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ATYPICAL CHOLINESTERASE

At least two distinct forms of cholinesterase exist
within the body. Chollinesterase I, also known as specific
cholinesterase, true cholinesterase, E-type chollinesterase,
and acetyl cholinesterase is present in :qd cells and nere
vous tissue., Its function is poorly understocd but it
apparently has both muscar;gic and nicotinic functions:in
neurohumoral transmissionggcholinesterase II, also known
as atyplcal cholinesterase, nonspecific cholinesterase,
pseudocholinesterase, S«type cholinesterase, and acylecholine=-
acylehydrolase, is synthesized in liver and is present in
plasma and many other tissues?ﬁ -

The estimation of plasma chollinesterases may have cline
ical value in such condltions as liver anidbilidry tract
diseases, malnutrition, fluorophosphate ester poisoning and
in patients being treated with thlo-TEPA for cancer., Plasma
cholinesterase levels may also be reduced after ingestion of
such drugs as chlorpromazine, morphlne, estrogens, cortisone,
quinine, prostigmin, physostigmine, and procaine.a“

Serum choiinesterase hydrolyzes succinylcholine:as it
does procainé and other esters of benzolc acid. Ihitially, it
is transformed to succinyl monocholine and choline. Sﬁccinyl
monocholine, a8 weak neuromuscular blocker about 1/20 as
potent as succlinylcholine, is in turn hydrolyzed to succinine

acid and choline. Under physiologlc conditions the first reaction -
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occurs six times more rapldly than the second. Serum cho=-
linesterase acts only while:succinylcholine is present in
the blood. Bnzymatic activity increases with a rising con-
centration of the drugs. The rate of hydrolyses ls rapid,
about 90% of the injected dose is destroyed in the first
minute; heme enzyme activity is of importance only briefly
but serves to limlt the amount of relaxant that reaches. the
neuromuscular end-plate, Termination of action is probably
caused by diffusion from the end-plate into the interstitial
fluid.

It has been noted that certain individuals given succinyl-
choline undergo profound protracted apnea responsive only to
assisted ventilation. In these cases, known as "suxamethonium“;pnea,
the plasma pseudocholinesterase levels were found to be lower
than normal. It was noted that they =2also demonstrated invitro
resistance to enzymatic inhibition by such eompeunds ag dibu=
calne, fluoride and Nebutanol. This inhibition was not present
in patients lacking this susceptibility to succinylcholinen;54v6
The need for determination of thlis plasma enzyme prior to ade
ministration of such anesthetic agents is ihviaus.

Genetic studies in familles exhibiting this peculiarity
in the pseudocholinesterase system revealed that the plasma
levels tended to cluster in at least three areas. It has sube
sequently been clarified that the genes for the first found

locl of pseudocholinesterase (represented by Ei) are probably
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alleles of the same locus. By describing the patients as Eiu
(usual), E,* (atypical), E;® (silent), and B, f1 (fluoride)

ten genotypes have been descrlibeds A patient who 1s homozygous
for E%u’ls usual or normal and will show satisfactory inhie
bition of serum cholinesterase by dibucaine, fluoride and
Nebutanol. Those who are homozygous for E® are atypical and do
not show satisfactory invitro inhibition of thelr cholinesterase
level. These patlients are definitkly at risk to develop suxae-
methonium apnea although the attack rate is not 1004 and is
somewhat dose related. The absence of plasma pseudochollinesterase
(homozygous Ela) demonstrates the so-called silent gene in
which no pseudocholinesterase activity is demonstrated in
plasma, These cases are extiremely rare.3

Heterozygotes, that is combinations of Elu and Elé show
partial invitro bnhibition but i not to the degree of the
true atyplcals, These patients are apparently not att risk to
develop suxamethonium apnea,

Normally approximately 80% of the pseudoehqligesterase
activity in plasma can be inhibited invitre by positively
charged quat;rnﬁry nitrogen containing molecules such as di-
bucaines The per cent inhiblitlion 1s known as the dibucaine
number. Surveys of the general population reveal that 94% of
people tested show about 80% inhibition of their pseudo=-
cholinesterase level by dibucaine and can be classified as

W, Approximately 3% will show 40-60% inhi=

homozygous for Elr



bition and are apparently heterozygotes showing a combination
of Elu and'Elé or Elf1. only 1 in 4,000 patients will show
only 20% invitro inhibition by dibucaine, are homozygous for
Ela, and are definitely at risk for suxamethonium apnea. The:
negatively charged fluoride ion may also be used as an invitro
inhibitor} This inhibition is immediate, constant, and rever=
sible, as studied by dialysis and dilution technigues. It is
presumably a direct effect by the fluoride ion and not by come
plexing with such metals as ﬂbgnesium and calcium or phospahte.
The regdtionship of the fluoride and dibuceine inhibition
in heterozygotes has not been clearly established., It 18
possible that they are biochemical facets representing the
same gene., However, studies of lnhibitions by these two com=
pounds have shown that in hetergzygotes (Eia' E,%) the inhi-
bition 1s relatively less by fluoride than by dibucaine.ﬁ
The neutral compound N=butanol has also been used as an inhie
bitor}'In all cases the atypical homozygotes as well as the
usual homozygotes are clearly defined. Unfortunately the
definition of the hetepgzygotic phenotypes is not élways
clear nor separable depending on the inhibitor used..6
Iaboratory methods for gquantitating the amount of cho-
linesterase present in plasma measure enzyme activity and do
not differentlate between the normal and atypical variety?

Thus low enzyme levels may mean reduced amount of normal
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enzymeaor the presence of the atypical enzyme in varying
apounts,

Many substrates have been utilized for the determination
of plasma true and pseudocholinesterases. Tribytyrin, acetyle
beta=methylcholine, benzoylcholine, phenylacetylcholine, and
acetylcholihe have all been used. At that the cholinesterases
are relatively nonspecific and both also hydrolyze a variety
of noncholine esters. Substratesspecificity has been poorly
defined but it is fairly well established that red cell true
cholinesterase will hydrolyze acetylebeta~-methylcholine but
not benzoylcholine, while the plasma pseudocholinesterase
will react in Jjust the opposite fashion@

The cases which were studied in this paper underwent
varying degrees of suxamethonium apnea after administration
of succinylcholine. The pseudocholinesterase activity in.
plasma of these individuals as well as members of their
famillies was determined by the method to be described. For
controls, approximately 30 normal individuals were tested
utilizing the same procedure.

Method

The method for determination of atypical forms of pseudoe
cholinesterase used in this study was that of Kalow and
Genest;ybholinesterase activity was determined by ultra=-
violet spectrophotometry at 240 nanometers using 5X1075 M

benzoylcholine, buffered at pH 7.4, as substrate, The gero
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order reaction was determined with and without the addition
of dibucalhes The degree of inhibltion expressed as a per
centage was recorded as the "dibucaine number',

Benzoylcholine is a relatively stable compund showing
an absorbence maximum at 240 nm, Enzymatic activity is deter-
mined kinetically (time-rate) by observing the loss of absore
bance as the benzoylcholline is hydrolyzed to benzoate and
choline. FBelatively large concentrations of the product,
benzoate, produce little absorbance at this wavelength. Benzoyl~
choline is = redatively resistant to spontaneous hydrolysis
except by the action of bacterial or fungal growth zand must
be stored at 500. BExéess. substrate has an inhibltory effect
Just as 1t does when acetylcholine is used to estimate true
cholinesterase. For this tpsason, very dilute substrate cone
céntrations were used. The destruc¢itnn of benzoylcholine: by
serur cholinesterase proceeds at least 35 times faster than
that of acetylcholine when substrate concentrations in the
order of 10 OM are used.

Human serum or plasma was diluted 1a50:56 M/15 phose
phate buffer, pH 7.4, and added to benzoylcholine substrate
with and without the additlon of dibucaine as an inhibitor.”
Constant time-rate spectrophotometric anaylsls was determined
at 240 nom using a Gilford 2000 recording spectrophotometer
with automatic cuvette changer, thermoregulator at 25°¢., and

1l cm square quartz cuvettes. Reactions were observed over a
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period of 3 minutes and a change in absorbanpe per minute with
and without the inhibitor was determined. The dibucaine nume
ber, that is, the percentage of inhibition, was calculated

as 100 times /l=(decrease absorbance in presence of dibucaine
divided by decrease in zabsorbance without dibucaine)/. Total
esterase units were arbitrarily expressed as micromols of
acetylcholine hydrolyzed by 1 cc of serum in one hour at 37°
and were arbitrarily compared to the hydrolysis of benzoly~
choline. The total value was not a part of the study other
than the observation that the homozygous atyplcals tended to
have lower tatal. absorbance values than did normals.

Case Studies

Case 1. LR, 6-year-old white male, developed prolonged
post anesthetic apnea while undergoing a hernia repalr, His
dibucaine number was 18, The father and mother had dibucaine
numbers of 67 and 72 respectively. Five siblings had numbers
of 71, 68, 71, 85, and 86, 4 l4.year-old sibling had a D.N.
of 28. Interestingly enough this sibling had undergone a
hernia repair some 3 years before without incldent in which
succinylcholine was administered.

Case 2+ TL, 62-year-old female, experienced approximately
8 hours post-anesthetic apnea while having a hiatal hernia
repaired. Her D.N. was 18. Normal siblings had dibucaine
numbers of 68, 65, and 84, but one 6l-year-old sister had a
D.N, of 23.
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Case: 5. RW, 55-year-old femaldp. experlenced profound 12
hour apnea after receiving succinylcholine during the course
of an intrémedullary nail pinning of a fractured hip. Her D.N.
was 25, A son and grandsons: had numbers of 68, €7, sand 86,

Case 4o WD, STe, 34=year-old male, experienced severe apnea
following succinylchoine administration while having a Bernila
fepair. His dibucaine number was 14, His children had D.N.'s
of 61 and 66,

Results

By this method normal patients (homozygotes (Ei?'ELQ??
tended to have dibucaine numbers between‘79~85% as did normals
whose total may have been somewhat low gecondary to liver
disease. Abnormal homozygotes (Ela°Ela)fclustere& between 16
and 25. Heterozygotes by the dlbucaine method were nmoted to
bs between 50 and 65.

It 1s interesting to note that the parents who were
apparently homozygotes for the gene Elf had total cholinesterase
levels significantly lower than the 0,040«0,050 Absorbance
units per minute «« 0f the normal range, running from
0.0254 to 0,030A per minute. It is interesting to speculate
on the apparent heterozygotic nature of the marious ralatives
studied.

Conclusion

The relationship of inhibitible pseudocholinesterase

activity in serum and suxamethonium apmea appears well
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defined although the norma’l function of plasmazpseddo=
cholinesterase is poorly understood. The methods available
for the determination of dibucaine inhibitable pseudo-
cholinesterase are reasonablp simple and precise. This
determination should be performed on all patients who have
had prior post-anesthetic apnelc reactions themselves or

have a family history of a slmilar event.
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