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Muscarinic receptors in human airways 

Martha V. White, MD Washington, D.C. 

Muscarinic receptors play a double role in airway disorders, mediating an increase in mucus 
secretion, as well as constriction of smooth muscle. Cholinergic activity of the lung is more 
pronounced in large than in peripheral airways; in the nose parasympathetic stimulation leads to 
hypersecretion and vasodilation. This article reviews the differences in muscarinic subreceptors in 
the upper and lower airways and discusses the effectiveness of anticholinergic agents in blocking 
parasympathetic stimulation at these sites. (J ArI~ER6Y CLIN IMMUNOL 1995;95:1065-8.) 
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Muscarinic antagonists have proved useful in the 
treatment of obstructive respiratory disorders and 
various forms of rhinitis. In this review the role of 
muscarinic receptors and their antagonists in hu- 
man airway disease will be discussed. 

To date five subtypes (M1 to M5) of muscarinic 
receptor have been cloned. All are typical of G 
proteins, with an extracellular N terminal, three 
extracellular loops, seven transmembrane loops, 
three intracellular loops, and an intracellular car- 
boxyl terminal, a, 2 Receptors encoded by the M1, 
M3, and M5 genes are positively coupled to phos- 
pholipase C, whereas receptors encoded by the M2 
and M4 genes are negatively coupled to adenyl 
phosphate. 2 Three muscarinic receptor subtypes 
(M1 to M3) have been identified pharmacologi- 
cally (Table I). All three can be inhibited nonspe- 
cifically by atropine. The M1 receptor, which is 
located primarily in neuronal tissues such as the 
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cerebral cortex and autonomic ganglia, is specifi- 
cally stimulated by McN-A-343 and inhibited by 
pirenzepine and telenzepine. The M2 receptor, 
which is located primarily in the heart where it 
mediates cholinergically induced bradycardia, is an 
autoreceptor stimulated by pilocarpine and antag- 
onized by gallamine, AF-DX 116, and methoctro- 
mine. The M3 receptor, which is located primarily 
in the glands and smooth muscle, is antagonized by 
4-diaphenyl acetoxy-N-methylpiperdine methio- 
dide (4-DAMP) and hexahydrosiladifenidol. 34 

MUSCARINIC RECEPTORS IN THE LUNG 

Cholinergic fibers travel down the vagus nerve 
into the lower airways and synapse in parasympa- 
thetic ganglia located in airway walls. Short 
postsynaptic fibers travel from these ganglia to 
airway smooth muscle and glands. Stimulation of 
the vagus nerve in animals leads to release of 
acetylcholine from nerve terminals, with activation 
of muscarinic receptors on smooth muscle and 
glands with resultant bronchoconstriction and mu- 
cus secretion. These effects are inhibited by mus- 
carinic receptor antagonists such as atropine or 
ipratropium bromide. 6-9 Cholinergic innervation is 
greater in large than in peripheral airways, ~° al- 
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TABLE I. Pharmaco log ic  proper t ies  of 

muscar in ic  receptors 

Receptor 
subtype Agonist Antagonist 

M1 MeN-A-343 

M2 Pilocarpine 

M3 

Pirenzepine 
Telenzepine 
Gallamine 
AF-DX 116 
Methoctromine 
4-DAMP 
Hexahydrosiladifenidol 

though cholinergic receptors are found in both 
large and small human airways. 11 In humans cho- 
linergically induced bronchoconstriction seems to 
involve primarily large airways, whereas [3-agonists 
equally inhibit large and small airway constric- 
tion. 12 Thus one would expect that small airway 
obstruction would be more responsive to ~3-ago- 
nists than anti-cholinergic compounds. Alterna- 
tively, in chronic obstructive pulmonary disease, 
which is characterized by airway damage resulting 
in irreversible airway obstruction, relaxation of 
vagal tone may still result in improvement in 
airway caliber. 

In situ hybridization studies have revealed the 
presence of messenger RNA for M2 and M3 
receptors but not M1, M4, or M5 receptors in 
human airway smooth muscle? 3 Pharmacologic 
studies with cultured airway smooth muscle cells 
confirm the presence of functional M2 and M3 
receptors? 4 In contrast, autoradiographic studies 
have shown that airway glands contain both M1 
and M3 receptors at a ratio of 1:2, whereas alveo- 
lar walls contain M1 receptors (Table II)? 1 

Although the exact function of the various mus- 
carinic receptors in the lungs is still under investi- 
gation, it is probable that M1 receptors enhance 
cholinergic transmission because low-dose pirenz- 
epine is able to block bronchoconstriction induced 
by sulfur dioxide but not by methacholine? 5 These 
data suggest that pirenzepine does not act on 
smooth muscle but on some proximal portion of 
the cholinergic pathway to enhance transmission, 
presumably M1 receptors on autonomic ganglia. In 
contrast, M3 receptor stimulation probably in- 
duces bronchoconstriction. M2 receptors in the gut 
act to inhibit the release of acetylcholine from 
cholinergic neurons? 6 In guinea pig lung, M2 
receptors are located prejunctionally on postgan- 
glionic parasympathetic nerves and have a power- 
ful inhibitory influence on acetylcholine release? 7 
Tfi~ observation that pilocarpine inhibits SO 2- 

induced bronchoconstriction in normal but not in 
asthmatic humans is also suggests the presence of 
inhibitory M2 receptors in humans and further 
suggests that asthmatic patients may have dysfunc- 
tional M2 receptors. Thus agents that specifically 
block the bronchoconstrictive effects of M3 recep- 
tor stimulation but not the beneficial effects of M2 
receptor stimulation might prove more efficacious 
than nonspecific, anticholinergic agents in the 
treatment of asthma and chronic obstructive pul- 
monary disease. 

MUSCARINIC RECEPTORS IN THE NOSE 

In the human nasal mucosa cholinergic fibers 
traverse the vidian nerve, innervating serous and 
mucous cells of submucosal glands, arteries, veins, 
and sinusoids. 19-21 The nasal mucosa is capable of a 
limited repertoire of responses: congestion (in- 
duced by vasodilation, vascular permeability, and 
sinusoidal pooling), sneezing and itching (induced 
by sensory nerve stimulation), and secretion of 
mucus derived both from glandular cells and vas- 
cular permeability. Both nasal secretion and vaso- 
motor tone are under parasympathetic regulation. 
The ability of atropine to block both hypersecre- 
tion and vasodilation induced by parasympathetic 
stimulation suggests that these actions are medi- 
ated through cholinergic muscarinic receptors. 22-2s 

M1, M2, and M3 receptors have been pharma- 
cologically characterized in human inferior nasal 
turbinate mucosa by means of receptor-binding 
assays. With the use of [3H] ( - )  QNB, total 
muscarinic receptor binding is approximately 
688.4 -+ 49.6 fmol/mg protein (Bmax) with a kd of 
1.47 - 0.13 nmol/L. 29 [3H]-pirenzapine, which is an 
M1 receptor antagonist, binds 45% of the total 
QNB-binding sites. Autoradiographic analysis sug- 
gests that M1 and M3 receptors coexist in nasal 
mucosal glands, with M3 receptors predominating 
(Table III). 29 

Nasal challenge with cholinergic agonists such as 
methacholine produces hypersecretion in normal, 
perennial allergic and nonallergic rhinitis subjects, 
which indicates that glandular secretion is medi- 
ated by muscarinic receptors. 24,3°-32 Cholinergic 
nasal responses are increased in seasonal atopic 
subjects, even when tested outside of the relevant 
pollen season, and are augmented further by ex- 
posure to allergen. 33 Probably because of this 
increased cholinergic responsiveness in atopic per- 
sons, inhibition of methacholine-induced nasal se- 
cretion by (Atrovent) is less pronounced in atopic 
compared with normal subjects. Functional studies 
of methacholine-induced glandular secretion from 
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TABLE !1. Location and function of muscarinic receptors in human lung 

Receptor 
subtype Location Function 

M1 
M2 
M3 

Autonomic ganglia, airway glands, alveolar walls 
Smooth muscle 
Smooth muscle, airway glands 

Enhances transmission 
Autoreceptor, decreases transmission 
Bronchoconstriction 

TABLE i11. Location and function of muscarinic receptors in human nose 

Receptor 
subtype Location Function 

M1 Mucous and serous glands 
M2 Not present 
M3 Mucous and serous glands 

Blood vessels 

Secretion 

Secretion 
? Vasodilation 

explanted h u m a n  nasal mucosa  confirm that both  
M1 and M3 but  not  M2 receptors  mediate  secre- 
t ion f rom both  serous and mucous  glands of  the 
nose. As expected f rom the autoradiographic  data, 
M2 receptor  antagonists do not  affect methacho-  
l ine-induced serous or mucous  cell secretion in 
explanted nasal mucosal  tissues. 29 

Nasal  congestion,  which is induced by vasodila- 
t ion of  nasal vessels, can also be induced by 
electrical st imulation of  parasympathet ic  fibers or  
with methachol ine  challenge and is partially inhib- 
ited by atropine.  24, 28, 34 It  is possible that  vasoac- 
rive intestinal peptide,  which is colocalized with 
acetylcholine in parasympathet ic  fibers, 29 may be 
responsible for that  por t ion  of  parasympathet ical ly 
induced vasodilat ion that  is a t ropine resistant. 19 
Autorad iograph ic  studies of  [3H]-QNB binding to 
h u m a n  inferior turbinate mucosa  reveals the pres- 
ence of  muscarinic receptors  on nasal b lood ves- 
sels, a l though they are less numerous  than those on 
glands. Binding is inhibitable by 4 - D A M P  but not  
by pirenzapine or  A F - D X  116, which indicates that  
all of  these muscarinic receptors  are of  the M3 
subtype. 29 In  situ hybridization studies demon-  
strate the presence of  M3 receptor  messenger  
R N A  in vascular endothelial  cells but  not  in vas- 
cular smooth  muscle. 36 

Thus  the data indicate that  human  nasal glan- 
dular secret ion and vascular tone are regulated by 
muscarinic receptors.  M3 receptors  p redomina te  
in the nose and are found  on blood vessels, as well 
as in bo th  serous and mucous  glands. Serous and 
mucous  glands are also regulated by M1 receptors.  
M2 receptors,  which are known to act as negative 
feedback autoregulators in other organs, apparently 
do not exist in the human nasal mucosa. Therefore 

selective M3 antagonists, which may prove to be 
especially useful in asthma, may not offer any addi- 
tional benefit compared with nonselective, anticho- 
linergic agents for the treatment of  rhinitis. 
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