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VIEIRA, A. F. Influéncia da flunixina meglumina e do firocoxib na fase
lutea de fémeas bubalinas (Bubalus bubalis Linnaeus, 1758) receptoras de
embrides. Botucatu, 2021. 60p. Exame geral da qualificacdo da dissertacao
apresentada junto ao Programa de Pés-Graduacdo em Biotecnologia Animal
para obtencdo do titulo de Mestre. Faculdade de Medicina Veterinaria e
Zootecnia (FMVZ), Campus de Botucatu, Universidade Estadual Paulista
(UNESP).

RESUMO:

O presente trabalho teve por objetivo avaliar a agdo da flumexin meglumina
(FM) e do firocoxib (FIRO) como inibidores da sintese de prostaglandina na
fase Iutea por meio de avaliacbes das concentracbes plasmaticas de
progesterona (P4). Foram utilizadas 29 bufalas multiparas higidas adultas
submetidas a manipulacéo do trato reprodutivo apds a sincronizacdo do cio. Os
animais foram divididos aleatoriamente em trés grupos: Grupo controle (G1, n =
9), auséncia de tratamento; Grupo experimental FM (G2, n = 10), aplicacéo
Unica de 1,1 mg/Kg; Grupo experimental FIRO (G3, n = 10), aplicacdo Unica de
0,1 mg/Kg, ambas por via intravenosa. As caracteristicas do corpo lateo (CL)
foram determinadas pelo exame ultrassonografico, e posteriormente foram
determinadas as concentracfes plasmaticas de P4. Com base nas analises
realizadas, foi identificado que nos grupos FM e FIRO o CL se manteve com
tamanho similar ao longo do estudo, enquanto que o no Grupo Controle foi
observada uma reducao significativa entre o sexto dia (D6), 12° dia (D12) e 18°
dia (D18) apds a sincronizacdo do cio. Com relacdo a concentracdo plasmatica
de P4, foi identificado um aumento significativo no D12, seguido por uma
diminuicdo estatisticamente significativa no D18 em todos os grupos. Os
grupos FM e FIRO foram capazes de manter uma concentracdo mais alta de
P4 no D18 quando comparados ao Grupo Controle. A aplicacdo Unica de FM
(1,1 mg/Kg) e FIRO (0,1 mg/Kg) foi benéfica na prevencdo da queda das
concentracbes de P4 no periodo critico para a concepcao em fémeas

bubalinas.

Palavras-chave: anti-inflamatério, bufala, corpus luteo, estro sincronizacéo,

ultrassonografia.



VIEIRA, A. F. Influence of flunixin meglumine and firocoxib in the luteal
phase of bubaline females (Bubalus bubalis Linnaeus, 1758) embryo
recipients. Botucatu, 2021. 60p. Exame geral da qualificacdo da dissertacdo
apresentada junto ao Programa de Pds-Graduacdo em Biotecnologia Animal
para obtencdo do titulo de Mestre. Faculdade de Medicina Veterinaria e
Zootecnia (FMVZ), Campus de Botucatu, Universidade Estadual Paulista
(UNESP).

ABSTRACT:

The aim of this study was to evaluate the effects of flumexin meglumine (FM)
and firocoxib (FIRO) as inhibitors of prostaglandin synthesis in the luteal phase
through assessments of plasmatic measures of progesterone (P4). Twenty-nine
healthy adult multiparous buffaloes submitted to manipulation of the
reproductive tract after estrus synchronization were used. The animals were
randomly divided into three groups: Control Group (G1, n = 9), no treatment; FM
Experimental Group (G2, n = 10), single application of 1.1 mg/kg; FIRO
Experimental Group (G3, n = 10), single application of 0.1 mg/kg, both
intravenously. The characteristics of the corpus luteum (CL) were determined
by ultrassonographic examination, and were determined according to the
plasma levels of P4. Based on the analyzes performed, it was identified that in
the FM and FIRO groups the CL remained with a similar size throughout the
study, while the Control Group showed a defined reduction between the sixth
day (D6) and 12" day (D12) and 18™ day (D18) after estrus synchronization.
Regarding plasma P4 concentration, a significant increase in D12 was
identified, followed by a statistically significant decrease in D18 in all groups.
The FM and FIRO groups were able to maintain a higher concentration of P4 on
D18 when compared to the Control Group. The single application of FM (1.1
mg/kg) and FIRO (0.1 mg/kg) was beneficial in preventing the fall of P4

specialties in the critical period for conception in buffalo females.

Keywords: anti-inflammatory, buffalo, estrus, corpus luteum, synchronization,

ultrasound.






CAPITULO 1



1. INTRODUCAO E JUSTIFICATIVA

Entre os anos de 2005 e 2015 a taxa de producdo mundial de
bufalos e de seus derivados (ex. leite) foi de 14,1% e 24,5%, respectivamente
(FAO, 2015). Na atualidade, € contabilizado mais de 200 milhdes de cabecas
de rebanho bubalino ao redor do mundo, e a producédo de leite anual é acima
de 97,5 milhdes de toneladas (FAO, 2015). De acordo com Instituto Brasileiro
de Geografia e Estatistica Brasileiro (IBGE), este rebanho alcancou a marca de
1.434.141 cabecas em todo o territorio brasileiro no ano de 2016 (IBGE, 2017),
com um aumento acima de 10% quando comparado com ano anterior (FAO,
2015).

O aumento da produtividade do rebanho bubalino esta associado a
implementacdo de técnicas de melhoramento genético por meio de
biotecnologias da reproducdo, tendo em vista o fator socioecondmico
(SOARES, 2015). Essas biotecnologias incluem a transferéncia embrionaria
(TE) e a producéo in vitro de embrides (PIVE), advindo pelo conhecimento do
ciclo estral e da dinamica folicular desta espécie (MANN e LAMMING, 2001,
PEREIRA, 2015).

Diversas pesquisas foram realizadas com o intuito de avaliar a TE
em bufalas (OBA et al.,, 1994; CARVALHO et al., 2002; CAMPANILE et al.,
2010), e foram identificadas limitac6es associadas a baixa taxa de recuperacao
embrionaria (BARUSELLI et al., 2000; ZICARELLI et al., 2000; CARVALHO et
al.,, 2002). Estudo realizado por Baruselli et al. (2000) identificaram um
porcentual menor (34,8%) de ovulacbes em bufalas submetidas a
superestimacao folicular quando comparadas com fémeas bovinas que
apresentaram taxas superiores a 60% (ADAMS, 1994). Essa diferenca foi
associada com a falha nos batimentos ciliares do epitélio da tuba uterina e/ou
na contracdo da musculatura lisa da miosalpinge, ambas controladas por
hormonios esteroides ovarianos (CARVALHO et al., 2007).

Os tratamentos hormonais melhoraram os indices de sucesso da
TE, sendo baseando na inibicdo da lutedlise por meio de uso de
progestagenos, do hormonio liberador de gonadotrofina (GnRH) e do horménio
luteinizante (LH); ou pelo aumento na producdo de interferon bovino (bST)
(MANN e LAMMING, 2001).



O processo de lutedlise esta associada diretamente com a sintese
de prostaglandinas F2 alfa (PGF2a), e esta por sua vez com a expressao da
enzima ciclo-oxigenase 2 (COX-2) (CARDOSO et al.,, 2020). Desse modo,
utiliza-se o acido graxo, ex. acido linoleico, como forma de incrementar as
taxas de prenhez devido a propriedade inibitéria da sintese de prostaglandina
endometrial via inibicdo da atividade da COX-2 (CARDOSO et al., 2020). Por
outro lado, o &cido linoleico também age inibindo as enzimas fosfolipase A2
(PLA 2) e ciclo-oxigenase (COX) por meio da competicdo com o &cido
araquidénico (AA) na sintese dessas enzimas indutoras da PGF2a (CARDOSO
et al., 2020). Acredita-se que a inibicdo da proteina regulatéria aguda da
esteroidogénese (StAR) responsavel pela diminuicdo na captacdo e transporte
de colesterol para o corpo luteo (CL) seja um ponto a ser considerado na
inibicdo exercida pela PGF2a sobre a sintese de progesterona (P4) pelo CL
(NISWENDER et al., 2000). Outra alternativa de inibicdo da lutedlise seria o
uso de anti-inflamatérios ndo esteroides (AINEs), como a flunixina meglumina
(FM) ou o firocoxib (FIRO) que possuem acéo inibitéria na sintese da COX-2
(WASFI et al., 2015).

Visto que a liberacdo da PGF2a no endométrio pode ocorrer durante
a TE, e presumindo que métodos que visam a inibicdo de COXs possam
aumentar as taxas de prenhez de receptoras de embrides em fémeas bovinas
(MANN e LAMMING, 2001), o presente trabalho tem como objetivo avaliar a
acdo do FM e do FIRO como inibidores da sintese de prostaglandina na fase
lutea de fémeas bubalinas receptoras de embriées, por meio de avaliagbes das
concentracdes plasmaticas de P4.

Os resultados do estudo poderao ser utilizados como alicerces para
aumento da taxa de prenhez de fémeas bubalinas submetidas a TE utilizando
como base os AINEs de custo baixo e amplamente usados na area da
Medicina Veterinaria. Por outro lado, o uso do FIRO como método inibitério de
secrecdo de PGF2a em bufalas esta ausente na literatura, determinando assim

o ineditismo do presente trabalho.



2. REVISAO DA LITERATURA

2.1. Ciclo estral de fémeas bubalinas

O conhecimento do ciclo estral € de extrema importancia para a
implementagéo de programas reprodutivos que envolvam a sincronizagao do
estro e ovulagdo em fémeas de producao, incluindo as bufalas (BARUSELLI et
al., 1997). Nas fémeas bubalinas a PIVE representa um mercado promissor e
em ascensao, porém diversas limitacdes de natureza técnica que inclui a baixa
producdo de blastocistos tém prejudicado o uso desta biotécnica em escala
comercial (PEREIRA, 2015).

A produtividade do rebanho bubalino ¢é influenciada pelas
particularidades da espécie, como a manifestacao discreta do estro, puberdade
tardia, anestro poés-parto prolongado, baixas taxas de concepcdo e
sazonalidade reprodutiva (PEREIRA, 2015). Assim, a TE é utilizada com o
intuito de melhorar os indices reprodutivos e produtivos nesses rebanhos
(PEREIRA, 2015). Paralelamente, a maioria dessas transferéncias sdo usadas
receptoras da espécie bovina com sinais de estro identificadas entre 0 sexto e
nono dia (CARDOSO et al., 2020).

As fémeas bubalinas possuem similaridades com o ciclo estral das
fémeas bovinas, porém com pequenas particularidades (SILVA et al., 2009).
Durante o ciclo estral ocorrem duas fases ao nivel do foliculo dominante, a fase
luteal e a fase folicular, sendo a primeira mais longa e com secrecao de P4
pelo CL, e a segunda mais curta e com concentracfes plasmaticas elevadas de
estroégeno (E2) e baixas de P4 (JAINUDEEN e HAFEZ, 2016).

O ciclo estral das bufalas tem duracdo média de 23 dias, podendo
variar entre 21 e 24 dias, e pode ser influenciado por fatores nutricionais e
genéticos, pela idade e pelo clima, sendo que o estro ocorre com maior
intensidade durante o outono e inverno, conferindo uma estacionalidade
reprodutiva (FERREIRA, 2017).



Desse modo, as bufalas sdo classificadas como fémeas poliéstricas
estacionais de dias curtos em regides com menores latitudes, e poliéstricas
continuas quanto maior sua proximidade a linha do Equador, determinando a
duracdo da luminosidade como o estimulo que coordena o ciclo estral
(ZICARELLI, 1997; BARUSELLI et al.,, 2001; SRINIVASAN et al., 2009;
FERREIRA, 2017).

A sazonalidade do ciclo estral € regulada pela melatonina, um
horménio sintetizado pela glandula pineal, e secretado durante o periodo
noturno (SENGER, 2003). Assim, quanto maior a exposicdo a luz solar, que
ocorre em dias longos durante o verdo e primavera, menor € a secrecao da
melatonina (SRINIVASAN et al., 2009). No entanto, nas estacdes de dias mais
curtos como 0 outono e inverno ocorre o inverso, identificando uma menor
exposicdo a luz solar com uma maior producdo e secrecdo do hormdnio
(SRINIVASAN et al., 2009). Por sua vez, a melatonina estimula a secrecdo do
hormonio liberador de gonadotrofina (GnRH) pelo hipotalamo, e alcanca a
hipofise pelo sistema porta hipotalamico-hipofisario induzindo a liberagdo das
gonadotrofinas pela adenohipdfise, e estas atuam diretamente na maturacéo
folicular, ovulacéo e na formacéo de CL (ROCHA et al., 2011).

As condicbes de manejo também sdo importantes no ciclo estral
visto que a condicdo nutricional da bufala gestante interfere na producédo
folicular fetal (SANTOS et al., 2002; MOSSA et al., 2013). Segundo Mossa et
al. (2013), fémeas bovinas submetidas a qualquer tipo de restricdo alimentar
possuem alto indice de parir bezerras com menor populacdo de ovdcitos e

menor quantidade de foliculos antrais na sua fase adulta.

2.2. Ovulacao e mediadores da inflamacéo

Nas fémeas bubalinas é identificada entre uma e trés ondas
foliculares no estro, sendo mais comum duas ondas foliculares (BARUSELLI et
al., 1997; ALI et al., 2003; PRESICCE et al., 2004; EL-WISHY, 2007). Essas
ondas estdo associadas com a fase litea que corresponde a 10,4 + 2,1 dias
em ciclos estrais de duas ondas, sendo que o intervalo entre as ovulacdes
varia entre 21 e 25 dias, e em bufalas com trés ondas observa-se um periodo
mais longo (BARUSELLI et al., 1997).



A ovulacdo é um processo onde ocorre a liberacdo do ovdcito por
meio da ruptura da parede do foliculo ovariano maduro, e consequentemente
degradacdo da matriz de colageno (GOTTSCH et al., 2000). Esse processo
envolve a maturagdo do ovocito, remodelacéo da matriz extracelular folicular e
mudancas morfologicas e bioquimicas das células da granulosa e da teca do
foliculo ovulatério que posteriormente se transformam em células do CL
(GOLDMAN e SHALEV, 2004; DUFFY et al., 2019). Segundo Nathan (2002), a
ovulacdo é considerada um processo inflamatério agudo visto que ocorre
envolvimento e reconhecimento do agente causador do estimulo agressivo e
posterior reestabelecimento do tecido comprometido. Paralelamente, ocorre a
amplificacdo do sistema imune e liberacdo das células e mediadores
bioquimicos inflamatorios especificos da cicatrizagdo (NATHAN, 2002; SUZUKI
et al.,, 2003). Esses mediadores incluem as citocinas pro-inflamatorias
[interleucinas 1, 6 e 8 (IL-1; IL-6; IL-8), fator de necrose tumoral alfa (FNT-a) e
o interferon gama (IFN-y)], eicosanoides [prostaglandinas E e F (PGE e PGF)
derivadas do AA]; além das proteases, colagenases e das metaloproteinases
de matriz (MOSQUINI et al., 2011; DENNIS e NORRIS, 2015).

As citocinas inflamatérias sédo polipeptideos ou glicoproteinas
extracelulares produzidas por diferentes células localizadas no local da leséo,
como também por células do sistema imunoldgico (LIN et al., 2000). Elas sao
ativadas pelas proteinoquinases, e ao contrario dos hormonios classicos as
citocinas ndo sdo armazenadas como moléculas preformadas; atuam pelos
mecanismos paracrino e autécrino; e agem por pleiotropia, isto € uma Unica
citocina pode agir e estimular diversas células (LIN et al., 2000; ZHANG e AN,
2007). Suas funcdes estdo associadas com a atividade, diferenciacéo,
proliferacdo e o tempo de vida Gtil da célula imunolégica (CURFS et al., 1997),
e, também, na regulacdo da producdo e da acdo de citocinas, aumentam
(citocinas pro-inflamatorias) ou diminuem (citocinas anti-inflamatoérias) a
resposta inflamatoria (CURFS et al., 1997). Contudo, a producéo exacerbada e
persistente das citocinas pro-inflamatérias apés o estimulo agressor induz
alterac6es metabdlicas (CURFS et al., 1997; LIN et al., 2000; RAEBURN et al.,
2002; ZHANG e AN, 2007).



A IL-1 é produzida pelos macrofagos, mondcitos, fibroblastos,
células endoteliais, e entre outras, e esta associada as membranas celulares
(RAEBURN et al., 2002; ZHANG e AN, 2007; WOLF et al., 2008). Ela induz a
inflamag&o por meio da ativagdo da COX-2 e com a formagédo de PGE2 no
hipotalamo anterior (WOLF et al., 2008). A IL-6 é secretada também pelos
macrofagos e mondcitos, e pelos eosinofilos, sendo o FNT-a e a IL-1
consideradas indutores da IL-6 (CURFS et al., 1997). Essa interleucina
promove maturagdo e ativacao de neutrofilos e macréfagos, e diferenciacédo ou
manutencdo de linfécitos-T citotoxicos (CURFS et al., 1997; WOLF et al.,
2008). Por sua vez, a IL-8 é secretada pelos macréfagos ativados e estimula a
diferenciacdo dos linfocitos em produtores de IFN-y (RAEBURN et al., 2002;
ZHANG e AN, 2007; WOLF et al., 2008).

O FNT-a € uma citocina pré-inflamatéria produzida principalmente
pelos mondcitos, macrofagos e linfocitos-T, e participa no processo de
apoptose e na proliferacao de linfécitos-T, fibroblastos, e entre outras células
(RAEBURN et al., 2002; ZHANG e AN, 2007). Outras fungbes do FNT-a
incluem a estimulacdo e liberacdo de moléculas de adesdo, PGE2 e
eicosanoides (CURFS et al., 1997, RAEBURN et al.,, 2002). O IFN-y € uma
citocina solivel dimerizada que estimula genes por meio de moléculas de
sinalizacdo e atua em diferentes células (ZHANG e AN, 2007). Ele é liberado
apos a inducdo da resposta imune adaptativa, tendo como principal funcdo a
atracdo de macrofagos e reorganizacdo das areas com presenca de inflamacao
(RAEBURN et al., 2002; ZHANG e AN, 2007).

O interferon-tau (IFN-T) é considerado um interferon com capacidade
de atividade antiviral elevada e inibicdo da regressdo do CL por meio
supressao da liberagao pulsatil de PGF2a endometrial induzida pela presenca
do embrido viavel (MANN e LAMMING, 2001; MARQUES et al., 2007).
Consequentemente, esse embrido age de forma paracrina na fémea bovina
anulando a transcricdo de genes para receptores de ocitocina e estrégeno no
endométrio, e assim ocorre a auséncia da liberacdo de PGF2a (MARQUES et
al., 2007).



Mann e Lamming (2001) identificaram em seu estudo uma
correlacdo entre o tamanho embrido no periodo de reconhecimento materno e
a quantidade de IFN-T no lumen uterino, concluindo que que conceptos menos
desenvolvidos ou inviaveis estdo associados com baixas concentracdes de
IFN-T intrauterino e, e consequentemente com falha no bloqueio da liberacao de
PGF2a pelo endométrio resultando perda embrionaria.

Os eicosanoides sédo liberados pelos fosfolipidios da membrana
celular lesada por acdo catalitica da fosfolipase A2, sendo que a
hidroperoxidase e as ciclo-oxigenase 1 (COX-1) e a COX-2 catalisam as
reacdes de sintese dos prostanoides (prostaglandina e tromboxano) por meio
do AA (MOSQUINI et al., 2011; MONTORO et al.,, 2012). Essas COXs
participam na formacdo de peréxidos biciclicos (endoperéxidos) por meio da
oxigenacdo de acidos graxos poli-insaturados (MARNETT et al., 1999), e séo
inibidas pelos AINEs e consequentemente reducdo da conversdao do AA em
prostaglandinas (BOMBARDIER et al., 2000; MOSQUINI et al, 2011).

2.3. Luteinizacéo e lutedlise

Com a formagcdo do CL inicia-se a secrecdao da P4 de forma
exponencial até o meio da fase litea, onde ocorre um platd (SILVIA et al.,
1991). Nesse periodo a P4 exerce um efeito inibitério sobre a secrecdo da
PGF2a ao nivel dos genes da ocitocina (OT) e bloqueia a producdo de E2
(JENNER et al., 1991; SILVIA et al., 1991).

O CL de bhufalas é considerado menor e menos pronunciado que o
das fémeas bovinas (DROST et al., 1983). Paralelamente, a P4 induz a
diminuicdo da secre¢do dos hormoénios luteinizante (LH) e foliculo estimulante
(FSH) durante a fase latea por meio de retroalimentacdo negativa sobre a
liberacdo do GnRH pelo hipotalamo (NISWENDER et al., 2000; SANTOS et al.,
2001; THATCHER et al., 2001), como também estimula o acumulo de AA e
COXs no endométrio (SILVIA et al., 1991). Diferentes estudos relacionaram os
niveis de P4 com o desenvolvimento embrionario em fémeas bovinas, como
também a presenca de concentracdes elevadas de P4 entre a inseminacao e a

concepcao e concentracdes elevadas do IFN-T (MANN e LAMMING, 2000).



A fase luteolitica é caracterizada pela secrecdo da PGF2a pelo
endométrio, diminuicdo da vascularizacdo, fagocitose e apoptose das células
do CL, entre outros (AROSH et al., 2002; NEUVIANS et al., 2003; TANIKAWA
et al.,, 2005) e inicia-se entre o 15° e 18° dia do ciclo estral, momento onde
ocorre a auséncia de fertilizacdo do ovoécito ou embrido viavel (AROSH et al.,
2002; TANIKAWA et al., 2005). A liberacdo desse horménio também esta
associada a OT e E2 que possuem efeitos estimulatérios na liberacdo de
PGF2a (MIYAMOTO et al., 2000).

De acordo com Diaz et al. (2002), a PGF2a bovina também pode ser
secretada pelas células do CL e consequentemente a inducdo de uma
retroalimentagéo positiva ao nivel do endométrio, e sendo associada a ativagao
da enzima COX-2 nas células do CL de maiores dimensfes. Niswender et al.
(2000), Arosh et al. (2004) referenciaram presenca de receptores especificos
em membrana celular do CL de fémeas bovinas que sdo responsaveis pela
ativacdo de mensageiros secundarios [trifosfato inositol (IP3) e diacilglicerol
(DAG)], que por sua vez estimulam o acionamento da proteina quinase C
(PKC) e a liberacdo de calcio intracelular. A principal hip6tese do mecanismo
de acdo da PKC e do célcio intracelular que agem na lutedlise esta associada a
diminuicdo no fluxo sanguineo e inibicdo da StAR luteal (McCRACKEN et al.,
1999).

A OT induz a secrecdo de PGF2a e a regressdo do CL devido a
expressdo dos receptores de ocitocina localizados no endométrio (ROBINSON
et al., 2001; DURAS et al., 2005). Ambos os horménios, PGF2a e OT, também
induzem um mecanismo de retroalimentacéo positiva que age entre o Utero e o
CL, refor¢cando a regressao luteal (ROBINSON et al., 2001).

Por sua vez, o E2 participa na lutedlise por meio de dois estimulos
que incluem o estimulo hipotalamico que aumenta a frequéncia de pulsos de
OT,; e o estimulo endometrial que eleva a concentracdo de receptores para OT
no E2 (McCRACKEN et al., 1999). Esses receptores de E2 (ERa e ERpB) séo
mais expressivos no CL, sendo que os ERa sao identificados em elevadas
concentracbes na fase lutea, e os ERB apresentam-se aumentados na fase
luteolitica (SHIBAYA et al., 2007; MARTIN et al., 2010).
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Ambrose et al. (1998) identificaram que as células IUteais secretam a
PGF2a, e nas fémeas bovinas ocorre uma retroalimentagao positiva entre esse
horménio e o CL. Segundo esses autores, o fenébmeno foi associado a ativacéo
da COX-2 nas células grandes do CL. Outros fatores que foram relacionados
com a fase de lutedlise incluem os fatores angiogénicos [fator de crescimento
endotelial vascular (VEGF), fator de crescimento fibroblastico (FGF), fator de
crescimento semelhante a insulina tipo 1 (IGF-1)], fatores vasoativos, proteina
quimiotética para monécito-1 (MCP-1) que esté associada ao FNTa e Interferon
gama (IFN-y), e entre outros (CAVICCHIO et al., 2002).

2.4. Gestacdo e mortalidade embrionaria

Segundo Baldrighi et al. (2014) as fémeas bubalinas apresentam
baixa quantidade e qualidade de seus foliculos antrais, e desse modo menor
taxa de prenhez (OHASHI et al.,, 2017). Paralelamente, qualquer fator que
induza a secrecdo de PGF2a pode induzir a lutedlise e a falha na gestagéo
(VANROOSE et al., 2000). A manipulacédo uterina durante a TE em fémeas
bovinas e bubalinas também pode resultar na liberacdo de PGF2a pelo
endométrio visto que geralmente a avaliacdo do CL é realizada por
manipulacdo transretal do colo do Utero, e em poucas situagfes com o auxilio
do exame ultrassonografico (SCENNA et al., 2005). Para que ocorra a
gestacdo € necessario que haja a presenca embrido viavel no corno uterino
ipsolateral ao ovario que apresenta um CL funcional antes do reconhecimento
materno da gestacdo (ROBERT et al., 1992).

Existem diversas estratégias para diminuir a taxa de mortalidade
embrionaria precoce em fémeas receptoras de embrides por meio do
entendimento dos fatores que afetam negativamente o desenvolvimento
embrionario (THATCHER et al.,, 2001). Essas estratégias podem incluir o
aumento do numero e taxa de crescimento do CL e do tamanho do foliculo preé-
ovulatério gerando um CL maior e consequentemente maior producdo de P4
(VASCONCELOS et al., 2001).
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A inducdo do crescimento de foliculo pré-ovulatério sob baixas
concentracbes de P4 e similares promove a obtencdo de foliculo maiores e
persisténcia do foliculo dominante (MOURA et al., 2001). Esse foliculo
dominante induz baixas taxas de concepcao apés a inseminacao artificial (1A),
estando relacionado com mudancas no ambiente do corno uterino ou com a
ativacdo prematura do ovécito (AMBROSE et al.,, 1998). Segundo esses
autores, a duragdo e a amplitude do pico ovulatério de LH esta associada com
a taxa de crescimento e a diferenciagéo do CL, sendo que a indug¢ao da LH por
meio de aplicacdes de GnRH em protocolos Ovsynch, sdo de menor duracéo
do que picos ndo induzidos. Os mesmos autores identificaram maior taxa de
crescimento do CL e concentracdes plasmaticas elevadas de P4 em fémeas
bovinas submetidas ao implante de deslorelina quando comparadas ao grupo
controle, e assim concluiu-se que a liberacdo prolongada de GnRH associada
ao implante resultou em um pico maior e prolongado de LH.

A presenca de CLs acessorios identificados durante a primeira onda
do ciclo estral devido ao uso de farmacos que induzem o aumento da P4
plasmatica [GnRH, LH, gonadotrofina coridbnica humana (hCG)] pode ser
considerada como outra estratégia para o0 sucesso para diminuir o indice de
mortalidade embrionéaria precoce (SANTOS et al., 2001; HOWARD et al., 2006;
STEVENSON et al., 2007). Machado (2006) demonstrou em seu estudo o
aumento da concentracdo plasmatica de P4 e o atraso da lutedlise apos
administracdo da GnRH no inicio da fase latea e do hCG no final da mesma
fase em vacas da raca Red Angus.

O estimulo anti-luteolitico exercido pelo embrido e a diminuicdo da
resposta luteolitica pela fémea gestante exerce um papel importante na
gestacdo (THATCHER e HANSEN (1992). Segundo os autores, conceptos
menores nao sintetizam IFN-T suficiente para evitar a lutedlise, e desse modo a
gestacdo é interrompida visto que o embrido cessa 0 envio dos sinais anti-
luteoliticos para o endométrio materno. Meyer et al. (1995) preveniu perdas
embriondrias em vacas holandesas por meio de administracdo de IFN-T
recombinante (rIFN- T) duas vezes ao dia no periodo compreendido entre o 14°

e 24° dia do ciclo estral, e assim aumento do tempo de vida do CL.
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A inibicdo da sintese de enzimas envolvidas na producdo de
prostaglandinas também tem demonstrado resultados promissores no aumento
das taxas de prenhez de receptoras embriondrias bovinas (AROSH et al.,
2002). Os fatores limitantes na secregdo de PGF2a incluem a
biodisponibilidade do AA e das COX-1 e COX-2 (THATCHER et al.,1997). Por
outro lado, os acidos graxos poli-insaturados como o acido linoleico, o &cido
eicosapentaendico (EPA) e o acido docosahexaendico (DHA) inibem a sintese
de prostaglandina por meio do bloqueio da atividade da COX-2 (THATCHER et
al.,, 1992; MATTOS et al., 2002; COYNE et al.,, 2008). A administracdo de
AINES seletivos para COX-2 podem atenuar a secrecdo das prostaglandinas
visto que reduzem a conversao do AA em prostaglandinas (BOMBARDIER et
al., 2000; MOSQUINI et al, 2011).

2.5. Anti-inflamatdrios ndo esteroidais (AINES)

Os AINEs sdo amplamente utilizados na rotina veterinaria para
minimizar as respostas inflamatérias que induzam a sintese das
prostaglandinas, tromboxanos e COX (MOSQUINI et al., 2011). A COX-1 atua
na manutencdo das concentragOes basais das prostaglandinas nos tecidos,
contudo a COX-2 estd associada a inflamacdo e ausente na maioria das
células (CHANDRASEKHARAN et al., 2002). Apesar de existirem semelhancas
nas sequéncias de aminoacidos que compde as COXs existem algumas
particularidades como a presenca da leucina na COX-1, e sua auséncia na
COX-2, sendo substituida pela valina, de menor peso molecular (MARNETT et
al., 1999).

Estudo realizado por Simmons et al. (1999) identificou a ciclo-
oxigenase 3 (COX-3) em tecidos de caes, porém o mecanismo de a¢do da sua
inibicdo no sistema nervoso associado a administracdo de AINEs é escasso na
literatura (CHANDRASEKHARAN et al., 2002). Ao contrario das outras COXs,
a COX-3 ndo induz a producéo de prostaglandinas pro-inflamatorias, mas sim
um produto pertencente a familia das ciclopentanonas (CARVALHO et al.,
2004).
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Odensvik et al. (1998) relataram o atraso da lutedlise e do estro apos
administracdo de AINEs em novilhas, correlacionando o seu uso com a inibicéo
da sintese de PGF2a no endométrio e manutengdo CL. A administracdo de
AINEs no momento da TE pode influenciar positivamente na taxa de prenhez
de fémeas bovinas visto que a PGF2a liberada pelo endométrio pode interferir
no aumento da mortalidade embrionaria precoce (HOCKETT et al., 2004;
SCENNA et al., 2005). Estudos citaram o beneficio do uso dos AINEs sobre a
taxa de prenhez em receptoras de embrides bovinos, pela inibicdo da secrecao
da PGF2a mesmo com uma variabilidade elevada nas taxas de prenhez (ELLI
et al., 2001).

2.5.1. Flunixina meglumina (FM)

O FM é um farmaco pertencente ao grupo dos AINEs que atuam na
circulacdo periférica e possuem acdo anti-inflamatoéria, analgésica,
antitrombdtica e antiendotoxicas, antipirética e analgésica, sendo essas
propriedades associadas a atividade inibitéria gerada por substancias que
metabolizam o AA, COX e a lipoxigenase (OKADA, 2017). A sua
biodisponibilidade varia entre 60% em bovinos e 86% e equinos (OKADA,
2017).

Pugliesi et al. (2012), realizaram um tratamento com o FM (2,5
mg/kg) a cada oito horas no 16° dia do ciclo estral em fémeas bovinas, e
identificaram reducéo dos pulsos de PGF2a antes e durante a lutedlise e atraso
do inicio da reducdo da P4. Por sua vez, Odensvik et al. (1998), Aké-Lbopez et
al. (2005) relataram o atraso da lutedlise e consequentemente aumento no
intervalo interestral apés o uso do FM. O ciclo estral prolongado induz a um
desenvolvimento embrionario maior, aumento da secrecdo de IFN-I e
consequentemente reconhecimento da gravidez pela fémea bovina (AKE-
LOPEZ et al., 2005).
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Odensvik et al. (1998) avaliaram o efeito da FM na dose de 2,2
mg/kg na duracdo do ciclo estral e na manutencdo do CL em novilhas. As
fémeas receberam o FM em frequéncias de administracdo diferentes: a cada
12 horas, oito e seis horas; durante nove dias, e iniciando no 14° ou 15° dia do
ciclo estral. Os autores identificaram um aumento da duracdo média do ciclo
estral nas novilhas que receberam FM a cada oito e seis horas e além disso
ndo ocorreu a lutedlise até o término do tratamento. Estudo realizado por
Scenna et al. (2005) demonstrou taxas de prenhez significativamente maiores
em vacas submetidas ao tratamento com 500 mg de FM quando comparadas

ao grupo controle.

2.5.2. Firocoxib (FIRO)

O FIRO é um AINEs inibidor da ciclo-oxigenase e altamente seletivo
para a COX-2, e com feitos minimos sobre o COX-1, reduzindo assim as
possiveis intercorréncias associadas a inibicdo da via fisiologica (KVATERNICK
et al.,, 2007). A valina incorporada a COX-2 gera uma falha na cadeia de
proteinas da enzima promovendo um sitio de ligacdo mais acessivel para a
molécula do FIRO, sendo uma caracteristica de maior especificidade do
farmaco pela COX-2 (MARNETT et al.,, 1999). O farmaco é associado a
propriedade lipofilica e alcanca a biodisponibilidade absoluta no plasma apos
3,9 horas, apresentando uma meia-vida de 30 horas (KVATERNICK et al.,
2007).

Em equinos, o FIRO possui propriedades anti-inflamatorias e
analgésicas na dose de 0,1 mg/kg a cada 24 horas (COOK et al., 2009), e a
sua vida longa vida demonstrou ser vantajosa para uso prolongado (FDA,
2005). Contudo, néo existe citacdo na literatura do uso do FIRO como método

inibitorio de secrecdo de PGF2a em bufalas.
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4. HIPOTESE

A hipétese do estudo é que a aplicacdo da FM e do FIRO no sexto
dia do ciclo estral podera alterar a duracdo da fase litea em fémeas bubalinas.

5. OBJETIVOS

5.1 Objetivo geral

Avaliar o efeito de Unica aplicacdo de FM e FIRO sobre a fase lutea

de fémeas bubalinas receptoras de embrides.
5.2 Objetivo especifico
Avaliar em fémeas bubalinas, o efeito de aplicacdo Unica de FM e

FIRO no momento da manipulacdo do trato reprodutivo, no comprimento da

fase lutea por meio da avaliacdo das concentracfes plasmaticas de P4.
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Abstract

The aim of this study was to evaluate the effects of flumexin meglumine (FM) and
firocoxib (FIRO) as inhibitors of prostaglandin synthesis in the luteal phase through
assessments of plasmatic measures of progesterone (P4). Twenty-nine healthy adult
multiparous buffaloes submitted to manipulation of the reproductive tract after estrus
synchronization were used. The animals were randomly divided into three groups:
Control Group (G1, n = 9), no treatment; FM Experimental Group (G2, n = 10), single
application of 1.1 mg/kg; FIRO Experimental Group (G3, n = 10), single application of
0.1 mg/kg, both intravenously. The characteristics of the corpus luteum (CL) were
determined by ultrassonographic examination, and were determined according to the
plasma levels of P4. Based on the analyzes performed, it was identified that in the FM
and FIRO groups the CL remained with a similar size throughout the study, while the
Control Group showed a defined reduction between the sixth day (D6) and 12th day
(D12) and 18th day (D18) after estrus synchronization. Regarding plasma P4
concentration, a significant increase in D12 was identified, followed by a statistically
significant decrease in D18 in all groups. The FM and FIRO groups were able to
maintain a higher concentration of P4 on D18 when compared to the Control Group.
The single application of FM (1.1 mg/kg) and FIRO (0.1 mg/kg) was beneficial in
preventing the fall of P4 specialties in the critical period for conception in buffalo

females.

Keywords: buffalo, anti-inflammatory, estrus, corpus luteum, synchronization,

ultrasound.
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1. Introduction

Reproductive biotechnologies are used as a rapid basis for genetic improvement
and increased pregnancy rates in production animals, e.g. are embryo transfer (ET) and
in vitro embryo production (IVP) (Mann & Lamming, 2001; Pereira, 2015; Soares,
2015). Several studies have been conducted to evaluate ET in buffaloes (Oba, 2003;
Carvalho, 2002; Campanile, 2010), and limitations associated with low embryo
recovery rate (low quantity and quality of their antral follicles) and lower pregnancy
rate have been identified (Carvalho, 2002; Zicarelli, 1997; Baruselli, 2001; Ohashi,
2017). Therefore, several strategies to decrease the early embryonic mortality rate in
embryo recipient females were promoted, including increasing the number and growth
rate of the corpus luteum (CL) and the size of the preovulatory follicle by generating a
larger CL, and consequently higher progesterone (P4) production post ovulation
(\Vasconcelos, 2001).

In the luteinization phase, which takes place immediately after ovulation with the
formation of the CL, the P4 secretion occurs exponentially, and exerts an inhibitory
effect on prostaglandin F2 alpha (PGF2a) secretion at the level of oxytocin (OT) genes,
besides blocking estrogen (E2) production, and stimulating the accumulation of
arachidonic acid and cyclooxygenase enzymes in the endometrium (Santos, 2001;
Thatcher, 2001). On the other hand, in the luteolytic phase, the secretion of PGF2a by
the endometrium begins between the 15" and 18" day of estrous cycle, a time when
there is no fertilization of the oocyte or presence of a viable embryo (Arosh, 2002;
Tanikawa, 2005). This phase is directly associated with PGF2a synthesis and expression
of cyclooxygenase 2 (Cox-2) enzyme (Cardoso, 2020). Interestingly, in cows the
PGF2a can be secreted by CL cells after transrectal uterine manipulation during ET
procedure and consequently induce positive endometrial feedback with activation of
Cox-2 leading to luteolytic function (Diaz, 2002). Therefore, substances that inhibit
Cox-2 synthesis such as fatty acids (e.g., linoleic acid) and nonsteroidal anti-
inflammatory drugs (NSAIDs) are fundamental to increase pregnancy rates (Cardoso,
2002; Mosquini, 2011; Wasfi, 2015). Importantly, flunixin meglumine (FM) is one of
the most used drugs in bovine reproductive procedures due to its prostaglandin
inhibitory action generated by substances that metabolize arachidonic acid, the
cyclooxygenases enzymes and lipoxygenase (Hockett, 2004; Aké-Lopez, 2005;
Pugliesi, 2012). Importantly, its bioavailability can reach 60% in cattle and 86% in
horses (Aké-Lopez, 2005; Pugliesi, 2012).
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A previous report (Odensvik, 1998) identified an important delay in the luteolytic
process after administration of FM granules in heifers, being positively correlated with
inhibition of PGF2a synthesis in the endometrium and, therefore, maintenance of CL. In
addition, other studies in cattle (Hockett, 2004; Aké-Lopez, 2005; Pugliesi, 2012;
Odensvik, 1998) observed a decrease in endometrial PGF2a synthesis and embryo
death, and consequently an increase in the pregnancy rate in cows after administration
of NSAIDs at the time of ET. In parallel, the decrease in embryonic mortality rates has
been associated with the increase in the inter-estrus interval after FM application,
providing a prolonged estrous cycle and an increased secretion of interferon tau (IFN-T),
supporting, therefore, embryo-maternal recognition (Aké-Ldpez, 2005).

It’s important to indicate that utilization of FM varies according to the literature,
e.g. the dose of 2.2 mg/kg flunixin meglumine every eight hours starting on day 14 or
15 of the estrous cycle increased the average estrous cycle duration and maintenance of
CL in heifers (Odensvik, 1998). While another study (Pugliesi, 2012) identified reduced
PGF2a concentration before and during luteolysis and delayed onset of the P4 decline in
heifers treated with flunixin meglumine (2.5 mg/kg, every eight hours). Another
important alternative drug to FM is firocoxib (FIRO), which also have a potential to
inhibit PGF2a secretion, however, to our knowledge, no reports have been identified for
buffaloes. FIRO is a highly Cox-2 selective drug, furthermore, due to its lipophilic
property the drug reaches absolute plasma bioavailability after 3.9 hours, presenting a
half-life of 30 hours (Kvaternick, 2007). In horses, FIRO demonstrated anti-
inflammatory action at a dose of 0.1 mg/kg every 24 hours (Stock, 2015). Since PGF2a
release in the endometrium of bovine females can occur during ET and considering that
NSAIDs inhibit cyclooxygenases enzymes, consequently prostaglandin synthesis in the
luteal phase, it is believed that these drugs could favor a longer luteal phase and
consequently better pregnancy rates in buffaloes.

Therefore, the objective of this study is to test the influence of a single application
of FM and FIRO at the time of manipulation of the reproductive tract of buffaloes on

the estimated area of CL and plasma concentration of P4.
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2. Materials and methods

The methodology adopted in the present study was reviewed and approved by the
Animal Care Committee on Animal Use (CEUA) of the College of Veterinary Medicine
and Animal Science (CVMAS) of the S&o Paulo State University (Unesp), Botucatu,
Sé&o Paulo (SP) under the protocol no. 0109/2019 (CEUA - n. 0177/2018).

2.1 Animals and experimental environment

A total of 29 healthy multiparous Murrah buffalo females aged between four and
eight years from the Registro Research and Development Unit (Polo Regional do Vale
do Ribeira, Agéncia Paulista de Tecnologia dos Agronegdcios — Agribusiness and
technology Agency from the state of Sdo Paulo), Sdo Paulo (SP), Brazil. The study was
conducted during fall and winter seasons, considered the seasons of the year of higher
reproductive activity.

The animals were kept on Brachiaria spp. pasture with ad libitum access to water
and mineral supplement. Animal health was determined by a clinical record, which was
regularly updated by the research unit where the animals were housed and included
physical examination, rectal palpation and rectal ultrasound examination.

The inclusion criteria in the study was the confirmation of cyclic ovarian activity,
postpartum period greater than 90 days and body score equal to or greater than three
points (scale of zero to five points). Females with systemic comorbidities and body

score conditions below three points were excluded from the study.

2.2 Synchronization of estrus

The animals were subjected to estrus synchronization on day -10 (D-10): Application of
estradiol benzoate [2 mg/kg, IM (Sincrodiol®, Ouro fino Salde Animal, Cravinhos,
Brazil) associated with an intravaginal progesterone pessary (Sincrogest®, Ouro fino
Saude Animal, Cravinhos, Brazil). Nine days after the start of estrous synchronization
(D-2) the progesterone pessary was removed, and PGF2a (2 mg/kg/IM) (Sincrocio®,
Ouro fino Saude Animal, Cravinhos, Brazil) and equine chorionic gonadotropin (eCG)
(2 mg/kg/IM) (Sincro eCG®, Ouro fino Satde Animal, Cravinhos, Brazil) were given to
each animal. After 24 h after synchronization (D-1) estradiol benzoate (EB)was

administered at a dose of 1 mg/kg (IM).
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It was considered that ovulation would occur around 24 to 48 h after EB
application (in accordance with the described by the manufacturer), this was named as
day 0 (DO) of the cycle (Fig. 1). Six days (D6) after the ovulation all females were
submitted to a reproductive tract manipulation, similarly to performed for embryo
transfer procedure, each manipulation was preceded by ultrasound examination that
determined the CL characteristics.

The animals were randomly divided into three groups: Control Group (G1, n = 9),
no NSAIDs applied; Experimental Group FM (G2, n = 10), single intravenous
application of 1.1 mg/Kg on the day of reproductive tract manipulation (D6);
Experimental Group FIRO (G3, n = 10), single intravenous application of 0.1 mg/Kg on
the day of reproductive tract manipulation (D6) (Fig. 1).

PGF2a

Ov
BE eCG BE
D-10 D-2 D-1 Do* D6 D12 D18

Fig. 1. Protocol applied in female buffaloes for synchronization and detection of estrus. D-10:
first day of estrous synchronization; D-2: nine days after the beginning of synchronization; D-1:
ten days after the beginning of estrous synchronization; DO*: ovulation day; D6: six days after
ovulation, day of manipulation of the reproductive tract of females and application of
treatments; D12: twelve days after ovulation; D18: eighteen days after ovulation; EB: estradiol
benzoate; P4: application of the progesterone pessary; PGF2a: prostaglandin F 20, analog; eCG -
equine chorionic gonadotrophin; Ov: ovulation day; [] P4: measurement of plasma levels of

progesterone concentration; @CL.: estimation of the area of the CL.
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2.3 Manipulation of the female reproductive tract

For manipulation of the reproductive tract, all animals received a caudal epidural
analgesia with 4 mL of lidocaine hydrochloride (2%). The vulva and perineal region
were cleaned with water and paper towels. The embryo transfer syringe (ETS) (Model
007239, IMV Technologies, Campinas, Brazil) protected by a sanitary plastic cover was
introduced at the bottom of the vagina by means of rectal palpation, and after passing
through the cervix the sanitary cover was torn off from the syringe. Subsequently, the
ETS was positioned in the distal region of the uterine horn corresponding to the ovary
with the CL previously identified by ultrasound examination. The manipulations were
graded using the three-point score associated with the difficulty of positioning the
syringe in the uterine horn (score 1 - easy positioning; score 2 - average positioning

difficulty; score 3 - high positioning difficulty).

2.4 Ultrasound examination

The transrectal ultrasound examinations were performed with the animals in
station by means of physical restraint. For this purpose, an ultrasound device (model
SSD 500, Aloka®, Aloka Co., Tokyo, Japan) and a linear transducer (Aloka Co., Tokyo,
Japan) at a frequency of 5 MHz was used. The estimated areas for CL were evaluated
according to previous study [50] and measuring a cross sectional diameter of the CL the
following times: six days after ovulation, at the time of reproductive tract manipulation
(D6), 12 days after ovulation (D12), and 18 days after ovulation (D18).

2.5 Quantification of progesterone concentration

The blood sampling for plasma P4 quantification was performed immediately
after the ultrasound examinations (D6, D12, and D18). For this, 5 mL blood samples
were collected from the jugular vein using 21G gauge needles and stored into tubes
containing ethylenediaminetetraacetic acid (EDTA). The tubes were kept in a
refrigerated Styrofoam box until the moment of centrifugation. The samples were then
centrifuged at 2.500 RPM for 15 min. The plasma was collected in labeled 2 mL tubes
and stored at - 80° C until utilization. The plasma P4 concentrations were determined by
means of commercial solid-phase kits and readings by radioimmunoassay method
(model 1470 Gamma. Counter, Perkin Elmer) following the manufacturer's instructions
(variation intra-assay of 8.15%; variation inter-assay of 8.66% and analytical sensitivity
of 0.03 ng/mL.
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2.6. Statistical analysis

All data points were analysed regarding normality. Estimates of corpus luteum
area plasma P4 concentrations were compared between days, within each group, by
ANOVA repeated measures analysis of variance, contrasted by Tukey's method with p-
value adjustment by Bonferroni's method. All analyses were conducted in the R

Program, adopting 5% significance level (R Development Core Team, 2020).

3. Results

Based on the analyses performed, it was interesting to observe that while the
treated groups maintained similar CL sizes (mm?) throughout the experiment (P>0.05,
Fig. 2), the Control group presented a significant reduction (P<0.05) when comparing
D6 and D12 to D18 (P<0.06; Fig. 2).
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Fig. 2. Means + SEM (vertical lines applied to the bars) of the estimated areas for the corpus
luteum in buffaloes submitted to reproductive tract manipulation, according to treatment and
time after manipulation (days). Different letters indicate P<0.05).

Legend: FIRO = Firocoxib, FM = flunixin meglumine.
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When considering the plasma progesterone concentration (ng/mL) it was observed
that for all groups, a significant increase (P < 0.05) was observed on D12, followed by
an important decrease on D18 (P < 0.05) (Fig. 2). However, it’s important to indicate
that both FM and FIRO group at D18 were able to maintain a higher progesterone
concentration when compared to Control group (P < 0.05, Fig. 3).
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Fig. 3. Means + SEM (vertical lines applied to the bars) of the plasma P4 dosages in buffaloes
subjected to uterine manipulation, according to treatment and time after manipulation (days).
Legend: FIRO = Firocoxib, FM = flunixin meglumine; CL = corpus luteum. Different letters
indicate P < 0.05).

4. Discussion

To our knowledge, there are no studies investigating the impacts of Firocoxib in
the reproductive cycle of buffaloes. However, few studies regarding its anti-
inflammatory activity were described in horses (Kvaternick, 2007), pre-weaned calves
(Stock, 2015), adult goats (Stuart, 2019) and dogs (Davila, 2013). Therefore, the present
study was considered the first to identify the influence of FIRO on the buffalo luteal
phase. Importantly, the results of the study indicated that FM and FIRO could act
against iatrogenic luteal insufficiency caused by manipulation of the reproductive tract

during the estrus cycle.
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The main findings that attested to this information were the significant reduction
identified in the estimate of the CL area in the Control Group (P < 0.05) at D18 when
compared to FIRO and FM that preserved the CL size throughput the study (P > 0.05).
This result is similar to the observed in cattle (Cardoso, 2020), in which the control
group presented decrease in the CL size at D18 after ovulation, while animals treated
with FM maintained the CL size throughout the study (Cardoso, 2020).

Furthermore, some studies have already described the beneficial effects of NSAIDs
in blocking luteal dysfunction after manipulation of the reproductive tract of cows,
when a dose of FM of 1,1 mg/Kg was given, with the main pathway of action being the
reduction in the conversion of arachidonic acid into prostaglandins (Mosquini, 2011,
Malik, 2019). The same authors demonstrated a decrease in PGF2a production, higher
P4 concentrations and improvement in the prolongation of the luteal phase when COX-1
selective drugs were used. Therefore, our results indicate that the COX-1 and COX-2
selective drugs have great potential to prolongate the luteal phase in buffaloes.
Importantly, due to often-long half-life of the drugs of this group, a single dose can be
given, supporting the luteal phase without demanding major management and handling
modifications (Kvaternick, 2007).

Lastly, although the inhibition of COX-2 alone is sufficient to prevent inflammatory
reactions, and the undesirable side effects related to COX-1 inhibition, the continuous
utilization of COX-2 inhibitory drugs can also cause negative impacts such as reduction
in blood flow and suppression of PGE production by the gastric mucosa (Brzozowski,
2001). Therefore, the fact that both FIRO and FM presented important results in
prolonging the luteal phase, future studies combining COX-1 and COX-2 inhibitory
drugs to potentiate the results and reduce the side effects.

Similar activity of FM and FIRO was also observed in goats, in which the
premature regression of the CL was prevented in females subjected to super ovulation,
through their major effect on the inhibition of prostaglandin synthesis (Traldi, 1996,
Salles, 1998. The utilization of inhibitors of prostaglandin synthesis at the day of
ovulation and embryo recovery can prevent the iatrogenic luteal insufficiency,
maintaining the size of the CL and increasing the numbers of embryos recovered
(Traldi, 1996; Battye, 1988].
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Another study indicated that the application of FM retarded the luteolysis even when the
luteolytic process was already ongoing (Aké-Lopez, 2005), the findings were supported by
longer luteal phase as well as higher birth rate in ewes treated with a dose of 2.2 mg/Kg of
FM. Lastly, the utilization of FIRO and FM produced an increase in CL size at D12 and D18
when compared to control animals, both heifers and cows presented similar results (Traldi,
1996; Kastelic, 1990; Viana, 2007; Acosta, 2003; Borges, 2003; Sartori, 2004).

Importantly, the results on D18 indicate that both treatments (FM and FIRO) were able
to maintain better levels of P4 (P < 0.05) than the control group at D18. Another study
corroborates with the finding indicated above; the utilization of FM prevented the reduction
on P4 concentrations in cows subjected to reproductive tract manipulation (Cardoso, 2020).
Importantly, both FIRO and FM, similarly to the observed in our study, maintained better
levels of PG4 when compared to control animals at D18 after manipulation of the tract,
possibly, the handling of the reproductive tract stimulated the release of PFG2 by the
endometrium and the COX-1 and COX-2 inhibitors were able to prevent its synthesis in the
treated animals (Cardoso, 2020). Similarly, a decrease in progesterone in control groups as
observed after manipulation of reproductive tract, while the treated groups presented only a
gradual reduction (Pinto-Neto, 2008). In addition, the utilization of FM in heifers maintained
the progesterone levels during the treatment and reducing the concentration of 15-cetodihidro-
PGF2q, a prostaglandin metabolite, retarding, therefore, the starting of luteolysis (Aké-Lopez,
2004; Aiumlamai, 1990; Leal, 2008. However, more studies are required to identify if the
same is observed in buffaloes.

The importance of preventing a decrease in P4 levels is in buffaloes is major, since in
other species, it was shown that an appropriate pattern in P4 production after ovulation was
strongly related to successful recognition of pregnancy (Mann, 2001); since cows that had
higher P4 concentrations by day 16 after insemination had larger conceptuses, and
consequently higher IFN-t concentrations (Mann, 2001). Furthermore, high concentrations of
IFN-t are necessary to block the production of oxytocin receptors in the endometrium,
consequently blocking the release of PGF2 a, and thus preventing luteolysis (Mann, 2001;
Brzozowski, 2001). These mechanisms of maternal-fetal recognition and luteolysis have been
described in buffaloes (Traldi, 1996; Salles, 1998) and this observation is strongly associated
with the function of the NSAIDS used in our study, the indicate great potential in preventing

luteolysis and prolonging the luteal phase.
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Furthermore, the CL when present in the ovaries of the buffaloes occupies a large
portion of the organ (Fields, 1990). Since the CL is the main source of progesterone, it’s
responsible for the promotion of an adequate uterine environment for embryo
development, more specifically from 14-17° day after ovulation until the embryo-
maternal recognition (Brzozowski, 2001). The maintenance of higher levels of
progesterone and CL size in the treated animals indicate that both FM and FIRO have
great potential to support the luteal phase in this species.

Lastly, the importance of this study relays in novelty of its perspective and in the
identification of the function of NSAIDS in the reproductive tract in buffaloes, with the
potential to prevent decrease in progesterone and prolong the luteal phase, however,
further studies are indicated to study the application in embryo transfer and birth rate, as

well as identification of an optimal dose of FIRO and FM in female buffaloes.

5. Conclusion
The use of FM and FIRO in a single application is beneficial in preventing a

sharp drop in P4 concentrations in the critical period for conception in female buffaloes.
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copevalealiond than the cmired group sl graiip 3, Therefors, we coméludial tha althiegh the
sdminisiratien of flurasin meglumine o the moment of smbeye tramsfer inhiteted she redeciion plasma
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Biometria testicular e sua influéncia no comportamento
sexual de bafalos (Bubalus buballis)

Tasticulsr Parameters and its Influence in Buffaloes {Bubaivs bubalis) Sexual Bahaviour

Mariana Hyppodito, Mariana Furtado Zorzetto, Edjalma Rodrigues da Silva-Janlor, Stella Maris Teobaldo Tironl,
Alessandra Gomees Souza, Viviane Mana Codognota, Andressa Filaz Vielra, Letida Cristina Salgado,
Mayara Fernanda Silva Margues & Eumlce Oba

ABSTRALT

Backgroumd: Bruzil 15 one of the grestest bovine mem exponsr in the weorld. However, the technologies applied at buf-
fala' s reproduct on & nis specific for this specie, sdopmed technics were established from de comle hreed. Whes the mmal
shovs welght gaim. ponadal and behsvicas] physiology fallow this iendessy and the reproductive smis become good md
satisfociory. This, the alm of this study was wo compare the reproduction charsceeristies of male buffaloes ssd fis sesticular
parameners with sexus] Behsvior.

Maieriads, Metdhods & Kesudts: Seven males Munmab beead with 67.29 = 11.4 months of age were malnzsed o confise-
ment for amificial shadeg The testcular parameer was perfomed in resraiss mank ond the sexual behavion evalusos
wis dare with an eserus femmale. The senmal belavior was performed with an estmoss female 5 & dumny. The tescular
Buimery was messared ai the heginnisg and ot the end of the experimental design, wigh the follosw parmmetens: |,
width, depihithicleess, seroml circumference sl de i0ml volume. The dam wene submined m e alysis of varimee,
and e meats was compared with the Sosdeni-Newman-Keuls es1, with significmee difference P o« (U8 betwees the
medians. The differences in e [PATanENErs WErE serotal crcumierence (25,5 cm vs 24.80 em), westioular length (£.71 cm

va¥1. 77 cun). right tesuculor widd (237 om v %55 o) and restieular voleme (62T dbem’ ve 2. 149,68 con', respectively.
The sexual behavion showed an increase in the Flehmes reflex, mownis (sernoe capacivy ) and libido (200 vs 11715037
v 34 reular Behavior vs very good helaveor, respectivelyl

Iisewsriont An incvease (mthe ieaticelar circumisrnence wis observed o the emd of the expermental pericad with the values
Eestwein 2336 om vi 2450 om. However, evem with s inereise of the [Eslculsr parsmelers i i lower than other male
basifaloes with 56 months gge. [s Brazilisn condaions, the sestcular circumberence vimiation |s berwees 145 om ol 4
i in enimals with &0 months of nge. These duia shows dar there are varissoss of the iestioslar parameners dee s Sifer-
enl sysiems of buffuloes hreeding, When comparad o cade, buffaloss shows lower input of reproducive hiokechnalogy.
Apthe same way, the estioslir growth and development depenas of de nuiritos and managemenl sed o the fanm. s

an inefficient sysiem, buffaloes and bovise hreeding could lose welght, lesucular mass, snd reduce testicular parmmeters.
Heessdes dhal, the basdfaloes can perdonm e impoovemest of o peseral condition whes improvemest of nUIriion care oocurs.
T nesticalar parnmesers prescmts high cormelation with the conporel end estioalar development, which cas be commelme
o0 nge and weight. Those parsmeters could help with the reprodectve ahility of the boffala. The sexual behavior was
incrensed and observed in te Flebamen reflex, service capacity 25 libido sfier the mmimal™s adapeation 1o the reproductive
manggemest The beffaloes are ssdmals extremely sdapuable 1o different condinions, but nesd & perod oo sdap. Previces
sl expenicne i impores denng the social organizanon of the Barem and helps & the practice of the sexus ao. s
these expenimental condidons, we conchede thal is seceisary a social and bebayior sdapiation 1 the buffulo bull o present
a bemer value of senmal charsctensiics s improve the fenilay and producton of Murm buffaloes.

Keywords: sdapiabiliny, sndrodogy, behavior, reproducuve nasagement.
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Absiract

The objective of this study wes o evalste semina plama protsins from caige and
buffalo (Bubahe bohals), to idemtily differances betyeesn related speries Spdesn
boffdoes and 16 cattle betyemzn 30 and &0 months of ap= were usad. S=men collec-
tion was performed by slecirosiaculation. folowed by macresoopic and microsoopic
subjecitive anchmes. After arahys, the samples wers centrifuged 3t 500 5 fior 10 min,
and the supsrmatant jseminzl pleme) was recentrifuged 2t 10,000 5 for 30 min 2t 4°C
The total probein concentration wes detarmined by the Bradiord method, and the
protens were dizedsdin schetion for mas spectrometry il C-REME . Mukheiate
stattstical analysis was 1med bo malate the protsomics resuks by norrhisranchical
dhustering e corsidening mponentizlly modified probsin sbundancs indax emFilL
Principal component anahysis |PCA) and partal least squares disciminemt aabse
{PLE-D) wemre umaed for diustering. Proceomics identifed 75 proteine, and mulihan-
an= snakyse showed 4 that wers over-ewpre=ed in boffaloes joystatin C, prosaposin
pepbide ¥ amd keratintype |l oytoskeletal 5 and % in catte spermadhesin-], semind
plera protein POC-10% ribonudezs= 4, metaloproteinassinhibitor 2 aoosninhib-
tor 1, saminal ribonuckezse, C-type ratriunstic paphide, angsiopenin-l and osbeogon-
tinl. Among e protens identifisd inseminel plesma, S C-bype natrionetic pepbide:
and mataboproteinase inhibitors were dascribed for the first time inbuffaloss. Some
protease infibibors veere found over-seressed in buffaloes. and importnt probeire:
ini s=minal plesma of catthe were mot identified or were found at lower expression
Ik i buffaloss, which can cominbute: to reproductive parfomance inthis spedes.

EETWOEDS
malg, proleomicy, semen ¥ proiroma bry-rmosa.
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