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Abstract

Multiple ovulation and embryo transfer (MOET) has the potential to increase the rate of genetic
improvement in sheep. However, better realization of this potential requires maximum survival rates
of transferred embryos of high genetic merit after transfer into recipient ewes. These studies were
therefore conducted to investigate the effect of both embryonic and recipient ewe factors on the
survival rate of transferred embryos. Survival rate was similar after transfer of morula or blastocyst
stage embryos, and these were higher (P < 0.05) than for very early morulae and early morulae.
Advanced embryos (Day 5 blastocyst) had an advantage (P < 0.05) in survival rate over retarded
embryos (Day 6 morula). Grades 1 and 2 embryos survived significantly (P < 0.05) better than
Grades 3 or 4 embryos. There was no difference in embryo survival rate following transfer to
recipients with different numbers of corpora lutea. In general, age or parity of recipient ewes did not
affect embryo survival rate, although a higher (P < 0.05) embryo survival rate was observed for
yearling recipients. Buserelin (GnRH agonist) treatment of recipient ewes 5 or 6 days after transfer of
embryos (Day 12 of the cycle) did not improve embryo survival rate. These results confirm that both
embryonic and recipient factors can play an important role in the success of a MOET program in
sheep.
© 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction

Multiple ovulation and embryo transfer (MOET) has the potential to increase the rate of
genetic gain through the female line. However, the full realization of this potential depends
upon maximizing the number of progeny born from high merit females. While influenced
by superovulatory responses and fertilization rates of donors in any MOET program, the
number of progeny per donor is also directly related to the survival rate of transferred
embryos. Factors specific to both embryos and recipients have been suggested to affect the
survival of transferred embryos in cattle, sheep and goats. Among them, stage of embryo
development, embryo quality, number of corpora lutea, and age and parity of the recipients
have been reported to be of significance [1-7].

The effect of stage of embryo development on subsequent embryo survival has been
investigated in both cattle and sheep. While some of these studies indicated higher survival
rates for blastocysts compared to morulae [1-3,6,8,9], others failed to demonstrate any
difference [5,10-12]. In the case of cattle embryos, uterine tolerance of recipients to
advanced and retarded embryos appears to be very similar [13,14], but in the pig there is an
advantage for advanced compared to retarded embryos [15].

Pregnancy rate in cattle has been reported to increase with an improvement in embryo
quality [1,16]. However, this does not appear to be an especially precise association since in
another study there was no significant difference in survival rate of Grades 1 and 2 embryos,
or of Grades 3 and 4 embryos [17]. Similarly, in sheep there was no difference in survival
rate between embryos classified as ‘good’ and ‘excellent’ at the time of transfer [4].

Progesterone plays a vital role in early embryo development, implantation and the
establishment of pregnancy. Plasma progesterone concentrations in recipient animals are
related to the number of ovulations or corpora lutea in sheep [18,19]. While embryo
survival has been reported to increase with an increase in plasma progesterone concentra-
tions in cattle [20,21] and the number of corpora lutea in goats [7], little information of this
type exists for sheep. Since there is evidence for considerable variation in progesterone
secretion over successive pregnancies in sheep [18], it is possible that age and parity of
recipient ewes may also affect embryo survival.

One drawback with many previous studies designed to investigate factors affecting the
survival of transferred embryos in sheep is that they were based on either small numbers of
embryos transferred or small group sizes of recipients. However, our current MOET
program [22,23] has provided a large database from which to undertake retrospective
analyses, and in this paper we report on a number of factors that could potentially affect
embryo survival in recipient ewes. Some of these are related to the embryos themselves
(stage of development, embryo quality), while others are concerned with recipient ewe
effects (recipient ewe age, number of corpora lutea, GnRH treatment).

2. Materials and methods
2.1. General materials and methods

This study used data obtained from a MOET program at two locations, ADAS Redesdale
in northern England (Scottish Blackface ewes) and ADAS Pwllperian in Wales (Welsh
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Mountain ewes). The MOET program involved 60 donor ewes and approximately 300
recipient ewes per site each year over a 5-year period, and treatment details for donor and
recipient ewes remained constant over the duration of the study, with the exception of
refinements to the flushing procedure itself [22].

Full details of the management and treatment of recipient ewes, and embryo collection,
evaluation and transfer procedures have been described elsewhere [22,23]. Briefly, MOET
was undertaken during the breeding season in mid-October (Welsh Mountain ewes) or mid-
November (Scottish Blackface ewes). Estrus was synchronized in both donor and recipient
ewes by the insertion of an intra-vaginal progestagen sponge (Chronogest™ Intervet
Laboratories plc., Cambridge, UK) left in situ for 12 days. From Day 10 after sponge
insertion, donor ewes were treated twice daily with 1.25 ml of ovine FSH (Ovagen®™
Immunological Products Ltd., Auckland, New Zealand) over 4 days to induce super-
ovulation. The sponges were removed at sixth FSH administration (1800 on Day 12).
Recipient ewes were treated with 250-350 TU PMSG at the time of sponge removal (1400
on Day 12).

Donor ewes, when in estrus, were hand-mated with their respective rams (five ewes per
ram). In addition, intra-uterine insemination with fresh semen from their respective rams
was performed between 44 and 46 h after sponge removal. Embryos were recovered using
a semi-laparoscopic procedure [22,23] on either Day 5 or 6 after insemination. Donor ewes
were programmed in groups of 20, with the first 10 ewes to show estrus flushed on Day 5,
and the remaining 10 donor ewes flushed on Day 6 of the cycle. The collection procedure
involved laparoscopy to place a Foley catheter into the lumen at the base of the uterine
horn, and then exteriorizing the tip of the uterine horn through a 1 cm mid-line incision to
allow introduction of the flushing medium. All collected embryos were graded according to
agreed IETS conventions [24].

Recipient ewes were synchronized in groups of 100, and were checked regularly for the
onset of estrus with a vasectomised ram. The first 50 recipients to come into estrus were
used for the Day 5 donors and the remaining 50 recipients for the Day 6 donors. Embryos
were transferred laparoscopically as singletons, except where indicated, approximately
2 cm from the utero-tubal junction into recipient ewes of the same breed. Pregnancy rate of
recipient ewes was assessed by ultrasound scanning 50 days after transfer. Past experience
has shown that this method of estimating embryo survival rates is >99% accurate when
recipients receive only a single embryo.

2.2. Effect of stage of embryo development and embryo quality, number of corpora
lutea of recipients and age of recipients on embryo survival

Studies to investigate the effect of stage of embryo development and embryo quality, and
the number of corpora lutea and age of recipient ewes on embryo survival were conducted
using a total of 1513 embryos obtained only from Scottish Blackface ewes over a 5-year
period. At the time of collection, embryos were categorized into six different stages of
development (very early morula, early morula, morula, blastocyst, expanded blastocyst,
hatched/collapsed blastocyst), and were also assigned one of four quality grades (Grades 1—
4, based on IETS conventions) according to the compactness and uniformity of cell
structure. The main aim within the breeding program was to transfer as close to five
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embryos per donor ewe as possible to maintain as broad a genetic base as possible. While
the better embryos within each flush were the ones selected for transfer, this still resulted in
embryos of different quality grades being transferred (see Table 3). The number of corpora
lutea of recipient ewes was assessed laparoscopically at the time of transfer, and all
transfers were made into the uterine horn ipsilateral to the ovary with the greater number of
ovulations.

2.3. Effect of Buserelin®™ treatment of recipient ewes on embryo survival

Studies to investigate the effect of GnRH agonist (Buserelin™) treatment of recipient
ewes on embryo survival were conducted over a period of 2 years, and involved 633
Scottish Blackface and 586 Welsh Mountain recipient ewes. Ewes were randomly
allocated to the treatment and control groups, ensuring an approximately equal distribution
within each embryo quality category. All embryos were transferred as singletons in the
Scottish Blackface ewes, but a small proportion of Welsh Mountain recipient ewes (41/586
ewes) received two embryos. The treated recipient ewes were treated with 1 ml (4 ug)
GnRH agonist i.m. (Buserelin@ , Hoescht UK Ltd., Milton Keynes, UK) on 7 or 6 days after
transfer of the embryos respectively for embryos transferred on Days 5 and 6 (equivalent to
Day 12 of the cycle).

3. Statistical analyses

The effects of stage of embryo development and embryo quality at the time of transfer,
recipient ewe age and corpora lutea number on the subsequent survival of transferred
embryos were all analyzed using contingency Chi-squared analysis. In addition, the effect
of Buserelin treatment of recipient ewes on embryo survival was also determined by Chi-
squared analysis.

4. Results

4.1. Effect of day of collection, stage of embryo development and embryo quality
on embryo survival

Of the total of 2080 embryos collected over the 5 years of the study, 1513 embryos were
actually transferred. Although these represented the better quality embryos from each
donor ewe, they still represented a range of stages of development and quality grades
(Tables 1-3).

For embryos collected on either Day 5 or 6 of the cycle, the normal expectation was that
they would be at the morula and blastocyst stages of development, respectively. The data in
Table 1 show that there was no significant overall effect of day of embryo collection on
subsequent survival rates. However, advanced (blastocyst) embryos collected on Day 5 had a
higher (P < 0.05) survival rate than retarded (morula) embryos collected on Day 6, with
normal stage embryos (Day 5, morula; Day 6, blastocyst) having intermediate survival rates.
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Table 1
Comparison of different stages of development of Scottish Blackface embryos on subsequent survival rate
following transfer to recipient ewes

Stage of development Embryos transferred (n) Embryos survived (n) Embryos survived (%)
Day 5 overall 790 591 74.8°
Day 6 overall 723 518 71.7%
Day 5 blastocyst 24 22 91.7°
Day 5 morula 766 569 74.3%
Day 6 blastocyst 334 250 74.9%
Day 6 morula 389 268 68.9°

Values with different superscripts (a, b) within a sub-column are significantly (P <0.05 at least) different.

Table 2
Survival rate of Scottish Blackface embryos transferred into recipient ewes at different stages of development
(pooled over day of collection)

Stage of development Embryos Embryos Embryos
transferred (n) survived (n) survived (%)

Very early morula 65 36 55.4%

Early morula 388 271 69.8°°

Morula 702 530 75.5°

Blastocyst, expanded blastocyst and 358 272 75.9°

expanded-collapsed blastocyst

Values in the same column with different superscripts (a, b) are significantly (P < 0.05) different.

Table 2 provides greater detail of the association between stage of development and
embryo survival, irrespective of the day of collection and transfer. While there was a
progressive increase in survival rate with stage of embryo development, the overall survival
rate for morulae and blastocysts was not significantly different. However, the survival rate
of retarded embryos (very early morulae) was significantly lower than for normally
developed embryos (morulae and blastocysts), with early morulae rates intermediate.

Embryo quality at transfer had a significant effect on subsequent survival rate, with a
progressive reduction in survival as embryo quality declined (Table 3). While there was no
difference in survival rate between Grades 1 and 2 embryos, the survival rates of Grades 3
and 4 embryos were significantly lower than those of Grade 1 or 2 embryos. Although the
survival rate for Grade 4 embryos (37.5%) was much lower than that for Grade 3 embryos

Table 3

Survival rate of Scottish Blackface embryos of different quality grades after transfer to recipient ewes
Embryo grade Embryos transferred (n) Embryos survived (n) Embryos survived (%)
Grade 1 825 624 75.6*

Grade 2 550 406 73.8%

Grade 3 114 70 61.4°

Grade 4 24 9 37.5°

Values with different superscripts (a, b) are significantly (P <0.05 at least) different.
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Table 4
Survival rate (%) of Scottish Blackface embryos transferred to recipient ewes of the same breed with different
numbers of corpora lutea

Number corpora lutea Grade 1 Grade 2 Grade 3 Grade 4 Mean

1 71.6" (268) 74.7* (154) 67.5% (40) 50.0% (6) 72.0* (468)
2 78.7° (455) 71.9% (302) 50.9* (57) 33.3* (12) 73.6" (826)
>3 72.5% (102)  78.7% (94) 82.3° (17) 33.3* (6) 74.9* (219)

Numbers in parenthesis are the numbers of each grade of embryo transferred; values within each column with
different superscripts (a, b) are significantly (P < 0.05) different.

(61.4%), this did not reach statistical significance, most probably because of the very small
number of Grade 4 embryos transferred.

4.2. Effect of number of corpora lutea and recipient ewe age on embryo survival

There were no differences in overall embryo survival following transfer to recipient ewes
with different numbers of corpora lutea (Table 4). While there were some significant
differences when the number of corpora lutea were considered within the different embryo
quality grades, these effects were not consistent.

The total numbers of embryos transferred and surviving following transfer to recipient
ewes of different ages and parities are shown in Table 5. While the overall survival rate of
embryos transferred into nulliparous (yearling) recipient ewes was significantly (P < 0.05)
higher than for embryos transferred into parous (>2 years old) ewes, the difference was
relatively small. Among the individual age categories there were some significant
differences in survival rate of transferred embryos, but again these effects did not follow
any defined pattern.

4.3. Effect of Buserelin treatment of recipient ewes on embryo survival

Table 6 shows the effect of Buserelin treatment of recipient ewes 7 or 6 days after
transfer of embryos collected on Days 5 and 6, respectively (equivalent to Day 12 of the

Table 5

Survival rate of Scottish Blackface embryos transferred to recipient ewes of different parities and ages
Age (years) and parity Embryos Embryos Embryos
of recipient ewes transferred (n) survived (n) survived (%)
1 407 314 77.1%

2 362 262 72.4%

3 318 237 74.5%

4 269 187 69.5

5 143 98 68.5°

6 14 11 78.5"
Nulliparous (yearling) 407 314 77.1%
Parous (2-6 years) 1106 795 71.9°

Values with different superscripts (a, b) within a sub-column are significantly (P < 0.05) different.
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Table 6
Survival rate (%) of Scottish Blackface and Welsh Mountain embryos after transfer into Buserelin-treated or
untreated control recipient ewes of the same breed

Treatment Grade 1 Grade 2 Grade 3 Grade 4 Overall
Buserelin 80.4% (404) 74.0* (158) 51.8% (54) 35.3% (17) 75.1* (633)
Control 82.7% (405) 71.9% (153) 70.1* (57) 50.0% (10) 78.4% (625)
Overall 81.5" (809) 72.9° (311) 61.2° (111) 40.74 (27)

Numbers in parentheses are the numbers of embryos transferred; values with different superscripts (a—c), either
within a column for individual treatments or along the row for overall effects of grade, are significantly (P <0.05
at least) different.

cycle) on the subsequent survival of embryos. Chi-squared analysis indicated that there was
no significant benefit of Buserelin™ treatment on embryo survival. However, as for the
Scottish Blackface ewes in Table 3, there was a significant (P < 0.05 at least) decline in
embryo survival with decreasing embryo quality.

5. Discussion

In the present experiment, the method of selecting donor and recipient ewes for embryo
collection and transfer on either Day 5 or 6 ensured a high degree of synchrony in the time
of estrus between individual donors and their recipient ewes. Indeed, in recipient ewes to
which embryos were transferred estrus occurred within £4 h of estrus in donor ewes. This
may well have contributed to the high overall embryo survival rates achieved, with values
similar to [25] or higher than in previous studies [26].

Irrespective of whether the embryos were collected and transferred on Day 5 or 6, their
overall survival rates were similar (Table 1). This is in direct contrast to another study [27]
that indicated a significant advantage of Day 6 and 7 embryos compared to Day 5 embryos.
However, these authors suggested that embryo survival following transfer on Day 5 might
be improved by deposition of embryos closer to the utero-tubal junction, a practice
followed throughout in the current study.

The overall survival rate of embryos transferred as morulae and blastocysts (pooled over
collection days) were also not different (Table 2). While these results agree with those of
some studies in both sheep and cattle [15,16,28], they are at variance with others that
indicated a higher survival rate for blastocysts compared with morulae [1,2,6]. How much of
this difference between studies can be explained on the basis of transfer of inherently
defective (retarded) morulae compared to blastocysts is not clear. Where collections occur
only on Day 6, the time frequently used for many previous studies and in commercial
practice, embryos would normally be expected to be at the blastocyst stage of development.
Consequently, morulae collected from within a cohort of Day 6 blastocysts may already be
showing signs of retarded or impaired development, and this might make them less likely to
survive. However, if collections take place on Day 5, as was the case for half of the donor
ewes in the present study, embryos would normally be expected to be at only the morula
stage of development. These would not therefore be retarded in their development, and
might be expected to have similar survival rates to blastocysts collected on Day 6. There is
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some support for such a suggestion from within the more detailed assessment of stage of
embryo development and its impact on subsequent survival within the current study. When
pooled over day of collection, blastocysts and morulae had similar survival rates (Table 2).
However, very early morulae (retarded relative to their cohort embryos) had a significantly
poorer survival rate after transfer, with early morulae survival rates intermediate. Data from
cattle studies [1,16] suggest that the retarded embryos might have survived better if they had
been transferred to recipient ewes coming into estrus after donor ewes. The higher survival
rates of advanced (Day 5 blastocysts) compared to retarded (Day 6 morulae) embryos in the
present experiment are consistent with data previously reported for pigs [15]. Such factors
may well reflect differences in the timing of the maternal recognition of pregnancy signal
that is critical for inhibiting oxytocin receptor development and prostaglandin production
[29] that are essential for the maintenance of the corpus luteum and therefore pregnancy.

Embryos of higher grades survived significantly better than those of poorer grades.
Because all embryos were transferred to recipients with a similar degree of synchrony of
estrus to donor ewes, the better survival rate of higher grade embryos must be attributed to
their greater ability to adjust or alter the uterine environment in their favor. These results
are consistent with those obtained in some cattle studies where higher pregnancy rates were
observed with better quality embryos [1,16]. Although some other cattle studies indicated
no relationship between embryo quality and subsequent survival [3,11], these involved
small numbers of embryos, making the results less robust. Embryo quality is assessed
morphologically and is also subjective. This may mean that differences between close
grades are more difficult to demonstrate experimentally in comparison to those between
more extreme grades. In the present study, there was no difference in survival rate between
Grades 1 and 2 embryos (75.6 and 73.8%, respectively). However, as embryo quality
declined further the differences became more notable. Grade 3 embryos had a significantly
lower chance of survival (61.4%) than both Grades 1 and 2 embryos, with a more marked
reduction in survival for Grade 4 embryos (37.5%), although it should be noted that the
number of Grade 4 embryos transferred was relatively small. Overall, these results suggest
that all embryos collected within a MOET program in sheep have a sufficiently high chance
of survival to justify their transfer.

The number of corpora lutea in recipient ewes had no significant effect on the overall
survival rate of transferred embryos. While some differences were apparent when
comparing the effects of corpora lutea number by embryo grade, these were inconsistent
and most probably reflect random effects. Had the effect been real, then it would be
reasonable to expect that the differences would be more apparent with poorer grade
embryos. However, this was not the case. Such results suggest that there is little point in
modifying treatments of recipient ewes to increase ovulation rate in the belief that this will
increase embryo survival. These results contrast with studies in the goat [7], where
significantly higher embryo survival rates were observed in recipients with two and three
or more corpora lutea compared to those with only one corpus luteum. It is difficult to
explain such differences between species. However, it may reflect that fact that in the
present study, the progesterone concentrations sustained by one corpus luteum were
sufficient for growth, development and implantation of embryos. Such a suggestion is
consistent with data from cattle which suggest that there is a minimum level of progester-
one in recipients (5-8 ng/ml plasma) required for embryo survival [21,30,31].
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There was a higher embryo survival rate following transfer to nulliparous (yearling)
(77.1%) compared to parous ewes (71.9%), although the difference was not large.
Differences in embryo survival among the various age categories of parous ewes were
also small and inconsistent. In general, these results agree with data from cattle that reveal
little or no difference in pregnancy rate of recipients with successive parity [32,33]. The
small but significantly higher embryo survival rates in yearling recipients might be
explained by the fact that they were mature enough to produce sufficient quantities of
progesterone for embryo survival, while at the same time had no residual uterine problems
from a previous pregnancy.

Buserelin treatment was given in an attempt to improve embryo survival rate. This has
been shown to improve pregnancy rates in other situations in both sheep and cattle,
although the precise mechanisms involved are not fully understood. Some have suggested
that Buserelin enhances luteal function [34,35]. However, others support the concept that
Buserelin interferes with the luteolytic mechanism [36], possibly by stimulating luteiniza-
tion of large estrogenic follicles to delay the luteolytic process until the maternal
recognition of pregnancy signal itself is sufficient to prevent luteolysis by blocking uterine
oxytocin receptor development [29]. No such beneficial effect of Buserelin™ was observed
in the present experiment, even for the poor grade embryos. This suggests that the lower
survival rate of poor quality embryos was mainly due to intrinsic defects within the embryo
rather than resulting from any unfavorable uterine environment. These results are con-
sistent with those of other studies [5,37] in which additional progesterone, administered
through a CIDR device, did not improve embryo survival within a MOET program.

In conclusion, the results of the present study have identified a number of factors that
may contribute to the success of a MOET program in sheep, but their effects are much
smaller than frequently assumed.

Acknowledgements

This work was funded by the Department for Environment, Food and Rural Affairs. The
authors also wish to acknowledge Intervet UK, plc for supplies of PMSG and progestagen
sponges, and staff at ADAS Redesdale and Edinburgh Genetics for technical support.

References

[1] Donaldson LE. Matching of embryo stages and grades with recipient oestrus synchrony in bovine embryo
transfer. Vet Rec 1985;117:489-91.

[2] Hasler JE, Mccauley AD, Latrop W, Foote RH, Elizabethtown PA. Effect of donor—embryo—recipient
interactions on pregnancy rate in a large scale bovine embryo transfer program. Theriogenology
1987;27:139-68.

[3] Looney CR, Oden AJ, Massey JM, Johnson CA, Godke RA. Pregnancy rates following hCG
administration at the time of transfer in embryo-recipient cattle. Theriogenology 1984;21:246 (abstract).

[4] Alabart JL, Folch J, Fernandez-Arias A, Ramon JP, Garbayo A, Cocero MJ. Screening of some variables
influencing the results of embryo transfer in the ewes. I. 5-day-old embryos. Theriogenology 1995;44:
1011-26.



1274

[3]

(6]
(7]
(8]
[9]

(10]
[11]

[12]
[13]

[14]
[15]

[16]

(17]
[18]
[19]
[20]
[21]

[22]

(23]

[24]
[25]
[26]
[27]
(28]
(29]

(30]

F. Bari et al./Theriogenology 59 (2003) 1265-1275

Thompson JG, Bell ACS, McMillan WH, Peterson AJ, Tervit HR. Donor and recipient ewe factors
affecting in vitro development and post-transfer survival of cultured sheep embryos. Anim Reprod Sci
1995;40:269-79.

Armstrong DT, Evans G. Factors influencing success of embryo transfer in sheep and goats.
Theriogenology 1983;19:31-42.

Armstrong DT, Pfitzner AP, Warnes GM, Seamark RF. Superovulation treatments and embryo transfer in
Angora goats. J Reprod Fertil 1983;67:403-10.

Halley SM, Rhodes IRC, McKellar LD, Griffin JL. Successful superovulation, nonsurgical collection and
transfer of embryos from Brahman cows. Theriogenology 1979;12:97-108.

Wright JM. Non-surgical embryo transfer in cattle embryo-recipient interactions. Theriogenology
1981;15:43-56.

Lindner GM, Wright Jr W. Bovine embryo morphology and evaluation. Theriogenology 1983;20:407-16.
Markette KL, Seidel Jr GE, Elsden RP. Estimation of embryonic losses in bovine embryo transfer
recipients from progesterone profiles and returns to estrus. Theriogenology 1985;23:45-62.

Shea BF. Evaluating the bovine embryo. Theriogenology 1981;15:31-42.

Albihn A, Gustafsson H, Rodriguez-Martinez H. Maternal influence on the early development of
asynchronously transferred bovine embryos. Anim Reprod Sci 1991;24:25-53.

Newcomb R, Rowson LEA. Conception rate after transfer of cow eggs in relation to synchronization of
oestrus and age of egg. J Reprod Fertil 1975;43:539-41.

Pope WF, Lawyer MS, Nara BS, First NL. Effect of asynchronous superinduction on embryo survival and
range of blastocyst development in swine. Biol Reprod 1986;35:133-7.

Breuel KF, Baker RD, Buther RL, Townsend EC, Inskeep EK, Dailey RA, et al. The effects of breed, age
of donor and dosage of follicle-stimulating hormone on the superovulatory response of beef-cows.
Theriogenology 1991;36:241-55.

Sreenan JM, Diskin MG. Factors affecting pregnancy rate following embryo transfer in the cow.
Theriogenology 1987;27:99-113.

Ashworth CJ, Sales DI, Wilmut I. Evidence of an association between the survival of embryos and the
periovulatory plasma progesterone concentration in the ewe. J Reprod Fertil 1989;87:23-32.

Trounson AO, Moore NW. Effect of progesterone and oestrogen on the survival and development of
fertilised ova in the ovariectomised ewe. Aust J Biol Sci 1974;27:511-7.

Hasler JF, Bowen RA, Nelson LD, Seidel Jr GE. Serum progesterone concentrations in cows receiving
embryo transfers. J Reprod Fertil 1980;58:71-8.

Remsen LG, Roussel JD, Karihaloo AK. Pregnancy rates relating to plasma progesterone levels in
recipients heifers at day of transfer. Theriogenology 1982;18:365-72.

Bari FY, Khalid M, Haresign W, Murray A, Murray B. Effect of mating system, flushing procedure,
progesterone dose and donor ewe age on the yield and quality of embryos within a MOET program in
sheep. Theriogenology 2000;53:727-42.

Bari FY, Khalid M, Haresign W, Merrell B, Murray A, Richards RIW. An evaluation of the success of
MOET in breeds of hill sheep maintained under normal systems of hill flock management. Anim Sci
1999;69:367-76.

Manual of the International Embryo Transfer Society. In: Stringfellow DA, Seidel SM, editors. Savoy, IL:
International Embryo Transfer Society; 1998.

Rowson LEA, Moore RM. Embryo transfer in sheep: the significance of synchronizing oestrus in the
donor and recipient animal. J Reprod Fertil 1986;11:207-12.

Wilmut I, Ashworth CJ, Springbett AJ, Sales DI. Effect of variation in embryo stage on the establishment
of pregnancy, and embryo survival and growth in ewes with two embryos. J Reprod Fertil 1988;83:233-7.
McKelvey WAC, Robinson JJ, Aitken RP. A simplified technique for the transfer of ovine embryos by
laparoscopy. Vet Rec 1985;117:492—4.

Coleman DA, Dailey RA, Leffel RE, Baker RD. Oestrus synchronisation and establishment of pregnancy
in bovine embryo transfer recipients. J Dairy Sci 1987;70:858—66.

Beard AP, Lamming GE. Oestradiol concentration and the development of the uterine oxytocin receptor
and oxytocin-induced PGF,,, release in ewes. J Reprod Fertil 1994;100:469-75.

Niemann H, Sacher B, Elsaesser F. Pregnancy rates relative to recipient plasma progesterone levels on the
day of non-surgical transfer of frozen/thawed bovine embryos. Theriogenology 1985;23:631-9.



[31]

[32]

[33]
[34]

[35]

[36]

(371

F. Bari et al./Theriogenology 59 (2003) 1265-1275 1275

Northey DL, Barnes F, Eyestone WH, First NL. Relationship of serum progesterone, luteinizing hormone
and the incidence of pregnancy in bovine embryo transfer recipients. Theriogenology 1985;23:214
(abstract).

Callesen H, Bak A, Greve T. Embryo recipients: dairy cows or heifers? In: Proceedings of the 10th
Scientific Meeting of the European Association for Embryo Transfer. Lyon, France: Foundation Meriuex;
1994, p. 125-35.

Donaldson LE. Recipients as a source of variation in cattle embryo transfer. Theriogenology 1985;23:188
(abstract).

Beck NFG, Peters AR, Williams SP. The effect of GnRH agonist (Buserelin) treatment on Day 12 post-
mating on the reproductive performance of ewes. Anim Prod 1994;58:243-7.

Macmillan KL, Day AM, Taufa VK, Gibb M, Pearce MG. Effects of an agonist of gonadotrophin releasing
hormone (Buserelin) in cattle. 1. Hormone concentrations and oestrous cycle length. Anim Reprod Sci
1985;8:203-12.

Peters A, Drew SB, Mann GE, Laming GE, Beck NFG. Experimental and practical approaches to the
establishment and maintenance of pregnancy. J Physiol Pharmacol 1992;43(Suppl):143-52.

McMillan WH, Hall DRH. Laparoscopic transfer of ovine and cervine embryos using the transpic
technique. Theriogenology 1994;42:137-46.



	Factors affecting the survival of sheep embryos after transfer within a MOET program
	Introduction
	Materials and methods
	General materials and methods
	Effect of stage of embryo development and embryo quality, number of corpora lutea of recipients and age of recipients on embryo survival
	Effect of Buserelin treatment of recipient ewes on embryo survival

	Statistical analyses
	Results
	Effect of day of collection, stage of embryo development and embryo quality on embryo survival
	Effect of number of corpora lutea and recipient ewe age on embryo survival
	Effect of Buserelin treatment of recipient ewes on embryo survival

	Discussion
	Acknowledgements
	References


