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The objectives of this study were (a) to assess the ovulatory response and
embryo production of Hungarian Merino ewes after superovulation, (b) to inves-
tigate the factors influencing the efficiency of embryo transfer (ET) in Hungarian
Merino ewes, (c) to compare the results of two ovarian stimulation protocols
(PMSG and PMSG+FSH treatment) in Hungarian Merino ewes, and (d) to study
how superovulation, laparoscopic insemination and surgical embryo retrieval
(ER) affect the subsequent reproduction of Hungarian Merino donor females after
an ET programme. There was no significant difference between the ovarian
stimulation protocols in the ratio of donor ewes responding to superovulation nor
in the average number of corpora lutea. However, the number of transferable em-
bryos recovered per donor ewe was higher in the PMSG+FSH group. The propor-
tion of transferable embryos, unfertilised oocytes and degenerated embryos did
not differ between the treatment protocols. The total pregnancy rate was 53.4%
(179/335). Neither the developmental stage of the embryo nor the number of
transferred embryos affect the implantation of embryos. However, the increased
number of transferred embryos positively influenced the pregnancy rate. No dif-
ference was found in the pregnancy rate between synchronised and non-
synchronised groups of recipients. Thirty-six out of 45 donor ewes (80%) became
pregnant within one year after the ET programme, indicating that ovarian stimu-
lation and surgical ER did not affect adversely their reproduction.
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Embryo transfer in sheep has been used successfully for many years in re-
search. It has been an excellent tool to study the relative importance of genetic
and environmental factors on embryo development for years (Moore et al., 1959;
Lawson and Rowson, 1972; Brüssow et al., 1999). However, ET also proved to
be a very useful tool for importation of breeding animals in the form of frozen
embryos especially from remote countries without the risk of transmission of in-
fectious diseases. Hungary imported more than 1000 frozen sheep embryos from
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Australia with an implantation rate of 48% in the early 1980s (Cseh, 1984). The
small ruminant husbandry very soon recognised the importance of ET in the ge-
netic improvement, therefore a significant number of commercial sheep ETs has
been reported recently (Thibier, 1996). Issues other than economic must be con-
sidered in relation to ET in small ruminants; the preservation and multiplication
of wild and/or rare breeds could best be served by assisted reproductive tech-
nologies, such as ET (Rátky et al., 1997; Solti et al., 2000; Cseh and Solti, 2000;
Ehling and Niemann, 2000).

The first ET in sheep was carried out by Warwick and Berry (Warwick and
Berry, 1949). The method of embryo recovery (ER) and ET were further devel-
oped by Hunter et al. (1955) and Moore and Shelton (1964). The method used is
laparotomy because of the anatomical complexity of the cervix. Recently a laparo-
scopic technique, similar to that used for the insemination of ewes, has been devel-
oped and applied successfully (McKelvey et al., 1985a; McKelvey et al., 1985b;
Walker et al., 1985; McMillan and Hall, 1994). More recently, nonsurgical trans-
cervical and laparoscopic ER and transcervical ET methods have been developed
(Mylne et al., 1992; Buckrell et al., 1993; Flohr et al., 1999) and, although the re-
sults are promising, they still must be improved and tested (Cognie, 1999). Trans-
cervical ER and ET has been attempted in the sheep and goat but the recovery and
pregnancy rates are still low and highly variable, therefore more work is needed to
improve the results before the procedure could be accepted by the practitioners
(Flores-Foxworth et al., 1992; Buckrell et al., 1993; McKelvey et al., 1997).

The application of ET in the sheep husbandry is still limited mainly due to
the unpredictable ovarian response to the superovulatory treatment and the lack of
information concerning factors affecting the efficiency of sheep ET. The objectives
of this study were (a) to assess the ovulatory response and embryo production after
superovulation of Hungarian Merino ewes, (b) to investigate the factors (e.g.
ovarian stimulation, developmental stage and number of embryos transferred, oes-
trus synchronisation of recipients, etc.) influencing the efficiency of ET technology
applied under farm conditions in Hungarian Merino sheep, (c) to compare the re-
sults of two different ovarian stimulation protocols (PMSG alone and PMSG+FSH
combined treatment) in Hungarian Merino donor females, and (d) to collect data
on the reproduction of Hungarian Merino donor ewes after superovulation and ER.

Materials and methods

Selection of donor females and rams and recipient ewes

Both donors and recipients were 4–6 years old Hungarian Merino ewes
that had lambed in the previous spring. The selection of donor ewes and the rams
with which they were mated was performed by the flock owner and the sheep
selection specialist of the farm. Embryo donor ewes were ranked by the flock
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owner depending on their lifetime ewe index score and progeny results. The rams
were selected on the basis of their wool production (quality and quantity), prog-
eny tests and mating results. The prime determinants in selecting the embryo re-
cipients were a history of (1) settling to first service, (2) no lambing problems,
and (3) weaning large lambs at each lambing.

Ovarian stimulation and insemination

Hungarian Merino donor ewes were randomly allocated into two treatment
groups. Each group was exposed to different ovarian stimulation protocols (Ta-
ble 1). The oestrous cycle of ewes was synchronised by vaginal sponge impreg-
nated with 40 mg Cronolone (Chronogest®, Intervet, The Netherlands). The
sponges were inserted into the donors for 14 days. In Group 1 (n = 59), ovarian
stimulation was induced with 1500–2000 IU PMSG (Folligon®, Intervet, The
Netherlands) injected intramuscularly (IM) 2 days prior to sponge removal. In
Group 2 (n = 52), a combined treatment of PMSG+FSH was applied. Two days
prior to sponge withdrawal 500 IU PMSG and 4 mg FSH (FSH-PR, Burns Bio-
tech, USA) was injected IM, next day the animals were treated with 4 mg FSH
and the following day with 3 mg FSH IM.

Table 1

Ovarian stimulation protocols applied in Hungarian Merino ewes

Day Group 1 (n = 59) PMSG Group 2 (n = 52) PMSG + FSH

0 sponge insertion sponge insertion
13 1500–2000 IU PMSG* 500 IU PMSG + 4 mg FSH
14 – 4 mg FSH
15 sponge removal 3 mg FSH + sponge removal
16 insemination insemination
20–22 ER ER

*30 IU per kg of body weight

During ovarian stimulation, ewes were inseminated laparoscopically be-
tween 30 to 40 h after sponge removal with fresh or frozen semen. Freshly col-
lected semen was diluted with PBS solution in the proportion of 1 to 3 and 0.2 ml
of the diluted fresh semen or 0.2 ml of frozen-thawed semen was directly deposited
into the lumen of each uterine horn (20 × 106 motile spermatozoa per uterine horn).

Embryo recovery

Donor ewes were anaesthetised with a combination of 0.2 mg/kg xylazine
(Rompun, Bayer, Germany) and 10 mg/kg ketamine hydrochloride (Vetalar,
Parke-Davis, USA). The ewes were allowed to stand in the weighing crate in a
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quiet room until recumbent. Embryos were recovered surgically using median
laparotomy on Days 4, 5 or 6 after insemination (Day 0). Embryos were obtained
from the ipsilateral oviducts and uterine horns if more than two corpora lutea
(CL) were found on the ovaries. For ER, Dulbecco’s PBS supplemented with
10% fetal calf serum (FCS) was used to flush the embryos.

Classification, handling and storage of embryos prior to transfer

Embryos were rinsed in ‘fresh’ Dulbecco’s PBS containing 20% FCS and
stored at 37 °C for 4–8 h prior to transfer. Embryos being in a stage of develop-
ment appropriate for their age were evaluated as viable embryos and transferred
into recipients.

Preparation of recipients for embryo transfer; oestrus synchronisation

The oestrous cycle of recipients was synchronised by insertion of intra
vaginal sponge for 13 days and 300 IU PMSG were injected IM at sponge re-
moval. The sponges were removed 12 h earlier from the recipients than from the
donors. A group of non-synchronised recipients (n = 27) were also used for ET.
Behaviour and oestrus of ewes were stimulated and checked every eight hours by
vasectomised teaser rams equipped with crayon-marked briskets.

Embryo transfer

Embryos were transferred surgically using median laparotomy on Day 4, 5
or 6 after oestrus. Embryos were implanted into the uterine horn ipsilateral to the
CL. Generally, one embryo was transferred per recipient (n = 283). In 52 cases
twin embryos were transferred (one embryo into each uterine horn) per recipient
(n = 52).

Subsequent fertility of Hungarian Merino donor ewes after ovarian stimulation
and embryo recovery

In order to examine the effect of ovarian stimulation and surgical ER on
the fertility of donor ewes, breeding data regarding subsequent fertility (re-
conception) of 45 superovulated ewes were recorded for 9 to 10 months after the
ET programme. Superovulation and ER were carried out both during the breed-
ing season (October) and after that (February). After the ET programme vasec-
tomised teaser rams equipped with crayon-marked briskets were left with the do-
nor females to stimulate and check the oestrous cycle of ewes. Ewes marked by
the rams were inseminated. The aims of this data collection were (1) to study
how ovarian stimulation with high doses of gonadotropin and surgical ER influ-
ence the re-conception of ewes and (2) when the donor ewes could be insemi-
nated successfully after superovulation and ER.
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Statistics

Standard χ2 tests and analyses of variance were used as appropriate.

Results

The results of the different ovarian stimulation protocols are summarised
in Table 2.

Table 2

The number of corpora lutea and recovered embryos and the quality of embryos obtained
in the different superovulation groups of Hungarian Merino donor ewes

ER+ Number of CL Recovered embryos

Treatment
n % n average Transferable

n (%)
Unfertilised

n (%)
Degenerated

n (%)

Transferable
embryos per

donor

PMSG
n = 57+ 42 73.6 366 8.7 ± 2.0 231 (85.2) 25 (9.2) 15 (5.5) 5.5a + 1.5

PMSG+FSH
n = 52+ 36 69.2 339 9.4 + 1.9 238 (88.8) 17 (6.3) 13 (4.8) 6.6b + 1.4

+Embryos were recovered if more than two CL were found on the ipsilateral ovary. Numbers with
different superscripts are significantly different (p < 0.001)

There was no significant difference between the two ovarian stimulation
protocols. The embryos were recovered from 42 out of 57 ewes in Group 1 and
36 out of 52 ewes in Group 2 (73.6% vs. 69.2%). There was also no significant
difference in the mean number of CL (8.7 vs. 9.4), the ratio of the transferable
(85.3% vs. 88.8%) and degenerated embryos (5.4% vs. 4.8%) and unfertilised
ova (9.1% vs. 6.3%) between treatments. No difference was found in the ratio of
fertilised ova obtained in donor groups inseminated with fresh or frozen semen.
However, the average number of transferable embryos was significantly higher
in the PMSG + FSH group (5.5 vs. 6.6; p < 0.001).

The pregnancy rate of recipient ewes receiving a single embryo was
51.2% (145/283). Two embryos were transferred into each of 52 recipients, 34
became pregnant (34/52; 65.4%) and 10 lambed twins (10/34; 29.4%). Preg-
nancy rates were significantly higher when two embryos were transferred (65.4
vs. 51.2%; p < 0.001). However, comparing the embryo survival no significant
difference was found between the two groups (145/283; 51.2% vs. 44/104;
42.3%).
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The pregnancy rates resulting from embryos transferred at 4, 5, or 6 days
post-oestrus are shown in Table 3 and indicate that the developmental stage of
transferred embryos did not affect embryo survival.

Data on the pregnancy rate of recipients prepared for ET with or without
oestrus synchronisation are shown in Table 4.

Table 3

The implantation rates of single embryos being transferred at different ages

Age of embryo (day) Embryos transferred (n) Lambs born (n) Survival rate (%)

4 25 14 56
5 17 9 52
6 27 14 52

Table 4

Pregnancy rates achieved after ET in oestrus-synchronised or non-synchronised groups
of Hungarian Merino recipient ewes

Number of recipients

transferred pregnant

(n) (n) (%)

Non-synchronised 27 18 55.5
Synchronised 44 26 59.1

No significant difference was found in the pregnancy rate between the
synchronised (S) and non-synchronised (NS) groups of Hungarian Merino re-
cipients. Eighteen out of 27 NS and 26 out of 44 S recipients became pregnant
(55.5% vs. 59.1%).

Eighty percent of the donor Hungarian Merino ewes (36/45) became preg-
nant, giving birth to 44 lambs within one year after the ET programme. Twelve
ewes out of 45 remained pregnant (12/45; 26.6%) and lambed 15 lambs, al-
though the uterine horns were rinsed with culture medium. Twenty-four donors
(24/45; 53.3%) showed oestrous signs and were successfully inseminated within
four months after the ET programme, and 29 lambs were born.

Discussion

Superovulation is still the most neuralgic point of ET technology deter-
mining the result of an ET programme in every species. A high degree of vari-
ability in ovulation rate in response to superovulation has been demonstrated
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again. Similarly to the bovine species, the great variability in ovarian response to
the ovarian stimulation treatment is the main limiting factor of ET in small rumi-
nants (Seidel and Seidel, 1991; Cognie, 1998). Embryo production from su-
perovulated ewes is hindered by an unpredictable response to hormonal treat-
ment. Progress in this area should be expected of an appropriate control of fol-
licular development with gonadotropin-releasing hormone (GnRH) agonist or
antagonist prior to gonadotropin administration (Jabbour et al., 1991). There are
several factors, such as breed and age of donors, gonadotropin and ovarian
stimulation protocol applied, stage of the ovarian cycle (i.e. size of follicles pres-
ent on the ovary when stimulation is started), nutrition, housing and keeping
conditions (i.e. management), etc., that contribute to the variability of the ovarian
response to superovulation (Moore et al., 1959; Lawson and Rowson, 1972;
Betteridge, 1977; Armstrong and Evans, 1983; Boundy et al., 1985; Brebion et
al., 1992; Crosby, 1993; Evans et al., 1994; Fernie et al., 1994; Vivanco et al.,
1994; Gordon, 1997; Bunch et al., 2000).

The variability observed in the percentage of embryos of transferable
quality is mainly influenced by the breed (Betteridge, 1977; Shelton et al., 1982;
Armstrong and Evans, 1983; Boundy et al., 1985; Vivanco et al., 1994). Arm-
strong and Evans (1983) superovulated three different breeds of sheep (Suffolk,
Australian Merino and Romney Marsh) and, comparing the responses, they ob-
served significant differences in the ovulation rate and embryo yield between
breeds. The highest mean ovulation rate (16.6 ± 3.7) was found in the Merino
group and the lowest (8.2 ± 2.0) in the Romney Marsh. However, the highest in-
cidence of fertilisation failure, which resulted in a lower mean number of em-
bryos transferred per donor, was also observed in the Merino group (Suffolk
5.2 ± 0.7; Romney Marsh 3.8 ± 1.5; Merino 2.9 ± 1.4). In contrast, we observed
lower ovulation rate but better fertilisation rate in Hungarian Merino which re-
sulted in a higher mean number of transferable embryos per donor (5.5 ± 1.5 and
6.6 ± 1.4) in both treatment groups. In our study, fertilisation failure did not ap-
pear to occur, perhaps because of the laparoscopic intrauterine insemination ap-
plied. Following vaginal or cervical insemination, fertilisation rates in the high
responders are low, even after 2 or 3 inseminations, supposedly due to the re-
duced cervical transport of spermatozoa. Thus, high fertilisation rates could be
achieved only if the semen is deposited directly into the uterine horns (Trounson
and Moore, 1974; Evans and Armstrong, 1984). Superovulating Spanish Merino
ewes with FSH (FSH-P and FSH-O), Gonzales et al. (2000) obtained slightly
lower ovulation rate (6.3 ± 1.9 and 7.0 ± 1.7) than that of the Hungarian Merino
stimulated with PMSG or PMSG+FSH (8.7 ± 2.0 and 9.4 ± 1.9).

The gonadotropin and stimulation protocols used are also major factors
determining the quality of ovarian response to superovulation. Since FSH prepa-
rations became available the efficiency of PMSG and FSH has been studied in
comparative experiments. FSH is reported to be superior to PMSG in terms of
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ovulation and fertilisation rates and in the production of good-quality embryos in
all species (Armstrong and Evans, 1983; Seidel and Seidel, 1991; Gordon, 1997;
Cognie, 1998). Using PMSG for ovarian stimulation under practical conditions,
Boundy et al. (1985) obtained disappointing response to superovulatory treat-
ment in Texel ewes. The major problem encountered was the variable and gener-
ally poor response to injections of PMSG. Comparing the results obtained with
PMSG or FSH, Armstrong and Evans (1983) found that FSH more consistently
resulted in increased ovulation rate with lower incidence of excess large follicles,
which failed to ovulate, than PMSG. Further, the variance in ovulation rate
tended to be greater in response to PMSG than to FSH, and a lower percentage of
all donors treated with PMSG than FSH yielded embryos suitable for transfer.
Using FSH-P and FSH-O for superovulation of ewes during the reproductive
season, Riha and Cunart (1999) found no difference between the treatments. Our
results support the observations that ovarian stimulation protocols into which
FSH is incorporated yield higher number of viable embryos. The number of
transferable embryos per donor ewe was higher in the group of Hungarian Me-
rino donor females treated with PMSG+ FSH. Naqvi and Gulyani (1999) ob-
tained similar results with Rambouillet ewes as we did with Hungarian Merino.
They superovulated the ewes with different gonadotropic hormones under semi-
arid conditions and found that Rambouillet sheep can be effectively superovulated
for embryo production with FSH-P or with the combination of PMSG and FSH-P.
However, the ovulation rate was lower in the Rambouillet ewes than in the Hun-
garian Merino ones.

No differences were found between the implantation rates of embryos
transferred at various ages. Further, no difference was found in the embryo sur-
vival rates (number of lambs born) of groups having single or twin embryo trans-
fers. Our result support the data obtained by Riha and Cunart (1999) who ob-
served that the increasing number of transferred embryos (up to 3) was associ-
ated with an increasing number of lambs, however a negative tendency was evi-
dent in the embryo survival. In our study, the number of implanted embryos did
not improve the embryo survival rate, however, the twin transfers increased the
pregnancy rate of the recipients. Therefore, decisions on numbers of embryos to
be transferred per recipient should be based on the numbers of recipients available,
and assessment of a given recipient’s probable ability to carry and raise twin
lambs.

No difference was obtained in the pregnancy rate of synchronised and non-
synchronised recipients, indicating that oestrus synchronisation does not affect ad-
versely embryo survival after transfer. However, using oestrus synchronisation the
organization of the sheep ET became easier and the number of recipients initiated
into the programme may be decreased, resulting in a reduction of expenses.

The effect of the collection technique used to retrieve the embryos from
the superovulated Hungarian Merino ewes on their subsequent fertility after col-
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lection was monitored over a period of 9 to 10 months. In a similar study com-
paring different ER techniques (surgical vs. laparoscopic vs. control/not used in
ET programme), Naqvi et al. (2001) found a significant difference in mating per
pregnancy between the different techniques. Their conclusion was that the surgi-
cal technique of embryo collection adversely affected the fertility of donors.
However, our data indicate that high fertility (80% fertilisation rate, 98%
lambing rate) can be maintained even after surgical embryo collection. It was
remarkable that 12 ewes out of 45 (26.6%) kept pregnancy originating from su-
perovulation in spite of the fact that the uterine horns were rinsed with culture
medium. Our results show that superovulation and surgical intervention per-
formed carefully did not affect adversely the subsequent fertility (re-conception)
of the donor ewes following an ET programme.

In summary, it can be said that Hungarian Merino ewes can be effectively
superovulated and ovarian stimulation applied under farm conditions can result
in the production of a high number of good-quality embryos, which can be trans-
ferred into recipients with good implantation rate. However, there are several
factors (e.g. breed, ovarian stimulation protocol, management, etc.) that are re-
sponsible for the variability of the ovarian responses and implantation rates of em-
bryos. A number of recent advances in ET technology applied in small ruminants
have improved the application of this technique to commercial breeding pro-
grammes. ET is a very useful tool to improve the genetic capability of a breeding
flock.
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