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Assisted Reproduction Techniques in Horses: The Challenge
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Abstract

Assisted reproduction techniques (ARTs), such as artificial insemination and embryo transfer are well

established and have been used in a wide range of species. To date, the economic impact of these ARTs in horses

has rapidly increased. While many studies have attempted to improve the efficiency of ARTs, overall success

remains relatively restricted due principally to a limited knowledge of the unique reproductive physiology of

this species. Improving efficiency of particular techniques has become an affordable milestone in the development

of ARTs in equine reproduction
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Introduction
Within the past two decades, assisted reproductive

techniques (ARTs) such as artificial insemination (AI),

in vitro embryo production and embryo transfer (ET) are

the powerful tools for contributing of the most genetically

desirable animals to the next generation. Although

these techniques have been well integrated to clinical

exploitation in the improvement of reproductive efficiency

and for the safeguarding of irreplaceable genetic lines in

endangered species or rare breeds, overall success of

these ARTs in horses has, however, been hampered by many

factors including the breeding associations (i.e., AI and

ET are officially prohibited in Thoroughbred race horses)

and a relatively limited knowledge of reproductive

physiology. In addition to these ARTs, in vitro embryo

production and stem cells technology are emerging

techniques and have become increasingly important

means of treating a number of incurable diseases in man

and animals.

This article reviews the state-of-the-art regarding

assisted technologies in equine reproduction. These

include techniques for artificial insemination, the

induction of multiple ovulation, in vitro embryo

production, cryopreservation of oocytes/embryos, embryo

transfer and stem cell technology.

Artificial insemination

Artificial insemination (AI) technique was first

established in horse in 1322, but overall success of AI

remains poor especially when frozen-thawed semen is

used. Semen, collected by artificial vagina is usually

diluted with semen extender in order to increase the

longevity of the sperm in vitro and to adjust the total

number of sperm used for the AI (approximately 250-500

million progressively motile sperm per an insemination).

Equine semen from çcool-toleranté stallions can be

stored at 4oC for up to 48-72 h while pregnancy rates

remained approximately 60-70% (Squires et al., 1998).

Indeed, sperm from some stallions, stored at 4oC in a

non-fat dry milk glucose-based extender, survived with

a progressive motility of approximately 40% for 4-5 days

(unpublished data). In addition to cooled semen,

cryopreservation of stallion’s semen has been considerably

difficult. The freezability of stallion semen is

unfortunately variable among individual stallions. The

technical terms of “good-freezer” and “bad-freezer” are,
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therefore, generally applied. For good freezer stallion,

pregnancy rates similar to cold storage semen can be

achieved, while the pregnancy rate is critically low for “

poor-freezer” stallions (Samper, 2001). Another obstacle

is the short lifespan of post-thaw stallion semen within

the mare’s reproductive tract, most likely because

cryopreservation induces capacitation-like reaction

(Watson, 2000). It is therefore important to inseminate

the mare close to the time of ovulation. This is labour-

intensive because the mares exhibit oestrus signs for

almost one week and the mare’s ovaries need to be

examined every 6-8 h, using ultrasonography, to ensure

the exact time of an ovulation. To prevent the evacuation

of deposited semen and to improve the efficiency of sperm

transport, a little amount of semen containing low-dose

sperm can be deposited via hystero-videoscopy to the

utero-tubule junction or to the tip of uterine horn by deep

intrauterine insemination (Morris et al., 2000).  These

techniques have broken through the limitation of sperm

numbers, in particular when sex-sorted sperm or poor

quality semen are used. By this technique, the number of

spermatozoa can be reduced to as low as 1 million, while

the conception rates per cycle remain at approximately

50-60% per cycle (Morris et al., 2000).

Induction of multiple ovulation

Follicle development in the mare occurs in a

wave-like fashion, with 1-2 follicular waves per 21-22 days

of oestrous cycle (for review see Ginther, 2000).  The

exact mechanism that controls the ovarian function and

folliculogenesis in the horses is not entirely clear, but it

has been suggested that deviation in growth between the

two largest follicles occurs soon after follicle stimulating

hormone (FSH) levels decrease (Gastal et al., 1997), and

it is controlled by insulin-like growth factor (IGF-1)

system (Ginther et al., 2004). Interestingly, follicle

development in equids is unique because equine

ovaries are anatomically “inside-out”, with the follicles

developing within a central ovarian cortex surrounded by

a vascularised, soft tissue medulla. As a result, ovulation

can only takes place in one specific area (the so-called

ovulation fossa). This anatomically restricted area for

follicle development has been proposed to limit multiple

follicle development and ovulation when mares are

treated with gonadotrophin preparations to induce

superovulation (Ginther, 1979). Paradoxically, most

gonadotrophin preparations used successfully for

superovulating cows, such as porcine follicle stimulating

hormone and equine chorionic gonadotrophin (eCG), fail

to induce multiple follicle development in mares, even

when large amounts are used (McCue, 1996). To date, crude

equine pituitary extract (EPE) and equine FSH-enriched

pituitary extract are the only gonadotrophins shown to

usefully stimulate multiple follicle development in mares,

with a mean of 1.7-3.8 ovulations per oestrous cycle

(reviewed by McCue, 1996). However, a variable of LH

and FSH in EPE, as crude protein extract, has contributed

to the variability of superovulatory responses in mares.

In this regard, using recombinant FSH without LH

activity would fit to the bill for superovatory inducer since

it is highly potent and bio-secured from “brain-carrying”

diseases. Unfortunately, treating mares with human

recombinant FSH even at high amounts gave no more

than 2 ovulations per oestrous cycle (Tharasanit et al.,

2006a). Many attempts have been made aimed particularly

to increase the efficiency of superovulation techniques

in mare, in terms of ovulation and embryo recovery rates.

These include types of gonadotrophin preparations, day

of initial treatment, dose of gonadotrophin used and the

frequency of injections. For example, Alvarenga et al.

(2001) achieved mean ovulation and embryo recovery

rates of 7.1 and 3.5 per oestrous cycle, respectively, after

treating mares twice daily with 25mg of EPE starting in

early dioestrus (day 6-8 post ovulation). Very recently,

highly purified equine pituitary extract (equine FSH) has

become commercially available and clinically useful

for superovulating mare with a mean of ovulation and

embryo recovery rates similar to the EPE regime

(Niswender et al., 2003).
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In vitro embryo production

Development of in vitro oocyte maturation, in

vitro fertilisation, and the culture of zygotes/embryos has

resulted in dramatic improvements in the success of

these techniques (in vitro embryo production, IVP).

Although knowledge regarding the mechanism that

controls the process of equine oocyte maturation (both

nuclear and cytoplasmic maturation) is primarily restricted,

many laboratories have been capable of producing live

offspring from IVP equine embryos. The restricted

development in this IVP technique has contributed to

the difficulties in obtaining equine oocytes because

the slaughterhouses for horses are usually far from

laboratories and the recovery rate of good quality oocytes

per ovary is extremely low (~3 oocytes per ovary). While

the oocytes may alternatively be retrieved from live

donors via transvaginally ultrasound guided ovum

aspiration (OPU), however this technique requires

skilled operatives and is labour intensive. More importantly,

the recovery rate of good quality oocytes is usually low

(Bruck et al., 1997).

Indeed, immature equine oocytes are capable of

resuming and reaching metaphase II (MII) stage at a

reasonable rate of 50-80% (Hinrichs, 1998) but only a

few of these MII oocyte can develop to the blastocyst

stage. To make  matters worse, the success of conventional

IVF is usually poor (Zhang et al., 1990), and only two

foals have ever been born from conventional IVF (Palmer

et al., 1991; Bezard, 1992). It has been suggested that

poor success of equine IVF is the result of an inadequate

oocyte’s cytoplasmic maturation and culture environment.

In addition, because in vitro fertilisation by means of

intracytoplasmic sperm injection (ICSI) yields a

reasonable fertilisation rate, the failure of conventional

IVF is, in turn, believed to involve inadequate sperm

activation, even though equine sperm cells have been

shown to undergo capacitation and acrosome reaction

when incubated in vitro (Rathi et al., 2001). As stated

previously that conventional IVF is poorly successful in

horses, ICSI has therefore become the technique of

choice for fertilizing equine oocytes in vitro (Galli

et al., 2002; Choi et al., 2004). Although suboptimal

culture conditions partly explain poor embryo development

following ICSI of equine oocytes (Galli et al., 2002;

Tremoleda et al., 2003), factors intrinsic to the oocyte

also critically affect their developmental potential. For

example, the degree of cumulus expansion at oocyte

recovery appears to affect the developmental capacity such

that the oocytes with an expanded cumulus at recovery

exhibit better developmental competence (Hinrichs

and Schmidt, 2000). Recent improvements in culture

techniques have led to respectable rates of blastocyst

formation in vitro (20-24% blastocyst rate) from ICSI

oocytes (Choi et al., 2004).  However, the quality of

blastocyst produced in vitro is far from those derived

in vivo (i.e size and cell numbers, Fig. 1)

In addition to ICSI, somatic cell nuclear

transfer has been proven and offers a great opportunity

for producing live offspring in a wide range of species,

including horses. The aim of producing foals by this

technique is obviously not to clone champion horses

though many of top-competing horses are inevitably

incapable of normal fertilization since most of them are

gelded (castrated male horse).  Six years following the

birth of “Dolly”, the world’s first cloned sheep by somatic

cell nuclear transfer, the first cloned horse was produced

in Italy (Galli et al., 2003). In the same year, three healthy

cloned mules were also born in Idaho, the United State

(Woods et al., 2003). Interestingly, the first cloned horse

demonstrated convincingly that autologous pregnancy

can be produced because the mare provided the donor

cell to create a cloned embryo and carried it to term. To

date, the overall efficiency of cloning, in terms of the

production of healthy live offspring is, however, extremely

poor, in that only 0.7-2.7% of reconstructed cloned

equine embryos resulted in the birth of life offspring.

Fortunately, there has been no obvious evidence in the

horses such as a large offspring syndrome or any placental

abnormalities being reported in bovine (reviewed by

Vanderwall et al., 2006). There are a number of factors
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that contribute to the relatively low success of cloning

in horses. The number of equine oocytes to be used as

recipient cytoplasm in nuclear transfer program is

remarkably limited. Furthermore a limited knowledge of

in vitro embryo production technique in this species,

in particular in vitro oocyte maturation and culture of

embryos prior to transfer of the blastocyst stage embryo

to the recipient mare, has contributed significantly to the

restriction of success of nuclear transfer in this species.

Cryopreservation of oocytes and embryos and embryo

transfer

Cryobiology is the keystone in preserving the

potential of reproductive cells for subsequent use in

ARTs. However, while a large number of freezing

techniques have been tested, the success of preserving the

post-thaw developmental competence of equine oocytes

and embryos remains limited, presumably because cell

structures (such as the plasma membrane and cytoskeleton)

are damaged irreparably during freezing and thawing. The

ability of oocytes and embryos to survive cryopreservation

has been examined in large numbers of empirical and

theoretical studies. Techniques for cryopreservation can be

split broadly into two categories, “classical” slow-rate

freezing and the more recently developed ultra-rapid, ice

formation-free vitrification. In recent years, the number

of scientific publications on the vitrification of oocytes,

embryos or ovarian tissues has increased rapidly, not only

because vitrification yields high survival rates compared

to slow-rate freezing, but also because it is simple, quick

and does not require expensive equipment such as a

programmable freezing machine. On the other hand, cells/

tissues to be vitrified must be able to tolerate very high

concentration of cryoprotectant, which may become

toxic (Fahy, 1986).

In general, oocytes are extremely susceptible to

damage during freezing and thawing, primarily because

the oocyte is an unusually large cell with a complex

structure and relatively low plasma membrane

permeability to water and cryoprotectants (Leibo, 1980).

Although the oocytes can be broadly cryopreserved at

either immature (germinal vesicle stage, GV or matured

(metaphase II) stages, the result of oocyte cryopreservation

at these specific maturation stages are controversial.

Figure 1 Equine blastocysts (A, 7 days post-intracytoplasmic sperm injection) produced by in vitro maturation,

fertilization and embryo culture. These embryos are typically small when compared to in vivo produced blastocyst

(B, 7 days post-ovulation). Scale bar represents 100 μm (Tharasanit, unpublished data).
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In principle, the immature stage oocyte is quiescent, the

chromatin may be protected within the membrane-bound

nucleus (germinal vesicle) and the meiotic spindle, a

cryosensitive structure has yet to form. In contrast to

the GV oocyte, the MII oocyte appears to have a higher

membrane permeability to water and cryoprotectant

compared with the GV stage oocyte. Indeed, equine

oocytes cryopreserved at both maturation stages

suffered from cryoinjuries. For instance, although the

cryopreserved-thawed GV stage oocytes resumed and

reached MII stage at a reasonable maturation rate of

approximately 30% (60% MII for non-frozen controls),

many of these MII oocytes demonstrated poor meiotic

spindle configuration and developmental competence

in terms of fertilisation and blastocyst formation rates

(Tharasanit et al., 2006b). In 2002, the first two foals

derived from vitrified-warmed in vivo matured oocytes

were produced following transfer to the oviduct of

inseminated mares (Maclellan et al., 2002). This at least

demonstrated that in optimal conditions, equine oocytes

are capable of retaining their developmental competence

following cryopreservation. Alternatively the oocyte may

be matured, fertilised and cultured in vitro and then the

embryos can be non-surgically transferred directly to

the recipient mare or stored frozen in liquid nitrogen for

subsequent use.

While embryo transfer (ET) is essentially a

successful technique (70-80% pregnancy rates), the

success of ET is highly dependent on the adequate

synchronisation of the donor and recipient mares; good

results are obtainable only with recipients that have

ovulated -1 to 3 days after the donor (Carnevale et al.,

2000). This dramatically increases the cost of equine ET

and, thus limits its commercial expansion. Unfortunately,

reasonable pregnancy rates after transfer of frozen-thawed

equine embryos (~60%) can be obtained only when small

(<300 μm) or early development stage embryos (day

6-6.5, morula to early blastocyst) are used (Slade et al.,

1985; Hochi et al., 1996); few frozen-thawed large

expanded equine blastocysts (>300 μm) give rise to less

than 20% pregnancy rate (Slade et al., 1985; Squires

et al., 1989). This is challenging in practice since the

equine embryo develops and expands very rapidly after

entering the uterus as late as day 6 after ovulation. In

addition, the exact timing of equine embryonic transport

through the oviduct appears to be influenced by the time

of year, the age and reproductive status of the mare and

the type of semen used (Meadows et al., 1999; Carnevale

et al., 2000). The reason for the intolerance of expanded

equine blastocysts to cryopreservation is not entirely

clear. However, cryopreservation per se induces changes

at a cellular level that may result in cell death. For

example, freezing causes the disruption of actin

microfilament (Fig. 2, Tharasanit et al., 2005). Many

intensive attempts have been made to improve the

survival rate of large expanded blastocyst. These include

the thinning of the embryonic capsule by trypsinization,

preserving the microfilament configuration and

increasing the freezing rate by means of vitrification.

(Legrand et al., 1999; Legrand et al., 2000, Tharasanit

et al., 2005). To date, the poor cryopreservability of

equine embryos has resulted in limitations to the clinical

exploitation of equine embryo transfer.

Stem cell technology

Stem cell culture is one of the emerging bio-

techniques, in which stem cells are theoretically capable

of self-renewal and differentiation into many specific

cell types (for a review see Wobus and Boheler 2005). This

technique has dramatically developed and integrated to

human and veterinary medicine, in regard to the treatment

of some incurable diseases such as type I diabetes and

Alzheimer’s disease. The stem cells can be broadly divided

into two types regarding their origins and different

biological properties, adult and embryonic stem cells.

In general, the embryonic stem cells demonstrate a higher

potential to self-renew and differentiate to a wide range of

cell types (germ layers), while those adult stem cells

seem to have a restricted potential of differentiation.

Nevertheless, although equine embryonic stem cells are
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pluripotent and a few stem cell lines have been produced

(Li et al., 2006; Saito et al., 2006), the recovery of only

one embryo per non-surgical embryo collection  and

difficulties of producing in vitro equine embryos have

markedly contributed to the relatively slow progression

of equine embryonic stem cell technology. In contrast,

adult stem cells are probably easier to obtain and maybe

attract less from ethical or public concern. Currently, the

adult stem cells serve as a new tool in equine medicine

for treating bone and ligament diseases largely by bone

marrow derived mesenchymal stem cells (Taylor et al.,

2007). These mesenchymal stem cells have shown the

capability of differentiation in vitro to adipose tissue,

chondrocytes and bone (Vidal et al., 2006) and treating

acute tendon injury (Smith and Webbon, 2005). To date,

few laboratories can generate equine stem cell lines and

the clinical exploitation of these stem cells is very limited.

The stem cells however possess a great promise in equine

sport medicine especially for racing horses.

Conclusion

To date, assisted reproduction techniques have been

intensively used in horses. While moderate success in these

techniques has only been achieved, many recent studies

have attempted to gain knowledge, aimed specifically

to improve efficiency and to overcome some of the unique

physiological aspects that have been proposed as

restrictive to the development of assisted reproduction in

the horses. These include poor freezability of sperm,

oocytes and large expanded embryos. Optimisation of the

freezing techniques is therefore of importance. In addition,

understanding events leading to in vitro maturation/

fertilisation of equine oocytes will basically improve

the efficiency of in vitro embryo production.
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Figure 2 Micrographs demonstrate the effect of cryopreservation on actin microfilament configuration of equine

embryos (non-frozen (A) and frozen-thawed (B) embryos). Normal pattern of actin microfilament typifies by an intensely

sharp with well-defined actin cytoskeleton (green) beneath cell plasma membrane. The embryos were stained with

fluorescently DNA labeling (4' 6' Diamidino-2-phenylindole dihydrochloride; blue) and Alexa Fluor 488-Phalloidin

and examined with multiphoton laser scanning microscopy) (Tharasanit, unpublished data)
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