
CHOLINESTERASE INHIBITORS 

There are two types of cholinesterases in humans, AChE and 
butyrylcholinesterase (BuChE). The cholinesterases differ in their location in the 
body and their substrate specificity.  
AChE is associated with the outside surface of glial cells in the synapse and 
catalyzes the hydrolysis of ACh to choline and acetic acid. Inhibition of AChE 
prolongs the duration of the neurotransmitter in the junction and produces 
pharmacological effects similar to those observed when ACh is administered. 
These inhibitors are indirect-acting cholinergic agonists. AChE inhibitors have 
been used in the treatment of myasthenia gravis, atony in the GI tract, and 
glaucoma. They have also been used as agricultural insecticides and nerve gases. 
More recently, they have received attention as symptomatic drug treatments in 
patients suffering from Alzheimer disease 
BuChE (pseudocholinesterase) is located in human plasma. Although its 
biological function is not clear, it has catalytic properties similar to those of 
AChE. The substrate specificity is broader, and it may hydrolyze dietary esters 
and drug molecules in the blood. 
 Three different chemical groupings, acetyl, carbamyl, and phosphoryl, 
may react with the esteratic site of AChE. 
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AChE attacks the ester substrate through a serine hydroxyl, forming a covalent 
acyl-enzyme complex. The serine is activated as a nucleophile by the glutamic 
acid and histidine residues that serve as the proton sink to attack the carbonyl 
carbon of ACh. Choline is released, leaving the acetylated serine residue on the 
enzyme. The acetyl-enzyme intermediate is cleaved by a general base catalysis 
mechanism to regenerate the free enzyme. The rate of the deacetylation step is 
indicated by k3. 
Carbamates such as carbachol are also able to serve as substrates for AChE, 
forming a carbamylated enzyme intermediate (E–C). The rate of carbamylation 
(k2) is slower than the rate of acetylation. Hydrolysis (k3, decarbamylation) of 
the carbamyl-enzyme intermediate is 107 times slower than that of its acetyl 
counterpart. The slower hydrolysis rate limits the optimal functional capacity of 
AChE, allowing carbamate substrates to be semireversible inhibitors of AChE. In 
the mechanism above, k3 is rate-limiting. The rate k2 depends not only on the 
nature of the alcohol moiety of the ester but also on the type of carbamyl ester. 
Esters of carbamic acid are better carbamylating agents of AChE than the 
methylcarbamyl and dimethylcarbamyl analogs 
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Mechanism of hydrolysis of ACh by 
AChE.  
A. ACh–AChE reversible 
complex.  
B. Acetylation of esteratic site. 
C. General base-catalyzed 
hydrolysis of acetylated enzyme.  
D. Free enzyme. 
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Organophosphate esters of selected compounds can also esterify the 
serine residue in the active site of AChE. The hydrolysis rate (k3) of the 
phosphorylated serine is extremely slow, and hydrolysis to the free 
enzyme and phosphoric acid derivative is so limited that the inhibition is 
considered irreversible. These organophosphorous compounds are used 
in the treatment of glaucoma, as agricultural insecticides, and, at times, 
as nerve gases in warfare and bioterrorism. Finally, some have either 
been or are currently being evaluated for use against Alzheimer disease.  
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