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Topic 4: Autonomic nervous system

 Weekb

* Day 1
e Lecture 1: Introduction to ANS and neurotransmitters.

* Lecture 2: Adrenergic and Cholinergic receptors.

« Day 2

* Lecture 3: Drugs affecting cholinergic and adrenergic
systems.



Introduction to ANS and neurotransmitters

» Organization of the nervous system.

» Anatomy of the autonomic nervous system(ANS).

» Action of sympathetic and parasympathetic nervous system.
» Role of CNS in the control of ANS

» Chemical signaling between cells ( neurotransmitters).

» Signal Transduction in the effector cell
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Organization of the nervous system
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Sympathetic nervous system

Anatomy of
the ANS
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(fight or flight) (rest and digest)
Action of sympathetic and parasympathetic nervous system

oy BPJls JHRA 83L ) 4 yua mars BPJ)s JHRJ) Ju 7 (92 *HR = heart rate
digestiond) wlilead block ~ digestiond! <lee e 3 il .
e ST BP = blood pressure
'Fight or flight"
stimuli "Rest and digest”
stimuli
Sympathetic and para-
sympathetic actions

often oppose each other

&
’, [ =
. & %
__ Sympathetic output Parasympathetic output
(diffuse because postganglionic (discrete because postganglionic
neurons may innervate neurons are not branched, but
more than one organ) are directed so a specific organ)

» Most of the involuntary organs receive "dual (double) innervation”.
Sympathetic and parasympathetic actions are antagonistic except the action on:

a. Salivary glands (both increase salivation) Jeiudty organsd! (s (edaall Lullall ple JS4,
. ey oS aglad S s cpe sl (e stimulation
b. Male sex organs is complementary to each other st 2 exceptionsd) Ll
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Action of sympathetic and parasympathetic nervous system

43 40
accommodated
< ) para o
40 o Ay
(3l 5 4 Al

>

Red = Sympathetic actions LACRIMAL GLANDS
Blue = Parasympathetic actions Z . . .
- K Stimulation of tears
EYE
Contraction of iris radial g
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TRACHEA AND BRONCHIOLES

Dilation

Constriction, increased secretions HEART
, Increased rate; increased contractility

ADRENAL MEDULLA Decreased rate; decreased contractility

Secretion of epinephrine and norepinephrine

KIDNEY

Secretion of renin ([}, increases;
(1, decreases)

GASTROINTESTINAL SYSTEM

Decreased muscle motility and tone;
contraction of sphincters

Increased muscle motility and tone

URETERS AND BLADDER GENITALIA (female)
Relaxation of detrusor; contraction / TR Relaxation of uterus
of trigone and sphincter . A BLOOD VESSELS
Contraction of detrusor; ' (skeletal muscle)
relaxation of trigone and sphincter Dilation
GENITALIA (male)
Stimulation of ejaculation | . BLOOD VESSELS
Stimulation of erection (skin, mucous membranes, and
. 1 splanchnic area)

Constriction
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Differences between sympathetic and parasympathetic
nervous system

SYMPATHETIC PARASYMPATHETIC

. forict Thoracic and lumbar region of the Brain and sacral area of the spinal cord

Sites of origin spinal cord (thoracolumbar) (craniosacral)
. Short preganglionic Long preganglionic

Length of fibers Long postganglionic Short postganglionic
Location of ganglia Close to the spinal cord Within or near effector organs
Preganglionic fiber branching Extensive Minimal
Distribution Wide Limited
Type of response Diffuse Discrete




Innervation by the ANS

1- Dual innervation:

- Most organs

- One system usually predominates in controlling the activity of a
given organ.

2- Sympathetic innervation:
Such as adrenal medulla, pilomotor muscles and sweet glands.
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Role of CNS in the control of ANS

« Reflex Arcs: Most of the afferent impulses are involuntarily translated into reflex
responses.  response Wam juas (lic braind! impulsesd! das A s afferentd 4l LSs L s )

* For example, a fall in blood pressure causes pressure-sensitive neurons
(baroreceptors in the heart, vena cava, aortic arch, and carotid sinuses) to send
fewer impulses to cardiovascular centers in the brain. This prompts a reflex
response of increased sympathetic output to the heart and vasculature and
decreased parasympathetic output to the heart, which results in a compensatory
rise in blood pressure and heart rate. brain! s« baroreceptorsd) du 5 7 aall Jaaa Jay Lal St

,parad) 1 s sympatheticd s 7 ) Cua o) o) 8% lie
BPJ &d 1 g2,

 Emotions and ANS: Stimuli that evoke strong feelings, such as fear, and

pleasure, can modify activities of the ANS. .., <., hoin0 S emotionsd Al Ul
v Mia 5l vomiting L s parasympatheticd!
& saall I8 Duiad Jeay 3ol o sl



Baroreceptors
reflex arc

n AFFERENT INFORMATION

Sensory input from the viscera:

® Drop in blood pressure

® Reduced stretch of baroreceptors
in the aortic arch

® Reduced frequency of afferent
impulses to the medulla (brainstem)

a REFLEX RESPONSE

Efferent reflex impulses via the
autonomic nervous system cause:

einhibition of parasympathetic and
activation of sympathetic divisions

elincreased peripheral resistance
and cardiac output

elincreased blood pressure




Signaling between cells

Endocrine signaling
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Chemical signaling between cells

(neurotransmitters).
"

| S nerved
The activity of ANS is based signald s
on the presence of specific
"neurotransmitters® acting

on specific "receptors”

effectedd)
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Membrane receptors

* All neurotransmitters are too hydrophilic
to penetrate the lipid bilayers of target
cell plasma membranes. |

* Neurotransmitters signal is mediated by &y
binding to specific receptors on the cell
surface of target organs.

* Receptor: is a recognition site for a sub- '
stance. It has a binding specificity and is s neurotransmittersd! < L
coupled to processes that eventually 3 5 L 4d) iy ke hydrophilic

s Glie cell membraned) s
evoke a response. s iy | gLy (e receptors

* Most receptors are proteins. neurotransmitterd!

s ,protein kinase C / G protein / ion channels : (8 (Sas receptorsd!
2" messengers (sS85l permeabilitydh sl (Sas Cua AdliAs Lelae 43
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TypeS Of NeUFOtran3m|tte rs 50 neurotransmitters

* The most commonly neurotransmitters involved in the actions of
therapeutically useful drugs are acetylcholine,
norepinephrine, epinephrine, dopamine, serotonin,
histamine, glutamate, and y- aminobutyric acid.

 Acetylcholine and norepinephrine are the primary chemical signals
in the ANS. epinephrine ! 4Lyl

* |[f transmission is mediated by acetylcholine, the neuron is termed
cholinergic neuron.

* |[f transmission is mediated by norepinephrine, the neuron is
termed adrenergic neuron.



Summery of the neurotransmitters release within the ANS
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Receptors coupled to ion
channels (ionotropic receptors)
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Signal Transduction in the effector cell

Receptors coupled to adenylyl
cyclase (metabotropic receptors)
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Adrenergic and cholinergic receptors

* Introduction to cholinergic neurons.

* Synthesis and release of acetylcholine.
* Types of cholinergic receptors

* Introduction to adrenergic neurons.

* Synthesis and release of adrenaline.

» Types of adrenergic receptors.



Introduction to cholinergic neurons

[Sympatheticinnervation Sympathetic Parasympathetic | '
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Synthesis and release of acetylcholine

Choline j{: Choline

Na* Na* AcCoh L SYNTHESIS OF
'(ar‘\ ACETYLCHOLINE
: ® Tran:portof choline is

. inhibited by hemicholinium.
Acatylcholine
l émw—\

UPTAKE INTO
RECYCLING STORAGE VESICLES
OF CHOLINE = L 'Ately‘l‘:hollr is prot:hcled

J t P

- Sibane, | " i

o N‘) Ca®t " -}:’/‘l fousgm::‘k

B RELEASE OF

NEUROTRANSMITTER

® Release is blocked by
botulinum toxin,

® Spider venom causes
release of acetylcholine,

j—
B DEGRADATION OF
ACETYLCHOLINE

® Acetyleholine is rapidly
h.{:;olyzod by gu';'yl- } ﬂ BINDING TO THE
C Inestarasa in the \ e - 2
synaptic cleft. RECEPTOR

® Postsynaptic receptoris
activated by binding
of the neurotransmitter.

INTRACELLULAR RESPONSE
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Types of cholinergic receptors

m Muscarinic receptors

Acotylcholine  Nicotine

! l !
m_g{m:__A E @"ﬁu}?&
h___.:ﬂ‘li'\cr:?ty

Located in: Autonomic
effector organs such as
heart, smooth muscles,

brain and exocrine glands.

B Nicotinic receptors

Muscarine Acetylcholine

G

- @
! |
A

Low High
affinity affinity

Located in: CNS, adrenal
medulla, autonomic ganglia and
neuromuscular junction(NMJ) in
skeletal muscles. :



Muscarinic receptors

gde juad dlle HIK Fffinityd) 0S5 7 receptorsd) ge by §143Y alw alkaloidsd)!
Continuous parasympathetic stimulation

* These receptors belong to the class of G-protein—coupled
receptors (metabotropic receptors).

* These receptors recognize muscarine, an alkaloid in
certain poisonous mushrooms.

* There are five subclasses of muscarinic receptors; however, only
M1, M2, and M3 receptors have been functionally characterized.

M1: Gastric Parietal cells digestiondle 2=l secretion of acidsd! dage M1J) sl
M2: Cardiac cells and smooth muscles
M3: Bladdes, exocrine gland and smooth muscles
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Mechanism of acetylcholine signal transduction

Activation of the M2
subtype on the
cardiac muscle
stimulates a G-
protein that inhibits
AC and increases K+
conductance. The

heart responds with

a decrease in rate
and force of
contraction.

K’ M2R/M4R

Extracellular

Cytoplasmic

cAMP V¥
llllllllllll % G protein
® cocF QD G protein
w nnnnnnnnnn —

AC: Adenylyl cyclase .

M1R/M3R/ Ca”

‘MSR v Activation of M1 or M3
1l subtypes are activated,
@ " o the receptor undergoes

a conformational

BLC change and interacts
} with a G-protein that
":3 BAG] activates PLC.
4
Ca™ PKC h,

proteind! phosphorylationd! g J 55w

IP3: inositol-1,4,5,-triphosphate
PLC: Phospholipase C.
PKC: protein kinase ¢



muscle smoothdb ! o= 3,8 heartdu
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Contractilityd s Heart rated! x @

second messenger system Jaz; 2 5 plcd! activation Jazxd AN Wl
DAG 5 response e yuai secretion cad s A ip3d) D&
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Nicotinic receptors

* The nicotinic receptor is composed of five subunits, and it functions
as a ligand-gated ion channel (ionotropic receptor).

. Binding of two Ach molecules elicits a conformational change that
allows the entry of sodium ions, resulting in the depolarization of
the effector cell.

* Nicotine at low concentration stimulates the receptor, whereas
nicotine at high concentration blocks the receptor.

 The nicotinic receptors of autonomic ganglia differ from those of the
NMJ.
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Adrenergic neurons

» Adrenergic neurons release norepinephrine as the primary
neurotransmitter. These neurons are found n the sympathetic nervous
system, where they serve as links between ganglia and the effector organs.

* The adrenergic drugs affect receptors that are stimulated by
norepinephrine or epinephrine.

« Sympathomimetics: adrenergic drugs act directly on the adrenergic
receptor (adrenoceptor) by activating it. > Act as agonist to the sympathetic system

« Sympatholytic: block the action of the neurotransmitters at the receptors.

X Act as antagonist (L = 5)



Adrenergic neurons
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Synthesis and release of norepinephrine from the adrenergic neuron

*NE = norepinephrine

Synthesis of NE 1-uptake of tyrosine then it's
hydroxylated into dopa then it’s either degraded by
MAO to inactive metabolite then secreted to urine or
decarboxylated into dopamine
agd S JS) e (e vesicles | s adand (aely sall (e
83 92 ga Leliat ATP Leas vesicles J) sl aedl (7 el (o2 JEi
release of e juarscad alhd AP e juay Sa
release of norepinephrine s2= neurotransmitter

al juay (paxs postsynapticdle aldl ae hasi b NEJ) Jla
metabolism by COMT, THEN ITS SECRETED INTO
URINE

synaptic region Ju Jay J presynapticd) e a2d) g«
metabolism 4 sy

SYNTHESIS OF
NOREPINEPHRINE

® Hydroxylation of tyrosine is
the rate-limiting sup.

Urine <,

Urine <

- metabolites
Tyrosine
m‘

y
0
c.!‘\:z'”

Inactive

Inactive €]

metabolites -

REMOVAL OF
NOREPINEPHRINE
® Released n

orepinephrine
rapidly taken into the nouton

® Reuptake is inhibited
up_md by

"vu’r

UPTAKE INTO
STORAGE VESICLES
® Dopamine enters a vesicle

and is converted to
norepinephrine.

® Norepinephrine is protected
from degradation in the
vesicle.

® Transportinto the vesicle is
inhibited by reserpine.

RELEASE OF
NEUROTRANSMITTER
o Influx of calcium causes
fusion of the vesicle with

the cell membrane in a process
known as exocytosis.

® Release is blocked by
guanethidine and bretylium.

Urine < -

B METABOLISM

® Norepinephrine is
methylated by COMT
and oxidized by MAO.

T metabolites

Catechol-0-
methyltransferase
COMT)

SYNAPTIC
SPACE

N/
INTRACELLULAR RESPONSE

RECEPTOR

BINDINGTO
® Postsynaptic receptor
is activated by the
binding of neuro-

transmitter.

|
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Adrenergic receptors (adrenoceptors)

- . | o. Adrenoceptor
. Two families of receptors, designated kel e

Norepinephrine

a and B, Were initia”y identified Epinephrine Isoproterenol

b 4 v v

based on their responses to the
adrenergic agonists: epinephrine,
norepinephrine, and isoproterenol.

o. Receptor

High m— LoV
;af'ﬁmty affinity )
» Alterations in the primary structure of [} B Adrenoceptors
the receptors influence their affinity e

for various agents.

specificityd) «a classificationd) <= 2 )Y
& specific 0sS adrenoceptor JS

B Receptor

High b———— Low
 affinity affinity |
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Adrenergic receptors (adrenoceptors)

 The a -adrenoceptors are subdivided into two subgroups,
a1 and a 2, based on their affinities for a agonists and
antagonists. The a1 and a2 receptors are further divided into
a1A, a1B, a1C, and a 1D and into a2A, a 2B, a 2C, and a2D

 The B -adrenoceptors are subdivided into two subgroups,
B1, B2 and B3, based on their affinities for § agonists and
antagonists.

Beta-1 = in heart
Beta-2 =2 mainly in skeletal muscles
Beta-3 = mainly in adipose tissue



Second messengers mediate the effects
of a receptors

Synaptic | production of cAMP, L i 7 5 58 (Sas release of norepinephrine gic Jba

vesicle leading to an inhibition

of further release of activation Je= s effected organdb alpha-1 receptordy

norepinephrine from

| theneuron. | wad o sl 2 58 IP3 5 DAG JLié phospho-inositidesd!
AR Cellular response in effected Oregon sxie

0.2 Receptors
Activation of the

Adenylyl
cyclase

inhibition of Jex2 #_, mainly inhibitory 3, a2db das )
4xiay 5l release of NEJ) J2d, Campd Jié cyclase adenylyl

o, Receptor

DAG = diacylglycerol

IP3 = inositol trisphosphate
ATP = adenosine triphosphate
cAMP = cyclic adenosine
monophosphate.

Membrane 0 2+
phospho- —< :> Ca
inositides 1P N

0.1 Receptors

Activation of the receptor increases
production of DAGnd IP ;leading
to an increase in intracellular
calcium ions.
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Adrenergic receptors (adrenoceptors)

* B1 Receptors have approximately equal affinities for
epinephrine and norepinephrine, whereas 32 receptors have
a higher affinity for epinephrine than for norepinephrine.

 Tissues with a predominance of 32 receptors (such as the
vasculature of skeletal muscle) are particularly responsive to
the hormonal effects of circulating epinephrine released by the
adrenal medulla.

- Binding of a neurotransmitter at any of the three 3 receptors
results in activation of adenylyl cyclase and, therefore,
increased concentrations of cAMP within the cell.
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Adrenergic receptors (adrenoceptors)

**Very important slide**

. Increased peripheral
resistance

Increased blood pressure

Mydriasis

— Increased closure of
internal sphincter of
the bladder

release

— Inhibition of acetylcholine
release

— Inhibition of
insulin release

[ ADRENOCEPTORS |
[in |
) [ : [ i - | 1
presynaptic ‘
o, ® heurons) ] In heart B, B, ]
— Inhibition of ) -
— Vasoconstriction nnorlep;i::)er;)?\rine — Tachycardia Vasodilation

— Increased lipolysis

— Increased myocardial
contractility

Increased release
of renin

(U= e beta-2 s alpha-1 4 Lhadly)

Decreased peripheral
resistance

Bronchodilation

Increased muscle
and liver glycogenolysis

Increased release
of glucagon

Relaxed uterine
smooth muscle

Heart: predominantly 31 receptors

,(324) asthmad) (= 1 ge Leeddinis beta-2J)

bronchoconstriction adic ()5S 43) )

Vasculature of skeletal muscle: a1 and B2, 2 > a1
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Adrenergic receptors (adrenoceptors)
Desensitization of receptors

* Prolonged exposure to the catecholamines reduces the responsiveness
of these receptors, a phenomenon known as desensitization.

* Three mechanisms have been suggested to explain this phenomenon:

- 1) Sequestration of the receptors so that they are unavailable for
Interaction with the ligand.

- 2) Down-regulation, that is, a disappearance of the receptors either by
destruction or decreased synthesis

« 3) An inability to couple to G protein, because the receptor has
been phosphorylated on the cytoplasmic side.
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