PSEUDOCHOLINESTERASES
II. Two Cases of Pseudocholinesterase Deficiency
Alpaslan M. Karahasanoglu, M.D.,* z;,nd Pinar Ozahd,

Pseudocholinesterase enzymes comprise a group of glycopro-
teins that constitute a very small per cent (about 0.01 per cent) of
the total plasma proteins.! The physiologic importance of this enzyme
is still unknown. However, it is known that pseudocholinesterase is
responsible for the hydrolysis of the cholinesters circulating in
plasma. For example, it hydrolyzes the bulk of the injected succi-
nyldicholine administered during an operation or shock treatment
before the drug reaches the motor end-plate in normal subjects.? If
the plasma cholinesterase is deficient or defective in its function,
the injected drug leads to a markedly prolonged paralysis, hence the
resultant apnea may be lethal.? This condition can only be relieved
by giving the patient fresh plasma. At times, even this therapeutic
measure may prove to be fruitless because a late dual block settles,
and the patient may require a long period of resuscitation.?

These observations led to an extensive study of the genetics
and nature of the enzyme. It is now known that the enzyme can be
either completely lacking or defective as a result of inborn errors
of metabolism. The formation of the normal enzyme is controlled by
a set of allelic genes : E} is the gene that produces the normal
protein unit. The synthesis of the normal unit is controlled by a
«silents» gene, E} . This locus is responsible for the regulation of the
rate of synthesis.

There seem to be two defective variants of the enzyme, each
characterized by an entirely different kinetic behavior. These var-
iants are expressed as E? and E{. These abnormal enzymes have a
decreased affinity for various cholinesters and for the usual inhibi-
tors of the normal enzyme. The E} variant produces an enzyme that .
is insensitive to dibucaine, decamethonium, quinidine, etc., and to
normal substrates, whereas the E] variant synthesizes an enzyme
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that is fluoride insensitive. The detection of these variants depends
on the detection of this decreased susceptibility to the inhibitors.
In a heterozygotic defective individual, Karahasanoglu and Ozand
made use of the decreased affinity of the abnormal enzyme for buty-
rylthiocholine as a screening procedure.

Excellent reviews have appeared on the defective enzyme and
the interested reader is referred to these.? - ¢

Pseudocholinesterase is only rarely completely missing from the
plasma. Four such cases of pseudocholinesterase anenzymia have so
far been reported.” * ¢- Clinically, these patients had trouble only
after the injection of succinyldicholine, manifested in a very pro-
longed apnea. That these patients had no enzyme in their plasma was
shown by the greatly decreased hydrolytic activity with benzoyl-
choline as substrate. Furthermore, immunochemical tests indicated

" no altered enzyme protein in the blood, and tests on liver biopsy
-specimens demonstrated no such activity in that organ. Presumably,
the disease is caused by the Ej «silent» gene.®

In this article, we would like to report our preliminary investiga-
tions in two cases of pseudocholinesterase anenzymia. Their sera
showed only a trace of cholinesterase activity that could not be con-
sidered as pseudocholinesterase biochemically. We will present the
evidence that this trace of activity was in fact caused by erythrocyte
acetylcholinesterase contaminating the assay system. Detailed report

“of the immunochemical work and enzyme half life studies on one of
these patients is still in progress and will be published in the future.

Materials and Methods

Cholinesterase activity was measured by a modification of the
Ellman technique.” ® Spot test was carried out as described else-
where.” ° Hestrin’s method was used for certain control experi-
ments.!? Initial enzyme rates were taken as the basic unit, as de-
scribed in the text.

The chemicals used were of C.P. grade and obtained on the
market. Acetylcholine, propionylcholine, butyrylcholine, myristoyl-
choline, benzoylcholine and succinyldicholine were obtained from
Mann Research Laboratories, New York City, New York, U.S.A.
Acetylthiocholine and butyrylthiocholine iodides were "purchased
from the Sigma Chemical Company, St. Louis, Missouri, U.S.A.
Standard preparations of bovine erythrocyte acetylcholinesterase and
of pooled human plasma pseudocholinesterase "were used without
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Erythrocyte acetylcholinesterase is selectively inhibited by caf-
feine, at concentrations which have little or no inhibitory effect on
plasma pseudocholinesterase. Some of the caffeine-inhibition expe-
riments are given in Table 3. The inhibition of esterase activity
observed in the sera of both of our patients parallels the inhibition
observed with their erythrocytes, which was in the range observed
for that of normal human and bovine erythrocytes. This finding
supports the view that the trace activity observed originated from
the patients’ erythrocytes.

TABLE 3

CAFFEINE INHIBITION OF PLASMA PSEUDOCHOLINESTERASE
OF NORMALS AND THE PATIENTS

Acetylthiocholine was used at 1 mM, caffeine at 5 mM concentration. Experi- -
ments 'were carried on at 25 C°.

Subject ' Percent inhibition by caffeine
Pseudocholinesterase from pooled human plasma 1%

T. O. plasma, 67 %

T. O. erythrocytes 67 %

B. O. plasma 72 %

B. O. erythrocytes 5 %

Normal erythrocye (10) . 815 4 2.8%
Bovine erythrocyte stroma * 94 %

Purified bovine erythrocyte acetylcholinesterase* 90 %

* In these experiments the assay was carried on at 23 C with 0.05 mM acetyl-
thiocholine and 2 mM caffeine.

Samples of the patients’ sera were tested for kinetic behavior
of their esterolytic activity towards acetylthiocholine. Both of the
patients’ sera showed the same substrate inhibition at increasing
substrate concentrations (Figure 1). The same type of kinetic curve
was observed for normal human erythrocytes and for bovine ery-
throcytes. An entirely different kinetic curve is found for normal
pseudocholinesterase (curve «p» in Figure 1). Defective pseudocho-
linesterase has a curve similar to the curve «p» in Figure 1.7*

The data suggest that the trace of activity observed in the
plasma of these two patients came from a slight and visibly hard to
detect trace of a hemolytic process during the collection of blood.
In fact, the rates of hydrolysis per volume for acetylthiocholine are
‘much higher for human erythrocytes than for plasma, as indicated
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Discussion

The two cases reported here most probably represent the pseudo-
cholinesterase anenzymia variety of inborn errors of metabolism.
Immunochemical studies could prove this point beyond dispute, but
it can definitely be stated that neither of the patients had cholin-
esterase activity in his plasma. The trace activity detected originated
from the in vitro or in vivo hemolysis of the erythrocytes. Hence, we
strongly advocate the use of butyrylthiocholine in lieu of acetylthio-

choline for plasma pseudocholinesterase assessments and screening
tests.

Neither of the patients have inhibitors in their sera that would
account for the absence of pseudocholinesterase activity. We do not
know at present whether the sera contained an altered protein that
has no enzyme activity but retains its antigenic determinants, but
we are testing the sera of one our patients (T.O.) to clarify this
point. .

A second point worth investigating is the half life of injected
pseudocholinesterase of our patients. This could shed more light on
the metabolism of the enzyme.

Summary

Two cases of pseudocholinesterase anenzymia are reported and
. the biochemical investigations on sera obtained from the two
patients are discussed.
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