

— Serosa

increases the activity of Gl tract, peristaltic
contraction & sphincter relaxation.

Systematic Blood
Vessels

constricts the vessels.
- Dilation of skeletal muscles blood vessels
- Constriction of skin blood vessels

NO EFFECT except in certain areas. Eg:
blushing of the face.

Arterial Pressure

increase of cardiac output + blood and pressure’s resistance.

decreases cardiac output, BUT NO EFFECT
ON BLOOD VESSELS.




Autonomic reflexes

Most of the visceral functions of the body are regulated by autonomic reflexes.

A) Cardiovascular:
Baroreceptor reflex is a stretch reflex -
longer & stronger - in the main arteries
—such as carotid artery- which detects
the blood pressure (When the pressure
is high, sympathetic gets inhibited
which stops the release of al).

D) Sexual reflexes:
Parasympathetic = erection.
Sympathetic = ejaculation.

B) Gastrointestine:

The receptors in the nose & mouth
signals the parasympathetic system
to notify the glands of mouth &
stomach to secrete digestive
juices.

C) Urinary Bladder:
Initiates the micturition -
discharge of urine - by
parasympathetic innervations.

Found in males
slides only




Found in males

Autonomic reflexes slides only

* The sympathetic activation could occur in isolated portions,
such as:

* Heart regulation.

* Many Reflexes regulating G.| functions.

The parasympathetic usually causes specific localized responses.

Usualy to a certain organ, but sometimes it affects the function of some
organs together, such as:

* Rectal emptying + Bladder emptying.

» Salivary secretion + Gastric secretion.




Found in males
slides only

Urinary bladder

© Elsevier. Costanzo: Physiology 3E www.studentconsult.com




Quiz

1) Stimulation of adrenal medulla will secrete: cxe Jlsadl
4ild 5 ) g€l
C).::J\ )

A) Epinephrine B) Norepinepherine C) Acetyl choline D) Epinephrine and
Norepinepherine

2) The receptors of parasympathetic NS for postganglion is:
key answers:

A) Nicotonic receptors B) Adrenergic receptors C) Muscrinic receptors D) None of above 1) D
2)

3) The receptor in sympathatic NS which is responsible of smooth muscle contraction is:

4)

C
3) A
B
A) Alfal-receptors B) Alfa2-recaptors C) Beta2-receptors D) None of above 5) B

4) The function of sympathatic NS in salivary glands is saliva production
A) Increased B) Reduced C) stimulated D) Organized

5) The function of parasympathetic NS in arterial pressure of cardiac output:
A) Increased B) Reduced C) stimulated D) Organized




o T A e i & o O, e
g 3 8 Gl B e
g S
e ;;':
I )
"‘,
R . 4 S S : v
PRt cxaiody, BP0 20 0 g, Pyl TURYY v gy S T A DA AR e

Boys team members || Girls team members

sl ac o LY 55 )
2 3all Lapd
Aglal) 2 sa
il 25
Gyl ase bl 22
Lf)uﬂ‘ Jiand g shall Ay

shall Loy
% o Team leaders:
S R gl o o
AL IRPER
SEBAR BT

EBNTR Ry
Aaall daaa

ol alea e




