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Lecture 2  
Neurotransmission and Autonomic Nervous System 
Date, time   

Reading Assignment: Physiology, Bern & Levy, 7th Ed. Chap. 11- The Autonomic Nervous 
System and its Central Control, pp. 228-240 

LEARNING OBJECTIVES:  

Knowledge of ANS function is critical for understanding the control of many of the 
systems in the remainder of this course.  This includes the cardiovascular system where autonomics 
directly control heart rate, blood pressure and cardiac output, respiration where they control airway 
diameter and mucus secretion, renal where they modulate urine production and concentration, and 
GI-metabolism where they control GI motility and regulation of cellular metabolism. 

At the end of the lecture you should be able to: 

• Describe the structural & functional organization of the autonomic nervous system.
• Know the functions of the ANS
• Describe what is a ‘two neuron system’
• Know what the neurotransmitters of the ANS are
• Understand the differences in neurotransmission in the autonomic nervous system

compared to a classical synapse.
• Explain how the sympathetic and parasympathetic branches differ, regarding the type of

ganglia, length of pre- and post-synaptic fibers, type of neurotransmitter and function.
• Describe why chromaffin cells from the adrenal medulla can be considered specialized

postsynaptic neurons.
• Understand the baroreceptor reflex.
• Describe the functional organization of the enteric nervous system.
• Understand the peristaltic reflex.
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A. The Autonomic Nervous System   
 The nervous system that controls viscera (cardiac muscle, smooth muscle & glands), also 

called visceral motor system (involuntary).  It is comprised of parts of the CNS and the PNS; the 
sensory division of the ANS receives input from organs and or the exterior and relays the 
information to the CNS (afferent); the motor division carries out commands from the CNS to 
the effector organs (efferent).  
 
 ANS Subdivisions: sympathetic, parasympathetic and enteric. The enteric nervous system 

(ENS) can work autonomously, it is very large (100 million neurons), but it also receives input 
from the CNS via the sympathetic and parasympathetic divisions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

B. Autonomic Centers in the Brain 
 
The areas of the CNS involved in the control of the ANS 
are: 
-Pons: Respiratory control, micturition 
- Reticular formation: medulla oblongata. Vasomotor & 

vasodilator; respiratory control, water intake 
- Hypothalamus (“the Master of the master gland”): 

temperature regulation, food & water intake, fighting, fleeing, 
reproduction. 

- Other regions: cerebral cortex, amygdala (emotional 
learning, fear), stria terminalis (anxiety responses to threats, 
stress).	 

 
C. ANS Functions 

- Maintain homeostasis (steady-state internal environment). Efferent fibers 
innervate and modulate organ activity; visceral afferents (sensory fibers) 
originating from sensory receptors located in the target organs relay information 
about the organ’s status back to the CNS. These receptors evoke experiences like 
pain, hunger, thirst, nausea, visceral distention, etc.   
 

Compensation 

  

Receptors 

CNS  

 ANS  

Organ  
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- Respond to external stimuli, e.g. the “fight-or-flight” response occurs in response 
an external threat; involves a generalized activation of sympathetic outflow 
mobilizing many systems (cardiovascular, respiratory, metabolism).  

 
D. Organization of the ANS: two neuron system 
  
 
 
 
 
 
 
 
 
 
 

 The first neuron (preganglionic) is located within the CNS (in the spinal cord) and 
synapses with a postganglionic neuron located in an autonomic ganglion. The 
postganglionic neuron synapses with the target organ.  

 All preganglionic neurons secrete ACh. 
 
 

E. ANS Neurotransmitters and synapses  
Major NTs: Acethylcholine (ACh), and Norepinephrine (NE).  Other examples include ATP, 
NO, 5HT, GABA, dopamine, glutamate. Epinephrine functions as a hormone in the ANS.  
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1. Adrenergic Neurotransmission. NE is synthesized in vesicles from Dopa. NE release 
occurs near target cells, but it is not closely coupled. After release and interaction with α and/or  
adrenergic receptors, NE is taken back into the cytosol and degraded by specific enzymes (MAO, 
COMT). Degrading enzymes also exist in mitochondria and in the circulation.    

 
2. Cholinergic Neurotransmission. ACh is synthesized in the cytosol from choline and 
transported to vesicles. Choline is rich in egg yolks, liver, soybeans. After release and interaction 
with its receptors, ACh is inactivated by hydrolysis via acetyl cholinesterase (AChE).  Choline is 
re-uptaken into the presynaptic terminal for reuse.  

Nerve agents (sarin gas) inhibits AChE and prevent ACh degradation, causing death in 
minutes by overstimulation (convulsions, paralysis and ultimately respiratory failure). Current 
treatment involves a drug cocktail with Diazepam (benzodiazepine) a sedative to prevent 
seizures, atropine to block muscarininc AChRs, and pralidoxime (2PAM) to recover AChE 
function. Better drugs are being tested in those three categories: midazolam, scopolamine, and 
RS194B.  

 
 
 
F. Differences between Neuron-neuron synapses (first neuron of the ‘two-neuron-system’) 

and Neuron-organ synapses (second neuron of the ‘two-neuron-system’).  
 

Burnstock. Ann. Rev. Pharmcol. Toxicol. 49:1-30, 2009 
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G. Autonomic receptors 
This table summarizes the location of autonomic receptors and their mechanism of action. 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
H. Sympathetic and Parasympathetic Divisions 
 

• The two branches are complementary and coordinated; the sympathetic branch is generally 
described as ‘arousing’ (fight or flight) [E activities: exercise, excitement, emergency, 
embarrassment] whereas the 
parasympathetic branch is sometimes 
referred to as ‘calming’ (rest and 
digest).  

• Target organs have a basal tone or 
resting level of activity that permits 
both increases and decreases from that 
set point. They receive sympathetic 
and parasympathetic innervation 
(dual innervation), which typically 
produce opposite effects.  
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I. Sympathetic Branch 
 
  
 The first neuron of the system is 
called preganglionic. Pre-ganglionic 
somas are located in the lateral horn in 
the thoracic and upper lumbar segments 
of the spinal cord (SC), and in the C8 
segment (thoracolumbar division).  
 All pre-ganglionic fibers secrete 
acetylcholine, which act on post-
ganglionic nicotinic receptors 
(ionotropic, fast-acting).  
 Preganglionic neurons synapse with 
postganglionic neurons (second 
neuron of the system) mainly in 

ipsilateral ganglia, controlling autonomic function on the same side of the body, except the 
intestine and pelvic viscera, which are controlled bilaterally.  

 Post-ganglionic neuron somas are found in either paravertebral (the majority) or 
prevertebral ganglia. Paravertebral ganglia are two sets of ganglia located to each side 
of the SC (also called sympathetic chain). The prevertebral ganglia are located in the 
abdominal cavity.  

 Most preganglionic axons exit the ventral root of the SC and enter the corresponding 
paravertebral ganglion, usually at the same SC level through a white communicating 
ramus. These structures are only present from T1 to L2, so axons that make connections 
elsewhere travel rostrally or caudally within the sympathetic trunk to synapse at different 
levels of the SC. Some axons exit the sympathetic trunk and enter a splanchnic nerve to 
synapse at prevertebral ganglia with a postganglionic neuron (a splanchnic nerve is a 
nerve that innervates viscera). 

 Some paravertebral ganglia are fused together:  the superior cervical ganglion (ganglia 
from C1 to C4) controls the head and neck; the middle cervical ganglion combines 
ganglia at C5 and C6, controls the heart, lungs and bronchi; the stellate ganglion 
comprises the fusion of the inferior cervical ganglion (C7 and C8) and T1, also controls 
the heart, lungs and bronchi. 

 Postganglionic neurons located in paravertebral ganglia send out their axons to a spinal 
nerve via a gray communicating ramus; there are 31 spinal nerve pairs and each has a 
gray ramus; these nerves travel to the target organs, such as viscera, muscles, skin, joints.  
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 Sympathetic postganglionic fibers secrete norepinephrine (NE), and activate 
metabotropic adrenergic receptors (α & β) in target 
organs. 

 The adrenal medulla is a special case, because 
preganglionic axons pass through the splanchnic nerve and 
directly synapse with the medulla. Therefore there is no 
post-ganglionic neuron: chromaffin cells in the adrenal 
medulla secrete epinephrine (E) and NE directly into the 
blood stream as a response from the direct activation from 
cholinergic pre-ganglionic fibers; the adrenal medulla is 
responsible for the secretion of 80% of E and 20% of NE 
into the circulation.  

 NE and E metabotropic receptors are coupled to a G protein 
cascade.  

 The sweat glands are another exception. They are innervated by the sympathetic branch 
but they are activated post-ganglionically via acetylcholine (ACh) binding to muscarinic 
metabotropic receptors.  

 
 
J.  Parasympathetic Nervous System  

 
 The parasympathetic preganglionic fibers are located in the cranial nerves in the 

brainstem and in the S3 and S4 sacral divisions of the SC (craniosacral division). 
 Four cranial nuclei contain preganglionic somas: cranial nerve III, VII, IX and X.  
 Preganglionic fibers secrete ACh; the receptors in post-ganglionic cells are nicotinic 

(fast, ionotropic). 
 Preganglionic fibers leave the CNS at only a few points (e.g. the vagus nerve), compared 

to the sympathetic branch.  
 Ganglia are typically close to the 

target organs. 
 The vagus (cranial nerve X) 

innervates the neck (pharynx and 
larynx), viscera in the thorax 
(heart, lungs esophagus, trachea, 
bronchii) and abdomen (GI tract, 
liver and pancreas). It can 
activate gland secretions and 
skeletal (palate, esophagous, 
pharynx, larynx) and cardiac 
muscle function.  

 Postganglionic fibers located in 
cranial ganglia innervate the eye 
and glands (lacrimal, nasal, oral 
pharynx, salivary, oral cavity, 
parotid and mouth salivary).  

 Other post-ganglionic neurons (the majority) are located near or in the walls of 
visceral organs, they innervate in the thoracic, abdominal and pelvic cavities. 
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 Postganglionic fibers typically secrete ACh and activate muscarinic receptors (M1-M5, 
slow, metabotropic) in smooth muscle, cardiac muscle and glands. M1 receptors are 
important for gastric secretion); M2 and M3 are important for smooth muscle function. 

 Parasympathetic smooth muscle activation generally causes dilation, with the exception of 
the GI, where it causes contraction. 
  
 

K. Comparison between sympathetic and parasympathetic branches  
 

 SYMPATHETIC PARASYMPATHETIC 
 Thoracolumbar Division Craniosacral Division 
Function Homeostasis 

Fight or flight response 
Homeostasis 

Complements the sympathetic 
response 

Location of preganglionic 
somas 

SC: Thoracic T1-T12 (C8) 
and upper lumbar L1-L3 

Brainstem and sacral spinal 
cord 

Location of postganglionic 
somas 

Paravertebral ganglia (two 
sets lateral to SC), and 
prevertebral ganglia (in 

abdominal cavity) 

Ganglia located near or in the 
walls of target organs 

Length of preganglionic 
fiber 

Short (somas are near the SC) Long (somas are in the 
brainstem or sacral SC) 

Length of postganglionic 
fiber 

Long Short (somas are by the target 
organs) 

Preganglionic fiber NT ACh ACh 
Postganglionic receptor 
Agonist 

Nicotinic (fast, ionotropic) 
nicotine 

Nicotinic (fast, ionotropic) 
nicotine 

Postganglionic fiber NT  
 

NE, E (80% of E comes from 
the adrenal medulla); (an 
exception: sweat glands, 

ACh)  

ACh 

Receptor at the target 
organ, receptor type 
 
Agonist  

Adrenergic receptor (slow, 
metabotropic): α1, α2 & β1, 

β2 and β3 
αAR, phenylephrine 
βAR, isoproterenol  

 

Muscarinic (slow, 
metabotropic): M1, M2, M3, 

M4, M5 
 muscarine 

SC, spinal cord   Ach, acetyl choline  E, Epinephrine 
NT, neurotransmitter  NE, Norepinephrine  AR, adrenergic receptor 
 

 
 Sympathetic and parasympathetic activation work together; results depend on the type of 
receptor present and their coupling to intracellular responses.  
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G. ANS Visceral afferent fibers (sensory) 
 ANS efferent (motor) fibers are accompanied by sensory afferent fibers traveling from the 

periphery to the SC and the CNS. These fibers provide information from sensory receptors in 
the viscera, resulting in a reflex arc response.  

 Pain receptors in viscera are activated by excessive distension, ischemia or obstructions. Pain 
signals travel through sympathetic nerves (e.g. splanchnic nerve) to the SC, activating 
interneurons that trigger reflex arcs, and also activating projection neurons that trigger pain 
signals to the brain. 

 Other visceral afferents travel in parasympathetic nerves; these are usually involved in 
reflexes rather than pain sensation. Glossopharyngeal nerve baroreceptor afferent fibers from 
the carotid sinus enter the brainstem (nucleus of the solitary tract) and activate interneurons, 
which in turn synapse onto pre-ganglionic neurons that control heart rate and blood pressure.  

 Afferent fibers use glutamate as the preferred neurotransmitter; neuromodulators may be co-
released, such as angiotensin II, arginine vasopressin, Substance P, Enkephalin, Oxytocin, 
Somatostatin, Vasoactive intestinal polypeptide, etcetera.  

 Referred pain is pain originated in viscera but perceived by the CNS as originating elsewhere 
(an area of skin, for instance). It results from convergence of somatic and visceral afferent 
fibers from the same SC level of the spinal cord. 
 

 M. The Baroreceptor reflex 
 The effect of sympathetic or parasympathetic activation depends on the receptor type and 
how receptors are coupled to responses in a given cell type.  Here are two general examples, 
which will be discussed later in the course. 
 
Blood pressure control: 

When blood pressure increases from basal levels, the baroreceptor reflex is activated; this 
a negative feedback loop that controls arterial pressure. Baroreceptors are mechanoreceptors 
located in the nerve terminals in the carotid sinus and the aorta (aortic arch); these “stretch-
activated channels” are activated when arterial pressure increases, resulting in depolarization and 
increase in the action potential firing rate of the nerve.  

 These afferent fibers join the 
glossopharyngeal (IX) and vagus (X) 
nerves, ending at the vasomotor and 
cardioregulatory centers of the medulla in 
the brainstem. Activation of this centers 
during increased blood pressure produces: 
 - Decrease of sympathetic input to the 
heart, resulting in decreased in heart rate 
and contraction strength (via withdrawal of 
 adrenergic receptor stimulation). 
 - Increase in parasympathetic input to 
the heart, resulting in decreased heart rate 
(via muscarinic receptors). 

- Decrease of sympathetic input to 
vascular smooth muscle, resulting in 

relaxation (via withdrawal of α1 adrenergic receptor stimulation)  
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 - Decreased sympathetic input to adrenal chromaffin cells, resulting in decreased 
epinephrine (& norepinephrine) secretion into the blood stream, and less activation of peripheral 
α and β receptors. 
 Overall, these responses lead to a decrease in arterial pressure.  

In contrast, decreases in stretch of mechanoreceptors due to low arterial pressure result in 
firing rates lower than normal in baroceptors terminals; eliciting the opposite neural responses 
which lead to increased arterial pressure. 
 
 
N. The Enteric Division 
 
 The ENS is the primary nervous system controlling the gut functions of motility, secretion 
and blood flow. It has autonomous functions (intrinsic innervation), but it is also controlled by the 
sympathetic and parasympathetic divisions (extrinsic innervation). 
 
Intrinsic innervation. There are two networks of innervating the enteric system: 
  The Myenteric plexus (Auerbach’s plexus),  

- Essential in the generation of peristaltic activity,  
- In contact with parasympathetic neurons 
- Located between the circular (inner) and longitudinal (outer) layers. 

  The Submucosal plexus (Meissner’s plexus)   
- Regulates local secretion, blood flow and absorption 
- In contact with parasympathetic neurons 
- Located between mucosa and inner layer of smooth muscle 

 
O. Peristaltic Reflex 

• Reflex propagation of a wave of muscle contraction across the gut wall. 
• Inherent property of the gut generated solely by the intrinsic enteric nervous system 

(myenteric plexus) without the need for external input. 
• Initiated by distension of the gut wall by the chyme, aided by release of 5-HT from mucosa, 

this stimulates ACh sensory fibers that innervate motoneurons in the myenteric plexus 
proximally (behind the food) and distally (ahead). 

• Proximally, ascending neurons stimulate motoneurons to release Acetyl choline 
and substance P, mediating contraction of the circular smooth muscle  layer. They 
also stimulate inhibitory neurons to release NO and ATP, relaxing the longitudinal 
muscle. This causes a ring of contraction to develop behind the food bolus to 
propel it along the gut. 

• At the same time, distally, descending neurons stimulate interneurons to release 
VIP, NO and ATP, causing circular smooth muscle relaxation. They also stimulate 
motoneurons to release Acetyl choline and substance P, mediating longitudinal 
layer contraction (shortening), causing widening of the cross-sectional diameter 
of the gut to receive the food bolus. 

• This pattern of activity then repeats distally propagating the peristalsis wave 
forward 
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