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The present study evaluated the feasibility of carrying out an easy-to-handle and cost-
efficient test for the preselection of high– and low–ovulatory responder ewes under
superovulatory protocols. The test was based on the assessment of the number of ovula-
tions obtained in response to the administration of a single-shot eCG treatment. The
predictive value of the test was determined by comparing the number of ovulations with
yields obtained in response to a multiple-dose FSH treatment. In addition, the study
determined possible effects of follicular status at first FSH dose and their relationship with
subsequent ovarian response. A total of 31 Merino ewes received hormonal treatment
comprising the administration of 800 IU of eCG at the end of progestative treatment.
Twenty-three days later, multiple-dose FSH treatment (80-mg FSH, in six decreasing doses
between Days 12 and 14 of a second progestative treatment) was applied to the same
ewes. The study showed a significant relationship between the number of corpora lutea
obtained in response to eCG treatment with respect to those obtained in response to FSH
treatment (r ¼ 0.791; P < 0.05), which resulted in 84% recurrence rate. The number of
embryos was greater for high-responder in relation to low-responder ewes (7.2 � 3.7 and
4.0 � 3.9, respectively; P < 0.05), whereas rates of recovery and fertilization were similar
between groups (P > 0.05). Hence, there was a tendency for a higher mean of grades 1 and
2 embryos in high-responder in relation to low-responder ewes (6.1 � 3.8 and 3.7 � 4.0,
respectively; P < 0.1). No significant relationship was found between the number of
corpora lutea in response to FSH treatment and the number of small and total follicles at
first FSH dose (P > 0.05). However, a negative low relationship was found between the
presence of large follicles and the ovulation rate in response to FSH treatment (r ¼ �0.361;
P < 0.05). In conclusion, the results show the feasibility of carrying out an easy-to-handle
and cost-efficient procedure for the preselection of embryo donors. The procedure was
based on high recurrence rate between hormonal treatments, which in turn accounts for a
distinctive ewe ovulatory response.
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1. Introduction

Multiple ovulation and embryo transfer (MOET), though
to a much lesser extent than in other species such as
bovine, is applied in ovine to increase the progeny from
selected ewes [1–4]. On the one hand, a MOET protocol
consists of the administration of gonadotropin treatment to
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substantially increase the number of ovulations, and
therefore embryos, during a synchronized estrous cycle in
high-merit sheep; and on the other hand, it consists of both
the recovery and transfer of such embryos to recipient
sheep.

However, regardless of the various advances [4,5] in the
control of extrinsic (source and purity of hormones, and
protocols of administration) and intrinsic factors (breed,
age, nutritional and reproductive status), the efficiency of
MOET protocols still remains hampered by a high individ-
ual variability in the ovulation rate and in the number of
recovered embryos. Thus, the implementation of embryo
transfer programs under field conditions has been limited
[6], even when applying the same superovulatory treat-
ment to individuals of the same breed and flock.

The intense research activities developed during the
past decade pointed to a prominent role of the ovarian
status at the beginning of superovulatory treatment [7–11];
hence, different protocols were designed to induce the
optimal ovarian status before superovulation [12,13]. In
spite of that, a high interindividual variability in response
to exogenous ovarian stimulation is still considered the
major factor limiting the success of MOET programs in
sheep. Moreover, the existence of a high intraindividual
repeatability in response to successive superovulatory
treatments has also been established [14–16], which has
been hypothesized to be related to the primordial follicle
pool intrinsic to each ewe (i.e., the ovarian reserve) [17],
and consequently, related to follicular development [18].
Therefore, the differentiation of ewes showing high or low
response to superovulatory treatments would be extremely
useful in MOET programs.

These facts suggest the possibility of applying predictive
tools for preselection of eweswith high ovulatory response,
which is an issue of critical importance in embryo pro-
grams for ethical, technical, and economic reasons. A
practical, ethical, and cost-efficient approach for such pre-
selection consists of performing an exogenous FSH ovarian
reserve test, based on the administration of a single-shot
treatment and on the subsequent follicular development
evaluation [17]. The use of a single eCG dose has been
reported as a successful tool to differentiate populations of
prolific carriers from populations of nonprolific carriers in
adult ewes [19,20] and in prepubertal ewe lambs [21–23].
In spite of that, this treatment does not enable individual
genotype differentiation [19,21,23] because of a large
variability in the ovulation rate within ewes of the same
genotype [19]. However, there are not any systematic
studies determining the applicability and predictive value
of such strategies in superovulatory protocols under field
practice.

Thus, the aim of the study was to evaluate the feasibility
of establishing a preselection test to differentiate between
ewes as high or low responders before the application of a
multiple ovulation and embryo recovery (MOER) protocol.
This test was based on the administration of a single-shot
eCG treatment and on the assessment of the number of
ovulations by minimally invasive procedures. The predic-
tive value of the test was determined by comparing the
number of ovulations with yields obtained in response to
multiple-dose FSH treatment initiated 23 days later.
Concomitantly, the study also assessed the effect of follic-
ular status at the beginning of FSH administration and its
relationship with MOER yields.

2. Materials and methods

The study was conducted at the Instituto Nacional de
Tecnología Agropecuaria located in San Carlos de Bariloche
(Río Negro, Argentina) at 41� S latitude. Ethical concerns
were taken into account by adhering to local animal
welfare regulations and practices.

Thirty-one healthy multiparous 4-year-old Merino
sheep, in good body condition (>3 out of five; scale from 0,
emaciated, to 5, obese) and moderate body weight
(45.6 � 2.2 kg), were used during the breeding season
(April–May 2011). Ewes had lambed at least 5 months
before and weaned 2 months before the superovulatory
treatment. Animals were kept outdoors in a sheltered pen
under natural day length and were fed a live-weight
maintenance ration. Water was provided ad libitum.
2.1. Preselection test procedure

The test carried out to classify high and low ovulatory
responders consisted of the insertion of a progestagen-
impregnated intravaginal pessary (60 mg of medrox-
yprogesterone acetate, Progespon; Syntex, Argentina) for
14 days and an intramuscular (IM) administration of 800 IU
of eCG (Novormon, Syntex) at the time of pessary removal.
Estrus detection was performed twice daily (8 AM and 8
PM) from 24 to 72 hours after pessary removal with
vasectomized adult rams (Day 0 ¼ day of estrus). On Day 4
of the estrous cycle after eCG treatment, the number of
corpora lutea (CL) was determined by laparoscopy. Imme-
diately afterward, an IM 125-mg dose of cloprostenol
(Estrumate; Intervet/Schering-Plough, Argentina) was
administered to induce CL regression.

Ewes were deprived of food for 24 hours and water for
12 hours before laparoscopic intervention. Laparoscopies
were carried out by placing ewes in dorsal recumbent
position on a standard cradle for laparoscopic procedures.
The surgical field, cranial to the udder, was shaved and
disinfected. The procedure was carried out under IM
general anesthetic (0.05 mL/kg of acepromazine maleate,
Peacefully 1%; Vabriela, Buenos Aires, Argentina). Subcu-
taneous local anesthetic (0.05mL/kg of lidocaine, Frankaina
2%; Fatro Von Franken, Buenos Aires, Argentina) was
injected at the trocar insertion. A pneumoperitoneum was
induced with a Veress needle (Endopath; Ethicon Endo-
Surgery, Cincinnati, OH, USA; 2-mm diameter; 120-mm
length) placed in the midline. The needle was attached to
an automatic insufflator (Richard Wolf Medical Instrument
Corp., Rosemont, IL, USA) by a flexible gas hose to enable
approximately 2 L of inert air into the abdominal cavity.
Afterward, to visualize the ovaries, an endoscope (Richard
Wolf, Knittlingen, Germany; 4-mm diameter; 170-mm
length) was inserted into the abdominal cavity through a
trocar, approximately 5-cm cranial to the udder and 5 cm to
the left side of the midline. The ovaries were handled by
using the Veress needle (Endopath; Ethicon Endo-Surgery).
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Assessment of the ovarian structures (CL and follicles)
was always performed by the same operator. Images of the
ovaries were recorded and backed up with a digital camera.

Once the laparoscopic procedure was completed, each
ovary was gently flushed through the Veress needle using
physiological saline solution with heparin (0.05 mg/mL of
heparin; Nortia, Buenos Aires, Argentina) at 38 �C to pre-
vent possible adhesions. Finally, trocar wounds were
treated with a local antibiotic-cicatrizing solution (Young
Plata; Quimagro, Buenos Aires, Argentina).
2.2. MOER procedure

Five days after prostaglandin administration, a second
progestagen-impregnated intravaginal pessary was inser-
ted (Day 0 ¼ day of second pessary insertion) for 14 days.
The presence of follicles of 2 mm or greater was deter-
mined by laparoscopy before the beginning of the super-
ovulatory treatment, considering the number of small
(2–4 mm) and large (>4 mm) follicles on the ovarian
surface in each ewe. Follicle diameter was measured by
means of a palpation probe with centimeter marks
(Karl Storz Veterinary Endoscopy-America, Inc, Goleta, CA,
USA; 3-mm diameter; 200-mm length) but carved to
millimeter marks in one section. The palpation probe was
introduced into the abdominal cavity through a 5-mm
incision.

The superovulatory treatment, adapted from Gibbons
et al. [24], consisted of the administration of 80-mg FSH
(Folltropin-V; Bioniche, Canada) in six decreasing IM doses
(18 mg � 2; 14 mg � 2; 8 mg � 2) administered twice daily
from the morning of Day 12 to 12 hours after pessary
removal. A single IM dose of 200 IU of eCG (Novormon;
Fig. 1. Relationship between the number of corpora lu
Syntex) was administered with the fifth FSH dose imme-
diately after pessary removal.

Estrus detection was performed twice daily (8 AM and
8 PM) from 24 to 72 hours after pessary removal, with
vasectomized adult rams. Twelve hours after estrus
detection, ewes were artificially inseminated with 100
million frozen–thawed spermatozoa from the same batch
and ram (0.25-mL dose; Triladylþ 20% egg yolk; thawing at
37 �C; postthaw progressive forward motility, 40%–45%;
artificial insemination within 15 minutes after thawing).
Half of each semen dose was introduced into each uterine
horn by the laparoscopic method [25], using a cannula for
intrauterine artificial insemination (Aspic for ewe insemi-
nation, 23-ga needle; IMV, L’Aigle, France).

On Day 8 after pessary removal, the number of ovula-
tions was recorded by laparoscopic procedure and, imme-
diately afterward, embryos were surgically recovered
under general anesthesia. Ewes, deprived of food andwater
for 24 hours, were IM administered with xylazine
(2 mg/10 kg of Kensol 2%; Konig, Buenos Aires, Argentina)
and ketamine hydrochloride (25 mg/10 kg of Ketalar;
Parke-Davis, Buenos Aires, Argentina). Furthermore, local
anesthesia was administered in the surgical field
(0.05 mL/kg of lidocaine; Frankaina 2%, Fatro Von Franken).
Embryos were collected by laparotomy [1], performed by
the same operator, flushing each uterine horn with 20 mL
of commercial embryo recovery medium (Vigro Complete
Flush; Bioniche, USA), prewarmed to 38 �C, and supple-
mented with 10% adult bovine serum (Internegocios,
Buenos Aires, Argentina). Embryo recovery medium was
injected by a sterile syringe with an 18-ga blunt needle,
inserted close to the uterine horn bifurcation and directed
from the uterine horn toward the uterotubal junction,
where a catheter was attached with silk (3/0, Ethicon,
tea (CL) in response to eCG and FSH treatments.
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Table 1
Correlation (r value) of corpora lutea number in response to eCG (eCG CL)
and FSH (FSH CL) treatments and the number of oocytes and embryos,
number of embryos, and number of embryos of grades 1 and 2.

Embryo yields eCG CL FSH CL

No. of oocytes and embryos 0.618a 0.736a

No. of embryos 0.472a 0.615a

No. of grades 1 and 2 embryos 0.342b 0.479a

a Indicates significant differences (P < 0.05).
b Indicates tendency toward statistical significance (P < 0.1).
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Brazil). The catheter consisted of a pediatric nasogastric
tube (k33) fastened to a blunt needle (50/20), with a central
opening at the tip and two lateral openings. Recovered
embryos were examined under a stereomicroscope
(Olympus SZ; Olympus Optical Co., Ltd., Tokyo, Japan) at
20 to 40 � magnification and classified according to the
International Embryo Transfer Society criteria [26]. Only
embryos in morula and blastocyst stages classified as grade
1 (excellent) or grade 2 (good) were considered transfer-
able embryos.

Immediately after embryo recovery, a single IM injec-
tion of 125-mg cloprostenol (Estrumate; Intervet/Schering-
Plough) was administered to induce CL regression.
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2.3. Indexes of superovulatory response

The following information was recorded for each ewe:
number of CL, number of oocytes, number of embryos
(grades: 1–4), and number of embryos of grades 1 and 2.
The rate of oocytes and embryos was calculated, for each
ewe, by dividing the number of oocytes plus embryos by
the number of CL. The rate of embryo recovery was calcu-
lated, for each ewe, by dividing the number of embryos by
the number of CL. The rate of embryos of grades 1 and 2was
calculated, for each ewe, by dividing the number of grade 1
plus 2 embryos by the number of embryos. Fertilization
ratewas calculated, for each ewe, by dividing the number of
embryos by the number of oocytes plus embryos. Rates
were expressed as percentages.

Ewes were grouped into high or low ovulatory
responders to eCG (high, >3 CL; low, �3 CL) and to FSH
treatments (high, >12 CL; low, �12 CL) to evaluate the
recurrence rate between eCG and FSH treatments. A CL
cutoff was used to divide the total number of ewes into
even ovulatory responder groups in both hormonal
treatments.
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2.4. Statistical analysis

Analysis of datawas performed using Statistical Analysis
System software package [27]. Simple linear regression
analysis was performed to assess the relationship between
the number of small, large, and total follicles at first FSH
dose and the number of CL in response to FSH treatment;
and between the number of CL in response to eCG treat-
ment and the number of CL in response to FSH treatment.
Analysis of variance was used to compare embryo pro-
duction and rates of recovery and fertilization between
high– and low–ovulatory responder ewes to FSH
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treatment. Statistical analysis of results expressed as
percentages (rates of recovery and fertilization) was per-
formed after transforming each ewe percentage to the
arcsine square root. The analysis also tested the correlations
between the number of CL obtained in response to eCG and
FSH treatments with respect to the number of oocytes and
embryos, the number of embryos, and the number of em-
bryos of grades 1 and 2. Results were expressed as the
mean � standard deviation. Statistical significance was
accepted from P < 0.05.

3. Results

The assessment of follicular population at first FSH dose
showed a mean of 13.1 � 5.8 small follicles (range: 0–23),
1.3 � 1.0 large follicles (range: 0–4), and 14.4 � 5.6 total
follicles (range: 3–24). There was not any relationship
between the number of small follicles at first FSH dose and
the number of CL in response to FSH treatment, or the
number of total follicles and the number of CL. However,
the number of large follicles was negatively correlated with
the number of CL (r ¼ �0.361; P < 0.05).

On the basis of ovarian examination in response to eCG
treatment, a mean of 5.3 � 3.5 CL was calculated per ewe.
However, the mean doubled (12.6 � 6.0 CL) per ewe at
ovarian examination in response to FSH treatment.

As shown in Figure 1, the assessment of responses to
eCG and FSH treatments in the same ewe indicated a
significant positive relationship (r ¼ 0.791) between the
number of CL obtained in response to each treatment
(P < 0.05).

Correlations between embryo yields and the number of
CL in response to both hormonal treatments are shown in
Table 1. On the basis of analysis of the number of CL in
response to eCG, significant positive correlations were
observed with the number of oocytes and embryos and
with the number of embryos (P < 0.05). The analysis also
showed a tendency toward significance with the number of
embryos of grades 1 and 2 (P < 0.1). Additionally, on the
basis of analysis of the number of CL in response to FSH
treatment, significant positive correlations were observed
with the number of oocytes and embryos, with the number
of embryos, and with the number of embryos of grades 1
and 2 (P < 0.05).

A total of 175 embryos were recovered from the 31
ewes. High number of embryos of grades 1 and 2 (62
morulae and 91 blastocysts) was obtained due to the re-
covery of low number of embryos of grades 3 and 4 (w13%).

Once ewes were grouped into high or low ovulatory
responders, the mean of CL obtained in response to eCG
treatment was 8.3 � 2.3 in high responders (n ¼ 16) and
2.1 � 0.7 in low responders (n ¼ 15). The mean of CL in
response to FSH treatment was 16.7 � 4.6 in high re-
sponders (n ¼ 15) and 8.2 � 3.9 in low responders (n¼ 16).

In the present study, the recurrence rate was defined as
the ovarian response after FSH administration in relation to
prior response to eCG treatment. Thirteen ewes of 16 with
high ovulatory response to eCG treatment still showed high
ovulatory response after FSH treatment (81%). Thirteen
ewes of 15 with low ovulatory response to eCG treatment
still showed low ovulatory response after FSH treatment
(87%). All in all, 26 ewes of 31 still showed high or low
ovulatory response after FSH treatment (84%).

As noted in Table 2, when comparing superovulatory
response indexes, there were significant differences in the
number of oocytes and embryos and in the number of
embryos between high and low ovulatory responders to
FSH treatment (P < 0.05). In addition, the analysis showed
that the mean of grades 1 and 2 embryos and the mean of
oocytes tended to be greater in high responders than in low
responders (P< 0.1). In contrast, themean of grades 3 and 4
embryos did not differ between groups (low: 0.27 � 0.6 vs.
high: 1.13 � 2.8; P > 0.05). Both recovery and fertilization
rates lacked significant differences between high and low
responders (P > 0.05). The rate of grades 1 and 2 embryos
in relation to the number of oocytes and embryos also
lacked significant differences between groups (low:
79.2 � 34.9% vs. high: 73.3 � 34.6%; P > 0.05).

4. Discussion

The results of the present study show the feasibility of
implementing an easy-to-handle and cost-efficient proce-
dure to differentiate between high- and low-responder
ewes under field conditions, by applying a single-shot
eCG treatment before the application of MOER protocols.
At the same time, as observed in previous literature [15,28],
it is noteworthy that superovulatory response and rates of
fertilization were not affected by prolonged exposure to
progesterone and exogenous gonadotropin treatments.

When considering animal welfare, emphasis should be
placed on the use of nonsurgical procedures. In the present
study, laparoscopic techniquewas applied to determine the
exact number of CL, which would not have been possible by
ultrasonography. In this regard, ultrasonography consti-
tutes a noninvasive alternative to examine luteal tissue and
can be used to determine whether a ewe has ovulated or
multiovulated, thus avoiding laparoscopic procedure [29].

High correlation coefficient (r ¼ 0.791) and high recur-
rence rate (84%) allow to differentiate, with great accuracy,
between high- and low-responder ewes. In the same way,
significant positive correlations observed between the
number of CL in response to eCG and FSH treatments and
the number of embryos and number of grades 1 and 2
embryos indicate that the single-shot eCG testwas useful to
identify not only ewes with higher ovulation rate but also
ewes with larger number of total and transferable embryos.
In fact, previous studies in prepubertal heifers [30] showed
consistent relationships between the number of follicles
and the number of aspirated and usable oocytes in suc-
cessive stimulations of high and low responders. This evi-
dence supports the hypothesis that ewe genotype plays a
primary role in establishing follicular recruitment and
developmental capability of oocytes, and thus influencing
superovulatory yields [14].

Once ewes were grouped into high or low ovulatory
responders to FSH treatment, numbers of total and trans-
ferable embryos in low-responder ewes (4.0 and 3.7,
respectively) almost doubled in high-responder ewes
(7.2 and 6.1, respectively).

Rates of embryo recovery in the present study are lower
than those cited in literature but similar to rates obtained in
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previous studies from the same authors [15,31]. Regarding
high fertilization failure observed in Merino ewes in com-
parison with other breeds when practicing cervical
insemination [32], laparoscopic technique was the alter-
native to carry out artificial insemination, although this
technique reduces recovery rates [33].

The analysis of ovarian follicular population at first FSH
dose showed a high interindividual variability, as described
by other authors [34]. Reasons for this variability are still
unknown. It could be caused by intrinsic factors, such as the
number of primordial follicles at birth or genetic mecha-
nisms, or by external factors, such as nutrition or environ-
mental conditions [34]. In contrast with previous literature
[34–36], the present study did not show significant rela-
tionship between numbers of small and total follicles at
first FSH dose and the number of CL in response to FSH
treatment. Differences between current and previous
findings could be attributed to different experimental
procedures, such as hormonal superovulation protocol or
follicle size classification. This evidence also sheds light on
the need for further specific studies to evaluate the precise
role of ovarian status in response to assisted reproductive
technologies. However, significant low relationship was
found between the number of large follicles (>4 mm in
size) at first FSH dose and the number of CL in response to
FSH treatment. Previous studies did not show any signifi-
cant correlation between the number of 4- to 5-mm
follicles and superovulatory response indexes [35,36]. On
the basis of present and previous [37,38] studies, the largest
follicle of each wave has a limited direct effect on the
growth of small follicles at gonadotropin-dependent stages
in sheep, unlike in cattle. These follicles are able to respond
to exogenous FSH, both preventing early atresia and
increasing growth rate from small to ovulatory follicles,
which are mechanisms responsible for increased ovulation
rates. Hence, the presence of large follicles does not prevent
ovulation of small follicles because they still retain their
capability to respond to exogenous gonadotropin stimuli
and to resume growth [6]. However, embryo yields are
ultimately affected by a reduction in the embryo recovery
rate rather than in the ovulation rate [36] due to inadequate
follicular development and disturbances in ovulation [39]
or to reduced developmental competence of oocytes [40].

In conclusion, high recurrence rate in ovarian response
between eCG and FSH treatments allows the selection of
high-genetic-merit ewes with predictable high embryo
yields. This selection is carried out by choosing donors with
high ovarian response to a cost-efficient eCG treatment. The
recurrence rate evidenced in this article is expected to reduce
costs in MOET programs by avoiding treatment and surgical
embryo recovery in ewes identified as low responders. The
nonsignificant or low relationship between different diam-
eter follicle populations at first FSH dose and subsequent
ovarian response reinforces the hypothesis that each ewehas
a strong intrinsic or individual factor determining their own
degree of response to superovulatory treatments.

Acknowledgments

This study was supported by funds from the Instituto
Nacional de Tecnología Agropecuaria (Project AESA
203930). The authors are grateful to Nicolás Giovannini for
his participation in the statistical analysis of data.
References

[1] Baril G, Brebion P, Chesné P. Manuel de formation pratique pour la
transplantation embryonnaire chez la brebis et la chèvre. Roma:
Food and Agriculture Organization of the United Nations (FAO),
Ètude FAO Production et Santé Animales 115; 1993.

[2] Cognie Y. State of the art in sheep-goat embryo transfer. Ther-
iogenology 1999;51:105–16.

[3] Cognie Y, Baril G, Poulin N, Mermillod P. Current status of embryo
technologies in sheep and goat. Theriogenology 2003;59:171–88.

[4] González-Bulnes A, Baird DT, Campbell K, Cocero MJ, García-
García RM, Inskeep EK, et al. Multiple factors affecting the efficiency
of multiple ovulation and embryo transfer in sheep and goats.
Reprod Fertil Dev 2004;16:421–35.

[5] Ammoun I, Encinas T, Veiga-López A, Ros JM, Contreras I, González-
Añover P, et al. Effects of breed on kinetics of ovine FSH and
ovarian response in superovulated sheep. Theriogenology 2006;66:
896–905.

[6] Amiridis GS, Cseh S. Assisted reproductive technologies in the
reproductive management of small ruminants. Anim Reprod Sci
2012;130:152–61.

[7] González-Bulnes A, Berlinguer F, Cocero MJ, García-García RM,
Leoni G, Naitana S, et al. Induction of the presence of corpus luteum
during superovulatory treatments enhances in vivo and in vitro
blastocysts output in sheep. Theriogenology 2005;64:1392–403.

[8] Veiga-López A, González-Bulnes A, García-García RM, Domínguez V,
Cocero MJ. The effects of previous ovarian status on ovulation rate
and early embryo development in response to superovulatory FSH
treatments in sheep. Theriogenology 2005;63:1973–83.

[9] Veiga-López A, Cocero MJ, Domínguez V, McNeilly AS, González-
Bulnes A. Follicular wave status at the beginning of the FSH treat-
ment modifies reproductive features in superovulated sheep.
Reprod Biol 2006;6:243–64.

[10] González-Bulnes A, Veiga-López A. Evidence of intraovarian follic-
ular dominance effects during controlled ovarian stimulation in a
sheep model. Fertil Steril 2008;89(5 Suppl):1507–13.

[11] Menchaca A, Vilariño M, Crispo M, de Castro T, Rubianes E. New
approaches to superovulation and embryo transfer in small rumi-
nants. Reprod Fertil Dev 2010;22:113–8.

[12] Berlinguer F, González-Bulnes A, Succu S, Leoni G, Mossa F,
Bebbere D, et al. Effects of progestagens on follicular growth and
oocyte developmental competence in FSH-treated ewes. Domest
Anim Endocrinol 2007;32:303–14.

[13] Berlinguer F, González-Bulnes A, Contreras-Solis I, Spezzigu A,
Torres-Rovira L, Succu S, et al. Glucogenic supply increases oocyte
developmental competence in sheep. Reprod Fertil Dev 2012;24:
1055–62.

[14] Ptak G, Tischner M, Bernabé N, Loi P. Donor-dependent develop-
mental competence of oocytes from lambs subjected to repeated
hormonal stimulation. Biol Reprod 2003;69:278–85.

[15] Bruno-Galarraga M, Cueto M, Gibbons A, Pereyra-Bonnet F,
Catalano R, González-Bulnes A. Repeatability of superovulatory
response to successive FSH treatments in Merino sheep. Small
Rumin Res 2014;120:84–9.

[16] Bari F, Khalid M, Wolf B, Haresign W, Murray A, Merrell B. The
repeatability of superovulatory response and embryo recovery in
sheep. Theriogenology 2001;56:147–55.

[17] Torres-Rovira L, González-Bulnes A, Succu S, Spezzigu A, Manca M,
Leoni G, et al. Predictive value of antral follicle count and anti-
Müllerian hormone for follicle and oocyte developmental compe-
tence during the early prepubertal period in a sheep model. Reprod
Fertil Dev 2014;26:1094–106.

[18] González-Bulnes A, García-García RM, Castellanos V, Santiago-
Moreno J, Ariznavarreta C, Domínguez V, et al. Influence of maternal
environment on the number of transferable embryos obtained in
response to superovulatory FSH treatments in ewes. Reprod Nutr
Dev 2003;43:17–28.

[19] Kelly RW, Owens JL, Crosbie SF, McNatty KP, Hudson N. Influence
of Booroola Merino genotype on the responsiveness of ewes to
pregnant mares serum gonadotropin, luteal tissue weights and
peripheral progesterone concentrations. Anim Reprod Sci 1983;6:
199–207.

[20] Lahoz B, Alabart JL, Jurado JJ, Calvo JH, Martínez-Royo A, Fantova E,
et al. Effect of the FecXR polymorphism in the bone
morphogenetic protein 15 gene on natural or equine chorionic

http://refhub.elsevier.com/S0093-691X(15)00257-5/sref1
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref1
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref1
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref1
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref2
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref2
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref3
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref3
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref4
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref4
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref4
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref4
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref5
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref5
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref5
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref5
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref6
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref6
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref6
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref7
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref7
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref7
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref7
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref8
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref8
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref8
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref8
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref9
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref9
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref9
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref9
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref10
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref10
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref10
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref11
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref11
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref11
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref12
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref12
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref12
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref12
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref13
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref13
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref13
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref13
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref14
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref14
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref14
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref15
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref15
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref15
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref15
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref16
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref16
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref16
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref17
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref17
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref17
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref17
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref17
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref18
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref18
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref18
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref18
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref18
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref19
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref19
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref19
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref19
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref19
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref20
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref20
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref20


M. Bruno-Galarraga et al. / Theriogenology 84 (2015) 784–790790
gonadotropin-induced ovulation rate and litter size in Rasa Arago-
nesa ewes and implications for on-farm application. J Anim Sci
2011;89:3522–30.

[21] Davis GH, Johnstone PD. Ovulation response to pregnant mares’
serum gonadotrophin in prepubertal ewe lambs of different Boor-
oola genotypes. Anim Reprod Sci 1985;9:145–51.

[22] Gootwine E, Bor A, Braw-Tal R. Plasma FSH levels and ovarian
response to PMSG in ewe lambs of related genotypes that differ in
their prolificacy. Anim Reprod Sci 1989;19:109–16.

[23] Gootwine E, Braw-Tal R, Shalhevet D, Bor A, Zenou A. Repro-
ductive performance of Assaf and Booroola-Assaf crossbred
ewes and its association with plasma FSH levels and induced
ovulation rate measured at prepuberty. Anim Reprod Sci 1993;31:
69–81.

[24] Gibbons A, Pereyra-Bonnet F, Escobar L, Cueto M. Eficiencia de un
tratamiento de ovulación múltiple con dosis reducida de FSHp en
ovejas Merino. Segundas Jornadas Internacionales del Instituto de
Investigación y Tecnología en Reproducción Animal (INITRA). Fac-
ultad de Ciencias Veterinarias, Universidad de Buenos Aires,
Argentina. InVet 2010;12:268. Abstract.

[25] Maxwell WMC, Butler LG, Wilson HR. Intra-uterine insemination of
ewes with frozen semen. J Agric Sci Camb 1984;102:233–4.

[26] Stringfellow DA, Seidel SM (Eds.), Manual of the International Em-
bryo Transfer Society (3rd edition) IETS, Savoy, Illinois, 1998.

[27] SAS. Cary, North Carolina: SAS Institute Inc; 2003.
[28] Cordeiro MF, Lima-Verde JB, Lopes-Júnior ES, Teixeira DIA, Farías LN,

Salles HO, et al. Embryo recovery rate in Santa Inés ewes subjected
to successive superovulatory treatments with pFSH. Small Rumin
Res 2003;49:19–23.

[29] González-Bulnes A, Osoro K, López-Sebastián A. Ultrasonographic
assessment of the ovarian response in eCG-treated goats. Small
Rumin Res 1999;34:65–9.

[30] Taneja M, Bols PEJ, Van de Valde A, Ju JC, Schreiber D, Tripp MW,
et al. Developmental competence of juvenile calf oocytes in vitro
and in vivo: influence of donor animal variation and repeated
gonadotropin stimulation. Biol Reprod 2000;62:206–13.

[31] Cueto M, Gibbons A, Pereyra-Bonnet F, Silvestre P, González-
Bulnes A. Effects of season and superovulatory treatment on embryo
yields in fine-wool Merinos maintained under field conditions.
Reprod Domest Anim 2011;46:770–5.

[32] Armstrong DT, Evans G. Factors influencing success of embryo
transfer in sheep and goats. Theriogenology 1983;19:31–41.

[33] Robinson JJ, Wallace JM, Aitken RP. Fertilization and ovum recovery
rates in superovulated ewes following cervical insemination or
laparoscopic intrauterine insemination at different times after
progestagen withdrawal and in one or both uterine horns. J Reprod
Fertil 1989;87:771–82.

[34] Mossa F, Duffy P, Naitana S, Lonergan P, Evans ACO. Association be-
tween numbers of ovarian follicles in the first follicle wave and
superovulatory response in ewes. Anim Reprod Sci 2007;100:391–6.

[35] González-Bulnes A, Santiago-Moreno J, Cocero MJ, López-
Sebastián A. Effects of FSH commercial preparation and follicular
status on follicular growth and superovulatory response in Spanish
Merino ewes. Theriogenology 2000;54:1055–64.

[36] González-Bulnes A, Santiago-Moreno J, Cocero MJ, Souza CJH,
Groome NP, García-García RM, et al. Measurement of inhibin A and
follicular status predict the response of ewes to superovulatory FSH
treatments. Theriogenology 2002;57:1263–72.

[37] López-Sebastián A, González-Bulnes A, Santiago-Moreno J, Gómez-
Brunet A, Townsend EC, Inskeep EK. Patterns of follicular develop-
ment during the estrous cycle in monovular Merino del Pais ewes.
Anim Reprod Sci 1997;48:279–91.

[38] González-Bulnes A, Santiago-Moreno J, García-García RM, del
Campo A, Gómez-Brunet A, López-Sebastián A. Origin of the pre-
ovulatory follicle in Mouflon sheep (Ovis gmelini musimon) and
effect on the growth of remaining follicles during the follicular
phase of oestrous cycle. Anim Reprod Sci 2001;65:265–72.

[39] Rubianes E, Ungerfeld R, Viñoles C, Rivero A, Adams GP. Ovarian
response to gonadotropin treatment initiated relative to wave
emergence in ultrasonographically monitored ewes. Theriogenol-
ogy 1997;47:1479–88.

[40] D’Occhio MJ, Jillella D, Lindsey BR. Factors that influence follicle
recruitment, growth and ovulation during ovarian superstimulation
in heifers: opportunities to increase ovulation rate and embryo re-
covery by delaying the exposure of follicles to LH. Theriogenology
1999;51:9–35.

http://refhub.elsevier.com/S0093-691X(15)00257-5/sref20
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref20
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref20
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref21
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref21
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref21
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref22
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref22
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref22
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref23
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref23
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref23
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref23
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref23
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref24
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref24
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref24
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref24
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref24
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref24
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref25
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref25
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref27
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref27
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref27
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref27
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref28
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref28
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref28
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref29
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref29
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref29
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref29
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref30
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref30
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref30
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref30
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref31
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref31
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref32
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref32
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref32
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref32
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref32
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref33
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref33
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref33
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref34
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref34
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref34
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref34
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref35
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref35
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref35
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref35
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref36
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref36
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref36
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref36
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref37
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref37
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref37
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref37
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref37
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref38
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref38
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref38
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref38
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref39
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref39
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref39
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref39
http://refhub.elsevier.com/S0093-691X(15)00257-5/sref39

	Preselection of high and low ovulatory responders in sheep multiple ovulation and embryo transfer programs
	1. Introduction
	2. Materials and methods
	2.1. Preselection test procedure
	2.2. MOER procedure
	2.3. Indexes of superovulatory response
	2.4. Statistical analysis

	3. Results
	4. Discussion
	Acknowledgments
	References


