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Summary: Assisted Reproductive Techniques (ARTs) in horses has seen a fast growth in the last few yers. Some of the ARTs which are cur-
rently being used in the equine around the world are: embryo transfer, intracytoplasmic sperm injection (ICSI), nuclear transfer, oocyte trans-
fer, preimplantation genetic diagnosis (PGD), embryo cryopreservation and sexed semen. The collection of embryos by uterine flushing fol-
lowed by embryo transfer is a successful technique which has been widely accepted in many horse breeds and is used in various countries
around the world. One of the fastest growing techniques is Intracytoplasmic Sperm Injection (ICSl) in combination with Ovum Pick Up
(OPU). In 2016, ten equine reproduction programs around the world included OPU-ICSI in their services. In 2017, five more groups were
added to this list. Cloning by Somatic Cell Nuclear Transfer (SCNT) has been successfully used by different groups in Argentina, Brazil,
Canada, Colombia, Korea, Italy and United States. Nowadays the cloning industry is mainly centered in South America, in Argentina, Brazil
and Colombia, where slaughterhouse ovaries are widely available and the maintenance costs for a large recipient herd are much low,
compared to countries from North America or Europe. Oocyte transfer (OT) has been applied by three different clinical programs around
the world. After the recent increase of the efficiency of the OPU-ICSI technique, OT is less frequently used. Preimplantation Genetic Dia-
gnosis (PGD) has been mainly used in equine embryos to defermine the sex of the embryo. In some breeds, one sex is preferred over the
other and by means of PGD, the need to produce pregnancies from the undesired sex can be avoided. Additionally, PGD has also been
used to detect specific mutations associated with genetic disorders or genes associated to specific phenotypes as, for example, coat color.
Until recently, only small (< 300um) equine in vivo derived embryos could be cryopreserved. In 2011, the successful vitrification of large
embryos (> 300um) was described for the first time after collapsing the blastocoele cavity before vitrification. Anyway, this technique is not
being used in large-scale commercial programs. Although sexed semen by flow cytometry is widely included in cattle production systems,
its use in equine programs presents some disadvantages. In September 2017, the preliminary results produced after selection of equine
female sperm cells by means of magnetic nanoparticles were reported. These results are extremely encouraging, since the technique is sim-
ple, efficient and does not affect sperm viability, even after freezing and thawing. The aim of the present work is to present an update of
the use of ARTs in equine reproduction programs around the world.
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Introduction

The application of Assisted Reproductive Techniques (ARTs) to
the equine industry has seen a great progress during the last
decade. Some of the ARTs which are currently being used in
the equine around the world are: embryo transfer, intracyto-
plasmic sperm injection (ICSI), nuclear transfer, oocyte trans-
fer, preimplantation genetic diagnosis (PGD), embryo cryopre-
servation and sexed semen. Horse breeders from many coun-
tries have demonstrated a recent and increasing inferest in
applying these techniques to produce foals. Therefore, the aim
of this work is to present an update on the ARTs that are being
used in equine commercial programs around the world.

Embryo Transfer

This technique involves the uterine flushing and recovery of
an embryo from a donor mare which was inseminated with
fresh or frozen semen 8 days before collection. The recovered
embryo is then transferred to the uterus of synchronized reci-
pient mare. The collection of embryos by uterine flushing fol-
lowed by embryo transfer is a successful technique which has
been widely accepted in many horse breeds and is used in
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various countries around the world. According to the last
annual report from the International Embryo Technology
Society (IETS), during 2015 a total of 21,321 equine embryos
were collected by uterine flush. These results include the
embryos obtained in Argentina, Brazil, Canada, France, Hun-
gary, Mexico, Poland, South Africa, Sweden, Switzerland and
United States (IETS Newsletter, 2016). This number is undere-
stimated, since countries like Chile, Colombia, Germany, lta-
ly, Spain and The Netherlands did not report their numbers,
but are well known for their equine embryo transfer activity.
Additionally, Argentina only reported 1505 embryos, which
probably represents only one tenth of the real embryo pro-
duction. Therefore, although embryo transfer is a widely
accepted technique among veterinarians and breeders, an
accurate calculation of the total number of embryos produ-
ced around the world is not possible so far.

Ovum Pick Up (OPU) and Intracytoplasmic Sperm Injec-
tion (ICSI)

Intracytoplasmic Sperm Injection (ICSI) in combination with

Ovum Pick Up (OPU) is probably the ART that has seen the
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fastest growth in the last five years. In the OPU procedure,
the oocytes are collected from a donor mare with a needle
connected to an aspiration pump, which is used to puncture
the follicles. The needle is guided into the mare transvagi-
nally with a probe, which also holds and ultrasound trans-
ducer that allows the visualization of the follicles during the
procedure. The follicular fluid containing the oocytes is col-
lected in a bottle or tube and the oocytes are recovered in
the laboratory under a stereomicroscope. Once at the labo-
ratory, the in vitro production process begins once the oocy-
tes are placed in in vitro maturation medium for 30 hours,
under controlled conditions in an incubator. After this, all
mature oocytes are injected with one sperm and placed
back in the incubator for in vitro culture for 8 more days. In
other mammalian species like cattle or pigs, conventional In
Vitro Fertilization (IVF) can be used to produce embryos in
the laboratory. Conventional IVF has proven to be unsuc-
cessful to produce equine embryos. Therefore, ICSI is the
only technique available for horses. The efficiency of in vitro
production of equine embryos by ICSI has improved consi-
derably and the embryo production rates are now compati-
ble with commercial programs (Colleoni et al. 2007, Galli
et al. 2007, Foss et al. 2013, Hinrichs et al. 2014). It is
nowadays possible to produce between 0.7 to 1 equine
embryo in vitro per OPU session. Some of the advantages
of this technique are:

* OPU-ICSI can be performed throughout the year, every 14
days on each mare.

*One straw of frozen semen can be used to fertilize more
than 100 oocytes by ICSI in different sessions, by thawing
only a portion of the straw each time.

*In vitro produced equine embryos are able to survive cryo-
preservation and thawing successfully

* OPU-ICSI can be performed in young mares, causing a sig-
nificant reduction in generational intervals

The biggest challenge of this technique is to establish a suc-
cessful in vitro embryo production laboratory. Although dif-
ferent authors describe in detail the protocols used for in
vitro production of equine embryos, there are almost no
reports analyzing important details of the laboratory setup,
such as quality control and management of the physical and
chemical conditions. The management of these conditions
is, most of the times, the secret for the success or the reason
for failure in embryo production (Herrera et al. 2016). Set-
ting up an in vitro production laboratory is not mandatory
to apply OPU-ICSI in an equine reproduction program.
Immature oocytes collected from small follicles can be ship-
ped at room temperature to and in vitro production labora-
tory. The viability of the oocytes is maintained if the tempe-
rature remains stable during the transport to the laboratory
and the oocytes arrive within 24 hours. In 2016, ten equine
reproduction programs around the world included OPU-
ICSI in their services. In 2017, five more groups were added
to this list. Until the end of 2017, OPU-ICSI is being perfor-
med in Argentina, Belgium, Brazil, Colombia, ltaly, Switzer-
land, The Netherlands and United States. Both OPU and
ICSI are used in clinical programs to produce embryos from
infertile mares and stallions, young mares, deceased stal-
lions from which very few semen samples are available and
semen samples that do not qualify for artificial insemina-
tion.
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Cloning by somatic cell nuclear transfer (SCNT)

In order to produce an individual by SCNT, one somatic cell
from a donor animal is fused to an enucleated oocyte. Oocy-
tes collected from slaughterhouse ovaries or by OPU can be
used for this fechnique. The enucleated oocyte transferred with
a somatic cell is then artificially activated to induce the repro-
gramming of the new couplet to form a viable embryo. This
embryo will contain the same genetic information of the donor
from which the somatic cell was collected. The first individual
from the Equus caballus species produced by SCNT was born
in ltaly in 2003 (Galli et al. 2003). Since then, this technique
has been successfully used by different groups in Argenting,
Brazil, Canada, Colombia, Korea, Italy and United States. In
order to produce one viable foal by SCNT, hundreds of oocy-
tes collected from slaughterhouse ovaries and a large reci-
pient herd are needed, since the SCNT procedure is still quite
inefficient and pregnancy losses can occur throughout gesta-
tion. Nowadays the cloning industry is mainly centered in
South America, in Argentina, Brazil and Colombia, where
slaughterhouse ovaries are widely available and the mainte-
nance costs for a large recipient herd are much low, compa-
red to countries from North America or Europe.

Oocyte Transfer (OT)

Oocyte Transfer involves the collection of an oocyte from a
preovulatory follicle from a donor mare by OPU or flank aspi-
ration. The recovered oocyte is surgically transferred into the
oviduct of an inseminated recipient mare. So far, this techni-
que has been applied by three different clinical programs
around the world; two from United States and one from
Argentina (Carnevale et al. 2005, Hinrichs et al. 1998, Riera
et al. 2016). Before the production of equine embryos by ICSI
became efficient, oocyte transfer emerged as an alternative to
produce embryos from infertile mares. Oocyte Transfer is
generally used for infertile mares that do not produce an
embryo or a pregnancy using other techniques like artificial
insemination and embryo transfer. After the recent increase of
the efficiency of the OPU-ICSI technique, OT is less frequently
used. During OT, the oocyte is fertilized in the oviduct and
early embryo development occurs in the recipient mare. This
constitutes a more natural method to produce a viable
embryo, when compared to in vitro embryo production.
Anyhow, OT presents two technical disadvantages: the need
of a surgical procedure to transfer the oocyte into the oviduct
and the need of one whole semen dose for each oocyte.

Preimplantation Genetic Diagnosis (PGD)

Preimplantation Genetic Diagnosis involves the collection of
one or more cells from a preimplantation embryo. The biopsy
sample is then analyzed by molecular biology techniques
such as Polymerase Chain Reaction (PCR) and the result
allows the breeder to decide whether to transfer the embryo
or not. PGD has been mainly used in equine embryos to
determine the sex of the embryo. In some breeds, one sex is
preferred over the other and by means of PGD, the need to
produce pregnancies from the undesired sex can be avoided.
Additionally, PGD has also been used to detect specific muta-
tions associated with genetic disorders (Choi et al. 2010,
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Choi et al. 2015) or genes associated to specific phenotypes
as, for example, coat color (Guignot et al. 2015). PGD has
been successfully incorporated to a commercial embryo
transfer program, fo select the female embryos produced
from Polo Argentino horses (Herrera et al. 2014). In cattle,
PGD is used in combination with SNPs (Single Nucleotide
Polymorphism) chips to predict the milk production or meat
tenderness starting from in vitro produced or in vivo derived
embryos. Therefore, cattle producers can predict important
production characteristics of the individual even before a
pregnancy is established. Recently, equine SNPs chips have
become available, and will probably be used in the near futu-
re to predict the athletic ability of an early embryo or foal.

Cryopreservation of in vivo derived equine embryos

Until recently, only small (<300um) equine in vivo derived
embryos could be cryopreserved. The large size of the equine
embryos and the presence of the capsule which is impermeable
to cryoprotectants, where the main reasons why researchers
around the world failed to maintain the viability of the embryos
after conventional freezing or vitrification. In 2011, the success-
ful vitrification of large embryos (> 300um) was described for
the first time, after collapsing the blastocoele cavity before vitri-
fication (Choi et al. 2011). Although embryo cryopreservation
allows the transport and maintenance of embryos for large
periods of time, enhancing embryo commercialization and sto-
rage, this technique is not being used in large-scale commer-
cial programs. A major limitation for the use of embryo cryo-
preservation of large embryos, is the need of an inverted micro-
scope equipped with micromanipulators and microinjectors
and trained personnel to operate this equipment, in order to
perform the collapse of the blastocoele cavity.

Sexed Semen

Cell sorting by flow cytometry detects the difference in the
DNA content between male and female sperm and is the
most efficient technique used to separate X from Y chromoso-
me bearing sperm cells (Samper et al. 2012). Although sexed
semen is widely included in caftle production systems, its use
in equine programs presents some disadvantages. For exam-
ple, sex sorted equine sperm presents low viability after cryo-
preservation, limiting the use of this technology to centers that
own a cell sorter. In 2014, the use of equine sexed semen by
flow cytometry was described for the first time in an equine
embryo transfer program (Panarace et al. 2014). In Septem-
ber 2017, the preliminary results produced after selection of
equine female sperm cells by means of magnetic nanoparti-
cles were reported (Ramirez Castex et al. 2017). The authors
demonstrate that exposing equine semen to magnetic nano-
particles does not affect sperm parameters and female sperm
were efficiently selected. These results are extremely encoura-
ging, since the technique is simple, efficient and does not
affect sperm viability, even after freezing and thawing.

Conclusions

Assisted reproduction techniques in horses has shown some
major progress in the last few years. The efficiency of some of
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these techniques has been significantly improved recently,
such as OPU-ICSI and embryo cryopreservation. Additionally,
the acceptance of these techniques by veterinary practitioners
and breeders has increased, allowing studies with large num-
ber of cases. There is still plenty of room for improvement and
the next few years will hopefully bring more success reports.
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