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1. Introduction

   The autonomic nervous system (ANS or visceral nervous 
system) is the part of the peripheral that acts as a control 
system functioning largely below the level of consciousness, 
and controls visceral functions. The ANS affects heart 
rate, digestion, respiration rate, salivation, perspiration, 
dilation of the pupils, micturition (urination), and sexual 
arousal. It is classically divided into two subsystems: the 
parasympathetic nervous system (PSNS) and sympathetic 
nervous system (SNS). Recently, a third subsystem of neurons 
that have been named non-adrenergic and non-cholinergic 
neurons (because they use nitric oxide as a neurotransmitter) 
have been described and found to be integral in autonomic 

function, particularly in the gut and the lungs. ANS 
innervation is divided into SNS and PSNS divisions. The 
sympathetic division has thoracolumbar outflow, meaning 
that the neurons begin at the thoracic and lumbar (T1-L2) 
portions of the spinal cord. The parasympathetic division 
has craniosacral outflow, meaning that the neurons begin 
at the cranial nerves (CN 3, CN 7, CN 9, CN 10) and sacral 
(S2-S4) spinal cord. The ANS is unique in that it requires a 
sequential two-neuron efferent pathway; the preganglionic 
neuron must first synapse onto a postganglionic neuron 
before innervating the target organ. The preganglionic, or 
first, neuron will begin at the outflow and will synapse at 
the postganglionic, or second, neuron’s cell body. The post 
ganglionic neuron will then synapse at the target organ.
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2. Sympathetic division

   The sympathetic division (thoracolumbar outflow) 
consists of cell bodies in the lateral horn of spinal cord 
(intermediolateral cell columns) of the spinal cord from T1 
to L2. These cell bodies are general visceral efferent (GVE) 
neurons and are the preganglionic neurons. There are 
several locations upon which preganglionic neurons can 
synapse for their postganglionic neurons:
   燓 Paravertebral ganglia of the sympathetic chain (these 
run on either side of the vertebral bodies).
    燓 Prevertebral ganglia (celiac ganglia, superior mesenteric 
ganglia, and inferior mesenteric ganglia).
   燓 Chromaffin cells of adrenal medulla (this is the one 
exception to the two-neuron pathway rule: synapse is direct 
onto the target cell bodies).
   These ganglia provide the postganglionic neurons from 
which innervation of target organs follows. Examples of 
splanchnic (visceral) nerves are:
   燓 Cervical cardiac nerves and thoracic visceral nerves 
which synapse in the sympathetic chain.
    燓 Thoracic splanchnic nerves (greater, lesser, least) which 
synapse in the prevertebral ganglion.
    燓 Lumbar splanchnic nerves which synapse in the 
prevertebral ganglion.
    燓 Sacral splanchnic nerves which synapse in the inferior 
hypogastric plexus.
   These all contain afferent (sensory) nerves as well, known 
as GVA (general visceral afferent) neurons.

3. Parasympathetic division

   The parasympathetic division (craniosacral outflow) 
consists of cell bodies from one of two locations: brainstem 
(cranial nerves III, VII, IX, X) or sacral spinal cord (S2, S3, S4). 
These are the preganglionic neurons, which synapse with 
postganglionic neurons in these locations:
   燓 Parasympathetic ganglia of the head [ciliary (CN III), 
submandibular (CN VII), pterygopalatine (CN VII), and otic (CN 
IX)].
   燓 In or near wall of organ innervated by vagus (CN X), 
sacral nerves (S2, S3, S4).   
   These ganglia provide the postganglionic neurons from 
which innervations of target organs follows. Examples are:
    燓 The preganglionic parasympathetic splanchnic (visceral) 
nerves.
   燓 Vagus nerve, which wanders through the thorax and 
abdominal regions innervating, among other organs, the 
heart, lungs, liver and stomach.

4. Cholinergic receptors 

   The term cholinergic refers to those receptors which 

respond to the transmitter acetylcholine and are mostly 
parasympathetic. There are two types of cholinergic 
receptors, classified according to whether they are 
stimulated by the drug nicotine or by the drug muscarine. 

4.1. Muscarinic receptors

   Muscarinic receptors are found at parasympathetic 
target organs and at certain sympathetic targets - the 
eccrine sweat glands (which produces copious secretion 
in thermoregulation to release heat), and blood vessels 
in skeletal muscles (which are dilated). Muscarinic 
acetylcholine receptors in the peripheral nervous system 
are found primarily on autonomic effector cells innervated 
by postganglionic parasympathetic nerves. Muscarinic 
receptors are also present in ganglia and on some cells, such 
as endothelial cells of blood vessels that receive little or no 
cholinergic innervation. Within the central nervous system 
(CNS), the hippocampus, cortex, and thalamus have high 
densities of muscarinic receptors. Muscarinic receptors were 
characterized initially by analysis of the responses of cells 
and tissues in the periphery and the CNS. Differential effects 
of two muscarinic agonists, bethanechol and McN-A-343, 
on the tone of the lower esophageal sphincter led to the 
initial designation of muscarinic receptors as M1 (ganglionic) 
and M2 (effector cell). The basis for the selectivity of these 
agonists is unclear, as there is limited evidence that 
agonists discriminate appreciably among the subtypes of 
muscarinic receptors[1,2]. However, subsequent radioligand 
binding studies definitively revealed distinct populations of 
antagonist binding sites[3]. 
   In particular, one region at the carboxyl-terminal end 
of the third intracellular loop of the receptor has been 
implicated in the specificity of G protein coupling and 
shows extensive homology within M1, M3, and M5 receptors 
and between M2 and M4 receptors. Conserved regions in the 
second intracellular loop also confer specificity for proper 
G protein recognition. Although selectivity is not absolute, 
stimulation of M1 or M3 receptors causes hydrolysis of 
polyphosphoinositides and mobilization of intracellular Ca2+ 
as a consequence of activation of the Gq-PLC pathway; this 
effect in turn results in a variety of Ca2+-mediated events, 
either directly or as a consequence of the phosphorylation of 
target proteins. In contrast, M2 and M4 muscarinic receptors 
inhibit adenylyl cyclase and regulate specific ion channels 
(e.g., enhancement of K+ conductance in cardiac atrial tissue) 
through subunits released from pertussis toxin-sensitive 
G proteins (Gi and G0) that are distinct from the G proteins 
used by M1 and M3 receptors[4]. In particular, the muscarinic 
antagonist pirenzepine was shown to bind with high affinity 
to sites in cerebral cortex and sympathetic ganglia (M1) but 
to have lower affinity for sites in cardiac muscle, smooth 
muscle, and various glands. These data explain the ability 
of pirenzepine to block agonist-induced responses that 
are mediated by muscarinic receptors in sympathetic and 
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myenteric ganglia at concentrations considerably lower 
than those required to block responses that result from 
direct stimulation of receptors in various effector organs. 
Antagonists that can further discriminate among various 
subtypes of muscarinic receptors are now available. For 
example, tripitramine displays selectivity for cardiac M2 
relative to M3 muscarinic receptors, while darifenacin is 
relatively selective for antagonizing glandular and smooth 
muscle M3 relative to M2 receptors[5].
   The cloning of the cDNAs that encode muscarinic receptors 
identified five distinct gene products now designated as M1 

through M5. All of the known muscarinic receptor subtypes 
interact with members of a group of heterotrimeric guanine 
nucleotide-binding regulatory proteins (G proteins) that in 
turn are linked to various cellular effectors. Regions within 
the receptor responsible for the specificity of G protein 
coupling have been defined primarily by receptor mutants 
and chimeras formed between receptor subtypes. 
   We also find the muscarinic receptors bind acetylcholine 
to transduce signals in the central nervous system, 
autonomic ganglia, smooth muscles, and parasympathetic 
organs. The five closely related receptor subtypes (M1-M5) 
are members of the class A (rhodopsin-like) superfamily 
of G-protein-coupled receptors. Nathanson tells that 
muscarinic acetylcholine receptors are members of the 
G-protein coupled receptor superfamily which are expressed 
in and regulate the function of neurons, cardiac and smooth 
muscle, glands, and many other cell types and tissues. These 
receptors possess seven membrane-spanning domains 
and specific sites for glycosylation, phosphorylation, lipid 
modification, and interaction with heterotrimeric transducer 
G-proteins. M1, M3, and M5 receptors are efficiently coupled 
through Gq/11 proteins to phospholipase Cβ, producing 
the second messengers diacylglycerol and inositol 
triphosphate[6]. Although we have an recent update about 
the type and its role in a large number of physiological 
processes, such as the function of heart and smooth muscles, 
glandular secretion, release of neurotransmitters, gene 
expression and cognitive functions as learning and memory[7]. 
However, contraction of the guinea-pig isolated gallbladder 
mediating muscarinic receptor which belongs to the M3 or M4 
subtype and which was characterized by subtype agonists 
and antagonists[8].
   The researchers also investigated the subtype of 
prejunctional muscarinic receptors which is associated 
with inhibition of acetylcholine (ACh) released from the 
mouse bladder and was measured endogenous ACh release 
in the bladder that was obtained from the wild-type mice 
and muscarinic 1-5 (M1-M5) receptor knockout (KO) mice[9], 
and properties of ligand binding presynaptic muscarinic 
receptors present in purified synaptosomal fraction isolated 
from the electric organ of Torpedo. They studied the above 
phenomena by the specific tritiated antagonist N-methyl-
4-piperidylbenzilate ([3H]-4NMPB), direct and competition 
binding studies of antagonists with high affinity to the 

presynaptic receptor, and saturability occurring at very low 
ligand concentration, in a stereospecific manner as well as 
simple mass action law[10], and some study also derived five 
subtypes of muscarinic acetylcholine receptors (M1 to M5) 
which control physiological processes, such as the function 
of heart and smooth muscles, glandular secretion, release of 
neurotransmitters, gene expression and cognitive functions 
as learning and memory helps us to understand the subtypes 
of the muscarinic acetylcholine receptors, the role in 
physiological processes and role in different processes. AFRC 
Laboratory of Molecular Signalling, Department of Zoology, 
University of Cambridge studied the role of muscarinic 
acetylcholine receptors (mAChRs) on the cell body of the 
fast coxal depressor motor neurone (Df) in the metathoracic 
ganglion of the cockroach Periplaneta, investigated using 
electrophysiological methods[11].
   However, the analysis of muscarinic receptor concentration 
and subtypes following lesion of rat substantia innominata 
and that cholinergic neurones located in the nucleus basalis 
of Meynert (NBM) in the substantia innominata (SI) which is 
known to project to cerebral cortex and cell loss in NBM was 
associated with the cholinergic deficit seen in Alzheimer’s 
disease. There was examined effect of lesion of SI with 
kainate (1 μg/0.5 μL) on acetylcholine esterase (AChE) activity, 
muscarinic receptor number and subtypes in cerebral cortex 
at 1, 2 and 4 weeks[12], and M1- and M2-receptors mediating 
opposite effects on neuromuscular transmission in rabbit vas 
deferens and concluded that twitch contractions of the rabbit 
vas deferens elicited field stimulation was inhibited by 
tetrodotoxin, guanethidine, bretylium and α, β-methylene-
ATP, but that was unaffected by hexamethonium, 
physostigmine, 1,1-dimethyl-4-phenylpiperazinium 
and prazosin, therefore they resulted from ATP released 
postganglionic sympathetic nerve stimulation. Studies 
have been also regarding the agents which either act 
as agonist to the muscarinic receptors or antagonize its 
action[13]. Freschi finds that muscarinic agonists evoke a 
voltage dependent inward current in motoneurons of the 
lobster cardiac ganglion, and a number of drugs known to 
show muscarinic receptor subtype selectivity in mammals 
were used to determine the pharmacological profile of the 
muscarinic receptor on lobster motoneurons[14]. Some of the 
differential regulation of muscarinic and nicotinic receptors 
by cholinergic stimulation in cultured avian retina cells 
concludes that sustained cholinergic stimulation of retina 
cells grown in primary aggregate and monolayer cultures 
regulated the concentration of muscarinic, but not regulated 
nicotinic receptors. Muscarinic receptor sites, binding of the 
[3H] quinuclidinyl benzilate to membranes and the binding 
of [3H] N-methyl-scopolamine to intact cells, decreased 
up to 84% following long-term incubation of cultures in 
muscarinic agonists[15]. 
   It has also found that the G-protein-coupled receptors 
regulate membrane excitability via M-type K+ current 
(M-current) modulation. Muscarinic M1 and M3 acetylcholine 
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receptors have both been implicated in the modulation of 
M-current. The muscarinic M5 receptor, like muscarinic 
M1 and M3 receptors, couples to phospholipase C via a 
pertussis toxin-insensitive G protein[16]. We also investigate 
potential benefits of muscarinic M3 receptor selectivity, 
and it conclude that smooth muscle contains muscarinic 
receptors of the M2 (≈2/3) and M3 (≈1/3) subtypes. M3 receptors 
are mainly responsible for normal micturition contraction, 
whereas, the role of M2 receptors has not still been clarified. 
In certain disease states, M2 receptors may also contribute to 
bladder contraction[17].
   The role of M2 muscarinic receptor subtypes in mediating 
contraction of the pig bladder base after cyclic adenosine 
monophosphate elevation and/or selective M3 inactivation 
and finds that bladder body M2 muscarinic receptors 
predominate but a smaller population of M3 receptors 
mediates direct contraction. M2 receptors has indirect 
role by inhibiting cyclic adenosine monophosphate 
mediated relaxation in the bladder body[18], and it has also 
investigated the influence of two toxins from the black 
mamba Dendroaspis polylepis on the kinetics of [3H]-N-
methylscopolamine binding to muscarinic acetylcholine 
receptors from rat cerebral cortex and it was revealed that 
these toxins, MTα and MTβ, interact with the receptors via 
kinetically distinct mechanisms[19]. Kimber studied the 
structure, pharmacology and physiological importance of 
LGICs in model nematodes, including parasitic species where 
they are targets for anthelmintic drugs[20], and we have also 
investigated the ability of the M2/M4 muscarinic ACh receptor 
antagonist N, N′-bis [6-[[(2-methoxyphenyl) methyl] 
amino] hexyl]-1, 8-octane diamine tetrahydrochloride 
(methoctramine) to induce and modulate synaptic plasticity 
in the CA1 area of the hippocampus in urethane-anesthetized 
rats[21].

4.2. Nicotinic receptors

   The nicotinic acetylcholine (ACh) receptor mediates 
neurotransmission postsynaptically at the neuromuscular 
junction and peripheral autonomic ganglia; in the CNS, 
it largely controls release of neurotransmitters from 
presynaptic sites. Distinct subtypes of nicotinic receptors 
exist at the neuromuscular junction and the ganglia, and 
several pharmacological agents that act at these receptors 
discriminate between them. Classical studies of the 
actions of curare and nicotine made this the prototypical 
pharmacological receptor over a century ago. By taking 
advantage of specialized structures that have evolved to 
mediate cholinergic neurotransmission and natural toxins 
that block motor activity, peripheral and then central 
nicotinic receptors were isolated and characterized. The 
electrical organs from the aquatic species of Electrophorus 
and, especially, Torpedo provide rich sources of nicotinic 
receptor. The electrical organ is derived embryologically 
from myoid tissue; however, in contrast to skeletal muscle, 

up to 40% of the surface of the membrane is excitable 
and contains cholinergic receptors. In vertebrate skeletal 
muscle, motor end plates occupy 0.1% or less of the cell 
surface. The discovery of seemingly irreversible antagonism 
of neuromuscular transmission by a toxins from venoms of 
the krait, Bungarus multicinctus, or varieties of the cobra, 
Naja naja, offered suitable markers for identification of 
the receptor. The toxins are peptides of about 7 000 daltons. 
Radioisotope-labeled toxins were used by Changeux and 
his colleagues in 1970 to assay the isolated cholinergic 
receptor in vitro[22]. The toxins have extremely high 
affinities and slow rates of dissociation from the receptor, 
yet the interaction is noncovalent. In situ and in vitro, 
their behavior resembles that expected for a high-affinity 
antagonist. Since cholinergic neurotransmission mediates 
motor activity in marine vertebrates and mammals, a large 
number of peptide, terpinoid, and alkaloid toxins that block 
the nicotinic receptors have evolved to enhance predation 
or protect plant and animal species from predation[23]. 
Purification of the receptor from Torpedo ultimately led to 
isolation of complementary DNAs (cDNAs) that encode each 
of the subunits. These cDNAs, in turn, permitted the cloning 
of genes encoding the multiple receptor subunits from 
mammalian neurons and muscle[24].

4.3. Nicotinic receptor structure 

   The nicotinic receptor of the electrical organ and 
vertebrate skeletal muscle is a pentamer composed of four 
distinct subunits (a, b, g and d) in the stoichiometric ratio 
of 2:1:1:1, respectively. In mature, innervated muscle end 
plates, the g subunit is replaced by e, a closely related 
subunit. The individual subunits are about 40% identical 
in their amino acid sequences, arising from a common 
primordial gene. The nicotinic receptor became the 
prototype for other pentameric ligand-gated ion channels, 
which included the receptors for the inhibitory amino acids 
(g-aminobutyric acid and glycine) and certain serotonin 
(5-HT3) receptors. Each of the subunits in the pentameric 
receptor has a molecular mass of 40 000 to 60 000 daltons. 
The amino-terminal 210 residues constitute virtually 
all the extracellular domain. This is followed by four 
transmembrane-spanning (TM) domains; the region between 
the third and fourth domains forms most of the cytoplasmic 
component. Each of the subunits within the nicotinic ACh 
receptor has an extracellular and an intracellular exposure 
on the postsynaptic membrane. The five subunits are 
arranged around a pseudo-axis of symmetry to circumscribe 
an internally located channel[25,26].
   The receptor is an asymmetrical molecule (14 nm伊8 nm) 
of 250 000 daltons, with the bulk of the non-membrane-
spanning domain on the extracellular surface. In junctional 
areas (i.e., the motor end plate in skeletal muscle and the 
ventral surface of the electrical organ), the receptor is 
present at high densities (10 000/mm2) in a regular packing 
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order. This ordering of the receptors has allowed electron 
microscopic image reconstruction of its molecular structure. 
An ACh-binding protein homologous to only the extracellular 
domain of the nicotinic receptor has been identified in 
fresh- and saltwater snails and characterized structurally 
and pharmacologically[27]. 
   This protein assembles as a homomeric pentamer 
and binds nicotinic receptor ligands with the expected 
selectivity; its crystal structure reveals an atomic 
organization expected of the nicotinic receptor. Moreover, 
fusion of the ACh-binding protein and the transmembrane 
spans of the receptor yield a functional protein that exhibits 
the channel gating and changes in state expected of the 
receptor[28]. This binding protein serves as both a structural 
and functional surrogate of the receptor and has provided 
a detailed understanding of the determinants governing 
ligand specificity of the nicotinic receptor. The agonist-
binding sites are found at the subunit interfaces, but in 
muscle, only two of the five subunit interfaces, a g and a 
d, have evolved to bind ligands. The binding of agonists, 
reversible competitive antagonists, and the elapid a toxin 
is mutually exclusive and involves overlapping surfaces on 
the receptor. Both subunits forming the subunit interface 
contribute to ligand specificity. Measurements of membrane 
conductances demonstrate that rates of ion translocation 
are sufficiently rapid (5伊107 ions per second) to require 
ion translocation through an open channel rather than 
by a rotating carrier of ions. Moreover, agonist-mediated 
changes in ion permeability (typically an inward movement 
of primarily Na+ and secondarily Ca2+

) occur through a 
cation channel intrinsic to the receptor structure. The 
second transmembrane-spanning region on each of the 
five subunits forms the internal perimeter of the channel. 
The agonist-binding site is intimately coupled with an ion 
channel; in the muscle receptor, simultaneous binding of 
two agonist molecules results in a rapid conformational 
change that opens the channel. Both the binding and gating 
response show positive cooperativity. Details on the kinetics 
of channel opening have evolved from electrophysiological 
patch-clamp techniques that distinguish the individual 
opening and closing events of a single receptor molecule[29]

and confirms that nicotinic acetylcholine receptors (nAChR) 
are pentameric ligandgated ion channels which is composed 
of subunits that consist of an extracellular domain that 
carries the ligand-binding site and a distinct ion-pore 
domain. Signal transduction results from the allosteric 
coupling between the two domains these are distance from 
the binding site to the gate of the pore domain is 50 Å[30]. 
However, receptor binding studies are specific for nicotinic 
cholinergic receptors which have been carried out on 
isolated vestibular epithelia of the frogs Rana catesbiana 
and Rana temporaria. Evidence is presented for the 
presence of nicotinic-like cholinergic receptors specifically 
associated with the sensory areas[31], and studied binding of 
atypical nicotinic agonist conformations conferring subtype 

selectivity and concludes that the nAChR has a crucial role 
in excitatory neurotransmission and plays an important 
target for drugs and insecticides. Diverse nAChR subtypes 
with various subunit combinations conferring differential 
selectivity for nicotinic drugs[32], and also identified family 
of genes coding for proteins homologous to α subunit of 
the muscle nicotinic acetylcholine receptor in the rat 
genome. These genes are transcribed in the central and 
peripheral nervous systems in areas which are known to 
contain functional nicotinic receptors[33]. The role played 
by β2-containing neuronal nicotinic receptors (nAChRs) in 
mediating nicotine’s side effects in the fetus and newborn. 
Pregnant WT and mutant mice lacking the β2 nAChR 
subunit were implanted with osmotic minipumps which 
delivered either water or a controlled dose of nicotine. 
Subsequently, there was a comparesion of the development 
of the sympathoadrenal system and breathing and arousal 
reflexes of offspring shortly after birth, a period of increased 
vulnerability to nicotine exposure[34]. On the other hand, 
neonicotinoids, like imidacloprid, are nAChR agonists with 
potent insecticidal activity. Since its introduction in the early 
1990s, imidacloprid has become one of the most extensively 
used insecticides for both crop protection and animal health 
applications, the molecular basis of imidacloprid resistance, 
five nAChR subunits (Nlα1-Nlα4 and Nlβ1) have been cloned 
from Nilaparvata lugens. A comparison of nAChR subunit 
genes from imidacloprid-sensitive and imidacloprid-
resistant populations has identified a single point mutation 
at a conserved position (Y151S) in two nAChR subunits, 
Nlα1 and Nlα3. A strong correlation between the frequency 
of the Y151S point mutation and the level of resistance to 
imidacloprid has been demonstrated by allele-specific PCR. 
By expression of hybrid nAChRs containing Nilaparvata 
lugens α and rat β2 subunits, evidence was obtained that 
demonstrates that mutation Y151S is responsible for a 
substantial reduction in specific [3H] imidacloprid binding. 
This study provides direct evidence for the occurrence of 
target-site resistance to a neonicotinoid insecticide[35], and 
investigated about the nature of cation-π binding site in the 
nicotinic receptor and finds that the nicotinic acetylcholine 
receptor is the prototype ligand-gated ion channel. A 
number of aromatic amino acids have been identified as 
contributing to the agonist binding site, suggesting that 
cation-π interactions may be involved in binding the 
quaternary ammonium group of the agonist, acetylcholine[36]. 
The conformation of cholinergic molecules at nicotinic nerve 
receptors, and finds a correlation of the crystal structure 
analyses of the potent nicotinic agonists acetylcholine, 
acetyl-α-methylcholine, lactoylcholine, 1,1-dimethyl-4-
phenylpiperazine, and nicotine allows one to determine the 
conformation of cholinergic agonists relevant to nicotinic 
nerve receptors[37]. The expression of neurotransmitter 
receptors encoded by mRNAs isolated from three human 
glioma cell lines. Oocytes injected with mRNAs from two 
glioblastoma cell lines did not show electrical responses to 
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the various neurotransmitters tested[38].
   Modulation of nAChR by strychnine finds that strychnine is 
a potent and selective antagonist at glycine receptors which 
was found to inhibit muscle (α 1β 1γ δ, α 1β 1γ, and α 1β 
1δ) and neuronal (α 2β 2 and α 2β 4) nicotinic acetylcholine 
receptors (AcChoRs) expressed in Xenopus oocytes. 
Strychnine alone (up to 500 μmol/L) did not elicit membrane 
currents in oocytes expressing AcChoRs, but when it was 
applied before, concomitantly, or during superfusion of 
acetylcholine (AcCho), it rapidly and reversibly inhibited the 
current elicited by AcCho (AcCho-current)[39]. Translation 
of exogenous messenger RNA coding for nAChRs produces 
functional receptors in Xenopus oocytes, in this study 
messenger RNA extracted from the electric organ of Torpedo 
was injected into Xenopus oocytes. This led to the synthesis 
and incorporation of functional acetylcholine receptors 
into the membrane of the oocyte. When activated by 
acetylcholine, these Torpedo acetylcholine receptors in the 
oocyte membrane opened channels whose ionic permeability 
resembled that of nicotinic receptors in other cells[40].
   The localization of acetylcholine receptors (AChR) in the 
surface of developing myogenic cells of the chick embryo 
anterior and posterior latissimus dorsi muscles in relation 
to the process of innervation has been studied at the 
ultrastructural level utilizing a horseradish peroxidase-
α-bungarotoxin conjugate. Localized concentrations of 
AChR were found in small regions 0.1-0.4 μm in width 
on the surface of myogenic cells of 10 to 14-day-old 
muscles[41], and also studied effects of acetylcholine and 
agents that mimic or block its physiological actions have 
been studied upon concentrations of guanosine 3′:5′-
cyclic monophosphate (cyclic GMP) and adenosine 3′:5′-
cyclic monophosphate (cyclic AMP) in slices of mammalian 
cerebral cortex, heart ventricle, and ileum. Acetylcholine, 
and cholinomimetic agents with a predominantly muscarinic 
action, such as methacholine, bethanechol, and pilocarpine, 
induced and increase in the concentration of cyclic GMP or 
a slight decrease in the concentration of cyclic AMP, in all 
three tissues studied[42]. 
   The functional properties and cellular localization of 
the human neuronal α7 AcCho receptor (α7 AcChoR) and its 
L248T mutated (mut) form were investigated by expressing 
them alone or as gene fusions with the enhanced version 
of the green fluorescent protein (GFP). Xenopus oocytes 
injected with wild-type, mutα7, or the chimeric subunit 
cDNAs expressed receptors that gated membrane currents 
when exposed to AcCho. As already known, AcCho currents 
generated by wtα7 receptors decay much faster than 
those elicited by the mutα7 receptors[43]. Interplay of β2 
nicotinic receptors and dopamine pathways in the control of 
spontaneous locomotion, and finds the acetylcholine (ACh) is 
a known modulator of the activity of dopaminergic (DAergic) 
neurons through the stimulation of nAChRs. Yet, the subunit 
composition and specific location of nAChRs involved 
in DA-mediated locomotion remain to be established in 

vivo. Mice lacking the β2 subunit of nAChRs (β2KO) display 
striking hyperactivity in the open field, which suggests an 
imbalance in DA neurotransmission[44]. However, mutation 
within domain M2 of the nicotinic receptor converts 
5-Hydroxytryptamine from antagonist to agonist, the study 
was done on the effects of 5-hydroxytryptamine (5HT) on 
homomeric neuronal nicotinic receptors (nAcChoR) expressed 
in Xenopus oocytes after injection of cDNA encoding the 
wild-type chicken subunit. AcCho elicited large currents 
that were reduced by 5HT in a reversible and dose-
dependent manner, with a half-inhibitory concentration 
and a Hill coefficient[45]. Although study of the cholinergic 
receptor of cytotoxic T lymphocytes and cholinergic agonists 
have the ability of sensitized lymphocytes to injure cells 
bearing the sensitizing alloantigens, the cholinergic receptor 
of the attacking lymphocyte population has been studied 
with pharmacological manipulation of an in vitro system that 
quantitates the injury mediated by sensitized attacking cells 
upon target cells[46]. 

5. Conclusion

   A variety of recent developments have potential benefits 
in boosting the effects of researchers working on drugs 
targeting cholinergic receptors as primary site for disorders. 
A wide array of data helps to achieve future outcome. This 
article serves as both structural and functional source of 
information regarding cholinergic receptors and provides 
a detailed understanding of the determinants governing 
specificity of muscarinic and nicotinic receptor to 
researchers.
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Comments 

Background
   Cholinergic system is an important system and a budding 
branch of autonomic nervous system which plays a vital 
role in memory, digestion, control of heart beat, blood 
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pressure, movement and many other functions. This article 
helps to give overall information about fundamentals of the 
cholinergic system, its receptors and ongoing research in 
this novel field.
  
Research frontiers
   ANS innervation is divided into SNS and PSNS. The 
sympathetic division has thoracolumbar outflow, meaning 
that the neurons begin at the thoracic and lumbar (T1-L2) 
portions of the spinal cord.

Related reports
   The present article’s motto is to design and study two 
types of receptor, i.e. muscarinic receptors, which are found 
at parasympathetic target organs and at certain sympathetic 
targets - the eccrine sweat glands (which produces copious 
secretion in thermoregulation to release heat), and blood 
vessels in skeletal muscles (which are dilated), and nAchR, 
which mediates neurotransmission postsynaptically at the 
neuromuscular junction and peripheral autonomic ganglia; 
in the CNS, it largely controls release of neurotransmitters 
from presynaptic sites.  

Innovations & breakthroughs
   The present work enlightens cholinergic system which 
refers to those receptors which respond to the transmitter 
acetylcholine and are mostly parasympathetic. There are 
two types of cholinergic receptors, classified according to 
which, either they are stimulated by drug nicotine or by drug 
muscarine. 

Applications
   The basic applicability of present work is to approach for 
the cloning of the cDNAs that encode muscarinic receptors 
which are identified by five distinct gene products now 
designated as M1, M2… M5. The nicotinic receptor of the 
electrical organ and vertebrate skeletal muscle is a pentamer 
composed of four distinct subunits (a, b, g and d) in the 
stoichiometric ratio of 2:1:1:1, respectively.

Peer review
   This article serves as both structural and functional 
source of information regarding cholinergic receptors and 
provides a detailed understanding of the determinants 
governing specificity of muscarinic and nicotinic receptor to 
researchers.
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