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RESUMO

METABOLISMO HEPATICO E SUA INFLUENCIA NO DESEMPENHO
REPRODUTIVO EM BOVINOS

AUTOR: Simone Stefanello
ORIENTADOR: Alfredo Quites Antoniazzi

A eficiéncia reprodutiva é o parametro que mais afeta a produtividade e a lucratividade dos
sistemas de producdo de bovinos de corte e de leite, e a maioria das perdas gestacionais ocorre
precocemente, no primeiro trimestre da gestacdo. Nessa tese buscou-se avaliar parametros do
metabolismo nutricional e hepético e a influéncia de comprometimento hepético na taxa de
concepcao em bovinos. No primeiro estudo foi relacionado a condicdo nutricional e as
variaveis metabolicas e sua relacdo com os indices reprodutivos, observando que as variaveis
metabolicas influenciam o desempenho reprodutivo desde o periodo de transicdo e que
maiores concentracdes de ureia sanguinea estdo relacionadas a animais com maior nimero de
inseminacBes e maior intervalo entre parto e concepcdo (100-150 dias e mais de 150 dias de
intervalo). Além disso, o retorno precoce a ciclicidade ndo garante um menor intervalo entre
parto e concepc¢do. No segundo estudo, o objetivo foi avaliar os parametros hepaticos e sua
influéncia no reconhecimento materno da gestagdo em bovinos de corte com ingestdo natural
de Senecio spp. As vacas foram divididas em dois grupos: o grupo 1 apresentando GGT
menor que 30 U/L e o grupo 2 apresentando GGT acima de 31 U/L. Para avaliar a satde
hepética, foi utilizada a concentracdo sanguinea de GGT aliada a exames citoldgicos e
histopatologicos que identificaram megalocitose, células binucleadas e outros achados
sugestivos de seneciose. A taxa de prenhez, o didmetro do CL e a concentracdo de
progesterona foram maiores nas vacas do grupo 1. Também, foi observado que ndo houve
diferenca nos escores de condigdo corporal entre os grupos. Algumas vacas apresentaram um
CL grande na avaliacdo ultrassonografica, alta concentracdo de progesterona e alta expressao
de mRNA de ISG15 no Dia 19, e foram diagnosticadas vazias no dia 45, 0 que sugere a
ocorréncia de perda embrionaria apds o Dia 19, permitindo a identificacdo de outras causas de
mortalidade embrionaria relacionadas a insuficiéncia do corpo luteo. Em conclusdo, apesar
dos diferentes niveis de lesdo hepatica nao alterarem a percep¢do da condicdo corporal,
comprometeram a disponibilidade de progesterona necessaria para a sobrevivéncia
embrionaria, prejudicando o reconhecimento materno da gestacdo. Dessa forma, a
funcionalidade hepatica é determinante da eficiéncia reprodutiva, que traduz a condicdo
nutricional e metabolica do animal.

Palavras-chave: colesterol, figado, interferon, ISG15, progesterona.



ABSTRACT

HEPATIC METABOLISM AND ITS INFLUENCE ON REPRODUCTIVE
PERFORMANCE IN CATTLE

AUTHOR: Simone Stefanello
ADVISER: Alfredo Quites Antoniazzi

Reproductive efficiency is the parameter that most affects the productivity and profitability of
beef and dairy cattle production systems, and most gestational losses occur early during the
first trimester of gestation. In the first experiment it was related to the nutritional condition,
the metabolic and productive variables and their relation with the reproductive indices and it
was observed that the metabolic variables influence on the reproductive performance since the
transition period and that higher blood urea concentrations are related to animals with higher
number of artificial inseminations and longer interval between calving and a new conception
(mid-c group — 100 to 150 days and late-c group >150 days). In addition, early return to
cyclicity does not assure a shorter interval between calving and a new conception, and the
progesterone synthesis is directly related to cholesterol availability. The second experiment
aimed to evaluate liver parameters and the influence on maternal recognition of pregnancy in
beef cattle presenting natural ingestion of Senecio spp. The cows were divided in two groups:
group 1 presenting GGT lower than 30 and group 2 GGT above 31 U/L. To evaluated liver
health was used GGT status, cytological and histopathological exams that presented
megalocytosis and binucleated cells and other findings suggestive of Seneciosis. The
pregnancy rate was higher, CL diameter greater and concentration of progesterone on the
cows from the group 1. However, no difference on body condition scores. Some cows
presented a large CL on US scanning, high concentration of progesterone, and high ISG15
MRNA expression on Day 19, and it is an open cow on Day 45, that suggests us this cow had
embryo loss beyond D19, indicating that cows are in the process of embryonic mortality and
may allow a better identification of causes that may be related to corpus luteum insufficiency,
and to be associated to a possible embryonic loss. In conclusion, although the different levels
of liver damage do not alter the perception of body condition, they compromised the
availability of progesterone necessary for embryonic survival and have the potential to impair
maternal recognition of pregnancy. Thus, liver function determine the reproductive efficiency,
and reflects the nutritional and metabolic condition of the animal.

Keywords: cholesterol, liver, interferon, ISG15, progesterone.



LISTA DE FIGURAS

MANUSCRITO |

Figure 1 - Body condition score (A), energy balance (B), serum N-urea (C) and Milk
production (D) of Holstein heifers allocated into on of three distinct groups according to
calving to conception intervals: early-conception group (early-c; <100 days), mid-conception
group (mid-c; 100 — 150 days), and late-conception group (late-c; >150 days). Data presented
as mean = standard error of the mean (SEM). *P<0.05 (N=20)........c.covviiriiiiiiiiiannnn.. 39

Figure 2 - HDL (A), LDL (B), total (C) cholesterol and serum progesterone (D) concentration
of Holstein heifers allocated into one of three distinct groups according to calving to
conception intervals: early-conception group (early-c; <100 days), mid-conception group
(mid-c; 100 — 150 days), and late-conception group (late-c; >150 days). Data were presented
as mean * standard error of the mean (SEM). *P<0.05 (nN=20)...........ccovviiiiiininnnnnn. 40

MANUSCRITO Il

Figure 1- (A) Serum concentration of GGT (U/L). Histological section of the liver showing
megalocytosis (red arrow) and binucleated cells (black arrow) (B and C), fibrosis and
proliferative billiary ducts (D) suggestive of Seneciosis.........oovvviveiiiiiniiiiiirieenennn. 60

Figure 2- Corpus luteum diameter (A), pregnancy rate (B) and serum concentration of
progesterone (C) of cows presenting low (<30) and high (>30) level of GGT. * represents
difference P<0.05. ... ..o 61

Figure 3- ISG15mRNA expression in non-pregnant and pregnant cows presenting low (<30)
and high (330) 1evel 0f GGT .. ..o e 62



LISTA DE TABELAS

MANUSCRITO Il

Table 1. Primers designed for quantitative real-time PCR analysis



SUMARIO

1 INTRODUGAO ...ttt 122
2 REVISAO BIBLIOGRAFICA ........ccccooeeuunne. s 155
2.1 SUCESSO REPRODUTIVO: DA TRANSICAO ATE O PARTO.........oocniniinen. 155
2.2 INFLUENCIA DE VARIAVEIS DO METABOLISMO HEPATICO E
NUTRICIONAIS NO DESEMPENHO REPRODUTIVO......cccccviniiiiiciecnines 166
2.3 COMPROMETIMENTO HEPATIQ:O E REPRODUTIVO RELACIONADO AO
CONSUMO DE PLANTAS DO GENERO SENECIO.........ccccoiiiiiiiiicieiee, 188
2.3.1  Senecio spp. no Rio Grande do Sul ............cccccovvvennne. Latseas s s 200
2.4 RECONHECIMENTO MATERNO E MANUTENGCAO DA GESTACAO........... 211
2.4.1  SiNteSe de PrOgEStEIONA. .......cciiveuieiirieieiistenie ettt sae e 222
3 CAPITULO | - MANUSCRITO | - NITROGENOUS METABOLIC
COMPONENTS AND NEGATIVE ENERGETIC BALANCE ON
REPRODUCTIVE PERFORMANCE IN DAIRY CATTLE......ccccooiiiiiiiiieee 244
4  CAPITULO Il - MANUSCRITO Il — IMPACT OF SENECIOSIS IN EARLY
EMBRYO DEVELOPMENT AND MATERNAL RECOGNITION OF
PREGNANCY IN BEEF CATLLE.......cci it 411
5 DISCUSSAOD......ouvimiimeireiseiseisessesi st 633
B CONCLUSOES ...ttt 655

REFERENCIAS ......ooieteeeee ettt 666



12

1 INTRODUCAO

Nos sistemas de producéo, tanto de bovinos de corte quanto para a producéo de leite, o
desempenho reprodutivo é fator determinante para a obtencéo da eficiéncia e da lucratividade
no sistema, sendo preponderante a condi¢do nutricional e metabdlica, além de outros fatores.
Assim sendo, o suprimento das exigéncias nutricionais e minerais dos bovinos define o
controle fisioldgico e, consequentemente, eficiéncia reprodutiva. Nesse sentido o figado,
orgdo central de inUmeras competéncias, tem funcdo impar na distribuicdo e metabolizacao
dos nutrientes sendo, por esse motivo, também determinante da eficiéncia reprodutiva.

Animais de alta producdo, de carne ou de leite, apresentam uma grande demanda
nutricional, de energia e proteina, que quando ndo acompanhada do aumento compensatorio
do fornecimento desses nutrientes, culmina em uma funcdo reprodutiva prejudicada
(MAGGIONI; ROTTA; ITO; MARQUES et al., 2008). Assim, ao entrar em balanco
energético negativo, as vacas apresentam interferéncia na capacidade do eixo hipotdlamo-
hipofisario em desenvolver os pulsos de LH necessarios para promover o desenvolvimento
folicular e a consequente ovulacdo. Alem disso, o déficit de energia também leva a baixas
concentragOes de insulina durante este periodo, o que pode limitar a capacidade de resposta do
ovario para a estimulacao das gonadotropinas (BUTLER; SMITH, 1989).

Para que o estabelecimento de uma nova gestacdo aconteca, € necessario ocorrer o
retorno a ciclicidade, ovulacdo, fertilizacdo e adesdo uterina por um embrido viavel
(MORAES; MAIA; ALVARENGA,; OBA, 2014). Uma vez formado, o desenvolvimento do
concepto equivale a melhor sinalizacdo e inibicdo eficaz da lute6lise. Para isso, concentraces
satisfatorias de progesterona no periodo critico de reconhecimento materno possibilitam um
ambiente uterino devidamente preparado, com condicdes mais favoraveis para o
desenvolvimento embriondrio, o que ird favorecer o estabelecimento da gestacdo
(MACHADO; BARBOSA,; SILVA; BERGAMASCHI et al., 2006).

A progesterona participa da regulacdo do ciclo reprodutivo da fémea (WILTBANK;
SOUZA; CARVALHO; CUNHA et al., 2014). A producdo de progesterona ocorre atraves
das células luteais pequenas a partir das lipoproteinas apds a estimulagéo por LH e grandes de
forma constitutiva (BOGAN; NISWENDER, 2007). A esteroidogénese pode ser limitada
principalmente pela disponibilidade das lipoproteinas precursoras. A concentragcdo de
progesterona circulante é determinada por um equilibrio entre sua producdo e metabolismo
hepatico (WILTBANK; SOUZA; CARVALHO; CUNHA et al., 2014).
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Para tanto, o figado constitui-se em um Orgdo central que relne 0s nutrientes
absorvidos e os metabolitos procedentes da circulagdo geral, moderando-os e distribuindo-os
para os tecidos periféricos (KOZLOSKI, 2011). Assim sendo, apesar de uma nutri¢do
satisfatoria, sem salde hepatica, ndo havera a distribuicdo de nutrientes para todos os sistemas
do organismo, o que indiretamente compromete a eficiéncia reprodutiva.

Danos irreversiveis ao tecido hepéatico ocorrem por consequéncia da ingestdo de
alcaloides pirrolizidinicos (AP), que sdo fitotoxinas naturais que compdem as plantas do
género Senécio (ELIAS; LATORRE; PIPOLE; HARAGUCHI et al., 2011). Como
consequéncia da toxicidade de sua ingestdo ocorre uma funcdo hepatica prejudicada
(CHEEKE, 1988), o que promove um efeito indireto no desempenho reprodutivo. Assim
sendo, as principais consequéncias sistémicas da alteracdo no metabolismo hepatico sdo nas
concentracdes de colesterol, ureia e esteroides sexuais.

A producdo de progesterona necesséaria para a manutencdo da gestacdo, desde o
desenvolvimento embrionério inicial, implantacdo e placentacdo requer um corpo lUteo
funcional (BAZER; SPENCER; OTT, 1997). E ¢ através do interferon tau, que o embrido
comunica sua presenca a mae a fim de que ela forneca secrecdo de progesterona litea
necessaria para o estabelecimento da gestacdo (FARIN; IMAKAWA; M ROBERTS, 1989).
Assim, a sinalizacdo do concepto para o sistema materno tem acdo luteotréfica, isto é,
manutencdo da fungdo luteal, e antiluteolitica, impedindo a liberacdo uterina de
prostaglandina luteolitica F2a (PGF) (BAZER; SPENCER; JOHNSON; BURGHARDT et al.,
2009)

A disponibilidade de progesterona circulante é determinada pelo balanco entre a
producdo luteal a partir do colesterol e seu metabolismo hepético (WILTBANK; SOUZA;
CARVALHO; CUNHA et al., 2014). A viabilidade da sintese de progesterona é determinada
pelo figado, &rgdo responsavel pela sintese de albumina, fibrinogénio, globulinas,
lipoproteinas e colesterol, além de inimeras outras funcdes (GONZALEZ; SCHEFFER,
2003). Assim sendo, o figado determina a disponibilidade de colesterol para a sintese de
progesterona luteal, bem como sua metabolizagdo, interferindo no reconhecimento materno da
gestacéo.

O objetivo deste estudo foi avaliar parametros do metabolismo hepaético e a influéncia
de seu comprometimento na taxa de concepg¢do em bovinos. Sabe-se que 0s aspectos
nutricionais sdo de grande relevancia na eficiéncia reprodutiva e como resultado da nutricao,
0 metabolismo hepatico e a distribuicdo pelo sangue periférico afetam o desempenho

reprodutivo do animal.
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Foram delineados dois experimentos sendo o primeiro relacionando a condicéo
nutricional (balango energético e escore de condigdo corporal), varidveis metabdlicas (ureia,
colesterol total, LDL e HDL) e a producao de leite e sua relacdo com os indices reprodutivos
(intervalo entre parto e concepcdo, retorno a ciclicidade e progesterona sanguinea). No
segundo experimento, foi avaliada a influéncia do comprometimento hepéatico na reproducéo;
quanto o efeito tdxico do consumo de Senecio spp. compromete a eficiéncia reprodutiva
durante o periodo de reconhecimento materno da gestagdo. Assim sendo, buscou-se
quantificar os efeitos deletérios da lesdo hepatica na reproducéo, tendo em vista a estreita
ligagdo com sintese de colesterol e progesterona, a fim de verificar uma possivel ligacdo com

a expressdo génica relacionada ao reconhecimento materno da gestagéo.
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2 REVISAO BIBLIOGRAFICA
2.1 SUCESSO REPRODUTIVO: DA TRANSICAO ATE O PARTO

A reproducdo é fundamental para o sucesso da producdo, tanto na bovinocultura de
leite, quanto na de corte. Baixos indices reprodutivos prejudicam a lucratividade ao
comprometer o sistema de producdo, atrasando o progresso genético e aumentando as
despesas (BISINOTTO; SANTOS, 2011). O puerpério é o periodo que ocorre ap06s o0 parto e
corresponde ao periodo de retomada da fungéo reprodutiva da fémea (HORTA, 1995). Para o
estabelecimento de uma nova gestacdo, € necessario que ocorra a involugdo uterina,
acompanhadas do retorno a ciclicidade. Tais mecanismos devem culminar no crescimento de
um foliculo saudavel com o desenvolvimento de um odcito competente, demonstragdo de cio,
ovulacdo, fertilizacdo e adesdao uterina por um embrido viavel (MORAES; MAIA;
ALVARENGA; OBA, 2014).

No sistema de producdo de leite, o periodo de transicao é a fase de repouso entre dois
periodos consecutivos de lactacdo, que vai de 3 semanas antes a 3 semanas apos o parto, o
qual é extremamente importante para a saude, producdo e rentabilidade do sistema leiteiro
(DRACKLEY, 1999). Neste periodo, € comum que as vacas entrem em balango energético
negativo (NEB), causado pelo aumento subito da demanda de energia atribuida ao
crescimento fetal, remodelacdo do tecido mamario e producéo de leite ao reduzir a ingestdo de
matéria seca e nutrientes (ESPOSITO; IRONS; WEBB; CHAPWANYA, 2014). O aumento
da capacidade de producdo de leite agrava o balanco energético negativo, que combinado a
um manejo nutricional deficiente tem sido associado ao declinio da fertilidade, onde as
demandas metabdlicas de maior produgdo estdo relacionadas a diminuicdo do desempenho
reprodutivo (BUTLER, 2001).

A eficiéncia reprodutiva é o fator que, isoladamente, mais afeta a produtividade e a
lucratividade de um rebanho, considerando que ocorrem perdas reprodutivas desde a
concepgdo (natural ou artificial) até o parto. A maioria dessas perdas acontece durante os
primeiros 35 dias de gestacdo, que corresponde ao periodo embrionario e pode atingir 40%
dos conceptos (BERGAMASCHI; MACHADO; BARBOSA, 2010).

O aumento da compreensdo do ciclo estral bovino levou ao desenvolvimento de
programas reprodutivos que permitem sincronizacéo precisa do desenvolvimento do foliculo,
regressdo latea e ovulacdo (BISINOTTO; SANTOS, 2011). A relevancia do uso da
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inseminacao artificial é a capacidade de detectar o estro para 0 melhor tempo de reproducao o
que promove maiores indices reprodutivos (BISINOTTO; SANTOS, 2011).

A mortalidade embrionéria é considerada a principal causa do aumento no intervalo de
partos nos bovinos, por fatores ambientais, genéticos, metabolicos, nutricionais e infecciosos
(SARTORI; DODE; GENETICOS; BIOTECNOLOGIA, 2008). A perda embrionaria é o
principal fator que contribui para o fracasso reprodutivo de uma vaca. De acordo com
(MORRIS; DISKIN, 2008) 70% a 80% das perdas embrionarias ocorrem nas primeiras duas
semanas apos a inseminacéo artificial.

Animais com lesdo hepética apresentam a fungdo reprodutiva comprometida, onde o
padrdo do desenvolvimento folicular e as caracteristicas do fluido folicular séo diferentes em
vacas com saude hepatica quando comparadas as vacas com lesdo hepatica, comprometendo
também a qualidade dos odcitos (IWATA; TANAKA; KANKE; SAKAGUCHI et al., 2010).
Além disso, os alcalbides pirrolizidinicos toxicos aos hepatdcitos, comprometem também as
células luteais do corpo luteo (KRABBE; GONCALVES; POZZOBON; PESSOA et al.,
2015) interferindo na sintese da progesterona necessadria para a manutencdo da gestacdo
(WILTBANK; SOUZA; CARVALHO; CUNHA et al., 2014). Dessa forma, muitas sdo as
causas de mortalidade embrionaria, podendo estar interligadas a outros sistemas do
organismo, que ndo o sistema reprodutivo.

Outra evidencia da interferéncia da nutricdo na qualidade embrionaria é apresentada
por (RHOADS; RHOADS; GILBERT; TOOLE et al., 2006) onde vacas com altas
concentracdes de ureia plasmatica diminuiram a viabilidade embrionaria através dos efeitos
que ocasionaram no oécito ou no embrido antes do estabelecimento no Utero até sete dias apds

a inseminacao.

2.2 INFLUENCIA DE VARIAVEIS DO METABOLISMO HEPATICO E
NUTRICIONAIS NO DESEMPENHO REPRODUTIVO

Os tecidos gastrintestinais representam uma interface entre a dieta e o animal, tendo
uma influéncia direta no fluxo de nutrientes do limen para a corrente sanguinea. O figado, por
sua vez, constitui-se no érgdo central que retne os nutrientes absorvidos e os metabdlitos
procedentes da circulacdo geral, moderando-os e distribuindo-os para os tecidos periféricos
(KOZLOSKI, 2011).

As células do parénquima hepatico ou hepatocitos séo o tipo de células predominantes

do figado contabilizando 60% do numero total e cerca de 80% do volume, sendo esse 0 maior
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grupo, somados aos macrofagos ou células de Kupffer (8 a 12%), as células endoteliais
delineando o Espaco de Disse (15 a 20%) e os adipécitos (JUNGERMANN; KEITZMANN,
1996).

O figado mantém seu potencial mit6tico durante toda a vida do organismo, entretanto,
quando exposto cronicamente a alguma substancia toxica, acaba tendo sua funcéo orgénica
prejudicada, além de diminui¢do do tamanho e aumento de tecido conjuntivo fibroso intra-
hepatico. O figado é responsavel pela sintese de albumina, fibrinogénio, globulinas,
lipoproteinas e colesterol, além de inimeras outras funcdes (GONZALEZ; SCHEFFER,
2003).

A distribuicdo de nutrientes para diferentes funcbes fisioldgicas tem diferentes
prioridades. As fungdes de manutencdo ou lactacdo precedem a funcéo reprodutiva. Portanto,
pequenos desequilibrios nutricionais mostrardo suas consequéncias antes sobre a reproducéo
do que sobre outros sistemas. A causa mais frequente de falha reprodutiva na vaca leiteira é a
mortalidade embrionéria precoce (cerca de 30% do total das causas) e, na maioria dos casos, €
associado a um erro nutricional (BACH; ESPANA, 2002).

A reproducdo nos animais sofre influéncia de varios fatores, como espécie, raca, idade,
escore de condicdo corporal (ECC) e nutricdo. Dentre estes, a nutricdo tem um papel
reconhecidamente importante por afetar diretamente aspectos da fisiologia e desempenho
reprodutivo na fémea bovina (SARTORI; MOLLO, 2007). Maior ou menor balango
energético negativo (BEN) € dependente do nivel de producdo e da ingestdo de energia e
promove ou ndo problemas reprodutivos. O BEN ocorre, entre outras coisas, em momentos de
pico de producdo, por exemplo, de leite que se estabelece 4 a 6 semanas antes do pico de
ingestdo de matéria seca e a energia utilizada para manutencéo e producao de leite, ¢ maior do
que a energia adquirida pela alimentacdo (SARTORI; MOLLO, 2007).

Mudancas metabdlicas e hormonais durante o periodo de transicdo em bovinos de leite
causam varias alteracdes fisioldgicas, caracterizadas por uma maior mobilizacdo de gordura e
proteina. O uso de reservas corporais € necessario para atender as demandas de alta producéo
de leite (OSPINA; NYDAM; STOKOL; OVERTON, 2010).

A mobilizacdo de reservas e a perda de escore de condig¢do corporal estdo fortemente
associadas com o periodo pos-parto ndo-ovulatorio, tanto em sistemas de leite, quanto de
corte. A ovulagéo do foliculo dominante de primeira onda esta associada a niveis de acidos
graxos ndo esterificados, cetonas mais baixas no plasma e menor acumulacéao de triglicerideos
no figado. O BEN e perda de condicdo corporal estdo relacionados a reducdo da progesterona
sérica e baixas taxas de prenhez (BUTLER, 2005).
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O BEN na lactacdo inicial estd intimamente relacionado ao retorno da atividade
ovariana (DOSKA; SILVA; HORST; VALLOTO et al., 2012). O BEN parece interferir
principalmente na capacidade do eixo hipotalamo-hipofisario desenvolver os pulsos de LH
necessarios para promover o desenvolvimento folicular e consequente ovulacdo. Em segundo
lugar, o déficit de energia leva a baixas concentracdes de insulina durante este periodo,
podendo limitar a capacidade de resposta do ovério para estimulacdo das gonadotropinas
(BUTLER; SMITH, 1989).

O momento do retorno a ciclicidade apos o parto em fémeas bovinas é de fundamental
importancia para determinar quanto cedo essas vacas vdo conceber e consequentemente,
definir o intervalo de partos (SARTORI; GUARDIEIRO, 2010).

Outros fatores nutricionais podem interferir na reproducdo, como o fornecimento de
excessivas quantidades de proteina degradavel na dieta, podendo levar a um aumento de ureia
na circulacdo sanguinea e reducdo nas taxas de concep¢do (ELROD; VAN AMBURGH,;
BUTLER, 1993).

Toda amoénia ruminal absorvida, oriunda de uma dieta contendo excessivas
guantidades de proteina degradavel no rdmen, ao atingir a corrente sanguinea e
posteriormente o figado, € captada e precisa ser metabolizada a ureia, 0 que consome
intermediarios do ciclo da ureia e energia (KOZLOSKI, 2011). Esse custo energético de
sintese de ureia a partir de ambnia representa um desvio de energia consideravel
(STEFANELLO; MEZZOMO; ZENI; EBLING et al., 2018) que deixa de ser empregada nos
outros sistemas do organismo.

Além disso, a utilizacdo de altos teores de proteina ou nitrogénio ndo proteico na dieta
promove elevadas concentracGes plasmaticas de ureia e ambnia, diminuindo o pH luminal
uterino durante a fase Idtea inicial e alterando a secrecdo das glandulas endometriais
(SARTORI; GUARDIEIRO, 2010).

Dessa forma, o uso de uma fonte de proteina relativamente ndo degradavel pode
permitir o aumento de parametros produtivos, bem como o alivio dos efeitos deletérios sobre
a fertilidade (ELROD; VAN AMBURGH; BUTLER, 1993).

2.3 COMPROMETIMENTO HEPATICO E REPRODUTIVO RELACIONADO AO
CONSUMO DE PLANTAS DO GENERO SENECIO

O alcaloides pirrolizidinicos (AP) sdo fitotoxinas naturais (ELIAS; LATORRE;
PIPOLE; HARAGUCHI et al., 2011) que compdem o género Senécio e causam danos
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irreversiveis ao tecido hepatico. A consequéncia de sua toxicidade € uma fungdo hepética
prejudicada (CHEEKE, 1988). As substancias absorvidas pelo intestino tém seu primeiro
contato no organismo com o figado, que numa posicdo estratégica, impede a exposicdo do
restante do organismo a acdo de toxinas (SANTOS; RIET-CORREA; SIMOES; BARROS,
2008). Os APs ndo sdo tdxicos, no entanto, quando transformados em metabdlicos pirrolicos
por enzimas hepaticas microssomais, se tornam moléculas toxicas ativas (ELIAS;
LATORRE; PIPOLE; HARAGUCHI et al., 2011). Ao serem produzidos no figado, sio
importantes hepatotoxinas cumulativas, que se combinam com grupos pirréis, para formar tio
ésteres pirrdlicos. Esses séo, entdo, convertidos em ésteres pirrdlicos pelas enzimas hepaticas
do citocromo P-450. Os ésteres sdo agentes alquilantes que reagem com &acidos nucleicos e
com as proteinas nucleares e citosolicas, lesam as células hepaticas mediante inibicdo da
mitose (SANTOS; RIET-CORREA; SIMOES; BARROS, 2008).

Os citocromos P-450 sdo heme-proteinas envolvidas nas biotransformacdes de varios
compostos de origem enddgena e exdgena, que biologicamente promovem a modificacdo
quimica de varias moléculas exogenas lipofilicas, que apos isso se tornam mais sollveis e de
facil excrecdo, porém uma consequéncia é que muitas moléculas, apos sofrerem estas
modificagdes (biotransformacéo), tornam-se muito reativas, podendo causar danos teciduais
(LEMOS; TRINDADE, 2014). Dessa forma, os metabdlicos pirr6licos passam a danificar
proteinas, RNA e DNA, resultando em sintese proteica deficiente, perda de funcéo celular,
desenvolvimento de tumores e efeito anti-mitdtico (ELIAS; LATORRE; PIPOLE;
HARAGUCHI et al., 2011). Os hepatdcitos ndo se dividem, mas continuam sintetizando
DNA no nlcleo e aumentando seu tamanho na tentativa de repor aqueles que sofreram
necrose (SANTOS; RIET-CORREA; SIMOES; BARROS, 2008).

Uma lesdo celular toxica dessa categoria ocorre mais frequentemente na area
centrolobular do figado, isso porque essa é a regido com concentracdo mais alta de enzimas
do citocromo P-450 (SANTOS; RIET-CORREA; SIMOES; BARROS, 2008). Os danos
hepaticos produzidos pelos APs sdo caracterizados por megalocitose das células
parenquimatosas, proliferacdo de células de ductos biliares e fibrose em grau e distribuicéo
variaveis (GRECCO; SCHILD; SOARES; MARCOLONGO-PEREIRA et al., 2010).

Ao realizar biopsia hepatica em animais intoxicados por Senécio spp., 0S principais
achados histopatoldgicos nas bidpsias hepéaticas sdo fibrose hepatica, megalocitose e
proliferacdo de ductos biliares, onde em um estudo realizado o autor relata que as lesdes
hepaticas foram observadas em 73,4% dos bovinos submetidos a bidpsia hepética
(GIARETTA,; PANZIERA; GALIZA; BRUM et al., 2014).
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Histologicamente, é possivel observar a interrup¢do da arquitetura hepética, e 16bulos
com abundante tecido conjuntivo e fibroblastos. Os hepatdcitos remanescentes apresentam
citoplasma vacuolado, formando nddulos rodeados por tecido conjuntivo. Outra lesédo
comumente encontrada sdo hepatdcitos ampliados (megalocitose) em areas periportais e
marcada proliferacdo de ductos biliares (GIARETTA; PANZIERA; GALIZA; BRUM et al.,
2014). Além das alteracdes hepaticas, outras alteragdes extra-hepéticas ja foram descritas em
casos espontaneos de intoxicacao por APs contidos em plantas do género Senécio, em que
foram observadas alteracfes significativas em células luteinicas grandes (KRABBE;
GONCALVES; POZZOBON; PESSOA et al., 2015).

A avaliagdo da GGT ¢ indicada para o diagndstico de colestase em ruminantes, por ser
uma enzima originaria das membranas dos canaliculos e ductos biliares (SANTOS; RIET-
CORREA; SIMOES; BARROS, 2008). O aumento da atividade sérica da enzima Gama-
Glutamil-Transferase (GGT) até valores variando de 181-799 U/L (valores de referéncia: 6.1-
17.4 U/L), é comumente observado em casos de colestase. A enzima GGT permanece alta ao
longo do curso da doenca, e é considerado o melhor pardmetro bioquimico para o diagnostico
de intoxicacgdo por Senecio spp., tendo em vista que todos os outros parametros hematoldgicos
e soroldgicos se mantem dentro dos limites normais (GIARETTA; PANZIERA; GALIZA,;
BRUM et al., 2014).

A insuficiéncia hepética ocorre somente em lesGes difusas quando ha
comprometimento de 75% do parénquima hepéatico, como ocorre nas intoxicacdes, onde a
apresentacdo clinica observada quando o animal atinge um quadro de insuficiéncia hepatica
normalmente é a ictericia, edema, hemorragias, fotossensibilizacdo e encefalopatia hepatica
(SANTOS; RIET-CORREA; SIMOES; BARROS, 2008).

Em um estudo realizado por (KRABBE; GONCALVES; POZZOBON; PESSOA et
al., 2015) quatro vacas prenhes que apresentaram lesbes hepaticas classicas da intoxicacdo
por Senecio spp. tiveram seus ovarios avaliados histologicamente, cujas células luteais
grandes apresentavam megalocitose e pseudoinclusfes nucleares. Algumas células luteais
grandes apresentaram nucleos com até 23,69um de diametro, 0 que permitiu concluir que a
intoxicacdo por Senecio spp. causa alteragcOes ovarianas em vacas, podendo causar perdas

reprodutivas.

2.3.1 Senecio spp. no Rio Grande do Sul
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O género Senécio pertence a familia Asteraceae, uma planta cosmopolita, com a maior
distribuicdo na América do Sul e cerca de 500 espécies. Somente ndo ocorre Senecio spp. nas
regides polares e na Amazoénia. No Brasil, ha 128 espécies deste género, embora algumas
delas sejam pouco comuns (KARAM; SCHILD; MELLO, 2011).

A intoxicacdo por plantas do género Senécio é a principal causa de morte de bovinos
na regido central do Rio Grande do Sul (GIARETTA; PANZIERA; GALIZA; BRUM et al.,
2014). Plantas do género Senecio sdo nativas em varias regides do mundo e consideradas
causadoras de uma enfermidade de carater enzoo6tico em bovinos, com importante reflexo na
producdo animal (BASILE; FERRAZ DINIZ; OKANO; CIRIO et al., 2005). No RS o maior
risco de ingestdo de Senecio spp. ocorre pelo pastoreio direto, em épocas de pouca oferta de
pasto, uma vez que a planta é pouco palatavel (KARAM; SCHILD; MELLO, 2011).

Em um estudo que elucidou causas de morte de bovinos no Brasil, a intoxicacdo por
Senecio spp. representou 3,8% do total, um valor abaixo dos observados em outros trabalhos
desenvolvidos no Rio Grande do Sul (MELLO; BIANCHI; BANDINELLI; SONNE et al.,
2017). Em um estudo realizado na regido central do Rio Grande do Sul, a intoxicacdo por
Senecio spp. foi a principal causa de morte de bovinos, todavia somente 20% do total dos
bovinos que morreram intoxicados por Senecio spp. eram de racas leiteiras, visto que a
maioria dos casos sdo detectados na bovinocultura de corte, cuja criacdo é extensiva
(LUCENA; PIEREZAN; KOMMERS; IRIGOYEN et al., 2010)

Senecio spp. € a planta toxica mais importante do estado e € responsavel por 50% de
todas as mortes de bovinos em decorréncia de intoxicacbes (GRECCO; ESTIMA-SILVA;
MARCOLONGO-PEREIRA; SOARES et al., 2012). Diversas espécies de Senecio estdo
amplamente difundidas nas pastagens de propriedades rurais do Sul do Brasil, local em que se
tem relato de quedas nos indices reprodutivos dos rebanhos bovinos, muitas vezes de causas
ndo determinadas, 0 que levanta a suspeita de que a intoxicacdo por Senecio spp. leve a
alteracbes ovarianas em vacas e possivelmente cause perdas reprodutivas nos rebanhos
bovinos da regido (KRABBE; GONCALVES; POZZOBON; PESSOA et al., 2015).

2.4 RECONHECIMENTO MATERNO E MANUTENCAO DA GESTACAO

O reconhecimento materno da gestacdo pode ser definido como o periodo em que o
concepto sinaliza sua presenca para a mae, periodo que ocorre o0 alongamento do embri&o,
coincidindo com a maxima producdo de interferon tau (ANTONIAZZI; HENKES;
OLIVEIRA; HANSEN, 2011). O interferon-tau é produzido pelo trofoblasto, secretado pelo
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embrido para sinalizar sua presenca a mae a fim dela fornecer secre¢do de progesterona lltea
necessaria para o estabelecimento da gestacdo (FARIN; IMAKAWA; M ROBERTS, 1989).
O mesmo é secretado em grandes quantidades pelas células do trofoblasto do concepto
(embrido e anexos embrionarios) de ruminantes antes da implantacdo (FARIN; IMAKAWA,
M ROBERTS, 1989).

O interferon tau é um interferon do tipo | que € o sinal para reconhecimento materno
da gestacdo (BAZER; SPENCER; OTT, 1997). E produzido pelo concepto e age de maneira
paracrina no Utero, inibindo a expressao dos receptores de estrogeno (ESR1) e de ocitocina
(OXTR) no epitélio luminal do endométrio, evitando a producgéo pulsatil de PGF, hormonio
responsavel pela regressao do corpo lateo ou lutedlise (BAZER; SPENCER; OTT, 1997).

Além disso, intervém na fisiologia materna, bloqueando a ciclicidade ovariana e o
desenvolvimento do mecanismo luteolitico uterino, ou seja, liberacdo de pulsos luteoliticos de
prostaglandina F2a (PGF), o que garante a manutencdo da producdo de progesterona pelo
corpo luteo (CL) (BAZER; SPENCER; OTT, 1997; ROBERTS; CHEN; EZASHI,
WALKER, 2008). O interferon tau é produzido em ovelhas gestantes entre os dias 11 e 23,
com pico de producdo ocorrendo entre dias 14 e 16 ap0s o estro. Ja no bovino, a secrecao
ocorre entre 0 12° e 0 26° dia, o pico de producdo de interferon tau ocorre entre os dias 17 e
18 poés-estro (FARIN; IMAKAWA; M ROBERTS, 1989; NISWENDER; JUENGEL;
SILVA; ROLLYSON et al., 2000).

2.4.1 Sintese de Progesterona

O colesterol e os ésteres de colesterol (triacilglicerdis e fosfolipideos) que sao
essencialmente insollveis em &gua sdo transportados no sangue como lipoproteinas
plasmaéticas, que sdo complexos macromoleculares de proteinas transportadoras especificas.
Nos mamiferos a producdo de colesterol é regulada pela concentracdo intracelular de
colesterol e pelos horménios glucagon e insulina (NELSON; COX, 2012).

Os hormonios esteroides sdo produzidos a partir do colesterol, e entre eles estd a
progesterona, que regula o ciclo reprodutivo da fémea. A sintese de hormdnios esteroides
requer a remocao de alguns ou de todos os carbonos da cadeia lateral do C-17 do anel D do
colesterol, que ocorre na mitocondria dos tecidos esteroidogénicos e envolve a hidroxilagdo
de dois carbonos adjacentes na cadeia lateral (C-20 e C-22) seguindo-se a clivagem da ligacéo
entre eles. Essas reacOes de hidroxilacdo e oxigenacdo sdo catalizadas por oxidases que
utilizam NADPH, O2 e citocromo P-450 mitocondrial, sendo a P450 (P450scc) a enzima
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responsavel pelas hidroxilagbes nas posi¢cbes 20 e 22 e depois clivagem entre estes dois
carbonos, catalisando a conversdo de colesterol em pregnenolona (NELSON; COX, 2012;
WILTBANK; SOUZA; CARVALHO; CUNHA et al., 2014).

A pregnenolona possui dois residuos hidrofilicos que aumentam a mobilidade atraves
das membranas celulares. A pregnenolona difunde-se das mitocondrias para o reticulo
endoplasmatico liso onde € convertida em progesterona pela enzima 3-B hidroxiesterdide
desidrogenase (3BHSD). Esta reagdo final produz uma ligagdo dupla entre o carbono 4 e 5 da
molécula, a qual se difunde das células luteas para a corrente sanguinea onde é transportada
para os tecidos alvo (WILTBANK; SOUZA; CARVALHO; CUNHA et al., 2014).

A producdo de progesterona € realizada pelas células esteroidogénicas grandes e
pequenas do corpo luteo, uma glandula temporaria que se forma apds a ovulacdo e que
sintetiza 0 hormdnio necessario no periodo gestacional para a formacdo e manutencdo
embrionaria (MARTIN; FERREIRA, 2009).

Inadequadas concentracGes de progesterona, principalmente no inicio da gestacdo
culminam em perda embrionaria (LEMLEY; WILMOTH; TAGER; KRAUSE et al., 2009)
sendo a progesterona o horménio relacionado a reducdo da perda embrionaria precoce, por
disponibilizar um ambiente uterino ideal nesse periodo critico de desenvolvimento
embrionario, onde a secrecdo de proteinas, a utilizacdo de substratos e o metabolismo
embrionario aumentam drasticamente (MORRIS; DISKIN, 2008).

A concentracdo de progesterona circulante é determinada pelo balanco entre a
producdo luteal e seu metabolismo hepatico, o qual é determinado pelo fluxo de sangue.
Varios métodos para elevar a concentracdo de progesterona durante a onda de crescimento
folicular pré-ovulatério tém demonstrado aumentar as concepg¢des/inseminacdo artificial e
reduzir a ovulacdo dupla, promovendo o aumento da fertilidade. O volume de tecido luteal e a
funcdo de células luteais grandes sdo fatores primarios determinantes da producdo de P4
(WILTBANK; SOUZA; CARVALHO; CUNHA et al., 2014).

Durante os protocolos de inseminacdo artificial, as elevacGes na concentracdo de
progesterona sdo alcancadas pelo aumento do numero de estruturas por conta do
desenvolvimento de corpo lGteo acessorio ou por suplementacdo de progesterona exdgena.
Apds a inseminacdo artificial, a progesterona circulante é limitante e necessaria para o
crescimento embrionario e estabelecimento e manutencdo da gestacdo (WILTBANK;
SOUZA; CARVALHO; CUNHA et al., 2014).
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Abstract

The aim of this study was to identify the relationship between energy balance
and some key blood metabolites in primiparous dairy cows with different reproductive
performance. Twenty primiparous Holstein-Friesian dairy cows were grouped according
to the interval (days) from calving to conception: early-conception (early-c; <100 days),
mid-conception group (mid-c; 100 — 150 days) and late-conception (late-c; >150 days)
group, and evaluated on days -7, 28, 56 and 90 postpartum. Al groups showed positive
and similar energy balance as well as similar serum concentrations of HDL, urea-N and
progesterone at days 28 and 56 of lactation. At day 90 of lactation, the early-c group
showed a less intense (P<0.05) net energy balance (-1.09 versus -2.15 and -1.86
Mcal/day), lower concentrations of serum urea-N (3.28 versus 4.22 and 4.88 mg/dL)
and HDL cholesterol (0.84 versus 1.59 and 1.46 mmol/L) and higher serum
concentration of progesterone (8.13 versus 4.54 and 1.83 ng/mL) than cows of mid-c
and late-c groups, respectively. In conclusion, different from usually observed for
multiparous dairy cows, the energy balance during the first weeks of lactation was not a
determining factor affecting the reproductive performance of primiparous dairy cows in
the present study. Instead, the nutritional status and the serum concentration of urea-N
and progesterone at a later stage, after 56 days of lactation, seem to have a role on

delaying the pregnant status of these cows.

Keywords: conception, cholesterol, urea-N, progesterone

Resumo
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O objetivo deste estudo foi avaliar a relacdo entre balanco energético e
concentracdo sanguinea de alguns metabdlitos relevantes durante o inicio da lactagédo
em vacas leiteiras primiparas com diferentes desempenhos reprodutivos. Vinte vacas
leiteiras holandesas primiparas foram agrupadas de acordo com o intervalo parto-
concepcao: precoce (<100 dias), intermediario (100 - 150 dias) e tardio (> 150 dias) e
foram avaliados nos dias -7, 28, 56 e 90 dias pds-parto. Todos 0s grupos apresentaram
balanco energético similar e positivo, assim como concentracdes séricas similares de
HDL, N-uréia e progesterona nos dias 28 e 56 de lactacdo. Aos 90 dias de lactacdo, o
grupo de vacas precoce apresentou balanco energético menos intenso (P<0.05) (-1.09
versus -2.15 e -1.86 Mcal/dia), menor concentracdo sérica de N-uréia (3.28 versus 4.22
e 4.88 mg/dL) e colesterol-HDL (0.84 versus 1.59 e 1.46 mmol/L) e maior concentracdo
sérica de progesterona (8.13 versus 4.54 e 1.83 ng/mL) que vacas dos grupos
intermediario e tardio, respectivamente. Em conclusdo, diferente do observado
usualmente em vacas multiparas, o balanco energético durante as primeiras semanas de
lactacdo ndo foi um fator determinante do desempenho reprodutivo das vacas
primiparas do presente estudo. De fato, a condigdo nutricional e as concentragdes
séricas de N-uréia e progesterona apés 56 dias de lactacdo parecem ter impacto no

atraso da concepcao destas vacas.

Palavras-chave: concepcao, colesterol, N-uréia, progesterone

Introduction

Dairy cows are under negative energy balance (NEB) during the first weeks of

lactation as consequence of limited feed intake and increased milk production, which
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peaks 4 to 6 weeks after calving (NRC, 2001). The intensity of the NEB is dependent on
the milk production, which is genetically determined, and energy intake, which is diet-
dependent. During NEB, the use of body reserves of fat and protein is necessary to
attend the demand for high milk yield (OSPINA et al., 2010) causing a change in the
metabolic and hormonal status (BARLETTA et al., 2017).

Preview studies have consistently reported that the intensity of NEB may
negatively affects the conception rates of dairy cows by increasing the incidence of
early embryonic mortality and, consequently, the return of ovarian activity after calving
(SARTORI & GUARDIEIRO, 2010). Negative energy balance consequences are
probably similar to under nutrition, and may manifest as delayed ovarian activity
interfering in pulsatile secretion of LH, which is essential for ovarian follicular
development (DISKIN et al., 2003). However, primiparous dairy cows usually did not
reach their tissues growth plateau at the first lactation and present lower reproductive
performance after calving than multiparous dairy cows (LUCY et al., 1992; MEIKLE et
al., 2004). The nutritional and hormonal variables involved on dairy cows’ reproductive
performance were partially identified. For example, progesterone (P4) is a key hormone
supporting the early embryonic development which blood concentration is determined
by the balance between P4 production, primarily by the corpus luteum (CL), and P4
metabolism, primarily by the liver (WILTBANK et al., 2014). In addition, most diets
offered to cows during the early lactation contains excessive levels of rumen degradable
protein, what leads to high levels of ammonia absorption from rumen, increased urea
production by the liver (DOSKA et al., 2012) and increased blood urea concentration
which negatively impacts embryo quality (RHOADS et al., 2006). In fact, the liver is an

overcharged organ, particularly during the NEB period, when it has to process
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concomitantly nutrients coming from gut and from peripheral tissues (REYNOLDS,
1995). However, the impact of the nutritional condition on blood key metabolites and
their relationship with reproduction of primiparous dairy cows was not clearly
stablished.

The aim of this study was to identify the relationship between energy balance
and some key blood metabolites in primiparous dairy cows with different reproductive

performance.

Material and methods

This study is complementary and used blood samples and nutritional data
previously collected and reported by Capelesso et al. (2019). That experiment was
conducted at the Experimental Station of the Instituto Nacional de Investigacion
Agropecuaria (INIA), Estanzuela, Uruguay, in accordance with regulations of the use of
animals in experimentation, education, and investigation established by the Ethics
Commission on the use of experimental animals of INIA (Proc. N° 2015.42). Briefly,
twenty primiparous Holstein-Friesian cows were selected two weeks before the
expected date of calving and blocked according to calving date, body weight (BW; 605
*+ 67.2 kg, mean * standard deviation), backfat thickness (3.6 + 1.49 cm), and body
condition score (3.6 £ 0.29, in a 1 to 5 point-scale), and assigned to either once or twice-
daily milking up to week 8 of lactation. The cows were milked at 0600 h or at 0600 h
and 1700 h for once or twice-daily milking. After week 8, all cows were milked twice
daily. All cows received the same diet throughout the experiment. Before calving (from
-28 days), the cows were fed total mixed ration (TMR), formulated to meet the

requirements of heifers weighing 590 kg (NRC, 2001). In the postpartum period, the
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diet was formulated to meet the requirements of cows weighing 520 kg and producing
30 kg of milk per day. Seventy percent of the estimated (dry matter) DM intake (NRC,
2001) was individually offered as TMR (approximately 15.2 £ 1.2 kg of DM/cow per
day) after the morning milking. Following the afternoon milking, all cows grazed oat
(Avena sativa L., var. INIA Halley) pasture on paddocks size adjusted to provide 12 kg
of DM/cow per day. Intake of pasture and TMR was measured at weeks 1, 3, 4, 6 and 8
of lactation for 3 consecutive days per week. Individual milk yield was recorded
automatically at each milking, using DairyPlan C21 (GEA Farm Technologies,
Dusseldorf, Germany). The individual NEB was estimated at week 1, 3, 4, 6, and 8 of
lactation as previously described (CAPELESSO et al., 2019). The milk production in
Dairy cows is most profitable when conception occurs between 90 and 130 days
postpartum (GIORDANO et al., 2011). Previous studies have analyzed cows conceiving
by 100, 150 and beyond 150 days in milk (COOK & GREEN, 2016). For this reason,
the cows in our study were grouped in early conception (early-c) by 100 days in milk,
mid conception (mid-c) from 101 to 150 days in milk and late conception (late-c) group
that conceived beyond 151 days in milk.

Blood samples were collected from the jugular vein, in tubes without
anticoagulant, on days -7, 28, 56 and 90 of calving. The samples were kept at room
temperature for 1 h, refrigerated at 4°C for 2 h, centrifuged (1000 x g for 10 min at
20°C) and stored at —20°C for further analysis. The N-urea in serum was determined by
a colorimetry method using a commercial kit (Bioclin, MG, Brazil). The analysis of
total and HDL cholesterol were performed by an enzymatic colorimetric method (Advia
1800, Siemens, Erlangen, Germany) and the LDL concentration was calculated by the

Friedewald formula (SCHARNAGL et al.,, 2001). The progesterone analysis was
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performed through the direct chemiluminescence method using the Acridinium Ester
Technology (Advia Centaur XP, Siemens, Erlangen, Germany). The number of days to
cows return to cyclicity was recorded by visual observation of the standing estrus. Then,
the cows were artificially inseminated and the number of artificial inseminations
necessary to conception was also recorded.

For data analysis, cows were allocated in three different groups, according to the
interval (days) from calving to conception: early-conception group (early-c; <100 days),
mid-conception group (mid-c; 100 — 150 days) and late-conception (late-c; >150 days).
The effect of group-treatment on variables was tested by the ANOVA with repeated
measures throughout the time. Differences between means were tested with the Tukey-
Kramer’s HSD test. Data are presented as means = SEM. Significant differences were
stated at P < 0.05. Data that did not follow a normal distribution pattern (Shapiro-
Wilk’s test) were transformed to logarithms. Homogeneity of variance was tested with
O’Brien and Brown-Forsythe’s tests. All analytical procedures were performed with
JMP software (SAS Institute, USA) with treatment group as main effect and cow
replicate as a random variable in F-test. The effect of treatment was tested against each

variable including milking frequency as co-variable.

Results

Cows of the early-c group presented higher (P<0.05) BCS (3.78) than cows of
other groups (3.25 for mid-c and 3.50 for late-c cows) on day 90, whereas no
differences on BCS between groups were observed on days -7, 28 and 56 of lactation
(Figure 1A). The energy balance (Figure 1B) was, on average of all groups, negative

only at 90 days whereas positive energy balance values were observed in days 28 and
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56 of lactation. However, on day 90 of lactation, the early-c group had a less intense
NEB (P<0.05) (-1.09 Mcal/day) than cows of other groups (-2.15 for mid-c and -1.86
Mcal/day for late-c). The cows presented no difference in days necessary to return to
cyclicity (early-c: 31 days, mid-c: 30 days and late-c: 24 days) whereas the number of
artificial inseminations (Al) was lower in early-c group (Al=1) when compared to mid-c
group (Al=2) and late-c group (Al=3) (results not shown).

On day -7, lower concentrations of serum N-urea (P<0.05) were observed in
cows of early-c group (4.08 mg/dL) when compared to the mid-c (7.98 mg/dL) and late-
¢ groups (6.60 mg/dL), the same result observed on day 90 (3.28 mg/dL early-c; 4.22
mg/dL mid-c; 4.88 mg/dL late-c group) (Figure 1C). However, no differences between
groups were observed in the concentration of serum N-urea on days 28 and 56 of the
lactation. On day 90, but not in days -7, 28 and 56 of lactation, the HDL cholesterol
concentration (Figure 2A) in serum of cows of the early-c group was lower (P<0.05)
(0.84 mmol/L) than in cows of mid-c (1.59 mmol/L) and late-c (1.46 mmol/L) groups.
No differences were observed between groups for serum concentration of LDL
cholesterol (Figure 2B) and total cholesterol (Figure 2C). Serum concentration of
progesterone was similar for all groups in days -7, 28 and 56 of lactation (Figure 2D)
and was higher in cows of early-c group (8.13 ng/mL) than in cows of mid-c (4.54

ng/mL) and late-c (1.83 ng/mL) groups at 90 days of lactation.

Discussion
Dairy cows frequently have severe NEB during the first 30 days of
lactation, associated with longer intervals to first ovulation (BUTLER, 2001).

However, the energy balance in cows of the present study was positive during most
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early lactation and, different from expected, it declined to negative values only by day
90 of lactation in all groups. These results suggest that the energy balance at early
lactation was not determinant of the reproductive performance of primiparous cows and
cannot explain the reason why mid-c and late-c cows did not get pregnant before 90
days. These results suggest that the pregnancy status of primiparous dairy cows in the
present study were influenced by factors occurring later, after the day 56 of lactation.

Between days 56 and 90 of lactation all cows experienced NEB, however, the
NEB in this period was less intense in early-c group. As consequence, these cows
presented a better BCS at 90 days of lactation. In addition, at 90 days of lactation, cows
of mid- and late-c groups showed increased serum urea-N concentration. High serum
N-urea concentration is inversely related to uterine pH and decreased pregnancy rates
in lactating cows (BUTLER et al., 1996). Moreover, relatively high concentrations of
serum N-urea may change the follicular, oviductal and uterine environment of cows,
impacting the viability and development of embryos (RHOADS et al., 2006).
Increased urea-N concentration in blood may be consequence of increased levels of
degradable protein intake, excessive absorption of amino acids from gut or during NEB,
when amino acids from tissues are deaminated into the liver of dairy cows (WRAY -
CAHEN et al., 1997; KRAFT et al., 2011). Once mid-c and late-c cows presented a
more intense NEB after 56 days of lactation, it is probably that these cows have
mobilized more amino acids from peripheral tissues during this period than cows of
early-c group in the present study.

Progesterone plays a key role in the reproductive events associated to estrous
cycle as well as establishment and maintenance of pregnancy (CLEMENTE et al.,

2009). Cholesterol is present in low (LDL) or high-density (HDL) lipoproteins and is
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the precursor for biosynthesis of progesterone in ovarium (NISWENDER, 2002), which
production is regulated by the development of the corpus luteum after the LH surge
(WILTBANK et al., 2014) in addition to the constitutive production of progesterone by
the large luteal cells (BOGAN & NISWENDER, 2007). Moreover, HDL is the
predominant lipoprotein present in bovine follicular fluid and it is the main responsible
to stimulate progesterone production by luteal cells providing cholesterol substrate for
luteal steroidogenesis (GRUMMER & CARROLL, 1988; WILTBANK et al., 1989).
However, in an apparent contrast, the serum concentration of HDL at 90 days was lower
and the serum concentration of progesterone was higher in early-c group compared to
mid-c and late-c groups. There is not a clear explanation for this discrepancy. However,
it is possible that blood extraction of HDL by ovarium and, consequently, progesterone
synthesis, was increased of early-c cows at 90 days. In other way, increased blood
concentration of progesterone in early-c cows at 90 days of lactation could also be

consequence of decreased liver catabolism of this hormone by these cows.

Conclusion

Different from usually observed for multiparous dairy cows, the energy balance
during the first weeks of lactation was not a determining factor affecting the
reproductive performance of primiparous dairy cows in the present study. Instead, the
nutritional status and the serum concentration of urea-N and progesterone at a later
stage, after 56 days of lactation, seem to have a role on delaying the pregnant status of

these cows.
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Figure captions:

Figure 1 - Body condition score (A), energy balance (B), serum N-urea (C) and
Milk production (D) of Holstein heifers allocated into on of three distinct groups
according to calving to conception intervals: early-conception group (early-c; <100
days), mid-conception group (mid-c; 100 — 150 days), and late-conception group (late-c;
>150 days). Data presented as mean + standard error of the mean (SEM). *P<0.05
(n=20).

Figure 2 - HDL (A), LDL (B), total (C) cholesterol and serum progesterone (D)
concentration of Holstein heifers allocated into one of three distinct groups according to
calving to conception intervals: early-conception group (early-c; <100 days), mid-
conception group (mid-c; 100 — 150 days), and late-conception group (late-c; >150
days). Data were presented as mean + standard error of the mean (SEM). *P<0.05

(n=20).
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Abstract
This study aimed to estimate liver damage and its influence on maternal recognition of
pregnancy in beef cattle presenting natural ingestion of Senecio spp. Serum GGT activity is
the best biochemical marker for the diagnosis of Senecio spp toxicity, which can be used to
predict pregnancy based on liver damage. Liver damage was estimated by the measurement of
GGT activity. Additionally, it was included cytologic and histopathologic analyses to support
the diagnosis of Seneciosis. The cows were divided in two groups based on the serum GGT
activity: group 1 (GGT < 30 U/L) and group 2 (GGT > 31 U/L). The pregnancy rate and the
CL diameter were greater and concentration of progesterone on the cows from the group 1.
No difference on body condition scores was noted. Some cows presented a large CL on US
scanning, high concentration of progesterone, and high 1ISG15 mRNA expression on Day 19,
however they were an open cow on Day 45. These findings suggest that embryo loss beyond
D19 indicates embryonic mortality and may allow a better understanding of causes driving
corpus luteum insufficiency such as liver damage. In conclusion, despite the degree of hepatic
injury differed between the groups, the perception of corporal condition did not differ.
Microscopically lesions lead us to suggest there is impairment on the availability of nutrients
and progesterone necessary for embryonic survival, and potentially the embryo signaling may

not be effective.

Keywords: Embryo development; Gene expression; ISG15; Pregnancy rate;

Progesterone; Senecio spp.

1. Introduction
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Poisoning by Senecio spp. plants is the major cause of cattle death in Southern Brazil
(Giaretta et al., 2014). Plants of the genus Senecio spp. are native to various regions of the
world and are considered to cause an enzootic disease in cattle (Basile et al., 2005).
Pyrrolizidine alkaloids (PA) are natural phytotoxins (Elias et al., 2011) that constitute the
genus Senecio spp. and cause irreversible damage to liver tissue (Barros et al., 2007). The
consequence of its toxicity impairs liver function (Cheeke, 1988) promoting structural and
functional changes in hepatocytes (Santos et al., 2008), and some studies suggest a sporadic
effect on other cells in the body having P-450 cytochrome, such as large steroidogenic cells in
the corpus luteum (CL) (Krabbe et al., 2015). Therefore, cholesterol and urea synthesis, and
progesterone metabolism may be compromised. The hepatic enzyme gamma glutamyl
transferase (GGT) indicates cholestasis diagnosis in ruminants, it is an enzyme originating
from the membranes of the bile ducts and canaliculi (Santos et al., 2008).

The main cause of reproductive failure in cattle is early embryonic mortality,
especially during the first 30 days of pregnancy (Wiltbank et al., 2016). After ovulation and
subsequent corpus luteum formation, blastocyst growth and fetal elongation are in part
dependent on the concentration of progesterone (Spencer et al., 2006). Serum concentration of
progesterone is determined by a balance between its production and hepatic metabolism
(Wiltbank et al., 2014). Furthermore, the adequate endometrial environment necessary for
embryo development is positively related to progesterone concentration, increasing factors
enabling the conceptus survival and growth (Spencer et al., 2015).

Maternal recognition of pregnancy is the physiological process which the concept
signals its presence to the mother (Spencer and Bazer, 2004) through the maximum
production of interferon tau (IFNT) (Imakawa et al., 1987), which promotes maternal
progesterone secretion needed for the establishment of pregnancy (Farin et al., 1989). IFNT

increases the expression of various interferon-stimulated genes (ISGs) in the uterus, corpus
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luteum (CL), liver and leukocytes. In the CL specifically, IFNT stimulates the expression of
anti-apoptotic genes (Antoniazzi et al., 2013). As a consequence of endocrine action of IFNT
(Oliveira et al., 2007), the early pregnancy diagnosis is possible through the differential
expressions of ISGs mMRNAs in peripheral blood cells during early embryonic development
(Kizaki et al., 2013). The analysis of gene expression in separate fractions of peripheral blood
leucocytes (PBL), especially the polymorphonuclear cells fraction (PMN) are most sensitive
to IFNT stimulation than the mononuclear cells fraction (PBMC), regarding a greater
correlation between ISGs expression and early pregnancy in bovines (Kizaki et al., 2013).
Therefore, our hypothesis is that pregnant beef cows presenting chronic liver injury
have lower blood ISG15 mRNA expression. This study objective is to evaluate liver
parameters and the influence on maternal recognition of pregnancy in beef cattle presenting
natural ingestion of Senecio spp. Also, chronic liver injury, progesterone concentrations and
ISG15 mRNA expression in polymorphonuclear cells were evaluated on Day 19 after

artificial insemination in animals with chronic Senecio spp. ingestion.

2. Material and methods

This study was carried out in Southern Brazil (30 © 09'18.7 ”’S and 55 °© 03'08.6” W).
All experiments using animals were approved by the Animal Ethics Committee (CEUA#
5284301018). All chemicals and reagents were purchased from Sigma Chemical Company

(Sigma-Aldrich, St. Louis, MO, USA) unless otherwise indicated.

2.1 Animals
Thirty four Angus cows, aged 3 to 8 years old weighing around 450 kg, body

condition score from 4 and 6 points, considering a scale from 1 to 9 points (Richards et al.,



93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

45

1986) were included on this study. The cows were kept in native pasture, with access to water
and mineral salt. All the animals were assessed for uterine conditions to select only animals
without any evident pathology on transrectal ultrasonography examination (Aquila PRO with

a 6.5 MHz linear transducer).

2.2 Experimental Design

In order to determine the degree of liver damage, blood samples were collected 10
days prior to artificial insemination (Day -10) to evaluate the activity of serum gamma
glutamyl tranferase (GGT). Subsequently, the animals had their estrous cycle synchronized
for fixed-time artificial insemination (FTAI), starting 10 days before the artificial
insemination (Al) day. The estrus cycle synchronization protocol was initiated by the
insertion of an intravaginal device (IVD) containing 1.9g of progesterone (CIDR, Zoetis, Sdo
Paulo, Brazil), administration of 2mg (i.m.) of estradiol benzoate (Sincrodiol, Ourofino,
Minas Gerais, Brazil). Two days before Al (Day -2), IVD was withdrawn and the animals
received an injection of 25 mg (i.m.) of dinoprost prometamine, a synthetic prostaglandin F2a
analogue (PGF; Lutalyze, Zoetis) and 1mg (i.m.) of estradiol cypionate (ECP; E.C.P. Zoetis).
Al was performed 48 hours (Day 0) after IVD withdrawal. The semen was obtained from a
commercial company stored in liquid nitrogen and thawing was performed at 37°C for 30
seconds for subsequent Al. The Al was done depositing the semen in the uterine body. Blood
samples were obtained on Days 0 and 19 to evaluate ISG15 mMRNA on PMNs. Also, on Day
19 concentration of progesterone and liver biopsy were performed to identify liver damage by
cyto- and histopathologic analyses. Pregnancy diagnosis was performed by US scanning on

Day 45.

2.3 Liver Biopsy
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On D19, tissue fragments were collected for histologic and cytologic examination to
evaluate the presence of lesions compatible with chronic consumption of Senecio spp. Liver
biopsies were taken using a needle inserted into the 11th right intercostal space,
approximately 20cm below the backline, at the intersection of an imaginary line between the
ileum outer tuberosity and the scapula and another line perpendicular to the 11th intercostal

space (Barros et al., 2007).

2.4 Blood sample collection

Blood was collected from the coccygeal vein using a 21G needle coupled to a vacuum
collection system (BD Vacutainer®) in 4 mL EDTA-containing tubes. The sampling was
performed prior to Al (Day-10), at the time of Al (Day 0) and after Al (Day 19). Blood
collection on the Day -10 from the beginning of the protocol was used to evaluate GGT and

on Day 19 following Al to evaluate the concentration of progesterone.

2.5 Isolation of polymorphonuclear (PMN) peripheral blood

After blood collection, 2 mL of whole blood was diluted in 2mL of 0.9% NaCl and
then added on 3 mL of Ficoll-Paque PREMIUM®. Centrifugation was performed at 400xg
for 15 min at room temperature. After centrifugation the fractions of plasma were obtained:
PBMCs, Ficoll-Paque, PMN and erythrocytes. All the upper fractions were withdrawn to
collect the PMN fraction. Samples were stored in a cryotube at -80°C for subsequent total
RNA extraction. After isolation of PMN fraction, a glass-slide fraction-film was prepared to
determine the purity of each fraction. Slides were stained using a rapid stain (Diff-Quik
Differential Stains Set; Fisher Scientific, Waltham, MA, USA) according to the
manufacturer's recommendations. The cell fractions purity was accessed based on cell

morphology. PMN are classified as neutrophils, eosinophils and basophils. They have
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condensed, segmented nuclei and are identified by the staining characteristics of their
secondary granules. An experienced clinical pathologist examined the slides. A differential
cell count was done by identifying 100 consecutive leukocytes using a 100x objective.
Samples above 95% of specific cell type (PMN) (Kizaki et al., 2013) were included in this

study.

2.6 RNA extraction, reverse transcription and real-time PCR

Total RNA was extracted from the PMN cells using Tri Reagent (BD), according to
the manufacturer's recommendations. Quantification and estimation of RNA purity was
performed using Nanodrop spectrophotometer (Thermo Scientific, Waltham, MA, USA,
Absorbance 260 / 280nm ratio). RNA was treated with DNAse Amplification Grade (Thermo
Fisher, Waltham, MA, USA) for 15 minutes at 27°C to neutralize any DNA molecules.
DNAse was inactivated with 1ul EDTA for 10 minutes at 65 © C. Reverse transcription was
performed adding iScript cDNA synthesis Kit (BioRad, Hercules, CA, USA) for 5 minutes at
25°C followed by 30 minutes at 42°C and 5 minutes at 85°C. Quantitative polymerase chain
reaction (qPCR) was conducted in a thermocycler (BioRad, Hercules, CA, USA) using 2ul of
c¢DNA and 8ul of MIX containing forward and reverse bovine specific primers (Table 1), free
water nucleases and GoTag® Master Mix (Promega Corporation, Madison, USA).
Amplification was performed with initial denaturation at 95°C for 5 minutes followed by 40
cycles of denaturation at 95°C for 15 seconds and annealing / extension at 60°C for 30
seconds. To optimize the RT-qPCR assays, serial dilutions of cDNA templates were used to
generate a standard curve, and efficiency between 90 and 110% and coefficient of
determination (R2) higher than 0.98 were considered. Samples were run in duplicate and the
results of all genes were expressed relative to GAPDH and RPS18 reference genes, according

to (Pfaffl, 2001).
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2.7 Liver evaluation

Considering that chronic exposure results in altered organ function, decreased organ
size and increased intrahepatic fibrous tissue, gamma glutamyl transferase (GGT) was
measured as an indicator of hepatic cholestasis. GGT analysis was performed on blood
samples obtained 10 days before insemination (day -10). It was used to separate the animals
into groups considering this enzyme as an indicator of liver injury by the enzymatic method
using Advia 1800 equipment (Siemens). For cytologic analysis, slides were made from each
liver fragment using the imprint technique, air-dried and stained with Diff-Quik® (Diff-Quik®
Differential Stain Set, American Scientific Products). Cytologic evaluation was based on the
typical histologic findings consistent with pyrrolizidine alkaloid toxicosis (megalocytosis,
biliary hyperplasia and fibrosis), as previous described (Emanuelli et al., 2016). Markedly
enlarged hepatocytes (megalocytes) defined megalocytosis; biliary hyperplasia was
determined based on the amounts of biliary epithelial cells; fibrosis was determined based on
the amounts of fibroblasts. We used a score system for cytology as follows: 0 (absent - 0%),
+1 (mild - <30%), +2 (moderate - 31%-70%) and +3 (marked - > 70%). Samples exhibiting
any degree of megalocytosis with or without the other findings were suggestive of seneciosis.

Liver fragments were then placed into 4% paraformaldehyde for 24h, processed as
following: ethyl alcohol dehydration, diaphanization in xylene, liquid ParaplastTM (Sigma,
Brazil), impregnation in a drying stove at 60°C, and ParaplastTM inclusion at room
temperature. The Paraplast blocks containing the tissues were sectioned using a microtome
(RM 2335, Leica Biosystems), adjusted for sections of 5 um thickness on glass slides.
Afterward, each slide was stained with hematoxylin and eosin, as previously published

(Comim et al., 2015). Liver samples were scored considering fibrosis, megalocytosis, biliary
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duct proliferation and the presence or absence of binucleated cells. Lesions were considered

mild <30%, moderate 30-70% and severe >70%.

2.8 CL diameter and progesterone analysis

Corpora lutea diameter (mm) was measured on Day 19 following Al through ovarian
ultrasonography (Mindray DP10 with a 6.5 MHz linear transducer). The concentration of
progesterone was determined in plasma by chemiluminescent assay kit (ADVIA Centaur,
Siemens) on Day 19 following Al. The sensitivity of the assay was 0.15ng/mL of

progesterone.

2.9 Statistical analysis
Cows were allocated in two different groups, according to the concentration of GGT:
group 1 (GGT <30) and group 2 (GGT >31). The effect of group-treatment on variables was
tested by the ANOVA with repeated measures throughout the time using the JMP software
(SAS Institute, USA). Differences between means were tested with the Tukey-Kramer’s HSD

test. Data are presented as means £ SEM. Significant differences were considered at P<0.05.

3. Results

3.1 Liver damage

Initially all the cows were assessed for liver damage by the GGT activity, cytologic
and histopathologic analyses. Serum concentration of GGT in all cows ranged from <1 to 497
U/L. Fifty percent of GGT values were below 30 U/L (Smith, 2009). Consequently, the cows
were ranked in two groups: Group 1 (GGT < 30 U/L) was comprised of 17 animals and group

2 (GGT > 31 U/L) had 17 animals. Cytologic evaluation of the liver was successfully
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performed on samples from 4 animals from group 1 and 4 animals from group 2. 12 samples
were no diagnostic due to lack of hepatic cells. From the diagnostic samples, four had mild
megalocytosis (+1) and three had moderate megalocytosis (+2). Increased number of biliary
epithelial cells suggesting biliary hyperplasia was noted in six of these samples, five scored
+1 and one scored +2. Fibroblasts were not seen in any sample. One sample had normal
hepatocytes. 7 samples were suggestive of Seneciosis. On the histologic slides, all liver
samples (n=8) presented megalocytosis, and the presence of binucleated cells. Samples
exhibiting any degree of megalocytosis with or without the other findings were suggestive of

Seneciosis (Figure 1).

3.2 Pregnancy status, CL diameter, concentration of progesterone and BCS

Overall pregnancy rate was 32.35% (11/34). The pregnancy rate on group 1 (low
GGT) was 47.06% (8/17) while on group 2 (high GGT) was 17.65% (3/17) (P=0.02) (Figure
2A). The CL diameter on the cows from the group 1 was greater (19.82 mm) when compared
to cows from the group 2 (15.86mm) (P<0.05) (Figure 2B). The concentration of
progesterone on the cows from the group 1 was greater (11.18ng/ml) than the concentration
on group 2 (2.57 ng/ml) (P<0.05). The body condition score did not differ on all cows from

the experiment.

3.3 ISG15 mRNA expression on blood PMNs

The expression of ISG15 mRNA in blood PMNs had no difference on both Days 0 and
19 considering groups 1 and 2. Also pregnant cows had no difference on ISG15 mRNA
expression when comparing the two groups (low and high GGT). ISG15 mRNA expression

had no correlation to pregnancy status neither CL diameter and concentration of progesterone.
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4. Discussion

The Senecio spp. consumption leads to pyrrolizidine alkaloids (PA) ingestion, which
are natural phytotoxins (Elias et al., 2011), and cause irreversible damage to the liver,
impairing liver function (Cheeke, 1988). GGT evaluation is indicated for the diagnosis of
cholestasis in ruminants, as it is an enzyme associated with cell membranes of the bile ducts
and channels (Santos et al., 2008). It is also considered the best biochemical marker for the
diagnosis of Senecio spp. toxicity, due to unremarkable changes in all other hematological and
biochemical parameters (Giaretta et al., 2014). For this reason, the cows in the present study
were divided into two groups according to the blood concentration of GGT as indicative of
liver damage, confirmed by cytologic and histologic analyses.

The liver is considered the main organ in the metabolism and distribution of nutrients
(Kozloski, 2011) and it is responsible for cholesterol synthesis and progesterone clearance
(Wiltbank et al., 2014). Some disorders, as fatty liver, also interfere with reproductive
performance in dairy cows (Bertoni et al., 2008). In the present study, beef cows diagnosed
with Seneciosis, may have their reproductive performance compromised. In the group
presenting GGT concentration lower than 30, the pregnancy rate was close to 50%, while in
the group presenting GGT above 30, the pregnancy rate was under 20%. Therefore, the
activity of GGT may be a useful method to identify cows with moderate to severe liver
damage and diminished chance to become pregnant.

The use of cytology as a fast-diagnostic method (Emanuelli et al., 2016) and the
histology as the gold standard (Barros et al., 2007) to diagnose Senecio spp poisoning,
allowed the detection of seneciosis in all the cows in the present study. Cholesterol on low or
high density lipoprotein forms is the precursor for progesterone biosynthesis (Niswender et
al., 2000). Greater concentrations of cholesterol are related to steroidogenic enhancing

capacity of first-wave dominant follicles, the diameter of dominant follicles in early
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postpartum, and increasing estradiol levels during the first follicular wave resulting in a
shorter anovulatory interval (Butler et al., 1996). Progesterone production is regulated by the
development of the corpus luteum after the LH peak, the number of granular cells that
luteinize into large luteal cells and the constitutive progesterone production by the large luteal
cells (Bogan and Niswender, 2007). Furthermore, circulating progesterone concentration is
determined by the balance between luteal production and its hepatic metabolism, which is
determined by blood flow (Nelson and Cox, 2012; Wiltbank et al., 2014). The increase in
circulating progesterone concentrations in the postovulatory period promotes an increase in
pregnancy rate (Forde et al., 2009).

In the present study CL diameter and progesterone concentration were lower in Group
2 when compared to Group 1. This may be explained by the less available precursor due to
liver damage in the cows, confirmed by elevated concentration of GGT (Group 2). Also,
indirect effects on embryo survival due to the lower availability of nutrients released in
general circulation or directly by interference with progesterone synthesis may impaired the
growth of CL and progesterone levels. CL diameter is directly related to serum concentration
of progesterone (Assey et al., 1993). Although liver injury interferes with the beef cattle BCS
(Liston et al., 2004), in our study this interference was not significant and did not affect the
reproductive variables in the study. No difference on body condition was noted between the
groups. Seneciosis promotes liver disease by accumulation of pyrolizidinic alkaloids in the
liver, and the main finding is hepatic megalocytosis (Barros et al., 2007); Interestingly, the
same lesion was described recently in large luteal cells (Krabbe et al., 2015). This may
influence the smaller CL and lower concentration on progesterone in cows with elevated
concentrations of GGT.

IFNT is produced by the conceptus in early pregnancy and acts on the endometrium to

abrogating estrogen and oxytocin receptor gene expression, which prevents luteolytic pulses
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of prostaglandin F2a (Spencer and Bazer, 1996), additionally IFNT leaves the uterus through
uterine vein increasing the expression of various interferon-stimulated genes (ISGs) in the
uterus, corpus luteum, and blood cells (Oliveira et al., 2008; Bott et al., 2010). High
progesterone concentrations are essential in the post-conception period to stimulate conceptus
elongation, to increase IFNT production, and to improve pregnancy rates (Carter et al., 2008).

ISG15 expression is induced by IFNT in the blood of pregnant dairy cows (Han et al.,
2006). It was observed that the expression of ISG15, OAS1, MX1 and MX2 mRNA in the
blood neutrophils of pregnant cows was higher between days 8 and 42 of gestation (Sheikh et
al., 2018). In our study, no difference in ISG15 mRNA expression was observed on Day 19
following Al when comparing concentration of GGT, pregnancy status and their interaction.
It’s know during pregnancy in sheep there is ISG15 mRNA expression only in pregnant ewes
(Romero et al., 2015). Also, it has been shown in cattle (Sheikh et al., 2018). In this study,
there were some cows presenting a large CL on US scanning, high concentration of
progesterone, and high ISG15 mRNA expression on Day 19, and they were an open cow on
Day 45. This suggests an embryo loss beyond D19. Moreover, it was also observed in our
study that Group | showed increased 1SG15 expression on day 19 compared to day 0 in 23%
of undiagnosed cows, while Group Il showed 47% of undiagnosed cows. According to (Han
et al., 2006) this phenomenon may indicate that cows are in the process of embryonic
mortality perhaps related to corpus luteum insufficiency, changes in endometrial release and
cellular response to IFNT. Therefore, interferon tau-stimulated gene expression in neutrophils
may act as an indicator of embryonic mortality (Sheikh et al., 2018).

Considering the increase on ISG15 mRNA expression on Day 19 compared to Day 0,
it was possible to observe that part of the cows had increased rate of 1ISG15 mRNA
expression; however, they were diagnosed as not pregnant, which may be associated to a

possible embryonic loss.
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318 5. Conclusion

319 In conclusion, serum levels of GGT indicated hepatic damage, confirmed by
320 histological analysis, which was compatible with Seneciosis. Reducing hepatic function
321 compromises CL diameter, concentration of progesterone and the availability of nutrients
322 necessary to embryonic survival and the recognition of pregnancy. The different levels of
323 hepatic damage impact embryonic development prior to weight loss and decline in body
324 condition score, suggesting serum concentration of GGT may be an indicator before
325 breeding season.
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Tables

Table 1. Primers designed for quantitative real-time PCR analysis.

Targ Accession )
Primer sequence
et number
F: GGTATCCGAGCTGAAGCAGTT
ISG15 NM_174366.1
R: ACCTCCCTGCTGTCAAGGT
F: GATTGTCAGCAATGCCTCCT
GAPDH NM_001034034.2
R: GGTCATAAGTCCCTCCACGA
F: CCTTCCGCGAGGATCCATTG
RPS18 NM_001033614.2

R: CGCTCCCAAGATCCAACTAC

F: Forward; R: Reverse.


https://www.ncbi.nlm.nih.gov/nuccore/NM_174366.1
https://www.ncbi.nlm.nih.gov/nuccore/NM_001034034.2
https://www.ncbi.nlm.nih.gov/nuccore/NM_001033614.2
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Figures
Figure 1- (A) Serum concentration of GGT (U/L). Histological section of the liver showing
megalocytosis (red arrow) and binucleated cells (black arrow) (B and C), fibrosis and

proliferative billiary ducts (D) suggestive of seneciosis.

Figure 2- Corpus luteum diameter (A), pregnancy rate (B) and serum concentration of
progesterone (C) of cows presenting low (<30) and high (>30) level of GGT. * represents
difference P<0.05.

Figure 3- ISG15mRNA expression in non-pregnant and pregnant cows presenting low (<30)
and high (>30) level of GGT.
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5 DISCUSSAO

Os resultados apresentados neste trabalho confirmam que os sistemas do organismo
sdo dependentes um do outro, e que a eficiéncia reprodutiva esta intimamente associada a um
animal nutricional e metabolicamente atendido em suas exigéncias e, além disso, dotado de
salde hepaética.

No primeiro manuscrito foi possivel observar que as vacas alimentadas de acordo com
suas exigéncias de manutencéo e producdo de leite, retornaram a ciclicidade e apresentaram
um menor intervalo entre o parto e a nova concepcao, 0s quais indicam, em suma, que 0
animal prioriza sua sobrevivéncia, depois a sobrevivéncia da prole (producdo de leite) e, por
ultimo, ativa a ciclicidade e o sistema reprodutivo. Dessa forma, uma condigdo nutricional
adequada é necessaria para que o animal tenha condi¢bes metabdlicas de sintetizar o0s
horménios necessarios para a manutencdo da gestacdo. Observamos neste estudo que o
colesterol LDL teve maior relacdo com a sintese de progesterona do que o colesterol HDL.

Além disso, foi observado que o fornecimento de uma dieta com sincronia entre
degradacdo de componentes proteicos e energéticos é necessaria, 0 que maximiza a sintese de
proteina microbiana e diminui a concentracdo de ureia sanguinea. Outro fator a ser
considerado € que toda a amonia ruminal captada e transformada em ureia a nivel hepatico
representa um custo energético que compete pela energia disponivel para a producao de leite.
Também foi possivel observar que concentracBes de ureia sanguinea desde o pré-parto
influenciaram o tempo de intervalo entre parto e a nova concep¢do, e que o periodo de
transicdo é um periodo decisivo para a futura eficiéncia reprodutiva.

No segundo manuscrito foi observado a interferéncia da lesdo hepatica na eficiéncia
reprodutiva, através da avaliacdo de dois grupos de animais com diferentes niveis de lesdo
hepéatica. Observamos que animais com menor lesdo hepética (Grupo 1 com GGT<30 U/L)
apresentaram maior taxa de prenhez, maior tamanho de corpo lGteo e maior concentracdo
sanguinea de progesterona em relacdo ao grupo com menor lesdo hepatica (Grupo Il com
GGT>30 U/L). A decisdo de utilizar a enzima GGT como parametro de determinacdo de
niveis de lesdo hepatica por Senécio spp. para a formagédo dos grupos de animais em estudo
foi apropriada, tendo em vista que a presenca de lesdes caracteristicas de seneciose foram
confirmadas através de exames de citologia e histopatologia.

Né&o foi observado diferenca no escore de condicdo corporal nos grupos em estudo,
apesar de apresentarem diferentes niveis de lesdo hepatica, ndo exercendo, assim, influencia
nos parametros reprodutivos avaliados. Nesse estudo ndo foi observado diferenca na

expressdao de ISG15 mRNA entre os grupos nos Dias 0 e 19. Entretanto foi observado,
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principalmente nas vacas pertencentes ao Grupo Il, um aumento da expressdo de ISG15
mRNA no Dia 19, associada a um aumento na concentragdo sanguinea de progesterona e no
tamanho de corpo luteo. Porém essas mesmas vacas, no 45° dia, foram diagnosticadas vazias.
Isso sugere a ocorréncia de mortalidade embrionaria, apesar de ter ocorrido a sinalizacdo
embrionédria através do interferon tau. Também foi observado nesse estudo um menor
tamanho médio de corpo lGteo e progesterona nas vacas pertencentes ao grupo I, pois as
toxinas naturais contidas nas plantas de Senecio spp alteram o desenvolvimento de todas
celulas contendo citocromo P-450.

Nos dois manuscritos foi observada a influéncia da ingestdo de nutrientes para o bom
funcionamento dos sistemas digestério e reprodutivo, que estes sdo dependentes e de que 0
figado é o principal 6rgdao mediador dessas fungdes. Para o funcionamento eficaz dos dois
sistemas, a saude hepatica ¢ fundamental, sendo observado que um figado saudavel recebe,
modera e redistribui os metabolitos de forma satisfatéria, o que da suporte para a manutencédo
da gestacdo, principalmente por disponibilizar os precursores hormonais e nutrientes

essenciais e por metabolizar agentes toxicos que representam riscos.
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6 CONCLUSOES

A eficiéncia reprodutiva é determinada pelos metabdlitos sanguineos desde o periodo
de transicdo, ndo estando assegurada pelo retorno precoce a ciclicidade. As maiores
concentracOes de ureia sanguinea sdo observadas em animais com maior intervalo entre parto
e concepcao e maior nimero de inseminagdes, comprovando o efeito negativo no desempenho
reprodutivo.

A concentracdo da enzima GGT, além de indicativo de lesdo hepatica, pode ser
utilizada como critério de determinacdo de probabilidade de gestacdo, mesmo em vacas que
ndo apresentam nitidamente alteracdo no escore de condicdo corporal. Conclui-se que as
vacas com lesdo hepatica severa emprenham menos e consequente menor concentracdo de
progesterona devido ao menor tamanho de corpo lateo, provavelmente ocasionado pelo
consumo de Senecio spp. Além disso, apesar da sinalizacdo embrionaria comprovada pelo
aumento da expressdo de ISG15 mRNA no Dia 19, um grande nimero de vacas nao
emprenhou, indicando que a lesdo hepatica de acordo com a sua intensidade prejudica a

capacidade materna de manutencdo do embrido viavel.
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