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ABSTRACT

This study was undertaken to evaluate fertilization and early embryo developnientitod matured

(IVM) horse oocytes following transfawmith homologous sperm tdhe oviduct of estrougwes. A

total of 1023 follicles (5.1 per ovarywere found after processing 202 slaughterhous&ries by
aspiration and subsequent slicing. Most follicles (79%@re lessthan 20-mm in diameter. Six
hundred sixty-seven oocytes were recovered (3.3 per ovary; recovery rate, 65%). About two-thirds of
oocyteswererecovered by slicing, which yieldetivice the number of oocytes as aspiratid@ixty

four percent cumulus oocyte complexg3OCs) recovered by eaahethod were grade A and the
overall distribution of oocytes by gradeas not affected by the method of recovery. Oocytes
underwent IVM for an average of 41-h anére subjected to eithem vitro fertilization (IVF) or
xenogenous gamete intrafallopian transfer (XGIFT).th onset of IVM, 83%COCshad compact
cumulus investment. At the end of IVM, 78% COCs showed cumulus expansion. The exgaos®n
wasnot improvedwith increasing the IVM duration from 32.3 to 50.3 Irive (15%) IVF oocytes
showed changes indicative of fertilization and two cleaved to 3 and 4-cell stages. Oviductewds16
were usefor XGIFT, which involved surgical transfer of an average of 13 oocytits 40x1C
capacitated spermatozoa per oocyte. Of 259 oocytes transferred, 36 wkdésecovered between 2

to 7 d post XGIFT and 13 (36%) showed cleavage ranging from the 2-cell to hatching blastocyst
stage. The ovarian status of ewes and ligation of the uterotubal junction (UTJ) at the X@G&of

or the duration gametesere allowed to reside in theterine tube, did not affect the recovery and
cleavage rate. However, the most advanced stage embryos were recovered from ewes shiokiyng
after XGIFT. Fertilization following XGIFT was further demonstrated by the detectiafF¥floci in

one embryo. This study demonstrated, for the first time, that reordwyos could be produced in a
non-equine species. However, further studies focusing on the establishment of pregnancganethe
using such embryos and improvement of the recovery and fertilization rates following XGIFT are
recommended for use of XGIFT in horse assisted reproduction.
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1. INTRODUCTION

Domestic animals, including the horse, suffer from filifgrthat lowers therr lifetimeproductivity

and reduces the number of offspring that could be obtained from a sire or a dam. The prevalence of
this problem coupled with the desire of people to understand and subsequently control the
reproductive process has led to the development of novel techniques such as artificial insemination
(Al) and embryo transfer (ET)n vitro processing of oocytes is an emerging assisted reproductive
technology (ART) which is well developed in the human and bovine for use in routine reproductive
management.

Researchers working with the horse have yeamed to develop and use these technologies. There are a
number of reasons for developing ART. First, among large domestic animals the individual horse has
high economic value because of racing and the show business in North America and Europe. Thus,
engaging in horse ART appears to be profitable. Second, with only 55% of mares bred annually in the
United States producing foals, subiigy is very high, necessitating a betienderstanding of the

biology of the equine reproductive process and treatment of the problems. Third, breeding in the horse
is limited to a spedfic period of the year and development obpgpte ART would enable greater
flexibility to produce offspring. An ideal ART would improve the management of sidyfer
competition and out of season mares and stallions.

In vitro fertlization (IVF) is routnely applied in human and catie ART, but has been difficult to
reproducibly apply in the horse. Low availépof horse oocytes is a majoniting factor hampering

IVF research in the horse. Thus, other alternative approaches, such as gamete intrafallopian transfer
(GIFT), intrafollicular oocyte transfer (IFOT) and intracytoplasmic sperm inje¢o8l) have been
attempted. Embryos and foals have been produced after IFOT, GIFT and ICSI. However, certain
limitations such as the involvement of invaspmcedures in the mare make the application of these
procedures difficult in a routine reproductive management program.

The low success rate of IVF may be associated with problems of sperm capacitation and the acrosome
reaction, and inadequacy of culture conditions for oocytes, zygotes and embryos. Several
modifications have been tried to improve the success rate of IVF in the horse, but none of these have
been refined to be used as a clinical tool with predictable outcomes. Thus, there is a dire need to
develop a reliable, repeatable, cost-effective and less invasive ART suitable for the horse industry.



Gamete intrafallopian transfer provides an environmentiimakcs thephysiological conilons and

hence success rates in human GIFT are generally higher than in regular IVF. The procedure has been
successfully applied in the horse, but the invasive nature of @i#3 its regular application.
Maturation of oocytes, capacitation of sperm, fertlization and early embryo development are possible
in xenogenous reproductive tracts. The development of a method involving the use of a smaller animal
spedes for oocyte maturation, fiedtion and early embryo development would be cost effective and

may serve as an alternative method of ART. One such unsuccessful attempt using the uterine tube of
the rabbit was reported about a decade ago in the horse.

Recently, capacitation-like changes of stalion spemrm were observed at Virginia Polytechnic Insttute
and State University after surgical insemination of ewes. Better sperm recovery rate was observed
from ewes in estrus, which also yielded more spemm with capacitation-like changes. This study was
therefore designed to evaluate iliedtion and early embryo development of horse oocytes in the
reproductive tract of ewes in estrus. The spedfic objectives were:

1. determine the recovery rate and quality of horse oocytes obtained by performing aspiration and
slidng techniques on slaughterhouse ovaries;

2. evaluate fertlization and early embryo developmeirt @itro matured oocytes following transfer,
with capacitated spem, to the uterine tube of ewes in estrus; and

3. assess the progression of embryonic development and pregnancy following embryo recovery from
the ovine reproductive tract and transfer to recipient mares.



2. LITERATURE REVIEW

2.1. Gametogenesis, Sperm-Oocyte Interaction and Fertilization

Male and female gametes originate from the embryonic yolk sac. By migration through the developing
mesentery of the embryo, the gametes colonize the primginedal ridge, which later migrate to the

pelic and inguinal regions to form the ovary or testis, respectively. Oogonial multiplicaion begins
during early feta development At birth, all oocytes are arrested at the meiotic prophase stage. In
contrast, male gametes in the newborn male are maintained as diploid stem germ cells. Subsequent
development of both gametes occurs at puberty and this requires an LH surge (see Byskove, 1982
Pierson, 1993).

Fertlization is the fusion of male and female gametes leading to embryo development and production
of offspring (Yanagimachi, 1994). The process, in mammals, is preceded by a series of biochemical
and physiological changes occurring in both gametes. Occurrence of mammilizatidarrequires

the ovulation of mature oocyte(s) from the pool of ovanan germ cells and transportation down the
uterine tube. Similarly, ejaculated sperm originating from the testicular pool of male germ cells must
be deposited in the female reproductive tract and transported to the ampullary-isthmus junction of the
uterine tube where fertlization takes place.

During transit in the female tract, the sperm undergoes physiological and biochemical changes which
make fertlization possible. These changes are collectively called capacitation and enable binding of
spem to the zona pellucida (ZP) which subsequently leads to the acrosome reaction and penetration of
the ZP. Capacitation may be attainadvivoor in vitro. Differentin vitro conditions are used to
capacitate spemrm from various spedes (Yanagimachi, 1994). Capacitated-acrosome-reacted spermm
then enters the ooplasm to initate syngamy and further development of the zygote (€tlsibni

1997).

The known biochemical events occurring during sperm capaciation, the acrosome reaction and the
spermm-egg interaction have been reviewed mainly based on mice models (Bedford, 1982
Yanagimachi, 1994; Tulsiamit al., 1997; Bedford, 1998). They include various alterations in the
plasma membrane and intracellular components, and changes in motiity pattern and metabolism of the
spem celks.



The sperm plasma membrane undergoes many chemical and structural changes during capacitation.
These changes include modification of ion channels, increased adenylate cyclase and cAMP, changes
in surface glyoprotein moieties that lead to changes in lectin binding patterns and also enzymatic
modification of surfaceroteins such as sugar transferases. Metabolic changes include increased
glyoolytic activity and oxygen consumption, hyperactivation associated with activation of adenylate
cyclase system, and loss ofZipns that leads to increased nuclear stability (Yanagimae6i4;
Tulsianiet al, 1997). Acrosome reaction is an exocytotic process occurring in capacitated sperm and
leading to the release of lytic enzymes from the acrosomal cap. A wellstudied and obligatory event
associated with the acrosome reaction is an increase in intracellular caldum (Florman and Babcock,
1991;Yanagimachi, 1994)

Capacitation and acrosome reaction of sperm from one spedes can be indu¢cedor in vivoin

the same or different spedes (Table 1). For example rabbit sperm undergoes capacitation in the uterine
tube of mice and results in fertlization of rabbit oocytes deposited there (Bedford, 1982). Simiarly,
capacitation-like changes were observed with stalion sperm deposited in the uterus of ewes (Parker,
1996). In this study, five hundredilion morphologicallynormal and progressively motie stallion

sperm were surgically deposited into the uterus. Sperm cells were recovered by normograde flushing
of the uterine tubes at 4-6 h-post insemination. Compared to samples prior to transfer, 14% more
spem cells recovered from ewes in estrus showed chlortetracycline staining patterns indicative of
capacitation.

The exadt mechanism of sperm penetration of the ZP and the complementary molecules that initiate
penetration of the ZP by spemm are not yet known. However, it is generally believed the process
involves receptor-ligand interaction between sperm-surface proteins and ZP glycoproteins. In rodents,
these consist of sperm membrane galactosyltransferase and N-acetylglucosamine residues of the ZP.
Galactosyltransferase is highly concentrated in the acrosomal cap of horse sperm (FayreetHosken
al.,, 1993). The receptor-ligand interaction induces the sperm acrosome reaction, an exocytotic process
leading to the release of acrosomal enzymes. The spedfic spemrm protein(s) responsible for speme-egg
interaction are yetto be fully characterized. However, four ZP proteins with variable roles in spem-
egg interaction have been isolated in mammals. In the mice, ZP3 plays the primary role, whilke ZP1 is
the primary sperm receptor in pigs, rabbits and non-human primates (ardlar1998). Such a
characterization is not avaiable for the horse. The penetration of the zona by spem is thought to be
mediated by lytic acrosomal enzymes or by the mechanical action of the spem itself (@ulaiani

1997; Bedford, 1998). The latter author argues that avaiable evidence is in favor of mechanical
instead of lytic penetration.



Following zona penetration, a series of events take place leading to syngamy and the production of the
zygote. These steps have been summarized previously (Bedford, 1982; Yanagimachi, 1994). For the
sperm, they include passage through the perwitellne space, engulfment of the spemrm head into the
ooplasm, dispersal of the nuclear membrane and decondensation of the sperm chromatin. Spem
penetration activates the oocyte resulting in the exocytosis of cortical granules, and resumption and
completion of the second meictic division with the release of the second polar body. Subsequently,
both sperm and egg chromosomes are duplicated forming separate male and female pronuclei, which
then merge (syngamy). This marks the end of the feriilization process and the beginning of embryonic
development, which is followed by maternal recognition of pregnancy and advanced stages of
embryonic development. Tlime requiredor ferilization, after ovulation, varies among mammalian
spedes. In the horse, two pronuclei appear at 12-h and syngamy occurs around 19-h post ovulation
(Grondahlet al, 1993).



Table 1. Summary of xenogenous gamete intrafallopian transfer studies undertaken in different

species
Reference GametXGIFT Oocytes Days Recovery fertilization
Donor Host  Transferred in Host Rate (%) Rate'(%0)
Baker and Coggins, 1969 Sheep Rabbit 45 1 78 0
Baker and Coggins, 1969 Pig Rabbit 97 1 62 23
Baker and Coggins, 1969 Pig Rabbit 174 1 40 0
Baker and Coggins, 1969 Pig Rabbit 269 1 54 2
Sreenan, 1970 Cattle Ewes 375 ? 52.8 8.6
Bedrianet al., 1975 Cattle Pig 70 0.7-1 38.6 22.2
Trounsonet al., 1977 Cattle Rabbit 491 0.5-7 68.6 6.9
Hirstet al, 1981 Cattle Rabbit 582 1.7-31 44.8 13.4
Hirstet al, 1981 Pig Rabbit 410 - 36.1 2
Hirstetal, 1981 Hamster Rabbit 582 1.2-1.3 30.8 63.1
Raoet al, 1984 Goat  Rabbit 97 1-1.5 84.5 36.6
DeMayoet al., 1985 Monkey Rabbit 273 - 52.4 7.6
DeMayoet al., 1985 Hamster Rabbit 94 - 36.2 35.3
McKinnonetal, 1988 Horse Rabbit 15 2 53.3 0

'Out of those recovered



2.2. Early Embryo Development

The first cleavage of the horse zygote takes place within 24-34 h after ovulation and subsequent
cleavages occur at 12 to 24 h intervals (Beearal, 1989; Grondahét al, 1993). Trantion from
maternal to embryonic gene expression occurs after the 6-cell stage (Gedralall993; Balket al,

1993). The horse embryo spends a relatively lotigex in the uterine tube than most domestic
spedes. This period is 5-6 d after ovulation (Bettergdgal , 1982). By d-6.5 the embryo develops a

new layer, called the capsule, between the viteline membrane and ZP. The latter is removed by
hatching once the capsule has been formed (Bettegilgd, 1982). Hatching of horse embryos
occurs between d 7 toiB vivoand examination of the procassvitro revealed thatit occurs in three
different ways (Hochet al, 1993): by squeezing through the ZP; by gradual thinning and loss of the
ZP; and by shedding through a tear in the ZP. Most embryos hatch via the first mechanism.
However, detalled investigation of the stimuli &&ch pathway and their impact @urther embryo
developmentis not available.

The capsule increases in thickness up to d 11 and disappears at about d 28 (Betteridge, 1989).
Structurally, it consists of glycoproteins and its functions include shielding the embryo in the adverse
uterine environment, and to serve as a cushion for the embryo during uterine contractions in early
pregnancy (Ginther, 1992). Besides the presence of the embryonic capsule, early pregnancy in the
horse is characterized by a selective uterine tubal transportildefiédva to the uterus and retention

of unfetilized oocytes in the uterine tubegaf Niekerk andserneke, 1966; Vanderwall, 1996).

Even though the mechanism is not completely understood, selective uterine tubal transport is
suggested to be initated by embryonic production of prostaglan(Wedberet al, 1991). A further

spedfic feature of horse pregnancy is the extensive intra-uterinitynobthe early embryo. This

mobility is believed to contribute to maternal recognition of pregnancy (dfiet al, 1993).

Ginther (1992) gives a detailed description of further development of the horse embryo and fetus.

2.3. Assisted Reproductive Technologies (ART)

2.3.1. Why ART in the Horse?



Annually in the United States, only 55% of mares bred produce live foals (Squires, 1997). Thus,
subfertility is high and an important cause of economic loss imdh&e industry (Woodst al,

1988). Management of the problem requires a better understanding of the reproductive biology and
the constraints involved. Moreover, due to racing and the show industry in North America and
Europe, the single animal is more expensive in the horse industry when compared to other domestic
animals. Thus, it is evident that owners would be interested and could afford ART comparable to that
in human reproductive management, provided the technology was avaiable.

Assisted reproductive technologies have a number of applications. These have been summarized for
Al and ET (Ginther, 1992) and also for techniques such as superovulation, oocyte collection, in IVM
and IVF (Squires, 1996; Squires and Cook, 1996; Hinrichs, 1998). The applications in the horse
industry are presented below:

- to produce foals from donor mares using surrogate dams;

- to establish pregnancy in subfertile or older mares;

- to multiply certain genetic lines (superior horses, exotic or endangered breeds);

- to obtain foals from mares engaged in cditpe;

- to allow the late foaling mare the opportunity to produce an embryo while keeping her barren for an
earlier start in the following year,

- to produce uniform experimental animals;

- to serve as a research tool (twining mechanisms, oogenesiizatiert, early embryonic
developmentin vitro gamete and embryo biology, sexing, mechanisms of early embryonic
death);

- to provide material for other technologies (sexing, cloning, transgenesis, genetic engineering, IVF,
in vitro fertlity testfor stalions), and

- to exchange genetic material across national and international borders.

Reproductive failure in femaes could arise from a variety of causes of whithafert failure,
embryonic mortity and termination of pregnandgr various reasons are the major ones. Failure of
fertlization occurs due to barriers interfering with gamete transport, survival and interaction of either
gamete in the female reproductive tract (Troedsesa@l, 1998). A hostile female tract that endangers
the survival of the embryo also causes embryonic htprtAging may also contribute to conception
failure through both mechanisms.



Failure to conceive, early embryonic mbita or abnormal embryo recovefyom ET programs
characterize subfertile mares (Woadsal 1988). When the subféity involves genetically valuable
animals and when it is not transmissible to the next generation, it is important to be able to save the
germplasm of such animals. The developmem @fitio fertilization has made such salvage possible

in the cow, provided the latter has normal ovarian activity. However, an equivalent technique is
lacking for the mare

2.3.2. Impediments to the Development of ART in the Horse

In spite of the importance of the horse in different spheres of human life, ART, such as IVF, are less
developed for this spedes as compared to other large domestic animals such as catle, sheep, and pigs.
This is attributed to the scarcity of slaughterhouses, that could serve as the source of oocytes,
difficulty to capacitate spenm vitro, lack of a reliable method of superovulating mares, and the lack

of a positive attitude towards such technologies from the major breed registries (Squires, 1996).

A reliable source of competent oocytes is crudal to study IVMAVF and develop appropriate ART
protocols. However, the recovery rate of horse oocytes from mares and slaughterhouse ovaries is
generally low as compared to those obtained from catie. Those recovered generally have low quality
for use in IVMAVF or other studies (Hinrichs, 1991). The sed#gra the mare's repductive

cycle coupled with the difficulty to superovulate them also hampers the quality andildyadéb
oocytes. However, refinement of oocyte recovery methods from live mares with the development of
ultrasound-guided transvaginal folicular aspiration (TVFA) and suppression of the development of
the dominant folicle has improved recovery rates to over 6 oocytes/mare/collection (Gxchtan

1999).

Reluctance to accept Al by breed registries has been a pnafoem in the development of horse

ART. According to Ginther (1992), outof 27 registries surveyed in 1990, 2 (7%) cidaept Al,

18 (67%)accepted it with certain restrictions, and onl28%) registries fullyaccepted Alnvolving

fresh, shipped and frozen semen. The registries were even more strict on ET. Of 24 registries
surveyed, 25% rejected ET. Sixty-three peresmeepted ET but excluded the usdrozen embryos

and had restrictions on the number of embryos per donor per year (Ginther, 1992). A more recent
study (Baieyet al, 1995) evaluated treeceptance of Al and ET by 67 registries in the USL994,



90%accepted Al as compared@d%accepting ET. However, one of the major registries, the Jockey
Club, still does not accept the use of either Al or ET.

2.3.3. Oocyte Collection, Determination of Quality andin Vitro Maturation

Horse oocytes may be collected from live mares or from slaughterhouse ovaries. Oocyte recovery
from live animals may baccomplished via laparotomy (Malion et al, 1987), flank punctures
combined with rectal manipulation to position the ovary at the flank area (Petmalr, 1987,
Hinrichset al, 1998), colpotomy (Hinrichs and Kenny, 1987), and ultrasound-guided TVFA The
latter has emerged as an easy, relatively reliable and less invasive methodt(@ok992; Squires

and Cook, 1996) for oocyte retrieval.

To recover oocytes, slaughterhouse ovaries have been subjected to simple aspiration of folicular
contents using a syringe and a needle (Okaslal, 1987; Ericeet al, 1998), aspiration with a
continuous irrigation system (Vasquet al, 1993) or aspiration with a constant vacuum source
(Fayrer-Hoskeret al, 1993). Ovaries have been subjected to dissection and isolation of individual
folicles follbwed by rupture of the latter (Okolski al, 1987), and slicing of the ovaries followed by
simple rinsing of the slices (Chet al, 1993) or scraping of the interior follicular wall (Del Campo

et al, 1995).

Recovery of oocytes from live mares may be conducted on pre-ovulatory ¢Cabk 1992; Bruck

et al, 1997) or diestrous follicles (Coakt al, 1993). Vogelsangt al. (1988) reported high
recovery rates with a continuous irrigation and aspiration system using a double-lumen needle as
compared to simple aspirations. This procedure has been verified by a number of subsequent studies
(Table 2). Thus, the current ultrasound-guided TVFA method of oocyte recovery in the mare is
designed to offer continuous irrigation and aspiration of follicle contents by using 12-G double lumen
needle. Squires and Cook (1996) have described the procedure of ultrasound-guided TVFA

A summary of oocyte recovery methods used on slaughterhouse horse ovaries and live mares is
presented in Table 2. Recovery rates per folicle manipulated range from 13% (Hatrighs1998)

10



to 84% (Rayet al, 1994) from live mares and from 27% (Esiteal, 198) to 96% (Mlodawska and
Okolski, 1997) from slaughterhouse ovaries. Most of these discrepancies may be explained by
variations in the method used and the type of folicles manipulated (see Table 2). Horse oocytes may
also be recovered from pregnant mares. Meidfesl. (1995) used ultrasound-guided TVFA and
reported a higher recovery rate in the pregnant (76%) than in the non-pregnant mares (46%). This
may be due to natural superovulaton occurring in response to equine chorionic gonadotropin during
early pregnancy (Hinrichs, 1998). However, an attemphitoic theprogesterone profile of early
pregnancy via altrenogest (and also equine somatotropin) treatment did not increase either the number
of foliicles or the oocyte recovery rate (Cochedral, 1999).

In vitro fertilization or otherin vitro oocyte manipulation protocols require the assessment of an
oocyte’s potential to undergo fikration and further development prior to subjecting it to the
procedure of interest. This generally involves evaluation of the morphology of the cumulus
investment, the ooplasm and the cumulus oocyte complex (COC) as a whole in the bovine (De Loose
et al, 1989), and the method has been adapted for the horse (Heticls 1991; Choket al,

1993). Accordingly, horse oocytes have been categorized in different ways including three-stage
(Okolskiet al, 1987, Rayet al, 1994), four-stage (Cheit al, 1993, Vasqueet al, 1993; Del
Campoet al, 1995), six-stage (Ericet al, 1998) and seven-stage (Del' Aquéa al, 1996)

grading systems.

For normal feflizaton and embryonic development, oocytes must undergo both nuclar and
cytoplasmic maturation. A number of criteria have been suggested to assess cytoplasmic maturation.
These include features such as migration of cortical granules to the oolemma, increased number of
mitochondria and lipid droplets, changes in the arrangement of Golgi apparatus, and the presence of
only granular endoplasmic reticulum (reviewed by Fayrer-Hoskenal, 1993). However,
cytoplasmic changes during oocyte maturation are stil difficult to evaluate. As a result, maturation is
judged indirectly by nuclear and chromatin structure and/or by the ability of the oocyte to be fertlized
The former method mainly involves the use of the DNA-specific fluorescent stain, Hoechst 33258,
and has been applied in evaluating maturation of horse oocytes (Hetriahs1993).

Following recovery of oocytes from ovaries using a suitable media, horse ova can be cultured in
different media. These include Ham's F10 (Shabpatrett, 1993), TCM-199 (Wiliset al, 1991,
Shabparelet al, 1993; Del Campet al, 1995; Hinrichset al, 1997), Krebs-Ringer-bicarbonate
solution, B2 or Brackett-Oliphant solution supplemented with bovine serum albumin @Viks,
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1991), saline or Tyrodes medium (Del Cargpal, 1995) and P-1 medium (Cochrah al 1999).

Different supplementation regimes consisting of sera, hormones, and co-culture systems have also
been used. Serainclude fetal calf (Wdisal, 1991; Del Campet al, 1995), fetal equine (Palmer

et al, 1987; 1991; Grondakdt al, 1997), estrous mare (Del' Aquiit al, 1996), estrous cow

(Bruck et al, 1996; Dell Aquileet al, 1996) and day of ovulation mare (Wikg al 1991) sera.
Supplemented hormones include luteinizing hormone, follicle-stmulating hormone, estradiol and
equine chorionic gonadotropin. Moreover, pyruvate and lactate can be added to culture media as a
source of energy (Zhareg al, 1990; Wiliset al, 1991; Squires, 1996).

Modified TCM-199 is widely utiized for IVM of horse oocytes. The maturation duration is quite
variable among different studies ranging from 15-h (Wélisal, 1991) to over 40-h (see Squires,
1996). The latter author summarized observations from different studies showing that most horse
oocytes reached metaphase Il stage after 30-h IVM. Thus, current IVM protocols for horse oocytes
involve incubations for about 36-h in TCM-199 supplemented with hormones and serum.

2.3.4.In Vitro Fertilization and Related ART

Embryo transfer is routinely applied in horse reproductive management with success rates higher than
80% when good quality donor mares and embryos are used (McKinnon and Squires, 1988;
Vanderwall, 1996). Documented attempts of embryo transfer in the horse date back to 1972 by
Japanese investigators who reported the first successful transfer with the birth of a foal (Oguri and
Tsutsumi, 1974). In spite of more than two decades of development and use of ET in horses, the
embryos used for such transfer are obtained entrely by uterine flushing, between d 6 and 8 post
breeding. Moreover, a repeatable and cost-effective method to produce horse @miitosis not
available.

Experiments to fertlize oocyten vitro date back to 1949. These attempts led to the discovery of the
need for capacitation of sperm by Chang and Austin in early 1950s. Subsequently, succegsful
fertlization was first reported in the rabbit by Thibault and colleagues in 1954 by iaswy o
capacitated spem (see review by Yanagimachi, 1994). As of published reports through 1998 and
1999, in the horse, only two foals have been produced by using regular IVF proceduresgPalmer
al.,, 1991; Bezard, 1992 cited by Hinrnichs, 1998). The first foal was born on June 14, 1990 (Palmer
et al, 1991). In that experiment) vivooocyte maturation was induced with equine pituitary extract
and pre-ovulatory follicles were punctured and flushed to recover 159 oocytes that underwent IVM in
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different media consisting of either B2 or TCM-199. Krebs-Ringer-Bicarbonate or modified Hanks
solution supplemented with BSA and Hepes buffer was used for the spemrm preparation. Insemination
was followed by co-incubation of oocytes and sperm for 18-hlizagidn (27%) was observed with
sperm capacitation media supplemented with caldum ionophore. Surgical transfer of eight embryos to
the uterine tube of recipient mares resulted in pregnancy and the first IVF foal. However, the
procedure has not been repeatable in spite of a number of studies undertaken to do st @hang
1990; Dell Aquileet al, 1997, Grondahét al, 1997). Initial felitization and cleavage rates of horse
oocytes follbowing IVF are less than 33 and 25%, respectively (see Hinnchs, 1998) and
parthenogenetic cleavage occurs in 6% of IVMAVF oocytes (Del Cahm, 1990). The major
problems appear to be associated with a lack of effective methods for capacitation ofrs pémm,
maturation of oocytes, amal vitro culture of early embryos.

Different modifications of IVF have been tried to improve success rates of IVF in the horse. These
include the use of percol separated semen, treatment of sperm with caldum ionophore, partal removal
of the oocyte cumulus layer, and partal dissolution of the ZP either mechanically or chemically (see
Hinrichs, 1998). However, none of these methods has been refined for use as a clinical tool with a
predictable outcome. A further modification of IVF involves direct diipasof sperm in the oocyte
through ICSI. Foals have been produced using ICSI at Colorado and Louisiana Statatielnands

in Australia (see Cochrast al, 1998). Hence the method appears to have promising potential in
equine ART.

Dell Aquilaet al. (1997) compared the developmental ability of oocytes after ICSI and IVF. They
reported that 29.8% of ICS| as compared to 8.7% of IVF oocytes showed further development, up to
16-cell stages. Grondahklt al (1997) reported cleavage rates of 50 and 16% following ICSI and
regular IVF, respectively. Squirest al. (1996) injected four oocytes with sperm and one (25%)
cleaved to 10-12 cell by thiene of transfer to the recipient mare's uterine tube. Co@trah (1998)

observed 55% cleavage (two to eight cell at 48-h) rate following ICSI of 86 oocytes. Thirty four
percent of those that cleaved became degenerateinpdtro culture. Cochraret al. (1999) also

reported cleavage rates of 44-58% following ICSI of oocytes obtained from altrenogest treated mares.
Thus cleavage rates following ICSI in equine oocytes is about 50% (see above) as compared to less
than 25% following regular IVF (see Hinrichs, 1998).

One reason for poor success of IVF in the horse may be related to the inadegnagyrofculture
(IVC) conditions for zygotes and embryos. Optimum culture itond are required to attain

developmental stages of embryos to be used for spedfic purposes such as embryo transfer and
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freezing. Moreover,in vitro development of embryos is a rapid method of evaluating embryo
viability (Vanderwall, 1996). Horse embryos recovered from mares have been culurgtio in
TCM-199 supplemented with FCS (Hoétial, 1993), in co-culture systems (Bal al, 1993) or

in vivoin the uterine tube of other specdies (Allen and Pashen, 1984). These studies stmowitioat
produced zygotes or embryos develop much better than those obtained by IVF.
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Table 2. Methods of horse oocyte recovery and success rates from slaughterhouse oviarges and
mares as reported in different studies

Refaence Aspiration®  Sliang* Overdl®% FA®  Remak

Slaughterhouse/Postmortem ovares

Okolskiet al, 1987 - 4° 93 SNS
Okolskiet al, 1987 1.5 - 1.7 34 SNS

Ericeet al, 1998 1.9 - - 27 BS

Ericeet al, 1998 - 2.8 3.9 81 BS

Hinrichs, 1991 46" BS

Choiet al, 1993 1.79 4.1 5.9 - BS
Vazquezet al, 1993 0.9 3.6 - - NS
Vazquezt al, 1993 1.7 3.6 - 57 NS

Del Campcet al, 1995 - 2.3 80 SNS

Dell Aquilaet al, 1996 2.3 2.3 - BS

Brucket al, 1996 7.7 7.7 44-61 BS, DEF, POF
Dell Aquilaet al, 1997 3 3 - NBS
Mlodawska and Okolski, 1997 3.2 96 BS, NBS
Live Mares

McKinnonet al, 1987. 20-38 POF, BS
Palmeret al, 1987 63 POF, SNS
Vogelsanget al, 1988 60

Brucket al, 1992 25  1/4trids,POF
Cooket al, 1992 57 POF, BS
Cooket al, 1992 19 DEF, BS
Carnevale and Ginther, 1993 '78 POF, SNS
Cooket al 1993 22  DEF, BS
Cooket al, 1993 63 POF, BS
Cooket al, 1993 61 POF, BS
Rayet al, 1994. 84 POF, SNS
Almet al, 1997 1971°°DEF POF, BS, NBS
Brucket al, 1997 27 BS, DEF
Hinrichs et a., 1998 13-66" POF, BS

-*Recovery rate is per aspirated and/or sliced ovafpubiof follicles aspirated (FA)

-Oocyte recovery by processiftge same ovary by 2 methods; wishmple syringe-needle
aspiration®scraping of dissected/isolated folliclésjm of recovery from 2 methods applied on the
same ovary?aspiration-flushing systerfsuction pumplultrasound-guided aspiration

- SNS, season not stated; BS, breeding season; NBS, non-breeding season; POF, pre-ovulatory
folicles; DEF, diestrous follicles
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2.3.5. Gamete Intrafallopian Transfer

Due to poor success rates of IVF in the horse, a number of other ART procedures have been tried.
One such procedure involves the transfer of oocytes with sperm from a donor to the reproductive tract
of a recipient animal of the same spedes. This process has been successfully appled in the horse
(McKinnonet al, 1987; Hinrichset al, 1998; Hinrichset al, 1999). The advantage is that GIFT
provides the gametes with an environmentnhatics, and potentially fulfillsjn-vivo conditions to

support further development of the gametes. In women, GIFT usually involves a single subject
(autologous GIFT) and when there is unilateral uterine tube pathology (Abraatoaici1997).

Different studies have shown that fertlization can occur in both heterogenous (different female of the
same spedes used as gamete recipient) or xenogenous (female from different spedes used as gamete
recipient) reproductive tracts (Table 1). In the horse, 10 out of 15 oocytes were recovered following
heterogenous transfer of oocytes to previously inseminated mares. Out of those recovered, three
(30%) were feitized and the transfer of these embryos resulted in the first foal produced by GIFT
(McKinnon et al, 1988). Blastocyst development rates as high as 83% have been documented
following GIFT in the horse (see Hinricleg al, 1998). The high success rates were attributed to

using IVM oocytes prior to transfer. Moreover, the physiological environment provided by GIFT may
have led to a better success rate as compared to when using embryos from IVF.

2.3.6. Other ART in the Horse

2.3.6.1. Intrafollicular Oocyte Transfer (IFOT)

Another approach in equine ART has taken into account the nature of follicles. In the mare, the
ovulatory folicle can grow to over 40-mm. This makes it relatively easigdess the follicular cavity

for punciure and subsequent transfer of oocytes. Thus, different investigators (Hinrichs and
Digiorgio, 1991; Carnevale and Ginther, 1993) have attempted IFOT. The latter authors transferred
single oocytes to 7 mares. Two mares had twin conceptuses, two had singletons but three were not
pregnant 12 days later. However, the use of IFOT is limited because of the difficulty of excluding the
possible fertlization of recipient oocytes. Moreover, repeatabilty and success rates of IFOT are
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generally low and the delivery of the oocyte into the recipient follicular cavity is not reliable (Hinrichs,
1998).

2.3.6.2. Micromanipulation/Embryo Bisection

Embryo bisection is used to produce clones of an embryo by separating blastomeres and allowing
their developmentinto an embryo and subsequent offspring. In the horse, bisection attempts date back
to the 1980s. In Cambridge, UK, Allen and Pashen (1984) reported the birth of two pairs of
homozygous foals using bisection. They used 2 to 8-cell embryos that were either half or quarter
bisected and transferred the blastomeres to empty porcdne zona. The zona were embedded in agar and
subsequently cultured in the uterine tube of sheep for 3 to 4 d before transfer to recipient mares, with
the subsequent production of foals. Muller and Cykryt (1989) reported that pregnancy was
established in 2/6 mares that received demi embryos obtained from morulae as compared to 0/6 mares
that received demiembryos from blastocysts. Simiarly, Skidmeoral. (1989) reported that no
pregnancy resulted following the transfer of demiembryos from blastocysts as compared to 8/12
demiembryos obtained from morulae.

2.3.6.3.Xenogenous Fertilization

The term xenogenous GIFT (XGIFT) is used to denote the transfer of gametes between different
spedes. This is a modification of the GIFT procedure in which the uterine tube of a female from
another mammalian spedes is used as a provisional gamete recipient. Such studies have been carned
out in different spedes (see Table 1) and live births have also been reportedt Rla§1984)

reported that 37% goat oocytes subjected to XGIFT in the rabbit wdizetkand three kids were

born after the transfer of the embryos to recipient does. dHiedt (1981) transferred 409 bovine and
porcne oocytes with semen from respective spedes to the uterine tubes of pseudopregnant rabbits.
The overall recovery and fertlization rates were 41 and 9%, respectively. Transfer of hamster oocytes
to rabbits resulted in a greater (63%)ilfeation rate, but the recovery rate was lower (34%) than the
bovine oocytes. In that study, ligation of the rabbit uterine tube and the number of ova and spem
deposited did not affect the xenogenouslifation rate of porcine and bovine gametes (Harsal ,

1981).

One study reported the transfer of horse oocytes to another spedes about a decade ago (&tcKinnon

al. (1988). Fifteen pre-ovulatory oocytes recovered from mares were transferred with stallion sperm
to rabbit uterine tubes. None of the eight oocytes recovered (53%) wiezedert was conduded
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that XGIFT was not a feasible alternative method of ART in the horse. Since then no other study has
been published on the use of XGIFT as a potential alternative ART in the horse. However, spem
capacitation was not undertaken in that study and this might have affected the outcome. Moreover,
McKinnon et al (1988) usedn vivo matured oocytesl.n vitro maturation has been suggested to
improve the fertlization and pregnancy rate of horse oocytes subjected to GIFT (Hatrielhs

1998) or bovine oocytes subjected to XGIFT (Sreenan, 1970)timé&ef ovulation in the rabbits

used as XGIFT hosts by McKinneart al (1988) in relation to the deptisn of equine oocytes could

also be additional contributing factors. Thus, considering that 1) XGIFT has been successfully
applied in other spedes (Table 1); 2) stalion sperm can survive and may undergo capacitation in the
sheep uterine tube (Parker, 1996); and 3) the sheep uterine tube has been used to culure horse
embryos leading to the production of foals (Allen and Pashen, 1984), the use of XGIFT warrants
further evaluation before it is to be excluded from the list of equine ART.
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3. MATERIALS AND METHODS

3.1. Media, Reagents, Drugs and Other Supplies

Reagents purchased from Sigma ChemiCalmpany, St. LouisMO, are listedwith the catalog
numbers: bovine serumbumin (BSA) (# A-2153),penicillin (# P-4687), streptomycin (# S-
1277), gentamycin (#G-1397), fatty acid freeBSA (# A-8806), medium-199 (#M-7528),

glutamine (#G-5763), FSH (# F-2293)estradiol-1B (# E-4389), pyruvic acid (# P-4562),
heparin (# H-3145), mineral oil (# M- 8410) and proteinase k (# P- 6556).

Those purchased from GIBCO/BRL, Grand Islamdly, include: phosphate buffered saline
(PBS) (# 21300-025), fetal calf serum (FCS) (# 26010-066), primer 1 (ID. # M2615&ba3r
2 (ID. # M2615C11), Bsml (cat. # 35408hd its buffer(part. # Y92500)Fifty-ml (item #
25330-50) andl5-ml (item # 430052) disposableentrifuge tubes, bottle top filters (item #
430512) and 35x10-mrmoulture dishes(item #25000-35) were purchased from Corni@gstar,
Corning, NY.Pittmann Moorewas the source ofchromic catgut (Item #M315) and0.5-mm
(Item # PM537) polyamid suture materials. Foley atodncat cathetersvere purchased from

SherwoodMedical, St. Louis, MO while ketaminehydrochloride (Vetaminél) and flunixin

meglumine (Banamiré) were from Shering-Plouglnimal Health Corp., Union, NJ.Other

companies that were the source of single items are mentioned in the text.
Ovary Transportation Medium
The solution for the transport of ovaries was Batlo's PBS solution supplemented with antbiotics

and either 1% FCS or 0.1% BSA. Antbiotics used consisted of either 200-R&nicillin and200-
_g/ml streptomycin or 100- /gl Gentamycin. The latter components were added after mixing the

PBS powder in 980-ml diked deionized water by using @orningl stirrer (cat. #PC-353).
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Powder reagentsncluding PBS, were weighed on aillied] Fisher Scientific balance. The

solution was shipped tihe slaughterhouse at rootemperature andsed for transporting ovaries
within 1 wk of preparation.

Oocyte Recovery Medium

The oocyte recovery medium consisted of the same components as the ovary transportaton medium
except that BSA was replaced with 0.3% fatty acid free BSA and the concentration of the antbiotics

was reduced by half. Moreover, the solution was filtered through autn43etie-top filter and kept

in the same botte af@ until use after warming to 3€ in Revcal incubator (model BODS50ABA).

The solution was used within 24 h of preparation.

In Vitro Maturation Medium

In vitro maturation (IVM) medium consisted of tissue culture medium-199 (M-199) supplemented
with 100-mg/l L-glutamine, 10% FCS, antbiotics at concentrations as in the oocyte recovery

medium, 0.02-units/ml FSH, ig/ml estradiol-1, and 0.2-mM pyruwvic acid. The medium was
equiibrated in a CQincubator (Fisher Scientific], cat. # 1168851H) for at least 4 h and

subsequently filered with a On syringe filtler (GelmarsciencesAnn Arbor, MI, cat. # 4192)

before use. Components without hormones were used to wash oocytes.

Capacitation and In Vitro Fertilization Medium

Brackett-Oliphant (BO) medium was the main component of the sperm capacitation and IVF media.
The medium was prepared as described in the original article (Brackett and Oliphant, 1975), except
that glucose was excluded. Moreover, NaH@@s prepared separately to allow long time storage
(Dr. M.S. Chauhan, personal communication) and mixed at 3:1 (V/V, other components solution:
NaHCQ, solution) ratio with the other solution before use. The medium used for the inital two semen
washes was supplemented with 0.2-mM pyruvic acid and the fina medium for spem pellet-
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reconstituton and IVF wdsirther supplemented with 0.3% BSA. The medium was equilibrated for
pH, and filtered as described earlier before use.

Embryo/oocyte Recovery after XGIFT andIn Vitro Culture Media

The recovery medium was the same as the oocyte recovery medium described earlier except that it
was further supplemented with u@/ml heparinin vitro culture (IVC) medium consisted of

medium-19%upplemented with 100-mg/l L-glutamine, 10% FCS, antibiotics and 0.2-mM pyruvic
acid. The medium was also equilibrated for pH dtetdd as described earlier.

3.2. Acquisition of Ovaries, Oocyte Recovery andin Vitro Maturation

Mare ovaries were transported ovemight from Cavel Slaughterhouse in DeKalb, lllinois. About 10
ovaries were placed in a zipdock bag that was filed with 500-ml of transportaton medium after
excising them from the reproductive tract. The bag was closed and placed into another zipHock bag
and the double-locked set was shipped ovemight via FedEx carrier in a Styrofoam box. The package
was kept at room temperature during shipment. Twelve to 40 ovaries were shippededadning
shipment.

Soon after receipt, ovaries were washed in warm saln&C}§3@nd kept at I until oocyte

recovery, which was accomplished within 4 h. Each ovary was subjected to 2 methods of oocyte
recovery: aspiration and slicing. Aspiration involved identification of all external foliicles followed by
puncture using a 14-G needle fitted with a 20-ml syringe. Folicular contents were evacuated and
transferred to a collection beaker. Each folicle was then rinsed thoroughly with oocyte recovery
medium and the rinse flud was transferred to the same collection beaker. Folicles subjected to
aspiration include mainly those greater than 20-mm in diameter. Slidng involved diaaghobvary
subjected to aspiration with a scalpel blade into small pieces to locate internal follicles. To do this, the
ovaries were placed in 100x100x15-mm disposable petri disferjcan Scientific Products,
McGaw Park, IL, cat. #D1980-16) and stdlzed with hemostats while dicing. The follicles were
ruptured and the contents were saved in a separate collection beaker. The interioeacéllfoficle

was then scraped with a scalpel blade and the slices were washed in a beaker with medium.
Approximate diameter of the follicles subjected to each method was also recorded.
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The fluid collected fromeach session of aspiration and sliadng \wasled separately int600-ml
Pyrexd graduated cylinders and kept in a Révamcubator (model BOD50ABA) until the fluids

were searched. After allowing the oocytes to settle for about 15 min, the supernatant was genty
aspirated from the top and discarded. Tdit@e the search, cloudy aliquots were reconstituted with
more medium and processed as before. Aliquots were transferred to search dishes. The fluid was

searched for oocytes under a stereomicroscope (Nikon SMZ-2apan) and transferred to IVM
medium in a 35x10-mm culturéish, which wastemporarily kept on a slide warméFisher
Scientific, cat. # 12-594) at 3Z. The transfer was made with finely pulled pasteur pipettes (Fisher
Scientific, cat. # 13-678-6A). The oocytes were then washksdsit 3 times and 10 to 15 oocytes

were transferred to a 50-IVM mediumundermineral oiland incubatedor anaverage of 41 h

(range, 32.3-50.3) &8.5°C in humidified air in 5% CQ The interval between the collection of

ovaries from the slaughterhouse to IVM was 30 to 36 hours.

The quality of the oocytewas determinedbased orthe appearance of tleplasm,the cumulus
investment and thevhole COC (DeLooseet al., 1989). Grade Aocytes had homogeneous
ooplasm,compact multilayeredumulus,and light and transparent CQtlls. Grade B oocytes
had less homogenous ooplasm, compadtilayered cumulus and dark€OC. Grade ocytes
had irregular ooplasm, less compact cumulus and darker COC than in B oocytes. Guyted
were those with irregular ooplasm, expanded cumulus with or without scattereclutags, and
dark and irregular COC. Oocytes without cumulus investment, regardless of ooplasm morphology,
were also assigned D grade. The degree of expansion of the cumulusdayalisodetermined as
described by Hinrichst al (1997), with slight modifications, athe beginning and end of the
IVM. Cumulus-oocyte complexes were assigned grades of 0, 1, 2 and 3 based on tubgther
had compact, slightly expandedjoderately expanded and fully expanded cumubigers,
respectively.

3.3. Semen Collection, Sperm Capacitation andh Vitro Fertilization

Fresh semen was obtained from a stallismg a breedinghantom and a Missouri tygetificial
vagina (Hamilton ThoriResearch, Beverly, MA)The stallionused had aacceptablehistory of
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fertility with greater thar60% progressively motilenorphologically normal spermatozoa. Sperm
concentration of the gel-free semen was determined by using the Makeler Counting Chamber (Sefi-

Medical Instruments, Haifa, Israel). The chamber was loaded wiill adgnen sample and sperm

cells were counted in at least thrteips with 10 squares each, under a Nikomicroscope

(#154063) with phase contrast. The number of cells dividetthdywmber oftrips counted gave
sperm concentration (in millions) per ml.

Spermcapacitatiorwas carried out in capacitation/IVF mediu(see above). Freskemen was
washedtwice by centrifugation (Marathon 22 KBR centrifuge) at500xg for 10-min in BO
medium withoutBSA. The pelletwas resupended withVF medium andsperm number was
adjusted to obtain 0.5 million sperm cells{llGand the reconstituted spemvas incubatedfor 3 to

4 h in a 15-ml disposable centrifuigbe. Capacitatecsperm was used fdvVF and was also
transferred with oocytes to the uterine tubesloéep while fresh non-capacitated semevas used
for direct insemination into the ovine uterus.

An IVF trial wasundertaken to serve as a confiml XGIFT gametes and also tssesghe in
vitro developmental potential of th@cytes.In vitro matured oocytes wemgashed ateast three

times in IVF medium and 10 to 15 oocytes were transferred toph #dzrodrop of IVFmedium

under mineral oil. Each microdrop had added aull@lume containing 40 xf0morphologically

normal progressivelynotile capacitategpermcells peroocyte. At 16 h ofco-incubation with
sperm cells, oocytes were washedce in IVC medium andvere incubated further tevaluate
subsequent cleavage vitro.

3.4. Preparation of Ewes and Xenogenous Gamete Intrafallopian Transfer

The study wasconducted betweelNay 21, 1998and May 13, 1999.Commercialewes were
implantedsubcutaneously ithe earwith a progestin preparation containing 3-mg norgestomet

(Syncro-mate-BI, RhoneMerieux Inc., Athens,GA) for anaverage of 12 d to induaestrus.
Ewes wereadministered an intramuscular (IM) injection ©0-mg dinoprosttromethomide

(Lutalysél, Pharmacia & UpjohiCompany, Kalamazodvl) 3 d beforeimplant removal tdyse
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luteal tissue fromthe previous cycle. Implants were removed 2 d befine expectedXGIFT

surgery. An IMinjection of PG-600(Intervetinc., Millsboro, DE), a productontaining400-IU

pregnant marserum gonadotropin arZDO-IU human chorionic gonadotropiwas administered

per ewe, at implant removal. Heat detection was assisted with a vasectomized teaser ram, and ewes
showing estrus were subsequergigpared fosurgery. Ewes in whiclovulation did not occur

until the time of surgery, were treated with J@9gonadorelin diacetate tetrahydrate (Cystorglin

Rhone Merieux Inc., Athens, GA) given IM immediately after surgery to enhance ovulation.

Preparation for surgery involved withholding feed and watefor 24 and12-h, respectively.
Ewes weregore-medicated witl®.02-mg/kgatropine sulfat€VEDCO Inc., St. JosephO), IM.

Ten minlater, tranquilizationwas achieved with0.11-mg/kgxylazine hydrochloridRompuri],

BayerCorp., Shawnee MissiorKS), IM. General anesthesiaas induced with an intravenous
(IV) injection of 2-mg/kgketaminehydrochloride. Ewes werglaced indorsal recumbency on a

surgerytable with their head extendetbward the floor at anangle of about 210to prevent

aspiration of upper gastrointestinal and respirasagretions. A surgicgllane of anesthesia was
maintained with a mixture of xylazirsd ketaminehydrochlorides giveM, as required, ahalf
the initial dose for each ewe.

The ventral abdominal areeas clipped and preppetbr surgery byalternativescrubbings with

high foam povidone iodin€Cliniscruli], The ClinipadCorp., Charlotte, NC)and 70% alcohol.

This was followed bythe application of a sterile drape (Keridasurgical drape material, The

Veterinary Co., Boston, MA). A mid-line incision through &len, subcutaneous tissuege linea
alba and adjoining peritoneum was made starting at about 3-cm anterioutidéreand extending
to just caudal to the umbilicakcar. The reproductivetract was located and subsequently
exteriorized with gentle digital manipulationand ovarian structures (follicularcorpus
hemorrhagicum,nactive) were recordedGametetransfer and intrauterine insemination were
undertaken ipsilateral to the ovary with more marked follicular activity. In sones XGIFT was
undertaken bilaterally.

In vitro matured oocytes weneashed in IVFmedium and mixedvith 0.5 million capacitated
sperm cellsThe mixturewasimmediately loaded to a fingolishedcapillary tube connected to a
tuberculin syringe anthe tubewas gently introduced into the infundibulum amanpulla of the
uterinetube. Once thetubewas introduced pasthe sigmoid-flexure-like structure of the uterine
tube,the gametesvere deposited slowlwhile withdrawingthe tube. In order to insurgametes
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were deposited in the uterine tube and to prevent back-flaheaontentsthe minimumpossible
amount of fluid (usuallyessthan 80ul) was usedThe capillary tubewas loadedsuchthat the
‘washing out’ of the gametes was facilitated. The loading order fhempen end othe capillary

tubewas as followsiVF medium(104ul), air (54ul), oocytesand spern{20ul), air (54ul), and

IVF medium (10gl).

Following uterine tubal transfer, intrauterine inseminat@s undertakerusing fresh semen. The
wall of the uterinehorn ipsilateral to theXGIFT uterine tubewas pierced withthe blunt end of a

1/2-circle needle and 22-G Jelcdl IV catheter(Johnsonand Johnson,Arlington, TX) was

introduced into the cornudlmen. Atuberculin syringe containing.5 million spermcells was
then fitted to the catheter for deposition in the uterine lumen. In egg@sthe uterotubal junction
was ligated and no intrauterine insemination was undertaken.

Closure ofthe abdominal incisiomwas made in thredayers.Peritoneal closurevas madewith a
simple interrupted pattern usimg. 1 chromiccatgut.The subcutaneous tissue welesed with a
continuouspatternusing no. lchromic catgut. The skin was sutured with #&rd-interlocking
patternusing 0.5-mmpolyamid suture. Ewes weréreated IMwith 40,000-units/kgprocaine

penicillin (Pfi-Pen Gl, Pfizer Inc., New York, NY) for 5 d post-operatively and those displaying

symptoms of pain were also treated with 0.5-mg/kg, flunixin meglumine, IM, the day of surgery.

3.5. Oocyte/Embryo Recovery from Ewes, and Evaluation

After allowing theXGIFT gametes to reside in tlsbeep for 2 to 7 d, ewes weagain prepared

for surgery, pre-medicated and anesthetized as described earlier. A surgical wasr@ogieved

along theprevious woundand the reproductiveract was exteriorized as described earlier and
ovarian structures were recorded. The wall of the uterine horn was puncturédeniiant end of

a #3 scalpel handle about 4-cm caudal to the uterotubal jurfttiby). An 8(Item #HRI 8887-
603085) or 1(Qltem #HRI 8887-603101french Foleycathetewas introduced into thdumen,
advanced gently towards thelr'd and the balloon inflatedith 3-ml saline.The collection end of

the Foley catheter was placed in a 50-ml sterile centrifuge tube. Normograde flushing of the uterine
tube was accomplished by using a 60-ml syringe with flustiadium fitted to a tom cat catheter
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introduced into the uterine tube through the infundibulum. The wall of the uteringvaigightly
gripped against theatheter to preverttack-flow of the flushing fluid. About 50 ml of embryo
recovery medium was used to flush the uterine tube and the proximal parts of the uterine horn.

For recoveries greater than 3-d post XGIFT, the uterine ipsilateral to theside of XGIFT was
also flushed. This was accomplished by deflatmgFoley catheter already iplace,redirecting it
toward the uterinebody andre-inflating theballoon. The horn of the uterus wassubjected to
retrograde flushingia a 60-mlisyringefitted to another~oley catheter introducedhrough the
uterine wall and into the lumen. Then-XGIFT hornand the opening of thaterus tothe cervix
were clampedwith sponge forceps tavoidloss of flushingfluid via the latter routes. Flushing
fluid was collected in a similar manner described above for the uterine tube.

Ewessubjected to ligation of theTJ atthe time of XGIFT had their uterindubes excised and
flushedin vitro. The infundibulum was clamped with a hemostat #ieduterine tubevas excised

distal to the site of ligation at théTJ. The uterine tub&vas gently dissected fronthe adjoining
broadligamentand placed in a petdish containing adequatfushing medium.The point of
ligature was removed with scissors and the distal emiteofiterine tubevas stabilized in a search

dish. A 3 1/2 french tomcat catheter was introduced into the infundibulum and the uterine tube was
flushed with 20 to 40-ml embryo recovery solution.

The recovered fluidwas searched as described earlfer oocytes. Oocytes/embryos were
transferred tdVC medium, washedwice and evaluatetor further development both under a

stereomicroscope (Nikon SMZ-2T Japan) and inverted microscofidikon Eclipse TE300,

Japan, model 410325). Cleavage was used as the main critevialuate fertilization in recovered
oocytes/embryos. Further culture of the embryos was also condueie® as described for IVF

oocytes and goodjuality embryos wereselectedfor transfer torecipient mares. Transfer of
embryos to maresvas undertaken by non-surgical method (Oguri ahsutsumi, 1974) (3

embryos) or by laparoscopic method (2 embryos).

3.6. Determination of Embryo Sex

Because of the possibility of spontaneous or parthenogenetic activatocyaés,including those
of thehorse,some embryos were subjected to a procedusexfletermination to detect the Y-
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chromosomeThe methodvas based othe amplification of the zinéinger (ZF) protein X and
ZFY loci followed by restriction enzyme digestion of the prodieippoet al., 1995). Embryos
(7) from the last experiment were washed three times in DNasB®8aolution (Higuchi, 1989)
to remove contaminant DNA. No penetrating or bound spermatozoa were obsethednnbryos

used for thispurpose.Eachembryowas transferredndividually to 10ul PBS solution under
mineral oil. Drops of 10-mg/ml proteinase K solution were addedsinyg separate pipettes until
each embryavas lysedper observation under a stereomicroscope (Nikon SMZ;2lBpan). All
the fluid in each microdrogas aspirated with separate pipettes and transferr&C# tubes and

incubated for 1 h at 3T for further enzyme action. The enzyme was then inactivated by heating at

98°C for 8 min and all the fluid from embryo DNA extraction (abouful)5~as used for PCR.

Control male and female DNA samples were isolated from blood samples obtained by jugular
venipuncture of a broothareand a six-week-old colt. Isolation 8NA was undertakerusing a

QIAGEN kit (QIAGEN, 1997). Blood samples (2@ from each animalvere taken irduplicate
into 1.5-ml microfuge tubes and subjected to proteinligestion, and precipitation, washing and
elution of DNA by using buffers supplied with the kit. About 30-ngubf approximately200-ul

final elution volume) of each control DNA was used per PCR.

Embryonic and blood DNA extracts were subjecte@@R amplification of ZFX/Y loci byusing
custom synthesized primers (Peipgtoal.,, 1995). The primersequences (5’ to 3*vere: ATA
ATC ACATGG AGA GCC ACA AGC T (primer 1) anGAG CCTCTT TGG TAT CTG AGA

AAG T (primer 2). The PCR was carried out in a final volume ofiRk ready-to-go PCR beads

(Amersham Pharmacia Biotech Inc., Piscataway, NJ) to which was added 20-pmol of each primer.
The contents of each PCR tube were covered mvitteral oiland centrifuged briefly to allow the

PCR components teettle to thebottom. Inaddition to a 3-minnitial denaturation at £ and 5
min final extension at 7Z, the amplificatiorconsisted of 50 cycles of 60-seach at 92C, 50-

sec at 52C and 45-sec at 7€. The reaction was carried out in an OmniGetteermal cycler.

Following PCR amplification, 34 of each product was subjected to electrophoresis (at 100-V; 54-

mAmp. for 20-min) in 50-ml of 1% agarose (Fisher Scientific, Eaivn, NJ)containing 8l of
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10-mg/ml ethidium bromide and covered with 1x TBE buffer. The DNA bands were visualized and
photographed under UV illumination. Sampkdsowing DNA amplification were subjected to

restrictiondigestion. Foumicroliters of thePCR product, 3} Bsml, 1l 10X buffer and 1ul
distilled deionized water were mixed in 1-ml tubes and incubated°@t f&f 1 h. The restriction

digest (5pl) wasthen subjected telectrophoresis, as described earliereétectgender specific

DNA fragments.

3.7. Statistical Analysis

Data onthe distribution ofgrades of oocytes observed by aspiration sicing, and XGIFT
oocyte/embryo recovery and development rates were compsiregithe Chi-square analysis. The
Wilcoxon rank test was used to comp#re distribution ofCOCs amondour grades of cumulus
expansion at 0 and 41-h IVNFisher'sexact testvas used whenevédhe expected courduring
Chi-square analysis was letsmn 5. Analyses wermadeusing the Statistical AnalysiSystem
(SAS) software (SAS, 1996). Descriptive statistics were also used to present data.
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4. RESULTS

4.1. Ovarian Status and Oocyte Recovery

A total of 202 slaughterhouse ovaries weeeeived in 9shipments.Each ovarian follicle was
initially subjected toaspiration followed by ovariaslicing. After processingeachovary by both

methods, 1023 follicles (meanSEM, 5.1+ 0.3 per ovary) were detectethe distribution of the

number of follicles was skewed (range, 0-31; mode and median, 4; Fig. 1) with most observations
on the left side of the mean. More than half of the ov466%0) had 4 or feweiollicles and only

9% had over 10 follicles. Aimilar proportion of follicles per ovaryvas observedvhile using
aspiration (50.9%) and slicing (49.1%; Table 3). No follicles were observed in 48 (23.8%) ovaries
processed by aspiratiohpwever, only 136.4%) had no folliclesdetected afteprocessingeach

ovary by both aspiration and slicing.

Eight hundred five (78.7%), 150 (14.7%), and 68 (6.6%) follicles detected by both methods had
estimated diameters 20, 20 to 35and >35-mm, respectivelySlicing revealed more follicles
(59%) that were <20-mm while more folliclésat were 20 to 35-mn{84%) and >35-mm (96%)
were detected during the initial aspiration procedure (see Table 3).

After processingeachovary bythe two methods, 667 oocytes wearcovered 3.3 per ovary of
which 1.1 were from aspiration an#l.2 were from slicing). Assumingach folliclewould yield
one oocyte, the overall success rate (efficiency) of oocyte recovery was 65%. When ustia an
aspiration method followed bsficing, slicing yielded about twice the numberadcytes, as did
aspiration(66.3 vs 33.7%)Similarly, the efficiency of slicingvas overtwice that of aspiration
(88 vs 43%; Tables 3 and 4). Overall, the distribution of oocytes by wrasiaot affected by the
method of oocytes recovery used (P.83). Asimilar proportion of grade A oocytg$4%) was
also observed while using both methods (Table 4).
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Fig. 1. Distribution of follicles
per horse ovaries
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Table 3 . Distribution of follicles by size (mm) on slaughterhouse horse ovaries as estimated
during oocyte recovery by two methods

Method <20 20-35 >35 Total

Aspiration 330 (41} 126 (84) 65 (95.6) 521 (50.9)
Slicing 475 (59) 24 (16) 3 (4.4) 502 (49.1)
Total 805 (78.79 150 (14.7) 68 (6.6) 1023 (100)

*Each ovary was initially subjected to the method of aspiration and then to slicing
“Figures in brackets indicate percentage out of column total

3Figures in brackets along this row indicate percentage out of grand total
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Table 4. Distribution by grade of horse oocytes recovered from slaughterhouse ovaries by using
aspiration and slicing

Method Oocyte Grade

A B C D Overall
Aspiration  144(64) 52(23.1) 14(6.2) 15(6.7) 225(100)
Slicing 282(63.8) 70(15.8) 50(11.1) 40(9.1)  442(100)
Overall 426(63.9Y 122(18.3)  64(9.6) 55(8.2) 667(100)

Figures in brackets indicate percentage out of row total
“Figures in brackets on this row indicate percentage out of grand total
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4.2. In Vitro Maturation and In Vitro Fertilization

Oocytes were maturad vitro for 41.3+ 1.5-h (range, 32.3 to 50.3 hgfore being subjected to

XGIFT or IVF. The degree of cumulusxpansion was used tadirectly assesdVM (Table 5).
Most COCs (83%) had compact cumulus investment at the beginning of I\Vifle &nd of IVM,
78.6% showed aaxpansion ofCOC to highedegree while 21.6% showedtompactcumulus.
Evaluation of the distribution of the ranks (on 1 tecéle)using Wilcoxon testshowedthat there
was a significant shift to higher rank of expansion at the end of IVM (P = 0.001).

Of 33 grade A oocytes subjected IWoF, 5 (15.2%) showedathangesndicative of fertilization.
However, only two (6.1%) cleaved to 3- and 4-cell stages.
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Table 5. Degree of expansion of cumulus investment of horse oocytes at the beginning and end of
in vitro maturation.

Expansion 0-hour 41.3+ 1.5-h
0 479 (82.6) 125 (21.6)
1 63 (10.9) 168 (29.0)
2 34 (5.9) 211 (36.4)
3 4 (0.7) 76 (13.1)
Total 580(100) 580(100)

"Figures in brackets indicate percentage out of column total

Table 6. Effect of the duration of vitro maturation on cumulus expansion of horse oocytes
recovered from slaughterhouse ovaries

Time (h) n MeanExpansiorScore
30-<35 48 2.04

35-<40 270 1.37

40-<45 190 1.46

45+ 72 1.14

Overall 580 1.4
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4.3. Xenogenous Gamete Intrafallopian Transfer and the Recovery
and Evaluation of Oocytes/Embryos

Twenty uterinetubes of 16 ewes were used for XGIFT in 7 experiments. Eweshsbéreen 2
and 6yr. of age and weighefl2.2 + 3.7-kg (range, 51-101)The ovarianstatus of most ewes
(13/16) wasfollicular and 3/16 had corpora hemorrhag{€H) atthe time of XGIFT. A mean
number of 13t 0.8 (range, 8 to 20) oocytes were transferregatdh uterine tubwith capacitated

sperm processed as described earlier. Two hunfiityehine oocytes were transferred and
allowed to reside in the uterine tube for 2 to 7 d. The ovarian status of eX@sFat, number of
oocytes transferred and recovered, #mel developmental state tiose recovered ishown in
Table 7.

At the respective time of oocyte/embryo recovery, most ewes (13/16) had ovulated and had ovaries
with at least one CH dCL, while threeewes werestill in the follicular stage.Among the latter

group of ewes, four non-cleaved oocytes were recovered from a ewe subjected to UTJ ligation, but
none were recovered frothe remainingwo ewes. Nooocytes/embryos were recovered from 7
(35%) of XGIFT uterinetubes. Ofthe oocytedransferred tewes, 36 (13.9%pocytes/embryos

were recovered and 13 (36.1%) of these shosieml/ageranging from2-cell to blastocysstages

when recovered at 2 to 7 d post XGIFT (Fig. 2; Table 7).
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Figure 2. Embryonic development of horse oocytes following xenogenous gamete intrafallopian tranpsfer in
sheep. Oocytes were recovered from sheep at 2 (A), 3 (B), 4(C) and 7 (D) d postXGliRTviGm culture,
embryo A continued developed to 24-cell stage, when it was non-surgically transferred to a recipient mare.
Embryo D was hatching out of the zona by squeezing. Picture C was taken 20-h postrecovery from a sheep.
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Table 7. Effect ovarian state of ewes at the time of transfer on the recovery rate and development of
horse oocytes in sheep

Ovarian Number Number of Oocytes Number Number
State of ewes uterinetubes transferred recovered  Cleaved
CH 3 5 68 13(19.1) 6°(46.2)°
Follicular 13 15 191 23(12.0) 7(30.4)
P-value - - - 0.148 0.474
Total 16 20 259 36(13.9) 13(36.1)

CH (Corpus hemorrhagicum)
L3Figures in brackets in columns indicate percentage out of number transéewlaecovered
“One 2-cell embryo recovered at 2 d developed to 10-cell stagi¢ro and five recovered at 7-d

from ligated UTJs were degenerated.
*One hatching blastocystas recovered at 7 dwo (2 and3-cell) embryos recovered &-d and

reached 9- and 24-cell staigevitro; two (6 and 7-cell) embryos recovered at fedchedl2- and
16-cellsin vitro, and two others recovered at 7-d were degenerated. The latter four were recovered
from ligated UTJs. All except the degenerated ones were transferred to three recipient mares.
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Forty-six percent of oocytes/embryos recovecadnefrom ewes with CHovarian state and the
remaining(54%) wererecovered fromewesthathad not ovulated at thiene of gameteransfer.

Neither the recovery rateor the cleavage rateas affected by the ovarian state efves. The
recovery ratavas 19.1and 12% (P .148) in CHand follicular stagewes, respectively. The
correspondingleavage rate amorigose recovered werb.2 and30.4% (P = 0.474Table 7).
However, the most advanced developmental stages (blastocyst and 6 to 7-cell stage embryos) were
recovered fronewesthat were at follicular stageluring XGIFT and that ovulatedshortly after

gamete transfer (Table 7 and explanations there).

The recovery rate dfansferred oocytes arttie development amorithose recovered were also
independent of the duration the gametese allowed to reside ithe uterine tube or ligation of
UTJ (P>0.05; Table 8). Ten (18.9%), 8 (9.3%) and 18 (15%) transferred oocyteseooeEred
at 2, 3to 4 and 7-d post XGIFiespectively (P 9.255). Similarly, 30, 25and44.4% ofthose
recovered at corresponding intervals weleaved (P =.568). Furthermorehe recovery rate of
transferred oocytes was 15.2 and 12.4% whentigréne tubevasintact or ligated at th&)TJ (P

= 0.513). The cleavage rate among these group2&:&gintact UTJ) and46.7% (ligated UTJ).
However,most ofthe putativeembryos recovered frorigated UTJ weredegeneratedFig. 3).
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Figure 3. Horse oocytes/embryos recovered from uterine tubes of sheep following xenogenou
intrafallopian transfer at 4 (A) and 7 (B, C) d following XGIFT of horse oocytes. Two oocytes/en|
in A were degenerated but two, one in B and one in C became degenerated after cleavaget
almost all the cumulus investmentis gone.

5 gamete
nbryos
Note tha
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Table 8. Effect of time of recovery and ligation of the uterotubal junction on the recovery and
development rate of horse oocytes subjected to xenogenous intrafallopian transfer in sheep

Time of recovery Number Transferred RecoveredCleaved
48-h 53 10 (18.9) 3 (30)?
72-96-h 86 8 (9.3) 2 (25)
7-days 120 18 (50) %44.4)
P-value 0.255 0.568
Intact UTJ 138 21 (15.2) 6 (28.6)
Ligated UTJ 121 1512.4) 7 (46.7)
P-value 0.513 0.265
Total 259 36(13.9) 13 (36.1)

L2Figures in brackets in columns indicate percentage out of number trariseiedcovered
®Note that all except Were recovered aftayTJ. Only 1/30 (3.3%) oocyte was recovered from
non-ligated uterine tubes at 7-d post XGIFT.

*UTJ, uterotubal junction
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Since pre-ovulatory ewes were used in most of this experiment, 28 ovulationdeteeted in the

ewes after XGIFT was undertakenThirteen ovulationsvere among those occurring on the
XGIFT side and were considered to have confoundiffgct on the recovery rate recorded
following XGIFT. As a resultthe expected recovery rateould include 272 oocytes i.e those
transferred plus thosevulated fromewes. Thusyecovery rate ohorse oocytes/embryos from
ewes following XGIFT could be considered to have ranged between 13.2 and 14%. Moreover, the
presumptive ewe oocytes may be excludemm the cleavage data amor@pcytes/embryos
recovered. Thugshe cleavage rate dforse oocyte@mong those recovered froewesmay be
considered to have range betwei8% to 57%.The latter value is the percentage of cleavage
among oocytes/embryos recovered after deducting the number of possible ewe oocytes recovered.

Five embryos betwee@r-cell and blastocyst stageere transferred to mares. Unfortunately, no
pregnancywas established. Thus, darther evidence of the occurrence aEnogenous
fertilization, a PCR/restriction digestion methods used taletermine thesex on sixputative
embryos obtained &-d post XGIFT. NODNA was isolated from five embryoshowever, one
embryo from whichDNA was isolatedwas identified as anale (Fig. 4). Restriction digestion of
PCR product of ZFY loci (male) produced three bands as compared to two in the female product.
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1 2 3 4 5 6 7 8 9 10 11

Figure 4. Determination of thesex of horse embryosecovered at 7 d following xenogenogamete
intrafallopian transfer in the sheep. Gel A shows PCR product of ZFXI@dtY~450-bp) inDNA isolated
from the embryo (lanes 2 t@), amare(lanes 8 and 10) and @lt (lanes 9 andl1l). No product was
amplified from five embryos (lanes oeitherside of5). Gel B was run following Bsmidigestion on the
products. Note three digest bands (~450, 250 and 200-bp) in embryonic DNA (lane 2) is similar to that of the

colt (lane 4) as compared two bands (250 and 200-bp) the mare (lane). Lane 1 inboth gels is 3
molecular weight marker.
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5. DISCUSSION

Poor availability of oocytes is a major factmoniting research to develop IVF and relateéRT in
the horse.Collection methods are generabigsed on aspiration of contents of individiddlicles
and/or dissection of ovaries to expose follicles for further manipulafidrescurve on the number
of follicles per ovary was skewed (Fig. 1) showthg mode and mediamerethe right measures
of central tendency. The number of follicles per ovary (5.1hénpresenstudy wassimilar to the
6.4 observed by Ericet al (1998) while processing ovaries irsiailar way, but higher than the
3.4 reported byDel Campoet al (1995). Reproductive history orthe donor mareswas not
available to relate the follicle data with age and reproductive status of iHakesver,observation
of an average of 4 follicles per ovary time presenstudy showsthat with the best method of
recovery about 8 oocytes may be expected from each donor mare.

Follicle size may affect the maturatigbel Campoet al., 1995),recovery ratgBruck et al.,
1996;Alm et al, 1997) orquality (Alm et al., 1997) of horse oocyte€©ocytes obtained from

ovaries in whichthe largest follicle is£10-mmare poor candidatedor IVM (Del Campoet al.,

1995) and the oocyte recovery from such follicles is also low (Betiek, 1996). However, Alm
et al (1997) reported follicle size did naffect the recovery rate whilgrocessing slaughterhouse
horse ovaries by aspiration. A further disparity with the previous studies (Del @rapp1995;
Bruck et al., 1996) isthat ahigher recoveryrate was observed fronfollicles <15-mm as
compared to largepsneswhile scraping follicles of slaughterhouse ovariesusing ultrasound-
guidedTVFA in mares(Alm et al, 1997).Meintjeset al (1995) reportedhat oocyte recovery
rate increasedvith increased size othe follicle (up to 35-mm) butthe recovery decreased
thereafter. Such inconsistencies among previous studies highlight theonemate studies in this
area. The effect of follicle size on oocyteecovery rate orsubsequentlevelopmentwas not
evaluated in the presestudy. However, 79% othe follicles were <20-mm andnay have
influenced the recovery rate, quality and later development potential. The percentage GfZnall
mm) follicles was inagreementwith earlier studies (88%, Hinrichs1991; 88%, Hinrichs and
Williams, 1997).
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Direct comparison of oocyte recovery rate with those in the literature is difficult due to variations in
the methods andeasons studied. For example, aspirations from slaughterhouse ovdres or
mares were undertakarsing needles ranging in size fro2b-G (Erice et al., 1998) to 12-G
(Vogelsanget al, 1988) or by using single atouble-lumen needle€Cook et al, 1993).
Aspirations also involved simple aspiration with syringe and needle, suction with constant vacuum
source, an aspiration-flushing systé¢mable 2) or ascraping motion othe needle in follicles
(Dell’Aquila et al, 1996). 'Slicing'consisted of dissecting ovaries irgmall pieces followed by
washing of the slices (Chet al, 1993; Vasqueet al, 1993) or dissecting them asthe former

and flushing the contents of follicles (Eriet al., 1998). Inthe presenstudy, simple aspiration

was carried outusing a syringe anti4-G needle and slicing involved cutting of the ovare®
smaller pieces followed by opening of individual follicles and scrapieginternalwalls. The
overall recovery rate 5% observed irthe presenstudy is highethan the57% reported by
Vasquezet al, 1993)while processing slaughterhouse ovarieghyge methods (Tab2). Erice

et al (1998) documented a lower (60.6%) overall recovery rate while processing ovaries as in the
present study. Whether the duration of time during shipment of ovaries has some 'loesecing'

on the attachment of the oocyte within fodicle thereby leading to higher recoverate remains

to be verified.

Oocyte recovery rate per ovary (3.3) was higher than 1.7 (Oleatlski1l987) or 2.3(Del Campo

et al, 1995). Howeverpther studies documented recovery rates of up&qTablel). Slicing,

in addition toaspiration,yielded twice the number of oocytes obtainedasyiration.The lower
recovery rate obtained while using aspiration as compared to shkeasyconsistent with previous
studies (Okolsket al, 1987; Vasqueet al, 1993; Ericeet al, 1998;Table2). The efficiency of
aspiration orslicing, whenapplied on the samevary, wasalso within the rangepreviously
reported (Table2). Had the ovaries been subjected to aspiratadane, about two-third of
recovered oocytes would have been discarded. This is because slicing reveals many small and deep
follicles and also enables accessing and scraping of the internal allicdés. However,slicing

requires mordime to perform thandoes aspiration. Moreovethe longer manipulatiotime with

slicing increases thesk of contamination asuggested byasquezet al (1993). Loss osome
follicular fluid occurs while opening follicles that are under pressure and may contributeldsshe

of oocytes. Generally, factors such the methodused, personnel experience artide time one
spends on processing ovaries affect the efficiency of oocyte recovery. For example, 19 oocytes out
of 20 follicles (efficiency95%) wereobtained whileprocessing two ovaries from @stmortem

mare by aspiration and slicing (personal observation). Wasmainly due to a longeime spent
processing the ovaries.
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Lack of a uniform oocyte grading system and differences in experintesigihagain make direct
comparison of data relating to grade and method of recovery diff@odlytegrading methods for
the horse vary from ahree-stage (Okolsket al., 1987; Cooket al., 1993) to a seven-stage
(Dell'Aquila et al., 1996)classificationsystem. Using a four-staggading systen{De Looseet
al., 1989),the percent grade A oocyté®4) inthe presenstudy washigher than the 30 to 55%
recovered from slaughterhouse ovaries (Goal, 1993; Vasqueet al, 1993; DellAquilaet
al., 1996) andlirectly obtained from marg€ook et al 1993). However, &igher percentage
(86) of 'excellent’ oocytes was alserovered from mards vivo (Rayet al, 1994). Absence of
the effect of the method of recovery on the quality of oocytes in the psgseytis inagreement
with Vasquezt al (1993) but inconflict with manyprevious studies (Okolskit al., 1987; Alm
et al, 1997;Mlodawska and Okolskil997). Aspiration of follicleshasbeensuggested taffect
oocyte quality via selective recovery pbor quality oocytes fromatretic follicles or byinducing
damage to the COCs during recovéiym et al., 1997).The use of darge(14-G) needle in the
present studynight have also reducdte potential damage induced @DCs during aspiration.
However, conclusive evidence in this reganbuld emergefrom data generated by subjecting
follicles and ovaries at a similar reproductive stage to different oocyte recovery methods.

The nuclear maturation stage of m(@%%) horse oocytescovered from slaughterhouse ovaries
is at germinal vesicle or germinal vesicle brelakvn stage(Del Campoet al, 1995). Cumulus
morphology is ongarameteused toevaluate the development potentialbaivine (De Loose et
al., 1989) andequine(Hinrichs and Williams, 1997pocytes.The percentage of oocytes with
compact cumulus at 0 (83) inthe presenstudy washigher thanthatobserved by other& 9%,
Dell'Aquila et al. 1996;45%, Hinrichsand Williams, 199723-64%, Mlodawska and Okolski,
1997). This was mostikely due to the subjective nature of gradingesfpansion. Whether, the
time between collection of ovaries from mares and procesisgngfor oocyte recovery hadffect
on cumulus expansion needs to be evaluated. DellAaptilal (1996) reported cumulus
expansion of 87-91% at the end of IVM. Even thotlgh degree oéxpansion wasot graded by
these authors, the percent expansion observed by Dell Agala(1996) appears higher thérat
observed in the present study in which only 50% showed expansion grades of 2Tabk B) at
41-h IVM. This may be attributed to differences in IVM condition and/ottithe interval between
the collection of ovaries to oocyte recovery. In the presemty, VM mediumwas supplemented
with 10% FCS, whileDell’Aquila et al. (1996) used 20% estrasareserum or 20% estrus cow
serum and further supplementation with calcium lactate.
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In the presenstudy, the timeinterval between ovarian collection and oocyte extractias 36 h.

Using asimilar IVM condition on oocytes recovered within 6 h from a postmortere,almost

all oocytes showedgrade 3-cumulus expansion (personal observation) sugge#taiy
transportatiortime had a negative effect df/M and possiblylater development of theocytes.
Moreover, the degree of cumulus expansion was not improved by proldfigeduration(Table

6). To the best of our knowledge, this study represtetdongest intervairom the collection of
ovaries to IVM of horse oocytes. In other studies, this interval ranged between a few hours to 12-h
(Willis et al., 1991) and recovery of oocytesdiferent intervals up to 8 Ipost collection was
reported to have no effect on maturation or cumelkjsansion of horse oocytes (sBquires,

1996). However, comparative data are lacking on the effect of a long interval of transptnt&tion

on IVM and further development potential lmfrse oocytesThe presenstudy showedhat horse
oocytes recovered6-h post-collection fromthe slaughterhouse haw#evelopmental potential as
demonstrated by the occurrence of cumuxgpansion andfertilization following XGIFT.
However, the relatively poor cumulus expansion suggests this potential might have been hampered
by the transportation time. The low IVF rate may also be associated with this factor; however, rates
comparable to that in theresent studyave been documentehen using oocytes from ovaries

with a shorter post collection interval to IVM (Dell’Aquiéd al, 1996).

The recovery rate of othepecies’ oocytes/embryos followiXGIFT (14%) was lowetthan in

most previous studies using rabbits, ewes or pigs as XGIFT (i@dtke 1). However, asimilar

rate was reported for horse ICSI oocyiteubated inmice uterinetubes (Grondahét al., 1997).

These authors reported a higher recovery rate (80%) for ICSI oocytes incubated in the uterine tubes
of the mare as compared to tHedm mice. This suggestthat the size or the physiological
environment of the uterine tube may be a factor affecting the recateryOn frequenbccasions,

we observed ballooning dhe ewe uterindubes while performingKGIFT and thismay have
contributed to théoss of some oocytes througétrogradeflow to the peritoneakavity. Further

loss of oocytes might have involved losses in the reproductive tract while flushing the uterine tubes
or uterine horns. Another source of loss might have invdlygid of the transferred oocytes. The

use of oocytesecovered from ovariethat were in transifor up to 36 hmay have rendered the
oocytes fragilgoredisposinghem tolysis. However,further studies would beeeded to verify

such a mechanism.

The xenogenous cleavage rate of the recovered em{@8gés) washigher than thosebserved in
other species (Tablg). All the oocytesshowing furtherdevelopment followingXGIFT were

recovered fronewesthatwere inthe peri-ovulatory stagduring XGIFT, i.e., that had CH or

46



ovulated shortly after gamete transfer. This demonstrated that ewes in estrus werangatates

as XGIFT hostsThis is consistent witldata byParker (1996) who observedshghtly higher

sperm recovery rate of stallion spermatozoa transferred to ewes in estauspased to those not

in estrus. Similarly, the use of pseudopregnant mice to incubate ICSI horses oocytes (&bndahl
al., 1997) did not result in cleavage, suggestmge ofthis reproductive stagmay not represent

good XGIFT hosts. HowevemcKinnon et al (1988) did not observdevelopment ohorse

oocytes in rabbits in estrus. Development of oocytes was not observed in ewes that remained in the
follicular stage until the recovery tfansferred oocytesdowever, statistically, whether thewes

were in follicular or CH stage during XGIFT did raffect either the recovery or the development

rate (Table 7).

Oocytes ovulated from ewes following XGIFT may have had a confounding efféloé @acovery
and development rates recorded in the presamdy. In addition to the259 horse oocytes
transferred tdhe uterinetubes ofewes, 13we oocytes could be expected to be recovafienl
XGIFT. Visual identification ofhorse and sheep oocytess not possible. Thusthe actual
recovery rate oXGIFT horseoocytes wasbetweenl13.2% to 14%,where the total number
collected included thewe oocytes. Similarly, it was assumditat ewe oocytes do not undergo
spontaneousleavagein vivo. Thus, consideringthat potentially 13 non-cleavingwe oocytes
could have been recovered, thetual cleavage rate &GIFT horseoocytes wadbetween 36 and
57%. Aspirating or rupturing o#ll follicles on the ovaries of thEGIFT host could reduce this
possibility. However, up to 29% diie recipient mares in @GIFT programthat are subjected to
rupture of follicles may still bable to ovulat€Hinrichs et al., 1998).This suggestshatsuch a
practice may not guarantee the exclusion of oocytes of the XGIFT host from the recovery data.

In conformity with our study, Hirsst al (1981) reported that ligation of the UTJ did not affect the
fertilization rate of bovine oocytes subjectedXiGIFT in rabbits.The cleavage rate in thpresent
study (36%) is inagreementvith previous studies usingoat (Raoet al., 1984) andhamster
(DeMayoet al., 1985) oocytesbut higher than most other studi@able 2). However,about
44% ofcleaved ovawvere degenerated. Moreovéne IVF cleavage ratevas also low(6%). The
long transportationtime may have affected the rate ofenogenous developmenin vitro
manipulation of oocytebas alsdeensuggested to suppretize development potential dforse
oocytes delaying embryo development in IVM oocytes subject@lR® (Carnevale anéinther,
1995). These findingssuggestthe need to evaluateenogenousievelopment ohorse gametes
using oocyte®btained from ovariesollected at differentntervals. A further reason for the low
development of XGIFT oocytes may be attributed to the effect of uterine tubal proteindizatibert
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Schmidtet al. (1997) observed that spemm binding to hamster oocytes was decreased more than three
folds when non-hamster uterine tubal glycoprotein was used in oocyte-sperm incubation medium.
This suggests the spedes-specific effect of uterine tubal proteins.

The use of IVM oocytes may have been responsible for achieving xenogenous fertilization of horse
oocytes in thisstudy. Fertilization ratesfollowing GIFT in mareshas beensuggested to be
improved from 8-13% when using freshly recovered oocytes (McKiretaal., 1987; Rayet al.,

1994) to 83% when usinlyM oocytes (Carnevale ar@dinther, 1995; Hinrichst al., 1998).
Similarly, 67% of mature bovine oocytes were fertilized in the pig uterine tubes as compared to 0%
of those withcompactcumulus (Bedriaret al. 1975). Sreenan (1970) also report8k% IVM

bovine oocytes weréertilized in rabbits in estrus asompared to 0% of those not undergoing
IVM. Thus, exclusion oflVM was presumablyne factorfor not observingfertilization in a
previous XGIFT study irthe horse (McKinnonet al, 1988). However, Hirset al (1981)
concluded thatvM did not affect thexenogenoudertilization rate ofbovine oocytes imabbits.

Thus, more studies are required to assesseffect oflVM on xenogenouslevelopment ohorse
oocytes.

Our attempts to establish pregnancy in the nigareg XGIFT embryos weraot successfulThis
may be attributed to the recipiamiares'inability to support pregnancy and/or tmcompetence of
the embryos. Howeverthe developmentastages of embryos recovered from sheppeared
consistent with the corresponding stages of embryo developmentrivatb¢Fig. 2; Betteridgeet
al., 1982; Bezaret al, 1989; Grondahét al,, 1993).0Onehatching blastocystasrecovered at
7-d post XGIFT. The hatching process in this embryo appeared to be via the sqoeshiagism
described previously in embryos recovered fitier mare(Choi et al., 1993). The recovery of
horse embryos with developmental stages corresponding to ththee nmarefollowing XGIFT in
sheep uterine tube at 2 to &Adggesthe developmentsbserved resulted froithe fertilization of
XGIFT gametes.

Spontaneous oparthenogenetic activation of mammaliaocytes is common (Yanagimachi,
1994). Such activation has been reported in horse oocytemhtb (van Niekerk andserneke,

1966) andn vitro (Del Campoet al, 1990), as irother mammals. Inhe presenstudy, the
occurrence of xenogenous fertilization was further demonstrated by the detection of part of the Y-
chromosome in one embryo recovered at 7-d post XGIFT. The extent of spontacte@ti®n of

horse oocytes in xenogenous tracts awaits further investigation.
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6. CONCLUSIONS

Both methods of aspiration and slicing resultedh@ recovery ofgood quality oocytes from
slaughterhouse horse ovaries. Many variants of these methods are in use with varying efficiency of
oocyterecovery.Dissection of ovaries followed by isolation localization of individual follicles
and thorough scraping diie internal wall of follicles is expected to yield thest efficiency in
recovering oocytes péollicle that is manipulatedHowever,the latterprotocol istime and labor
intensive and mawlso lead to contamination obocytes unlesstrict sanitary precautions are
followed. Thus,the decision regarding the method toused would benfluenced by personnel
resources of individual laboratories and the number of mare ovaries available. This study presented
conclusive evidence of the occurrence of xenogenous fertilization of tocgées.The transfer of

in vitro matured oocytes and these of ewes in estrusay have aided the achievement of
xenogenous fertilization. Considerirtige low recoveryrate oftransferred oocyteshe need to
induceewes duringheir non-breedingeason anthe effort involved in handling and operating
them, the use of speciesmaller than thesheep would bepreferablefor XGIFT studies. The
potential application of XGIFT in horse ART would be in areas such as the sttiuly loiblogy of
the earlyembryo, cryopreservatioand micromanipulation. Earliiorse embryos (<6-days) are
better candidate$or cryopreservation and embryo bisectiddiowever, they are not readily
available in the marand IVF is not currently aoption. Afour-cell stage embryavas the most
advanced stage obtained in our IVF trial as compared to a hatching blastocy§GWith. We are
not aware of an IVF study that produced hatching horse blastdéyst, xenogenoutertilization
could offer a cost-effectivalternativefor obtaining embryos irsuch studiesThe relatively low
recovery and development rate we observed may appear discoutrdgmgyver, we usedocytes
recovered from ovariethat were shipped for up t@6-h. This, most likely, had amajor
contribution to thdow success rates. Thuyrther studies involvinghe use of fresh oocytes,
improving recovery and fertilizatiorates,the use of amore convenieniXGIFT host and the
establishment of pregnancy in the mare using such embryos is highly recommended.
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