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Lecture objectives

Define the autonomic nervous system
Describe the functional anatomy ANS

Describe the autonomic nervous system efferent gathwa s from the CNS to effector
organs and explain how these differ from the pathway of a motor neuron.

Describe the location of the cell bodies and axonal trajectories of preganglionic
sympathetic and parasympathetic neurons.

Describe the location and trajectories of postganglionic sympathetic and
parasympathetic neurons.

Name the neurotransmitters that are released by preganglionic and postganglionic
autonomic neurons Name the neurotransmitters that are released by preganglionic

autonomic neurons, postganglionic sympathetic neurons, postganglionic
parasympathetic neurons, and adrenal medullary cells.

ldentify the main types of cholinergic and adrenergic receptors .



Lecture objective

* List the major functions of the autonomic nervous system.

* |dentify some of the neural inputs to sympathetic and parasympathetic neurons
from higher brain structures

* Describe the location of the cell bodies and axonal trajectories of preganglionic
and postganglionic sympathetic and parasympathetic neurons.

* Name the types of receptors on autonomic ganglia and on various target organs
and list the ways that drugs can act to alter the function of the processes involved
In transmission within the autonomic nervous system.

* Describe functions of the sympathetic and parasympathetic nervous systems and
their effects on target organs .

* Describe the location of some forebrain and brainstem neurons that are
components of central autonomic pathways.



Introduction

The autonomic nervous system (ANS) is the portion of the nervous system that controls most
visceral functions of the body.

The ANS also includes the enteric nervous system that functions within the gastrointestinal tract and
influences the pancreas, liver, and gallbladder, thereby controlling gastrointestinal motility, secretion,

and blood flow.

* The output of the autonomic system is divided functionally and pharmacologically into two
divisions: the parasympathetic and sympathetic systems

* The sympathetic is usually activated during stress , excitement

* The parasympathetic performs maintenance activities and conserves body energy — “Resting and
Digesting’

. ‘gh% twr? divisions counterbalance each other’s activity and most glands & organs are innervated
y bot

* The ANS is characterized by its rapid and intense control of visceral functions
* Dual innervations which are usually antagonistic



PNS 8 gCNS_a 43) Lili g NS cays division J) Ladl g o yeiy Uil €, ANSJ) o8 5d &) J

2 ANS J) Dl
Classically is defined as the portion of PNS that regulates visceral function : are not initiated

by autonomic innervation it is rather the input modulate their activity either increase it or
decrease it.

JNI Je adiatiy Activity Gl and secretion J) s ... Allal (casaiy Calal) a3) X gy Uil

Activity (depending on what we need) J) W zu 43) Sympathetic nervous systemJ) 4 gon ) JS
Modularity effect rather than initiating effect 5¢°

ANS function are related to Gut nervous system.



Introduction

Localized vs diffused

Sympathetic and parasympathetic tone

Cholinergic vs adrenergic systems

Most of the action of the ANS are mediated through autonomic reflexes

Regulates the cardiovascular and respiratory systems, gastrointestinal tract, exocrine
and endocrine glands throughout the body.

Is controlled centrally by the brain stem, limbic system and frontal lobes, which are
concerned with arousal and behavioral responses to threat.

ANS cooperation is best seen in control of the external genitalia

Paaas mpathetic fibers cause vasodilation and are responsible for erection of the penis
and clitoris

Sympathetic fibers cause ejaculation of semen in males and reflex peristalsis in females



Introduction

Is controlled centrally by the brain stem, limbic system and frontal lobes, which are concerned
with arousal and behavioral responses to threat.

ANS is activated mainly by centers located in the spinal cord, brain stem, and hypothalamus.

These central regulators of the ANS also adjust the secretion of hormones that influence blood
volume and total peripheral resistance.

The central regulators of the ANS also coordinate the stress response (e.g., fight-or-flight
response), reproduction, and thermoregulation.

At the conscious level, the limbic cortex transmit signals to the lower centers and can, as such,
influence autonomic control.

The ANS operates through subconscious sensory signals and subconscious reflex responses to
control visceral activities.



ANS include enteric nervous system and that the major target of the ANS... then we can see that is
not only affect the Gl... it affects the CVS, Genital organs...

ledie ) osa s ANSJ Aadi 8 (p g i

Generally, when we speak about the ANS... we usually divided it in two functions divisions:-

1. Sympathetic 2. parasympathetic
Usually visceral organs receive dual innervation

Exception as -—> sweat gland which «®9 Sympathetic and parasympathetic (= g 8le ¥ Az s
are mainly receive Sympathetic innervation... when we have dual innervation (the Sympathetic and
parasympathetic are antagonist ) (J& (S8 & 3 as) 5 131 Jxy)

- Jba aSolae ) g Jay AU 5 2 h aa) 5 Lagla ge (S
The heart rate—> Sympathetic increase HR parasympathetic decrease HR

The G2 Sympathetic decrease the motility of secretion parasympathetic increase the motility
of secretion



Whether it is increase or decrease depending on what the function of the organs is all about.

Usually Sympathetic NS activated during stress, excitements. While parasympathetic is usually
activated (resting or digesting).

.J;\jj\ )| (P L?Aha (__Laa ULUA.A Sympatheticd\ gL d.su.u.u L;J‘ u\.;.m\ d.s\lcj ub.suj (9 92=a .A;\jj\ jj @:u
parasympathetic J) & Jaidn A & pule ISy i sTitanic Jie ald 48 sl ) 5 36l e acld

usually when you activate the Sympathetic NS You've low metabolic demands (= .energy
expenditure when you activate parasympathetic will not be the Same as Sympathetic 4Y .
sympathetic the one e which increases Utilization of energy.



In a sense: one is Catabolic and the other one is anabolic

- usually parasympathetic innervation is more localized:
aina 3hlie 5 A cliac] o gla ()5S Jiny
- Sympathetic is diffused because it is all over, so that what was meant by (diffuse and localized )
- Usually there is something is called sympathetic and parasympathetic (tone)
Activity on the sympathetic 4 48 (el Ual o Sa daga sla
And there is some activity on the parasympathetic

- The tone or the basal level of activity changed depending on physiological situation
parasympathetic %5 sympathetic & By Gaadls Ual g Uil
For example :( To maintain Heart RATE)rhythm <« gt s 60 de pudl Juat i
JV JB) ~ 5 sympathetic J) 1)) 7 2% heart rate J) s 5 excitation J) Alss DB U -
parasympathetic
Le Jemy (Sae DAY ) casd parasympathetic tone J) <l 3 131 Jixy 4age tone J) sl Dia ny (pax s
vagal arrest 4rewis 8 le juai (i gy il (Sas s Heart Rate J!slow Jax 7 43Y Cardiac arrest

re 4

parasympathetic system activity J a3y a8 g0 8O (San L oS Gl pd aalal ol gl e G e el S -
V7 dead) e lal) ¢ g )l



sympathetic Jl (= lelsignaling dparasympathetic JRest J) Al i
s 5 Ju = ypara J's 2 yusympathetic J) During excitement or stress
Most of the actions of sympathetic nervous system are innervated by Autonomic

reflex for example:
1)Reflexes that controlled blood pressure and regulate blood pressure include the

baroreceptor reflex which is autonomic reflex
2) micturition (empty of the bladder) this is also an autonomic Reflex

ANS are mediated reflexes J CxdActivity J) JS8
Somatic reflexes (the reflexes that associated with ANS are refer to As Autonomic

reflex)
ANS is classically known as component of peripheral Nervous system

ale 5 SLCNS J) 4 e Y 1 G
There are many inputs at the ANS which modulating the activity of the ANS give you
an example: Excitements, emotional state

Autonomic J! (» e sla



lea Ji 7 J S e inputs JV sasiy hladl J 3 cerebral cortex J) Jishigher levels (& rab sla

A lot of times there is cooperation
: sexual act J) e S
One of them causes erection and the other one causes the ejaculation in males
females Ju Juay Sl (i
There might be some association between Autonomic reflexes
empty of the bladder JbL 483le 4l sleall e > 5 5 021 2al 4l Ll defication reflex J) e Six
Association scooperation Le <la Hlis



Major subdivisions of the Nervous system

art of peripheral nerves carry the

nervation to the skeletal muscles (stretch
flex)

Usually visceral
organs

FIGURE 11-2 Major subdivisions of the nervous system.



Subdivisions of the PNS

eSomatic (voluntary) nervous system (SNS)
Neurons from cutaneous and special sensory receptors to the CNS

motor neurons to skeletal muscle tissue
e Autonomic (involuntary) nervous system

sensory neurons from visceral organs to CNS

motor neurons to smooth & cardiac muscle and glands
0 sympathetic division
e parasympathetic division e

Enteric nervous system (ENS) :
involuntary sensory & motor neurons control Gl tract—



Subdivision of ANS

* The efferent autonomic signals are transmitted to the various organs of the body
through two major subdivisions

. Sympathetic nervous system

. parasympathetic nervous system.

* Dual innervation: Most visceral organs are innervated by both sympathetic and
parasympathetic nerve fibers. ANS and somatic ox Godll s ala

* Antagonist action

* Two neuronal chains In Both the sympathetic and parasympathetic pathways the
signal reaches visceral organs through two neuronal

. Preganglionic Autonomic ganglia = 7 s % s NS J) (3« 4=l

8 Postganglionic  Visceral organs J' e ganglia J (» 7.0

one out from NS, some how it goes to Something outside the NS called (Autonomic
Ganglia)



Sympathetic and parasympathetic divisions
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The sympathetic content of two neurons...

kj-an B IS e SO W, il ) T Gy e

= Freganghoric hiber
= Postganglionic fibar

ACH =~ = Acelylcholine

E « - Epinephrines

1. preganglionic neuron

*‘Ffégsb—‘F > —— - *v~<£¥F

NE - = Norepinephrine

Terminal
ganglion

2. postganglionic neuron



sSai a5 (e s CNS (brain or spinal cord) s pdhis lacl
Usually preganglionic sympathetic nerves (1,2,3) (blue color) come from the spinal cord

Autonomic gangliasie ) s> 51 thoracolumbar sgass i lie (111_12) (e Jsalhan | (Sl dall JS e (i
Ns S o s

By contrast; parasympathetic nervous system originates... part of it originates from the
Cranial (Cranium) Prom the Brain itself.

usually it carries by "Cranial nerves" (  Sacral region 25 ¢ }a 5 cranial J) (« ¢ 2)
65 (s Synapses with terminal ganglia or autonomic ganglia like the sympathetic (aay Gshl\

L;jm\ej clac ! szp Cpn 98 )60 6SG Parasympathetic nerves j| Calay ganglia J| 4 Jasias (5 8
Longer preganglionic neurons |

Parasympathetic we can Call the parasympathetic as the (Cranio-sacral).

This designation tells you basically the origin of t preganglionic neurons.



Physiological anatomy
Sympathetic nervous system
(Thoracolumbar division)

Preganglionic neurons originate in spinal cord
segments between cord segments T1 and L2

Preganglionic fibers leaves the spinal cord and
make synapses in the sympathetic ganglia

Sympathetic ganglia

Two paravertebral sympathetic chains of ganglia
(also called the sympathetic trunk), that are
interconnected with the spinal nerves on the
side of the vertebral

Prevertebral ganglia or collateral ganglia (the
celiac, superior mesenteric, aortico-renal,
inferior mesenteric, and hypogastric ganglia

Postganglionic fibers leaves ganglia and terminate
and synapse with visceral organs

4/19/2023
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Sympathetic innervation goes to the Blood vessels goes to, sweat glands, paroglagtal muscles,
bladder, genital organs, colon, kidney, Pancreas, Liver, heart.....

segment J) JS (e sla s 4shaiay 3 ) sass preganglionic et Sympathetic nervesd) Lo allay ) dakaidll
ThoracolumbarJ) ¢« 44la acspinal cordd) il

you can see that the preganglionic neurons Leave through the ventral nerves (peripheral nerves)
aalza | slasy Sympathetic nerves ¢« ) 2w A thoracic and lumbar regions

These nerve can go through several destinations... 1. some of these nerve go to the ganglia (like chain
that is near to spinal cord and called “paravertebral ganglia”).



PHYSIOLOGICAL ANATOMY OF THE SYMPATHETIC SYSTEM

2 The peripheral portion of the Sympathetic System include:

«  Two paravertebral sympathetic chains of ganglia (also
called the sympathetic trunk), that are

interconnected with the spinal nerves on the side of
the vertebral column.

«  Prevertebral ganglia or collateral ganglia }the
celiac, superior mesenteric, aortlco-{ena :
inferior mesenteric, and hypogastric

*  Nerves extending from the ganglia to the different
internal organs.

2 The sympathetic nerve fibers originate in the spinal
cord along with spinal nerves between cord segments
T1 and L2 and pass first into the sympathetic chain and
then to the tissues and organs that are stimulated by
the sympathetic nerves
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Physiological Anatomy
Sympathetic nervous system

(Thoracolumbar division)

Unlike a single neuron in the skeletal motor pathway, the

sympathetic pathway is composed of two neurons, a Intermedio- Dorsal root

preganglionic neuron and a postganglionic neuron. lateral horn |

The cell body of each preganglionic neuron lies in the P \ \ l / | —— Sympathetic chain
intermediolateral horn of the spinal cord; its fiber passes , ¢

through a ventral root of the cord into the corresponding \
spinal nerve.

- Gray ramus

The preganglionic sympathetic fibers leave the spinal T e

nerve and gass through a white ramus into one of the VTRL I e SEPOM)
ganglia of the sympathetic chain. Then fibers can take Splanchnic nerve — >
one of the following three courses:
Synaf)se with postganglionic sympathetic neurons in the ol it I

1 i
ganglion that they enter. R nerve
Pass u?ward or downward in the chain and synapse in
one of the other ganglia of the chain. — — Preganolionic NeUFon

A : J ¢ \ / : C» <

Pass for variable distances through the chain and then bl “SEaa Sncings Postganglionic neuron
through one of the sympathetic nerves radiating outward cut—LS e ) o <
from the chain, finally synapsing in a peripheral \ErS Sensory neuron
sympathetic ganglion (collateral ganglia) about halfway '
between the CNS and the innervated organs. Figure Nerve connections among the spinal cord, spinal

nerves, sympathetic chain, and peripheral sympathetic nerves.

4/19/2023



SNS anatomy

4/19/2023

The postganglionic sympathetic neuron originates
either in one of the sympathetic chain ganglia or in one
of the peripheral sympathetic ganglia. From either of
these two sources, the postganglionic fibers then travel
to their destinations in the various organs.

Some of the postganglionic fibers pass back from the
sympathetic chain into the spinal nerves through gray

rami at all levels of the cord. These sympathetic fibers are
all very small type C fibers, and they extend to all parts
of the body by way of the skeletal nerves.

The sympathetic pathways that originate in the
different segments of the spinal cord are not
necessarily distributed to the same dermatomes as
somatic nerves.
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Instead, the sympathetic fibers from:

I

2.

Cord segment T1 generally pass up the sympathetic
chain to terminate in the head.

Cord segment T2 terminates in the neck.

Cord segments T3, T4, T5, and T6 terminate into the
1. thorax.

Cord segments T7, T8, T9, T10, and T11 terminate
into the abdomen.

Cord segments T12, L1, and L2 terminate into the legs.

It should be noted that the sympathetic distribution
shows great degree of overlaps between humans.

4/19/2023
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PHYSIOLOGICAL
ANATOMY of PSN

The parasympathetic nerve fibers leave the CNS through
two divisions; cranial nerves lll, VII, IX, and X. And through
the second and third sacral spinal nerves and occasionally
the first and fourth sacral nerves.

These fibers are longer than sympathetic preganglionic
fibers because they do not end until they reach
terminal ganglia that lie in or near the effector organs.

About 75% of all parasympathetic nerve fibers are in the
vagus nerves (cranial nerve X).

The vagus nerves supply parasympathetic nerves to the
heart, lungs, esophagus, stomach, entire small intestine,
proximal half of the colon, liver, gallbladder, pancreas,
kidneys, and upper portions of the ureters.

Parasympathetic fibers in the Il cranial (oculomotor) nerve
go to the pupillary sphincter and ciliary muscle of the eye

4/19/2023
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The parasympathetic nervous system. The blue lines represent
preganglionsc fibers and the black lines show postganglionic fibers.



PHYSIOLOGICAL ANATOMY of PSN

Fibers from the VIl cranial (facial) nerve pass to the lacrimal,
nasal, and submandibular glands, and fibers from the IX
cranial (glossopharyngeal) nerve go to the parotid gland.

The sacral parasympathetic fibers are in the pelvic nerves,
which pass through the spinal nerve sacral plexus on each side
of the cord at the S2 and S3 levels.

The sacral division of the parasympathetic innervates the
descending colon, rectum, urinary bladder, and lower portions
of the ureters. Also, this sacral group of parasympathetics
supplies nerve signals to the external genitalia to cause
erection.

Like the sympathetic system, the parasympathetic system has
both preganglionic and postganglionic neurons. However, the
preganglionic fibers pass uninterrupted all the way to the
organ that is to be controlled (except for few cranial
parasympathetic nerves).

The extremely short postganglionic neurons are located in the
wall of the organ

4/19/2023
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1-neurotransmitters and its receptors
2-effects of the autonomic ns on our visceral work

Neurotransmitters of ANS

* The autonomic synaptic transmitter substances are either
acetylcholine or norepinephrine

* Cholinergic fibers: The fibers that secrete acetylcholine (Ach)
* Adrenergic fibers : The that secrete norepinephrine (NE)

» All preganglionic neurons are cholinergic in both the sympathetic
and the parasympathetic nervous systems.

» Either all or almost all of the postganglionic parasympathetic
neurons are cholinergic

» However, the postganglionic sympathetic nerve fibers to the sweat
glands and perhaps to a very few blood vessels are cholinergic



Transmitters and Receptors of ANS

s=el Lsa

Neurotransmitter:-

acetyicholine

Sympathetic

NorE

Neurotransmitter:-acetylcholine

A/Ch

Receptor:- nicotinic Receptor:- adrenergic receptor

Parasympathetic ACh ©

fage Uis le 3 Lda le
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Somatic and autonomic systems
Transmitters and Receptors of ANS

SOMATIC SYSTEM
e
levels _ MOROr neuron Skeletal
of / (striated)

muscie

Found in: 1. skeletal muscle (neuromusc
junction)

2. Autonomic ganglia (sympathetic,
/Gwlon parasympathetic)

Osaon )8l Ll JaaY

Source! Brunton LL, Thabner BA, Knolimann 80 Goodhman A

GHman’s The Pharmacological Bases oF Therapewtics, 12th Edgion
WY W ACCERSITWICIO Coim

Copyright (£ The MCOraw - Hill Companes, Inc. Al rgis reserved.
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Somatic and autonomic systems adrenegic receptor

Transmitters and Receptors of ANS DOFRCIENENON iy
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Source: Brunton LL, Chabner BA, Knolirmann BC . Goodman &

Gulrmans's The Pharmacologecal Basis of Therapewtics, 12th Bditson:
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ANS Receptor Types

Alpha or Be‘ra\
Sympathetic >

Nicotinic NEP%
Sweat Glands AC é
Nicotinic| [Muscarinic=—>
i _>Epinephrine
Nico‘rinic

ACh

Adrenal Gland

Muscarinic

Parasympathetic Nicotinic j/



Neurotransmitters and receptors

 Neurotransmitter-receptor binding causes changes in post synaptic cell membrane depending
on weather it is inotropic or metabotropic

. Autonomic transmitter substance can cause inhibition in some organs or excitation in others.
This effect is determined by the nature of the receptor protein in the cell membrane.

 Inotropic receptors /{Jﬂw G¥S Jakd b a¥] g clalall ssans il ?

&UxY|
#& A change in cell membrane permeability to one or more ions. A change in cell membrane
Jsi¢d il permeability results in either gpening or closing of an ion channel

o298l Slghaadl
ﬂ)u sl Af& Opening of Na*and/or Ca?*ion channels - rapid influx of the respective ions into the

cell - depolarizing the cell membrane and exciting the effector cell.

::J,JS Y Opening of potassium channels - K* efflux = inhibition of the effector cell because of

O 7. the hyper-negativity inside the effector cell.
bl

4/19/2023 23
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Metabotropic receptors Wit i sooen o

* Metabotropic receptors

* Neurotransmitter usually binds with a receptor protein linked to G
protein located inside the cell Activation or inactivation of an enzyme
attached to the intracellular side of the receptor protein.

> For example: Binding of NE with its receptor on the outside of
many cells acts through the second messenger mechanism by
increasing the activity of the enzyme adenylyl cyclase on the inside
of the cell, which causes formation of cAMP.

Jears 7, g-protein ae Ladiye 4l 344 ,S’.s LS Jasiall Sla &uay) dasivus @ aaiy U (nor-adrenaline i) g ,din 5950 age Y Jla JUBLI agas Lals
¢¢¢ first cre wuk second messenger inside the cell (550 56 Jlag (s wll 3ol aa,l LaSIS g0 Lil)g-protein s caw cascade Lic
nor-epinphrine sa
YoM o bageang Ll aa,) alll 3ule ulya go 131 =idags ddaadls
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Acetylcholine Receptors

SMasiins (aliel o
acetylcholine

* Two types

* Muscarinic receptors : The terminology comes from muscarine, a
poison from toadstools

* Muscarinic receptors are metatoropic, which use G proteins couple recptors
as their signaling mechanism, are found on all target effector cells that are
stimulated by the postganglionic cholinergic neurons of either the
parasympathetic nervous system or cholinergic fibers of the sympathetic
system

* Nicotinic receptor : stimulated by Nicotine

* Nicotinic receptors are ligand-gated ion channels

* Located in autonomic ganglia at the synapses between the preganglionic and
postganglionic

* These receptors are also found in myoneural junction (Synapse between
somatic motor neurons and skeletal muscle fibers)

4/19/2023 25



e Josus receptor ila il delaa b oysa
d . adrenaline JLsiul
yuss adrenaline -: wdld! Sla e doglas
Adrenergic Receptors e e e
il de i) Leso Bl sbbb¥ peuiion

* Alpha and Beta Receptors et s
» There are two major types of alpha receptors, alphal and alpha2, which are wa o
linked to different'G proteins. ¢ ea alpha
« > The beta receptors are divided into betal, beta2, and beta3 receptors. The 7 beta
beta receptors also use G proteins for signaling \g::t@:;
~ NS e o) -...... 7 aVal &= = -.= = et ' -protein

; | : g o B

Norepinephrine and epi
by the adrenal medulla
and beta receptors.

Norepinephrine excites mainly alpha receptors but excites the beta receptors to
a lesser extent as well

Epinephrine is a universal stimulator and can excite both types of receptors
approximately equally.

» Therefore, if an organ has just bef:ta receptors (such as the heart),
epinephrine will be the more effective excitant.

( vasoconstriction) Giseall Lcg¥| o8 Fual o

nephrine, both of which are secreted into the blood
. have slightly different effects in exciting the alpha
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Adrenergic Receptors

* Alpha and Beta Receptors

» There are two major types of alpha receptors, alphal and alpha2, which are
linked to different G proteins.

» The beta receptors are divided into betal, beta2, and beta3 receptors. The
beta receptors also use G proteins for signaling

» The beta receptors are divided into betal, beta2, and beta3 receptors. The
beta receptors also use G proteins for signaling.

Norepinephrine and epinephrine, both of which are secreted into the blood
byéhe adrenal medulla, have slightly different effects in exciting the alpha
and beta receptors.

Norepinephrine excites mainly alpha receptors but excites the beta receptors to
a lesser extent as well

Epinephrine is a universal stimulator and can excite both types of receptors
approximately equally.

» Therefore, if an organ has just beta receptors (such as the heart),
epinephrine will be the more effective excitant.

\ 74

Y

Y

Alpha receptors: vasoconstriction in the systemic circulation of the heart, not in the heart ->bronchoconstriction
in the respiratory system --- bronchoconstriction ¢ s W (lie alpha 4,1 (o3 3 52 ¥ Llad o 58 Ll

Beta receptors: are more important in the heart and are involved in increasing the myocardial
counteractivity and the force of contraction (causes vasodilation / bronchodilation)



Adrenergic Receptors and Function

Alpha Receptor
o Vasoconstriction

< ris dilation

*  |Intestinal relaxation; )

buial <5 L ose— [Ntestinal sphincter

JLEST adal saa s
s sy o contraction

el

e G ol Gl
¥ | uds ¢l

Pilomotor contraction

°““ < Bladder sphincter
contraction

Lo Jsal
dlad

Inhibits neuro-
transmitter

release (0,)

4/19/2023

Beta Receptor

* Vasodilation (3,)
(edd| =Ly elL; ) e x

e Cardloacceleratlon (1)

aST Jgaadl Sla (paalis
2o 8y dgl ye lada Sla
salpha ¢ 15l sle 585
beta

dhide adl dand agale (o
ol 5 agaasl Jgiag Ll

Increased myocardial strength ((3,)

Intestinal relaxation ([3,)
Uterus relaxation (3,)

Bronchodilation (3,)
Calorigenesis ([3,)
Glycogenolysis (Bz)>
Lipolysis ([31

Bladder wall relaxation ([3,)

Thermogenesis ([33)
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. L 4 e sthe Jaall 1
Adrenergic Receptors and Function ’

Most of the effects of the heart are mediated
A|pha Receptor Beta Receptor by beta receptors
Vasoconstriction Vasodilation (3,)
3 |ris dilation Cardioacceleration (B;)= g4 7
Intestinal relaxation Increased myocardial strength (31%
Intestinal sphincter Intestinal relaxation (,)
contraction Uterus relaxation (3,)

o . . o sy epinephrine J) a8 (o sdic
25 e Pilomotor contraction  Bronchodilation ()« seh < sAirway resistance Jis asy (i

sl 2 A e @,
Bladder sphincter Calorigenesis () DI
contraction metabolic effect and metabolic activi
>
Inhibits neuro- Glycogenolysis (j,) Z
transmitter Lipolysis (B:)
release (o)) Bladder wall relaxation (B,)

Thermogenesis (f33)



Autonomic Effects on Various Organs of the Body

Organ Effect of Sympathetic Stimulation
Eye : s
7€ Pupil Dilated ek
Ciliary muscle Slight relaxation
Glands Vasoconstriction and slight secretion
Nasal
Lacrimal o ety JSit Baall sia a9 Al
Parotid Sympathetic nervous system
Submandibular Crodilly syl o8 Bugasll oLl
Gastric aala¥ly “
Pancreatic

Copious sweating (cholinergic)

Sweat glands

Apocrine glands Thick, odoriferous secretion

¥ Blood vessels Most often constricted

- Heart ¢ J.( \:’

Muscle Increased rate '
Increased force of contraction &Y A\

Coronaries Dilated (j3,); constricted (o) . Va

A" Lungs
Bronchi Dilated
Blood vessels Mildly constricted

S Gut

Lumen Decreased peristalsis and tone
Sphincter Increased tone (most times)

4/19/2023

Lap U o)) Sb P
Effect of Parasympathetic Stimulation é’—:vﬂ _:)_//;

” J-’-" wdan & L ;
Constricted HERSEAST i fé Zlﬁ—“u c__.f'l‘cfts
Constricted )(near vision)

Stimulation of copious secretion (containing many
enzymes for enzyme-secreting glands)

o D2 s i)l Jugiildl
La bl ol il

Gagll gl 3leall Eusa

818 dawsis assy Sympathetic
o) aalily La bl ol il
Qlall lie Lpauss galiall Lale Y|
(aSiodluy Jhandl as s

Sweating on palms of hands
None
Most often little or no effect

Slowed rate y (Bradycardia)
Decreased force of contraction (especially of atria)

Dilated

Increased peristalsis and tone
Relaxed (most times)

s 0 il S8 e
C.'JLuAﬂ-' all | ,a.l.ﬂ.n..w_, W“_ a3 Lall
el

Constricted
? Dilated
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Autonomic Effects on Various Organs of the Body

Organ

Eye
Pupil
Ciliary muscle

Glands
Nasal

Lacrimal
Parotid

Submandibular

Gastric
Pancreatic

Sweat glands
558400 s i LApocrine glands
Blood vessels

Heart
Muscle

Coronaries

Lungs
% Bronchi
Blood vessels

Gut
Lumen
S_phmjcter

4/19/202:

lenses

Effect of Sympathetic Stimulation

Dilated ~ Mydraisis
Slight relaxation (far vision)

Vasoconstriction and slight secretion

SJQJ d.:J . ... : L4

1

Copious sweating (cholinergic)
Thick, odoriferous secretion

Most often constricted

tachycardia
Increased rate

Increased force of contraction

Dilated (B,); constricted ()
Main little

Dilated
Mildly constricted

Decreased peristalsis and tone
Increased tone (most times)

Cslhae Ul cpaySladl 8 J saal) ala
Effect of Parasympathetic Stimulation

Constricted
Constricted (near vision)

Stimulation of copious secretion (containing many
enzymes for enzyme-secreting glands)

Myosis

Sweating on palms of hands Soles of foot

None
Most often little or no effect

bradycardia
Slowed rate

Decreased force of contraction (especially of atria)
Dilated

Constricted
? Dilated

move of intestine:-peristalsis of intestine
Increased peristalsis and tone

Relaxed (most times)



Autonomic Effects on Various Organs of the Body

o Gallbladder and bile ducts
# Kidney

Bladder  pdll bas £ L)L
Detrusor
Trigone

% Penis

Systemic arterioles
Abdominal viscera

Muscle
G| Skin
4".‘550 ' Blood
:J":“J" Coagulation
S Glucose
S Lipids

Basal metabolism

. 9% Adrenal medullary secretion

v Mental activity

Reticular Piloerector muscles
activating Skeletal muscle
system @il sa

ahos 4/19/2P8% cells

Effect of Sympathetic Stimulation

Glucose released

Relaxed

Decreased urine output and
asiss KidneyJ! s34 ay3sl INCreasec \renin)secretion

Relaxed (slight)
Contracted

Ejaculation Y |

Constricted
Constricted (adrenergic o)

Dilated (adrenergic [3,)
Dilated (cholinergic)
Constricted

Increased

Increased
Increased

Increased up to 100%
Increased

Increased

Contracted

Increased glycogenolysis
Increased strength

Lipolysis

Effect of Parasympathetic Stimulation

Slight glycogen synthesis
Contracted
None

Contracted
Relaxed

Erection . < ke

None
None

None

None

None
None

None
None

None
None

None

None

epinephrine and) s ¢!
Norepinephrine

r{IN] ._}a‘u....;.ﬂ saldiiul ope ylasys
energy utilization Lele 3l
Glall e w3l 5l

bazal ;s sy aa el
metabolic rate
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Autonomic Effects on Various Organs of the Body

Organ
Liver

Gallbladder and bile ducts
Kidney

Bladder
Detrusor

Trigone
Penis

Systemic arterioles
Abdominal viscera
Muscle

Skin

Blood
Coagulation

Glucose
Lipids

Basal metabolism

Adrenal medullary secretion
Mental activity

LY G jued 28y SBliac iloerector muscles

Skeletal muscle

4/19/284¢ cells

Effect of Sympathetic Stimulation
Glucose released

Relaxed

Decreased urine output and
increased renin secretion

Relaxed (slight)
Contracted

Ejaculation

Constricted

Constricted (adrenergic o)
Dilated (adrenergic §;)
Dilated (cholinergic)
Constricted

Increased

Increased
Increased

Increased up to 100%
Increased

Increased

Contracted

Increased glycogenolysis
Increased strength

Lipolysis

Effect of Parasympathetic Stimulation

Slight glycogen synthesis
Contracted
None

Contracted
Relaxed

Erection

None
None

None

None

None
None

None
None

None
None

None

None
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Cholinergic synapse: Synthesis, release and degradation of
acetylcholine

Acetylicholine (ACh) is

Synthesis of acetylcholine

Choline
Acetyl-CoA + Choline —2ewiransterase . A catylcholine

Acetyicholinesterase (AChE) cell

4/19/2023 30
Organophosphate—> inhibit Acetylcholinesterase = accumulation of Ach—> salivation,
diarrhea, lacrimation.



Cholinergic synapse: Synthesis, release and degradation of

e il o i sl . ERRRYICTYGI TV
asis SSLEI 35 o) o 0y ad G 15 5,LEY] sl da ale s
(post ganglionic neuron) LSGLEI s WAl o6 i ae alaSYL
JLII ga 00 @il SISGLETN o A SLOY ] Jae <L Lol )1 DY
enzymatic degradation s saaall
S g oLzl 3l i aa e gl acetylcholinesterasev S Sua
acetyicholine
oeals Jalks e 3:LS) gl Bliadl Jal fe dulaadl sia Saa5
sbug SSGLED LS 5 saaall (Il Ccholing ssass IS Jilg 335
Sida e Sl 5 SO walaanl

Synthesis of acetylcholine

Choline
Acetyl-CoA + Choline —2eWiransterase . Acetylcholine

ALl Juds Lot oay Tags Taglas yua) 1ol S
‘degradation 4! jeas 2l dla le
sia sa¥ Ll suasll GLLEI o6 acetylcholine oSI5 Y
wsall o8 asniiu gl organophosphate Jie oUadll
Jio uliall oAV ol Guns alel Saaa, warfares
4/19/2023 dwilsed] Sluadll 3uals F saalls Slalll ol 30




2 o Facilitated
Cholinergic synapse: e syranti _\ G'uim diffusion
synthesis, release and e SR &c:i L, [ Giveolysis

degradation of acetylcholine
Mitochondrion

@ Acetyl group from
pyruvic acid + coenzyme-A

Choline acetyltransferase

Vesicle containing
neurctransmitter
Vesicular ) <€
cetykchoh i
“Wransporter \> el
o
° -»
. o B e |
Haall ¢ M\ Jaad e ©  Acetyicholine . ©  © S
s © Choline esterase
. (— Acetylcholine
O ) \JG acetate o *

Cholinergic
racaptor
Postsynaptmc



Catecholamine= Dopamine, NE, E

Synthesis , release and termination of action of NE

aalalal) 28 g3 Sympathetic J) 4

Catecholamine J aaa Adrenal medulla J) NI aall 13

Termination of action of NE Ty P,ejuncﬁm,wl;;:;ﬁous eleal) yald 7
+ Reuptake into the adrenergic nerve 0 o
endings by an active transport %
process, accounting for removal of Axon b
50 to 80% of the secreted g ~ 1
n(.)rep.mephrme Dopa —DA— N%BH_,'NE_,éPostjunctional
* Diffusion awa}/]from the nerve " Ay ¢ [p) Recwlor
endings into the surrounding body
fluids and then into the blood Nerve
. Terminal . Extraneuronal
* Destruction of small amounts by B 2~ Untake
tissue enzymes (one of these " L
enzymes Is mIQng%aming oxidase - Neuronal .
MX which Is found in the nerve presymate \*/cg* Reuptake 012
endings, and another is catechol-O- WA ermination J Lk
m th% ransterase (COMT), which is , ,
oresent iffuse y in the tissues Tyr, tyrosing; TH, tyrosine hydroxylase; DD, DOPA decarboxylase;

especially the liver). DA, dopamine; DBH, dopamine B-hydroxylase; NE, norepinephrine



@

Synthesis , release and termination of action of NE

n&

Termination of action of NE v § °$w¢. Tyr prejncional @
Reuptake into the adrenergic nerve VY o (0 s g Blood
endings by an active transport
process, accounting for removal of Axon
50 to 80% of the secreted '
norepinephrine 3as Gupeanl] [Aall has

@
Q-

oY Lasic Llaall (4345
Diffusion awamfrom the nerve s, ia. e Ll ol
endings into the surrounding bod?
fluids and then into the blood

Destruction of small amounts by
tissue enzymes (one of these

enzymes IS,r%o,n%amxguzﬂdas.e
MAOQO), which is found in the nerve

endings, and another is catechol-O-
. r ferg » OMT SRS Tyr, tyrosine; TH, tyrosine hydroxylase; DD, DOPA decarboxylase;
g;gseec?at | | t# eS el is\ll g;)t € tissues DA.' dopamin.e; dBH. dopamine B-hydn')xyla’se; NE, norepinephrin.e
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Secretion and synthesis of Ach and NE by Postganglionic Nerve

sas autonommic! o

Endlngs ¥ LS] Gusnanll LA fl‘.l...u"l;éson:atic‘,d
IC ¢ Y0 D) apas : : P L e | . 5 Laall go gauaal
$omabc(}b o) o Sunabis \p _us Lo RSN Jia LSS Neuromuscular junction

(1,9l Jil)”s.&matic
» Many of the parasympathetic nerve fibers and

almost all the sympathetic fibers merely touch
the effector cells.

» Autonomic postganglionic unmyelinated C
fibers have bulbous enlargements called
wai ,ase i o~ varicosities; it is in these varicosities that the
s ol dle transmitter vesicles of acetylcholine or

o Slaces norepinephrine are synthesized and stored.
s4=== 5 Once an action potential spreads over the terminal fibers, the depolarization process
Seysdll fea¥l iIncreases the permeability of the fiber membrane to Ca2+, allowing these ions to

diffuse into the nerve varicosities. The calcium ions in turn cause the terminals or
varicosities to secrete the transmitter substance to the exterior.

» Ach is synthesized and stored in vesicles in the varicosities of the cholinergic
nerve fibers in highly concentrated form until it is released

4/19/2023



varicosities

Postganglionic
neurotransmitter

Preganglionic
neurotransmitter

Varicosity

Preganglionic fiber ' Postganglionic fiber

I Autonomic ganglion

Central Effector organ
nervous
system © Brooks/Cole - Thomson Leaming

Realise to neurotransmitters)) aulexs a o8 varicosities 2a o <3 ‘e Y ¢ somaticd) (s ) 4aal § synapsis , cila
: A9 5 R e, 3 L

4/19/2023 34



MCQ

* Which of the following statements about the parasympathetic nervous
system is correct?

A. Postganglionic parasympathetic nerves release acetylcholine to activate
muscarinic receptors on sweat glands 2\ i e i

B. Parasympathetic nerve activity affects oy smooth muscles and glands——J

@ Parasympathetic nerve activity causes contraction of smooth muscles
' of the gastrointestinal wall and relaxation of the

gastrointestinal sphincter
D. Parasympathetic nerve activity causes dilation of the pupil A

E. Anincrease in parasympathetic activity causes an increase in heart rate X .
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