
CHOLINERGIC NEUROCHEMISTRY 

Cholinergic neurons synthesize, store, and release ACh. The neurons also 
form choline acetyltransferase (ChAT) and AChE. These enzymes are 
synthesized in the soma of the neuron and distributed throughout the 
neuron by axoplasmic flow. AChE is also located outside the neuron and 
is associated with the neuroglial cells in the synaptic cleft. ACh is 
prepared in the nerve ending by the transfer of an acetyl group from 
acetyl-coenzyme A (CoA) to choline. The reaction is catalyzed by ChAT.  
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CHOLINERGIC AGONISTS 

Cholinergic Stereochemistry 

Three techniques have been used to study the conformational properties of ACh 
and other cholinergic chemicals: x-ray crystallography, nuclear magnetic 
resonance (NMR), and molecular modeling by computation. Each of these 
methods may report the spatial distribution of atoms in a molecule in terms of 
torsion angles. A torsion angle is defined as the angle formed between two 
planes, for example, by the O1MC5MC4MN atoms in ACh. The angle between the 
oxygen and nitrogen atoms is best depicted by means of Newman projections. A 
torsion angle has a positive sign when the bond of the front atom is rotated to 
the right to eclipse the bond of the rear atom. The spatial orientation of ACh is 
described by four torsion angles 

Spatial orientation of O1 MC5MC4MN atoms in ACh. 

ACh torsion angles 
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theoretical conformational analysis has found that ACh has an energy 
minimum for the 𝜏2 torsion angle at about 84° and that the preferred 
conformation of ACh corresponds closely in aqueous solution to that 
found in the crystal state. 

 Muscarine has four geometric isomers: muscarine, 
epimuscarine, allomuscarine, and epiallomuscarine. None has a center 
or plane of symmetry. Each geometric isomer can exist as an  
nantiomeric pair. The activity of muscarine, a nonselective muscarinic 
receptor agonist, resides primarily in the naturally occurring (+)- 
muscarine enantiomer 

Geometric isomers of 
muscarine. 
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Structure–Activity Relationships 

Alterations on the molecule may be divided into three categories: the 
onium group, the ester function, and the choline moiety. 
 The onium group is essential for intrinsic activity and contributes 
to the affinity of the molecule for the receptors, partially through the 
binding energy and partially because of its action as a detecting and 
directing group. 

The trimethylammonium group is the optimal functional moiety for 
activity, although some significant exceptions are known (e.g., 
pilocarpine, arecoline, nicotine, and oxotremorine). Phosphonium, 
sulfonium, arsenonium isosteres, or substituents larger than 
methyl on the nitrogen increase the size of the onium moiety, 
produce diffusion of the positive charge, and interfere sterically 
with proper drug–receptor interaction, resulting in 
decreased activity  
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 The ester group in ACh contributes to the binding of the 
compound to the muscarinic receptor because of hydrogen 
bond formation with threonine and asparagine residues at the receptor 
site.  

 The choline moiety, studying a series of n-alkyltrimethylammonium 
salts revealed that for maximal muscarinic activity, the quaternary 
ammonium group should be followed by a chain of five atoms; this has been 
referred to as the five-atom rule.  
 Shortening or lengthening the chain of atoms that separates the 
ester group from the onium moiety reduces muscarinic activity. An 𝛼 
substitution on the choline moiety decreases both nicotinic and muscarinic 
activity, but muscarinic activity is decreased to a greater extent. Nicotinic 
activity is decreased to a greater degree by substitution on the 𝛽 carbon. 
Therefore, acetyl 𝛼 -methylcholine, although less potent than ACh, has more 
nicotinic than muscarinic activity, whereas acetyl- 𝛽 -methylcholine 
(methacholine) exhibits more muscarinic than nicotinic activity. Hydrolysis by 
AChE is more affected by substitutions on the 𝛽 than the 𝛼 carbon. The 
hydrolysis rate of racemic acetyl 𝛽 -methylacetylcholine is about 50% of that 
of ACh; racemic acetyl 𝛼 -ACh is hydrolyzed about 90% as fast. 
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