Autonomic NS
Divisions of the Nervous System


The central nervous system contains the brain and spinal cord.  It integrates all body activities


The peripheral nervous system is divided into the somatic (skeletal) and the autonomic nervous systems.  The ANS is divided into the sympathetic and parasympathetic systems.  
Somatic Nervous System


The somatic nervous system activates skeletal muscle contraction.  It consists of motor and sensory neurons.  The sensory neurons are afferent and go to the CNS.  The motor neurons are efferent and go from the CNS to the skeletal muscle.  It adjusts to the external environment and is voluntary.
Autonomic Nervous System


The ANS regulates activity of smooth muscle, exocrine glands, cardiac tissue and certain metabolic activities.  Sensory neurons go from smooth muscle and cardiac muscle to the CNS.  Motor neurons go to glands, smooth and cardiac muscle from the CNS.  The ANS adjusts to the internal environment and is involuntary.  Further divided into the sympathetic nervous system and the parasympathetic nervous system (SNS and PNS).  The SNS is said to be diffuse because when we activate a single preganglionic neuron, it will result in the activation in a larger number of effector cells.  The PNS is specific.    
Parasympathetic Effects

1) Responses are specific

2) Rest and Digest

3) Miosis

4) Salivation/Lacrimation

5) Decreased Heart Rate

6) Bronchoconstriction

7) Erection

Sympathetic Effects

1) Responses are diffuse

2) Fight or Flight

3) Mydriasis

4) Decrease GI motility/urination

5) Increased heart rate

6) Bronchodilation

7) Ejaculation

See Chart on Handout with receptors and effects!
Enteric Nervous System


The enteric nervous system, or the ENS, is considered to be the 3rd division of the ANS.  It is a network of autonomic nerves in the gut wall.  It receives innervation from the SNS and PNS and regulates GI motility and secretion.  It responds to neurotransmitters (NTs) – peptides and nitric oxide.

Neurotransmission of the ANS


A preganglionic neuron is a cell body in the CNS and the axon extends out of the CNS.  The postganglionic neuron innervates an effector outside the CNS.  A ganglion is a small mass of nerve tissue containing the cell bodies of postganglionic neurons.  A synapse is a space between pre and post neurons or space between post neuron and effector where NT is released.  In the PNS, the primary NT is acetylcholine (ACH).  In the SNS, the primary NT is norepinephrine (NE) and may be referred to noradrenaline (NA).


Preganglionic neurons in the PNS are longer than the preganglionic neurons in the SNS.  ACH is released at the ganglion between the pre and post in both the SNS and PNS.  In the PNS, the postganglionic neuron is short and in the SNS the postganglionic neuron is longer.  The neuroeffector junction (NEJ) is the space between the postganglionic neuron and the effector organ.  This junction is where the primary NTs for both systems are released.   
Neurotransmitters (NTs)


ACH is the primary NT in the PNS.  It is released at all autonomic ganglia (PNS and SNS), at the PNS NEJ, somatic neuromuscular junction (NMJ), and some SNS NEJ.  Any drug that mimics ACH is referred to as a cholinergic drug, cholinomimetic, or a parasympathetic drug.


NE is the primary NT in the SNS.  It is released at most SNS NEJ.  Any drug that mimics NE is referred to as adrenergic or sympathomimetic drugs.  


Epinephrine (EPI) is released from the adrenal medulla once the SNS is activated.


ACH and NE are synthesized and stored in nerve terminals until they are released by an impulse or stimulation.

Neurotransmission can occur at the autonomic ganglia, the NEJ, or the NMJ (in the somatic nervous system).


Other NTs are found in the ANS nerves but they are non-adrenergic non-cholinergic neurons (NANC).  They are primarily found in enteric nervous system of the GI tract, genitourinary tract and some blood vessels.  They include peptides, ATP, nitric oxide, and serotonin.          
Cholinergic Receptors


There are nicotinic and muscarinic receptors.  


Muscarinic receptors are activated by muscarine.  These are located at the PNS NEJ, CNS, presynaptic SNS and PNS nerves (inhibits further NT release), and autonomic ganglia.  When activated, mostly by ACH, they mediate smooth muscle contraction (except sphincter contraction), cardiac slowing, and gland secretion.  They are found in greater numbers than nicotinic receptors.  Muscarinic effects also include a decrease in heart rate and conduction, bronchoconstriction, peripheral vasodilatation, miosis, and SLUD


Nicotinic receptors are activated by nicotine.  They are located on all autonomic ganglia and when activated will excite neurotransmission.    They are also located at somatic NMJ and when activated will mediate muscle contraction.  Nicotinic receptors have some opposing effects of muscarinic (tachycardia, HTN).  This is seen particularly is cardiac muscle.  
Adrenergic Receptors


Adrenergic respond to stimulation by NE and EPI.  


Alpha-1 adrenergic receptors are considered blood vessel receptors.  They constrict vascular smooth muscle and cause vasoconstriction.  They increase basal metabolic rate and are located at the SNS NEJ effector, which is primarily smooth muscle.


Alpha-2 adrenergic receptors are autoreceptors.  They inhibit the release of NE from nerve endings at presynaptic postganglionic neurons.  They are also located on some postsynaptic tissue and blood platelets.  These receptors will give us anti-adrenergic effects (opposite of sympathetic effects). 


Beta-1 receptors mediate cardiac stimulation by increasing heart rate and contractility.  They are located on SNS effector, which can be cardiac muscle, vascular smooth muscle, renal cells (increased renin release).  Stimulation of these receptors will give us positive inotropic (contraction), chronotropic (heart rate), and dronotropic (conduction) effects.  


Beta-2 receptors mediate smooth muscle relaxation.  They are located on SNS effectors, which are the bronchioles in the lung, uterine smooth muscle, and vascular smooth muscle.  
Drugs Affecting Autonomic Transmission


Drugs can exert at any step in the neurotransmission process depending on classification of drug.


Direct acting SNS and PNS agonist 

Indirect acting SNS and PNS agonist will have similar effects to NE and EPI.  

SNS and PNS antagonist or blockers.

COMT and MAO inhibitors (CNS) normally breakdown adrenergic NT.   

See diagram on HANDOUT
Mechanisms of Autonomic Drugs

1) Inhibit synthesis of NT
2) Prevent vesicular storage of NT

3) Inhibit release of NT

4) Stimulate release of NT

5) Inhibit reuptake of NT

6) Inhibit metabolism of NT

7) Activate postsynaptic receptors (direct agonists)

8) Block postsynaptic receptors (direct antagonists).  

Cholinergic Agonists

Direct agonists bind and activate cholinergic receptors.  These include choline esters and plant alkaloids


Indirect agonists increase synaptic concentrations of ACH available to bind to the cholinergic receptors.  These include cholinesterase inhibitors (donepezil); they increase ACH release (cisapride and Reglan).  Viagra is included in this group.  
Direct Cholinergic Agonists (Choline Esters and Plant Alkaloids)

The choline esters include ACH and Carbachol.  These activate both nicotinic and muscarinic receptors.  ACH is mainly endogenous and has limited clinical indications.  They have a lack of specificity for muscarinic subtypes (5 different types); therefore have a wide range of effects on many organ systems.  Bethanechol activates only muscarinic receptors and stimulates the bladder without significant effects on heart rate and blood pressure.  It is used to treat urinary retention.  It is also used in the treatment of urinary retention, post-op and post partum.  Carbachol is for chronic open-angle glaucoma.  It also produces miosis during ophthalmic surgery.


Plant alkaloids are also direct cholinergic agonists.  They have no current medical use on muscarine.  They are used for smoking cessation treatment in regards to nicotine.  Pilocarpine has a higher affinity for muscarinic receptor.  It treats glaucoma by stimulating the contraction of ciliary muscle fibers, increasing aqueous humor outflow, and decreasing intraocular pressure.               
Cholinesterase Inhibitors

These inhibit the breakdown of ACH at all cholinergic synapses, resulting in an increase in ACH concentration.  They can be short acting, therefore reversible.  Examples are donepezil (Alzheimer’s disease) and neostigmine/pyridosigmine (Myasthenia gravis).  They can also be long acting, therefore irreversible and possibly resulting in organophosphate poisoning.  Examples of these are pesticides, Soman (chemical warfare agent), and ecothiphate/isoflurophate (chronic glaucoma).  You can use antidotes to treat irreversible cholinesterase inhibitors.       
Organophosphate Poisoning


Organophosphate poisoning augments cholinergic neurotransmission at central and peripheral synapses.  You get all effects of muscarinic activation (SLUD, spasm, bronchoconstriction, decreased heart rate, etc).  There is also excessive activation of nicotinic receptors (neuromuscular blockade and muscle paralysis).  There is cholinergic activation in the CNS, resulting in seizures, respiratory depression, and a coma.  The treatment is atropine to counteract ACH and pralidoxime (2-PAM) to regenerate cholinesterase.
Cholinergic Antagonists


Muscarinic receptor antagonists compete wit ACH at NEJ.  These compete with ACH at the NEJ.  Examples are the Belladonna alkaloids and semi synthetic/synthetic drugs.  Nicotinic receptor antagonists include ganglionic, neuromuscular, and depolarizing neuromuscular blockers.

Muscarinic Receptor Antagonists


Belladonna Alkaloids include atropine, scopolamine, and hyoscyamine.  These are anti-cholinergic.


Synthetic/semi synthetic drugs include ipratropium, tolterodine, oxybutynin, etc.


Both types inhibit effects of PNS stimulation.  This results in smooth muscle relaxation, increased heart rate and cardiac conduction, and inhibit exocrine gland secretion.  

1) Ocular Effects—relax iris sphincter (mydriasis) inhibits lacrimal gland (dry eyes).  It is used as a mydriatic to facilitate eye exams (atropine and tropicamide).
2) Cardiac Effects—increases heart rate and AV conduction.  It is used is sinus bradycardia and AV block (atropine).
3) Respiratory Effects—increases bronchodilation.  It is used in OPD, emphysema, and chronic bronchitis (ipratropium – Atrovent ®).  Atrovent is ineffective by itself for asthma.

4) GI and Urinary Tract Effects—Relax GI muscle, reduce intestinal motility; inhibit gastric acid secretion and urinary retention.  Used in treatment of intestinal spasms/pain (Hysosamine, Donnatal, Dicyclomine).  Also used in the treatment of dysuria and urinary incontinence (oxybutynin, tolterodine, darifenacin, and solifenacin).  

5) CNS Effects—treatment of motion sickness by blocking cholinergic transmission from vestibular apparatus to vomiting center (scopolamine patch) and treatment of Parkinson’s disease by reducing tremor (benzotropine and trihexyphenidyl).  
Nicotinic Receptor Antagonists


Consists of ganglionic and neuromuscular blockers

Ganglionic blockers have limited use due to adverse effects.  An example is Trimethaphan, which is used rarely for hypertensive emergencies. 
Neuromuscular Blocking Agents

Neuromuscular blocking agents can be divided into nondepolarizing and depolarizing agents:

Nondepolarizing:

1) Also known as curariforms
2) Includes atracurium, pancuronium, and vecuronium
3) They are competitive antagonists of ACH at nicotinic muscle receptors.

4) Cause muscle relaxation and paralysis

5) Effects are reverse by cholinesterase inhibitors

6) Used for surgery

Depolarizing:

1) Includes succinylcholine
2) Causes persistent depolarization

3) Used for surgery

Effects are not reversed by cholinesterase inhibitors therefore there is no antidote for an overdose.  
Adrenergic Agonists


Adrenergic agonists include direct acting agonists (catecholamines and non-catecholamines), indirect agonists (amphetamine, cocaine), and mixed direct/indirect agonists (ephedrine, phenylpropalamine, pseudoephedrine).

Direct Adrenergic Agonists (Catecholamines)


Catecholamines are rapidly metabolized by monoamine oxidase (MAO) and catechol-O-methyltransferase (COMT) enzymes in gut, liver and other tissues – must give parenterally.  Their effects depend on affinity and specificity for type of adrenergic receptor.


EPI causes vasoconstriction and increases blood pressure (alpha-1), cardiac stimulation (beta-1), and bronchodilation (beta-2).  It has some binding to alpha-2 but will not produce significant effects.  This is the only one that binds to all four receptors.  They are used in anaphylactic shock and cardiac arrest.


NE causes vasoconstriction and increases blood pressure (alpha-1).  It is used in hypotension and shock.


Isoproterenol (Isoprel ®) causes cardiac stimulation (beta-1) and bronchodilation (beta-2).  It is used in the treatment of asthma, AV block and bradycardia.


Dopamine is a precursor to EPI and NE.  It causes renal vasodilation (D1), cardiac stimulation (beta-1), and increased blood pressure (alpha-1 and 2).  It is used in the treatment of cardiogenic shock, septic shock, heart failure and an adjunct to fluid administration in hypovolemic shock.    
Direct Adrenergic Agonists (Non-catecholamines)

Phenylephrine (Neosynephrine ®) causes vasoconstriction, increased blood pressure and mydriasis (alpha-1).  It is used as a nasal decongestant, ocular decongestant, and maintenance of BP during surgery.


Albuterol (Proventil ®) causes bronchodilation (beta-2).  It is used in asthma treatment.


Clonidine (Catapres ®) inhibits the release from the nerve terminal of postganglionic neuron (feedback inhibition: alpha-2).  It is used in the treatment of chronic hypertension and can have effects on the CNS (sedation).

Terbutaline (Brethine ®) causes bronchodilation and uterine relaxation (beta-2).  It is used in the treatment of asthma and premature labor.

Indirect Adrenergic Agonists


Amphetamine increases the release of NE from SNS neurons.  It causes vasoconstriction, cardiac stimulation and increased blood pressure.  It penetrates the CNS, causing CNS stimulation.


Cocaine is a local anesthetic.  It stimulates the SNS by blocking the reuptake of NE in the PNS and SNS – similar effects ass amphetamine.  
Mixed Acting Adrenergic Agents


Mixed acting adrenergic agents cause vasoconstriction by binding to alpha-1.  It increases the release of NE from SNS neurons.  Examples of these are the nasal decongestants pseudoephedrine and phenylpropalamine.  
Adrenergic Antagonists

Alpha adrenergic receptor antagonists


Beta adrenergic receptor antagonists (“olol”)


Mixed alpha and beta adrenergic receptor antagonists

Nonselective alpha-blockers

These block alpha-1 and alpha-2 receptors.


Phenoxybenzamine is noncompetitive and irreversible.  It is used in the treatment of hypertensive episodes associated with pheochromocytoma (tumor in adrenal medulla that secretes catecholamines). 

Phentolamine is competitive and reversible.  It is used in the diagnosis and treatment of hypersensitive episodes from pheochromocytoma as well.  It is also used in the treatment of necrosis and ischemia from extravasations of EPI.
Selective alpha-1 Blockers (“azosin”)


This general category relaxes vascular smooth muscle and smooth muscle in the bladder and prostate.  These produce vasodilation and decrease blood pressure.  They are used in the treatment of hypertension and urinary retention due to benign prostatic hyperplasia (BPH).


The drugs in this category are Doxazosin (Cardura ®), Prazosin (Minipress ®), Terazosin (Hytrin ®) and Tamsulosin (Flomax ® – only for BPH and not for hypertension).  
Nonselective Beta-Blockers


These block beta-1 receptors in the heart and beta-2 in the smooth muscle, liver, and other tissues


Beta-1 Blockade – decreases blood pressure, cardiac output, renin release, and aqueous humor secretion

Beta-2 Blockade – causes bronchoconstriction, decreased glycogenolysis, and mask signs of hypoglycemia.

These blockers can be used in the treatment of hypertension, angina, arrhythmias, MI, migraines, and glaucoma.


Drugs in this group include Propranolol (Inderal ®), Nadolol (Corgard ®), and Timolol (Timoptic ®)
Selective Beta-Blockers


These beta-blockers are selective for beta-1 receptors (primarily in cardiac tissue).  They produce less bronchoconstriction and other beta-2 receptor mediated effects.  They are also known as cardioselective beta-blockers.  Used in the treatment of hypertension, angina, and MI.


Examples of these drugs include Atenolol (Tenormin ®) and Metoprolol (Lopressor ®).  

Mixed alpha and beta adrenergic receptor antagonists


These block both alpha and beta receptors.


Drug included in this group are Carvedilol (Coreg ®) – used in the treatment of hypertension and congestive heart failure.  Labetalol (Trandate ®) – used in the treatment of hypertension.  
