PHYSIOLOGY
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LECTURE 4, PART (1)- SYMPATHETIC VERSUS PARASYMPATHETIC RESPONSES.




Objectives

1. Compare the somatic and autonomic nervous
systems.

2. Discuss ANS neurotransmitters and receptors.

3. Distinguish sympathetic versus parasympathetic
responses.

(Pages 524-540 of the reference).




General Overview




SOMATIC NERVOUS SYSTEM (SNS) (CONSCIOUSLY

CONTROLLED)  semi conseiovsly

. Sensory neurons that convey information to CNS from
somatic receptors in 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.




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.

2. Motor neurons that conduct nerve impulses from the
CNS to smooth muscle, cardiac muscle, and glands.

Note: The motor part of the ANS consists of two branches,
the sympathetic division and the parasympathetic
division.




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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3- Glands produce some secretions in the absence of ANS control.




AUTONOMIC NERVOUS SYSTEM (ANS)

INVOLUNTARY

= Myelinated somatic motor neuron extends from the

central nervous system (CNS) all the way to the
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= Unlike somatic output (mot01:), 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
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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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release only acetylcholing’ (ACh) as

their neurotransmitter, but
autonomic motor neurons
release either ACh or

aolrinaIn
norepinephrine (NE).
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Comparison of Somatic and Autonomic
Nervous Systems

- ‘.}?;‘S\

Somatic ACh

: motor neuron ACh:
’ | | ’ (myelinated) Skeletal muscle—
: ; . contraction
Spinal cord Effector

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

ACh or NE:
Autonomic Smooth muscle—
motor neurons ACh contraction or
or NE relaxation
N Cardiac muscle—
b increased or
— decreased rate and
3 Preganglionic Postganglionic o force of contraction
ik nom PO Glands—increased or
Spinal cord (myelinated) A;at?] gli on'c (unmyelinated) Effectors gacreased secretions

(b) Autonomic nervous system
Copynght © 2005 John Wiley & Sons. Inc. All ights reserved.



ANS Motor Pathways

Autonomic
motor neurons

Sympathetic .o Sympathetuc

Spinal cord preganglionic  aAuytonomic PoOstganglionic
neuron ganglion neuron

Adrenal cortex
Adrenal medu!ta_

: Sympathetic
Spinal cord preganglionic
neuron

Adrenal medulla

Spinal cord

preganglionic ganglion postganglionic
neuron neuron

Autonomic nervous system

Parasympathetic Autonomic Parasympathetic

Effectors: glands, cardiac
muscle (in the heart), and
smooth muscle (e.g. in the
urinary bladder)
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urinary bladder)



SYMPATHETIC DIVISION
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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

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. vorspoetictessympathesc ooy 4
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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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Cholinergic neurons release

acetylcholine; adrenergic neurons release

Jaia vesep oy

,..horepinephrine.* Cholinergic receptors
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=1“(nicotinic or muscarinic) and adrenergic
v

-, receptors are integral membrane proteins
7" located in the plasma membrane of a

«y postsynaptic neuron or an effector cell.
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Nicotinic Effector cell
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Adrenergic Neurofis S5 e e
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receptors

Nervous System

Sympathetic AChH Sympathetic Cell of
preganglionic C postganglionic sweat
neuron neuron giand

(cholinergic) (cholinergic)

(b) Sympathetic division—innervation to most sweat glands

R Muscarinic Effector cell
Nicotinic receptors
receptors

Parasympathetic Parasympathetic
preganglionic postganglionic
neuron neuron
(cholinergic) (cholinergic)

(c) Parasympathetic division



CHOLINERGIC NEURONS AND RECEPTORS

Activation _of nicotinic/ receptors by /%Ch
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causes dep%iarlzation and thus excitation of
the postsynaptic cell, which can be a
postganglionic neuron, an autonomic

effector, or a skeletal muscle fiber. g?;ﬂ@ﬁé 575
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CHOLINERGIC NEURONS AND RECEPTORS

. e SN g e e,
= Activation of muscarinic receptors by ACh

sometimes causes depolarization
(excitation) and  sometimes  causes
hyperpolarization (inhibition), depending
on which particular cell bears the
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CHOLINERGIC NEURONS AND RECEPTORS

Because acetylcholine 1S quickly
inactivated by the enzyme
acetylcholinesterase (AChE), effects
trlggered 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.

- 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

Sqmpephett
effector cell. sy D ot
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| ADRENERGIC NEURONS AND RECEPTORS

- Adrenergic receptors bind both norepinephrine
and epinephrine.

- 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.
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| ADRENERGIC NEURONS AND RECEPTORS

- These receptors are further classified into subtypes—
al, a2, B1, P2, and P3— based on the specific

S WY (1 G

responses they elicit and by their selective binding ot
drugs that activate or block them. Although there are
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some exceptions, activation of (al and @1 receptors
generally produces excitation, and activation of and

702 and B2 receptors causes _inhibition of effector
/
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tissues. /33
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| ADRENERGIC NEURONS AND RECEPTORS

- Norepinephrine stimulates alpha receptors more strongly

than beta receptors; epinephrine is a potent stimulator of
both alpha and beta receptors. (@ wesz sl g i (Norepinephring) cotsf,.4 —

(B) ks o i &,las
e (B) L (Q) W T e odlandl o el SIS Lgh Trimee ,i2ns - (EpiNephrine) ooy
e iy I S Lot S il

- 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
cholinergic neurons. W AT AW Al oyl sEd ME G-
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RECEPTOR AGONISTS AND
ANTAGONISTS

- A large variety of drugs and natural products can selectively activate or
block specific cholinergic or adrenergic receptors.
T
—  oufive cfbe
- An agonist is a substance that binds to and activates a receptor, in the

process mimicking the effect of a natural neurotransmitter or hormone.
Floo/ Lo

- An antagonist is a substance that binds to and blocks a receptor, thereby
preventing a natural neurotransmitter or hormone from exerting its
effect.
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SYMPATHETIC RESPONSES

»During physical or emotional stress and various
emotions, the sympathetic division dominates the)
parasympathetic division. — guised) i ooimige Sl =) 03
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» High sympathetic tone favors body functions that can

support vigorous physical activity and rapid
production of ATP. o el 86 g 308 Bl s s Ll oy 250 Slenld ol el ¢ ol

ALY e gl s o5 A ) iy iy B ] e IO
»At the same time, the sympathetic division reduces
body functions that favor the storage of energy. el
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FIGHT-OR-FLIGHT RESPONSE (SOME EXAMPLES)

(2ol %) P Gao)) 9% Gdd
dThe pupils of the eyes dilate. peuecsynpatheiicc €05 Contracsion of Bhe eye pupils Loss

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

dThe airways dilate, allowing faster movement of air into and out of
the hlng& ( bfoﬂ/Cl’LDo&/ﬂ-?ﬁ'lOVL_)

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.
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The effects of sympathegfcﬁ stimulation are longer
lasting and more widéspread 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:

~

LS,

3. Epinephrine and n(iegphrine 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. 47~/
/u./) o
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Sympathetic Response

= Increase HR he=r/t read
» Increasg(RR )~ fesp!vedery e
» Increase metabolic rate
» Increase fat & glycogen breakdown
= Pupillary dilation
= Smooth muscle vasoconstriction 2! %sesl w531 524

sl ) Gyesi| 6o li) |
= Skeletal & cardiac muscle vasodilation -y.,; .5 S Used) ool £o3
s Decrease GI activity A e s WEL)
= Bronchial relaxation <©Ue ©Ld 45 G o) gle
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