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Autonomic Nervous System

Parasympathetic Sympathetic

Preganglionic
neuron: soma is
usually in the brain-
stem or sacral
(toward the bottom)
spinal cord
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Neurotransmitter
released from the
preganglionic
synapse:
acetylcholine

Postganglionic
neuron: soma is
usually in a
ganglion near the
target organ

Neurotransmitters
released from
postganglionic
synapse:

acetylcholine or nitric

oxide

Target organ Target organ
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Preganglionic
neuron: soma is
usually in the spine
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Postganglionic
neuron: soma is in a
sympathetic

ganglion, located next
to the spinal cord

Neurotransmitters
released from
postganglionic
synapse:
norepinephrine
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Types of synapses in ANS

1) Neuron-neuron synapse, between the pre- and
postganglionicfiber (Ganglia).

2) Neuron-effector organ synapse, nerve end of
postganglionicfiber and the organ.

Types of the autonomic nerve fibers:-

According to the type of chemical mediator, the

ANF are classified into:
1- Cholinergic nerve fibers whercts as
Chem Te al mediato r Depatrsenficn s

2- Adrenergic nerve fibers where/\N;%cts as
chemical mediator. ot alrline
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|- SYNTHESIS, STORAGE, RELEASE AND MET ABOLISM OF
ACETYLCHOLINE:

Nerve stimulation

(1) Synthesis:
ACh is synthesized in nerve terminal by the combination
of choline and acetyl COA (active acetate) using acetyl

choline transferase enzyme. _will sy ade et
(2) Storage: ;;’“éf,a&%“?ﬁw‘ﬁ’ e
ACh is transported for storage inside vesicles. "

(3) Release:

Nerve impulse causes influx of Ca**ions and release of

ACh from the storage vesicles by exocytosis.
~ T Mt on the ‘W’?h’(
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(4) Metabolism:

Mainly enzymaticallyby > b — spele Yo adw.

a) Acetyl cholinesterase cholinesterase),
which is found in the neurons and
neuromuscular junction and responsible for
hydrolysis of ACh that is released in the
process of cholinergic transmission.  ~%i= i i

b) Butyryl cholinesterase . W e

(pseudocholinesterase), which is found mainlyin

the plasma and liver.

e This metabolism can be inhibited by

anticholinesterases as neostigmine. mb»t&";“‘z—%
he s




Axon
terminal

Choline

. Acetate

Postsynaptic

Acetylcholine (ACh) is made
from choline and acetyl CoA.

In the synaptic cleft ACh is rapidly
broken down by the enzyme
acetylcholinesterase.

Choline is transported back into
the axon terminal and is used
to make more ACh.




- T f choli ' tors:
ypegef cholinergic receptors

a) Muscarinic receptors

M1 in the autonomic gang“a_ Depending on their location we will have the action
M., in the heart. s

M, in smooth muscles and secretory glands.

M, and M_ are recently discovered, found mainly in

CNS.

(b) Nicotinic receptors (/\H’/b%@

Ny mhe neuromuscular junction:selhk mede ehad? e b et
Ny In autonomic ganglia, adrenal medullaand CNS

(Nm = nicotinic muscle, Nn = nicotinic neuronal).



llI-Molecular mechanisms and signal
transduction of cholinergic receptors:

W (U)"Lk when Dink
(a) Nicotinic receptors:  [cotmuimidue e o gebe shupt t endein
J S e o foceptel ta it A -

Ligand - gated ion channels.»* .

Their stimulation increases the permeability to Na*

(b) Muscarinic receptors: Go-r o sl 7k

They are G-protein-coupled receptors,, b AT

M,: Gg, causes stimulation of(ﬁlﬁ@ﬁ‘iﬁb%causing

increase in the second messenger [Ca**, inositol

triphosphate (I P,) and diacylglycerol (DAG)]

M,: (i)(B and y subunits) causes opening of K* channels.
Githat causef adenyl cyclase which

iIncreases cAMP.

M,: Similar to M,. (g, —




T G Q&JQEM Mﬂ/ﬁg

gC/\ Pro)t"u‘w_ ol be sq)erea[ In}o St«bw»:gs
Ew‘ﬂ 80 )vJo o WZ»\Q : w?Jk (ubw":& sesomel w»eﬂsam{}c/tw uJiJX st Hhe A’?uﬁ
L:Gml/’ nomed @hosP\M.D)PaAe. aese 1Py /DA

Gs Stimulates adenylyl cyclase, which catalyses the
conversion of ATP to cyclic AMP

Gi Inhibits adenylyl cyclase, which catalyses the
conversion of ATP to cyclic AMP

Ga Stimulates phospholipase C, which cleaves PIP2 in the
cell membrane into IP3 and DAG



PHARMACOLOGICAL ACTIONS
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Drugs which act by direct ' inhibition of
binding to thejreceptors cholinester'ase enzyme

. tymporry -
i @ _ 1- Reversible cholinesterase
1-Cholinegesters:acetylcholine,

; inhibitors: physostigmine,
methacholine, carbachol and neostigmine, edrgEbBPi‘ﬂm;“ e

(%
hanechol. : : e
Ilzletta e"c © : @ 2) Irreversible cholinesterase =/
aturally occurring ~alkaloids: L
: Y 9 inhibitors:organophosphorus
pilocarpine, muscarine and

arecoline

Direct acting Indirect acting

compounds.
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Antimuscarinic drugs|  Antinicotinic drugs

Neuuscular blockers Gglion blockers




SYMPATHETIC

FIGHT

.

- —

Tlmancd yomas gewsasamnda, SoftTorseS Garwen sy, woirsast, Shosc e,
Py O S-tircoey, T tmsscie, SSegp Y. PR ETR O AR RS AR T e bW DSive e,
e el s s ¥ EER s e,




|-Synthesis, storage, release and termination of the
action of catecholamines

(I) Synthesis:

1- It occurs in the sympathetic nerve endings.
2-Tyrosine is actively transported from extracellular fluid to
sympathetic endings by Na* dependent carrier.

3- In the cytoplasm:

* Tyrosine is hydroxylated to DOPA by tyrosine hydroxylase
and this is the rate limiting step in the synthesis of
catecholamines

* DOPA is decarboxylated to dopamine by dopa
decarboxylase; dopa decarboxylase is non-specific enzyme
as it can also convert a-methyldopa to a-methyldopamine.




4- Dopamine 1s transported into the vesicle by a carrier. The same
carrier can transport NE and several other amines into these
vesicles.

5-Jnside the vesicles, dopamme is hydroxylated to NE.
6-In the adrenal medulla®and certain areas of the brain NE is
methylated to EP by N-methytransferase. Therewill b a process o

convert noradrenaline to

(I I) St O r a g e : adrenaline that will be treated

here as a hormone !!

-NE 1s stored m specific granules at the nerve endings.

I1I) Release:

1- Release of the transmitter occurs when the action potential
opens voltage-sensitive Ca™ channels leading to increase in the
intracellular Ca™ which cause fusion of the vesicles with the
surface membrane (exocytosis) resulting i expulsion of NE,
cotransmitters (as ATP and certain peptides) and ‘dopamine
hydroxylase

-The released NE acts on the adrenoceptors on the post-synaptic
membrane causing change in 1onic conductance.




(IV) Termination of the action of the released
catecholamines: o e e e

-It occurs by 2 mechanisms:

a) Active reuptake which 1s the most important mechanism
and includes: s ssmumecoumdi tipiny

-Uptake 1 mto the sympathetic nerve terminal which 1s the
most important

-Uptake 2 mto post-junctional cells (less important) to be
metabolism by COMT. headrenline st the vesice tvill e metabolised by MAO / COMT

b) Enzyvmatic metabolism by MAO and COMT:

-Both MAO and COMT are widely distributed throughout
the body including the bram with highest concentration in
liver and kidney. However, little or no COMT is found in

adrenergic neurons.
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For example

* cocaine

its an example of
sympathomimeter that will go
to the re-uptake one that wont
be able to be carried by the cleft
so the effect will be prolonged.

e antidepressant
doesn’t work as the cocaine

-other drugs work with

SYNTHESIS OF
NOREPINEPHRINE

e Hydroxylation of tyrosine is
the rate-limiting step.

UPTAKE INTO
STORAGE VESICLES

o 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

e Influx of calchum causes

fusion of the vesicle with
the cell membrane in a process
known as exocytosis.

® Release is blocked by
guanethidine and bretylivm.

REMOVAL OF

NOREPINEPHRINE

® Released norepinephrine is
rapidly taken into the neuron.

® Reuptake is inhibited by
cocaine and imipramine.

BINDINGTO

Urine <

B METABOLISM

® Norepinephrine is
methylated by COMT
and oxidized by MAO.

RECEPTOR

® Postsynaptic receptor
is activated by the
binding of neuro-
transmitter.
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Adrenergic receptors




Molecular mechanism and signal
transduction of adrenergic receptors:

(a) Beta receptors (B:.:and )

| They are G-protein-coupled receptors.

1 Their stimulation causes activation of Gs that stimulates
adenyl cyclase which increases cAMP.

(b) Alpha-1 receptors (a:) (similar to m:)

1 Their stimulation causes activation of Gg which stimulates
phospholipase Az, C and D that increase the second
messengers (I P; DAG and Ca.+).

(c) Alpha-2 receptors (a.) (similarto M)

| Their stimulation causes:

- Activation of Gi which inhibits adenyl cyclase that decreases

cAMP.
- Activation of Gi (B and y subunits) which opens K. channels.




Mainly in the blood vessel responsible for

the tone of blood pressure (contraction

and relaxation) o o

= in cases of alpha one Gq in the smooth a 1 Stl m u I atl On
muscles of the vessel when stimulated it

will be contracted so will cause high
blood pressure (hypertension)

V' c Will be shorten

B\
| ‘\':\‘ b| 1
L&Y hyperkalemia
W 1 |
W N ibiti
0 Inhibition of the
Ny © 1 sodi i
N sodium potassium
| AN 27 pump so the
e e :1 \\\‘gw potassium will be
110m U provdie énd | X — " outside the cell
seminal vesies ‘ :

Mydriasis

ejaculation



a 2 stimulation(inhibitory)

Will result inhibition of all
sympathetic in the brain

Alpha
Adrenergic
Synapse

Ventricles
(fluid-filled spaces)

Negative
Feedback

Alpha,
receptor
P N
Clonidine
Dexmedetomidine

Alpha, receptor ' /

- Sympathetic
Inhibit NE, epinephrine flow
and Ach

Inhibit insulin release



B 1 stimulation

M renin release 1 all cardiac properties

Conduction / contractility / rate



Increase tranmition in the
neurotransmitters

[remars

~

B 2 stimulation 66

Relaxation by pro stoke

And M3 /

(coronary and skeletV \

/

In liver

Bronchodilatation Glycogenolysis: P glucose blood level
Gluconeogenesis: 1 glucose blood level

1K uptake by muscles : hypokalemia



B 3 stimulation

+ lipolysis



Adrenergic Agonists
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Direct-Acting Indirect-Acting Mixed-Acting
Endogenous Specific Release of Reduce Catecholamine Direct and
Catecholamines Adrenergic Stored Catecholamine Reuptake Indirect
Receptor Agonists| | Catecholamines Metabolism Inhibitors Effects
Epinephrine Phenylephrine Tyramine MAQ Inhibitors Cocaine Ephedrine
Norepinephrine Dobutamine Amphetamine | | COMT Inhibitors




Antiadrenergic Drugs

v v
Adrenoceptor Blockers Adrenergic Neuron Blockers

v v
D . I.I -I- D .vl .I -I. D . I.I .lo

NE synthesis NE storage NE release
Methyldopa Reserpine Bretylium
Methyltyrosine Guanethidine
ARG e W emmemmm— WA , 2NN
 a-Blockers = Botha&p-Blockers | = pB-Blockers
- | v e.g. Labetolol ¢ ] ¥
Non-selective Selective Non-selectiv Selective
Phenoxybenzamine Propranolol
v v v v
a1 Blockers a2 Blockers B1 Blockers B2 Blockers
Prazosin Yohimbine Metoprolol Butoxamine
Atipamezole Atenolol
Idazoxan Acebutolol

Esmolol



The Autonomic Nervous System

Sympathetic Parasympathetic
NorEpi ACh

mydriasis S Ganglia (N) miosis

-- . £

reduced saliv é

— stimulated saliva flow
CS ; -
increased SV '

I ‘ . decreased HR

vasoconstriction
> =4\

bronchoconstriction

reduced peristalsis & secretion —@ @
Sympathetic

ganglia (N) stimulates peristalsis
@ _‘L . - & secretion

glycogen—> glucose

epinephrine stimulates bile release
release
i -

B, bronchodilation bladder contraction
inhibition of bladder contraction (not innervated)




