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RESUMO

MARLIERE, Julia Parisi. Universidade Federal de Vigosa, fevereiro de 2024.
Avaliacao hemodinamica e status oxidativo no periodo pré-parto de éguas.
Orientadora: Bruna Waddington de Freitas. Coorientador: Leandro Abreu da
Fonseca.

A gestacdo é uma condicao fisiolégica delicada e diversos fatores podem
colocar em risco a saude da égua gestante e do feto. Sendo assim, buscou-se
avaliar indices ultrassonograficos e marcadores sanguineos e placentarios de
estresse oxidativo em éguas com gestagcdes normais e anormais. Nove éguas
mesticas da raga Brasileiro de Hipismo foram acompanhadas durante as ultimas
duas semanas de gestacdo. Os animais foram alocados em grupos normal ou
anormal com base em achados clinicos e ultrassonograficos de anormalidade
gestacional. O primeiro estudo comparou indices de pulsatilidade (Pl) e
resistividade (RI) da artéria uterina ipsilateral ao corno gestante. Valores de PI
sofreram queda (P < 0,05) entre as semanas dentro do grupo normal, enquanto
nenhuma alteracdo foi encontrada no grupo anormal. Nenhuma diferenca
significativa (P > 0,05) foi encontrada entre os grupos. No segundo estudo, foram
realizadas colheitas didrias de sangue a partir de 320 dias de gestacao até o dia do
parto. As amostras foram centrifugadas e o soro armazenado a -20° C. Trés
amostras foram obtidas de cada placenta e armazenadas em nitrogénio liquido.
Foram realizados os testes de atividade de catalase, atividade de superdxido
dismutase, capacidade de reducédo férrica do plasma, quantificacao de proteina
carbonilada e determinacdo de malondialdeido (MDA). Eguas do grupo anormal
apresentaram valores maiores (P < 0,05) para determinacao de MDA nas amostras
de sangue na semana que antecedeu os partos. Outros marcadores avaliados néo
apresentaram resultados significativos (P > 0,05). Os estudos produziram dados
importantes acerca do status hemodinamico e oxidativo de éguas durante as duas
ultimas semanas de gestacgao.

Palavras-chave: Doppler espectral; Estresse oxidativo; Gestacao equina



ABSTRACT

MARLIERE, Jdlia Parisi. Universidade Federal de Vicosa, February, 2024.
Hemodynamic evaluation and oxidative status in mares in the prepartum
period. Adviser: Bruna Waddington de Freitas. Co-adviser: Leandro Abreu da
Fonseca.

Pregnancy is a delicate physiological condition, and various factors can pose
a risk to the health of the pregnant mare and the fetus. This study aimed to assess
ultrasonography indices and blood and placental markers of oxidative stress in
mares with normal and abnormal pregnancies. Nine Brazilian Sport Horses
crossbred mares were monitored during the last two weeks of gestation. They were
divided into normal or abnormal groups based on clinical and ultrasonographic
findings indicative of gestational abnormalities. The first study aimed to compare
pulsatility (PI) and resistivity (RI) indices of the uterine artery ipsilateral to the fetus.
Pl values showed a decrease (P < 0.05) between weeks within the normal group,
while no changes were found within the abnormal group. No differences were found
between the groups. In the second study, the mares underwent daily blood sample
collection from day 320 of gestation until delivery. The samples were centrifuged
and stored at -20° C. Three samples were obtained from each placenta and stored
in liquid nitrogen. Five tests were performed on all samples: catalase activity,
superoxide dismutase activity, ferric reducing ability of plasma, quantification of
carbonylated protein, and malondialdehyde (MDA) determination. Mares in the
abnormal group showed higher values (P < 0.05) for MDA determination in blood
samples. Other markers of oxidative stress did not show differences among or
between groups. Our studies provided important data regarding the hemodynamic

and oxidative status of mares during the last two weeks of pregnancy.

Keywords: Equine pregnancy; Oxidative stress; Spectral Doppler
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1.1. Introducao

Segundo dados do Instituto Brasileiro de Geografia e Estatistica, em 2022, o
rebanho brasileiro de equinos era composto por 5.834.544 animais, sendo o estado
de Minas Gerais o maior produtor (IBGE, 2022). No ano de 2016, o valor
movimentado pelo setor ultrapassou R$ 16 bilhdes, com mais de 3 milhdes de
pessoas ocupando postos de trabalho (MAPA, 2016).

Levando em consideracdo a importancia da equideocultura na economia
brasileira, complicagbes gestacionais em éguas, como distocias e morte perinatal
geram um impacto negativo importante sobre a rentabilidade de criadores de
equinos. Abortamentos e fetos natimortos estao entre os maiores contribuintes para
a mortalidade em equinos e representam uma grande perda para a equideocultura.
Para o criador, as perdas gestacionais resultam na quebra de expectativas, perda
de investimentos e desperdicio de potencial genético (Juffo et al., 2022). Por isso,
o desenvolvimento de métodos de avaliagdo das condi¢des placentarias e fetais ao
longo da gestagdo se mostra essencial ao sucesso na criagdo de cavalos,
possibilitando o diagnostico de enfermidades gestacionais e avaliagdo continua da
evolucao e prognostico da fémea doente.

A ultrassonografia € uma ferramenta essencial ao monitoramento do bem-
estar fetal e diagndstico de diversas condicoes patoldgicas, sendo de facil utilizacao
e relativo baixo custo. A associacao entre a espessura da jung¢ao uteroplacentaria
(JUP) e avaliacdo da ecogenicidade dos liquidos fetais sdo capazes de fornecer
informacgdes necessarias ao diagnostico das principais anormalidades gestacionais
(Freitas e Marliere, 2023).

Entretanto, diversas questdes relativas a fisiologia da gestagdo na espécie
equina ainda precisam de esclarecimento, em especial quanto as modificagcées
bioquimicas e hemodindmicas da fémea gestante. Tais alteracdes representam um
importante potencial no estabelecimento de possiveis novos biomarcadores da
saude placentéaria e gestacional.

1.2. Gestacoes de alto risco

A gestacao é uma condigao fisiologica dinamica e diversas condigbes podem

colocar em risco a saude da égua gestante e, em consequéncia, do feto. As maiores
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causas de perdas gestacionais no ultimo trimestre incluem agentes
microbioldgicos, gestacdes gemelares, anormalidades placentérias e/ou fetais,
anormalidades estruturais (como hidropsia fetal, ruptura do tendao pré-pubico e
presenca de hérnias), além de doencas sistémicas (Juffo et al., 2022).

Gestacgdes de alto risco podem ser categorizadas de acordo com sua origem:
materna, fetal ou placentaria. Apesar dessas categorias ndo serem absolutas,
analisa-las sob essa perspectiva permite a observacdo das tendéncias de
diagnéstico e prognéstico (Masko et al., 2020). Quadros de hipédxia, infeccao e
falhas no desenvolvimento intrauterino sédo os responsaveis pelos maiores riscos a
sobrevivéncia neonatal. Cada uma dessas complicagbes, isoladas ou em
associacao, podem resultar em partos prematuros, morte fetal e anormalidades
comportamentais ou do desenvolvimento neonatal (Abraham e Bauquier, 2021).

O feto equino é dependente dos niveis de glicose e oxigénio disponiveis na
circulagdo materna para seu desenvolvimento. Episodios de hipoxia ou desnutricao
materna, mesmo que temporaria, sdo capazes de alterar o metabolismo e fungéo
enddcrina fetais. Quando o aporte de nutrientes e energia se torna limitado, ha
restricdo do crescimento fetal intrauterino. Alteragdes no crescimento e
desenvolvimento fetais também s&o observados quando ha insuficiéncia
placentaria ou reducdo do aporte sanguineo uterino ou do corddao umbilical
(Peugnet et al., 2013).

Independentemente da causa, a identificacdo precoce da égua em risco
permite que o meédico veterindrio mantenha a fémea sob supervisdo constante dos
parametros maternos e fetais e realize a intervencdo mais adequada
precocemente, aumentando as chances de sucesso da gestacdao (Masko et al.,
2020).

1.3. Placentite

A placentagdo na espécie equina exige a interdigitacao entre os tecidos
maternos e fetais ao longo de toda superficie endometrial de maneira a permitir o
maximo desenvolvimento fetal durante a vida intrauterina. Portanto, quaisquer
condicOes capazes de afetar a eficiéncia das trocas entre mae e feto representam
um risco ao bem-estar e sobrevivéncia fetais.

10



A placentite é considerada uma das mais importantes causa de perda
gestacional observada em éguas. Entretanto, em um trabalho conduzido por
Maclealy et al. (2022), mostrou que apenas 16% dos casos de perda gestacional
analisados entre os anos de 1960 e 2020 foram associados a quadros de placentite.
Muitos casos de placentite ndo recebem os diagnosticos histopatoldgico e
microbioldgico post mortem e, portanto, ndo sdo contabilizados. Portanto, acredita-
se ainda que a placentite seja um dos principais responsaveis pela ocorréncia de
perdas durante a gestacao.

A disfuncao resultante das placentites pode levar ndo apenas ao abortamento
ou a fetos natimortos, mas também ao nascimento de potros prematuros, fracos ou
sépticos, que necessitam de cuidado intensivo imediatamente ap6s o parto (Toribio,
2019; Scalco e Curcio, 2021). Localizacao geografica, caracteristicas populacionais
e o emprego de biotécnicas reprodutivas podem dificultar a identificacao e
caracterizacao das alteracoes placentarias causadas por cada patdégeno (Hong et
al., 1993).

Infeccdes bacterianas sdao mais comuns quando comparadas aquelas de
origem fungica (Orellana-Guerrero et al., 2019), mas contaminagdes mistas podem
ocorrer. Apesar da interferéncia da localizagdo geogréafica sobre o perfil de
microrganismos mais isolados, Streptococcus equi subesp. zoopidemicus,
Escherichia coli, Steptococcus beta-hemolitico, Leptospira spp, Pseudomonas
aeruginosa, Pasteurella pneumotropica e Klebsiella pneumoniae sao descritos com
alta frequéncia. Dentre os fungos, os mais comumente isolados sdo Aspergillus
spp, Candida albicans e Mucor spp. Infecgdes virais podem ocorrer, mas
representam uma pequena parcela, sendo os Herpesvirus tipo-1 (EHV-1) e tipo-4
(EHV-4) e o virus da arterite equina (EVA) os mais encontrados (Laugier et al.,
2011; Marcolongo-Pereira et al., 2012; Juffo et al., 2022).

A forma mais comum de contaminac¢ao da placenta ocorre quando bactérias
migram por via ascendente através do canal vaginal e ultrapassam a barreira
cervical, alcangando o ambiente uterino tipicamente no terco final de gestacéo
(LeBlanc et al., 2012). Grande parte das fémeas acometidas € multipara e
apresenta falhas anatémicas da porcdo caudal do aparelho urogenital, como
defeitos na conformacdo vulvar, incompeténcia da prega vestibulo-vaginal,
laceracdes e fibroses cervicais (Crabtree, 2023).
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Em modelos experimentais para inducdo de placentites ascendentes, o
tampao mucoso cervical € retirado, parcial ou completamente, para permitir a
inoculacao do microrganismo de interesse. Portanto, acredita-se que a falha na
protecdo do ambiente uterino pelo tampao cervical seja também um importante
fator em placentites que ocorrem de maneira espontanea (McGothlin et al., 2004).

A chegada do patégeno no utero leva a uma resposta do organismo com
intensa infiltracéo de células imunes e liberacao de citocinas pré-inflamatérias (El-
Sheikh Ali et al., 2021). O aumento na expressao de interleucinas (IL) como as IL-
6 e IL-8 na estrela cervical e corioalantoide, além de IL-1 em outros tecidos
placentarios leva ao aumento na produgao e secrec¢ao de prostaglandinas, como a
PGE:2 e PGFza. As prostaglandinas sdo essenciais a diversas etapas do parto, como
dilatacao cervical, ruptura do corioalantoide e estimulo a contracdo da camada
muscular uterina justificando a ocorréncia de abortamentos e partos prematuros
(Lyle, 2014). Essa ideia é corroborada pelo padrdo de ativagdo génica alterado
observado em éguas com placentite ascendente induzida de forma experimental,
resultando em uma grande expressao de sinalizadores inflamatérios e ativacao de
receptores, principalmente Toll-like receptors (TLRs), alterando o padrao de
ativacao miometrial nessas fémeas (EI-Sheikh Ali et al., 2020).

O diagnostico é baseado na colegéo do histdrico reprodutivo da fémea, exame
fisico e ultrassonografico. O sinal clinico mais comum entre 0os animais doentes é o
desenvolvimento precoce do Ubere, com ou sem presenca de galactorreia. O
desenvolvimento da glandula mamaria, em gesta¢des normais, ocorre por volta de
3 a 6 semanas antes do parto, com crescimento ainda mais acelerado 2 a 1 semana
antes da data prevista. Entretanto, o desenvolvimento mamario precoce nao é sinal
patognoménico de placentite, mas um sinal inespecifico de aborto iminente,
podendo indicar outros disturbios como gestagdes gemelares, anormalidades
placentarias e tor¢cdes de corddao umbilical. Na maior parte dos casos, o
desenvolvimento precoce da glandula mamaria s6 acontece quando o quadro de
placentite € avancado, muitas vezes ja com sinais de separacado placentaria
(Crabtree, 2023).

A presenca de secrecao vulvar ndo pode ser considerada um sinal consistente
da placentite bacteriana. Em muitos casos, o volume de secrecao € pequeno e pode
passar despercebido ou, ainda, ser removido pelo constante movimento da cauda

do animal (MacPherson e Bailey, 2008). A infeccdo leva ao espessamento e, em
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muitos casos, ulceracdo do corioalantoide, com alteracdo do aspecto da estrela
cervical. Como a principal rota de infecgdo é ascendente, os primeiros sinais de
anormalidade placentaria ocorrem na estrela cervical (Giles et al., 1993). O exame
ultrassonogréafico transretal € superior, quando comparado a avaliagao
transabdominal, na avaliag&do da junc&o uteroplacentaria (JUP) a partir da segunda
metade da gestacao (Crabtree, 2023).

A avaliacao da espessura da JUP é feita no corpo uterino, cranioventralmente
a estrela cervical. Apés a identificacao da artéria uterina, a JUP se apresenta como
uma banda hiperecoica, de aspecto homogéneo. Trés medigbes sao feitas e a
média obtida pode ser comparada a valores de referéncia descritos na literatura
(Renaudin et al., 1997; Troedsson et al., 1997). Valores acima do intervalo de
normalidade sdo associados a quadros de placentite ascendente (Requena et al.,
2017; Kimura et al., 2018).

O exame ultrassonografico também pode ser utilizado para avaliar a
ecogenicidade dos liquidos amnidtico e alantoideano. Esses permanecem
anecoicos durante a maior parte da gestacao; a partir do terco final, debris celulares
e proteinaceos comegcam a se acumular. As particulas podem ser observadas em
ambos os fluidos a partir do 4° més de gestacao (Adams-Brendemuehl e Pipers,
1987; Reef et al., 1995). A ecogenicidade pode ser graduada de | a IV (Renaudin
et al.,, 1999). Conteldos de alta ecogenicidade, associados, ou nao, ao
espessamento da JUP sao indicativos de placentite (Reef, 1998).

1.4. Ultrassonografia Doppler

A ultrassonografia € uma das mais importantes e mais utilizadas ferramentas
de avaliagdo do organismo de maneira ndo invasiva. Entre as diversas técnicas
ultrassonogréficas que podem ser empregadas na rotina clinica, a utilizagdo do
modo Doppler possibilita a afericdo de indices hemodinamicos em tempo real,
oferecendo indicadores uteis no diagndstico de diversas enfermidades (Carvalho et
al., 2008).

A ultrassonografia Doppler possui diversas vantagens sobre o método
tradicional de avaliagdo da anatomia e funcionalidade do sistema vascular, a
angiografia. Alem do menor grau de invasividade e menor tempo de realizagcao do

13



exame, a técnica nao apresenta contraindicacdo para pacientes com alergias a
contrastes intravenosos ou doenca renal (Gao et al., 2010).

A técnica em modo Doppler € empregada de maneira rotineira na medicina
humana, durante o exame obstétrico, devido aos minimos efeitos e baixo custo de
realizacdo. A detecgao de alteragdes como hipertensao arterial materna (Gyselaers
et al.,, 2019), restricdo do crescimento intrauterino em gestagcdes gemelares
(Bennasar et al., 2017) e determinacao de progndstico gestacional (Habberman et
al., 2004) sao possiveis através do emprego do modo Doppler e parametros de
normalidade para essas avaliagdes estdo disponiveis na literatura.

Entretanto, esse ainda é um exame pouco utilizado na pratica médica
veterinaria. Alguns dos limitantes para sua utilizacédo em larga escala estao o custo
do equipamento e falta de treinamento técnico, necessidade de colaboracdo do
paciente examinado, que precisa ser mantido imével durante a realizacdo do
exame. Entretanto, o maior limitante para o emprego da técnica Doppler ainda é a
inexisténcia de valores de referéncia para serem utilizados como parametro durante
0 exame ultrassonografico.

Na reproducdo animal, a técnica ja foi empregada para a avaliacao da
gestacdo em ovelhas (Beltrame et al.; Elmetwally e Bollwein, 2017), selecdo de
receptoras equinas em sistemas de transferéncia de embriao (Ferreira et al., 2020),
avaliacao da vascularizacdo de corpos luteos em vacas (Pugliesi et al., 2023) e
avalicao do desenvolvimento placentario em éguas da raca Mangalarga Marchador
(Campos et al., 2022).

Dentre as modalidades de avaliagéo ultrassonografica pelo método Doppler,
0 modo espectral (ou pulsado) permite a avaliagdo dinamica do fluxo sanguineo a
partir do eco refletido pelos componentes celulares do sangue e das ondas
espectrais formadas a partir dos mesmos (Nelson e Pretorius, 1988).

O modo espectral examina de maneira quantitativa o fluxo sanguineo dentro
de um vaso. As alteracdes nas frequéncias refletidas sao traduzidas em graficos de
ondas, cada uma representando um ciclo cardiaco completo. A partir desse exame
é possivel a determinagédo dos indices de pulsatilidade (PI) e resistividade (RI),
além de valores de velocidade maxima média e velocidades no pico sistolico e final
da diastole (Ginther, 2007).

Durante a avaliagao Doppler, a obtencao de valores fidedignos para os indices

velocimétricos é diretamente afetada pelo angulo de insonacgéo entre o transdutor
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e 0 vaso a ser avaliado, que nao deve superar 60°. Para a avaliacao de vasos
profundos e tortuosos, o uso dos valores Pl e Rl sdo mais indicados para a
avaliacao hemodinamica, ja que esses nao dependem de um angulo de insonacao
especifico (Ginther, 2007).

Na obstetricia veterinaria, alguns trabalhos ja exploraram a identificacao de
padrées hemodindmicos em cadelas gestantes para o estabelecimento de valores
de normalidade durante o periodo final de gestacao e identificacao da proximidade
do parto através da avaliagdo da artéria umbilical (Giannico et al., 2015;
2016).

1.5. Estresse oxidativo

O equilibrio redox em células, tecidos ou liquidos bioldgicos é estabelecido
pelos pares redox que trocam elétrons constantemente, alternando entre os
estados oxidado e reduzido (Vasconcelos et al., 2007). A formacédo de espécies
reativas ocorre de maneira fisiolégica e continua no organismo, como resultado dos
processos metabdlicos.

O conceito de radical livre engloba qualquer molécula capaz de existir de
maneira independente que contém um ou mais elétrons desemparelhados. Ja o
termo “espécie reativa”, mais abrangente, inclui todas as espécies de radicais livres
e, ainda, inclui aquelas que, apesar de nao apresentarem elétrons
desemparelhados, possuem alta reatividade decorrente de sua instabilidade. Por
esse motivo, a definicdo de espécie reativa vem substituindo o conceito anterior
(Nakai e Tsuruta, 2021).

O termo espécie reativa de oxigénio (ERO) inclui radicais superéxido (02),
hidroxila (OH), perdxido de hidrogénio (H202), radicais peroxila (ROQO"), alcéxido
(RO"), hidroperdxidos de lipidios (LOOH), peroxinitrito (ONOO™), o0zbnio (Os) e
oxigénio singleto ('02), entre outros. O 6xido nitrico (NO) e diéxido de nitrogénio
(NO2), além do peroxinitrito, compdem o grupo das espécies reativas de nitrogénio
(ERN), produzidas através da reagdo entre o 6xido nitrico e o radical superoxido ou
peroxido de hidrogénio. Existem ainda espécies que contém cloreto, como o acido
hipocloroso (HOCI), chamadas espécies reativas de cloreto (ERC) e espécies
reativas de bromo (ERB), com o &cido hipobromoso (HOBr) como exemplo, menos
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exploradas na literatura. Em muitos casos, essas classificacdes podem se sobrepor
(Nakai e Tsuruta, 2021).

Esses radicais participam como mediadores para a transferéncia de elétrons
em diversas reacdes bioquimicas normais, possibilitando a producédo de energia,
ativacdo de mecanismos de defesa celular durante processos infecciosos,
regulacao do crescimento celular, senescéncia e apoptose, por exemplo. Todos 0s
organismos aerdbicos estdo continuamente sujeitos aos efeitos oxidantes desses
metabdlitos, uma vez que todas essas espécies sao fruto do metabolismo aerdbico
(Zhang et al., 2016).

Em organismos saudaveis, a producao de espécies reativas, na maior parte
do tempo, é balanceada pela acao dos sistemas antioxidantes. Em condi¢des
normais, 0s organismos aerdbicos sao capazes de metabolizar até 90% do oxigénio
consumido pelas mitocéndrias por meio de reducéao tetravalente, intermediadas
pelo sistema enzimatico citocromo, em um processo denominado fosforilagdo
oxidativa (Zhang et al., 2016).

O restante do oxigénio consumido € utilizado pelos sistemas enzimaticos
(oxidases, oxigenases e citocromo P450) ou por reacbes de oxidacao direta.
Porém, quando produzidos em excesso, podem acarretar danos oxidativos as
células, afetando seu funcionamento e o equilibrio homeostatico (Halliwell, 1992).

De acordo com Halliwel e Gutteridge (2007) o dano oxidativo pode ser definido
como “o0 dano biomolecular ocasionado pelo ataque de espécies reativas sobre os
constituintes de um organismo vivo”. O dano causado a biomoléculas é resultado
do grave desbalanco entre a formacdo e neutralizacdo das espécies reativas,
chamado estresse oxidativo. A concentracao das espécies reativas pode se elevar
por meio da interacao celular com agentes exégenos, como radiag¢ao ionizante, luz
ultravioleta, xenobidticos, poluentes ambientais e invasdo por microrganismos
patogénicos e producdo de toxinas, mas também por agentes enddégenos, como
quadros de hipoxia e isquemia, hiperglicemia e hiperlipidemia (Pizzino et al., 2017).

O acumulo de espécies reativas leva a oxidacao de biomoléculas, como
peroxidacdo de membranas lipidicas, dano proteico, oxidagdo de carboidratos,
destruicdo do DNA nuclear e mitocondrial € RNA. As consequéncias do estresse
oxidativo incluem proliferacdo, adaptacédo, senescéncia e morte celular, podendo
ocorrer de forma isolada ou em combinacgao (Pizzino et al., 2017).
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Os efeitos deletérios do oxigénio dependem de diversos fatores, como idade,
estado fisiologico e dieta. Quando analisamos um unico individuo, tecidos e tipos
celulares distintos também podem ser afetados diferentemente. A qualidade da
dieta e, consequentemente, as concentracdes de vitamina A, C e E, micronutrientes
e acidos graxos polinsaturados também alteram a resposta individual ao estresse
oxidativo. A extensao dessas consequéncias depende diretamente da gravidade do
insulto e do tipo celular atingido (Pizzino et al., 2017).

A resposta celular ao estresse oxidativo é complexa e consequéncias
positivas e negativas sdo possiveis. O estimulo a proliferacao celular permite a
cicatrizagdo de feridas, ao mesmo tempo que pode gerar fibrose; o aumento nas
defesas celulares (como chaperonas e aumento na expressdo de enzimas
antioxidantes) pode tornar um tecido mais resistente a desafios e danos celulares
futuros, mas também pode gerar a permanéncia de células anormais; a apoptose
e senescéncia eliminam, ou pelo menos impedem a divisdo, de células que
sofreram danos excessivos ao seu material genético, mas células sadias e
essenciais podem ser eliminadas nesse processo (Halliwell e Gutteridge, 2007).

Com o objetivo de eliminar ou modificar a estrutura das EROs e mitigar seus
efeitos nocivos sobre os tecidos, 0 organismo conta com sistemas antioxidantes
que atuam sob diferentes mecanismos. Moléculas com capacidade antioxidante
podem ser sintetizadas pelo préprio organismo ou podem ser obtidas através da
dieta (Sies, 1991). Segundo Halliwell (1992), substancias antioxidantes podem ser
definidas como aquelas que, quando presentes em baixas concentragdes quando
comparadas a um substrato passivel de oxidagcdo, previnem ou retardam
significativamente a oxidagao desse substrato.

As defesas antioxidantes do organismo incluem sistemas enzimatico e nao-
enzimatico. Esse inclui vitaminas lipossoluveis, como o grupo dos o a-tocoferdis
(vitamina E) e B-caroteno (precursor da vitamina A), vitaminas hidrossoluveis, como
0 &cido ascérbico (vitamina C) e vitaminas do complexo B, oligoelementos (como
zinco, selénio, cobre, magnésio, ferro e manganés), ubiquinona, celuroplasmina,
taurina e outros componentes fenodlicos (Halliwell, 1992).

O sistema enzimatico inclui agentes que ativamente removem espécies
reativas e tem entre seus principais agentes a superdéxido dismutase (SOD),
glutationa perosidases (GPx), mieloperoxidases (MPO), 6xido nitrico sintase (NOS)

e catalase (CAT). Apesar da separagdo entre componentes enzimaticos e nao-
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enzimaticos, os antioxidantes trabalham em conjunto, com minerais e vitaminas
desempenhando o papel de coadjuvantes ou cataliticos da atividade enzimatica
(Halliwell, 1992)

Os mecanismos de defesa antioxidante mantém a baixa concentracdo de
espécies reativas, mas ndo os elimina completamente, pois a manutencado do
sistema antioxidante em alto nivel de funcionamento representa um elevado custo
energético para o organismo. Assim, a reparacao, ou até mesmo a substituicdo, de
biomoléculas lesadas pela acao das espécies reativas se torna mais vantajosa. Em
alguns casos, os mecanismos antioxidantes sdo incapazes de interceptar e

neutralizar a acao das espécies reativas (Halliwell, 1992).

1.5.1. Processos inflamatérios e infecciosos

A formacao de espécies reativas é essencial ao funcionamento do sistema
imune inato. Agentes oxidantes, tanto quanto antioxidantes, participam ativamente
nas vias pelas quais o organismo busca retornar a homeostase, como mudangas
hemodinamicas e alteracdo da permeabilidade vascular, por exemplo (Vajdovich,
2011). O desequilibrio entre as concentracdes de espécies reativas e atividade dos
sistemas antioxidantes é essencial a regulacado da expressado génica em situacdes
fisiolégicas e patologicas. Nesse cenario, os agentes oxidantes assumem o papel
de sinalizadores para engatilhar e perpetuar processos inflamatérios (Mandelker,
2011).

Durante a fagocitose de microrganismos patogénicos, o consumo de oxigénio
pelos fagdcitos se eleva rapidamente, fendmeno conhecido como explosao
respiratéria, descrita por Baldrigde e Gerard (1933). Esse evento é resultado da
ativacdo de um complexo enzimatico presente na membrana plasmatica dos
fagocitos, responsavel pela formacdao de vacuolos fagociticos. Como resultado
dessa ativacao enzimatica, uma molécula de NADPH sofre oxidacao, liberando dois
elétrons que serao utilizados na reacao de reducao de duas moléculas de oxigénio,
formando dois radicais superéxido (Babior, 2004). Nesse momento, o consumo de
oxigénio de neutréfilos, macréfagos, mondcitos e eosinéfilos é de 10 a 20 maior do
que seu consumo em “repouso” (Li et al., 2021).

Diversos microrganismos sdo eliminados pela acao do peréxido de

hidrogénio, produzido pela dismutacdo de radicais superdéxido. O Hz20z,
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diferentemente do radical O2, é capaz de atravessar membranas celulares e a
parede bacteriana, exercendo seus efeitos toxicos diretamente sobre constituintes
celulares ou indiretamente, pela producao de radicais hidroxila. Apds a formacao
do vacuolo fagocitico, a enzima mieloperoxidase é ativada. A MPO, representando
entre 2 a 5% das proteinas neutrofilicas totais, possui baixa especificidade e, por
isso, € capaz de oxidar uma grande variedade de substratos. Acredita-se que o
mecanismo de acdo da MPO seja a partir da oxidagdo de ions cloreto (Cl) e
producéo de acido hipocloroso, altamente reativo e capaz de danificar proteinas de
membrana, proteinas produtoras de ATP e material genético bacteriano, viral e
fungico (Li et al., 2021).
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2. CAPITULO 2

Spectral-Doppler evaluation of uterine artery hemodynamics in pregnant mares: a
comparative study of normal and abnormal pregnancies and parturition during the

last two weeks prepartum
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Abstract

Pregnancy is a dynamic process susceptible to various complications that can
jeopardize the health of both the mare and the fetus. Utilizing Spectral-Doppler
evaluation of uterine artery hemodynamics, our study aimed to assess and compare
pulsatility index (PI) and resistance index (RI) values during the last two weeks
prepartum in pregnant Brazilian Sport Horse crossbred mares. Nine mares, aged 5
to 21 years, were included in this prospective cohort study. They were divided into
normal pregnancy (NP) or abnormal pregnancy (AP) groups based on clinical and
ultrasonographic findings indicative of gestational abnormalities. This study
evaluated Pl and RI indices through Spectral-Doppler examination of the uterine
artery ipsilateral to the pregnant horn during the last two weeks prepartum. At the
end of the study period, five mares were allocated in the NP group and four mares
were allocated in the AP group. Pl values decreased (P < 0.05) in the NP group
between weeks 2 and 1 prepartum, while no significant changes were observed in
the AP group. Despite the complications found in the AP group, no significant
differences were found in Doppler indices between groups (P > 0.05). Further
research is warranted to establish physiological parameters for Pl and Rl indices
during the last weeks prepartum and explore the impact of placental diseases and
parturition complications on hemodynamic parameters in late-stage equine
pregnancies. This study provided important data regarding the uterine
hemodynamic changes during the last two weeks of pregnancy and shows the
potential of Doppler indices as biomarkers of the gestational health.

Keywords: equine; Doppler; pulsatility index; resistance index
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2.1. Introduction

Pregnancy constitutes a highly dynamic process, and the health of both the
pregnant mare and the fetus can be jeopardized by many conditions. High-risk
pregnancies can be classified based on their origin: maternal, fetal, or placental,
though these categories are not absolute (Juffo et al., 2022).

Episodes of hypoxia, infections, and impaired uterine development are
responsible for significant harm to neonatal survival. Each of these conditions,
whether occurring alone or in combination, can lead to abortions, premature births,
fetal death, and developmental abnormalities in neonates (Bucca et al, 2006). Major
contributors to pregnancy loss or complications in the last trimester encompass
microbiological agents, placental, fetal and structural abnormalities such as
abdominal hernias and prepubic tendon rupture, in addition to systemic diseases
(Hong et al., 1993; Chenier & Whitehead, 2009; Pazinato et al., 2017).

Ultrasonographic examination stands as one of the most important tools for
non-invasive assessment in modern equine medicine and have been widely
integrated into clinical and reproductive practice research. B-mode scanning allows
the assessment of static tissues through a grayscale image, being employed
specially to evaluate anatomical structures. In contrast, Doppler-mode scanning
permits real-time assessment of hemodynamic indices (Nelson & Pretorius, 1988)
and provides valuable data for establishing physiological parameters and
diagnosing illnesses in horses (Welch et al., 1992; Cipone et al., 1997; Warmerdam,
1998; Siwinska et al., 2021).

The spectral (or pulsed) Doppler mode graphically displays blood flow
measurements through objective indices (Nelson & Pretorius, 1988) and is routinely
employed in human obstetrics due to its minimal effects and cost-effectiveness,
aiding in the assessment of normal and abnormal pregnancies in women (Parra-
Cordero et al., 2013; Ridding et al.; Velauthar et al., 2014; Stridsklev et al., 2017).
This technique allows the detection of conditions such as preeclampsia, intrauterine
growth restriction, and the determination of gestational prognosis (Habberman et
al., 2004; Li et al., 2014; Bennasar et al., 2017; Gyselaers et al., 2019). In large
animal obstetrics, the method has already been employed to evaluate pregnancy
and placental development in sheep, goats, cows, mares, and jennies (Bollwein et

al., 2002; Panarace et al., 2006; Beltrame et al.; Elmetwally & Bollwein; Lemos et
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al., 2017; Abdelnaby et al.; Campos et al., 2022). However, few studies reporting
Doppler indices in abnormal pregnancies are available. Therefore, the objective of
this study is to evaluate and compare Rl and PI Doppler indices of pregnant mares

with normal and abnormal pregnancies during the last two weeks prepartum.

2.2. Materials and methods

2.2.1. Animals and location

A prospective cohort study was conducted from October to November 2022 at
the Nucleo de Reproducdo Equina of the Regimento de Cavalaria Alferes
Tiradentes of the Military Police of Minas Gerais, located in Florestal, Minas Gerais
state, Brazil (Lat: -19.8866S, Lon: -44.4321W). Nine pregnant Brazilian Sport Horse
crossbred mares, aged between 5 and 21 years, weighing between 500 and 700 kg
and without previous reproductive history were included in this study. The mares
were housed in a paddock, with a diet based on 8 kg of Tifton 85 hay (Cynodon
spp.) and 4kg of feed (GuabiTech Beet, Guabi Nutricao e Saude Animal S.A, Brazil)
per animal per day. Water and mineral supplement appropriated to the species were
offered ad libitum throughout the experimental period. All mares were bred, through

hand mating, with two Brazilian Sport Horses crossbred stallions.

2.2.2. Combined thickness of the uterus and placenta evaluation

Transrectal ultrasound scanning was performed every 48 hours, starting at 320
days of pregnancy until parturition using a Doppler Ultrasound (Z50 Vet, Mindray,
China) equipped with a multifrequency linear transducer (5-10 MHz). The
examinations were conducted in standing, unsedated animals. B-mode examination
was employed to assess the combined thickness of the uterus and placenta (CTUP).
The technique used was described by Renaudin et al. (1997), in which the linear
transducer was positioned cranially to the cervical star, and then lateralized until the
detection of a major uterine vessel. CTUP values were obtained through de average
of three measurements between the uterine vessel and allantoic fluid.

2.2.3. Spectral-Doppler evaluation
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Spectral-Doppler was performed to determine the resistance (Rl) and
pulsatility (PI1) indices of the uterine artery ipsilateral to the gravid uterine horn. The
measurement site was located caudally to the uteroplacental junction and a
transverse section was used to obtain Rl and PI. The indices were calculated based
on the average values observed over three consecutive cardiac cycles with similar
graphs (Afrakhteh et al., 2014).

2.2.4. Group design

Mares were identified from letters A to | and were allocated after the study
period in the normal pregnancy (NP) or abnormal pregnancy (AP) groups. The
classification of the mares was based on clinical and/or ultrasonographic signs of
gestational abnormality.

2.2.5. Statistical analysis

Statistical analyses were carried out using the Statistical Package for Social
Science (SPSS) software 27 (IBM, United States of America). The data were
categorized into week 1 (from D-1, being DO the day of parturition, to D-7) and week
2 (D-8 to D-14) for all variables. Normality of quantitative variables was assessed
through the Shapiro-Wilk test. Comparison of CTUP, Pl and RI values between
weeks 1 and 2 within each group was made using Wilcoxon test. Additionally, the
comparison of CTUP, Pl and Rl values between groups was assessed utilizing the
Mann-Whitney U test. Significance level was set at P < 0.05.

2.3. Results

2.3.1. Experimental groups

At the end of the study period, five mares were allocated in the NP group
(mares A, B, C, F and G) and four mares were allocated in the AP group (D, E, H
and ). Clinical and ultrasonographic findings used as criteria to classified
pregnancies as normal or abnormal are summarized in table 1. Etiological causes

for abnormalities presented by mares E, H and | were not established.
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Table 1. Gestational and parturition abnormalities, clinical and ultrasonographic (US) sings exhibited

by the mares allocated in the abnormal pregnancy (AP) group.

Mare Gestational and/or parturition Clinical/ US findings
abnormality
D Dystocia at 334 days of pregnancy Fetal expulsion stage longer than 20
minutes without evidence of the fetus

E Placentitis at 9 months of pregnancy and Increased CTUP measurement and fetal
premature placental separation (“red bag fluids echogenicity
delivery”)

H Placentitis at 10 months of pregnancy; Brown vaginal discharge and premature

twin pregnancy

Placentitis at 356 days of pregnancy

udder increased CTUP
measurement and fetal fluids echogenicity

development;

Purulent vaginal discharge; increased

echogenicity of fetal fluids

2.3.2. Gestational length and combined thickness of uterus and placenta

All mares included in this study successfully carried the pregnancy to term

(>320 days), with gestational lengths ranging between 322 and 357 days. Mean
CTUP values in weeks 1 and 2 are shown in table 2. Whitin the NP group, CTUP
values showed a significant increase in week 1 compared to week 2 (P = 0.04).

Conversely, the AP group exhibited no significant differences in CTUP values

between weeks (P > 0.05). When comparing NP and AP groups, no significant

differences were observed in either week 1 or week 2 (P > 0.05).
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Table 2. Mean CTUP values (£ SD) in weeks 1 and 2 before parturition for NP and AP groups. Means
and SD followed by different superscript letters on the same line indicate difference between them
(P < 0.05) by the Wilcoxon test.

CTUP measurements (in mm) Week 1 Week 2
NP group 8.80 £ 0.532 7.72 £ 0.55b
AP group 12.01 £ 5.11 7.31 £0.91

abMeans + SD followed by different superscript letters on the same line indicate difference between them (P < 0.05) by the
Wilcoxon test.

2.3.3. Pl and Rl indices

Pl and Rl mean values for weeks 1 and 2 for NP and AP groups are shown in
table 3. In the NP group, Pl values exhibited a significant decrease between weeks
2and 1 (P =0.04). However, Rl values did not undergo significant changes between
the two weeks (P > 0.05). For the AP group, there was no significant differences in
Pl or Rl values from week 2 to 1 (P > 0.05). Between the NP and AP groups, no

statistical differences were found between Rl or Pl values in weeks 1 or 2 (P > 0.05).

Table 3. Mean pulsatility (Pl) and resistance index (RIl) values (+ SD) in weeks 1 and 2 before

parturition for NP and AP groups.

Doppler
Pl week 1 Pl week 2 RI week 1 Rl week 2
indices

NP group 0.95+0.162 1.31 £0.16° 0.54 + 0.06 0.61 +0.03

AP group 0.94 £0.20 1.40 £ 0.04 0.48 +0.03 0.60 + 0.04

ab Means + SD followed by different superscript letters on the same line indicate difference between them (P < 0.05) by the
Wilcoxon test.

2.3.4. Fetal membranes expulsion

All mares in the NP group underwent uneventful expulsion of fetal membranes
within 3 hours postpartum. In the AP group, mares E and | also expelled the fetal
membranes up to 3 hours after parturition, and mares D and H experienced total or
partial fetal membrane retention. Mare D, which experienced premature placental

separation, expelled the fetal membranes spontaneously 6 hours postpartum. At
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gross examination of the placenta, the chorioallantois was thickened, and the
chorionic surface of the pregnant horn, uterine bifurcation and cervical star pole
showed extensive hemorrhagic lesions (Fig 1A and 1B). No significant abnormalities
were noted in the allatoic surface.

Mare H expelled most part of the fetal membranes spontaneously within 3
hours after foaling and experienced partial placental retention due to a tear at the
tip of the pregnant horn. At visual inspection, the chorionic surface of the non-
pregnant horn, base of the pregnant horn and uterine bifurcation showed extensive
hemorrhagic lesions. Multiple green/brown discoloration spots and exudate build up
were observed at the uterine body and cervical star pole (Fig 2A). At the allantoic
surface, the tip of the non-pregnant horn was affected, and extensive exudate build
up was noted, with multiple necrotic lesions at its perimeter (Fig 2B).

Fig 1A and 1B. Chorionic surface of the placenta of mare D, wich experienced premature placental
separation oveall thickening of the chorioallantois, intense deep red color at the pregnant horn,

uterine bifurcation and cervical star pole, indicating hemorrhagic lesions
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Fig 2. Placenta expelled by mare H, which exhibited clinical and ultrasonographic signs of placentitis
at 10 months of pregnancy, before the study period, and was diagnosed with a twin pregnancy at
parturition; (A) chorionic surface of the placenta; non-pregnant horn base of the pregnant horn and
uterine bifurcation presenting extensive hemorrhagic lesions; green/brown discoloration and exudate
build up at the uterine body and cervical star pole; (B) allantoic surface of the non-pregnant horn;
severe exudate build up at the tip of the non-pregnant horn, with multiple necrotic lesions at its

perimeter

2.4. Discussion

The gestational length of all mares in both groups were in agreement to normal
values for the equine species (Davies Morel et al., 2002; Aoki et al., 2013) and all
CTUP measurement averages in this study were consistent with those reported by
Renaudin et al. (1997) for the corresponding gestational and were close to those in
Thoroughbred mares (Colén, 2008), breed from which the Brazilian Sport Horse
originates. Our results showed a significant increase in CTUP values from week 2
to 1in the NP group, but the number of animals enrolled in this study must be taken
into consideration to interpret the clinical relevance of this statistical finding.

However, mare H (AP group) exhibited CTUP measurements above normal
range two days before foaling (17.9 mm) and the occurrence of such a discrepant
value had a direct influence on the value found for standard deviation presented by
the AP group during week 1. As shown in table 1, this mare had exhibited clinical
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and ultrasonographic signs of placentitis and placental dysfunction before the study
period. Abnormal increase of CTUP and fetal fluids echogenicity in late pregnancy
have been associated with placentitis and pending abortion (Reef et al., 1996;
Troedsson et al., 1997; Bucca et al., 2005; Canisso et al., 2015).

Placental infection and edema, among other causes, such as dystocia and
obstetric manipulation, are directly associated with a higher incidence of fetal
membrane retention when compared to mares with normal pregnancies and
parturition (Vandeplassche et al., 1971; Threlfall, 2011). Mares D and H experienced
total and partial retention of fetal membranes, respectively, being the most common
postpartum problem in the mare (Frazer, 2003). The optimal timeframe for the
passage of fetal membranes is not unanimous among reports, but fetal membranes
can be considered retained if it is not expelled within 3 hours after foaling (Frazer,
2003; LeBlanc, 2008; Cuervo-Arango & Newcombe, 2009; Threlfall, 2011).

Regarding the uteroplacental perfusion evaluation, our results for Pl and Rl
values in the NP group followed were similar to those reported by Ousey et al.
(2012), Bailey et al. (2012a) and Klweitz et al. (2015) for the same time period.
Differently from these reports, our Pl results showed a significant decrease from
week 2 to 1 in the NP group, suggesting an important decrease in blood flow
resistance. However, the mean values and standard deviation presented by the NP
group in the two weeks are very similar to the values presented by the mares in the
AP group for the same period. Therefore, the existence of significance may be a
result of the statistical method used to analyze the data.

However, it is important to notice that both indices showed a decrease in their
values from week 2 to week 1. One possible explanation for this observation could
be a drop in vascular resistance due to the increase in estrogen production. Close
to term, the increasing circulating cortisol levels contribute to the production of 1713
-estradiol (Fowden et al., 2008). Previous studies reported the role of 1713 -
oestradiol as a stimulant for vasodilator prostaglandins (Tostes et al., 2000; Lima et
al., 2005) and the vasodilation of the uterine artery during this period could be
sufficient to reduce vascular resistance.

The absence of significant differences in both indices between NP and AP
groups were consistent with the results reported by Bailey et al. (2012b), where
experimentally induced placentitis in pony mares did not induce significant changes

in artery blood flow. A decrease in fetal perfusion due to placental dysfunction could
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lead to the compensatory secretion of vascular endothelial growth factor (VEGF) by
the affected foal, an important stimulating factor of angiogenesis and vasodilatation,
in response to hypoxia, as already reported in humans, sheep and pigs (Cheung et
al., 1995; Charnock-Jones et al., 2001; 2004).

2.5. Conclusion

This is the first study carried out with the objective of assessing hemodynamic
indices in Brazilian Sport Horse crossbred mares during the last two weeks of
pregnancy. The evaluation of the uteroplacental perfusion using pulsatility and
resistance indices represents an opportunity to not only determine physiological
parameters during the gestational period, but also to provide valuable information
about the quality of the fetal environment. Due to the low number of animals involved
in this study, in both groups, and lack of additional information regarding the
abnormal cases, only a few observations could be made. In our study, no significant
differences were observed in Pl and Rl values presented by mares with normal
pregnancies and parturition and mares who presented gestational and parturition
abnormalities during the last two weeks of pregnancy. No differences were found
between weeks in the mares which presented abnormalities, but a difference was
found between weeks for Pl values in the healthy pregnancy group. However, we
suggest that this represents only a statistical finding with no clinical relevance.
Additional studies are necessary to establish normal parameter for Doppler indices
in equine pregnancies and assess the impact of placental diseases and
complications during parturition on hemodynamic parameters in the last days of

pregnancy.
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3. CAPITULO 3
Oxidative stress in equine pregnancy and parturition: a comparative study of blood

and placental markers in normal and abnormal cases during the last two weeks

prepartum
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Abstract

The maintenance of redox balance is crucial for cellular homeostasis, with
redox pairs orchestrating the exchange of electrons in many physiological
processes. Pregnancy itself can be considered a state of oxidative stress, as the
pregnant mare is under great pressure of energy demand by the growing fetus. This
study investigates and compares the oxidative status of pregnant mares with healthy
pregnancies and those experiencing gestational abnormalities and/or parturition
complications during the last two weeks before parturition, categorizing them as
normal or abnormal based on clinical and ultrasonographic parameters. Nine
Brazilian Sport Horse crossbred mares, aged 5 to 21 years, were included in this
prospective cohort study. B-mode scannings were conducted every 48 hours for
CTUP determination and blood samples were obtained daily from day 320 of
pregnancy until parturition. Three samples were collected from each placenta up to
6 hours after parturition. Oxidative stress markers quantification and enzymatic
activity were determined by 5 assays through spectrophotometry: (1) CAT activity,
(2) SOD activity, (3) FRAP, (4) protein carbonyl quantification, and (5) MDA
determination. Results revealed significant differences in blood MDA levels between
normal and abnormal pregnancies, but other markers showed no differences
between weeks or groups. This study provides valuable insights into equine
oxidative status during pregnancy and calls for further research using a larger
number of animals to identify potential biomarkers for placental diseases in late-
stage equine pregnancies.

Keywords: Enzymatic activity; oxidative stress markers; pregnant mare
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3.1. Introduction

The maintenance of redox balance in cells, tissues, and biological fluids is
orchestrated by redox pairs that undergo continual exchange of electrons,
transitioning between oxidized and reduced states. This dynamic equilibrium is
sustained by the physiological and ongoing formation of reactive species, stemming
from cellular aerobic metabolism (Ray et al., 2012). The term "reactive species"
encompasses free radicals and includes those lacking unpaired electrons but
exhibiting high reactivity due to instability (Nakai e Tsuruta, 2021).

Reactive species participate in normal biochemical reactions, facilitating
energy production, activating cellular defense mechanisms during infectious
processes, regulating cell growth, senescence, and apoptosis (Zhang et al., 2016).
However, excessive production can lead oxidative damage, disrupting cellular
homeostasis to varying degrees. Accumulation of reactive species can result in
biomolecule oxidation, including lipid peroxidation, protein damage, carbohydrate
oxidation, and RNA destruction, as well as damage to mitochondrial and nuclear
DNA (Pizzino et al., 2017). In order to eliminate or modify the structure of reactive
species and mitigate their harmful effects, the organism possesses enzymatic and
non-enzymatic antioxidant systems that operate through different mechanisms.
Molecules with antioxidant capacity can be synthesized by the organism itself or
obtained through the diet (Sies, 1991). In healthy organisms, the antioxidant system
balances the production of reactive species (Zhang et al., 2016).

At normal concentrations, reactive species play crucial roles in various
reproductive processes in females, such as ovulation and follicular atresia (Shirai et
al., 2002; Tiwari & Chaube, 2016), the formation of the corpus luteum (Sugino,
2005), implantation (Guérin et al., 2001), embryonic growth, the maintenance of
pregnancy (Al-Gubory et al., 2012), and parturition (Masumoto et al., 1990; Jenkin
& Young, 2004).

Pregnancy itself can be considered a state of oxidative stress, as the pregnant
mare is under the pressure of a significant energy demand (Wisdom et al., 1991).
Studies by Sgorbini et al. (2015) and Cecchini et al. (2019) highlighted the protective
role of the healthy placenta in mares against oxidative damage to the foal by
increasing antioxidant system activity. While high oxidative stress is linked to

complicated pregnancies in human medicine (Myatt & Cui, 2004), information about
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the oxidative status during complicated pregnancies and parturition in mares is
currently lacking. The objective of this study is to assess and compare blood and
placental oxidative stress markers and enzymatic activity between pregnant mares
with healthy pregnancies and parturition and mares who presented gestational
abnormalities and/or parturition complications during the last two weeks of

pregnancy.

3.2. Materials and methods

3.2.1. Animals and location

A prospective cohort study was carried out at the Nucleo Equino de
Reproducao of the Regimento de Cavalaria Alferes Tiradentes of the Military Police
of Minas Gerais located in Florestal, Minas Gerais state, Brazil (Lat: -19.8866S,
Lon: -44.4321W), spanning from October to November 2022. Nine pregnant
Brazilian Sport Horse crossbred mares, aged between 5 and 21 years, weighing
between 500 and 700 kg, and with no prior reproductive history, were included in
this study. The mares were accommodated in a paddock and received a diet
consisting of 8 kg of Tifton 85 hay (Cynodon spp.) and 4kg of feed (GuabiTech Beet,
Guabi Nutricao e Saude Animal S.A, Brazil) per animal per day. Water and mineral
supplement were offered ad libitum throughout the experimental period. All mares
were bred with two Brazilian Sport Horses crossbred stallions through hand mating.
The project was submitted and approved by the Ethics Committee Use of Animals
(CEUA) of the Federal University of Vicosa filed under registration number 45/2022.

3.2.2. Ultrasonographic examination

Transrectal ultrasound examination were performed every 48 hours, starting
at 320 days of pregnancy and continuing until parturition using a Doppler Ultrasound
(250 Vet, Mindray, China) equipped with a multifrequency linear transducer (5-10
MHz). All examinations were conducted in standing, unsedated animals. B-mode
scanning was employed to measure the combined thickness of the uterus and
placenta (CTUP). The technique used was described by Renaudin et al. (1997), in

which the linear transducer was positioned cranially to the cervical star, and then
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lateralized until the detection of a major uterine vessel. CTUP values were obtained
through de average of three measurements between the uterine vessel and allantoic
fluid.

3.2.3. Experimental groups

Mares were identified from letters A to | and were allocated after the study
period in the normal pregnancy (NP) or abnormal pregnancy (AP) groups. The
classification of the mares was based on clinical and/or ultrasonographic signs of
gestational abnormality.

3.2.4. Blood samples

Blood samples were collected daily from 320 days of gestation until parturition
day by jugular venipuncture. The collection was performed using vacuum tubes
internally coated with a clot activator (Vacuplast, Cralplast, Brazil). The collected
samples were promptly subjected to centrifugation at 3.500 x g for 10 minutes and
the blood serum was transferred to 1,5 mL Eppendorf tubes. Samples were then
stored at -20° C until analysis.

3.2.5. Fetal membranes expulsion and placenta samples

Fetal membranes expulsion was timed for every mare and following the
expulsion the placentas were arranged in an ‘F’ formation for evaluation, and the
pregnant and non-pregnant uterine horns were identified. Assessment of placental
integrity followed, with specific attention to identification of tears and/or partial
retention (Christensen; Whitwell, 2011). Sampling was performed in all animals
included in this study within 6 hours after foaling. Fragments were obtained from the
pregnant (PH) and non-pregnant uterine horns (NPH), and uterine body (B). These
samples were stored in 2 mL cryotubes and preserved in liquid nitrogen until the
time of analysis.

47



3.2.6. Oxidative stress markers and enzymatic activity

Oxidative stress markers quantification and enzymatic activity was assessed
by UV/Vis spectrophotometry (Thermo Scientific Multiskan SkyHigh Microplate
Spectrophotometer, Thermo Fisher Scientific, Sweden). The following assays were
comducted on the samples: (1) protein carbonyl assay (PC; Levine et al., 1990); (2)
malondialdehyde determination assay (MDA; Draper & Hadley, 1990); (3) catalase
activity assay (CAT; Aebi, 1984); (4) superoxide dismutase activity assay (SOD;
Bannister & Calabrese, 1987) and (5) ferric reducing ability of plasma assay (FRAP;
Benzie & Strain, 1996). Placenta samples were also submitted to the Bradford assay
(Bradford, 1976) for protein quantification.

Before analysis, each placenta sample (100 mg) was transferred to a 2 ml
Eppendorf tube containing 1 ml of phosphate-buffered saline (PBS) solution along
with two stainless steel beads. Subsequently, the samples underwent disruption
(TissueLyser Il, QIAGEN, Germany) at 25 Hz for 5 minutes, until complete tissue

disruption was achieved.

3.2.7. Statistical Analysis

Statistical analyses were carried out using the Statistical Package for Social
Science (SPSS) software 27 (IBM, United States of America) and significance level
was set at P < 0.05. CTUP measurement and results for enzymatic activity and
oxidative stress markers were grouped into week 1 (from D-1, with DO being the day
of parturition, to D-7) and week 2 (D-8 to D-14). Normality quantitative variables was
assessed through the Shapiro-Wilk test. Continuous variables were compared using
the paired-samples T test or the Wilcoxon test, depending on the normality of the
data. The variables for placental markers were compared using ANOVA repeated
measures or the Friedman test, depending on the normality of the data. Statistical
significance was set at P < 0.05 for all variables.
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3.3. Results

3.3.1. Experimental groups

At the end of the study period, five mares were allocated in the NP group
(mares A, B, C, F and G) and four mares were allocated in the AP group (D, E, H
and 1). Clinical and ultrasonographic findings used as criteria to classified
pregnancies as normal or abnormal are summarized in table 1. Etiological causes

for abnormalities presented by mares E, H and | were not established.

Table 1. Gestational and parturition abnormalities, clinical and ultrasonographic (US) sings exhibited

by the mares allocated in the abnormal pregnancy (AP) group.

Mare Gestational and/or parturition Clinical/ US findings
abnormality
D Dystocia at 334 days of pregnancy Fetal expulsion stage longer than 20

minutes without evidence of the fetus

E Placentitis at 9 months of pregnancy and Increased CTUP measurement and fetal

premature placental separation (“red bag fluids echogenicity

delivery”)
H Placentitis at 10 months of pregnancy; Brown vaginal discharge and premature
twin pregnancy udder development; increased CTUP
measurement and fetal fluids echogenicity
| Placentitis at 356 days of pregnancy Purulent vaginal discharge; increased

echogenicity of fetal fluids

3.3.2. Gestational length and CTUP measurements

All mares included in this study were able to successfully carry the pregnancy
to term (>320 days), with gestational lengths ranging between 322 and 357 days.
Mean CTUP values in weeks 1 and 2 are shown in table 2. Within the NP, the mean
values for CTUP measurements for weeks 2 and 1 indicated a significant increase
in the last week before parturition (P = 0.043). In contrast, the AP group exhibited

no significant differences in CTUP values between weeks 2 and 1. When comparing
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NP and AP groups, no significant differences were observed in either week 1 or
week 2.

Table 2. mean CTUP values (£ SD) in weeks 1 and 2 before parturition for NP and AP groups.

CTUP measurements (in mm) Week 1 Week 2
NP group 8.80 £ 0.532 7.72 £ 0.55b
AP group 12.01 £ 5.11 7.31 £0.91

abMeans * SD followed by different superscript letters on the same line indicate difference between them (P < 0.05) by the

Wilcoxon test.

3.3.3. Fetal membranes expulsion

All mares allocated in the NP group spontaneously expelled the fetal
membranes within 3 hours after foaling. In the AP group, mares E and | also expelled
the fetal membranes spontaneously 3 hours postpartum and mares D and H
experienced total or partial fetal membrane retention. Mare D, which experienced
premature placental separation, expelled the fetal membranes spontaneously 6
hours postpartum. At gross examination of the placenta, the chorioallantois was
thickened, and the chorionic surface of the pregnant horn, uterine bifurcation and
cervical star pole showed extensive hemorrhagic lesions (Fig 1A and 1B). No
significant abnormalities were noted in the allatoic surface.

Mare H expelled most part of the fetal membranes spontaneously within 3
hours after foaling and experienced partial placental retention due to a tear at the
tip of the pregnant horn. At visual inspection, the chorionic surface of the non-
pregnant horn, base of the pregnant horn and uterine bifurcation showed extensive
hemorrhagic lesions. Multiple green/brown discoloration spots and exudate build up
were observed at the uterine body and cervical star pole (Fig 2A). At the allantoic
surface, the tip of the non-pregnant horn was affected, and extensive exudate build
up was noted, with multiple necrotic lesions at its perimeter (Fig 2B).
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Fig 1A and 1B. Chorionic surface of the placenta of mare D, wich experienced premature placental
separation oveall thickening of the chorioallantois, intense deep red color at the pregnant horn,
uterine bifurcation and cervical star pole, indicating hemorrhagic lesions

Fig 2. Placenta expelled by mare |, which exhibited clinical and ultrasonographic signs of placentitis
at 10 months of pregnancy, before the study period, and was diagnosed with a twin pregnancy at
parturition; (A) chorionic surface of the placenta; non-pregnant horn base of the pregnant horn and
uterine bifurcation presenting extensive hemorrhagic lesions; green/brown discoloration and exudate
build up at the uterine body and cervical star pole; (B) allantoic surface of the non-pregnant horn;
severe exudate build up at the tip of the non-pregnant horn, with multiple necrotic lesions at its

perimeter.
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3.3.4. Blood oxidative stress markers and enzymatic activity

There were no significant differences in oxidative stress markers or enzymatic
activity evaluated in this study for any of the variables between weeks 2 and 1 for
NP and AP groups (P > 0.05). When comparing normal and abnormal pregnancies,
only MDA values for week 1 showed statistical difference, with higher values in the
AP group (P = 0.048). Mean values for CAT, SOD, MDA, FRAP and PC for weeks
2 and 1 for AP and NP groups are shown in table 3.
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Table 3. Mean values (+SD) for blood oxidative stress markers and enzymatic activity for week 2 (WK 2) and week 1 (WK 1; CAT in U/ml; SOD in pmol/ml;
MDA in nmol/ml; FRAP in umol/ml; PC in nmol/ml).

CAT SOD FRAP PC MDA
Week 2 Week 1 Week 2 Week 1 Week 2 Week 1 Week 2 Week 1 Week 2 Week 1
gl!\::lp 43.84 £5.24 43.73 £ 7.27 18.67+6.9 1854+6.13 8.13+£1.97 8.19+149 69.07£55.56 104.74 +104.69 73.9 + 15.85 53.98 £ 19.122
g:c\)l:p 50.79 £ 12.88 53.15+19.42 23.87+053 20,7+1,81 597+1,19 6.71 £1.08 48.19 +24.41 57.61 £34.47 117.03+£120.96 89.1 + 32.86°

abMeans + SD followed by different superscript letters on the same column indicate difference between them (P < 0.05) by the Mann-Whitney test.
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3.3.5. Placenta oxidative stress markers and enzymatic activity

No significant differences were found in oxidative stress markers or enzymatic
activity in placenta samples included in this study within the NP and AP groups or
between groups (P > 0.05). Mean values for CAT, SOD, MDA, FRAP and PC for
PH, NPH and B fragments are shown in table 4.
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Table 4. Mean values (+SD) for oxidative stress markers and enzymatic activity for uterine pregnant horn (PH), non-pregnant horn (NPH) and uterine body
(B; CAT in U/ml; SOD in pmol/ml; MDA in nmol/ml; FRAP in umol/ml; PC in nmol/ml).

CAT SOD FRAP PC MDA
PH NPH B PH NPH B PH NPH B PH NPH B PH NPH B
NP 44.07 + 46.8 + 45.26 + 7855+  37.96 35636+ 0.62+ 0.47 + 0.74 + 4.27 + 3.18 £ 331+ 2974+ 1671+ 3044+
group 60.8 65.22 62.25 99.51 43.32 38.04 0.48 0.57 0.35 6.02 4.37 5.87 22.87 7.55 31.8
AP 198.99+ 20721+ 11056+ 2899+ 2227+ 1649+ 035+ 0.55 + 0.64 + 713 + 6.11 + 3.82 + 151+ 17.02+ 2393+
group 295.78 352.44 134.15 8.61 6.51 5.75 0.4 0.39 0.24 5.68 5.69 4.15 6.33 14.93 4.78

abMeans + SD followed by different superscript letters on the same line indicate difference between them (P < 0.05).
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3.4. Discussion

The gestational length of all mares in both groups fell within normal values for
the equine species, as described by Davies Morel et al. (2002) and Aoki et al.
(2013). Regarding the ultrasonographic placental structure evaluation, at the
statistical analysis, all CTUP average measurements were within normal
parameters for the corresponding gestational age, as reported by Renaudin et al.
(1997) and were close to those in Thoroughbred mares (Colén, 2008), breed from
which the Brazilian Sport Horse originates. Previous studies reported that the age
of the mare and gestational length do not affect CTUP measurements in late
pregnancy. Our results showed a significant increase in CTUP values from week 2
to 1 in the NP group, but the number low number of animals enrolled in this study
must be taken into consideration to interpret the clinical relevance of this finding.

Even though not statistically significant, mare H (AP group) exhibited abnormal
CTUP measurements two days before foaling (17,9 mm) and the occurrence of such
a discrepant value had a direct influence on the value found for standard deviation
presented by the AP group during week 1. As shown in table 1, this mare had
exhibited clinical and ultrasonographic signs of placentitis (Troedsson &
MacPherson, 2011) and placental dysfunction before the study period. Abnormal
increases in CTUP and echogenicity of the fetal fluids in late pregnancy have been
associated with placentitis and pending abortion (Reef et al., 1996; Troedsson et
al., 1997; Bucca et al., 2005; Canisso et al., 2015).

Placental infection and edema, among other causes, such as dystocia and
obstetric manipulation, are directly associated with a higher incidence of fetal
membrane retention when compared to mares with normal pregnancies and
parturition (Vandeplassche et al., 1971; Threlfall, 2011). Mares D and H experienced
total and partial retention of fetal membranes, respectively, being the most common
postpartum problem in the mare (Frazer, 2003). The optimal timeframe for the
passage of fetal membranes is not unanimous among reports, but fetal membranes
can be considered retained if it is not expelled within 3 hours after foaling (Frazer,
2003; LeBlanc, 2008; Cuervo-Arango & Newcombe, 2009; Threlfall, 2011).

Our results followed a similar tendency to pregnant women with placental

dysfunction due to preeclampsia (Loverro et al., 1996; Kumar & Das, 2000; Madazli
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et al., 2002; Aydin et al., 2004; Halliwell & Gutteridge, 2007; Rani et al., 2010;
Bharadwaj et al., 2018), with blood MDA levels higher in the AP group compared to
the NP group for the whole study period (week 2: 117.03 £ 120.96 vs 73.9 + 15.85
nmol/ml; P = 1,0; week 1: 89.1 + 32.86 vs 53.98 £ 19.12 nmol/ml; P = 0,048).
However, other oxidative stress markers did not show a consistent behavior.
Etiological causes for the placental diseases presented by the mares in the AP
group, different placental structure and level of intimacy of maternal and fetal
components of the fetoplacental unity, and possible difference in the sensitivity of
the test applied to the equine species must be taken into consideration when
analyzing the results presented by this study.

3.5. Conclusion

This is one of the first studies carried out with the goal of assessing the
oxidative status of pregnant mares with normal and abnormal pregnancies and/or
parturition. Our results showed similar tendencies to studies conducted in pregnant
women with placental dysfunction, but factors such as number of animals enrolled
in this study, placental structure differences, specific etiology, maternal health and
environment must be taken into account. Therefore, more studies must be carried
out involving a greater number of animals to more accurately assess the oxidative
status in normal mares and identify possible biomarkers of oxidative damage for
pregnancy abnormalities in horses.
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