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Simple Summary: This study examines the preovulatory and ovulatory events (in terms of the
timing of onset of estrus behavior, preovulatory LH surge, and ovulation) and the yields obtained (in
terms of ovulation rate, progesterone secretion, and fertility) after insertion of controlled internal
drug release (CIDR) devices for 5 days and treatment with equine chorionic gonadotrophin (eCG) or
gonadotrophin-releasing hormone (GnRH).

Abstract: The present study examined, for meat sheep (Segurefia breed; 2-5-years old, mean body
score of 3.5 + 0.5), the timings of onset of estrus behavior, preovulatory luteinizing hormone (LH)
surge and ovulation, and the ovulation rate and fertility obtained after insertion of controlled internal
drug release (CIDR) devices for 5 days plus treatment with equine chorionic gonadotrophin (eCG;
single dose at CIDR removal, n = 19 ewes) or gonadotrophin-releasing hormone (GnRH, either in
a single dose at 56 h after CIDR removal, group CIDR-GnRH, n = 19 ewes; or in one dose at CIDR
insertion and another dose 56 h after CIDR removal, group GnRH-CIDR-GnRH, n = 19 ewes). In all
the ewes, the appearance of estrus behavior ranged between 84% and 90% and all females showing
estrus signs had subsequent preovulatory LH peaks and ovulations. Onset of these events was earlier
in the CIDR-eCG group than in the CIDR-GnRH and GnRH-CIDR-GnRH groups (p < 0.05). These
differences were mainly determined by the onset of estrus behavior, since timing and intervals of LH
peak and ovulation were similar among treatments. In fact, the range of ovulations was narrower in
the GnRH-CIDR-GnRH group, which suggests better synchronization of follicular growth (p < 0.05).
In conclusion, protocols with two doses of GnRH offer similar yields to eCG protocols.
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1. Introduction

Reproductive management of sheep, like in other domestic species, is commonly based on the
induction and synchronization of estrus and ovulation, either in reproductive or nonreproductive season
and either for natural mating or artificial insemination, by the use of pharmacological treatments [1].
Such treatments, from seminal studies in the 1950s [2], are mostly based on the administration of
progesterone or its analogues for mimicking the activity of the corpus luteum. Usually, a single
intramuscular dose of equine chorionic gonadotrophin (eCG) is injected at progesterone withdrawal
since, from very early studies [3], eCG proved to be effective at inducing estrus and ovulation during
seasonal anestrous in order to increase the percentage of twin pregnancies throughout the year
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and to adjust the interval between ovulation and insemination in protocols for fixed-time artificial
insemination (FTAI).

The future use and availability of eCG, despite being an essential component of protocols for
induction and synchronization of estrus and ovulation, has been, however, strongly compromised by a
highly active animal-rights movement because the hormone is obtained from pregnant mares. Hence,
there is a need for alternative protocols without eCG.

We have recently evaluated the usefulness of different short-term (5-7 days) protocols using
controlled internal drug release (CIDR) inserts without eCG administration at device removal [4]. Our
objective was to prove the hypothesis that such protocols would induce estrus and fertile ovulations
without the need for eCG. CIDR insertion causes atresia of any large follicle present in the ovaries
and therefore promotes the appearance of new follicles that reach their maximum diameter 5-7 days
later [5]. Our results indicated that, without eCG, preovulatory events and fertility after 5 days are
better than after 6 or 7 days of CIDR insertion and similar to those obtained by the use of classical
treatments with 14 days of CIDR insertion plus eCG at device removal. These findings may indicate
that the dominant follicle induced by CIDR insertion would be at the height of its growing phase 5 days
later and, in case of CIDR withdrawal, would be able to ovulate without eCG stimulation. However, 1
or 2 days after, it would be in the static or regressing phase and, therefore, its ability to ovulate without
eCG stimulation would be compromised.

The proposed protocol of 5 days of CIDR insertion may be useful for natural mating, but its use
in FTAI requires the precise synchronization of ovulations obtained by the use of eCG. In fact, our
previous study indicates that fertility under field conditions was similar between treatments based on
14 days of CIDR plus eCG and 5 days of CIDR without eCG but increased around 20% when using
5 days of CIDR plus eCG. These results highlight the benefits of using eCG regardless of the duration
of CIDR insertion and encourage the search for an alternative.

A possible option would be other luteinizing hormone (LH)-active hormones, but early
studies evaluating the usefulness of gonadotrophin-releasing hormone (GnRH), human chorionic
gonadotrophin (hCG) and even a eCG-hCG mixture (PG600) indicated that only GnRH would constitute
a potential substitute [6]. In fact, later studies trying to replace eCG with hCG, at least partly if using
PG600, showed poorer fertility yields [7,8]. The most promising results have been found when using
GnRH to stimulate ovulation [9], although this hormone has been more frequently associated with
prostaglandin-based protocols [10-12]. It is important to note that GnRH must be applied at least
24-36 h after progestagen removal or luteolysis [13], since its earlier application (e.g., at progestagen
removal) causes luteinization of the preovulatory follicle and anovulation [14].

The first hypothesis to be tested in the current work was that GnRH may synchronize ovulations
after 5 days of CIDR treatment in a similar way to eCG, giving similar reproductive yields. The second
hypothesis was that the administration of GnRH at CIDR insertion would facilitate a more precise
synchronization of the follicular wave; such a protocol including a first GnRH dose at CIDR insertion
and a second dose concomitantly with artificial insemination would be similar to protocols using a
Cosynch protocol [15] supplemented with progesterone [16] and, therefore, would contribute to a more
precise synchronization of the ovulatory events, thus improving fertility.

Hence, the objective of the present study was to characterize the preovulatory and ovulatory
events (in terms of timing of onset of estrus behavior, preovulatory LH surge, and subsequent ovulation)
and the yields obtained (in terms of ovulation rate, progesterone secretion, and fertility) after the
insertion of a CIDR device for 5 days combined with either the administration of eCG at sponge
removal or the administration of two different schemes of GnRH treatment. These results would have
direct implications for evaluating the effectiveness of the proposed practice of using short-term CIDR
protocols without eCG.
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2. Material and Methods

2.1. Animals and Experimental Design

The trial was carried out during the breeding season (December) and involved 57 multiparous
meat ewes (Segurefia breed; 2-5-years old, with a mean body score of 3.5 + 0.5 on a scale of 1-5),
maintained outdoors with access to indoor facilities at the experimental farm of the CEU Cardenal
Herrera University in Naquera (Valencia, Spain; latitude 39° N). The experiment was assessed and
approved by the University Committee of Ethics in Animal Research (report CEEA17/019) according to
the Spanish Policy for Animal Protection (RD53/2013), which meets the European Union Directive
2010/63/UE.

Ovarian cyclic activity and ovulation were synchronized in all the animals by the insertion of
one intravaginal progesterone-loaded CIDR (CIDR® Ovis, Zoetis, Madrid, Spain) for 5 days and an
intramuscular (i.m.) injection of 5 mg of prostaglandin F,, (dinoprost tromethamine, Dinolytic®,
Zoetis, Madrid, Spain) at CIDR withdrawal, in agreement with previous studies of our group [4], as
depicted in Figure 1. The first group of ewes (group CIDR-eCG, n = 19) was treated with a single i.m.
dose of 400 IU of eCG at CIDR removal (Foligon®, MSD Animal Health, Madrid, Spain), while the
other two groups were not treated with eCG. In one of them (group CIDR-GnRH, n = 19), a single
dose of 50 pg of GnRH was administered 56 h after CIDR removal (gonadorelin acetate, Acegon®, Lab.
Syva, Leon, Spain). The third group (group GnRH-CIDR-GnRH, n = 19) received the same treatment
as the CIDR-GnRH group but with the addition of a 50-ug GnRH dose at CIDR insertion.

PGF + eCG
Group CIDR-eCG ‘ CIDR for 5 days *

PGF GnRH

!
.

56h —
Group CIDR-GnRH ‘ CIDR for 5 days &
GnRH PGF GnRH
1 l% 56h =
Group GnRH-CIDR-GnRH ‘ CIDR for 5 days * ®

Figure 1. Schematic representation of the three treatment groups compared in the study. All the groups
were treated with controlled internal drug release (CIDR) devices for 5 days and a prostaglandin Fp
injection at CIDR removal. The CIDR-equine chorionic gonadotrophin (eCG) group was treated with a
single intramuscular (i.m.) dose of 400 IU of eCG at CIDR removal, the CIDR-gonadotrophin-releasing
hormone (GnRH) group was treated with a single dose of GnRH at 56 h after CIDR removal, and the
GnRH-CIDR-GnRH group was treated with two single GnRH doses—one at CIDR insertion and one
56 h after CIDR removal.

The variables evaluated during the induced follicular phase and the subsequent luteal phase
were the percentage and timing of onset of estrus behavior, preovulatory LH surge and ovulation, the
number and functionality (in terms of plasma progesterone concentrations) of the induced corpora
lutea, and the fertility rate.
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2.2. Occurrence and Timing of Estrus Behavior Onset

Occurrence and timing of onset of estrus behavior (defined as acceptance of the first mating and
time elapsed from CIDR withdrawal) were determined by individual detection of estrus signs by
trained rams every 4 h from 20 to 60 h after CIDR withdrawal.

2.3. Occurrence and Timing of Preovulatory LH Surge

Occurrence and timing of onset of the preovulatory LH surge (defined as the point before
LH concentration increased more than 10% over basal concentrations [17]) were determined by
enzimoimmunoassay (LH Detect®, INRA, Tours, France) in jugular blood plasma. Plasma samples
were collected every 4 h from 32 to 84 h after CIDR removal in heparinized 4-mL vacuum tubes
(Vacutainer™ Systems Europe, Meylan, France) and immediately centrifuged at 1500 g for 15 min.
The plasma was separated and biobanked into polypropylene vials at —80 °C until assayed. The assay
had a sensitivity of 0.01 ng/mL and inter- and intra-assay variation coefficients of 7.4% and 8.5%,
respectively; variation coefficients were calculated using controls ranging from 0.05 to 40 ng/mL.

2.4. Occurrence and Timing of Ovulation

Occurrence and timing of ovulation were determined by transrectal ultrasonography (7.5 MHz;
Aloka SSD 500, Aloka Co., Ltd., Tokyo, Japan) by assessing the disappearance of large anechoic structures
(i.e., ovulatory follicles) recorded in a previous ultrasonography, as previously described [18,19].

2.5. Ovulation Rate and Corpora Lutea Functionality

Ovulation rate was determined by transrectal ultrasonography at Day 10 of the induced estrous
cycle. Concomitantly, jugular blood plasma samples, obtained as previously described, were used
to determine plasma progesterone concentrations with a direct solid-phase RIA kit (PROG-CTRIA,
IBA Molecular, Madrid, Spain). The assay had a sensitivity of 0.05 ng/mL and inter- and intra-assay
variation coefficients of 4.5% and 3.5%, respectively; variation coefficients were calculated using
controls ranging from 0.5 to 20 ng/mL.

2.6. Fertility Rate

The fertility rate, in terms of number of pregnant females with regards to treated and mated ewes,
was assessed by transrectal ultrasonography at Day 35 after CIDR withdrawal.

2.7. Statistical Analysis

Statistical analysis was performed using SPSS® 22.0 (IBM Corporation, Armonk, NY, USA). The
effects of treatment (eCG, single GnRH injection, or double GnRH injection) on the onset of estrus
behavior; preovulatory LH surge and ovulation and, afterwards, on ovulation rate; and progesterone
secretion were assessed by analyses of variance (ANOVA). Ranges in the timing of these variables were
analyzed after comparing the 95% credible interval of the mean with the range. Statistical analysis
of occurrence of estrus, LH surge, ovulation, and fertility was performed by a chi-squared test after
arcsine transformation of the values. All results are expressed as mean + SEM and the statistical
significance was accepted at p < 0.05.

3. Results

3.1. Occurrence and Timing of Estrus Behavior

The percentage of animals showing estrus behavior after CIDR withdrawal ranged between 84%
and 90% in all groups, without significant differences among them (Table 1). There were, on the
other hand, significant differences in the timing of estrus onset, and the group treated with eCG had
a significantly earlier appearance of estrus signs than the groups treated with GnRH (p < 0.05). The
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range of appearance of estrus behavior was similar for the CIDR-eCG and CIDR-GnRH groups (20 and
24 h, respectively) and longer (36 h; p < 0.05) for the GnRH-CIDR-GnRH group (Figure 2).

Table 1. Percentage and timing of occurrence (hours + SEM) of estrus behavior, preovulatory
luteinizing hormone (LH) surge, and ovulation in ewes treated with a single i.m. dose of 400 IU of eCG
at CIDR removal (group CIDR-eCG), with a single dose of GnRH at 56 h after CIDR removal (group
CIDR-GnRH), and with two GnRH doses—one at CIDR insertion and one 56 h after CIDR removal
(group GnRH-CIDR-GnRH).

Event CIDR-eCG CIDR-GnRH GnRH-CIDR-GnRH

ven (n=19) (n=19) (n=19)

Occurrence of estrus behavior (%) 17/19 (89.5) 17/19 (89.5) 16/19 (84.2)

Timing of estrus behavior after 341+20¢% 39.3+20b 39.8+22b
CIDR removal (range) (24-44) (28-52) (24-52)

Occurrence of preovulatory LH

surge (%) 17/17 (100) 17/17 (100) 16/16 (100)

Timing of preovulatory LH surge 422+302 444 +232b 50.7 +1.9P
after CIDR removal (range) (28-56) (32-52) (44-56)
Timing of preovulatory LH surge 8.0+ 1.0 6.7+ 1.6 75+1.6

after onset of estrus behavior (range) (4-12) (4-16) (4-16)

Occurrence of ovulation (%) 17/17 (100) 17/17 (100) 16/16 (100)

Timing of ovulation after CIDR 65.8 +2.32 68.4 £253b 738 +21b
removal (range) (52-76) (60-80) (68-84)

Timing of ovulation after onset of 31.6 £0.8 30.7 £ 0.9 302+1.0
estrus behavior (range) (28-36) (28-36) (28-36)

Timing of ovulation after onset of 240+1.1 240+1.4 225+1.3
preovulatory LH surge (range) (16-28) (16-28) (16-28)

Different superscripts indicate significant differences among treatments (a # b: p < 0.05).

Percentage
30

25 1

20—

15 1—

10 +—

44 48 52
Hours after CIDR withdrawal

Figure 2. Distribution (percentage of animals) of time of onset of estrus behavior, in hours after
CIDR withdrawal, in ewes treated with a single i.m. dose of 400 IU of eCG at CIDR removal (group
CIDR-eCG, white bars), with a single dose of GnRH at 56 h after CIDR removal (group CIDR-GnRH,
grey bars), and with two GnRH doses—one at CIDR insertion and one 56 h after CIDR removal (group
GnRH-CIDR-GnRH, black bars).
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3.2. Occurrence and Timing of Preovulatory LH Surge

All the animals showing signs of estrus behavior in response to the hormonal treatment,
independently of the group, showed a preovulatory LH surge afterwards (Table 1). The timing
of the preovulatory surge was earlier in the group treated with eCG than in the GnRH-CIDR-GnRH
group (p < 0.05), and the CIDR-GnRH group had in-between values. The same was found when
analyzing the range of appearance and intervals (Figure 3). These differences were determined by the
timing of onset of estrus behavior, since both the mean interval and the range between the onsets of
estrus behavior and LH surge were similar between treatments.

Percentage Percentage
70 35
60 30

50 |

25

20

15 =

[ 10 +— -
L] —‘i —‘_I_H_ 1 i
T T - —— | 0 i T T T T T - —-—
12 16 28 32 36 40 44 18 52 56
Hours after onset of estrus behavior Hours after CIDR withdrawal

Figure 3. Distribution (percentage of animals) of time of onset of the preovulatory LH surge, in hours
after estrus behavior (left hand) and after CIDR withdrawal (right hand), in ewes treated with a single
im. dose of 400 IU of eCG at CIDR removal (group CIDR-eCG, white bars), with a single dose of GnRH
at 56 h after CIDR removal (group CIDR-GnRH, grey bars), and with two GnRH doses—one at CIDR
insertion and one 56 h after CIDR removal (group GnRH-CIDR-GnRH, black bars).

3.3. Occurrence and Timing of Ovulation

The results on occurrence and timing of ovulation were very similar to the previous data on
occurrence and timing of preovulatory LH surge. All the animals showing estrus signs and a
preovulatory LH surge afterwards ovulated in response to the hormonal treatment independently of
the group (Table 1). The timing of ovulation after CIDR withdrawal was again earlier in the group
treated with eCG than in the GnRH-CIDR-GnRH group (p < 0.05), and the CIDR-GnRH group again
had intermediate values. However, again, these findings were determined by the timing of onset of
estrus behavior (Figure 4), since the mean intervals and the range between the occurrences of the
preovulatory LH surge and ovulation were similar among treatments.

Finally, grouping of preovulatory LH surges and ovulations in the GnRH groups caused the range
of ovulations after CIDR removal to be narrower in the GnRH-CIDR-GnRH group (16 h) than in the
CIDR-GnRH and CIDR-eCG groups (20 and 24 h, respectively).
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Figure 4. Distribution (percentage of animals) of time of occurrence of ovulation, in hours after onset of
the preovulatory LH surge (left hand) and after CIDR withdrawal (right hand), in ewes treated with a
single i.m. dose of 400 IU of eCG at CIDR removal (group CIDR-eCG, white bars), with a single dose of
GnRH at 56 h after CIDR removal (group CIDR-GnRH, grey bars), and with two GnRH doses—one at
CIDR insertion and one 56 h after CIDR removal (group GnRH-CIDR-GnRH, black bars).

3.4. Ovulation Rate and Corpora Lutea Functionality

There were no significant differences in the mean number of corpora lutea between the groups
treated with GnRH (Table 2); however, the ovulation rate was numerically higher in the CIDR-eCG
group than in the GnRH-CIDR-GnRH group (p = 0.08) and significantly higher in both groups than
in the CIDR-GnRH group (p < 0.05). Assessment of plasma progesterone did not show significant
differences among groups (Table 2).

Table 2. Mean (+ SEM) number of corpora lutea and plasma progesterone concentrations (ng/mL)
and fertility rate in ewes treated with a single i.m. dose of 400 IU of eCG at CIDR removal (group
CIDR-eCG), with a single dose of GnRH at 56 h after CIDR removal (group CIDR-GnRH), and with two
GnRH doses—one at CIDR insertion and one 56 h after CIDR removal (group GnRH-CIDR-GnRH).

Parameter CIDR-eCG CIDR-GnRH GnRH-CIDR-GnRH
Number of corpora 21+02° 1.3+02P 16+02%
lutea (range) (1-4) (1-2) (1-2)
Plasma progesterone 59+1.0 51+0.6 49+07
concentrations (range) (2.3-7.8) (2.9-7.1) (1.5-7.0)
Fertility rate with regards to
ewes ovulating (%) 13/17 (76.5) 11/17 (64.7) 13/16 (81.3)
Fertility rate with regards to 13/19 (68.4) 11/19 (57.9) 13/19 (68.4)

treated ewes (%)

Different superscripts indicate significant differences among treatments (a # b: p < 0.05).

3.5. Fertility Rate

The fertility rate of ewes ovulating in response to the treatment was higher than 60% in all the
groups (Table 2), with a trend of being higher in the GnRH-CIDR-GnRH group than in the CIDR-GnRH
group (p = 0.06). Hence, finally, the fertility rate considering treated ewes was similar in the CIDR-eCG
and GnRH-CIDR-GnRH groups and numerically higher in both groups than in the CIDR-GnRH group.
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4. Discussion

The results of the present study indicate that the administration of GnRH after 5 days of
CIDR-based protocols gives reproductive responses (in terms of ewes responding to the treatment
with the appearance of estrus, preovulatory LH surge, and ovulation) that are similar to the classical
protocols based on the use of eCG. Overall, the onset of these events was earlier in the group treated
with eCG at CIDR removal (CIDR-eCG) than in the groups treated with GnRH at 56 h after CIDR
removal (CIDR-GnRH and GnRH-CIDR-GnRH) and especially in the group treated with a first GnRH
dose at CIDR insertion (GnRH-CIDR-GnRH).

The administration of GnRH after CIDR withdrawal was performed at 56 h to mimic the timing
of FTAI. Administration of GnRH at timing of FTAI instead of 24-36 h after CIDR removal [13],
diminishes the handling of the animals, which is always important in practice. However, under the
conditions of the current study, there was no influence of the GnRH injection on the timing of onset of
estrus behavior and even in the beginning of the preovulatory surge, which had occurred previously
in all the animals. If using our proposed protocol for FTAI, administration of GnRH at 56 h would
be important for avoiding animals with later preovulatory LH surges, which may negatively affect
fertility, since GnRH treatment induces the LH surge within 14 h post-administration [20]. A possible
advance of the timing of GnRH administration, weighing handling costs and the possible benefits of
inducing an earlier and more synchronous LH peak, should be tested under field conditions since the
design of the present study was mainly focused on studying the characteristics of estrus, preovulatory
LH surge, and ovulation (which requires a high number of successive samples from a small number of
animals) rather than the fertility yields (which requires a large number of animals).

The scenario in the CIDR-eCG and CIDR-GnRH groups, bearing in mind that the endogenous LH
peak occurred prior to the GnRH injection, was therefore equivalent to our previous study comparing
5 days of CIDR treatment with or without eCG [4]. The comparison of results shows that differences
in the timings of occurrence of estrus behavior and ovulation between animals with or without eCG
are similar between the previous and the current study, confirming that the appearance of estrus is
earlier when applying eCG. However, there are some differences in these features between studies,
which may be related to the different time of the year since the occurrence of these events was earlier
in the present trial (performed in midbreeding season, December) than in the previous one (performed
in late-breeding season, April). These results suggest the need for further studies to determine the
influence of seasonality but, at the same time, support the use of the GnRH injection at 56 h for
counteracting possible delays in the endogenous LH surge, when eCG is not used, at the beginning or
the end of the reproductive season. A further step would be to study the usefulness of this protocol for
inducing synchronized and fertile ovulations during the anestrous season, which is the main limiting
factor in case of eCG shortage, since gonadotrophin secretion and therefore ovulation are depressed in
anestrous [21].

In the present trial, the timing of appearance of estrus, preovulatory LH surge, and ovulation
after CIDR withdrawal were even more delayed after administration of the first GnRH dose at CIDR
insertion (group GnRH-CIDR-GnRH). The differences were statistically significant when compared
with the group treated with eCG, which may be an effect of the follicle-stimulating hormone (FSH) and
LH activities of this hormone and the earlier timing of eCG administration, as well as numerically
when compared with the CIDR-GnRH group. The delay in the preovulatory events found in the
GnRH-CIDR-GnRH group is possibly related to the effect of the exogenous GnRH surge on follicular
dynamics at the beginning of the follicular wave induced by the CIDR treatment. The CIDR insertion
causes an abrupt increase in progesterone and a subsequent decrease in pituitary LH secretion, which
induce atresia of all the large follicles present at the ovaries and the appearance of a new follicular
wave [5]. The administration of GnRH causes the opposite effect, since it induces an endogenous LH
surge, but has the same final result: the dominant follicle cannot ovulate and therefore undergoes
luteinization, so a new follicular wave is initiated [10]. However, the GnRH injection not only acts
on LH secretion but also on FSH secretion, which increases in response to GnRH stimulation in the
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absence of the negative feedback of estradiol and inhibin [22,23]. The best example is the FSH peak
occurring immediately after the preovulatory LH peak and at about the time of ovulation, which
is identified as being responsible for the development of the first follicular wave of the following
estrous cycle [24]. In sheep, inhibin is secreted by follicles that are >3 mm in size [25,26], so we can
hypothesize that the preovulatory follicle growing after GnRH synchronization of the wave would
emerge from the pool of gonadotrophin-responsive follicles around 3 mm in size, which is the optimal
follicular population for assisted reproductive techniques in sheep [27]. Hence, by injecting GnRH, we
are inducing a similar scenario to Day 0 of the estrous cycle—the best scenario for applying assisted
reproductive techniques (the so-called Day 0 Protocol in sheep MOET programs [28]). Afterwards, the
CIDR assures high serum plasma progesterone concentrations which are necessary during follicular
development to ensure adequate oocyte health at ovulation [29].

The differences among the GnRH-CIDR-GnRH group and the CIDR-GnRH and CIDR-eCG
groups were mainly determined by the timing of onset of estrus behavior (i.e., the time needed by
the preovulatory follicle to reach its maximal estradiol secretion and therefore to induce estrus signs),
since timing and intervals of preovulatory LH surge and ovulation were similar among the three
treatments. In fact, the ranges of appearance of preovulatory LH surge and ovulation were narrower
in the GnRH-CIDR-GnRH group than in the CIDR-GnRH and CIDR-eCG groups, which reinforces
evidence of a better synchronization of the follicular growth in such a group.

On the other hand, we have to highlight that the CIDR-eCG group had the widest range of
occurrence of ovulations, from 52 to 76 h after CIDR withdrawal, after a wide range of occurrence of
the preovulatory LH surge, from 28 to 56 h after CIDR withdrawal, and three peaks of onset of estrus
behavior (with two groups of around 26%—27% of the sheep, each one having estrus signs at 24 and
44 h, and a third group of around 30% of the animals showing estrus behavior at 32-36 h after CIDR
withdrawal). Such patterns of appearance of estrus, preovulatory LH surge, and ovulation suggest a
heterogeneous follicle population stimulated to ovulate by the use of eCG. Hence, these results suggest
that eCG may be the best option, and has been for around 70 years, but not a good one for managing
the follicular phase after progesterone-based estrus synchronization, bearing in mind its long half-life
and prolonged effect on follicular growth [30].

5. Conclusions

Protocols based on short-term (5 days) CIDR treatments and a double administration of GnRH
(one at device insertion and one around the timing of fixed-time artificial insemination) assure the
occurrence of fertile and synchronized ovulations for protocols based on the use of short-term CIDR
treatments and eCG at device withdrawal.

Author Contributions: PM.-R. and A.G.-B. designed and performed the study and wrote the article.

Acknowledgments: The authors thank the CEU-Cardenal Herrera farm staff, especially Amparo Galvez, for their
assistance with animal care and handling and Zoetis Espafia for the kind donation of the CIDRs used in the study.

Conflicts of Interest: The authors declare no conflict of interests.

References

1.  Abecia, J.A.; Forcada, F.; Gonzalez-Bulnes, A. Hormonal control of reproduction in small ruminants. Anim.
Reprod. Sci. 2012, 130, 173-179. [CrossRef]

2. Dutt, RH,; Casida, L.E. Alteration of the estrual cycle in sheep by use of progesterone and its effect upon
subsequent ovulation and fertility. Endocrinology 1948, 43, 208-217. [CrossRef] [PubMed]

3. Dutt, R H. Induction of oestrus and ovulation in anestrual ewes by the use of progesterone and pregnant
mares serum. J. Anim. Sci. 1952, 11, 792.

4. Martinez-Ros, P; Rios-Abellan, A.; Gonzalez-Bulnes, A. Influence of progesterone-treatment length and eCG
administration on appearance of estrous behavior, ovulatory success and fertility in sheep. Animals 2019, 9,
9. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/j.anireprosci.2012.01.011
http://dx.doi.org/10.1210/endo-43-4-208
http://www.ncbi.nlm.nih.gov/pubmed/18890097
http://dx.doi.org/10.3390/ani9010009
http://www.ncbi.nlm.nih.gov/pubmed/30587794

Animals 2019, 9, 146 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Menchaca, A.; Rubianes, E. New treatments associated with timed artificial insemination in small ruminants.
Reprod. Fertil. Dev. 2004, 16, 403—414. [CrossRef]

Quirke, J.F; Jennings, J.J.; Hanrahan, J.P.; Gosling, J.P. Oestrus, time of ovulation, ovulation rate and
conception rate in progestagen-treated ewes given Gn-RH, Gn-TH analogues and gonadotrophins. J. Reprod.
Fertil. 1979, 56, 479-488. [CrossRef]

Cline, M.A.; Ralston, ].N; Seals, R.C.; Lewis, G.S. Intervals from norgestomet withdrawal and injection of
equine chorionic gonadotropin or P.G. 600 to estrus and ovulation in ewes. |. Anim. Sci. 2001, 79, 589-594.
[CrossRef]

D’Souza, K.N.; Rastle-Simpson, S.L.; Redhead, A.K.; Baptiste, Q.S.; Smith, B.; Knights, M. Gonadotropin
stimulation using P.G. 600® on reproductive success of non-lactating anestrous ewes. Aninm. Reprod. Sci.
2014, 148, 115-120. [CrossRef] [PubMed]

Martemucci, G.; D’Alessandro, A.G. Synchronization of oestrus and ovulation by short time combined FGA,
PGF(2a), GnRH, eCG treatments for natural service or Al fixed-time. Anim. Reprod. Sci. 2011, 123, 32-39.
[CrossRef]

Titi, H.H.; Kridli, R.T.; Alnimer, M.A. Estrus synchronization in sheep and goats using combinations of
GnRH, progestagen and prostaglandin F2alpha. Reprod. Domest. Anim. 2010, 45, 594-599.
Olivera-Muzante, J.; Gil, J.; Vifioles, C.; Fierro, S. Reproductive outcome with GnRH inclusion at 24 or 36 h
following a prostaglandin F; 4-based protocol for timed Al in ewes. Anim. Reprod. Sci. 2013, 138, 175-179.
[CrossRef]

Rekik, M.; Haile, A.; Abebe, A.; Muluneh, D.; Goshme, S.; Ben Salem, 1.; Hilali, M.E.; Lassoued, N.;
Chanyalew, Y.; Rischkowsky, B. GnRH and prostaglandin-based synchronization protocols as alternatives to
progestogen-based treatments in sheep. Reprod. Domest. Anim. 2016, 51, 924-929. [CrossRef]

Wildeus, S. Current concepts y synchronization of estrus: Sheep and goats. J. Anim. Sci. 2000, 77, 1-14.
[CrossRef]

Hay, M.E,; Moor, R M. Functional and structural relationships in the Graafian follicle population of the sheep
ovary. J. Reprod. Fertil. 1975, 45, 583-593. [CrossRef] [PubMed]

Geary, T.W.; Whittier, ].C. Effects of a timed insemination following synchronization of ovulation using the
Ovsynch or COSynch protocol in beef cows. Prof. Anim. Sci. 1998, 14, 217-220. [CrossRef]

Bisinotto, R.S.; Pansani, M.B.; Castro, L.O.; Narciso, C.D.; Sinedino, L.D.P.,; Martinez, N.; Carneiro, P.E.;
Thatcher, WW.; Santos, J.E.P. Effect of progesterone supplementation on fertility responses of lactating
dairy cows with corpus luteum at the initiation of the Ovsynch protocol. Theriogenology 2015, 83, 257-265.
[CrossRef] [PubMed]

Veiga-Lopez, A.; Cocero, M.].; Dominguez, V.; McNeilly, A.S.; Gonzalez-Bulnes, A. Follicular wave status at
the beginning of the FSH treatment modifies reproductive features in superovulated sheep. Reprod. Biol.
2006, 6, 243-264.

Gonzalez-Bulnes, A.; Santiago-Moreno, J.; Garcia Lopez, M.; Gomez-Brunet, A.; Lopez-Sebastian, A.
Observacion del ovario en la oveja y eficacia en la deteccion de foliculos y cuerpos luteos mediante ecografia
transrectal. Investig. Agric. 1994, 8, 208-218.

Veiga-Lopez, A.; Encinas, T.; McNeilly, A.S.; Gonzalez-Bulnes, A. Timing of preovulatory LH surge
andovulation in superovulated sheep are affected by follicular status at start of the FSH treatment. Reprod.
Domest. Anim. 2008, 43, 92-98.

Cavalcanti, A.; Brandao, F.Z.; Nogueira, L.A.G.; da Fonseca, ].F. Effects of GnRH administration on ovulation
and fertility in ewes subjected to estrous synchronization. R. Bras. Zootec. 2012, 41, 1412-1418. [CrossRef]
Joseph, I.B.J.K.; Currie, W.D.; Rawlings, N.C. Effects of time after ovariectomy, season and oestradiol on
luteinizing hormone and follicle-stimulating hormone secretion in ovariectomized ewes. J. Reprod. Fertil.
1992, 94, 511-523. [CrossRef] [PubMed]

McNeEeilly, A.S. The control of FSH secretion. Acta Endocrinol. Suppl. 1988, 288, 31-40.

McNeilly, A.S.; Crawford, J.L.; Taragnat, C.; Nicol, L.; McNeilly, ].R. The differential secretion of FSH and LH:
Regulation through genes, feedback and packaging. Reprod. Suppl. 2003, 61, 463-476. [CrossRef] [PubMed]
Baird, D.T.; McNeilly, A.S. Gonadotrophic control of follicular development and function during the oestrous
cycle of the ewe. J. Reprod. Fertil. Suppl. 1981, 30, 119-133. [CrossRef]


http://dx.doi.org/10.1071/RD04037
http://dx.doi.org/10.1530/jrf.0.0560479
http://dx.doi.org/10.2527/2001.793589x
http://dx.doi.org/10.1016/j.anireprosci.2014.05.001
http://www.ncbi.nlm.nih.gov/pubmed/24950998
http://dx.doi.org/10.1016/j.anireprosci.2010.11.007
http://dx.doi.org/10.1016/j.anireprosci.2013.02.013
http://dx.doi.org/10.1111/rda.12761
http://dx.doi.org/10.2527/jas2000.00218812007700ES0040x
http://dx.doi.org/10.1530/jrf.0.0450583
http://www.ncbi.nlm.nih.gov/pubmed/1107536
http://dx.doi.org/10.15232/S1080-7446(15)31832-5
http://dx.doi.org/10.1016/j.theriogenology.2014.09.021
http://www.ncbi.nlm.nih.gov/pubmed/25442385
http://dx.doi.org/10.1590/S1516-35982012000600014
http://dx.doi.org/10.1530/jrf.0.0940511
http://www.ncbi.nlm.nih.gov/pubmed/1593548
http://dx.doi.org/10.1530/biosciprocs.5.034
http://www.ncbi.nlm.nih.gov/pubmed/14635955
http://dx.doi.org/10.1530/biosciprocs.1.012

Animals 2019, 9, 146 11 of 11

25.

26.

27.

28.

29.

30.

Gonzalez-Bulnes, A.; Santiago-Moreno, J.; Cocero, M.].; Souza, C.J.H.; Groome, N.P.; Garcia-Garcia, R.M.;
Lopez-Sebastian, A.; Baird, D.T. Measurement of inhibin A and follicular status predict the response of ewes
to superovulatory FSH treatments. Theriogenology 2002, 57, 1263-1272. [CrossRef]

Gonzalez-Bulnes, A.; Souza, C.J.H.; Campbell, B.K,; Baird, D.T. Systemic and intraovarian effects of dominant
follicles on ovine follicular growth. Anim. Reprod. Sci. 2004, 84, 107-119. [CrossRef]

Veiga-Lopez, A.; Gonzalez-Bulnes, A.; Garcia-Garcia, R-M.; Dominguez, V.; Cocero, M.J. The effects of
previous ovarian status on ovulation rate and early embryo development in response to superovulatory FSH
treatments in sheep. Theriogenology 2005, 63, 1973-1983. [CrossRef]

Menchaca, A.; Vilarifio, M.; Pinczak, A.; Kmaid, S.; Saldafia, ]. M. Progesterone treatment, FSH plus eCG,
GnRH administration, and Day 0 Protocol for MOET programs in sheep. Theriogenology 2009, 72, 477-483.
[CrossRef]

Evans, A.C.O. Ovarian follicle growth and consequences for fertility in sheep. Anim. Reprod. Sci. 2003, 78,
289-306. [CrossRef]

Barrett, D.M.W.; Bartlewski, PM.; Batista-Arteaga, M.; Symington, A.; Rawlings, N.C. Ultrasound and
endocrine evaluation of the ovarian response to a single dose of 500 IU of eCG following a 12-day
treatment with progestogen-releasing intravaginal sponges in the breeding and nonbreeding seasons in
ewes. Theriogenology 2004, 61, 311-327. [CrossRef]

® © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/S0093-691X(01)00723-3
http://dx.doi.org/10.1016/j.anireprosci.2003.11.004
http://dx.doi.org/10.1016/j.theriogenology.2004.09.055
http://dx.doi.org/10.1016/j.theriogenology.2009.04.002
http://dx.doi.org/10.1016/S0378-4320(03)00096-4
http://dx.doi.org/10.1016/S0093-691X(03)00215-2
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Material and Methods 
	Animals and Experimental Design 
	Occurrence and Timing of Estrus Behavior Onset 
	Occurrence and Timing of Preovulatory LH Surge 
	Occurrence and Timing of Ovulation 
	Ovulation Rate and Corpora Lutea Functionality 
	Fertility Rate 
	Statistical Analysis 

	Results 
	Occurrence and Timing of Estrus Behavior 
	Occurrence and Timing of Preovulatory LH Surge 
	Occurrence and Timing of Ovulation 
	Ovulation Rate and Corpora Lutea Functionality 
	Fertility Rate 

	Discussion 
	Conclusions 
	References

