EDO UNIVERSITY IYAMHO
DEPARTMENT OF PHYSIOLOGY

LECTURE NOTES ON PHS 225: AUTONOMIC NERVOUS SYSTEM

Instructor: Dr. Maero Origho, email: origho.maero@edouniversity.edu.ng, Phone: +2347060647606
Office hours: Tuesdays 8:00am to 11:00am. Office: First Floor, Room 16, College of Medical Sciences
Administrative Block.

General overview of lecture: This course will provide an in depth understanding on how the nervous
system regulates the normal functioning of body organs. It is a component of neurophysiology covering
the sympathetic and parasympathetic nervous systems.
Prerequisites: A prior understanding of the basic concepts and terminology in physiology, like cell
and its functions, cell signaling, feedback mechanisms and, an overview of the divisions of the
nervous system.
Learning outcomes: At the end of this course, students should be able to

1. Define the functions of the autonomic nervous system
2. Describe the similarities and differences in general organization of sympathetic and
parasympathetic nervous systems
3. Describe respective effects of sympathetic and parasympathetic stimulation on different
organ/systems
4. Describe synthesis, storage and mechanism of action of autonomic neurotransmitters
5. Explain the "fright, flight or fight" response and "rest and digest" response.
6. List some drug effects on autonomic functions
7. Highlight some clinical significance of autonomic nervous system.
Assignments/ Assessment: There shall be two individual assignments, one group work, a mid-term test
and final examination. The goal of the assignments and group work is to drive students into self-paced
learning and team work
Grading: Assignments shall be assigned a total of ten percent, group work shall have five percent, and
mid-term test 15 percent. The final examination shall require some applied knowledge and shall be
assigned 70 percent.

Textbooks:

Title: Guyton and Hall Textbook of Medical Physiology
Author: Hall J.E
Publisher: Elsevier Inc. 13th Edition

Title: Ganong's Review of Medical Physiology
Authors: Barret K.E, Barman S.M, Boitano S, Brooks L.H
Publisher: McGraw-Hill 25th Edition.

Title: Essentials of Medical Physiology
Authors: Sambulingam K, Sambulingam P
Publisher: Japee Brothers 7th Edition

1.0 INTRODUCTION TO AUTONOMIC NERVOUS SYSTEM
1.1 Overview of the Nervous system
The nervous system is a complex communication and control network that allows the human
body to interact and adapt to its internal and external environment. It consist of cells (neurons
and glial), connective tissue and blood vessels.
The Neuron is the functional unit of the nervous system.
Signals are detected by receptors, transmitted by nerve fibres to centres of integration (brain
and/or spinal cord), and responses are sent via nerves to effectors.
1.2 Divisions of the Nervous System

FIG 1: ILLUSTRATION OF DIVISIONS OF THE NERVOUS SYSTEM © ESSENTIALS OF MEDICAL
PHYSIOLOGY, SIXTH EDITION

NB: The enteric nervous is sometimes classified as a component of the peripheral nervous
system, or as a component of the autonomic nervous system. It consists of neurons in the
myenteric submucosal plexus that is located in the wall of the gastrointestinal tract, and it is
regulated by the CNS through sympathetic and parasympathetic fibres.

1.3 Definition of terms
·

Ganglion: A cluster of interconnecting nerve bodies with multiple synapses

·

Synapse: The junction between the terminal of a nerve cell and either another neuron
or an effector cell.

·

Neurotransmitter: Chemical substance responsible for sending nerve signals across a
synapse.

·

Receptor: Signal transducer that has the ability to convert various forms of
energy/signals into action potential.

·

Afferent Nerve: Nerve that conduct impulse from receptors to integration center. It is
also called sensory nerve.

·

Efferent Nerve: Nerve fiber that conduct impulse from integration center to effectors. It
is also called motor nerve.

2.0 THE AUTONOMIC NERVOUS SYSTEM (ANS).
Autonomous means "self-governed" "self-coordinated"
The ANS is the division of the nervous system that controls most involuntary functions like
arterial pressure, urinary bladder emptying, sweating, body temperature etc. The activation of
autonomic functions is mainly by centres located in the spinal cord, brain stem and
hypothalamus. Portions of the cerebral cortex can as well influence autonomic control, example
the limbic cortex can transport signals to the lower centres.
The autonomic nervous system together with the endocrine system helps to maintain
homeostasis.
The ANS regulates body functions through visceral reflexes. Sensory signals from visceral organs
are transmitted to the brainstem or hypothalamus, and then a subconscious reflex is sent back
to visceral organs to control their activities.
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FIG 2: ILLUSTRATION OF THE REFLEX PATHWAY

2.1 ORGANIZATION OF THE AUTONOMIC NERVOUS SYSTEM
The efferent signals from the autonomic nervous system pass through two major subdivisions
·

Sypathetic Nervous System

·

Parasympathetic Nervous system

In the somatic nervous system, a single neuron connects the central nervous system to the
effector. However, in the autonomic nervous system, two series of neurons, form the pathway
for conducting neuronal signals from the brain and spinal cord to the effector cells. These are:
·

Preganglionic Neurons

·

Postganglionic Neurons

The preganglionic neurons have their cell bodies located in the CNS (brain or spinal cord) and
their nerve fibers terminate peripherally in one of the autonomic ganglia.
The post ganglionic neurons have their cell bodies located in any of the autonomic ganglia
which they exit, and follow a diffused distribution to terminate in effector cells/organs, forming
a synapse.

NB: The afferent autonomic neurons are located in the dorsal root ganglia. They are pseudounipolar cells (like other neurons of
dorsal root ganglia) having a peripheral axonal branch that extends to one of the viscera, and a central branch that enters the
CNS

FIG 3: ORGANISATION OF THE AUTONOMIC NERVOUS SYSTEM SHOWING PARASYMPATHETIC
DIVISION ON THE LEFT AND SYMPATHETIC DIVISION ON THE RIGHT. ©VADER’S HUMAN
PHYSIOLOGY, THIRTEENTH EDITION.

2.11 PHYSIOLOGIC ANATOMY OF THE SYMPATHETIC NERVOUS SYSTEM
The sympathetic nervous system is sometimes referred to as thoracolumbar division of ANS
because the cell bodies of its preganglionic neurons are located in the thoracic and upper
lumbar segments of the spinal cord (T1 - L2). Specifically, they are concentrated in the
intermediolateral horn of the spinal cord.
NB: Other groups of sympathetic preganglionic neurons could be found in other locations like lateral funiculus,
intermediate grey matter, and the grey matter dorsal to the central canal.(Refer to notes on spinal cord)

The axons of preganglionic neurons are often small myelinated nerve fibres known as B fibres.
It is important to note that there are some unmyelinated C fibres, which leave the spinal cord in
the ventral root and enter the paravertebral ganglion at same segmental level, through a white
communicating ramus (white rami are found only from T1 - L2). These fibers extend to all parts
of the body through the skeletal nerves, and control the blood vessels, piloerector muscles of
the hairs, and sweat glands. About 8 per cent of the fibers in skeletal nerves are sympathetic
fibers, a fact that reflects their great importance.

The cell bodies of sympathetic post ganglionic neurons are located in the sympathetic ganglia.
The sympathetic ganglia could be divided into
·

Paravertebral ganglia

·

Prevertebral ganglia

The paravertebral ganglia form two sets of ganglia, each lateral to either sides of the vertebral
column. The ganglia on each side are linked by longitudinally running axons and they form the
sympathetic chain. The paravertebral ganglia are further divided into cervical, thoracic, lumbar
and sacral groups. They converge below the sacral level and form the coccygeal ganglion.
The prevertebral ganglia are located in the abdominal cavity and include the celiac, superior
mesenteric, inferior mesenteric, aorticorenal and hypogastric ganglia.

When the spinal nerve exits the spinal canal, the preganglionic sympathetic fibers leave the
spinal nerve and pass through a white ramus into any of the ganglia of the sympathetic chain.
The sympathetic fibers will thereafter take any of the following courses: (1) It can synapse with
postganglionic sympathetic neurons in the ganglion that it enters; (2) it can pass upward or
downward in the sympathetic chain and synapse in one of the other ganglia of the chain; or (3)
it can pass for variable distances through the sympathetic chain and then through one of the
sympathetic nerves radiating outward from the chain, finally synapsing in a peripheral
(prevertebral) sympathetic ganglion.

Generally, the preganglionic nerve fibres of sympathetic nervous system are relatively short
while the postganglionic fibres are relatively longer. They both synapse outside the effector
organs.

TABLE FOR SEGMENTAL DISTRIBUTION OF SYMPATHETIC FIBERS (ASSIGNMENT)

2.12 PHYSIOLOGIC ANATOMY OF THE PARASYMPATHETIC NERVOUS SYSTEM.
The parasympathetic division of the autonomic nervous system is also referred to as the
Craniosacral outflow. This is because the parasympathetic division of the ANS is made up of
some cranial and sacral nerves. It consists of cranial nerves III, VII, IX and X (occulomotor, facial,
glossopharyngeal and vagus nerves respectively), and sacral nerves S2 and S3 (sometimes + S1
and S4)
Preganglionic neurons synapse with postganglionic neurons very close to the effector organs or
sometimes even at the wall of effector organs
The preganglionic nerve fibers are therefore relatively longer, while the postganglionic
parasympathetic neurons are relatively very short.

TABLE FOR SEGMENTAL DISTRIBUTION OF PARASYMPATHETIC FIBERS (ASSIGNMENT)

3.0 BASIC CHARACTERISTICS OF SYMPATHETIC AND PARASYMPATHETIC
FUNCTIONS
3.1 The “Fright, flight or fight” Versus “Rest and digest” response
The sympathetic nervous system prepares the body for “fright, flight or fight.”
Some authorities however refer to flight or fight only (probably explained by the fact that fright
is a component of flight, because an individual would have been frightened before running for
safety)
A simple way to recall the effects of sympathetic stimulation is to imagine all visceral responses
that will be elicited when an individual is running for his life. For example there will be
increased heart rate, hyperventilation, increased skeletal muscle strength, increased level of
mental alertness, etc. Further details of autonomic effects on specific organs will be highlighted
in subsequent sections.

The parasympathetic division of the autonomic nervous system sub serves the function of “rest
and digest”
The parasympathetic system sub serves digestive functions (gastrointestinal secretions, motility
and relaxation of sphinters), micturition reflex and other functions that shall be highlighted in
subsequent sections of this lecture note.
•

Generally, the effects of sympathetic and parasympathetic divisions are often
antangonistic

•

However, under most conditions they work in a coordinated manner to regulate visceral
functions
•

Sometimes acting reciprocally,

•

Sometimes acting synergistically

3.2 ANS Neurotransmitters
•

The preganglionic neurotransmitter for both sympathetic and parasympathetic divisions
is acetylcholine (Ach).

•

The postganglionic neurotransmitter for parasympathetic division is acetylcholine, while
the neurotransmitter for sympathetic division is norepinephrine in most cases, but
acetylcholine is also released by some sympathetic nerves.

•

Some other neurotransmitters released by autonomic nerve fibers are classified as
Noncholinergic and Nonadrenergic Neurotransmitters, examples include, neuropeptides,
gelanin etc

The preganglionic neurotransmitter is the transmitter released at the terminal of nerve fibers
that exit the central nervous system. It transmits (relays) neuronal signals to the post ganglionic
neuron. The postganglionic neuron in turn conducts the neuronal signal to effector cells and
transmits same, by release of post ganglionic neurotransmitter.
The preganglionic neurotransmitter for both sympathetic and parasympathetic divisions of the
ANS is acetylcholine.
The postganglionic neurotransmitter for parasympathetic division is acetylcholine. It therefore
implies that, both the preganglionic and post ganglionic nerves of the parasympathetic divisions
release acetylcholine.
The post ganglionic neurotransmitter for the sympathetic division is majorly norepinephrine,
however it is noteworthy that a few postganglionic sympathetic fibers secrete acetylcholone,
these include fibers to sweat glands, piloerector muscles and blood vessels of the heart and
skeletal muscles.
NB: There are some non-cholinergic, non-adrenergic neurotransmiiters. This implies that the
neurotransmitters are neither acetylcholine nor norepinephrine. Examples include Neuropeptide
Y and gelanin, secreted by some sympathetic fibers innervating vasculature of viscera.

3.3 Synthesis, Storage, Release and Removal of Autonomic Neurotransmitters
Site: Acetylcholine is synthesized in bulbous enlargements (varicosities, with large numbers of
mitochondria) of cholinergic nerve fibers. Whereas the synthesis of norepinephrine begins in
the axoplasm of the terminal nerve endings of adrenergic nerve fibers but it is completed inside
the secretory vesicles.
2+

Spread of action potential over nerve terminal causes increased permeability to Ca , and
subsequent release of neurotransmitter.

3.31 Synthesis of Autonomic
Neurotransmitters Acetylcholine
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Tyrosine

Hydroxylation
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3.32 Removal of Autonomic Neurotransmitters
Removal of Acetylcholine: Acetylcholine is removed by enzymatic degradation.

Acetylcholine

Acetylcholinesterase

Acetate + Choline

NB: Choline reuptake for reuse
Removal of Norepinephrine
Norepinephrine is removed from the synapse after release, by the following mechanisms:

·
·
·

Reuptake into adrenergic nerve endings by active transport (50-80%).
Diffusion from nerve endings into surrounding fluids.
Enzymatic destruction by MAO, COMT.

3.4 Autonomic receptors
The two major receptor types in the autonomic nervous system are cholinergic and adrenergic
receptors.
·

Cholinergic Receptors: These are receptors that are sensitive to acetylcholine. There are
two major subtypes
o Nicotinic receptors: Cholinergic receptors that are sensitive to nicotine
o Muscarinic receptors: Cholinergic receptors that are sensitive to muscarine (a
poison found in toadstool)

·

Adrenergic Receptors: These receptors that are sensitive to adrenaline (epinephrine)
and noradrenaline (norepinephrine). Two common subtypes are
o Alpha receptors (α1 α2)
o Beta receptors (β1, β2, β3)

NB: Adrenaline and noradrenaline are older names for epinephrine and norepinephrine
respectively.

3.5 Effects of Neurotransmitters on Receptors
·
·

Excitation/Inhibition of effector cells
Alteration of second messenger enzymes

4.0 AUTONOMIC REFLEXES
·

Cardiovascular Autonomic Reflexes: E.g. Baroreceptor reflex for regulation of arterial
blood pressure, where stretch receptors (baroreceptors) located in large arteries
become stretched by high arterial blood pressure, and in turn send signals to the brain
stem, and there is a resultant inhibition of sympathetic impulses to the heart and blood
vessels with excitation of parasympathetic supply to heart and blood vessels which
reduces the blood pressure.

·

Gastrointestinal Autonomic Reflexes: E.g. Gastrointestinal secretions following smell of
appetizing food, defecation reflex.

· Others:

E.g. Micturation reflex, sexual reflexes, sweating.

NB: Applied examples of sympathetic and parasympathetic drives; A soldier man in fierce battle
versus A man at rest.

5.0 AUTONOMIC EFFECTS ON SPECIFIC EFFECTORS
EFFECTOR ORGAN
Eye

SYMPATHETIC EFFECT

Pupil

Ciliary muscle

Heart

Relaxation (flattens lens Contraction
(increases
for far vision)
convexity of the lens, for near
vision)

Sino atrial node
Atria and ventricles

Lungs
Gastrointestinal
tract

Motility
Sphincters
Secretions

Gall bladder
Urinary
Bladder

PARASYMPATHETIC EFFECT

Increases contractility

Decreases contractility

Bronchodilation

Bronchoconstriction

Contracts

Relaxes

Inhibits
Relaxes

Stimulates
Contracts

Bladder
wall
(dextrusor)
Sphincter (trigone)
Contracts

Relaxes

Male genitalia

Ejaculation

Penile erection

Sweat glands

Copious sweating

Sweating of palms of hands

Apocrine glands

Thick,
odoriferous None
secretions
Increased glycogenolysis None

Skeletal muscles

6.0 LOCATIONS OF AUTONOMIC RECEPTORS
Locations of Cholinergic Receptors
Muscarinic Receptors: Found on all effector cells stimulated by postganglionic cholinergic
neurons.
Nicotinic Receptors: Found in autonomic ganglia, at the synapses between preganglionic and
pastganglionic neurons.
NB: Nicotinic receptors are also found in non-autonomic nerve endings eg Neuromuscular
Junctions.

Locations of Adrenergic Receptors

7.0 THE ADRENAL MEDULLAE AS MODIFIED SYMPATHETIC GANGLIA
Preganglionic sympathetic nerve fibers pass, without synapsing, all the way from the
intermediolateral horn cells of the spinal cord, through the sympathetic chains, then through
the splanchnic nerves, and finally into the two adrenal medullae. There they end directly on
modified neuronal cells that secrete epinephrine and norepinephrine into the blood stream.
The adrenal medullae are sometimes referred to as modified sympathetic ganglia.
They release hormones into the blood stream; 80% adrenaline (epinephrine), 20%
Noradrenaline (norepinephrine), unlike in typical ganglia that neurotransmitters are into a
synapse

8.0 REGULATION OF AUTONOMIC NERVOUS SYSTEM
The ANS is mainly regulated by centers in the spinal cord, brainstem and hypothalamus
Signals from higher centers can also affect brainstem autonomic control centers.

9.0 PHARMACOLOGY OF AUTONOMIC NERVOUS SYSTEM
Sympathomimetics: E.g. Epinephrine, methoxamine
Sympathetic Blocking Agents: E.g. Reserpine, propranolol (β2 receptor blocker)
Parasympathomimetics: E.g Pilocarpine, neostigmine
Parasympathetic Blocking Agents: E.g. Atropine (blocks muscarinic receptor)
Ganglionic Blocking Agents: E.g. Hexamethonium

10.0 CLINICAL CORRELATIONS
·

Organophosphates: Cholinesterate inhibitors prolong the actions of acetylcholine at
their synapses by inhibitimg acetylcholinesterase. Organophosphate pesticides (eg,
parathion and malathion), nerve gases (eg, soman and sarin) used in chemical warfare
and terrorism inhibit acetylcholinesterase at peripheral and central cholinergic
synapses, and are very dangerous because they are readily absorbed by the skin and
most mucous membranes.

·

Horners Syndrome: Injury to nerves, carotid artery, stroke or lesion in brain stem may
interrupt preganglionic or post ganglionic sympathetic innervation to the face. This may
result in Horner's syndrome with a classic triad of miosis (constricted pupil), loss of
sweating on one side of the face (ie anhidrosis) and partial ptosis (drooping of the eyelid)

·

Other clinical conditions related to the nervous system and neurotransmission include,
multiple system atrophy, Mushroom Poisoning, Myestenia Gravis, Lambert Eaton
Mestenia Syndrome etc
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