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RESUMO

Doencas cardiacas sdo frequentemente observadas em equinos e envolvem diversas alteracGes
congénitas e adquiridas. Dentre as condigdes adquiridas, pode-se destacar a intoxicacdo por
antibioticos iondforos (Al). Diversos relatos tém sido documentados sobre esta intoxicacdo em
equinos, nos quais sdo descritas que as principais alteragdes morfologicas observadas incluindo
cardiomiopatia e miopatia degenerativas graves. Os Al sdo substancias amplamente utilizadas
na medicina veterinaria em animais de producdo, e visam o controle de coccidiose, reducéao de
cetose e estimulam o crescimento e ganho de peso. Entre os ion6foros, os mais utilizados sdo a
monensina, salinomicina, narasina e lasalocida. Em alguns casos, as lesdes cardiacas induzidas
pelo consumo de Al sdo hiperagudas ou agudas, e as alteracdes morfologicas sao minimas ou
inexistentes ao exame histopatoldgico. Com isso, 0 objetivo do presente estudo foi realizar a
avaliacdo sérica da troponina cardiaca | (cTnl) e da técnica de imuno-histoquimica anti-
troponina C (IHC) (anti-cTnC), como ferramenta diagnostica para lesdes cardiacas em equinos
intoxicados espontaneamente por salinomicina. Sete equinos foram afetados, com evolugéo
clinica de seis a 72 horas. Destes, quatro foram submetidos a necropsia e trés se recuperaram.
As principais lesdes morfoldgicas observadas foram cardiomiopatia e miopatia necrotica. 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 diminuicdo da
expressao de cTnC no citoplasma dos cardiomidcitos. Amostras de soro de seis equinos foram
submetidas a dosagem de troponina cardiaca |, sendo os valores mais altos observados,
principalmente, em equinos que apresentavam lesdes histoldgicas cardiacas mais graves. A
deteccdo sérica de cTnl e IHC anti-cTnC podem ser consideradas bons marcadores para
determinacéo de lesdo cardiaca em equinos intoxicados com salinomicina com evolucao clinica

de 48 horas ou mais.

Palavras chaves: antibidticos ionoforos, doenca de equinos, cardiomiopatia toxica, imuno-

histoquimica, salinomicina, troponina sérica.



ABSTRACT

Heart disease is often observed in horses and involves several congenital and acquired
disturbances. A significant acquired myocardial degeneration in horses is the poisoning by
ionophore antibiotics (IA). Several reports have been documented on this poisoning in horses,
in which they describe that the main morphological changes observed include cardiomyopathy
and severe degenerative myopathy. 1A are widely used in veterinary medicine in breeding horses
aiming to control coccidiosis, reduce ketosis and stimulate growth and weight gain. Among the
ionophores, the most used are monensin, salinomycin, narasin, and lasalocid. Among the
ionophores, the most used are monensin, salinomycin, narasin and lasalocida. In some cases,
cardiac lesions induced by IA consumption are hyperacute or acute, and morphological changes
are minimal or absent. Therefore, this study aimed to Therefore, this study aimed to evaluate the
serum levels 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 degeneration and necrosis of myocardium and skeletal muscle. A drop
occurred in the expression in the cytoplasm of cardiomyocytes measured in the four necropsied
horses by immunohistochemistry using anti-cTnC in selected samples of cardiac tissue of all
four necropsied. A decreased 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 | levels; the most expressive values were mainly in horses with more severe cardiac
histological lesions. Serum determination of cTnl and IHC anti-cTnC can be considered useful
markers to determine cardiac lesions in horses intoxicated with salinomycin with clinical

evolution of 48 hours or more.

Keywords:  ionophores  antibiotics, equine  diseases, toxic  cardiomyopathy,

immunohistochemistry, salinomycin, serum troponin.
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1. INTRODUCAO

O Brasil possui atualmente a quarta maior populacéo de equinos do mundo, com cerca
de 5,8 milhdes de animais, atras apenas dos Estados Unidos da América, México e China (FAO,
2014; BRASIL, 2019). O Rio Grande do Sul, possui a segunda maior populacdo de equinos
com cerca de 520.000 animais (BRASIL, 2019). A equinocultura é um ramo economicamente
importante para a agropecuaria brasileira e a atividade movimenta cerca de 16 bilhdes de reais
ao ano e emprega aproximadamente 600.000 pessoas direta ou indiretamente (BRASIL, 2007).

Estudos sobre causas de morte ou razdes para eutanasia em equinos demonstram que a
intoxicacdo por antibidticos iondforos (Al) geralmente esta presente, destacando a importancia
da doenca para a espécie (PIEREZAN et al., 2009; MARCOLONGO-PEREIRA et al.,
2014). Os Al sdo produzidos por diversas linhagens de Streptomyces, e sdo utilizados com
frequéncia desde 1970 em animais de producdo, como aves e bovinos, para controlar
coccidiose, reduzir cetose, estimular crescimento e ganho de peso (NICODEMO, 2001;
COOPER; VALENTINE, 2016; NOVILLA; MCCLARY; LAUDERT, 2017). Os Al mais
utilizados sdo a monensina, salinomicina, narasina e lasalocida (COOPER; VALENTINE,
2016; NOVILLA; MCCLARY; LAUDERT, 2017).

As intoxicacOes geralmente ocorrem por erro na formulacdo da racdo, utilizagdo de
racdo em espeécies ndo alvo, uso em associacdo com alguns medicamentos que potencializam
seus efeitos e ingestdo de quantidades excessivas por animais dominantes (DOONAN et al.,
1989; BEZERRA et al., 1999; PAVARINI et al., 2011; COOPER; VALENTINE, 2016;
NOVILLA; MCCLARY; LAUDERT, 2017). Os equinos sdo altamente sensiveis a esses
compostos e a utilizacdo nessa espécie é contraindicada. Em casos de intoxicacao, as principais
alteracdes morfolégicas observadas sdo graves cardiomiopatias e miopatias necroticas
(DOONAN et al., 1989; BEZERRA et al., 1999; PAVARINI et al., 2011). Em alguns casos, as
lesbes cardiacas induzidas pelo consumo de Al sdo hiperagudas ou agudas, e as alteracGes
morfoldgicas sdo minimas ou inexistentes ao exame histopatolégico (COOPER; VALENTINE,
2016).

Nesse contexto, o emprego de técnicas complementares de diagnostico para esta
intoxicacdo é de extrema importancia. As troponinas cardiacas (cTn), constituidas por
subunidades C, T e I, apresentam alta sensibilidade e especificidade para lesbes do miocardio e

s&o consideradas biomarcadores de escolha para deteccdo de lesdo celular cardiaca em humanos
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e até mesmo em animais (O’BRIEN, 2008; WELLS; SLEEPER, 2008; ROSSI et al., 2014).
Estudos tém demonstrado bons resultados na correlagdo entre o aumento sérico de troponinas
e alteracOes cardiacas em equinos (CORNELISSE et al., 2000; SCHWARZWALD; HARDY;
BUCCELLATO, 2003; DIVERS et al., 2009; NATH et al., 2012; RUBY et al., 2018), assim
como o emprego da técnica de imuno-histoquimica (IHQ) anti-cTn na detec¢do tecidual de
lesbes cardiacas em diferentes espécies de animais (FISHBEIN et al., 2003; TUNCA et al.,
2008; KARAPINAR et al., 2012; PAVARINI et al., 2012; BANDINELLI et al., 2014). No
entanto, as informac0es cientificas que avaliam a concentracdo sérica de troponinas cardiacas
e 0 uso de IHQ anti-cTn em equinos intoxicados naturalmente por antibidticos ionoforos sdo
escassas.

Esse estudo tem por objetivo demonstrar o uso da dosagem sérica de troponina cardiaca
I (cTnl) e da técnica de IHQ anti-troponina C (anti-cTnC), como ferramenta diagnostica de

lesBes cardiacas em equinos intoxicados espontaneamente por salinomicina.
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2. REVISAO DE LITERATURA

2.1. Intoxicacgdo por antibioticos ionoforos

Estudos de levantamento realizados no Rio Grande de Sul (RS) sobre causas de morte
ou raz@es para eutanasia em equinos, pode-se observar que a intoxicacdo por Al sempre esta
presente, 0 que demostra sua importancia para esta espécie (PIEREZAN et al, 2009;
MARCOLONGO-PEREIRA et al., 2014). Os antibiéticos iondforos sdo produzidos por
diversas linhagens de Streptomyces, e sdo utilizados com frequéncia desde 1970 em sistemas
de producdo, principalmente, de aves e de bovinos, para controlar coccidiose, reduzir cetose,
estimular crescimento e ganho de peso (NICODEMO, 2001; COOPER; VALENTINE, 2016;
NOVILLA; MCCLARY; LAUDERT, 2017). Os Al mais utilizados na medicina veterinaria sdo
a monensina, salinomicina, narasina e lasalocida (COOPER; VALENTINE, 2016; NOVILLA,
MCCLARY; LAUDERT, 2017).

Os Al formam complexos lipossoliveis dinamicamente reversiveis com uma variedade
de cations (NOVILLA, 1992; RIET-CORREA; MENDEZ, 2007; NOGUEIRA; FRANCA;
PEIXOTO, 2009) e séo classificados como monovalentes ou bivalentes, dependendo de sua
afinidade. Os Al monovalentes incluem monensina (maior afinidade com sodio [Na*] do que
potassio [K*]), salinomicina (maior afinidade com K* do que Na*), e narasina (se liga a K*).
Lasalocida é considerado um Al divalente, que se liga ao calcio (Ca2*) e ao magnésio (Mg2")
(PRESSMAN, 1976; RUSSELL; STROBEL, 1989). Esses céations alteram a permeabilidade
das membranas e facilitam o influxo de ions para as células, comprometendo assim o equilibrio
osmoético e eletrolitico (RIET-CORREA; MENDEZ, 2007; NOGUEIRA; FRANCA;
PEIXOTO, 2009; GUPTA, 2012). A translocacdo de ions e o rompimento de gradientes ibnicos
sdo responsaveis pelos efeitos terapéuticos e toxicos dos iondforos (PRESSMAN, 1965;
PRESSMAN, 1968). A acdo terapéutica ocorre devido a acdo dos iondforos sobre a membrana
celular das bactérias ruminais, coccideos ou fungos patogénicos, o que resulta na morte destes
patégenos (PRESSMAN, 1976; RUSSELL; STROBEL, 1989). Nos casos de intoxicacdo, a
acao dos antibidticos iondforos é semelhante, porém ocorre nas membranas célulares
(ALPHARMA, 2002). Sugere-se que a lesdo muscular esta relacionada ao influxo celular
excessivo de célcio e sodio, desequilibrio osmético e alteracdo do pH intracelular (BEZERRA
et al., 2000; ALEMAN et al., 2007; NOGUEIRA; FRANCA; PEIXOTO, 2009). Estes
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distarbios causam alteragcdes morfoldgicas graves caracterizadas por cardiomiopatia e miopatia
degenerativas (DOONAN et al., 1989; BEZERRA et al., 1999; BARROS, 2007; PAVARINI
et al., 2011). Normalmente, a morte de equinos intoxicados por Als esta relacionada com a

insuficiéncia cardiaca devido a cardiomiopatia degenerativa (PAVARINI et al., 2011).

2.1.1 Epidemiologia

As intoxicagdes por Al geralmente ocorrem de maneira acidental, por consequéncia da
identificacdo errada de recipientes e sacos de racao, erro na formulacdo da racdo ou mistura ndo
homogénea, utilizacdo de ragdo em espécies ndo alvo (por exemplo, uso na alimentacdo de
equinos de racOes preparadas para aves ou bovinos), uso em associagdo com alguns
medicamentos que potencializam seus efeitos (cloranfenicol, tiamulina, eritromicina,
sulfonamidas, triacetiloleandomicina e glicosideos) e ingestdo de quantidades excessivas por
animais dominantes (DOONAN et al., 1989; MORGAN; STAVENBORN, 1991; NOVILLA,;
OWEN; TODD, 1994; BEZERRA et al.,, 1999; PAVARINI et al., 2011; COOPER;
VALENTINE, 2016; CONSTABLE et al., 2016; NOVILLA; MCCLARY; LAUDERT, 2017).

Todas as espécies de animais sdo sensiveis aos efeitos txicos dos antibioticos ionoforos,
entretanto, 0s equinos possuem maior susceptibilidade e a utilizagdo desses compostos nessa
espécie é contraindicada (ROLLINSON; TAYLOR; CHESNEY, 1987; DOONAN et al., 1989;
BEZERRA et al., 1999; ALEMAN et al, 2007; PAVARINI et al., 2011; SOUSA et al., 2019).
As intoxicacdes natural e experimental foram descritas em diversas espécies de animais, como
aves (BECK; HARRIES, 1979; PAVARINI et al., 2011), bovinos (SCHWEITZER et al., 1984;
GAVA et al,, 1997; WOUTERS; WOUTERS; BARROS, 1997a), ovinos (BOURQUE;
SMART; WOBESER, 1986; WOUTERS; WOUTERS; BARROS, 1997b; FRANCA et al.,
2009; RISSI; BARROS, 2010), cdes (KARSAI et al., 1990), bubalinos (ROZZA et al., 2007),
coelhos (SALLES; LOMBARDO; BARROS, 1994; LUCENA et al., 2012) e suinos
(MISKIMINS; NEIGER, 1996; ARMIEN et al., 1997). As doses toxicas dos antibioticos
ionoforos variam consideravelmente dependendo do tipo de ion6foro, da espécie e da categoria
de animal. Para equinos, a salinomicina esta entre os iondforos que apresenta elevada
toxicidade, com dose toxica de 0,5mg/kg/peso corporal (PC). Para 0 composto monensina, a
dose varia entre 2-3mg/kg/PC (HANSON; EISENBEIS; GIVENS, 1981; RIET-CORREA,;
MENDEZ, 2007). Para ovinos, a dose toxica de monensina é de 12mg/kg/PC, para bubalinos,
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considerada a espécie mais sensivel a dose toxica é 5gm/kg/PV, em ovinos varia entre 22-50
mg/kg/PC e para frangos esse mesmo Al possui dose toxica de 200 mg/kg/PC. A narasina, para
galinhas apresenta dose toxica de 66mg/kg/PC e para suinos é de 6 mg/kg/PC (ARMIEN et al.,
1997; RIET-CORREA; MENDEZ, 2007; ROZZA et al., 2007). Em um surto de intoxicacao
por salinomicina em bovinos no Parana a dose relacionada a doenca foi de 21,3 mg/kg/PC
(GAVA et al., 1997).

2.1.2 Sinais Clinicos

O curso clinico da intoxicacdo por Al em animais pode variar de hiperagudo, agudo ou
até mesmo cronico e esté relacionado, principalmente, a espécie acometida, tipo de ionéforo,
dose ingerida e o tempo de exposicdo (ALEMAN et al., 2007). Em equinos, os sinais clinicos
iniciam comumente dois a cinco dias apds a exposi¢do, com evolucao de aproximadamente seis
a 72 horas. Na apresentacdo superaguda da intoxicacdo, a evolucéo clinica é de até 18 horas, e
os animais frequentemente sdo encontrados mortos em consequéncia da insuficiéncia cardiaca,
sem a apresentacdo de sinais clinicas. O curso clinico em equinos também pode ser agudo, o
qual dura aproximadamente 18 horas a quatro dias e os animais apresentam sinais clinicos
caracterizados por inquietacdo, dificuldade respiratdria, diarreia, congestdo da mucosa,
sudorese, mioglobindria, febre, disritmias cardiacas, taquicardia, dificuldade em se levantar,
célica, marcha rigida, andar cambaleante e decubito final (ALEMAN et al., 2007; PAVARINI
etal., 2011; DECLOEDT et al., 2012; CONSTABLE et al., 2016). Ocasionalmente, 0s equinos
que sobrevivem a estas fases, podem desenvolver o curso clinico cronico da doenca
(CONSTABLE etal., 2016). Em bovinos, o periodo entre a ingestdo e o aparecimento dos sinais
clinicos varia de 18 horas a quatro dias. Pode-se observar anorexia, diarreia, tremores
musculares, fraqueza, taquicardia e atonia ruminal, levando a morte por insuficiéncia cardiaca
aguda (RODER, 2011; CONSTABLE et al., 2016). Os animais que sobrevivem geralmente
desenvolvem insuficiéncia cardiaca congestiva, como edema de peito, ascite, ingurgitamento e
pulso positivo da jugular (GAVA et al., 1997; DE LA CRUZ-HERNANDES et al., 2012;
CONSTABLE et al., 2016). Em ovinos, a intoxicagdo pode ser observada entre poucas horas a
alguns dias (2-3 dias) apos a ingestéo do antibiotico ionoforo. As principais manifestagdes sdo
anorexia, diarreia, estase ruminal, incoordenacéo, ataxia, mioglobindria, dispneia, convulsdes
e hiperestesia (HOSSEINI et al., 2013; CONSTABLE et al., 2016).
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2.1.3 Patologia

As lesbes associadas a intoxicacdo por antibioticos ionoforos sdo caracterizadas,
principalmente, por miopatia e cardiomiopatia degenerativas com intensidades variaveis em
todas as espécies. Entretanto, nos casos hiperagudos, as lesées macroscopicas nem sempre sdo
evidentes. As musculaturas esquelética e cardiaca apresentam areas palidas ou branco-
amareladas focais a focalmente extensas, entremeadas a musculatura normal. As alteracdes
cardiacas podem estar acompanhadas de congestdo, edema pulmonar, hidropericardio e
hemorragias epicardica e endocardica (BEZERRA et al., 1999; ROZZA et al., 2006; FRANCA
et al., 2009; RISSI; BARROS, 2010; PAVARINI et al., 2011; SOUSA et al., 2019). Bovinos
gue morrem com insuficiéncia cardiaca congestiva cronica, geralmente apresentam edema
subcutaneo de declive na regido peitoral, edema pulmonar, hidropericardio, ascite e figado com
aspecto de noz-moscada (GAVA et al., 1997).

Os achados histoldgicos mais caracteristicos da intoxicacdo séo lesbes degenerativas
necroticas nas musculaturas esquelética e cardiaca. No entanto, nos casos hiperagudos ou
agudos, essas alteracbes podem ser minimas e de dificil deteccdo (BARROS, 2007). No
coragdo, observa-se necrose individual ou de multiplos cardiomidcitos. Na musculatura
esquelética, as fibras necroticas apresentam-se tumefeitas, com hipereosinofilia e perda das
estriacOes (necrose hialina). Além disso, fibras podem demonstrar fragmentacdo com aspecto
de flocos (necrose flocular) e mineralizacdo. Em alguns casos mais prolongados, ocorrem
processos regenerativos, fibrose e infiltrado inflamatério mononuclear, principalmente, de
macréfagos (BEZERRA et al., 2000; PAVARINI et al., 2011; SOUSA et al., 2019).

2.1.4 Diagndstico

O diagnostico da intoxicacdo por antibidticos ionoforos deve ser realizado por meio da
associacao dos achados epidemioldgicos, clinicos, anatomopatoldgicos e pela deteccdo do
composto no alimento ingerido pelos animais. Os dados epidemioldgicos sdo importantes para
a suspeita da intoxicagdo. Durante a necropsia, recomenda-se a coleta de fragmentos de
musculos esqueléticos e cardiaco em formalina a 10% para a analise histologica. E importante

também a coleta de fragmentos de outros 6rgaos para descartar diagnosticos diferenciais. Varias
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amostras da alimentacdo devem ser enviadas para analise e confirmagdo do diagndstico, que
normalmente é realizada pela determinacéo (por cromatografia) qualitativa (tipo especifico de
ionoforo) e quantitativa de ion6foro (BARRQOS, 2007).

Exames bioquimicos complementares podem auxiliar no diagnostico da intoxicacéo.
Normalmente, os exames laboratoriais demonstram aumentos nos niveis séricos de creatina
fosfoquinase (CK), LDH, fosfatase alcalina (FA) e aspartato aminotransferase (AST) (ROZZA
etal., 2006; ALEMAN et al., 2007; RAJAIN et al., 2009; OMIDI et al., 2010; RODER, 2011;
PAVARINI et al., 2011; HOSSEINI et al., 2013; CONSTABLE et al., 2016). No entanto, 0s
resultados podem variar por consequéncia de fatores individuais. Além disso, essas enzimas
estdo presentes em diversos tecidos, como musculatura esquelética e tecido hepético, e a
elevacdo dos niveis séricos pode ndo ser especifica para intoxicacdo por iondforos
(CONSTABLE et al., 2016). Avaliacdo do sistema cardiovascular é, também, importante para
0s animais intoxicados por Al, mas representa um desafio (VARGA et al., 2009).
Eletrocardiogramas e doppler sdo Uteis em alguns casos, porém em medicina veterinaria estas
técnicas de diagndstico ndo sdo muito utilizadas devido ao custo elevado e por apresentarem
varios fatores que podem influenciar na avaliacdo (ZUCCA et al., 2008; VARGA et al., 2009;
DECLOEDT et al., 2012; ROSSI et al., 2014).

Outra ferramenta proposta, e que pode auxiliar no diagnostico de lesbes cardiacas
agudas em animais, inclui o uso das troponinas cardiacas (cTn) (DEFRANCESCO et al., 2002;
OYAMA,; SISSON, 2004; GODOQY et al., 2016). As troponinas sdo utilizadas na medicina
humana desde os anos 90 e auxiliam no diagndstico de pacientes com suspeita de leséo
miocardica (BODOR et al., 1992; LARUE et al, 1993; ALPERT et al, 2000; DEFRANCESCO
et al., 2002; OYAMA,; SISSON, 2004; GODOY et al., 2016). As cTn sao proteinas globulares
gue, juntamente com a tropomiosina e a actina, formam parte do filamento fino do aparelho
contréatil no masculo estriado (FILATOV et al., 1999). Fazem parte de um complexo regulador
de contracdo e relaxamento das fibras musculares, dependentes da concentracdo de calcio
(EBASHI; ENDO, 1968; MARGOSSIAN; COHEN, 1973; FILATOV et al., 1999).

Trés proteinas constituem o complexo das troponinas (troponinas C, T e I) e apresentam
alta sensibilidade e especificidade para lesdes do miocardio. Estas tembém estdo presentes em
todas as espécies de mamiferos (O’BRIEN, 2008; WELLS; SLEEPER, 2008; ROSSI et al.,
2014) e quando h& dano na integridade da membrana celular do miocardio séo liberadas.

Estudos realizados até o momento tém demonstrado bons resultados na correlacdo entre o
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aumento sérico de troponinas e alteracfes cardiacas em equinos (CORNELISSE et al., 2000;
SCHWARZWALD; HARDY; BUCCELLATO, 2003; DIVERS et al., 2009; HICKMAN et al.,
2010; NATH et al., 2012; RUBY et al., 2018) e demais espécies (KARAPINAR et al., 2012;
BUCZINSKI; BELANGER, 2010; RICCHIUTI et al., 1998). O emprego da técnica de imuno-
histoquimica (IHQ) anti-cTn na deteccdo de lesdes cardiacas também vém demostrando bons
resultados em diferentes espécies de animais (RICCHIUTI et al., 1998; FISHBEIN et al., 2003;
TUNCA et al, 2008; BUCZINSKI; BELENGER, 2010; KARAPINAR et al., 2012;
PAVARINI et al., 2012; BANDINELLI et al., 2014). Em alguns casos, as lesdes cardiacas
induzidas pelo consumo de antibioticos ionoforos sdo dificeis de serem constatadas ao exame
microscopico (COOPER; VALENTINE, 2016). Nesse contexto, o emprego de técnicas
complementares de diagndstico é importante e a determinacao sérica de troponinas cardiacas e
0 uso da técnica de imuno-histoquimica anti-troponina C (anti-cTnC) podem auxiliar na

acurdcia do diagnostico da intoxicagdo em animais.

2.1.5 Diagnosticos Diferenciais

Entre os diagnosticos diferenciais da intoxicacao por Al em equinos deve-se destacar as
doencas que cursam com miopatia e/ou cardiomiopatia, como rabdomiolise de esforco
(CONSTABLE et al., 2016), intoxicagcdes por Senna occidentalis (IRIGOYEN; GRACA,
BARROS, 1991) e Nerium oleander (RIET-CORREA; MENDEZ, 2007), e deficiéncia de
vitamina E e selénio (NOGUEIRA; FRANCA; PEIXOTO, 2009).

Outros diagndsticos diferenciais que devem ser considerados, sdo as doencas
neuroldgicas de evolugcdo aguda por apresentarem sinais clinicos que podem ser confundidos
com os encontrados na intoxicacdo por Al, como incoordenacdo, dificuldade em se levantar,
marcha rigida, andar cambaleante e decubito. Dentre essas doencas, as principais observadas
no sul do Brasil sdo raiva (BASSUINO et al., 2016), intoxicacdo por Trema micrantha
(PAVARINI et al., 2013; LORENZETT et al., 2018), tétano (REICHMANN; LISBOA;
ARAUJO, 2008), leucoencefalomaléacia (RIET-CORREA; SOARES; MENDEZ, 1998; RIET-
CORREA; MENDEZ, 2007; ECHENIQUE et al., 2019), encefalites (FIGUEIREDO, 2007),
encefalomielites (WEIBLEN, 2007) e traumas (PIEREZAN et al., 2009; CONSTABLE et al.,
2016).
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ARTIGO

Neste item sera apresentado o artigo ““Troponin | and C in the diagnostics of ionophore

intoxication in horses”, que sera submetido para o peridédico Pesquisa Veterinaria Brasileira.
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Troponin I and C in the diagnostics of ionophore intoxication in
horses:

Camila B. Pohl?*, Bianca S. Cecco?, Luan C. Henker?, Marcele B. Bandinelli?, Ronaldo M. Bianchi2, Welden
Panziera?, Saulo P. Pavarini? and David Driemeier?

ABSTRACT.- Pohl C.B., Cecco B.S., Henker L.C., Bandinelli M.B., Bianchi R.M., Panziera W., Pavarini S.P. &
Driemeier D. Troponin I and C in the diagnostics of ionophores intoxication in horse. Pesquisa
Veterindria Brasileira 00(0):00-00. Setor de Patologia Veterinaria, Departamento de Patologia Clinica
Veterinaria, Faculdade de Veterinaria, Universidade Federal do Rio Grande do Sul (UFRGS), Av. Bento
Gongalves 9090, prédio 42505, Porto Alegre, RS, 91540-000, Brazil. E-mail: cacabpohl@gmail.com
Ionophores are antibiotics frequently used in production animals. Among them, monensin,
salinomycin, narasin, and lasalocid are the most common. 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 horsesrecovered. The primary morphological lesions reported in the four necropsied
horses that died spontaneously were degeneration and necrosis of myocardium and skeletal muscle.
Immunoistochemistry for anti-cTnC was performed in selected sections of the cardiac muscleo from the
equine submitted for necropsy. A decreased 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. Serum
determination of cTnl and IHC anti-cTnC can be considered useful markers to determine cardiac lesions in
horses intoxicated with salinomycin with clinical evolution of 48 hours or more.
INDEX TERMS: Equine diseases, salinomycin, toxic cardiomyopathy, immunohistochemistry, serum
troponin.

RESUMO.- [Troponina I e C no auxilio do diagnéstico de intoxicacido por ionéforos em equinos]
Iono6foros sdo antibioéticos frequentemente utilizados em animais de produgao. Dentre eles, os mais comuns
sdo a monensina, salinomicina, narasina e lasalocida. A espécie equina é altamente suscetivel a intoxica¢do
por ionéforos. O objetivo do presente estudo foi realizar a avaliagdo sérica da troponina cardiaca I (cTnl) e
da técnica de imuno-histoquimica anti-troponina C (IHC) (anti-cTnC), como ferramenta diagndstica para
lesdes cardiacas em equinos intoxicados espontaneamente por salinomicina. Sete equinos foram afetados,
com evolucdo clinica de seis a 72 horas. Destes, quatro foram necropsiados e trés se recuperaram. As
principais lesdes morfoldgicas observadas foram degeneracdo e 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 diminuicdo da expressao de
cTnC no citoplasma dos cardiomiécitos. 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 e a IHC anti-cTnC podem ser consideradas
bons marcadores para determinacdo de lesdo cardiaca em equinos intoxicados com salinomicina com
evolucdo clinica de 48 horas ou mais.

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

INTRODUCTION

1 Recebido em
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2Setor de Patologia Veterinaria, Departamento de Patologia Clinica Veterinaria, Faculdade de Veterinaria, Universidade
Federal do Rio Grande do Sul (UFRGS), Av. Bento Gongalves 9090, prédio 42505, Porto Alegre, RS, 91540-000, Brazil.
E-mail: cacabpohl@gmail.com *Corresponding author.
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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 commonly used 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, association with some drugs that enhance its effects, and ingestion of excessive amounts by dominant
animals (Doonan et al. 1989, Bezerra et al. 1999, Bezerra et al. 2000, Pavarini etal. 2011, Cooper & Valentine
2016, Novilla et al. 2017). Horses are highly susceptible to 1A, and 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). Frequently, cardiac lesions induced by IA consumption are
hyperacute and acute, leading to minimal or absent histopathological lesions, making essential the use of
complementary diagnostic techniques (Cooper & Valentine 2016).

The correlation between the increase of the 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). The information on the use of histochemistry (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
[HC anti-cTn in naturally IA intoxicated horses is scarce. Therefore, the present clinical validation 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 ionophore
antibiotics.

MATERIALS AND METHODS

Clinical and epidemiological data were obtained directly with the stable owner on two on-site visits. Out of
seven horses showing clinical signs of weakness, four horses 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 (H&E). Microscopic lesions affecting the heart and
skeletal muscles were recorded and graded as mild, moderate, and severe.

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,
California, USA) for the monoclonal antibody Troponin C (Novo Castra®), dilution 1:40 in PBS (phosphate
buffered saline). The antigen retrieval was performed in digital pressure cooker, pH9 TRIS EDTA buffer -
125°C for 3 minutes. Immunolabelling was visualized by using 3-amino-9- ethylcarbazole as chromogen
(AEC romulin, Biocare Medical®, Pacheco, California, USA), and slides were counterstained with Harris
hematoxylin. Myocardium fragments incubated with phosphate-buffered saline (PBS) instead of the
primary antibody served as the negative controls. Myocardial fragments (bearing cardiomyocyte necrosis)
from cattle intoxicated by Amorimia exotropica were used as a positive control. Immunolabeling was graded
according to the decrease in labeling.

Samples of serum from six horses (Horses 2, 3, 4, 5, 6, and 7), were submitted to measure the
concentration of cardiac troponin I (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 that 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° 40’ 40" S; 51° 7' 51” W), Rio Grande do Sul, Brazil. Seven horses were affected from a total
of 42 that were on the property. 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 stable owner reported a recent change to a different brand in the
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commercial ration fed to the horses that present clinical signs five days later. At the onset, there were
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 (Equine 1
and 2), two were euthanized due to poor prognosis (Equine 3 and 4), and three recovered (Equine 5, 6, and
7). The commercial feed analysis revealed salinomycin in the concentration of 54,71 mg/kg (limite de
quantificacdo 0,7 mg/kg), and monensin levels were below the quantification limit (limite de quantifica¢do
1,40mg/kg) (Horwitz & Latimer 2005, Campbell & Nayeri 2006).

Gross and microscopic findings

Cardiac lesions observed during postmortem examination in the four horses submitted to necropsy
were similar in all cases, with variation in severity among them. The lesions were multifocal to focally
extensive pale areas in the myocardium (4/4) (Fig. 1), moderate hydropericardium (3/4), and petechiae in
the epicardium (3/4). In the skeletal muscle, focally extensive pale areas were noticed, interspersed with
normal musculature, both in appendicular and axial skeletons. These macroscopic changes were evident,
mainly in the pelvic limbs, mostly on the gluteus muscle, and more pronounced in Equine 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 (Figs. 2, 4, 6 and 7).
Cardiac lesions were graded according to the severity in mild to moderate (Table 2). Horses with mild
cardiac alterations (Equine 1 and 3), presented solely individual cardiomyocyte necrosis or small necrotic
foci, e ndo havia infiltrado inflamatério. Horses with moderate cardiac alterations (Horse 2 and 4) exhibited
accentuated necrosis of cardiomyocytes, associated with few number 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 (Figs. 3, 5, and 7). The absence of labeling frequently occurred in areas where cardiac lesions were
most severe at microscopic examination. However, some areas without histologic lesions also exhibited a
lack oflabeling for cTnC. The anti-troponin C labeling was intense in the cytoplasm of intact cardiomyocytes
from the cases and also in the cardiac fragments used as controls. Loss or reduction in cytoplasmic labeling
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 6.573 ng/mL (reference value: <0.004 ng/mL [Kraus et al 2010]. The results for the enzyme
creatine kinase (CK), and aspartate aminotransferase (AST) were measured in horses 5, 6 and 7 are
available on TableZ2.

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 et al. 2007). Ionophore 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 here described, 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
etal. 1999, Copper & 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 the detection of the cardiac lesion in one
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of the affected horses (Horsel), since it died with the acute course of the disease and serum evaluation of
cTnl was not possible. In some species of domestic animals, [HC has been used as an auxiliary method of
diagnosis in cardiac injuries (Fishbein et al. 2003, Tunca et al. 2008, Karapinar et al. 2012), including the
diagnosis of acute cardiotoxic disease in cattle (Pavarini et al. 2012, Bandinelli et al. 2014). IHC is a tool that
can be utilized, especially in cases in which it is not possible the serum troponin evaluation, or when the
cardiac tissue is already fixed in formalin. Besides that, no data regarding the use of IHC anti-cTnC in
salinomycin naturally intoxicated horses is available. However, the serum dosage of cTnl as an ancillary test
for early detection of the cardiac lesion in horses may not be enough. This feature may be related to the
Kinetic liberation of troponin, which consists of two separated intracellular fractions inside the
cardiomyocyte. Consequential to the acute cardiac lesion, 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 & Spleeper 2008, Rossi et al. 2014).

A correlation is suggested between the clinical evolution of the affected horses, the severity of the
histologic lesion, the anti-cTnC labeling, and the serum values of cTnl. Equine with more prominent cardiac
lesions and longer clinical course exhibited higher serum levels of cTnl, in addition to well-demarcated
areas with 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, Equine 3 also presented decreased serum value for ¢Tnl when
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 (0’'Brien 2008, Wells & Sleeper 2008, Rossi et al.
2014). Similar data can be suggested in horses, since DNA sequence exhibits greater than 90% homology
between human and equine cTnl (Rishniw & Simpson 2005). Another feature that must be considered
includes the association between high cTnl levels and prognostic value of these levels in horses with cardiac
disease (Nath et al. 2012). This is an interesting feature since one of the horses here described (Equine 6),
presented an increase in cTnl, however, had clinical recovery, while Horse 3, which 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 etal. 2012).

Other markers can be used in the diagnosis of cardiac disease in horses (Rossi et al. 2014). In this
study, CK and AST were dosed in three horses that recovered, in which Horse 6 presented a significant
enzyme increase. However, these enzymes lack tissue specificity for the diagnosis of 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 results here presented 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 must include diseases characterized as
cardiomyopathy and/or myopathy, such as exertional rhabdomyolysis and intoxication by Senna
occidentalis (Irigoyen et al. 1991). The epidemiological findings and the IA identification in the commercial
feed were essential to make the diagnosis.

CONCLUSION

Serum determination of cTnl and IHC utilizing anti-cTnC antibody can be considered good markers to
determine cardiac lesion in horses intoxicated with salinomycin with clinical evolution of 48 hours or more.
IHC is an important diagnostic tool and assisted in lesion identification in the reported cases.
Cardiomyocytes, histologically characterized by cellular death, had an absence of cTnC labeling, which
demonstrates a 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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Tables

Table 1. Age, breed, and sex of salinomycin intoxicated horses.

HORSE AGE BREED SEX
1# 11-years-old Criollo M
2% 4-months-old MB 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 MB F

¥ necropsied; #*recovered; M = male; F = female; MB = mixed breed.

Table 2. Relation among histologic lesions in the heart, labeling anti-cTn(C, and serum values of
cTnl, CK and AST, with the clinical evolution after the onset of clinical signs in horses intoxicated
with salinomycin.

Horse Histology [HC Troponin [ Creatine Aspartate Clinical
ANTL- (cTnl) kinase aminotransferase course
TROP;ONIN RR: <0.04 (CK) (AST)
ng/mL A RR: <140 RR:361a1377 U/L
U/LB B
1% + * n/a n/a n/a 6 hours
2% ++ ok 0.509 ng/mL n/a n/a 72 hours
3% + * 0.051 ng/mL n/a n/a 48 hours
4+ ++ ok 6.573 ng/mL n/a n/a 72 hours
5# n/a n/a 0.009 ng/mL 359 U/L 361 U/L 72 hours
6* n/a n/a 0.156 ng/mL 1153 U/L 1377 U/L 48 hours
7# n/a n/a 0.005 ng/mL 503 U/L 662 U/L 48 hours

RR: reference range. ¥necropsy; # recovered; n/a = not evaluated; + mild cardiac lesions; ++ moderate
cardiac lesions; *mild areas of labeling depletion; **moderate areas of labeling depletion. 4: (Rossi et al.

2014). B: (Kaneko et al. 2008).
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Figure and figure legends:

Fig.1: Salinomycin intoxication in horses. Macroscopic findings. Heart cut surface exhibiting focally

extensive pale areas in the myocardium.
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Fig.2: Myocardium from salinomycin-intoxicated horses. Cardiomyocytes displaying enhanced
eosinophilia. HE. Bar, 500 pm.
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Fig. 3: Multifocal areas of decreased anti-cardiac troponin immunolabeling within the cytoplasm of altered
cardiomyocytes who presented hypereosinophilia in figure Bar, 500 pm.
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Fig. 4: Closer image demonstrating individual necrosis and necrosis of small groups of cardiomyocytes.

Necrotic cells hypereosinophilic and homogenous cytoplasm, and occasional nuclear pyknosis. HE. Bar, 50
pm.
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Fig. 5: Multifocally, severe absence or decrease in
hypereosinophilic fibers of figure 5. Bar, 50 pm.
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Fig. 6: Histological lesion in cardiac muscle of an equine with prolongated clinical evolution exhibiting
accentuated areas of necrosis of cardiomyocytes. HE. Bar, 100 pm.
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Fig. 7: Marked absence of labeling anti-cTnC in areas corresponding to the necrotic foci from the previous
figure. Bar, 100 pm.
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3. CONCLUSAO

A determinacdo sérica de cTnl e IHQ podem ser bons marcadores para determinar as
lesBes cardiacas em equinos intoxicados por salinimicina com evolugdo clinica de 48 horas ou
mais. A IHQ é uma importane ferramenta diagndstica e auxiliou na identificacdo das lesoes
cardiacas nos casos aqui relatados. Os cardiomidcitos caracterizados histologicamente por
morte celular, apresentaram auséncia de marca¢do com cTnC, o que demonstra a sensibilidade
desse marcador humado em equinos. Porém o valor prognostco ndo pode ser estimado, portanto

mais trabalhos devem ser realizados neste contexto.
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