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Introduction

Muscarinic receptors (MRs) are G-protein coupled acetylcholine
receptors. Acetylcholine is a neurotransmitter involved in parasympathetic
nervous system. These special receptors are located in peripheral nervous
system ganglions as well as in several organs such as hearth, smooth muscle,
brain, and exocrine glands. MRs are also a member of metabotropic receptor
class which utilizes G proteins for signal mechanism (Novik et al, 2005;
Pluchino & Martino, 2005; Uccelli, Laroni, & Freedman, 2011).

The characterization of MRs in several cell and tissue types is crucial in
development of selective drugs. MRs reside in; neurons of both central and
peripheral nervous systems, hearth that is under control of autonomic
nervous system, respiratory track, gastrointestinal system, urinary track, and
ocular and exocrine system glands and mediates several regulations
comprising important basic physiological processes (Papadaki et al., 2005).

Characteristics and classification of MRs

The classification of MRs is based on their structures and aminoacid
sequences. MRs are designated with lower case “m” letter in molecular
classification and with upper case “M” in pharmacological classification. So
far 4 muscarinic acetylcholine receptor subtypes have been detected in vivo
(M1-M4). Besides 5 muscarinic receptor subtypes have been defined in cloned
genes (M1-Ms). These receptors and their bodily locations were represented
in Figure 1. In general, while M1, M3, and Ms receptors activate multiple signal
effectors including phospholipases C, Az, and D, it was shown in several
studies that M2 and M4 increases the levels of phospholipases Az, by
inhibiting adenylyl cyclase enzyme (Goyal, 1989; Nathanson, 2008).
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Figure 1. MR subtypes and their locations in the body.

Structure of muscarinic receptors

MRs are members of G-protein coupled receptor family, and are 7-pass
transmembrane glycoproteins with single subunit and a size of 50-70 kDa.
The stimulation of membrane-bound effector proteins of MRs occur via G
proteins. a subunit of MRs is responsible for binding of GTP and the
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interaction with other receptors and macromolecules. MRs comprise 2
binding sites. One of them is the ligand binding site on the extracellular site of
the cell membrane and the other is G-protein binding site on the cytoplasmic
site of the cell membrane. The amino group and carboxyl group tails of MRs
locate in extracellular matrix and cytoplasm respectively. When MRs pass
through cell membrane, they form 6 loops of which 3 are intracellular (i1-i3)
and 3 are extracellular (e1-e3) (Cabadak, 2006; Caulfield & Birdsall, 1998;
Felder, 1995).

Molecular events taking place after MR action

The induction of muscarinic receptors by acetylcholine leads to the
activation of Gq protein. In general, although M2 and M4 receptors and M1, Ms,
and Ms receptors have similar aminoacid sequences, they are divided into 2
groups regarding their receptor signaling pathways. M1, M3, and Ms receptors
initially activate phospholipase C (PLC) by recruiting Gq protein family which
is insensitive to the pertussis toxin. On the other hand, M2 and M4 receptors
inhibit adenylyl cyclase enzyme by using Gi and Go protein families (Figure
2) (Cabadak, 2006; Felder, 1995; van Zwieten & Doods, 1995).
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Figure 2. G-protein coupled receptor activation and initiation of intracellular
pathways (Senarath et al,, 2018).

Heterotrimeric G proteins (Guanine nucleotide binding proteins),
residing on the intracellular surface of the cell membrane, are the members
of large GTPase super family which also includes small monomeric GTP
binding proteins. G proteins, consisting of «, 3, and y subunits, mediate signal
transduction through several effectors such as enzyme and ion channels by
binding to more than one thousand cell surface receptors (Wess, 1996).

The stimulation of muscarinic acetylcholine receptors causes the
hydrolysis of phosphatidylinositol phosphates, suppression of adenylyl and
guanylyl cyclases, and the regulation of calcium-dependent potassium and
chlorine channels together with voltage-dependent calcium channels. First of
all, a-subunit of G protein activates effector phospholipase-C which then
produces inositol 1,4,5-triphosphate (IP3) and diacylglycerol (DAG) 14 by
catalyzing phosphatidylinositol 4,5-bisphosphate. IP3 increases calcium
secretion from calcium deposits which augments cytoplasmic calcium
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concentration. DAG increases calcium- and phospholipid-dependent protein
kinase activity. The following responses are triggered by the direct effects of
calcium on calcium-regulated proteins and by calcium-calmodulin and
protein kinase C mediated phosphorylation. Moreover, during muscarinic
receptor activation, phospholipase D, which hydrolyses phosphatidylcholine,
is also activated as a result of secondary activation of protein kinase C which
supports secondary increase of DAG (Figure 3). At the same time, increased
levels of intracellular calcium concentration bring about the stimulation of
several molecular reactions such as (Caulfield & Birdsall, 1998; Felder,
1995);

1-  Activation of calmodulin-dependent protein kinases,

2-  Activation of calmodulin-dependent adenylyl cyclases,

3-  Activation of calmodulin-dependent phosphodiesterases,
4-  Activation of nitric oxide synthase.

m M1 receptor activation
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Figure 3. Action mechanism of muscarinic receptors (Proulx, Suri, Heximer,
Vaidya, & Lambe, 2014).

Functions of muscarinic receptors

Muscarinic receptors take action in regulation of many physiological
processes such as control of heart beat rate and muscle contraction level,
constriction of pulmonary air track, contraction of smooth muscle, and
regulation of controlling motor and sensory perceptions. Apart from this, it
was demonstrated in several pharmacologic studies that MRs are also
functional in more complex processes like memory. Besides, it was
considered that MRs play role in some of the neurological disorders such as
Alzheimer’s disease, down syndrome, and Parkinson’s disease. It was also
shown that MRs had role in the induction of REM sleep during which
acetylcholine secretion increases by cholinergic nerves in brainstem and the
treatment with muscarinic receptor antagonists resulted in reduction of REM
sleep. MRs have also crucial involvement in the regulation of the function of
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basal ganglia. Moreover, it was reported in many studies that MRs have
effects on other pathologic conditions including central nervous system-
mediated hypotension, bradycardia, epilepsy progression, and alcoholic
behavior. Basically, neuronal cells express the MRs in central and peripheral
nervous systems. More specifically, MRs present in some axon terminal and
dendrites and somas of cholinergic and non-cholinergic neurons ("Cardiac
Hypertrophy Cell Biology," 2012; Goktas, 2011; Wettschureck & Offermanns,
2005).

MR subtypes

1. M1 receptor

M1 receptor is a 460 aminoacid-long protein in human which mediates
the stimulation of phospholipase C and is considered to have a role in
learning and memory. The M1 receptor is encoded by CHRM gene. M1
receptor is present in central and autonomous nervous system, especially in
autonomous ganglion cells of telencephalon and in exocrine tissues. M1 is the
only muscarinic receptor involved in the mediation of MAP kinase activation
induced by acetylcholine in central nervous system. MAP kinase activation
via acetylcholine, which quite often takes place in central nervous system and
exocrine glands, is an important step in memory. M1 receptor has an
intermediate role for slow inducing post-synaptic potential in postganglionic
nerves. Besides, it was assessed in several studies that M: receptor
structurally resembles to GABAa receptors that regulate GABA secretion.
There is a binding region for benzodiazepine receptors on the a-subunit of
GABAa receptor complex. Some of the antagonists of Mi receptor are
atropine, scopolamine, dicycloverine, tolterodine, oxybutynin, ipratropium,
and telenzepine (Hulme, Birdsall, & Buckley, 1990; Patrik Mada, 2014;
Pepitoni, Wood, & Buckley, 1997).

2. M; receptor

Mz receptor is a 466 aminoacid-long protein in human which is encoded
by CHRM gene. While Mz receptor is mostly expressed in heart and
cerebellum in the first place, it is also present in central nervous system and
on the terminals of autonomous nerves. While Mz receptor inhibits adenylyl
cyclase in smooth muscles, it activates potassium channels via acetylcholine
Gi/o proteins in order to hyperpolarize heart muscle and thus contributes to
decrease in heart beat rate. Mz receptor inhibits the secretion of acetylcholine
from cholinergic neurons in lung. In parasympathetic neurons of respiratory
track, while Mz receptor expression decreases due to viral infection and
interferon y treatment, the secretion of acetylcholine increases. On the other
hand, dexamethasone increases the expression of M2 receptor but decreases
the secretion of acetylcholine. Some of the antagonists of M2 receptor are
atropine, scopolamine, dicycloverine, tolterodine, oxybutynin, ipratropium,
metoctramine, tripitamine, and gallamine (Wess, 1996; Zhou, Fryer, & Jacoby,
2001).
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3. M3z receptor

Human muscarinic Ms receptor consists of 590 aminoacids and is
encoded by CHRM gene. This receptor type is located in various parts of the
body. Especially it is highly expressed in exocrine glands and smooth
muscles. M3 receptor provides contraction of smooth muscles in blood
vessels and lungs. Besides, it is functional in brain, eye sphincher muscles,
lungs, smooth muscle of bladder, stomach, and intestines. PLC causes the
formation of IP3/DAG by means of Gq/11 protein family. Thereafter, while
IP3 leads to Ca+2 secretion and DAG activates protein kinase signaling
pathway. M3 receptor also has a pivotal role in saliva secretion as well as the
regulation of food uptake. The lack of M3 receptor causes less food uptake
and therefore loss of body weight and eventually peripheral fat deposition
appears. Some of the antagonists of M3 receptor are atropine, scopolamine,
dicycloverine, tolterodine, oxybutynin, ipratropium, tiotropium, and
darifenacin (Matsui et al., 2004; Wess, 1996).

4. M4 receptor

M3 receptor is 479 aminoacid-long in human and encoded by CHRM4
gene. M3 receptor is mostly present in central nervous system. It plays role in
the regulation of central dopaminergic responses and the contraction of
smooth muscles. The activation of these receptors results in reduction of
these muscles’ movement. Some of the antagonists of Ms receptor are
atropine, scopolamine, dicycloverine, tolterodine, oxybutynin, and
ipratropium (Eglen, Hegde, & Watson, 1996; Wess, 1996).

5. M5 receptor

M5 receptor consists of 532 aminoacids in human and mouse and is
encoded by CHRMs gene. It is highly expressed in cerebral cortex of the brain.
Besides, it is considered that Ms receptor has a role in the contraction of
gastrointestinal smooth muscle. Some of the antagonists of Ms receptor are
atropine, scopolamine, dicycloverine, tolterodine, oxybutynin, and
ipratropium (Bonner, 1989; Wess, 1996).

Non-specific blocker of muscarinic receptors: Atropine

Atropine is an alkaloid with parasympatholytic activity which is extracted
from a plant called Atropa belladonna Its chemical formula is C17H23NO3
(Figure 4). The primary function of atropine is inhibiting the muscarinic
action of acetylcholine. Tertiary amine group of atropine is a drug that can
pass through the lipid barrier and thus it functions by passing over the blood-
brain barrier and placenta. Cardiac vagolytic effect of atropine is more than
the other anticholinergic drugs (scopolamine, glycopyrrolate) used in
premedication. As mentioned above, muscarinic receptors, which are located
in effector organs, postsynaptic ganglia, cholinergic and adrenergic nerve
terminals, have 5 subtypes. And atropine equally affects all muscarinic
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receptor subtypes except Ms (Kayaalp, 1996; "Premedikasyon ilaclari,”
2010).

H
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Figure 4. The chemical structure of atropine ("Atropine," 2019).

Atropine is taken parenteral or orally. When taken orally, it is fully and
fast absorbed from stomach-intestine channel. Atropine, of which effects
start within an hour and continues till 3-4 hours, broadly disperses in the
body upon uptake. It can pass over the blood-brain barrier and placenta. In
liver atropine is metabolized to tropic acid and other metabolites. The
constant part and metabolites of atropine are removed from primarily
kidneys via urination and slightly via respiratory air and feces. Atropine is
taken especially to attenuate secretion during oral operations. Atropine
advised to be used combined with opioids. Atropine has inhibitory effects on
bradycardia and bronchial spasm triggered by opioids. Additionally, atropine
is used in combination with neostigmine in order to antagonize the non-
depolarizing muscle relaxants. In case of low blood pressure during acute
myocardial infarction, atropine can be administered in order to increase
heart rhythm and blood pressure. Last but not the least atropine can be used
to reduce frequent urination together with cystitis and also for palliative
treatment against Parkinson’s disease ("Atropine,” 2019; Brunton, Lazo,
Parker, & Felitti, 2014).
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