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Cholinergic Agonists
Cholinergic  = ACh - but there are 2 receptor types:

1. Muscarinic:  Heart, G.I. tract, bronchial smooth muscle, vascular endothelium (but NOT innervated), presynaptic nerve terminals, sweat glands. 

2.  Nicotinic :  All ganglia (both sympathetic and parasymp.) and skeletal muscle endplates (NMJ).

I.  Direct acting agonists - Bind directly to muscarinic or nicotinic receptors.

a) G-protein coupled, 7 transmembrane domains

b) Second messengers - depends on the type of muscarinic receptor (most are IP3, DAG).


(nicotine, pilocarpine)

II.  Indirect acting:

1. Acetylcholinesterase inhibitors, Amplify endogenous Ach, by preventing the breakdown of ACH inhibits ACHE (physostigmine)

III. Direct acting Cholinergic Agonists:  


Specificity:  Drugs that act at receptor subtypes are more specific.  


Ex:  Only at M1 receptor vs. ganglionic blockers.

General Outline for discussion of drugs/herbs: 

· Physiology/pathologies

· Mechanism of action

· Clinical uses/Side effects

· Pharmacokinetics

A. 2  types of Direct Cholinergic Agonists 

1. Choline esters (CH3 - C - O - CH2 - CH2 - N+ (CH3)3)  - ACh as prototype  (effective at both muscarinic and nicotinic receptors)



Why not just use Ach?  It’s “natural”.
· Not specific (Why?), rapidly hydrolized, poor distribution

It is a lousy drug because broken down quickly & effects all receptor types therefore it may not get to the site that it is needed at.

2.
Alkaloids:  (Plant derived)- Muscarine - Muscarinic (specific) and Nicotine - Nicotinic receptor


B. Absorption, distribution, metabolism of cholinergic agonists
1. Choline esters = quaternary ammonia cmpds., permanently charged = poor distribution and absorption 



(injection to site)



a. Metabolism: by ACHesterase, so short t 1/2. 

Exceptions: Carbachol and Bethanechol (Musc. selective) longer t 1/2’s, not suscept.  to ACHE.


2. Alkaloids are tertiary, so uncharged + well absorbed. 

Ex:  Nicotine absorbed through the skin (patch),  Muscarine has ( absorption (quaternary). 



Lobeline:  from Indian Tobacco, has lower potency than Nicotine.


C. Mechanism of Action
1. Muscarinic - ( Calcium and PI(Phosphotydal Inositol in cell). How?  

Musc. receptor is linked to G-protein( activates Phospholipase C (for most Muscarinic recept. - at least 4 subtypes)



2. Nicotinic Receptors (2 types) Where are they?

a. Neuromuscular junction (Nm) - Binding of 2 ACh molecules opens channel for Na + K. This causes desensitization (transient depolarization of the endplate which triggers a muscle action potential - contraction).

b. Neuronal recept. (Nn) 

· on ALL autonomic ganglia, contains two subunits ( and (, opens a sodium/potassium channel.

· Nn is different in structure from the Nm (at the neuromuscular junction),  but some drugs recognize both receptors and some are specific to a specific receptor type. 

Specific drugs ganglionic blockers: Curare is a neuromuscular blocker that causes relaxation of the skeletal mm.



Indirect acting Cholinergics



a. ACHE inhibitors, increases ACh in the cleft, slow off rate


D. Effects of Muscarinic Agents
1) Eye - pupil contraction (Miosis),   ciliary contraction (near vision)

2) Cardiovascular (heart and blood vessels (endothelium) have Muscarinic receptors.
a) Vasodilation: Uninervated blood vessels have muscarinic ACh receptors in the endothelial cells, when exogenous Muscarine binds these uninervated receptors the endothelium releases Nitrous oxide. (Endothelial-cell derived relaxation factor, EDRF) which diffuses across the smooth muscle and causes the smooth muscle in the vessel to relax and vasodilate (Why?b/c there is no parasympathetic to BV - What is the mechanism?  NO activates guanylate cyclase which increase cGMP which causes contraction
Nitroglycerin activates NO directly creating massive vasodilation and relief of angina in some instances.  L Arg also stimulates EDRF
How does Muscarine as a drug have different effects from parasympathetic activation?

Decreased heart rate: ( potassium current inward current which leads to ( SA and AV node conduction. Homeostatic compensation: ( sympathetic in response to the ( blood pressure ( ( heart rate. Net effect is that the heart rate remains the same, the total peripheral resistance (TPR) ( and the blood pressure (  slightly. Can get the heart rate to (  but need a high dose of ACh.


Is this the effect of muscarine???

Effects of indirect acting cholinergic agonists: What is an example of this?

1. the firing of parasympathetic and  sympathetic ganglia ACh.

2. to determine the effect must know whether the organ is predominately para. or symp.


Ex: Is the heart predominantly sympathetic or parasympath?



 


       atria are ?parasympathetic

 Toxic Effects

1. What would be the toxic effects of Mushroom poisoning (Inocybe genus, muscarinic excess)? 

 What would the symptoms be (good test question)? 

· Nausea, vomiting, diarrhea, 

· sweating(symph M rec), 

· salivation, 

· vasodilation (endothelium has muscarinic rec produces NO=relax)

· Increase GI secretions, increase peristalsis, defacation, urination

· Para on lung bronchoconstriction

· but NO overiding ( HR ( can lead to ( BP and shock at high doses - get compensation and ( HR at low doses of Muscarine)

Treatment?   Use Muscarinic antagonist (atropine) to block + pump stomach.  (When atropine is given as an antidote for muscarinic poisoning know it is working when the person stops drooling and the pupils dilate.)

Mao Jung (chinese herb) bronchodilation

2.
Direct acting nicotinic agonists




 (Few clinical uses - hyperactive bowel diseases). 

Nicotinic excess: 40 mg (2 cigarettes) is close to the lethal dose but 90% goes up in smoke. Smoking 20 cigarettes simultaneously may give close to the lethal dose - but metabolism is rapid. Effects include:



a. CNS - convulsions.



b. NMJ - stops diaphragm - endplate depolarization due to tetany.



c. Hypertension and cardiac arrhythmias at higher doses.

3.  Indirect -acting Cholinomimetics 


(ACHesterase inhibitors: Malathione, Parathione): 

Found in some pesticides, kill insects but can affect humans.  Humans can metabolize these but they are rapidly absorbed (lipid-soluble) through the skin and mucosa and can be toxic - degrade in water fairly rapidly.







