
J. Mamm. Ova Res. Vol. 20, 2�6, 2003
 2
�Review�

In Vitro Production of Blastocyst and 
Embryo Transfer in Mammals
Kiyohiko Takagishi1*, Kenji Momozawa1 and Yoshinori Fukuda1

1School of Veterinary Medicine and Animal Sciences, Kitasato University, Towada, Aomori 034-
8628, Japan
Embryo transfer is the comprehensive technology that
includes recovery of fertilized eggs, in vitro embryo
culture, embryo preservation and transfer of embryos.
It was developed in laboratory animals at the beginning
of application.  After the 1980, these techniques were
applied to farm animals, and now the embryo transfer
technique is important in livestock production.  Embryo
transfer is especially indispensable technology for low
cost livestock production and effective application of
superior gene resources.  Recently, the embryo transfer
technique has also become important in producing
transgenic and clone animals, so efforts are continuing
to aim at the efficient production of offspring.

Overview of Embryo Transfer in Mammals

The first successful transfer of mammalian embryos
was performed in rabbits in 1890 [1].  At present,
embryo transfer in laboratory animals is successfully
performed in mice [2], rats [3], hamsters [4], guinea
pigs, gerbils [5] and various other species.  Conception
was also obtained in farm animals such as sheep [6]
and cattle [7].

Embryo transfer procedures are able to be divided
into oviduct transfer and uterus transfer mainly by the
transfer site.  We decide which procedure should be
used according to the developmental stage of the
embryos .   I n  genera l ,  i t  i s  impor tan t  t ha t  t he
developmental age of embryos is the same as or
advances the pregnancy date of the recipient female.
When the synchrony of the embryo and uterus is
decreased, the pregnancy rate will decline.

I n  embryo  t r ans fe r  i n  m i ce  and  ra t s ,  t he
pseudopregnant female was used as a recipient.
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Generally, embryos at less than 8-cell stage were
transferred to the oviduct, and morula or later stage
embryos were transferred to the uterus.  But i t is
possible to transfer embryos of all stages from 1-cell to
blastocyst stage embryos to the oviduct in mice.  For
both procedures, 50�75% of embryos will develop to
term [8].

Hamster embryos were transferred in the same way
as mouse embryos.  Embryos were transferred into the
oviducts or uterus of the pseudopregnant female [9],
and were also transferred even into the ovarian bursa
[10].  In hamster, it is extremely difficult to obtain
offspring, because the embryo is very sensitive in a
culture environment and embryonic development is
hardly observed in vitro when embryos are operated on
for  a long t ime.  Therefore, embryos should be
t rans fe r red  i n to  t he  rep roduc t i ve  t r ac t  o f  a
pseudopregnant female as soon as possible.  Although
embryo transfer of in vivo fertilized hamster eggs
succeeded in 1964 [4], successful embryo transfer of in
vitro fertilized oocytes was not achieved until 1992 [11],
because of difficulty in culturing embryos in vitro.

Embryo transfer in the pig is generally carried out with
a surgical method and embryos are transferred to the
oviduct or uterine horn.  It is known that to some extent
of porcine embryos are required to be implanted and
develop to term normally, and it assumed that at least 4
embryos are required in porcine embryo transfer.  The
reproductive tract of the anesthetized recipient female is
exteriorized via midventral laparotomy, and embryos
are direct ly t ransferred to the desired locat ion.
Nevertheless, a non-surgical procedure for embryo
transfer is preferable to a surgical procedures from the
point of view of animal welfare, and also because the
procedure can be performed without the need for
special equipment and skil ls.   Litters have been
reported after transcervical transfer of pig embryos, and
live offspring have also been produced after endoscopic
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transfer.  Thereafter, pregnancy was reported in the
case of embryos that were transferred by a non-surgical
method in some laboratories [12�17].

In cattle, embryos were directly transferred to the
surgically exteriorized uterus, in the early period, but
now it is usual to transfer the embryos, developed to the
morula or later stages, to the inside of the uterus
through the cervix non-surgically by using equipment
similar to that for artificial insemination.  To archive a
high pregnancy rate, it is important that the egg should
be placed within the uterine horn ipsilateral to the
corpus luteum, because surgical  t ransfer to the
contralateral horn has resulted in poor embryo survival
[18�20].  It could be the result that the embryo in the
contralateral horn is not possible to prevent luteolysis
continually [21, 22].

Evaluation of the Embryo Quality

The quality evaluation of the embryo prior to embryo
transfer is important to the success of embryo transfer.
Hitherto, the quality of the embryo has been evaluated
by its morphological structure.  It is known that the
developmental competence of the early embryo is
correlated to the normality of their morphology and
practically evaluated by using the grading system of
their morphological quality at the blastocyst stage.  The
blastocyst, which has a fine morphology, has been
judged as a fine embryo.  Morphological evaluation of
embryos is useful in predicting pregnancy rates for
groups of embryos, but it is less useful in determining
the survival of individual embryos [23].  In some cases,
morphological ly poor-qual ity embryos produced
pregnancies, whereas apparently good embryos failed
to result in pregnancy [24].  These facts suggest that
criteria other than morphological ones are needed to
evaluate the viability of embryos.

Predicting embryo viabi l i ty and developmental
potential from metabolic characteristics has been
reported to be superior to morphological criteria.
Oxygen consumption of preimplantation embryos is an
important factor that may provide valuable information
on metabolic processes and subsequent viability of the
embryos.  The relationship between the quality of the
blastocyst and oxygen consumption is studied [25, 26].
Oxygen consumption of an individual embryo in early
developmental stages is correlated with the subsequent
development of the embryo.  The morula stage embryo
with lager oxygen consumption has strong potentiality
for further development into a hatched blastocyst.

Recently, Houghton et al. [27] investigated the amino
acid metabolism by a non-invasive measurement
technique.  They reported that there is a remarkable
difference in amino acid turnover between embryos that
develop to the blastocyst stage and those that arrest
prior to blastocyst formation, and showed the potential
to select developmentally competent single human
embryos with amino acid metabolism as an indicator.

In addition to the above, the consumption of glucose
and pyruvate could be used as an indicator to evaluate
the developmental competence of single embryos.
Unfortunately, there are few reports that have examined
these types of consumption in individual embryos.

In Vitro Embryo Culture and 
Growth Abnormalities

Generally, culture medium containing fetal bovine
serum or heat-inactivated human serum is used for in
vitro culture of mammalian embryos.  It is known that
embryo culture with a serum-supplemented medium
resul ted in  large of fspr ing syndrome,  which is
associated with prolonged gestation length in cattle and
sheep [28�31].  It also resulted in a higher perinatal
death rate after embryo transfer, especially when IVM/
IVF derived embryos were cultured under aberrant
conditions in vivo or co-cultured with somatic cells in
vitro [29, 32].  The large offspring syndrome has not
been reported in human, mice or any other species as a
result of in vitro embryo manipulation.  Young et al. [33]
suggested that these differences might be due to
intrinsic differences between these species and cattle
and sheep, or to di f ferences in protocols used.
Although catt le and sheep embryos are usual ly
transferred to recipients as blastocysts, human embryos
have been returned to the mother at about the four-cell
stage.  Mouse embryos are cultured routinely to the
blastocyst stage, but all commonly used media are
serum-free.

The  cause  o f  these  abno rma l i t i es  o f  f e t a l
development is not yet clear.  Some investigators have
suggested that endocrine changes in the fetus and
altered expression of imprinted genes may be most
likely to cause abnormal growth.  The insulin-like growth
fac to r  ( IGF)  f ami l y  modu la tes  f e ta l  g row th .
Relationships between circulating levels of IGF-I, not
IGF-II, and fetal development have been identified in
several species.  But, based on the analysis of genetic
mutants, it is clear that IGF-II also plays an important
role in the regulation of fetal growth.  Because the Igf-2
gene, encoding IGF-II, is expressed only from the
paternal allele in most tissues [34], it is predicable that
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loss of imprinting of Igf-2 would enhance fetal growth.
Fetal  overgrowth can also be associated with

mutation of the H19 gene [35].  This imprinted gene
encodes an untranslated RNA, and is located adjacent
to the gene that encodes IGF-II (Igf-2).  Expression of
H19 occurs coincident with the elimination of Igf-2
transcription, consequently reducing production of IGF-
II mRNA [36].  Genetic knockout of the maternal H19
locus in mice is associated with a 27% increase in the
size of offspring at birth.  Although patterns of imprinting
of the IGF-II ligand and its receptor (Igf-2r) have not
been established for sheep and cattle embryos, the
possibility exists that alterations in imprinting, and thus
the expression of Igf-2, Igf-2r and H19, may contribute
to differences in the body weight of fetuses.  Although
allelic methylation of imprinted genes may occur during
the preimplantation period, methylation of non-imprinted
genes is not observed before implantation.  This
provides a basis for considering the susceptibility of
imprinted genes to environmental influence in the
preimplantation period.

Production of Transferable Cattle Embryos 
In Vitro

The conventional non-surgical recovery method for
obtaining embryos from superovulated donor cows is
costly.  The approach to providing large numbers of
embryos at lower cost is harvesting oocytes from
ovarian follicles.  The oocytes may be collected from the
ovaries of slaughtered cattle or from selected live
donors  by  asp i ra t ion  v ia  laparoscop ic  [37 ]  o r
culdoscopic techniques [38].  They are matured and
fertilized in vitro and then cultured until they reach a
transferable stage, as morulae or blastocysts [39].
Establishment of the in vitro culture system that makes
blastocysts by using follicular oocytes collected from
ovaries of slaughtered females is directly associated
with the embryo transfer industry and is effective in
increasing the production efficiency of livestock.  But the
rate of blastocyst formation in the culture of in vitro-
matured and fertilized oocytes remains low at 30�40%
on average.

Oxygen tension is important for embryo development
in vitro [40].  The oxygen concentration in female
reproductive organs such as the oviduct and uterus is
lower than the atmospheric concentrat ion.  The
beneficial effect of reduced oxygen tension may be due
to the decrease in reactive oxygen species within the
embryo.  Furthermore, the metabolic activity of embryos
cultured under a low oxygen atmosphere correlated
more closely with that of in vivo-derived embryos [41].
Lactate and pyruvate are the main energy substrates

throughout the early stages of embryonic development.
Glucose is harmful to the embryos at this stage, but
embryos beyond the 8-cell stage can preferentially
utilize glucose as an energy source [42, 43].  Therefore,
recently, the sequential culture system, using media
suitable for each stage, has been examined.

When embryos are cultured without using a co-culture
system, the experimental results are affected by the
difference in the lot of serum or serum albumin (BSA)
and reproducibility becomes low.  Because the use of
serum also carries a risk of microbial contamination, it is
important to establish the embryo culture system with a
chemically defined medium that contains neither serum
nor BSA.

In  mice,  a  s imple medium named KSOM was
successfully used for the culture of early embryos [44],
but  the rep lacement  o f  the  BSA in  KSOM wi th
polyvinylalcohol (PVA) was found to partially depress
the rate of blastocyst formation and to severely inhibit
hatching in vitro.  The addition of amino acids to BSA-
free KSOM was found to restore the rate of blastocyst
formation and hatching [45, 46]. 

In rabbits, Carney and Foote [47] reported that the
rate of blastocyst formation and hatching of the embryos
cu l t u red  i n  v i t r o  i n  p ro te in - f r ee  R D med ium
(RPMI1640:DMEM=1:1) are similar to those in protein
supplemented ordinary medium.  They suggested that
the high concentration of inositol in that medium
promotes the development of rabbit embryos.  We
investigated the effect of the addition of RD medium to
the m-KSOM medium on blastocyst formation and
hatching in cattle embryos in vitro [48, 49].  The addition
of RD medium resulted in good embryonic development
in vitro: 64% of embryos reached the blastocyst stage
and 82.2% of them hatched.  These results obtained
were better than those of the control groups, but
replacement of BSA in this medium with PVP brought
about a decrease in the rate of  both blastocyst
formation and hatching.

Supplementation of inositol to the protein-free culture
medium promoted the rate of blastocyst formation and
hatching of the embryos in vitro is reported in rabbits
[50], mice [51] and cattle [52].  When inositol was added
to the KSOM/aa+RD medium for cattle embryos, the
decline caused by the replacement of BSA with PVP
was restored and we obtained the similar results with
when we used the medium including BSA.  We also
investigated the freezing preservation ability and the
abil ity to develop to a live calf of the blastocysts
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produced with the m-KSOM/aa+RD medium.  After
freezing and thawing, these embryos showed 80% or
more viability.  Most of the viable embryos hatched and
show good developmental ability.  The concentration of
the RD medium that results in the best embryonic
development was 20%.  Sixteen blastocysts (7 fresh
and 9 frozen-thawed) of good quality developed in m-
KSOM/aa+RD were transferred non-surgically to 16
recipients.  Ten of the 16 recipients became pregnant,
and delivered 9 live calves.

Conclusions

For embryo transfer in livestock, the non-surgical
transfer technique is the most desirable procedure
because of low level of skill required and low cost.  The
establishment of a system that makes fine blastocysts in
vitro efficiently is become needed.  It is also necessary
to consider the normality of the offspring.  In some
laboratory animals, such as mice, in vitro culture of the
embryo is easi ly per formed, but culture system
development has not yet been completed for all animal
species.

We developed the complete synthetic medium m-
KSOM/aa+RD that eliminated indefinite elements and
have obtained fine blastocyst production and normal
offspring in cattle by using this medium.  Nevertheless,
the embryo production efficiency is not sufficient for
industrial usage, and more improvement of the medium
and an increase in the number of the case is necessary.
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