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A quick and simple method for the routine
determination of acetyl- and butyryicholinesterase in
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ABSTRACT The salient features of this method for biological monitoring of occupational exposure

to organophosphorus insecticides are: (a) acetylcholinesterase (AChE) and butyrylcholinesterase
(BuChE) are determined separately in whole haemolysed blood using specific substrates at appro-

priate concentrations; (b) 20 IlI of blood drawn from the finger tip is sufficient for both determina-
tions; (c) the blood sample is immediately diluted with a solution of saponin and may thereafter be
frozen for storage; (d) diagnostic kits, commercially available for the determination of plasma
BuChE, may be employed with modifications; (e) the kinetic procedure is avoided by blocking the
enzyme reactions at the end of the incubation period. This paper describes attempts to achieve
optimal conditions for the two reactions. Under the conditions finally chosen, the whole blood
'AChE' activity value still includes a small percentage of plasma BuChE activity (12.5 % of the total),
while the whole blood 'BuChE' activity includes a small percentage of erythrocyte AChE activity
(7% of the total). Results of determinations performed with this procedure on 172 healthy subjects
are reported.

For the biological monitoring of those occupation-
ally exposed to organophosphorus (OP) insecti-
cides, determination of both erythrocyte acetyl-
cholinesterase (AChE) (EC 3.1.1.7.) and plasma
butyrylcholinesterase (BuChE) (EC 3.1.1.8.) is
recommended (World Health Organization, 1973;
Zavon, 1976). These assays sometimes must be
performed routinely in small outlying laboratories.
Methods are therefore called for which combine
sensitivity and reliability with a minimal need for
equipment. In large central laboratories, methods
are preferred which lend themselves to automation
and minimise the sources of error inherent in the
preparation and shipment of the samples. Our new
procedure meets these requirements and is based on
the spectrophotometric method of Ellman et al.
(1961), currently considered by most authors to be
the method of choice. Erythrocytes and plasma
preferably should be separated before transport
(Zavon, 1976) but this constitutes a considerable
source of error, besides being time-consuming. This
inconvenience is overcome in our method by per-
forming both tests on whole blood. Another
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potential disadvantage is the unknown amount of
haemolysis during preparation and transport of the
sample. We have therefore chosen to haemolyse
completely the blood immediately after sampling,
as already proposed by Winteringham and Disney
(1964) for their radiometric method. The sample
may then be frozen for storage and transport.
A series of experiments has been performed (a) in

order to optimise the conditions for the separate
determination of AChE and of BuChE on samples
of whole haemolysed blood (this is performed with
specific substrates at appropriate concentrations and
does not involve the use of inhibitors); (b) in order
to block the reactions at the end of the incubation
period, thus avoiding the kinetic procedure.

Materials and methods

Samples of heparinised blood (1-2 ml) from healthy
subjects were diluted (1:10 v/v) with a solution of
saponin (Merck) (1 0 g/l in 51 mM NaCl) and, if not
used immediately for experiments, stored at - 20°C.
In other cases plasma and erythrocytes were separ-
ated by centrifugation and repeated washing of the
erythrocytes with 154 mM NaCl before dilution and
freezing.

161

 on M
ay 26, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
B

r J Ind M
ed: first published as 10.1136/oem

.35.2.161 on 1 M
ay 1978. D

ow
nloaded from

 

http://oem.bmj.com/


162 M. Bellino, M. Ficarra, N. Frontali, F. Ghezzo, A. Guarcini, F. Orecchio, L. Serpietri, and M. Traina

For cholinesterase determination acetyl thiocho-
line iodide (ATCh) and butyrylthiocholine iodide
(BuTCh) at different concentrations were used as
substrates, and the reagents (matching those of
commercial kits such as that marketed by Biochemia)
were 0-25 M 5,5'-dithiobis-(2-nitrobenzoic acid)
(DTNB) in 0 05 M phosphate buffer, pH 7-2 (with
ATCh as substrate) or pH 7-7 (with BuTCh as
substrate).
The experiments for perfecting the procedure

involved the kinetic method of Ellman et al. (1961),
with the temperature of the cuvette holder of the
spectrophotometer (Beckman DU) regulated at 25°.

Three-millilitre aliquots of reagent were initially
incubated at the same temperature after addition
of the enzyme preparation. Readings were taken at
405 nm at different time intervals after the addition of
the substrate, against a blank comprising the same
components without substrate. Spontaneous hydro-
lysis was estimated by means of a similar set of tubes
lacking the enzyme preparation.
Other compounds used were eserine salicylate

(Merck) and sodium dodecylsulphate (SDS) (Serva).

PRELIMINARY EXPERIMENTS

Optimal enzyme concentration and incubation time
Whole blood, diluted as described, was added to the

Parameters

atSE btSE

+ + 025 0003O0004 0006 0000
o 0 50 -0004 * 005 0 010 ± 0 000

A-A 100 -0 003±0009 0024 ± 0001

0-0 2 50 0000 ± 0 014 0048 ± 0004

x x- 500 0003±0004 0108 ± 0*011

Fig. 1 Hydrolysis of 1J0 mM ATCh (as a function of
time) by various concentrations of whole blood (p4/3 ml
reazgent), and interpolated regression lines. E =

extinclion at 405 nm.
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Fig. 2 Hydrolysis of 2-0 mM BuTCh (as a function
of time) by various concentrations of whole blood
(,ul/3 ml reagent), and interpolated regression lines.
E = extinction at 405 nm.

reagent in different amounts, corresponding to
0-25-5-0 tl of whole blood. The subsequent incuba-
tion used 1.0 mM ATCh and 2-0 mM BuTCh as
substrates. Figures 1 and 2 show the results expressed
as extinction (E) as a function of time, after subtrac-
tion of spontaneous hydrolysis (E/min values for
spontaneous hydrolysis were 0-0010 for ATCh and
0-0012 for BuTCh). The interpolated regression
lines are also shown. Figure 1 does not report data
for extinction values above 0 5, but with up to 1-0 ,ul
blood the reaction was linear for at least 45 minutes.

Figures 3 and 4 show the difference in extinction/
minute (E/min) as a function of enzyme concentra-
tion. As long as the estimated 'a' values did not
differ significantly from zero, the E/min values were
evaluated according to the calculated 'b' parameters
of the interpolated regression lines in Figs. 1
and 2. The analysis of variance for the linear inter-
polation was highly significant in both cases; the
relevant numbers are shown in the Figures.
On the basis of the data reported in this section,

we have chosen as standard conditions a time in-
terval of 15 minutes and enzyme concentrations
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Analysis of vrriance
Source of Sum of F Men
vciratcon squaes DF squae

TotOl 00069380 4 =

Regression 00069065 1 j00069065 6(P. /

Residual 00000315 3 100000105 /
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.~~~~~~
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20 40
1uI

Analysts of vaiance

Source of Sum of Mean
variation squares squares

Total 0-0006131 3

Regression 0(0006117 1 00006117 8865.7e)
Resdiol 00000014 2

2e0

Fig. 3 Hydrolytic activity as a function of whole
blood concentration (,il/3 ml reagent), using 10 mM
ATCh as substrate. Activity is expressed as difference
in extinction/minute.

corresponding to 1-0 ,ul of whole blood/3 ml of
reagent when ATCh is used as a substrate, or 2-0 ul/3
ml when BuTCh is used.

Optimal substrate concentrations
Enzyme activity was determined as a function of
substrate concentration. Experiments were per-
formed with blood samples from different subjects.
Figures 5 and 6 are examples of the results which
were constantly obtained with ATCh and BuTCh
respectively as substrates. It is well known (Silver,
1974) that the curves obtained under these con-

ditions are bell-shaped (parabolic) for AChE from
various sources, including mammalian erythro-
cytes, while for plasma BuChE they are S-shaped
(sigmoid). When whole blood was incubated with
ATCh in our experimental conditions, the activity/
substrate concentration curve was bell-shaped.
With this substrate the activity of whole blood
AChE obviously is preferentially determined,
compared with the activity of BuChE. The activity
attributable to the plasma enzyme (lower curve in
Fig. 5) is characteristically S-shaped, and accounts
for only a small percentage of the whole blood

Fig. 4 Hydrolytic activity as a function of whole
blood concentration (I,l/3 ml reagent), using 2-0 mM
BuTCh as substrate. Activity is expressed as in Fig. 3.

hydrolytic activity. This percentage is approximately
12-5% with 0 5 mM ATCh. For the purpose of the
procedure presented in this paper we will neglect
this small percentage of BuChE, and the term
'AChE' will be used to designate the hydrolytic
activity of whole blood tested under the conditions
mentioned, which are taken as standard.
When whole blood was incubated with BuTCh

under our experimental conditions, the activity/
substrate concentration curve was S-shaped (Fig. 6).
With this substrate BuChE activity is preferentially
determined, rather than AChE. The activity attri-
butable to the erythrocytes (washed preparation)
accounts for only a small percentage of the whole
blood hydrolytic activity. This percentage is around
7% with 2-0 mM BuTCh. Once again, for the purpose
of the procedure devised in the experiments described
here, we will neglect this small percentage of AChE
activity and will use the term 'BuChE' to designate
the hydrolytic activity of whole blood tested under
the conditions discussed.

Inhibition of the enzyme reactions
A way of inhibiting the enzyme reactions was

0-1 -

005-

Si

,ul
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Fig. 5 Hydrolytic activity of whole blood (0) and of
plasma (O) as a function ofATCh concentration
(pS = negative logarithm of mol/litre). Activity is
expressed as difference in extinction/minute/lu of
whole blood.
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Fig. 6 Hydrolytic activity of whole blood (0) and of
erythrocytes (A) as a function ofBuTCh concentration.
Activity and substrate concentration are expressed as in
Fig. 5.

sought in order to avoid the time-consuming
kinetic method.

Eserine Figure 7 shows the effects of the addition
of various concentrations of eserine on the enzyme
reactions taking place under the conditions chosen
as described above, namely, for 'AChE', 1 ,ul of
whole blood/3 ml reagent and 0 5 mM ATCh as sub-
strate; for 'BuChE' 2,u1 of whole blood/3 ml reagent

and 2-0 mM BuTCh as substrate (at 25°C as
usual). While 'AChE' is 100% inhibited by 0-01 mM
eserine, 'BuChE' is 100% inhibited by 0 3 mM but
not completely inhibited by 0-1 mM eserine.

Sodium dodecylsulphate Figure 8 shows the effect
of the addition of two different concentrations of
SDS under the same experimental conditions as
above. When the final concentration of SDS was
7T0 mM the activity of both 'AChE' and BuChE'
was immediately and totally inhibited, while 2f8 mM
SDS sufficed for the total inhibition of the activity
of 'AChE' but not of 'BuChE'.

In order to stop each of the two reactions at the
end of the incubation period, we employed final
concentrations of either 0 3 mM eserine or of 7 0mM
SDS.

NEW PROCEDURE
On the basis of the preceding experiments the
following procedure was established. Instructions
are included for the adaptation of commercial kits,
which are currently available for the determination
of plasma cholinesterase, employing either ATCh or
BuTCh as substrates. Some laboratories may prefer
them because of their convenience, in spite of the
higher cost.
For haemolysis, a saponin solution of 1-0 g/l in

51 mM NaCl is used. The reagent is 0 25 mM DTNB
in 0 5 mM phosphate buffer pH 7-2 (for AChE) or
7.7 (for BuChE); this is the unmodified solution 1 of
the commercial kits. The substrates are 156 mM
ATCh (solution 2 of the corresponding commercial
kit); 310 mM BuTCh (solution 2 of the correspond-
ing commercial kit, but dissolved in 2-1 ml instead of
in 3*0 ml). The solution to stop the reaction is 0 433
M SDS (125 g/l) or 18-2 mM eserine salicylate (7 5
mg/ml).
A 20 ,ul sample of blood is drawn up with a clean

dry pipette from a pricked finger tip and immediately
mixed with 1-0 ml of the haemolysing solution
(dilution 1:51). After one hour (to allow for com-
plete clearing) the solution may be frozen for
storage. Before the assay the haemolysates are
thawed and thoroughly shaken in order to ensure
homogenisation.

Determination of 'AChE'
For each haemolysate a set of three test tubes, each
containing 3 ml of DTNB reagent, is placed in a
water bath at 25°C (other temperatures may be used
if more convenient). Three 50 /l aliquots of the
same haemolysate are added to each set of test tubes,
and this procedure is repeated for each haemolysate.
An additional set of three test tubes, each containing
3 ml of reagent, is incubated without the addition
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of haemolysate, in order to determine the spontan-
eous hydrolysis of the substrate. At 0 time lOulI of the
ATCh solution is added to test tubes 2 and 3 of each
set (including the set for spontaneous hydrolysis),
while test tube 1 of each set is kept as a blank. The
time taken for the addition of the substrate to the
whole set of test tubes is recorded. After exactly
15 minutes' incubation, 50 ,ul of the inhibitory

+

A

B

Fig. 7 The activity of whole
blood 'AChE' (0) is immediately
and completely inhibited by the
addition (arrow) of01 (A) and
0-01 mM eserine (B). The activity
of whole blood 'BuChE' (0) is
inhibited slightly less than 100%
by 0 1 mM eserine (B) and
100 % by 013 mM eserine (A).
E = extinction at 405 nm;
conditions as described in text.

*rrutes 20 40

Fig. 8 The activity of whole blood
'AChE' (0) is immediately and
completely blocked by the
addition (arrow) of 7-0 (A) and
2-8 mM SDS (B). The activity
of 'BuChE' (0) is 100% inhibited
by 7-0 mM SDS (A), but slightly
less than 100% by 2-8 mM SDS (B).
E = extinction at 405 nm;
conditions as described in text.

solution is added to each test tube, taking care to
proceed at the same speed as for the addition of the
substrate. Each addition is followed by thorough
shaking. The test tubes are removed from the water
bath and test tubes 2 and 3 of each set are read
against test tube 1 on a photometer at 405 nm.
Values for spontaneous hydrolysis are subtracted.
The difference is a measure of enzyme activity
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Fig. 9 Histograms representing the
percentage frequency distribution of whole
blood 'AChE' (A) and 'BuChE' (B) activity
(IU) in healthy subjects.

3 L

expressed as extinction/15 minutes. Multiplication
by the factor 15 550 converts this into International
Units (IU)/ml, i.e. ,uM of substrate hydrolysed in
one minute by one ml of whole blood.

Determination of 'BuChE'
The procedure is the same as for AChE, with the
difference that 100 ,ui of haemolysate and 20 ,lI of
substrate (BuTCh) are employed. The values
expressed as extinction/15 minutes are converted
into IU/ml by multiplying by the factor 7-925.

DETERMINATION OF NORMAL LEVELS
Blood was taken from healthy subjects (men aged
20-25 years and women aged 18-49 years) during
routine medical visits before employment. The
results are shown in Table 1. The differences between
men and women in 'AChE' and 'BuChE' values
were not statistically significant. Table 2 shows the
pooled data with the confidence limits. The dis-
tribution of the pooled data is shown by the
histograms in Fig. 9.

Table 1 Enzyme activity in healthy men and women

Enzyme Subjects Mean enzyme activity P*
Sex Number (IU/min whole blood)

'AChE' Female 71 5-175 ( 0-179)t
Male 72 4-986(± 0-138) > 04

'BuChE' Female 71 2-462 (± 0094)
Male 101 2-260(± 0044) >005

*Significance of the difference between means (Student's t test).
tSE in parentheses.

Table 2 Enzyme activity; pooled data for both sexes

Enzyme No. of subjects Mean enzyme activity Confidence
(IU/ml whole blood) limits (0 95)

'AChE' 143 5 079 (+ 0.109)* 2-437-7-721
'BuChE' 172 2-343 (+ 0-054) 1-023-3-854

*SE in parentheses.

Discussion

The thiocholine/DTNB colorimetric method, origin-
ally proposed by Ellman et al. (1961) for the deter-
mination of erythrocyte and tissue AChE, has been
modified by several authors for the determination
of plasma cholinesterase (Weber, 1966; Voss and
Schuler, 1967; Wilhelm, 1968; Szasz, 1968). Others
have adapted the method for the routine deter-
mination of erythrocyte AChE (Sirchia et al., 1970)
or of both the plasma and the erythrocyte enzymes
(Humiston and Wright, 1967; Voss and Sachsse,
1970). All of these methods entail the separation of
plasma from erythrocytes by centrifugation, a step
which, besides being time-consuming, is also a

considerable source of error. The procedure pro-
posed in this paper avoids this step and provides a
measure of the activity of the two enzymes in whole
blood through the use of specific substrates at
appropriate concentrations. The whole blood
'AChE' activity value includes also a small percentage
of plasma BuChE activity accounting for 12-5% of
the total; the whole blood 'BuChE' activity in-
cludes also a small percentage of erythrocyte
AChE activity accounting for 7% of the total. For
the biological monitoring of large numbers of
people exposed to organophosphorus compounds
this drawback may be acceptable in view of the
considerable increase in convenience and speed.
Easy adaptability of diagnostic kits and avoidance
of the kinetic method by blocking the enzyme
reactions, are other advantages of the proposed
procedure, which also lends itself to automation.
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