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A B S T R A C T

Several studies have shown that cows displaying estrus before timed artificial insemination (TAI) are more likely
to become pregnant. However, the most frequently used ovulation-inducing agents by South American beef
operations, estradiol esters, may artificially induce estrus in treated cows. The hypotheses tested in the present
study were: 1) estradiol cypionate (EC) treatment will induce estrus in ovariectomized cows, and 2) cows that
exhibit estrus following administration of EC and eCG will have lower P/AI compared to those that do not
receive EC. In Experiment 1, 14 ovariectomized cows were used in a cross-over design with an interval of 30 d
between replicates. On Day 0, all cows received 2 mg of estradiol benzoate and a CIDR device and 12.5 mg of
Dinoprost (PGF2α analogue) on Day 7. On Day 9, the CIDR devices were removed and cows were placed at
random into one of two experimental groups and administered either 0.5 mL of canola oil (Control, CTL group,
n = 14) or 1 mg of EC (EC group, n = 14). Estrotect estrus detection patches were used and cows were observed
4 times daily to determine the occurrence of estrus. More EC-treated cows showed estrus (12/14, 85.7%) than
canola oil-treated cows (0/14; P < 0,001). The interval from EC treatment to estrus was 46 ± 3.7 h. In
Experiment 2, 804 postpartum Nelore cows were treated as in Experiment 1, except that all cows received 300 IU
of equine chorionic gonadotrophin at CIDR removal, and were randomly divided into 3 groups: 1) EC group
(n = 269) received 1 mg i.m. of EC on Day 9; 2) EC-GnRH group (n = 269) received EC on Day 9, and were
inseminated on observation of estrus, while those not showing estrus received GnRH on Day 11; and, 3) Estrus-
GnRH group (n = 266) did not receive EC on Day 9 and were inseminated on observation of estrus. Those in
Groups 2 and 3 that did not show estrus received GnRH on Day 11 at the time of TAI. The proportion of cows
showing estrus was greater (P < 0.0001) in EC (68.7%, 185/269) and EC-GnRH (57.2%; 154/269) groups than
in the Estrus-GnRH group (35.7%, 95/266). However, no difference in P/AI was observed among the groups
(P = 0.87). These results show that EC will induce estrus in ovariectomized cows, and that EC treatment in-
creased the proportion of intact cows exhibiting estrus in a TAI protocol without reducing P/AI.

1. Introduction

Estradiol and progesterone-based protocols are commonly used in
South American beef operations to synchronize follicular wave emer-
gence and ovulation for timed artificial insemination (TAI; Sa Filho
et al., 2009; Sa Filho et al., 2011). In such protocols, ovulations are
usually induced with a low dose of estradiol ester concurrently with a

progesterone device removal or 24 h later (Bo et al., 2003). Previous
studies have demonstrated the efficacy of estradiol cypionate (EC) at
the time of progesterone device removal to induce ovulation and to
minimize the animal handling (Colazo et al., 2003; Ayres et al., 2008).

The occurrence of estrus after progesterone device removal and
prior to TAI results in greater pregnancy per AI (P/AI; Sa Filho et al.,
2010; Pfeifer et al., 2018; Nogueira et al., 2019). Cows that displayed
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estrus were 3.3 times more likely to become pregnant than those not
detected in estrus (Sa Filho et al., 2010). However, estradiol esters have
been shown to induce behavioral estrus. In an earlier study, nulli-
parous, ovariectomized cattle showed sexual behaviors typical of estrus
after estradiol administration (Katz et al., 1980). In addition, in TAI
programs greater P/AI have been reported for cows that display estrus
than those that did not (Richardson et al., 2016). In this regard, fertility
of cows that did not show estrus between progesterone insert removal
and TAI was improved by delaying AI by 24 h (Thomas et al., 2014) or
by administering GnRH concurrent with TAI in females that failed to
express estrus (Thomas et al., 2014; Bishop et al., 2017). Similarly, the
use of GnRH concurrent with TAI in Nelore cows raised under tropical
conditions increased P/AI in those that did not display estrus (Sa
Filho et al., 2011; Rodrigues et al., 2019). In addition, under circum-
stances with high incidence of anestrus, typically observed in grazing,
suckled beef herds in Brazil, the efficacy of these treatments have been
shown to be compromised (Sa Filho et al., 2013). Thus, equine chor-
ionic gonadotropin (eCG) has been included in TAI protocols aiming to
stimulate the ovarian follicular growth and, consequently, improving
ovulation and P/AI (Baruselli et al., 2012).

Based on these considerations, it was hypothesized that eCG-treated
cows showing estrus without EC are more likely to become pregnant
than eCG+EC-treated cows. The objectives of this study were to de-
termine whether EC will induce estrus in ovariectomized cows, and to
determine the effect of EC on expression of estrus and P/AI in ovary-
intact cows subjected to TAI protocols which included the addition of
eCG treatment. The hypotheses were that EC will induce estrus in
ovariectomized cows, and, that cows that exhibit estrus following EC
administration will have lower P/AI compared to those that do not
receive EC.

2. Materials and methods

The Committee for Ethics in Animal Experimentation from
Embrapa, the Brazilian Agricultural Research Corporation, approved all
of the procedures performed in the experiments described in this
manuscript (Protocol 04/2017).

2.1. Experiment 1

This study was performed at the experimental research farm of
Embrapa Rondônia (08,048′12″S, 63,050′56″W).

Fourteen ovariectomized crossbred cows, 3–7 years old, 450–650 kg
in body weight, and with a 3–4 of body condition score (BCS; range
1–5, where 1 = emaciated and 5 = obese; (Lowman et al., 1976)) were
used. Cows were kept in an outdoor grazing system (Brachiaria bri-
zantha pasture) with ad libitum access to mineral, salt and water.

All cows were submitted to a TAI protocol and received an in-
travaginal progesterone-releasing device (1.9 g progesterone, CIDR®,
Pfizer Animal Health, São Paulo, Brazil) plus 2 mg of estradiol benzoate
(Gonadiol®, Zoetis, São Paulo, Brazil) i.m. on Day 0. On Day 7, cows
received 12.5 mg i.m. of Dinoprost (PGF2α-analogue, Lutalyse®, Zoetis,
São Paulo,Brazil). On Day 9, the CIDR devices were removed and cows
were randomly assigned to two treatment groups to receive: 1) 0.5 mL
of canola oil (Control Group, n = 14) i.m., or 2) 1 mg i.m. of estradiol
cypionate (EC Group, n = 14; E.C.P®, Pfizer Animal Health, São Paulo,
Brazil). A 2 × 2 cross-over design in which all cows received both
treatments was used. The interval between replicates was 1 month.

Estrus detection aids (Estrotect®, Rockway Inc., Spring Valley, WI,
USA) were placed on all cows on Day 9. Cows were observed for
Estrotect® activation four times daily, from Days 9 to 13.

2.2. Experiment 2

This experiment was performed on a commercial farm in the
northern region of Brazil (08,048′12″S, 63,050′56″W). In this

experiment, 804 Nelore cows, 40 to 60 days postpartum with a BCS
ranging from 2.5 to 3.5 were enrolled. The cows were maintained on a
grazing system (Brachiaria brizantha) with ad libitum access to mineral,
salt and water.

Cows were submitted to the same TAI protocol as in Experiment 1.
However, on Day 9 when CIDR® devices were removed, all cows re-
ceived 300 IU i.m. of equine chorionic gonadotrophin (eCG,
Novormon®, Zoetis, São Paulo, Brazil). All cows were painted with a
chalk marker in the sacrococcigeal region to identify cows that showed
estrus, and were randomly assigned to one of three treatments groups:
1) EC group (n = 269); cows received 1 mg i.m. of EC on Day 9 (ECP®,
Pfizer Animal Health, São Paulo, Brazil) and were TAI on Day 11; 2) EC-
GnRH group (n = 269); cows received 1 mg i.m. of EC on Day 9 and
cows that did not display estrus between CIDR® removal and TAI on
Day 11 received GnRH (10.5 µg i.m. of buserelin acetate, Gonaxal®,
Biogenesis Bagó, Buenos Aires, Argentina) at that time; and 3) Estrus-
GnRH group (n = 266); cows did not receive EC on Day 9, and cows
that did not display estrus between CIDR® removal and TAI on Day 11
received GnRH at that time. On Day 11, estrus was evaluated at the
time of TAI, and deemed to have occurred in cows without a tail-head
chalk mark. A single inseminator performed all inseminations, and
semen straws from five bulls of proven fertility were equally distributed
among the three treatment groups.

Ultrasound examinations were performed at TAI in a subset
(n = 138) in order to measure the diameter of the pre-ovulatory follicle
(POF), and at 30 days post-TAI to assess pregnancy status in all cows.
Visualization of the embryonic vesicle and detection of the embryo
were the positive criteria for determining pregnancy status.

2.3. Statistical analyses

All statistical analyses were performed using SAS software. The
statistical model included the effects of treatment, bull, body condition
score (BCS) and parity. The variables bull, BCS, and parity had no
significant effect on the model and were excluded from it. The diameter
of the ovulatory follicle was analyzed using analysis of variance (PROC
GLIMMIX) and means were compared among groups using Tukey's test.
Proportions with dichotomous outcomes (yes or no), such as estrus
detection and P/AI, were analyzed using Chi-squared tests. The re-
lationship between the diameter of the POF at TAI on the probability of
cows displaying estrus was determined. Logistic regression curves were
created using the coefficients provided by the interactive data analysis
from SAS and the formula y = exp(αx + b)/[1 + exp(αx + b)]. The
results are expressed as means± SEM or as percentages. In all analyses,
differences were considered significant when P ≤ 0.05, whereas 0.05
< P ≤ 0.10 were considered tendencies.

3. Results

3.1. Experiment 1

The estrus responses in Experiment 1 are summarized in Table 1.
The number of ovariectomized cows showing estrus was greater in the
EC group than in the canola oil group (P < 0.001). In those showing
estrus in the EC group, the mean interval from CIDR® device removal
was 46 ± 3.7 h.

The distribution and percentage of ovariectomized cows showing
estrus after CIDR removal in the EC group are shown in Fig. 1.

3.2. Experiment 2

Ovarian and estrus responses and P/AI in Experiment 2 are sum-
marized in Tables 2 and 3. The P/AI did not differ among the groups
(P = 0.87).

The proportion of cows that showed estrus during the interval from
CIDR device removal to TAI was greater in EC and EC-GnRH groups
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than in the Estrus-GnRH group (P < 0.001; Table 2). Cows that showed
estrus had a greater (P = 0.04) follicular diameter at TAI
(13.8 ± 0.3 vs. 13.0 ± 0.3 mm), and greater (P < 0.001) P/AI than
those that did not display estrus (64.3%, 279/434 vs. 51.9%, 192/370).

Considering only the cows that showed estrus within each group,
there was no difference in P/AI among the groups (P= 0.44). Similarly,
in cows that did not show estrus, P/AI did not differ among groups
(P = 0.69; Table 3).

The diameter of the POF at TAI did not differ among the groups
(P = 0.12). However, the probability of cows showing estrus increased
with increasing POF diameter (P = 0.04; Fig. 2).

4. Discussion

The results of the current study supported the hypothesis that EC is
able to induce estrus in ovariectomized cows. However, the hypothesis
that cows that exhibit estrus following EC administration will have
lower P/AI compared to those that do not receive EC was not sup-
ported.

The use of ovariectomized cows in Experiment 1 clearly showed that
EC induces behavioral estrus in ovariectomized cows as has been

previously described (Katz et al., 1980). Different doses of estradiol-17β
(200, 400, and 800 µg), administered to ovariectomized nulliparous
cattle, induced a full repertoire of sexual behavioral patterns associated
with the female in estrus (Katz et al., 1980). In Experiment 1, EC ad-
ministration induced estrus in 64% (9/14) of the cows within 48 h after
treatment, which indicates that, in a conventional TAI protocol which
included the administration of EC, most of the cows would have ex-
hibited estrus before TAI. However, when nulliparous ovariectomized
cattle were treated with estradiol-17β, the interval from treatment to
the first stand to be mounted is 25.4 ± 0.8 h (Katz et al., 1980). Prior
exposure to progesterone has also been shown to affect the interval to
estrus after EC administration in intact dairy cows. In dairy cows sub-
jected to the Heatsynch protocol, administration of 1 mg of EC resulted
in the expression of estrus in 19 ± 5 h when CIDR insert was given
between GnRH and PGF treatment while the interval was 33 ± 4 h
when the CIDR was not given (Stevenson et al., 2004). Moreover, when
0.25 mg of EC was given concurrent with GnRH in the Ovsynch pro-
tocol, cows had higher serum estradiol concentrations at 6 and 12 h
after treatment, than when cows did not receive EC (Sellars et al.,
2006). Collectively, these results demonstrate that EC is able to induce
estrus in ovariectomized and intact cows.

Estradiol esters are commonly used at the end of estradiol-proges-
terone-based TAI protocols to induce LH release and synchronize ovu-
lation. A rise in circulating LH concentration has been reported to occur
40 h after EC treatment in ovariectomized beef heifers submitted to an
estradiol-progesterone-based protocol (Sales et al., 2012). However,
administration of EC increased the proportion of Nelore cows showing
estrus after progesterone device removal, compared to the administra-
tion of only GnRH as an ovulatory stimulus (Sa Filho et al., 2011). As
observed in the present study, the proportion of cows that showed es-
trus was greater in EC-treated cows. In contrast, an unexpected differ-
ence in estrus manifestation between the EC and EC-GnRH groups was
observed. Although not different, the diameter of the POF in the EC-
GnRH group was ~ 1 mm smaller than cows in the EC group. This could
explain the difference in estrus rate between these experimental groups.

Previous reports (Sa Filho et al., 2011; Pfeifer et al., 2018;
Rodrigues et al., 2019), have indicated that cows that show estrus be-
havioral were more likely to become pregnant when TAI protocols are
used. However, this effect was not detected in the present study when
P/AI was compared between cows that displayed estrus and cows that
did not display estrus within group. The failure to show a differences
may be due to insufficient numbers of cows in the treatment groups.
However, it has been reported that cows showing estrus had larger
follicular diameters at TAI, and greater P/AI than those that did not
show estrus (Sa Filho et al., 2011). The occurrence of standing estrus
has been reported to be associated with peak circulating estradiol
concentrations (Allrich, 1994), which may influence fertilization by
altering the uterine environment (Hawk, 1983). Following the occur-
rence of standing estrus, the uterine environment has been shown to be
modified to enhance sperm motility and longevity (Acott and
Carr, 1984; Jones and Bavister, 2000). Thus, elevated estradiol levels
from either endogenous or exogenous sources may play an important
role in sperm transport and the sustained viability of sperm prior to
ovulation and fertilization (Sa Filho et al., 2011) explaining the greater
P/AI observed in cows that displayed estrus.

Table 1
Estrus responses of ovariectomized cows treated with 1 mg of EC or 0.5 mL of
canola oil (Control) after exposure to progesterone devices.

Variable Groups

EC* Control* P value
Expression of estrus%, (n/n) 85.7% (12/14) 0% (0/14) P < 0,001
Interval to estrus (h)a 46 ± 3.7 –

a Interval from CIDR® device removal to estrus detection.
⁎ All cows received a CIDR device plus 2 mg of estradiol benzoate on Day 0

and 12.5 mg of PGF analogue (Dinoprost) on Day 7. On Day 9, the CIDR devices
were removed and cows were assigned to two treatment groups in a cross-over
design to receive 0.5 mL of canola oil (Control Group, n = 14) or 1 mg of
estradiol cypionate (EC Group, n = 14; E.C.P®).

Fig. 1. Distribution and percentage of ovariectomized cows showing estrus
after CIDR removal in the EC group.

Table 2
Diameter of preovulatory follicles, proportion of cows in estrus, and pregnancy per AI of cows treated with EC, EC-GnRH or Estrus-GnRH in Experiment 2.

Group

EC EC-GnRH Estrus-GnRH P value
Preovulatory follicle at TAI, mm (n)* 13.7 ± 0.3 (47) 12.8 ± 0.3 (43) 13.7 ± 0.3 (48) 0.12
Proportion of cows that showed estrus,% (n/total) 68.7A (185/269) 57.2B (154/269) 35.7C (95/266) < 0.001
Pregnancy per AI,% (n/total) 58.7 (158/269) 59.8 (161/269) 57.1 (152/266) 0.87

Within row, different superscripts indicate differences among groups (P < 0.05).
⁎ Number of cows evaluated in each group.
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More recently, alternatives have been developed to take advantage
of the expression of estrus to improve fertility in TAI protocols. One
such alternative, split-time artificial insemination (STAI), involves de-
laying AI by 20–24 h for females failing to show estrus prior to the
standard time of TAI. This approach has been shown to be an effective
means of optimizing pregnancy rates while utilizing TAI (Thomas et al.,
2014).

In cows that were examined by ultrasound (n= 138), in Experiment
2, 3 cows that showed estrus had a follicle ≤ 8 mm in the ovary at the
time of TAI. When the cows in this study were categorized based on the
diameter of the POF, as described previously (Pfeifer et al., 2015;
2019), 46% (28/61) of the cows with small follicles (<13 mm) ex-
hibited estrus. Moreover, in cows that had POF ≤ 10 mm at TAI, 27%
showed behavioral estrus between progesterone device removal and
TAI. In contrast, none of the cows with POF ≤ 11.5 mm in the Estrus-
GnRH group showed estrus. However, if a POF diameter of 11.5 mm is
used as a cut-off, 40% and 44% of the cows in the EC and EC-GnRH
groups respectively, exhibited estrus. These results support our hy-
pothesis that EC treatment can induce estrus in beef cows in-
dependently of the ovarian response.

Cows in Experiment 2 were treated with 300 IU of eCG on Day 9 of
the TAI protocol. Previous studies have demonstrated that eCG treat-
ment of anestrus cows under nutritional stress increased follicular
growth rate, the diameter of the dominant follicle at TAI, and preg-
nancy rates (Baruselli et al., 2004; Sa Filho et al., 2009). Thus, one
could speculate that the use of eCG in Experiment 2 of the present study
may have affected estrus response of treated cows. Nevertheless, Ex-
periment 2 was performed at commercial beef operations and thus, we
used standard TAI protocol for suckled beef cows which typically in-
cludes the use of eCG. Indeed, cows treated with eCG and EC, at pro-
gesterone insert removal, exhibited a greater occurrence of estrus than
cows only treated with EC (Pessoa et al., 2016). Differences in protocols

between Experiments 1 and 2 were mitigated because eCG was dis-
tributed equally among groups in Experiment 2. However, further
studies are needed to determine if eCG could affect the proportion of
EC-treated cows showing estrus.

GnRH has been used as an alternative in cows that do not exhibit
estrus between progesterone device removal and TAI. Interestingly,
35.7% of the cows from the Estrus-GnRH cohort underwent TAI without
receiving GnRH to induce ovulation, and these cows achieved 63% of
P/AI. In contrast, the remaining 64% of cows from this group were
treated with GnRH at the time of TAI to induce ovulation. As compared
to cows treated with EC (i.e. EC vs. EC-GnRH) in this study, GnRH did
not improve pregnancy rates in cows that did not show estrus. In ad-
dition, it has been shown that GnRH administration is unnecessary in
cows exhibiting estrus prior to TAI (Hill et al., 2016; Bishop et al.,
2017). In contrast, others have observed that the administration of
GnRH in estradiol progesterone-based protocols can be used as an al-
ternative to improve conception rates in Bos indicus beef cows, parti-
cularly those with no or little evidence of behavioral estrus
(Rodrigues et al., 2019), and Sa Filho et al. (2010) reported that the
administration of GnRH at TAI avoided delayed ovulations, improving
synchronization of ovulation and pregnancy rates. GnRH treatment at
the time of TAI may induce a preovulatory LH surge and ovulation in
cows that would have had delayed ovulation. Nonetheless,
Shephard et al. (2014) suggests that the results of GnRH administration
at the time of AI are limited, and that the positive effect in lactating
dairy cows may be mediated through the improved oocyte maturation
and/or improved luteal function, rather than by reducing AI-to-ovula-
tion intervals. Finally, although a large study, performed with 937 beef
cows revealed that GnRH increases P/AI in cows categorized as having
low or no expression of behavioral estrus (Rodrigues et al., 2019), more
research is necessary to determine the need for GnRH in cows that do
not show estrus in an estradiol progesterone-based TAI protocols.

Earlier, Sa Filho et al. (2010), observed that 57% of the cows treated
with EC were detected in estrus between the P4 device removal and
TAI. In contrast, considering only cows treated with EC in the present
study (e.g. EC and EC-GnRH groups), 63% of the cows exhibited estrus.
This effect may be due to the use of different doses of EC between
studies (0.6 mg vs. 1 mg). More recently, Nogueira et al. (2019) ob-
served that 41% of the cows treated EC using the same dose as de-
scribed in the present study were detected in estrus. We, therefore, infer
that the greater estrus rate observed in the present study was probably
due to the adequate BCS of the cows; 82% (659/804) of the cows had a
BCS >2.75 (scale 1 – 5; Pfeifer et al., 2017) whereas cows raised in the
Brazilian wetlands (Pantanal region) usually have low BCS (only 58% of
the cows had BCS >2.75). These evidence may explain why, in the
present study, a greater proportion of cows were detected in estrus
between P4 device removal and TAI compared to other studies.

5. Conclusions

In summary, EC used as a means of inducing ovulation in estradiol-
progesterone-based TAI protocols has also been shown to induce estrus
in ovariectomized cows. The results from Experiment 2 showed that EC
could be removed from the TAI protocol when a combination of estrus
detection and GnRH administration was used. In the present study,

Table 3
Pregnancy per AI (P/AI) based on expression of estrus in cows treated with EC, EC-GnRH, or Estrus-GnRH. .

Group

EC EC-GnRH Estrus-GnRH P value*
P/AI in cows that showed estrus,% (n/total) 61.6 (114/185) 68.2 (105/154) 63.3 (60/95) 0.44
P/AI in cows that did not display estrus,% (n/total) 52.4 (44/84) 48.7 (56/115) 53.8 (92/171) 0.69
P value⁎⁎ 0.15 <0.01 0.13

⁎ Comparison among groups.
⁎⁎ Comparison between cows that showed estrus and cows that did not show estrus.

Fig. 2. Probability of estrus occurrence in suckled Bos indicus cows according to
the diameter of the largest follicle (LF) at FTAI in Experiment 2 [probability of
estrus occurrence =exp(0.031+0.0374 × diameter of the LF/1 + exp
(0.031+0.0374 × diameter of the LF); P = 0.04)].
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behavioral estrus without the use of EC treatment was used to increase
pregnancy rates in cattle subjected to TAI. However, P/AI among
groups was similar. Perhaps AI in cows that displayed estrus should be
postponed in order to time AI in relation to ovulation more precisely.
Therefore, more studies aiming to better understand the factors influ-
encing the occurrence of estrus, ovulation and pregnancy, following
estradiol-progesterone-based synchronization protocols that included
the use of eCG, are necessary before concluding that the removal of EC
from the protocol is beneficial for postpartum beef cows subjected to
TAI.
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