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Lecture Objectives

1.  Distinguish the main structural and functional differences between nicotinic and muscarinic receptors, 
including their most well recognized function, signaling mechanisms, and location in the autonomic 
nervous system.

2.  Describe the difference between parasympathetic and nicotinic effects in the body.

3.  Describe the difference in mechanism of action of directly and indirectly acting cholinergic agonists.

4.   List the differences in the pharmacological activity of key quaternary nitrogen analogs of choline (e.g., 
nicotinic vs. muscarinic activity).

5.   List the 3 key quaternary analogs of acetylcholine and their pharmacological actions in the body.

6.   List the prototype tertiary amine muscarinic agonist and describe the major chemical feature that 
distinguishes it from the quaternary analogs, and how this feature affects the drug’s clinical 
effects.

Lecture Objectives

7.   Describe the relative susceptibility of the quaternary analog agonists to enzymatic degradation.

8.   List common clinical uses for the 4 muscarinic agonists discussed in class.

9.   List 3 key representative reversible cholinesterase inhibitors and describe their relative duration of action 
and their primary clinical applications

10.   Describe the mechanism of action of the irreversible cholinesterase inhibitors, and describe the 
mechanism by which 2-PAM acts to override irreversible cholinesterase inhibition.

11.  Describe the pharmacologic effects and the treatment for organophosphate toxicity 

12.  Describe the dose-dependent pharmacological effects of atropine.

13.  Describe the symptoms of atropine poisoning and its treatment.

14.  Describe various clinical applications for atropinic agents.

15.  Describe how, when and why glycopyrrolate is used during recovery from anesthesia
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Fig. 7-1 From B.G. Katzung, In: Basic and Clinical Pharmacology Katzung 10th Ed. Pg. 94

Overview of Cholinergic Therapeutics

From B.G. Katzun, In:  Basic and Clinical Pharmacology  Appleton & Lange, CT, 
2001, Left: muscarinic receptor, p. 23; right nicotinic receptor, p. 21

Muscarinic Receptor

M1, M2, M3, m3, m5

From Castro, Merchut, Neafsey and Wurster, In:  Neuroscience, an outline approach 
Mosby Inc., St. Louis, 2002

Muscarinic Receptors
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From B.G. Katzun, In:  Basic and Clinical Pharmacology  Appleton & Lange, CT, 
2001, Left: muscarinic receptor, p. 23; right nicotinic receptor, p. 21

Nicotinic Receptor

Nn = neuronal nicotinic receptor

Nm = muscle cell nicotinic receptor

Nicotine (Nicotrol, Nicorette)

Selective for Nn receptor, diffuse activation of central and 
peripheral nicotinic receptors clinical application limited to 
preparations for smoking cessation.

Succinylcholine (Anectine)

Blocks Nm receptor, used clinically as muscle relaxant during 
endotracheal intubation (see muscle relaxant lecture 9/7)

Nicotine

Tobacco Plant

Nicotinic Receptor agonists

Direct Acting Muscarinic Receptor Agonists

H3C-C-O-CH-CH2-N+-CH3

CH3

CH3
O

CH3

Methacholine

Quaternary Nitrogen Analogs

Primarily muscarinic activity
Rx: diagnosis of Asthma
Toxicity: bronchiole constriction
Contraindication: -blockade

H3C-C-O-CH2-CH2-N+-CH3

CH3

CH3
O

Acetylcholine

Quaternary Nitrogen

Hydrolyzed rapidly
Binds both nicotinic and muscarinic receptor

Hydrolyzed more slowly by acetylcholinesterase (AchE)
Activity is primarily muscarinic
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H2N-C-O-CH2-CH2-N+-CH3

CH3

CH3
O

Carbachol

Quaternary Nitrogen Analogs

H3C-C-O-CH2-CH2-N+-CH3

CH3

CH3
O

Acetylcholine

Muscarinic and nicotinic activity
Resistant to hydrolysis by AchE
Rx: miotic agent for ocular surgery

and glaucoma
Toxicity:  excessive muscarinic activation
i.e., bronchoconstriction, reduced cardiac 
conduction

Carbamic group

H3C-C-O-CH2-CH2-N+-CH3

CH3

CH3
O

Acetylcholine

H2N-C-O-CH-CH2-N+-CH3

CH3

CH3
O

CH3

Bethanechol

Quaternary Nitrogen Analogs

Muscarinic receptor selectivity
Resistant to hydrolysis by cholinesterases
Less CV effects (less M2 affinity)

Rx:  post-op urinary retention
neurogenic bladder atony

Toxicity:  bradycardia, bronchoconstriction

Contraindications:  asthma, peptic ulcer, bradycardia

Alkaloid of wild mushroom of the Clitocybe
and Inocybe genera

Pure muscarinic activity
Resistant to hydrolysis (no ester moiety)
No therapeutic use (extremely potent)
Poisoning treated with anti-muscarinic drugs

Clitocybe dealbata

Tertiary Amine Muscarinic Agonists

Muscarine

H3C-C-O-CH2-CH2-N+-CH3

CH3

CH3
O

Acetylcholine
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Alkaloid of South American shrub Pilocarpus jaborandi

Crosses BBB

Rx:  dry mouth and neck from radiotherapy
or Sjogren’s syndrome, also open angle glaucoma, 

acute and chronic angle-closure glaucoma

Toxicity:  excess muscarnic activation (slowed AV
conduction), hypotension, excessive
salivation and bronchoconstriction

Pure muscarinic receptor agonist

Pilocarpine

Muscarine

Open Angle Glaucoma Angle closure Glaucoma

Indirectly Acting Cholinomimetics Cholinesterase Inhibitors

Types of cholinesterases

Acetylcholinesterase (true AChE)

Butrylcholinesterase (pseudocholinesterase)

Inhibition increases Ach at all cholinergic synapses 
reached by the inhibitory agent resulting in:

muscarinic actions at autonomic effector targets
nicotinic actions at autonomic ganglia
nicotinic actions at motor end plate
muscarinic and nicotinic actions in CNS

NM junction and cholinergic synapses, RBCs

Plasma, glial cells, liver
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Reversible cholinesterase inhibition

Poor penetration of BBB

Direct stimulation of Nm receptors

Rx:  myasthenia gravis,
reversal of non-depolarizing neuromuscular blockade

Toxicity:  muscarinic and nicotinic excess

Contraindication:  intestinal obstruction

Neostigmine

Structure lacks ester group

Activates Nm receptors directly

Rapid onset, short duration of action

Rx:  diagnosis of myasthenia gravis
differential diagnosis of too little or
too much AchE inhibitor in rx of myasthenia gravis

Toxicity:  bradycardia, cardiac standstill

Contraindication:  intestinal blockade or urinary obstruction

Edrophonium
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Alkaloid from the calabar bean, Physostigma venosum

Crosses BBB

Duration ~2 hrs

Rx: antidote for muscarinic antagonist poisoning 

Toxicity: excess muscarinic and nicotinic receptor activation
(convulsions, respiratory and CV depression)

Contraindications:  asthma, cardiac insufficiency
intestinal obstruction

Physostigmine

Donepezil

Inhibits only acetylcholinesterase

Rx for Alzheimer’s Disease

Irreversible Cholinesterase Inhibitors

Organophosphates phosphorylate cholinesterases

Can produce severe toxicity
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S salivation
L lacrimation
U urination
D defecation
G gastrointestinal distress
E emesis

D Diarrhea
U Urination
M miosis
B bradycardia
B bronchorrea
E emesis
L lacrimation
S Salivation

Toxicity of Organophosphates

Tissue or system Effects

Skin

Visual

Urinary

Respiratory

Digestive

Skeletal muscle

Cardiovascular

Central nervous system

Sweating  

Lacrimation, miosis, blurred vision, accommodative 
spasm 

Urinary frequency and incontinence

Increased bronchial secretions, bronchoconstriction, 
weakness or paralysis of respiratory muscles 

Salivation; increased gastric, pancreatic, and intestinal 
secretion; increased tone and motility in gut, abdominal 
cramps, vomiting, diarrhea

Fasciculations, weakness, paralysis (depolarizing block)

Bradycardia (due to muscarinic predominance), 
decreased cardiac output, hypotension; effects due to 
ganglionic actions and activation of adrenal medulla also 
possible

Tremor, anxiety, restlessness, disrupted concentration 
and memory, confusion, sleep disturbances, 
desynchronization of EEG, convulsions, coma, 
circulatory and respiratory depression

Irreversible Cholinesterase Inhibitors
Organophosphates phosphorylate cholinesterases

Treatment

1. Ventilation
2. Suction of tracheal secretions
3. Anti-muscarinic agent (atropine)
4. Reactivation of acetylcholinesterase

with Pralidoxime Chloride (2-PAM)

Mechanism of Action of 2-PAM
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Echothiophate

Irreversible acetycholinesterase inhibitor used clinically

Rx:  long-term miosis in the treatment of open angle glaucoma
Half-life is long, only requires 1x per day dosing, 

Muscarinic Antagonists

Atropine

Nightshade family.  

Rx:  organophosphate poisoning (insecticides 
and nerve gas), 

induction of mydriasis and cycloplegia
(long duration of action)

reverse bradycardia of vagal origin

reverse gastrointestinal hypermotility

bladder spasms (urgency) associated 
with cystitis

Toxicity:  See Atropine poisoning

Scopolamine

Member of the nightshade family

Highly toxic, used in very small doses

Rx:  nausea and vomiting associated with motion sickness or 
chemotherapy

Toxicity:  anti-muscarinic actions (see atropine poisoning), effects 
may be long-lived especially in adults
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Glycopyrrolate

Quaternary nitrogen muscarinic antagonist

Rx: used to protect against excessive muscarinic effects of 
cholinesterase inhibitors during reversal of neuromuscular 
blockade, pre-operative anti-sialogogue, 

Toxicity:  can cause heat stroke due to inability to sweat in heat

Modified from B.D. Bhagat.  In:  Mode of Action of Autonomic Drugs.  Graceway
Publishing Company, 1979

Atropine or nightshade poisoning


