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Introduction :  

The nervous system is divided into:  

1) CNS : which is the brain and the spinal cord 

2) The peripheral nervous system (autonomic and somatic ) 

 

 

The peripheral portion of our nervous system  ( The motor /efferent portion )   
can be divided into:   Autonomic and Somatic.  

Let’s talk about each part a little : 

A) The autonomic nervous system (ANS) :  is largely independent 
(autonomous), its activities are not under direct conscious control ,Why ? 

Because this system activates and controls the vital functions , like : the 
circulation , heart rate , respiration , digestion , etc ….  (which are important for  
survival   ) 

 It’s function : keeping homeostasis within our internal compartments , so our 
body can function well . 

The journey from the CNS towards the organs consists of two neurons : pre-
ganglionic neuron ( that extends from the CNS towards a  ganglion ) , and a 
post-ganglionic neuron . 

B) The somatic nervous system : which works under our  direct conscious 
control .  

 

In the somatic n.s : 
The nerves emerge 
from the CNS and 
continue 
uninterrupted to the 
skeletal muscles  

In the autonomic n.s : 
The neuron’s cell 
body is within the 
CNS , then the axon 
emerges and makes 
synapsis in the 
autonomic ganglia , 
where another cell 
body is found . 
Then the axon of the  
second one extends 
toward the organs  



The Autonomic nervous system subdivisions : 

It’s subdivided into : 

1. The sympathetic nervous system 

2. The parasympathetic nervous system 

3. The enteric nervous system :  which is one of the main divisions of the  
autonomic nervous system (ANS) ,  and consists of a mesh-like system of 
neurons that governs the function of the gastrointestinal tract. 

• The enteric nervous system functions are modulated by the sympathetic 
(usually it inhibits its activity) and parasympathetic (usually  activates its 
activity) systems. 

•  Many transmitter and neuromodulator substances have been identified in 
the ENS. 
 

ANS Neurons : 

The autonomic nervous system neurons are classified based  on the 
neurotransmitter released from the nerve endings into : 

 

 

 

 

 

 

 

 

 
 

Adrenergic  Cholinergic 

The preganglionic neuron terminates 
into the ganglia and releases 
acetylcholine as a neurotransmitter . 

Now , the post ganglionic neuron’s 
cell body  has nicotinic receptors , 
which become activated by ACh  . So,  
the signal is transmitted along its 
axon , until norepinephrine is 
released from its neural endings . 

Norepinephrine then acts on the 
adrenergic receptors found on the 
effector cell’s surface , thus 
producing an action . 

 

 

The preganglionic neuron terminates 
into the ganglia and releases 
acetylcholine as a neurotransmitter . 

Now , the post ganglionic neuron’s 
cell body  has nicotinic receptors , 
which become activated by ACh  . So,  
the signal is transmitted along its 
axon , until Acetylcholine is released 
from its neural endings . 

Acetylcholine then acts on the 
Muscarinic receptors found on the 
effector cell’s surface , thus 
producing an action . 

 

 



This picture demonstrates the previous boxes :  

  

Although Nicotinic receptors and Muscarinic receptors are activated by 
Acetylcholine ( the same neurotransmitter)  , but they are named differently , 
Why is that ? 

Because it was found out that nicotine which is an alkaloid found in tobacco 
stimulates nicotinic receptors selectively , meanwhile muscarine ( an alkaloid 
found in a poisonous mushroom called Amanita muscaria) activated muscarinic 
receptors selectively , hence the naming .  
 
Anatomy of ANS : 
 

 
 

1. Parasympathetic:  it’s a cholinergic neuron, both neurons release ACh , 
the nicotinic receptor is  at the autonomic ganglia and muscarinic 
receptor (m) is at the effector cell.  

Notice : The preganglionic neuron is long , the postganglionic neuron  is short . 



2. Sympathetic (sweat glands): it’s a Cholinergic neuron, ACh is released 
from both the preganglionic and the post ganglionic neuron , its 
receptors are  nicotinic receptors ( in the autonomic ganglia ) 
muscarinic receptors are at the sweat glands ( effector cells ).  

3.  Sympathetic: classical Adrenergic neuron, ACh is released from the 
preganglionic neuron and its nicotinic receptor in the autonomic ganglia, 
norepinephrine in released from the postganglionic neuron and its 
receptor on the effector cell adrenergic receptor (either alpha or beta 
receptors).  

4.   Sympathetic: Dopaminergic neuron, ACh is released from the 
preganglionic neuron and its nicotinic receptor in the autonomic ganglia, 
ganglia, DOPAMINE (D,D1) is released from the postganglionic neuron 
and its dopamine receptor is on the effector cells (Renal vascular smooth 
muscles) , thus causing vasodilation . 

5. Adrenal medulla gland :is considered as a big autonomic ganglia, 
because ACh is released from the preganglionic  neuron , then when  
nicotinic receptors are activated they secrete  both NE (20%) and Epi 
(80%), which circulate in the blood stream to produce large effects on 
many organs. 

6.  Somatic nervous system: one single neuron that acts voluntarily on 

skeletal muscle cells, it releases ACh and has the nicotinic receptor on 

its effector ,  it either contracts or relaxes skeletal muscles.  

 

 

The parasympathetic :  
The cell bodies are 
located in brainstem and 
sacral spinal cord , in a 
craniosacral outflow . 
 
- The Parasympathetic 
post ganglions are short 
(the autonomically 
ganglia is near the 
effector) , sometimes the 
ganglia can be embedded 
within the effector cell . 



❖ The Parasympathetic neurons stimulation involves one visceral effector 

(organ) . This means that  when a single preganglionic neuron is activated a 

single postganglionic neuron is activated , and the effect happens on a single 

organ ( isolated effect ) . 

❖ While : Sympathetic cell bodies are in the spinal cord T1-L2. 

(THORACOLUMBAR outflow) -shown in blue in the previous pic - 

❖One sympathetic preganglionic neuron can have many branches and it can 
synapse with 20+ post ganglionic neurons , so this projection of divergence 
explains why Sympathetic responses can affect many effectors at once, so that 
you can overcome emergency and sudden situations very quickly.  

Remember : The activation in the adrenal medulla ganglia produces both NE 
and Epi that circulates in the blood and effect the whole body . 

To sum up , the general effect of the sympathetic  produces actions on so 
many organs which is needed in urgent situations , while the parasympathetic 
has localized effects only . 

Physiological effects of ANS:  

1) Some organs have only sympathetic innervations:  

a) Sweat glands  

b) Adrenal medulla  

c)  Most blood vessels (except blood vessels innervating the tongue and the 

pinus which are innervated by the parasympathetic )  

• The sympathetic activity is regulated by the regulation of a tone (the firing 

rate of the nerve)  

• High tone indicates so many action potentials  
 

2)  Most other organs are dual innervated (sympathetic and parasympathetic)  

3) Hypothalamus regulates balance (tone) between sympathetic and 

parasympathetic activity levels.  

 



 

Sympathetic Vs. Parasympathetic effects :  

✓ Parasympathetic nervous system dominates in quiet, relaxed situations 

promoting “general housekeeping” activities such as digestion, so the metabolic 

business is as usual . 

Called “REST AND DIGEST” situations , resulting in  (s) Salivation, (L) 

lacrimation, (U) urination, and (D) defecation.                  Basic survival func. 

✓ sympathetic nervous system dominates in emergency “Fight or Flight” 

situations, resulting in an increase in skeletal muscular activity. 

 (Increased heart rate, blood flow, breathing) and decreased non-survival 

activities like food digestion , etc …  ( that is why people who deal with chronic 

stress and nervousness have digestive problems ) . 

 Sympathetic and parasympathetic systems have antagonistic effects . 

Antagonistic control:  

  

2) As we’ve just said , 
blood vessels are only 
innervated by the 
sympathetic . and 
usually there is a 
normal tone . 

3) When the tone 
increases ( the 
number of spikes 
increases as in pic ) 
the blood vessel 
becomes narrower . 

1) When the tone is low 
( the time expands 
between each two 
action potentials , the 
blood vessel is dilated  
 

1) An increase in 

sympathetic 

stimulation causes 

HR to increase. 

2) whereas an increase 

in parasympathetic 

stimulation causes 

HR to decrease . 

- remember that our heart 

rate is dually stimulated-  



1) Exceptions in dual innervation rule: Sweat glands and blood vessel 

smooth muscles are only innervated by sympathetic and rely strictly on 

up-down control of the tone  . Other examples are : Adrenal glands , 

Piloerector muscles of hair . 
 

2) Exceptions in Antagonism rule: Both sympathetic and parasympathetic 

work cooperatively to achieve male sexual function . 

In which , parasympathetic is responsible for erection while sympathetic 

is responsible to ejaculation ,  

AND there is similar ANS cooperation in the female sexual response . 

 Cholinergic transmission:  

 

1) Synthesis: Choline is abundant in our blood and is taken into the neuron 
with a certain carrier along with NA+ exchange  ,  also acetyl CoA is taken 
from the mitochondria , then acetyltransferase (ChAT)  enzyme catalyzes 
their fast reaction to form Ach in the cytosol. 
 The rate limiting step :  is the rate of release of AcCoA from the 
mitochondria.  
 

Keep in mind that in each 
transmission , 4 things 
should be discussed about 
the transmitter   : 
1) Synthesis 
2) Storage 
3) Release  
4) Fate of the transmitter 

(termination)  
 



2) Storage: ACh is packaged and stored into presynaptic vesicles called vesicle 
associated transporter (VAT) . The acetylcholine is transported to this 
storage vesicle along with H+ exchange , and once it gets inside the vesicle 
it binds with ATP and protein P .  
Its stored in quantans (each quantum contains up to 50000 of ACh) . 

 ( A drug called Vesamicol can inhibit the storage of Ach in vesicles causing 
failure of  cholinergic transmission ) 

3) Release : [Ca+2 dependent] exocytosis process, when action potential 
arrives the nerve ending, voltage gated calcium channels open increasing 
Ca+2 cytosolic concentration (influx), this promotes the fusion of synaptic 
vesicles with the cell membrane ( the fusion is aided by VAMPs “ proteins 
on the surface of vesicles” , and also aided by SNAPs “ present on the 
membrane of neurons “)  releasing Ach into the synaptic space.  
 
- VAMPs and SNAPs click together to allow the vesicle to be centered in the 
right place . 
 

 

 

 

 
 
 
 

4) Interaction with receptors: Released Ach binds to postsynaptic cholinergic  
receptors (either nicotinic or muscarinic) on the target cell to produce an 
action . 
 

5) Degradation of AcetylCoA: the enzymatic activity of acetylcholinesterase 
(AChE) that cleaves  the ester bonds in Ach into choline and acetate in the 
synaptic cleft. Recycling of choline: Choline is taken back into the 
presynaptic nerve by a sodium-dependent choline transporter (CHT) to be 
incorporated in the synthesis of ACh again . 

 
While acetate goes into krebs cycle  . 

This step (exocytosis) can be blocked by botulinum toxin 
( used in cosmetic surgeries “botox” )  , it interferes with VAMPs (vesicle- 
associated membrane proteins) and SNAPs (synaptosome nerve- associated 
proteins) (that interacts with theVAMPs) action. 
So ,  vesicles cannot adhere with in the right position and no exocytosis takes 
place .This means cholinergic transmission failure . 
Botulinum can be used sometimes in case of severe back pain and severe 
muscle spasm , in which a microinjection of botulinum toxin causes the 
muscle to relax (by preventing ACh secretion , thus preventing muscle 
contraction ) , which relieves pain . 
 



Acetylcholine  Receptors:  

1.  Acetylcholine autoreceptor: When acetylcholine is accumulated in the 
synaptic space, it goes to this receptor and activates it by giving signals 
to stop the release of more acetylcholine. (negative feedback) . 

- They are called auto-receptors because acetylcholine is the 
neurotransmitter secreted from the neuron , it’s also the inhibitor . 

2. Heteroreceptor: are not stimulated by ACh, although its stimulated by 
other neurotransmitters from other neurons, also when activated it 
inhibits the release of ACh. Their importance is: when there is a 
sympathetic effect on other neurons, NE will be released, and it will 
activate this receptor to inhibit the release of ACh and transfer from 

parasympathetic to sympathetic effects.  

Both of these are presynaptic receptors 

 

- Drugs can act on all sites of cholinergic transmission : to interfere with 

cholinergic transmission in order to achieve therapeutic effects or for 
experimental purposes , Ex : 

1) There are a cetylcholinesterase inhibitors : so acetylcholine can no longer 
be hydrolyzed , which means that acetylcholine will be more present in the 
receptor site , thus potentiation of its action . 
 

2) Interference with choline uptake be Hemicholinium drugs (inhibitors)   
which causes choline transmission failure . 

 
3) Toxins that block calcium channels which prevents calcium entrance , thus 

inhibiting exocytosis . 
 

4) Botulinum toxins (discussed before ) 

 

 

 استعن باهلل وال تعجز


