Autonomic nervous system
» Introduction :
Nervous system : ● central 
  ● peripheral : ▪ autonomic ( control inside)

 ▪ somatic ( control outside ) 

the autonomic nervous system (ANS ) :
► definition : involuntary control of the visceral organ activities , e.g, circulation , digestion , sweating , and papillary size .

► is regulated by the hypothalamus 

► it regulates activities of :
1) visceral muscles : which are involuntary and include :

a- cardiac muscles ,and 

b- smooth muscle in arterioles and the gastrointestinal tract (GIT)
2) glands e.g, sweat glands and GIT glands 

►it consist of 2 sub-divisions :
▪ sympathetic 

▪ parasympathetic 
functional anatomy :
► the autonomic nerves consist of two neurons : 
1) preganglionic : its cell body is located in the CNS

2) postganglionic : its cell body in a ganglion outside the CNS . it innervates the effector organ.
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► sympathetic : originate in the thoracic and lumber regions of spinal cord (thoracolumber )

► parasympathetic : originate from cranial nerves (3rd , 7th , 9th , and 10th ) and sacral spinal nerves ( craniosacral )
►originate in the lateral horn cells in the spinal cord.
site of ganglia :

► sympathetic :
● preganglionic fibers are very short , synapsing with cell bodies of postganglionic neurons within ganglia lie in sympathetic ganglion chain (sympathetic trunk )
● postganglionic fibers originate in the ganglion chain terminate on the effector organs
● some preganglionic fibers pass through the ganglion chain without synapsing and terminate later in sympathetic collateral ganglia located halfway between the CNS and innervated organs .
► parasympathetic :
● ganglia are near or within the effector organs .
● preganglionic neurons are located in the CNS.

● postganglionic fibers are shorter than preganglionic , postganglionic neurons (located in parasympathetic ganglia ) are either close to or embedded in their target tissue .
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autonomic nervous system :

the preganglionic nerves are mylienated , but the postganglionic nerves are unmylienated. 
Function of the ANS :

►the ANS controls involuntary visceral organ activities 

● such as circulation , digestion , sweating , and papillary size
►the sympathetic and parasympathetic system exert opposite effects.

● sympathetic is activated during stress and emergencies . prepare for "fight or flight "
● parasympathetic is concerned with vegetative functions (general housekeeping) e.g, feeding , resting , and sexual stimulation .
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	Constriction of pupil

Constricted (near vision)

	Dilatation of pupil 

Relaxation (far Vision)

	• Eye :

» Iris                   (
» Ciliary muscle (


	Decreased heart rate

	- Increase heart rate 
- Increase force of contraction
- Dilatation of coronary Blood vessels
 
	• Heart :

	Little or no effect

	Vasoconstriction except in sweat glands , and especially in skeletal muscle blood vessels , where the sympathetic system causes vasodilation. 

	• Peripheral blood vessels :


	Constriction
	Bronchodilation

	• lungs : 

	- Contraction of wall and 
- relax of sphincters

(emptying promoted)
Increase 
	- Relax of wall and 
- constriction of sphincters
(filling promoted)

Decrease 
	• GIT :
» Intestinal motility and secretion (

	- Contraction of wall and 
- relax of internal sphincters

(emptying promoted)

	- Relax of wall and 
- constriction of internal sphincters

(filling promoted)
	• Urinary bladder :

	Erection of penis or clitoris

	Ejaculation

	• Sex organs :

	Copious secretion ( large quantity ) 

	Slight secretion , frequently rich in enzymes

	• Glands :
»Nasal 
»Lacrimal
»Salivary ( e.g , Parotid ,

Submandibular, sublingual)

»Gastric

»Pancreatic 



	none
	Secretion of adrenalin and noradrenalin

	• Adrenal medulla :
 

	none
	Increase 
	• Blood :
»Coagulation 

»Glucose



	none
	Increase 
	• Basal metabolism :


	none
	Increased 
	• Mental activity :


	none
	Increased 
Glycogenolysis


	• Skeletal muscle :


	None 
	Lipolysis 
	• Fat cells :



► the sympathetic and parasympathetic system exert opposite effects, however they cooperate and may act in unison/accord  in :
1) salivary secretion :  ● parasympathetic ( Watery , copious secretion 
    ● sympathetic        ( scanty secretion rich in enzymes
2) Emotional stress :    ● parasympathetic ( increased tear and nasal secretions 
    ● sympathetic        ( increased heart-rate , BP , etc
3) Sexual intercourse : ● parasympathetic ( erection of the penis or clitoris ,
 ● sympathetic        ( ejaculation or orgasm 
Chemical or neural transmitter :
►all preganglionic fibers release acetylcholine (Ach).

►all parasympathetic postganglionic release Ach.

►all sympathetic postganglionic release noradrenalin , except sweat gland and blood vessels in skeletal muscle release Ach.
[image: image4.png]Parasympathetic

Sympathetic

Ganglion

Adrenal Medulla:

Adrenal
Medulla




Chemical division of ANS :

►cholinergic (Ach ) :
1) all preganglionic fibers 
2) all parasympathetic postganglionic fibers

3) sympathetic postganglionic at sweat glands and blood vessels in skeletal muscles.
►adrenergic (adrenaline , & nor-adrenaline ) :
1) most sympathetic postganglionic 
2) adrenal medulla is a modified sympathetic ganglion that does not give rise to postganglionic fibers . it secretes mainly adrenaline upon stimulation by preganglionic fibers . 
» chemical transmitters act locally either at the synapse or at the target cell receptor
» their effect lasts only for a few seconds because they are either destroyed or removed from the site of their release. 

» Ach is removed with hydrolysis by acetylcholinesterase.

Acetylcholine biosynthesis and catabolism : 
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*Biochemical events at cholinergic endings. ACh, acetylcholine; ASE, acetylcholinesterase; X, receptor
Biosynthesis of catecholamines : (adrenalin and noradrenaline )
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► noradrenalin is rapidly taken up by the nerve endings active transport :
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* Biochemical events at noradrenergic endings. NE, norepinephrine; COMT, catechol-O-methyltransferase; MAO, monoamine oxidase; X, receptor. For clarity, the presynaptic receptors have been omitted. Note that MAO is intracellular, so that norepinephrine is being constantly deaminated in noradrenergic endings. COMT acts primarily on secreted norepinephrine.
Receptors :
» definition : it is the site on the cell membrane with which the chemical transmitter combines to produce its effect on the cell .
► adrenergic receptors :
» divided into 
● α receptor : ○ is found in : iris , blood vessels , and GIT

○ constriction on blood vessels (vasoconstricton )
○ dilatation of pupil 

○ intestinal and bladder sphincters constriction 
○ blocked by :  phentolamine
● β receptor : ○ is found in : heart, skeletal muscle , and GIT

○ there is β1 and β2
• β1 ○ is found mainly in heart 
 ○ ↑ heart rate and force of contraction 

 ○ increased myocardial strength .

 ○ blocked by atenolol (( hypertension )

• β2 ○ is found in bronchial tree 
 ○ cause bronchodilation
 ○ vasodilator

 ○ intestinal and bladder wall relaxation  
 ○ stimulated by salbutamol (ventoline )( for bronchial asthma 
►cholinergic receptors :

» divided into 
● Nicotinic  ○ is found  in all ganglia   
  ○ stimulated by small dose of Nicotine and 
  ○ inhibited by a large dose of Nicotine 
● Muscarinic ○ is found in target organs   , 
○ blocked by Atropine . Therefore , atropine injection is used for relief of colic , and  before surgery to reduce salivary and bronchial secretion to prevent inhaling these secrestion and is also used in dilatation of pupil .
Adrenergic Receptors Blockers :

►α blockers:
▪Prazosin (α 1)
▪Yohimbine (α 2)
►β blockers:
▪Propranolol (β1 & β2) ( contraindicated in asthmatic people .
▪Atenolol (β 1)
Drugs that u should know  :

• epinephrine ( sympathetic 

• salbutamol (ventolin )( sympathetic 

• propranolol (inderal ) 
• atenolol (tenormin ) 

• atropine

• prazosin

• phetolamine
• hexamethonium ( ganglion blocker
• curare ( ganglion blocker ( blocks nicotinic receptor )
Difference between Sympathetic Parasympathetic
	Parasympathetic
	Sympathetic

	cranial and sacral
	thoracic and lumber
	• Origin of preganglionic fiber 

	terminal ganglia ( in or near effector organ )
	sympathetic ganglion chain or collateral ganglia
	• Origin of postganglionic fiber
 

	long cholinergic preganglionic fiber , short cholinergic postganglionic fiber
	shorter cholinergic perganglionic fiber , long adrenergic postganglionic fiber

	• Length and type of fiber

	Relaxed situation 
	Emergency fight or flight


	• Dominance

	Involves discrete organ 
	Mass discharge of whole system 
	• Type of discharge

	Ach
Cholinergic nicotinic type
	Ach
Cholinergic nicotinic type
	• Type of neurotransmitter between preganglionic  and postganglionic neuron
• The receptor on postganglionic neuron 

	Ach
Muscorinic cholinergic type
	Norepinephrine
Adrenergic receptor α  and β
	• The neurotransmitter secreted by postganglionic neuron
• The receptor on the target 

	- little and has ratio of (pre/post) = 1/3

- more specific cholinergic actions
	- Great and has ratio of (pre/post) = 1/10

- Diffuse adrenergic actions
	• Divergence         (
• This divergence results( 

	Neurons in the anterior part of hypothalamus
	Neurons in the posterior part of hypothalamus
	• Regulated by 


Difference between somatic and autonomic :

►somatic 
○ innervates skeletal muscle 

○ control is precise and voluntary 

○ neuronal connection located within CNS 

○ mylenated nerves transmit rapid impulses
►autonomic 

○ innervate smooth and cardiac muscle , gland and viscera
○ control is diffuse and voluntary 

○ nonmylenated postganglionic nerves conduct slow impulses 

○ mylenated preganglionic nerves conduct rapid impulses

○ stimulation ↑or ↓ activity .

applied neurophysiology :
» epinephrine :

● stimulate both β1 and β2  receptors
● useful in treatment of asthma

● contraindicated in hypertension or heart disease .why? because it's not specific
» salbutamol (ventolin  ) :
● stimulates mainly β2  receptors
● used in treatment of bronchial asthma

● safer than epinephrine .why? because it is specific


» propranolol (inderal ) :
● blocks  β1 and β2  
● used in treatment of hypertension 

● should not be given to a patient with bronchial asthma .why ? not specific 
» atenolol (tenormin  ) :
● blocks only β1
● used in treatment of hypertension 

● safer than inderal .why ? specific 
» atropine :
● blocks muscarinic receptors (of Ach )
● used in treatment of colic

لا تحـــــــــرمونـــــــا من دعواتكم 
Done by : Dr.noop 426
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