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ABSTRACT

The determination of cholinesterase (ChE) activity in domestic animals is of great
importance for diagnosis and research purposes. The present work was aimed to deter-
mine the baseline plasma ChE activities (acetylcholinesterase, AChE and butyrylcho-
linestarase, BChE) of Argentine saddle horses sampled from equine farms of Bogota
(Colombia) and its surroundings. Plasma AChE and BChE catalytic activities were
measured in 60 healthy horses by spectrophotometry within the visible spectrum (405
nm). AChE mean + SD values (nmols/ml/min) for males (n=32) were 1566 + 301.
Age intervals results were, 0.5-5 years: 1526 + 295, 6-10 years: 1532 + 313, 11-15
years: 1615 £ 279, and > 15 years: 1617 + 335. As for females (n=28), mean AChE was
1323 + 432, with age intervals as follows, 0.5-5 years: 719 + 108, 6—10 years: 1603 +
313, 11-15 years: 1225 + 294, > 15 years: 1519 + 369. BChE in males were 3304 +
822; with age intervals, 0.5-5 years: 3383 + 715, 6-10 years: 3360 + 7606, 11-15 years:
3267 + 1064, > 15 years: 3206 = 861. As for females, BChE values were 3097 + 432,
with age intervals: 0.5-5 years: 2467 + 981, 6-10 years: 3668 + 750, 11-15 years: 3238
+ 979, and > 15 years: 3015 + 925. AChE was significantly different between males
and females (t test, p < 0.05) and for both genders when age groups were compared
(ANOVA, p < 0.05). BChE had higher values than AChE for both genders and yet
no significant difference was found when genders were compared. No differences were
found in BChE for age groups in both genders. In a second test, 15 random samples,
kept at 4 °C for 72 hours, were analyzed for variations when measured every 24h.
Neither AChE nor BChE had significant variations in these 24h-apart measurements.
The present investigation found baseline activities for the two types of plasma cholines-
terases in Argentinian saddle horses. This will allow researchers and clinicians to count

on reference values for diagnosis and comparative purposes.
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ACTIVIDAD COLINESTERASA PLASMATICA EN CABALLOS SILLA
ARGENTINA DE LA SABANA DE BOGOTA

RESUMEN

La determinacién de la actividad colinesterasa (ChE) en animales domésticos es de
importancia en diagndstico e investigacion. El presente trabajo tuvo como objetivo
principal la determinacién de la linea base de actividad ChE plasmdtica (acetilcolines-
terasa, AChE y butirilcolinesterasa, BChE) en 60 caballos Silla Argentino muestreados
en fincas de equinos ubicadas en Bogotd (Colombia) y sus alrededores. Las actividades
cataliticas de AChE y BChE plasmdticas fueron medidas mediante espectrofotome-
trfa visible (405 nm). Los valores promedio + desviacién estdndar de actividad AChE
(nmols/ml/ min) para machos (n=32) fueron 1566 + 301. En intervalos de edad, los
resultados fueron, 0.5-5 afos: 1526 + 295, 6-10 afos: 1532 + 313, 11-15 afos: 1615
+ 279,y > 15 afos: 1617 + 335. En hembras (n=28), la actividad AChE fue 1323 +
432, con valores en intervalos de edad, 0.5-5 afios: 719 + 108, 6-10 afios: 1603 + 313,
11-15 afos: 1225 + 294, > 15 afos: 1519 + 369. La BChE en machos fue 3304 +
822; con intervalos de edad, 0.5-5 afios: 3383 + 715, 6-10 afos: 3360 + 766, 11-15
afos: 3267 + 1064, > 15 afios: 3206 + 861. En hembras, la BChE fue 3097 + 432, con
intervalos de edad: 0.5-5 anos: 2467 + 981, 6-10 afnos: 3668 + 750, 11-15 anos: 3238
+ 979,y > 15 afios: 3015 + 925. La actividad AChE fue significativamente diferente
entre machos y hembras (test t, p < 0.05) y en ambos géneros al comparar los grupos
etdreos (ANAVA, p < 0.05). BChE tuvo valores mds altos que AChE, sin embargo, no
en forma significativa cuando se compararon los resultados entre los dos géneros, ni
cuando se compararon los grupos etdreos en los dos géneros. En una prueba adicional,
15 muestras fueron tomadas al azar y mantenidas a 4°C durante 72 horas para ser anali-
zadas cada 24 horas; AChE y BChE no mostraron variaciones significativas entre las
mediciones hechas en este periodo de tiempo. El presente estudio permitié determinar
lineas base de los dos tipos de colinesterasas plasmdticas en caballos tipo silla Argentino
con el propésito de ofrecer valores de referencia con fines diagndsticos y comparativos
para clinicos e investigadores.

Palabras clave: colinesterasa plasmdtica, equinos, AChE, BChE.
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INTRODUCTION

Cholinesterases (ChEs) are serine hydro-
lases that catalyze the breakdown of ace-
tylcholine (ACh), main neurotransmit-
ter in the central and periferic nervous
system (Gupta 2007). Two different
ChEs are known: acetylcholinesterase
(AChE, EC 3.1.17), or “true” choli-
nesterase, is found in the myoneuronal
junction, red blood cells, brain and li-
ver. A small concentration of AChE is

present in most species plasma. Butyryl-
cholinesterase (BChE, EC 3.1.1.8) or
“pseudocholinesterase”, has a high con-
centration in plasma and is also present
in brain white matter, liver, pancreas,
and intestinal mucosa (Kramer and
Hoffmann 1997). ChEs are targets of
compounds that inhibit either reversibly
or irreversibly their catalytic activities.
Among these compounds are carbama-
tes and organophosphates insecticides,

5]



REv. MED. VET. Z0OT. 59(I), ENERO - ABRIL 2012 12-20

which are commonly used as pesticides
in veterinary medicine (Gupta 2007).
The misuse of these insecticides by farm
operators or technical personnel and/or
the ingestion of contaminated sources
(e.g. feed, water) by domestic animals
lead to poisoning. An important aspect
of the diagnosis and clinical workout of
these patients is the evaluation of ChE
activities; however, there are frequently
no sources of baseline values of ChE ac-
tivities to rely on and proceed with clini-
cal evaluation and therapeutic protocols.

Organophosphates are the most used
insecticides in Colombia, among the di-
fferent principles available in the market
are chlorpyrifos, trichlorfon, fenthion,
etc. Insecticides sold in Colombia ac-
count for almost 3 million kilos and 7
million liters of commercial products.
Chlorpyrifos, the best selling organo-
phosphate, reaches 1.292.593 kilos,
one third of all insecticides (ICA 2007).
Suspected cases of organophosphate and
carbamate poisonings in domestic ani-
mals are relatively common in veterinary
medicine (Karanth ez 2/. 2008; Karanth
and Pope 2003; McEntee ez al. 1994).
This poisoning is characterized by overs-
timulation of the cholinergic nervous
system, being the most common signs
salivation and lacrimation, followed by
urination and defecation. Muscle tre-
mors progress to stiffened movements
and ataxia as a consequence of the ni-
cotinic stimulation exerted by the per-
sistence of ACh in the neuromuscular
junctions. Dispnea from increased bron-
chial secretion and bronchoconstriction
along with intense bradichardia leads to
death often if treatment is not imple-
mented (Meerdink 2004).

Argentinian saddle horse (known in
spanish as Caballo Silla Argentino) is an
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interesting equine breed, given its po-
tential for work, sports and recreational
activities. Imports of this breed to Co-
lombia have increased in the latter years,
making the knowledge of different as-
pects regarding its physiology more re-
levant. Thus, the aim of this study was
to determine baseline values for plasma
ChEs (AChE and BChE) of 60 healthy
Argentinian saddle horses within diffe-
rent age intervals that inhabit areas in
and around Bogotd, Colombia.

MATERIALS AND METHODS
Animals and sampling

Whole blood samples were drawn (Va-
cutainer-EDTA) from the jugular vein
of 60 healthy Argentinian saddle hor-
ses that weighed 150-300 Kg (young
specimens) and 350-500 Kg (adults).
Animals were sampled based on age
intervals, as follows: 6 months-5 years,
6-10 years, 11-15 years, and older than
15 years. These age intervals were desig-
nated for males and females accounting
for a total of 32 males and 28 females as
the sampled population; taking 8 males
and 7 females for each age interval afo-
rementioned. Blood samples were kept
at 4 °C during transportation and analy-
sis in the lab. Fifteen extra samples from
horses were used to compare variations
during storage time in the fridge at 4 °C,
measuring every 24 h until 72 h after the
sampling.

ChEs analysis

ChE:s activities were measured in dupli-
cate for each sample by spectrophoto-
metry (Statfax 3300™) at 405 nm wave-
length according to Ellman ez a/. (1961).
Briefly, sodium phosphate buffer (0.1 M,
pH = 7.4) was mixed with 5,5’-dithio-
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bis-2-nitrobenzoic acid (DTNB) as the
chromophore, and either acetylthio-
choline or butyrylthiocholine iodide
(0.075M) as substrates. Reaction was
started by mixing plasma obtained from
whole blood after centrifugation (5,000
r.p.m. for 5 minutes). Activity was fo-
llowed during two minutes and changes
in absorbance were recorded keeping
the mixture at 37 °C during incubation.
ChE:s activities were expressed as nmols
hydrolized substrate/ml plasma/minute
of reaction. An extinction coeflicient of
13,600 for nitrobenzoic acid was used
for final calculations.

Statistical analysis

Mean values for ChEs were used as
measures of central tendency and stan-
dard deviation as statistics of dispersion.
Comparison between genders and types
of ChEs were accomplished using t test,
whereas means comparison among age
groups were performed by ANOVA.
Data sets were previously analyzed for
normality and homogeneity of varian-
ces. Statistical significance was set at a
level of a=0,05. Statistix 7.0" was the
software used for analysis.

RESULTS

ChEs mean values, median, 25" % per-
centile, 75" % percentile and confiden-
ce intervals for AChE and BChE in Ar-
gentinian saddle horses sampled in and
around Bogotd are shown in table 1. The
highest activities were found for BChE
in all age groups and both genders, being
significantly higher than those found for
AChE (p < 0.05). BChE was almost
twice as much as AChE in both genders
and all age intervals. BChE values were
around 3000 nmols/ml/min of activity.

On the other hand, values for AChE
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were significantly lower as compared to
BChE, reaching average values of appro-
ximately 1500 nmols/ml/min of activity,
with the exception of females (0-5 years)
that had approximately half the activi-
ty (719 nmols/ml/min). AChE was also
different between males and females as
well as within age groups for both gen-
ders (p < 0.05). BChE had neither sig-
nificant difference between genders nor
among age groups (p > 0.05).

ChEs values did not change signi-
ficantly over time when measured at
24-hour-apart intervals (p > 0.05) in the
samples that were kept for 72 hours at
4 °C (Figurel). BChE activity was bet-
ween 2665 and 2968 nmols/ml/min
whereas AChE was between 1357 and
1449 nmols/ml/min.

DISCUSSION

Determination of ChEs activities in do-
mestic animals is a matter of great impor-
tance in veterinary medicine. Different
studies have established baseline values
of such enzymes given their important
applications in diagnosis of clinical ca-
ses and environmental exposure to ChEs
inhibitors (Mohammad ez /. 2007; Par-
dio et al. 2001; Tecles et al. 2000; Tecles
and Cerén 2001). However, the scarcity
of studies on equine species regarding
ChEs makes difficult for the clinician
and the researcher to have a good source
of information. Very few studies report
ChE values for horses (Karanth er 4l
2008; Plumlee e al. 1994).
Investigations on ChEs offer infor-
mation about activity in different tissues
as sources of these enzymes. Reports
on ChEs usually include brain, skele-
tal muscle, red blood cells, plasma and
serum. When patients are undergoing
treatment to overcome, for example, an
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organophosphate poisoning, clinicians
rely mostly on red blood cells, plasma or
serum as samples for testing ChEs acti-
vities and monitoring the patient reco-
very. Plasma and serum are good sources
for working in the laboratory given their
easy handling and quick response when
performing the test. These reasons hel-
ped us to make the decision about the
best source of enzyme for the present
work.
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Ellman’s test has been used for many
years to determine ChEs in multiple
species. Although Silvestri’s test and its
variations based on potentiometric de-
termination are good options as well,
Ellman’s allows direct quantitation of
ChE activity as compared to the pHs va-
riations of the former that do not provi-
de specific units of enzyme activity (Mo-
hammad ez /. 2007; Silvestri 1977).

TABLE 1. Average values for AChE and BChE activities in Argentinian saddle horses by gender
and age group (years). Mean values for males (n =8/ age group) and females (n =7/ age group)

expressed as nmols/ml/min.

Acetylcholinesterase

Confidence intervals

Genders (age groups) Mean+SD Median 25th % percentile  75th % percentile  lower  higher
Males (n=32) 1566 + 301 - - - -
(0.5-5) 1526 + 295 1528 1380 1742 1455 1631
(6-10) 1532 £ 313 1458 1410 1740 1421 1643
(11-15) 1615 + 279 1655 1373 1614 1545 1748
(>15) 1617 + 335 1617 1401 1614 1499 1735
Females (n=28) 1323 + 432 - - - -
(0.5-5) 719+ 108 141 694 172 678 760
(6-10) 1603 + 313 1458 1451 1797 1504 1702
(11-15) 1225 + 294 1214 1082 738 1369 1529
(>15) 1519 + 369 1579 1316 1671 1380 1659
Butyrylcholinesterase
Confidence intervals
Genders (age groups) Mean+=SD Median 25th % percentile 75th % percentile  lower  higher
Males (n=32) 3304 + 822 - - - -
(05-5) 3383 +715 3645 2935 3236 2785 3981
(6-10) 3360 + 766 3124 3004 3525 2719 4001
(11-15) 3267 +1064 1655 2620 3589 2377 4156
(>15) 3206 + 861 2854 2665 3253 2485 3926
Females (n=28) 3097 + 432 - - - -
(0.5-5) 2467 + 981 2843 1917 3236 1560 3374
(6-10) 3668 + 750 3491 3298 3586 2974 4361
(11-15) 3238 + 979 2929 2579 3759 2333 4144
(>15) 3015 + 925 2907 2416 3334 2459 3871
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FIGURE 1. Average AChE and BChE activities (nmols/ ml /min) for each 24-hour interval after blood

sampling of Argentinian saddle horses (n=15) (me

Both BChE and AChE are useful en-
zymes to determine ChE activity in hu-
mans and animals. BChE is particularly
targeted as very useful in environmen-
tal monitoring and diagnosis of clinical
cases (Karanth et a4/ 2008; Stefanidou
et al. 2009). BChE has been reported
as the ChE with the highest activity in
several species including humans (Gia-
cobini 2004; Mohammad et 2/ 2007;
Schwarz et al. 1995). In this study, that
finding was corroborated in the Argenti-
nian saddle horses case. ChE activity in
this investigation was higher than tho-
se found in other reports working with
horses (Karanth ez 2/. 2008). Our results
for both cholinesterases were around
1500 nmols/ml/min (AChE) and 3200
nmols/ml/ min (BChE) which are much
higher than those found for Karanth ez
al. (2008) (700 - 900 nmols/ml/min)
for ChE. The authors indicated neither
the specific type of ChE for those values
nor the type of horses or breeds used
for the investigation. In another study,

an+SD).

Plumlee et al. (1994) found AChE ac-
tivity in horses ranging from 1700 to
3100 nmols/ml blood/min. This activi-
ty is higher than the one found in our
study considering that AChE is usually
high in red blood cells as compared to
plasma. Although BChE is the preferred
ChE in plasma or serum to be studied,
AChE values in the plasma of horses in
this investigation were high enough to
be quantitated and considered for clini-
cal evaluations in the future. However,
BChE had the lowest variation and dis-
persion between genders and among age
groups as compared to AChE.

Changes among age groups and gen-
ders for ChE values in this work were
minimum for BChE and significantly
different for AChE. No scientific evi-
dence in the literature supports the fact
of altered activities for one enzyme but
not the other. Changes in ChE activity
connected to gender differences are re-
ported in humans (Lepage er al. 1985;
Sidell and Kaminskis 1975) and avian
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species (Maul and Farris 2004). In these
reports, males are found to have more
ChE activity than females, particularly
in humans. Low activity in female rats as
compared to their sex counterparts was
also reported by Moser ez al. (1998). In
this study, male horses had significantly
higher AChE activity than females as it
happened in the aforementioned studies
on different species. In this latter study,
young specimens displayed low ChE ac-
tivity in comparison to adults. Likewise,
AChE in Argentinian saddle horses was
the lowest for the 0-5 years old, female
group. Nonetheless, this was the only
age group that had significant difference
with respect to the others. As for BChE,
males also had higher values than fema-
les but no statistically significant diffe-
rences were found.

Time and storage conditions after
sampling are key aspects to assure relia-
bility on ChE results. Enzymes such as
ChEs may present high susceptibility to
changes in storage conditions, mainly
due to temperature during transporta-
tion and before the biochemical test. This
study included a test to analyze if chan-
ges in ChE activity happened during
storage time after four days of keeping
the samples at 4 °C. Results showed that
no significant variations among ChE ac-
tivities, neither AChE nor BChE, hap-
pened during the 72-h period of testing.
This is an interesting result for clinicians
and lab personnel taking into considera-
tion that after drawing the blood sam-
ples, ChE activities did not vary as long
as the samples were kept in the fridge at
4 °C. Other studies on equine cholines-
terase showed that working with normal
and organophosphate-treated horses,
ChE evaluation was not altered for up to
one week when samples were stored at 5
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°C (Plumlee et al. 1994). Similar results
were found with rainbow trout (Orcor-
hynchus mykiss) in experiments working
with brain cholinesterase, whose activity
did not differ during 96 h when samples
were kept at 4 °C (Zinkl e al. 1987).
Cholinesterases are mostly used for
studies involving effects on their ca-
talytic activity due to conventional in-
hibitors (e.g. organophosphate and car-
bamate insecticides). However, ChEs are
also involved in other physiological and
pathological conditions. For this reason,
ChEs are referred as “old” biomarkers
with renovated functions and applica-
tions ( Massoulié ez al. 2008; Payne et al.
1996). Results and baseline references
may help in the near future to elucidate
other conditions in domestic animals,
given the roles that ChEs seem to play in
medical situations so far unknown. For
example, ChEs are involved in cancer,
after analyzing their chemistry changes
in serum of patients affected by this con-
dition (Shan-Zhi et al. 2005). ChEs are
also altered by liver disease (Ogunkeye
and Roluga 20006). In addition to their
classic inhibition by organophosphates
and carbamates, inhibitory effects seem
to expand to other pesticides and toxi-
cants. Exposure to cadmium, lead and
mercury also seem to inhibit ChE acti-
vity (Devi and Fingerman 1995). More
recently, studies have shown effects on
ChE activity after acute exposure to
glyphosate in fish (Gonzdlez e al. 2007).

CONCLUSIONS

Plasma cholinesterases in Argenti-
nian saddle horses of the present study
showed values high enough to be used
in diagnosis and environmental moni-
toring. BChE activity had the highest

values, representing almost two-fold the
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corresponding activity of AChE. BChE
also had the lowest variation between
genders and among age groups as com-
pared to AChE. Values for ChEs acti-
vities found in the present work could
be used as reference values for clinicians
and researchers in particular for diagno-
sis of organophosphate and carbamate
poisonings. Plasma storage at 4 °C du-
ring 72 hours did not alter either of the
cholinesterases evaluated in the present
study. This results give confidence with
regard to the time that may elapse bet-
ween sampling and testing in the lab, as
long as the plasma is kept in refrigera-
tion conditions.
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