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ABSTRACT
This study aimed to evaluate the role of prostaglandin F2α (PGF) on ovulation. In Experiment 1, cows were randomly 
allocated to two treatments to receive 150 μg of d-Cloprostenol (PGF Group, n = 12) or 2 mL of NaCl 0.9% (Control 
Group, n = 11) and CIDRs, were removed 4 days later. No cow ovulated in Control and PGF groups. In Experiment 2, 
cows were randomly separated into two experimental groups to receive 4 injections of 150 μg of d-Cloprostenol (n = 9) or 
2 mL of NaCL 0.9% (n = 9). In this experiment, ovulation was not observed in any cows. In Experiment 3, ovariectomized 
cows receive three injections of 300μg of PGF analog (PGF Group, n = 5), 100μg of Lecirelin (GnRH Group, n = 5) 
or 2 mL of PBS (Control Group, n = 4). The LH concentration was higher (P <0.0001) in cows from the GnRH group 
than in the PGF and Control groups. In experiment 4, cows with preovulatory follicles (>11.5 mm) were treated with 
Saline (Control Group, n = 6); Lecirelin (GnRH Group, n = 7) or Cloprostenol Sodium (PGF Group, n = 6). There was 
a significant increase in the vascular area of follicles from 0 to 24 h in GnRH and PGF treatments. In conclusion, PGF 
was not able to induce ovulation in cows with high or low plasma progesterone concentration. Additionally, PGF alone 
was not able to induce LH release and follicle luteinization, but increased follicular vascularization.
Keywords: Cow. Ovary. Pituitary. Prostaglandin. Reproduction.

RESUMO
O objetivo deste estudo foi avaliar o papel da prostaglandina F2α (PGF) na ovulação. No Experimento 1, as vacas foram 
alocadas aleatoriamente em dois tratamentos para receber 150 μg de d-Cloprostenol (Grupo PGF, n = 12) ou 2 mL de 
NaCl 0,9% (Grupo Controle, n = 11) e os CIDR, foram removidos 4 dias depois. Nenhuma vaca ovulou nos grupos 
Controle e PGF. No Experimento 2, as vacas foram separadas aleatoriamente em dois grupos experimentais para 
receber 4 injeções de 150 μg de d-Cloprostenol (n = 9) ou 2 mL de NaCL 0,9% (n = 9). Não foi observada ovulação em 
nenhum dos animais deste experimento. No Experimento 3, vacas ovariectomizadas receberam três injeções de 300μg 
de análogo de PGF (Grupo PGF, n = 5), 100μg de Lecirelina (Grupo GnRH, n = 5) ou 2 mL de PBS (Grupo Controle, 
n = 4). A concentração de LH foi maior (P <0,0001) nas vacas do grupo GnRH do que nos grupos PGF e Controle. 
No Experimento 4, vacas com folículos pré-ovulatórios (> 11,5 mm) foram tratadas com solução salina (Grupo 
Controle, n = 6), Lecirelina (Grupo GnRH, n = 7) ou Cloprostenol Sódico (Grupo PGF, n = 6). Houve um aumento 
significativo na área vascular dos folículos de 0 a 24h nos tratamentos com GnRH e PGF. Em conclusão, a PGF não foi 
capaz de induzir ovulação em vacas com alta ou baixa concentração plasmática de progesterona. Além disso, a PGF 
sozinha não foi capaz de induzir a liberação de LH e a luteinização do folículo, mas aumentou a vascularização folicular.
Palavras-chave: Vaca. Ovário. Pituitária. Prostaglandina. Reprodução.
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Introduction
Prostaglandin F2α (PGF) analogs are commonly used 

to induce luteolysis in estrous synchronization programs 
in cattle (Pursley et al., 1995; Weems et al., 2006; Colazo 
& Mapletoft, 2014). However, PGF is also able to hasten 
and synchronize ovulation in cattle (Pfeifer et al., 2014; 
Pfeifer et al., 2016; Castro et al., 2017) independent of its 
luteolytic action (Leonardi  et  al., 2012). Previously, we 
observed that d-Cloprostenol (PGF analog) had a similar 
ovulatory effect to that of estradiol benzoate in timed artificial 
insemination (TAI) protocols, resulting in similar ovulation 
and pregnancy rates in dairy (Pfeifer et al., 2016; Castro et al., 
2017) and beef cows (Pfeifer et al., 2014; Pfeifer et al., 2018). 
Despite this, the mechanism of action for injectable PGF 
to induce ovulation in cattle is still unknown.

During a natural estrous cycle, the ovarian dominant 
follicle reaches ovulatory capacity after luteolysis and a 
consequent decrease in progesterone concentrations (Colazo 
& Mapletoft, 2014). In a TAI program, however, the use 
of GnRH can induce ovulation even in the presence of 
progesterone (Colazo et al., 2008), as it directly stimulates 
pituitary LH release (Halász  et  al., 1989). Furthermore, 
it was shown that estradiol can induce an LH surge in 
ovariectomized cows under high progesterone concentrations 
(Martínez et al., 2007). Although PGF injection has been 
associated with ovulation after progesterone insert removal 
during TAI, little is known about its hypothalamic effects 
and ability to trigger LH release.

The administration of PGF associated with GnRH can 
induce an increase in plasma LH levels in postpartum cows, 
suggesting that PGF increases the responsiveness to GnRH 
(Randel et al., 1996). Besides, in mice, prostaglandin E (PGE) 
is known to stimulate LH secretion while PGF inhibits it 

(Murdoch et al., 1993) and the presence of both receptors 
was demonstrated in the pituitary gland (Naor et al., 2007).

Based on these considerations, we hypothesize that 
PGF treatment affects the hypothalamic-pituitary level to 
induce ovulation and luteinization in cattle. Therefore, this 
study aimed to evaluate: 1) the effect of PGF administered 
in different time points and doses on ovulation; 2) whether 
PGF can induce ovulation in cows with high and low serum 
progesterone concentrations; 3) the serum concentration 
of LH after PGF treatment and 4) the effect of PGF on 
steroidogenesis and vascularization of preovulatory follicles.

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 (Number F.02/2014).

Experiment 1. Effect of a single PGF dose in a high 
progesterone environment

Nonlactating crossbred dairy cows (Gyr x Holstein; n = 23) 
between 3 and 6 years old, parity between 2 and 4, body 
condition score (BCS) between 2.5 and 3.5 (1 = emaciated, 
5 = obese) were used. Cows were maintained in a Brachiaria 
brizantha pasture, with free access to water and mineral 
supplement. Before the experiment, all cows were examined 
by transrectal ultrasonography (SIUI CTS-900 equipped 
with 5 MHZ linear probe, Guangdong, China) twice, 11 days 
apart, to confirm that none had a uterine infection as well 
as to evaluate the presence of follicles and corpus luteum 
(CL). All cows presented a CL and/or a dominant follicle 
(DF; follicle ≥ 8mm) and were included in the study.

Cows were submitted to a pre-synchronization treatment 
as shown in Figure 1A. On Day 0, approximately 6 to 7 d after 
ovulation, cows were treated with two progesterone-releasing 
intravaginal implants devices (1.9 g progesterone each, CIDR, 
Zoetis, Campinas, Brazil), plus 2 mg of estradiol benzoate 
(EB, Bioestrogen, Biogénesis-Bagó, Curitiba, Brazil) i.m. 
On Day 8, cows received 300 IU of eCG (Novormon, Zoetis, 
Campinas, Brazil) i.m., and 24 h later were randomly separated 
into one of two experimental treatments to receive: 1) 150 μg 
of d-Cloprostenol (Croniben, Curitiba, Brazil; PGF Group, 
n = 12), or 2) 2 mL of NaCl 0.9% (Control Group, n = 11). 
The CIDR devices were removed on Day 13.

All cows were evaluated by transrectal ultrasonography 
once a day from Day 6 to Day 9 and every 12 h from Day 9 
until ovulation, or five days after treatments in the absence of 
ovulation. Also, color Doppler ultrasonography (Mindray 
M5 VET equipped with 5 MHZ linear probe) was used 
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to evaluate the blood flow of the DF. Color gain settings 
were kept constant for all ultrasonic assessments. Images 
of the follicles were obtained from ultrasound assessments 
with maximum color intensity, focusing on the widest 
diameter of the follicle. When consistent Doppler signals 
were detected in the follicular wall, it was considered that 
the follicle had detectable blood flow. The intensity of 
follicular vascularization was expressed subjectively as the 
percentage of peri-follicular circumference enriched with 
Color Doppler signals as described elsewhere (Ginther, 
2007; Satheshkumar, 2018).

Blood samples were collected on Days 9, 10, and 11 of the 
experiment, from the coccygeal vein, in vacuum tubes, without 
anticoagulant. Immediately after collection, samples were 
refrigerated at 4 °C, then centrifuged (3000 × g for 15 min) 
and stored at −20 °C. Serum P4 concentrations were 
analyzed on D9, D10, and D11 of the experiment (Figure 2) 
assessed by chemiluminescence (ADVIA Centaur; Siemens; 
Ref. 01586287; sensitivity of 0.21 ng/mL), with intra- and 
inter-assay values lower than 12%.

Experiment 2. Effect of multiple PGF doses in a low 
progesterone environment

Nonlactating crossbred dairy cows (Gyr x Holstein; n = 18) 
were given PGF i.m. twice, 11 days apart. Ten days after the 
second PGF (Day 0), approximately 5 to 8 days after ovulation, 
all cows received a hormonal treatment (Figure 1B). On Day 0, 
cows were treated with a twice-used CIDR device (CIDR, 
Zoetis, Campinas, Brazil), 2 mg of EB i.m. and 150 μg of a 
PGF analog (d-Cloprostenol, Croniben, Biogénesis-Bagó, 
Curitiba, Brazil) to induce luteolysis. On Day 6, cows received 
150 μg of d-Cloprostenol i.m., and 48 hours later, 300 IU 

of eCG (Novormon, Zoetis, Campinas, São Paulo, Brazil) 
i.m. On Day 9, cows were randomly separated into two 
experimental treatments to receive: 1) 4 injections, once 
a day, of 150 μg of d-Cloprostenol (4xPGF Group, n = 9), 
or 2) 4 injections of 2 mL of NaCl (0.9%, Control Group, 
n = 9). The progesterone inserts were removed on Day 13. 
All cows were evaluated by transrectal ultrasonography, 
every 24 h from Day 9 until ovulation, or five days after 
CIDR removal in the absence of ovulation. Blood collection 
and serum progesterone concentrations were performed as 
described for Experiment 1.

Experiment 3. LH release after PGF treatment

Ovariectomized crossbred cows (B. taurus x B. indicus; 
n = 14) were randomly allocated to receive three i.m. injection 
(Hour 0, 1 and 2) of one of the following treatments: 300μg 
of d-Cloprostenol (PGF analog; Croniben, Curitiba, 
Brazil; PGF Group, n = 5), 100μg of Lecirelin (GnRH 
analog, Gestran plus, Tecnopec, São Paulo, Brazil; GnRH 

Figure 1 - Ovulation synchronization protocol used for cows in (A) Experiment 1 and (B) Experiment 2. *Blood collections 
for analysis of serum progesterone concentration. Abbreviations: EB: estradiol benzoate, PGF: prostaglandin F2α, 
ECP: estradiol cypionate, eCG: equine chorionic gonadotropin, US: ultrasound examination.

Figure 2 - Serum progesterone concentrations in cows exposed 
to high (Exp. 1 – two new CIDR®,) and low (Exp. 2 – 
one twice used CIDR®,) progesterone concentrations.
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Group, n = 5) or 2 mL of Saline (Control Group, n = 4). 
To determine the serum concentration of LH, blood samples 
were collected from all cows, as follows: 2 h before the 
injections, hourly from the moment of injections (Hour 0) 
to 6 h, and every 6 h from 6 h to 36 h after injections. Serum 
LH concentrations were analyzed by radioimmunoassay, 
adapted from Bolt & Rollins (1983) and Bolt et al. (1990). 
The minimum detection limit was 0.06 ng/mL. The intra-
assay CVs were 4.9 and 7.4% for low- and high- reference 
samples, whereas interassay CVs were 21.9% and 7.2% for 
low- and high- reference samples.

Experiment 4. Effect of PGF on steroidogenesis and 
vascularization of pre-ovulatory follicles

Nonlactating dairy cows (Jersey and Holstein; n = 
19) with a BCS between 2.5 and 3.5 were maintained in 
a natural pasture with free access to water and mineral 
supplement. On Day 0, cows were treated with 2 mg of EB 
i.m. (Gonadiol, Zoetis, Brazil) and 241µg Cloprostenol i.m. 
(Estron, Agener, Brazil) simultaneously to the insertion of a 
progesterone-releasing intravaginal implant (1g progesterone; 
Sincrogest, Ourofino, Brazil). Furthermore, all follicles > 
8mm were aspirated on Day 0. On Day 8, 241µg cloprostenol 
i.m. (Estron, Agener, Brazil) was administered. All cows 
were evaluated by transrectal ultrasonography (SonoScape 
A6V equipped with 7.5 MHZ linear probe), every 24 h from 
Day 7 to Day 11. On Day 9, the progesterone inserts were 
removed and, 12 h later, the cows were randomly allocated 
into three treatments: 2 mL of Saline i.m. (Control Group, 
n = 6); 100μg of Lecirelin i.m. (GnRH analog, Gestran 
plus, Tecnopec, São Paulo, Brazil; GnRH Group, n = 7) or 
500 µg Cloprostenol Sodium i.m. (Ciosin - MSD, Brazil; 
PGF Group, n = 6).

All cows had a single follicle with a diameter greater than 
11.5 mm at the moment of the treatment. Color Doppler 
ultrasonography (Mindray M5 VET equipped with 
5 MHZ linear probe) was used to evaluate blood flow of 
the pre-ovulatory follicle 0 and 24 h after treatment. Both 
ovaries were scanned, and the location of the dominant 
follicle was recorded for each cow. Then, B-mode and color-
flow mode short videoclips (7s duration) were recorded. 
The intensity of follicular vascularization was blindly 
evaluated and objectively expressed as the percentage of the 
peripolar circumference that had signs of color Doppler. 
Thus, the circumference of the DF (CDF) was calculated 
using the internal calipers of the machine. To calculate 
the proportion of the peripolar circumference of the DF 
vascularized, three to four images that better represented the 
colored area surrounding the DF were chosen to calculate 

the linear vascularized surface (LVS). The images were 
overlaid to obtain one single image and then, the LVS was 
calculated using the ImageJ software. To determine the 
proportion of colored pixels surrounding the DF, the LVS 
was divided by CDF.

Pre-ovulatory follicles were aspirated 24 h after 
treatments under caudal epidural anesthesia with 80 mg 
Lidocaine Chlorhydrate (Anestex Fagra - Vétoquinol, 
Brazil). Follicular aspiration was guided by transvaginal 
ultrasonography (PieMedical Esaote AguilaVet, equipped 
with a 6 MHZ microconvex probe) using an ovum pick up 
the system with a 16G catheter (Jelco) attached to a silicon 
tube and a 5 mL syringe. The follicular fluid samples were 
centrifuged and preserved in liquid nitrogen until estradiol 
and progesterone concentration analysis. Follicular fluid 
progesterone (P4) and estradiol (E2) concentrations were 
assessed by chemiluminescence (ADVIA Centaur; Siemens), 
as described in Experiment 1.

Statistical analysis

All statistical analyses were performed using SAS 9.0 (SAS, 
Cary, NC, USA). Continuous variables (diameter of the 
dominant follicle, time of ovulation and concentration of 
LH, follicular fluid estradiol and progesterone) were analyzed 
by one-way ANOVA, and means were compared between 
groups by the post-hoc Tukey test. Analyses 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. Ovulation rate 
was analyzed by the Chi-square test. Data from follicular 
vascularization had normal distribution according to the 
Shapiro-Wilk’s test and were evaluated using paired data 
design into a parametric mixed model. Pairwise comparisons 
were performed using least square corrected means. 
Differences between groups were considered significant 
when the P-value was less or equal to 0.05.

Results

Experiment 1

No cow ovulated in Control and PGF groups when 
exposed to high progesterone concentrations. The average 
serum progesterone concentration was 4.7 ± 0.3 ng/mL 
(Figure 2). Follicular growth and follicular blood flow scores 
were shown in Figures 3A and 3B, respectively. Follicular 
growth was not different between groups (P = 0.32) from 
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day 6 to 13. However, there was an increase in the blood 
flow of the DF after PGF treatment (P = 0.03).

Experiment 2

No cow exposed to low progesterone ovulated in Control 
and 4xPGF groups. The average serum progesterone 
concentration was 1.9 ± 0.1 ng/mL (Figure 2). However, 
after CIDR removal, all cows (9/9) from the Control group 
ovulated, and 78% (7/9) of the cows treated with PGF 
ovulated (P = 0.13). Follicular growth (Figure 4) was not 
different between groups (P = 0.92). However, after CIDR 
removal, 57% (4/7) of PGF treated cows ovulated until 
48 h, while in the Control Group, only 22% (2/9) ovulated 
in the same period (P = 0.15). The average interval from 
CIDR removal to ovulation was 54.6 ± 3.5 h in Control 
and 42.6 ± 6.5 h in PGF group (P = 0.12).

Experiment 3

Serum LH concentrations after saline, GnRH, or PGF 
injection are shown in Figure 5. Prior to the injections 
(Hour 0), LH concentration was similar among groups 
(P = 0.97; 4.5 ± 0.3 ng/mL). However, 1 h after the first 

injections, the LH concentration was higher (P <0.0001) in 
cows from GnRH group (33.6 ± 13.2 ng/mL) compared to 
the PGF and Control groups (5.2 ± 0.5 and 4.2 ± 0.5 ng/mL, 
respectively). This difference persisted up to 4 h after the first 
injections (P < 0.05). After this period, LH concentrations 
returned to basal levels and were similar (P > 0.05) among 
groups. The LH secretion pattern was not different between 
PGF and Control groups (P > 0.05) and was maintained 
between 3 and 8 ng/mL throughout the study.

Experiment 4

Follicular fluid progesterone and estradiol concentrations 
in Control, GnRH, and PGF treatments are shown in Figure 6. 
Cows treated with GnRH had a significant decrease in follicular 

Figure 3 - (A) Diameter (Mean ± SEM) of the dominant follicle 
and (B) blood flow score in cows treated with a single 
dose of 150µg of PGF analog (PGF Group, n = 12) or 
NaCL (Control Group, n = 11) on Day 9 of the estradiol-
high progesterone-based protocol (Experiment 1). All 
cows received 2 new CIDR®, devices, and 2 mg of 
EB i.m., in a presence of a CL on Day 0. On Day 8, 
cows received 300 IU of eCG. CIDR®, devices were 
removed on Day 13 of the protocol.

Figure 4 - Diameter (Mean ± SEM) of the dominant follicle in 
cows treated with four doses of 150µg of PGF analog 
(PGF Group, n = 12) or NaCL (Control Group, n = 11) 
on Days 9 to 12 of the estradiol-low progesterone-based 
protocol (Experiment 2). All cows were synchronized 
with a twice-used CIDR®, device, 2 mg of EB i.m., 
and 150 μg of a PGF analog on Day 0. On Day 6, 
cows received 150 μg of d-Cloprostenol, and 48 h 
later, 300 IU of eCG. CIDR®, devices were removed 
on Day 13 of the protocol. *Time points relative to 
the first injection of the treatments.

Figure 5 - Serum LH concentrations after injections of d-Cloprostenol 
(PGF Group, n = 5), Lecirelin (GnRH Group, n = 5), 
or Saline (Control Group, n = 4) in ovariectomized 
cows from Experiment 3.
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fluid estradiol concentration and an increase in progesterone 
concentration, compared to the other treatments (P < 0.05). 
There was a significant increase in vascular area of follicles 
from 0 to 24 h in GnRH (three-fold; P < 0.001) and a tendency 
for PGF (two-fold; P < 0.05) treatments (Figure 7).

Discussion
The results of this study indicate that PGF is not able to 

stimulate LH release and ovulation in cattle. Although it was 
shown before that in association with GnRH, PGF can increase 
LH secretion in postpartum cows (Randel et al., 1996), our 
results did not confirm this finding. We demonstrated that 
intramuscular injection of PGF without any pretreatment 
(Exp. 3) or in the presence of low and high progesterone serum 
concentrations (Exp. 1 and 2) did not increase LH release 
nor induce ovulation. Also, PGF did not have any effect on 
steroidogenesis in preovulatory follicles (Exp. 4), providing 
further evidence that PGF does not act at the central level 
to control ovulation in cattle. However, the significant 
increase in follicular vascularization in preovulatory follicles 
suggests that systemic PGF administration may locally 
influence the ovulatory process.

Analogs of PGF are among the most used commercial 
products in estrous synchronization protocols (Lamb et al., 
2010), besides being widely used in the treatment of 
reproductive tract disorders (Salasel & Mokhtari, 2011; 
Weems et al., 2006). Thus, understanding the role of PGF in 
ovulation is essential for the development of more efficient 
techniques and methods for the control of reproductive 
cycles in cows. In this sense, it is known that administration 
of commercial analogs of PGF results in ovulation in 
sheep (Davies et al., 2006) and cattle exposed to different 
ovulation synchronization protocols (Pfeifer et al., 2014; 
Pfeifer et al., 2016; Pfeifer et al., 2018; Castro et al., 2017). 
Additionally, the effect of PGF on ovulation is independent 
of its luteolytic action, since it is also able to induce ovulation 
in prepubertal heifers (Leonardi et al., 2012). Although the 
exact mechanism by which this occurs has not yet been 
elucidated, the results of our study indicate that PGF does 
not stimulate LH release, as observed for GnRH (Jaeger et al., 
1987; Bolt et al., 1990), which induces an LH surge even 
in the presence of progesterone (Martínez et al., 2007).

The importance of prostaglandins in the cascade of 
events that precede ovulation has been demonstrated in 

Figure 6 - Follicular fluid estradiol (A) and progesterone (B) concentration in preovulatory follicles from cows 24 h after treatment 
with Saline (Control Group, n=6); Lecirelin (GnRH Group, n = 7) or Cloprostenol Sodium (PGF Group, n=6). All the 
cows had a single follicle with a diameter greater than 11.5 mm at the moment of treatment. A, B Indicate significant 
difference among groups (P <0.05).

Figure 7 - Vascular area (%) in preovulatory follicles from cows before (0 h) and 24 h after treatment with Saline (Control Group, 
n=6); Cloprostenol Sodium (PGF Group, n=6); and Lecirelin (GnRH Group, n = 7). All the cows had a single follicle 
with a diameter greater than 11.5 mm at treatment.
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several species (Evans et al., 1983; Dhaliwal et al., 1991; 
Murdoch et al., 1993; Duffy & Stouffer, 2001; Bridges & 
Fortune, 2007). However, most of the reports about the action 
of endogenous PGF on periovulatory events in cattle are 
focused on its local action in the dominant follicle (Bridges 
& Fortune, 2007; Fortune et al., 2009; Willis et al., 2017). 
In response to GnRH, there is an increase in the PGF and 
PGE receptor expression in theca and granulosa cells of 
preovulatory follicles in cattle (Bridges & Fortune, 2007). 
Also, the pre-ovulatory LH surge induces granulosa cells 
cyclooxygenase-2 activity, which converts arachidonic 
acid to PGH2, the precursor of prostaglandins E2 and 
F22α (Sirois, 1994). The presence of these prostaglandins 
stimulates the activation of proteases in the granulosa 
(Fortune et al., 2009) and theca interna cells (Willis et al., 
2017), promoting follicular rupture and extracellular 
matrix remodeling (Richards  et  al., 2005; Shozu  et  al., 
2005). These reports demonstrated the importance of 
endogenous PGF in ovulation and support the hypothesis 
that PGF administration may directly alter the follicular 
environment. In our study, although PGF was not able to 
induce ovulation in cows with high progesterone levels, 
it improved follicular vascularization, suggesting a local 
action on the preovulatory follicle. Initially, we tested the 
effect of PGF in a high progesterone environment, and 
since PGF did not induce ovulation, we attempted to test 
multiple PGF injections in a low progesterone environment.

The presence of progesterone, even at low levels as 
observed in experiment 2, blocked the ovulatory action of 
PGF. However, after the progesterone source removal, almost 
60% of PGF treated cows ovulated until 36 h, while only 
22% of control cows ovulated in the same interval. In rhesus 
monkeys, LH increased PGE and PGF concentrations in 
follicular fluid about 10 h before ovulatory follicle rupture 
(Duffy & Stouffer, 2001). This suggests that PGs may modulate 
the effects of the LH surge in ovarian tissue remodeling, 
which is essential for follicle rupture and luteinization. 
These results, associated with our findings, suggest that 
PGF could have a local effect in the pre-ovulatory follicle.

In previous studies, we verified the ability of PGF to 
hasten ovulation when progesterone sources were removed 
before PGF treatment to induce ovulation (Leonardi et al., 
2012; Pfeifer et al., 2014; Pfeifer et al., 2016; Castro et al., 
2017). In the current study, to evaluate possible mechanisms 
of action, we maintained the source of progesterone during 
PGF injection. With this, we aimed to determine if, while 
pituitary gonadotropin release is inhibited by progesterone, 
PGF would still be able to induce ovulation. However, our 
results demonstrated that this did not happen, PGF did not 
induce ovulation in the presence of any level of progesterone. 

Differently from observed in the cows of our experiments, 
exogenous PGF induced ovulation in anestrous ewes under 
the effect of medroxyprogesterone (Davies et al., 2006), 
suggesting a direct effect on the follicle, since circulating 
progesterone concentrations did not change and ovulation 
was not preceded by an LH or FSH surge. In our study, 
progesterone concentrations were high in Exp. 1 (around 
5 ng/mL), and low in Exp. 2 (around 2 ng/mL), similar to 
those previously reported by Pereira et al. (2017), which 
induced endocrine profiles of high and low progesterone, 
respectively. It is known that serum progesterone concentrations 
around 2ng/mL can prevent the LH release necessary for 
ovulation of the dominant follicle in cattle (Kojima et al., 
2003). It is possible, therefore, that even the low progesterone 
concentration can prevent the PGF stimulus on ovulation. 
This suggests that other periovulatory events need to be 
triggered to PGF have a stimulatory effect.

The results from our study also demonstrate that PGF 
alone is not able to stimulate the LH surge in cows, as low 
levels of LH were maintained even after three injections of 
PGF in ovariectomized cows. In postpartum cows, it was 
previously demonstrated that PGF increases LH secretion 
after GnRH injection (Randel et al., 1996), suggesting a 
direct effect of PGF on the anterior pituitary (Weems et al., 
2006). However, the effect of PGF on LH secretion suggested 
by those authors was not confirmed in our current study 
using PGF alone. Besides inducing ovulation, the LH 
surge induced by GnRH promotes dramatic effects on 
follicular steroidogenesis, which initiates before follicular 
rupture and culminates with luteinization of the follicle 
(Komar et al., 2001).

Thus, we investigated if PGF administration in cows 
with preovulatory follicles during proestrus/estrus would 
induce such effects. As expected, GnRH treatment decreased 
estradiol synthesis and increased progesterone concentration 
(Komar  et  al., 2001; Santos  et  al., 2012), validating the 
luteinization model. However, PGF treatment did not promote 
luteinization, as estradiol and progesterone concentrations 
were similar to those observed in non-treated control cows, 
further confirming the absence of an indirect effect of PGF 
mediated by GnRH/LH. Interestingly, the evaluation of the 
preovulatory follicles by Color Doppler ultrasonography 
revealed that PGF treatment induced a significant increase 
in follicular vascularization, as observed in GnRH-treated, 
but not in control cows.

It was previously demonstrated that PGF induces a 
significant increase in vascularization at the periphery of 
the CL during both spontaneous and induced luteolysis, 
through inducing the expression of endothelial nitric 
oxide synthase (eNOS) (Shirasuna et al., 2008). However, 
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that effect seems to last only for 6 h, and in the present 
study, the evaluation was performed 24 h after treatment. 
Considering the short half-life of PGF, further studies are 
necessary to identify the mechanisms involved in the local 
action of PGF during ovulation.

Conclusion
Our results show that PGF did not induce ovulation under 

any serum progesterone level. Furthermore, PGF did not 
trigger an LH surge in ovariectomized cows and PGF alone was 
not able to induce follicle luteinization, although it increased 
follicular vascularization. Together, the results suggest that 
PGF may act locally to induce ovulation in cattle. Further 
studies are needed to understand its mechanism of action.
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