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Abstract 

Background:Cholinesterase isa family of enzymes thatcatalyze 

thehydrolysisoftheneurotransmitteracetylcholineintocholineandaceticacid.Thereare2types;Acetylcholinesterase 

also known as erythrocyte cholinesterase found in RBCs cell membrane andpseudo-

cholinesteraseknownasplasmacholinesterasewhichissynthesizedmainlyinhepatocyte and is released into blood 

and its activity is reduced in liver dysfunction due toreduced synthesis.Cholinesterase represents a group of 

enzymes that hydrolyze 

acetylcholineandothercholineesters.Therearetwomaintypesofcholinesterasewithdifferentbiochemical properties: 

true or specific cholinesterase or acetylcholinesterase found in 

allexcitabletissues(centralandperipheralnervoussystemandmuscles)andinerythrocytes.Itisahigh-

turnoverenzymewithhighaffinityforacetylcholine,inhibitedathighconcentrationsofacetylcholine,andwith 

lowaffinity fornonchlorineesters. 
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Introduction 

Cholinesterase is a family of enzymes that catalyze the hydrolysis of the neurotransmitteracetylcholineinto 

cholineand aceticacid(1). 

There are 2 types; Acetyl cholinesterase also known as erythrocyte cholinesterase found inRBCs cell membrane 

and pseudo-cholinesterase known as plasma cholinesterase which issynthesized mainly in hepatocyte and is 

released into blood and its activity is reduced in liverdysfunctiondueto reduced synthesis(2). 

 

Acetylcholine(ACh): 

Acetylcholine is a neurochemical that has a wide variety of functions in the brain and otherorgan systems of the 

body. Specifically, it is a neurotransmitter that acts as a chemicalmessage that is released by neurons and allows 

them to communicate with one another andotherspecializedcellssuchas myocytes 

andcellsfoundinglandulartissues.Thename"acetylcholine" is derived from its chemical structure, as it is an ester 

of acetic acid andcholine. (3), Tissues of the body that use this chemical messenger or are responsive to it 

arereferred to as cholinergic. There is a class of chemicals called anticholinergics that 

interferewithacetylcholine's action on tissues as well. (4). 

Acetylcholine is the neurotransmitter used at the neuromuscular junction in other words, it isthe chemical that 

motor neurons of the nervous system release in order to activate muscles.This property means that drugs that 

affect cholinergic systems can have very 

dangerouseffectsrangingfromparalysistoconvulsions.Acetylcholineisalsousedasa 

mailto:Amlhamed231@gmail.com


International Journal of Early Childhood Special Education (INT-JECSE)  

 
   

1272  

Vol 14, Issue 02 2022  PP:2080-2090 

“ 

DOI: 10.9756/INT-JECSE/V14I2.111 ISSN: 1308-5581 

 
neurotransmitter in the autonomic nervous system, both as an internal transmitter for thesympathetic nervous 

system and as the final product released by the parasympathetic nervoussystem(5) 

In the brain, acetylcholine functions as a neurotransmitter and as a neuromodulator. The braincontains a number 

of cholinergic areas, each with distinct functions. They play an importantrolein arousal, attention,memoryand 

motivation(6). 

Partly because of its muscle-activating function, but also because of its functions in theautonomic nervous 

system and brain, a large number of important drugs exert their effects byaltering cholinergic transmission. 

Numerous venoms and toxins produced by plants, animals,and bacteria, as well as chemical nerve agents such 

as Sarin, cause harm by inactivating orhyperactivating muscles via their influences on the neuromuscular 

junction. Drugs that act onmuscarinic acetylcholine receptors, such as atropine, can be poisonous in large 

quantities, butin smaller doses they are commonly used to treat certain heart conditions and eye 

problems.Scopolamine, which acts mainly on muscarinic receptors in the brain, can cause delirium andamnesia, 

The addictive qualities of nicotine derive from its effects on nicotinic acetylcholinereceptorsin the brain(7) 

 

Figure1:Acetylcholinesynthesisandrecyclingatthesynapse. 

 

Footnotes: Acetylcholine (ACh) metabolism in cholinergic nerve terminals. The synthesis ofacetylcholine 

(ACh) from choline (Ch) and acetyl CoA requires choline acetyltransferase(CAT) (#1). AcetylCoA isderived 

frompyruvate generated by glycolysis, while 

choline(Ch)istransportedintotheterminalsviaaNa+dependenttransporter.Afterrelease,acetylcholine (ACh) is 

rapidly metabolized by acetylcholinesterase (AChE) (#2) and choline(Ch)is transported back into the terminal 

bytheNa+-cholinetransporter (#3). 

 

Cholinesterase: 

Cholinesterase represents a group of enzymes that hydrolyze acetylcholine and other cholineesters. There are 

two main types of cholinesterase with different biochemical properties: 

trueorspecificcholinesteraseoracetylcholinesterasefoundinallexcitabletissues(centraland 
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peripheralnervoussystemandmuscles)andinerythrocytes.Itisahigh-turnoverenzymewithhigh affinity for 

acetylcholine, inhibited athigh concentrations ofacetylcholine, andwithlow affinityfor noncholineesters. (8). 

Theotheroneisthenonspecificorpseudocholinesteraseorserumcholinesteraseorbutyrylcholinesterasewhichhydroly

sesbothcholineandaliphaticesters.Butyrylcholinesterase(BChE)isanα-

glycoproteinfoundinthecentralandperipheralnervous system, in most tissues, and in the liver. It has lower affinity 

for acetylcholine and isnotinhibited byhighconcentrations of acetylcholine(9). 

 

Typesofcholinesterases: 

1) Acetylcholinesterase: 

Acetylcholinesterase(AChE)isacholinergicenzymeprimarilyfoundatpostsynapticneuromuscular junctions, 

especially in muscles and nerves. It immediately breaks down orhydrolyzes acetylcholine (ACh), a naturally 

occurring neurotransmitter, into acetic acid andcholine.(1) 

The primary role of AChE is to terminate neuronal transmission andsignaling betweensynapses to prevent ACh 

dispersal and activation of nearby receptors. AChE is inhibited byorganophosphates andis animportant 

componentofpesticidesand nerveagents(10). 

Acetylcholinesterase is found in erythrocytes, in the lungs and spleen, in nerveendings, andin thegraymatterof 

thebrain(11). 

 

Development: 

AlthoughtheprimaryfunctionofAChEistoterminateneuraltransmission,investigatorshave found that AChE also 

plays a role in neural development. Embryologically, AChE isintricately involved in the development of the 

nervous system and is expressed by developingneurons and during periods of axonal growth (a time in which 

enzymatic activity does notseem to be most important). In the peripheral nervous system of chicks, transient 

AChEactivity was found to be locally present in the dorsal root ganglions. These findings suggestthat during 

fetal development, AChE contributes to morphogenesis in addition to its mainenzymaticfunction. (12). 

 

OrganSystemsInvolved: 

Acetylcholinesterase is known to be distributed in nervous tissue such as the brainstem,cerebellum, peripheral 

and autonomic nervous systems. Skeletal muscle also contains 

AChEwithdistributionpatternsseeminglyrelatedtothetypeofmuscle(fastversusslowtwitch)andtheirspecificfunction

(10). 

ThepresenceandfunctionofAChEonredbloodcellsislesscommonlyknown.Bloodgroup antigens reside on the 

outer lipid bilayer of red blood cells for convenient antibodyrecognition.Inthesame 

regard,AChEisalsopresentonredbloodcellmembranes.(13) 

 

Function: 

Theneurotransmitteracetylcholineisreleasedwhenaneuralsignalpropagatesandexcitesoractivatesacellularmembran

e.Consequently,theAChreceptorundergoesaconformational 

changeandthemembranereleasescalciumions.Thesecalciumionsplayaroleinexcitingthefibersofnervesandmusclesb

ytriggeringanadditionalchangeinphospholipids.Essentially, the downstream effect of a signal initiated with ACh 

results in amplification andpropagationofthecellularsignaling.(10). 

 

2) Pseudocholinesterase: 

Pseudocholinesteraseisaserinehydrolaseenzyme,primarily producedintheliverthatcatalyzes the hydrolysis of 

choline esters, most prominently succinylcholine and mivacurium.(14). 

Itisimperativetodifferentiatethisfrom“true”cholinesterase,alsoknownasacetylcholinesterase, which occurs in 

higher concentrations within conducting tissues such asthecentral/peripheral nervous systems 

andneuromuscularjunctions. (15) 

Duetomultiplelocationsandtheoreticalfunctionswithinthehumanbody,pseudocholinesteraseoftengetsreferredtothr

oughvariousenzymaticnames,includingplasmacholinesterase,serumcholinesterase,acetylcholineacetylhydrolase,a

ndbutyrylcholinesterase(16). 

Inadditiontopossessingmultiplenames,theenzymeexistsinamultitudeofpharmacogeneticvariations,withbutyrylch

olinesterase(BuChE)operatingasthemajorhuman cholinesterase form. When comparing concentrations within the 
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human plasma, theratio of pseudocholinesterase (BuChE) to true cholinesterase (AChE) overwhelmingly 

favorsBuChE byaratio of 1000 to 1.(16). 

Pseudocholinesterase (PChE) is synthesized by the liver, and is found in the plasma, thepancreas, the heart and 

the brain. and is an alpha 2 globulin, a tetramer of 342000 molecularweight,thatexists in aggregateform.(17). 

BChE half-life is about 12 days.and its normal value ranges between 5,900 and 13,200 

IU/L.Anincreasedactivityofthisenzymehasbeenreportedinobesity,diabetes,uremia,hyperthyroidism,and in 

hyperlipidemicsubjects(18) 

A small proportion of healthy population is lacking in plasma BChE, due to a genotypeaberration; studies 

carried out in Europe indicate a 3–4 % prevalence of congenital serumBChEdeficiency. (19). 

BChE is synthesized in the liver: a hepatocellular impairment will reflect a decreased enzymeactivity. In fact, 

plasma levels fall in acute and chronic liver damage, cirrhosis, and livermetastases, being a biochemical marker 

of organ damage. Low plasma BChE levels have alsobeenfoundinprotein-

energymalnutrition,duringstressand(chronicandacute)inflammation,and in other clinical conditions(19). 

On the other hand, plasma BChE activity was significantly elevated in both type 1 and 

2diabetes,comparedwiththecontrolsubjects.Inaddition,BChEactivity waspositivelyassociated with serum 

concentrations of cholesterol and triglycerides and with measures ofoverweight,obesity, andbodyfat distribution 

Pseudocholinesterase (PChE) is a serine hydrolase capable of hydrolyzing esters includingacetylcholine, 

succinylcholine, mivacurium and ester type local anesthetics such as procaine,chloroprocaine,tetracaine, cocaine 

and heroin(20). 

Clinicalsignificance: 

Pseudocholinesterasedeficiency: 

 Patients with muscle relaxant: An absence or mutation of the BCHE enzyme leads to amedical condition 

known as pseudocholinesterase deficiency. This is a silent condition thatmanifestsitselfonly 

whenpeoplethathavethedeficiency receivethemusclerelaxantssuccinylcholineor mivacurium duringasurgery (21). 

 Local anaesthia in dental procedure: Pseudocholinesterase deficiency may also affect 

localanaestheticselectionindentalprocedures.Theenzymeplaysanimportantroleinthemetabolism of ester-based 

local anaesthetics, a deficiency lowers the margin of safety andincreases the risk of systemic effects with this 

type of anaesthetic. The selection of an amide-basedsolution is recommended in such patients (22). 

 

The diagnosis of pseudocholinesterase deficiency most commonly occurs through 

familyhistoryandclinicalcontextofprolongedapneaandparalysisfollowingdepolarizingneuromuscular blockade via 

succinylcholine. With an autosomal recessive inheritance patternand a heterozygous gene frequency ranging 

from 1 in 25 to 1 in 50, it is imperative for familymembers of known homozygotes to undergo testing for the 

presence of an altered BCHEgene.(23). 

 

CholinesteraseinLiverdiseases: 

Estimationofthelevelofactivityofthecholinesterasefoundinserumwasfirstsuggestedby 

McArdle(24). 

As a useful means for differentiating hepatic from post-hepatic jaundice. The evidence whichhas accumulated 

suggests that cholinesterase activity is an assessment indicator for liverfunction in patients with liver disease. In 

China, cholinesterase has been included in scores todistinguish hepatitis severitybysocietyof liver disease(25). 

However, few studies are available regarding the value of cholinesterase in evaluating liverreservefunction 

ofcirrhoticpatients 

Itwasnotedthatestimationofserumcholinesterasewasusefulinbothdiagnosisandprognosisofcirrhosisofthe liver(26). 

Cholinesterase originates from the liver and is associated with albumin synthesis closely 

(27).SerumChEactivityisreducedinliverdysfunctionduetoreducedsynthesisCholinesteraseis closely correlated 

with the damage severity of liver cells and may respond to the liverreservefunction ofcirrhoticpatients(28). 

Serum cholinesterase levels improve following successful liver transplant thus the origin ofserumcholinesterase 

from theliver is confirmed (26). 

It has been observed that normalization of serum cholinesterase values may indicate theearliestpoint of 

recoveryin liverinjury.(29). 

the predominant hepatic source of serum cholinesterase, the marked decrease in its synthesiswith hepatocyte 

https://www.ncbi.nlm.nih.gov/books/NBK545284/#article-27927.r3
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dysfunction and restoration of synthesis with hepatocyte recovery suggeststhat serum cholinesterase activity 

might be a more specific indicator of liver dysfunction thanthetraditional liver function test. 

Serum BChE levels decrease in liver dysfunction as a consequence of reduced synthesis, incomparison with 

other liver enzymes whose levels increase because of an increased releasefrom damaged cell membranes. The 

traditional liver function tests may result abnormal 

inotherdiseases,notrelatedwithliverdysfunction.Forexample,highlevelofserumtransaminases can be the 

consequence of their release by non-liver tissues (i.e., heart 

andmuscles);theincreaseoftheserumalkalinephosphataseactivitymayresultfromphysiologicalorpathologicalenzym

eproductionfromnon-livertissue(i.e.,boneandplacenta). In addition, serum bilirubin may rise because of 

increased erythrocyte breakdownand reduced albumin concentration due to increased renal or intestinal loss 

(i.e., nephroticsyndromeor protein-losingentheropathy)(30). 

Serum concentrations and BChE activity seem to accurately reflect the availability of aminoacidic substrates 

and/or a derangement in the protein synthesis due to hepatocellular damage;additionally, it seems adequate to 

distinguish liver and non-liver diseases. In cancer, with orwithout liver impairment, stress starvation stimulates 

an inflammatory cascade which blocksthe synthesis of BChE, albumin, and other visceral proteins in favor of 

acute-phase proteinsynthesis. In these conditions, serum BChE results an accurate functional and 

prognosticindicator, useful for monitoring the clinical and therapeutic intervention according to 

thepatient’ssurvival expectance (9). 

In gastroenterology, the Child-Pugh score is used to assess the prognosis of chronic liverdisease, mainly 

cirrhosis. Although originally used to predict mortality during surgery, thisscore is now used to determine the 

prognosis as well as the required strength of treatment andthe necessity for liver transplantation. However, the 

cirrhotic patients particularly those withChild-Pugh grades B and C with ascites or hemorrhagic tendency are 

usually treated withalbumin or blood transfusion which may affect the numerical value for calculating the Child-

Pughscore. Theserum cholinesteraseis not easilyaffected bythistreatment.(27) 

In extra-hepatic obstruction cases secondary to malignancies, the values of BCh enzyme arelow probably due to 

malnutrition or impaired liverfunction.,The valueswere low in attacksofcholangiohepatitis, malignant diseaseand 

prolongedextrahepaticobstructions..(31). 

Apart from cirrhosis ofliver, studies suggested that estimating serum cholinesterase levelscan also be useful in 

earlier diagnosis of nonalcoholic fatty liver in patients with type 2diabetesmellitus.(32). 

In the absence of inflammation, BChE could be also a valid index of nutritional supporteffectiveness. In patients 

with primary malnutrition, either in excess or in defect, BChE levelsresult strictly correlated with the classical 

indicators of the nutritional status such as albumin,lymphocyte count, cholesterol, and transferrin. Due to the 

large range of normality of 

serumBChE,thisparameterismoresuitableforrepeatedmonitoringratherthansingledetermination(9). 

Clinical judgment certainly represents a fundamental hinge to combine with serum 

BChEevaluationasindicatoroftheseverity ofdiseaseand/orprotein-

energymalnutritionthenecessityofanutritionalsupport.Moreover,itisalwayspreferabletoassociateBChEevaluation

with otherprognostic markers (9). 

BChE activity assay seems to be a valid biological marker of malnutrition, inflammation, 

andliversyntheticabilitywith arelativelylow costand high clinicalinformativepower(9). 

Serum BChE determination is a routine clinical laboratory test, scheduled in all 

laboratorypanelsathospitaladmissionaswellasfor outpatientevaluation;ondemand, itisalsopossible to add this test 

in the urgent exams’ panels. Its cost is similar to that of other routineexams (serum glucose, urea, creatinine, 

etc.), including the assay of albumin, 

prealbumin,transferrin,andlymphocytecount.BChEmaythereforeenterinaclusterofselectedprognosticparameters, 

useful to completetheclinical judgment(9). 
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