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Ionophores are antibiotics frequently used in animals of production. The most common
are monensin, salinomycin, narasin, and lasalocid. The equine species is highly susceptible to
ionophores poisoning. The present study aimed to analyze the serum use of cardiac troponin
I (cTnl) and the anti-troponin C immunohistochemistry (IHC) technique (anti-cTnC) as a
diagnostic tool for cardiac injuries in horses spontaneously poisoned by salinomycin. Seven
horses were affected by a disease lasting for 6-72 hours. Three horses recovered. The primary
morphological lesions reported in the four necropsied horses that died spontaneously were
necrosis of the myocardium and skeletal muscle. Immunohistochemistry for anti-cTnC was
performed in selected sections of the cardiac muscle from the equine submitted for necropsy.
A decrease in cTnC expression in the cytoplasm of cardiomyocytes was noticed in all four
necropsied horses. Samples of serum from six horses tested for cardiac troponin I levels; the
most expressive values were mainly in horses with more severe cardiac histological lesions.
The serum detection of cTnl can be considered a good marker to determine cardiac damage
in horses intoxicated with salinomycin with a clinical evolution of 48 hours or more. The anti-
cTnC IHC aided in the detection of cardiac injury in horses independent of clinical evolution.

INDEX TERMS: Equine diseases, salinomycin, toxic cardiomyopathy, immunohistochemistry, serum
troponin, horses.

RESUMO.- [Avaliacdo da troponina I e C em equinos
intoxicados por salinomicina.] londforos sdo antibidticos
frequentemente utilizados em animais de producdo. Dentre
eles, os mais comuns sdo a monensina, salinomicina, narasina e
lasalocida. A espécie equina é altamente suscetivel a intoxicacao
por antibidticos ion6foros. O objetivo do presente estudo
foi analisar o uso da troponina sérica cardiaca I (cTnl) e da
técnica de imuno-histoquimica anti-troponina C (IHC) (anti-
cTnC), como ferramenta diagnéstica para lesdes cardiacas em
equinos intoxicados espontaneamente por salinomicina. Sete
equinos foram afetados, com evolugéo clinica de seis a 72 horas.
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Destes, quatro foram necropsiados e trés se recuperaram. As
principais lesdes morfologicas observadas foram necrose do
miocardio e dos musculos esqueléticos. A imuno-histoquimica
anti-cTnC foi realizada em amostras selecionadas de tecido
cardiaco dos quatro equinos submetidos a necropsia. Em
todos os casos foi observada diminuicao da expressao de
cTnC no citoplasma dos cardiomi6citos. Amostras de soro
de seis equinos foram submetidas a dosagem de troponina
cardiaca I. Os valores mais altos foram observados em
equinos que apresentaram lesdes histoldgicas cardiacas mais
graves. A detecgdo sérica de cTnl pode ser considerada um
bom marcador para determinar lesdo cardiaca em equinos
intoxicados com salinomicina com evolugao clinica de 48
horas ou mais. A IHC anti-cTnC auxiliou na detec¢do da lesdo
cardiaca nos equinos independente da evolugao clinica.

TERMOS DE INDEXACAO: Doenca de equinos, salinomicina,
cardiomiopatia téxica, imuno-histoquimica, troponina sérica, equinos.
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INTRODUCTION

Ionophore antibiotics (IA) have been used in agriculture and
animal production systems, such as poultry and cattle, to control
coccidia, decrease ketosis, and increase animal growth and
weight gain. Commonly used IA are monensin, salinomycin,
narasin and lasalocid (O’Brien 2008, Cooper & Valentine
2016). Intoxication usually occurs as a result of an error in
feed formulation, use to feed non-target species, association
with some drugs that enhance its effects, and ingestion of
excessive amounts by dominant animals (Doonan et al. 1989,
Bezerraetal. 1999, BezerraJr. etal. 2000, Pavarini etal. 2011,
Cooper & Valentine 2016, Novilla et al. 2017). Horses are
highly susceptible to IA; their feed should not contain these
additives. The main lesions reported are cardiomyopathy
and necrotic myopathies (Doonan et al. 1989, Bezerra et al.
1999, Pavarini et al. 2011). Cardiovascular lesions induced
by IA consumption are often hyperacute and acute, leading
to minimal or absent histopathological lesions, making
complementary diagnostic techniques essential (Cooper &
Valentine 2016).

The correlation between the increase of serum troponin
and degenerative myocardiopathies in horses is part of several
studies (Cornelisse et al. 2000, Schwarzwald et al. 2003, Divers
et al. 2009, Nath et al. 2012, Ruby et al. 2018). Information
on the use of immunohistochemistry (IHC) to detect cardiac
lesions in different species is also available (Fishbein et al.
2003, Tunca et al. 2008, Karapinar et al. 2012, Pavarini et al.
2012, Bandinelli et al. 2014). However, information on the
serum concentration of cardiac troponin and IHC anti-cTn
in naturally [A-intoxicated horses is scarce. Therefore, the
present study aimed to analyze the use of serum cardiac
troponin I (cTnl) and the immunohistochemistry anti-troponin
C (anti-cTnC) as a diagnostic tool for cardiac injuries in horses
spontaneously poisoned by salinomycin.

MATERIALS AND METHODS

Clinical and epidemiological data were obtained directly with the
stable owner on two on-site visits. Four of seven horses showing
clinical signs of weakness underwent postmortem, histopathological
and immunohistochemical examination. During the postmortem
examination, samples of the main organs, including skeletal muscle
(hind limb and forelimb) and cardiac fragments of right and left
ventricles, plus right and left papillary muscles, were collected, fixed
in 10% buffered formalin, routinely processed for histopathology,
and stained by hematoxylin and eosin (HE). Microscopic lesions
affecting the heart and skeletal muscles were recorded and graded
as mild, moderate, and severe. The procedures described here were
conducted in accordance with the Research Committee of the Faculty
of Veterinary of the “Universidade Federal do Rio Grande do Sul”,
Brazil (no. 37662).

Immunohistochemical (IHC) analyses were performed on sections
of the heart, using the peroxidase-labeled universal polymer method
(MACH 4 HRP-Universal Polymer, Biocare Medical®, Pacheco/CA, USA)
for the monoclonal antibody Troponin C (Novo Castra®), dilution
1:40 in PBS (phosphate buffered saline). The antigen retrieval was
performed in a digital pressure cooker, pH9 TRIS EDTA buffer - 125°C
for 3 minutes. Immunolabelling was visualized using 3-amino-9-
ethylcarbazole as chromogen (AEC Romulin, Biocare Medical®,
Pacheco/CA, USA), and slides were counterstained with Harris
hematoxylin. Myocardium fragments incubated with phosphate-
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buffered saline (PBS) instead of the primary antibody served as the
negative controls. Myocardial fragments (bearing cardiomyocyte
necrosis) from cattle poisoned by Amorimia exotropica were used
as a positive control (Pavarini et al. 2012, Bandinelli et al. 2014).
Immunolabeling was graded according to the decrease in labeling.

Samples of serum from six horses were submitted to measure
the concentration of cardiac troponin [ (cTnl) 48 to 72 hours after
the onset of clinical signs. The enzyme creatine kinase (CK) and
aspartate aminotransferase (AST) of Horses 5, 6, and 7, which showed
clinical improvement after IA consumption, were also analyzed. The
exclusion of Horse 1 from the biochemical analysis was due to severe
autolytic changes. The horse’s commercial feed was collected and
forwarded to quantify monensin and salinomycin using the high-
performance liquid chromatography (HPLC) method, according
to Official Methods of Analysis of AOAC International (Horwitz &
Latimer 2005, Campbell & Nayeri 2006).

RESULTS

Epidemiology and clinical signs

The cases occurred in a property with overnight stables
for horses in the municipality of Novo Hamburgo (29°4040"
S; 51°7'51" W), Rio Grande do Sul, Brazil. Of the 42 horses
that were on the property, seven were affected. The horse’s
identification and information are available in Table 1. All
the horses were kept mostly indoors and fed a pre-dried
base of oats (Avena sativa), ryegrass (Lolium multiflorum),
and commercial feed. The stables owner reported a recent
change to a different brand in the commercial ration fed to the
horses that present clinical signs five days later. At the onset,
there was muscle weakness, locomotor difficulties, breathing
distress, and lateral recumbency. Overall, the clinical course
lasted approximately 6 to 72 hours. Of the seven affected
horses, two died spontaneously (Horses 1 and 2), two were
euthanized due to poor prognosis (Horses 3 and 4), and three
recovered (Horses 5, 6, and 7). The commercial feed analysis
revealed salinomycin in the concentration of 54.71mg/kg
(quantification limit 0.7mg/kg), and monensin levels were
below the quantification limit (quantification limit 1.40mg/
kg) (Horwitz & Latimer 2005, Campbell & Nayeri 2006).

Gross and microscopic findings

Cardiaclesions observed during postmortem examination
in the four horses submitted to necropsy were similar in all
cases, with varying severity. The lesions were characterized by
multifocal to focally extensive pale areas in the myocardium
(4/4) (Fig.1), moderate hydropericardium (3/4), and petechiae
in the epicardium (3/4). Focally extensive pale areas were

Table 1. Epidemiological aspects of horses intoxicated by

salinomycin
Horse Age Breed Sex
1* 11-years-old Criollo M
2% 4-months-old Mixed Breed F
3* 8-years-old Mangalarga Marchador M
4* 10-years-old Quarter Horse M
5# 4-years-old Quarter Horse M
6* 5-years-old Criollo M
7% 5-months-old Mixed Breed F

* Necropsied, # recovered; M = male, F = female.
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noticed in the skeletal muscle, interspersed with normal
musculature, both in appendicular and axial skeletons. These
macroscopic changes were evident in the pelvic limbs, mostly
on the gluteus muscle, and more pronounced in Horse 4.
Histologically, lesions on cardiac and skeletal muscles
corresponded, respectively, to necrotic cardiomyopathy and
myopathy. Cardiac alterations included individual and multifocal
cardiomyocyte necrosis, characterized by a homogeneous,
hypereosinophilic, shrunken cytoplasm, nuclear pyknosis, and
occasional karyolysis. Multifocally, intracytoplasmic vacuoles
and myofibril fragmentation foci were noticed, associated with
infiltrate of macrophages and mild fibroblastic proliferation
(Fig.2,4 and 6). Cardiac lesions were graded according to the
severity in mild to moderate (Table 2). Horses with mild cardiac
alterations (Horses 1 and 3) presented individual necrosis of
cardiomyocytes or small necrotic foci without inflammatory
infiltrate. Horses with moderate cardiac alterations (Horses

Fig.1. Salinomycin intoxication in horses. Heart cut surface exhibiting
focally extensive pale areas in the myocardium (asterisks).
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Fig.3. Salinomycin intoxication in horses. Heart. Multifocal areas of

decreased anti-cardiac troponin C immunolabeling (asterisks)
within the cytoplasm of altered cardiomyocytes who presented
hypereosinophilia in Figure 2. AEC, bar = 500pum.

2 and 4) exhibited accentuated necrosis of cardiomyocytes,
associated with few numbers of macrophages and fibroblasts.
Myopathy observed in the skeletal muscles was also variable
in intensity (mild to moderate). Necrotic lesions were
polyphasic and included isolated muscle fibers or small foci
characterized by myocyte hypereosinophilia, swelling and
loss of striations (hyaline necrosis). Occasionally, there was
fragmentation of myofibrils (floccular necrosis) associated
with mild infiltrating macrophages.

Immunohistochemistry and serological results

A decreased cTnC expression in the cytoplasm of
cardiomyocytes occurred in all cases. Areas histologically
characterized for necrosis exhibited accentuated loss or
absence of cytoplasmic labeling for cTnC (Fig.3, 5, and 7).
The absence of labeling frequently occurred in areas where
cardiac lesions were most severe at microscopic examination.
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Fig.2. Salinomycin intoxication in horses. Heart. Cardiomyocytes
displaying enhanced eosinophilia (asterisks). HE, bar = 500um.

‘)

DT Aenag B
A b

9 .
w. 0.2
"T.e?"ls

B
AL i&'ﬁ

8
%

Gy

Fig.4. Salinomycin intoxication in horses. Heart. Closer image demonstrating
individual necrosis and necrosis of small groups of cardiomyocytes
(asterisks). Necrotic cells hypereosinophilic and homogenous
cytoplasm, and occasional nuclear pyknosis. HE, bar = 500pm.
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However, some areas without histologic lesions also exhibited
a lack of labeling for cTnC. The anti-troponin C labeling was
intense in the cytoplasm of intact cardiomyocytes from the
cases and the cardiac fragments used as controls. Loss or
reduction in cytoplasmiclabeling in necrotic cells was graded
in each horse as mild or moderate. Immunohistochemistry
labeling and biochemical analysis are demonstrated in Table 2.

The serum concentration of cTnl was evaluated in six
horses (2, 3, 4, 5, 6 and 7). The cTnl varied between 0.005
to 6.573ng/mL (reference value: <0.04ng/mL) (Rossi et al.
2014). The results for the enzyme creatine kinase (CK), and
aspartate aminotransferase (AST) were measured in Horses
5, 6 and 7 are available in Table 2.

DISCUSSION

The diagnosis of ionophore poisoning in horses in this study
was based on epidemiological, clinical, and laboratory findings
added to the detection of salinomycin in the commercial feed
ingested by the horses. Salinomycin is considered highly toxic to
equines; however, naturally occurring cases are rarely reported
(Aleman etal. 2007). lonophore toxicosis in equines is usually
related to the consumption of monensin through the ingestion
of other species’ feed, e.g., cattle (Doonan et al. 1989, Bezerra

et al. 1999, Pavarini et al. 2012). In the outbreak described
here, the horses were fed with commercial feed exclusive
for horses, leading to the hypothesis that a mistake in the
feed formulation or problems in cleaning the manufacturer’s
equipment occurred, as already described in the literature in
similar outbreaks (Doonan et al. 1989, Bezerra et al. 1999,
Cooper & Valentine 2016, Novilla et al. 2017).

The clinical course of IA poisoning is directly related to
the consumed dose since extremely high doses can lead to
death shortly after consumption, leading to minimal cardiac
lesions (Bezerra et al. 1999). The use of IHC for troponin C
in the present study was essential for detecting the cardiac
lesion in one of the affected horses (Horse 1) since it died with
the acute course of the disease, and serum evaluation of cTnI
was not possible. In some species of domestic animals, [HC
has been used as an auxiliary method of diagnosis in cardiac
injuries (Fishbein etal. 2003, Tunca et al. 2008, Karapinar et
al. 2012), including the diagnosis of acute cardiotoxic disease
in cattle (Pavarini et al. 2012, Bandinelli etal. 2014).IHCis a
tool that can be utilized, especially in cases where the serum
troponin evaluation is not possible or when the cardiac tissue
is already fixed in formalin. Besides that, no data is available
regarding the use of IHC anti-cTnC in salinomycin naturally

Table 2. Relation between clinical evolution and histologic lesions in the heart, labeling anti-cTnC, and serum values of cTnl,
CK and AST in horses intoxicated with salinomycin

Aspartate aminotransferase (AST)
RR:361a1377U/LE

Clinical course (after the
beginning of the signals)

Horse Histology l.HC Troponin I (cTnl) Creatine kinase (CK)
Anti-cTnC RR: <0.04ng/mL* RR: <140U/L®
1* + * n/a n/a
2% ++ o 0.509 ng/mL n/a
3* + * 0.051 ng/mL n/a
4+ ++ o 6.573 ng/mL n/a
5# n/a n/a 0.009 ng/mL 359 U/L
6* n/a n/a 0.156 ng/mL 1153 U/L
7# n/a n/a 0.005 ng/mL 503 U/L

n/a 6 hours
n/a 72 hours
n/a 48 hours
n/a 72 hours
361 U/L 72 hours
1377 U/L 48 hours
662 U/L 48 hours

RR = reference range; * Rossi et al. (2014), ® Kaneko et al. (2008); *necropsy, * recovered; n/a = not evaluated; + mild cardiac lesions, ++ moderate cardiac
lesions, * mild areas of labeling depletion, ** moderate areas of labeling depletion.
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Fig.5. Salinomycin intoxicatidn inhorses. Heaft. Multifocally, severe
absence or decrease in anti-cTnC labeling (asterisks) corresponding
to the hypereosinophilic fibers of Figure 4. AEC, bar = 50pm.
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Fig.6. Salinomycin intoxication in horses. Heart. Myocardium of an equine

with prolongated clinical evolution (48 hours) exhibiting extensive
areas of necrosis of cardiomyocytes (arrows). HE, bar = 100um.
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intoxicated horses. However, the serum dosage of cTnl as
an ancillary test for early detection of cardiac lesions in
horses may not be enough. This feature may be related to the
kinetic liberation of troponin, which consists of two separate
intracellular fractions inside the cardiomyocyte. Consequential
to the acute cardiac lesion was a liberation of the cytosolic
pool, which consists of only 2 to 4% of the cTn within the cell,
resulting in an early increase of cTn in blood levels. This event
is followed by a slower liberation of structurally bounded
troponin, which results in a more long-lasting increase of
cTn (Wells & Sleeper 2008, Rossi et al. 2014).

A correlation is suggested between the affected horses’
clinical evolution, the histologic lesion’s severity, the anti-
cTnC labeling, and the serum values of cTnl. Equines with
more prominent cardiac lesions and longer clinical courses
exhibited higher serum levels of cTnl and well-demarcated
areas with a decrease or absence of cTnC expression on IHC.
Otherwise, horses that presented less extensive and mild
cardiac lesions histologically, with shorter clinical evolution,
exhibited mildly decreased areas of cTnC expression on IHC.
Besides that, Horse 3 also presented a decreased serum value
for cTnl compared to the other horses in this study. Similar
data are described in an experimental study conducted with
monensin intoxication in horses, which demonstrated an
initial increase in serum concentrations of cTnl between 24
and 72 hours after consumption of the compound (Divers et
al. 2009). In the same study, two horses that died within one
week of exposure due to severe cardiac disease presented
higher concentrations of cTnl (Divers et al. 2009). Besides,
the serum concentration of cTnl can be proportional to the
size of the cardiac lesion, as already noted in dogs (O’Brien
et al. 2006), leading to the conclusion that troponin release
may be directly related to the degree of myocardial injury.

In humans with myocardial infarction, cTn increases
between 4 and 6 hours after the insult to the muscle, and
peak values are obtained after 18 to 24 hours (O’Brien 2008,
Wells & Sleeper 2008, Rossi et al. 2014). Similar data can be
suggested in horses since nucleotide and amino acid sequence
exhibits greater than 90% homology between human and

Fig.7. Salinomycin intoxication in horses. Heart. Marked absence
of labeling anti-cTnC (arrows) in areas corresponding to the
necrotic foci from the Figure 6. AEC, bar = 100um.

equine cTnl (Rishniw & Simpson 2005). Another feature that
must be considered includes the association between high cTnl
levels and the prognostic value of these levels in horses with
cardiac disease (Nath et al. 2012). This feature is interesting
since one of the horses described here (Horse 6) presented
increased cTnl but had clinical recovery. In contrast, Horse 3
presented lower cTnl values evolved to death. A similar case is
described in a study where a horse survived after presenting
a high serum cTnl (Nath et al. 2012).

Other markers can be used to diagnose cardiac disease
in horses (Rossi et al. 2014). In this study, CK and AST were
measured in three recovered horses, in which Horse 6 presented
a significant enzyme increase. However, these enzymes lack
tissue specificity for diagnosing heart disease since they are
also present in skeletal muscle and liver (Schwarzwald et al.
2003, Nath et al. 2012, Rossi et al. 2014, Ruby et al. 2018).
Therefore, the presented results suggest that the mensuration
of cTnl can be sensitive to clinical evaluation and detection
of myocardial disease in horses suspected to be intoxicated
with ionophores. Differential diagnosis of IA intoxication in
horses mustinclude diseases characterized as cardiomyopathy
and/or myopathy, such as exertional rhabdomyolysis and
poisoning by Senna occidentalis (Irigoyen et al. 1991). The
epidemiological findings and the IA identification in the
commercial feed were essential to make the diagnosis.

CONCLUSIONS

The serum detection of cardiac troponin I (cTnl) can be
considered a good marker to determine cardiac damage in
horses intoxicated with salinomycin with a clinical evolution
of 48 hours or more. The anti-cTnC IHC aided in detecting
cardiac injury in horses independent of clinical evolution.

Cardiomyocytes, histologically characterized by cellular
death, had an absence of cTnC labeling, which demonstrates
the sensitivity of this human marker in horses.

Regarding the prognostic value of these tests, more research
is necessary to correlate serum determination of cTnl with
the survival of horses with toxic cardiac lesions.
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