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Abstract — Embryo transfer in swine (ETS) has been used for commercial and breeding application
only to a limited extent. However this technique is an essential prerequisite for the application of new
reproductive techniques in pigs. This paper will give an overview on steps of pig embryo transfer including selection and stimulation of donor sows, recovery of embryos, embryo handling and the transfer of recovered embryos into recipients. Furthermore the current status and further application of ET
related in vitro technologies in pig production are described.
pig / embryo transfer / in vitro technologies
Résumé — Transfert d’embryons chez le porc et techniques associées. Dans l’espèce porcine, l’utilisation du transfert d’embryons en élevage ou à des fins commerciales est encore limitée. Néanmoins, cette méthode de reproduction par transfert d’embryons est une condition essentielle pour le
développement des nouvelles biotechnologies chez cette espèce. Cet article fait le point sur les différentes étapes de la transplantation embryonnaire, y compris la sélection et la superovulation des donneuses, la collecte et la manipulation des embryons. L’état actuel et les applications possibles de la
production in vitro d’embryons porcins sont décrits.
porc / transfert d’embryon / fécondation in vitro

1. INTRODUCTION
Global needs for foods and animals
require the development of strategies beyond
traditional breeding ensuring offspring of
* Correspondence and reprints
E-mail: bruessow @ fbn-dummerstorf.de

value characteristics, of high productivity
but maintaining genetic diversity. Oocytes
and embryos are escaped from traditional
animal breeding methods. However,
porcine embryos are an excellent carrier to
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introduce a novel or altered genetic inheritance into individuals and herds. Embryo
transfer and associated reproductive techniques enable the manipulation of germ cells
and can in conjunction with conventional
breeding improve the rate of genetic progress
in domestic animal. ETS is a complex of
measures including (i) selection and stimulation of donor sows, (ii) recovery of
embryos, (iii) embryo handling, i.e. morphological assessment, intermediate storage,
cultivation and transport, and (iv) the transfer of recovered embryos into recipients.
In the pig, so far, the application of reproductive techniques is limited. The present
paper will focus on the current status of
embryo transfer in swine (ETS), on associated techniques of in vitro production of
embryos, of sexed and splitted embryos, on
cryopreservation of embryos, gentransfer
and on its practical application in the pig
industry.
Compared to ruminants pig embryo transfer for commercial and breeding applications has been used only to a limited extend.
This is due to the high fecundity and to the
mainly surgical embryo collection and transfer techniques. First ETS was performed
1951 by Kvasnicki [55] where one out of
four recipient sows was pregnant after transfer of 9 embryos, recovered from the
oviduct, and 4 piglets were born. Starting
from the sixties ETS has been developed
and practised [27, 37, 100]. At present

embryo transfer in the pig is available as a
basic tool of biotechnological procedures.
2. SELECTION OF DONOR SOWS
AND SUPEROVULATION
Prepuberal, puberal cycling gilts and
sows can successfully be selected as donors.
Prepuberal gilts are preferable used because
of higher superovulatory response and easy
handling. Gilts and sows, especially at the
end of their reproductive life, are chosen for
the propagation of value breeds.
In pigs, PMSG is exclusively used to
induce superovulation (SO). SO is stimulated in prepuberal gilts by application of
1 000–1 500 IU PMSG followed by an
injection of 500 IU hCG 72 h after PMSG.
In cycling gilts SO is induced after estrus
synchronisation (feeding of Regumate® for
15 days) by administration of 1 500 IU
PMSG and of 500 IU hCG 78 h later. Multiparous sows are injected with 1 000–1 250 IU
PMSG 24 h after weaning and 500 IU hCG
58 h after PMSG. The use of GnRH is an
alternative to hCG in triggering ovulation.
Gilts and sows are fixed-time inseminated
24 h and 38 h after hCG injection. Results of
superovulation and embryo recovery in
146 gilts and sows are presented in Table I.
Gilts and sows show a high variation of
ovarian response to superovulatory stimulation. The individual superovulatory reaction,

Table I. Superovulatory response (mean ± SD) in prepuberal and cycling Landrace gilts, and multiparous sows [11, 16].
Parameters
Age of animals
No. of animals
No. of ovulation
No. of recovered embroys
No. of transferable embryos
Recovery rate %
a, b

Prepuberal gilts

Cycling gilts

Multiparous sows

180 ± 5

255 ± 5 days

Parity 2–11

83
40.1 ± 12.8a
32.5 ± 13.6a
27.2 ± 12.9
81.1 ± 22.1

139
29.4 ± 12.1b
23.4 ± 12.8b
20.5 ± 12.8
78.7 ± 24.1

Means with different superscripts within a row differ significantly (p < 0.05).

24
24.3 ± 7.2b
19.3 ± 7.4b
11.8 ± 8.2
79.0 ± 20.0
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however, is impossible to predict. Multiparous sows (litter 3–11) demonstrating lasting fecundity (litter size 11.7 ± 2.5) show a
less superovulatory response compared to
prepuberal gilts.
Likewise, PMSG/hCG preparations
(PG 600) [98] or FSH are used to superovulate pigs especially to recover oocytes
of preovulatory follicles for in vitro fertilisation [4, 75].
3. EMBRYO COLLECTION
TECHNIQUES
No successful non-surgical embryo collection has been reported in pigs so far,
except the studies of Kobayashi et al. [50]
and Hazeleger et al. [41] following surgical resection of uterine horns. The major
reason of this restriction is the anatomy of
the porcine genital tract. Therefore embryo
collection can be performed in vitro by
flushing the genital tract after slaughter, but
this technique has the limit to use donor
sows only once. Embryo recovery in swine
is usually accomplished surgically under
general anaesthesia, with the genital tract
presented through a midventral incision in
the caudal abdominal region involving retrograde flushing of the oviducts and/or
uterine horns [10, 24, 36, 97]. The disadvantage of surgical procedures can be diminished by minimal-invasive endoscopic techniques to recover embryos [3, 15, 90].
Embryos can be recovered at different
stages of development. Embryos at the onecell up to the four-cell stage are collected
from the oviduct on day 1 to 3 after ovulation, whereas embryos from the four-cell
stage up to the hatched blastocyst are flushed
from the uterine horn on days 4 to 7 [10].
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were isolated from the flushing and transferred into a culture media. Embryos are
evaluated according to their morphological
characteristics and the expected stage of
development referring the day of recovery,
and they are classified into transferable or
non-transferable embryos. Embryos at the
one-cell stage (zygotes) are present in the
oviduct on day 1–2. The presence of two
polar bodies and of accessory sperm cells
is a criterion of fertilisation of one-cell eggs.
On days 2–4 embryos are at the two- and
four-cell stage within the oviduct. Embryos
at the four-cell up to the eight-cell stages
can be recovered from the uterine horn
between days 4 and 5. Normal developed
embryos are in the stage of early to late
morula between day 5 and 6, and of early
to expanded and hatched blastocysts on
days 6–7, respectively. Embryos with a difference of one cell cycle can be accepted as
transferable, whereas embryos in difference
of more than two cell cycles have to be discharged [11].
Following morphological evaluation
embryos are stored for a short time (< 4 h) in
a culture medium until they are transferred
into recipients. Storage medium has to
ensure the viability of embryos during this
time. Therefore it is necessary to stabilise
temperature, pH, osmolarity and metabolic
requirements. Media which not require supplementation of CO2 during short time culture are useful, like phosphate-buffered
saline (PBS) with 3% BSA or HEPES
buffered modified Tyrode solution.

5. ET ASSOCIATED IN VITRO
TECHNIQUES
5.1. In vitro production of embryos
(IVM/IVF/IVC)
5.1.1. Source of oocytes

4. EMBRYO HANDLING
Embryos are morphologically examined
in vitro under a stereo microscope after they

In the pig 10–20 mature oocytes are ovulated, so that only about 200 oocytes
are used for fertilisation during life span.
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However, the porcine ovaries contain a relatively large number of primordial follicles
(approximately 420 000) [33]. This pool of
oocytes is a challenge to use it for in vitro
production.
The knowledge of requirements of growing oocytes is still limited [21, 57, 76].
Oocytes derived from preantral follicles
grow in vitro up to their final size, acquire
meiotic competence and can be penetrated
by spermatozoa, but the success rate is still
very low. Only 4.8% of oocytes from preantral follicles progress to metaphase II, and
0.4% were penetrated by spermatozoa [42].
The main source of oocytes for in vitro
maturation is collected from antral follicles
of slaughtered prepuberal pigs. Sorted
oocytes with uniform ooplasma and surrounded with compact cumulus may undergo
nuclear maturation up to 90% if they were
incubated in maturation medium containing porcine follicular fluid and gonadotropins
[73]. Usually TCM 199, NCSU 23 or
Waymouth Medium were used as basic maturation media.
However, in vitro maturation influences
nuclear and cytoplasmatic maturation of
porcine oocytes, and subsequent pronuclear
formation and first cleavage [56]. Several
solutions have been proposed to improve
the quality of cytoplasmatic maturation,
resulting in higher fertilisability and developmental potential of the in vitro matured
oocytes. For example, the gluthathion
metabolism seems to be critical in pronuclear formation [2]. The transient inhibition
of meiotic resumption has also been shown
to improve resulting oocyte quality [30].
Furthermore, the composition of the maturation medium seems determinant of oocyte
quality [22].
Difficulties of in vitro maturation are
overcome if oocytes are derived from mature
prevulatory follicles by means of endoscopic
ovum pick up [14]. Cumulus oocyte complexes recovered from PMSG primed pubertal gilts 22–34 h after hCG showed a high

incident of cumulus cell expansion (86.7–
98.3%) and oocyte nuclear maturation
(82.4–100%) [104].
5.1.2. In vitro fertilisation
Pig oocytes matured in vivo and in vitro
can be fertilised in vitro using fresh boar
semen, frozen-thawed ejaculated sperm or
frozen-thawed epididymal spermatozoa
[1, 60, 64, 67, 86, 112]. However, differences were obtained between in vivo and in
vitro matured oocytes according to sperm
penetration rate (69.8 vs. 35.0%) and completion of second meiotic division ( 41.7 vs.
20.8%). Furthermore the in vitro matured
oocytes displayed asynchronous pronucleus
development, lower cleavage rate and
delayed cleavage [56]. The low incident of
male pronuclear formation after in vitro fertilisation is due to suboptimal hormonal conditions, high concentration of NaCl and
oxidative stress. However, this problem has
been currently solved by modifications of
maturation media adding thiols and organic
osmolytes [28].
Polyspermy is a lasting problem of IVF.
Polyspermic penetration of porcine oocytes
range between 13 and 90% [73]. Usually a
relatively high number of spermatozoa is
added to fertilisation media to maintain
capacitation. However a high number of
spermatozoa per oocyte is associated with
high incident of polyspermic penetration.
One possibility to reduce the occurrence of
polyspermic penetration is to minimise the
number of spermatozoa per oocyte [86].
However a low rate of polyspermic is
accompanied by reduced penetration rate
[73]. Preincubation with porcine oviductal
cells or follicular fluid did not considerably
reduce polyspermic penetration [29, 67].
Addition of 10–100 µg.mL–1 of the porcine
oviduct-specific glycoprotein during preincubation and IVF reduced polyspermy rate
compared to control (24–29% vs. 61%) [52].
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5.1.3. Development of embryos in vitro
Embryos, developed in vivo up to the
8-cell stage, advance under in vitro conditions in a high degree to blastocyst stage.
However, the in vitro development from
1- or 2-cell through the 4-cell up to the blastocyst stage is critical. Several media and
culture conditions have been created that
allow embryo development in vitro [77].
Up to now NCSU23 containing taurin and
hypotaurin promote best the development
from the 1-cell to blastocyst stage. In
NCSU23 90% of in vivo derived and in vivo
fertilised 2-cell embryos overcome the
4-cell block and 85% developed to the blastocyst stage compared to 70% and 46% in
modified Whittens medium, and 46% and
32% in modified KRB, respectively. However, embryos derived in vivo but fertilised
in vitro progress compared to in vivo fertilised embryos a lower rate of overcoming
the block stage (57 vs. 92%), and of blastocyst formation (43 vs. 75%) [87]. The
cleavage rate of oocytes achieved after in
vitro maturation and fertilisation was 73%,
and the blastocyst formation rate after 6 day
culture was 42%, respectively (Rath, personal information). Although embryos cultured in NCSU23 develop well up to the
blastocyst stage they have a lower cell number (28 vs. 59) and embryos are a full cleavage division behind in vivo controls [59].
NCSU23 benefits the embryonic protein
metabolism. However, the lower incorporation of methionin into in vitro developed
compared to in vivo derived blastocysts
demonstrate that cultivation over a longer
period has yet to be substantially improved
[108].
5.2. In vitro production
of sexed embryos
Prediction of sex and production of
respective offspring could be a noteworthy
application in the pig industry. Sex determination of porcine embryos has been done
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by chromosomal analysis of cells from blastocysts [47] or by PCR [79]. However these
methods are not qualified for practical application in the pig industry to produce sexed
embryos. This is due to the high number of
embryos necessary for the transfer in the
pig, and the lack of effective long-time
in vitro culture systems and cryopreservation. Gender preselection by means of highspeed sorting of X- and Y-chromosomebearing sperm in conjunction with in vitro
fertilisation enables the production of sexed
embryos and offspring. Both, in vivo and
in vitro derived oocytes were fertilised with
sexed semen. The cleavage rate was 56.2%
and 30.4 to 43.1%, respectively. Altogether
10 and 34 piglets were born, where 100%
and 97% were female [88, 89].
5.3. Production of identical multiplets
Embryo bisection, proliferation of single blastomeres, nuclear transfer and
parthenogenesis are possible methods to
generate identical multiplets. In the pig these
methods are rare applied. Piglets were
obtained after transfer of bisected blastocysts [69, 92, 94]. Pregnancy rates up to
82% are possible [92], however, the survival rate of demi-embryos is reduced and
range between 17% and 34% [12, 69, 92]
compared to 52% after transfer of complete
control embryos [12]. The outcome of identical twins achieved by this method is low
(2.3%) [91].
Single blastomeres derived from 4- and
8-cell embryos developed in vitro, and the
blastocyst formation rate ranged between
4–13% [65] and 34–50% [71, 96], but
piglets were not produced.
Even though nuclear transfer techniques
has been improved in the pig [54, 81, 103],
up to now only one piglet was born after
transfer of 88 reconstituted embryos which
were produced after cloning by fusing single
4-cell blastomeres with enucleated, activated meiotic metaphase II oocytes [80].
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5.4. Gene transfer
First transgenic pigs were born 1985 after
microinjection of human growth hormone
into pronuclei of zygotes [35]. Microinjection of several hundred copies of foreign
DNA is still the only promising method to
produce transgenic pigs. In the pig, microinjection requires the visualisation of pronuclei
by centrifugation. Centrifugation and
microinjection influence blastocyst formation. The cleavage and the blastocyst formation rates after 4-days in vivo culture in
porcine oviducts were 60% and 38% compared to 74% and 56% of non-injected
zygotes, respectively [17]. Besides growthrelated genes other gene constructs have
been injected into porcine zygotes for different aims (for review see [71, 84]). The
efficiency of pronuclear microinjection,
however, is still low. About 8% of injected
ova result in offspring and 0.7% in transgenic piglets.
Future alternative methods of foreign
gene integration into pigs could be spermmediated and stem cell-mediated gene transfer. Although after incubation 12–17% of
sperm cell were associated with plasmid
DNA molecules, none of the piglets born
after insemination with DNA-treated sperm
showed sign of exogenous DNA incorporation [32]. Destruction of developing male
germ cells by busulfan and injection of
DNA-liposome complexes transformed
spermatocytes. Foreign DNA was expressed
in 15–25% of male germ cells [49].
5.5. Cryopreservation
Preservation of embryos over a period
of 24–72 h maintaining its viability benefits the collection of embryos for world wide
trade. Furthermore, sometimes is a need of
holding embryos to collect the optimal number or to find a suitable recipient for transfer.
Cryopreservation of porcine embryos would
be benefit these requirements. However,
routine methods of cryopreservation of

porcine embryos are not available. Pig
embryos are very sensitive to hypothermic
conditions. Although there are reports on
birth of live piglets after cryopreservation
[38, 46, 51, 66], porcine embryos are limited
in their ability to withstand freezing and
cryosurvival. This can be overcome using
cytoskeletal stabiliser. Embryos cryopreserved by conventional freezing and vitrification under the influence of cytoskeletal
stabilisation have resulted in pregnancies
(60%) and live offspring after transfer (litter
size 5 to 7.3) [25, 26].

6. RECIPIENTS
Selection of recipients has a mayor
impact on embryo transfer results. Although
prepuberal gilts can be used as recipient,
cycling gilts and sows are privileged. This is
due to their strong endocrine and uterine
condition. The breed of the recipient may
be an important factor in pig ET. Meishan
gilts, known for their high embryo survival,
were successfully used as recipients (pregnancy rate – 86%, 9.3 live born piglets per
female) [63].
Recipients are synchronised to donor
sows and treated in the same manner except
for lower PMSG application (750–1 000 IU)
to avoid superovulation. The stimulation of
recipients with a lower dose of PMSG creates an endocrine situation which is asynchronous to the donor [13]. An asynchronous transfer (recipients ovulate one
day later) benefits embryo survival [78].
The ovarian response of recipients has as
well an influence on embryo survival. Recipients with ≥ 6 compared to ≤ 5 ovulation
per ovary demonstrated a higher rate of
pregnancy (77.8% vs. 55.6%) [8].
Donor gilts have been also used as recipients, reducing the number of animals
required for gene transfer programs [6, 84].
However, hormonal secretions after superovulation in donor gilts do not benefit
embryo survival and pregnancy [13, 82].
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7. EMBRYO TRANSFER
Surgical procedures to transfer embryos
into recipients have been available for several decades. The genital tract is exposed
under general anaesthesia. The embryos,
depended on the stage of development, are
transferred either into the oviduct (one- to
four-cell embryos) or into the tip of the uterine horn (four-cell embryo to blastocyst).
Embryos are transferred in a small amount
of medium by means of transfer pipettes or
catheters.
Endoscopic procedures were developed
recently [3, 91, 102]. This minimal-invasive technique has some advantages compared to surgical procedure but requires
endoscopic equipment and experienced handling.
Several attempts were done to transfer
embryos non-surgically using AI-spirettes
or special designed instruments [31, 39, 58].
Despite several limitations (i.e. use of pluriparous sows only, deposition into the uterine body, stage of embryo development)
progress in non-surgical embryo application is promising for expanded application of
ETS.
The transfer of 16–20 embryos seems to
be optimal to achieve high pregnancy rates
[8, 20, 97]. In vitro conditions and manipulation of embryos, i.e microinjection of foreign genes, nuclear transfer, bisection, cryoconservation, limit embryo survival [17,
34, 62]. Therefore, to maximise pregnancy
rates a higher number of embryos, that is
between 30 and 35, would appear to be optimal for transfer [82, 88, 101, 106].
On average, the pregnancy rate is about
60% and the litter size is 6.5 piglets, with a
range of pregnancy from 17% with 2.4 piglets
to 100% and litter size of 10.8 piglets [9].
Under optimal conditions, using high quality embryos, pregnancy rates and litter sizes
can be obtained similar to results after AI
irrespective of the embryo transfer technique, i.e. surgical, endoscopic, non-surgical. Application of in vitro techniques
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lowers the results of embryo transfer in a
wide range. However acceptable results can
be achieved observing optimal conditions
in all steps. References on results of embryo
transfer and related in vitro techniques are
shown in Table II.

8. CURRENT STATUS
AND APPLICATION
Although embryo transfer techniques
have been developed and tested in several
fields of swine production, its practical
application is still rarely. ETS has been used
to introduce new genetic material into closed
herds [20, 23, 44] and for extracting healthy
stock from diseased source [61, 85, 99]. ET
in pigs has been used, but rather to a limited extend, for the export of embryos [45,
72, 109], for the exploitation of superior
sows near end of useful reproductive life
[16, 48, 61] and for the propagation of
endangered swine breeds [91].
Embryo transfer, however, is an essential prerequisite for the application of new
reproductive techniques in pigs. Research
and initial application in the field of gene
manipulation to improve growth and disease resistance, to generate foreign proteins
in blood and milk, and to create tissues and
organs for xenotransplantation need embryo
transfer [7, 18, 19, 35, 71, 95]. Other reproductive techniques to produce offspring like
ovum pick up, and in vitro maturation and
fertilization [14, 64, 68, 87, 110, 113], generation of sexed embryos [88, 89], cryoconservation of embryos [26, 41, 46] and
cloning [12, 69, 80, 94] require also
successful handling of embryo transfer
technique. However, these reproductive
techniques did not find practical application in swine production, yet.
Progress in several steps of porcine
embryo transfer like optimized IVC systems, cryopreservation, minimal-invasive
recovery and non-surgical embryo application advance further application of this
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Table II. Results of embryo transfer following surgical and non-surgical embryo application, and different embryo manipulation.
Application
Surgical transfer

Mean
(range)
Non-surgical
transfer

Mean
(range)
Transfer after
IVF/IVC

Mean
(range)
Transfer after
gentransfer

Mean
(range)
Transfer after
bisection

Mean
(range)

No. of transfers Pregnancy rate Litter size
(n)
(%)
(mean)
27
77
46
206
39
112

70
73
68
53
80
63

5.7
6.2
6.7
7.0
8.1
7.7

(27–206)

68
(53–80)

6.9
(5.7–8.1)

58
21
46
16
25
27

9
33
22
31
64
59

(16–58)

31
(9–64)

6.1
(3.1–10.9)

8
1
3
6
26
6

38
–
33
0
35
33

9
3
2
0
6.3
2.5

(1–26)

28
(0–38)

3.8
(0–12)

10
49
98
14
39
17
36

33
59
37
29
44
41
81

5.0
7.8
3.9
4.3
5.9
7.1
7.4

(10–98)

46
(29–81)

5.9
(3.9–7.8)

2
12
7
27

–
42
14
82

4
5.2
4
6.0

(2–27)

45
(14–78)

5.6
(4–6.0)

5.2
6.7
4.3
6.2
3.1
10.9
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sophisticated biotechnic. One benefit of ETS
will be the international exchange of porcine
embryos of value breeds instead of live animals. Nevertheless the prospective application of ETS will not become the same significance compared to embryo transfer in
other livestock species.
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