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Fig. 7-1 From B.G. Katzung, In: Basic and Clinical Pharmacology Katzung 10th Ed. Pg. 94 

 
From B.G. Katzung, In: Basic and Clinical 
Pharmacology 10th Ed 

 CHOLINERGIC AGONISTS AND ANTAGONISTS 
 
  
Under normal conditions, adrenergic and cholinergic function in the autonomic nervous system 
remains balanced and carefully regulated.  A chronic or acute imbalance of adrenergic or 
cholinergic activation, whether through disease or exogenous agents, can result in significant 
clinical symptoms.  This lecture will focus on agents that activate (agonists) and inhibit 
(antagonists) cholinergic function which is normally mediated by the endogenous agonist of 
cholinergic receptors, acetylcholine.   
 
I. CHOLINERGIC STIMULANTS 

 
II. CHOLINERGIC RECEPTORS 
 

Two classes of cholinergic receptors 
(i.e., receptors sensitive to 
acetylcholine): G protein linked 
(muscarinic receptors) and ligand-
gated ion channels (nicotinic 
receptors).   

 

Of the 5 identified muscarinic 
receptors, 3 are known to have 
physiological functions (M1, M2, M3). 
They are expressed in various organs 
and couple to different signaling 
mechanisms resulting in diverse 
receptor functions.  Muscarinic 
receptors are located on smooth 
muscle, cardiac muscles, most 
exocrine glands, sweat glands, in 
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Pharmacology 10th Ed  

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

blood vessels of the major vascular beds, and at cortical and subcortical sites in the 
central nervous system.   

 
 

The nicotinic receptors are pentomeric (five) transmembrane polypeptides, the subunits of 
which form a cation-selective channel permeable to sodium and potassium.  Two main 
subtypes exist (NM, NN).  Nicotinic receptors are located on plasma membranes of 
parasympathetic and sympathetic postganglionic cells in the autonomic ganglia (NN) and 
on the membranes of skeletal muscles (NM).  Neuronal nicotinic receptors (NN) are also 
expressed in cortical and subcortical nuclei in the brain. 

 
 
III. NICOTINIC AGONISTS 

 
Because nicotinic receptors are present on post-
ganglionic cells of both the sympathetic and 
parasympathetic nervous systems, nicotinic 
agonists can activate both the sympathetic and 
parasympathetic systems simultaneously. 
 

 
A. PROTOTYPICAL COMPOUNDS: 

 
1. NICOTINE (Nicotrol): Stimulates NN 

receptors in autonomic ganglia and CNS. 
Patch or inhaler used to control withdrawal 
symptoms during smoking cessation.  Side 
Effects include irritation at site of 
administration and dyspepsia.   
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2. SUCCINYLCHOLINE (Anectine): Blocks nicotinic receptors at the 

neuromuscular junction. Causes depolarization block (see lecture on neuromuscular 
relaxants). Used clinically as a muscle relaxant during intubation or electro 
convulsive shock therapy (more detail in Neuromuscular Relaxants lecture).  
Contraindicated in pts with family history of familial hyperthermia, or pts with 
skeletal muscle myopathies, or several days after multiple and wide spread skeletal 
muscle injury.  

 
 
IV. MUSCARINIC AGONISTS (PARASYMPATHOMIMETIC AGENTS)  
 

Muscarinic agonists are available both as quaternary nitrogen analogs and as naturally 
occurring tertiary amine alkaloids and synthetic analogs. The quaternary compounds are 
structurally derived analogs of acetylcholine.  Acetylcholine interacts with the muscarinic 
receptor with a tight fit. Therefore, changes in the molecular structure of muscarinic, 
direct-acting agonists will affect the drug-receptor complex, and thus the efficacy of action 
of the compound. Factors affected by structural modifications include relative muscarinic 
vs. nicotinic activity of the compound, and relative resistance of the compound to 
breakdown by cholinesterases, i.e., enzymes present in synaptic cleft, neuromuscular 
junction (acetylcholinesterase) or plasma (plasma cholinesterase) that very rapidly 
metabolize acetylcholine and other esterase-sensitive muscarinic agonists. 
 
A. QUATERNARY NITROGEN ANALOGS: 

                    +          
1.  ACETYLCHOLINE (prototype compound): (CH3)3N-CH2-CH2-O-C-CH3 

           ║ 
                           O 
Binds to both nicotinic and muscarinic receptors of the autonomic nervous system, the 
CNS and the neuromuscular junction.  It is rapidly hydrolyzed by acetyl- and plasma 
cholinesterases. Therefore, it has no therapeutic use. 

                     
                                                                                                +   
2.  METHACHOLINE (Acetyl-ß-Methylcholine):    (CH3)3N-CH2-CH-O-C-CH3 

                                                                                                             │        ║ 
                                                                CH3     O     

 
Differs from acetylcholine by methyl group on the β carbon. Hydrolyzed by 
acetylcholinesterase, but hydrolysis is slowed, has a longer duration of action than 
acetylcholine, has limited nicotinic effects, primarily muscarinic effects on smooth 
muscle, glands and the heart.  The drug is used to diagnose bronchial hyperactivity in 
patients suspected of having asthma.  Toxicity includes bronchiolar constriction.  
Contraindicated in pts given -blockers since antidote to overdose is -agonist. 
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                                         + 

3.  CARBACHOL (Carbamylcholine):               (CH3)3N-CH2-CH2-O-C-NH2 
               ║ 

                                           O 
Carbamic group replaces the esteratic group of acetylcholine.  The drug is resistant to 
hydrolysis by acetylcholinesterase.  It stimulates both muscarinic and nicotinic receptors. 
Its principal use is in ophthalmology as a miotic agent.  It is applied topically to the 
conjunctiva, producing prolonged miosis to reduce intraocular pressure in glaucoma.  It is 
used when the eye has become intolerant or resistant to other miotic agents.  It is also 
used as an intraocular injection to reduce pressure after cataract surgery. Side effects are 
related to excessive muscarinic and nicotinic receptor activation. 

                 + 
4.  BETHANECHOL (Urecholine):                 (CH3)3N-CH2-CH-O-C-NH2 

         │       ║ 
                                                                CH3    O    

 
Combines structural features of both methacholine and carbachol, i.e., resistance to 
hydrolysis by acetyl- and plasma cholinesterases and lack of nicotinic effects.  It has 
selective action on muscarinic receptors of GI tract and urinary bladder. Used clinically 
to treat postoperative non-obstructive urinary retention, post partum urinary retention and 
neurogenic atony of the bladder. Fewer side effects than carbachol because less activity 
at M2 receptors (expressed in heart), but can still cause bradycardia.  Contraindicated in 
peptic ulcer, asthma and bradycardia. 
 
C. NATURALLY OCCURING TERTIARY AMINES: 

 
Several tertiary amine compounds with muscarinic agonist properties are available.  
Some of these are natural alkaloids, others have been prepared synthetically.  The charge 
of the tertiary amine determines if the compound can cross the blood brain barrier. 
 
 

1.   MUSCARINE: 
 

Alkaloid in wild mushrooms of 
the Clitocybe inocybe species. 
Prototype compound, though 
not used clinically. Historically 
one of the first cholinomimetic 
drugs to be studied. Pure 
muscarinic activity.  Resistant to hydrolysis by acetylcholinesterase (no ester 
moiety). It is clinically important as a source of muscarinic poisoning with 
ingestion of certain mushrooms.  It has no clinical utility but muscarinic 
poisoning causes profound parasympathetic activation, and is treated with 
atropine, a muscarinic receptor antagonist.  Note that though tertiary amine 
compounds have structural similarities with muscarine, muscarine itself has a 
quaternary ammonium structure. 
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2.   PILOCARPINE: 
 

Alkaloid from leaf of tropical American 
shrub, Pilocarpus jaborandi. Pure 
muscarinic activity. Crosses blood brain 
barrier.  Has appreciable CNS effects. Therapeutic use is dry mouth due to head 
and neck radiotherapy or Sjogren’s syndrome, an autoimmune disorder in which 
immune cells attack and destroy the exocrine glands that produce tears and saliva.  
Also used in the treatment of angle-closure glaucoma. Administer with care to pts 
taking -blockers due to exacerbation of conduction slowing. 

 
 
 

 V.  INDIRECTLY ACTING 
CHOLINERGIC AGONISTS  
 (CHOLINESTERASE INHIBITORS) 
 

Acetylcholinesterase catalyzes the hydrolysis of acetylcholine   
 

      AChE 
            / 

ACETYLCHOLINE  CHOLINE + ACETIC ACID                   
           

Inhibition of cholinesterase protects acetylcholine from hydrolysis, and leads to the 
accumulation of endogenous acetylcholine and increased cholinergic activity.  Thus, 
cholinesterase inhibitors act indirectly as cholinergic agonists.   

 
Two distinct types of endogenous cholinesterases exist: 
 

A. Acetylcholinesterase (AChE, true, specific, red blood cell cholinesterase). 
Distribution: Neurons, motor endplate, red blood cells. 
Function: Hydrolysis of acetylcholine liberated in synaptic cleft 

or in neuroeffector transmission. 
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B. Butyrylcholinesterase  (BuChE, pseudo, nonspecific, plasma cholinesterase). 

Distribution: Plasma, glial cells, liver. 
Function: Uncertain, however does hydrolyze certain exogenous 

drugs, e.g., succinylcholine.  
 

The accumulation of acetylcholine resulting from cholinesterase inhibition occurs at all 
cholinoceptive sites, resulting in the following effects: 

 
1. Autonomic effectors (smooth muscle and gland cells)   muscarinic actions. 
2. Autonomic ganglia   nicotinic actions. 
3. Motor endplates of striated muscle  nicotinic actions. 
4. Central nervous system   stimulation, depression. (both receptor  types) 

 
Acetylcholinesterase inhibitors bind competitively to the active sites on the 
acetylcholinesterase molecule with which acetylcholine normally interacts, prevent 
acetylcholine from interacting with the enzyme, and protect acetylcholine from being 
degraded.   

 
Two different general classes of acetylcholinesterase inhibitors have been identified, and 
distinguished by the extent to which they bind to the acetylcholinesterase molecule, and 
prevent its regeneration.  They are identified in general terms as "reversible" and 
"irreversible" acetylcholinesterase inhibitors.  
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A. REVERSIBLE CHOLINESTERASE INHIBITORS: molecular mechanism 
 

 
CLINICALLY USED ACETYLCHOLINESTERASE INHIBITORS  

 
   

 
1.   NEOSTIGMINE: 

 
Contains a quaternary nitrogen,  
and thus poorly penetrates blood 
brain barrier.  Inhibits 
acetylcholinesterase and has direct 
stimulatory effect on nicotinic 
receptors at the skeletal muscle 
endplate.  Therefore used to 
reverse neuromuscular blockade 
(see neuromuscular relaxant 
lecture).  Also used in the treatment of myasthenia gravis (loss of neuromuscular 
nicotinic receptor).  Side effects due to excessive Ach action at peripheral 
muscarinic and nicotinic receptors.  Contraindicated in intestinal obstruction.  
Neostigmine’s interaction with acetycholinesterase is longer than acetylcholine's, 
as the bond it forms is more stable.  As such, it can effectively block 
cholinesterase from binding acetylcholine for over an hour 
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2. EDROPHONIUM: 

 
Similar in structure to 
neostigmine, but lacks an ester 
functional group. Inhibits 
cholinesterases and stimulates 
nicotinic receptors at the 
neuromuscular junction at lower doses than those which stimulate other 
cholinergic receptors. Has a very rapid onset of action, and a very short duration 
of action (10-15 min). Clinically used to establish diagnosis of myasthenia gravis 
or to make a differential diagnosis between progression of myasthenic weakness 
and a cholinergic crisis (i.e., excessive Ach) due to cholinesterase toxicity.  

Exessive cholinesterase 
inhibition can cause 
neuromuscular block 
(see neuromuscular 
relaxant lecture), 
resulting in muscle 
weakness which can 
mimic and be mistaken 
for myasthenia gravis 
progression.  Treatment 

with short acting cholinesterase inhibitor reduces symptoms if muscle weakness is 
due to disease progression.  It will worsen symptoms if due to cholinesterase 
toxicity.  Side effects include bradycardia and cardiac standstill.  Contraindicated 
in mechanical block of intestine and urinary tract. 

 
3. PHYSOSTIGMINE: 

 
Alkaloid from the calabar bean, Physostigma venosum. Readily crosses the blood 
brain barrier. Inactivated by plasma 
cholinesterases but takes a long time. 
Duration of action up to 2 hours. 
Used in ophthalmology topically for 
treatment of glaucoma. Lowers 
intraocular pressure by increasing 
outflow of aqueous humor.  Also 
used to counteract delirium with 
excess anticholinergic drugs.  Side 
effects related to increased Ach at muscarinic or nicotinic receptors.  Toxicities 
include convulsions as well as respiratory and cardiovascular depression.  
Contraindicated in asthma, cardiac insufficiency and gut obstruction 
 

4. DONEPEZIL: 
 

Indicated in the treatment of Alzheimer's disease.   Reversible inhibitor of 
acetylcholinesterase in the CNS, high bioavailability, long-half life allows once a 
day oral dosing.  Data suggest some improvement of cognition in patients with 
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moderate to severe Alzheimer’s Disesase.   
 
 
C. IRREVERSIBLE CHOLINESTERASE 

INHIBITORS: 
 

Organophosphates used as insecticides and toxic nerve 
gases are irreversible inhibitors of cholinesterases.  
They phosphorylate the esteratic site on the 
acetylcholinesterase molecule. The phosphorylated 
enzyme becomes a stable complex with time.  
Recovery from the effects of an irreversible inhibitor 
usually depends on the synthesis of new 
acetylcholinesterase molecules. Because of their 
irreversible action, irreversible cholinesterase 
inhibitors exhibit severe toxicity.  Anticholinesterase 
poisoning produces what is often called a "cholinergic crisis."  Common agent in nerve 
gases. 

 
TOXICITY OF ORGANOPHOSPHATES  (SLUDGE or DUMBBELLS)  

 

 
Tissue or system 

 
Effects 

 
Skin 
 
Visual 
 
 
Urinary 
 
Respiratory 
 
 
 
Digestive 
 
 
 
Skeletal muscle 
 
Cardiovascular 
 
 
 

Central nervous system 

 
Sweating  (diaphoresis) 
 
Lacrimation, Miosis, blurred vision, accommodative spasm  
 
 
Urinary frequency and incontinence  
 
Increased bronchial secretions (Bronchorrea), 
bronchoconstriction, weakness or paralysis of respiratory 
muscles  
 
Salivation (S); increased gastric, pancreatic, and intestinal 
secretion; increased tone and motility in gut (Gastric distress), 
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 
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Treatment of severe organophosphate poisoning consists of: 
 

1. Mechanical ventilation, to counteract effects on neuromuscular junction 
2. Suction of oral secretions  
3. Atropine, to protect from systemic muscarinic effects 
4. Reactivation of the alkylphosphorylated acetylcholinesterase with 

Pralidoxime Chloride (2-PAM) (see diagram that follows).  
 

 
 

MECHANISM OF ACTION OF PRALIDOXIMINE (2-PAM) 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 ECHOTHIOPHATE is an 

organophosphate that is used 
clinically to produce long term miosis 
in the treatment of open angle 
glaucoma.  It is administered 
topically to the eye to reduce 
systemic effects.  The mechanism of action is as described for other organophosphates.  
As such its duration of action is days to a full week, requiring relatively infrequent 
administration.  Can cause blurred vision and brow ache which typically resolve. 
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VI. MUSCARINIC ANTAGONISTS (PARASYMPATHOLYTIC AGENTS) 
 

These compounds competitively block muscarinic receptors, inhibiting all 
parasympathetic functions and sympathetic cholinergic activity. These agents compete 
with acetylcholine for muscarinic receptors. The effect is reversible, but may persist for 
hours or days. At doses in excess of those employed clinically, these agents can also 
block nicotinic cholinergic receptors at autonomic ganglia if given at high enough doses. 

 
 
A. MUSCARINIC ANTAGONISTS: 

 
 

1. ATROPINE:  used 1) to 
allay the urgency and 
frequency of micturition 
that accompanies urinary 
tract infections; 2) to 
relieve hypermotility of 
colon and hypertonicity of 
the small intestine; 3) for 
the treatment of cholinesterase inhibitor induced poisoning; and 4) in 
ophthalmology to induce mydriasis and cycloplegia, i.e., paralysis of the ciliary 
muscle and 5) reverse bradycardia of vagal origin. 

 
2. SCOPOLAMINE:  

Prototypic agents. 
Natural alkaloids. 
Scopolamine has more of 
a sedative effect than 
atropine. Used in 
preparation for surgical 
anesthesia to minimize 
secretions. Scopolamine 
is also used to treat 
nausea and vomiting associated with motion sickness.  These drugs are 
contraindicated in narrow angle glaucoma. 
 

3. GLYCOPYRROLATE  used following surgery in combination with 
cholinesterase inhibitors.  Its antimuscarinic activity is used to prevent 
overstimulation of the gut during reversal of neuromuscular blockade (see 
neuromuscular blockade).  
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 C. ATROPINE POISONING: 
 
"blind as a bat, mad as a hatter, red as a beet, hot as a hare, dry as a bone, the bowel 
and bladder lose their tone, and the heart runs alone." 

 
In cases of overdosage with atropinic agents, one observes characteristic 
symptoms of atropine poisoning: 
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VII. DRUGS COVERED IN LECTURE (Bold text is information you should know)  
 

Generic Name Trade Name 
Half-
Life 

Mechanism of 
action 

Elimination Rx 

Nicotine Nicotrol 1-2 hrs 
Activation of 
neuronal Nicotinic 
receptors 

Urine 
Withdrawal 
symptoms of smoking 
cessation 

Succinyllcholine Anectine 
5-8 
min 

Depolarizing 
block of muscle 
nicotinic receptors 

Butyrl 
cholinesterase 

Neuromuscular block 
for electroconvulsive 
shock therapy or 
emergency intubation 

Acetylcholine 
Not-used 
clinically 

~150 
msec 

Nicotinic and 
muscarinic 
agonist 

AchE  None 

Methacholine Provocholine 
rela-
tively 
short 

Muscarinic 
agonist 

AchE 
Diag. of subclinical 
asthma, or test for 
severity of asthma 

Carbachol 
Miostat or 
Carbastat 

Dura-
tion 4-
8 hrs 
topic-
ally or 
24 hrs 
intra-
ocular 

Muscarinic and 
nicotinic receptor 
agonist 

AchE 

Miotic agent in ocular 
surgery, to reduce 
pressure following 
ocular surgery 

Bethanechol Urecholine ~1 hr 
Muscarinic 
agonist 

unknown 
Urinary retention, 
bladder atony 

Pilocarpine Salagen ~1hr 
Muscarinic 
agonist 

AchE 

Dry mouth from head 
and neck radiation or 
Sjōgren’s syndrome, 
Narrow angle 
glaudoma 

Neostigmine Prostigmin 
50-90 
min 

AchE inhibitor 
AchE and 
plasma 
esterases 

Myasthenia gravis, 
reverse neuromusc. 
block 
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Edrophonium 
Tensilon, 
Enlon or 
Reversol 

~10 
min 

AchE inhibitor Bile 
Diag of myasthenia 
gravis, reversal of 
neuromusc. block 

Physostigmine Antilirium 45-60 
min 

Reversible AchE 
inhibitor 

AchE  
Delirium from 
anticholinergic drugs, 
glaucoma 

Donepezil Aricept ~70hrs 
Reversible AchE  
Inhibitor 

Liver Alzheimer’s Dx. 

Pralidoxime 2-PAM 
~75 
min 

Peripheral AchE 
reactivator 

Urine 

Respiratory muscle 
weakness in 
organophosphate 
poisoning 

Echothiophate Phospholine 
Very 
long 

Irreversible AchE 
Inhibitor 

unknown Open angle glaucoma 

Atropine Atropine 2 hr Muscarinic antag Liver 

Excess secretions 
during surgery, the ↑ 
freq and urg. assoc 
with cystitis, 
hypertonic gut, 
organophosphate 
poisening, 
bradycardia  

Scopolamine Isopto 

~9.5 
hrs for 
trans-
dermal, 
24 for 
intra

Muscarinic 
antagonist 

unknown 
Motion sickness,  
anti-salilagogue in 
surgery 

Glycopyrrolate Robinul 0.5-2 
hrs 

Muscarinic 
receptor 
antagonist 

urine 

Protects against 
excessive muscarinic 
activation during 
reversal of 
neuromuscular 
blockade, anti-
salilagogue 

 
 

 
 
 
 
 


