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Effect of sample storage on human blood
cholinesterase activity after inhibition by carbamates*
K. WILHELM 1 & E. REINER 2

During an operational field trial with propoxur it was observed that the inhibition of
whole blood cholinesterase was greater when samples were stored before the assay. Since
measurement of cholinesterase activity is not always possible immediately after sampling,
the effects ofdifferent storage conditions were evaluated. Human blood cholinesterases were
inhibited in vitro by methylcarbamates and stored at differentpH values, temperatures, and
sample dilutions. The results showed that the degree of cholinesterase inhibition does not
change ifsamples are diluted 300-fold with buffer at pH 5.0 at 4'C and the enzyme activity
measured within 4 hours after dilution. These conditions ofstorage were equally satisfactory
for each of the three methylcarbamates studied and are therefore likely to apply to other
carbamates as well.

Carbamates are widely used as insecticides, and
overexposure of humans sometimes occurs. Studies
on volunteers (Vandekar et al., unpublished data)
and on persons professionally exposed to carbamate
insecticides (Vandekar & Wilford, 1969) 8 have
shown that the degree of blood cholinesterase
activity depends on the time that elapses between
sampling and measurement. As measurement of
cholinesterase activity is not always possible imme-
diately after sampling, certain conditions of storing
blood samples were studied to learn whether they
were adequate to prevent change in cholinesterase
activity.
To store carbamylated cholinesterase samples so

that no change occurs in the degree of inhibition it is
necessary to prevent further enzyme inhibition and
to slow down the rate of spontaneous reactivation.
Enzyme inhibition will proceed until a steady state is
reached, and spontaneous reactivation will occurwhen
excess inhibitor is removed from the enzyme solution
(Wilson et al., 1960, 1961; Kunkee & Zweig, 1965;
Reiner & Simeon-Rudolf, 1965). Both reactions are
temperature-dependent, and their rates decrease if
the temperature is lowered (Winteringham & Fowler,
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1966). The dilution of an enzyme sample decreases
the inhibitor concentration and consequently reduces
the rate of inhibition; if dilution is performed at
pH 5.0 the rate of spontaneous reactivation will be
considerably slower than at physiological pH (Reiner
& Aldridge, 1967). Based on these facts, the effects
on storage of altering the pH, the temperature, and
the degree of sample dilution were studied.

All experiments were carried out with human
whole blood samples in vitro. The inhibitors were
three methylcarbamates all of which are used as
insecticides.

MATERIALS AND METHODS

Stock solutions (50mM) of propoxur, 3,4,5-tri-
methylphenyl methylcarbamate, and benzo[b]thien-
4-yl methylcarbamate (Mobam) were prepared in
dimethylformamide and kept at 4°C. Dilutions were
prepared in 0.15M sodium chloride solution imme-
diately before use.

Heparinized blood from healthy adults was used
within one day of collection. Inhibited enzyme
samples were prepared by adding 0.1 ml of inhibitor
solutions of different concentrations to 3.0 ml of
whole blood and incubating it at 37°C. After a given
time, samples were withdrawn and cholinesterase
activity was measured either immediately or after
storage. The samples were stored at 4°C or 37°C either
undiluted or diluted with buffer of pH 5.0 (20mM
phosphate buffer). The dilution factor was 150 or 300
(20 pl of whole blood in 3.0 ml or 6.0 ml of buffer).
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Control samples were treated in the same way,
except that 0.1 ml of saline (instead of the inhibitor
solution) was added to 3.0 ml of whole blood.

Cholinesterase activity was determined by the
method of Ellman et al. (1961): 20 ,ul of whole blood
was added to 12.0 ml of phosphate buffer (0.1M,
pH 7.4). After vigorous shaking, 3.0-ml aliquots were
transferred to two test tubes containing 100 ,l of 5,5-
dithiobis-2-nitrobenzoic acid reagent (DTNB). The
mixture from one test tube was transferred to a
1.0-cm cuvette to serve as a blank: 50 pl of
acetylthiocholine iodide was added to the other test
tube, and the mixture was transferred to another
cuvette. The final substrate concentration was
1.OmM. Extinction was read at 412 nm, 1 min and
3 min after the substrate had been added. Cholin-
esterase activities were expressed as a percentage of
the control.
To measure the activities in diluted samples, a

solution (6.0 ml) of phosphate buffer (0.1M, pH 7.4)
containing the substrate and DTNB was added to
6.0 ml of the diluted sample; this brought the pH of
the reaction mixture to 7.4. The subsequent proce-
dure was as described above.

RESULTS

The inhibited cholinesterase samples were stored
for up to 5 h at 4°C or 37°C. The activity of the
control samples remained constant. Under our
experimental conditions, i.e., with a substrate con-
centration of 1.OmM, 90% of the activity of uninhib-
ited human whole blood cholinesterase resulted from
the activity of erythrocyte acetylcholinesterase
(3.1.1.7), while plasma cholinesterase (3.1.1.8) con-
tributed only about 10% (unpublished data). Con-
sequently, the inhibition of human whole blood
cholinesterase reflects primarily the inhibition of
acetylcholinesterase.
The conditions required to store samples inhibited

by the three methylcarbamates varied in the first
place according to the time of inhibition. This is
illustrated in Fig. 1-3. The time course of inhibition
of human whole blood cholinesterase by 3,4,5-
trimethylphenyl methylcarbamate is presented in
Fig. 1. The activities were measured either imme-
diately or after storage for 4 h at 4°C and diluted 300
times; in both instances the degree of cholinesterase
activity was the same, indicating that the storage
conditions were adequate. The same conditions were
found satisfactory for the samples inhibited by
propoxur and Mobam.
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Fig. 1. The time course of inhibition of human whole
blood cholinesterase (ChE) by 2 concentrations of
3,4,5-trimethylphenyl methylcarbamate. The open sym-
bols represent the percentage of enzyme activity
measured immediately after inhibition, and the solid
symbols that after 4-h storage at 4C and 300-fold
dilution with buffer at pH 5.0.

Cholinesterases inhibited by methylcarbamates are
unstable (Reiner, 1971), and when the rate of
spontaneous reactivation equals the rate of inhibition
the reaction reaches a steady state. In the example
shown in Fig. 1 the steady state was reached after
about 10 min, and persisted for at least 1 h after the
commencement of inhibition. Samples may be stored
at steady state inhibition, with less dilution and at
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Fig. 2. Effect of storage on human whole b lood
cholinesterase (ChE) activity inhibited by prop oxur
and Mobam. The samples were inhibited for 1 h at
37 °C and then stored undiluted at 4'C (open sym-
bols) or 37 'C (solid symbols). Each point represents
the mean of 4 separate experiments.
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DISCUSSION

The concentration of a carbamate insecticide in
exposed humans is a complex function of the rates of
intake, excretion, and decomposition of the parti-
cular compound. Cholinesterase inhibition depends

,,_____ _ on the concentration of the inhibitor, and as this is
o 0 subject to continuous and usually unknown fluctua-

tions it is not possible to predict the time course
of inhibition. In blood samples withdrawn from
exposed humans it is therefore not known whether
inhibition has reached the steady state or whether the
excess inhibitor has already been eliminated so that

2 3 4 5 only spontaneous reactivation of the carbamylated
IE OF STORAGE (h) enzymes is taking place. If such blood samples are
uman whole blood cholin- stored undiluted before assay, erroneous results will
)ited by 2 concentrations be obtained. This is supported by the results of other
inhibited for 1 h at 37 'C authors. Plestina (op. cit.) and Vandekar & Wilfordfold with buffer at pH 5.0
*C (solid symbols). Each (1969) stored undiluted blood samples from workers

f 4 separate experiments. exposed to propoxur, and found more cholinesterase
inhibition in the stored samples than in the samples
measured immediately. The same was found with

re required for storage in blood samples from volunteers who ingested pro-
When the inhibitor is poxur (Vandekar et al., unpublished data). When

be stored undiluted up to blood samples from workers exposed to propoxur
o change in cholineste- were stored diluted with buffer at pH 7.4 at room
th 3,4,5-trimethylphenyl temperature, spontaneous reactivation of the in-
n as the inhibitor, cholin- hibited enzyme occurred during storage (Plestina,
when the samples are op. cit.).
40 or 37°C (Fig. 2). If The storage conditions suggested in this paper (i.e.,
mes at 40C the activity low pH, low temperature, and dilution) are suitable
h (Fig. 3); at 37°C the for each of the three carbamates investigated, and are

therefore likely to apply to other carbamates as well.
are therefore suggested The difference in behaviour between propoxur and
od samples inhibited by the other two compounds at steady-state inhibition
rold dilution with buffer may have been a result of their differences in
rement of cholinesterase stability; propoxur is not hydrolysed in vitro by
ition. This condition will human plasma (Reiner & gkrinjarid-gpoljar, 1968),
er or not the cholineste- and this explains why steady-state inhibition persists
the steady state. for a long time.
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RItSUMIt
INFLUENCE DE LA CONSERVATION DES ECHANTILLONS SUR L'ACTIVITA DE LA CHOLINESTERASE

DU SANG HUMAIN APRPS INHIBITION PAR LES CARBAMATES

Au cours d'un essai pratique de carbamates, on a
observ6 que l'inhibition de la cholinest6rase du sang
complet chez les sujets expos6s 6tait plus forte lorsque

les 6chantillons de sang 6taient stock6s avant le titrage.
Comme il n'est pas toujours possible de mesurer l'acti-
vite cholinest6rasique du sang imm6diatement apres le
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prelevement, on a etudi6 l'influence de diverses condi-
tions de conservation.

Toutes les mesures ont ete effectu6es in vitro sur des
6chantillons de sang humain complet en utilisant trois
m6thylcarbamates comme inhibiteurs. Trois facteurs
modifiant le taux d'inhibition de la cholinest6rase pen-
dant la conservation ont ete 6tudi6s: le pH, la tempera-
ture et de degr6 de dilution de 1'echantillon. Les resultats

ont montr6 que dans les conditions suivantes il n'y a pas
de modification du taux d'inhibition: dilution de 300 fois
de 1'6chantillon a l'aide d'une solution tampon de
pH 5,0, conservation a 4°C et mesure de l'activit6 cholin-
est6rasique dans les 4 heures suivant la dilution.

11 est permis de penser que ces modalites de conser-
vation pourront etre appliqu6es avantageusement en cas
d'utilisation d'autres carbamates.
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