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“Mas na profissão, além de amar tem de saber. 

E o saber leva tempo pra crescer.” 

Rubem Alves 
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EFFEITO IMUNOMODULADOR DOS ESTEROIDES OVARIANOS NAS 

RESPOSTAS INFLAMATÓRIAS LOCAL E SISTÊMICA DE VACAS DESAFIADAS 

COM INFUSÃO INTRAUTERINA DE LIPOPOLISSACARÍDEO 

 

RESUMO – No pós-parto de vacas leiteiras, as infecções uterinas promovem 
uma inflamação local e sistêmica e interferem na eficiência reprodutiva. Diversas 
interações sistêmicas geram uma resposta inflamatória prévia aos sinais clínicos das 
doenças uterinas, o que eleva alguns fatores inflamatórios, como proteínas de fase 
aguda e citocinas inflamatórias. O objetivo deste estudo foi avaliar o efeito dos 
esteroides ovarianos, progesterona (P4) e estradiol (E2), na resposta inflamatória 
sistêmica de vacas desafiadas com infusão intrauterina de lipopolissacarídeo (LPS), 
e na expressão gênica dos receptores de progesterona (PGR), estrogênio α (ESR1), 
de interleucina 1β (IL1β), interleucina 6 (IL6) e ligante de quimiocina 5 (CCL5) em 
vacas Gir ovariectomizadas expostas a esses hormônios. Para isso, foram executados 
quatro grupos experimentais: Grupo 1: grupo controle (n = 8) – as vacas não 
receberam administração hormonal antes do dia +1; Grupo 2: 24h - E2 (n = 8) – as 
vacas receberam E2 24 horas (dia -1) antes do desafio com LPS; Grupo 3: 24h - P4 
(n = 8) – as vacas receberam P4 24 horas (dia -1) antes do desafio com LPS; Grupo 
4: 14d - P4 (n = 8) – as vacas receberam P4 14 dias (dia -14) antes do desafio com 
LPS. Quatro vacas (n = 4) foram desafiadas (dia 0) com 20 mL de NaCl 0,9% + 12,5 
mg/kg LPS, e quatro vacas (n = 4) foram desafiadas (dia 0) com 20 mL de NaCl 0,9%. 
No dia -14 (14d - P4), dias 0 e dias +1 de cada etapa experimental foram realizados 
exame clínico e do trato genital feminino, coleta de sangue para dosagem hormonal 
(P4 e E2) e amostras endometriais para análise de expressão gênica (ESR1, PGR, 
IL1β e IL6). Para dosagem hormonal (P4 e E2), as amostras de sangue também foram 
coletadas no dia -1. Na resposta sistêmica ao LPS, observou-se aumento da 
haptoglobina (Hp) (grupo controle; 24 h - grupo P4; 14 d - grupo P4) e no dia +1 a Hp 
do grupo 14 d - P4 foi maior quando comparado aos outros grupos. No dia 0, no grupo 
14 d - P4, leucócitos e linfócitos apresentaram maiores valores quando comparados 
ao grupo controle (P < 0,01). No dia +1, após o desafio com LPS, no grupo 14 d - P4 
foi observada redução de linfócitos, eosinófilos e monócitos circulantes (P < 0,05). 
Também foi observada neutrofilia com desvio à esquerda nos dois tratamentos com 
P4 (dia +1), além de trombocitopenia e plaquetas mais baixas em relação ao grupo 24 
h - E2 (P < 0,05) (dia 0). Uma regulação negativa da expressão gênica de PGR e 
ESR1 foi verificada quando as vacas foram expostas à P4 por um longo período; a 
exposição ao E2 não interferiu na expressão de PGR e ESR1. As concentrações de 
P4 foram capazes de regular a expressão de IL6 no grupo 14d - P4, e quando 
comparado ao grupo 24h - E2, houve diferença significativa na expressão de IL1β e 
IL6. A expressão de CCL5 apresentou uma regulação negativa apenas no grupo 24h 
- E2. Concluiu-se que vacas Gir ovariectomizadas desafiadas com LPS, previamente 
expostas aos hormônios esteroides, induzem uma resposta inflamatória sistêmica. 
Além disso, a resposta sistêmica é mais intensa após exposição prolongada prévia ao 
P4 e menos intensa após exposição ao E2. Além disso, as concentrações de P4 e E2 
regulam a expressão dos receptores de esteroides ovarianos (ESR1 e PGR). Uma 
exposição a longo prazo a P4 regulou positivamente a expressão gênica de IL1β e 
IL6, enquanto o estradiol regulou negativamente a expressão do gene CCL5. Este 



 
 

estudo forneceu uma importante informação sobre o efeito dos esteroides ovarianos 
na resposta inflamatória sistêmica e uterina local de vacas desafiadas com LPS 
intrauterino, após exposição aos hormônios esteroides ovarianos. 

 

 

Palavras-chave: citocinas pró-inflamatórias, estradiol, hemograma, imunidade, 

progesterona 

  



 
 

IMMUNOMODULATOR EFFECT OF OVARIAN STEROIDS  ON LOCAL 

AND SYSTEMIC INFLAMMATORY RESPONSES OF COWS CHALLENGED WITH 

LIPOPOLYSACCHARIDE INTRAUTERINE IFUSION 

ABSTRACT – In dairy cows postpartum, uterine infections promote a local and 

systemic inflammation and interfere in reproductive efficiency. Several systemic 

interactions generate a previous inflammatory response to the clinical signs of uterine 

diseases, which elevates some inflammatory factors, such as acute phase proteins 

and inflammatory cytokines. The aim of this study was to evaluate the effect of steroid 

hormones including progesterone (P4) and estradiol (E2) on systemic inflammatory 

response of cows challenged with an intrauterine infusion of lipopolysaccharide (LPS), 

and the response of estrogen receptor α (ESR1), progesterone receptor (PGR), 

interleukin 1β (IL1β), interleukin 6 (IL6), and chemokine ligand 5 (CCL5) gene 

expression in ovariectomized Gir cows exposed to these hormones. For this, four 

experimental groups were executed as: Group 1: control group (n = 8) – the cows did 

not receive hormonal administration before day +1; Group 2: 24h - E2 (n = 8) – the 

cows received E2 24 hours (day -1) before LPS challenge; Group 3: 24h - P4 (n = 8) 

– the cows received P4 24 hours (day -1) before LPS challenge; Group 4: 14d - P4 (n 

= 8) – the cows received P4 14 days (day -14) before LPS challenge. Four cows (n = 

4) were challenged (day 0) with 20 mL of 0.9% NaCl + 12.5 mg/kg LPS, and four cows 

(n = 4) were challenged (day 0) with 20 mL of 0.9% NaCl. On day 0 and day +1 and 

day -14, clinical and female genital tract examination, blood sampling for hormonal 

dosage (P4 and E2) and endometrial samples for gene expression analyses (ESR1, 

PGR, IL1β and IL6) were performed. For hormonal dosage (P4 and E2), blood samples 

were collected on day -1. In the systemic response to LPS, an increase in haptoglobin 

(Hp) (control group; 24 h - P4 group; 14 d - P4 group) was observed, and on day +1 

the Hp of 14 d - P4 group was higher when compared to the other groups. On day 0 in 

the 14 d - P4 group leukocytes and lymphocytes were higher when compared to control 

group (P < 0.01). On day +1 after LPS-challenge in the 14 d - P4 group a decrease in 

circulating lymphocytes, eosinophils, and monocytes (P < 0.05) was related. A 

neutrophilia with left shift in the two treatments with P4 (day +1), in addition to a 

thrombocytopenia and lower platelets compared to the 24 h - E2 group (P < 0.05) (day 

0) were also recorded. A down regulation of PGR and ESR1 gene expression was 

verified when P4 was exposure for a long period; the exposure to E2 did not interfere 

with both PGR and ESR1 genes expression. Concentrations of P4 were capable to up-

regulate the IL6 gene expression at 14d - P4 exposition, and when compared to the 

24h - E2 exposition group, there was a significant difference in the expression of IL1β 

and IL6. The CCL5 gene expression was down-regulated only by the exposure to 24h 

- E2 It was concluded that ovariectomized Gir cows challenged with LPS, previously 

submitted to steroid hormones induce a systemic inflammatory response. Also, the 

systemic response is more intense after previous prolonged exposure to P4 and less 

intense after exposure to E2. Also, the concentrations of P4 and E2 regulate the 

ovarian steroid receptors (ESR1 and PGR) expression.  Still, a long-term exposure to 

P4 up-regulated IL1β and IL6 gene expression while estradiol down-regulated CCL5 



 
 

gene expression. This study provided an important information relating the effect of 

ovarian steroids on the systemic and local uterine inflammatory response of cows 

challenged with intrauterine LPS, after exposed to ovarian steroids hormones.  

 

Keywords: estradiol, hemogram, immunity, progesterone, proinflammatory cytokines 
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CAPÍTULO 1 – CONSIDERAÇÕES GERAIS  

 

O Brasil é o terceiro maior produtor de leite do mundo, com a maior parte de 

seu rebanho constituída por animais híbridos (Holandês X Gir), que produziram 80% 

dos 25,4 bilhões de litros produzidos em 2021, liderada pelo Estado de Minas Gerais 

com 24,5% da captação de leite no País (EMBRAPA, 2022; LA FALCE, 2015). No 

segundo semestre de 2019, o mercado brasileiro abriu portas para exportação de leite, 

iniciando pelo mercado chinês e em negociação com o mercado indiano já para o 

primeiro semestre de 2020, mostrando a importância da produção e melhoria da 

produtividade agropecuária do País. 

Apesar do aumento de quase 70% na produtividade ao longo dos últimos 50 

anos, a pecuária leiteira brasileira ainda passa por alguns desafios como alto custo de 

produção e baixas taxas de fertilidade. Dentre os fatores que contribuem para esses 

números estão as doenças uterinas no pós-parto, que elevam o período de serviço, 

aumentam os custos com medicação e atendimento veterinário, bem como perdas na 

produção e altas taxas de descarte involuntário (LEBLANC et al., 2002; LEWIS, 1997; 

SHELDON; OWENS, 2017).  

Há crescente busca por alternativas de prevenção e tratamento objetivando 

reduzir o uso excessivo de antimicrobianos no período pós-parto de vacas leiteiras e 

auxiliar no índice de cura destas doenças. Além das perdas econômicas supracitadas, 

há necessidade de garantir melhor qualidade de vida ao animal com um pós-parto 

saudável, sem dor e sofrimento devido às infecções uterinas, tratamento adequado e 

maior longevidade dentro da propriedade leiteira. 

O pós-parto saudável está diretamente ligado ao período de transição das 

vacas, momento em que ocorrem algumas alterações metabólicas e hormonais que 

contribuem para a redução da função imune (LEBLANC, 2012). Alguns estudos 

realizados in vivo sugerem que os esteroides ovarianos, o estradiol (E2) e a 

progesterona (P4), têm impacto na ocorrência das doenças nesse período, podendo 

regular o sistema imune (ROWSON; LAMMING; FRY, 1953). Os resultados sugerem 

que o E2 apresente um efeito protetor, enquanto a P4 tenha um efeito 

imunossupressor (LEWIS, 2003a, 2004; ROWSON, 1951).  
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No entanto, em uma pesquisa realizada por Saut et al. (2014) demonstrando 

estes efeitos dos hormônios ovarianos, em cultivos celulares do epitélio e estroma 

endometrial por meio de explantes endometriais, verificou-se que os resultados não 

foram parecidos com os encontrados anteriormente na literatura (LEWIS, 2003a, 

2004; ROWSON, 1951), ao se avaliar a resposta de alguns mediadores inflamatórios 

e respectivas expressões gênicas, quando submetidos ao desafio com 

lipopolissacarídeos e Escherichia coli. 

A hipótese deste estudo foi que os efeitos inflamatórios sistêmicos e a 

resposta imune inata uterina, são mais intensos sob a predominância da P4 e 

reduzidos sob efeito do E2. Consequentemente, o objetivo deste estudo foi avaliar 

efeito da exposição prévia aos hormônios esteroides ovarianos (P4 e E2) na resposta 

inflamatória sistêmica e uterina local, após o desafio com a infusão intrauterina com 

LPS em um modelo experimental utilizando vacas primíparas da raça Gir 

ovariectomizadas. 

 

A importância da produção leiteira no Brasil 

 

No contexto em que 800 milhões de pessoas sofrem com a escassez de 

alimentos, a Organização das Nações Unidas para Alimentação e Agricultura informou 

sobre a necessidade de aumentar a produção mundial de alimentos em 70% até 2050, 

devido ao crescimento da população (FAO, 2009).  

No Brasil, a maior parte do rebanho é constituída de animais híbridos e, de 

acordo com a EMBRAPA (2003), o estado de Minas Gerais produz 24,5% da produção 

leiteira do Brasil, tornando o estado um importante polo da agropecuária nacional. 

Neste contexto, é importante ressaltar que a produção leiteira representa uma 

parcela significativa na composição da dieta alimentar humana e, consequentemente, 

na segurança alimentar mundial, já que o leite é um alimento nutricionalmente 

completo, sendo rico em nutrientes essenciais ao crescimento e à manutenção de 

uma vida saudável (VILELA, 2002). 

Apesar dos avanços significativos na indústria de laticínios ao longo dos 

últimos 50 anos, com aumento de quase 70% na produtividade, a fecundidade dos 



16 
 

animais ainda é um fator a ser enfrentado para melhorar a sustentabilidade e 

minimizar o impacto ambiental da indústria (HUME; WHITELAW; ARCHIBALD, 2011). 

 

 

Doenças uterinas no pós-parto de vacas leiteiras 
 

A função do útero é muitas vezes comprometida em bovinos pela 

contaminação bacteriana do lúmen uterino após o parto, havendo persistência das 

bactérias patogênicas que causam as doenças uterinas. Por isso, pesquisas relativas 

à progesterona e à resposta imune trazem grandes informações sobre a ocorrência 

de infecção uterina, que é, em parte, dependente do ambiente endócrino (LEWIS, 

2003a). Ademais, algumas pesquisas têm demonstrado que micro-organismos 

desregulam a função endócrina do trato reprodutivo de vacas (HERATH; LILLY; 

FISCHER; et al., 2009; SHELDON et al., 2002).  

O período pós-parto é o período de maiores alterações no metabolismo de 

vacas leiteiras, pois 75% das doenças ocorrem nos primeiros 30 DPP. Essa ocorrência 

pode ser atribuída à redução na função imune que ocorre, aproximadamente, entre 

duas semanas antes até três semanas após o parto (CHAPINAL et al., 2012; 

LEBLANC et al., 2006). 

Essas doenças afetam cerca de 40% das vacas leiteiras no pós-parto e podem 

levar à infertilidade destes animais (LEWIS, 1997). Portanto, a definição de critérios 

rigorosos para o diagnóstico, tratamento e prevenção destas enfermidades no pós-

parto de vacas leiteiras continua sendo um desafio (LEFEBVRE; STOCK, 2012). 

 

 

O sistema imunológico e a imunidade inata uterina 
 

Há inúmeras pesquisas relacionadas com infecções e imunidade uterina, 

destacando-se na literatura mundial as revisões de Cronin et al. (2012), Galvão et al. 

(2011) e Swangchan-Uthai et al. (2012). Estes trabalhos trouxeram uma contribuição 

muito grande à ciência, no entanto, esses pesquisadores trabalharam com vacas B. 

taurus, criadas em clima e manejo distintos das condições brasileiras e do Estado de 
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Minas Gerais, condições que possuem relação direta com os desafios e a resposta 

imunológica dos rebanhos. 

O sistema imune no trato reprodutivo das fêmeas é regulado pelas mudanças 

hormonais, alinhando as funções reprodutivas às condições para migração 

espermática, fertilização, implantação e manutenção da gestação (WIRA et al., 2014). 

O potencial para a regulação da imunidade inata pelo sistema endócrino é uma 

característica do endométrio que talvez seja distante da maioria dos outros tecidos do 

corpo (SHELDON; OWENS; TURNER, 2017). Em particular, os esteroides ovarianos, 

E2 e P4, modulam a susceptibilidade à infecção e a resposta inflamatória aos micro-

organismos (BEAGLEY; GOCKEL, 2003; WIRA et al., 2005). 

O sistema imune dos mamíferos é composto pela imunidade inata e pela 

imunidade adquirida (AKIRA; UEMATSU; TAKEUCHI, 2006). O sistema imune inato 

é a primeira linha de defesa do hospedeiro contra patógenos e representa uma 

resposta rápida e estereotipada a um número grande, mas limitado, de estímulos 

(AKIRA; UEMATSU; TAKEUCHI, 2006; CRUVINEL et al., 2010). É composto por 

barreiras físicas, químicas e biológicas, células especializadas e moléculas solúveis, 

presentes em todos os indivíduos, independentemente de contato prévio com 

imunógenos ou agentes agressores, e não se altera qualitativa ou quantitativamente 

após o contato (CRUVINEL et al., 2010). 

As principais células efetoras da imunidade inata são: macrófagos, neutrófilos, 

células dendríticas e células Natural Killer (NK), sendo que fagocitose, liberação de 

mediadores inflamatórios, ativação de proteínas do sistema complemento, bem como 

síntese de proteínas de fase aguda, citocinas e quimiocinas são as principais 

atividades da imunidade inata (CRUVINEL et al., 2010). Já a imunidade adquirida está 

envolvida na eliminação de patógenos na fase tardia da infecção, bem como na 

geração de memória imunológica (AKIRA; UEMATSU; TAKEUCHI, 2006). 

A resposta imune inata uterina é responsável pela eliminação das bactérias, 

regulação da inflamação e manutenção da saúde endometrial (HERATH et al., 2006). 

Quando há alterações no ambiente sistêmico, incluindo as variações hormonais do 

pós-parto, podem ocorrer ativações de outros sistemas, como o complemento, por 

volta de 45-55 dias pós-parto (RALIOU et al., 2019), coincidindo com a ocorrência de 

casos de endometrites citológicas nesse período. Vacas com esse quadro inflamatório 
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também possuem atividade de granulócitos e macrófagos comprometida e essa 

disfunção celular se associa a esse quadro inflamatório crônico instalado (BRODZKI 

et al., 2014). 

Os neutrófilos, uma das principais células do sistema imune inato, estão na 

linha de frente contra as infecções e foram identificados em um grande número 

durante a fase secretória (CRITCHLEY et al., 1999; SALAMONSEN; WOOLLEY, 

1999). Já em casos de infecção uterina por T. pyogenes, os infiltrados de neutrófilos 

no endométrio apresentam-se em grande quantidade (HEPPELMANN et al., 2016), 

sendo altamente sensíveis às variações de quimiocinas no ambiente uterino, 

sobretudo IL8 (WIRA et al., 2005).  

 

 

Citocinas pró-inflamatórias e quimiocinas 
 

As citocinas e as quimiocinas são proteínas moduladoras da inflamação 

sintetizadas e secretadas pelas células do sistema imunológico, capazes de controlar 

a resposta imune (TIZARD, 2014) e classificadas de acordo com a natureza dessa 

resposta (KOH et al., 2018). A produção dessas proteínas ocorre quando as células 

sentinelas – macrófagos, células dendríticas e mastócitos – são ativadas por padrões 

moleculares associados a patógenos (PAMPs) ou padrões moleculares associados a 

lesões (DAMPs) (TAKEUCHI; AKIRA, 2010; TIZARD, 2014). Citocinas e quimiocinas 

aumentam o número de seus receptores nos leucócitos e modulam a resposta pró-

inflamatória (WIRA et al., 2005). Essas proteínas são capazes de aumentar a 

permeabilidade do endotélio vascular, liberar peptídeos antimicrobianos e proteínas 

de fase aguda, além de regularem a resposta inflamatória (SHELDON; OWENS; 

TURNER, 2017). 

As células endometriais de bovinos possuem receptores de reconhecimento 

de padrões (PRR), como os tipo toll (TLR) capazes de ativar e levar à produção de 

citocinas (CARNEIRO; CRONIN; SHELDON, 2016; TURNER et al., 2014). Em alguns 

casos, o aumento da expressão desses receptores, como TLR4, TRL6, TLR10, de 

fator nuclear KappaB1 (NF-κB1), interleucinas IL1, IL6, IL8, IL12 e interferon estão 

relacionados à intensidade da inflamação endometrial pós-parto (CHAPWANYA et al., 

2009). De acordo com Herath et al. (2009), na primeira semana pós-parto há 
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expressão de genes que codificam mediadores pró-inflamatórios como interleucinas 

IL1A, IL1β, IL6 e óxido nítrico sintase 2 (NOS2). Além disso, estes autores verificaram 

que animais inférteis têm maior expressão de IL1A e IL1β e, que vacas podem manter 

a fertilidade limitando a resposta inflamatória contra infecções bacterianas uterinas 

(HERATH; LILLY; SANTOS; et al., 2009). No trabalho de Loyi et al. (2015) houve maior 

expressão de citocinas e PRR em vacas com endometrite clínica, sendo maior a 

reposta na fase lútea (14 vezes), mas as vacas com endometrite subclínica também 

apresentaram valores maiores (seis vezes) na expressão de citocinas e PRR na 

mesma fase. 

As três principais citocinas pró-inflamatórias são: fator de necrose tumoral α 

(TNF-α), produzido no início do processo, seguido da produção de interleucina 1 (IL1) 

e interleucina 6 (IL6); concomitante, quimiocinas como CCL5, CXCL8, e enzimas 

(oxido nítrico sintase 2 – NOS2, por exemplo) também são produzidos pelas células 

sentinelas (GALVÃO et al., 2011; HERATH; LILLY; SANTOS; et al., 2009; TIZARD, 

2014). Tendo em vista a participação dessas citocinas na resposta imune, Ghasemi 

et al. (2012) observaram que vacas com endometrite citológica apresentaram valores 

maiores de TNF-α, IL6 e IL8 do que vacas normais. 

A interleucina  1β (IL1β) é produzida por macrófagos quando seus receptores 

CD14 e TLR4 são ativados e, junto ao TNF-α, atua sobre as células no local para 

amplificar a inflamação estimulando os linfócitos B, o que aumenta a expressão de 

outros fatores, como quimiocinas e células inflamatórias, gerando uma resposta rápida 

e potente (WIRA et al., 2014). Neutrófilos e monócitos, por exemplo, são ativados pela 

IL1β e tornam a fagocitose mais eficiente (SICA et al., 1990).  

Além dessa ação local, a IL1β tem ação sistêmica, levando ao comportamento 

doentio e à produção de proteínas de fase aguda (DINARELLO, 1994; TIZARD, 2014). 

No trabalho de Wira et al. (2014) foi observado que o estradiol inibiu a resposta 

inflamatória mediada por IL1β, reduzindo esses sinais sistêmicos. Acerca disso, 

Fischer et al. (2010) observou maior expressão de IL1β em vacas doentes, sendo que 

nas vacas com endometrite subclínica a expressão de IL1β foi cinco vezes maior do 

que em vacas saudáveis e 20 vezes maior em vacas com endometrite clínica. Dessa 

forma, maiores valores de IL1β têm sido encontrados em vacas com endometrite do 
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que em vacas saudáveis, podendo estar associado com causas de infertilidade 

(FISCHER et al., 2010; HERATH; LILLY; SANTOS; et al., 2009; KIM et al., 2014).  

A IL6 também é produzida por macrófagos, mas linfócitos T e mastócitos 

também a sintetizam, além de serem secretadas por celulas endometriais (CRONIN 

et al., 2012; TURNER et al., 2014), quando estimulados por IL1, TNF-α e endotoxinas 

bacterianas, participando não apenas da inflamação, mas da imunidade adaptativa, 

mediando principalmente reação de fase aguda e a resposta entre neutrófilos e 

macrófagos, que também possuem receptores para IL6 (TIZARD, 2014). Embora, em 

bovinos, alguns autores não encontraram aumento significativo de IL6 nos casos de 

endometrite (FISCHER et al., 2010), ela pode estar associada à presença de um maior 

número de neutrófilos nessas inflamações (GHASEMI et al., 2012). Ademais, a IL6 

exerce atividade regulatória da inflamação, pois estimula a produção de IL10, uma 

citocina anti-inflamatória, porém, a concentração de ambas no período pós-parto é 

reduzida (KIM et al., 2014). Com relação às variações hormonais, altas concentrações 

de P4 estão associadas com redução de IL6 (CHENG et al., 2016).  

Definindo a progressão da inflamação, as quimiocinas, diferente das citocinas, 

coordenam a migração das células. A CXCL5, uma quimiocina da família β, produzida 

por macrófagos e mastócitos, atrai e ativa neutrófilos. Já a CCL5, da família α, é 

produzida por linfócitos T e macrófagos, atrai monócitos e eosinófilos e ativa basófilos 

liberando histamina (TIZARD, 2014).  

A IL8 (CXCL8) é produzida por monócitos e fibroblastos, quimiotática para 

neutrófilos e células natural killer, toxinas bacterianas e outras citocinas inflamatórias 

que ativam monócitos e macrófagos a produzirem IL8 (CHAPWANYA et al., 2009; 

FISCHER et al., 2010; GABLER et al., 2009; LOYI et al., 2015). Esta citocina é também 

potencialmente angiogênica (STRIETER et al., 1992) e está diretamente ligada à 

inflamação aguda, agindo no recrutamento e ativação de PMNs, predizendo a 

infecção da vaca no pós-parto (GHASEMI et al., 2012).  

No estudo de Baithalu et al. (2017) IL1β, TNF-α e PGFS (PGF sintase) 

apresentaram maior expressão gênica em vacas saudáveis do que em vacas com 

alguma infecção uterina, o inverso ocorreu em relação à IL6, IL8, IL10 e PGES (PGE 

sintase). Já nos estudos in vitro realizados por Swangchan-Uthai et al. (2012), a 

indução de reposta imune por LPS aumentou a expressão de PGES e reduziu a 
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expressão de PGFS. Em relação às mudanças hormonais, a expressão de CXCL5, 

IL1β e IL8 foi maior próximo à ovulação enquanto IL6, PTGS2 e HP não apresentaram 

diferença durante o ciclo estral (FISCHER et al., 2010).  

Os precursores de prostaglandinas E2 (PGE2), que tem ação pró-inflamatória 

e imunomoduladora, são também luteotróficos, mas a isoforma PTGS2 é que tem sido 

encontrada no endométrio de bovinos durante a fase lútea (AROSH et al., 2002). Ao 

estimular as células epiteliais com LPS, houve maior acúmulo de PGE do que PGF, o 

que auxilia no entendimento da extensão da fase lútea e infertilidade (HERATH; 

LILLY; FISCHER; et al., 2009). Porém, no estudo de Swangchan-Uthai et al. (2012) 

em cultura com células epiteliais e estromais, tanto a secreção de PGE2 quanto de 

PGF2α foram otimizadas na presença de LPS. 

A secreção de citocinas, quimiocinas e peptídeos antimicrobianos pelas 

células epiteliais variam com a exposição hormonal e a localização no trato genital 

feminino (WIRA et al., 2011). Em mulheres, a ausência do estrógeno após a 

menopausa resulta em menor proteção contra doenças bacterianas no TGF (WIRA; 

RODRIGUEZ-GARCIA; PATEL, 2015), mas este hormônio inibe a expressão de IL1α 

e TNF, reduzindo a inflamação logo antes da ovulação, quando é mais provável a 

presença do sêmen (WAGNER; JOHNSON, 2012). Há, assim, uma condição não 

inflamatória entre os epitélios do trato genital feminino inferior e superior que favorece 

a quimiotaxia do esperma favorecendo a fertilização, a implantação e manutenção da 

gestação (WIRA; RODRIGUEZ-GARCIA; PATEL, 2015). 

 

 

Proteínas de fase aguda 

 

As proteínas de fase aguda (PFA) têm sua síntese principalmente no fígado e 

sob o estimulo de interleucinas (IL6 e IL1β) e TNF-α (TIZARD, 2014), podendo ser um 

excelente marcador inflamatório de algumas doenças de bovinos (MADEN et al., 

2012; TÓTHOVÁ et al., 2012).  

A principal proteína de fase aguda em ruminantes é a haptoglobina (Hp), cuja 

função primária é ligar-se à hemoglobina livre e impedir sua oxidação (YANG et al., 

2003). Essa proteína tem sua concentração aumentada em doenças crônicas, 

incluindo as endometrites (TIZARD, 2014). Alguns estudos encontraram altos valores 
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de Hp tanto na corrente sanguínea quanto nos lavados uterinos de vacas com 

endometrite (BRODZKI et al., 2015). No entanto, a produção dessa PFA pelas células 

endometriais não foi confirmada, apenas sabe-se que em altas cargas bacterianas 

uterinas os valores de Hp aumentam (SHELDON et al., 2001). Além disso, valores 

aumentados de Hp no período de transição podem ser preditivos de doenças uterinas 

no pós-parto (DUBUC et al., 2010; GALVÃO et al., 2010). Há muitas mudanças nos 

valores de Hp no período de transição, encontrando-se valores altos um dia após o 

parto, enquanto outros autores encontraram valores altos tanto imediatamente antes 

quanto após o parto (TOTHOVA; NAGY; KOVAC, 2014; UCHIDA; KATOH; 

TAKAHASHI, 1993). 

Outra PFA importante para a saúde dos bovinos é o amiloide sérico A (SAA), 

uma lipoproteína de alta densidade que altera sua concentração após 24-48 horas do 

início da infecção. SAA tem capacidade de se ligar ao TLR2 e ser agonista endógeno 

de TLR4, produzindo, em consequência a isso, algumas citocinas inflamatórias e 

atraindo linfócitos para o local da inflamação, pois é quimiotático para linfócitos T e 

também para neutrófilos e monócitos (TIZARD, 2014; TOTHOVA; NAGY; KOVAC, 

2014). A principal função do SAA é o transporte reverso de colesterol dos tecidos para 

o fígado, opsonização e ativação de plaquetas (TOTHOVA; NAGY; KOVAC, 2014), 

participando ativamente da fase aguda da inflamação.  

Diferente dessas proteínas de fase aguda positivas, as proteínas de fase 

aguda negativas reduzem os níveis durante um processo inflamatório, devido a 

redução de sua produção pelo fígado e direcionamento desse órgão para outras 

atividades. Dentre as proteínas de fase aguda negativas, está a albumina, uma 

importante reserva de aminoácidos, que pode ser requerida quando houver 

inflamação (TIZARD, 2014).  

 

O sistema endócrino e a imunidade inata uterina  

 

Os esteroides ovarianos regulam a atividade das células imunes no TGF, 

equilibrando o combate às infecções, regulando a resposta imune local e a 

remodelação tecidual, o que irá permitir a implantação do embrião e a manutenção da 

futura prenhez (WIRA; FAHEY, 2008). Para que isso ocorra, o endométrio cria um 
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ambiente em que apenas o trofoblasto seja reconhecido, modulando a resposta 

inflamatória para manutenção da gestação (CRITCHLEY et al., 2001). Variações nas 

concentrações destes esteroides regulam funções e mudanças estruturais no 

endométrio para criar um ambiente para fertilização, implantação e sobrevivência fetal 

(LEWIS, 2003a; WIRA et al., 2005). Ainda não se conhece todas as vias desses 

mecanismos e como a P4 leva à imunossupressão (LEWIS, 2004). Porém, sabe-se 

que o feto não somente evade o sistema imune, mas também provoca uma reposta 

imune uterina (OTT, 2020), ocorrendo assim, uma resposta anti-inflamatória mais 

favorável à manutenção da gestação (DESAI; BRINTON, 2019). 

A P4 e o E2 modulam a expressão de algumas proteínas, como moléculas de 

adesão e fatores quimiotáticos, alterando a migração de macrófagos, células 

dendríticas e linfócitos (WIRA et al., 2005; WIRA; GRANT-TSCHUDY; CRANE-

GODREAU, 2005). Diante dessa capacidade de modulação, estes esteroides têm 

impacto no surgimento de doenças, podendo regular a resposta imune (ROWSON; 

LAMMING; FRY, 1953). Dessa forma, os resultados de alguns estudos sugerem que 

o estradiol apresenta um efeito protetor, enquanto a progesterona tem um efeito 

imunossupressor (LEWIS, 2003a, 2004; MAGALHÃES et al., 2022; ROWSON, 1951). 

Durante a fase lútea, onde há regulação das atividades imunes tanto por E2 

quanto por P4, há maior limitação da resposta imune aos agentes infecciosos (WIRA; 

FAHEY, 2008). Essa condição imune, que também favorece a fertilização, 

implantação e manutenção da gestação, cria uma janela de vulnerabilidade que 

aumenta as chances de infecção (WIRA; RODRIGUEZ-GARCIA; PATEL, 2015), uma 

vez que a implantação embrionária é o sucesso de um ambiente criado durante a fase 

lútea, em que as células epiteliais, fibroblastos e células imunes estão sob ação da P4 

(WIRA; RODRIGUEZ-GARCIA; PATEL, 2015).  

Por outro lado, durante a fase proliferativa, em que há regeneração do epitélio 

endometrial coordenada pelo E2, ocorre também intensa angiogênese, contribuindo 

para a migração dos leucócitos, necessários para que a gestação ocorra (WIRA; 

RODRIGUEZ-GARCIA; PATEL, 2015). Mas, o número de células imunes só vão de 

fato aumentar durante a fase lútea tardia, quando também haverá crescimento epitelial 

glandular e de fibroblastos (KING; CRITCHLEY, 2010; WIRA; RODRIGUEZ-GARCIA; 

PATEL, 2015).  
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O E2 atua aumentando a apresentação de antígenos pelas células epiteliais 

endometriais, (WIRA; ROSSOLL, 1995), sendo menor no início do estro e maior no 

diestro. Essa ação do E2 sobre as células epiteliais foi elucidada em um estudo com 

ratas ovariectomizadas, no entanto, no trato genital feminino inferior e nas células 

estromais dessas ratas, o E2 inibiu a apresentação de antígenos (WIRA; ROSSOLL, 

1995). Uma das variações entre as espécies, que justificaria uma maior resposta 

inflamatória uterina em ratos e bovinos, é o fato de nestas espécies, o sêmen ser 

depositado diretamente dentro do útero, enquanto em humanos esse depósito ocorre 

na vagina (WIRA; RODRIGUEZ-GARCIA; PATEL, 2015). 

Para que todos os eventos ocorram e permitam a fertilização, a implantação, 

a sobrevivência fetal ou mesmo uma resposta imune contra algum agente presente 

no útero, é necessário, primeiramente, a ativação dos receptores de E2 e P4, que têm 

sua expressão autorregulada pela presença e quantidade destes esteroides, além de 

terem efeitos sobre a migração e ativação dos leucócitos, já que sua ação nas células 

epiteliais leva à secreção de citocinas e quimiocinas (WIRA et al., 2005). Dessa forma, 

os esteroides ovarianos, juntamente a seus receptores nas células do TGF, irão 

coordenar a resposta imune local. Estes receptores são mais expressos durante a 

fase folicular e tem sua expressão reduzida na fase lútea (CHAUCHEREAU; 

SAVOURET; MILGROM, 1992). Os esteroides ovarianos tem regulação cruzada, ou 

seja, regulam a função um do outro, tendo em vista que o E2 aumenta o número de 

receptores de progesterona, enquanto a P4 pode reduzir os efeitos do estradiol (WIRA 

et al., 2005). Além disso, os dois hormônios têm efeitos no local de produção e no 

transporte de imunoglobulinas no trato reprodutivo (RICHARDSON; KAUSHIC; WIRA, 

1993), regulam algumas atividades das células epiteliais uterinas como proliferação 

ou apoptose (WIRA et al., 2005), controlando os níveis de citocinas e quimiocinas no 

trato reprodutivo.  

As células epiteliais endometriais sofrem mudanças em seu ambiente devido 

aos esteroides ovarianos, consequentemente, sua função de barreira na imunidade 

inata também sofre alterações (WIRA et al., 2005). Em geral, para ocorrência de uma 

resposta é necessário uma alta dose de bactérias para ativação das células epiteliais, 

mas quaisquer rupturas das junções epiteliais podem levar a infecção uterina (WIRA 

et al., 2014). Já os macrófagos são estimulados com maior facilidade e produzem 
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IL1β, citocina que ativará as células epiteliais, aumentando a produção de β-

defensinas e modulando a resposta inflamatória (WIRA et al., 2005).   

Quando há maiores níveis de P4 circulante, há redução do influxo de células 

inflamatórias dentro do útero (CRITCHLEY et al., 2001), havendo aumento de 

susceptibilidade do endométrio a infecções no pós-parto (LEWIS, 2003a; SHELDON 

et al., 2009). Porém, com os níveis de progesterona basais há uma resistência às 

infecções uterinas, pois é possível uma resposta imune basal capaz de prevenir 

infecções (LEWIS, 2003b). Sendo assim, quando as concentrações de P4 aumentam, 

há maior chance de ocorrência de infecções (ROWSON; LAMMING; FRY, 1953) e, 

quando a P4 reduz, alguns mediadores inflamatórios  como IL1β, IL6, IL8 e TNF-α 

aumentam, juntamente com o maior influxo de leucócitos (CHALLIS et al., 2009). O 

aumento da expressão de IL8, por exemplo, leva à quimiotaxia e ativação de 

neutrófilos (CRITCHLEY et al., 2001) e, quando a P4 é retirada, há aumento da 

expressão tanto de IL8 quanto de COX-2, além de constrição das artérias espirais 

levando a anoxia de regiões próximas ao lúmen uterino (CRITCHLEY et al., 2001). 

Alguns estudos têm sugerido que a progesterona inibe a proliferação de linfócitos e 

module a função dos neutrófilos, havendo uma maior expressão de citocinas e 

quimiocinas próximo à ovulação em relação à fase lútea (FISCHER et al., 2010). Uma 

possível via pela qual a progesterona pode atuar reduzindo a expressão gênica de 

citocinas pró-inflamatórias é pela sinalização dos fatores de transcrição fator nuclear 

kappa-beta (NF-κB) e proteino-quinases ativadas por mitógenos (MAPK) (CUI et al., 

2020). 

Diante da dinâmica de resposta imune local em função das mudanças 

hormonais, é possível que as bactérias que contaminam o útero durante o parto não 

levem a uma infecção imediata, mas aproveitem a oportunidade em que a 

progesterona reduziu a função imune, possibilitando a multiplicação dessas bactérias 

no lúmen uterino (LEWIS, 2003b). Essa maior susceptibilidade à infecção quando os 

valores de P4 são elevados foi relatada em diversas espécies e, dentre elas, os 

bovinos (ROWSON; LAMMING; FRY, 1953; WULSTER-RADCLIFFE; SEALS; 

LEWIS, 2003). 

A infecção uterina ocorre porque o útero não é capaz de controla-la e preveni-

la quando está sob efeito da P4, já que este esteroide ovariano é capaz de converter 
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o útero a um órgão susceptível a infecções (LEWIS, 2003b), tornando-o “mais 

receptivo” aos antígenos por não haver bloqueio dos PRR (LEWIS, 2003b; 

WULSTER-RADCLIFFE; SEALS; LEWIS, 2003). Além disso, as células epiteliais, os 

fibroblastos e as células imunes respondem diretamente aos esteroides ovarianos e 

indiretamente às citocinas, fatores de crescimento e mediadores inflamatórios que 

estão envolvidos em diversos eventos fisiológicos do endométrio (WIRA et al., 2014).   

O E2, em contrapartida, otimiza a apresentação de antígenos pelas células 

epiteliais e tem a capacidade de modular as funções dos macrófagos, que expressam 

seletivamente receptores de E2, mediando atividades não genômicas deste hormônio 

(WIRA et al., 2005). Nas células epiteliais endometriais, o E2 favorece a apresentação 

de antígenos, enquanto nas células estromais essa função é inibida pela secreção de 

TGF-β pelas células epiteliais (WIRA; ROCHE; ROSSOLL, 2002; WIRA; ROSSOLL, 

2003), o que varia entre as espécies.  

Os leucócitos tem a expressão de moléculas de adesão afetada tanto por E2 

quanto por P4 (CHERNYSHOV; VODIANYK; HREKOVA, 2002). Nos macrófagos de 

camundongos, estrógeno-receptor ativa mitoses, aumenta o AMPc e a concentração 

de cálcio intracelular, a favor de sua atividade celular (GUO et al., 2002; WIRA et al., 

2005) e, durante a fase secretória, em que há altos níveis de E2 e P4, os macrófagos 

se acumulam no endométrio (ARICI et al., 1999). Já os monócitos, em estudo in vitro, 

quando tratados com E2, reduziram a produção de IL8 induzida por LPS, o que reduz 

a resposta inflamatória, auxiliando na prevenção do choque séptico (DENTENER et 

al., 1993; LIEBLER et al., 1994). 

In vitro, o E2 parece ser primariamente anti-inflamatório (CUNNINGHAM; 

GILKESON, 2011), mas, em geral, quando há altos níveis de estrógeno, há redução 

da resposta inflamatória (FAHEY et al., 2008; SCHAEFER et al., 2005). Essa ação 

anti-inflamatória do E2 inibe a expressão de mediadores pró-inflamatórios pelas 

células endometriais (WIRA et al., 2014), reduzindo a expressão de TLR4 nos 

fibroblastos uterinos (HIRATA et al., 2007), aumentando a proliferação de células 

epiteliais (ZHU; POLLARD, 2007) e a secreção de peptídeos antimicrobianos como 

SLPI e elafina, estes, por sua vez, reduzem a expressão de TLR3 e 4 via NF-κB 

(TAGGART et al., 2005). Juntos, esses eventos criam um ambiente anti-inflamatório, 

reduzindo a secreção de citocinas inflamatórias e, consequentemente, a migração de 
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células, suspendendo o ambiente inflamatório, associado com infecções (WIRA; 

RODRIGUEZ-GARCIA; PATEL, 2015).  
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CAPÍTULO 2 – OVARIAN STEROIDS MODULATE THE SYSTEMIC 

INFLAMMATORY RESPONSE OF COWS CHALLENGED WITH 

LIPOPOLYSACCHARIDE (LPS) INTRAUTERINE INFUSION 

 

ABSTRACT – Postpartum uterine infections of dairy cows promote a local and 
systemic inflammation and interfere with reproductive efficiency. The aim of this study 
was to evaluate the effect of steroid hormones including progesterone (P4) and 
estradiol (E2) on the systemic inflammatory response of cows after being challenged 
with an intrauterine infusion of lipopolysaccharide (LPS). For this, a hemogram and 
serum dosage of haptoglobin (Hp) in eight primiparous Gir cows ovariectomized were 
performed on day (day 0) and after 24 h (day þ1). Four cows (n ¼ 4) were challenged 
(day 0) with 20 mL of 0.9% NaCl þ 12.5 mg/kg LPS, and four cows (n ¼ 4) were 
challenged (day 0) with 20 mL of 0.9% NaCl. For this, the study was divided in four 
experimental groups as: (1) Control group: without any hormonal treatment before day 
0; (2) Group 24 h - E2: 1 mg of estradiol benzoate 24 h before (day-1); (3) Group 24 h 
- P4: 2.0 g of P4 device 24 h before (day 1); (4) Group 14 d - P4: 2.0 g of P4 device 14 
days before (day-14). In the systemic response to LPS, there was an increase in Hp 
(control group; 24 h - P4 group; 14 d - P4 group), and on day +1 the Hp of 14 d - P4 
group was higher when compared to the other groups. On day 0, the 14 d - P4 group 
had an increase in circulating leukocytes and lymphocytes cells than the control group 
(P < 0.01). On day +1 after LPS-challenge the 14 d - P4 group showed a decrease in 
circulating lymphocytes, eosinophils, and monocytes (P < 0.05). A neutrophilia with left 
shift in the two treatments with P4 (day +1), in addition to a thrombocytopenia and 
lower platelets compared to the 24 h - E2 group (P < 0.05) (day 0) were recorded. It 
was concluded that ovariectomized cows challenged with LPS, previously submitted 
to steroid hormones induce a systemic inflammatory response. Also, the systemic 
response is more intense after previous prolonged exposure to P4 and less intense 
after exposure to E2. This study provided important information relating the effect of 
ovarian steroids on the systemic inflammatory response of cows challenged with 
intrauterine LPS. 

 

 

Keywords: estradiol, hemogram, immunity, lipopolysaccharide, progesterone, uterus 

 

 

INTRODUCTION 
 

In dairy cattle, the postpartum period is marked by the high incidence of uterine 

diseases, as 2 – 5 % of retained placenta [1], 25 – 40 % of metritis [1,2], 20 % of clinical 
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endometritis [1,2], 15 – 40 % of cervicitis at 30 days in milk (DIM) [3] and 10 – 30 % of 

cytological endometritis between 30 - 60 DIM [3]. Contamination by pathogens in the 

female genital tract is inherent in parturition, which leads to a high incidence of uterine 

diseases during the postpartum period of dairy cows [4], associated with other 

predisposing factors such as dystocia [5–7], retained placenta [6], hypocalcemia [5,8–

10], reduction in dry matter intake [11], negative energy balance (NEB) [5,8,10] and an 

increase in haptoglobin (Hp) values, considered an acute-phase protein (APP) [5,9,12]. 

The defense against pathogens in the uterine environment is performed initially 

by the innate [13,14] and adaptative [15] immune systems. Uterine innate immunity is 

regulated by the endocrine system, with ovarian steroids capable of modulating the 

local inflammatory response, and the susceptibility to diseases [16–18]. Some authors 

suggest that estradiol (E2) has a protective effect, while progesterone (P4) has an 

immunosuppressive effect on the uterine immune response [19–21]. The susceptibility 

to infection during the P4 predominance phase is well been discussed in cattle for 

several years [22,23], in this scenario, during postpartum, the uterine immune function 

is often compromised due to bacterial contamination of the uterine lumen with the 

persistence of pathogens that cause uterine diseases [19,20]. 

Ovarian steroid hormones regulate reproduction, embryo implantation and 

pregnancy maintenance and the immune system develops important effects in each of 

these moments [24]. These hormones regulate uterine epithelial cell activities such as 

proliferation or apoptosis [25], that control the gene mRNA expression of cytokines in 

the reproductive tract, most of which are regulated by the increase of P4 [26], such as 

interleukin 6 (IL6) which is reduced in high concentrations of P4 [27]. It was suggested 

that P4 inhibits the proliferation of lymphocytes and modulates the function of 

neutrophils, with a greater mRNA expression of cytokines close to ovulation in relation 

to the phase with P4 predominance [28]. In addition, P4 and E2 have effects on the 

site of production and transport of immunoglobulins in the reproductive tract [29]. 

Cows diagnosed with clinical mastitis show systemic changes, such as increase 

in body temperature, Hp [30,31] and serum amyloid A (SAA) concentration [30], 

negatively affecting milk production and reproductive parameters, such as pregnancy 

rate, conception rate and days open [32], always taking the importance of 
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lipopolysaccharide (LPS) interference in the endometrial gene expression of uterine 

factors and embryonic development [31]. 

It is noteworthy that in this research area, most studies have been explored in 

Bos taurus and in countries with temperate weathers. In Brazil, most of the herd 

consists of hybrid animals (Bos indicus x Bos taurus) [33], especially the Gir breed, 

since the insertion of Zebu breeds in herds in tropical countries is an alternative for 

adaptability to the climate in these regions [34,35]. Furthermore, studies with in vivo 

models that demonstrate the effect of steroid hormones (P4 and E2) exposure on the 

systemic inflammatory response due to an inflammatory process with an initial focus 

on the uterus of cows were not found in the literature. 

The hypothesis of this study was that inflammatory systemic effects, secondary 

to a primary uterine inflammatory process, are more intense under P4 and are reduced 

under E2 effects. Consequently, the objective was to evaluate the previous exposure 

effect of steroid hormones (P4 and E2) on the systemic inflammatory response after 

LPS intrauterine (iu) infusion in ovariectomized and primiparous Gir cows. 

 

 

MATERIAL AND METHODS  

 

All procedures in this study were conducted according to the Ethical Principles 

in Animal Experimentation approved by the Committee of Ethics in the Use of Animals 

(CEUA) of the Federal University of Uberlândia (UFU), under the protocol n.123/15. 

 

 

Animals and experiment location 

 

Eight primiparous cows of the Gir breed with an average of 30 months of age, 

previously evaluated for possible diseases of the female genital tract were used. 

During the experiment, the cows were housed in two collective pens each having four 

animals, with available shade, fed with corn silage, mineral salt (with 15% of urea) and 

water ad libitum. 
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Surgical procedure – Bilateral ovariectomy 
 

After 15 days of adaptation, a bilateral flank ovariectomy surgery was 

performed, as described by Weaver et al. [36]. The procedure was performed in the 

Surgical Department of the Veterinary Hospital at UFU, where the cows were kept in 

the right lateral decubitus position under general inhalation anesthesia with isoflurane 

2% (BioChimico, Itatiaia - RJ, Brazil).  

All surgically manipulated animals were submitted to the postoperative protocol 

consisting of antibiotic therapy with ceftiofur (Lactofur, Ourofino Saúde Animal, 

Ribeirão Preto - SP, Brazil), 2.2 mg/kg, im, two times per day during 10 days; flunixin 

meglumine (Flunixina, Uzinas Chimicas Brasileiras, Jaboticabal -SP, Brazil), 2.2 

mg/kg, im, two times per day during three days. The animals were evaluated daily 

during ten days after the surgery until surgical stitches were removed. The experiment 

procedure started only after 100 days of the postoperative period. 

 

 

Experiment design 
 

In this study the effect of P4 and E2 on the systemic inflammatory response of 

Gir cows was evaluated after challenging with an iu infusion of LPS. Consequently, the 

experiment was developed in four distinct steps (Figure 1) with intervals of 

approximately 30 days between each step. 
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Fig. 1. Schematic figure of the procedures performed in the four experimental groups. 
Eight ovariectomized Gir cows, were  exposed to estradiol (E2) or progesterone (P4) 
and then were challenged with iu administration of lipopolysaccharide (LPS). 

 
 

In all steps the moment of iu infusion was defined as day zero (D0). The animals 

were divided into two groups, one group (n = 4/ LPS-challenge) was challenged with 

an iu infusion of 12.5 ug/kg of LPS from Escherichia coli (Escherichia coli serotype 

O55: B5 LPS Sigma-Aldrich, Darmstadt - Germany; 5 mg / animal) diluted in 20 mL of 

0.9% saline (0.9% NaCl, Eurofarma, Ribeirão Preto-SP, Brazil); the other group (n = 

4/vehicle-challenge) was treated with an iu infusion of 20 mL of NaCl saline (0.9%). 

The respective dose of LPS per animal was sterilely aliquoted in small amount of PBS 

(5 mg of LPS per 2 mL of PBS), filled in 2 mL Eppendorf type tubes and frozen at – 20 

ºC the day before the in vivo intrauterine challenge.  

The cows were divided by chance each time in the different groups between the 

four steps of the study. At this time (day 0), physical and female genital tract 

examination, ultrasound and blood collection were performed to evaluate total blood 

count, hormonal and Hp parameters. 

In addition, day +1 (24 hours after the iu infusion) was defined as the time to 

evaluate the systemic inflammatory response (in all groups) in which physical and 

female genital tract examinations, ultrasound, endometrial epithelium and blood 

samples (to evaluate total blood count, hormonal and Hp measurements) were 

performed. 
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Four experimental groups were performed as: (1) control group (n = 8) – in this 

group the animals did not receive hormonal administration before day 0 (LPS / vehicle 

challenge); (2) Group 24h - E2 (n = 8) – in this group the cows received E2 (1 mg of 

estradiol benzoate, Estrogin, Biofarm, Jaboticabal-SP, Brazil, IM) 24 hours (day -1) 

before day 0 (LPS / vehicle challenge); (3) Group 24h - P4 (n = 8) – in this group the 

cows received P4 (two intravaginal devices of first use of 1.0 g of P4, Sincrogest, 

Ourofino Saúde Animal, Ribeirão Preto -SP, Brazil) 24 hours (day -1) before day 0 

(LPS / vehicle challenge); (4) Group 14d - P4 (n = 8) – in this group the cows received 

the previous treatment of 14 days (day -14) with P4 (two intravaginal devices of first 

use of 1.0 g of P4, Sincrogest, Ourofino Saúde Animal, replaced at seven days) before 

day 0 (LPS / vehicle challenge). 

 

 

Clinical examination and blood sampling  

 

All procedures were performed in the morning and the animals were properly 

immobilized. The general clinical evaluation of the animals, body temperature, heart 

and respiratory rates were performed according to the recommendations by Terra and 

Reynolds [37]. Blood samples were collected by venipuncture of the median caudal 

vein, using a vacuum system and in a tube with EDTA K3 (BD Vacutainer, Brazil) for 

complete blood count (erythrogram and leukogram) [37]. Another blood sample was 

collected in a tube with a separator gel and clot activator (BD Vacutainer, Brazil) for 

serum analysis of Hp, P4, and E2. All samples obtained were sent to the Clinical 

Laboratory Analysis (UFU), where blood count was done immediately. 

 

 

Laboratory tests 

 

The total blood count was performed in an automatic veterinary hematology 

analyzer pocH-100iV Diff (Sysmex do Brasil, São José do Rio Preto-SP, Brazil) to 

determine the plasma concentrations of hemoglobin, globular volume, hematimetry, 

platelet and leukometry. The differential circulating leukocyte count was performed by 

optical microscopy, in blood extensions stained by May Grünwald Giemsa [38]. 
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For serum analysis of Hp, the technique described by Jones and Mould [39] was 

used as adapted by Ramos et al. [40]. A serial dilution performed with a standard Hp 

(human serum measured by the commercial kit Beckman Coulter, Brea, CA, USA) 

allowed to obtain a curve with a concentration of Hp ranging from 0 to 0.56 g/L. For the 

elaboration of the standard curve, 180 μL of saline solution was added in the wells A1 

and A2, and 100 μL in the following wells until H1 and H2. For the standard curve, 20 

μL of standard serum was added under the saline solution in the wells A1 and A2, and 

then the dilution was performed. Regarding the sample test, 90 μL of saline solution 

was added in all of the other wells and 10 μL of the sample was added in each well. 

The samples were diluted twice, one well for the test and one for the control, besides 

the analyzes were carried out in duplicate. Later, 50 μL of methaemoglobin were added 

to the test wells and 50 μL of saline solution were added to the control wells of each 

sample. The plates were incubated in darkroom for 10 minutes. Then, 150 μL of the 

guaiacol substrate and 50 μL of hydrogen peroxide (0.02 mol/L) were added to all 

wells. The spectrophotometric reading with a wavelength of 492 nm (ELX 808, Biotek, 

Vermont, USA) was performed after 10 minutes. The intra and inter coefficients 

variations were 7.25% and 8.19%, respectively. 

Serum dosages of P4 and E2 were performed at the Hormonal Dosage 

Laboratory from Federal Fluminense University Veterinary School. The measurements 

of P4 were made by radioimmunoassay technique using a commercial kit (IM1188 - 

Immunotech, Beckman Coulter, Prague, Czech Republic). The measurements of E2 

were performed using the double antigen liquid phase technique (07-138102 - 

ImmunChem, MP Biomedicals LLC, Oranhgeburg, NY, USA). The sensitivity of the 

assays and the intra- assay coefficients of variation were 5 pg/mL and 12% for 17 β- 

estradiol and 0.05 ng/mL and 10% for progesterone, respectively. Samples for setting 

the curve were evaluated in duplicate and samples of the trial underwent a single 

evaluation. The Wizard 2 gamma radiation counter was used to obtain the results 

provided. All concentrations were between the maximum and minimum points of the 

curve. 
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Female genital tract examination 

 

The female genital tract examination was performed on days 0 and +1, via the 

inspection of external structures. The evaluation of vaginal secretion was done by 

Metricheck device (Simcro Datamars, Hamilton, New Zeland) [41] and rectal palpation 

was performed to evaluate the location, size and consistency of the uterus. In addition, 

transrectal ultrasonography (US) (DP2200VET, Mindray, Shenzhen, China) was used 

to collect uterine horn diameter information (obtained by the mean of the perpendicular 

diameters from the two horns), as well as iu fluid evaluation [42,43].  

 

Endometrial epithelium sample collection and processing 
 

Endometrial epithelium samples were obtained by a sterile cervical brush (Labor 

Import, Joinville - SC, Brazil) adapted and inserted in a universal semen applicator to 

pass through the cervix by the cytobrush technique [44]. The samples obtained were 

rolled on microscope slides, and then stained using the Rapid Panotic Kit (Renylab 

Química e Farmacêutica, Barbacena - MG, Brasil). A total of 100 cells were counted 

and the percentages of polymorphonuclear (PMN) and epithelial cells was recorded 

[45,46]. 

 

 

Statistical Analyses 

 

Data and graphics were performed by GraphPad Prism 9 statistical software 

(GraphPad Software, San Diego, CA, USA). Cows were considered as an 

experimental unit. Data were tabulated initially in Excel spreadsheets and descriptive 

statistics were presented as mean and standard error of the mean (SEM).  

Quantitative variables were subjected to the Kolmogorov-Smirnov test to verify 

whether or not they had a parametric distribution. Variables with parametric distribution 

were subjected to analysis of variance (parametric ANOVA) and Bonferroni's Multiple 

Comparison post-test or Two-way ANOVA with Bonferroni's Multiple Comparison post-

test. Variables with non-parametric distribution were analyzed using the Kruskall-Wallis 
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test (non-parametric ANOVA) and Dunn’s Multiple Comparison post-test. Statistical 

significance was established as P ≤ 0.05. 

 

 

RESULTS 

 

 

Surgical procedure and clinical examination 
 

No surgical and / or clinical complications were observed in all animals (n = 8) 

submitted to the surgical procedure and during the trans and postoperative periods. 

The cows remained clinically healthy during all four steps of the experimental design.  

All cows (n = 8) were clinically healthy and had an average weight of 408.7 ± 33 

kg. They remained alert with normal ocular and vaginal mucosa. Respiratory rate, heart 

rate and rectal temperature were in accordance with references values [37]. 

 

 

Serum levels of progesterone and estradiol 
 

Serum P4 concentration from the control group (n = 8) on day 0 (LPS/vehicle 

challenge) is described in Fig. 2A. Serum E2 concentrations in the 24h - E2 group (n 

= 8) were higher on day 0 (LPS / vehicle challenge) compared to the previous time of 

treatment with E2 (day -1) (Figure 2B). The concentration of P4 in the 24h - P4 group 

on day 0 was higher (Fig. 2C) compared to day -1 (treatment with P4). In cows from 

group 14d - P4 (n = 8), P4 concentration on day 0 was higher than on day -14 however, 

it was reduced compared to day -7 (Fig. 2C). 
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Fig. 2. Serum values of progesterone (P4 - ng/mL) in the experimental groups (1) 
Control, (2) 24h - E2, (3) 24h - P4, and (4) 14d - P4. Each experimental group had 
eight Gir cows, primiparous and ovariectomized. The animals in the control group did 
not receive hormonal administration, while the 24h - P4 and 14d - P4 groups were 
previously treated with 2.0 g of P4 intravaginal devices for 24 hours and 14 days, 
respectively. The 24h - E2 group was previously treated with 1 mg of estradiol 
benzoate intramuscular, two times per day. The day of infusion (day 0) was the time 
of iu infusion of LPS (5 mg / 20 mL 0.9% Nacl) or vehicle (20 mL 0.9% NaCl) and day 
+1 was considered 24 hours after the infusion. Data were presented as mean + SEM. 
Fig. 2B-C - Paired T test; Fig. 2D – An One-Way ANOVA and Bonferroni post-test were 
performed. P value (***, P < 0.001; ****, P < 0.0001). 

 

Female genital tract examination 
 

There were no significant changes in the clinical examination of the female 

genital tract. In the ultrasound exam, a difference of the diameter of the left horn 

between the 24h - E2 and 24h - P4 groups on day +1 of the animals challenged with 

LPS (P < 0.05; Table 1) was noted. The ultrasound characteristics of the iu fluid at any 

time between the four experimental groups were similar (P > 0.05; Table 1). 

 

Tab. 1. Transrectal ultrasound evaluation of the female genital tract in the four 

experimental groups: (1) Control; (2) 24h - E2; (3) 24h - P4; and (4) 14d - P4, on day 

0 and 24 hours (day +1) after an LPS / vehicle infusion. The diameter (mm) of the 

uterine horns was measured by the average of two perpendicular measurements from 

each horn diameter, in addition to the evaluation of the intrauterine fluid (IUF). 

 

DAY 

VEHICLE  

 Control 
(n = 4) 

24h-E2 

(n = 4) 

24h-P4 

(n = 4) 

14d-P4 

(n = 4) 

Left horn (mm)   0 10.7+0.7 12.9+0.6 11.7+2.0 12.2+1.4 
+1 14.3+3.0 14.1+2.2 15.8+1.8 12.6+0.7 

Right horn (mm)   0 10.7+1.1 12.9+1.0 12.2+1.3 13.0+0.8 
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+1 12.4+0.5 12.4+0.9 14.0+0.7 12.3+0.9 

IUF (0-3)   0 0.25+0.25 1.0+0.0 0.25+0.25 0.25+0.25 
+1 0.5+0.5 1.0+0.0 1.75+0.75 0.75+0.5 

  LPS CHALLENGE 

  Control 
(n = 4) 

24h-E2 
(n = 4) 

24h-P4 
(n = 4) 

14d-P4 
(n = 4) 

Left horn (mm)   0 10.3+0.7 11.3+1.4 14.4+0.6 13.3+1.1 
+1 12.4+2.0 ab 11.7+0.6 a 16.4+0.6 b 14.2+0.7 ab 

Right horn (mm)   0 9.6+0.9 12.0+1.3 13.7+0.7 14.6+1.0 
+1 14.4+2.3 11.3+1.3 15.8+1.2 15.9+1.0 

IUF (0-3)   0 0.0+0.0 1.0+0.0 1.0+0.4 0.25+0.25 
+1 1.0+0.4 1.0+0.0 10.+0.7 1.0+0.4 

Note: Each experimental group was composed by eight Gir cows, primiparous and 
ovariectomized. The animals in the control group did not receive hormonal 
administration, while the 24h - P4 and 14d - P4 groups were previously treated with 
2.0 g of P4 intravaginal devices for 24 hours and 14 days, respectively. The 24h - E2 
group was previously treated with 1 mg of estradiol benzoate intramuscular (im), two 
times per day. The day of infusion (day 0) was the time of iu infusion of LPS (5 mg / 20 
mL 0.9% Nacl) or vehicle (20 mL 0.9% NaCl) and day +1 was considered 24 hours 
after the infusion. The IUF was measured according to Griffin and Ginther (1992) and 
Matheus et al. (2002). Datawere presented as mean + SEM. Different lower-case 
letters on the line mean difference using the Two-way ANOVA test and Bonferroni 
post-test (P < 0.05) 
 

 

No difference was observed between iu infusion of LPS (P = 0.0829) or vehicle 

infusion (P = 0.1514; Fig. 3) groups related to the iu % PMN evaluation 24h after the 

iu infusion (day +1). 

 

Fig. 3. Percentage of polymorphonuclear cells (% PMN) in endometrial cytology 
evaluation 24 hours after the LPS or vehicle iu infusion of experimental groups: (1) 
Control; (2) 24h - E2; (3) 24h - P4; and (4) 14d - P4. Each experimental group had 
eight Gir cows, primiparous and ovariectomized. The animals in the control group did 
not receive hormonal administration, while the 24h - P4 and 14d - P4 groups were 
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previously treated with 2.0 g of P4 intravaginal devices for 24 hours and 14 days, 
respectively. The 24h - E2 group was previously treated with 1 mg of estradiol 
benzoate intramuscular, two times per day. The day of infusion (day 0) was the time 
of iu infusion of LPS (5 mg / 20 mL 0.9% Nacl) or vehicle (20 mL 0.9% NaCl) and day 
+1 was considered 24 hours after the infusion. Data were presented as mean + SEM. 
Kruskal-Wallis test was performed (P < 0.05). 

 
 

 

Serum haptoglobin (Hp) and blood count 

 

The effect of hormonal treatments (P4 and E2) on the serum Hp concentration 

and on the complete blood count was performed separately, i.e., according to the iu 

challenge (Vehicle or LPS). 

The serum Hp concentration in cows with iu vehicle challenge was different on 

day +1 between 14d - P4 (1.82 ± 0.45 mg/dL) and 24h - E2 groups (P < 0.05; Fig. 4A). 

In animals challenged with LPS, a significant increase in Hp was observed between 

days 0 (LPS challenge) and + 1 in cows from the control (P < 0.05; Fig. 4E), 24h - P4 

(P < 0.01; Fig. 4E) and 14d - P4 (P < 0.005; Fig. 4E) groups, with the exception of the 

24h - E2 group. When groups challenged with LPS were compared on day +1, the Hp 

values of group 14d - P4 were higher than all the other three groups (P < 0.0001; Fig. 

4E). The erythrocyte patterns remained within the limits established for cattle [47], with 

no difference in the moments before (day 0) and after (day +1) of LPS iu infusion or t 

vehicle iu infusion, nor between the experimental groups (P > 0.05; Fig. 4B-D; Fig. 4 

F-H). 
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Fig. 4. Serum Haptoglobin and erythrogram in experimental groups: (1) Control; (2) 
24h - E2; (3) 24h - P4; and (4) 14d - P4. Each experimental group had eight Gir cows, 
primiparous and ovariectomized. The animals in the control group did not receive 
hormonal administration, while the 24h - P4 and 14d - P4 groups were previously 
treated with 2.0 g of P4 intravaginal devices for 24 hours and 14 days, respectively. 
The 24h - E2 group was previously treated with 1 mg of estradiol benzoate 
intramuscular, two times per day. The day of infusion (day 0) was the time of iu infusion 
of LPS (5 mg / 20 mL 0.9% Nacl) or vehicle (20 mL 0.9% NaCl) and day +1 was 
considered 24 hours after the infusion.  Data were presented as mean + SEM. A two-
way ANOVA test with Bonferroni post-test were performed. P value (*, P < 0.05; ****, 
P < 0.0001; ##, P < 0.05; ###, P < 0.01). The dashed horizontal lines indicate the 
minimum and maximum reference values according to Smith (2014).  

 
 

On day 0 (vehicle / LPS challenge) it was observed that the platelet counts from 

animals treated with P4 for 14 days (group 14d - P4) were lower than reference values 

[47] (Fig. 5A-B). Despite the platelet values were below the reference threshold, in the 

14d - P4 group, a significant difference was observed only with animals in the 24h - E2 

group (day 0), from both vehicle / LPS challenges. 
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Fig. 5. Plaquetogram of the experimental groups: (1) Control; (2) 24h - E2; (3) 24h - 
P4; and (4) 14d - P4. Each experimental group had eight Gir cows, primiparous and 
ovariectomized. The animals in the control group did not receive hormonal 
administration, while the 24h - P4 and 14d - P4 groups were previously treated with 
2.0 g of P4 intravaginal devices for 24 hours and 14 days, respectively. The 24h - E2 
group was previously treated with 1 mg of estradiol benzoate intramuscular , two times 
per day. The day of infusion (day 0) was the time of iu infusion of LPS (5 mg / 20 mL 
0.9% Nacl) or vehicle (20 mL 0.9% NaCl) and day +1 was considered 24 hours after 
the infusion. or vehicle (20 mL 0.9% NaCl) and day +1 was considered 24 hours after 
the infusion.  Data were presented as mean + SEM. A two-way ANOVA test with 
Bonferroni post-test were performed. P value (*, P < 0.05; ****, P < 0.0001; ##, P < 
0.05; ###, P < 0.01). The dashed horizontal lines indicate the minimum and maximum 
reference values according to Smith (2014).  

 

In the leukogram evaluation (Figs. 6-7), with the exception of absolute 

neutrophils and their fractions (Fig. 7), all other circulating leukocyte parameters 

remained within the physiological limits for the bovine species [47]. It was observed 

that on day 0 (vehicle / LPS challenge) the average of the total circulating leukocytes 

of the cows treated with P4 for 14 days (group 14d - P4) were higher than on those 

from the control group in both challenges (vehicle / LPS); (P < 0.01; Fig. 6A, Fig. 6B). 

There was a difference in circulating lymphocytes between groups 14d – P4 and 

control when they were challenged with LPS (Fig. 6F; P = 0.006). Still, on day 0, there 

were significant differences in circulating monocytes between groups 24h – E2 and 

24h – P4 (Fig. 6D), groups 24h – P4 and 14d – P4 (Fig. 6D) and control and 24h – E2 

groups (Fig. 6H). 
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Fig. 6. Leukogram of experimental groups: (1) Control; (2) 24h - E2; (3) 24h - P4; and 
(4) 14d - P4. Each experimental group had eight Gir cows, primiparous and 
ovariectomized. The animals in the control group did not receive hormonal 
administration, while the 24h - P4 and 14d - P4 groups were previously treated with 
2.0 g of P4 intravaginal devices for 24 hours and 14 days, respectively. The 24h - E2 
group was previously treated with 1 mg of estradiol benzoate intramuscular, two times 
per day. The day of infusion (day 0) was the time of iu infusion of LPS (5 mg / 20 mL 
0.9% Nacl) or vehicle (20 mL 0.9% NaCl) and day +1 was considered 24 hours after 
the infusion. or vehicle (20 mL 0.9% NaCl) and day +1 was considered 24 hours after 
the infusion.  Data were presented as mean + SEM. A two-way ANOVA test with 
Bonferroni post-test were perfomed. P value (*, P < 0.05; ****, P < 0.0001; ##, P < 0.05; 
###, P < 0.01;). The dashed horizontal lines indicate the minimum and maximum 
reference values according to Smith (2014).  
 

 

On day +1, cows in the 14d - P4 group, challenged with iu LPS infusion, showed 

a significant reduction in circulating lymphocytes (Fig. 6F; P < 0.05), eosinophils (Fig. 

6G; P < 0.05) and monocytes (Fig. 6H; P < 0.05) values. After LPS infusion (day +1), 

there was a reduction in circulating monocytes in groups 24h - E2 and 14d - P4 in 

relation to day 0 (P < 0.05; Fig. 6H). 

The values of circulating neutrophils in the four groups of cows that received iu 

vehicle were in accordance to those established for cattle [47]; No difference before 

(day 0) and after (day +1) nor between the experimental groups was observed (P > 

0.05; Fig. 7A-C). However, in animals challenged with iu LPS infusion, a neutrophilia 
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profile was observed on day +1 in all groups, except for the 24h - E2 group (Fig. 7D). 

In addition, the groups treated with P4, both 24h and 14 days, on day +1 had a 

neutrophilia profile with deviation to the left (Fig. 7D-F).  

 

 
 
Fig. 7. Absolut neutrophils count and their fractions in the experimental groups: (1) 
Control; (2) 24h - E2; (3) 24h - P4; and (4) 14d - P4. Each experimental group had 
eight Gir cows, primiparous and ovariectomized. The animals in the control group did 
not receive hormonal administration, while the 24h - P4 and 14d - P4 groups were 
previously treated with 2.0 g of P4 intravaginal devices for 24 hours and 14 days, 
respectively. The 24h - E2 group was previously treated with 1 mg of estradiol 
benzoate intramuscular, two times per day. The day of infusion (day 0) was the time 
of iu infusion of LPS (5 mg / 20 mL 0.9% NaCl) or vehicle (20 mL 0.9% NaCl) and day 
+1 was considered 24 hours after the infusion. or vehicle (20 mL 0.9% NaCl) and day 
+1 was considered 24 hours after the infusion. Data were presented as mean + SEM. 
A two-way ANOVA test with Bonferroni post-test were performed. P value (*, P < 0.05; 
****, P < 0.0001; ##, P < 0.05; ###, P < 0.01). The dashed horizontal lines indicate the 
minimum and maximum reference values according to Smith (2014). 
 

Total blood neutrophil values were higher in the 14d - P4 group on day +1 

compared to the 24h - E2 group (P < 0.01; Fig. 7D), which was also observed in 

segmented neutrophils (P < 0.05; Fig. 7E) and banded neutrophils (P < 0.01; Fig. 7F) 
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values. Banded neutrophils values were also higher in the 14d - P4 group when 

compared to other groups (Control; 24h - P4) on day +1 (P < 0.05; Fig. 7F). 

 

 

DISCUSSION 

 

We found that the iu challenge with 12.5 ug/kg of LPS in ovariectomized cows 

previously submitted to steroid hormones induced a systemic inflammatory response. 

The systemic response was more intense after the previous prolonged exposure of P4 

and less intense in relation to E2 exposure. The LPS challenge after a 14 day exposure 

to P4 increased Hp, reduced circulating lymphocytes, eosinophils, and monocytes, 

with a left shift in the neutrophile profile. 

The bilateral flank ovariectomy surgical technique [36] worked as expected 

reducing the serum P4 concentration. It was possible to maintain P4 values below 1 

ng/mL before the beginning of hormonal treatments in each experimental group. Also, 

the treatments gave steroid concentrations similar to physiological levels. A rapid (24h 

- P4) and prolonged (14d - P4) exposure to P4 using controlled release devices was 

efficient in increasing the serum concentration of this hormone. According to Rathbone 

et al. [48] and Rathbone et al. [49], the P4 controlled-release devices keep plasma 

levels high for up to 12 days; however, for safety and to ensure release, new devices 

were used in group 14d - P4 after seven days of use, since Shimizu et al. [50], in a 

study with ovariectomized Holstein cows, used two P4 implants, reaching the plasma 

levels between 4 and 8 ng/mL. 

In this study, the endometrial inflammatory response to the iu challenge with 

LPS was confirmed by the increase in the endometrial PMNs cells in all experimental 

groups (> 20 % PMNs). This local endometrial inflammatory response to the iu 

challenge with LPS was similar to those reported in uterine diseases [51], as well as in 

the induction of clinical endometritis by Escherichia coli and Trueperella pyogenes [52]. 

Increases in endometrial PMNs (%) were not only due to the LPS challenge, as animals 

that received vehicle also increased endometrial PMNs (%) after 24 hours probably 

associated with uterine manipulations. Likewise, Lüttgenau et al. [53] diagnosed cases 

of subclinical endometritis in both groups that received an intrauterine infusion with 
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PBS or LPS (3 ug/Kg of B.W.), although they manipulated the animals every 6 h and 

during the first 9 days of the estrous cycle. 

In the experimental models of clinical endometritis, in addition to the infusion of 

bacteria there was also an extra scarification of the endometrium caused by brushes 

[9,54]. Scarification may be critical for the establishment of the disease, as this exposes 

the stroma, which is considered a more susceptible layer when compared to the 

epithelium [55]. Gilbert et al. [56] found that intact endometrium prevents the uptake of 

5 ug/Kg E. coli endotoxin, but the presence of live pathogenic E. coli disrupted 

endometrial integrity and caused premature luteolysis. However, Lüttgenau et al. [53] 

induced premature luteolysis by increasing the frequency of iu infusion with repeated 

doses of 3ug/kg LPS, at 6h intervals (from 12h before and until 9 days after ovulation) 

without previous endometrial injury.  

In the present study, with the intention to reduce as much as possible the 

variables that could influence the systemic inflammatory response, so we decided to 

increase the dose of LPS in a single dose of 12.5 ug/kg, to reduce uterine manipulation, 

in addition to not promote any physical, chemical or biological aggression to the 

endometrium, so that the experimental groups could become more homogeneous.  

However, despite a less intense local inflammatory response than that one observed 

in a natural inflammatory process in the postpartum of dairy cows [4], the present study 

showed that there was a systemic inflammatory response to the iu challenge with one 

dose of 12.5 ug/kg of LPS and that it was distinct and dependent on the previous 

exposure made by E2 and P4. Experimental intrauterine infusion of LPS reaches the 

peripheral circulation [57], and clinical uterine infections result in an increase in 

circulating LPS and acute phase proteins (APPs) [58–60]. 

Our main finding was that LPS challenge after a 14 day exposure to P4 

increased Hp, reduced circulating lymphocytes, eosinophils, and monocytes, with a left 

shift in the neutrophile profile. The Hp is produced by the liver, when stimulated by 

interleukins (IL6 and IL1β), and is an inflammatory marker of spontaneous uterine 

diseases in cattle [51,52,61,62]. Piersanti et al. [52] also found that Hp concentration 

were 3.5x higher 13 days after an iu challenge infusion with E. coli and T. pyogenes, 

in cattle subjected to high concentrations of P4. 
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 In relation to hematological changes in inflammatory processes, divergences in 

the literature were observed. Some studies report leukopenia in cows with clinical 

metritis [9], while others did not observe hematological changes when clinical 

endometritis was induced [52]. Subclinical endometritis increases circulating 

leukocytes, lymphocytes and monocytes when compared to healthy cows [63], 

although, there was no difference between luteal and non-luteal phases. The 

immunosuppressive effect of P4 on cattle endometrium has been described since 1953 

using an experimental model similar to the one developed in the present study with 

ovariectomized cows [22], and has been reproduced over the years in the induction of 

uterine infections in different species, such as cows [64], ewes [65], rats [66,67] and 

sows [68]. 

The prolonged exposure to P4 (14 days) before challenge to LPS or 0.9% NaCl 

increased total circulating leukocytes, lymphocytes and monocytes, and this fact has 

not been described in the literature. Subandrio et al. [69] and Ahmadi et al. [70] 

reported that peripheral leukocyte count was not influenced by the reproductive state 

of cow, only Johnson et al. [71] showed significant changes in the white blood cell 

count, but none of these changes were sustained over a period longer than 2 days. In 

the present study, it is believed that the differences observed in circulating lymphocytes 

and monocytes between the LPS and vehicle groups, even before challenge, are likely 

due to the reduced number of animals per group (n = 4). 

In this study, it was observed changes related to blood neutrophils, with a 

significant effect on the prolonged exposure of P4 by causing neutrophilia with 

deviation to the left. In addition, there was a difference in these circulating neutrophils 

when comparing the prolonged exposure of P4 versus E2, which showed significantly 

lower values of absolute neutrophils and their fractions. It is established that 

neutrophils are fast acting phagocytes [72], as they are cells that start protection in 

response to infectious agents, giving them a fast and efficient response at the infection 

site [1,4,46]. 

This study has brought novel information relative to the immune response in Gir 

cows, the main Zebu breed used in crossbreed genetic programs with Holstein cows 

in Brazil, considering this crossing as a new breed, called Girolando, since 1996. In 

this study, we observed and quantified the local and systemic inflammatory response 
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of Gir cows submitted to the iu challenge with LPS, after being exposed to different 

hormonal conditions involving ovarian steroids, which reflects the inherent parturition 

condition, both in relation to bacterial contamination and hormonal variations. 

 

CONCLUSIONS 
 

This study provides important information related to the effect of steroids 

hormones on the systemic inflammatory response of cows challenged with intrauterine 

LPS. The challenge with intrauterine LPS infusion in ovariectomized Gir cows 

previously submitted to steroid hormones induce a systemic inflammatory response. 

The systemic response is more intense after the previous prolonged exposure of 

progesterone and less intense in relation to estradiol exposure. 
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ABSTRACT – Several systemic interactions generate a previous inflammatory 

response to the clinical signs of uterine diseases, which elevates some inflammatory 

factors, such as acute phase proteins and inflammatory cytokines. The aim of this 

study was to evaluate the response of estrogen receptor α (ESR1), progesterone 

receptor (PGR), interleukin 1β (IL1β), interleukin 6 (IL6), and chemokine ligand 5 

(CCL5) gene expression in ovariectomized Gir cows exposed to ovarian steroids as 

progesterone (P4) and estradiol (E2). For this, four experimental groups were executed 

as: Group 1: control group (n = 8) – the cows did not receive hormonal administration 

before day +1; Group 2: 24h - E2 (n = 8) – the cows received E2 24 hours (day 0) 
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before day +1; Group 3: 24h - P4 (n = 8) – the cows received intravaginal devices P4 

24 hours (day 0) before day +1; Group 4: 14d - P4 (n = 8) – the cows received P4 

before day + 14. On day 0 and day +1 or day +14, clinical and female genital tract 

examination, blood sampling for hormonal dosage (P4 and E2) and endometrial 

sampling for gene expression analyses (ESR1, PGR, IL1β and IL6, CCL5) were 

performed. A down regulation of PGR and ESR1 gene expression was verified when 

uterus was exposes to P4 for a long period; the exposure to E2 did not interfere with 

both PGR and ESR1 genes expression. Concentrations of P4 were capable to up-

regulate the IL6 gene expression at 14d - P4 exposition, and when compared to the 

24h - E2 exposition group, there was a significant difference in the expression of IL1β 

and IL6. Only the exposure to 24h - E2 was capable to down-regulated CCL5 gene 

expression. It was concluded that concentrations of P4 and E2 regulate the ovarian 

steroid receptors (ESR1 and PGR) expression.  Still, a long-term exposure to P4 up-

regulated IL1β and IL6 gene expression while estradiol down-regulated CCL5 gene 

expression. 

 

Keywords: Bos indicus; estradiol; immune response; progesterone; proinflammatory 

cytokines; uterus 

 

INTRODUCTION  

A high incidence of inflammatory diseases in the peripartum of high-yielding 

dairy cows is related, especially to uterine diseases, which occur in the immediate 

postpartum period, as retained placenta [1] and metritis [1,2], or later, as clinical [1,2] 

and cytological endometritis, between 30 and 60 days in milk (DIM) [3], in addition to 

cervicitis at 30 DIM [3].  

There are several systemic interactions that generate a previous inflammatory 

response to the clinical signs of uterine diseases, which elevates some inflammatory 

factors, such as acute phase proteins [4] and inflammatory cytokines [5,6]. Among the 

factors that contribute to the intensification of the inflammatory response in cows, some 

of them contribute to the appearance of uterine diseases as bacterial contamination 

during parturition [7]; metabolic [8–11] and endocrine alterations [12–14] that occur 
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during the transition period (especially when immune function is reduced) [15,16] and 

the occurrence of some concomitant diseases [17].  

Among the inflammatory cytokines that are relevant in uterine diseases, the 

interleukin 1β (IL1β), is one that is produced by macrophages and amplifies 

inflammation by activating B lymphocytes [18] and neutrophils [19]. Whereas the 

cytokine interleukin 6 (IL6), is secreted by endometrial cells [20,21], and they may be 

associated with the amount of neutrophils in endometritis [22], causing an inflammation 

activity by stimulating the production of  interleukin 10 (IL10) [23]. The chemokine 

ligand 5 (CCL5), is produced by T lymphocytes and macrophages and its attracts 

monocytes and eosinophils which activates the basophils cells that will release 

histamine to sites of action [24]. 

Recent studies have evaluated the influence of the endocrine on the immune 

system in the female genital tract [12,14,25] where ovarian steroids are able to regulate 

certain activities from uterine epithelial cells, controlling the gene expression of some 

cytokines in the reproductive tract [26]. Different species, including cattle, have 

demonstrated susceptibility to infection when progesterone (P4) concentrations are 

high [27,28], suggesting that P4 has an immunosuppressive effect, while estradiol (E2) 

has a protective effect [29–31].  

Some particularities related to greater or lesser resistance to diseases are 

observed between different breeds of cattle. Bos indicus cows have a greater potential 

for tolerance, however, few studies have demonstrated the genetic mechanisms by 

which this tolerance is expressed when compared to Bos taurus. For example, 

according to Rezende et al. [32], the incidence of infections such as acute puerperal 

metritis and clinical endometritis are 14.3% in Bos taurus against 11.9% in Bos indicus.  

To clarify this difference between breeds, Kumar et al. [33], showed the 

modification in some pathways, with differences in the expression of 6,767 transcripts, 

involving innate immune response, regulation of the immune response, presentation 

and processing of antigens, among others. These changes could be related to the 

lower occurrence of uterine infections in Bos indicus cows, showing a certain 

resistance inherent to these breeds. 

In Brazil, the crossing of Bos indicus with Bos taurus cows (Gir x Holstein) 

represent most of the dairy herd [34] and 80% of 25,4 bi liters of milk production [35,36]. 
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In Brazilian dairy production, due to the importance of Bos indicus animals, especially 

Gir cows, it is important to better understand the factors that interfere in the uterine 

immune response of these animals, since they are particular to Brazil, and little 

explored in studies, given that most of the researches are based on Holstein cows. 

In this study, we hypothesized that the uterine inflammatory response is less 

intense under the effects of P4 and increased under the action of E2. For this, we 

aimed to evaluate the response of estrogen receptor α (ESR1), progesterone receptor 

(PGR), IL1β, IL6, and CCL5 gene expression in ovariectomized Gir cows exposed to 

ovarian steroids as P4 and E2. 

 

MATERIAL AND METHODS 

 

Ethics statement 

In this study, all procedures were developed according to the Ethical Principles 

in Animal Experimentation approved by the Committee of Ethics in the Use of Animals 

(CEUA) of the Federal University of Uberlândia (UFU), under the protocol n.123/15. 

 

Animals, experiment location and surgical procedure 

 

A total of eight Gir (Bos indicus) cows, from a commercial dairy farm located in 

Uberlândia, Minas Gerais, Brazil, with an average of 30 months of age, were used in 

this study. They were previously evaluated for female genital tract diseases. The 

animals selected were transferred to Federal University of Uberlândia (UFU) to two 

collective pens (n=4/each pen), and they were fed with corn silage, mineral salt (with 

15% of urea) and water ad libitum. An available shade was also offered for both pens.  

After animal adaptation in the respectively pens (15 days), a bilateral flank 

ovariectomy surgery was performed, as described by Weaver et al. (2018). Surgical 

procedure was performed in the Surgical Department of the Veterinary Hospital (UFU). 

They were daily monitored during ten days after the surgery until stitches were 

removed. The experiment procedure started only after 100 days of the postoperative 

period as previously described by Magalhães et al. [38]. 
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Experiment groups 

The animals were randomly separated in the groups. The experiment was 

performed in four steps, with intervals of approximately 30 days between each step. In 

all steps the moment of steroidal hormone administration was defined as day zero 

(D0). At this time (day 0), physical and female genital tract examinations, and blood 

samples (to evaluate hormonal measurements) were performed. In addition, day +1 

(24 hours after the E2 or P4 exposure, or no hormone exposure) or day +14 (14 days 

after the P4 exposure) was defined as the time to evaluate the local uterine 

inflammatory response (in all groups) in which physical and female genital tract 

examinations, endometrial epithelium, and blood samples (to evaluate hormonal 

measurements) were performed. In both moments the local uterine inflammatory 

response (in all groups) in which physical and female genital tract examinations, 

endometrial epithelium, and blood samples (to evaluate hormonal measurements) was 

evaluated. 

 

 

Figure 1 - Schematic figure of the procedures performed in the four experimental 
groups. Eight ovariectomized Gir cows, were exposed to estradiol (E2) or progesterone 
(P4) and then evaluated the endometrial inflammatory response. 
 

For research development, four experimental groups were executed as: Group 

1: control group (n = 8) –the cows did not receive hormonal administration before day 

+1; Group 2: 24h - E2 (n = 8) –the cows received E2 (1 mg of estradiol benzoate, 

Estrogin, Biofarm, Jaboticabal-SP, Brazil, IM) 24 hours (day 0) before the proposed 

evaluation (day +1); Group 3: 24h - P4 (n = 8) – in this group the cows received P4 

(two intravaginal devices of first use of 1.0 g of P4, Sincrogest, Ourofino Saúde Animal, 

Ribeirão Preto -SP, Brazil) 24 hours (day 0) before the proposed evaluation (day +1); 

Group 4: 14d - P4 (n = 8) – in this group the cows received the previous treatment of 
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14 days with P4 (two intravaginal devices of first use of 1.0 g of P4, Sincrogest, 

Ourofino Saúde Animal, replaced at seven days) before the proposed evaluation (day 

+ 14). 

 

Clinical and female genital tract examination 

 

For general clinical evaluation of the animals, the body temperature, heart and 

respiratory rates were measured according to the recommendations by Terra and 

Reynolds [39].  

The genital tract examination was executed on day 0 (all groups), day +1 

(group 24h – E2, and group 24h - P4) and, day +14 (group 14d – P4), via the inspection 

of external structures. The evaluation of vaginal secretion was done by Metricheck 

device (Simcro Datamars, Hamilton, New Zeland) [40], rectal palpation and transrectal 

ultrasonography (US) (DP2200VET, Mindray, Shenzhen, China) was used to collect 

uterine horn diameter information (obtained by the mean of the perpendicular 

diameters from the two horns), as well as iu fluid evaluation, evaluate the location, size 

and consistency of the uterus.  

 

Blood and endometrial samples 

 

To obtain blood samples,  a venipuncture of the median caudal vein in the 

animals were performed, for serum analysis of P4 and E2 that were realized at the 

Hormonal Dosage Laboratory from Federal Fluminense University Veterinary School. 

The measurements of P4 were executed by radioimmunoassay technique using a 

commercial kit (IM1188 - Immunotech, Beckman Coulter, Prague, Czech Republic), 

and for E2 a double antigen liquid phase technique (07-138102 - ImmunChem, MP 

Biomedicals LLC, Oranhgeburg, NY, USA) was used. 

The sensitivity of the assays and the intra- assay coefficients of variation were 

5 pg/mL and 12% for E2 and 0.05 ng/mL and 10% for P4, respectively. Samples for 

setting the curve were evaluated in duplicate and samples of the trial underwent a 

single evaluation. The Wizard 2 gamma radiation counter was used to obtain the 
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results provided. All concentrations were between the maximum and minimum points 

of the curve. 

Endometrial epithelium samples were obtained by a sterile cervical brush 

(Labor Import, Joinville - SC, Brazil) adapted and inserted in a universal semen 

applicator to pass through the cervix by the cytobrush technique [41]. The samples 

obtained were placed in microtubes containing 500 µL of later RNA Solution 

Invitrogen® (Thermo Fisher Scientific, Waltham, MA USA), sent under refrigeration to 

the laboratory and placed in an ultrafreezer (-80ºC) for further analysis of the mRNA 

expression of the genes selected.  

 

Gene expression analyses 

 

Before the RNA extraction procedure, the cytobrush samples were washed in 

D-PBS (Dulbeco's phosphate buffered saline, Gibco, Thermo Fisher Science, 

Waltham, MA USA) to remove the RNA later and transferred to another microtube. The 

RNA extraction from the endometrial cytobrush sample was performed using a 

Maxwell®️ 16 Instrument (Promega, Madison, WI, USA) with the extraction kit Maxwell®️ 

RSC simplyRNA Cells Kit (AS1390, Promega, Madison, WI, USA). All steps followed 

the manufacturer's recommendation.  

A total of 200 μL of homogenization solution were added to each cryogenic 

tube containing a cytobrush, then vortexed to recover the cytobrush endometrial 

secretion. After that, 200 μL of lysis buffer were added and the tubes were vortexed 

again. The supernatants were collected and placed in the cartridges (disposable rack 

available in the kit). The cartridges were prepared using all reagents and subsequently 

inserted into the Maxwell®️ 16 Instrument for RNA extraction, after which the total RNA 

was quantified on a Quantus™️ Fluorometer using the QuantiFluor®️ RNA System kit 

(E3310, Promega, Madison, WI, USA) according to the manufacturer's 

recommendations. All RNAs were stored in an ultrafreezer at -80°C until reverse 

transcription. 

 Reverse transcription (RT) was performed using the QuantiNova Reverse 

Transcription Kit (205413, Qiagen, Hilden, Germany). All steps were executed 

according to the manufacturer's recommendations. Initially, 2 μL of Mix qDNA removal 
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were previously prepared with 3 μL of water and 10 μL of the respective sample and 

this mixture placed in the thermocycler (6333, Eppendorf, Hamburg, Germany) for the 

first incubation. Meanwhile, RT Mix was prepared to be mixed in the sample tubes and 

incubated in a thermocycler again for RT enzyme denaturation. Finally, the cDNA of 

each sample was quantified on a Quantus™️ Fluorometer using the QuantiFluor™️ 

ssDNA System kit (E3190, Promega, Madison, WI, USA), and stored in a freezer at –

20 °C. 

Quantification of genes that encode the pro-inflammatory mediators such IL1β, 

IL6, CCL5, and ESR1 and PGR receptors were performed with an StepOne Plus 

(Applied Biosystems, Foster, CA, USA), using the threshold cycle (Ct) comparative 

method (Livak and Schmittgen, 2001). The Glyceraldehyde-3-Phosphate 

Dehydrogenase (GAPDH) gene was used as a control. An MicroAmp™️ Optical 96-

Well Reaction Plate with Barcode (4306737, Applied Biosystems, Foster, CA, USA) 

was used and the amplifications were performed in duplicate. The reaction conditions 

were determined previously by standardized cycles of 95°C for 2 minutes, 40 cycles of 

95°C for 5 seconds and 60°C for 10 seconds. For the melting curve the conditions 

were 95°C for 15 seconds, 60°C for 1 minute and 95°C for 15 seconds. 

 For the reaction, a QuantiNova™️ SYBR Green PCR Kit (208056, Qiagen, 

Hilden, Germany) was used. All steps were according to the manufacturer's 

recommendation. The proportions of the reagents used in the mix for each sample 

were: 5 μL of sybr green PCR Master MIX, 1.0 μL of QN ROX Reference Dye, 0.2 μL 

of forward primer, 0.2 μL of reverse primer, 1.6 μL of RNAse-free water and 2.0 μL of 

cDNA at a concentration of 35 ng/μL. The primers used to amplify IL1β, IL6, CCL5, 

ESR1 and PGR are shown in Table 1. The endogenous gene selected was GAPDH, 

as it is expressed in uterine tissue (Wathes et al., 2009). 

 

Table 1 – Primers and probes used for analysis of gene expression in qPCR 

Gene Primers/ probes (5’-3’) 
Access number  
Gene Bank* 

GAPDH 
Forward: GGTCACCAGGGCTGCTTTTA 
Reverse: TTCCCGTTCTCTGCCTTGAC 

NM_001034034.2 

IL1 β 
Forward: ACGAGTTTCTGTGTGACGCA 
Reverse: TGCAGAACACCACTTCTCGG 

NM_174093.1 

IL6 
Forward: GGGCTCCCATGATTGTGGTA 
Reverse: GTGTGCCCAGTGGACAGGTT 

NM_173923.2 
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CCL5 
Forward:CATGGCAGCAGTTGTCTTTATCA 
Reverse: CTCTCGCACCCACTTCTTCTCT 

NM_175827 

PGR 
Forward: TCCCCCCACTGATCAACTTG 
Reverse: TCCGAAAACCTGGCAGTGA 

AJ557823.1 

ESR1 
Forward: CAGGCACATGAGCAACAAAG 
Reverse: TCCAGCAGCAGGTCGTAGAG 

NM_001001443.1 

Note: *https://www.ncbi.nlm.nih.gov/gene/; GAPDH – glyceraldehyde-3-phosphate 
dehydrogenase; IL1β – interleukin 1β; IL6 - interleukin 6; CCL5 – chemokines ligand 
5; PGR – progesterone receptor; ESR1 – estrogen receptor 1. 
 

Statistical analyses 

 

Graphics and data available were executed by GraphPad Prism 9 statistical 

software (GraphPad Software, San Diego, CA, USA). Cows were considered as an 

experimental unit. Data were tabulated initially in Excel spreadsheets and descriptive 

statistics were presented as mean and standard error of the mean (SEM).  

Variables considered as quantitative (gene expression) were subjected to the 

Kolmogorov-Smirnov test to verify whether or not they had a parametric distribution, 

those with parametric distribution were subjected to analysis of variance (parametric 

ANOVA) and Tukey's Multiple Comparison post-test (IL6, PGR, ESR1); and those with 

non-parametric distribution were analyzed using the Kruskall-Wallis test (non-

parametric ANOVA) and Dunn’s Multiple Comparison post-test (ILβ, CCL5). Statistical 

significance was considered as P ≤ 0.05. 

 

RESULTS 

 

The cows remained clinically healthy during all four steps of the experimental 

design. All cows (n = 8) were clinically healthy and had an average weight of 408.7 ± 

33 kg. No significant changes in the clinical examination of the female genital tract 

were observed.  

  

Serum levels of progesterone and estradiol 

 

Serum P4 and E2 concentrations are described in table 2. Serum E2 

concentrations in the 24h - E2 group (n = 8) were higher on day +1 compared to the 
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previous time of collection (day 0). In the 24h - P4 group the concentration on day +1 

was higher compared to day 0 (treatment with P4). The group 14d - P4 (n = 8) 

presented P4 concentration on day +14, higher than on day 0 however, it was reduced 

compared to day +7. 

 

Table 2.  Serum concentration of progesterone and estradiol according to groups (1) 

Control, (2) 24h - E2, (3) 24h - P4, and (4) 14d - P4. 

 Days after hormone administration 

Groups Day 0 Day +1 Day +7 Day +14 P value 

 Progesterone (ng/mL) 

(1) Control 0.01 ± 0.02 - - - - 

(3) 24h – P4 0.00 ± 0.00a 4.64 ± 1.43b - - 0.0001 

(4) 14d – P4 0.22 ± 0.41a - 2.78 ± 0.62b 1.66 ± 0.49c <0.0001 

 17 β- estradiol (pg/mL) 

(2) 24h – E2 7.86 ± 4.59a  39.64 ± 11.73b   0.0001 

Note: The control (1) group did not receive hormonal administration, while the 24h - P4 (3) and 14d - P4 
(4) groups were previously treated with 2.0 g of P4 intravaginal devices for 24 hours and 14 days, 
respectively. The 24h - E2 (2) group was previously treated with 1 mg of estradiol benzoate i.m. two 
times per day. Data were presented as mean + SD. Paired T test (groups 2 and 3). One-Way ANOVA 
and Tukey's Multiple Comparison post-test (group 4). 

 

Steroidal hormones receptors and inflammatory mediators gene expression 

 

The gene expression of PGR is described in Figure 2A. The P4 pre-treatment 

groups (24h - P4 and 14d - P4) had lower PGR gene expression (P = 0.001) when 

compared to the control group. Regarding ESR1 gene expression (Fig. 2B), the 

difference observed was only in the expression of the 14d - P4 group when compared 

to the control group (P = 0.0459). 
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Figure 2 – Relative gene expression of progesterone and estradiol receptors in 
endometrial epithelial cells under E2 and P4 treatments, progesterone (PGR) and 
estradiol 1 (ESR1) of the experimental groups: (1) control; (2) 24h - E2; (3) 24 - P4 e 
(4) 14d - P4. Each experimental group had eight Gir cows, primiparous and 
ovariectomized. The animals in the control group did not receive hormonal 
administration, while the 24h - P4 and 14d - P4 groups were previously treated with 
2.0 g of P4 intravaginal devices for 24 hours and 14 days, respectively. The 24h - E2 
group was previously treated with 1 mg of estradiol benzoate intramuscular, two times 
per day.  Data were presented as mean + SEM. Fig. 2A; 2B – An One-Way ANOVA 
and Tukey’s Multiple Comparison post-test were performed. P value (*, P < 0.05; **, P 
< 0.01). 

 

The local response of the endometrium to P4 and E2 is shown in Figure 3 and 

was evaluated through gene expression of the inflammatory mediators as IL1β (Fig. 

3A), IL6 (Fig. 3B) and CCL5 (Fig. 3C). IL1β gene expression (Fig. 3A) was higher (P = 

0.0031) in the group exposed to P4 for a long period (14d - P4), when compared to the 

group exposed to estradiol (24h - E2). IL6 (Fig. 3B) had higher expression (P = 0.0001) 

in the group treated with P4 for a long period (14d - P4), when compared to the other 

groups. The chemokine CCL5 (Fig. 3C) had lower expression (P=0.0120) in the 24h - 

E2 treatment, when compared to the control group. 

 



74 
 

 

Figure 3 – Uterine endometrial epithelial cells cytokines IL1β and IL6 and chemokine 
CCL5 gene expression of the experimental groups: (1) control; (2) 24h - E2; (3) 24h - 
P4 e (4) 14d - P4. Each experimental group had eight Gir cows, primiparous and 
ovariectomized. The animals in the control group did not receive hormonal 
administration, while the 24h - P4 and 14d - P4 groups were previously treated with 
2.0 g of P4 intravaginal devices for 24 hours and 14 days, respectively. The 24h - E2 
group was previously treated with 1 mg of estradiol benzoate intramuscular, two times 
per day.  Data were presented as mean + SEM. Fig. 3A, 3C - Kruskall-Wallis test and 
Dunn’s Multiple Comparison post-test; Fig. 3B - One-way ANOVA and Tukey’s Multiple 
Comparison post-test. P value (*, P < 0.05; **, P < 0.01; ***, P < 0.001). 
 
 
DISCUSSION 

 

The effect of ovarian hormones on endometrial immune response and uterine 

infections is still very controversial, however, some associations have been described. 

In the present study, when evaluating the effect of these hormones in vivo in previously 

ovariectomized Gir cows, a more effective action was verified in the down regulation 

of PGR and ESR1 gene expression when there was a long exposure to P4, also with 

24h of P4 exposure, a down regulation in PGR gene expression was observed.  

Exposure to E2 did not interfere with both PGR and ESR1 genes expression. 

Regarding the measured cytokines, exposure to P4 promoted greater interference with 

up-regulation of IL6 gene expression at 14d - P4 exposition, and when compared to 

the 24h - E2 exposition group, there was a significant difference in the expression of 

IL1β and IL6. When CCL5 gene expression was evaluated, it was observed that only 

the exposure to 24h - E2 was capable to down-regulated this gene. 
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The surgical procedure performed to reduce and standardize the effect of 

ovarian hormones, was the left flank bilateral ovariectomy surgical technique [37], and 

it worked as expected reducing the serum P4 concentration [38]. 

In this study, the long exposure to P4 reduced the gene expression of both 

PGR and ESR1 receptors on epitelial endometrial cells. These results agree with those 

described by Spencer and Bazer [42] and Spencer et al. [43] in ewes, and also, are in 

accordance to Okumu et al. [44], that observed the same effect in cattle. They affirmed 

that P4 inhibits the expression of its own receptors, and also, are capable to block 

estrogen receptor during the mid-luteal stage of the estrous cycle. Still, P4 is able to 

modulate the effects of E2, reducing its action on ESR1 [26], consequently, when there 

is a predominance of P4, there would be less expression of the two receptors [45]. In 

addition to the receptor expression pattern, ovarian steroids alter the environment of 

endometrial epithelial cells and, consequently, their mechanical barrier function in 

innate immunity also changes, modifying cellular pathways for cytokines and 

chemokines secretions [26].  

In this study, after 24h of induction with E2, it was not possible to demonstrate 

that estrogen modify the expression of ESR1 receptor as well as those for PGR, as 

observed in ovariectomized ewes by Wathes et al.  [46]. Also, in ex vivo bovine 

endometrial cultures, ovarian steroids receptors (ESR1 and PGR) expression was 

regulated by progesterone and estradiol [25]. 

This experiment showed that primiparous Gir cows exposure to P4, up-

regulated the expression of IL1B and IL6, different from Madoz et al. [14], who 

associated Holstein dairy cows with low and not with high physiological P4 

concentration, which was evaluated on days 4 and 9 of the estrus cycle, with up-

regulation of genes involved in the immune system and inflammatory response.  

Fischer et al. [47], collected cows endometrial samples from a slaughterhouse 

and classified the estrous cycle according to utero-ovarian morphology characteristics 

(without hormonal measurement) to evaluate the expression of cytokines in each 

estrous stage. They found an increase in CCL5, IL1β and IL8 gene expression in the 

groups around the ovulation (pre- and post-ovulatory phase) in relation to the luteal 

phase. In contrast, they found significant differences in IL6 mRNA expression between 

the different stages of cows’ estrous cycle. 
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The treatment with 24h - E2 exposure did not alter the IL1β and IL6 cytokines 

expression when compared to the control group, however, when compared to P4 

treatment, increased IL1β and IL6 cytokines expression and decreased CCL5 gene 

expression when compared to control group. 

The effect of E2 on endometrial immune response and uterine infections is still 

controversial, as some studies relate that during the follicular phase of the estrus stage, 

when estradiol concentrations are high, the endometrium is more resistant to infection 

[29,30]. On the other hand, Galvão et al. [48] observed a higher estradiol concentration 

on the day of calving for cows that developed postpartum metritis and concluded that 

greater plasma estradiol levels at calving in cows that had metritis could be another 

contributing factor to their immunosuppression. According to Wyle and Kent [49] and 

Goff and Horst [50], the plasma estradiol on the day of calving is also thought to 

contribute to the overall immunosuppression described in cows around calving. 

Conferring to Cunningham and Gilkeson [51], studies exploring estradiol in 

vitro showed a primarily anti-inflammatory action, still, high levels of estradiol reduced 

the inflammatory response (Fahey et al., 2008; Schaefer et al., 2005), as it inhibits the 

expression of pro-inflammatory mediators by endometrial cells (Wira et al., 2014), 

increasing epithelial cells proliferation (Zhu; Pollard, 2007) and secretion of 

antimicrobial peptides (Taggart et al., 2005). Together, these events create an anti-

inflammatory environment, reducing the secretion of inflammatory cytokines and, 

consequently, cell migration, suspending the inflammatory environment associated 

with infections (Wira; Rodriguez-Garcia; Patel, 2015).  

It is suggested that these differences observed in cytokines expression could 

be related to the experimental model used, or a characteristic of Gir cows, since they 

are animals that present greater resistance to diseases compared to European cows, 

due to better adaptability to tropical climate, since the genotype-environment 

interaction is very important when considering production models, where these animals 

will be part of Brazilian climatic conditions [57,58]. 

 

CONCLUSIONS  
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It is concluded that in ovariectomized Gir cows, the concentrations of 

progesterone in long exposition regulate the ovarian steroid receptors (ESR1 and 

PGR) expression. Still, long-term exposure to progesterone up-regulated IL1β and IL6 

gene expression, while estradiol down-regulated CCL5 gene expression. 
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