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In the present report, a new assay combining specific substrates and a selective
BChE inhibitor (ethopropazine hydrochloride) was used to measure both AChE and
BChE in canine whole blood samples. Acetylthiocholine iodide (ATCI) and
butyrylthiocholine iodide (BTCI) were used as substrates, whereas 2,2’-
dithiodipiridine was used as chromophore. Ethopropazine concentration inhibiting
over 95% BChE with minimum AChE inhibition was fixed at 0.3mM. The results
confirmed that whole blood cholinesterase activity measured with BTCI in absence
of ethopropazine corresponded with serum BChE, whereas whole blood
cholinesterase analysed with ATCI in presence of ethopropazine reflected mainly
erythrocytes and plasma AChE activity. This procedure showed good repeatability,

it was easy and fast, and can be routinely used in veterinary laboratories.
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INTRODUCTION

Cholinesterase (ChE) includes a group of enzymes
present in different organic tissues that hydrolyze choline
esters. The main purpose of this enzyme activity is to
hydrolyze the neurotransmitter acetylcholine in nervous
tissue, although its function in other tissues such as blood
is not well understood. Interest on blood cholinesterase
determination started several years ago as a marker for
anti-ChE insecticides exposure in humans (Jiang and
Lockridge, 2013), livestock (Karanth and Pope, 2003) and
wildlife (Santos et al., 2012). But more recently this
enzyme has been studied in other disorders such as
Alzheimer disease  (Garcia-Ayllon et al., 2010),
inflammation (Das, 2007; Costa et al., 2012), cardiovascular
disease (Calderon-Margalit et al., 2006), diabetes (Iwasaki
et al., 2007) or liver cirrhosis (Garcia-Ayllon et al 2012).
Even ChE has been proposed to predict short-term
outcome after hepatic resection for hepatocellular
carcinoma (Donadon et al., 2013) and as a marker of
oxidative stress in human lung cancer patients (Zanini et
al., 2013). In dogs, ChE activity in blood seems to be
influenced by obesity (Tvarijonaviciute et al., 2013).

There are at least two ChE isoenzymes in blood:
acetylcholinesterase (AChE; EC 3.1.1.7), also known as
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erythrocyte or true ChE, which is found in red blood cells;
and butyrylcholinesterase (BChE; EC 3.1.1.8), also
known as plasma ChE or pseudo-ChE, which is present in
blood serum (Das, 2007). Methods for their determination
include spectrophotometric measurement in whole blood,
plasma or erythrocytes. Whole blood is preferred by many
authors (Harlin and Ross, 1990; Munro et al., 1991) since
ChE activity can be measured more quickly and with less
effort being not necessary to separate plasma and
erythrocytes for individual monitorization of both
isoenzymes (Meuling et al., 1992).

Using whole blood, some strategies can be used to
avoid interference between isoenzymes determination: (a)
Use of specific substrates for each enzyme. This
procedure is supported by the existence of differences in
substrate affinity. AChE hydrolyses acetylcholine and
propionylcholine but not butyrylcholine, whereas BChE
hydrolyses butyrylcholine at higher rate than acetyl and
propionylcholine (Tecles and Cerdn, 2001). This method
has been satisfactorily applied in dogs, and it has
demonstrated to be very simple, easy and useful in routine
practice to monitor exposure to anti-ChE compounds
(Tecles et al., 2000). However, the overlapping between
isoenzymes affinity to substrates could mask subtle
changes in whole blood AChE or BChE produced by



other pathologies. (b) Use of specific inhibitors for one of
the isoenzymes (i.e. ethopropazine hydrochloride,
tetraisopropylpyrophosphoramide ~ or  phenothiazine
derivatives are selective BChE inhibitors) (Reiner et al.,
2004).

Both approaches have been applied for AChE and
BChE measurement in whole blood by independent
assays. The purpose of this paper was to develop an assay
for AChE and BChE determination in canine whole blood
by combining the use of specific substrates and the
specific BChE inhibitor ethopropazine hydrochloride
(Etho) that can be adapted to an automated analyzer.

MATERIALS AND METHODS

Reagents and apparatus: Acetylthiocholine iodide
(ATCI), Dbutyrylthiocholine iodide (BTCI), 2,2’-
dithiodipyridine (2-PDS) and Etho were obtained from
Sigma Chemical Co (St Louis, USA). Analyses were
performed in a multiparametrical autoanalyzer (Olympus
AU600, Olympus Diagnostica).

Sample preparation: Blood samples were obtained from
five adult Beagle dogs owned to the University of Murcia.
All dogs were apparently healthy after physical
examination and free of organophosphate or carbamate
compound exposure in the previous five months. Blood
samples were collected by cephalic venipuncture and
placed in tubes containing ethilenediaminetetraacetic acid
(EDTA) as anticoagulant (BD Vacutainer). All
haematocrit ranged between 37-45% (mean 40.20+
3.42%). The procedure involving animals were approved
by the Murcia University Ethics Committee.

Following the guidelines of Cerén et al. (1999) whole
blood dilutions from each sample were prepared at 1:50
ratio with distilled water. Rest of blood was then
centrifuged at 1225g for 10 minutes to separate plasma
and erythrocytes. Red blood cells were washed with saline
three times and then diluted at 1:100 ratio using distilled
water. Plasma was diluted in distilled water at 1:50 before
analysis.

Method for ChE analysis: To determine the best Etho
concentration, three whole blood, erythrocyte and plasma
dilutions from three different dogs were used for this
analysis. Each whole blood, erythrocyte and plasma
dilution was divided in 6 aliquots and incubated at room
temperature with the following final concentrations of
Etho: 0, 0.05, 0.1, 0.2, 0.3 and 0.5mM. After 30 minutes
of incubation, samples were analysed for ChE activity.

ChE in whole blood, erythrocyte and plasma dilutions
was analysed by the automated method previously
described (Ceron et al., 1996) and adapted for an
Olympus AUG600 autoanalyzer. The temperature of
analyses was 37°C. Final substrate concentration was 1x10”
> M. 2-PDS was used as chromophore. In all samples, the
activity of a blank containing buffer-chromophore and
substrate, and another blank consisting of sample and
buffer-chromophore were calculated and subtracted from
final activity. Cholinesterase activity was expressed as
pumol of substrate hydrolysed/mL sample/ min.

Blood obtained from 5 healthy dogs was processed as
above to obtain whole blood, erythrocytes and plasma
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dilutions. Then ChE was analyzed as follows: (1) two
aliquots of each sample were prepared; (2) one aliquot
was incubated during 30 minutes with Etho at a selected
concentration (aliquot A), whereas the second aliquot was
incubated with similar volume of distilled water (aliquot
B); (3) ChE was measured in: a) whole blood aliquots A
and B using ATCI and BTCI as substrates, respectively,
b) in erythrocytes of the aliquots A and B using only
ATCI, and c) in plasma aliquots A and B using only BTCI
as substrate.

Suitability of the assay in whole blood was assessed
by comparing results with those obtained separately in
erythrocytes analysed with ATCI (corresponding with
erythrocytes AChE) and in plasma analysed with ATCI
(equivalent to plasma AChE) and with BTCI (equivalent
to plasma BChE). Results obtained in erythrocytes and
plasma was corrected by PCV in order to be compared
with whole blood.

To assess repeatability of the assay, three whole
blood samples from different animals were diluted in
distilled water (1:50 dilution ratio). Whole blood dilutions
from each dog were divided in six aliquots and AChE and
BChE activities were analysed in each aliquot as
described previously. All analyses were performed in the
same batch to avoid any other interference.

Statistical analysis: Arithmetic means and standard
deviations were calculated using routine descriptive
statistical procedures. To assess differences between Etho
concentrations a Kolmogorov—Smirnov test was used to
assess normality of data, giving a nonparametric
distribution. Normality was assumed by logarithmic
transformation and 2-way ANOVA of repeated measures
with Bonferroni post-test was performed. For the
precision study, nested ANOVA was used to estimate the
interindividual, intraindividual, and analytical components
of variance (Szimer, S%tras and S, respectively). CV was
calculated as \/SQanal/arithmetic mean * 100. A p value <
0.05 was considered statistically significant. Graph Pad
(Graph Pad Software Inc., La Jolla, CA) was used as
statistical software for calculations.

RESULTS

Figure 1 shows the magnitude of inhibition observed
in ChE activities in whole blood, erythrocytes and plasma
after incubation with different Etho concentrations.

Results obtained in whole blood samples varied
according with the substrate: when BTCI was used as
substrate a significant inhibition of 80% was observed at
the lowest Etho concentration (P<0.001), achieving over
95% with Etho concentration equal or higher than 0.3mM.
ChE activity in erythrocytes measured with ATCI was not
significantly affected by Etho. Plasma ChE measured with
BTCI showed a significant inhibition even at lowest Etho
concentration (P<0.01), achieving over 95% inhibition
with Etho concentration equal or higher than 0.3mM
(P<0.001).

Based on these results, Etho concentration that
achieved maximum plasma BChE inhibition with minimal
influence on erythrocyte AChE was fixed at 0.3mM.

Table 1 compares results obtained in whole blood
with those obtained separately in erythrocytes and plasma
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Fig. I: Percent  of  acetylcholinesterase (AChE) and
butyrylcholinesterase (BChE) activities obtained in whole blood (WB),
erythrocytes (RBC) and plasma incubated with increasing
Ethopropazine concentrations. Statistical analysis for WB AChE:
a=P<0.001; statistical analysis for WB BChE: b=P<0.001l; statistical
analysis for Plasma BChE: c=P<0.01 and d=P<0.001.

Table 1: Acetylcholinesterase (AChE) and butyrylcholinesterase
(BChE) activities measured in whole blood and compared with
erythrocytes AChE and plasma AChE and BChE (corrected by PCV).
Results are given in pmol of substrate hydrolyzed/mL/min.

Measured ChE activity = N Substrate [Etho]  Activity (Range)
Whole blood AChE 5 ATCI 0.3mM  1.06 (0.87-1.31)
Whole blood BChE 5 BTCI OuM  1.81 (0.48-2.54)
RBC AChE (pcy corrected) 5 ATCI 0.3mM  0.68 (0.44-1.34)
Plasma AChE ey corrected) 3 ATCI 0.3mM 0.22 (0.14-0.32)
Plasma BChE ey corrected) 3 BTCI O0uM  1.84 (0.90-2.80)

Table 2: Mean, S%,, and CV (%) of acetylcholinesterase (AChE) and
butyrylcholinesterase (BChE) measurements in three whole blood

samples. ChE activity is expressed in pmol substrate
hydrolyzed/mL/min.
ChE activity (SD) Mean S2 [&Y
Sample | 0.87 (0.03)
AChE  Sample 2 0.99 (0.03) 1.00  568x10* 2.38%
Sample 3 1.15 (0.03)
Sample | 0.52 (0.02)
BChE  Sample 2 2.26 (0.08) 1.79  172.51x10* 7.34%
Sample 3 2.59 (0.22)

after PCV correction. In presence of Etho, AChE activity
observed in whole blood was very close to the sum of
AChE observed in erythocytes and plasma. In absence of
Etho, BChE activity measured in whole blood was similar
to that observed in plasma.

Table 2 shows the precision of AChE and BChE
measurement in whole blood using the new assay which
was assessed analysing three whole blood samples from
different dogs. CVs were lower than 8%, indicating a
good reproducibility of the assay.

DISCUSSION

Several reports regarding ChE activity determination
can be found in literature. Traditionally this enzyme has
been used to detect exposure to organophosphates and
carbamates insecticides due to their action as ChE
inhibitors (Dass et al., 1994). Since both serum BChE and
erythrocyte AChE can be selectively inhibited by some
insecticides, determination of both isoenzymes is
indicated. But in recent years possible relationship
between ChE and other pathologies has been reported.
Serum BChE has been proposed as a marker of low-grade
systemic inflammation (Das, 2007) and as a marker of
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cardiovascular risk factor being even capable to predict
mortality (Calderon-Margalit et al., 2006; Ben Assayag et
al.,, 2010). Serum BChE activity can be depressed by
acute starvation in mice (Morris et al.,, 2011) and by
chronic stress in rats (Tagliari et al., 2010). Blood ChE
activities could be also affected with lipoprotein levels in
obese humans and with degree of insulin resistance
(Iwasaki et al., 2007). Serum BChE activity is increased
in overweight dogs and correlate with other physical and
biochemical markers of obesity (Tvarijonaviciute et al.,
2010; Tvarijonaviciute et al., 2013). Moreover, the effects
of these disorders in ChE isoenzymes could be different.
For example, serum AChE but not BChE is increased in
human Alzheimer’s disease patients (Garcia-Ayllon et al.,
2010), and different response for erythrocyte AChE and
serum BChE in obese dogs was observed, indicating that
both isoenzymes could have different role in obese canine
patients (Tvarijonaviciute et al., 2013).

The use of whole blood allows the measurement of
both isoenzymes (AChE and BChE) without the necessity
to separate plasma and erythrocytes. Reiner et al. (2004)
used Etho as a selective BChE inhibitor and ATCI as
substrate achieving satisfactory results. But in author’s
opinion the use of specific substrates would reflect the
activity of each isoenzyme better than using only a unique
substrate. No other reports combining Etho as a selective
BChE inhibitor and specific substrates for simultaneous
AChE and BChE measurement have been found in
literature.

Etho is a selective BChE inhibitor (Tasso et al.,
2011). It was chosen based on the results obtained by
Naik et al. (2008), who studied the in vitro effect of
different ChE inhibitors in purified human isoenzymes.
These authors concluded that Etho at 20uM provided
almost completely BChE inhibition with minimum effect
on AChE (maximum inhibition was 10%). Other
inhibitors traditionally used for this purpose such as
tetraisopropylpyrophosphoramide produced  higher
influence in AChE. Our assays performed in erythrocytes
and plasma dilutions demonstrated that Etho inhibits only
BChE and AChE was not significantly affected. The best
Etho concentration was fixed at 0.3mM, being much
higher than reported by Naik et al. (2008). This fact could
be related with the use of blood dilutions instead of whole
blood or maybe with a higher resistance of canine ChE
inhibition to Etho exposure. It is important to note that
45% inhibition was observed in whole blood when ATCI
was used as substrate. Since BChE hydrolyzes also this
substrate, this rate of inhibition after Etho exposure can be
explained by the inhibition of BChE that cannot hydrolyze
ATCL

The new assay for AChE and BChE measurement in
whole blood samples was established in three steps: (1)
whole blood was diluted with distilled water at 1:50 ratio
and dilution is separated in two aliquots; (2) one aliquot
was incubated during 30 min with Etho at a final
concentration of 0.3mM to inhibit serum BChE, then is
analysed with ATCI as substrate (measuring only
erythrocyte AChE activity); (3) the second aliquot was
incubated with the same volume of diluent and analysed
with BTCI as substrate (measuring only plasma BChE
activity). Our results demonstrated that whole blood can
be easily used for both isoenzyme determinations. AChE



in whole blood (measured in presence of Etho and using
ATCI as substrate) reflects combination between
erythrocyte AChE and plasma AChE. BChE activity
(measured with BTCI as substrate in absence of Etho) is
equivalent to BChE obtained in plasma. The procedure
showed good repeatability, it was easy and cheap, it can
be adapted to an automated analyzer and used in routine
practice.

It is important to note that AChE can be detected in
plasma samples after inhibition with Etho. In this
situation, BChE was almost completely inhibited (activity
was 0.13 pmol/ml/min, range 0.04-0.23); and a low AChE
activity was detected by using ATCI as substrate (0.38
pmol/ml/min, range 0.23-0.53). This low AChE activity
seemed to be too low to have any relevant significance on
total whole blood AChE. However, this low serum AChE
activity could have clinical relevance as it has been found
in humans affected by Alzheimer’s disease (Garcia-
Ayllén et al., 2010). Although these authors postulated
that immunodepletion of BChE in serum samples is
needed to measure AChE in serum samples (Garcia-
Ayllén et al., 2010), the assay described in this paper
could be also used to measure the low AChE activity
present in plasma by just using plasma instead of whole
blood.

Conclusion: This study demonstrated that ethopropazine
hydrochloride can be used as a selective inhibitor of
plasma BChE activity in dogs, and therefore can be used
for a selective measurement of erythrocyte AChE and
plasma BChE in canine whole blood samples using
specific substrates for each isoenzyme. This procedure
avoids centrifugation to separate plasma and erythrocytes,
and the use of specific substrates reflects better each
isoenzyme activity than using only one substrate. The
method showed good reproducibility and could be
routinely applied in laboratory dealings. Finally, this assay
can be adapted to plasma samples for AChE
measurements.
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