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CHANGES IN CARDIAC TROPONIN I CONCENTRATION AND 

ECHOCARDIOGRAPHIC PARAMETERS AFTER SEMEN COLLECTION IN 

STALLIONS 
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This dissertation focuses on the effect of breeding on the myocardium of stallions using 

cardiac troponin I (cTnI) as the preferred blood biomarker for detection of myocardial 

cell injury.  Haematological, echocardiographic and heart rate (HR) parameters are also 

reported.

Summary 
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Fourteen clinically healthy phantom-trained stallions were assessed.  Cardiac troponin I 

concentration was determined pre-semen collection and at 4, 6, 12 and 24 hours 

following semen collection.  Predictors that were measured included mean HR during 

each stage of semen collection, maximum HR, area under the curve for HR and fractional 

shortening (FS). 

 

Pre-semen collection cTnI concentrations were within reported reference ranges for all 

stallions.  Following semen collection, cTnI concentration was significantly increased at 

4 and 6 hours post-semen collection.  Results also suggest that the HR of stallions peak 

during mounting of the phantom.  Five stallions failed to show an expected increase in FS 

immediately post-semen collection.  No association was identified between the measured 

predictors and increased cTnI concentration.   

 

This study concluded that cTnI concentration may increase in stallions following semen 

collection although the clinical significance of this observed increase in healthy stallions 

is unclear without histopathological evaluation of the myocardium.  No conclusion 

regarding FS immediately post-semen collection could be drawn from results in this 

study.  The research reported in this dissertation can serve as a reference for future 

studies investigating cTnI concentrations in stallions. 

 

Key words: cardiac troponin I, myocardium, stallion, breeding, biomarker, heart rate, 

cardiac telemetry   

 

 

 
 
 



 

Chapter 1                  1

 
 
 
1.1 CARDIAC TROPONIN  

 

1.1.1 General introduction: 

 

In the past, traditional methods such as electrocardiography (ECG) and echocardiography 

have been used in conjunction with cardiac markers for the detection of myocardial 

injury.  Serum levels of the muscle enzymes aspartate aminotransferase (AST), lactate 

dehydrogenase (LDH) and creatine kinase (CK) were regarded as diagnostic cardiac 

biomarkers until cardiac muscle-specific creatine kinase myocardial band (CK-MB) and 

LDH-1 and -2 isoenzymes were identified.5  It was later recognised that these enzymes 

lack both specificity and sensitivity in the presence of skeletal muscle injury, in both 

humans2 and animals.33   Specific cardiac markers have improved and progressed from 

measuring enzymes such as glutamate oxaloacetate transaminase, CK and LDH 

isoenzymes, to structural proteins such as cardiac troponin (cTn).1   

Chapter 1: Literature review  
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As declared by the American College of Cardiology and the European Society of 

Cardiology, cTn has become well established as the preferred biomarker for the detection 

of myocardial infarction in human medicine.3,34  Since then, cTn has supplanted CK-MB 

as the biomarker of choice for the detection of myocardial injury in several other species 

because of its high sensitivity and tissue specificity.6,28,34   

 

Currently, cardiac troponin I is the most sensitive and specific marker, even in the 

presence of skeletal muscle damage.41  The molecular structure of cTnI differs from the 

skeletal form.  With a molecular weight of 24,000 Dalton, cTnI is larger than the other 

isoforms and contains an additional 32 amino acid N-terminal peptide.6,66  It is not 

markedly affected by exercise, skeletal muscle injury or renal failure, making it not only 

a more sensitive, but also more specific cardiac biomarker than CK-MB.6,28,34,39   

 

1.1.2 Biology of cardiac troponin: 

 

Cardiac troponin is a 3-unit protein complex consisting of troponin I, -T and -C subunits 

respectively and was first described in 1965 by Ebashi.13,23  This complex, together with 

tropomyosin, is located on the myofibrillar thin (actin) filament of striated muscle, and is 

essential for the calcium-mediated regulation of skeletal and cardiac muscle contraction 

(Figure 1.1).6,34 Cardiac troponin C, a calcium binding protein, regulates the activation of 

the actin filaments for muscle contraction.34  Cardiac troponin I inhibits contraction in 
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the absence cTnC.  The whole troponin complex attaches to the thin actin filaments and 

tropomyosin via the largest troponin, cTnT.34  Cardiac isoforms -T and -I are uniquely 

expressed in the myocardium and have been widely recognized as being highly sensitive 

and specific markers for the non-invasive diagnosis of increased myocyte permeability 

and necrosis.34  In contrast, cTnC is shared by both cardiac and slow-twitch skeletal 

muscle, and do not discriminate between cardiac and skeletal muscle injury.6   

 

Cardiac troponins are mostly found as structural-bound proteins, and as a small free 

cytosolic pool of unbound troponin that is released acutely following myocardial injury.  

The cytosolic pool represents about 6-8% of cTnT and 3% of cTnI.6,34  Circulating levels 

of cTn in healthy mammals are extremely low or undetectable by current assay methods.5   

 

The actual half life (T1/2) of circulating cTnI is relatively short (2 hours).6  Small amounts 

are initially released from the cytoplasm, resulting in early diagnostic sensitivity, while 

cTn reaches and persists in circulation following myocardial cell necrosis due to the 

continual slow release and degradation of the structural pool.6  The amount of cTn release 

following insult is affected by myocardial tissue content and severity of injury and 

reperfusion.15,39,56 Increases in blood cTn correlates with the severity of histopathological 

findings, while previous myocardial injury, weight loss and heart failure may be 

associated with depletion of tissue cTn and ultimately decreased amount of release.39  In 

humans with acute myocardial infarction, cTn concentrations are not detectable for three 
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hours post-injury, are detected 4-6 hours post-myocardial damage, peaking 12-18 hours 

later, and remain elevated for 5-9 days depending on the extent of myocardial damage.2,61 

 

1.1.3 Assays for cardiac troponin I analysis:  

 

Cardiac troponin assays are generally more sensitive and specific than CK-MB assays as 

the latter assay has cross-reactivity with skeletal muscle and a short T1/2 in serum (24-36 

hours).6  Monoclonal antibodies have been developed to detect cTnI that shows no cross-

reactivity with the skeletal form of cTnI.  More than twenty immunometric commercial 

assays are currently available for the detection of cTnI and cTnT in the serum or plasma 

of human patients.43  

 

The assays vary from each other by the type of antigen used for calibration, antibody 

specificities and method of detection which includes spectrophotometric, fluorescent, 

chemiluminescent and electrochemical methods.43  Amino- and carboxyl terminal parts of 

the cTnI molecule are susceptible to proteolysis, and preferably, the antibodies used in 

cTnI assays should recognise only epitopes that are located in the stable part of the cTnI 

molecule.43  The majority of assays currently available use antibodies directed towards 

the 30-110 amino acid sequence, which represents the most stable part of the cTnI 

molecule.43  Assays are widely available and validated for various species.40-42  
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Cardiac troponin assays were originally developed for detection of myocardial infarction 

associated with substantial tissue necrosis.  Current assay methods can detect small 

elevations in circulating cTnI reflecting <1g of myocardial tissue necrosis.3  The 

evolvement of assay performance and increased sensitivity over the last decade has 

reduced rates of false positive cTn results related to analytical causes such as heparin 

interference and cross-reactivity with skeletal muscle.34,42  

  

Due to the conservation of the structure and function of cTnI across several mammalian 

species (>95% homology between mammals), the equine myocardium has high reactivity 

with human immunoassays.41,42,48,55  Antibodies used in cTnT and some cTnI tests can 

detect equine cTnT and cTnI respectively, allowing researchers to conclude that the cTn 

assays can detect equine troponins.41,42  Recently, the amino acid sequence for equine 

cTnI has been characterized, further validating the use of commercial analyser systems to 

measure equine cTnI.55  

 

Reports documenting cTnI values in equine literature have varied in the type of 

immunoassay and sample used including fresh and frozen serum samples with AxSYM 

Troponin I,14,26 fresh serum with ADVIA Centaur cTnI assay,61 frozen serum with 

Dimension Heterogenous Immunoassay Module,49 plasma with i-STAT 1 analyser35 and 

equine myocardial tissue with Stratus I assay42.  Due to inter-assay variability, results 

may not be extrapolated to other studies unless the assays have been standardised.  A 

selection of assays used to measure equine cTnI is summarised in Table 1.1. 
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Cardiac troponin is highly stable for up to 12 months when samples are stored and 

maintained at -70ºC.7,40  Samples deteriorate significantly and progressively with time 

and temperature within 24 hours (approximately 3% loss of activity/day) when stored at 

refrigerator temperature (4ºC), while it deteriorates by approximately 10% activity per 

week when stored at -20ºC.39  Significant loss of activity occurs with multiple freeze-

thaw cycles.   

 

1.1.4 Cardiac troponin in veterinary and human medicine: 

 

Detecting and diagnosing myocardial injury in the horse is difficult.38  Biochemical 

markers including isoenzymes of CK-MB and LDH have been used clinically to diagnose 

myocardial injury in horses.  However, both these enzymes lack tissue specificity and 

sensitivity, which is of greater significance in use of animals as a result of mild to 

moderate release of skeletal muscle proteins in association with animal handling and 

stress restricting the value of biomarkers with low cardiac selectivity.38  O’Brien et al.42 

established that equine myocardial tissue has a cTnI concentration equivalent to that 

found in human heart muscle and that the equine skeletal cTnI was only 0.05%-0.1% of 

the cardiac reactivity level, indicating that cTnI might be a useful test to diagnose 

myocardial damage in the horse.42  

 

In humans, cTnI is mainly used for detection of myocardial infarction, but may also be 

used as a cardiac biomarker for angina, left ventricular hypertrophy, congestive 
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heart failure, myocarditis, atrial fibrillation, hypovolaemia, pulmonary embolism, blunt 

trauma, sepsis, renal failure, diabetes mellitus and cardiotoxicity related to anticancer 

drugs and sympathomimetics.40  

   

Animal studies have shown that cTnI is affected by strenuous exercise,31 piroplasmosis,16 

administration of dobutamine,22 primary cardiac disease,30 gastric dilatation volvulus60 

and hypertrophic cardiomyopathy.30 Due to inter-assay variability, cTnI values cannot be 

compared between different assays, but within reference range reported cTnI 

concentrations have been recently described in several species including dogs, cats and 

horses.48,63    

 

Investigation of biomarkers in the horse has been limited.  Normal resting values for cTnI 

in both pastured and race-training healthy adult Thoroughbred horses have been 

reported.8,48  Elevations of equine cTnI concentration is associated with several disease 

states occurring more commonly in horses.  Reports exist of increased cTnI concentration 

in a horse with a ruptured aortic jet lesion and ventricular tachycardia,14 and in a horse 

with myocardial necrosis and ventricular tachycardia.61  Elevated cTnI has also been 

observed in horses with acute monensin toxicosis and cardiomyopathy,47 in a 10-month-

old filly with a double outlet right ventricle24 and in a horse with piroplasmosis and 

cardiac arrhythmias.16   Cardiac troponin I concentrations were measured in two
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horses undergoing electrical cardioversion for atrial fibrillation and were found to be 

similar to healthy control horses.26  

 

Cardiac troponin I has been evaluated in a number of human studies and has 

demonstrated increased concentrations in a small percentage of human athletes 

participating in endurance events.37,57  However, no consistency have been found in these 

biochemical changes, and neither the mechanism nor the significance of these elevated 

troponins is clear.  Elevated cTnI could result from sub-clinical underlying heart disease 

being unmasked by strenuous exercise leading to myocardial cell damage but not 

permanent myocyte necrosis.34  Similarly to human medicine, equine endurance racing 

has also been associated with increased cTnI concentrations during and at the end of the 

competition with the mechanisms and significance thereof yet to be determined.31   

 

Recent studies also reported on the effect of acute, short-term high intensity exercise on 

cTnI concentrations on a high-speed treadmill as well as during true race conditions and 

were in agreement with each other.21,38  A tendency for increased plasma cTnI was seen 

in clinically healthy performance horses in training after short-term high intensity 

exercise.  It is suspected that mild hypoxia during exercise causes an increased 

permeability of the myocardium with leakage of cTnI across the cell wall, supported by a 

study in rats that had shown short periods of hypoxia leading to increased cTnI 

concentrations without myocardial cell death.49  
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In human medicine, elevated cTnI and other cardiac biomarkers have been demonstrated 

during septic shock in both children and adults and have been reported to correlate with 

increased mortality.4  Slack et al.62 established normal reference ranges for cardiac 

biomarkers in non-septic neonatal foals, and compared these values to values obtained 

from septic neonatal foals. Their findings suggest that myocardial injury occurs during 

septicaemia in neonatal foals, but is not associated with survival among septic foals.62 

 

Smith et al.64 reported that although decreased cardiovascular function was associated 

with intravenous administration of fumonisin B1, it was not accompanied by myocyte 

necrosis nor injury due to similar cTnI concentrations detected in fumonisin treated and 

control horses. 

 

1.2 ECHOCARDIOGRAPHY  

 

1.2.1 Evaluation of cardiovascular function: 

 

Traditional methods used for evaluation of cardiovascular function in the horse include 

ECG and echocardiography.11,12,25  Several other ancillary procedures are available for 

evaluation of cardiovascular function.  These include both invasive (arterial blood 

pressure monitoring following cardiac catheterisation, lithium dilution for measurement 

of haemodynamic indices, angiography and transoesophageal Doppler echocardiography) 

and non-invasive procedures including radiography, computed tomography, magnetic 

resonance imaging and ambulatory and radiotelemetric ECG. 
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1.2.2 Echocardiographic evaluation of cardiac function in horses:  

 

The evolvement of echocardiography lead to its first application in horses in 1977.50  As 

an excellent, non-invasive diagnostic tool, it allows investigation of the morphology and 

function of cardiac structures and measurement of cardiac dimensions.  It is used in 

horses presenting with cardiac murmurs, poor performance, and is also useful in 

diagnosing structural heart disease in horses presenting with arrhythmias.19  It cannot, 

however, identify all focal abnormalities of myocardial dysfunction.19  Information 

obtained from an echocardiographic examination can be used in evaluating a horse’s 

current and future athletic ability, as well as the effect abnormalities may have on the 

normal life expectancy of the horse.51    

 

1.2.3 B (brightness)-mode/two dimensional echocardiography: 

 

Cardiac anatomy is readily identifiable with B-mode echocardiography which generates 

cardiac images with both depth and width.53  These images are frequently updated and 

provide a real-time view of the heart in motion.  This allows assessment of cardiac 

anatomy.  Long-and short-axis images of the heart are standard and these images are the 

template from which all other echocardiographic examinations are performed.19   
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1.2.4 Evaluation of left ventricular function (M-mode echocardiography): 

 

Left ventricular function can be assessed using M-mode echocardiography which 

provides a one-dimensional view of the heart representative of the cardiac structures 

moving over time (Figure 1.2).19,53  A right parasternal short-axis view is used to obtain 

M-mode images of the left ventricle and this is used to measure left ventricular internal 

diameter, septal and left ventricular free wall thickness at end-diastole and peak systole 

respectively, and to calculate FS.45,53  

 

Measurements are made from the leading edge of the near side to the leading edge of the 

far side of the structure being measured and should be performed routinely for detection 

of cardiac enlargement.  The trailing-inner inner-leading edge method may also be used 

to measure the LVID.59 Normal reference ranges of M-mode measurements of the 

myocardial wall, the interventricular septum, the diameter of the cardiac chambers and 

various valvular parameters have been determined in normal Thoroughbred and 

Standardbred horses and serve as reference values in cases of cardiac pathology in these 

breeds.46,65,67    
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1.2.5 Doppler Echocardiography: 

 

Doppler echocardiography is a non-invasive means of evaluating blood flow within 

cardiac chambers and blood vessels and provides valuable information about the velocity, 

direction and timing of the blood flow and can estimate pressure gradients.9,10,53  There 

are three forms of Doppler echocardiographic examinations that are commonly used.53  

Pulsed-wave spectral Doppler (SD) is combined with 2-D echocardiography to allow 

more precise localisation of abnormal flow in a specific area within the heart.  It is useful 

for evaluating the nature of blood flow within the heart with optimal imaging planes as 

parallel to blood flow as possible.53  It is not as accurate in recording high velocity flow 

as is continuous-wave Doppler.  The latter should be combined with pulsed-wave 

Doppler because of loss of specific anatomical location when continuous-wave Doppler 

is used alone.  Colour-flow Doppler is used to determine blood flow velocity, direction 

and turbulence, displayed with different colour-flow maps.53 
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1.2.6 Fractional shortening: 

 

Fractional shortening is a parameter of ventricular performance and is used as an estimate 

of myocardial contractility.  It can be calculated as the percentage change in end diastolic 

left ventricular internal diameter (LVIDd) and end systolic left ventricular internal 

diameter (LVIDs).53   

 
FS (%) = LVIDd – LVIDs   x  100 
                        LVIDd 
 

Fractional shortening has several significant shortcomings and is not only dependent on 

left ventricular contractility, but also preload, afterload and HR.17,36,59  A reduction in FS 

may be found in cases of myocarditis or cardiomyopathy, as well as following 

administration of sedative drugs, while a significant reduction in afterload, or increased 

preload will give rise to an increased FS.45   

 

1.2.7 Stress echocardiography: 

 

Poor performance is commonly encountered in equine medicine, and cardiac disease is 

considered the third most common cause of poor performance in the equine athlete after 

diseases of the musculoskeletal and respiratory systems respectively.52  These 

cardiovascular abnormalities often go undetected due to the subclinical presence of 

myocardial disease at rest and may only become apparent when there is a demand for 

maximal cardiac output leading to alterations in cardiac dimensions and 
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function, which can then be detected echocardiographically.19  Echocardiographic 

evaluation at rest gives little information regarding cardiac function under stress load, 

therefore performing echocardiography immediately after a stress test may contribute to 

the evaluation of horses with poor performance or suspected subclinical myocardial 

dysfunction at rest.54  

 

Exercise stress echocardiography involves an echocardiographic examination of the left 

ventricle at rest and immediately after a near-maximal to maximal treadmill test.52  

Physiologically, increases in myocardial contractility will only persist briefly following 

exercise, and stress echocardiography should be performed within 2-3 minutes following 

high intensity exercise while the heart rate is still in excess of 100 beats per minute 

(bpm).20,27,52  A pharmacological stress test has been investigated as an alternative to 

exercise stress echocardiography.58 

  

The normal response of the equine myocardium after high-intensity exercise during 

systole is an increase in the thickening of the interventricular septum and left ventricular 

free-wall.52  The FS should be at least the same or increased relative to pre-stress 

echocardiography.52  Horses with low normal or slightly decreased resting myocardial 

function may show a normal post-exercise response or marked post-exercise left 

ventricular dysfunction, seen as decreased FS, dyskinesis or akinesis.20,27,52 As the HR 

slows, FS will return to normal and it is therefore essential that stress echocardiography 

be performed in the immediate post-exercise period.52,54 
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1.3 ELECTROCARDIOGRAPHY 

 

Co-ordinated myocardial contraction and relaxation depends on normal electrical 

excitation via the specialized conduction pathway within the heart.   Myocytes within the 

atria and ventricles possess properties of excitability, refractoriness and conductivity.44 

These electrophysiological features of myocytes result from specific properties of the 

cardiac cell membrane.  The spontaneous generation of electrical activity is caused by ion 

fluxes across the cell membrane resulting in different concentrations of ions and proteins 

either side of the cell membrane generating a potential difference in electrical charge 

across the cell membrane.44 The ECG records these changes in electrical potential 

difference across the heart during depolarization (systole) and repolarisation (diastole) 

respectively.12   

 

1.3.1 Interpretation of the electrocardiogram: 

 

In horses, ECGs are most useful to detect dysrhythmias and are critical in identifying 

abnormalities in heart rhythm.  The clinical application of equine electrocardiography has 

been studied extensively over the years.  Understanding the underlying physiological 

principles facilitates interpretation of the equine ECG.  

 

The mono- or bi-phasic P wave on the ECG represents depolarisation and contraction of 

the atria, caused by depolarisation of the sino-atrial node in the right atrial wall.  The 
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impulse generated from the SA node will travel to the atrioventricular node and the 

bundle of His.  This phase corresponds with the P-R interval on the ECG.  The QRS 

complex represents depolarisation of the ventricular syncytium, while the T-wave seen on 

the ECG represents repolarisation.  

 

Sustained, or frequently occurring arrhythmias are easily detected in the resting horse, 

however, intermittent or exercise-induced arrhythmias are more difficult to detect.54  

Horses have large fluctuations in sympathetic and parasympathetic tone in the recovery 

period following exercise and significant arrhythmias are most frequently detected in the 

immediate post-exercise period.   Detection of arrhythmias often requires additional 

diagnostic methods, and a variety of ambulatory ECG systems are available for use in 

horses, including 24-hour Holter monitor and radiotelemetric monitoring systems.19 

Ambulatory electrocardiography is a term used to describe any system that records the 

ECG over a certain time period, with analysis only performed once the monitor has been 

removed from the patient.    

 

1.3.2 Telemetric electrocardiography:  

 

Telemetric ECG is regarded as the technique of choice to accurately diagnose 

arrhythmias present in the exercising horse.19 It consists of electrodes with leads attached 

to a small radio transmitter that sends the electrocardiographic signal to a distant receiver.  

The system utilises a modified base-apex system with one electrode placed near the 
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withers on the left side and the second electrode placed near the apex of the horse’s heart, 

also on the left side.  The electrodes are applied underneath a surcingle or saddle around 

the horse’s thorax.  It provides instant, continuous streaming that can be viewed, while 

information can simultaneously be stored to be analysed at a later stage with additional 

software programs.54 It has the advantage of identifying arrhythmias immediately, while 

simultaneously providing combined functionality as an ambulatory system due to the 

system’s data storage capability. 
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Figure 1.1  Components of the sarcomere illustrating the position of cardiac 
troponin I, -C and -T respectively.  (Modified from: http://www.thailabonline.com/lab-
tropnin.htm) 
 
 
 

         
 
 
 
 
 

 

 
 
 



 

    Chapter 1                  20

 
Figure 1.2  Right parasternal short-axis B-mode echocardiogram and 
corresponding M-mode echocardiogram of the left ventricle obtained from a 
15-year-old Lipizzaner stallion.   
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A, B-mode echocardiogram; B, M-mode echocardiogram; LV, left ventricle; RV, right 
ventricle.  
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    Table 1.1  Selection of assays used to measure cardiac troponin I  
    in horses.              

 
 
 
21 

  
  Chapter 1 

 
 
 



 

Chapter 1 22

 

 
1. ADAMS, J.E. Clinical application of markers of cardiac injury: basic concepts 

and new considerations.  Clinica Chimica Acta 1999; 284: 127-134. 
2. ADAMS, J.E.,  SCHECHTMAN, K.B., LANDT, Y., LADENSON, J.H., JAFFE, 

A.S. Comparable detection of acute myocardial infarction by creatine kinase MB 
isoenzyme and cardiac troponin I.  Clinical Chemistry 1994; 40: 1291-1295. 

3. ALPERT, J.S., THYGESEN, K., ANTMAN, E., BASSAND, J.P. Myocardial 
infarction redefined: a consensus document of the joint European society of 
Cardiology/American College of Cardiology Committee for the redefinition of 
myocardial infarction.  Journal of the American College of Cardiology 2000; 36: 
959-969. 

4. AMMANN, P., FEHR, T., MINDER, E.I., GUNTER, C., BERTEL, O. Elevation 
of troponin I in sepsis and septic shock.  Intensive Care Medicine 2001; 27: 965-
969. 

5. ARCHER, J. Cardiac biomarkers: a review.  Comparative Clinical Pathology 
2003; 12: 121-128. 

6. BABUIN, L., JAFFE, A.S. Troponin: the biomarker of choice for the detection of 
cardiac injury.  Canadian Medical Association Journal 2005; 173: 1191-1202. 

7. BASIT, M., BAKSHI, N., HASHEM, M., ALLEBBAN, Z., LAWSON, N., 
ROSMAN, H.S., MACIEJKO, J.J. The effect of freezing and long-term storage 
on the stability of cardiac troponin T.  American Journal of Clinical Pathology 
2007; 128: 164-167. 

8. BEGG, L.M., HOFFMANN, K.L., BEGG, A.P. Serum and plasma cardiac 
troponin I concentrations in clinically normal Thoroughbreds in training in 
Australia.  Australian Veterinary Journal 2006; 84: 336-337. 

9. BLISSITT, K.J., BONAGURA, J.D. Pulsed wave Dopller echocardiography in 
normal horses. Equine Veterinary Journal Supplement 1995; 19: 38-46. 

10. BLISSITT, K.J., BONAGURA, J.D. Colour flow Doppler echocardiography in 
normal horses.  Equine Veterinary Journal Supplement 1995; 19: 47-55. 

11. BONAGURA, J.D., BLISSITT, K.J. Echocardiography. Equine Veterinary 
Journal Supplement 1995; 19: 5-17. 

12. BONAGURA, J.D., REEF, V.B. Disorders of the cardiovascular system.  In 
REED, S.M., BAYLY, W.M. & SELLON, D.C., eds.  Equine Internal Medicine. 
2nd ed. Saunders, St. Louis. 2004; 355-459. 

13. COLLINSON, P.O., BOA, F.G., GAZE, D.C. Measurement of cardiac troponins.  
Annals of Clinical Biochemistry 2001; 38: 423-449. 

14. CORNELISSE, C.J., SCHOTT, H.C., II., OLIVIER, N.B., MULLANEY, T.P., 
KOLLER, A., WILSON, D.V., DERKSEN, F.J. 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.

1.5  REFERENCES 

 
 
 



 

Chapter 1 23

 
15. CUMMINS, B., CUMMINS, P. Cardiac specific troponin-I release in canine 

experimental myocardial infarction: development of a sensitive enzyme-linked 
immunoassay.  Journal of Molecular Cell Cardiology 1987; 19: 999-1010. 

16. DIANA, A., GUGLIELMINI, C., CANDINI, D., PIETRA, M., CIPONE, M. 
Cardiac arrhythmias associated with piroplasmosis in the horse: A case report.  
Veterinary Journal 2007; 174: 193-195. 

17. DITTOE, N., STULTZ, D., SCHWARTZ, B.P., HAHN, S.H. Quantitative left 
ventricular systolic function: From chamber to myocardium.  Critical Care 
Medicine Supplement 2007; 35: 330-339. 

18. DIVERS, T.J., KRAUS, M.S., JESTY, S.A., MILLER, A.D., MOHAMMED, H. 
O., GELZER, A.R., MITCHELL, L.M., SODERHOLM, L.V., DUCHARME, 
N.G. 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. 

19. DURANDO, M.M. Clinical techniques for diagnosing cardiovascular 
abnormalities in performance horses.  Clinical Techniques in Equine Practice 
2003; 2: 266-277. 

20. DURANDO, M.M., REEF, V.B., BIRKS, E.K. Right ventricular pressure 
dynamics during exercise: relationship to stress echocardiography.  Equine 
Veterinary Journal Supplement 2002; 34: 472-477. 

21. DURANDO, M.M., REEF, V.B., KLINE, K., BIRKS, E.K. Acute effects of short 
duration, maximal exercise on cardiac troponin I in healthy horses.  Equine and 
Comparative Exercise Physiology 2007; 3: 217-223. 

22. DURANDO, M.M., SLACK, J., REEF, V.B., BIRKS, E.K. Right ventricular 
pressure dynamics and stress echocardiography in pharmacological and exercise 
stress testing.  Equine Veterinary Journal Supplement 2006; 36: 183-192. 

23. EBASHI, S. The Croonian lecture, 1979: Regulation of muscle contraction.  
Proceedings of the Royal Society of London Series B Biological Science 1980; 
207: 259-286. 

24. FENNELL, L., CHURCH, S., TYRELL, D., FORBES, G., CHARLES, J., 
McCOWAN, C., SAVAGE, C. Double-outlet right ventricle in a 10-month-old 
Friesian filly.  Australian Veterinary Journal 2009; 87: 204-209. 

25. FREGIN, G.F. Electrocardiography. Veterinary Clinics of North America. Equine 
Practice 1985; 1:419-432. 

26. FRYE, M.A., SELDERS, C.G., MAMA, K.R., WAGNER, A.E., BRIGHT, J.M. 
Use of biphasic electrical cardioversion for treatment of idiopathic atrial 
fibrillation in two horses.  Journal of the American Veterinary Medical 
Association 2002; 220: 1039-1045. 

27. GEHLEN, H., MARNETTE, S., ROHN, K., ELLENDORF, F., STADLER, P. 
Echocardiographic comparison of left ventricular dimensions and function after 
standardized treadmill exercise in trained and untrained healthy Warmblood 
horses.  Equine and Comparative Exercise Physiology 2006; 3: 3-11. 

28. GUPTA, S., DE LEMOS, J.A. Use and misuse of cardiac troponins in clinical 
practice.  Progress in Cardiovascular Disease 2007; 50: 151-165. 

 
 
 



 

Chapter 1 24

 
29. HALLOWELL, G.D., BOWEN, I.M. Cardiac Troponin I in equine surgical colic 

patients: Myocardial damage due to endotoxemia or hypoperfusion?  Journal of 
Veterinary Internal Medicine 2007; 21: 604. 

30. HERNDON, W.E., KITTLESON, M.D., SANDERSON, K., DROBATZ, K.J., 
CLIFFORD, C.A., GELZER, A., SUMMERFIELD, N.J., LINDE, A., SLEEPER, 
M.M. Cardiac troponin I in feline hypertrophic cardiomyopathy.  Journal of 
Veterinary Internal Medicine 2002; 16: 558-564. 

31. HOLBROOK, T.C., BIRKS, E.K., SLEEPER, M.M., DURANDO, M. Endurance 
exercise is associated with increased plasma cardiac troponin I in horses.  Equine 
Veterinary Journal Supplement 2006; 36: 27-31. 

32. JESTY, S.A., KRAUS, A., GELZER, M., RISHNIW, M., MOÏSE, N.S. 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. 

33. KEFFER, J.H. Myocardial markers of injury: Evolution and insights.  American 
Journal of Clinical Pathology 1996; 105: 305-320. 

34. KORFF, S., KATUS, H.A., GIANNITSIS, E. Differential diagnosis of elevated 
troponins.  Heart 2006; 92: 987-993. 

35. KRAUS, M.S., JESTY, S.A., GELZER, A.R., DUCHARME, N.D., 
MOHAMMED, H.O., DIVERS, T.G. Characterization of cardiac troponin I as an 
indicator of cardiac damage in horses utilizing an i-STAT-1.  American Journal of 
Veterinary Research 2010; 71: 55-59. 

36. MARR, C.M., BRIGHT, J.M., MARLIN, D.J., HARRIS, P.A., ROBERTS, C.A. 
Pre-and post exercise echocardiography in horses performing treadmill exercise in 
cool and hot/humid conditions.  Equine Veterinary Journal Supplement 1999; 
30:131-136. 

37. NEUMAYR, G., GAENZER, H., PFISTER, R., STURM, W., 
SCHWARZACHER, S.P. Plasma levels of cardiac troponin I after prolonged 
strenuous endurance exercise.  American Journal of Cardiology 2001; 87: 369-
371. 

38. 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. 

39. O'BRIEN, P.J. Blood cardiac troponin in toxic myocardial injury: archetype of a 
translational safety biomarker.  Expert Revolutionary Molecular Diagnostics 
2006; 6: 685-702. 

40. O'BRIEN, P.J. Cardiac troponin is the most effective translational safety 
biomarker for myocardial injury in cardiotoxicity.  Toxicology 2008; 3: 206-218. 

41. O'BRIEN, P.J., DAMERON, G.W., BECK, M.L., BRANDT, M. Differential 
reactivity of cardiac and skeletal muscle from various species in two generations 
of cardiac troponin-T immunoassays.  Research in Veterinary Science 1998; 65: 
135-137. 

42. O'BRIEN, P.J., LANDT, Y., LADENSON, J.H. Differential reactivity of cardiac 
and skeletal muscle from various species in a cardiac troponin I immunoassay.  
Clinical Chemistry 1997; 12: 2333-2338. 

 
 
 



 

Chapter 1 25

43. PANTEGHINI, M. Assay-related issues in the measurement of cardiac troponins.  
Clinica Chimica Acta 2009; 402: 88-93. 

44. PATTESON, M.W. Electrophysiology and arrhythmogenesis.  In MARR, C.M., 
ed. Cardiology of the Horse. WB Saunders, London 1999; 51-65. 

45. PATTESON, M.W. Two-dimensional and M-mode echocardiography.  In 
MARR, C.M., ed.  Cardiology of the Horse. WB Saunders, London 1999; 93-116. 

46. PATTESON, M.W., GIBBS, C., WOTTON, P.R., CRIPPS, P.J. 
Echocardiographic measurements of cardiac dimensions and indices of cardiac 
function in normal adult Thoroughbred horses.  Equine Veterinary Journal 
Supplement 1995; 19: 18-27. 

47. PEEK, S.F., MARQUES, F.D., MORGAN, J., STEINBERG, H., ZOROMSKI, 
D.W., McGUIRK, S. Atypical acute monensin toxicosis and delayed 
cardiomyopathy in Belgian draft horses.  Journal of Veterinary Internal Medicine 
2004; 18: 761-764. 

48. PHILIPS, W., GIGUÈRE, S., FRANKLIN, P.R., HERNANDEZ, J., ADIN, D., 
PELOSO, J.G. Cardiac troponin I in pastured and race-training Thoroughbred 
horses.  Journal of Veterinary Internal Medicine 2003; 17: 597-599. 

49. PIPER, H.M., SCHWARTZ, P., SPAHR, R., HUTTER, J.F., SPIECKERMANN, 
P.G. Early enzyme release from myocardial cells is not due to irreversible cell 
damage.  Journal of Molecular Cell Cardiology 1984; 4: 385-388. 

50. PIPERS, F.S., HAMLIN, R.L. Echocardiography in the horse.  Journal of the 
American Veterinary Medical Association 1977; 170: 815-819. 

51. REEF, V.B.  Review article: Heart murmurs in horses: determining their 
significance with echocardiography.  Equine Veterinary Journal Supplement 
1995; 19: 71-80. 

52. REEF, V.B. Stress echocardiography and its role in performance assessment.  
Veterinary Clinics of North America. Equine Practice 2001; 17: 179-189. 

53. REEF, V.B. Cardiovascular ultrasonography.  In REEF, V.B., ed.  Equine 
Diagnostic Ultrasound. Saunders Co, Philadelphia. 1998; 215-272. 

54. REEF, V.B. Ambulatory and exercise electrocardiography and post-exercise 
Echocardiography.  In MARR, C.M., ed.  Cardiology of the Horse. WB Saunders, 
London. 1999; 150-160. 

55. RISHNIW, M., SIMPSON, K.W. Cloning and sequencing of equine cardiac 
troponin I and confirmation of its usefulness as a target analyte for commercial 
troponin I analyzers.  Journal of Veterinary Diagnostic Investigation 2005; 17: 
582-584. 

56. RICCHIUTI, V., SHARKEY, S.W., MURAKAMI, M.M., VOSS, E.M., APPLE, 
F.S. Cardiac troponin I and T alterations in dog hearts with myocardial infarction: 
correlation with infarct size.  American Journal of Clinical Pathology 1998; 110: 
241-247. 

57. RIFAI, N., DOUGLAS, P.S., O’TOOLE, M., RIMM, E., GINSBURG, G.S. 
Cardiac troponin T and I, echocardiographic [correction of elctrocardiographic] 
wall motion analyses and ejection fraction in athletes participating in the Hawaii 
Ironman Triathlon.  American Journal of Cardiology 1999; 83: 1085-1089. 

 

 
 
 



 

Chapter 1 26

 
58. SANDERSON, C.F., DETILLEUX, J., DE MOFFARTS, B., VAN LOON, G., 

AMORY, H. Effect of atropine-dobutamine stress test on left ventricular 
echocardiographic parameters in untrained Warmblood horses.  Journal of 
Veterinary Internal Medicine 2006; 20: 575-580. 

59. SCHEFER, K.D., BITSCHNAU C., WEISHAUPT, M.A., SCHWARZWALD, 
C.C. Quantitative analysis of stress echocardiograms in healthy horses with 2-
dimensional (2D) echocardiography, anatomical M-mode, tissue Doppler 
imaging, and 2D speckle tracking. Journal of Veterinary Internal Medicine 2010; 
24: 918-931. 

60. SCHOBER, K.E., 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 the American 
Veterinary Medical Association 2002; 221: 381-388. 

61. 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. 

62. SLACK, J.A., McGUIRK, S.M., ERB, H.N., LIEN, L., COOMBS, D., SEMRAD, 
S.D., RISEBERG, A., MARQUES, F., DARIEN, B., FALLON, L., BURNS, P., 
MURAKAMI, M.A., APPLE, F.S., PEEK, S.F. Biochemical markers of cardiac 
injury in normal, surviving septic, or nonsurviving septic neonatal foals.  Journal 
of Veterinary Internal Medicine 2005; 19: 577-580. 

63. SLEEPER, M.M., CLIFFORD, C.A., LASTER, L. Cardiac troponin in the normal 
dog and cat. Journal of Veterinary Internal Medicine 2001; 15: 501-503. 

64. SMITH, G.W., CONSTABLE, P.D., FOREMAN, J.H., EPPLEY, R.M., 
WAGGONER, A.L., TUMBLESON, M.E., HASCHEK, W.M. Cardiovascular 
changes associated with intravenous administration of fumonisin B1 in horses.  
American Journal of Veterinary Research 2002; 63: 538-545. 

65. VOROS, K., HOLMES, J.R., GIBBS, C. Measurement of cardiac dimensions 
with two-dimensional echocardiography in the living horse.  Equine Veterinary 
Journal 1991; 23: 461-465. 

66. WELLS, S.M., SLEEPER, M. Cardiac Troponins.  Journal of Veterinary 
Emergency and Critical Care 2008; 18: 235-245. 

67. YOUNG, L.E., SCOTT, G.R. Measurement of cardiac function by transthoracic 
echocardiography: day to day variability and repeatability in normal 
Thoroughbred horses.  Equine Veterinary Journal 1998; 30: 117-122. 

 
 
 

 
 
 



 

Chapter 2 27

 

 
2.1 ABSTRACT 

 

Increased concentration of cTnI is associated with piroplasmosis, ventricular tachycardia 

and short-term high intensity exercise in horses. Anecdotal reports exist of acute death in 

stallions during and immediately after breeding and this may be due to myocardial injury. 

We hypothesized that cTnI and FS would increase following semen collection. 

 

Fourteen clinically healthy, phantom-trained stallions were studied. Echocardiography 

was performed prior to semen collection and heart rate recorded prior to, during and after 

semen collection using cardiac telemetry.  Fractional shortening was determined within 

five minutes following semen collection. cTnI concentrations were measured using a 

chemiluminescent immunoassay pre-semen collection and at 4, 6, 12 and 24 hours post-

semen collection.  Linear regression analysis was used to determine the associations 

between the predictors (HR, age, weight and FS) and change in cTnI concentration.  

 

 

Chapter 2: Changes in cardiac troponin I concentration and 

echocardiographic parameters after semen collection 

in stallions 
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cTnI concentrations were available for eleven stallions.  Compared with pre-semen 

collection cTnI concentration (0.001 [interquartile range 0.001-0.03] ng/ml), cTnI 

concentration was significantly increased at 4 (0.01 [0.001-0.09] ng/ml, P = 0.016) and 6 

hours (0.01 [0.001-0.11] ng/ml, P = 0.010), but not at 12 (0.01 [0.001-0.06] ng/ml, P = 

0.396) and 24 hours (0.001 [0.001-0.06] ng/ml, P = 0.623) post-semen collection. No 

significant association was found between the measured predictors and change in cTnI 

concentration. 

 

Data suggest that cTnI concentration may increase after semen collection. This may not 

be of clinical significance, but should be considered in stallions with suspected cardiac 

disease. 

 

2.2 INTRODUCTION 

 

Cardiac troponin I is a sensitive and tissue-specific diagnostic biomarker and is regarded 

as the biomarker of choice for detection of myocardial injury in human medicine.1,10 Its 

structure is highly conserved among mammalian species and researchers have concluded 

that commercial immunoassays designed to detect human cTnI can be used in veterinary 

medicine.16,17,21,22 

 

Investigation of cardiac biomarkers in horses has been limited.  In 1997, O'Brien et al.17 

identified cTnI as a potential useful test for detecting myocardial cell injury in horses. 
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Normal reference ranges for equine cTnI have recently been established and the value of 

cTnI as a cardiac biomarker in horses is supported by studies demonstrating increased 

cTnI concentrations in horses with a wide range of clinical conditions.2,4-7,19,26,27   

 

Anecdotal reports exist on acute death in stallions during and immediately following 

breeding, which may be attributable to myocardial injury.  There is a paucity of literature 

regarding cardiac and physiological indices associated with breeding in stallions, with 

only report on continuous HR and sympathetic nerve activity during and after copulation 

in stallions.28  However, cardiac biomarkers were not investigated. 

 

2.3 OBJECTIVES 

 

To mimic the effect of breeding on physiological indices in stallions, a study was 

designed that closely resembles natural breeding conditions of stallions.  The objective of 

this study was to determine whether myocardial injury occurs in stallions following 

semen collection through the use of echocardiography, telemetric electrocardiography 

and determination of serum cTnI concentrations.   

 

2.4 HYPOTHESES 

 

We hypothesized that:  

1. cTnI increases following semen collection. 

2. FS increases in the immediate post-semen collection period. 
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2.5 MATERIALS AND METHODS 

 

2.5.1 Stallions and selection criteria: 

 

To determine the effect of semen collection on the myocardium of breeding stallions, 14 

clinically healthy phantom-trained stallions with no history of cardiac or systemic disease 

were selected for study.  Enrolment was based on owner consent.  Stallions were 

determined to be clinically healthy based on physical examination at rest (including 

cardiac and pulmonary auscultation), haematology and echocardiography.  Stallions were 

admitted to the Onderstepoort Veterinary Academic Hospital (OVAH) between April and 

September 2009 and hospitalised until data collection of each individual stallion was 

completed.  Stallions were individually housed and fed free choice teff hay and lucerne, 

while fresh water was always available.  Concentrates were given according to owner’s 

instructions.  This study was approved by the University of Pretoria Animal Use and Care 

Committee (protocol number V011-09). 
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2.5.2 Experimental protocol: 

 

Complete physical and cardiac examination at rest was followed by blood collection via 

left jugular venipuncture for haematology. 

 

2.5.2.1 Echocardiography: 

 

A complete echocardiographic examination was performed by a board certified 

radiologist at all times using a Logic E compact ultrasound system (Logiq E Console, GE 

Healthcare UK Ltd., St. Giles, UK) with a 3S-Rs Sector Phased Array Comfort Scan 

Probe.  All B-mode, M-mode and Doppler measurements were recorded and results 

compared to normal published values for horses.3,18,30  Echocardiographic examinations 

were performed without sedation.  With the exception of one stallion, all 

echocardiographic examinations were performed within the stable to minimise stress and 

restrict movement. 

 

B-mode 

The heart was examined using B-mode in the left and right parasternal long and short axis 

views to evaluate the anatomy, particularly the echogenicity of the myocardium, the 

valve leaflets (mitral valve [MV], tricuspid valve [TV], aortic valve [AoV], pulmonary 

valve [PV]), and the movement of the heart or presence of any pathology. B-mode 

measurements were made of the left atrium width (LA), pulmonary artery (PA) width and 

maximal aortic width at the sinus of Valsalva. 
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M-mode 

M-mode measurements were made from the right parasternal short axis including LVIDd, 

left ventricular free wall in diastole (LVFWd), interventricular septum in diastole (IVSd), 

LVIDs, left ventricular free wall in systole (LVFWs), interventricular septum in systole 

(IVSs) and FS. 

 

Doppler 

The E and A peak velocities in cm/s at the MV and TV were measured as well as the 

peak forward flow velocities at the AoV and PV.  Colour flow Doppler was used to 

determine the presence of turbulence or valvular regurgitation, and if present, the width 

and length of the latter was measured.  Using SD, the peak velocity and nature (laminar 

or turbulent) of the regurgitant jet was measured. 

 

Fractional shortening was determined within five minutes of semen collection (Figure 

2.1) and again at two hours post-semen collection at rest in the stable.  Both 

measurements were taken from a right parasternal axis.  The right forelimb was extended 

as far forward as the stallion would tolerate to allow quick and easy access for optimal 

left ventricular M-Mode echocardiography. 
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2.5.2.2 Telemetric electrocardiographic recordings: 

 

On the morning following admission to the hospital, a telemetric ECG device (Kruuse 

Televet 100, Rosch and Associates Information Engineering, Frankfurt, Germany) was 

attached to each stallion and the HR monitored via cardiac telemetry.  The antenna side 

of the device was positioned away from the stallion to ensure maximum range.  The 

green electrode was placed on the sternum of the stallion, the red electrode on the left 

side of the thorax about 15-20cm below the top of the thorax.  The black electrode was 

placed halfway between the green and red electrode (Figure 2.2), while the yellow 

electrode was placed on the right side of the stallion’s thorax in a position similar to the 

red electrode.  All electrodes were tightly fixed with 100 mm adhesive tape and a girth 

(Figure 2.3).  Care was taken to position the electrodes in a way to avoid interference 

with semen collection and echocardiographic measurements immediately post-semen 

collection.  The device was connected to a notebook and data were continuously streamed 

and recorded for the period from 15 minutes prior to semen collection to 20 minutes after 

semen collection.  Different stages of semen collection were identified and included:  

Stage 1; at rest in the stable prior to semen collection, 

Stage 2; in a holding area, prior to entering the collecting area, but still out of sight of the 

phantom (Figure 2.4), 

Stage 3; entering the collecting area with visual stimulation by a mare in oestrus, 

Stage 4; successful mounting until dismount of the phantom, 

Stage 5; ejaculation, and 

Stage 6; at rest in the stable post-semen collection. 
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2.5.2.3 Semen collection and evaluation: 

 

After visual stimulation of the stallion to a mare in oestrus, the stallion was allowed to 

mount the phantom (Figure 2.5).  All ejaculates were collected using a Missouri-model 

artificial vagina (Mintub, Tiefenbach, Germany).  The fresh ejaculated semen was filtered 

using sterile gauze immediately after collection while the gel-free semen was used for 

evaluation and processing.  The evaluation of the raw semen included: gel-free semen 

volume, determination of sperm concentration (x 106 sperm/ml) using SpermaCue® 

(Minitüs Tiefenbach, Germany), sperm morphology by Eosin Nigrosin staining, and 

individual sperm motility after dilution in modified Kenney’s extender by phase contrast 

microscopy at 37ºC. 

 

2.5.2.4 Cardiac troponin I analysis: 

 

Serum samples for cTnI analysis were collected by left jugular venipuncture prior to 

semen collection, and at 4, 6, 12, and 24 hours post-semen collection.  All samples were 

centrifuged for 8 minutes at 2,080g within 60 minutes after collection at room 

temperature (24ºC).  The serum obtained was separated and stored at -80ºC for batched 

analysis within 6 months after collection.  Cardiac troponin I measurements were 

performed with a chemiluminescent immunoassay (Access® AccuTnITM, Beckman 

Coulter, Inc., Fullerton, CA, USA) intended for the quantitative determination of cTnI 

levels in human serum and plasma.  The assay has a lower limit of detection of 0.01ng/ml 

and an analytical sensitivity of 0-0.04ng/ml and has been validated for measurement of 

equine cTnI.8 

 
 
 



 

Chapter 2 35

2.5.2.5 Statistical analysis: 

  

Statistical analyses were performed using a commercially available software program 

(Stata 10.1, StataCorp, College Station, TX, USA).  Group data are presented as medians 

and interquartile range (IQR).  For statistical purposes, cTnI concentration values below 

the limit of detection were assigned a value of 0.001ng/ml.  cTnI concentrations at 4, 6, 

12 and 24 hours post-semen collection were compared with pre-semen collection values 

using the Wilcoxon signed-ranks test.  Following log-transformation of cTnI 

concentrations, linear regression analysis was used to determine associations between the 

predictors: age, weight, HR (mean HR during each stage of semen collection, maximum 

HR and area under the curve), FS and the outcomes.  Outcomes included cTnI 

concentrations at 6 hours post-semen collection and change in cTnI concentrations from 

pre- to 4 and 6 hours post-semen collection. Mean HR for each stage of semen collection 

was obtained by dividing the total number of recorded beats by the duration of the stage 

in minutes.  Maximum HR attained over the entire trial was determined based on a 10-

beat moving average of the instantaneous heart rates derived from the R-R intervals.  An 

area under the HR curve was calculated for the period from stage 2 to stage 5 of semen 

collection.  Due to the small sample size, the use of multiple regression to control for 

confounding was not possible. Significance was set at P = 0.05. 
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2.6 RESULTS 

 

Eleven stallions with a median age of 8 (IQR 6-17) years and a median body weight of 

503 (IQR 467-550) kg completed the study.  Three stallions did not ejaculate and were 

therefore excluded.  The most commonly recruited breed was Lipizzaners (n = 5), 

followed by Warmbloods (n = 4), and an Arabian and Nooitgedacht stallion (n = 1, 

respectively).  No abnormalities were detected upon complete physical examination.  

Summary statistics for the different cTnI concentrations and variables measured are 

shown in Table 2.1.  Haematology results revealed no significant abnormalities and are 

summarised in Table 2.2.  Electrocardiograms at rest and during the semen collection 

process were normal and no dysrhythmias or arrhythmias could be detected.   

 

Echocardiographic measurements obtained at rest are shown in Table 2.3.  Four out of 11 

stallions had mild tricuspid valve regurgitation, 4/11 had mild aortic regurgitation while 

2/11 had mild mitral valve regurgitation.  One stallion had both mitral and aortic valve 

regurgitation, one stallion had both mitral and tricuspid valve regurgitation while one of 

the stallions had both a tricuspid and aortic valve regurgitation.  Secondary cardiac 

changes as a result of valvular regurgitation were not detected clinically or 

echocardiographically.  Regurgitation was therefore regarded as physiological and non-

significant. 
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Resting concentrations of cTnI were within reported reference intervals for each stallion 

(range 0-0.15ng/ml).19  Six out of eleven stallions had a resting cTnI concentration that 

was below the lower limit of detection.  Compared with pre-semen collection cTnI 

concentration, cTnI concentration was significantly increased at 4 (P = 0.016) and 6 

hours (P = 0.010), but not at 12 (P = 0.396) and 24 hours (P = 0.623) post-semen 

collection (Figure 2.7 and Table 2.1 respectively).  The first hypothesis of this study was 

therefore proved to be true. 

 

Mean heart rates during each stage of semen collection are shown in Figure 2.8 and 2.9 

respectively.  Nine stallions reached their peak HR during mounting.  Five out of eleven 

stallions failed to show an expected increase in FS immediately post-semen collection.  

HR at the time of post-semen FS measurement is shown in Table 2.5. No significant 

associations were found between any of the measured predictors and change in cTnI 

concentration from pre- to 4 and 6 hours post-semen collection, or between the measured 

predictors and cTnI concentration at 6 hours post-semen collection.   
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2.7 DISCUSSION 

 

The aim of the study was to report cTnI concentration and FS in stallions after semen 

collection.  Stallions of all breeds and ages were included for this purpose.  Although one 

breed would have lead to the ability to report cTnI within a specific population of 

stallions, we were limited to the availability of stallions within the vicinity of the OVAH 

and therefore no breed predilection was considered.  Following normal physical 

examination and haematological parameters and echocardiographic parameters, stallions 

were considered clinically healthy and suitable for inclusion in the study.  

 

2.7.1 Echocardiographic measurements of stallions:   

 

Echocardiographic examination at rest was performed within the stable to limit stress and 

excitement associated with the new environment and surroundings.  Despite an adequate 

period between admission and echocardigraphic examination, stallions were still restless 

and excited while echocardiographic measurements were taken. The interpretation of 

these measurements may be debatable as a result of excitation during measurements as 

well as the size of the stallions.  Even though the left forelimb was extended cranially to 

create adequate room for the ultrasonographer to manipulate the probe for optimum 

measurements, aortic measurements deep to the olecranon were difficult to obtain in the 

Lipizzaner stallions.  Velocities obtained for various valves varied significantly within 

stallions.  The LogicE® ultrasound machine was used for echocardiographic 
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measurements due to a superior image quality and ease of use but continuous wave 

Doppler was not a feature of this machine.  All flow velocities including regurgitation 

velocities were measured with pulse-waved Doppler, which may have underestimated 

velocity flow measurements. 

 

2.7.2 Heart rate associated with semen collection: 

 

By continually monitoring the HR of stallions during the semen collection process, we 

were able to calculate the maximum and average HR for each stallion during different 

stages of semen collection.  The peak HR reached during mounting is similar to results 

reported by Terada et al.28  Although specific time periods were identified for HR 

calculation, behavioural changes displayed by stallions differed and there were significant 

individual differences in the time from exposure to the mare in oestrus and ejaculation.  

Therefore an area under the curve for HR of each stallion was calculated to measure the 

effect of amplitude and time on cTnI concentrations post-semen collection.   

 
 
 



 

Chapter 2 40

2.7.3 Fractional shortening immediately post-semen collection: 

 

Movement due to excitement of the stallions immediately post-ejaculation precluded 

optimal determination of FS immediately post-semen collection.  Often, FS was only 

determined five minutes post-semen collection when the HR had usually already 

markedly decreased to below 100 bpm as is required for post-stress echocardiography,20 

with only four stallions displaying a HR ≥ 90 bpm (Table 2.5) at the time of post-semen 

collection FS measurement.  The exact time elapsed between ejaculation and 

measurement of FS was not recorded and significant variations in FS post-semen 

collection was seen between stallions. In treadmill-exercised horses, Schefer et al.25 

reported that FS did not differ significantly post-exercise compared with baseline values 

and commented on several disadvantages of relying on FS as a single index of LV 

systolic function in horses. Due to the variable post-semen collection FS in this study and 

findings reported by Schefer et al.25, FS alone does not accurately represent LV systolic 

function in horses, and the second hypothesis in this study proved to be more challenging. 

However, a tendency towards an increased FS post-semen collection compared to 

baseline was seen as three of the four stallions with higher heart rates also had an 

increased FS. M-mode echocardiography was performed in direct sunlight and screen 

glare reduced image quality affecting LVIDd and LVIDs measurements.  This may have 

also contributed to the decreased FS observed in five stallions following semen 

collection.   
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2.7.4 The significance of increased cardiac troponin I concentration: 

 

Results suggest that semen collection induces mild increases in circulating cTnI in 

stallions following semen collection.  The precise etiopathogenesis is yet to be 

determined, but may due to myocardial strain associated with mounting and ejaculation 

subsequent to decreased myocardial cell integrity and transient leakage of cTnI into 

circulation.  The observed increase in circulating cTnI may be a normal occurrence in 

stallions following semen collection, however this remains to be determined. 

 

Copulation in stallions is reported to be of short-term, high-intensity activity.28  Increased 

cTnI concentrations could be attributed to the short-term high intensity activity 

experienced by the stallion during mounting and ejaculation.  The increase in cTnI 

concentrations as reported in this study is consistent with previous studies in horses 

describing increased cTnI concentrations after short-term high intensity exercise.7,15  

Sexual excitement and ejaculation is controlled by sympathetic nerve signals and 

norepinephrine is predominantly secreted by the nerve endings.11  Although 

catecholamine toxicity is predominantly described in human medicine,9,24 the same may 

be true for horses.  It has been shown that the activity of the sympathetic nervous system 

peaks at mounting with 4.7-fold higher than baseline norepinephrine concentrations 

returning to normal within 10 minutes following ejaculation.28  This could lead to mild 

myocardial cell necrosis or strain, resulting in leakage of cTnI that is transient.  More 

severe myocardial injury and necrosis will lead to greater increases in cTnI 

concentrations as a result of structurally bound cTnI release. 
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Increased circulating cTnI could be due to release from skeletal muscle.  As CK and AST 

were not determined in this study, uncertainty exists to whether the observed increase in 

cTnI was due to a post-ejaculation myopathy secondary to the muscular effort required to 

support the stallion during mounting and ejaculation. Cardiac troponin I contains a unique 

N-terminal amino acid sequence that is almost exclusively expressed in the myocardium, 

even in the presence of skeletal muscle injury.12 

 

Additionally, skeletal muscle only contributes to 0.05-0.1% if cross reactivity in cTnI 

immunoassays.17 No correlation between the increased cTnI concentrations and evidence 

of skeletal muscle damage, and therefore no evidence of skeletal cross-reactivity, could 

be found in humans competing in endurance events.14,23 Cross-reactivity with skeletal 

isoforms therefore seems to be highly unlikely.   

 

2.7.5 Limitations associated with this study: 

  

This study had several limitations.  The power of statistical analysis was reduced due to 

the small number of stallions studied.  With more numbers, the statistical significance of 

increased cTnI concentration from baseline values could have either increased or 

normalised.   

 

The study was performed outside the normal breeding season for horses with lower 

ambient temperatures and shorter photoperiods compared to the normal breeding season.  

The gonadotropin-releasing hormone (GnRH) pulse-regulator is negatively influenced by 

a shorter photoperiod in the stallion.29  GnRH stimulates the release of luteinizing 
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hormone which, in return, is responsible for the synthesis of testosterone.  Both GnRH (in 

the short-term) and testosterone (long-term), is responsible for libido in the stallion.  

Higher ambient temperatures and humidity could lead to increased HR and HR recovery 

times after semen collection with increased cardiac workload and possible myocardial 

strain.13 Results obtained may have been different if this study was performed during the 

normal breeding season. 

 

The quality of M-mode echocardiographic images and accompanying FS measurements 

in the immediate post-semen collection period may have been superior if this study was 

conducted indoors, eliminating screen glare as a possible contributor to decreased post-

semen collection FS.    

 

Additionally, species specific variations may exist in the kinetics of cTnI release into 

circulation and in the kinetics of clearance from the circulation.  Appropriate sample 

collection time in horses is yet to be determined.  In this study, the intervals of sample 

collection for cTnI analysis were chosen based on human literature1 and studies reporting 

increased cTnI concentrations following short-term high intensity exercise in healthy 

horses.7,15 
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2.8 CONCLUSION 

 

In conclusion, mounting and ejaculation results in increased cTnI concentrations in 

stallions.  In the absence of myocardial histopathology, the significance of increased cTnI 

concentration observed in clinically healthy stallions following semen collection is 

difficult to determine.  The increased cTnI concentration may not be of clinical relevance 

in healthy breeding stallions, but may be of importance in stallions with suspected cardiac 

disease.  Analysis of cTnI concentration in stallions during the breeding season may have 

potential to identify stallions with possible myocardial disease. However, further 

evaluation of cTnI concentration in stallions following semen collection is needed.  The 

second hypothesis of this study could not be proved with absolute certainty, but a 

tendency towards an increased FS post-semen collection was observed in stallions with 

higher heart rates, while great variability in FS occurred among stallions displaying lower 

heart rates in the immediate post-ejaculation period. The observed variability in post-

semen collection FS in clinically healthy stallions highlights that FS should not be relied 

upon as a single index of LV systolic function in horses. 

 
 
 



 

Chapter 2 45

 
 
 
 
 
 

 

 

 

 

 

 

 

2.9  FIGURES AND TABLES 

 
 
 



 

Chapter 2 46

Figure 2.1  Right parasternal echocardiographic examination performed to 
determine the fractional shortening in the immediate post-semen collection period.   
 
 
 

 

 
The right front leg is extended forward to facilitate echocardiographic examination.   
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Figure 2.2  Accurate placement of telemetry device and electrodes.   
 
 
 

 

The antenna side of the device is positioned away from the animal to ensure maximum range. The 
red electrode is placed on the left side of the thorax about 15-20 cm below the top of the thorax 
while the green electrode was placed on the sternum.  The black electrode was placed halfway 
between the green and red electrode. 
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Figure 2.3  Telemetry device and electrodes tightly secured around the stallion’s 
chest and positioned in a way to avoid interference with the semen collection 
process. 
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Figure 2.4  Telemetric electrocardiographic tracing obtained from a Lipizzaner 
stallion.   
 
 
 

 
 
 
The instantaneous heart rate is displayed in the upper left hand corner. 
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Figure 2.5  Stage 3 of semen collection.   
  
 
 

 
 
 
The stallion is in a holding area, prior to entering the collecting area, but still out of sight of the 
phantom.   
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Figure 2.6  Stage 5 of semen collection (ejaculation) after visual stimulation by a 
mare in oestrus. 
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Figure 2.7  Box and whisker plots of changes in cardiac troponin I concentration.  
 
  
 

 
 
 
The horizontal line in each box represents the median value.  Boxes represent the interquartile 
range (IQR [25th to 75th percentile]).  Whiskers extend to the upper adjacent value (largest value 
≤75th percentile + 1.5 x IQR).  Outliers are plotted as ( • ).  Cardiac troponin I values that differed 
significantly (P<0.05) are indicated. 
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Figure 2.8  Average heart rate using cardiac telemetry at different stages of semen   
collection.   
 
 
 

 
 
 
Different stages of semen collection were identified and included: at rest inside the stable prior to 
semen collection (stage 1); in a holding area, prior to entering the collecting area, but still out of 
sight of the phantom (stage 2); entering the collecting area with visual stimulation by a mare in 
oestrus (stage 3); successful mounting until dismount of the phantom (stage 4); ejaculation (stage 
5) and at rest in the stable post-semen collection (stage 6).   
 
Each colour represents a different stallion: 
Stallion 1: ▬▬ 
Stallion 2: ▬▬ 
Stallion 3: ▬▬ 
Stallion 4: ▬▬ 
Stallion 5: ▬▬ 
Stallion 6: ▬▬ 
Stallion 7: ▬▬ 
Stallion 8: ▬▬ 
Stallion 9: ▬▬ 
Stallion 10: ▬▬ 
Stallion 11: ▬▬ 
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Figure 2.9  Box and whisker plots of average heart rate using cardiac telemetry 
during different stages of semen collection.  
  
 
 

 
 
 
The horizontal line in each box represents the median.  Boxes represent the interquartile range 
(IQR [25th to 75th percentile]).  Whiskers extend to the upper (largest value ≤75th percentile + 1.5 
× IQR) and lower adjacent value (smallest value ≥25th percentile - 1.5 × IQR).  Different stages 
of semen collection were identified and included: at rest inside the stable prior to semen 
collection (stage 1); in a holding area, prior to entering the collecting area, but still out of sight of 
the phantom (stage 2); entering the collecting area with visual stimulation by a mare in oestrus 
(stage 3); successful mounting until dismount of the phantom (stage 4); ejaculation (stage 5) and 
at rest in the stable post-semen collection (stage 6). 
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Table 2.1  Cardiac troponin I concentration measured at different intervals. 
 
 
 

Stallion 
Cardiac troponin I concentration (ng/ml) 

0h 4h post-SC 6h post-SC 12h post-SC 24h post-SC 
1 0.01 0.01 0.01 0 0 
2 0.01 0.01 0.02 0.01 0.01 
3 0 0 0 0.03 0.01 
4 0 0.02 0.14 0 0 
6 0.03 0.09 0.11 0.11 0.1 
7 0 0.02 0.01 0.01 0 
8 0 0.01 0.01 0 0 
9 0 0 0 0 0 

12 0.15 0.2 0.2 0.12 0.13 
13 0.05 0.09 0.09 0.06 0.06 
14 0 0 0 0 0 

 
 
0h, prior to semen collection 
4h post-SC, 4 hours post-semen collection 
6h post-SC, 6 hours post-semen collection 
12h post-SC, 12 hours post-semen collection 
24h post-SC, 24 hours post-semen collection 
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Variable Minimum Maximum Median  IQR 

cTnI pre-SC (ng/ml) 0.001 0.15 0.001 0.001-0.03 
cTnI 4 hours (ng/ml) 0.001 0.2 0.01 0.001-0.09 
cTnI 6 hours (ng/ml) 0.001 0.2 0.01 0.001-011 
cTnI 12 hours (ng/ml) 0.001 0.12 0.01 0.001-0.06 
cTnI 24 hours (ng/ml) 0.001 0.13 0.001 0.001-0.06 
Age (years) 3 24 8 6-17 
Weight (kg) 385 700 503 467-550 
FS ejaculation (%) 21 58 34.5 29-50 
AUC HR 158 901 404 259-595 
Max HR (bpm) 152 228 178 161-200 
Ave HR stage 1 (bpm) 32 60 41 40-55 
Ave HR stage 2 (bpm) 34 121 73 61-97 
Ave HR stage 3 (bpm) 40 145 87 58-138 
Ave HR stage 4 (bpm) 56 166 128 114-157 
Ave HR stage 5 (bpm) 52 173 110 104-155 
Ave HR stage 6 (bpm) 34 70 54  51-65 

 
 

Summary statistics of different cTnI concentrations and variables measured: cTnI pre-SC, cTnI       
pre-semen collection; cTnI 4 hours, cTnI 4 hours post-semen collection; cTnI 6 hours, cTnI 6 
hours post-semen collection; cTnI 12 hours, cTnI 12 hours post-semen collection; cTnI 24 hours, 
cTnI 24 hours post-semen collection; FS ejaculation, fractional shortening in the immediate post-
ejaculation period; AUC HR, area under the heart rate curve; Max HR, maximum heart rate; Ave 
HR stage 1, average heart rate stage 1 of semen collection; stage 2, stage 2 of semen collection; 
stage 3, stage 3 of semen collection; stage 4, stage 4 of semen collection; stage 5, stage 5 of 
semen collection; stage 6, stage 6 of semen collection and IQR, interquartile range. 
 
 
 
 
 
 
 

Table 2.2  Minimum, maximum, median and interquartile range of different cardiac 
 troponin I concentrations and predictors measured.                      
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    Table 2.3  Summary of haematological parameters obtained (Part 1). 
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 Table 2.4  Summary of haematological parameters obtained (Part 2). 
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 Table 2.5  Echocardiographic measurements at rest prior to semen collection 
 and fractional shortening post-semen collection.  
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Predictor 
P-values at different outcomes 

1 2 3 
Age 0.053 0.109 0.121 

Weight 0.081 0.285 0.282 
FS-ejaculation 0.149 0.954 0.875 

FS-2 hours 0.771 0.845 0.631 
AUCHR 0.761 0.478 0.452 

HRmax 0.498 0.165 0.116 
Ave HR Stage 1 0.109 0.249 0.183 
Ave HR Stage 2 0.577 0.277 0.283 
Ave HR Stage 3 0.596 0.794 0.802 
Ave HR Stage 4 0.273 0.172 0.132 
Ave HR Stage 5 0.195 0.108 0.083 
Ave HR Stage 6 0.083 0.224 0.104 

 
 
FS-ejaculation, fractional shortening immediately following ejaculation; FS-2 hours, fractional 
shortening 2 hours following semen collection; AUCHR, area under curve for heart rate; HRmax, 
maximum heart rate; Ave HR, average heart rate; Stage 1, the stallion was at rest in the stable; 
stage 2, in a holding area, prior to entering the collecting area, but still out of sight of the 
phantom; stage 3, entering the collecting area with visual stimulation by a mare in oestrus; stage 
4, successful mounting until dismount of the phantom; stage 5, ejaculation; stage 6, at rest in the 
stable post-semen collection; 1, change in cardiac troponin I (cTnI) concentration from pre- to 4 
hours post-semen collection; 2, change in cTnI concentration from pre- to 6 hours post-semen 
collection and 3, cTnI concentration at 6 hours post-semen collection. 

Table 2.6  Statistical significance of associations between measured predictors and       
increased cardiac troponin I concentration (outcomes). 
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           Appendix 1:  Weekly schedule for data collection 
 
 
                                                  Department of Companion Animal Clinical Studies 

       Private bag X04 Onderstepoort 0110 Republic of South Africa 
Tel 012-529-8000 Fax 012-529-8300 

http://www.up.ac.za 

Faculty of Veterinary Science 

 
ETA - estimated time of arrival; CE - clinical examination; ETD - estimated time of departure; CBC - complete 
blood count; FS - fractional shortening; SC - semen collection; T1-5 - cTnI samples; ECG - telemetric 
electrocardiogram; Echo - echocardiographic examination; S - stallion 

 Monday Tuesday Wednesday Thursday Friday 
 S1 

(D1)     
S2 

(D1) 
S1  

(D2) 
S2  

(D2) 
S1  

(D3) 
S2  

(D3) 
S3 

(D1) 
S4  

(D1) 
S3 

(D2) 
S4 

(D2) 
S3 

(D3) 
S4 

(D3) 

08h00   CE/T1 CE/T1 CE CE   CE/T1 CE/T1 CE CE 

09h00   
ECG 
on 

     
ECG 
on 

   

10h00 ETA ETA SC/FS  T5    SC/FS  T5  

11h00 
CE/ 
CBC 

CE/ 
CBC 

ECG 
off 

ECG 
on 

  ETA ETA 
ECG 
off 

ECG 
on 

  

12h00   FS SC/FS ETD 
ETD/ 

T5 
CE/ 
CBC 

CE/ 
CBC 

FS SC/FS ETD 
ETD/ 

T5 

13h00 Echo      Echo      

14h00  Echo T2 FS    Echo T2 FS   

15h00             

16h00   T3 T2     T3 T2   

17h00             

18h00    T3      T3   

19h00             

20h00             

21h00             

22h00   T4      T4    

23h00             

00h00    T4      T4   

01h00             

02h00             

03h00             

04h00             

05h00             

06h00             

07h00             
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Appendix 2:  Data collection sheet 
 
Stallion: ______________ 
Date D1: ___        
         
                                                                                                          Department of Companion Animal Clinical Studies 

Private bag X04 Onderstepoort 0110 Republic of South Africa 
Tel 012-529-8000 Fax 012-529-8300 

http://www.up.ac.za 
Faculty of Veterinary Science 

 
Day 1: 
Clinical exam and cardiac auscultation at presentation: 
 

 
CBC: 
Hb  80.00 - 140.00 
RCC  5.50 - 9.50 
HT  0.24 - 0.44 
MCV  36.00 - 49.00 
MCH   
MCHC  33.00 -37.00 
RDW   
WCC  6.00 -12.00 
Ab N(total)   
AbNmat  3.54 - 7.08 
AbNimm  0.00 - 0.24 
AbLympho  1.80 - 3.60 
AbMono  0.00 - 0.72 
AbEos   
AbBaso  0.00 - 0.12 
Plt C  200.00 – 600.00 
   
   
 
Day 2: 
Clinical examination on the morning following admission: 
HR: RR: B: CRT: MM: 
 
Telemetric ECG: 
 

 
cTnI concentrations: 
T1: T2: T3: 
T4: T5:  
 
Fractional shortening: 
5 min after semen 
collection 

2 hrs after semen 
collection 
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