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RESUMO

Felipe Gazza Romé&o — Acdo do bissulfato de clopidogrel sobre o perfil
tromboelastométrico no tratamento de cdes com hiperadrenocorticismo
ACTH-dependente. Botucatu, 2020, 87p, Faculdade de Medicina Veterinaria e
Zootecnia — UNESP.

Diversas condicdes patogénicas podem levar a um estado de
hipercoagulabilidade, quando pode haver a formacdo de trombos e/ou
coagulacéo intravascular disseminada. O método mais indicado para deteccdo
tanto da hipocoagulabilidade quanto hipercoagulabilidade ¢é a
tromboelastometria. O hiperadrenocorticismo pode levar a um estado de
hipercoagulabilidade por aumentar a atividade de fatores de coagulagdo, como
o fibrinogénio, além de diminuir a acdo de anticoagulantes endégenos, como a
antitrombina. O objetivo deste trabalho foi verificar se o bissulfato de clopidogrel,
agente antiplaquetério, seria capaz de diminuir o estado de hipercoagulabilidade
em animais diagnosticados com hiperadrenocorticismo; secundariamente,
observamos também os principais fatores relacionados a hipercoagulabilidade
em casos de HAC hipofise-dependente. Para tanto, foi realizado um estudo
clinico prospectivo e randomizado em que o0s cdes tiveram seu perfil
hematol6gico, bioquimico e hemostético caracterizado no momento do
diagnéstico, e apods instituicdo dos protocolos terapéuticos (trilostano com ou
sem clopidogrel) e normalizacdo dos niveis de cortisol. Os resultados
observados demonstraram que o tratamento com clopidogrel (2 mg/kg/SID) n&o
demonstrou eficacia em reduzir o estado de hipercoagulabilidade, e os animais,
mesmo apos melhora dos sinais clinicos, permaneceram em risco trombotico,
pelo menos pela avaliagdo tromboelastométrica.

Palavras-chave: hipercortisolismo; tromboelastometria; agregacdo plaquetaria;

trilostano.



ABSTRACT

Felipe Gazza Romédo - Evaluation of clopidogrel bisulfate on
thromboelastometric  profile in the treatment of dogs with
hiperadrenocorticismo ACTH-dependent hyperadrenocorticism. Botucatu,
2020, 87p, School of Veterinary Medicine and Animal Science of Sdo Paulo State
University — UNESP.

Several pathogenic conditions can lead to a state of hypercoagulability, in which
can occur thrombi formation and/or disseminated intravascular coagulation. The
more appropriate method for detection of either hypocoagulability or
hypercoagulability is thromboelastometry. It is an in vitro test that integrates cell
components and soluble of hemostatic process, in order to result in a general
assessment of hemostasis. The hyperadrenocorticism can lead to a
hypercoagulability state due to increased activity of coagulation factors and
fibrinogen concentration, in addition to decreased antithrombin activity, specially
by glomerulonephritis and proteinuria. The aim of this study is to evaluate the
clopidogrel bisulfate capability of attenuating the hypercoagulability state in dogs
diagnosed with hyperadrenocorticism. For this purpose, a prospective and
randomized clinical trial, in which patients will be characterized regarding their
hemostatic profile on the admission date, and after therapy institution and
subsequent normalization of cortisol levels. The results showed that treatment
with clopidogrel (2 mg/kg/SID) did not demonstrate efficacy in reducing the state
of hypercoagulability, and the animals, even after improvement of clinical signs,
remained at thrombotic risk, at least by thromboelastometric evaluation.

Keywords: hypercortisolism; thromboelastometry; platelet aggregation;

trilostane.



CAPITULO 1

1. INTRODUCAO

O sistema hemostéatico € a primeira linha de defesa contra traumas, e deve
estar em perfeito equilibrio a fim de evitar quadros de hemorragia ou
hipercoagulabilidade. E um sistema muito bem regulado, que deve estar apto a
estabilizar o fluxo livre de sangue e de seus constituintes ao mesmo tempo em
gue preserva a integridade vascular (ISIDORI et al., 2015).

Os componentes do sistema hemostatico incluem as plaquetas, vasos
sanguineos, o fator de von Willebrand, os fatores de coagulacdo, o0s
anticoagulantes naturais e o sistema fibrinolitico. A ativacdo dos fatores de
coagulacéo culmina com a formacéo de um tampé&o hemostatico, constituido de
plaquetas e fibrina, que deve manter-se restrito ao local da lesdo vascular de
forma a prevenir a coagulacdo disseminada e a doenca tromboembdlica
(CROCHEMORE et al.,, 2017). Os anticoagulantes naturais, cujos principais
representantes séo a antitrombina, anteriormente denominada antitrombina lll, e
as proteinas C e S, atuam principalmente por meio da degradacao de fatores de
coagulacéo (VIEIRA et al., 2007).

A trombose desenvolve-se em resposta a alteragcbes nos mecanismos
anticoagulantes do sistema hemostatico normal. Os fatores que interagem e
predispdem a formacao de trombos incluem lesdo endotelial, estase vascular e
hipercoagulabilidade. Em pequenos animais, as principais causas de trombose
sdo: lesdo do endotélio vascular associada a infeccdes (dirofilariose, sepse,
endocardite bacteriana) ou por deposicdo de complexos imunes; injaria ao
endocéardio e estase sanguinea resultante de cardiopatias (miocardiopatia
hipertréfica felina); trombocitopatias (diabetes mellitus); e distdrbios associados
a hipercoagulabilidade ou hipofibrinolise (hiperadrenocorticismo, neoplasias ou
deficiéncia de antitrombina secundaria a glomerulopatia) (TESHIMA et al., 2008).

A tromboelastometria (TEM) é um exame in vitro que integra 0s
componentes celulares e soluveis do processo hemostatico a fim de resultar em
uma avaliagdo geral da hemostasia. O teste é baseado na capacidade de
detectar e registrar alteracdes nas propriedades viscoelasticas do sangue no

momento da coagulagdo. A técnica foi validada para utilizacdo em diversas



espécies veterinarias, incluindo o cdo. E utilizada cada vez mais na medicina
veterinaria para identificacdo e tratamento de animais predispostos a quadros
tromboembdlicos (KOL et al., 2013).

O hiperadrenocorticismo (HAC), conhecido também como sindrome de
Cushing, é uma endocrinopatia relativamente comum em cées, caracterizada
pela secrecdo cronica excessiva de glicocorticoides (WOOLCOCK; BUGBEE;
CREEVY, 2016). Uma complicagédo potencialmente fatal do HAC em cées é a
trombose e consequente tromboembolismo, arterial ou venoso, com énfase em
leitos pulmonares (JACOBY et al., 2001; KOL et al., 2013).

A atividade plaquetaria adequada é necessaria para manter a hemostasia
normal. A hipercoagulabilidade por hiperatividade plaquetéaria é um importante
fator para o desenvolvimento de doenca tromboembodlica, fato que pode ocorrer
em pacientes com hiperadrenocorticismo. A afericdo seriada da funcao
plaquetéria é fundamental para alteracdes relacionadas ao inicio ou modificacao
de terapia antiagregacéo plaquetaria (BLOIS et al., 2015).

O clopidogrel tem como mecanismo de acgdo a inibigdo irreversivel do
receptor plaquetéario P2Y 12 da adenosina difosfato (ADP) (SAATI et al., 2018). Na
maioria dos cées, a funcdo plaquetaria € inibida trés horas depois da
administracdo de clopidogrel e permanece assim durante 24 horas apés a
primeira dose, conforme verificado pela agregacédo plaquetaria. A dose de 1
mg/kg diaria de bissulfato de clopidogrel foi avaliada em cdes normais, a qual
suprimiu de forma efetiva a atividade plaquetaria (THAMES et al., 2017).

Desta forma, o objetivo deste trabalho € verificar a real eficacia do bissulfato
de clopidogrel como agente antiplaquetario, a fim de prevenir a ocorréncia de
eventos associados ao tromboembolismo pulmonar em cées acometidos pelo
hiperadrenocorticismo hipofise-dependente, por se tratar de consequéncia
muitas vezes fatal e de evolucdo aguda. Além disso, observamos também os
principais fatores possiveis relacionados a hipercoagulabilidade em casos de
hiperadrenocorticismo hipéfise-dependente.

2. REVISAO DE LITERATURA
2.1 Hemostasia e Tromboelastometria
A hemostasia € um processo complexo e dindmico que ocorre em duas

fases distintas, porém sobrepostas. A hemostasia primaria envolve a adeséo de



plaguetas ao endotélio vascular lesado, o que acarreta a formacgao de um tampéao
plaguetario. A hemostasia secundaria envolve a conversao enzimatica dos
fatores de coagulacdo a fim de estabilizar o tampé&o plaquetario e formar o
coagulo de fibrina. Esta fase tradicionalmente é descrita como um modelo em
cascata com ativacdo de fatores de coagulacdo dentro de vias intrinsecas e
extrinsecas para formar e depositar fibrina para estabilizacdo do tampéo
plaquetario primario. Em individuos saudaveis, a fibrindlise balanceia a via de
coagulacao e degrada o coagulo (SONG; DROBATZ; SILVERSTEIN, 2016). Os
produtos de degradacéo da fibrina (PDFs) e dimero-D sdo formados a partir da
fibrindlise, sendo 0 aumento desses componentes, especialmente o de dimero-
D, relacionado com a fibrinGlise de coagulos formados em quantidade
exacerbada (WITEK et al., 2016).

De forma mais aprofundada, a hemostasia € um mecanismo complexo que
consiste em trombose, antitrombose, fibrindlise e antifibrindlise. Durante a
formacao do trombo, o fibrinogénio é polimerizado em fibrina pela trombina. A
fibrina insoltvel sofre reacBes cruzadas pela acdo do fator Xllla, o que fornece
estabilidade ao coagulo. Apos cicatrizacdo da superficie endotelial, o coagulo
sofre entdo lise da fibrina, em um processo denominado fibrindlise, pela
plasmina, a qual é gerada a partir do plasminogénio principalmente pela agdo do
ativador de plasminogénio tecidual (tPA). A fim de manter o balanco hemostatico,
a fibrindlise normalmente € inibida por proteases séricas, como o inibidor do
ativador de plasminogénio (PAI)-1, PAI-2 e a2-antiplasmina (SIGRIST; JUD
SCHEFER; KUTTER, 2018)

A hipercoagulabilidade é de dificil identificacdo por meio da utilizacdo dos
testes hemostéaticos convencionais, como o tempo de protrombina (TP) e tempo
de tromboplastina parcial ativada (TTPa), os quais sdo mais adequados para a
deteccdo de estados de hipocoagulabilidade (PARK et al., 2013). Como a
trombose pode ocorrer devido a qualquer combinacdo de aumento de atividade
de fatores pré-coagulantes, diminuicdo da atividade endogena anticoagulante,
decréscimo da fibrindlise, estase sanguinea ou dano vascular endotelial, esses
testes provavelmente néo preverdo o risco geral de trombose (DENGATE et al.,
2016).

A tromboelastometria rotacional (ROTEM), é um teste validado em cées

que pode ser utilizado para avaliacdo das propriedades viscoelasticas do



coagulo e permite a deteccdo de pacientes que estejam em estado de
hipercoagulabilidade, hipocoagulabilidade ou normais (PARK et al.,, 2013;
BARTHELEMY et al., 2017; TURNER; KUTTER; SIGRIST, 2019).

A tromboelastometria (TEM) foi validada para utilizagdo em diversas
espécies de interesse veterinario, incluindo o céo, para identificacdo e
tratamento de animais predispostos a quadros tromboembdlicos (FALCO et al.,
2013; KOL et al., 2013). A andlise de determinados parametros permite uma
avaliacao geral de todo o processo de coagulacao. O tempo de coagulacao (CT)
afere o tempo desde a colocacdo da amostra de sangue no aparelho até o inicio
da formacdao da fibrina. O tempo de formacéo de coagulo (CFT) é uma afericdo
da velocidade de formacdo do coagulo, até a resisténcia especifica dele. O
angulo alfa (a) representa a velocidade de formacdao e ligagcéo cruzada da fibrina.
A firmeza maxima do coagulo (MCF) representa a resisténcia final do coagulo. A
amplitude (A) mede a largura do tracado do ROTEM em seu ponto mais tardio,
e é observada em funcdo da resisténcia e elasticidade do coégulo. A
percentagem da lise do codgulo em 30 e 60 minutos ap6s a MCF é uma medida
da fibrindlise (CROCHEMORE et al., 2017; LECHNER et al.,, 2019). Na
tromboelastometria rotacional (ROTEM), o estado de hipercoagulabilidade é
caracterizado por uma diminuigdo dos valores de CT e/ou CFT (o que implica em
aceleragédo na formagao do coagulo), assim como aumento no angulo a e/ou
firmeza maxima do coagulo (associados ao aumento da forca do coagulo)
(MULLER et al., 2014). Na figura 1, observam-se os principais parametros
avaliados no grafico obtido pelo ROTEM.

A tromboelastometria rotacional pode ser utilizada para avaliar as
propriedades viscoelasticas da formacdo do trombo em amostras de sangue
total, fato que fornece informacgfes sobre a funcdo hemostatica geral, desde o
inicio da coagulagdo até a hemostasia terciaria (FALCO et al.,, 2013;
BARTHELEMY et al., 2017; TURNER; KUTTER; SIGRIST, 2019). Além disso, é
possivel avaliar indiretamente da contribuicdo das plaquetas sobre a formacao
do codgulo, pela subtracdo do MCF do FIBTEM a partir do MCF do EXTEM
(TURNER; KUTTER; SIGRIST, 2019). Basicamente, € um teste que fornece
detalhes também sobre a velocidade da formacéo, resisténcia e lise do coagulo
(KELLEY et al., 2015; REUTELER et al., 2017). O perfil do grafico obtido



consegue definir a condicdo hemostatica do paciente como normal,
hipercoagulavel ou hipocoagulavel (BARTHELEMY et al., 2017).

40

20

20

40

10 20 30

FIGURA 1. Principais parametros observados no grafico da tromboelastometria
rotacional (ROTEM). (CROCHEMORE et al., 2017).

2.2 Hiperadrenocorticismo e hipercoagulabilidade

O hiperadrenocorticismo, ou sindrome de Cushing, € um termo genérico
gue se refere a constelacdo de anormalidades clinicas e quimicas que resultam
da exposicdo crbnica a concentracbes excessivas de glicocorticoides. O
hiperadrenocorticismo ¢ uma endocrinopatia comum (PELAEZ et al., 2008;
TESHIMA et al., 2008; KLOSE; CREEVY; BRAINARD, 2011; CAROTENUTO et
al., 2019). O HAC pode ocorrer em animais com ou sem raca definida, embora
existam determinadas racas predispostas, como o Poodle, Teckel, Terriers e
Beagle de pequeno porte, e o Pastor aleméo, Labrador retriever e os Boxers de
grande porte (CAROTENUTO et al., 2019).

O hiperadrenocorticismo pode ser espontdneo, associado a secrecdo
exagerada de ACTH pela hipéfise ou por carcinomas secretores de ACTH,
classificado como ACTH-dependente, ou associado a doenca primaria da
glandula adrenal, denominado atualmente como hiperadrenocorticismo ACTH-
independente (TIROSH et al.,, 2017). Pode também ser classificado como
iatrogénico, que ocorre pela administragdo excessiva ou prolongada de
glicocorticoides pelo médico veterinario ou tutor. Cerca de 80-85% dos casos de

hiperadrenocorticismo espontaneo canino sdo de origem hipofisaria



(KOOISTRA; GALAC, 2010; KOL et al.,, 2013). Isto pode ocorrer devido a
existéncia de adenoma na pars distalis (70% dos casos) e, em menor
prevaléncia, adenomas da pars intermedia (cerca de 30%) e hiperplasia das
células corticotréficas (NELSON, 2006). J& o HAC adreno-dependente, ou
ACTH-independente, corresponde cerca de 15 a 20% dos casos e esta
relacionado a neoplasias adrenocorticais, hormalmente unilaterais, as quais
levam diretamente ao excesso de producdo de glicocorticoides (PETERSON,
2007).

O hiperadrenocorticismo espontaneo acomete principalmente caes de meia
idade a idosos, embora ja tenha sido relatado em cades de até seis meses de
idade. Os cdes com HAC adreno-dependente tendem a ser mais velhos no
momento do diagndstico, entre 11 e 12 anos de idade (PETERSON, 2007;
CAROTENUTO et al., 2019).

O diagnostico do HAC canino é baseado nas informacdes obtidas pela
anamnese completa, no conjunto de sinais clinicos observados, nas alteracdes
de exame fisico e de exames de triagem, como hemograma, painel bioquimico
sérico, urindlise e, se possivel, ultrassonografia abdominal (RAMSEY; RISTIC,
2007). Apos, a suspeita deve ser confirmada pelos testes endocrinos
especificos, como o teste de supressao por baixa dose de dexametasona
(BENNAIM; SHIEL; MOONEY, 2019).

As alteracbes comumente observadas nos exames hematoldgicos e
bioquimicos incluem o aumento da atividade sérica da FA e da ALT,
hipercolesterolemia, hipertrigliceridemia e hiperglicemia. A creatinina e a ureia
podem apresentar valores normais ou abaixo do valor de referéncia, pois 0s
glicocorticoides estimulam a diurese (BENNAIM et al., 2019). Em 85% dos casos
de HAC canino, o paciente apresenta densidade urinaria baixa entre os valores
de 1,007 (faixa hipostenurica) (CAPEN; MARTIN, 1975) a 1,020. Outras
alteracbes que podem ser observadas incluem proteindria e glicosuria
(BENNAIM et al., 2019).

O hipercortisolismo relacionado ao hiperadrenocorticismo esta associado a
hipercoagulabilidade em decorréncia, segundo grande numero de autores, de
um estado pro-trombdético principalmente relacionado ao aumento da atividade
do fator VIl e do fator de von Willebrand (COELHO et al., 2014). Também héa

indicios de aumento da atividade de outros fatores pré-coagulantes, diminuigdo



dos niveis plasmaticos de antitrombina, e aumento da concentracdo de
fibrinogénio (JACOBY et al., 2001; KOL et al., 2013). Em seres humanos,
estudos apontaram a via intrinseca como a mais afetada pelos efeitos do
hipercortisolismo, conforme demonstrado pela diminuicdo do TTPa (tempo de
tromboplastina parcial ativada) e valores normais de TP (tempo de protrombina),
em pacientes com sindrome de Cushing. A incidéncia e o risco exatos destes
eventos tromboembolicos em cdes acometidos pela sindrome de Cushing ainda
ndo foram definidos, e a patogenia deste processo ainda é compreendida de
forma incompleta. Sabe-se, porém, que animais tratados com trilostano, um
bloqueador enzimatico da sintese de esteroides, permanecem em estado de
hipercoagulabilidade mesmo apds terapia com este medicamento (PARK et al.,
2013).

A HAC esta associada a disfuncao de diversos 6rgéaos e tecidos (NICHOLS,
1997). Como resultante dessas alteracbes, ocorre o0 estado de
hipercoagulabilidade. A partir disso, fica notério que multiplos fatores devam
estar associados ao risco de formagéo de trombos. Uma doenca frequentemente
associada ao HAC é a diabetes mellitus (DM), e quando ocorrem de forma
concomitante diminuem em 14 meses a sobrevida dos cdes acometidos
(MICELI; PIGNATARO; CASTILLO, 2017). A hiperglicemia, oriunda da DM, afeta
0 sistema hemostético por meio do aumento da expresséo do fator inibidor do
ativador do plasminogénio (PAI-1 [molécula inibidora da fibrindlise]) pelas células
endoteliais. A atividade elevada de PAI-1 é vista tanto em cdes com DM, quanto
naqueles com HAC néo associada a DM (WONG; KOCH; BEHLING-KELLY,
2017).

A hipercortisolemia de origem enddgena ou exdgena pode levar a um
aumento da agregacéo das plaquetas (ROMAO et al., 2013), o que aumenta o
risco trombdtico. A DM, que pode correr em associacdo, por si sO é capaz de
induzir uma hiperatividade plaquetéaria por aumento da agregacao, alteracdo das
moléculas de adesdo e lesdo vascular; assunto amplamente explorado na
medicina humana na DM do tipo 2 (GAIZ et al., 2017).

Além do aumento da atividade plaquetaria, a hipercortisolemia pode
resultar em trombocitose, provavelmente por estimulo medular e diminui¢do do
sequestro esplénico (PARK et al., 2013). A trombocitose, portanto, € um achado

comum em cdes com HAC; mas de forma geral a magnitude é considerada leve
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a moderada (entre 500.000 a 800.000 plaquetas/pL) (WOOLCOCK et al., 2017).
No trabalho de Smith, Smith e Brainard (2014), a mediana da contagem de
plaguetas em 47 caes com HAC foi de 511.000 e valores maximo e minimo
variaram entre 140.000 a 1.082.000 plaquetas/uL. Os casos de
tromboembolismo com trombocitose estdo associados a um ou mais fatores de
risco: uso de glicocorticoide, HAC, hipertenséo, cardiopatia, neoplasia, anemia
hemolitica imunomediada e perda de proteinas por enteropatia e nefropatia.
Assim, ainda € dificil concluir qual a real contribuicdo de uma alta contagem de
plaguetas para formacao de trombos frente a doencas que causam alteracfes
hemostéticas tdo complexas (NEEL; SNYDER; GRINDEM, 2012).

A hipertenséo arterial presente no HAC tem como possiveis mecanismos
de origem a maior sensibilidade as catecolaminas, secrecao de renina, a reducao
das prostaglandinas vasodilatadoras e 0 aumento da secrecdo de alguns
mineralocorticoides (NICHOLS, 1997). Em estudo recente, a hipertensao esteve
presente em 80% dos cdes diagnosticados (VIDAL et al., 2018). Como
consequéncia, o quadro hipertensivo cronico pode progredir para retinopatias,
insuficiéncia de tricuspide e insuficiéncia cardiaca congestiva, glomerulopatias e
o tromboembolismo pulmonar. Mesmo com tratamento adequado, a pressao
arterial pode levar meses para se normalizar (NICHOLS, 1997). Caes com HAC
apresentam aumento da relacdo proteina: creatinina urinaria e albumindria
mesmo sem cistite (LIEN; HSIANG; HUANG, 2010). Essa les&o glomerular, por
sua vez, pode levar a perda de um dos principais anticoagulantes naturais, a
antitrombina; fato que contribuiria para o estado de hipercoagulabilidade. A
atividade de antitrombina em caes HAC nédo tratados é menor que em céaes
saudaveis, além de uma quantidade bastante superior de complexo trombina-
antitrombina, que indica um aumento na geracédo de trombina pelo organismo
(JACOBY et al., 2001).

O hipercortisolismo crénico, que € o ponto fundamental dos casos de
hiperadrenocorticismo, assim como glicocorticoides utilizados em terapias,
levam a anormalidades hemostaticas pelo aumento da incidéncia do
tromboembolismo venoso e arterial, e aceleracdo do desenvolvimento de
aterosclerose, especialmente em seres humanos (ROSE; DUNN; BEDARD.,
2013). O estado de hipercoagulabilidade pode levar ao aumento de incidéncia

dos episodios tromboembdlicos. Um estudo em seres humanos demonstrou
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significativa maior morbidade e mortalidade em um grupo de pacientes com
sindrome de Cushing que nao recebia nenhum tipo de terapia profilatica anti-
tromboembdlica comparado a individuos que foram submetidos a terapia
profilatica com warfarina ou heparina (BOSCARO et al., 2002; WITEK et al.,
2016).

O estado de hipercoagulabilidade é caracterizado no grafico do ROTEM por
diminuicdo dos valores de CT e CFT (o que denota aceleragéo da formacao do
coagulo), assim como aumento do angulo-a e MA, 0 que esta associado ao
aumento da forca do coagulo. Essas alteracbes podem ser observadas em
pacientes com HAC, principalmente relacionadas as anormalidades do angulo-a
(ROSE; DUNN; BEDARD, 2013). Além disso, o aumento dos valores de
amplitude méaxima (MA) foi documentado em cdes que estavam recebendo
corticoidoterapia, além de condicfes inflamatorias, neoplasicas e degenerativas
(KOL et al.,, 2013). O aumento de MA também foi documento em pacientes
caninos com HAC tratados para a doenca (KLOSE; CREEVY; BRAINARD, 2011;
KOL et al., 2013).

Um dos farmacos mais comumente utilizado para o tratamento de animais
a fim de prevenir complicagdes tromboembodlicas foi o acido acetilsalicilico (AAS),
que inibe a cicloxigenase (COX) das plaquetas e diminui a producdo do
tromboxano por elas. Porém, estudos afirmaram que o AAS nao diminui a
agregacao plaquetaria em caes; além disso, seus efeitos colaterais (alteracdes
gastrointestinais e renais) devem ser levados em consideracdo. Por estas
razdes, o clopidogrel passou a ser utilizado como agente antiagregacao
plaguetaria, por ser mais seguro e resultar em inibicdo mais confidvel da
agregacdao plaquetéaria (BRAINARD et al., 2010).

O clopidogrel € uma pré-droga que necessita de metabolismo hepatico
para formar um metabdlito que bloqueia irreversivelmente o receptor plaquetario
P2Y12 e inibe agregacdo plaguetaria. Em seres humanos, as enzimas do
sistema citocromo P450 sdo responsaveis pelo metabolismo do clopidogrel;
todavia, ainda ndo se sabe ao certo qual a enzima é particularmente responsavel
pelo metabolismo em caes. Na maioria dos caes, a agregometria detecta inibicao
da funcao plaquetéaria dentro de trés horas apés a administracdo do clopidogrel,
acao que permanece inibida durante 24 horas apos a dose inicial (THAMES et
al., 2017).
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3. OBJETIVOS
Verificar se o bissulfato de clopidogrel é capaz de diminuir o estado de

hipercoagulabilidade em animais diagnosticados com hiperadrenocorticismo.

3.1 Objetivos especificos

e Determinar o perfil hematolégico, bioquimico e hemostatico de pacientes
com hiperadrenocorticismo ACTH-dependente.
e Determinar quais sao os principais fatores que levam ao estado de

hipercoagulabilidade no hiperadrenocorticismo canino.

4. HIPOTESE
O uso de clopidogrel em cdes com HAC ACTH-dependente reduz o estado de
hipercoagulabilidade quando comparados aos cades nao tratados, ou tratados

isoladamente com o trilostano.
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ABSTRACT

Hyperadrenocorticism (HAC) is an endocrine disease that leads to several clinical
and laboratorial alterations. Despite its low morbidity, HAC is associated with
multisystemic complications, such as thromboembolism. The aim of this study
was to evaluate hematological, biochemical and hemostatic alterations related
with ACTH-dependent HAC and its correlation with thromboembolic disease. For
this purpose, a prospective, observational study was conducted, where we
compared a group of 19 dogs diagnosed with ACTH-dependent HAC with a 30-
dog control group. The variables included blood count, biochemical (urea,
creatinine, alanine aminotransferase, alkaline phosphatase, gamma-glutamyl
transferase, cholesterol, triglycerides, glycemia, urinary protein: creatinine [UPC]
ratio) and hemostatic (antithrombin, fibrinogen, dimer-D, PT, aPTT,
thromboelastometry and platelet aggregation) parameters. Results showed
typical changes associated with HAC, such as thrombocytosis, hyperlipidemia,
increased liver enzymes and UPC; and a higher tendency for thrombotic risk,
suggested by alterations in thromboelastometry, decreased prothrombin time,
activated partial thromboplastin time, and increased fibrinogen levels. Animals
with HAC have a higher risk of hypercoagulability due to several mechanisms
and predisposing factors.

Keywords:  Thrombocytosis;  Dyslipidemia;  Fibrinogen;  Antithrombin;

Hypercoagulability.

1. INTRODUCTION
Hyperadrenocorticism (HAC) is a relatively common endocrinopathy in

dogs, characterized by excessive chronic secretion of glucocorticoids [1,2,3,4,5].
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It is classified as ACTH-dependent and ACTH-independent HAC. The first one
associated with exaggerated secretion of ACTH by the pituitary gland or ACTH-
secreting carcinomas, and the second with primary adrenal gland disease [6].

HAC can occur in both pure and mixed-breed dogs. However, some studies
have established a higher incidence in Poodles, Dachshunds, Beagles, German
shepherds, Labrador retrievers and Boxers. Middle-aged to elderly dogs are the
most affected, although there are reported cases of six-mo-old dogs [1,3].

The presumptive diagnosis of canine HAC, consists of clinical signs,
physical exam and screening tests (blood count, serum biochemical panel,
urinalysis and abdominal ultrasound). Specific endocrine tests, such as the low-
dose dexamethasone suppression test, are essential to confirm the diagnosis [7].

As a potentially fatal complication, HAC can generate arterial and venous
thrombi [8,9]. The occurrence of thromboembolic disease in dogs with HAC—
associated with 17.3% of their deaths—was approximately three times higher
when compared to healthy dogs [10]. Some studies associate this
hypercoagulable state with an increased activity of procoagulant factors (factor
VIII, von Willebrand factor, fibrinogen, among others), and decreased plasma
levels of antithrombin [11]. In addition, other reports have demonstrated a
correlation between hypercortisolism and increased platelet aggregation and
thrombocytosis [12,13].

Hypercoagulability is difficult to predict by means of conventional hemostatic
tests (prothrombin time [PT] and activated partial thromboplastin time [aPTT]), as
they are more suitable for detecting hypocoagulable states [14]. Thrombosis can
occur by multiple mechanisms: increased activity of procoagulant factors,

decreased endogenous anticoagulant activity, decreased fibrinolysis, blood
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stasis or endothelial vascular damage, which make these tests harder to predict
thrombotic risk [15]. Thromboelastometry (TEM) is a validated test in veterinary
medicine that detects hypercoagulable states [14,16] and evaluates hemostatic
treatments [11].

We hypothesized that dogs with HAC are at higher risk of thrombosis.
Thus, the objective of this study was to evaluate hematological, biochemical and
hemostatic findings in dogs with ACTH-dependent HAC and compare them to a
healthy control group, in order to identify thrombotic risk and possible related

mechanisms.

2. MATERIALS AND METHODS
2.1 Experimental design

This study was approved by the Ethics Committee on The Use of Animals
(protocol no 0163/2018) and a free and informed consent was signed by the
patient’s owners. We selected 19 client-owned dogs (10 females, 9 males [Table
1]) diagnosed with ACTH-dependent HAC (by low-dose dexamethasone
suppression test and endogenous ACTH concentration), from the endocrinology
service of two veterinary clinics (Naya Especialidades Veterinarias, S&o
Paulo/SP, and Endocardiovet, Bauru/SP). The median age for this group was 11
years (range 6-15 years). Animals with comorbidities not related to ACTH-
dependent HAC were excluded

For the control group, we included 30 healthy dogs (12 males and 18
females), between the ages of 1 and 9 years (median, 3 years), without morbid

antecedents in the past 30 d. With previous clinical evaluation, all animals were
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submitted to the same laboratory analysis (blood count, biochemical and

hemostatic profile).

2.2 Blood collection

Blood was collected from the external jugular vein using a EDTA K3
anticoagulant 7.5% tube for blood count and a dry tube for biochemical analysis.
For hemostatic evaluation, blood was collected in a 3.2% sodium citrate tube at
single moment. Two citrated tubes (3.2% sodium citrate) of 1.8 mL of blood were
collected. After collection, samples destined for TEM and platelet aggregation
were submitted to analysis within 40 minutes. The poor platelet plasma (PPP)
used for the tests of prothrombin time (TP), activated partial thromboplastin time
(aPTT), antithrombin, fibrinogen and D-dimer were immediately frozen and stored

in liquid nitrogen (-196 °C) until analysis.

2.3 Laboratorial Analysis
2.3.1 Hemostasis
2.3.1.1 Thromboelastometry (TEM)

Analyses was performed in whole blood within 30-40 minutes after sampling
and according to the manufacturer's instructions. Three channels were used
simultaneously for measuring INTEM, EXTEM and FIBTEM, each one requiring
300 uL of citrated blood. The blood was recalcified with 20 pL of calcium chloride
0.2 M (STAR-TEM®), and coagulation was initiated by adding tissue factor
(EXTEM®) and ellagic acid (INTEM®). For FIBTEM® analysis, blood was mixed
with 20 uL of EXTEM reagent and 20 uL of cytochalasin D solution [17].

Tracings were run at 37°C for 60 minutes.
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2.3.1.2 Platelet aggregation

Whole blood platelet aggregation was performed in an electric impedance
aggregometer (Chrono - Log WBA® - Model 5922 Dual Channel). The sample
was kept at room temperature for 30 minutes before analysis. Aggregation was

performed according to the protocol using ADP as an agonist [18].

2.3.1.3 PT and aPTT
For PT and aPTT analysis, the proceeding was performed by a
coagulometer CloTimer (Clot®), according to the guidelines of each commercial

kit [19].

2.3.1.4 Antithrombin, fibrinogen and D-dimer

Antithrombin, fibrinogen and D-dimer plasma concentrations were
determined by an automated Sysmex CA-600 (Siemens Healthcare
Diagnostics®) device, according to the guidelines of each commercial kit
(Berichrom® Antithrombin Ill, Dade® Fibrinogen and Innovance® D Dimer,

respectively).

2.3.2 Blood count

Blood count was performed by hematological analyzers (flow cytometry and
impedance). Cell morphology and differential leukocyte count were performed in
100 cells together with the evaluation of the morphology of erythrocytes and

platelets in blood smears stained by rapid Panoptic (Laborclin®).
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2.3.3 Serum biochemistry and urinary protein: creatinine ratio

Biochemical tests and urinary protein: creatinine ratio were processed in
an automated biochemistry device (Roche® - Cobas Mira Plus) using commercial
kits (Bioclin® and Labtest®). Biochemical analyses included alanine-
aminotransferase (ALT), alkaline phosphatase (AP), gamma-glutamyl
transferase (GGT), urea, creatinine, total protein, albumin, cholesterol,

triglycerides and glucose.

2.3.4 Low dose dexamethasone suppression test

Diagnosis of HAC was confirmed by the low-dose dexamethasone
suppression test, in which serum cortisol concentration (baseline, 4h and 8h post-
dexamethasone) was obtained by radioimmunoassay method, using commercial
kits (Coat - A Count, Siemens®). The collection was performed according to a
predetermined protocol [7]. Animals with baseline cortisol levels of > 4.0 pg/dL,
and post dexamethasone (4 and 8 h) levels of > 0.9 ug/dL, were considered

positive.

2.3.5 Statistical analysis

Data were analyzed using the commercial program GraphPad Prism
version 5.01 (GraphPad Software, Inc®/ La Jolla, CA). Estimation of the sample
size (n) was calculated at an 80% statistical power. Normality of data was
assessed by the test of Shapiro-Wilk and variables were compared by Student’s
t-test. All data were expressed as a mean (xSD). Statistical significance was

established at p < 0.05 for all values.
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3. RESULTS AND DISCUSSION

Regarding hematological evaluation, our study showed a significant
difference only for the platelet count (Table 2) when we compared both groups.
We observed mild to moderate thrombocytosis in 7/19 dogs (36.85%), probably
due to bone marrow stimulation and/or decreased splenic sequestration [14].
Other studies reported an increase in 75-80% of the cases [20,21]; however, their
reference interval was lower than the one used for this study (160-430 /uL x 200-
500 /uL). Constant exposure to hypercortisolemia gives rise to multisystemic
disorders that can be reflected in routine laboratory tests [22]. Erythrocytosis,
thrombocytosis and stress leukogram constitute the most frequent hematological
changes [23,24], although we only observed thrombocytosis as a consistent
change.

Hypercortisolemia can also stimulate ALP’s cortisol-induced isoenzyme
and vacuolar hepatopathy [23], leading to a significant increase in ALP and ALT
activity, respectively (Table 3). Even though this does not occur with GGT, studies
have shown an association between increased serum activity and glucocorticoid
treatment; probably due to a stimulus of hepatocytes’ microsomal system [25,26].
In HAC, increment of GGT tends to be less common and severe than ALP [27].
Still our study showed a similar frequency between them; 11/16 (68.75%) patients
had an increase in GGT and 12/18 (66.66%) patients in ALP. In fact, some
animals presented high levels of GGT with normal activity of ALP, possibly related
with the presence of cholestasis in the bile canaliculus. Hyperlipidemia caused
by cortisol stimulus for lipolysis, and hyperglycemia, produced by insulin
resistance and hepatic neoglucogenesis, were also common findings [23,24]. It

is important to note that some animals were not submitted to all examinations,
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which explains the lower total number of animals evaluated in relation to the
levels of GGT and ALP.

Some authors characterized thromboembolic mechanisms according to
the triad of Virchow, which includes endothelial dysfunction, hypercoagulability
and stasis [28]. We confirmed the presence of hypercoagulability in dogs with
HAC, mainly represented by a decrease in CT (EXTEM and FIBTEM assays) and
CFT parameters (FIBTEM assay), and an increase of MCF in the INTEM, EXTEM
and FIBTEM pathways (Tables 4, 5 and 6). These alterations suggest a faster
formation of fibrin polymer and a more resistant clot. So far, none of these
patients has develop a clinical thromboembolic event. In addition, we observed
decreased values of PT and aPTT compared to control group, which may also
suggest a state of hypercoagulability due to the increase of several factors of the
intrinsic and extrinsic pathways in cases of HAC [29].

Our study also detected increased fibrinogen levels in all animals with HAC
(Table 7), what could indicate a pro-inflammatory condition caused by
hypercortisolism, that in conjunction with the ML’s increase, suggested a
fibrinolytic disorder [28]. The FIBTEM assay qualitatively evaluates fibrinogen by
the action of cytochalasin D, which irreversibly inhibits platelet function [30], and
justifies the importance of fibrinogen in hemostasis. Fibrinogen binds to GPIIb-
llla platelet receptors enabling cross-linking of adjacent activated platelets [31].
We observed higher platelet aggregation in dogs with HAC (Table 7), probably
due to hyperfibrinogenemia, which alters plasma viscosity, erythrocyte
aggregation and vascular reactivity, and impairs endothelial cell layer integrity by
binding to its endothelial cell membrane receptors and activating signalling

mechanisms [32]. However, results of TEM tracing were incompatible with this
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finding, since the parameters used to evaluate platelet aggregation, (CFT and
alpha angle of INTEM and EXTEM assays) were normal. This also could be
explained by a ROTEM’s lack of sensitivity to assess antiplatelet effects.

Animals with  HAC presented hyperglycemia, hypercholesterolemia,
hypertriglyceridemia, and high urinary protein: creatinine ratio (UPC) (Table 3),
alterations that could predispose to thromboembolism and that should be
corrected by the clinician. Obesity, dyslipidemia, insulin resistance and
proteinuria are considered inflammatory conditions that result in increased
thrombotic risk [20,28].

Several researchers recognize hyperlipidemia as one of the principal
causes of atherosclerosis, and the consequent formation of thrombi. In HAC,
studies have proposed increase of LDL cholesterol--associated with cholestasis
and cellular liver disease—as the main mechanism for hypercholesterolemia
[33,34]. The prevalence of hyperlipidemia is still undefined, ranging from 50-80%
between authors [27]. For our study, we omitted the quantification of cholesterol
lipoproteins so LDL levels were unverified; yet, we observed a lower prevalence
than expected. Only 7/19 animals (36.84%) showed hypercholesterolemia and
6/19 (31.58%) presented hypertriglyceridemia, leading us to the presumption that
hyperlipidemia is an irrelevant factor for thrombotic risk in canine HAC.

Literature reports proteinuria (UPC > 1,0) as a common finding in HAC and
a probable cause of antithrombin (important anticoagulant factor) renal loss, but
its origin is still on debate. Some authors suggest glomerular damage as the main
cause of proteinuria directly caused by the immunosuppressive effects of
hypercortisolemia, and systemic arterial hypertension and increased glomerular

permeability [35,36], while other studies propose a glomerular or tubular origin
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linked to the presence of high molecular weight proteins on proximal tubule [37].
Most of our patients (14/19; 73.7%) presented proteinuria, though, with higher
levels of antithrombin than the control group (Table 7). Since our study lacks
specific markers and blood pressure the origin of proteinuria remains
unsupported. Though, we believe that renal loss of antithrombin might be
proportionally related with the severity of proteinuria, and that increased levels of
antithrombin were caused by a compensatory mechanism for hypercoagulability
secondary to inflammatory diseases and increased procoagulant factors [20,28].

Some authors have associated hypercortisolism with increased
plasminogen activator inhibitor (PAI) levels, resulting in decreased fibrinolysis
[38], yet, our study showed no significant difference in D-dimer values and ML
parameter of INTEM and EXTEM assays. As seen in other studies that reported
normal fibrinolytic markers in patients with Cushing's syndrome [28] and healthy
humans undergoing high-dose dexamethasone therapy [39].

The D-dimer concentration is influenced by several physiological and
pathological conditions, such as pregnancy, chronic inflammatory conditions and
neoplasms; normal levels suggest absence of clinical thrombotic event [31]. For
this reason, D-dimer should be interpreted in conjunction with TEM and imaging
exams. None of the animals included in our study developed a thrombotic clinical
event, and animals with comorbidities such as neoplasms, chronic kidney
disease, among others, were excluded.

Future studies evaluating inflammation-related factors and its correlation
with our study results will contribute not only to comprehend physiological

mechanisms of hypercoagulability, but also to determine the patients’ stage.
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CONCLUSIONS

Canine ACTH-dependent hyperadrenocorticism is associated with a state
of hypercoagulability characterized by thromboelastometric changes. This state
is caused by hyperfibrinogenemia in association with thrombocytosis,

dyslipidemias, hyperglycemia, and proteinuria.
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Table 1. Breed distribution of 19 dogs diagnosed with hyperadrenocorticism

Breed

Number of cases

Percentage (%)

32

Yorkshire terrier
Mongrel

French bulldog
Lhasa apso
Dachshunds
Beagle

Bichon frisé
Fox terrier
Maltese

Poodle

Pug

West highland white terrier

3/19
3/19
2/19
2/19
2/19
1/19
1/19
1/19
1/19
1/19
1/19
1/19

15.79
15.79
10.52
10.52
10.52
5.26
5.26
5.26
5.26
5.26
5.26
5.26
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Table 2. Comparison of hematological parameters between healthy individuals

(n=30) and dogs with ACTH-dependent hyperadrenocorticism (n=19)

CONTROL (+SD) HAC (+SD) p

Red cells (x10%/uL) 6.954 (£0.84) 6.842 (£1.17) 0.7057

Hemoglobin (g/dL) 15.92 (+1.68) 15.73 (x2.69) 0.7658

Hematocrit (%) 47.7 (£4.50) 45.47 (£7.60) 0.2119

VCM (fL) 68.76 (+4.11) 67.19 (+5.24) 0.2631

CHCM (%) 33.32 (+0.85) 34.36 (£3.43) 0.6453
Platelets (x10%/pL) 233.7 (+48.88) 400.0 (x147.20)  <0.0001*

Leucocytes (x103%/uL) 11.14 (£3.07) 9.43 (x4.55) 0.1229

* Statistical difference (p<0.05)

HAC: hyperadrenocorticism
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Table 3. Comparison of biochemical parameters between healthy individuals

(n=30) and dogs with ACTH-dependent hyperadrenocorticism (n=19)

CONTROL (+SD) HAC (£SD) p
Urea (mg/dL) 36.63 (£11.28) 48.24 (£31.50) 0,0733
Creatinine (mg/dL) 0.9 (x0.21) 0.95 (x0.51) 0,6410
ALT (IU/L) 44.33 (+£19.45) 247.20 (¥531.20)  0,0409*
ALP (1U/L) 61.8 (£61.3) 1315.0 (#3261.0)  0.0395*
GGT (IU/L) 3.82 (£1.72) 57.15 (£138.2) 0.0383*
TP (g/dL) 6.78 (+0.85) 7.19 (x0.88) 0,1209
Albumin (g/dL) 3.59 (x0.49) 3.30 (x0.53) 0.0674
Globulin (g/dL) 3.19 (x0.66) 3.90 (x0.84) 0.0027*
Glycose (mg/dL) 85.3 (£10.1) 112.0 (x39.44) 0,0010*

Cholesterol (mg/dL) 217.5 (+86.18) 303.3 (¥104.1) 0.0030*
Triglycerides (mg/dL) 96.17 (x83.99) 179.2 (£176.4) 0.0311*
UPC - 2.56 (£2.21)
* Statistical difference (p<0.05)

HAC: hyperadrenocorticism
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Table 4. Comparison of ROTEM evaluation (INTEM®) between healthy

individuals (n=30) and dogs with ACTH-dependent hyperadrenocorticism (n=19)

INTEM Control (+SD) HAC (+SD) p
CT (s) 125.6 (£33.8) 119.7 (£35.7) 0.5729
CFT (s) 190.7 (+67.3) 165.2 (+89.2) 0.2689
a angle (9 58.6 (8.6) 63.8 (+11.9) 0.0892
MCF (mm) 54.0 (+9.1) 61.5 (+10.0) 0.0102*
ML (%) 10.6 (+16.3) 7.3 (£12.7) 0.4626

* Statistical difference (p<0.05)

HAC: hyperadrenocorticism
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Table 5. Comparison of ROTEM evaluation (EXTEM®) between healthy

individuals (n=30) and dogs with ACTH-dependent hyperadrenocorticism (n=19)

EXTEM Control (+SD) HAC (+SD) p
CT (s) 59.0 (+27.7) 37.4 (+24.5) 0.0084*
CFT (s) 217.5 (+94.5) 197.7 (+116.2)  0.5241
a angle ( 9 56.6 (+10.6) 59.7 (+12.9) 0.3747
MCF (mm) 54.9 (+9.9) 63.3 (+10.0) 0.0061*
ML (%) 4.2 (+9.1) 1.3 (£3.3) 0.1879

* Statistical difference (p<0.05)

HAC: hyperadrenocorticism
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Table 6. Comparison of ROTEM evaluation (FIBTEM®) between healthy

individuals (n=30) and dogs with ACTH-dependent hyperadrenocorticism (n=19)

FIBTEM Control (+ SD) HAC (+ SD) P
CT (s) 59.2 (+40.0) 33.1 (+15.0) 0.0094*

CFT (s) - - -
a angle (9 62.9 (+5.5) 72.6 (+5.4) 0.0042*
MCF (mm) 9.6 (+3.2) 18.0 (+13.1) 0.0021*
ML (%) 9.1 (+7.4) 2.4 (+5.0) 0.0012*

* Statistical difference (p<0.05)

HAC: hyperadrenocorticism
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Table 7. Comparison of platelet aggregation, antithrombin, fibrinogen, D-dimer,

prothrombin time (PT) and activated partial thromboplastin time (aPTT) between

healthy individuals (h=30) and dogs with ACTH-dependent hyperadrenocorticism

(n=19)
CONTROL (xSD) HAC (xSD) P
Platelet aggregation (Ohms) 7.56 (£3.14) 11.68 (¥5.41) 0.0064*
Antithrombin (%) 118.1 (£8.9) 141.8 (¥26.3) <0.0001*
Fibrinogen (mg/dL) 190.6 (x66.9) 392.8 (+118.5) <0.0001*
D-dimer (ug/mL) 0.8 (£1.0) 0.7 (£0.5) 0.5563
PT (s) 8.52 (x1.42) 7.38 (£0.63) 0.0038*
aPTT (s) 14.81 (+3.08) 11.33 (x2.95) 0.0003*

* Statistical difference (p<0.05)

HAC: hyperadrenocorticism
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ABSTRACT

Hyperadrenocorticism (HAC) can lead to a state of hypercoagulability supposedly
by increasing activity of procoagulant factors and decreasing that of
anticoagulants and fibrinolysis. For the past few years, clinicians have
implemented antiplatelet agents, such as clopidogrel bisulfate, as an empiric
treatment for preventing thromboembolic events. Thus, the objective of this
prospective and observational study was to evaluate the effectiveness of
clopidogrel for decreasing thromboembolic risk was able to decrease the state of
hypercoagulability in ACTH-dependent canine HAC. Eleven dogs were randomly
selected to receive trilostane alone (G1) or trilostane plus clopidogrel therapy
(G2). Both groups were summited to the same evaluations before and after
treatment: total cell blood count, cholesterol and triglycerides concentration, and
a hemostatic profile that included thromboelastometry, platelet aggregation,
activated partial thromboplastin time (aPTT), antithrombin, fibrinogen and D
dimer levels. We confirmed the presence of typical alterations, such as
thrombocytosis and hyperlipidemia, and a higher tendency for thrombotic risk—
supported by changes in thromboelastometry, decreased aPTT, and increased
fibrinogen levels. Comparisons between treatments showed no statistical
evidences of improvement for hypercoagulable state.

Keywords: Thrombocytosis; Platelets; Fibrinogen; Antithrombin;

Hypercoagulability; Antiplatelet.

1. INTRODUCTION
The hemostatic system is composed by platelets, blood vessels, von

Willebrand factor, coagulation factors, anticoagulants and fibrinolytic
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components. Mechanisms involved with its functioning, must sustain a perfect
balance to ensure correct blood flow and vascular integrity [1]. The activation of
coagulation factors results in fibrin-platelet plug, that remains restricted to the site
of injury under normal physiological conditions. Natural anticoagulants (mainly
represented by antithrombin, and proteins C and S) act by degrading coagulation
factors and avoiding a disseminated coagulation process [2].

Disruptions of normal hemostatic mechanisms, such as endothelial injury
(caused by infections or deposition of immunocomplexes), vascular stasis (e.g.
heart disease, endocardium damage), hypercoagulability and hypofibrinolysis
(e.g., hyperadrenocorticism), constitute the principal causes of thrombosis in
dogs [3].

Hypercoagulability is difficult to identify by conventional hemostatic tests
[4], such as prothrombin time (PT) and activated partial thromboplastin time
(@aPTT). Since thrombosis occur due to any combination of increased activity of
procoagulant factors, decreased activity of endogenous anticoagulants,
decreased fibrinolysis, blood stasis, or endothelial vascular damage, these tests
are unlikely to predict the overall thrombotic risk [5].

Thromboelastometry (TEM) is a validated test in dogs that allows the
detection of patients in a state of hypercoagulability [4], characterized by
decreased values of CT and/or CFT, and an increase of the a angle and/or
maximum clot firmness [6,7].

Hyperadrenocorticism (HAC) is a relatively common endocrine disease in
dogs, caused by an excessive chronic secretion of glucocorticoids [8]. A
potentially fatal complication of HAC is arterial and venous thromboembolism,

supposedly triggered by an increased activity of pro-coagulant factors and
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fibrinogen concentration [9]. The pathogenesis of this process and its exact
incidence is still undefined. Animals treated with trilostane (an enzymatic blocker
of esteroidal synthesis), remain in a state of hypercoagulability even after therapy
and normalization of cortisol levels [4].

Clopidogrel bisulfate is an antiplatelet agent that irreversibly inhibits the
P2Y12 platelet receptor, consequently blocking the action of adenosine
diphosphate (ADP) [10]. The aim of this study was to evaluate if clopidogrel
treatment was able improve hypercoagulable state in animals diagnosed with

ACTH-dependent HAC.

2. MATERIALS AND METHODS
2.1 Experimental design

This study was approved by the Ethics Committee on The Use of Animals
(protocol no 0163/2018) and a free and informed consent was assigned by the
patient’s owners. We selected 11 client-owned dogs (7 females, 4 males [Table
1]) diagnosed with ACTH-dependent HAC (by low-dose dexamethasone
suppression test and endogenous ACTH concentration), from the endocrinology
service of two veterinary clinics (Naya Especialidades Veterinarias, S&o
Paulo/SP, and Endocardiovet, Bauru/SP). Animals with comorbidities unrelated
to HAC were excluded. Animals were submitted to clinical evaluation and
laboratory tests, such as cell blood count, biochemical tests and hemostatic
profile parameters (aPTT, antithrombin, fibrinogen, D-dimer, ROTEM and platelet
aggregation), and separated into two groups according to the protocol treatment,
G1 (trilostane [0.5-1.5 mg/kg/BID PQ]), and G2 (trilostane [0.5-1.5 mg/kg/BID PO]

plus clopidogrel [2 mg/kg/SID PO]). Both groups were evaluated at the time of
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diagnosis (MO, by the dexamethasone suppression test and endogenous ACTH)
and after normalization of ACTH-stimulated cortisol concentrations (2-6 ug/dL)
(M1). The ACTH stimulation tests were performed in all groups at the first re-
evaluation, between 4 and 6 hours after the administration of trilostane. This
range of post-ACTH cortisol concentrations were considered indicative of proper
disease control, in addition to remission of clinical signs.

For the control group, we included 30 healthy dogs (12 males and 18
females), between the ages of 1 and 9 years (median, 3 years), without morbid
antecedents in the past 30 d. With previous clinical evaluation, all animals were
submitted to the same laboratory analysis (blood count, biochemical and

hemostatic profile).

2.2 Blood collection

Blood was collected from the external jugular vein using a EDTA K3
anticoagulant 7.5% tube for blood count and a dry tube for biochemical analysis.
For hemostatic evaluation, blood was collected into two 3.2% sodium citrate
tubes of 1.8 mL at single moment. After collection, samples destined for TEM and
platelet aggregation were submitted to analysis within 40 minutes. The poor
platelet plasma (PPP) used for the tests of activated partial thromboplastin time
(@aPTT), antithrombin, fibrinogen and D-dimer were immediately frozen and stored

in liquid nitrogen (-196 °C) until analysis.

2.3 Laboratorial Analysis
2.3.1 Hemostasis

2.3.1.1 Thromboelastometry (TEM)
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Analyses was performed in whole blood within 30-40 minutes after sampling
and according to the manufacturer's instructions. Three channels were used
simultaneously for measuring INTEM, EXTEM and FIBTEM, each one requiring
300 uL of citrated blood. The blood was recalcified with 20 pL of calcium chloride
0.2 M (STAR-TEM®), and coagulation was initiated by adding tissue factor
(EXTEM®) and ellagic acid (INTEM®). For FIBTEM® analysis, blood was mixed
with 20 uL of EXTEM reagent and 20 uL of cytochalasin D solution [11].

Tracings were run at 37°C for 60 minutes.

2.3.1.2 Platelet aggregation

Whole blood platelet aggregation was performed in an electric impedance
aggregometer (Chrono - Log WBA® - Model 5922 Dual Channel). The sample
was kept at room temperature for 30 minutes before analysis. Aggregation was

performed according to the protocol using ADP as an agonist [12].

2.3.1.3aPTT
For aPTT analysis, the proceeding was performed by a coagulometer

CloTimer (Clot®), according to the guidelines of each commercial kit [13].

2.3.1.4 Antithrombin, fibrinogen and D-dimer

Antithrombin, fibrinogen and D-dimer plasma concentrations were
determined by an automated Sysmex CA-600 (Siemens Healthcare
Diagnostics®) device, according to the guidelines of each commercial kit
(Berichrom® Antithrombin Ill, Dade® Fibrinogen and Innovance® D Dimer,

respectively).
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2.3.2 Cell blood count
Cell blood count was performed by hematological analyzers (flow cytometry
and impedance). Cell morphology and differential leukocyte counts were

performed in 100 cells in blood smears stained by Diff-Quick stain (Laborclin®).

2.3.3 Serum biochemistry
Cholesterol and triglycerides were measured in an automated
biochemistry device (Roche® - Cobas Mira Plus) using commercial Kits

(Bioclin®).

2.3.4 Low dose dexamethasone suppression test

Diagnosis of HAC was confirmed by the low-dose dexamethasone
suppression test, in which serum cortisol concentration (baseline, 4h and 8h post-
dexamethasone) was obtained by radioimmunoassay method, using commercial
kits (Coat - A Count, Siemens®). The collection was performed according to a
predetermined protocol [14]. Animals with baseline cortisol levels of > 4.0 ug/dL,
and post dexamethasone (4 and 8 h) levels of > 0.9 ug/dL, were considered

positive.

2.3.5 Statistical analysis

Statistical analysis was performed by statistical software (SAS Studio, Inc).
Estimation of the sample size (n) was calculated at an 80% statistical power. The
data were analyzed for normality by observing the sample distribution in quantile-
quantile graphs and examination of the residuals were performed. A general

linear mixed model including time and group as fixed effects, and dog as a
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random effect, was used to determine if the parameters of interest changed over
time or between groups. Repeated measures made over time on the same animal
were accounted for by fitting different autocorrelation structures. Posthoc tests
were performed when the global testing indicated differences between groups or
time points, and were adjusted by Tukey’s method. Level of significance was set

at p <0.05.

3. RESULTS AND DISCUSSION

Regarding hematological evaluation, our study showed a significant
difference only for the platelet count in MO (Table 2). We observed mild to
moderate thrombocytosis, probably due to bone marrow stimulation and/or
decreased destruction effects of cortisol [4,15]. Constant exposure to
hypercortisolemia gives rise to multisystemic disorders that result in alterations
of routine laboratory tests [16]. Results showed no statistical difference between
MO and M1 for both groups (G1 and G2). This was expected since previous
studies with healthy dogs have shown no significant changes in hematocrit or
platelet counts after clopidogrel administration [17]; hematological alterations in
patients with HAC have also remained after normalization of cortisol levels
[4,9,18].

Thromboembolic mechanisms were characterized by some authors
according to the triad of Virchow, which includes endothelial dysfunction,
hypercoagulability and stasis [2]. We confirmed the presence of
hypercoagulability in dogs with HAC, mainly represented by a decrease in CT

(EXTEM assay) and CFT parameters (FIBTEM assay), and an increase of a

angle and MCF in the FIBTEM pathway (Table 3). These alterations suggest a
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faster formation of fibrin polymer and a more resistant clot. So far, none of these
patients has developed a clinical thromboembolic event.

We also observed a decreased aPTT when compared to the control group.
Although this parameter lacks significance for diagnosing hypercoagulability;
some studies have shown a relationship between shortened aPTT with clinical
manifestations of thrombosis [19]. The aPTT values returned to normal after
regularizing cortisol levels in both groups. Some authors have proposed factor
VIl as the main procoagulant factor undergoing changes in cases of
hypercortisolism [1]. Therefore, although we omitted the quantification of this
factor, we can assume that resolution of hypercortisolism may have leaded to a
regularization of factor VIII, and hence of aPTT.

Treatment with trilostane, whether or not associated with clopidogrel,
presented no signs of improvement for thromboelastometric alterations (Table 3).
Another study showed how thromboelastography (TEG) tracings remained
unaltered after clopidogrel treatment in healthy dogs [20]; this could be explained
by a ROTEM'’s lack of sensitivity to assess antiplatelet effects, as proposed in
previous studies that evaluated hemostatic effects of NSAIDs [21]. Treatment
with trilostane alone, has also proven to be ineffective in stabilizing TEG tracings
[9]; which suggests a persistent glucocorticoid systemic effect, or even individual
sensitivity, as suggested by another study [22].

We also detected increased fibrinogen levels (Table 3), that in conjunction
with the ML’s increase, suggest a secondary fibrinolysis [2]. The FIBTEM assay
qualitatively evaluates fibrinogen by the action of cytochalasin D, which
irreversibly inhibits platelet function [23], and justifies the importance of fibrinogen

in hemostasis, by enabling cross-linking of adjacent activated platelets [18]. Our
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study observed higher platelet aggregation in dogs with HAC when compared to
control group (Table 3), probably due to hyperfibrinogenemia, which alters
plasma viscosity, erythrocyte aggregation, vascular reactivity, and also impairs
endothelial cell layer integrity by binding to its endothelial cell membrane
receptors and activating signalling mechanisms [24].

Adenosine diphosphate-induced platelet aggregation underwent
significant reduction after trilostane and clopidogrel treatment (table 2), which can
be explained by the mechanism of action of clopidogrel, which involves
irreversible inhibition of platelet receptor P2Y12 of adenosine diphosphate (ADP)
[10]. It is important to note that some of the animals presented an absent
response to ADP, probably due to variations of the P2Yi2 receptor, that
diminishes its activity. Similar responses were seen in humans with
polymorphisms of this receptor [10,20]. These individual characteristics and the
fact that the receptor serves as clopidogrel’s site of action; led us to the
presumption that polymorphism of ADP receptors can interfere in clopidogrel
treatment as well, explaining the lack of response seen in some of the animals.

This study revealed different sensitivity for platelet aggregation and
thromboelastometry methods in assessing antiplatelet effects of clopidogrel
treatment. We observed a platelet hypofunction in ADP-induced aggregation after
clopidogrel therapy, though, incompatible with thromboelastometric changes.
Other researchers suggest that thrombin formation during conventional ROTEM
procedure causes significant platelet activation via thrombin formation, masking
any in vivo platelet inhibition by less potent platelet activators [21].

Hemostatic profile (antithrombin, fibrinogen and D-dimers) showed no

significant differences in neither of the groups (G1 and G2) nor moments (MO and
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M1) (table 2). Human patients showed higher fibrinogen and D-dimer levels at
six-month remission period for Cushing's syndrome, even though their cortisol
levels were normalized [18]. This reinforces the idea of a persistent
hypercoagulable tendency in dogs and the need for an effective long-term
anticoagulant therapy and evaluation.

Animals with HAC presented hypercholesterolemia and
hypertriglyceridemia, alterations that could predispose to thromboembolism and
that should be corrected by the clinician, since obesity, dyslipidemia, insulin
resistance and proteinuria are considered inflammatory conditions that result in
increased thrombotic risk [2,25]. Several researchers recognize hyperlipidemia
as one of the principal causes of atherosclerosis, and consequent formation of
thrombi. In HAC, studies have proposed increase of LDL cholesterol (associated
with cholestasis and cellular liver disease) as the main cause for
hypercholesterolemia [26,27]. Treatment with trilostane improved cholesterol
levels as described in previous studies [28,29]. Decrease of cortisol levels
produces a higher activation of lipoprotein-lipase and lower activation of hormone
sensitive lipase.

For all that said, we can infer that hypercoagulable tendency remains even
after normalization of cortisol levels and prophylactic clopidogrel treatment,
consistent with other studies; this corroborates the findings of other studies in
dogs and humans, what could be justified by an important role of a persistent
endothelial dysfunction or abdominal obesity in human beings in the persistence
of the hypercoagulable state [4,30,31]. Our study corroborated the need of an
effective anticoagulant therapy and monitoring in dogs with ACTH-dependent

HAC.
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Further studies are needed to evaluate other anticoagulants treatments,
such as rivaroxaban, which was already suggested by some authors in cases of
possible venous thromboembolism [32]. Herbal medicines, such as compounds
of ginkgo biloba, could also be evaluated in view of their antiplatelet effects in

humans [33].

CONCLUSIONS

Clopidogrel bisulfate in association with trilostane treatment showed
inefficacy in improving hypercoagulable laboratorial alterations associated with
ACTH-dependent canine HAC, at least on thromboelastometric evaluation,

although apparently it has decreased platelet aggregation.
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448  Table 1. Breed distribution of 11 dogs diagnosed with hyperadrenocorticism

Breed Number of cases Percentage (%)

Yorkshire terrier 2/11 18.18
Mongrel 1/11 9.09
French bulldog 1/11 9.09
Lhasa apso 1/11 9.09
Dachshund 1/11 9.09
Beagle 1/11 9.09
Bichon frisé 1/11 9.09
Fox terrier 1/11 9.09
Pug 1/11 9.09
West highland white terrier 1/11 9.09
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Table 2. Comparison [mean + SD] of hematological and hemostatic parameters

between control group (n=30), G1 (n=6) and G2 (n=5) on two moments (MO and

M1)
G1MO G1IM1 G2MO G2M1 Control

Platelet
aggregation 10.1 (5.7) 10.3 (£3.8) 8.8 (£5.5) 3.1 (x6.3) 7.6 (£3.1)

(Ohms)

Platelet count 423.7* .

(10YuL) (t1646) 3805 (£843) 360.6*(x124.4) 4496 (£170.4) 2337 (:48.9)
Cr(‘;'ge/sdtgo' 260.7 (£30.2) 200.7 (+54.9) 283.6 (+94.9) 233.0 (+136.8) 217.5 (+86.2)
Triglycerides 277.7*

(ma/dL) (278 2055(+1642) 1052(+49.1) 97.4(:484) 96.2 (:84.0)
A”“”(](;Oo)mb'” 137.6 (+11.1) 1455 (+13.4) 134.7 (+19.6) 148.4 (+28.8) 126.9 (+48.9)
Fibrinogen 461.7* N

(mgidL) (1258 3557 (:1250) 328.0%(2954) 297.8(x33.9) 188.9(:66.3)
D Dimer 0.8 (+0.7) 0.7 (+0.6) 0.6 (£0.5) 0.6 (£0.4) 0.8 (+1.0)

aPTT (s) 10.0* (+1.3)  15.2 (+5.1) 10.3* (+2.7) 12.4 (+2.1)  14.81 (+3.81)

* Indicates a significant difference to the control group (P < 0.05)
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Table 3. Comparison [mean £ SD] of ROTEM parameters between control group

INTEM
CT (s)
CFT (s)
a angle (°)
MCF (mm)
ML (%)
EXTEM
CT (s)
CFT (s)
a angle (°)
MCF (mm)
ML (%)
FIBTEM
CT (s)
CFT (s)
a angle (°)
MCF (mm)
ML (%)

G1MO

103.5 (+27.4)

187.8 (+87.3)

62.0 (+13.0)
62.5 (+9.5)
2.7 (+4.3)

45.0 (+31.1)
200.5 (+84.3)
61.0 (+8.5)
64.3 (+9.0)
0.0 (+0.0)

34.8 (+9.6)
73.5* (+0.7)

24.8* (+19.0)
0.5* (+0.5)

GiM1

83.3 (+32.8)

141.0 (+68.6)

67.0 (+10.0)
63.3 (¢5.2)
0.2 (+0.4)

28.3 (+13.8)

157.2 (+78.3)

63.8 (+10.9)
65.0 (+7.0)
0.0 (+0.0)

29.2 (x9.7)
74.7 (£3.5)

14.5 (+3.4)
2.8 (+3.7)

G2MO

99.4 (+27.5)
154.6 (+27.0)
65.0 (£3.7)
58.2 (+6.9)
4.2 (+8.3)

24.6* (£9.7)
202.0 (+13.3)
55.4 (+4.4)
60.4 (+6.0)
0.2 (+0.4)

21.4 (+7.8)
65.5 (+2.1)

12.0 (+3.2)
0.4* (£0.9)

G2M1

98.0 (+18.8)

140.4 (+78.1)

63.4 (+63.4)
57.6 (+7.4)
9.4 (+8.7)

39.8 (+14.9)

160.2 (+84.8)

63.2 (+12.3)
58.2 (+9.1)
2.0 (+3.1)

43.8 (+18.2)
63.3 (+2.3)

11.0 (+3.0)
3.6 (+3.8)

Control

125.6 (+33.8)
190.7 (+67.3)
58.6 (8.6)
54.0 (+9.1)
10.6 (+16.3)

59.0 (+27.7)

217.5 (+94.5)
56.6 (+10.6)
54.9 (+9.9)
4.2 (+9.1)

59.2 (+40.0)
62.9 (5.5)

9.6 (£3.2)
9.1 (7.4)

* Indicates a significant difference to the control group (P < 0.05).



60

7. DISCUSSAO GERAL

N&o existem trabalhos na literatura que realizaram estudo tdo completo,
com tantos pardmetros hematologicos, bioquimicos e hemostaticos,
relacionados a comparacdo de cdes saudaveis e com hiperadrenocorticismo
hipofise-dependente, e que avaliem a acdo do bissulfato de clopidogrel como
agente antiagregacao plaguetaria nestes pacientes.

Dentro da avaliacdo hematoldgica, quando comparados animais do grupo
controle e cdes com HAC ACTH-dependente, houve diferenga estatistica na
contagem plaquetéria, provavelmente em decorréncia de estimulo medular e
diminuicdo da remocdo ou destruicdo, jA que outros estudos sugerem essas
acOes decorrentes do hipercortisolismo enddgeno ou exdégeno (PARK et al.,
2013; ROMAO et al., 2013). Outros trabalhos reportaram trombocitose em 75-
80% dos casos (LOPES et al., 2005; PACE et al., 2013); porém, o intervalo de
referéncia utilizado foi menor em comparacdo ao do presente estudo (160-
430x10%/uL). A exposicdo constante a hipercortisolemia produz efeitos
multissistémicos que ocasionam diferentes alteragbes nos exames laboratoriais
de rotina (ROSE; DUNN; BEDARD, 2013). Dentro das alteracées hematoldgicas
mais frequentes, observam-se a eritrocitose e trombocitose, além do leucograma
de estresse (NICHOLS, 1997; BENNAIM et al., 2019), o qual n&o foi observado
em nenhum dos animais.

O tratamento com trilostano, associado ou nao ao clopidogrel, ndo
ocasionou diferencas entre MO e M1 em ambos os grupos (G1 e G2), tendo em
vista que a administracdo de clopidogrel em cdes sadios ndo resultou em
mudancas no hematécrito ou contagem plaquetaria em outro estudo
(WHITTEMORE et al., 2019) e que seres humanos e caes com HAC, mesmo
apos tratamento e normalizagdo dos niveis de cortisol, permaneceram com
diversas alteracdes hematoldgicas (KOL et al., 2013; PARK et al., 2013; WITEK
et al., 2016). Nem o trilostano e tampouco o clopidogrel atuam diretamente sobre
a producéo, destruicdo ou consumo de plaquetas.

Na bioquimica sérica, uma das altera¢gdes mais comuns € o incremento
de FA e ALT, consequéncias do aumento da isoenzima induzida pelo cortisol e
da hepatopatia vacuolar secundarios ao hipercortisolismo, respectivamente
(BENNAIM et al., 2019). Embora essa indugdo n&o ocorra na GGT, estudos

mostraram um incremento de sua atividade hepatica e sérica em caes tratados
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com glicocorticoides, provavelmente pelo estimulo do sistema microssomal dos
hepatdcitos (SOLTER et al., 1994; BENNAIM; SHIEL; MOONEY, 2019). No HAC,
o incremento de GGT é menos frequente e severo em comparacdo a FA
(ABDOU et al., 2013). No entanto, os dados analisados mostraram que mais de
dois tercos dos caes apresentaram aumento da atividade sérica de GGT e de
FA. Inclusive, alguns animais tiveram aumento de GGT com niveis normais de
FA, possivelmente associada a presenca de colestase nos canaliculos biliares.

Os mecanismos envolvidos em complica¢des tromboembdlicas nos casos
de hipercortisolismo, tanto enddégeno como exdgeno, estdo agrupados na triade
de Virchow, que consiste em disfun¢ao endotelial, hipercoagulabilidade e estase.
O estado de hipercoagulabilidade foi demonstrado no tracado da TEM dos caes
com HAC em nosso estudo e representado pela diminuicdo de CT e CFT,
aumento do MCF, assim como disturbios na fibrindlise, demonstrados
eventualmente pela diminuicdo dos indices de LM, bem como no aumento do
fibrinogénio (GILOR; GRAVES, 2011). Todavia, nenhum dos pacientes
apresentou qualquer evento clinico trombatico. Além disso, foram observados
em nosso estudo valores menores de TP e TTPa comparados ao grupo controle,
0 que pode também sugerir um estado de hipercoagulabilidade devido ao
aumento de diversos fatores das vias intrinseca e extrinseca em casos de HAC
(SONG; DROBATZ; SILVERSTEIN, 2016). Os animais tratados apresentaram
normalizacdo do TTPa, o que pode ser explicado pela diminuicdo gradativa dos
niveis do fator VIIl ap6s normalizacéo dos niveis de glicocorticoides. E afirmado
por determinados autores que o fator VIII € um dos principais fatores pré-
coagulantes que sofre alteracdo em casos de hipercortisolismo (ISIDORI et al.,
2015), embora ndo possamos comprovar categoricamente essa informagéo em
nosso estudo, ja que ndo quantificamos este fator.

Nédo foram observadas alteracbes tromboelastométricas nos cées
tratados apds normalizacdo dos niveis de cortisol pos-ACTH, apesar da
hipofuncdo plaquetaria observada apoés tratamento com trilostano associado ao
clopidogrel. Em outro estudo, o clopidogrel ndo alterou as caracteristicas dos
tracados da tromboelastografia em cées sadios (BRAINARD et al., 2010), o que
pode ser explicado pela menor sensibilidade da TEM para deteccéo de quadros
de hipofuncédo plaquetaria (ZANUZZO et al., 2015). Outro estudo também né&o

detectou alteragBes na tromboelastografia apos tratamento com trilostano e
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remissao dos sinais clinicos em animais com hiperadrenocorticismo (KOL et al.,
2013), o que poderia sugerir um possivel efeito prolongado sistémico dos
glicocorticoides, ou até mesmo sensibilidade individual dos pacientes, conforme
sugerido por outro estudo (BORETTI et al., 2016).

Os animais com HAC apresentaram reducdo do CT, CFT e da LM no
FIBTEM, e aumento do MCF no INTEM, EXTEM e FIBTEM (figura 2),
demonstrando formacdo mais rapida do polimero de fibrina, e um coagulo mais
firme. O FIBTEM permite a avaliagdo qualitativa do fibrinogénio pela atuagéo da
citocalasina D, que inibe irreversivelmente a funcao plaquetaria (COELHO et al.,
2015), tendo permitido verificar a importancia do papel do fibrinogénio na
condicdo de hipercoagulacdo dos pacientes com hiperadrenocorticismo. Tal
evidéncia foi confirmada em nosso estudo pela hiperfibrinogenemia observada
nos animais com HAC ACTH-dependente, em decorréncia do processo

inflamatorio sistémico.

EXTEM 2004-05-13 00:35 FIBTEM 2004-05-13 00:35 | 2: Todd - MO

ET: 27s CFT: 55s o 79* ET:: 23s CFT: 143s o: 78*

AlO: &9mm AZ20: 75mm MCF: 77mm AlO: 22mm A20: 20mm MCF: 24mm

INTEM 2004-05-13 00:37

ET:: 119s CFT: 50s o 80"

AlO: &8mm AZ20: 74mm MCF: 75mm

FIGURA 2. Grafico obtido na tromboelastometria rotacional (ROTEM), avaliando
EXTEM, INTEM e FIBTEM, de animal com HAC, com perfil caracteristico de

estado de hipercoagulabilidade. (Arquivo pessoal).

A maioria dos cées com hiperadrenocorticismo (11/19; 57.9%)

apresentaram maior agregacao plaquetaria (figura 3), o que pode ser
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consequéncia também da hiperfibrinogenemia, ja que o fibrinogénio possui
importante papel sobre a agregacdo plaquetaria pela ligacdo aos receptores
GPlIb-llla e estimulo a ligacdo cruzada entre plaquetas ativadas adjacentes,
além de alterar a viscosidade plasmatica e agregacao eritrocitéaria e reatividade
vascular, o que leva a disturbios na integridade da camada celular endotelial
(LOMINADZE et al., 2010; SONG; DROBATZ; SILVERSTEIN, 2016); todavia,
ndo houve diferenca estatistica na avaliacdo indireta da agregacéo plaquetaria
pela andlise do CFT e angulo alfa no INTEM e EXTEM, o que também poderia
ser explicado por uma falta de sensibilidade do ROTEM para avaliacdo da
hipofuncdo plaquetaria, conforme proposto em estudos anteriores que
observaram os efeitos hemostaticos de AINEs, como a dipirona e meloxicam
(ZANUZZO et al., 2015).

Test ID :

Nrﬂce I & d gl IénB:MD: 227 Trace 1 Trace 2
l[ame:. Amanda - JAmanda - - -
ID : Denise Lab : PLab
Blood Draw Time : 11:30

race 2 Date: me; 12:00; o[
Name: ,
1D @ Lab : \
Blood Draw Time : 4
Trace 1 2 \
Instrument Imy Im 8
Reagent AD AD|

20 uM 20 uM 12 [,

Stirrer 1200 1200 =
Gain 206 2005 ], | L
Amplitude 17.1 ahm 0 ahm 18
Slope 15 ] a 20
Lag Time 0:22 =23:12 E
Area Under 351.8 0 o 24

Comments
28

32
36
40

700 400 500 800 1000 12:00 1800 1500 1600 20:00 72.00 7490 76.00 7660
Time {min:see)

FIGURA 3. Grafico obtido na agregometria com sangue total, de animal com
HAC ACTH-dependente, com perfil caracteristico de estado de hiperfuncao

plaquetéria. (Arquivo pessoal).

A agregacéo plaquetaria induzida pelo ADP sofreu reducéo significativa
apos o tratamento com trilostano e clopidogrel em nosso estudo, o que pode ser
explicado pelo mecanismo de acédo do clopidogrel, que envolve a inibicdo
irreversivel do receptor plaquetario P2Y12 da adenosina difosfato (ADP) (SAATI

etal., 2018; THOMASON et al., 2020). E importante salientar que alguns animais
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apresentaram resposta ausente da agregacao plaquetaria induzida pelo ADP
antes e apos o tratamento; alguns autores citam que alguns cédes podem ter
variagcOes do receptor P2Y12, local de atuagéo do clopidogrel, e atividade ausente
ou menor, semelhante a respostas relatadas em seres humanos com
polimorfismos neste receptor (BRAINARD et al., 2010; SAATI et al., 2018). A
variacdo individual nos resultados indica que o clopidogrel tera efeitos variados
em diferentes animais, talvez por conta de polimorfismos nos receptores do ADP.

Os animais com HAC apresentaram hiperglicemia, hipercolesterolemia e
hipertrigliceridemia, além de maior relacdo proteina: creatinina urinaria (RPC),
fatores que devem ser vistos com atencdo e corrigidos pelo clinico a fim de
diminuir a tendéncia a hipercoagulabilidade. Além do importante papel da
hiperfibrinogenemia, a obesidade, dislipidemia, resisténcia insulinica e
proteindria estao relacionadas ao aumento do risco tromboembdlico, por serem
consideradas condi¢des inflamatoérias em pacientes com hiperadrenocorticismo
(LOPES et al., 2005; GILOR; GRAVES, 2011).

Foi observada também hiperlipidemia, consequente do estimulo do
cortisol a lipdlise, e hiperglicemia causada pelo aumento da resisténcia insulinica
e neoglicogénese hepatica (NICHOLS, 1997; BENNAIM et al.,, 2019). A
hiperlipidemia € reconhecida como um dos principais fatores de risco de
aterosclerose, condicédo que predispde a formacao de trombos e que é associada
com diversas endocrinopatias, embora considerada incomum em caes
(BOYNOSKY; STOKKING, 2014). Acredita-se que o principal mecanismo se
deva ao incremento do colesterol LDL, alteracdo que tem sido associada com o
HAC e que pode estar relacionada a presenca de colestase e hepatopatia celular
(WITEK et al., 2016; BARTHELEMY et al., 2017). A prevaléncia da hiperlipidemia
tem sido pouco reportada e difere entre varios autores, oscilando entre 50-80%
dos casos (ABDOU et al., 2013).

Os valores de relacao proteina:creatinina urinaria relatados em pacientes
com hiperadrenocorticismo, embora elevados, sugerem, segundo um estudo,
uma combinacgao de lesdes tubular e glomerular, que ocorrem pela presenca de
proteinas de alto peso molecular e pela hipertensédo arterial sistémica com
consequente aumento da permeabilidade glomerular, respectivamente (SMETS
et al., 2012; CAVALCANTE et al., 2013; CARAGELASCO et al., 2017). No

entanto, ndo podemos afirmar categoricamente que a proteindria ocorre
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exclusivamente pela acdo do hipercortisolismo, e se ela tem origem glomerular
ou tubular, uma vez que nenhum marcador especifico foi avaliado para isso e a
presséao arterial sistémica de todos os cdes com HEC nao foi aferida.

Nosso estudo detectou aumento dos niveis de fibrinogénio em todos os
animais do grupo com hiperadrenocorticismo (19/19), o que pode ser explicado
pelos diversos eventos inflamatorios que ocorrem em decorréncia do
hipercortisolismo, e aumento dos niveis de antitrombina na maioria deles (14/19),
0 que pode ser explicado como um mecanismo compensatdrio para a
hipercoagulabilidade secundéario aos disturbios inflamatérios e aumento de
fatores pro-coagulantes, conforme ja observado em outros estudos (KOL et al.,
2013; PACE et al., 2013; PARK et al., 2013; COELHO et al. 2015).

Embora alguns estudos sugiram que o hipercortisolismo esteja associado
a diminuicao da fibrinélise, provavelmente por aumento dos niveis de inibidor de
ativador de plasminogénio (PAI) (FLINT; ABRAMS-OGG; KRUTH 2011), néo
houve diferenca na avaliacdo do dimero-D nem na LM no ROTEM quando
aplicado INTEM e EXTEM. Outros autores afirmam que n&o houve alteracdes da
fibrindlise em pacientes com sindrome de Cushing (GILOR; GRAVES, 2011) ou
em seres humanos saudaveis submetidos a terapia com alta dose de
dexametasona, embora considerem o tempo de tratamento curto para que
causasse determinadas alteracdes (CHAKRABARTI; FEARNLEY; HOCKING,
1964).

A concentracdo de dimero-D pode sofrer grande variacdo de acordo com
diversas condi¢cdes fisioldgicas e patolégicas, como gestacdo, condicdes
inflamatdrias crénicas e neoplasias; niveis normais sugerem auséncia de evento
trombotico clinico (SONG; DROBATZ; SILVERSTEIN, 2016); portanto, a
avaliacdo deve ser realizada em conjunto com a TEM e exames de imagem.
Nenhum animal incluido no grupo de pacientes com HAC apresentou qualquer
evento clinico tromboético, e ndo foram incluidos animais que possuissem
comorbidades.

A terapia com trilostano, com ou sem clopidogrel, ndo levou a
normalizagdo das alteracdes relacionadas aos parametros perfil hemostatico
(antitrombina, fibrinogénio e dimero-D) quando comparados ambos o0s
momentos de avaliagdo (MO e M1) em ambos os grupos. Os niveis de

fibrinogénio e dimero-D, conforme previamente observado em pacientes
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humanos tratados e acompanhados apés seis meses de remissdo da sindrome
de Cushing, se mantiveram em niveis inclusive mais altos do que os observados
antes do tratamento, mesmo apo6s normalizacdo dos niveis de cortisol (WITEK
et al., 2016), fato que corrobora a necessidade de acompanhamento dos cées
com HAC a longo prazo com relacdo a terapia anticoagulante, e pode estar
relacionado a um efeito prolongado sistémico dos glicocorticoides, com possivel
disfuncdo endotelial permanente. Os niveis de antitrombina também néo
retornaram a niveis normais em outro estudo, mesmo apds terapia com trilostano
(PARK et al., 2013).

Por todas essas caracteristicas, € possivel inferir que o estado de
hipercoagulabilidade permaneceu mesmo ap6s normalizagdo do cortisol pos-
terapia em ambos o0s grupos, pelo menos pela avaliagdo tromboelastométrica, o
que corrobora os achados de outros estudos, em cées e seres humanos, que
sugerem que ocorra uma disfuncdo endotelial persistente que justifique essas
alteracdes, ou que a obesidade abdominal, que sabidamente possui um papel
fundamental especialmente em seres humanos, desempenhe um papel
importante na persisténcia do estado de hipercoagulabilidade (MANETTI et al.,
2010; VAN DER PAS et al., 2012; PARK et al., 2013). Portanto, é fundamental a
utilizacdo e monitoramento de terapia antitrombotica em cdes com HAC-ACTH
dependente.

Outros estudos devem ser realizados sobre a utilizacdo de
anticoagulantes, como o rivaroxaban, como agentes profilaticos de eventos
trombdticos em casos de hiperadrenocorticismo ACTH-dependente,
considerando que outros autores ja sugeriram a utilizacdo do rivaroxaban em
detrimento do clopidogrel em casos de possivel tromboembolismo venoso
(GOGGS et al., 2019). Fitoterapicos, como compostos do ginkgo biloba, também
poderiam ser avaliados, tendo em vista seus efeitos antiplaguetarios em seres
humanos (CUI et al., 2019).

8. CONCLUSOES GERAIS

O hiperadrenocorticismo ACTH-dependente estd associado a um estado de
hipercoagulabilidade caracterizado por alteracdes tromboelastométricas. Este
estado é ocasionado por hiperfibrinogenemia, em associagcdo com trombocitose,

aumento da atividade plaquetéria, dislipidemia, hiperglicemia e proteinaria. A
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adicao do bissulfato de clopidogrel ao tratamento nao diminuiu o risco trombético
e manteve o0s cdes com HAC ACTH-dependente em estado de
hipercoagulabilidade, pelo menos pela avaliagdo tromboelastométrica, nas
condi¢bes deste estudo.
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Anexo 1 — Atestado do Comisséo de Etica no Uso de Animais - CEUA
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Faculdade de Madicims Veterindsia o Ioolscris
Campun de Botucatu

ATESTADO

Atesto que o Projeto "Avaliagdo do bissulfato de clopidogrel como agente
antiagregagdo plaguetaria em cdes com hiperadrenocorticismo” Protocolo CEUA
0163/2018 , a ser conduzido por Felipe Gazza Romao, responsavel/orientador
Regina Kiomi Takahira, para fins de pesquisa cientificalensino - encontra-se de
acordo com os preceitos da Lein® 11.794, de 08 de outubro de 2008, do Decreto n®
6.899, de 15 de julho de 2009, e com as normas editadas pelo Conselho Macional
de Controle de Experimentacao Animal - CONCEA.

Finalidade PESQUISA CIENTIFICA
Vigéncia do projeto 03/09/2018 a 01/03/2019
Nome Comum/ Espécie / CANINA / CANIS LUPUS FAMILIARIS /
Linhagem
Raca Mao ha critérios de exclusdo
IN° de animais machos 12
'N° de animais fémeas 12
N° de animais sexo indefinido 0
Peso médio de animais machos 10
Peso medio de animais fémeas 10
Peso médio de animais sexo o
indefinido
Idade 6 ano(s) e 0 mes(es) e 0 dia(s).
Procedéncia Animais oriundos da rotina de clinicas

Projeto de Pesquisa aprovado em reunido da CEUA em 19/07/2018

JOSE NICOLAU PROSPERO PUOLI FILHO
Presidente da CEUA da FMVZ, UNESP - Campus de Botucatu

Faculcade de Medicna Veternnaria e Zootecnia
Secdo Técnca AcadaSmica
Rus Prof. Dr. Waker Mawuricio Cormea, s/n
UNESF - Campus de Botucany'SF - Cep 18618-657
(14) 3I580-2176 - patrizai@imvZ wwesp br - wnwimvz.unesp br
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Anexo 2 — Termo de consentimento fornecido aos tutores para participa¢do no
projeto
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DECLARACAQO

Declaro que estou ciente da necessidade da assinatura do “Termo de Consentimento
Livre e Esclarecido™ pelo proprietario, antes do inicio da realizacio de qualquer
procedimento experimental.

O mesmo permanecera em meu poder £ ficarda a disposicio da Comissiio de Etica no
Uso de Animais, a qualgquer momento.

NOME E ASSINATURA DO DOCENTE RESPONSAVEL:

Termo de Consentimento Livre e Esclarecido

Declaro para os devidos fins gue estou ciente e autorizo a realizaciio do Projeto
de Pesquisa intitulado “Avaliacio do hssulfatp de clopidogrel como agente
antiagrecacio plaguetaria em ces com hiperadrenocorticismo’, de responsabilidade de

Felipe Gazza Foméio.

Descricdo detalhada dos procedimentos, em linguagem nio cientifica: sera realizada a

coleta de 10ml de sangue, por meio da veia jugular, para analise da cascata de
coagulacdo por meio do tromboelastograma Serfo necessarias duas coletas em dois

momentos diferentes: no inicio do tratamento com trilostano e clopidogrel e apds 90

dias. E importante salientar gue serfo dois grupos: um tratado com trilostano e

clopidogrel, e outro apenas com trilostano.

Nome do animal ou Numero de animais de produgéio:

NOME DO
EESPONSAVEL:

EG: Data:

Assinatura:
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Secgdo Técnica Académica
Rua Prof,Dr. Walter Mauricio Corréa, s/n
UNESP - Campus de Botucatu/SP - Cep 18618681
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