Autonomic Pharmacology – Parasympathetic Nervous System
Anatomy

Pre-synaptic fibers are long.  Ganglia are near target effectors.  Localized effects.

Ganglionic receptors are nicotinic acetylcholine receptors.

Target receptors are muscarinic acetylcholine receptors.

Physiology
Usually constricts smooth muscle and increase glandular secretions.
Mediates “rest and relax” functions.

Constricts pupils, bronchi, GI muscles, and bladder.

Relaxes GI sphincters and bladder sphincter, and decreases heart rate.

Acetylcholine production and release

1.  ACh synthesized by choline acetyltransferase (inhibited by NVP)

2.  Ca2+ dependent release (promoted by black widow toxin, inhibited by botulism toxin)

3.  ACh receptor is muscarinic (agonist is pilocarpine, antagonist is atropine)

4.  ACh degraded in cleft by acetylcholinesterase (inhibited by neostigmine and soman)

5.  Choline taken back up into neuron (inhibited by hemi-cholinium)

The muscarinic ACh receptor is a G-protein with M1-M5 subtypes.

M1,3,5 all stimulate DAG/IP3 production


M2,4 stimulate potassium channels and inhibit adenylyl cyclase


M2 is cardiac selective

Muscarinic Agonists
1.  Bethanecol.  Resistant to acetylcholinesterase.  Strong effects on GI (increased peristalsis/ 
secretion/digestion) and bladder (contracts bladder, relaxes sphincter).  No cardiac effects.

Clinical use:  neurogenic bladder (such as after spinal injury), gastroparesis
2.  Pilocarpine.  Generalized muscarinic agonist.  Strong ocular effects, including pupillary 
constriction, accomodaion, and reducing intraocular pressure.

Clinical use:  glaucoma
3.  Metoclopramide.  Increases gastric emptying and serves as anti-emetic.


Clinical use:  first-line gastroparesis, anti-emetic agent

Muscarinic Antagonists

1.  Atropine.  Competitive ACh antagonist.  Causes dry mouth, gastroparesis (constipation), 
urinary retention, flush, bronchodilation, pupillary dilation (“mydriasis”), tachycardia, 
delirium.  Remember “mad as a hatter, red as a beet, dry as a bone.”

Clinical use:  Stops asystole and diarrhea.  Can be used to dilate pupils.

2.  Scopolamine.  Used for motion sickness.

3.  Ipratropium.  Used as bronchodilator for asthma and COPD.

4.  Oxybutynin.  Increases bladder capacity and can be used to counter incontinence.
5.  Diphenhydramine.  Antihistamine with anticholinergic properties.  Used as a sedative.

6.  Tricyclic antidepressants.  Often have anticholinergic side effects.

Acetylcholinesterase Inhibitors

AChE inhibitors may be therapeutic (physostigmine), poison antidotes (pyridostigmine), 
or toxins (sarin).
AChE is anchored in the synaptic cleft, meaning it is not normally degraded and you are not 
normally replenishing it at a high rate.

Signs of poisoning, such as by sarin, include bronchospasm, salivation, lacrimation, defacation, 
urination, bradycardia, hypotension, weakness.

Treatment of poisoning by sarin includes large dose of atropine and pralidoxime, which can 
rescue irreversibly blocked AChE if treated before the enzyme “ages.”

Huperzine A is a reversible competitive inhibitor of AChE.

Neostigmine, Pyridostigmine, and Physostigmine are reversible covalent modifiers of AChE.
Sarin and Parathion are irreversible inhibitors.

