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Abstract — The objective of this work was to compare two types of ovulation inducers — estradiol benzoate (EB
group) or prostaglandin F2a (PG group) —, in postpartum dairy cows subjected to timed artificial insemination
(TAI). Lactating Holstein-Gir crossbred cows (n=118) with 60 to 120 days of milk production were used in this
study. All cows were treated with an intravaginal progesterone-releasing device (CIDR) plus 2 mg of estradiol
benzoate (EB) on day 0. The CIDR inserts were removed on day 9, and all cows received 500 pug sodium
cloprostenol. Twenty-four hours after CIDR removal, cows were randomly assigned into two treatment groups
and were given either 1 mg of EB i.m. (EB group) or 500 pg sodium cloprostenol i.m. (PG group). TAI were
performed at 52 to 54 hours, in both EB and PG groups, after CIDR removal. No differences were observed
in the ovulation (85.2% vs 72.7%) and pregnancy rates (40.7% vs 38.2%) between the EB and PG groups,
respectively. Fertility is similar in the TAI protocols that use prostaglandin F2a or EB to induce ovulation in
lactating dairy cows.

Index terms: artificial insemination, cattle, estrus, synchronization, withdrawal period.

Prostaglandina F20 ou benzoato de estradiol para induzir a ovulagao em vacas

leiteiras inseminadas em tempo fixo

Resumo — O objetivo deste trabalho foi comparar dois indutores de ovulagéo — benzoato de estradiol (grupo BE)
ou prostaglandina F2a (grupo PG) —, em vacas leiteiras pos-parto submetidas a inseminagao artificial em tempo
fixo (IATF). Neste estudo, utilizaram-se vacas Girolando lactantes (n=118) com 60 a 120 dias em lactagdo.
Todas as vacas foram tratadas com um implante intravaginal liberador de progesterona (CIDR) associado a
2 mg de benzoato de estradiol (BE) no dia 0. O CIDR foi retirado no dia 9, ¢ todas as vacas receberam 500 pg
i.m. de cloprostenol sddico (analogo a prostaglandina F2a). Vinte e quatro horas apo6s a remogao do CIDR, as
vacas foram aleatoriamente separadas em dois grupos, que receberam 1 mg de BE i.m. (grupo BE) ou 500 pg
de cloprostenol sddico i.m. (grupo PG). As IATF foram realizadas de 52 a 54 horas, em ambos os grupos,
apos a remocdo do CIDR. Nao se observaram diferengas nas taxas de ovulagéo (85,2 vs. 72,7%) e de prenhez
(40,7 vs. 38,2%) entre os grupos BE ¢ PG, respectivamente. A fertilidade é semelhante em protocolos de IATF
que utilizam prostaglandina F2a ou BE para induzir a ovulagdo em vacas leiteiras em lactacao.

Termos para indexagdo: inseminacgao artificial, bovinos, estro, sincronizagdo, periodo de caréncia.

Introduction

Poor reproductive performance in dairy cows
continues to be an important issue in the dairy
industry (Lucy, 2001; Walsh et al., 2011). However,
the intensive use of timed artificial insemination
(TAI) protocols, observed in commercial herds in the
last two decades, has apparently stabilized the fertility
in high-yielding dairy cows. Recently, considerable
research efforts have focused on developing efficient
strategies to induce synchronized ovulation for TAI
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in dairy cattle (Pereira et al., 2013). The advent of
protocols for ovulation synchronization, which
enables artificial insemination at a pre-established
time with adequate fertility, has become an important
component of breeding management in multiple
production systems (Bisinotto et al., 2014). By
controlling both luteal and follicular function by
exogenous treatments, it is possible to synchronize
the time of ovulation and, therefore, perform artificial
insemination (Al) without the need for estrus detection
(Bo et al., 2002).
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The typical TAI protocol involves the use of an
intravaginal progesterone insert to mimic the luteal
phase, estradiol benzoate (EB) to synchronize follicular
wave emergence, prostaglandin F2a analogues (PGF)
to induce luteolysis, and an ovulation inducer that
could be either an ester of estradiol (benzoate or
cypionate) or a GnRH analogue, such as, gonadorelin
and buserelin acetate (Kim et al., 2007; Souza et al.,
2009; Bisinotto et al., 2014).

In addition to the well established role in causing
luteolysis, PGF has been implicated to enhance fertility
in cattle (Weems et al., 2006). The mechanism by
which PGF may affect fertility, when it is used in TAI
protocols, could act either by anticipating luteolysis
(Bisinotto et al., 2010; Santos et al., 2010; Lima et al.,
2013), or by improving uterine environment for early
conception development (Neglia et al., 2008; Gabriel
et al.,, 2011; Garcia-Ispierto & Lopes-Gatius, 2014;
Ambrose et al., 2015). Furthermore, incomplete
luteolysis has been reported as a negative factor that
impairs fertility of a TAI protocol (Santos et al., 2010).
More recently, PGF alone given 24 hours after removal
of the progesterone device has successfully induced
ovulation in beef cattle undergoing TAI (Pfeifer et al.,
2014). Also, previous studies used PGF to induce first
ovulation in prepubertal heifers (Pfeifer et al., 2009;
Leonardi et al., 2012). However, whether there is a
direct action of exogenous PGF on ovulation remains
controversial.

Treatment with PGF concurrent with Al could
increase pregnancy rates by increasing uterine
contractility (Stolla& Schmid, 1990), thereby enhancing
sperm transport (Garcia-Ispierto & Lopes-Gatius,
2014; Ambrose et al., 2015), inducing the luteinizing
hormone (LH) release via a luteolysis-independent
mechanism (Randel et al.,, 1996), and therefore,
assisting the ovulatory process or hastening the luteal
regression (Ambrose et al., 2015). Although the
effects PGF given 24 hours after the progesterone
device removal on hastening luteolysis has been
studied (Bisinotto et al., 2010; Santos et al., 2010;
Lima et al., 2013; Garcia-Ispierto & Lopes-Gatius,
2014), to our knowledge, no study was performed to
investigate whether PGF can induce ovulation by itself
in TAI protocols for dairy cows. From a commercial
perspective, the major significance of such studies is
the possibility of developing a new method to induce
ovulation in dairy cattle, reducing the use of estradiol

in TAI protocols. It is noteworthy that, unlike estradiol,
PGF does not have a withdrawal period (Food Animal
Residue Avoidance Databank, 2016; National Office
of Animal Health, 2016). Depending on the formula
and the pharmaceutical laboratory, an ester of estradiol
may have a withdrawal period of up to 30 days for
milk and meat. Furthermore, since 2008, the European
Community has banned the use of estradiol-17f in
farm animals, after the Committee on Veterinary
Measures Relating Science to Public Health labeled
this compound as a complete carcinogen (Regal et al.,
2011).

The objective of this work was to compare two types
of ovulation inducers — estradiol benzoate (EB group)
or prostaglandin F,o (PG group) — in postpartum dairy
cows subjected to timed artificial insemination.

Materials and Methods

All animal procedures were carried out under
Embrapa Ethics in the Use of Animals Committee
approval number F.02/2014.

The experiment was performed using the facilities
at Embrapa Gado de Leite Research Farm, located in
Coronel Pacheco, MG, Brazil. Lactating Holstein-Gir
crossbred cows (n=118) were used in this work. Cows
were 60 to 120 days of milk production (DIM) and had
a body weight of 500 to 600 kg, and a body condition
score (BCS) ranging from 2.5 to 3 (range 1 to 5;
1 = emaciated, 5 = obese).

The animals were maintained on pasture overnight,
and fed a supplemental corn silage and grain ration
during the day with ad libitum access to a mineral
mixture, salt, and water. Cows were fed twice daily, and
the diet was formulated to meet or exceed the nutritional
requirements for lactating cows producing 25 kg of
milk per day with 3.5% fat and 3.2% protein. Cows
were milked twice daily at 12-hour intervals. Before
the beginning of the experiment, cows were examined
twice, 11 days apart, using transrectal ultrasonography
(US) and a 5 MHz linear-array transducer (Esaote
MyLab30 Vet Gold; Pie Medical-Esaote, Genoa, Italy)
to confirm cyclicity [the presence of a corpus luteum
(CL) in one or both US sessions]. Only cyclic cattle
were included in this work.

All cows were treated with an intravaginal
progesterone-releasing device (1.9 g progesterone,
CIDR, Pfizer Animal Health, Sao Paulo, SP, Brazil)
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plus 2 mg i.m. of estradiol benzoate (EB, Benzoato
HC, Hertape Calier, Juatuba, MG, Brazil) on day 0.
The CIDR inserts were removed on day 9, and all
cows received 500 ug i.m. of sodium cloprostenol
(PGF2a-analogue, Ciosin, MSD Satide Animal, Sdo
Paulo, SP, Brazil). Twenty-four hours after CIDR
removal, cows were blocked according to number of
lactation, age, milk production, BCS, and diameter of
the dominant follicle, and within each block, they were
allocated randomly to receive 1 mg of EB im. (EB
group, n=54), 500 pg of sodium cloprostenol i.m. (PG
group, n=55) or 2 mL of NaCl at 0.9% (control group,
n=9). Timed artificial inseminations were performed
52 to 54 hours after CIDR removal in only EB and
PG groups (Pfeifer et al., 2014). A single inseminator
performed all TAI, and commercial semen straws from
a bull with proven fertility were used.

On day 9, a subset of 28 cows from treatment
groups (EB, n=9; PG, n=10; or control (CTL, n=9)
were examined by transrectal ultrasonography every
6 hours from CIDR removal up to 144 hours or until
the detection of ovulation. The diameter and location
of the follicles and CL were recorded as described by
Pierson & Ginther (1984). Cows were considered as
having a fully developed pre-ovulatory follicle, when
a follicle >12 mm was detected 1 day before TAI
(Santos Filho et al., 2001). Blood flow of the largest
(presumptive ovulatory) follicle was also evaluated
using colour Doppler ultrasonography (Esaote
MyLab30 Vet Gold; Pie Medical-Esaote, Genova,
Italy) as previously described (Viana et al., 2013).
The colour Doppler signals present in the follicular
wall were subjectively scored on a 1 to 5 scale (1, no
or very little blood flow; and 5, intense blood flow
detected in most of the follicular walls) adapted from
Ginther (2007). The colour Doppler evaluations were
performed retrospectively using videos recorded
at each examination. Ovulation was defined as the
disappearance of a large follicle (>10 mm) that was
previously identified as the pre-ovulatory dominant
follicle.

All cows were examined by ultrasonography, for the
following procedures: 24 hours after CIDR removal,
to determine the diameter of the ovulatory follicle; on
day 13, to determine the occurrence of ovulation; and
30 days post-TAI, to detect pregnancy. Visualization
of the embryonic vesicle and detection of the embryo

Pesq. agropec. bras., Brasilia, v.51, n.6, p.738-744, jun. 2016
DOI: 10.1590/S0100-204X2016000600005

heartbeat were the positive criteria for determining
pregnancy.

All statistical analyses were performed using the SAS
9.0 software (SAS Institute Inc., Cary, NC, USA). The
statistical model of the single-point outcome variables
(i.e., maximum diameter of the ovulatory follicle and
interval to ovulation) included the effect of treatment,
body weight, age, BCS, lactation number, and
postpartum days. The body weight, age, BCS, lactation
number, and postpartum days did not have a significant
effect on the model, and therefore, they were excluded
from the final statistical model. Treatment was kept
into the final model in all analyses. Therefore, in the
final statistical model, single-point outcome variables
were analyzed using one-way analysis of variance, and
the means were compared among groups using Tukey’s
post hoc test. Bartlett’s test of homogeneity of variance
was used to compare variability of intervals from
CIDR removal to ovulation among groups. Binary
responses (percentage of cows that had a pre-ovulatory
follicle, ovulation, pregnancy, and conception rates)
were evaluated by chi-square analysis. The pregnancy
rate was calculated as the proportion of pregnant cows
30 days after TAI divided by the number of cows that
were inseminated (P/AI). Similarly, the conception
rate was calculated as the proportion of cows that were
pregnant 30 days after TAIL divided by the number of
cows that ovulated. Differences among groups were
considered statistically significant, based on a 5%
p-value. p-values >5%, but <10% were considered to
tend towards significance, as already done in animal
reproduction experiments (Lima et al., 2013; Sa Filho
et al., 2010).

Results and Discussion

The interval from CIDR removal to ovulation did
not differ between groups (Table 1 and Figure 1).
Ovulation ranges from CIDR removal were 66 to
78, 66 to 120, and 66 to 144 hours for EB, PG, and
CTL groups, respectively (Table 1). One cow was
discharged from the subset of the PG group due to the
lack of regression of the previous CL, as confirmed by
colour Doppler, and the remaining nine cows ovulated
within 6 days after CIDR removal. All cows from the
control group ovulated, and two cows from the subset
of the EB group failed to ovulate within this time
frame. The lack of difference in the time to ovulation
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among the different ovulation inducers, observed in
the subsets of each group, was, however, not expected.
Although cows treated with EB and PGF ovulated
~20 hours and ~8 hours earlier than the controls,
respectively (Table 1), the reduced number of animals
used for daily, every 6-hour ultrasound evaluations
did not provide sufficient statistical power to detect
differences in this outcome variable. In a previous
study performed with Girolando heifers, PGF induced
ovulation ~73 hours after CIDR removal (Pfeifer et al.,
2014) which is in contrast with the current results on
the PG group (84 hours).

In all subset groups, the follicular vascularization
score progressively increased (p<0.001) until ovulation,
and there was no differences in the follicle blood flow
score 6 hours before ovulation within the groups
(4.0+0.5, 3.4+0.5, and 3.6+0.5 for the control, PG, and
BE groups, respectively (p>0.05). There was a negative
correlation (R=-0.73; p<0.02) between the follicle
blood flow score immediately before treatment and the
time to ovulation in the PG group but this did not occur
in the other groups (p=0.5). The direct effect of PGF on
the inflammatory-like events that lead to ovulation are
partially supported by the association between follicle
vascularization and the time to ovulation, which was
observed in the PG group, but not in the other ones,
in the current work. This led us to further hypothesize
that PGF, acting mainly by a local mechanism, requires
a higher developmental status of pre-ovulatory
follicles compared to the systemic-mediated action

Table 1. Fertility responses of dairy cows treated with
estradiol benzoate (EB), prostaglandin F2a (PG), or control
group treated with NaCl (CTL), at the end of the TAI
protocol.

Ovulation inducer
EB PG CTL
71.1£1.6 84.0+£5.6 92.749.9 0.14
13.5+0.44 13.8+0.46 NA 0.67

Endpoint p-value

Interval to ovulation (hour)®
Ovulatory follicle @ (mm)®

Cows having a POF at TAI (%)@  72.2 80 NA 0.34
Ovulation rate (%)® 85.2 72.7 NA 0.11
Conception rate (%) 47.8 52.5 NA 0.66
Pregnancy rate (%) 40.7 382 NA 0.78

(OCalculation based on the subset evaluations (n=9 per group); hours from
CIDR removal. ®Calculation based on the total number of cows subjected
to TAI (n=109). Control group (CTL) received an injection of 2 mL of NaCl
(0.9%) 24 hours after CIDR removal, and cows were not inseminated. @,
diameter; POF, pre-ovulatory follicle; TAI, timed artificial insemination;
NA, not available.

of EB. Therefore, the lower ovulatory synchrony
observed in the PG group, in comparison to the EB
group (Table 1), may be explained by the presence of
less developed follicles, which was indicated by the
observed low blood flow, regardless of size, which
could be less responsive to PGF. Although injectable
PGF has been shown to induce ovulation (Leonardi
et al., 2012), its mechanism of action still needs to
be clarified. A previous report showed an increased
frequency of LH release, 6 hours after treatment with a
PGF analogue, in anestrous cows (Randel et al., 1996).
None of the follicles ovulated with a blood flow score
smaller than 3, and the vascularization score of the
largest follicles of the three cows from subgroup that
failed to ovulate remained below 2, during all of the
evaluated periods.

Pregnancy and conception rates were not different
between EB and PG groups (Table 1). Although a
previous study also showed the ability of PGF to
induce ovulation in TAI protocols for beef cattle
(Pfeifer et al., 2014), to the best of our knowledge
this is the first report to determine that PGF has a
similar action in dairy cows subjected to TAI, using
EB-progesterone-based protocols. In contrast, PGF

100 A
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A n

72 84 96 108 120 132 144
Hours after CIDR removal (h)

Ovulation (%)

| OCTL group (n=9) BPG group (n=9) BEB group (n=7) |

Figure 1. The percentage of dairy cows ovulating after
CIDR removal, and the distribution of ovulation by time in
the EB (estradiol), PG (prostaglandin), and control groups
(CTL). Control group (CTL) received an injection of 2 mL
NacCl (0.9%) 24 hours after CIDR, removal and cows were
not inseminated.
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given 24 hours after CIDR removal in 5d-GnRH-based
protocols has provided controversial results. Two doses
of PGF in the 5d TAI protocols improved luteolysis
and pregnancy rates in dairy cows (Bisinotto et al.,
2010; Santos et al., 2010), and heifers (Lima et al.,
2013). However, Garcia-Ispierto & Lopes-Gatius
(2014) did not observe similar beneficial effects on
dairy cows. On the other hand, all of these previous
reports used GnRH to induce ovulation 32—48 hours
after PGF. Therefore, and most importantly, the present
work showed that, if used alone 24 hours after CIDR
removal, PGF offers pregnancy rates that are similar to
those of cows treated with EB.

Based only on the results of the subsets in the
current work, one could speculate that as cows in the
CTL group did not have a different ovulation pattern,
in comparison to those of the EB and PG groups,
untreated cows could also achieve similar pregnancy
rates. However, based on the results of a previous study
(Martinez et al., 2005) and on the foundational nature
of the current work, we were not encouraged to risk
using TAI in a large number of cows without treating
them with an ovulation inducer. Considering that 55
to 65% of the cows are still not pregnant after the first
postpartum Al (Bisinotto et al., 2010), the substitution
of EB by PGF as the ovulation inducer in a TAI protocol
provided satisfactory fertility in dairy cows (~40%).
The acceptable pregnancy rates, obtained in both EB
and PG groups (Table 1), is an evidence that ovulation
probably occurred in a synchronous manner in both
groups. This is a noteworthy achievement, particularly
because the current results are similar to those reported
in a previous study that used EB and ECP to induce
ovulation in dairy cows (Pereira et al., 2013).

When cows were treated with estradiol benzoate
to induce wave emergence and a progesterone insert
for 8 days, without an ovulation inducer, ovulation
occurred ~96 hours after P, removal (Martinez et al.,
2005), which is similar to that observed in the CTL
group in the present work (Table 1). Souza et al. (2009)
evaluated the effect of GnRH and ECP as ovulation
inducers in lactating dairy cows. Ovulation occurred
~74 hours after P, withdrawal, which is similar to the
EB group in the current study; however, the rate of
pregnancy per Al was ~30%, which is lower than that
observed here ~40% (Table 1).

Overall, the present study provides important initial
data on the use of PGF as an ovulation inducer for TAI
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protocols in dairy cows. Hence, PGF may have a great
potential for being used as an alternative compound to
induce ovulation in dairy cows, particularly replacing
estradiol. Although the TAI protocol used in this study
did not completely remove estradiol, the second EB
injection was abolished without decreasing fertility,
resulting in a reduction of milk withdrawal, which
could be cost-effective for the farmer (Pfeifer et al.,
2014).

Conclusions

1. The fertility of lactating dairy cows subjected to
timed artificial insemination (TAI) protocols that used
prostaglandin F2o analogues or estradiol benzoate as
an ovulation inducer is similar.

2. The prostaglandin F2a injection induces ovulation
in a synchronized manner in dairy cows, and could be
successfully used as an ovulation inducer in a TAI
protocol.
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