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O presente trabalho teve por objetivo verificar se a prostaglandina F2α (PGF2α) 
administrada na submucosa vulvar (IVSM) induz a luteólise ao alcançar o corpo lúteo (CL) 
diretamente por uma via local, evitando sua metabolização nos pulmões, ou após a absorção e 
distribuição através da circulação sistêmica. Em um primeiro estudo, o estro de 1937 vacas de 
corte foi monitorado durante 5 dias (25,6% de estro). No dia 5, as vacas que não apresentaram 
estro receberam 5mg de dinoprost via IVSM (1/5 da dose padrão; n=1440), resultando em 
68,2% de estro nos 5 dias seguintes. Todavia, em outro experimento utilizando a mesma dose, 
o número de novilhas detectadas em estro após o tratamento IVSM (47,4%, n=97) ou 
intramuscular (IM; 54,7%, n=95) no dia 5 não diferiu entre os grupos (P>0,05). Com base na 
concentração sérica de progesterona, os animais tratados com 5mg de dinoprost no dia 5 do 
ciclo estral não apresentaram luteólise funcional, independentemente da via de administração. 
Após o tratamento com 5mg dinoprost IM ou IVSM no dia 10 do ciclo, 3/5 e 2/5 animais 
apresentaram luteólise, respectivamente. Entretanto, a luteólise ocorreu em todos os animais 
tratados com 25mg de dinoprost, independente do dia do ciclo estral (dia 5 ou 10). A 
concentração de PGF2α não diferiu no soro das veias uterina e jugular. O mesmo foi 
observado quanto ao padrão de 13,14-dihidro-15-ceto prostaglandina F2α (metabólito de 
PGF2α; PGFM) sérico ao longo do tempo após a aplicação de 5 mg de dinoprost via IM ou 
IVSM. Em resumo, a via de administração de PGF2α (IVSM ou IM) resultou em 
concentrações séricas semelhante de PGF2α, PGFM e luteólise. Embora evidências anatômicas 
permitam sugerir que a PGF2α injetada via IVSM possa ser transportada diretamente aos 
ovários, a injeção de PGF2α via IVSM atinge a circulação sistêmica antes de chegar ao ovário, 
e a eficácia de baixas doses de PGF2α é dependente da fase luteal e não da via de 
administração. 
 
Palavras chave: Bovinos. Corpo lúteo. Luteólise. Prostaglandina F2α. Submucosa vulvar. 
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The aim of this study was to verify if prostaglandin F2α (PGF2α) administered by 

intravulvosubmucous (IVSM) injection induces luteolysis by reaching the corpus luteum (CL) 
directly by a local absorption rote, preventing its metabolism in the lungs, or after absorption 
and distribution via the systemic circulation. In a first trial, the estrus rate of 1,937 beef cows 
was monitored for 5 days (25.6% of estrus). At day 5, the cows that did not show estrus 
received 1/5 of the standard dose of dinoprost IVSM (5 mg; n = 1440) and resulted in 68.2% 
of estrus in the next 5 days. However, in a second trial, the number of heifers detected in 
estrus after dinoprost injected via the IVSM (47.4%; n = 97) or intramuscular route (IM; 
54.7%; n = 95) at day 5 was not different (P > 0.05). Based on serum progesterone 
concentrations, animals treated with 5 mg dinoprost at day 5 of the estrous cycle do not 
present functional luteolysis regardless of the administration route. At day 10 of the estrous 
cycle, luteolysis was variable in cows treated with 5 mg of dinoprost. Nevertheless, luteolysis 
occurred in all animals treated with 25 mg dinoprost independent of the estrous cycle day. 
After treatment, the PGF2α concentration did not differ in serum from uterine and jugular 
veins. This was further confirmed by measuring the concentration of 13,14-dihydro-15-keto-
PGF (PGFM) after 5 mg dinoprost injection via the IM or IVSM route. Dinoprost IM- and 
IVSM-administered resulted in a similar PGFM serum pattern over time, suggesting the same 
absorption rate for both routes. Although anatomical evidences suggest that PGF2α injected 
IVSM could be taken direct to the ovaries, avoiding the systemic circulation, the results do 
not support this hypothesis. In summary, the route of PGF2α administration (IVSM or IM) 
resulted in similar serum concentrations of PGF2α, PGFM, and luteolysis. Taking all the 
results together, the PGF2α injection via IVSM reached the systemic circulation before 
reaching the ovary, and the effectiveness of low doses of PGF2α was dependent on luteal 
phase and not on the route of administration. 
 
Key words: Cattle. Corpus luteum. Intravulvar submucosa. Luteolysis. Prostaglandin F2α.
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INTRODUÇÃO 

A PGF2α é um composto natural que, dentre diversas funções, promove a morte de um 

corpo lúteo cuja ovulação não tenha resultado em prenhez. Devido ao seu potencial 

luteolítico, tem sido amplamente utilizada para manipular o ciclo estral de bovinos. Com a 

finalidade de reduzir os custos nos programas de sincronização, diversos estudos têm sido 

realizados na busca pela dose mínima efetiva administrada por diversas vias de aplicação. A 

utilização de vias alternativas de administração (SUÑE et al., 1985; ALVAREZ et al., 1991; 

COLAZO et al., 2002; COLAZO et al., 2002) já foram descritas, sendo que a administração 

do fármaco via IVSM resultou em sincronização de estro (SUÑE et al., 1985; HORTA et al., 

1986; ALVAREZ et al., 1991; CHOHAN, 1998). Ao longo de muitos anos, nosso grupo 

sincronizou mais de 64000 vacas de rebanhos comerciais, obtendo-se a média de 79,8% de 

estro utilizando a via IVSM e o sistema de 10 dias de manejo com uma injeção de PGF2α, 

descrito por Donaldson et al. (1982). 

A meia-vida plasmática da PGF2α é muito curta e sua metabolização é realizada 

principalmente nos pulmões (FERREIRA & VANE, 1967). Algumas evidências sugerem que 

a PGF2α administrada via IVSM pode atingir o ovário sem sofrer essa metabolização, por 

evitar a circulação sistêmica. Com base em dados preliminares do nosso grupo (Apêndice A) 

realizados através de contraste radiográfico, adicionados aos estudos de angioarquitetura do 

trato reprodutivo, evidencia-se a presença de muitas anastomoses entre os vasos vulvares e 

útero-ovarianos (GINTHER & DEL CAMPO, 1974; GIOSO et al., 2005). Essas estruturas 

anatômicas, associadas ao mecanismo de contra-corrente entre a artéria ovariana e a veia 

útero-ovariana, poderiam ser a rota utilizada pela PGF2α administrada via IVSM para evitar a 

metabolização pulmonar antes de atingir os ovários. Embora estes dados evidenciem a ligação 

vascular entre a vulva e o útero, para o nosso conhecimento, não há estudos funcionais 

demonstrando o mecanismo local utilizado pela PGF2α injetada na via IVSM. 

O corpo lúteo bovino é pouco responsivo à aplicação de PGF2α anteriormente ao dia 5 

do ciclo estral (HENRICKS et al., 1974). Goravanahally et al. (2009) sugerem que alguns 

genes podem estar envolvidos nesta aquisição de sensibilidade ao comparar CLs do dia 4 

(pouco responsivo à PGF2α) e 10 (responsivo à PGF2α) do ciclo estral. Estudos utilizando 

diferentes vias de administração e doses de PGF2α têm avaliado a resposta em manifestação de 

estro e as concentrações de progesterona, sem considerar a responsividade do corpo lúteo 

(CL; ALVAREZ et al., 1991; CHOHAN, 1998; COLAZO et al., 2002). Portanto, o objetivo 
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do presente estudo foi determinar o perfil das concentrações PGF2α e do seu metabólito 

PGFM nas veias jugular e uterina após a administração de doses reduzidas de PGF2α IM ou 

IVSM. Adicionalmente, foi avaliado o efeito da dose e via de administração de PGF2α na 

manifestação de estro e luteólise em períodos de alta e baixa responsividade à PGF2α. 

 



 

REVISÃO BIBLIOGRÁFICA 

Corpo Lúteo e Luteólise 

O ciclo estral de bovinos tem duração média de 21 dias, correspondendo ao período 

compreendido entre duas ovulações. Por serem animais poliéstricos, estes intervalos são 

repetidos regularmente até que uma concepção ou outros fatores ocorram, tais como 

patologias, determinando um período de anestro (MORAES et al., 2008). Após a ovulação, 

desencadeada pelo pico pré-ovulatório de LH, inicia-se a formação do corpo lúteo. As células 

da granulosa e da teca, que no folículo dominante eram responsáveis pela produção de 

andrógenos e estradiol, respectivamente, passam a produzir progesterona sob o estímulo do 

hormônio luteinizante (RICHARDS & HEDIN, 1988). A camada celular da granulosa dá 

origem às células luteais grandes e a teca, às células luteais pequenas (DONALDSON & 

HANSEL, 1965). O rompimento da membrana basal do folículo faz com que estes tipos 

celulares se reorganizem, adicionados de células endoteliais e fibroblastos, formando a 

estrutura do corpo lúteo (MCCRACKEN; CUSTER & LAMSA, 1999; NISWENDER et al., 

2000). Essa glândula endócrina transitória, secretora de progesterona e com vida média de 17 

dias nos bovinos, é essencial para o estabelecimento e manutenção da gestação (RODGERS; 

MITCHELL & SIMPSON, 1988). Durante a fase luteínica, a progesterona pode agir 

diretamente nos receptores bloqueando o sítio de ligação da ocitocina (BISHOP & 

STORMSHAK, 2006) ou inibindo a síntese de receptores de estrógeno alfa e, 

consequentemente, receptores de ocitocina (SPENCER & BAZER, 1995). 

No caso de insucesso da gestação, é necessário que ocorra a lise do corpo lúteo, 

permitindo assim que um novo ciclo estral se inicie. A luteólise é caracterizada pela 

diminuição da secreção de progesterona e posterior perda de tecido luteal, sendo estas fases 

conhecidas por luteólise funcional e estrutural, respectivamente (NISWENDER et al., 1994). 

A progesterona, em altas concentrações neste período, inibe seus receptores permitindo a ação 

do estrógeno, que causa o aumento da expressão de receptores de ocitocina no endométrio 

(SPENCER & BAZER, 1995) e liberação da mesma pela hipófise posterior (MCCRACKEN; 

CUSTER & LAMSA, 1999). A ligação da ocitocina em seus receptores provoca a liberação 

de cinco a oito pulsos de PGF2α, ao redor do dia 17 do ciclo estral, sendo absorvida até o 

corpo lúteo por uma circulação local através do mecanismo de contracorrente 

(MCCRACKEN et al., 1972; WATHES & LAMMING, 1995). Em bovinos, a PGF2α é o 
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principal fator luteolítico (WOLFENSON et al., 1985), sendo a presença do útero essencial 

neste processo, pois quando se realiza a histerectomia há um atraso no período esperado para 

a luteólise (WILTBANK & CASIDA, 1956; MALVEN & HANSEL, 1964). Também foi 

demonstrada a produção intra-luteal de PGF2α em várias espécies, sugerindo que as 

prostaglandinas luteais possam contribuir para uma auto-regulação do corpo lúteo 

(NISWENDER et al., 2000; DAVIS & RUEDA, 2002). A PGF2α estimula a secreção de 

ocitocina no CL (FLINT & SHELDRICK, 1982), que potencializa a secreção de PGF2α no 

útero e CL (SCHALLENBERGER et al., 1984; SHIRASUNA et al., 2007). 

 

Prostaglandina F2α 

A PGF2α é um hormônio derivado, através de reações enzimáticas, do ácido 

araquidônico, um ácido graxo presente nas membranas fosfolipídicas (BERGSTROM; 

CARLSON & WEEKS, 1968). Nos pulmões, a PGF2α é rapidamente transformada no 

metabólito inativo 13,14-dihidro-15-ceto-PGF2α pela ação da 15-hidroxi-prostaglandina-

desidrogenase, sendo em ruminantes 65 a 90% da PGF2α degradada na primeira passagem 

pelos pulmões (FERREIRA & VANE, 1967; PIPER; VANE & WYLLIE, 1970; 

MCCRACKEN; CUSTER & LAMSA, 1999). Em bovinos, foram detectados pulsos de PGF2α 

na veia uterina no momento esperado da luteólise (NANCARROW et al., 1973), bem como a 

liberação periférica de pulsos de PGFM, sendo este considerado um indicador de liberação de 

PGF2α na circulação (KINDAHL et al., 1976). 

Bovinos e ovinos apresentam um mecanismo de contracorrente, uma circulação local 

que permite a transferência de PGF2α proveniente do útero aos ovários (MCCRACKEN et al., 

1972). Entretanto, a PGF2α demonstra baixo fluxo de difusão simples através das membranas 

celulares, apesar de ser lipossolúvel, não permitindo concentrações adequadas para que este 

prostanóide realize sua função biológica (SCHUSTER, 2002). A expressão de proteínas 

transportadoras de PGF2α no plexo útero-ovariano foi demonstrada no momento esperado para 

a luteólise em bovinos (BANU et al., 2003). Adicionalmente, a inibição destas proteínas 

impediu a liberação de PGF2α induzida por ocitocina na veia útero-ovariana, prolongando a 

duração do CL e a produção de progesterona (BANU et al., 2008). Lee et al. (2010) sugerem 

que o transporte de PGF2α no plexo útero-ovariano de ruminantes seja controlado por estas 

proteínas transportadoras de PGF2α, também demonstrado através da sua inibição após a 

liberação endógena ou administração de PGF2α marcada radioativamente. 
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Há evidências de que a PGF2α proveniente do endométrio inicie uma cascata de 

produção intra-luteal de PGF2α (PATE, 1988). As células luteais grandes de ovinos expressam 

ciclooxigenase-2 (COX-2), enzima envolvida na síntese de PGF2α, em resposta à PGF2α 

(TSAI & WILTBANK, 1997). Já em bovinos, a PGF2α diminui a expressão de COX-2 no 

período inicial do ciclo estral, correspondendo ao período em que o CL não responde ao sinal 

luteolítico da PGF2α, sugerindo a importância deste mecanismo local (TSAI & WILTBANK, 

1998). Foi demonstrado que o CL bovino possui a maquinaria necessária para a auto-

regulação, tais como os componentes para o metabolismo, transporte e sinalização de PGF2α 

(AROSH et al., 2004). Através de estudos com microdiálise de CL, foi demonstrado que a 

PGF2α é liberada do CL na veia ovariana durante a luteólise espontânea (SHIRASUNA et al., 

2004). Sugere-se que esta produção intra-luteal de PGF2α complemente a função daquela 

proveniente do endométrio, causando uma “ampliação do sinal luteolítico” (AROSH et al., 

2004; SHIRASUNA et al., 2004). 

A PGF2α exerce seus efeitos no CL ao se ligar aos seus receptores acoplados a proteína 

G (PTGFR; NARUMIYA; SUGIMOTO & USHIKUBI, 1999). Os receptores são altamente 

expressos em células luteais grandes e têm baixa expressão em células luteais pequenas e 

endoteliais (SAKAMOTO et al., 1994). A ligação desse hormônio ao seu receptor provoca 

um declínio na produção luteal de progesterona (MCGUIRE; JUENGEL & NISWENDER, 

1994), embora os mecanismos intracelulares envolvidos não sejam bem conhecidos. Acredita-

se que isso se deva a apoptose, redução da atividade das enzimas esteroidogênicas, redução na 

aquisição celular de colesterol ou ainda no transporte através de membranas celulares e 

mitocôndriais (NISWENDER et al., 2000). A hipótese de que há uma diminuição da 

expressão de receptores de LH não foi confirmada, já que isto só é observado após a queda na 

concentração sérica de progesterona (SPICER; IRELAND & ROCHE, 1981). 

A PGF2α estimula a síntese e a secreção de endotelina 1 (ET-1) nas células endoteliais, 

que constituem a maior população de células do CL. A ET-1 é uma das mais potentes 

substâncias vasoconstritoras do organismo, inibindo a produção de progesterona pelo CL. 

Entre os dias 17 e 21 do ciclo estral, a síntese de ET-1 é aumentada cerca de 30 vezes quando 

comparada aos dias 5 e 6 do ciclo (GIRSH et al., 1996a; GIRSH et al., 1996b). Recentemente 

foi demonstrado que a ocitocina produzida no CL pode modular a secreção destas substâncias 

vasoativas, tanto PGF2α quanto ET-1, sugerindo que estes podem ser mediadores da luteólise 

espontânea em bovinos (SHIRASUNA et al., 2007). 

Um aumento agudo no fluxo sanguíneo do CL é observado a partir do dia 10 do ciclo 

estral, coincidindo com o aumento da expressão de ET-1 e angiotensina II nos estágios 
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iniciais da luteólise. A PGF2α estimula a liberação de óxido nítrico, induzindo a vasodilatação 

das arteríolas do CL e, consequentemente aumentando o aporte sanguíneo antes da luteólise 

(MIYAMOTO et al., 2005). Todos estes eventos suprimem a produção de progesterona pelas 

células luteais. Estes autores propuseram ainda que o aumento agudo do fluxo sanguíneo seja 

um mecanismo chave para o início da luteólise. 

Com base neste mecanismo fisiológico, a PGF2α tem sido utilizada no controle do 

ciclo estral, mais especificamente no controle da duração da fase luteal. Um dos análogos 

sintéticos mais utilizados é o dinoprost trometamina (Lutalyse, Pfizer Saúde Animal, Brasil), 

sendo geralmente recomendada a aplicação de 25mg (5ml) por via intramuscular. No entanto, 

diversos estudos têm sido realizados na busca pela dose mínima efetiva administrada por 

diversas vias de aplicação, tais como a via subcutânea (COLAZO et al., 2002), via fossa 

isquioretal (COLAZO et al., 2002) e via submucosa vulvar (ALVAREZ et al., 1991). 

A aplicação de doses reduzidas de PGF2α na submucosa vulvar é utilizada em 

programas de sincronização por diminuir os custos e por apresentar resultados satisfatórios 

em porcentagem de estro quando comparada à dose recomendada aplicada por via 

intramuscular (ALVAREZ et al., 1991; CHOHAN, 1998). Entretanto, o mecanismo pelo qual 

a prostaglandina administrada via submucosa vulvar atinge os ovários ainda não foi 

demonstrado in vivo. 

O CL bovino é pouco responsivo à aplicação de PGF2α anteriormente ao dia 5 do ciclo 

estral (HENRICKS et al., 1974). Entretanto, a falta de responsividade não se deve à 

deficiência de seus receptores de alta afinidade (WILTBANK et al., 1995). Além disso, foi 

demonstrado que a PGF2α atinge o CL neste período, ligando-se aos receptores e 

desencadeando alguns passos iniciais da cascata, mas que não são suficientes para que a 

luteólise seja concretizada com apenas uma aplicação de PGF2α (TSAI & WILTBANK, 

1998). Algumas evidências sugerem que aplicações seriadas de PGF2α são capazes de causar a 

luteólise em alguns animais em CLs de baixa responsividade (BEAL; MILVAE & HANSEL, 

1980). Goravanahally et al. (2009) sugerem que alguns genes podem estar envolvidos nesta 

aquisição de sensibilidade ao comparar CLs do dia 4 (pouco responsivo à PGF2α) e 10 

(responsivo à PGF2α) do ciclo estral. Adicionalmente, foi demonstrado que o CL no dia 4 do 

ciclo estral não apresenta resposta vascular à administração de PGF2α, diferente do observado 

no dia 10 a 12 do ciclo em que há um aumento agudo seguido por uma diminuição do fluxo 

sanguíneo no CL (ACOSTA et al., 2002). 
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Anatomia, mecanismo de contracorrente e metabolização da PGF2α 

Em ovinos e bovinos, é necessária a presença do útero para que ocorra a regressão do 

CL (WILTBANK & CASIDA, 1956; MALVEN & HANSEL, 1964). Estudos realizados na 

década de 70 demonstraram que a excisão do corno uterino ipsilateral ao CL impedia a 

luteólise, evidenciando que um fator proveniente do útero era essencial para o início do 

processo, posteriormente sendo identificado esse fator como PGF2α (MCCRACKEN et al., 

1972; ROWSON; TERVIT & BRAND, 1972; NANCARROW et al., 1973; GINTHER, 

1974). Nessas espécies, a artéria ovariana apresenta circunvoluções sobre a veia utero-

ovariana (plexo útero-ovariano) permitindo uma relação íntima entre estes vasos (GINTHER 

& DEL CAMPO, 1974). Adicionalmente, foi descrito que a parede desta artéria se apresenta 

mais delgada nesta região de contato com a veia utero-ovariana (DEL CAMPO & GINTHER, 

1974). Esta disposição anatômica permite que a PGF2α uterina seja transferida do sangue 

venoso para o arterial através de um mecanismo de contracorrente, atingindo o ovário 

(MCCRACKEN et al., 1972). Em ovinos, a administração de PGF2α na veia uterina permite 

sua transferência para a artéria ovariana ispilateral (MCCRACKEN; BAIRD & GODING, 

1971). A administração de PGF2α intra-uterina resulta em maiores concentrações de PGF2α na 

artéria ovariana quando comparado ao plasma da artéria carótida, sustentando a hipótese do 

mecanismo de contra-corrente (HIXON & HANSEL, 1974). Isso evita que a PGF2α seja 

absorvida pela circulação sistêmica, sendo metabolizada em grande parte em uma única 

passagem pelos pulmões (FERREIRA & VANE, 1967; PIPER; VANE & WYLLIE, 1970). 

Um plexo venoso evidente situa-se sobre a face ventral do útero e vagina, podendo 

drenar para várias direções (DYCE; SACK & WENSING, 2004). Através de estudos 

radiográficos, foi demonstrada a presença de uma proeminente rede de anastomoses entre os 

ramos da veia vaginal e as veias que drenam a cérvice, corpo e cornos uterinos (GIOSO et al., 

2005). A presença desse mecanismo de contracorrente e estruturas vasculares permite 

formular a hipótese de que fármacos aplicados pela via IVSM possam atingir diretamente a 

circulação ovariana. 
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Abstract 21 

 22 

The intravulvosubmucous (IVSM) route has been used to reduce the dose of 23 

prostaglandin F2α (PGF2α) as luteolytic agent in estrus synchronization programs. To validate 24 

the effectiveness of PGF2α via IVSM, the estrus rate of 1,937 beef cows was monitored for 5 d 25 

(25.6% of estrus). At day 5, the cows that did not show estrus received 5 mg of dinoprost 26 

IVSM (1/5 of the standard dose; n = 1440) and resulted in 68.2% of estrus in the next 5 d. In a 27 

second trial, the rate of heifers detected in estrus after 5 mg dinoprost via IVSM (47.4%; n = 28 

97) or intramuscular (IM; 54.7%; n = 95) at day 5 was not different (P > 0.05). Luteolysis 29 

(serum progesterone concentrations below 1 ng/mL) was dependent of the estrous cycle 30 

period when cows were treated with 5 mg of dinoprost via IM or IVSM. Luteolysis was 31 

observed in 5 out of 10 cows treated at day 10 but none at day 5 of the estrous cycle. 32 

Luteolysis occurred in all animals treated with 25 mg dinoprost independent of the estrous 33 

cycle period (day 5 or 10). After treatment, the PGF2α concentration did not differ in uterine 34 

and jugular veins. This was further confirmed by measuring the concentration of 13,14-35 

dihydro-15-keto-PGF (PGFM) after 5 mg dinoprost injection via the IM or IVSM route. 36 

Dinoprost IM- and IVSM-administered resulted in a similar PGFM serum pattern over time, 37 

suggesting the same absorption rate into the systemic circulation. Taking all the results 38 

together, we concluded that PGF2α injection via IVSM reached the systemic circulation before 39 

reaching the ovary, and the effectiveness of low doses of PGF2α was dependent on the luteal 40 

phase and not on the route of administration. 41 

 42 

Key words: cattle; corpus luteum; intravulvar submucosa; luteolysis; prostaglandin F2α 43 

 44 
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1. Introduction 45 

 46 

The luteolytic agent prostaglandin F2α (PGF2α) has been extensively used to 47 

manipulate the estrous cycle of cattle. Different routes of administration have been tested in 48 

an attempt to reduce the dose [1-3], which has resulted in estrus synchronization after 49 

intravulvosubmucous (IVSM) injection [1,4-6], despite of disagreement among different 50 

studies [3]. In a commercial basis, our group synchronized more than 64,000 cows over many 51 

years and we obtained an average of 79.8% of estrus using IVSM treatment of 5 mg of 52 

dinoprost (1/5 of the standard dose) and the 10-day, 1-injection management system reported 53 

by Donaldson et al. (1982). Some evidences suggest that PGF2α injected via IVSM reaches the 54 

ovaries independently of the systemic circulation [1,4-7]. The establishment of reproductive 55 

tract angioarchitecture using contrasted radiography demonstrated many anastomoses 56 

between vulvar and utero-ovarian vessels [7,8]. These anatomic structures associated to the 57 

vascular countercurrent exchange mechanism between the ovarian artery and the utero-58 

ovarian vein could be the route of PGF2α injected via IVSM to avoid systemic metabolism 59 

before reaching the ovary. However, to our knowledge, there have been no studies about the 60 

local mechanisms of PGF2α given via the IVSM route. 61 

Studies of different routes and doses of PGF2α administration have evaluated estrus 62 

response and serum progesterone concentrations without considering the responsiveness of 63 

the corpus luteum (CL) after treatment [1,2,5]. Thus, the aims of the present study were the 64 

following: (1) to evaluate the effect of dose and administration route of PGF2α on the estrous 65 

behavior, (2) to assess the onset of luteolysis in periods of low and high PGF2α 66 

responsiveness, and (3) to determine the profile of PGF2α and prostaglandin metabolite 67 

concentrations (13,14-dihydro-15-keto-PGF; PGFM) in the uterine and jugular veins after 68 

intramuscular (IM) or IVSM administration of a reduced dose of PGF2α. 69 
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2. Materials and methods 70 

 71 

All protocols and procedures were approved by the Institutional Committee for Ethics 72 

in Animal Experiments of the Federal University of Santa Maria, RS, Brazil 73 

(23081.008212/2010-68). 74 

 75 

2.1. Experiment 1. Effect of reduced dose of PGF2α administration IVSM on estrous behavior  76 

 77 

A large number of nonpregnant cyclic beef cows were used to validate the efficiency 78 

of 5 mg (1/5 of the standard dose) of dinoprost tromethamine (dinoprost; Lutalyse, Pfizer 79 

Animal Health, São Paulo, Brazil) via IVSM in an estrus synchronization system. Beef cows 80 

(Bos taurus taurus; n = 1,937) were synchronized with the 10-day, 1-injection management 81 

system [9]. Briefly, estrus detection was performed twice a day, 12 h apart for 5 d, which was 82 

considered the control period. In the morning of day 5, a dose of 5 mg of dinoprost (IVSM; 83 

using a 21-gauge, 2.5-cm needle) was administered and estrous behavior was observed for an 84 

additional 5 d, as previously described above. 85 

 86 

2.2. Experiment 2. Intramuscular vs. intravulvosubmucous injection of PGF2α 87 

 88 

After assessing the efficiency of 1/5 of the standard dose of PGF2α via IVSM, a second 89 

experiment was conducted to evaluate the PGF2α injection route (IVSM or IM) on estrous 90 

behavior using the low dose of PGF2α. Nonpregnant cyclic beef heifers (n = 251) were 91 

observed for estrous behavior twice a day for 5 d. The animals not observed in estrus during 92 

the first 5 d received 5 mg of dinoprost and were randomly placed in either the IM (n = 95; in 93 
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the gluteal muscles using a 21-gauge, 4-cm needle) or the IVSM (n = 97) group. After 94 

treatment, estrous behavior was observed and recorded for 5 d. 95 

 96 

2.3. Experiment 3. PGF2α injection (IM or IVSM) at low and high corpus luteum sensitivity 97 

 98 

Nonpregnant crossbred beef cows (n = 50) were pre-synchronized with progestagen-99 

based protocol and estrus detection was performed twice a day for 5 d. Cows observed in 100 

estrus (n = 22) were randomly allocated to receive 25 mg IM, 5 mg IM, or 5 mg IVSM of 101 

dinoprost on day 5 (low PGF2α responsiveness; n = 3/group) or 10 (high PGF2α 102 

responsiveness; n = 3-5/group) after estrus. Two cows at day 5 and two at day 10 of the 103 

estrous cycle were used as control and were not treated. Blood samples for progesterone 104 

analysis were collected by caudal venipuncture once a day for 5 d, starting at dinoprost 105 

injection. Luteolysis was considered when the serum progesterone concentration was lower 106 

than 1 ng/mL at day 4 after treatment. 107 

 108 

2.4. Experiment 4. Systemic and uterine vein concentrations of PGF2α and PGFM after IVSM 109 

administration 110 

 111 

The first experiments indicated that the reduced dose was effective to synchronize 112 

estrus and the route of administration did not influence treatment efficacy. Then, this 113 

experiment was performed to test the hypothesis that PGF2α administered via IVSM reaches 114 

CL through the systemic circulation. Uterine and jugular veins of a crossbred beef cow 115 

without reproductive abnormalities were cannulated according to the procedure of Lewis et al. 116 

[10]. Briefly, the cow was fasted for 12 h before anesthesia and surgical procedures. A 117 

vertical incision in the flank was performed to cannulate a branch of the uterine vein at the 118 
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hilus of the left ovary [11]. The free end of a silicone tube (2 mm i.d. and 3.2 mm o.d.) was 119 

exteriorized through a small incision in the flank and maintained by infusion of heparinized 120 

saline. The jugular vein was also cannulated and maintained by flushing with heparinized 121 

saline [10]. Treatments started 12 h after surgery. One milliliter of saline was injected via the 122 

IVSM route (control), and after 3 h and 6 h, the animal was treated with 5 mg of dinoprost 123 

IVSM. These 3 h intervals were necessary to completely clear PGF2α from the systemic 124 

circulation [12]. Blood was collected from the jugular and uterine veins at the same time by 125 

two different people immediately before each treatment and after every 5 min in a 40 min 126 

period. Additionally, blood samples were collected after 120 min of dinoprost injection to 127 

verify the decrease of systemic and ovarian concentrations of PGF2α. The samples were 128 

assayed for PGF2α as described above. 129 

Prostaglandin metabolite was measured to investigate the route effect on the PGF2α 130 

pulmonary metabolism [13]. The jugular vein of a crossbred beef cow with normal estrous 131 

cycles was cannulated as described. The cannulated cow was submitted to the following 132 

treatments: 25 mg dinoprost IM, 5 mg dinoprost IM, 5 mg dinoprost IVSM, and 1 mL saline 133 

IVSM. As stated previously, a 3 h interval was allowed between each treatment. Blood 134 

samples were collected at 5 min intervals during a 40 min period and were assayed for PGFM. 135 

 136 

2.5. Blood sampling and hormone assays 137 

 138 

Blood samples were collected and allowed to clot for 30 min at room temperature 139 

before centrifugation at 1,500 X g for 10 min at room temperature. Serum was placed into 140 

cryogenic vials, frozen, and stored at -80 °C for further analysis. Enzyme immunoassay kits 141 

(Cayman Chemical Company, Ann Arbor, MI) were used to quantify PGFM and PGF2α [14]. 142 

The intra-assay CV was 7.13% and 2.58% sensitivity was 0.015 and 0.010 ng/mL, 143 
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respectively, for PGFM and PGF2α. Electrochemiluminescence immunoassay (Roche, Brazil) 144 

was performed to determine serum progesterone concentrations [15]. The intra- and inter-145 

assay CV were 2.09 % and 1.23 %, respectively. 146 

 147 

2.6. Statistical analysis 148 

 149 

All statistical analyses were performed using SAS software package (SAS Institute 150 

Inc., Cary, NC, USA). Data are presented as the mean ± SEM, unless otherwise indicated. A 151 

probability of P ≤ 0.05 was considered statistically significant. The frequency of estrus on the 152 

different treatments was analyzed using categorical data analysis models (CATMOD 153 

procedure) and the differences between groups accessed by contrasts. The assessment of 154 

treatment effects on serum progesterone concentration as well as systemic and local levels of 155 

PGF2α was performed as repeated measures data and analyzed using mixed models (MIXED 156 

procedure) with a repeated measure statement [16]. The model for a repeated measures 157 

experiment was: γijk = µ + αi + τk + (ατ)ik + εijk, where γijk is the response at time k on animal j 158 

in treatment group i, µ is the overall mean, αi is a fixed effect of treatment i, τk is a fixed effect 159 

of time k, (ατ)ik is a fixed interaction effect of treatment i with time k, and εijk is random error 160 

at time k on animal j in treatment i. Main effects of treatment group, hour, and their 161 

interaction were determined. Differences at specific time points were compared between 162 

groups using estimates. Compound symmetry was used as a covariance structure. Other 163 

continuous data were submitted to ANOVA using the GLM and multicomparison between 164 

groups was performed by least square means. 165 

 166 

 167 
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3. Results 168 

 169 

3.1. Experiment 1. Effect of reduced dose of PGF2α administration IVSM on estrous behavior 170 

 171 

The estrus detection rate of cows over the first 5 d (control) was 25.6% (497 out of 172 

1,937). The cows that did not show estrus by the morning of day 5 (n = 1440) received 5 mg 173 

of dinoprost (1/5 of the standard dose) via IVSM. As a result, a rate of 68.2% of cows showed 174 

estrus (983 out of 1440) in the next 5 d (Figure 1A). Considering the cows in the experiment, 175 

a total of 73.4% of cows presented estrus. The rate of estrus from days 1 to 6 was about 5% 176 

per day (from 4% to 6%), increasing at day 7 to 7.9% and reaching a peak to 19.9% at day 8 177 

(3 d after prostaglandin injection). This distribution of estrus revealed that the cows were 178 

cycling at the beginning of the experiment and 5 mg of PGF2α (1/5 of the standard dose) 179 

resulted in induction of estrus (Figure 1B). 180 

(Insert Figure 1) 181 

 182 

3.2. Experiment 2. Intramuscular vs. intravulvosubmucous injection of PGF2α 183 

 184 

Once the reduced dose of PGF2α via IVSM was efficient to induce estrous behavior 185 

during the luteal phase, two different routes (IM and IVSM) of PGF2α administration were 186 

assessed. Before treatment, heifers were observed for estrous behavior during 5 d, totalizing 187 

23.5% of estrus (4.7% per day as expected in a cyclic herd). The animals without detectable 188 

estrous signs in the first 5 d were treated with 5 mg of dinoprost via IM (n = 95) or IVSM (n = 189 

97), which resulted, respectively, in 54.7% and 47.4% of estrus during the 5 d after PGF2α 190 

(Figure 2; P > 0.05). Combining the results of both routes (IM and IVSM), the estrus rate 3 d 191 
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after 5 mg of dinoprost was 16%, as expected after PGF2α treatment in the 10-day, 1-injection 192 

management system. 193 

(Insert Figure 2) 194 

3.3. Experiment 3. PGF2α injection (IM or IVSM) at low and high corpus luteum sensitivity 195 

 196 

Prostaglandin F2α was injected in 22 beef cows in different doses (0, 5, and 25 mg), 197 

routes (IM or IVSM), and days of the estrous cycle (day 5 or 10). The pattern of serum 198 

progesterone concentration differed in accordance with the dose or day of the estrous cycle 199 

but was not affected by administration route. It is important to note that serum progesterone 200 

concentration decreased one day after PGF2α administration independently of the dose, route, 201 

or day of the cycle. However, a sharp decline in serum progesterone concentration was 202 

observed only in the 25-mg dose, with less than 1 ng/mL 24 h after treatment. The data 203 

obtained from animals that received 5 mg of dinoprost by IM or IVSM (n = 3/group) at day 5 204 

of the estrous cycle (low PGF2α responsiveness period) were not shown because the CL did 205 

not undergo luteolysis (4 d after treatment had serum progesterone concentrations ≥ 5 ng/mL). 206 

Animals treated at day 10 of the estrous cycle resulted in lower progesterone levels 207 

than those of the control group (P < 0.05). However, luteolysis (serum progesterone 208 

concentrations below 1 ng/mL) was observed in only 3 out of 5 cows (IM) and 2 out of 5 209 

cows (IVSM) treated with 5 mg (Figure 3). The serum progesterone concentrations were not 210 

different in cows that did not have luteolysis and those of the control group 4 d after treatment 211 

(data not shown). All cows that received 25 mg IM (standard dose; n=4) at day 5 and day 10 212 

underwent luteolysis. 213 

(Insert Figure 3) 214 
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3.4. Experiment 4. Systemic and uterine vein concentrations of PGF2α and PGFM after IVSM 215 

administration 216 

 217 

Concentrations of PGF2α were not different between jugular and uterine veins after 218 

saline or PGF2α (5 mg) injections via IVSM (Figure 4A). However, as expected, 219 

concentrations of PGF2α were greater in the jugular and uterine veins after dinoprost treatment 220 

via the IVSM group (from 0.392 to 1.163 ng/mL) than the saline control group (under 0.120 221 

ng/mL). In blood samples collected after 120 min of dinoprost treatment to make sure that the 222 

systemic and ovarian PGF2α levels had dropped, serum PGF2α levels were 0.133 and 0.226 223 

ng/mL, respectively. We also demonstrated that the concentration of the PGF2α metabolite 224 

(PGFM) had a similar pattern after 5 mg of dinoprost via IM or IVSM (Figure 4B). However, 225 

the PGFM pattern was greater with 25 mg IM injection when compared to the other 226 

treatments. Our hypothesis that dinoprost injected IVSM reaches CL through the systemic 227 

circulation was confirmed. 228 

 (Insert Figure 4) 229 

 230 

4. Discussion 231 

 232 

The most important findings in our study were: (1) 1/5 of the standard dose of PGF2α 233 

was effective to synchronize estrous behavior in a large number of animals when injected in 234 

cows beyond day 5 of the estrous cycle by either the IM or IVSM routes; (2) the effectiveness 235 

of PGF2α to induce luteolysis was dependent on the dose and phase of development of CL, 236 

regardless of the route; (3) PGF2α concentrations in the jugular and uterine veins were not 237 

different after IVSM injection of 5 mg of dinoprost; and (4) PGF2α metabolite (PGFM) 238 

concentration over time was not route-dependent, but was rather dose-dependent. 239 
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A large number of cows (n = 1,937) were synchronized with PGF2α via IVSM (5 mg 240 

dinoprost) using the 10-day, 1-injection management system [9]. This synchronization system 241 

is a good model to study the route of PGF2α injection. Animals were monitored twice a day 242 

for 5 d to determine their estrous cyclicity. In the first 5 d, a rate of 5.1% of the cows showed 243 

estrous behavior, confirming that a high number of the cows were cycling. In the morning of 244 

day 5 of estrus detection, dinoprost (5 mg) was administered IVSM and a peak of estrous 245 

behavior was observed 3 d after PGF2α injection. This estrus profile validated the luteolytic 246 

efficiency of the reduced dose of PGF2α. Low doses of PGF2α and alternative routes of 247 

administration have been extensively used by veterinary practitioners mainly with the purpose 248 

of reducing costs [2,3,6,17,18]. With this aim, IVSM has been the route of choice when using 249 

low-dose PGF2α as a luteolytic agent, mainly in the estrus synchronization system in cattle 250 

[1,4-6,19]. Our group synchronized more than 64,000 cows over many years and we obtained 251 

an average of 79.8% of estrus using IVSM treatment of 5 mg of dinoprost and the 10-day, 1-252 

injection management system reported by Donaldson et al. (1982). 253 

The local vascular countercurrent of PGF2α from the uterine venous blood to the 254 

ovarian arterial blood is well established [20-24]. Recently, it has been demonstrated that the 255 

transport of PGF2α from the uterus to the ovary is regulated by PGF2α transporter protein-256 

mediated mechanisms at the time of luteolysis [25]. Thus, the IVSM route has been used 257 

based on the hypothesis that PGF2α would reach the ovary, avoiding pulmonary clearance and, 258 

consequently, a low dose of PGF2α would be enough to induce luteolysis. However, in the 259 

second experiment, we demonstrated that 5 mg of PGF2α (1/5 of the standard dose) 260 

administered IM or IVSM in heifers resulted in similar rates of estrous behavior, which agrees 261 

with Alvarez et al. [1]. The distribution pattern of estrus was similar to the first experiment. 262 

The heifers were also cyclic (4.7% of estrus per day in the first 5 d) and the number of 263 

animals in estrus peaked at day 8, indicating that the 5 mg of dinoprost via the IM and IVSM 264 
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route induced luteolysis at the same rate. This finding provides indirect evidence that PGF2α 265 

given via IVSM is absorbed and reached the ovary through the systemic circulation instead of 266 

any local communication system. 267 

For the past 30 years, there has been controversy about the rationale of using reduced 268 

doses of PGF2α via the IVSM route [1,3,5]. A low dose of PGF2α is required when it is infused 269 

intrauterine [17,26] or injected into the uterine wall [18]. Furthermore, a low dose of PGF2α 270 

via IVSM was as efficient as the IM recommended dose to induce labor in swine [27]. The 271 

stage of the CL might be related to the effectiveness of 5 mg of dinoprost via IVSM to induce 272 

luteolysis. For this reason, we tested the hypothesis that the CL during early formation was 273 

less sensitive to the low dose of PGF2α. Cows treated with reduced doses at a lower CL 274 

sensitivity period (day 5 of the estrous cycle) did not show functional luteolysis regardless of 275 

administration route (IM or IVSM). These results may explain the absence of luteolysis 276 

induction when low doses of PGF2α were administered subcutaneously or IM at day 5 or 7 of 277 

the estrous cycle [2,28]. However, in this study, luteolysis occurred in 5 out of 10 cows 278 

treated with 5 mg (IVSM or IM) at day 10 of the estrous cycle. In contrast, all animals, 279 

regardless of luteal phase (day 5 or 10 of estrous cycle), responded to 25 mg of dinoprost 280 

injection. It is important to note that cows treated at day 5 with 5 mg IM or IVSM showed an 281 

average of 6.4 ± 0.3 ng/mL of serum progesterone concentration 4 d after treatment, which is 282 

normally observed at day 9 of the estrous cycle [29]. Consequently, the age of the CL has to 283 

be considered as an important factor to influence the effectiveness of a reduced dose of PGF2α 284 

[1,2,5]. 285 

The blood obtained simultaneously from the jugular and uterine veins was used to 286 

determine the systemic and ovarian circulatory pathway of PGF2α [10,20]. The surgery for 287 

uterine vein cannulation was extremely invasive. In view of animal welfare, only one animal 288 

was cannulated. With the same approach, Hixon and Hansel [20] demonstrated that PGF2α 289 
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administered intrauterine are transferred from the uterus to the ovarian artery before reaching 290 

the systemic circulation in cattle. Despite of the countercurrent mechanism and the vascular 291 

anatomy between the vulva and the uterus, our results suggested that there were no local 292 

transfer of PGF2α from IVSM to the ovaries. Therefore, we tested the hypothesis that PGF2α 293 

injected IVSM reaches CL through the systemic circulation. The concentrations of PGF2α 294 

were not different in both jugular and uterine veins over time when dinoprost was IVSM 295 

injected. 296 

The pattern of PGFM in the jugular vein (an indicator of PGF2α release into the 297 

circulation [13]) was similar over time after treatment with 5 mg of dinoprost either via IM or 298 

IVSM. These results provide further evidence that PGF2α reaches the circulatory system 299 

before the ovary and support the absence of a route (IM or IVSM) effect. The goal of this 300 

experiment was to confirm results from PGF2α experiment using a less invasive approach. 301 

Despite only one cow was used, all results from the current study (estrous behavior, PGF2α 302 

and PGFM levels) are in agreement and clearly demonstrated that PGF2α reached the systemic 303 

circulation before reaching the ovary after IVSM. 304 

In summary, this is the first study that investigated the PGF2α pathway (systemic or 305 

local circulation) after IVSM PGF2α treatment. We also demonstrated with a large number of 306 

animals that the dose of PGF2α could be reduced when using the 10-day, 1-injection 307 

management system. The IVSM route could be useful to avoid muscle tissue damage caused 308 

by dinoprost [30] when applied in commercial systems. Furthermore, the reflux of low 309 

volume (1 mL) is more likely in the IM route when compared to the IVSM route. However, 310 

the IVSM is not as practical as IM administration in a large number of animals. In conclusion, 311 

PGF2α injected via IVSM reached the systemic circulation before reaching the ovary. These 312 

data also demonstrated that the luteolytic effectiveness of reduced doses of dinoprost is 313 
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mainly dependent on the luteal phase and is not affected by IVSM or IM administration 314 

routes. 315 
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Figure captions 408 

Fig. 1. (A) Rate of estrous behavior before (n = 1,937) and after treatment with 5 mg of 409 

dinoprost tromethamine via the intravulvosubmucous (IVSM) route at day 5, using the 10-410 

day, 1-injection management system. Only cows that were not detected (n = 1440) in estrus 411 

were treated at day 5. (B) Distribution of estrous behavior of cyclic beef cows (n = 1,937) 412 

before and after injection with 5 mg of dinoprost via IVSM at day 5. Asterisk (*) indicates 413 

difference (P ≤ 0.01) and arrow (↓) indicates the day of treatment. 414 

 415 

Fig. 2. Rate of estrous behavior of cyclic beef heifers before (control; n = 241) and after 416 

treatment with 5 mg of dinoprost tromethamine via the intravulvosubmucous (IVSM) or 417 

intramuscular (IM) route at day 5 using the 10-day, 1-injection management system. Only 418 

heifers that were not detected in estrus were treated with 5 mg of dinoprost via IM (n = 95) or 419 

IVSM (n = 97) at day 5. Asterisk (*) indicates difference (P ≤ 0.01). 420 

 421 

Fig. 3. Mean serum progesterone concentration (ng/mL) after administration of dinoprost 422 

tromethamine on day 10 of the estrous cycle via the intravulvosubmucous (IVSM) or 423 

intramuscular (IM) route. Animals of the control group were at the same stage of the estrous 424 

cycle of treated animals, but were not submitted to any treatment. Asterisk (*) indicates 425 

difference from the control group (P ≤ 0.05). 426 

 427 

Fig. 4. (A) Mean serum prostaglandin F2α
 (PGF2α) concentrations (ng/mL) in the uterine and 428 

jugular veins after treatment with 5 mg of PGF2α (dinoprost tromethamine) or saline via the 429 

intravulvosubmucous (IVSM) route. Before treatment, the cow was injected IVSM with 1 mL 430 

of saline (control) to evaluate systemic and ovarian concentrations of PGF2α for 40 minutes. 431 

(B) Serum 13,14-dihydro-15-keto-PGF (PGFM) concentrations (ng/mL) in the jugular vein 432 
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after injection of saline intramuscularly (IM; control); 5 mg of dinoprost IM (5 mg IM); 5 mg 433 

of dinoprost IVSM (5 mg IVSM); or 25 mg of dinoprost IM (25 mg IM).  434 
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Figure 3   440 
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Figure 4. 442 



 

CONCLUSÃO 

Em resumo, verificou-se que não houve diferença nos índices de estro após 5mg IM 

ou IVSM; os animais tratados com 5mg no dia 5 do ciclo estral não apresentaram luteólise 

funcional, independente da via; e 2/5 (IVSM) e 3/5 (IM) vacas tratadas com 5mg no dia 10 

demonstraram luteólise. Adicionalmente, a concentração de PGF2α não diferiu entre as veias 

uterina e jugular após 5mg IVSM e a aplicação de 5mg via IVSM ou IM resultou em mesmo 

padrão sérico de concentração de PGFM. 

Coletivamente, os resultados do presente estudo nos permitem concluir que a PGF2α 

administrada via IVSM não atinge o corpo lúteo diretamente por uma via local e que a 

eficácia luteolítica é dependente da fase luteal e da dose, mas independe da via de 

administração (IVSM ou IM). 
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Apêndice A – Raio-X do trato reprodutivo bovino após injeção de contraste na Veia 
Vaginal 

 

 
A: artéria ovariana; V: veia uterina; O: ovário. 
 

 


