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Comparison of methods
for measuring cholinesterase inhibition by carbamates
K. WILHELM,1 M. VANDEKAR,2 & E. REINER3

The Acholest and tintometric methods are used widelyfor measuring blood cholinesterase
activity after exposure to organophosphorus compounds. However, ifappliedfor measuring
blood cholinesterase activity in persons exposed to carbamates, the accuracy of the methods
requires verification since carbamylated cholinesterases are unstable. The spectrophotometric
method was used as a reference method and the two field methods were employed under
controlled conditions. Human blood cholinesterases were inhibited in vitro by four methyl-
carbamates that are used as insecticides. When plasma cholinesterase activity was measured
by theAcholest andspectrophotometric methods, no difference wasfound. The enzyme activity
in whole blood determined by the tintometric method was < 11 % higher than when the same
sample was measured by the spectrophotometric method.

Carbamates are extensively used as insecticides in
agriculture and public health and have comparatively
low toxicity for mammals. However, as overexpo-
sures to these compounds do occur professionally and
accidentally, methods are required for determining
the degree of blood cholinesterase inhibition. In this
paper three methods for measuring cholinesterase
activity are compared and discussed. The Acholest
and tintometric methods were developed to measure
blood cholinesterase activity after exposure to organo-
phosphorus compounds and when they are applied
to carbamylated cholinesterases it is necessary to
verify their accuracy, as many carbamylated cholin-
esterases are unstable.

MATERIALS AND METHODS
Inhibitors

Carbaryl, propoxur, promecarb, and a mixture
of 75% of 3,4,5-trimethylphenyl methylcarbamate
and 18% of 2,3,5-trimethylphenyl methylcarbamate
(" Landrin ") were supplied by the World Health
Organization, Geneva. Stock solutions (50 mM) were
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prepared in dimethylformamide and kept at 4°C.
Final dilutions were prepared with saline immediately
before use.

Inhibition ofhuman blood cholinesterases

Blood samples were taken from healthy adults by
venepuncture into dry heparinized test tubes and were
used within 1 day of collection; 3 ml of whole blood
were incubated for 1 hour at 37°C with 0.1 ml of the
inhibitor solution.
Whole blood cholinesterase determinations were

performed immediately after incubation; the plasma
cholinesterase (3.1.1.8) was determined after centri-
fuging down the erythrocytes and the erythrocyte
acetylcholinesterase (3.1.1.7) after removing the plas-
ma and resuspending the erythrocytes in saline equi-
valent to the original volume of the whole blood.

Determination of cholinesterase activity

Three methods were used for measuring cholin-
esterase activity, and all measurements were made at
room temperature (22-25°C).

Spectrophotometric method. The spectrophoto-
metric method developed by Ellman et al. (1961) was
used to determine erythrocyte, whole blood, or
plasma (Wilhelm, 1968) cholinesterase activity.
The reaction mixture contained 3.0 ml of phos-

phate buffer (0.1 M, pH 7.4), 100,ul ofthe thiol reagent
(0.O1M 5,5-dithiobis-2-nitrobenzoic acid), and the
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enzyme preparation (20.0 ul of plasma, 5.0 ul of
whole blood, or 2.5 ,ul of erythrocytes, respectively).
When the substrate was added (50 ,ul of acetylthiocho-
line, final concentration 1.0 mM), the extinction was
read in 1.0-cm cuvettes at 412 nm in the first and third
minutes after the addition of substrate, against the
blank, which contained no substrate.

Cholinesterase activity was expressed in arbi-
trary units (Ai extinction per min per ml of whole
blood, erythrocytes, or plasma) and the degree of
inhibition as a percentage of the control, which
contained no inhibitor.

Acholest method. Using special indicator papers1
plasma cholinesterase activity was determined by the
method of Herzfeld & Stumpf (1955), following the
experimental procedure described by Plestina (1966).
Two drops of plasma (about 40 ul each) were ap-

plied one at each end of a microscope slide and were
covered by the " control " and " test " papers, respec-
tively. The two papers were then covered with another
microscope slide and the time needed for the colour of
the test paper to match the colour ofthe control paper
was recorded. The cholinesterase activity was ex-
pressed in arbitrary units using the formula (Richte-
rich, 1962): 1 000 x flt, where f is the correction
factor for temperature and t is the reaction time in
minutes.

Tintometric method. Whole blood cholinesterase
activity was determined by the methods of Edson
(1958) and Watson & Edson,2 using the field kit
supplied by the manufacturer." The experimental
procedure was that described by Vandekar& Svetlicid
(1966).
Ten pl of whole blood were added to a test tube

containing 0.5 ml of the indicator solution (0.25 g of
bromothymol blue in 560 ml of distilled water),
followed immediately by 0.5 ml of acetylcholine
perchlorate; the final substrate concentration was
10 mm. After a certain time, dependent on the room
temperature, the colour of the reaction mixture was
matched against the blank by rotating the disk in a
Lovibond comparator; the blank contained 10 ,ul of
whole blood in 1.0 ml of distilled water.

1 Obtained from Osterreichische Stickstoffwerke AG,
Linz/Donau, Austria.

' Watson, W. A. & Edson, E. R. (1964) The Tintometer
Limited field cholinesterase kit: improvement in technique,
Mimeographed report No. Tox/115, Medical Department.
Chesterford Park Research Station, Saffron Walden, Essex,
England.

' Tintometer Ltd, Salisbury, England.

The same procedure was used to determine ery-
throcyte cholinesterase activity, except that 10 ,ul of
the erythrocyte suspension were used and the colour
was matched against a blank that contained 10 p.1 of
whole blood.

Cholinesterase activity was expressed as a per-
centage of the activity in uninhibited samples. The
tintometer gave activity in steps of 12.5%; when
readings were carried out as described by Vandekar &
Svetlicic (1966) it was possible to read the activity
within about 4% of the full-scale reading.

RESULTS

Spectrophotometric method
The spectrophotometric method was used as a

reference method, because it is reliable and is known
to be adequate for determining erythrocyte, plasma,
and whole blood cholinesterase activity. The assay is
quick and therefore no corrections are required for
spontaneous reactivation of the inhibited enzyme,
which may occur during the assay. Equally, the
enzyme does not become more inhibited during assay
because of the short time, and also because the

Table 1. Activity of human whole blood and erythrocyte
cholinesterases measured by the tintometric and
spectrophotometric methods after inhibition by diffe-
rent carbamates, expressed as a percentage of the
control value (± the standard error). For whole blood
the means of 6 individual experiments are given, and
for erythrocyte cholinesterase the means of 4 experi-
ments

Whole blood cholinesterase Erythrocyte
Con- activity ~~~cholinesterasecon- activity (%) activity (%)

Carbamate tin-(carbamateotionic Spectro- Spectro-
(tion Tintoe°metic photometric photometricmto method method

carbaryl 2.0 92 3 89 5 82 5
4.0 80±5 76±2 75±6
8.0 67±6 60±3 60±5

16.0 54 5 49 3 42 10

propoxur 1.0 68 3 65 3 58 6
3.0 48±4 37±3 36±1
9.0 35 3 26 1 16 4

Landrin 7.0 65 3 58 3 64 6
14.0 49±3 44±3 50±4
28.0 35±3 29±2 32±4

promecarb 0.1 93 3 91 5 91 4
0.4 77 4 72 3 71 2
1.0 55 4 51 5 50 5
4.0 30±2 28±6 23±2
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enzyme preparation is highly diluted during the assay
(see MATEuALS AND METHODS).
Under the conditions described in this paper, i.e.,

1.0 mm substrate concentration, the activity of whole
blood cholinesterase measured by the spectrophoto-
metric method is primarily a result of the activity of
the erythrocyte cholinesterase. This is obvious from
the results in Table 1 (second and third columns),
which show that the degree of inhibition of whole
blood cholinesterase followed closely that of erythro-
cyte cholinesterase. The same has been shown for the
activity of uninhibited blood samples from 9 indi-
viduals. The mean values for erythrocyte and plasma
cholinesterase were 19.2 a extinction per min per ml
(range 14.1-24.2) and 3.54 AI extinction per min
per ml (range 2.58-4.21), respectively. Assuming a
haematocrit of 50, it follows that the erythrocyte
cholinesterase contributes 92% and plasma cholin-
esterase only 8% to the total whole blood activity in
uninhibited samples. In inhibited samples this ratio
will be altered if the two enzymes are not equally
inhibited, but any inhibition of whole blood cholin-
esterase greater than 8% indicates inhibition of ery-
throcyte cholinesterase.

Acholest method
After undiluted whole blood samples had been

incubated with different concentrations of propoxur,
promecarb, and Landrin, and the plasma separated,
the plasma cholinesterase activity was determined
by the Acholest and spectrophotometric methods.

Table 2. Activity of human plasma cholinesterase,
measured by the Acholest and spectrophotometric
methods after inhibition by different carbamates,
expressed as a percentage of the control value (d the
standard error). The numbers of individual experiments
are given in parentheses

Con- Plasma cholinesterase activity (%)
Carbamate centra-

(MM) Acholest method Spectrophotometric

propoxur 1.0 96 i 2 (4) 92 ± 4 (4)
3.0 87 4 (4) 86 1 (4)
9.0 74 1 (4) 71 5 (4)

Landrin 7.0 67 (2) 72 (2)
14.0 58 (2) 58 (2)
28.0 46 (2) 45 (2)

promecarb 0.1 87 ± 6 (4) 88 ± 2 (4)
0.4 71 1 (4) 74 2 (4)
1.0 53 6 (4) 50 3 (4)
4.0 26 4 (4) 21 4 (4)

Both methods showed that all three carbamates
produced the same degree of inhibition (Table 2).
The duration ofthe assay in the Acholest procedure

was up to 43 min but spontaneous reactivation of the
inhibited enzyme did not occur, because methylcarba-
mylated plasma cholinesterase reactivates slowly (the
half-life for methylcarbamylated human plasma cho-
linesterase is - 3 hours at 25°C and pH 7.4; Reiner,
1971).

Tintometric method
0 The activity of whole blood cholinesterase was
measured by the tintometric and spectrophotometric
methods after blood samples had been incubated with
carbaryl, propoxur, promecarb, and Landrin (Ta-
ble 1). With all four compounds the tintometric
method gave somewhat higher values than did the
spectrophotometric method (2-11% higher). This
difference is probably due to spontaneous reactiva-
tion of the erythrocyte cholinesterase during assay, as
the tintometric method is much longer (24-26 min)
than the spectrophotometric procedure (2 min), and
the half-life of methylcarbamylated mammalian
acetylcholinesterase is about 30-60 min (Reiner,
1971). Taking into account the fact that the Lovibond
method is a field method designed to read activity
in steps of 12.5 %, we consider that this method com-
pares favourably with the reference method.

In the tintometric procedure the contribution of
erythrocyte cholinesterase activity is less than in the
spectrophotometric method. This was shown in unin-
hibited blood samples from 5 individuals, in which
82% of the total activity was contributed by the
erythrocyte cholinesterase (range 77-86 %.), and 18%
by the plasma. Consequently, any inhibition greater
than 18% indicates inhibition of erythrocyte choline-
sterase.

DISCUSSION

The two field methods for measuring plasma and
whole blood cholinesterase activity compared fa-
vourably with the spectrophotometric method used
for reference. However, these methods have certain
limitations.
When enzyme activity is measured by the tinto-

metric method, blood samples are diluted 100-fold
(see MATERIALS AND METHODS), and this efficiently
prevents further enzyme inhibition during the assay.
On the other hand undiluted plasma is used in the
Acholest method, and if enzyme inhibition is not at
the steady state further inhibition of cholinesterase
may occur during the assay.
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Carbamylated cholinesterases reactivate spontane-
ously, and if a measurable amount of enzyme were to
be reactivated during assay less inhibition would be
determined. With the methylcarbamylated enzymes
this effect was noticeable only with the tintometric
procedure (Table 1). With this method the pH de-
creases during assay; the rate of decarbamylation also
decreases with pH (Reiner & Aldridge, 1967), and this
contributes to the small difference between the results
with the tintometric and spectrophotometric me-
thods. However, with other groups ofcarbamates, the
rates of spontaneous decarbamylation will be differ-
ent, and may be rapid even at the lower pH.

The two kinds of error discussed above will have
different implications under practical conditions,
when samples are taken from individuals exposed to
carbamates. A partial recovery of the inhibited en-
zyme after a sample is taken may cause clinical
misinterpretation, i.e., underestimation of the actual
degree of exposure. On the other hand, further
inhibition of cholinesterases after sampling indicates
the existence of a free inhibitor in the blood. If the
same occurs in man, then the measured enzyme
activity may have a predictive value and reflect what
will happen to the person who contributed the
sample.
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REESUME

COMPARAISON DE METHODES DESTINEES A MESURER L'INHIBITION
DE LA CHOLINESTERASE PAR LES CARBAMATES

On a compare au laboratoire trois methodes servant
a d6terminer I'activite de la cholinesterase sanguine: une
methode colorimetrique, la methode Acholest et une
methode spectrophotometrique prise comme m6thode de
r6f6rence. Les essais ont ete effectues a la temperature
du laboratoire sur des echantillons de sang traites
par des methylcarbamates inhibiteurs de la cholines-
terase.

On a obtenu des r6sultats tres similaires par la methode
Acholest et par la m6thode spectrophotometrique. En
revanche, le taux d'inhibition de la cholinesterase du
sang complet mesure par la methode colorimetrique etait
de 2 A 11 % inferieur au taux determin6 par la methode
spectrophotometrique.

Les implications de ces donn&es en ce qui concerne
l'utilisation pratique des diverses methodes sont discutees.
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