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Abstract: Biomarkers are biological gnomons of processes or events occurring within the body. Biomarkers can be sub-
divided into leakage enzymes (Cardiac troponin I) and functional markers (Natriuretic peptides). Some studies were
represented that these biomarkers may be changes in respiratory disorders. Therefore, present study is performed to evaluate
serumic levels of cardiac biomarkers between horses with respiratory disease and apparently healthy horses. Initially 10 horses
with manifestations of respiratory disease (include increasing of respiratory and heart rate, coughing, mucopurulent and
purulent nasal discharge, mucosal hyperemia, increased CRT) and 8 apparently healthy horses underwent a clinical
examination. Age, gender, breed and color of individual horses were recorded. CTnl and NT pro BNP were measured by
chemiluminescence immunoassay but ANP was measured by ELISA kit in the serum of blood. Electrocardiogram (ECG) has
been recorded in base-apex lead in the stall. The mean ages were of 2.1+00.8 and 1.74+0.8 in apparently healthy horses and
patient groups, respectively. The mean value level of all cardiac biomarkers (cTnl, ANP and NT pro BNP) in patient group
(0.008+0.002 ng/ml, 280.48+79.51 ng/L and 20.34+0.68 pg/ml) was higher than apparently healthy group (0.007+0.002 ng/ml,
206.92+23.01 ng/L and 20.00+0.00 pg/ml). But, the statistical differences between the groups were not significant (P>0.05).
No significant differences were found in waveforms of electrocardiograms between two groups.
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Myocardial injury is difficult to detect and diagnose in
horses. The traditional methods that have been used to detect
suspected  myocardial injury are evaluation of
electrocardiography (ECG) and echocardiography. These
methods have limitations and therefore attempts have been
made to find more sensitive markers for myocardial injury in
the horse and biomarkers have provided new options to
detect cardiac injury in different species [2, 3, 4, 5, 6-7].

Many biological markers of disease are currently available
or are on the horizon for application in several different types
of diseases in human and veterinary medicine. The most
important of these biomarkers in large animal medicine
include L-lactate, cTnl, serum amyloid A (SAA), triglyceride,

1. Introduction

Biomarkers are distinctive biological indicators of
processes or events occurring within the body. They can
indicate physiological processes (such as growth and aging),
or pathophysiological processes that occur with disease (e.g.,
cardiac damage and heart failure). Cardiac biomarkers can be
helpful in the management of cardiac and non-cardiac
diseases. In human medicine, there has been a push for the
discovery of novel cardiac biomarkers to aid in the early
detection, diagnosis, and prognosis of human cardiac
diseases [1].
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creatinine, and glucose [8]. In recent years cardiac troponin I
(cTnl), a protein involved in the interaction between actin and
myosin during contraction, has gained interest as a clinical
marker for myocardial injury in different species. cTnl is
known to leak out from injured myocardial cells and has been
shown to be a sensitive and specific marker for myocardial
injury in humans and dogs [9, 10, 11-12].

The amino acid sequence for equine cTnl has recently
been characterized and evidence supports the use of
commercial human assay systems to measure equine cardiac
troponin I [13]. Despite the sensitivity and specificity of the
troponins for cardiomyocyte necrosis, they have not proven
very useful in diagnosing heart failure, or indeed many heart
diseases, in veterinary medicine. This is likely because most
cardiac diseases in animals do not cause significant
cardiomyocyte necrosis and, therefore, the troponins would
not be expected to increase. To evaluate heart disease that
does not induce cardiomyocyte necrosis, one needs a
functional biomarker that increases as atrial and ventricular
remodeling occurs; this biomarker would then be expected to
increase with various heart diseases and heart failure. cTnl
may also be of use in other conditions that the cardiovascular
system is not involved primarily [14].

Biomarkers are may also be of use to detect reduced
exercise tolerance due to cardiovascular disease and although
they may be used to determine the prognosis of therapeutic
procedures [15]. In dogs and cats, NT pro ANP and NT pro
BNP can help differentiate animals with dyspnea from heart
failure from animals with dyspnea from extra-cardiac causes.
Additionally, the natriuretic peptides have been shown to
have some ability to distinguish between animals with
subclinical disease and animals without disease; their
performance for this being much better in cats. The
natriuretic peptides’ ability to screen for subclinical heart
disease (usually valve disease) in horses and the ability to
discriminate dyspnea caused by heart failure from dyspnea
caused by other diseases has yet to be fully determined [16,
17, 18-19].

The aims of the present study were to study concentration
of ¢Tnl, NT pro BNP and ANP in serum of apparently
healthy horses and to see if respiratory disease influences the
concentration of them.

2. Materials and Methods
2.1. Animals

In this study, 18 horses (14 male and 4 female) of three
different breeds, Arab, Kurd and cross-breed were selected
from 10 equestrian horse jokey clubs located in Tabriz area in
Iran during October 2014 to March 2015. The horses
underwent a clinical examination with specific focus on the
cardiovascular and respiratory systems (without to diagnoses
of definitive disease). Patients selected on the bases of
clinical signs. Total horses were categorized into two groups;
those with clinical signs of respiratory disease (increased
respiratory rate, coughing, nasal mucopurulent discharge,

increased heart rate, mucosal hyperemia and hyperthermia)
and hear of exocordial sound considered as patient group but
those without the aforementioned signs considered as control
group. Therefore 10 horses (55.60%) and 8 horses (44.40%)
made up patient and control groups, respectively. The horse's
categorized bases of their dental formula were aged <Syears,
5-10 years and 10-15 years with the mean age of 2.1+00.8
and 1.740.8 in control and patient groups, respectively.

2.2. Clinical Examination

Clinical examination, were done in all of the horses and
paying special attention to the cardiovascular and respiratory
systems. Types of nasal discharge (serous, seromucos,
mucopurulent and purulent) was registered for categorized of
mild, moderate or severe situation of respiratory system
compromised. Respiratory sounds were auscultated from the
lungs. Crackle and wheeze were auscultated from several
patient horses. The horses were suspected to have recurrent
airway obstruction (RAO) or IAD (inflammatory airway
disease); they had biphasic respiration and severe coughing.
After that, heart rate and rhythm were evaluated through
auscultation of heart. Conjunctive of eyes was used to
evaluate the mucosal color (normal, little hyperemic and
severe hyperemic) for evaluation of cardiovascular system.
The capillary refill time (CRT) was evaluated by pressing the
gingiva of maxillae.

2.3. Electerocardiography (ECG)

The ECG was recorded using a manual ECG unit (San-ie
ECG, E21, medical equipment service company, Iran), with
electrodes placed in a base-apex conformation which is
routinely used in large animals. The negative electrodes were
placed on the cardiac base, on the left side of the chest, and
positive electrode were placed just to jugular veins on the left
side (basal electrode). The gel was used as an extra safety to
secure the electrodes. The sensitivity, speed and lead of ECG
unit were fixed %, 25mm/sec and I respectively; thus resting
ECG was recorded. The ECG recordings were subjected to
analysis.

2.4. Blood Sampling

Venous blood (10 ml) were collected from the jugular vein
of each animal, 2 mL volume of blood collected into an
EDTA tube (EDTA K3, Italy), and the remaining 8 mL of
blood was placed in plain tubes (Z Serum Clot Activator,
VACUETTE", Austria) for the measurement of concentration
of cardiac biomarkers. The blood samples were transferred as
soon as possible to the laboratory and preserved at 4°C until
the tests done. The samples were centrifuged for 10 min at
3000g. After centrifugation, the serum was removed and
stored at — 70°C until ready for test.

2.5. ¢cTnl, ANP and NT Pro BNP Assays

The concentrations of c¢Tnl were measured with
immunoassay method in chemiluminescence (Liaison)
through diagnostic kit (Saluggia, S.P.A, Italy, DiaSorin, Inc.)
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and NT pro BNP were measured with diagnostic kit
(Lianberis, Gwynedd, LL55 4EL, UK) in Immulite 2000. The
concentration of ANP was measured with kit (Human ANP
ELISA kit, angzhou Eastbiopharm Inc., USA).

2.6. Statistical Method

SPSS19 statistical analysis software was used for
analyzing obtained results. Data of serum c¢Tnl, NT pro BNP
and ANP presented as mean+2SD. Comparisons of cardiac
biomarkers between two groups were conducted using
independent-samples T Test and Mann-Withney U. The
graphs used in this study are Boxplots. Values of P< 0.05
were considered significant.

3. Results

The mean serumic level of each of cardiac biomarkers is
shown in Table 1. For all horses, cTnl concentrations ranged

from 0 to 0.01 ng/ml. All of horses had c¢Tnl concentrations
below the reference range (<0.034 ng/ml). For all horses, NT
pro BNP concentrations ranged from 20 to 23.40 pg/ml. All
of horses had NT pro BNP concentrations below the
reference range (<28.50 ng/ml). All of horses had ANP
concentrations in the medium laboratory range (120-340
ng/L) except two horses which were exceeded the medium
laboratory range (>340 ng/L). Recently the reference range
of ANP had been determined in horses (15.6-26.4 ng/ml and
7.2-34 ng/ml) through two different methods (Gehlen et. al.
2007; Trachsel et. al. 2011) [37, 38]. Totally, the mean
serumic level of all cardiac biomarkers (cTnl, ANP and NT
pro BNP) in patient group (0.008+0.002 ng/ml, 280.48+79.51
ng/L and 20.34+0.68 pg/ml) were higher than control group
(0.007+0.002 ng/ml, 206.92423.01 ng/L and 20.00 +0.00
pg/ml) as shown in figures 1, 2 and 3 but the statistical
differences between the groups were not significant (p>0.05).

Table 1. Mean, minimum and maximum of serumic levels of cardiac biomarkers in horses with signs of respiratory disease and apparently healthy horses.

Parameter group Number Minimum Maximum Mean +(2SE) P value
o o o e
ST B I
s paten o 15771 95 soastron 008

Significance set at P 0.05*

c¢Tnl, NT pro BNP and ANP are expressed by ng/ml, pg/ml and ng/L respectively.
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Fig. 1. Plot of comparison of cTnl concentration between two groups.
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Fig. 2. Plot of comparison of NT pro BNP concentration between two groups.
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Fig. 3. Plot of comparison of ANP concentration between two groups.

No changes had been found in the waveforms and rhythm
of heart rate of electrocardiograms recorded from horses
suspected to have IAD or other respiratory disease. The only
electrocardiographic finding was sinus dysrhythmia (the
intervals between QRS complexes are equal) which is due to
increased vagal tone in horse and is known as the most
common physiologic dysrhythmia in horse (Fig.4). Sinus
dysrhythmia was the only electrocardiographic finding in the
ECG of a horse suspected to have murmur in the left heart
(Fig. 5). Totally, there was no significant difference between

the shapes of waves; the only electrocardiographic finding
was physiologic sinus dysrhythmia that was shown in 50%
and 80% of control and patient groups respectively.

Fig. 4. ECG of a horse suspected to have IAD in present study (base- apex
lead I, sensitivity: 1/2, speed: 25 mm/sec).

Fig. 5. ECG of a horse suspected to have murmur in the left heart (base-
apex lead 1, sensitivity: 1/2, speed: 25mm/sec).

4. Discussion

Cardiac troponin I (cTnl), a myocardial polypeptide, is a
highly sensitive and specific biomarker of myocardial injury
in people and dogs. The structure of ¢cTnl is highly conserved
across species, and equine myocardium has high reactivity
with human immunoassays (Rishniw and simpson, 2005)
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[13]. Increased serum cTnl is an indicator of myocardial
injury occurred in animals. In this study, the serum c¢Tnl of
all horses were reported in reference range. Despite our
results indicated that TAD (RAO) did not cause myocardial
injury but it could be said that myocardial injury was mild so
increased level of c¢Tnl was not significant. In a study
conducted by Phillips et. al. (2003) [22], serum cTnl
concentrations were determined with a colorimetric
immunoassay with sensitivity of 0.04 ng/mL. Phillips and his
colleagues found that the serum c¢Tnl concentrations in race-
training horses were not significantly different from those of
pastured horses and when two groups were combined, mean
cTnl concentration (+/-2SD) was 0.047+/-0.085 ng/mL. In
present study, the mean c¢Tnl concentration (+/- 2SD) was
0.00+/-0.00 ng/ml in apparently healthy group.

In a study conducted by Hassanpour (2014) [23], the mean
serumic level of cardiac troponin in patient group with
strangles was higher than control group and difference
between them was significant. Corpulmonale has been
reported in several domestic species, most recently in the
horse [24]. Cardiac function in horses with airway
inflammation has received limited attention, but the few
studies that were performed identified right ventricle
hypertrophy (Sage et. al, 2006) [24]. Cornelisse et. al (2000)
[25] found that serum cTnl concentrations in a horse with
myocardial disease increased so suggested that assessment of
cardiac troponin concentrations may be a useful tool in the
evaluation of horses with suspected myocardial disease. The
aim of present study was to evaluate the effects of respiratory
disease on cardiovascular system; if the cardiovascular
system had been involved secondarily and myocardium
injured, the concentration of ¢cTnl would be increased but the
concentration of cTnl of all horses were in reference range.

Van Der Vekens et. al. (2015) [26] demonstrated that
despite large quantitative differences, cTnl and cTnT are both
useful for detection of myocardial damage in horses but this
finding is not in parallel with the findings of Gehlen and et.
al. (2007). The reference range of cTnl has been determined
in dogs, cats and horses [20, 25-37]. In present study, the
reference range of cTnl was determined (<0.034 ng/ml) by
human kit and chemiluminescence method. The reference
range of ¢Tnl should be determined by every laboratory. In a
study conducted by Rishniw and Simpson (2005), a 6-amino-
acid N-terminal deletion unique to the horse was identified.
This deletion was outside the epitope region of cTnl
recognized by most commercial immunoassays and did not
affect the ability of a commercial analyzer system to detect
recombinant equine cTnl. It was hypothesized that sequence
similarity between horses and other mammals would be very
high, which would support the use of commercial c¢Tnl
detection systems in equine medicine [13].

Ver Elst and et. al. (2000) indicated that cTnl increases in
sepsis which is in agreement with the results of Fernandes
and et. al. (1999). In present study, despite the signs of
respiratory infection (purulent discharge and coughing) had
been manifested, the increased level of serum cTnl in patient
group was not significant [27, 28].

ANP and BNP will be increased when the blood is
accumulated in ventricles. BNP has diagnostic value to
distinguish between failure of right ventricle and
hypertension of pulmonary artery; thus it is hypothesized that
BNP has diagnostic and prognostic values (Yap et. al. 2004)
[29]. BNP is more preferred than ANP in clinical medicine
due to its higher half-life (Woodard and Rosado 2007) [30].
BNP not only increased in cardiac failures but also may
increase in  pulmonary  hypertension, sepsis and
hyperthyroidism (Felker et. al. 2006; Nagaya et. al. 2000)
[31, 32]. In human medicine, the prevalence of
cardiovascular disease is common among patients influenced
by COPD and it is an indicator of poor prognosis of
respiratory disease (Holguin et. al. 2005;Sin et. al. 2006) [33,
34]. In present study, it could be hypothesized that the patient
horses specially those suspected to have IAD (RAO), did not
have cardiovascular disease because no abnormalities found
in ECG and serum cTnl were in reference range. Hypoxia
and pulmonary vascular contraction might cause pulmonary
hypertension and right ventricular failure in cases severely
influenced by IAD and BNP increases (Chaouat and et. al.
2008) but in present study, NT pro BNP did not increase in
none of patient animals [35].

The use of ANP in human medicine is limited (Saito,
2010) [36]. Recently the reference range of ANP had been
determined in horses (15.6-26.4 ng/ml and 7.2-34 ng/ml)
with two different methods (Gehlen et. al. 2007; Trachsel et.
al. 2011) [37, 38]; in this study, human research ELISA kit
had been used and serum ANP of all horses had been
reported in reference range. Bando et. al. (1999) found the
cases influenced by Cor-pulmonale, the difference of mean
level between control and patient groups was significant; our
result can be agreement with the result of Bando and may be
the respiratory disease had not progressed into Cor-
pulmonale. In according to Tulevski et. al. (2011), ANP and
BNP increases when the blood pressure exceeded in right
ventricle;it may be concluded that pressure of blood in right
ventricle did not increase but this propose should be
confirmed by echocardiography [39, 40]. Regarding to the
specific half-life of each cardiac biomarker in serum and
plasma, the blood sample should be taken in appropriate time
after respiratory or cardiovascular disease occurred.

5. Conclusions

In conclusion, the results of this study indicate that, the
mean serumic level of all cardiac biomarkers (cTnl, ANP and
NT pro BNP) in patient group were higher than control group
but the statistical differences between the groups were not
significant; It may be due to small population of horses.
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