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Highlights

Treatment of crossbred dairy cows with PGF2α tended to increase synchronization of ovulation.

PGF2α hastens ovulation in crossbred dairy cows but not in dairy buffaloes.

PGF2α has a role in the ovulation process in dairy cows that is unrelated to its luteolytic effect.

Abstract

This study evaluated the effect of a prostaglandin F2α (PGF) analogue as an ovulatory stimulus in dairy cows 

and buffaloes raised in the Amazon biome. To this end, three experiments were performed in the state of 

Rondônia, located in the Amazon biome. In Experiment 1, 22 lactating dairy buffaloes received 2 mg of 

intramuscular (I.M.) estradiol benzoate (EB) on day 0 and an intravaginal progesterone-releasing device (CIDR) 

from day 0 to day 9 of the protocol. On days 8 and 9, all cows were given 150 μg of I.M. d-cloprostenol (PGF 

analogue). On day 10, buffaloes were divided into two groups to receive 150 μg of PGF (PGF group, n = 8) or 

no treatment (CTL group, n = 14), respectively. In Experiment 2, 16 lactating crossbred dairy cows (Holstein x 

Gir) received 2 mg of EB on day 0 and a CIDR insert from day 0 to day 8. On days 7 and 8, all cows were given 

150 μg of d-cloprostenol. On day 9, cows were divided into two groups to receive 150 μg of d-cloprostenol 

(PGF group, n = 8) or no treatment (CTL group, n = 8), respectively. In Experiment 3, 16 lactating crossbred 

dairy cows (Holstein x Gir) were handled and treated similarly as in Experiment 2, although cows did not 

receive d-cloprostenol on day 8. Single-point outcome variables were analyzed using one-way analysis of 

variance (ANOVA), while proportions with dichotomous outcomes were analyzed with the chi-square test. In 

Experiment 1, there was no difference (P = 0.30) in the ovulation rate between groups, and, on average, 68% 

of the buffaloes ovulated. Moreover, the treatment did not affect the interval to ovulation (P = 0.61) nor the 

diameter of the preovulatory follicle (P = 0.47). As for Experiment 2, only one cow, from the PG group, did not 
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ovulate. There were no differences between the CTL and PG groups (P = 0.69) in the moment of ovulation, 

which occurred in average 82 h after CIDR removal. Finally, in Experiment 3, cows treated with PGF ovulated 

earlier than those in the CTL group (62.5 ± 5.8 and 94.5 ± 13.5 h, respectively; P = 0.05). Collectively, these 

results suggest that PGF hastens ovulation in lactating dairy cows, whereas no effect was observed in dairy 

buffaloes.

Key words: Buffaloes. Cattle. Hormonal protocol. Milk. Ovulation. North region.

Resumo

O objetivo deste estudo foi avaliar o efeito de um análogo de prostaglandina F2α (PGF) como indutor 

ovulatório em vacas leiteiras e búfalas. Para este fim, três experimentos foram realizados no estado de 

Rondônia, localizado no bioma Amazônia. No Experimento 1, 22 búfalas leiteiras em lactação receberam 

2 mg de benzoato de estradiol (EB) im, no Dia 0 e um dispositivo intravaginal de liberação de progesterona 

(CIDR) do Dia 0 ao Dia 9 do protocolo. Nos Dias 8 e 9, todas as vacas receberam 150μg de d-Cloprostenol 

(análogo PGF), im. No Dia 10, as búfalas foram divididas em dois grupos para receber 150μg de PGF (Grupo 

PGF, n = 8) ou nenhum tratamento (Grupo CTL, n = 14). No experimento 2, 16 vacas leiteiras mestiças 

(Holandês x Gir) receberam 2 mg de EB no Dia 0 e um dispositivo intravaginal (CIDR) do Dia 0 ao Dia 8. Nos 

Dias 7 e 8 todas as vacas receberam 150μg de d-Cloprostenol. No Dia 9, as vacas foram divididas em dois 

grupos para receber 150μg de d-Cloprostenol (Grupo PGF, n = 8) ou nenhum tratamento (Grupo CTL, n 

= 8). No Experimento 3, 16 vacas leiteiras mestiças (Holandês x Gir) foram tratadas da mesma forma que 

no Experimento 2, porém, as vacas não receberam d-Cloprostenol no Dia 8. Variáveis quantitativas foram 

analisados por análise de variância - one-way ANOVA e variáveis dicotômicas foram analisados pelo teste 

do qui-quadrado. No Experimento 1, não houve diferença (P = 0,30) na taxa de ovulação entre os grupos, 

em média 68% das búfalas ovularam após o tratamento. Além disso, não houve diferença entre os grupos 

no intervalo de ovulação (P = 0,61) e no diâmetro do folículo pré-ovulatório (P = 0,47). No Experimento 2, 

apenas uma vaca do Grupo PG não ovulou. Não houve diferenças no intervalo de ovulação entre os grupos 

CTL e PG (P = 0,69). Em média, a ovulação ocorreu 82 horas após a remoção do CIDR. No Experimento 3, 

vacas tratadas com PGF ovularam antes do Grupo CTL (62,5 ± 5,8 vs 94,5 ± 13,5 h; P = 0,05). Coletivamente, 

esses resultados sugeriram que a PGF antecipa a ovulação em vacas leiteiras em lactação, porém seu efeito 

não foi observado em búfalas.

Palavras-chave: Inseminação artificial. Gado. Concepção. Gametas.

Introduction

Since the 1960s, the cattle herd 
raised in the Amazon biome has increased 
from 5 million to more than 70-80 million 
heads. Around 80% of the deforested areas 
of the Amazon forest have been covered 
by pasture (i.e., approximately 900 000 
km2). Cattle expansion occurs in the new 

agricultural frontier areas, from the Eastern 
Brazilian Amazon (i.e., states of Maranhão and 
Pará), through the Southern Brazilian Amazon 
(i.e., states of Tocantins, Mato Grosso, and 
Rondônia; Piketty, Poccard-Chapuis, Veiga & 
Tourrand, 2002). Currently, farmers from this 
region are concerned about their negative 
ecological impacts, as sustainable livestock 
intensification is still a challenge in the Amazon 
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biome. Dairy cattle compose 22% of the herd 
raised in this region and, from 1974 to 2015, 
the states of Para and Rondônia increased 
their dairy herd at a yearly rate of 6.92% and 
15.15%, respectively (Instituto Brasileiro de 
Geografia e Estatistica [IBGE], 2016). However, 
the milk yield and reproductive performance of 
dairy cattle raised in the Brazilian Amazon have 
been characterized by a low productivity. In 
that regard, the synchronization of ovulation to 
enable timed artificial insemination (TAI) is an 
important technology implemented to increase 
the profitability of commercial dairy farms of 
cattle and buffaloes. TAI eliminates the need 
for heat detection, which is a major limitation 
to the success of artificial insemination. This 
is especially the case in buffaloes because of 
their high incidence of subestrus (i.e., silent 
estrus), which is perhaps the most important 
factor leading to poor reproductive efficiency 
(Kanai & Shimizu, 1983; Madan & Prakash, 
2007). Moreover, the concentration of 
estradiol-17β in the blood of buffaloes during 
the follicular phase is lower than that of cows 
(Avenell, Seepudin, & Fletcher, 1985; Kanai, 
Abdul-Latief, Ishikawa, & Shimizu, 1990; Roy 
& Prakash, 2009). The lower serum estradiol 
concentration may be associated to the lesser 
intensity of the estrus exhibited by buffaloes 
(Perera, 2011). Thus, artificial insemination (AI) 
after the detection of estrus is not feasible in 
this species.

There are several efficient estradiol-
progesterone based synchronization 
protocols for dairy cows (Cavalieri, Hepworth, 
Parker, Wright, & Macmillan, 2003; Melo et al., 
2016). Such protocols, with some adjustments 
to the particularities of the species, have been 
tested and commercially applied in buffaloes 
(Oliveira et al., 2001; Camelo, Ribeiro, & Silva, 
Souza & Vale, 2002; Baruselli & Carvalho, 2005; 

Rolim et al., 2009). Many protocols include the 
use of a source of progesterone associated 
with estradiol benzoate (EB) at the beginning 
of treatment to induce the emergence of a 
new follicular wave, as well as a prostaglandin 
analog to promote the regression of the corpus 
luteum (CL) and an ovulatory stimulus, such as 
GnRH, estradiol cypionate (ECP), or estradiol 
benzoate (EB). Notably, GnRH has been the 
most commonly recommended ovulation 
inducer for buffaloes (Carvalho et al., 2007; 
Neglia et al., 2008). 

Although prostaglandin F2α (PGF) 
analogues are widely used in TAI protocols due 
to their luteolytic action, it is known that PGF 
also plays a role in the ovulatory process (Silva & 
Reeves, 1985; Algire, Srikandakumar, Guilbault, 
& Downey, 1992; Weems, Weems, & Randel, 
2006; Bridges & Fortune, 2007). Furthermore, 
previous studies have demonstrated that the 
exogenous application of d-cloprostenol (a 
PGF analogue) induces the first ovulation in 
beef heifers (Pfeifer et al., 2009; Leonardi et al., 
2012). Recently, it was shown that PGF hastens 
ovulation in beef heifers and postpartum cows, 
resulting in pregnancy rates similar to those 
obtained using estradiol esters (Pfeifer et al., 
2014). Despite the evidences that exogenous 
PGF can be used as an ovulation inducer in 
cattle, the effectiveness of PGF has not been 
tested in crossbred dairy cows and dairy 
buffaloes. 

Based on these considerations, 
the present study evaluated the effect of 
d-cloprostenol as an ovulation inducer in 
crossbred dairy cows and buffaloes. The 
hypothesis tested was that a PGF analogue, 
administered 24 h after the removal of the 
exogenous source of progesterone, is able to 
induce ovulation in a synchronized manner in 
dairy cows and buffaloes.
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Materials and Methods

The Committee for Ethics in Animal 
Experimentation from the Brazilian Agricultural 
Research Corporation (Embrapa - Rondônia) 
approved all procedures performed in this 
experiment (F.02/2014). 

Experiment 1

This experiment was performed at 
the experimental research farm of Embrapa 
Rondônia, located in Presidente Médici, RO, 
Brazil (11°10’33”S, 61°54’03”W). Twenty two 
lactating crossbred dairy buffaloes (mainly 
Murrah), 4 to 13 years old, maintained on 

pasture (Brachiaria brizantha cv. Marandu) 
with ad libitum access to salt and water were 
enrolled in this study. 

The experimental design is shown 
in Figure 1A. On Day 0, buffaloes were 
treated with 2mg of estradiol benzoate (EB; 
Bioestrogen®, Biogénesis-Bagó, Curitiba, 
Brazil) intramuscularly (IM) plus an intravaginal 
progesterone-releasing device (CIDR®; 1.9 
g progesterone, Pfizer Animal Health, São 
Paulo, Brazil), which remained until Day 9. On 
Days 8 and 9 buffaloes were given 150μg of 
d-Cloprostenol (PGF analogue Croniben®, 
Biogénesis-Bagó, Curitiba, Brazil), IM. On Day 
10, buffaloes were assigned into two groups to 
receive 150μg of PGF (PGF Group, n = 14), or no 
treatment (CTL Group, n = 8). 

Figure 1. Experimental design used for (A) dairy buffaloes (n = 16) in 
Experiment 1, (B) dairy cows (n = 16) in Experiment 2, and (C) dairy cows 
in Experiment 3 (n = 16). 
EB = Estradiol Benzoate; PGF = Prostaglandin F2α; US = Ultrasound.
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Experiment 2

This study was performed at the 
experimental research farm of Embrapa 
Rondônia (Brazilian Agricultural Research 
Corporation, Rondônia, Brazil; 08°48’12” S, 
63°50’56” W). Sixteen crossbred dairy cows 
(Holstein x Gir) were used. Cows were kept 
in an outdoor grazing system (Brachiaria 
brizantha cv. Marandu pasture) and were fed a 
supplemental corn and soybean meal with ad 
libitum access to mineral salt and water. 

Experimental design is shown in Figure 
1B. On Day 0, all cows were treated with 2mg 
of EB, IM, plus a CIDR device, which remained 
until Day 8. On Days 7 and 8 cows were given 
150μg of d-Cloprostenol IM. On Day 9, cows 
were assigned into one of two groups to 
receive 150μg of PGF (PGF Group, n = 8) or no 
treatment (CTL Group, n = 8).

Experiment 3

This study was performed in the same 
experimental research farm as in Experiment 
2. Sixteen crossbred dairy cows (Holstein x 
Gir) were used and the experimental design is 
shown in Figure 1C. Cows were handled and 
treated similarly as in Experiment 2, however 
cows did not receive d-Cloprostenol on Day 8. 
On Day 9, cows were assigned into one of two 
groups to receive 150μg of PGF (PGF Group, n 
= 8) or no treatment (CTL Group, n = 8).

Ultrasonographic examinations and definitions

Prior to the beginning of the 
experiments, all females were examined by 
transrectal ultrasonography (SIUI CTS-900, 
equipped with a 5 Mhz linear-array transducer, 
Guangdong, China) twice, 7 to 11 d apart, to 

confirm the presence of a CL or DF and to 
evaluate the degree of uterine tonus, to ensure 
that all cows had resumed postpartum ovarian 
activity. Only females in which a CL or DF was 
detected in at least one of the examinations 
were included in this study. Transrectal 
ultrasonographic examinations were also 
used to distribute cows homogeneously 
between groups, according to the diameter 
of the dominant follicle at CIDR removal in all 
experiments. Thus, we ensure that groups 
had similar follicular maturity at the time of the 
treatments. 

In Experiments 1 and 2, ultrasound 
examinations were performed every 12h from 
CIDR removal to ovulation or, in the absence 
of ovulation, up to six days after CIDR removal. 
In Experiment 3, cows were scanned daily 
to monitor ovarian follicular development 
from Day 0 to Day 9 in order to perform data 
normalization of follicular growth (Garcia & 
Salaheddine, 2001). At each scanning session, 
a sketch of each ovary was made and the 
diameter and location of follicles ≥ 3mm in 
diameter were recorded following procedures 
described elsewhere (Ginther, Knopf, & 
Kastelic, 1989). The day of wave emergence 
was defined retrospectively as the day when 
the dominant follicle was first detected at a 
diameter of 4 to 5 mm (Ginther et al., 1989). 
After CIDR removal, ultrasound examinations 
were performed every 12 h, similarly as in 
Experiments 1 and 2. Ovulation was defined as 
the disappearance (from one scanning session 
to the next) of a previously identified follicle ≥ 8 
mm in diameter (Martinez, Kastelic, Bo, Caccia, 
& Mapletoft, 2005). The synchronized ovulation 
rate was calculated by the proportion of 
females ovulating within an interval of 24 hours. 
Therefore, buffaloes in experiment 1 were 
considered synchronized when the ovulations 
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occurred between 78 and 102 hours after CIDR 
removal. Cows in experiments 2 and 3 were 
considered synchronized when the ovulations 
occurred between 60 and 84 hours after CIDR 
removal.

Blood sampling and Progesterone analysis

Blood samples were daily collected, 
from CIDR removal until ovulation detection, by 
caudal venipuncture into 10 mL tubes (Becton 
Dickinson Vacutainer Systems, Franklin 
Lakes, NJ, USA) with EDTA. Blood samples 
were centrifuged (1500 xg for 15 min), and 
plasma was harvested and stored at -20 ºC. 
Plasma progesterone concentrations were 
assayed with a solid-phase radioimmunoassay 
(Rawlings, Jeffcoate, & Rieger, 1984). 
Progesterone was analyzed after extraction 
with 3 mL hexane from 200 mL aliquots 
of plasma. The intra-assay coefficients of 
variation were 14.3% and 9.2% for low (0.24 
ng/mL) and high (0.93 ng/mL) progesterone 
concentrations, respectively. 

Statistical analysis 

All statistical analyses were performed 
using Statistical Analysis System Institute 
[SAS Institute] (1998). Single-point outcome 
variables (time of ovulation and diameter of 
pre-ovulatory follicle) were analyzed using 
analysis of variance - one-way ANOVA, and 
the means were compared between groups 
using Tukey’s post hoc test. Proportions with 
dichotomous outcomes (ovulation rate and 
synchronized ovulation rate) were analyzed 
using the Chi-square test. 

Analyses of serum progesterone 
concentration involving repeated measures 
over time were compared by analysis of 

variance for repeated measures using the 
MIXED procedure to evaluate the main effects 
of treatment, time (sampling period), and 
their interaction (treatment vs. time). When 
the interaction was significant, means were 
compared among treatments using the Tukey 
post-hoc test adjustment to account for 
multiple comparisons in the model.

Differences among groups were 
considered statistically significant when the 
probability (P-value) was less than or equal 
to 0.05. P-values between 0.05 and 0.1 were 
considered as a trend. 

Results 

Experiment 1

The ovarian responses are shown in 
Table 1. There was no difference in ovulation 
rate between the two groups (P = 0.30), wherein 
the overall ovulation rate was of 68%. Similarly, 
the progesterone concentration after the 
removal of the CIDR was not different between 
groups (P = 0.94; Figure 2A). Dairy buffaloes 
in both experimental groups had a serum 
progesterone concentration below 1 ng/mL 
after CIDR removal. Furthermore, the interval 
to ovulation was not different between groups 
(P = 0.61) and was, on average, 89 h after 
CIDR removal. No difference in the diameter 
of the preovulatory follicle was detected 
between groups (P = 0.47). Although PGF 
treated dairy buffaloes appeared to ovulate 
more synchronously, there was no difference 
(P > 0.05) between groups in the distribution 
of ovulation (Figure 3A). After CIDR removal, 
buffaloes treated with PGF ovulated from 66 to 
102 h, while control buffaloes ovulated from 54 
to 126 h.
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Table 1
Ovarian responses of dairy buffaloes (Experiment 1) and cows (Experiments 2 and Experiment 3) 
exposed to an estradiol-progesterone based protocol and treated (PGF group) or not (CTL group) with 
PGF 24 h after CIDR removal

 Experimental Group
Ovarian responses CTL PGF P-values
Experiment 1 - Buffaloes (PGF D8 D9)
Ovulation rate 78.6% (11/14) 62.5% (5/8) 0.41
Synchronized ovulation rate
(78-102 h after CIDR removal) 72.7% (8/11) 80% (4/5) 0.75

Interval to ovulation (h ± SE) 89.0 ± 5.1 85.2 ± 9.5 0.69
Preovulatory follicle diameter (mm ± SE) 15.23 ± 0.8 15.3 ± 0.9 0.8
Experiment 2 - Cows (PGF D7 D8)
Ovulation rate 100% (8/8) 87.5% (7/8) 0.3
Synchronized ovulation rate
(60-84 h after CIDR removal) 87.5% (7/8) 85.7% (6/7) 0.9

Interval to ovulation (h ± SE) 84.0 ± 5.7 80.0 ± 6.1 0.69
Preovulatory follicle diameter (mm ± SE) 14.1 ± 0.5 13.9 ± 0.6 0.80
Experiment 3 - Cows (PGF D7)
Ovulation rate 100% (8/8) 100% (8/8) 1
Synchronized ovulation rate
(60-84 h after CIDR removal) 37.5% (3/8) 85.7% (6/8) 0.1

Interval to ovulation (h ± SE) 94.5 ± 10.4 64.5 ± 10.4 0.05
Preovulatory follicle diameter (mm ± SE) 14.9 ± 0.76 16.0 ± 0.76 0.34
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Figure 2. Serum progesterone concentrations in dairy (A) buffaloes 
and (B and C) cows exposed to an estradiol-progesterone based 
protocol. (A) Buffaloes in Experiment 1 received PGF on days 8 
and 9 of the protocol and treatments (PGF vs. control) were given 
on day 10. (B) Cows in Experiment 2 received PGF on days 7 and 8 
of the protocol and treatments (PGF vs. control) were given on day 
9. (C) Cows in Experiment 3 received PGF on day 7 of the protocol 
and treatments (PGF vs. control) were given on day 9.

Preovulatory follicle diameter (mm ± SE) 14.9 ± 0.76 16.0 ± 0.76 0.34 
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Figure 3. Distribution and percentage of ovulations, following 
an estradiol-progesterone based protocol, in (A) dairy buffaloes 
(Experiment 1); (B) dairy cows treated with at least 2 PGF injections 
on days 7 and 8 (Experiment 2); and (C) in dairy cows treated 
with at least 1 PGF injection on day 7 (Experiment 3). In all the 
experiments, cows received the treatment 24 hours after CIDR 
removal, and PGF treated cows were compared to controls.

 
 
Figure 3. Distribution and percentage of ovulations, following an estradiol-progesterone based protocol, in 
(A) dairy buffaloes (Experiment 1); (B) dairy cows treated with at least 2 PGF injections on days 7 and 8 
(Experiment 2); and (C) in dairy cows treated with at least 1 PGF injection on day 7 (Experiment 3). In all 
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Experiment 2 

The ovarian responses are shown in Table 1. Only one cow, from the PGF group, did not ovulate 

after CIDR removal. There was no difference between groups in the preovulatory follicle diameter (P = 

0.79). Moreover, the progesterone concentration after CIDR removal was not different between groups (P = 

0.68; Figure 2B). Dairy cows in both experimental groups had a serum progesterone concentration below 1 

ng/mL 48 h after CIDR removal. The interval to ovulation (P = 0.69) and synchronized ovulation rate (P = 

0.9) were not different either between CTL and PGF groups. The distribution of ovulation is shown in Figure 

3B. Most of the cows ovulated from 72 to 84 h after CIDR removal, whereas only one cow from the PGF 

group and one cow from the Control group ovulated 96 h and 132 h after CIDR removal, respectively 

(Figure 3 B). 
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Experiment 2

The ovarian responses are shown in 
Table 1. Only one cow, from the PGF group, 
did not ovulate after CIDR removal. There 
was no difference between groups in the 
preovulatory follicle diameter (P = 0.79). 
Moreover, the progesterone concentration 
after CIDR removal was not different between 
groups (P = 0.68; Figure 2B). Dairy cows 
in both experimental groups had a serum 
progesterone concentration below 1 ng/mL 48 
h after CIDR removal. The interval to ovulation 
(P = 0.69) and synchronized ovulation rate (P = 
0.9) were not different either between CTL and 
PGF groups. The distribution of ovulation is 
shown in Figure 3B. Most of the cows ovulated 
from 72 to 84 h after CIDR removal, whereas 
only one cow from the PGF group and one cow 
from the Control group ovulated 96 h and 132 
h after CIDR removal, respectively (Figure 3 B).

Experiment 3

The ovarian responses are shown in 
Table 1. All cows ovulated, and no difference 
was detected in the preovulatory follicle 
diameter between the CTL and PGF groups 
(P = 0.34). However, cows treated with PGF 
ovulated earlier than those in the CTL group (P 
= 0.05). As for the progesterone concentration 
after CIDR removal, it was not different between 
groups (P = 0.70; Figure 2C). Similar to what 
was observed in Experiment 2, dairy cows in 
both experimental groups were characterized 
by a serum progesterone concentration below 
1 ng/mL 48 h after CIDR removal. Notably, 
the synchronized ovulation rate tended to 
be higher in cows treated with PGF, in which 
75% of ovulations occurred in a synchronized 
manner (P = 0.1). In contrast, in the CTL group, 

only 37.5% of ovulations occurred in the same 
interval. The distribution of ovulation is shown 
in Figure 3C. The interval from the first to the 
last ovulation was 36 h (i.e., from 48 to 84 h) in 
cows treated with PGF, whereas it was of 96 
h (i.e., from 48 to 144 h after CIDR removal) in 
cows from the CTL group. 

Discussion 

The results of the current study partially 
support the hypothesis tested. The interval to 
ovulation and ovulation rate were not different 
between treatments in buffaloes (Experiment 
1) nor in cows (Experiment 2) receiving PGF in 
days 7 and 8 of the protocol. However, cows 
treated with PGF but not receiving any on day 8 
of the protocol (Experiment 3) ovulated earlier 
and more synchronously than control cows. 

The identification and study of new 
molecules to induce ovulation could help 
introduce important alternatives to increase 
the use of reproductive biotechniques and, 
consequently, enhance the productivity of 
dairy cows and buffaloes raised in the Amazon 
biome. Increasing the milk production in this 
region is an important requirement, especially 
for smallholder farms, in which milk production 
is the main economic activity. Dairy cows and 
buffaloes raised in the Amazon biome are 
characterized by both a low productivity and 
low profitability. Although, the herd continues 
to grow in this challenging agricultural 
frontier, increasing milk yield and reproductive 
performance is still necessary to enhance the 
quality and productivity of the herd. As the 
overall results of the present experiments did 
not indicate an improvement in the ovarian 
response in cattle, seeking molecules that 
have a positive impact on livestock production 
is still necessary.
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In Experiments 1 and 2, all females 
were treated with at least 2 doses of PGF, 24 
h before and at CIDR removal. Notably, the 
PGF treatment given 24 h after CIDR removal 
did not hasten the ovulation in dairy buffaloes 
and cows. Although not significantly different, 
the ovulation range of control cows was more 
spread than that of PGF treated cows. It is 
well established that luteolysis is improved 
by the use of sequential doses of PGF, which 
increases the P/AI ratio in dairy cows subjected 
to TAI protocols (Borchardt, Pohl, Carvalho, 
Fricke, & Heuwieser, 2018). This response is 
typically observed in cyclic cows with a newly 
formed CL. However, anovular dairy cows that 
received two sequential treatments with PGF 
had an increased P/AI ratio compared with those 
receiving a single treatment with PGF (Pereira 
et al., 2015). To avoid this confounding factor in 
Experiment 3, cows were not treated with PGF 
at CIDR removal, and cows treated with PGF to 
induce ovulation ovulated earlier than control 
cows. This evidences the ovulatory effect 
of PGF in dairy cows. As for dairy buffaloes, 
however, further research is needed to test if 
PGF has the same effect. 

The ovulation rate observed in 
buffaloes in the present study were lower than 
those observed elsewhere, such as 82.3% 
(Baruselli, 1999), 93.3% (Berber, Madureira, 
& Baruselli, 2002), and 81.0% (Carvalho et al., 
2005). However, these studies differed from 
the present one in that the latter was performed 
with dairy buffaloes from the Amazon biome. 
Furthermore, Martins, Oliveira, Ribeiro, & Quirino, 
(2002), who used an estradiol-progesterone 
based protocol to induce ovulation in buffaloes 
in the State of Pará, Brazil, observed that 96% 
of the cows ovulated after CIDR removal. 
Although the number of animals included in 
the present study is low, these evidences lead 

us to infer that PGF has no ovulatory effect in 
buffaloes. Previous studies have indicated that 
d-cloprostenol has an ovulatory effect similar 
to that of EB in TAI protocols, resulting in similar 
ovulation and pregnancy rates in dairy (Pfeifer 
et al., 2016; Castro et al., 2018) and beef cows 
(Pfeifer et al., 2014, 2018). Moreover, the 
injection of PGF has also been reported to act 
as an ovulatory stimulus in prepubertal heifers 
(Pfeifer et al., 2009; Leonardi et al., 2012). 
These studies support the hypothesis that PGF 
can induce ovulation of the dominant follicle 
by an independent mechanism of luteolysis. 
Despite this, the mechanism of action of 
exogenous PGF to trigger ovulation in cattle is 
still unknown. Several studies have attempted 
to understand how PGF stimulates ovulation 
(Randel, Lammonglia, Lewis, Neuendorff, & 
Guthrie, 1996; Naor et al., 2007; Fortune, Willis, 
Bridges, & Yang, 2009). It has been suggested 
that PGF exerts a direct effect on the anterior 
pituitary (Weems et al., 2006), which increases 
pituitary responsiveness to GnRH and thereby 
enhances the release of LH (Randel et al., 
1996). Moreover, PGF also appears to play a 
local role in the ovary. Prostaglandins (PGE2 
and PGF2α) secreted by the granulosa cells 
(Evans, Dobias, King, & Armstrong, 1983; 
Bridges & Fortune, 2003) are closely linked 
to the ovulatory process (Murdoch, Hansen, 
& Mcpherson, 1993). Our recent experiment, 
in which ovariectomized cows were treated 
with a PGF analogue (d-cloprostenol), a 
GnRH analogue (buserelin acetate), or saline, 
demonstrated that only cows treated with 
GnRH had increased plasma LH concentration 
after treatment (unpublished data). Moreover, 
when PGF was used as an ovulatory stimulus 
in dairy cows, an association between follicle 
vascularization and the interval to ovulation 
was observed (Pfeifer et al., 2016). These 
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results led us to further hypothesize that PGF, 
acting mainly via a local mechanism, requires a 
higher developmental status of pre-ovulatory 
follicles compared to the systemic-mediated 
action of ECP. 

In cows, progesterone concentrations 
had decreased to less than 1 ng/mL 48 h after 
the PGF treatment. No effect of group was 
detected in progesterone concentrations after 
CIDR removal in any of the 3 experiments. These 
results demonstrate that treatment groups were 
under the same progesterone environment 
at the time of the ovulatory treatments. 
Although, no differences in the interval to 
ovulation between groups were detected in 
Experiments 1 and 2, 87.5% of the cows in 
the CTL group from Experiment 2 ovulated 
synchronously, despite no differences in 
progesterone concentrations between groups 
and experiments. Moreover, the absence of 
the PGF injection on day 8 in Experiment 3 
resulted in PGF hastening ovulations, whereas 
no effect of PGF was observed when PGF was 
injected on day 8 of the protocol. As the drop 
in progesterone concentrations after CIDR 
removal in Experiments 2 and 3 were very 
similar, we can infer that this was not the cause 
of the observed differences. Collectively, 
these results indicate that PGF indeed causes 
ovulation independently of its luteolytic effect. 
In buffaloes, however, the progesterone 
concentrations were already low at CIDR 
removal. Another study has demonstrated 
that reduced doses of PGF promote luteolysis 
and induce estrus in buffaloes (Chohan, 1998), 
evidencing the high sensitivity of the CL of 
buffaloes to PGF treatment. 

Finally, the results from Experiment 3 
show that PGF given 24 h after CIDR removal, is 
able to hasten ovulation in cows, but not in dairy 

buffaloes. Notably, the effect of PGF after CIDR 
removal has previously been studied (Gabriel, 
Wallenhorst, Dietrich, & Holtz, 2011; Garcia-
Ispierto, & Lópes Gatius, 2014; Ambrose, 
Gobikrushanth, Zuidhof, & Kastelic, 2015), but 
the difference with the current study is that PGF 
was injected at TAI. A study reported that the 
treatment with PGF did not affect pre-ovulatory 
follicle diameter, CL size, nor progesterone 
levels (Neglia et al., 2012). In contrast, Neglia 
et al. (2008) observed a significantly larger CL 
on day 10 after AI, along an increase in whey 
progesterone concentration, in buffaloes 
treated with cloprostenol on the day of AI. 
Overall, the study of new molecules that 
induce ovulation is particularly important in the 
buffalo due to its reproductive peculiarities, 
such as a variable duration of estrus, namely 
between 4 and 64 h, which complicates 
the prediction of the moment of ovulation 
(Baruselli, 2001). Considering that two AI 
procedures is a common practice in buffaloes, 
an effective ovulation inducer could overcome 
this issue and increase the potential for a single 
successful AI, using a single straw of semen 
(Neglia et al., 2008).

Conclusion

The present study provides important 
data on the use of PGF as an ovulatory stimulus 
for TAI programs in dairy crossbred cows. In 
contrast, similar effects were not observed in 
dairy buffaloes. Collectively, it is plausible that 
a pre-ovulatory treatment with PGF might have 
benefits for the synchronization of ovulation in 
dairy cows beyond its direct effects on luteal 
regression, as its effects were independent 
of changes in serum progesterone 
concentrations.
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