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Serum activity of creatine kinase and aminotransferase aspartate enzymes of
horses submitted to muscle biopsy and incremental jump test
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SUMMARY

consequent detection of increased serum
activity, while the incremental jump test did not.

The objective was to evaluate serum activity of
the enzymes creatine kinase (CK) and aspartate
aminotransferase (AST), which are leakage
enzymes responsive to muscle injury, of athletic
horses that underwent muscle biopsy and
incremental jump test (IJT) involving
incremental jumps. The animals were grouped
as follows: the first group, horses with history of
superior performance (SP); the second, with a
history of inferior performance (IP); and lastly,
a control group (CG). All groups underwent
biopsy of the gluteus medius muscle, while
groups SP and IP were also submitted to the
incremental jump test (IJT) 24 hours after
biopsy. The IJT consisted of three stages with
40 jumps each, where jump height increased
progressively, from 40 to 60 and last, 80cm.
Blood samples were drawn before biopsy, and 6
and 24 hours after the exercise as well. The
levels of CK serum activity increased 6 hours
after exercise and decreased 24 hours later in all
groups, including CG. AST activity did not
increase after biopsy and exercise. There was no
increase of both enzyme activities that could be
attributed to the exercise, possibly due to
exercise short duration and/or low intensity. We
conclude that the muscle biopsy was able to
show that there was enough stimulus to cause
CK enzyme leakage into the plasma, and
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RESUMO
Objetivou-se avaliar a atividade sérica das
enzimas creatina quinase (CK) e aspartato
aminotransferase
(AST),
enzimas
de
extravazamento responsivas à lesão muscular,
de equinos de salto submetidos à biópsia
muscular e a um teste de exercício padronizado,
envolvendo
saltos
incrementais.
Foram
utilizados três grupos de animais, um com
histórico de desempenho superior (SP), um com
histórico inferior (IP) e um grupo controle (CG).
Todos os grupos foram submetidos à biópsia
muscular no gluteus medius e somente os
grupos SP e IP ao teste de saltos incrementais
(IJT), 24h após a biópsia. O IJT foi constituído
de três estágios de alturas progressivas, com 40
saltos cada, nas alturas de 40, 60 e 80cm.
Amostras de sangue foram coletadas antes da
biópsia, 6h e 24h após o exercício. Os níveis de
atividade sérica da CK elevaram-se 6h e
diminuíram 24h após o exercício em todos os
grupos, inclusive no CG. A atividade da AST
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não demonstrou aumento após a realização da
biópsia e do exercício. Não foi visto aumento da
atividade de ambas enzimas mensuradas que
pudesse
ser
atribuído
ao
exercício,
possivelmente pela baixa duração e/ou
intensidade do mesmo. Conclui-se que a biópsia
muscular caracterizou estímulo suficiente para
haver extravasamento somente da enzima
muscular CK para o plasma, e consequente
detecção de aumento de sua atividade sérica,
enquanto o teste de exercício padronizado
realizado não.
Palavras-chave: enzimas musculares, equinos,
hipismo, salto, teste de desempenho

INTRODUCTION

One of the organs affected by exercise
is logically the muscle, which suffers
micro-damage due to effort employed
load. These lesions can be measured in
the laboratory by determining the
serum activity of few muscle enzymes
such as creatine kinase (CK),
aspartate aminotransferase (AST) and
lactate
dehydrogenase
(LDH)
(OVERGAARD et al., 2004).
This activity has been studied by several
authors before and after exercise and
can be used to detect muscle diseases
(BOFFI et al., 2007), characterization of
exercise intensity (ART et al., 1990;
TEIXEIRA-NETO et al., 2008;
FERRAZ et al., 2010) and predicting
possible complications that can arise
from the exercise (TRIGO et al., 2010).
The CK enzyme has the function of
phosphorylation of creatine and actively
participates in energy metabolism of
various tissues, including muscle tissue.
After exercise or muscle injury, it is
rapidly released into the bloodstream
and its activity peaks 4-12 hours later
(KINGSTON, 2008). On the other hand,
the AST enzyme function is the
deamination
of
aspartate
to
oxaloacetate, while its slower release
causes peaking activity about 24 hours
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after stimulation stress (TEIXEIRANETO et al., 2008). The muscle enzyme
activity is normally low in the plasma,
since they are within the myocyte;
however, after exercise or muscle injury
this scenario changes. This activity
significantly rises within minutes or
hours due to increased cellular
permeability, cell necrosis, deficient
elimination or increased enzymatic
synthesis (MACLEAY, 2009).
Muscle biopsy in horses, a technique
classically used to detect muscle
injuries, has been used to understand the
physiology of exercise and to monitor
training (D´ANGELIS et al., 2008).
Although several studies measure the
activity of serum enzymes before and
after exercises, there are few studies
that investigate the activity of these
enzymes after muscle biopsy, in order
to quantify the magnitude or severity of
the injury.
Therefore, the objective of the present
work was to evaluate the serum
activities of CK and AST of athletic
jumping horses before and after muscle
biopsy and incremental jump test as
well.

MATERIAL AND METHODS

We used 21 Brazilian Sport horses,
male and female, aged 11.6 ± 3.1 years
old, weighing average 490.2 ± 53.7Kg,
and 1.59 ± 0.09m tall. They were all
jumping horses that belong to the
Brazilian Army and were kept stalled in
Academia Militar das Agulhas Negras,
Resende – RJ. Daily nutritional
management consisted of roughage
supplied ad libitum and commercial
concentrate at the amount of 1% body
weight. The horses underwent a
thorough clinical examination, as well
as hematological and biochemical tests
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to ensure they were healthy and could,
therefore, take part in the trial.
Four professional riders participated in
the tests, all graduated latu sensu as
riding instructors, from the Escola de
Equitação do Exército, Rio de Janeiro –
RJ. The riders were between 1.75 and
1.83m tall, weighed between 75 and
83Kg and were randomly distributed in
the jumping groups.
The animals were distributed in three
groups, two of which underwent the
biopsy and the exercise test; the first
group, horses with a history of superior
performance (SP, n = 8) and the second,
horses with inferior performance (IP, n=
8), and last, the control group (GC, n=
5), which underwent only muscle
biopsy. The horses with a history of
participation in amateur events only,
riding school level, with maximum
height obstacles of 1.00m, were
classified as lower performance (IP).
While the horses with history of
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participation in senior events during the
year before, levels CSN and CSN 1*,
with maximum height obstacles of 1.10
and 1.20m, were classified as superior
performance (SP) - (CBH, 2012).
All horses were submitted to gluteus
medius muscle biopsy 24 hours before
the exercise test, according to procedure
described by D´Angelis et al. (2007), in
order to isolate the effect of manipulation
and muscle injury resulting from the
biopsy as opposed to the one arising
from the exercise.
The exercise test, called incremental
jump test (IJT) was proposed in order to
study the use of specific muscle groups
during horse jumping. This test aims to
assess as much as possible the fitness
for jumping exercise alone.
The IJT was conducted in a covered
sandy arena with 10 obstacles arranged
in two rows that covered a total distance
of 74 meters, according to the
photograph shown in Figure 1.

Figure 1. Photograph showing the track in the covered sandy arena
used for the incremental jump tests (IJT). The distance
between the vertical obstacles was 3m (letter A) and the
distance of each curve was 25m (letter B), totaling 74m.
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and the post hoc Holm-Sidak test was
used to detect significant differences at
significance level of 5% (p < 0.05). The
analyses were performed by specific
software Minitab 14 and Sigmaplot 11
(MINITAB, 2004; SIGMAPLOT, 2008).

Before the test, a 10-minute warm up
consisting of walk and trot was
performed. The exercise incremental
jump test consisted of three stages with
the simple vertical obstacles set at
increasing heights of 40, 60 and 80cm.
During each stage the horse had to clear
four times the course at constant speed
of 300m/min, and a three-minute
interval between them.
Blood was drawn via jugular
venipuncture before, 6 and 24 hours
after the exercise. The blood was stored
in tubes with negative pressure
without anticoagulant, centrifuged and
separated for subsequent colorimetric
measurement of creatine kinase (CK)
and aspartate aminotransferase (AST)
by colorimetry (Spectrophotometer BTS
315 and kits for dosing CK and AST
Biosystem, Spain).
The IJT was conducted on two
consecutive days in the morning.
Average air temperature and relative
humidity (UR) were 23.5ºC and 73.5%,
respectively.
Statistical analysis used randomized
block design and the following factors
of influence: groups (SP, IP and CG)
and times (before, 6h and 24h after).
Analysis of variance (ANOVA) was
performed for repeated measurements

RESULTS AND DISCUSSION

The serum activity of CK enzyme
increased after 6 hours and displayed a
tendency to return to initial values 24
hours after the exercise (p<0,001);
while the values were not significantly
different between SP and IP groups (p =
0,381). Enzyme activity of the control
group behaved similarly to the horses that
did the exercise test (p<0,001); moreover,
there was no difference between the
horses that did and did not do the exercise
test (p = 0,642). These results are shown
in Table 1 and Figure 2.
Activity of AST enzyme was not
significantly different either over time
(p =0,452) or between groups (p =
0,583); however, there was difference
between the horses that did the exercise
test (SP and IP) and the ones that did
not (CG) at all times (p = 0,007), as it
can be seen in Table 1 and Figure 3.

Table 1. Plasma activity of creatine kinase (CK) and aspartate aminotransferase (AST)
of Brazilian Sport horses submitted or not to incremental jump test (IJT) after
muscle biopsy
Activity
CK

AST

Group
Biopsy
+ IJT
Biopsy
Biopsy
+ IJT
Biopsy

SP (n = 8)
IP (n = 8)
CG (n = 5)
SP (n = 8)
IP (n = 8)
CG (n = 5)

Before
320.7a ± 71.7
268.4a ± 97.8
199.8a ± 28.4
388.7* ± 100.2
412.8* ± 89.6
273.6 ± 57.6

After
6h
501.4b ± 156.4
517.0b ± 109.4
581.2b ± 156.9
324.8* ± 46.0
362.2* ± 96.5
297.6 ± 44.0

24h
390.7c ± 88.7
412.4c ± 128.5
380.2c ± 168.4
334.3* ± 20.6
334.3* ± 30.7
287.6 ± 48.8

Means followed by different letters are significantly different over time. Means followed by asterisk are
different from control group. SP = superior performance group, IP = inferior performance group,
CG = control group.
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Figure 2. Serum activity of the creatine kinase (CK) enzyme of
Brazilian Sport horses submitted or not to the incremental
jump test (IJT) and muscle biopsy. SP and IP = groups with
superior and inferior performance, respectively, both
underwent exercise test and biopsy; CG = control group,
submitted to muscle biopsy only. Different letters above the
bars mean significant difference between times

Figure 3. Serum activity of the aspartate aminotransferase (AST)
enzyme of Brazilian Sport horses submitted or not to the
incremental jump test (IJT) and muscle biopsy. SP and
IP = groups with superior and inferior performance,
respectively, both underwent exercise test and biopsy;
CG = control group, submitted to muscle biopsy only.
Asterisks above the bars mean significant difference
between times
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The baseline values of serum activities
of CK and AST enzymes reported in the
literature vary considerably, and the
values found in this work are slightly
higher than the values reported by Boffi
et al. (2007) and considerably higher
than those reported by Benesi et al.
(2009) for two year old Brazilian Sport
horses. Age and type of daily exercise
influence baseline values of CK and
AST activities (SILVA et al., 2007;
BENESI et al., 2009; MUÑOZ et al.,
2012) and could explain the differences
found in this work.
The two groups that performed the
exercise test displayed increased values
of CK similar to control group, which
did not perform the exercise test,
showing that the likely increase in
serum activity of this enzyme was due
to muscle damage caused by the biopsy
and not by the exercise test.
There is no report in the literature
regarding muscle injury caused by the
biopsy in horses and its relationship
with
enzyme
serum
activity.
Nevertheless, based on the present
study, this injury could be characterized
as a small extent injury, since CK
values reached 600UI/l, far removed
from the values reported for extensive
injuries caused by myopathies, from
1500 to 10000UI/l (BOFFI, 2007).
Art et al. (1990) and Lekeux et al.
(1991) reported increased serum
activities of CK and AST after a
jumping competition. Dias et al (2009),
while studying Brazilian Sport horses,
also reported increased CK and AST
activity resulting from show jumping,
which was not observed in this work for
horses that performed the incremental
jump test. This difference could be
attributed to the height of the obstacles
that the horses had to jump, higher than
in the present study, thus characterizing
higher intensity exercise.
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Vincze et al. (2000) reported values of
211-243UI/l and 275-317UI/l for CK
and AST activities, respectively, for
horses soon after a show jumping
competition, lower than the values
observed in the present study. The same
authors point out that the values of these
enzyme activities have high individual
variability, which somehow limits
comparison between different studies.
Kingston (2008) reported that the
nature, intensity and duration of
exercise influence the increase of serum
activity of CK and AST enzymes, and
while several studies indicate a
significant increase of these activities
after high-intensity exercise, some
authors report no change after either
light or heavy exercise (MACLEAY,
2009). The findings of this study
corroborate these reports.
The difference of AST serum activity
between horses that performed the
exercise (SP and IP groups) and horses
from the CG may be explained by
individual variation among horses in the
groups, since the difference already
existed before the exercise and
remained unchanged afterwards. Large
individual variation for this variable has
been reported in the literature (ART et
al., 1990)
Few authors have established a
relationship between CK and AST
serum activities and performance.
Muñoz et al. (2002) reported that
training slows down the increase of
enzyme activity resulting from exercise.
In this study, there was no difference
between the CK and AST serum
activities for the groups of different
performances, possibly due to the low
intensity of the exercise test.
Fazio et al. (2011) while working with
Thoroughbred racing and trotters
reported that training increases the
baseline values of serum activity of CK
and AST enzymes and attributed this
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increase to changes in myocyte cell
permeability associated with anaerobic
metabolism response to the training
stimulus. The results of this study do
not support those findings for jump
horses, since serum activities of CK and
AST remained the same for groups with
distinct performance history, SP and IP.
This could be explained to some extent
by the large difference in training
protocols to which were submitted the
horses compared in the study, turf
racing and trotting horses in the
aforementioned study, and show
jumping horses of this work.
From the results presented, it is possible
to conclude that the muscle biopsy
characterized enough stimulus to cause
cell leakage of CK enzyme and the
consequent increase of serum activity.
On the other hand, the incremental jump
test performed by the horses did not
lead to increased serum activity of
either CK or AST, and may be
considered safe for not causing major
cell injury in the muscle involved.
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