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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



1. 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.

2. Motor neurons that conduct impulses from the CNS to
skeletal muscles only.

SOMATIC NERVOUS SYSTEM (SNS) (CONSCIOUSLY 
CONTROLLED)



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.

For examples,
1- The heart continues to beat when it is removed for transplantation
into another person.

2- Smooth muscle in the lining of the gastrointestinal tract contracts
rhythmically on its own.

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

AUTONOMIC NERVOUS SYSTEM (ANS) (INVOLUNTARY)

 نم ةيبصعلا تلاايسلاب اهديوزت متي يتلا ةجسنلأا نإف ,اهفئاظو يدؤتل ةيبصعلا تاراشلإا ىلع ريبك لكشب دمتعت يتلا ةيلكيهلا تلاضعلا سكع ىلع هنأ ينعي 
.فلتلل ةيبصعلا اهتادادمإ تضرعت اذإ ىتح ام دح ىلإ اهفئاظو ءادأ ف رمتست نأ اهنكيم )ANS( يتاذلا يبصعلا زاهلجا لبق



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.

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).

 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.

 ءزلجا نم ةيبصعلا تاراشلإا لمعت ,لباقلماب ,)ةراثلإا( هطاشن ةدايزل وضعلا زيفتح ىلع  ANS يئزج دحا  نم ةمداقلا ةيبصعلا تاراشلإا لمعت ,ءاضعلأا ضعب ف
)طيبثتلا( هطاشن ليلقتو وضعلا ةئدهت ىلع  رخلآا







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.)



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).



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).





All somatic motor neurons
release only acetylcholine (ACh) as
their neurotransmitter, but
autonomic motor neurons
release either ACh or
norepinephrine (NE).









SYMPATHETIC DIVISION

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
the pupils).



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.

Conserves energy and replenishes nutrient stores.



-Although both the sympathetic and
parasympathetic divisions are
concerned with maintaining
homeostasis, they do so in dramatically
different ways.



ANS NEUROTRANSMITTERS
AND RECEPTORS

Based on the neurotransmitter they produce and
release, autonomic neurons are classified as
either cholinergic or adrenergic.

The receptors for the neurotransmitters are
integral membrane proteins located in the
plasma membrane of the postsynaptic neuron or
effector cell.



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

ACh is stored in synaptic vesicles and binds
with specific cholinergic receptors, integral
membrane proteins in the postsynaptic plasma
membrane.

The two types of cholinergic receptors, both of
which bind ACh, are nicotinic receptors and
muscarinic receptors.



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.





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

CHOLINERGIC NEURONS AND RECEPTORS





Because acetylcholine is quickly
inactivated by the enzyme
acetylcholinesterase (AChE), effects
triggered by cholinergic neurons are brief.

CHOLINERGIC 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
effector cell.

ADRENERGIC NEURONS AND RECEPTORS



- Adrenergic receptors bind both norepinephrine
and epinephrine.

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

ADRENERGIC NEURONS AND RECEPTORS



- These receptors are further classified into subtypes—
α1, α2, β1, β2, and β3— 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 α1 and β1 receptors
generally produces excitation, and activation of and
α2 and β2 receptors causes inhibition of effector
tissues.

ADRENERGIC NEURONS AND RECEPTORS



' :ةيلانيردلأا تلابقتسلما عاونأ•
.)β1, β2, β3( اتيبو )α1, α2( افلأ ىلإ مسقنت ةيلانيردلأا تلابقتسلما•
 ةيودلأا ىلعو تلابقتسلما هذه اهببست يتلا تاباجتسلاا عون ىلع دمتعي فينصتلا اذه•
.تلابقتسلما هذه طبثت وأ لّعفُت نأ نكيم يتلا

.ةفدهتسلما ةجسنلأل ًاطيشنت ببست ام ًةداع اهنإف ,α1 ،β1تلابقتسم ليعفت دنع•
 طيبثت ىلإ بلاغلا ف يدؤي β2و B3,α2 تلابقتسم ليعفت ,لباقلماب•
.ةفدهتسلما ةجسنلأا

 ف ةفلتخم فئاظو ميظنتل تلابقتسلما هذه مدختسُت ,تاءانثتسلاا ضعب دوجو عم•
.اهطيشنت متي يتلا تلابقتسلما عون ىلعً ءانب مسلجا



- Norepinephrine stimulates alpha receptors more strongly
than beta receptors; epinephrine is a potent stimulator of
both alpha and beta receptors.

- 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.

ADRENERGIC NEURONS AND RECEPTORS

 (α) يُحفز بشكل أقوى مستقبلات ألفا :(Norepinephrine) النورأدرينالي 
(β) مقارنة بمستقبلات بيتا

 الأدرينالي (Epinephrine): يعتبر محفزاً قوياً لكلا النوعي من المستقبلات, أي ألفا (α) وبيتا (β). هذا يعني 
أنه يمكنه تنشيط كلا المستقبلي بشكل فعال



- A large variety of drugs and natural products can selectively activate or
block specific cholinergic or adrenergic receptors.

- An agonist is a substance that binds to and activates a receptor, in the
process mimicking the effect of a natural neurotransmitter or hormone.

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

RECEPTOR AGONISTS AND 
ANTAGONISTS



النص يشرح مفهوم المواد المنشطة 
:(Agonists)

 • المنشط (Agonist) هو مادة ترتبط 
بمستقبل معي وتقوم بتنشيطه, مما يعني أنها تفعّل 
المستقبل وتؤدي إلى استجابة, مشابهة لتلك التي 

يُحدثها الناقل العصبي الطبيعي أو الهرمون ف 
الجسم.

 • بعبارة أخرى, عندما يرتبط المنشط 
بالمستقبل, فإنه يحاكي (يقلد) تأثير المادة الطبيعية 

التي عادةً ما ترتبط بهذا المستقبل, مثل زيادة 
نشاط الخلية أو إطلاق استجابة معينة.

على سبيل المثال, إذا كانت المادة الطبيعية التي 
تنشط المستقبل هي النورأدرينالي, فإن أي منشط 

يتفاعل مع نفس المستقبلات سيؤدي إلى تأثير 
مشابه لتأثير النورأدرينالي, مثل زيادة معدل 

:(Antagonists) النص يوضح مفهوم المواد المضادة

 • المضاد (Antagonist) هو مادة ترتبط 
بمستقبل معي ولكنها تمنعه من العمل.

 • بعبارة أخرى, عند ارتباط المضاد بالمستقبل, فإنه 
يمنع الناقل العصبي الطبيعي أو الهرمون من الارتباط بهذا 

المستقبل وتفعيل تأثيره الطبيعي.
 • هذا يعني أن المضادات تعرقل أو توقف تأثير المادة 

الطبيعية, لأنها تحتل الموقع الذي كان من المفترض أن 
ترتبط به هذه المادة.

على سبيل المثال, إذا كان الأدرينالي هو المادة الطبيعية 
التي تنشط مستقبلات معينة لزيادة ضربات القلب, فإن 
مضادًا لهذه المستقبلات سيمنع الأدرينالي من الارتباط 
بها, مما يؤدي إلى تثبيط تأثير الأدرينالي وخفض معدل 

ضربات القلب.





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

➢ High sympathetic tone favors body functions that can
support vigorous physical activity and rapid
production of ATP.
➢At the same time, the sympathetic division reduces
body functions that favor the storage of energy.

SYMPATHETIC RESPONSES

ببساطة, النشاط العالي للجهاز الودي يُعد الجسم للقيام بمهام تتطلب طاقة كبيرة وسرعة استجابة من 
خلال تعزيز إنتاج الطاقة وتحفيز وظائف الجسم التي تدعم هذا النوع من الأنشطة.



❑The pupils of the eyes dilate.

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

❑The airways dilate, allowing faster movement of air into and out of
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.

FIGHT-OR-FLIGHT RESPONSE (SOME EXAMPLES)





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, affecting all
tissues that have alpha and beta receptors. In time, blood-borne NE
and epinephrine are destroyed by enzymes in the liver.






