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LECTURE 4, PART (1)- SYMPATHETIC VERSUS PARASYMPATHETIC RESPONSES.
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SOMATIC NERVOUS SYSTEM (SNS) (CONSCIOUSLY

CONTROLLED)

. Sensory neurons that convey information to CNS from
somatic receptorsﬁn the head, body wall, and limbs and from
receptors for the special senses of vision, hearing, taste, and
smell.|

. Motor neurons that conduct impulses from the CNS to

skeletal muscles only.
Z-Effector in SNS




AUTONOMIC NERVOUS SYSTEM (ANS) (INVOLUNTARY)

1. Sensory neurons that convey information to CNS from
autonomic sensory receptors, located primarily in blood
vessels, muscles, the nervous system, and the visceral
organs such as the stomach and lungs.
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2. Motor neurons that conduct nerve impulses from the

CNS to smooth muscle, cardiac muscle, and glands.
““> Effector in ANS

Note: The motor part of the ANS consists of two branches,
the sympathetic division and the parasympathetic
division.
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AUTONOMIC NERVOUS SYSTEM (ANS) (INVOLUNTARY)

Unlike skeletal muscle, tissues innervated by the ANS often

function to some extent even if their nerve supply is damaged.
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1- The heart continues to beat when it is removed for transplantation

into another person. -l il tle o jaal e

2- Smooth muscle in the lining of the gastrointestinal tract contracts
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3- Glands produce some secretions in the absence of ANS control.
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AUTONOMIC NERVOUS SYSTEM (ANS)

INVOLUNTARY

= Myelinated somatic motor neuron extends from the
central nervous system (CNS) all the way to the
skeletal muscle fibers in its motor unit.
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= Unlike somatic output (motor), the output part of
the ANS has two divisions: the sympathetic

division and the parasympathetic division.



AUTONOMIC NERVOUS SYSTEM (ANS)

INVOLUNTARY

= In some organs, nerve impulses from one division of the
ANS stimulate the organ to increase its activity
(excitation), and impulses from the other division

decrease the organ’s activity (inhibition).
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= For example, an increased rate of nerve impulses from the
sympathetic division increases heart rate, and an
increased rate of nerve impulses from the
parasympathetic division decreases heart rate.
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The first neuron (preganglionic neuron) has
its cell body in the CNS; its myelinated axon
extends from the CNS to an autonomic
ganglion. (Recall that a ganglion is a

collection of neuronal cell bodies in the
PNS))

ANS 513l aaandl Hlgadl o8 ST oo (Preganglionic nerve fibers) sadall daslus dasas LI
daldicud adall ol &;‘}SJJ.I waaadl jlgadl (e sias g(myelinated) gisls sazy blas jgall ey
.(atonomic gangilion)



The cell body of the second neuron (post
ganglionic neuron) is also in that same
autonomic ganglion; its unmyelinated axon
extends directly from the ganglion to the
effector (smooth muscle, cardiac muscle, or a
gland).
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Alternatively, in some autonomic
pathways, the first motor neuron
extends to specialized cells called
chromaffin cells in the adrenal medullae
(inner portions of the adrenal glands) rather
than an autonomic ganglion. Chromaffin
cells secrete the neurotransmitters
epinephrine and norepinephrine (NE).
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All somatic motor neurons
release only acetylcholine (ACh) as

their neurotransmitter, but
autonomic motor neurons
release either ACh or

norepinephrine (NE). (<% ~=D




Comparison of Somatic and Autonomic
Nervous Systems

5
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) ' : (myelinated) Skeletal' muscle—
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Spinal cord Effector

(a) Somatic nervous system
Copynght © 2005 John Wiley & Sons. Inc. All rights reserved.
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Copynght © 2005 John Wiley & Sons. Inc. All ights reserved.



ANS Motor Pathways
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Is often called the fight-or-flight division.

Result in increased alertness and metabolic activities in
order to prepare the body for an emergency situation

(i.e. rapid heart rate, faster breathing rate, dilation of
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PARASYMPATHETIC DIVISION

aiaglly dal,l
Is often referred to as the rest-and-digest division
because its activities conserve and restore body energy

during times of rest or digesting a meal.
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Conserves energy and replenishes nutrient stores.
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- Although both the sympathetic and
parasympathetic divisions are
concerned with maintaining
homeostasis, they do so in dramatically
different ways.  .wioicum s sm w s o o
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ANS NEUROTRANSMITTERS
AND RECEPTORS
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CHOLINERGIC NEURONS AND RECEPTORS

- Cholinergic neurons release the neurotransmitter
acetylcholine (ACh).

=In the ANS, the cholinergic neurons include (1) all

sympathetic and parasympathetic preganglionic
neurons, (2) sympathetic postganglionic neurons
that innervate most sweat glands, and (3) all
parasympathetic postganglionic neurons.



CHOLINERGIC NEURONS AND
RECEPTORS
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5 Cholinergic neurons release
acetylcholine; adrenergic neurons release
norepinephrine. Cholinergic receptors
(nicotinic or muscarinic) and adrenergic
receptors are integral membrane proteins
located in the plasma membrane of a
postsynaptic neuron or an effector cell.
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Effector cell

| Cholinergic and

Adrenergic Neurons
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CHOLINERGIC NEURONS AND RECEPTORS

Activation of nicotinic receptors by ACh
causes depolarization and thus excitation of
the postsynaptic cell, which can be a
postganglionic neuron, an autonomic
eftector, or a skeletal muscle fiber.




CHOLINERGIC NEURONS AND RECEPTORS

= Activation of muscarinic receptors by ACh
sometimes causes depolarization
(excitation) and  sometimes  causes
hyperpolarization (inhibition), depending
on which particular cell bears the
muscarinic receptors.
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CHOLINERGIC NEURONS AND RECEPTORS

Because acetylcholine 1S quickly
inactivated by the enzyme
acetylcholinesterase (AChE), effects
triggered by cholinergic neurons are brief.
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| ADRENERGIC NEURONS AND RECEPTORS

- Adrenergic neurons release norepinephrine (NE), also
known as noradrenalin.

- Most sympathetic postganglionic neurons are adrenergic.

- Like ACh, NE is stored in synaptic vesicles and released
by exocytosis. LA 318) dacalss L) g $Lite dliassa od NE op3as ok « ACH Jis

- Molecules of NE diffuse across the synaptic cleft and bind
to specific adrenergic receptors on the postsynaptic

membrane, causing either excitation or inhibition of the
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| ADRENERGIC NEURONS AND RECEPTORS

- Adrenergic receptors bind both norepinephrine
and epinephrine.

a8 aagd o3l ¢ (0) By (1) Ll ot Loa L, odiiune o Gl olesil
Sudall Tad) Lggll Twemall jolall aline S e ascall @ satall

- The two main types of adrenergic receptors are
alpha («) receptors and beta () receptors, which are
found on visceral effectors innervated by most
sympathetic postganglionic axons.




| ADRENERGIC NEURONS AND RECEPTORS

- These receptors are further classified into subtypes—
al, «2, P1, P2, and P3— based on the specific
responses they elicit and by their selective binding of
drugs that activate or block them. Although there are
some exceptions, activation of al and 31 receptors
generally produces excitation, and activation of and
a2 and B2 receptors causes inhibition of effector
tissues.




| ADRENERGIC NEURONS AND RECEPTORS

- Norepinephrine stimulates alpha receptors more strongly

than beta receptors; epinephrine is a potent stimulator of
both alpha and beta receptors. .o o i i oot o i
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a"’iﬁ Compared to ACh, norepinephrine lingers in the synaptic
cleft for a longer time. Thus, effects triggered by adrenergic

neurons typically are longer lasting than those triggered by

Chglinergic neurons. synaptic cleft o<l sl o8 AChJl (0 Jobo! 5881 NEJI yadews
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Classification of neurons according to neuro transmitters of ANS

Cholinergic Adrenergic
¢ pCh (V% £P)
Receptors | \
p ie
Nictonic ~ Muscarionic Alpha Beta
< Activation Inhibition Alphalz activation Betal: activation
Activation '
(Excitation)

alphaZ2:inhibition Beta2: inhibition



RECEPTOR AGONISTS AND
ANTAGONISTS

- A large variety of drugs and natural products can selectively activate or

block specific cholinergic or adrenergic receptors.
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- An agonist is a substance that binds to and activates a receptor, in the

process mimicking the eff“e.ct of.a Jr_}_‘%t}lg;al wgtrgnswg%g%glﬁg%m
03458 9 (g2l

- An antagonist is a substance that binds to and blocks a receptor, thereby

preventing a natural seutotraristnitter ©pthormone fromeexerting4ts
effect. 0,80 dugylas (0 (gl



SYMPATHETIC RESPONSES

»During physical or emotional stress and various
emotions, the sympathetic division dominates the
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parasympathetic division. parasympatheti

» High sympathetic tone favors body functions that can
support vigorous physical activity and rapid

production of ATP. o Sy ATP I el L5315 g5l gndl Bl e
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»At the same time, the sympathetic division reduces
body functions that favor the storage of energy.



FIGHT-OR-FLIGHT RESPONSE (SOME EXAMPLES)

dThe pupils of the eyes dilate.

Heart rate, force of heart contraction, and blood pressure increase.

1The airways dilate, allowing faster movement of air into and out ot
the lungs.

Blood vessels that supply organs involved in exercise or fighting off
danger —skeletal muscles, cardiac muscle, liver, and adipose
tissue—dilate, allowing greater blood flow through these tissues.

Release of glucose by the liver increases blood glucose level.



The effects of sympathetic stimulation are longer
lasting and more widespread than the effects of
parasympathetic stimulation for three reasons:

1. Sympathetic postganglionic axons diverge more
extensively; as a result, many tissues are activated

simultaneously.

2. Acetylcholinesterase quickly inactivates acetylcholine,
but norepinephrine lingers in the synaptic cleft for a
longer period.



The effects of sympathetic stimulation are longer
lasting and more widespread than the effects of
parasympathetic stimulation for three reasons:

3. Epinephrine and norepinephrine secreted into the blood from the
adrenal medullae intensify and prolong the responses caused by
NE liberated from sympathetic postganglionic axons. These
blood-borne hormones circulate throughout the body, atfecting all
tissues that have alpha and beta receptors. In time, blood-borne NE
and epinephrine are destroyed by enzymes in the liver.
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Sympathetic Response

* ;ncrease HR

= Increase RR

» Increase metabolic rate

» Increase fat & glycogen breakdown

= Pupillary dilation

= Smooth muscle vasoconstriction

= Skeletal & cardiac muscle vasodilation
s Decrease GI activity

» Bronchial relaxation
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PARASYMPATHETIC RESPONSES

»Parasympathetic responses support body functions that
conserve and restore body energy during times of rest and
recovery.

»In the quiet intervals between periods of exercise,
parasympathetic impulses to the digestive glands and the
smooth muscle of the gastrointestinal tract predominate
over sympathetic impulses.

»This allows energy-supplying food to be digested and

absorbed. ol 8ylnscall JIA (o SLaills Aal,ll Sl3gT JOA aruadl assaions oin FLAII (n3at algs
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REST-AND-DIGEST (SOME EXAMPLES)

HQincreasing@@ SLUDD_ responses, which include:

salivation (S), lacrimation (L), urination (U),

digestion (D), and detecation (D). o
—ak
Sl s
“Three decreasestd which include: decreasegwhgﬂl
rate, decreased diameter of alrways

(bronchoconstriction), and decreased diameter
(constriction) of the pupils. ool o
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ACh= parasympathetic
CholinergicGdmuscarinic receptors
Ednicotinic receptors

REST AND DIGEST
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NE= sympathetic
Adrenergickdalpha
beta
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Table 8-5 | FUNCTIONS OF THE AUTONOMIC NERVOUS SYSTEM

Organ

Sympathetic Response

Parasympathetic Response

Heart (cardiac muscle)
Bronchioles (smooth muscle)
Iris (smooth muscle)

Salivary glands

Stomach and intestines (smooth muscle)

Stomach and intestines (glands)
Internal anal sphincter

Urinary bladder (smooth muscle)

Internal urethral sphincter
Liver

Pancreas

Sweat glands

Blood vessels in skin and viscera
(smooth muscle)

Blood vessels in skeletal muscle
(smooth muscle)

Adrenal glands

Increase rate

Dilate

Pupil dilates

Decrease secretion

Decrease peristalsis

Decrease secretion

Contracts to prevent defecation
Relaxes to prevent urination
Contracts to prevent urination
Changes glycogen to glucose
Secretes glucagon

Increase secretion

Constrict

Dilate

Increase secretion of epineph-
rine and norepinephrine

Decrease rate (to normal)

Constrict (to normal)

Pupil constricts (to normal)

Increase secretion (to normal)

Increase peristalsis for normal digestion
Increase secretion for normal digestion
Relaxes to permit defecation

Contracts for normal urination

Relaxes to permit urination

None

Secretes insulin and digestive enzymes
None
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