
Cholinergic Drugs and Related Agents 

 Drugs and chemicals that cause the parasympathetic division to react 
are termed parasympathomimetic, whereas those blocking the actions are 
called parasympatholytic. Agents that mimic the sympathetic division are 
sympathomimetic, and those that block the actions are sympatholytic. 
 Another classification used to describe drugs and chemicals acting on 
the nervous system or the structures that the fibers innervate are based on 
the neurotransmitter released at the nerve ending. 
 Drugs acting on the autonomic nervous system are divided into 
adrenergic, for those postganglionic sympathetic fibers that release 
norepinephrine and epinephrine and cholinergic, for the remaining fibers in 
the autonomic nervous system and the motor fibers of the somatic nerves 
that release ACh. 
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CHOLINERGIC RECEPTORS 

 There are two distinct receptor types for ACh that differ 
incomposition, location, and pharmacological function and 
have specific agonists and antagonists. 
 Cholinergic receptors have been characterized as 
nicotinic and muscarinic on the basis of their ability to be bound 
by the naturally occurring alkaloids nicotine and muscarine, 
respectively. 
 Receptor subtypes that differ in location and specificity 
to agonists and antagonists have been identified for both the 
nicotinic and muscarinic receptors. 
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Nicotinic Receptors 

Nicotinic receptors are coupled directly to ion channels and, 
when activated by Ach, mediate very rapid responses. Ion 
channels are responsible for the electrical excitability of nerve 
and muscle cells and for the sensitivity of sensory cells. The 
channels are pores that open or close in an all-or-nothing fashion on 
time scales ranging from 0.1 to 10 milliseconds to provide aqueous 
pathways through the plasma membrane that ions can transverse. 
Factors affecting selectivity of ion pores include both the charge and 
size of the ion. Ions in aqueous solution are hydrated. The water around 
the ion is characterized by the presence of two distinct water 
structures: a tightly bound, highly ordered layer immediately 
surrounding the ion and a second, less structured layer. Ion transport 
through a channel requires some denuding of the surrounding water 
shell. The degree of organization of the water structure determines the 
energy required to remove the hydration shell and is a factor in the 
selectivity of that ion channel. 
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NICOTINIC RECEPTOR SUBTYPES 

Nicotinic receptors located in the neuromuscular junction differ from 
those on neurons, such as those in the CNS and autonomic ganglia, in 
that they have different ligand specificities. 
 Nicotinic receptors at the neuromuscular junction (N1) are 
blocked by succinylcholine, d-tubocurarine, and decamethonium and 
stimulated by phenyltrimethylammonium. 
 N2-nicotinic receptors are found in autonomic ganglia. They 
are blocked by hexamethonium and trimethaphan but stimulated by 
tetramethylammonium and dimethyl-4- phenylpiperazinium (DMPP).  
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Muscarinic Receptors 

Muscarinic receptors play an essential role in regulating the functions of 
organs innervated by the autonomic nervous system to maintain 
homeostasis of the organism. The action of ACh on muscarinic receptors 
can result in stimulation or inhibition of the organ system affected. ACh 
stimulates secretions from salivary and sweat glands, secretions and 
contraction of the gut, and constriction of the airways of the respiratory 
tract. It inhibits contraction of the heart and relaxes smooth muscle of 
blood vessels. 
 Muscarinic receptors mediate their effects by activating guanosine 
triphosphate (GTP)-binding proteins (G proteins). These receptors have 
seven protein helixes that transcend the plasma membrane, creating four 
extracellular domains and four intracellular domains. The extracellular 
domain of the receptor contains the binding site for ACh. The intracellular 
domain couples with G proteins to initiate biochemical changes that result 
in pharmacological action from receptor activation. 
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MUSCARINIC RECEPTOR SUBTYPES 

muscarinic receptors are located in the CNS and peripheral 
nervous system.13,14 Molecular cloning studies have revealed 
the existence of five different molecular mammalian muscarinic 
receptor proteins. The cloned receptors have been identified as 
m1 to m5. 
 In another method of identification, muscarinic receptor 
subtypes have been defined on the basis of their affinity for 
selective agonists and antagonists and the pharmacological effects 
they cause. These receptors are designated with capital letters 
and subscript numbers as M1 to M5.  
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M1 Receptors 

They have been termed neural because of their distribution within particular 
brain structures. In addition to the CNS, M1 receptors are located in exocrine 
glands and autonomic ganglia. In humans, these receptors seem to affect arousal 
attention, rapid eye movement (REM) sleep, emotional responses, affective 
disorders including depression, and modulation of stress. They are believed to 
participate in higher brain functions, such as memory and learning. They are 
located in parietal cells in the gastrointestinal (GI) tract and in peripheral 
autonomic ganglia. McN-A343 is a selective agonist, pirenzepine hydrochloride 
(HCl) acts as an antagonist. 
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M2 receptors are identified by their high affinity for methoctramine, a polyamine, 
and by their low affinity for pirenzepine. M2 receptors are also called cardiac 
muscarinic receptors because they are located in the atria and conducting tissue 
of the heart. Their stimulation causes a decrease in the strength and rate of 
cardiac muscle contraction. These effects may be produced by affecting 
intracellular 𝐾+  and 𝐶𝑎2+   levels in heart tissue. M2 receptors activate 
𝐾+ channels to cause hyperpolarization of cardiac cells, resulting in bradycardia.  

M2 Receptors  

M3 receptors, referred to as glandular muscarinic receptors, are located in 
exocrine glands and smooth muscle. Their effect on these organ systems is 
mostly stimulatory. Glandular secretions from lacrimal, salivary, bronchial, 
pancreatic, and mucosal cells in the GI tract are characteristic of M3 receptor 
activation. Contraction of visceral smooth muscle is also a result of M3 receptor 
stimulation.  

M3 Receptors 
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M4 receptors, like M2 receptors, act through Gi protein to inhibit adenylate 
cyclase. They also function by a direct regulatory action on 𝐾+ and 𝐶𝑎2+ ion 
channels. M4 receptors in tracheal smooth muscle, when stimulated, inhibit 
the release of ACh19 in the same manner that M2 receptors do. 

M4 Receptors 

A great deal of research remains to be performed on the M5 subclass of 
receptors. Because the M5 receptor messenger RNA (mRNA) is found in the 
substantia nigra, it has been suggested that M5 receptors may regulate 
dopamine release at terminals within the striatum. 

M5 Receptors 
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