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Abstract
Cardiac biomarkers are potentially useful to identify primary 

or secondary cardiac muscle damage in horses and higher values of 
cardiac troponin have also been seen after high intensity exercise. 
The objective of this study was to investigate the effect of cavalcade 
of different distances on the serum concentrations of cardiac 
troponin I (cTnI) and creatine kinase myocardial band (CK-MB) in 
Mangalarga Marchador horses. Fifteen clinically normal geldings 
(age 6.2  ± 1.2 years, weight 420 ± 58 kg) were distributed into three 
groups of five animals each. The groups were submitted to cavalcade 
along 4 km (G4), 8 km (G8), and 20 km (G20) at mean speeds of 
15 km h-1, 12 km h -1, and 12 km h -1, respectively. From each horse, 
blood samples were collected after and post-exercise. Serum cTnI 
and CK-MB concentrations were determined with a solid-phase 
chemoluminescence immunoassay. The assay has an analytical 
sensitivity of 0.02 ng mL-1. The concentration of blood lactate was 
analyzed using an i-STAT portable clinical analyzer.  After exercise, 
increases (P < 0.01) in cTnI and CK-MB concentrations were observed 
in G4 and G8. No changes (P > 0.05) in lactate concentration were 
observed post-cavalcade in all groups. Power tests values were 1.0 for 
cTnI and CK-MB, 0.63 for lactate. Positive correlations (0.4 < r < 0.5) 
were observed between cTnI and CK-MB. The changes in cTnI and CK-
MB concentrations post-exercise is indicative of myocardial cell injury 
in healthy Mangalarga Marchador horses, which could be considered 
as an adaptation to physical exercise.
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Introduction
Myocardial injury is difficult to diagnose in horses. 

Traditionally, electrocardiography and echocardiography have 
been used to detect myocardial injury, but with limitations. 
Biochemical tests available for detection of myocardial damage 
in horses include the isoenzymes creatine kinase (CK-MB) 
and lactate dehydrogenase (LDH 1). These enzymes also pose 
limitations, due to the short half-life in serum, low specificity 
and sensitivity, and the occurrence of cross-reactions with 
skeletal muscle injury [1,2]. Actually, in equine medicine, cardiac 
Troponin I (cTnI) has been reported to be the best biomarker 
to detect myocardial disease [3,4,5]. cTnI is a protein found in 
the myocardial cell, it is linked to tropomyosin and contributes 
to the muscular contraction in the presence of calcium. Damage 
to cardiac myocytes increases serum concentration of Troponin 
[4]. High serum concentrations of cTnI occur in horses with 
ventricular tachyarrhythmias, monensin toxicosis, atypical 
myopathy, atrial fibrillation, structural heart disease, and 
amyloidosis [3,6,7,8]. cTnI is also increase with non-cardiac 
diseases that induces secondary cardiac involvement, as example 
with babesiosis and endotoxaemia [9,10]. Release of cTnI during 
and after exercise also has been described in equine athletes after 
racing or race training, endurance rides or treadmill exercise 
[11,12,14,13].  Creatine Kinase-Myocardial Band (CK-MB) is 
another cardiac biomarker that has been reported to increase 
with exercise and with chest pain in humans [15]. However, 
it was reported that CK-MB is found in equine heart, but at 
insignificant quantities [1]. The Mangalarga Marchador horse is 
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the most important and numerous Brazilian equine breed, and 
its natural gait is marcha rather than trot [16]. The marcha is a 
comfortable four-beat lateral and diagonal gait with moments of 
triple support and no suspension [17]. In recent years, cavalcades 
have gained sport status, with an increasing number of adopters. 
The effort is predominantly aerobic and of moderate-intensity 
for long duration exercises, similar to endurance [18]. The 
combination of good physical resistance and comfortable riding 
features may explain why the Mangalarga Marchador breed has 
gained popularity in this kind of event. Nevertheless, the effects 
of cavalcade exercises on cardiac integrity in these animals have 
not been investigated. Therefore, the aim of this study was to 
determine if cavalcade exercise of various intensities induced 
myocardial damage, defined by changes in the cardiac biomarkers 
cTnI and CK-MB.

Materials and Methods
Horses

This study was approved by the ethical committee of the 
Universidade Estadual do Norte Fluminense Darcy Ribeiro 
(approval number 304). The study population consisted of 15 
healthy Mangalarga Marchador geldings (age 6.2 ± 1.2 years, 
weight 420 ± 58 kg). All gait horses included in the study were 
privately owned and were prepared to participate in cavalcade 
by the owners. These horses were trained two to four times a 
week for 30-60 min. The horses underwent a clinical examination 
with specific focus on the cardiovascular system. Body 
temperature, heart rate, and respiratory rate were recorded, 
and cardiac and pulmonary auscultation was carried out. Horses 
included had a normal clinical examination, and complete 
blood count, biochemical parameters, electrocardiogram, and 
echocardiography were performed.

Groups and Blood Sampling
The horses were divided into three groups with five animals 

each according to the distance covered, namely, G4 (4 km, 15 km 
h-1), G8 (8 km, 12 km h-1), and G20 (20 km, 12 km h-1). Data were 
collected at a cavalcade held in Campos dos Goytacazes, Rio de 
Janeiro, Brazil on May 8, 2010 (20⁰48’21”S, 40⁰38’52”W, altitude 
13 m a.s.l.). The previously marked loops had a length of 20 km, 
and were taken in a single day, without rest. Mean environmental 
temperature was 30.7⁰C and relative humidity was 79.3%. Blood 
samples (5 mL) were collected in plain tubes Vacutainer (BD) from 
the jugular vein of each horse 24 h prior to the cavalcade and 2 h 
post-cavalcade, when animals were resting. After collection, the 
samples were stored in ice. The tubes were centrifuged 2 h after 
collection for 10 min at 1500 g and the serum samples obtained 
were transferred to tubes and immediately stored at - 20⁰C 
for 2 days. The serum samples were thawed and immediately 
analyzed for cTnI and CK-MB. Heparinized blood samples was 
collected anaerobically from the jugular vein and stored on ice 
for lactate analyses. The samples were obtained before the start 
the cavalcade and 30 minutes afterward.

cTnI, CK-MB, and Lactate Assays
Cardiac troponin I and CK-MB concentrations were analyzed 

in serum using a solid-phase chemoluminescence immunoassay 
analyzer (ImmuliteTurbo®, Siemens Healthcare, USA). The 
detection limit of this assay is 0.02 - 20 ng mL-1, with analytical 
sensitivity of 0.02 ng mL-1. All results are expressed as ng mL-

1. This test has already been validated for horses [12,19]. The 
concentration of blood lactate was analyzed using an i-STAT 
portable clinical analyzer (VetScan i-STAT 1; Abaxis, CA, CG4+ 

cartridges) according to the manufacturer’s instructions. The 
results are expressed as mmol L-1.

Statistical analysis
Normality of data (means ± SD) was verified using the 

Shapiro-Wilk test. The data obtained were submitted to One-Way 
Analysis of Variance using the Sigma Plot 12.0 statistical program, 
and means were compared by the Tukey test (P < 0.05). Power 
of performed test was determined. Relationships between the 
variables CK-MB and cTnI were determined using the Pearson 
correlations coefficient r. Values of P ≤ 0.05 were considered 
statistically significant.

Results
All horses from G4, G8, and G20 managed to complete the 

cavalcade without abnormal signs. Mean values of blood cardiac 
biomarkers and lactate concentration in horses are presented in 
Table 1. Pre-cavalcade cTnI, CK-MB and lactate concentrations 
did not differ between groups or distances. After the exercise, the 
cTnI and CK-MB concentrations in G4 and G8 were significantly 
higher (P < 0.01) than the pre-exercise values. The values of cTnI 
and CK-MB in G20 horses also increased; however, the differences 
were not statistically significant (Table 1). There was no increase 
in lactate concentration after exercise in G4, G8, and G20 (P > 
0.05). Power tests values were of 1.0 to cTnI and CK-MB; 0.63 to 
the lactate. Positive correlations (0.4 < r < 0.5) were observed 
between cTnI and CK-MB (Figure 1).

Discussion
The present study is the first to investigate the influence of 

cavalcade on the serum concentrations of cTnI and CK-MB in an 
apparently healthy population of Mangalarga Marchador horses 
using the solid-phase chemoluminescence immunoassay. The 
range of serum cTnI concentrations observed in the present study 
is similar to the ranges reported using the same immunoassay in 
normal pasture and race-training thoroughbred horses [12,19]. In 
order to quantify the intensity of effort carried out by horses during 
physical activity, it becomes necessary to determine the genesis 
of the physiological response that depends on the kind, speed, 
distance, and duration of gait. In all experimental groups, the kind 
of gait observed may be characterized as extended marcha. In 
addition, the evaluation of the intensity of exercise using physical 
and physiological parameters may be a non-subjective criterion 
that can be used for the sake of comparison with other studies. 
We used lactatemia to determine physical effort, and observed 
that the parameter did not vary for any of the distances covered 
(G4, G8, and G20). Therefore, in order to cover the predetermined 
distances, the horses used predominantly the oxidative metabolic 
route, which characterizes this effort as submaximal and aerobic. 

http://dx.doi.org/10.15226/2381-2907/3/5/00143
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with exercise such as fitness status, electrolyte imbalances, 
and dehydration could not be determined from the results of 
this study. Increased concentrations of cTnI have also been 
reported in connection with high-intensity activity, short and 
moderate-duration exercise, and in endurance horses without 
signs of cardiac disease [11,12,13,14 ]. The causes of exercise-
induced cTnI concentrations are not clear. One theory suggests 
that the increases in cTnI concentrations may be explained by 
mild hypoxia during exercise. The hypoxia could cause a change 
in the permeability of myocardium, resulting in the leakage of 
macromolecules into blood flow [11,12,13]. found that short 
periods of hypoxia can induce release of cTnI without cell death 
in rats Piper, et al. [20]. However, it did not become clear whether 
high cTnI values had any clinical relevance. In other words, it 
remains to be established whether cardiac damage triggered 
by hypoxia due to exercise or any other cause may bring about 
cardiac problems.

For, temporary cardiac lesions caused by exercise may be 
similar to the muscle lesion induced by exercise, which does not 
have the potential to cause permanent damage or even affect 
performance in sports Rifai, et al. [21]. It may be presumed that 
the release of cTnI in equines after exercise originates form 
cytosol pools within myocytes, representing approximately 3% 
of the total level of cTnI [12]. The increase in cTnI concentration 
after exercise indicates reversible cell lesions, which could be 
considered as an adaptation to physical exercise [22]. As a rule, 
the increased in cTnI values observed in humans, dogs, camels, 
and horses after exercise are mild or moderate, as opposed to 
the concentrations found in cardiac disease such as myocardial 
ischemia, aortic rupture and myocardial necrosis [3,6,23]. 
Marked elevations of cTnI alone could be considered as a strong 
indication of myocardial disease [22]. Correlations between the 
degree of myocardial infarction size and the release of cTnI have 
been shown in humans and dogs, and can be used as a prognostic 
indicator [23,24]. However, in horses, there is not a defined range 
for values considered modest vs. those considered severe, or 
what clinical diseases or mechanisms cause mild, modest and 
severe elevations [13]. In humans, serum cTnI concentrations 
increase after prolonged intense exercise such as marathon and 
ironman triathlon training [25,21]. Increased levels of troponins 
after a cycling ultramarathon were also found [26]. However, the 
values were lower on the following day, suggesting that increases 
were transient and no echocardiographic evidence of myocardial 
dysfunction was observed. In the preset study, evaluations were 
not repeated at later dates to determine if the alterations in 
cardiac biomarkers were more permanent.

The increase in CK-MB concentration observed in this study 
was similar to that detected in Arabian horses after prolonged 
physical exercise [27]. One of the hypotheses that could explain 
this finding is the occurrence of cardiac hypertrophy due to 
training, similarly to what takes place in skeletal muscles 
[2]. Yet another important aspect is the fact that, despite the 
comparatively higher levels in cardiac tissues, CK-MB is also 
present in skeletal muscles (roughly only 0.4%) [1]. For  the 
relevance of CK-MB in the diagnosis of cardiac lesion may be 

Table 1: Means (± SD) of serum levels of cTnI, CK-MB and lactate in 
Mangalarga Marchador horses before and after cavalcade that included 
4-km, 8-km, and 20-km runs.

Parameters Groups
Times

before after

Troponin I 
(ng mL-)

G4 0.04 ± 0.01 Aa 0.17 ± 0.01 Ba

G8 0.05 ± 0.04 Aa 0.17 ± 0.02 Ba

G20 0.06 ± 0.03 Aa 0.10 ± 0.02 Ab

CK-MB (ng 
mL-1)

G4 4.72 ± 0.21 Aa 4.74 ± 0.42 Aa

G8 4.04 ± 0.49 Aa 5.54 ± 0.21 Ba

G20 5.14 ± 0.39 Aa 5.62 ± 0.42 Ab

Lactate 
(mmol L-1)

G4 0.63 ± 0.02 Aa 0.68 ± 0.01 Aa

G8 0.82 ± 0.09 Aa 0.89 ± 0.09 Aa

G20 0.80 ± 0.07 Aa 0.86 ± 0.05 Aa

G4, G8, and G20 are groups of 5 animals each that ran 4 km, 8 km, and 
20 km at mean speed of 15 km h-1, 12 km h-1, and 12 km h-1, in that 
order;
Means followed by different capital letters in columns differ 
significantly between times (Tukey test at P < 0.05);
Means followed by different lowercase letters in rows differ significantly 
between groups (Tukey test at P < 0.05).

Figure 1: Serum concentration of cTnI vs. CK-MB activity of Mangalarga 
Marchador horses before and after 4-km (black squares) 8-km (black 
circles), and 20-km (white circles) cavalcade runs correlated positively. 
r: Pearson correlation coefficient.

These results are in accordance with other studies that analyzed 
the Mangalarga Marchador breed [20]. The results obtained show 
that horses generally have low cTnI concentrations at rest, and 
that moderate exercise such as a cavalcade induces mild increases 
in cTnI concentrations, consequently increasing the risk of some 
degree of myocardial injury. Unfortunately, factors that may 
predispose individual horses to myocardial injury associated 

http://dx.doi.org/10.15226/2381-2907/3/5/00143
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higher in resting animals, when the effect of exercise is not 
present Michima ,et al. [27]. It should be warned that CK-MB 
levels alone do not produce important information on the cardiac 
integrity of horses submitted to exercise. On the other hand, 
studies have suggested that the increase in the serum enzyme 
activity occurs due to the transitory increase in the permeability 
of the sarcolemma in the absence of histological lesions [28,29]. 
Positive correlations were observed for cTnI and CK-MB in the 
present study. In contrast, there was no correlation between cTnI 
and CK-MB concentrations in endurance athletes after prolonged 
strenuous exercise [30]. For in humans, the exercise-induced 
increases in cTnI concentrations and CK-MB activity seem to 
be independent, and probably underlie different mechanisms 
Scharhag, et al. [30]. Our results indicated that, in the equine, the 
elevation mechanisms these cardiac biomarkers may be similar. 
The standardization of the cardiac biomarkers through kinetic 
study after exercise, training or clinical evaluation, considering 
their half-life, is the more technical procedure, because it 
improves the accuracy of significance of the response [31].

In the present study, factors probably related with individual 
physical conditioning of each horse seemed to have more effect 
on myocardial injury than travelled distance, as shown by the 
significantly increased cTnI concentrations in horses of G4 and G8, 
compared with G20. Three other studies also showed an inverse 
relationship between exercise time or distance and post-exercise 
troponin concentration [13,21,32]. The researchers postulated 
that the younger, faster athletes competed harder and closer to 
their cardiovascular limits than other competitors and, therefore, 
may have been more likely to induce minor cardiac injury [21,32]. 
Some limitations were identified in this study and need to be 
considered. One limitation is the difficulty in determining that 
the horses included did indeed have healthy hearts. Although 
all the horses included had normal physical examinations, ECG, 
and echocardiograms, early myocardial disease might not have 
been detectable by these tests. Similar considerations were made 
by in horses in pastured and race training thoroughbred horses 
Phillips, et al. [19]. Histopathology of the heart tissues would have 
been the gold standard for detection of myocardial cell injury, but 
it was not possible in the present study [19]. The present study 
was based on a small sample size (n 5/15) of a single breed 
(Mangalarga Marchador). The small number of horses reflects 
the difficulty of experimenting with these animals due to the high 
cost involved in issues like handling, and, mainly, standardization 
of subjects concerning gender, age, and fitness condition. This 
reality led to varied test power values for the variables assessed: 
0.63 (lactate) to 1.00 (cTnI and CK-MB). Because of the relatively 
small number of horses used in this report, additional studies 
involving a large population of horses of various breeds and 
ages will be required to determine the effects of these factors 
on cTnI concentrations. Further studies are needed to evaluate 
the serum cTnI concentrations in athletic horses with signs of 
cardiac disease in order to establish the correlation between 
elevated concentrations of cTnI and pathological findings. 
Future standardized exercise trials are recommended to further 
elucidate the potentially differential effects of training status, 
exercise time, and intensity on post-exercise increases in cTnI.

Conclusions
The increase in cTnI and CK-MB concentrations post-cavalcade 

of 4 km and 8 km is indicative of myocardial cell injury in healthy 
Mangalarga Marchador horses, which could be considered as an 
adaptation to physical exercise.

Author’s contributions
PADF, GCF and CBC participated in the design of the study, 

supervised the experiments, revised and submitted the final 
manuscript. JML, PMB, RVBA, and SRBB participated in the study 
from the early phase up to the end of data collection. FSF and JML 
carried out the biochemistry studies. PADF and GCF performed 
statistical analysis and prepared the final draft of the manuscript. 
All authors were involved in discussing and interpreting the data, 
critically read the manuscript, and approved the final version.

References
1.	 Argiroudis S A, Kent J E, Blackmore D J. Observations on isoenzymes 

of creatine kinase in equine serum and tissues. Equine Veterinary 
Journal. 1982;14:317-321.doi: 10.1111/j.2042-3306.1982.tb02441.

2.	 Evans D L. The cardiovascular system: anatomy, physiology and 
adaptations to exercise and training. In: Hodgson DR, Rose R J. The 
athletic horse: principles and practice of equine sports medicine. W. 
B. Saunders, Philadelphia, PA, USA.1994;129-144. 

3.	 Schwarzwald C C, Hardy J, Buccellato, M High Cardiac Troponin 
I Serum Concentration in a Horse with Multiform Ventricular 
Tachycardia and Myocardial Necrosis. Journal of Veterinary Internal 
Medicine. 2003;17:364-368. dOI:  10.1111/j.1939-1676.2003.
tb02464.x

4.	 O´brien, PJ, Smith, DE, Knectal, TJ, Marchak, MA,  Pruimboom-
Brees I, Brees DJ, et al. Cardiac troponin I is a sensitive and specific 
biomarker of cardiac injury in laboratory animals. Laboratory 
Animals. 2006;40:153-171.

5.	 Divers TJ, Kraus MS, Jesty S A, Miller AD, Mohammed HO, Gelzer,et 
al. Clinical findings and serum cardiac troponin I concentrations 
in horses after intragastric administration of sodium monensin. 
Journal of Veterinary Diagnostic Investigation. 2009;21:338–343.

6.	 Cornelisse, CJ, Schott, HC, Olivier NB, Mullaney TP, Koller A, Wilson  
DV,et al. Concentration of cardiac troponin I in a horse with a ruptured 
aortic regurgitation jet lesion and ventricular tachycardia. Journal of 
the American Veterinary Medical Association. 2000;217:231-235. 

7.	 Jesty SA, Kraus M, Gelzer A, Rishniw M, Moise NS. Effect of 
transvenous electrical cardioversion on plasma cardiac troponin 
I concentrations in horses with atrial fibrillation. Journal of 
Veterinary Internal Medicine. 2009;23:1103-1107. doi:10.1111/
j.1939-1676.2009.0369.x

8.	 Nath LC, Anderson GA, Hinchcliff  KW, Savage CJ. Serum cardiac 
troponin I concentrations in horses with cardiac disease. Australian 
Veterinary Journal. 2012;90:351-357. doi:  10.1111/j.1751-
0813.2012.00970.x

9.	 Diana A, Guglielmini C, Candini D, Pietra M., Cipone, M. Cardiac 
arrhythmias associated with piroplasmosis in the horse: A case 
report. The Veterinary Journal. 2007;174:193–195.

http://dx.doi.org/10.15226/2381-2907/3/5/00143
http://onlinelibrary.wiley.com/doi/10.1111/j.2042-3306.1982.tb02441.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.2042-3306.1982.tb02441.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.2042-3306.1982.tb02441.x/abstract
https://www.ncbi.nlm.nih.gov/pubmed/3877552
https://www.ncbi.nlm.nih.gov/pubmed/3877552
https://www.ncbi.nlm.nih.gov/pubmed/3877552
https://www.ncbi.nlm.nih.gov/pubmed/3877552
http://onlinelibrary.wiley.com/doi/10.1111/j.1939-1676.2003.tb02464.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1939-1676.2003.tb02464.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1939-1676.2003.tb02464.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1939-1676.2003.tb02464.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1939-1676.2003.tb02464.x/abstract
https://www.ncbi.nlm.nih.gov/pubmed/16600075
https://www.ncbi.nlm.nih.gov/pubmed/16600075
https://www.ncbi.nlm.nih.gov/pubmed/16600075
https://www.ncbi.nlm.nih.gov/pubmed/16600075
https://www.ncbi.nlm.nih.gov/pubmed/19407085
https://www.ncbi.nlm.nih.gov/pubmed/19407085
https://www.ncbi.nlm.nih.gov/pubmed/19407085
https://www.ncbi.nlm.nih.gov/pubmed/19407085
http://avmajournals.avma.org/doi/abs/10.2460/javma.2000.217.231
http://avmajournals.avma.org/doi/abs/10.2460/javma.2000.217.231
http://avmajournals.avma.org/doi/abs/10.2460/javma.2000.217.231
http://avmajournals.avma.org/doi/abs/10.2460/javma.2000.217.231
http://onlinelibrary.wiley.com/doi/10.1111/j.1939-1676.2009.0369.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1939-1676.2009.0369.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1939-1676.2009.0369.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1939-1676.2009.0369.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1939-1676.2009.0369.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1751-0813.2012.00970.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1751-0813.2012.00970.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1751-0813.2012.00970.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1751-0813.2012.00970.x/abstract
http://www.cibtech.org/J-LIFE-SCIENCES/PUBLICATIONS/2014/Vol-4-No-1/JLS-002-042-HASSANPOUR-A-STRANGLES.pdf
http://www.cibtech.org/J-LIFE-SCIENCES/PUBLICATIONS/2014/Vol-4-No-1/JLS-002-042-HASSANPOUR-A-STRANGLES.pdf
http://www.cibtech.org/J-LIFE-SCIENCES/PUBLICATIONS/2014/Vol-4-No-1/JLS-002-042-HASSANPOUR-A-STRANGLES.pdf


Influence of Cavalcade of Different Distances on the Serum Concentrations of the Cardiac 
Biomarkers Troponin I (Ctni) and Creatine Kinase Myocardial Band (CK-MB) in Horses

Copyright: 

©2017 Paula Alessandra et al. 

Page 5 of 5Citation: Paula Alessandra DF, Jessica Martins L, et al. (2017) Influence of Cavalcade of Different Distances on the Serum Concentra-
tions of the Cardiac Biomarkers Troponin I (Ctni) and Creatine Kinase Myocardial Band (CK-MB) in Horses. SOJ Vet Sci 3(5): 1-5.
DOI: 10.15226/2381-2907/3/5/00143

10.	 Nostell K, Bröjer J, Höglund  K, Edner A, Häggström J.  Cardiac 
troponin I and the occurrence of cardiac arrhythmias in horses 
with experimentally induced endotoxaemia. The Veterinary Journal. 
2012;192:171-175.

11.	 Nostell K, Haggstrom J. Resting concentrations of cardiac troponin 
I in fit horses and effect of racing. Journal of Veterinary Cardiology. 
2008;10:105-109.

12.	 Sribhen C, Sitthichaiyakul A, Kongpiromchean Y, Sribhen K. Influence 
of Training Exercise on Clinical Plasma Chemistry Parameters and 
Cardiac Markers in Race Horses. Kasetsart Journal- Natural Science. 
2007;41:478–483. 

13.	 Holbrook TC, Birks EK, Sleeper MM, Durando M. Endurance exercise 
is associated with increased plasma cardiac troponin I in horses. 
Equine Veterinary Journal. 2006;36:27-31. doi: 10.1111/j.2042-
3306.2006.tb05508.x

14.	 Durando MM, Reef  VB, Kline K, Birks EK. Acute effects of short 
duration maximal exercise on cardiac troponin I in healthy horses. 
Equine and Comparative Exercise Physiology. 2006;4:217-223. 

15.	 Rahnama N, Faramarzi M, Gaeini, AA. Effect of intermittent exercise 
on cardiac troponin I and creatine kinase-MB. International Journal 
of Preventive Medicine. 2011;2:20-23.

16.	 Wanderley EK, Manso Filho HC, Manso HE, Santiago TA, Mckeever 
KH.  Metabolic changes in four-beat gaited horses after field marcha 
simulation. Equine Veterinary Journal. 2010;42(38):105-109. 
doi: 10.1111/j.2042-3306.2010.00288.x

17.	 Jordão LR, Bergmann JAG, Moura RS, Melo MM, Costa MLL, Moss 
PCB,et al. Effect of feed at different times prior to exercise and 
chelated chromium supplementation on the athletic performance 
of Mangalarga Marchador mares. Comparative Exercise Physiology. 
2011;3:133-140.

18.	 Ribeiro CR, Martins EAN, Ribas JAS, Germinaro A. Serum biochemistry 
evaluation in horses and mules submitted to endurance ride of 
76km in the Pantanal region, state of Mato Grosso, Brazil. Ciência 
Rural. 2004;34:1081-1086. 

19.	 Phillips W, Giguere S, Franklin RP, Hernandez J, Adin D, Peloso JG. 
Cardiac troponin I in pastured and race training thoroughbred 
horses. Journal of Veterinary Internal Medicine. 2003; 17: 597-599. 
doi: 10.1111/j.1939-1676.2003.tb02486.x 

20.	 Piper HM, Schwartz P, Spahr R, Hutter JF, Spieckermann PG. Early 
enzyme release from myocardial cells is not due to irreversible cell 
damage. Journal of Molecular and Cellular Cardiology. 1984;16: 385-
388.

21.	 Rifai N, Douglas PS, O’Toole M, Rimm E, Ginsburg GS. Cardiac 
troponin T and I, electrocardiographic wall motion analyses, and 
ejection fractions in athletes participating in the Hawaii lronman 
Triathlon. The American Journal of Cardiology. 1999;84(2):244.

22.	 Tharwat M, Al-Sobayil F, Buczinski S. Influence of racing on the 
serum concentrations of the cardiac biomarkers troponin I and 
creatine kinase myocardial band (CK-MB) in racing greyhounds. The 
Veterinary Journal. 2013; 197(3):900-902.

23.	 Mair J, Wagner I, Morass B, Fridrich L, Lechleitner P, Dienstl F, et al. 
Cardiac troponin I release correlates with myocardial infarction size. 
European Journal of Clinical Chemistry and Clinical Biochemistry. 
1995;33:869-872. doi: 10.1515/cclm.1995.33.11.869

24.	 Schober KE, Cornand C, Kirbach B, Aupperle H, Oechtering G. Serum 
cardiac troponin I and cardiac troponin T concentrations in dogs 
with gastric dilatation-volvulus. Journal of American Veterinary 
Medical Association. 2002;221:381-388.

25.	 Siegel AJ, Sholar M, Yang J, Dhanak E, Lewandrowski KB. 
Elevated serum cardiac markers in asymptomatic marathon 
runners after competition: Is the myocardium stunned? 
Cardiology.1997;88:487-491.

26.	 Serrano-Ostáriz E, Legaz-Arrese A, Terreros-Blanco JL, López-
Ramón M, Cremades-Arroyos D, Carranza-García LE,et al. Cardiac 
biomarkers and exercise duration and intensity during a cycle-
touring event. Clinical Journal of Sport Medicine.2009;19:293-299. 
doi: 10.1097/JSM.0b013e3181ab3c9d

27.	 Michima  LES, Mirandola RMS, Fernandes WR. Study of serum 
creatine kinase isoenzyme CKMB in endurance horses after 
prolonged physical exercise. Brazilian Journal of Veterinary 
Research Animal Science.2010;47: 23-30.doi: 10.11606/issn.1678-
4456.bjvras.2010.26845

28.	 Teixeira-Neto  AR, Ferraz GC, Moscardini ARC, Balsamao, GM, Souza 
JCF, Queiroz-Neto A. Alterations in muscular enzymes of horses 
competing long-distance endurance. Brazilian Journal of Veterinary 
and Animal Science. 2008;60:543-549.

29.	 Lazarim FL, Antunes-Neto JMF, Silva FOC, Nunes LAS, Cameron 
AB, Cameron LC, et al. The upper values of plasma creatine kinase 
of professional soccer players during the Brazilian National 
Championship. Journal of Science in Medicine in Sport. 2009;12:85-
90. doi: 10.1016/j.jsams.2007.10.004

30.	 Scharhag  J, Herrmann M, Urhausen A, Haschke M, Herrmann W, 
Kindermann W. Independent elevations of N-terminal pro–brain 
natriuretic peptide and cardiac troponins in endurance athletes 
after prolonged strenuous exercise. American Heart Journal, 
2005;150:1128-1134. doi: 10.1016/j.ahj.2005.01.051

31.  Ferraz  GC, Soares OAB, Foz NSB, Pereira  MC, Queiroz‐Neto A. 
The workload and plasma ion concentration in a training match 
session of       high‐goal (elite) polo ponies. Equine Veterinary 
Journal.2010;42:191-195. doi: 10.1111/j.2042-3306.2010.00278.x

32.  Neumayr G, Gaenzer H, Pfister R, Sturm W, Schwarzacher SP, Eibl G, 
et al. Plasma levels of cardiac troponin I after prolonged strenuous 
endurance exercise. American Journal of Cardiology.2001;87:69-71.

http://dx.doi.org/10.15226/2381-2907/3/5/00143
http://agris.fao.org/agris-search/search.do?recordID=US201500152362
http://agris.fao.org/agris-search/search.do?recordID=US201500152362
http://agris.fao.org/agris-search/search.do?recordID=US201500152362
http://agris.fao.org/agris-search/search.do?recordID=US201500152362
https://www.unboundmedicine.com/medline/citation/19019757/Resting_concentrations_of_cardiac_troponin_I_in_fit_horses_and_effect_of_racing_
https://www.unboundmedicine.com/medline/citation/19019757/Resting_concentrations_of_cardiac_troponin_I_in_fit_horses_and_effect_of_racing_
https://www.unboundmedicine.com/medline/citation/19019757/Resting_concentrations_of_cardiac_troponin_I_in_fit_horses_and_effect_of_racing_
http://agris.fao.org/agris-search/search.do?recordID=TH2007000345
http://agris.fao.org/agris-search/search.do?recordID=TH2007000345
http://agris.fao.org/agris-search/search.do?recordID=TH2007000345
http://agris.fao.org/agris-search/search.do?recordID=TH2007000345
http://onlinelibrary.wiley.com/doi/10.1111/j.2042-3306.2006.tb05508.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.2042-3306.2006.tb05508.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.2042-3306.2006.tb05508.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.2042-3306.2006.tb05508.x/abstract
https://www.cambridge.org/core/journals/equine-and-comparative-exercise-physiology/article/acute-effects-of-short-duration-maximal-exercise-on-cardiac-troponin-i-in-healthy-horses/450F8BDD5CB7B288C486E4A99A55D41E
https://www.cambridge.org/core/journals/equine-and-comparative-exercise-physiology/article/acute-effects-of-short-duration-maximal-exercise-on-cardiac-troponin-i-in-healthy-horses/450F8BDD5CB7B288C486E4A99A55D41E
https://www.cambridge.org/core/journals/equine-and-comparative-exercise-physiology/article/acute-effects-of-short-duration-maximal-exercise-on-cardiac-troponin-i-in-healthy-horses/450F8BDD5CB7B288C486E4A99A55D41E
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3063467/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3063467/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3063467/
http://onlinelibrary.wiley.com/doi/10.1111/j.2042-3306.2010.00288.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.2042-3306.2010.00288.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.2042-3306.2010.00288.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.2042-3306.2010.00288.x/full
https://www.slideshare.net/lilianjordao/effect-of-feed-at-different-times-prior-to-exercise-and-chelated-chromium-supplementation-on-the-athletic-performance-of-mangalarga-marchador-mares
https://www.slideshare.net/lilianjordao/effect-of-feed-at-different-times-prior-to-exercise-and-chelated-chromium-supplementation-on-the-athletic-performance-of-mangalarga-marchador-mares
https://www.slideshare.net/lilianjordao/effect-of-feed-at-different-times-prior-to-exercise-and-chelated-chromium-supplementation-on-the-athletic-performance-of-mangalarga-marchador-mares
https://www.slideshare.net/lilianjordao/effect-of-feed-at-different-times-prior-to-exercise-and-chelated-chromium-supplementation-on-the-athletic-performance-of-mangalarga-marchador-mares
https://www.slideshare.net/lilianjordao/effect-of-feed-at-different-times-prior-to-exercise-and-chelated-chromium-supplementation-on-the-athletic-performance-of-mangalarga-marchador-mares
http://agris.fao.org/agris-search/search.do?recordID=BR2005002238
http://agris.fao.org/agris-search/search.do?recordID=BR2005002238
http://agris.fao.org/agris-search/search.do?recordID=BR2005002238
http://agris.fao.org/agris-search/search.do?recordID=BR2005002238
http://onlinelibrary.wiley.com/doi/10.1111/j.1939-1676.2003.tb02486.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1939-1676.2003.tb02486.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1939-1676.2003.tb02486.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1939-1676.2003.tb02486.x/full
https://www.ncbi.nlm.nih.gov/pubmed/6726826
https://www.ncbi.nlm.nih.gov/pubmed/6726826
https://www.ncbi.nlm.nih.gov/pubmed/6726826
https://www.ncbi.nlm.nih.gov/pubmed/6726826
https://www.ncbi.nlm.nih.gov/pubmed/10190525
https://www.ncbi.nlm.nih.gov/pubmed/10190525
https://www.ncbi.nlm.nih.gov/pubmed/10190525
https://www.ncbi.nlm.nih.gov/pubmed/10190525
https://www.ncbi.nlm.nih.gov/pubmed/23434264
https://www.ncbi.nlm.nih.gov/pubmed/23434264
https://www.ncbi.nlm.nih.gov/pubmed/23434264
https://www.ncbi.nlm.nih.gov/pubmed/23434264
https://www.researchgate.net/publication/14580625_Cardiac_Troponin_I_Release_Correlates_with_Myocardial_Infarction_Size
https://www.researchgate.net/publication/14580625_Cardiac_Troponin_I_Release_Correlates_with_Myocardial_Infarction_Size
https://www.researchgate.net/publication/14580625_Cardiac_Troponin_I_Release_Correlates_with_Myocardial_Infarction_Size
https://www.researchgate.net/publication/14580625_Cardiac_Troponin_I_Release_Correlates_with_Myocardial_Infarction_Size
https://www.ncbi.nlm.nih.gov/pubmed/12164535
https://www.ncbi.nlm.nih.gov/pubmed/12164535
https://www.ncbi.nlm.nih.gov/pubmed/12164535
https://www.ncbi.nlm.nih.gov/pubmed/12164535
https://www.ncbi.nlm.nih.gov/pubmed/9397299
https://www.ncbi.nlm.nih.gov/pubmed/9397299
https://www.ncbi.nlm.nih.gov/pubmed/9397299
https://www.ncbi.nlm.nih.gov/pubmed/9397299
http://journals.lww.com/cjsportsmed/Abstract/2009/07000/Cardiac_Biomarkers_and_Exercise_Duration_and.5.aspx
http://journals.lww.com/cjsportsmed/Abstract/2009/07000/Cardiac_Biomarkers_and_Exercise_Duration_and.5.aspx
http://journals.lww.com/cjsportsmed/Abstract/2009/07000/Cardiac_Biomarkers_and_Exercise_Duration_and.5.aspx
http://journals.lww.com/cjsportsmed/Abstract/2009/07000/Cardiac_Biomarkers_and_Exercise_Duration_and.5.aspx
http://journals.lww.com/cjsportsmed/Abstract/2009/07000/Cardiac_Biomarkers_and_Exercise_Duration_and.5.aspx
https://www.researchgate.net/publication/282159225_Study_of_serum_creatine_kinase_isoenzyme_CKMB_in_endurance_horses_after_prolonged_physical_exercise
https://www.researchgate.net/publication/282159225_Study_of_serum_creatine_kinase_isoenzyme_CKMB_in_endurance_horses_after_prolonged_physical_exercise
https://www.researchgate.net/publication/282159225_Study_of_serum_creatine_kinase_isoenzyme_CKMB_in_endurance_horses_after_prolonged_physical_exercise
https://www.researchgate.net/publication/282159225_Study_of_serum_creatine_kinase_isoenzyme_CKMB_in_endurance_horses_after_prolonged_physical_exercise
https://www.researchgate.net/publication/282159225_Study_of_serum_creatine_kinase_isoenzyme_CKMB_in_endurance_horses_after_prolonged_physical_exercise
https://www.researchgate.net/publication/5779406_The_upper_values_of_plasma_creatine_kinase_of_professional_soccer_players_during_the_Brazilian_National_Championship
https://www.researchgate.net/publication/5779406_The_upper_values_of_plasma_creatine_kinase_of_professional_soccer_players_during_the_Brazilian_National_Championship
https://www.researchgate.net/publication/5779406_The_upper_values_of_plasma_creatine_kinase_of_professional_soccer_players_during_the_Brazilian_National_Championship
https://www.researchgate.net/publication/5779406_The_upper_values_of_plasma_creatine_kinase_of_professional_soccer_players_during_the_Brazilian_National_Championship
https://www.researchgate.net/publication/5779406_The_upper_values_of_plasma_creatine_kinase_of_professional_soccer_players_during_the_Brazilian_National_Championship
https://www.ncbi.nlm.nih.gov/labs/articles/16338248/
https://www.ncbi.nlm.nih.gov/labs/articles/16338248/
https://www.ncbi.nlm.nih.gov/labs/articles/16338248/
https://www.ncbi.nlm.nih.gov/labs/articles/16338248/
https://www.ncbi.nlm.nih.gov/labs/articles/16338248/
http://onlinelibrary.wiley.com/doi/10.1111/j.2042-3306.2010.00278.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.2042-3306.2010.00278.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.2042-3306.2010.00278.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.2042-3306.2010.00278.x/abstract

