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(ABSTRACT) 

Twenty-three crossbred ewes were utilized during 1995, to investigate the 

possibility of xenogenous capacitation, using stallion spermatozoa. Ewes were grouped 

according to endocrine status as anestrus (n = 12) or estrus (n = 11) and were surgically 

inseminated with either fresh (FR), cooled/extended (FCE) or frozen/thawed (FZ) 

spermatozoal samples. The capacitation response of spermatozoa recovered from 

oviductal flushing 4 - 6 hours post-insemination, was assessed using a chlortetracycline 

(CTC) fluorescent probe. 

Data were recorded as percentages of spermatozoa exhibiting CTC staining 

patterns characteristic of capacitated (PCAP), unreacted (PUR) and acrosome reacted 

(PAR) sperm. Mean PCAP was not significantly different in estrous ewes despite an 

increasing trend. Mean PUR and PAR were also not different.



Differences in capacitated, acrosome reacted and unreacted spermatozoa in 

inseminated and recovered samples (CAPDIF, ARDIF and URDIF, respectively) were 

analyzed. CAPDIF was significantly different between treatment groups (p < 0.01). 

CAPDIF was also significantly greater for the estrus versus anestrus group (p < 0.05). 

Total number of spermatozoa recovered (RTOTAL) was recorded. More 

spermatozoa were recovered from estrus ewes, however significance was not established. 

Mean number of spermatozoa recovered was 37.9 + 35.9 per ewe. Treatment 

significantly affected RTOTAL in estrus animals (p = 0.01). FR samples had the highest 

recovery. 

Results suggest that xenogenous capacitation of stallion semen may occur in the 

reproductive tract of the ewe. Implications of these results are discussed in regards to 

their application of xenogenous gamete intrafallopian transfer (X-GIFT) as a treatment 

option for certain infertility problems in the mare.
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Introduction. 

Like the human female, the mare experiences reproductive tract pathology which 

can result in infertility. While embryo transfer has been attempted in many of these cases, 

a significant number of mares that have either failed to conceive or to successfully 

maintain a pregnancy possess ovulatory or uterine abnormalities which preclude successful 

embryo transfer techniques. In such cases, assisted reproductive technologies such as 

gamete intrafallopian transfer (GIFT) may yield promising results. 

The GIFT procedure involves the deposition of gametes (ova and spermatozoa) 

from donor animals into the oviducts or uterine tubes of a heterologous recipient animal. 

Pending successful sperm capacitation, fertilization, and subsequently embryonic and fetal 

growth within the recipient, genetically foreign offspring may be produced. With origins 

and increased applications in human reproductive sciences, GIFT is currently making it’s 

debut into the area of veterinary medicine. 

There have been three reported successes of GIFT in the horse (McKinnon et. al., 

1988; Ray et. al., 1994 ; Carnevale and Ginther, 1993). Carnevale and Ginther reported 

pregnancy in obtained 11 of 12 recipient mares. All utilized heterogeneic GIFT 

procedures in which both the donor and recipient animals were of the same species. These 

studies attest to the clinical application of such a technique. However, on a large scale 

would necessitate ready access to non-pregnant recipient mares and a fairly large financial 

investment in their maintenance.



The first evidence in domestic animals that GIFT procedures could be successfully 

performed was described in sheep (Parrish, 1991). Extensive research exists using this 

animal species as a model for GIFT and in vitro fertilization (IVF) technologies, as well as 

for laparoscopic procedures. This along with the lower cost of maintenance, ease of 

handling, and availability, would make this species an excellent recipient animal for 

xenogeneic GIFT (X-GIFT) procedures using equine gametes. Such procedures would 

also circumvent the inherent difficulties, increased costs, and extensive instrumentation 

associated with IVF procedures. 

Successful X-GIFT procedures require that all the necessary components of 

gamete interaction and fertilization occur in a completely foreign reproductive tract. 

These components include gamete transport, sperm capacitation, and induction of the 

acrosome reaction. Success will also depend on the ability of the foreign tract to maintain 

gamete viability by supplying adequate nutrients. Assuming the latter, gamete transport 

can be facilitated by intrauterine or intratubular deposition of sperm and ova through 

laparoscopic or laparotomy techniques. Sperm capacitation and the acrosome reaction are 

not as easily overcome. 

Neither the ovine reproductive tract nor its related fluids have yet been reported 

to facilitate xenogenous capacitation of stallion sperm. Evidence exists in other species 

that capacitation can occur in a non-homologous tract (Rao et al., 1984 ; DeMayo et al., 

1980), but efforts to capacitate equine spermatozoa in the reproductive tract of the rabbit 

have met with minimal success (McKinnon et al., 1988). With the increased availability of



information concerning capacitation and the improved methods of detection of 

capacitation-like changes of the spermatozoal head using specific staining techniques, we 

are better able to test the non-specificity of the capacitation process as it applies to equine 

spermatozoa. 

The hypotheses of this study are therefore: (i) that equine spermatozoa can be 

capacitated in the reproductive tract of the ewe, (ii) that fresh semen will show a greater 

capacitation response when compared to cooled/extended and frozen/thawed samples and 

(ii) that estrus exerts a positive effect on the capacitation process. Proving these 

hypotheses will enable us to determine the feasibility of not only xenogenous capacitation, 

but also xenogenous fertilization of equine gametes in sheep. This information is essential 

to successfully performing X-GIFT procedures using these two species and will serve as 

the basis for future experimentation directed towards promoting its clinical application in 

equine infertility cases and promoting increased fecundity of individual mares through the 

use of oocyte transfer to multiple xenogenous hosts.



Review of Literature 

GAMETE INTERACTION: 

Spermatozoa and ova represent the male and female gametes, respectively, which 

fuse at the time of fertilization to produce a conceptus that subsequently develops into a 

viable fetus. Spermatozoa, after production and storage by the germinal epithelium of the 

testis and epididymis respectively, are deposited into the reproductive tract of the female 

at coitus. Deposition may be either intrauterine, as in the case of the mare, or intravaginal 

as seen in cattle, dogs, sheep, rabbit and primates. Sperm transport craniad follows 

deposition and results in the sequestration of a pool of sperm cells at the lower isthmus of 

the oviduct. Sequestration occurs as a result of adherence to epithelial surfaces as well as 

reduced flagellar activity (Overstreet et al., 1980). This sequestration has been 

demonstrated in the ewe (Hunter et al. 1982 ; Hunter and Nichol, 1983). A study 

utilizing electron microscopy, however, did not demonstrate a similar scenario in the mare 

(Boyle et al., 1987). Sperm present in this pool undergo timed release and capacitation in 

a non-uniform pattern, due to the heterogenous nature of this sperm population. Timing is 

thought to be based on imminent ovulation. Sperm interaction with ova postovulation 

result in the acrosome reaction (to be discussed in detail later), penetration of the cumulus 

oophorus, and binding to the zona pellucida. 

Binding of spermatozoa to the zona pellucida of the egg is followed by penetration 

of the zona. Penetration is explained by one of two hypotheses. The first attributes



penetration to purely mechanical propulsion of the spermatozoon’s tail or flagellum. The 

second attributes penetration to enzymatic softening by acrosomal hydrolase activity, 

initiated subsequent to the acrosome reaction. Regardless of the mechanism, complete 

penetration of a single morphologically normal spermatozoon through the zona and across 

the perivitelline space enables fusion of the sperm head to the plasma membrane of the 

oocyte. Incorporation of its nucleic material ultimately occurs. 

THE OOCYTE (OVUM): 

The ovum is the female gamete produced by ovarian germ cells. The ovum or 

oocyte is contained within fluid filled structures on the ovary called follicles. The latter 

undergo cyclical maturation and rupture / ovulation during the estral phase of the female 

reproductive cycle in response to hormonal stimuli. 

Oocytes are suspended in stage I of meiosis when present in preantral follicles and 

complete maturation in vivo in response to peri-ovulatory surges of the pituitary 

gonadotropin, luteinizing hormone. At time of ovulation most mammalian ova are in 

metaphase II with the noted exception of the bitch. Equine eggs are released as secondary 

oocytes at ovulation (Enders et al., 1987). Recently ovulated ova enter the fallopian tubes 

via the infundibulum and are transported to the site of fertilization by ciliary motion of the 

oviductal epithelium as well as peristaltic muscular activity.



The ovum or oocyte consists of a central nucleus surrounded by cytoplasm, 

bounded by a plasma membrane or oolema. A potential space, the perivitelline space, 

separates the oolema from the surrounding zona pellucida. This is a thick, 

mucoproteinaceous layer which is surrounded by numerous layers of loosely packed 

granulosa cells, termed the cumulus oophorus. The layer closest to the zona are more 

tightly packed and called the corona radiatum. Capacitated sperm with intact acrosomes 

readily penetrate the corona and bind to the zona. The zona contains sperm receptors that 

mediate sperm-egg interactions preventing polyspermic fusion of a single oocyte. 

THE SPERMATOZOON: 

The spermatozoon is the end product of spermatogenesis which is a series of 

mitotic and meiotic divisions occurring within the seminiferous tubules of the male testis. 

Morphologically the sperm cell is made up of a head and tail joined at the neck or 

connecting piece. The head consists mainly of an acrosome, a nucleus, and very small 

amounts of cytoplasm. The acrosome contains hydrolase enzymes, thought to be 

necessary for penetration of the zona pellucida and granulosa cell investments of the egg. 

Fusion of the sperm plasma membrane to the outer acrosomal membrane at the time of the 

acrosome reaction facilitates release of these enzymes. The acrosome reaction is 

necessary for fertilization and occurs optimally when spermatozoa come in contact with 

the zona pellucida of an ovum.



The tail or flagellum is a whiplike structure containing a central axoneme which is 

surrounded by dense fibers. It is divided into middle, principal and end pieces. The 

middle portion contains mitochondria arranged in a helical fashion around these fibers and 

provides energy for sperm motility. The principal and end pieces are surrounded by a 

fibrous sheath. The entire spermatozoon is enveloped by a plasma membrane. 

SPERM PLASMA MEMBRANE: 

Evidence suggests that the plasma membrane of the sperm cell is similar to the 

general fluid mosaic model of somatic cells and contains both surface-adsorbed and 

membrane-integrated proteins, capable of changing their locations (Eddy and O’Brien, 

1994). One unique feature of the sperm plasma membrane is its subdivision into regional 

domains that differ in composition and possibly function. These domains are the 

acrosomal and postacrosomal regions which are separated by an equatorial segment. 

These regions differ in density and size of intramembranous particles such as lipids. 

Phospholipids make up the majority of lipids present, followed by steroids such as 

cholesterol. More complete reviews on spermatozoal structure and fertilization are 

available (Eddy and O’Brien, 1994 ; Anderson, 1991).



CAPACITATION: 

The inability of freshly ejaculated mammalian sperm to penetrate the zona pellucida 

of the ovum and facilitate fertilization is well documented (Austin, 1951; Chang, 1951; 

Davis and Niwa, 1974). Ejaculated spermatozoa from mice (Fraser, 1984), rabbits 

(Chang, 1957; Bedford, 1967 ), hamsters (Yanagimachi, 1981), boars (Hunter and Hall, 

1974), bulls (Ellington et al, 1993 a.), toms (Hamner et al, 1970) and humans (Lambert et 

al, 1985) have all been shown to require a period of residence within either the female 

reproductive tract, fluids obtained from the female reproductive tract, or specific 

incubation media prior to their interaction and fusion with the homologous female gamete. 

During this time period, which appears to be species-dependent, physiological 

modifications of the plasma membrane occur. These modifications confer upon 

spermatozoa the ability to fertilize ova and are collectively known as the process of 

capacitation. 

Capacitation was first reported in the rat and rabbit by Chang (1951) and Austin 

(1951) after unsuccessful in vitro attempts to fertilize ova with freshly ejaculated or 

epididymal spermatozoa. The process, considered reversible (Chang, 1957 ; Weinman and 

Williams, 1964), is currently thought to be a necessary requirement of all mammalian 

spermatozoa prior to the acrosome reaction and fertilization. Capacitation is thought to 

result in biophysical and biochemical changes within the spermatozoon. Changes in 

motility, plasma membrane cholesterol / phospholipid ratios, lectin-binding, and calcium 

flux have been observed to occur in-vitro.



Capacitation also involves, but may not be limited to, the removal, alteration, or 

deactivation of surface molecules associated with the plasma membrane of the 

spermatozoa. These molecules are referred to as stabilizer molecules or decapacitation 

factors and are glycoprotein in nature. Their existence became apparent after researchers 

observed a decreased calcium ion uptake by ejaculated spermatozoa when compared to 

calcium uptake by spermatozoa of epididymal origin (Babcock et. al., 1979 and Rufo et. 

al., 1984). The glycoprotein coating acted to inhibit calcium uptake and thus indirectly 

capacitation and the acrosome reaction. Further evidence of the existence of 

decapacitation molecules include the discovery that seminal plasma of rabbits, bulls and 

man could render capacitated sperm incapable of fertilizing eggs (Chang, 1957). 

It has been well established that intracellular calcium is required for the completion 

of the acrosome reaction (Yanagimachi and Usui, 1980). Numerous studies have 

observed an increased uptake of calcium by sperm cells undergoing the acrosome reaction. 

However it is not clear what role calcium plays in the capacitation process. Research 

using bull spermatozoa has led to the isolation of a protein, caltrin, associated with the 

plasma membrane. Caltrin is present in the seminal fluid and is known to exist in at least 

two forms, inhibitory caltrin and stimulatory caltrin. The inhibitory form is thought to 

prevent the uptake of calcium ions by the sperm cell and the stimulatory form is thought to 

act in the opposite manner. The stimulatory form also combines with tetracycline to 

enhance fluorescence. A plausible hypothesis suggests that during capacitation this 

glycoprotein inhibition is removed, thus preparing the spermatozoa to undergo the



acrosome reaction and facilitate fertilization (Lardy and San Agustin, 1989). Though 

oversimplified, this hypothesis is compatible with data obtained from in-vitro work. 

Research using stallion spermatozoa is limited. No such glycoprotein molecule has 

been isolated in equine seminal fluid or associated with the sperm membrane. Interestingly 

however, the inhibitory form of caltrin appears to be potentiated by citrate which is 

produced in large amounts by the vesicular glands of the stallion. Secretions from these 

glands comprise the majority of the post sperm fraction of the equine ejaculate (Mann, 

1975). 

In attempts to study the capacitation process in equidae, investigators have co- 

cultured spermatozoa with oviductal epithelia (Ellington et al., 1993 b.,c.,d.), subjected 

spermatozoa to agents such as heparin and calcium ionophore (Varner et al., 1993) 

identified as having capacitatory properties, and performed zona penetration tests using 

both hamster and equine oocytes (Samper et al., 1989 ; Blue et al., 1990). From these 

studies, information concerning (i) the biochemical changes which occur in the sperm head 

and acrosome and also (ii) the time required for capacitation have been obtained. Stallion 

spermatozoa is thought to require approximately 4 to 6 hrs to undergo capacitation. This 

time period was proposed based on in vitro experiments and on conception rates following 

insemination of mares with semen at various times before and after ovulation. Mares 

experienced greater pregnancy rates when inseminated 6 - 24 hrs before ovulation and 0 - 

6 hrs postovulation (Woods et al, 1990). 
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Despite lack of experimental evidence, alterations similar to that occurring in the 

glycoprotein coating of the sperm plasma membrane of the bull are thought to occur in the 

stallion. In addition to these alterations, the plasma membrane itself also becomes 

destabilized through the loss of cholesterol. Despite numerous studies in this area and 

involving various species, the precise mechanisms as well as the biological significance of 

the capacitation process are still not completely clear. 

In vivo studies: 

In general terms, capacitation is considered the physiological process occuring in 

the female which prepares the spermatozoon for fertilization. Reportedly, it can occur in 

any part of the female reproductive tract, however the oviducts are considered to be the 

primary sites of capacitation for mammalian spermatozoa destined to fertilize ova 

(Voglmayr and Sawyer, 1986). More specifically in the mare, that site is thought to be the 

lower segment of the isthmus. 

Only a small percentage, approximately 0.001% (Smith et al., 1987), of uterine 

spermatozoa ascend into the oviducts. This is mainly due to the highly competent 

uterotubular (UT) junction present in those species, like the mare, in which there is 

intrauterine deposition of semen. Active progressive motility is necessary for efficient 

passage through the UT junction. Spermatozoa are then sequestered in the lower segment 

of the isthmus where they are intimately associated with oviductal epithelium. They 

ll



undergo capacitation and release at varying rates which are correlated with individual 

sperm physiology. These events progress faster immediately post ovulation. 

Capacitation is neither organ-specific nor is it species-specific. Numerous studies 

indicate that a homologous tract is not a pre-requisite and that capacitation can occur ina 

non-homologous female reproductive tract (Saling and Bedford, 1981). Fertilization of 

goat (Rao et al, 1984), squirrel monkey and hamster (DeMayo et al, 1980), and bovine 

and porcine (Hirst et al, 1981) ova in rabbit oviducts have been successful. Also 

documented are various successful hybrid crosses, such as those between the snowshoe 

hare and the domestic rabbit (Chang et al, 1971). In the above cases, fertilized ova 

suggested the successful occurrence of capacitation. However, the efficiency of the 

capacitation process was reduced when compared to that ocurring in the homologous 

tract as evidenced by less number of ova fertilized. The existence of numerous equine, 

small ruminant (goat and sheep), and bovine hybrid crosses also support the non- 

specificity of the capacitation process. 

In-vivo studies of capacitation in the past have been difficult to conduct and 

interpret. This is in part due to the lack of obvious morphological or ultrastructural 

changes associated with the process and the small number of spermatozoa which can be 

retrieved under normal circumstances from the female reproductive tract, in particular the 

oviducts. Currently, information has been mainly obtained from studies carried out in- 

vitro. Worthy of notation is the fact that observations obtained from in-vitro studies may 

or may not be reproducible in-vivo. Caution should therefore be exercised in the 
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interpretation of observations made in-vitro and in distinguishing essential from non- 

essential components of capacitation. 

In vitro studies: 

Various biological fluids have been used in the past to induce capacitation of 

spermatozoa in vitro. These fluids included oviductal fluid, follicular fluid, and serum, all 

of which were so complex in composition that assessment of component(s) directly 

involved in the capacitation process was difficult. Toyoda et. al. (1971), were the first to 

report in vitro capacitation of mouse spermatozoa in a chemically defined medium. 

However, it should be noted that the primary goal of these investigators was to fertilize 

eggs, not analyze sperm capacitation. Since that time, research has provided more insight 

into specific capacitating agents such as heparin, an aminoglycan. Several studies have 

suggested that glycoaminoglycans present within the female reproductive tract can invoke 

Capacitation, measured by the induction of the acrosome reaction. Gylcosaminoglycans 

present in the reproductive tract and capable of inducing the acrosome reaction include 

heparin sulphate, chondroitin sulphate and hyaluronic acid (Varner et al., 1991). 

Heparin has been shown to induce capacitation-like changes in the bull (Parrish et 

al, 1988) and stallion (Varner et al, 1993). Its mechanism of action is not known but the 

capacitation response is time and species dependent. Stallion spermatozoa required 

approximately 4.5 hours of incubation with heparin before exhibiting increased 

percentages of capacitated and acrosome reacted sperm. The latter was determined by 
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staining methods and electron microscopy. Other studies have not been able to duplicate 

the effect of heparin in the stallion. Heparin induced capacitation is blocked by the 

addition of glucose. Stallion semen contains high concentrations of glucose. 

Other capacitating agents include calcium ions, caffeine, lysophosphatidylcholine, 

oviductal epithelium, uterine fluid, high ionic media and alkaline media. In-vitro 

capacitation of ovine (Voglmayr and Sawyer, 1986), equine (Ellington et al, 1993 c. ; 

Varner et al, 1993), human (Sher et al, 1984 ; Perino et al, 1986), bovine (Parrish et al, 

1988), porcine (Hunter and Nichol, 1988), hamster (Viriyapanich and Bedford, 1981), 

mouse (Fraser, 1984), rabbit (Bedford, 1969) and guinea pig (Yanagimachi and Mahi, 

1976) spermatozoa using these agents have been demonstrated previously. 

In vitro studies have also demonstrated that sperm capacitation is temperature 

dependent. A temperature range of approximately 37°C to 39°C is optimum 

(Yanagimachi, 1994). 

CAPACITATION CHANGES OF THE SPERMATOZOON: 

Plasma membrane: 

The spermatozoal plasma membrane, as stated previously, is altered during 

capacitation. A preponderance of evidence supports the view that this alteration involves 

the removal or modification of surface-associated components (Weinman and Williams, 
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1964). These components are termed decapacitating factors and are glycoproteins 

thought to be found in seminal plasma (Fraser et al., 1990 a. ; Oliphant and Brackett, 

1973). Glycoproteins have been observed to be released and absorbed by ram 

spermatozoa incubated in uterine and oviductal fluid (Voglmayr and Sawyer, 1986). 

Intramembrane particle redistribution also occurs during capacitation. The use of 

freeze-fracture techniques (Friend, 1980) and measurement of cholesterol / phospholipid 

ratios (Davis, 1981) have shown capacitation changes in-vitro to include modifications of 

the structure, organization and concentration of proteins, sterols, and phospholipids 

(Yanagimachi, 1994) within the plasma membrane of the spermatozoa. Friend (1980) 

showed that cleared areas in the acrosomal region of the sperm plasma membrane during 

in-vitro capacitation of guinea-pig sperm consisted of sterols and proteins. Redistribution 

of particles result in the formation of patchy areas that give characteristic binding and 

fluorescent patterns observed. 

Koehler (1978), observed that binding of lectin to the acrosomal region was 

reduced after incubating spermatozoa in the estrous reproductive tract or in in-vitro 

capacitative conditions when compared to non-capacitated sperm. Similar studies using 

antibody labelling of sperm surface antigens seem to suggest the removal of some surface 

associated component responsible for binding during the capacitation process. These 

findings suggest similar activity in vivo that may be intimately associated with 

capacitation. 
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Hypermotility: 

The capacitation process is transitory and does not involve any obvious 

ultrastructural or morphological changes which can be easily observed with light 

microscopy. Two clinically observable phenomena have been demonstrated to be 

associated with capacitation. One such phenomenon is sperm hypermotility or hyperactive 

motility (Yanagimachi, 1970 and 1981 and Suarez et al, 1983). 

Hypermotility or hyperactivation, as described by Yanagimachi (1981), denotes a 

marked change in the pattern of beat of the sperm tail resulting in a non-progressive 

whiplash pattern of motility. It is thought to occur at the end of physiological capacitation 

however the timing of hyperactivity as it relates to the onset or progression of capacitation 

is difficult to study in-vivo. Hyperactivation occurs in the female reproductive tract at 

some time between insemination and fertilization. This type of motility pattern has been 

demonstrated in spermatozoa recovered from the oviduct of numerous species (Cummins, 

1982 ; Olds-Clarke, 1986 ; Shalgi and Phillips, 1988 ; Suarez and Osman, 1987). 

Hyperactivation has also been described in hamster and guinea pig spermatozoa 

capacitated in-vitro (Katz and Yanagimachi, 1981) and in vivo (Yanagimachi and Mahi, 

1976). 

Katz et al (1989) hypothesized that hyperactivated motility enables (i) an increased 

area of contact with the oviductal lumen thereby increasing the probability of contact with 

the egg, (11) movement of spermatozoa through mucosal folds, (iii) effective penetration of 

the cumulus and zona pellucida, and (iv) stirring of the surrounding mileu promoting 
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contact with metabolic substrates and possible stimulatory factors. Regardless of its 

significance, experimental evidence suggests that this type of sperm motility is important 

for sperm ascent to the site of fertilization (Overstreet et al. 1979). 

Acrosome Reaction: 

The second phenomenon is the acrosome reaction. Clear distinction between the 

events of capacitation and the acrosome reaction is lacking. Currently, the acrosome 

reaction is thought to occur at the end of capacitation prior to zona penetration and 

fertilization. It results from the fusion of spermatozoal and outer acrosomal membranes 

with the subsequent release of hydrolytic acrosomal enzymes. Enzyme release is via 

exocytotic mechanisms through fenestrations formed at the points of fusion of both 

membranes (Barros et al., 1967). These enzymes aid in the penetration of the cumulus 

and zona which surround the oocyte. 

Many substances have been found to stimulate the acrosome reaction in vitro. The 

physiologic stimulus in vivo is thought to be interaction with the egg and surrounding 

fertilization mileu. Timing of the acrosome reaction is critical to fertilization. Sperm that 

undergo this reaction prior to penetration of the cumulus have reduced ability to further 

penetrate the zona and adhere to cumulus cells (Talbot, 1985). Spermatozoa that are 

acrosome intact participate in zona binding. This has been documented in the mouse 

(Saling et al., 1979), boar (Peterson et al., 1980), sheep (Crozet and Dumont, 1984), bull 
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(Florman and First, 1988), and rabbit (O’Rand and Fisher, 1987). More complete reviews 

on the acrosome reaction are available (Kopf and Gerton, 1991). 

METHODS OF ASSESSING CAPACITATION: 

In the past, most in-vivo studies have utilized penetration of zona free and zona 

intact hamster and homologous ova by spermatozoa as evidence of capacitation (Boatman 

et al, 1988; Wheeler and Seidel, 1987 ; Brackett et al, 1982). Other studies utilized 

fertilization of oocytes with pronuclei formation as the end point, thereby suggesting the 

occurrence of capacitation. Today, with improved technology permitting the use of 

radio-labelling, transmission electron microscopy, freeze-fracture techniques, lectin 

binding, monoclonal antibodies, and various stains have enabled the differentiation of 

capacitated versus uncapacitated spermatozoa. Stains such as the chlortetracycline (CTC) 

and trypan blue / bismark brown / rose bengal triple stains (Gutierrez et al, 1993) cause 

differential staining patterns that can be recognized. This study utilizes the CTC stain to 

differentiate sperm cell staining patterns. Spermatozoa are categorized as uncapacitated 

(UC), capacitated / acrosome intact (CA), and capacitated / acrosome reacted (CAR) each 

category being defined by one or more staining pattern. 

One major disadvantage of such a stain is its inability to determine the viability of 

individual spermatozoa. This is of physiological importance as senescence, capacitation, 

and death of sperm cells all occur simultaneously. The effect of age related and moribund 
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changes on CA and CAR staining patterns detected is not known. Viability is therefore 

examined using a live / dead stain such as an eosin / nigrosin stain* . Despite this 

drawback, the CTC stain offers a fairly simple method for presumptive dectection of 

capacitation. 

CHLORTETRACYCLINE FLUORESCENCE STAINING: 

The antibiotic, chlortetracycline, has been used extensively in human studies to 

assess capacitation-like changes ocurring in the sperm cell. This fluorescent probe 

distinguishes staining patterns on the basis of cellular calctum changes. The 

chlortetracycline (CTC) fluorescence stain is a light microscope assay which may also be 

used for the detection of the acrosome reaction and correlates highly with transmission 

electron microscopy of equine sperm (Varner et al, 1987). As described by Ward and 

Storey (1984), this type of stain can be used to determine capacitation by examination of 

staining characteristics of individual sperm cells. The CTC stain has been used to study 

and demonstrate capacitation in mouse (Ward and Storey, 1984 ; Fraser and Herod, 

1990), stallion (Varner et al, 1987 and 1993; Ellington et al, 1993 c.,d.), and human 

spermatozoa (Lee et al, 1987 and Kholkute et al, 1992). It has also recently been used to 

demonstrate capacitation of boar spermatozoa (Mattioli et al., 1996). 

  

* Hancock’s Stain. The Society for Theriogenology, Hastings, Nebraska. 
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The actual mechanism of the technique is not clear. Chlortetracycline chelates 

divalent cations such as calcium and emits increased fluorescence upon interaction 

(Caswell and Hutcheson, 1971). Chlortetracycline is thought to bind to a calcium affinity 

substance or an anionic peptide on the sperm plasma membrane after uptake of 

extracellular calcium by the sperm head. During capacitation this binding changes as the 

decapacitating peptide is possibly removed or lost, resulting in the characteristic patterns. 

There are three staining categories and approximately five staining patterns. Using 

this stain, uncapacitated mouse sperm have a homologous area of fluorescence about the 

entire head with a hyperfluorescencent midpiece. Capacitated / acrosome intact sperm 

have enhanced fluorescence on both the head and midpiece however the post acrosomal 

region has little or no flourescence and forms a readily observable dark band (Saling and 

Storey, 1979). Acrosome reacted sperm have very little or no fluorescence on the anterior 

head. Similar staining patterns are observed for stallion sperm (Varner et al, 1993). 

FUNCTIONAL VALIDATION OF PATTERNS: 

Capacitated spermatozoa have the ability to undergo spontaneous or induced 

acrosome reactions. This property has been repeatedly utilized to determine the functional 

state of spermatozoa exhibiting capacitation-like CTC patterns (Saling and Ward, 1979 ; 

Ward and Storey, 1984 ; Lee et al, 1987 ; Kholkute et al, 1992 ; Ellington et al, 1993a, b 

and Mattioli et al, 1996). Ward and Storey (1979) demonstrated that mouse sperm 
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displaying the CTC capacitation-like pattern could be induced to undergo the acrosome 

reaction upon exposure to solubilized zonae. Sperm exhibiting unreacted, acrosome intact 

CTC patterns could not be induced to undergo the acrosome reaction. Other investigators 

have demonstrated similar results using human and boar sperm. Ellington et al (1993 a 

and b) subjected equine spermatozoa to known capacitating conditions (coculturing with 

mare oviductal cells and / or calcium ionophore) and observed an increase in spermatozoa 

exhibiting CTC patterns indicative of capacitation. Good correlation between the CTC 

stain and indirect immunofluorescence or triple stain assays have also been documented 

(Lee et al, 1987 and Mattioli et al, 1996). 

HORMONAL INFLUENCES: 

The fact that capacitation occurs relatively near to the time of ovulation and that 

ovulation occurs during estrus in most mammals suggests that the hormonal status of the 

female may be involved as a mediator or factor associated with the capacitation process. 

Also suggestive is the fact that glycoaminoglycans known to produce capacitation-like 

changes in-vitro have been recovered from the luminal fluids of the reproductive tract of 

numerous species and in particular, during the estrous cycle in mares. It should be noted, 

too, that these are elevated during the follicular phase as compared to the non-follicular 

phase of the estrous cycle (Varner et al., 1991). The influence of stage of cycle on 

capacitation has been shown for rabbit (Bedford, 1967 a. ; Soupart, 1967) and bull 

21



(Didion and Graves, 1986; King et al, 1994) spermatozoa. In both instances estrus was 

positively associated with capacitation as compared to diestrus. 

The mechanism of hormonal involvement is not definitively known. Oviductal cell 

cultures from rabbits have been shown to synthesize more proteins when primed with 

estrogen (Oliphant et al, 1984). These oviduct-specific proteins have been reported in 

numerous species. Rabbits (Urzua et al, 1970), monkeys (Mastroianni et al, 1970), rats 

(Wang and Brooks, 1986), humans (Lippes et al, 1981), hamsters (Robitaille et al, 1988), 

sheep (Sutton et al, 1984), mice (Kapur and Johnson, 1985) and cows (Malayer et al, 

1988) are all reported to secrete similar proteins during estrus. In an attempt to 

demonstrate the biologic activity of the bovine estrus-associated protein (EAP), King et al. 

(1994), using anti-EAP, concluded that bovine EAP promoted sperm fertilizing ability. 

At the time of ovulation it seems logical to assume that some follicular contents 

are expelled along with the ovum into the oviductal lumen. Observations that follicular 

fluid, rich in estrogens, stimulated the motility characteristics associated with capacitation 

and the acrosome reaction in bovine (McNutt et al, 1991 and 1994), human (Fakih and 

Vijayakumar, 1990), and porcine (Ramsoondar et al, 1990) spermatozoa, also suggest 

some hormonal influence. 

Oviductal fluid has also been shown to capacitate sperm. The studies of McNutt 

and Killian (1991) demonstrated that bull spermatozoa were capacitated more rapidly in 

non-luteal than in luteal oviductal fluid again suggesting hormonal influence. 
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It has also been demonstrated that hormonal status affects uterine motility and 

direction of uterine contractions in the estrous ewe (Hawk, 1973 and 1975 ; Croker and 

Shelton, 1973). Estrogen has been positively associated with contractions of the 

reproductive tract. Contractions may proceed posteriorly from the oviducts or 

uterotubular (UT) junction toward the cervix or anteriorly from the uterine body toward 

the oviducts. The latter type of motility was observed to be increased in the early phase — 

of estrus in the ewe and occured between 5 - 25 hours after the onset of estrus. 

Estrogens may possibly influence capacitation indirectly by action on the oviductal 

mucosa and directly by action on the sperm cell (Ramsoondar et al., 1991 ; McNutt and 

Killian, 1991). These studies seem to indicate that hormones may influence capacitation 

by altering motility and sperm transport and therefore exposure to stimulants of 

capacitation. Estrogens also promote uterine and oviductal secretions which play a major 

role in the capacitating environment. 
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MATERIALS AND METHODS 

Ewes: 

Twenty three sexually mature crossbred ewes maintained at the VPI Sheep Center 

were utilized for this study. The study was conducted in two parts, the first part being 

carried out during the months of June through August 1995 and the second during 

October through December of the same year. Ewes were Finn/Dorset and Suffolk / 

Dorset crosses. All were approximately 16 - 18 months of age at the start of the study. 

Ewes were kept at pasture until used and had unlimited access to water and mineral 

blocks. Average body weight was 70.4 kg. 

Semen Collection and Processing: 

Fresh, fresh-cooled extended, and frozen-thawed semen samples from one 16 year 

old Dutch Warmblood stallion stabled locally were used as treatment groups. Breeding 

records for the 1995 season indicated that for this stallion the average ejaculate volume, 

concentration, and motility were approximately 75.8 cc of gel-free semen, 105 million 

spermatozoa per ml of sample, and 57% respectively. 

Fresh semen samples were collected daily for 2 - 4 days prior to collecting samples 

for use in the study. Pre-experimental collections were done in an attempt to equilibrate 

sperm reserves, decrease variation between semen samples, and reduce the risk of 
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obtaining an aged sample. These pre-experimental samples were discarded. Collection 

was done with the aid of a breeding phantom and a Missouri type Artificial Vagina (AV)’ . 

Gel was separated with an in-line milk filter fitted into the collection device. Post 

collection, experimental samples were analyzed and the following parameters assessed: 

volume of gel-free semen, spermatozoal concentration, overall motility, progressive 

motility, and morphology. Preset limits for semen quality in this study were similar to 

those set for fertile stallions as defined by Pickett (1993). Ejaculates utilized contained a 

minimum of | billion progressively motile, morphologically normal sperm cells. 

Concentration of each sample was assessed using a Densimeter* . Approximately 

3.42 ml of a 10 % formalin solution® was dispensed into a disposable 4 ml cuvette which 

was covered and placed in the specimen drawer for standardization of the unit. Following 

standardization, 180 microliters of the gel-free semen sample was added to the cuvette 

which was then replaced into drawer. Concentration of the sample was recorded as 

million of spermatozoa per milliliter. 

Motility was evaluated using a Hamilton Thorn Motility Analyzer’. Ten 

microliters of the unextended sample was added to the sample well of a 20 micron 

chamber Microcell slide‘ and the latter placed on a temperature controlled specimen stage. 

Average stage temperature was 38 °C. After approximately 1 min to allow for 

distribution of the sample throughout the well, the specimen was visualized using phase 

  

> Hamilton Thorn Research, Beverly, MA. 
° Animal Reproduction Systems, model 534B, mod 1. Chino, CA. 

‘Formalin 10. Animal Reproduction Systems, Chino, CA. 
* HTM-S, Hamilton Thorn Research, Beverly, MA. 

‘ Conception Technologies, La Jolla, CA. 
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contrast optics incorporated in the HT-M2000 and then scanned at a rate of 29.9 frames 

per second for 0.67 seconds. A total of three fields were scanned for each sample. 

Average motility of all frames scanned was recorded. Progressive motility, pace, and 

average velocity of motile spermatozoa were also recorded for each sample. 

Sperm morphology was assessed using a vital stain containing eosin and nigrosin’ . 

One drop of a semen sample was placed on the edge of a microscope slide along with one 

drop of stain. Both were mixed together and then smeared across the slide. After air 

drying, the slide was then observed under oil immersion light microscopy. Sperm 

morphology of 100 cells was observed and percent normal recorded for each sample. 

Collected samples were processed after analysis of required parameters. Samples 

were divided into aliquots containing approximately 500 million progressively motile 

spermatozoa. Aliquot volumes were calculated by multiplying the total gel-free ejaculate 

volume by a qoutient obtained from the formula; 

[C] x pMOT x Vol. x %N 
500 x 10° spermatozoa 

where [C] is the concentration of the sample in spermatozoa per ml, pMOT is the fraction 

of spermatozoa showing progressive motility, Vol. is the volume of gel-free semen 

collected, and %N, the fraction of spermatozoa having normal morphology. This enabled 

the calculation of the total number of viable, progressively motile spermatozoa contained 

within each ejaculate and subsequently the volume of ejaculate required to contain 500 

million viable, progressively motile spermatozoa. Aliquots were centrifuged at 300 g for 

  

* Hancock’s Stain, The Society for Theriogenology, Hastings, NE. 
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10 mins. The supernatant, which consisted mainly of seminal plasma, was pipetted off and 

the pelleted sample resuspended using approximately 5 mls of an equine semen extender? . 

This extender contained non-fat dry milk solids, glucose, and polymixin-B sulphate and 

had been successfully and extensively utilized in the past on semen samples from the 

stallion used in the study. Maintenance of motility and viability for greater than 24 hours 

was good, mean values being > 50% and > 80% respectively. Resuspended aliquots were 

then randomly assigned for immediate use as fresh (FR) sample treatments or stored in an 

Equitainer" for use in 20 - 26 hrs as cooled / extended (FCE) sample treatments. 

Frozen / thawed (FZ) samples were obtained by thawing 0.5 ml straws after 

submerging them for 7 seconds in water at 75° C and then for 30 seconds in water at 37.7° 

C. These straws had been previously frozen by a commercial laboratory’. Post thaw 

motility ranged between 55 and 65%. 

Surgical Insemination / Oviductal Flushing: 

Prior to surgery, ewes were held off feed and water for 24 and 12 hours 

respectively. They were taken from pasture and housed in stalls during this time. Each 

ewe was premedicated with 0.04 mg/kg atropine sulphate! given intramuscularly (IM). 

Sedation was accomplished 20 - 30 minutes later with intravenous (IV) 0.1 mg/kg 

  

8 E-Z Mixin - OF, Animal Reproduction Systems, Chino, CA. 
" Hamilton Thorn Research, Beverly, MA. 
"Roanoke AI, Roanoke, VA. 

1 Vedco Inc., St. Joseph, MO. 
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xylazine hydrochloride“ and general anesthesia maintained with IV ketamine 

hydrochloride’ at a dose of 0.05 mg/kg. After a satisfactory plane of anesthesia was 

achieved, each ewe was positioned in dorsal recumbency with the head extending ventrally 

at an angle of about 210 degrees. This was done in order to prevent aspiration of salivary 

secretions. The ventral abdomen was then prepped for surgery using a tamed organic 

iodine scrub™ and 70 % alcohol. 

A midline skin incision was made just posterior to the umbilicus extending caudally 

approximately 8 to 10 cm in length. The incision was continued through subcutaneous 

tissue and the linea alba delineated. The latter was then carefully incised along with the 

peritoneum to gain access to the abdominal cavity. The uterus was then located and 

gently manipulated into the incision line. The entire reproductive tract was examined and 

records made of ovarian structures present. These structures included follicles, corpora 

lutea (CL), corpora hemorrhagicae (CH), and corpora albicantia (CA). 

With the blunt end of a large 1/2 circle Martin uterine needle" , an opening was 

prepunched into each uterine horn midway between the point of bifurcation and the 

uterotubular (UT) junction. This opening extended through the entire uterine wall into the 

uterine lumen. An 18 gauge, 2 inch teflon IV catheter° was then threaded through the 

Opening into the uterine lumen and approximately 2 1/2 mls of FR or FCE semen sample 

or 0.25 ml of FZ sample administered via syringe into each horn. The uterus was then 

  

* Rompun®, Miles Inc., Shawnee Mission, KA. 
'Ketaset®, Fort Dodge Laboratories Inc., Fort Dodge, IA. 
™ The Clinipad Corp., Guilford, CT. 

" Anchor Products Co., Addison, IL. 

° Angiocath®, Becton Dickson Vascular Access, Sandy, UT. 
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replaced and the incision closed in two layers using 3.0 chromic gut’. The peritoneum / 

linea alba was closed in a simple continuous pattern and the skin closed in an interrupted 

pattern. Ewes were then recovered and returned to stalls. 

Approximately 4 - 6 hours later, each ewe was again sedated and anesthetized as 

previously described. The animal was again positioned in dorsal recumbency and prepped 

for surgery. Skin and linea alba sutures were removed and the abdominal cavity reopened. 

The reproductive tract was again exteriorized and the initial puncture in each horn made 

wider with the aid of a mosquito hemostat. A 10 french foley catheter’ was then thread 

successively through each horn opening and advanced cranially in the uterine lumen to 

approximately 2 cm caudal to the UT junction. The balloon on the catheter tip was 

inflated with 5 ml of saline and the catheter seated snugly at this location. A 3 1/2 french, 

5 1/2 inch tom cat catheter’ was then carefully threaded about 1 1/2 to 2 cm into the 

oviduct through the infundibulum. Approximately 5 - 6 mls of medium was then used to 

retrograde flush each oviduct. The effluent was collected through the proximal end of the 

foley which was placed in a sterile petri dish located outside the abdomen. After 

collection the recovered sample was immediately processed for staining. Closure of the 

abdomen was as before, except 3.0 Vicryl and 2.0 Vetaphil* was used on the linea alba / 

peritoneum and skin respectively. Ewes were again recovered and observed for 24 hours 

for complications before returning to pasture. 

  

P Davis-Geck, Manati, PR. 

1 Kendall Health Care Products, The Kendall Co., Mansfield, MA. 

* Sherwood Medical, St. Louis, MO. 

* Mallencrodt (Pitman-Moore), Mundelein, IL. 
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Medium: 

The media used for flushing oviducts was a modified Krebs/Ringer bicarbonate 

solution. The Krebs/Ringer solution was made by combining 0.1g of magnesium chloride, 

0.34g of potassium chloride, 7g of sodium chloride, 0.1g of sodium phosphate (dibasic), 

0.18g of sodium phosphate (monobasic), 1g of D-glucose and 0.84g Of sodium 

bicarbonate in 1L of deionized water. It was modified by adding 3.92g of sodium lactate, 

2.7g of sodium pyruvate, 0.1g of hypotaurine, and 2.6g of N-(2-hydroxyethyl) piperazine- 

N’-(2-ethane sulfonic acid) (HEPES). All reagents were obtained from Sigma Chemicals 

Company, St. Louis, Missouri. The pH was adjusted to 7.4 using 1 N NaOH. Media was 

prepared and frozen in 100 ml aliquots. Aliquots were thawed as needed and warmed to 

38° C before use. Prior to use, bovine serum albumin was added to the medium to make a 

2% solution. The media was then passed through a sterile 0.2 micron syringe filter’ . 

Staining of Spermatozoa: 

Immediately after collection, recovered oviductal washes were centrifuged at 300 

g for 10 mins. The supernatants were discarded and the pellets resuspended with 1 ml of 

medium. Samples of this resuspension were then stained using Hancock’s and CTC stains 

and examined under simple light, and fluorescence microscopy, respectively. 

The chlortetracycline (CTC) stain was made by dissolving 0.026g of CTC into 90 

mls of a tromethamine buffer. The pH of this solution was adjusted to 7.8 and the 

  

‘Corning Glass Works, Corning, NY. 
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solution kept in a light shielded container at 4° C. Stain was made fresh every 48 hrs. The 

tromethamine buffer consisted of 0.247g of Trisma Base (MW 121.1), 0.061g of L- 

Cysteine (MW 121.2) and 0.759g of NaCl (MW 58.44) dissolved with distilled water to 

100 mls. All chemicals used were purchased from Sigma Chemicals Co., St. Louis, 

Missouri. The stain was also stored at 4° C. 

Approximately 100 uL of sample was combined with an equal volume of stain in a 

500 uL mixing well and incubated for 1 minute at 38° C. Following this, 1.6 uL ofa 

12.5% glutaraldehyde solution was added to the mixing well and the mixture incubated for 

a further 3 - 5 minutes. A drop of the mixture was then placed on a prewarmed slide and 

examined microscopically. All CTC staining procedures were done in the absence of 

strong light. 

Microscopic assessment was made using a Nikon Labophot scope equipped with 

phase contrast and fluorescence capabilities using a HBO 100W mercury source. The 

excitation beam was passed through a B-2A fluorescence filter block with a double cube 

illuminator and collector lens. Excitation wavelength emission was between 450 and 490 

nm. Wavelengths greater than 510 nm were omitted. 

Hancock’s stain was purchased pre-made and kept in a light shielded container at 

4° C. One drop of stain was added to one drop of semen sample and the mixture smeared 

onto a microscope slide. After air-drying the slide was then examined under light 

microscopy and live / dead sperm percentages assessed. 
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Blood Sampling: 

Blood samples were collected from both anestrous and estrous ewes to determine 

levels of progesterone by solid-phase radioimmunoassay (RIA)” . Anestrous ewes were 

sampled twice, one week apart, and estrous ewes were sampled approximately 12 - 16 

hours after heat detection just prior to surgery. All samples were centrifuged after 

collection. Serum was then harvested and stored at -20° C until analysed. 

Heat Detection: 

Heat detection was done twice daily, morning and evening. Three vasectomized 

(teaser) rams were utilized to aid in heat detection. Ewes were recorded as being in estrus 

if they stood for breeding by the teaser more than once. Other signs of estrus such as tail 

twitching and the presence of a vaginal discharge were also noted. Ewes showing heat 

for the first time during the evening heat detection exercise were then isolated and kept off 

feed for use in 12 - 16 hours. 

Statistical Analysis: 

Data were recorded as percentages of sperm showing particular staining patterns. 

Normality of data was tested by the univariate procedure and satisfied when possible using 

  

“ COAT-A-COUNT Progesterone kit. Diagnostic Products Corp., Los Angeles, CA. 
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the arcsin transformation. Analysis of variance was used to compare means of normally 

distributed data with respect to treatments and status groups. Non-normal data was 

analysed by Kruskal Wallis non-parametric test of variance. All analyses were performed 

using the General Linear Models procedure in SAS (Anon, 1990) to account for unequal 

sample sizes. The significance level was set at p < 0.05. 

Data were recorded as percent uncapacitated (PUR), capacitated (PCAP) or 

acrosome reacted (PAR) spermatozoa. Mean PUR, PCAP, and PAR were recorded for 

inseminated and recovered semen samples in status (estrus and anestrus) and treatment 

groups (FR, FCE, and FZ). Treatment samples were pooled for analyses because of small 

sample sizes. Comparisons between PCAP, PAR and PUR for estrous and anestrous 

groups of ewes and the effect of treatment were determined using one way analysis of 

variance. Total number of spermatozoa recovered (RTOT) and capacitation time 

(CAPTIME) were also compared, as well as mean spermatozoal motility and viability of 

inseminated and recovered samples. 

The paired t test was used to compare serial progesterone values in anestrous 

ewes to test for non-cyclicity. Mean serum progesterone levels in estrous and anestrous 

ewes were recorded. 
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RESULTS 

Of the 23 ewes in the study, only 14 were used for statistical analyses. Seven ewes 

were eliminated because of missing data (i.e. no spermatozoa were recovered from the 

oviducts) and two ewes eliminated because of evidence of cyclicing (anestrous ewes). 

The right oviduct of one ewe, number 4167, was accidentally ruptured at the time of 

flushing. Of the animals excluded, seven were from the anestrous group and two were 

from the estrous group. Sample size was therefore 9 and 5 for the estrous and anestrous 

status groups, respectively. Sample size for the three treatment groups, FR, FCE and FZ 

were also unequal. 

Capacitation Time: 

Mean capacitation time (CAPTIME) for the study was 5.54 + 0.38 hours, 

measured as interval from surgical insemination to oviductal flushing. Capacitation time 

for the study ranged from 4.75 to 6.25 hours. Capacitation time was not different 

between status nor treatment groups (p > 0.05). CAPTIME for estrous and anestrous 

ewes were 5.65 + 0.3 2 and 5.33 + 0.43 hours, respectively. Both were within the 4 - 6 

hour time period allotted for the study. CAPTIME for treatment groups were 5.65 + 

0.28, 5.59 + 0.25 and 5.45 + 0.49 hours for fresh, cooled / extended, and frozen semen 

samples, respectively. 
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Tests of Cyclicity: 

Recorded progesterone levels for anestrous ewes are shown in Table 1. Mean 

progesterone levels in anestrous ewes was 0.58 + 0.34 ng / ml for the first sampling period 

(PROG1) and 0.23 + 0.02 ng / ml for the second sampling period (PROG2). These did 

not differ significantly (p > 0.05). Serial progesterone levels of less than 1 ng / ml are 

reported for anestrous ewes. 

The majority of animals used had consecutive plasma progesterone levels of less 

than 1 ng / ml for both sampling periods. Ewe number 4320 had an increase of 2.84 ng / 

ml between PROGI and PROG2 samples and was considered to have been in a luteal 

phase at time of insemination. Nine spermatozoa were recovered from her oviducts and at 

time of insemination, no significant structures were observed on either left or right ovary. 

Recorded data from this animal was eliminated from analyses. Another ewe, number 4275 

had corpora lutea on both ovaries. This indicated ovulation and data from this ewe was 

also eliminated. Recorded progesterone value for each sampling periods was 1.236 ng/ml 

and 1.987 ng/ml both highlighting the presence of functional luteal tissue. 

All other anestrous ewes had minor follicular activity present on one or both 

ovaries. 
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Table 1: PROGESTERONE LEVELS OF ANESTROUS 

EWES. 

Serum progesterone values (ng/ml) 
  

  

  

Ewe ID # 1st sampling period. 2nd sampling period. 

(PROG1) (PROG2) 

4092 0.28 0.23 

4167 1.08 0.21 

4176 0.73 0.22 

4275* 1.24 1.99 

4320* 1.03 3.87 

4379 0.29 0.27 

4388 0.50 0.21         
Venous sampling was done twice per ewe and one week apart to detect increasing 

trends in serum progesterone levels and confirm acyclicity. Anestrous ewes typically 

have serum levels below 1 ng/ml. * omitted ewes which were considered to be cycling 

at time of insemination due to > 1 ng/ml progesterone values and an increasing 

trend. 
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Heat detection: 

Estrous ewes had plasma progesterone levels which ranged from non-detectable 

values to 0.29 ng / ml. Mean plasma progesterone was 0.19 + 0.19 ng / ml for estrous 

ewes. Reported ranges for estrous sheep are below 0.2 ng/ml. At time of insemination 

the majority of ewes had corpora hemorrhagicae (CH) present on one or both ovaries. 

This indicated recent ovulation which occurs toward the end of estrus in the ovine. Ewe 

number R137 was the only animal in which CHs were not observed, she had multiple 

follicular structures on both right and left ovaries. 

Spermatozoal Motility: 

Motility was significantly different between treatments (p < 0.01). Fresh (FR) 

semen samples had consistently higher motility than cooled / extended (FCE) or frozen / 

thawed (FZ) inseminated samples. Mean motility for FR, FCE and FZ samples were 93.0 

+ 14.0 %, 73.6 + 15.8 % and 63.1 + 6.9 %, respectively. Mean motility for all groups at 

time of insemination was 73.9 + 11.2 percent. The motility of inseminates with respect to 

endocrine status of ewe was only slightly different (p = 0.04). Mean motility for 

anestrous and estrous ewes was 70 + 8.3 percent and 80.6 + 16.8 percent, respectively. 

Recovered samples exhibited minimal oscillatory or no motility patterns. 
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Viability of Spermatozoa: 

Viability of inseminated sample was also significantly different between treatment 

groups (p <0.001). Mean viability of spermatozoa was higher for FR samples, 81.7 + 2.5 

percent, when compared to FCE or FZ samples (70 + 1.4% and 69.5 + 0.7%, 

respectively). There was no significant difference in viability between FCE and FZ 

samples. Viability of recovered spermatozoa did not differ significantly between treatment 

or status groups (p >0.05). Mean viability of recovered spermatozoa was 30.1 + 9.1 

percent. 

Spermatozoal Recovery: 

More spermatozoa were recovered from ewes in estrus than from anestrous ewes 

(see Fig.1). Reproductive status of ewe however, had no significant effect on total 

number of spermatozoa recovered (RTOTAL) from the oviducts (p > 0.05) despite this 

trend. Mean number recovered was 32.6 + 37.3 and 40.8 + 37 spermatozoa for anestrous 

and estrous ewes, respectively. Mean recovery for the study was 37.9 + 35.9 

spermatozoa per ewe. This low recovery rate is similar to that reported in previous 

studies. Approximately 500 million spermatozoa were contained within the inseminate 

volume. Despite the lack of significance, the trend was for estrous ewes with lower levels 

of progesterone at time of surgical insemination to have higher recovery rates. Two 
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FIGURE 1: TOTAL NUMBER OF SPERMATOZOA 

RECOVERED BY STATUS GROUP. 

Sperm recovered were pooled according to status group. 

Estrous ewes (n = 9) had twice as many sperm recovered as 

anestrous ewes (n = 5). RTOTAL was 367 and 163 

respectively. 
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anestrous ewes exhibited a vaginal discharge which contained high concentrations of 

spermatozoa within minutes of recovery from anesthesia. 

There was minimal effect of treatment on recovered numbers (p = 0.03) of 

spermatozoa. Interaction between estrous status of ewe and treatment was not assessed 

due to small sample size. The most significant difference occurred between FR and FZ 

samples. More spermatozoa were recovered from ewes treated with FR semen samples 

versus FZ samples (p < 0.05). Mean recovery for FR, FCE and FZ samples was 65.3 + 

41.7, 56.3 + 38.6 and 14.3 + 10.2 spermatozoa, respectively. Mean number of 

spermatozoa recovered for the study was group was 37.9 + 28.3. Within status groups, 

treatment significantly affected RTOTAL in the estrous animals (p = 0.01) but had no 

effect in anestrous ewes (p > 0.5). FR samples had the highest recovery, followed by FCE 

and then FZ samples. Sample sizes were however, small. 

Staining characteristics: 

The types of sperm CTC patterns observed are depicted in Figures 2 -8. Three 

main staining categories were recognized in this study, unreacted (UR), capacitated / 

acrosome intact (CAP) and acrosome reacted (AR) summarized in Table 2. Based on 

these categories, spermatozoa exhibiting like staining patterns were recorded as percent 

unreacted (PUR), percent capacitated (PCAP) and percent acrosome reacted (PAR). 
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Scored spermatozoa were required to have a minimum of bright fluorescence over the 

midpiece of the flagellum. This indicated adequate uptake of the CTC stain. 

Mean PUR, PCAP and PAR recovered were calculated for status and treatment 

groups. Mean PUR and PAR were not different between estrous or anestrous groups (p 

>0.05). No significant effect of treatment was observed. Status of ewe did not 

significantly affect PCAP (p > 0.05) even though mean PCAP was greater in estrous ewes 

(13.1 + 13.9 versus 1.2 + 2.6). Anestrous ewes had very few recovered spermatozoa 

exhibiting capacitation-like patterns. Interaction between status group and treatment 

could possibly account for this lack of significance. PCAP was significantly different for 

treatment groups. FR samples had greater numbers of recovered capacitated spermatozoa 

than FCE or FZ samples. Mean values were 23.5 + 14.9, 6.7 + 7.0 and 1.4 + 1.8 percent, 

respectively. 

Data was split into inseminate and recovered samples and analysed (see Table 3). 

Unreacted spermatozoa in inseminate samples (IUR) was not different detween status 

groups. Percentage of acrosome reacted spermatozoa (IAR) in inseminate samples was 

also not different between estrous and anestrous ewes. Capacitated spermatozoa in 

inseminated samples (ICAP) was significantly different between estrous and anestrous 

groups (p < 0.05). Because of this, percentage capacitation for each ewe was calculated 

as the difference between inseminated and recovered patterns, characteristic of each 

category. The varying numbers of capacitated spermatozoa in inseminate samples would 

lead to inaccurate interpretation if only recovered samples were analyzed. 
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Treatment had no effect on PCAP in inseminated samples (p > 0.05). Frozen 

samples tended to have less percentages of capacitated spermatozoa in the inseminated 

sample however no significance was established. Mean values were 22.8 + 6.5, 23.7 + 6.4 

and 11.3 + 11 percent for FR, FCE and FZ samples, respectively. PAR and PUR showed 

an expected increase and decrease, respectively, between inseminate and recovered sperm 

samples. Unreacted and acrosome reacted spermatozoa in recovered samples (RUR and 

RAR, respectively) did not differ between treatment or status groups (p > 0.05). 

Differences in percentages of unreacted (URDIF), capacitated (CAPDIF) and 

acrosome reacted (ARDIF) spermatozoa between inseminated and recovered samples 

were analyzed (see Figure 9). ARDIF and URDIF were not affected by treatment or 

status despite positive and negative trends, respectively. CAPDIF was significantly 

different for treatment and status groups (p < 0.01 and p < 0.05, respectively). Estrous 

animals inseminated with fresh semen had greater PCAP spermatozoa in recovered 

flushings. FR semen had a mean CAPDIF of 13.8 + 5.3 percent and estrous ewes had a 

mean CAPDIF of 5.4 + 11.2 percent. In contrast, anestrous ewes had a mean CAPDIF of 

-7.6 + 8.9 percent, indicating a decrease in the number of PCAP spermatozoa between 

inseminated and recovered samples. Very few capacitated spermatozoa were 

demonstrated in recovered fluid from the oviducts of anestrous ewes. This low recovery 

could have influenced mean CAPDIF. 
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Figure 2. Photograph of spermatozoa showing CTC staining patterns 

using 40X objective. 

Spermatozoa displaying hyperfluorescence over the midpiece and appearing 

morphologically normal were scored. 
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Figure 3. Photograph of spermatozoon exhibiting CTC type I staining 

pattern (unreacted spermatozoon). 

Note the homogenous fluorescence of the spermatozoal head. The midpiece 

fluoresces brightly. CTC binding to a possible calcium affinity substance or 

stabilizer molecule results in this pattern. 
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Figure 4. Schematic representation of an unreacted acrosome intact 
spermatozoon. 

Flourescence over the spermatozoal head may be homogenous or mottled in 

appearance. 
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Figure 5. Photograph of spermatozoon exhibiting CTC type II staining 

pattern (capacitated spermatozoon). 

Note the band of little to no fluorescence in the post acrosomal region. The 

acrosomal region still fluoresces as does the midpiece. Spermatozoa displaying this 

pattern readily penetrate zona pellucida of homologous oocytes. 
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Figure 6. Schematic representation of a capacitated spermatozoon. 

A band of no flourescence is observed in the postacrosomal region of the sperm 

head. 
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Figure 7. Photograph of spermatozoon exhibiting CTC type III 

staining patterns (acrosome reacted spermatozoon). 

Note the lack of fluorescence in the acrosomal region of the sperm head. The post 

acrosomal region and midpiece display fluorecence. Sperm exhibiting this pattern 

adhered to cumulus cells upon exposure to homologous oocytes. 
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Figure 8. Schematic representation of acrosome reacted sperm cells. 

The sperm cell labeled A exhibits loss of fluorescence of the acrosomal region and 

the sperm cell labeled B has lost fluorescence over the entire sperm head. Both are 

considered successive stages of the acrosome reaction. 
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Table 2. CHLORTETRACYCLINE FLUORESCENT 
STAINING PATTERNS OBSERVED IN 

SPERMATOZOA 

  

Staining 

Pattern Fluorescence Characteristics Functional Category 

  

Uniform fluorescence over entire 

r sperm head with a line of brighter Uncapacitated (UR) 
fluorescence over equatorial 

segment. 
  

| Enhanced even or mottled 

Ir fluorescence over acrosomal area Capacitated, acrosome 

with a band of no fluorescence at intact 

equatorial region. (CAP) 
  

- Nonfluorescence over most or all of 

II” the acrosomal area. Fluorescence 

postacrosomally. Acrosome Reacted (AR) 
    Nonfluorescence over entire sperm 

Iv" head i.e. acrosomal and 

postacrosomal regions.       

' These patterns were similar to those described in mouse, man and guinea-pig 

_ Spermatozoa. 

" These patterns represent different stages of the acrosome reaction. 

Adapted from Varner et. al. 1993: Effect of Heparin on Capacitation/Acrosome 
reaction of Equine sperm. Archiv. Androl., 31:199-207. 
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Table 3; MEAN PERCENTAGES OF SPERMATOZOA 

INSEMINATED AND RECOVERED. 

  

  

  

  

  

  

Inseminated Recovered 
% % % % % % 

Capacit. | Unreacted | Acrosome | Capacit. Unreacted | Acrosome 

Reacted Reacted 

E 21.7+ 7.4 | §1.6+16.3 | 26.6+21.9 | 27.4411.4 | 33.6+11.0 | 39.64 12.5 

A 8.8+10.3 | 65.6+ 15.6 | 25.6+15.6 | 1.2+2.7 49.4+19.9 | 48.6 + 20.3 

FR | 22.3+6.2 | 53.8+20.5 | 23.5+27.0 | 36.5+7.1 | 29.8+7.1 33.0 + 9.1 

FCE | 23.7+6.4 | 50.341.2 | 26.0+5.2 | 10.7+ 13.6 | 46.7+17.6 | 41.3 + 4.5 

FZ 11.3 + 60.9+ 19.2 | 27.9+17.9 | 10.7+12.0 | 40.64+19.3 | 49.0 + 19.2 

11.0 
                
Mean percentages and standard deviations of categorized spermatozoa are reported 

for each status (E = estrus, A = anestrus) and treatment group (FR = fresh, FCE = 

cooled/extended and FZ = frozen). 
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"FIGURE 9: MEAN PERCENTAGE DIFFERENCE BETWEEN 

INSEMINATED AND RECOVERED SPERMATOZOA. 

Note the increasing and decreasing trends in PAR and PUR 

cells. PCAP increased in estrous ewes and decreased in 

anestrous ewes. 
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DISCUSSION 

Assisted reproductive technologies (ARTs) in the mare currently include embryo 

transfer (ET) and in-vitro fertilization (IVF). For the most part, neither has gained 

popularity due to lack of approval from the various breed registries, economics, and 

physiological difficulties in mare reproduction. These difficulties include (1) the inability to 

effectively superovulate mares and (ii) the variability in the time of ovulation and 

subsequent difficulty in estrus synchronization in mares. Historically, low embryo 

recovery rates have also been incriminated. 

X-GIFT technology offers an alternative that circumvents some of the difficulties 

associated with current ARTs. X-GIFT requires reduced laboratory and technical costs as 

well as reduced costs of maintaining more numbers of recipient mares versus sheep. 

Because of the relative ease of handling sheep and performing surgical procedures in the 

ewe compared to the mare, X-GIFT results in lower surgical risks. Because of less 

variability in the time of ovulation with respect to estrus in the ewe, closer synchrony 

between donor and recipient animals for transfer of gametes may be attained. Practical 

application of this new technique however, requires the determination of capacitation and 

thus acrosome reaction of equine spermatozoa within the oviducts of the ewe. 

Stallion spermatozoa, despite successful in vitro results, have yet to be capacitated 

in vivo, in all but the reproductive tracts of homologous and heterologous equids. 

Attempts have been made unsuccessfully to demonstrate capacitation of equine sperm 
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indirectly within the reproductive tract of the rabbit (McKinnon et al., 1988). Until now, 

no such attempt has been undertaken in the ewe. 

One major disadvantage of the application of this technique is the opposing 

breeding seasons of the ewe and mare. The ewe, a short day breeder, and the mare, a long 

day breeder, have seasons in October through January and April through August, 

respectively. The influence of season on the capacitatory effect of the female reproductive 

tract has not been reported. Foreseeably, at the time of optimal X-GIFT application, most 

ewes will be acyclic. Approximately 20 % of all mares, however, may cycle throughout 

the year. Also equine oocytes can be collected by follicular aspiration at any time prior to 

the period of ovarian quiescence. Ewes may be induced to cycle earlier with the aid of 

photoperiodic manipulation and exogenous hormones, making their opposing breeding 

season less of an obstacle. Seasonality is dependent on breed and individual animal. 

Certain breeds of sheep such as the Dorset are known for their ability to breed out of 

season. Ewes utilized in this study were Dorset crosses and thus the possibility of estrous 

cycles occurring during the non-breeding season existed. 

The objectives of this study were therefore (i) to determine if xenogenous 

capacitation of equine semen could occur in the ewe, (ii) to examine the effect of estrus 

status / breeding season, and (iii) to compare the response of fresh, cooled-extended, and 

frozen-thawed semen samples. 

Capacitation of spermatozoa occurs in vivo within the reproductive tract of the 

female after coitus. Sperm transport and sequestration, by attachment to oviductal 
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epithelia of the lower isthmus, are followed by timed release and capacitation of 

subpopulations of spermatozoa. Oviductal spermatozoa completing capacitation around 

the time of ovulation come in contact with the ovum and are most likely involved in the 

fertilization process. Preovulatory spermatozoal sequestration in the caudal isthmus has 

been demonstrated in the ewe (Hunter and Nichol, 1983) and limits spermatozoal 

recovery. 

Recovery of spermatozoa from the oviducts was low in this study. Mean number 

recovered was < 50 spermatozoa per ewe. This is consistent with previous work by Bader 

(1982) and First et al. (1971). Low recovery may be attributed to the fact that oviductal 

spermatozoa are thought to be divided into three pools. Those attached to oviductal 

epithelium, those found in the oviductal crypts, and those found free in the oviductal 

lumen. The majority of oviductal spermatozoa are attached to epithelial cells, less are 

found within the crypts and even fewer within the oviductal lumen (Smith and 

Yanagimachi, 1990). The latter are the easiest pool to access by the technique of 

retrograde oviductal flushing. 

As a result of periodic detachment and / or reattachment of spermatozoa, there is 

a continuous flux between oviductal subpopulations. Detached sperm become capacitated 

and either die or undergo a true acrosome reaction depending on the presence or absence 

of an oocyte for interaction. At any given time the oviductal lumen should therefore 

contain spermatozoa which are uncapacitated (which will reattach), capacited, acrosome 

reacted and / or dead. The technique used for spermatozoal recovery in this study was 
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selected because experimental ewes were to continue to be used as breeding animals. 

Better recovery would have been obtained if reproductive tracts, in particular the oviducts, 

could have been harvested, stained and sectioned. Such radical measures seemed 

unnecessary since the objective was to determine the presence of capacitated spermatozoa 

within the oviduct and not the involvement of the oviduct in the capacitation process. 

Oviductal flushing enabled sampling mainly of the crypt and luminal populations 

and possibly to a lesser extent those spermatozoa loosely attached to the oviductal 

epithelium. This technique was selected as experimental animals would not be sacrificed 

and it was thought that flushing at or around the time of capacitation would increase the 

concentration of the lumen pool. 

Sperm recovery can also be influenced by characteristics of the ejaculate / 

inseminate. Such characteristics include concentration, motility and morphology. 

Ejaculates of low concentration, questionable motility, and high percentages of abnormal 

sperm cells would be expected to have fewer numbers of spermatozoa within the oviducts. 

The stallion used in this study was considered fertile according to breeding soundness 

evaluation. Semen samples used were of similar standards (as defined by Pickett et al., 

1993) as those utilized for artificial insemination in the mare. Samples were of sufficient 

quality to optimize fertilization and thus conception rates and poor ejaculate was therefore 

not considered a confounding variable in this study. 

Ewes inseminated with fresh semen had higher recovery rates. This finding is in 

agreement with the increased fertility observed with the use of fresh versus processed 
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semen. In a previous study, processes such as cooling, freezing and thawing have been 

shown to decrease sperm plasma membrane integrity and result in reduced fertility (Blach 

et al.,1988). Motility and viability of fresh semen samples were also expectedly greater 

than that of cooled / extended or frozen / thawed samples. 

Results from this study suggest that stallion spermatozoa do undergo capacitation- 

like changes within the reproductive tract of the estrous ewe (i.e. xenogenous 

capacitation). Increased percentages of spermatozoa exhibited the CTC-II staining pattern 

associated with capacitation when inseminated samples were compared to samples 

recovered from oviductal flushing 4 to 6 hours post-insemination. This correlates well 

with the work of Varner et. al (1993) which suggested a capacitation time of 4.5 hours for 

stallion spermatozoa treated with heparin. 

Percentages of spermatozoa present in inseminated samples and exhibiting CTC 

type II staining indicative of capacitation were higher in this study than previously 

reported. Frozen / thawed samples tended to have less numbers of spermatozoa exhibiting 

this staining pattern than fresh or cooled / extended samples. This could have been due to 

the natural heterogeneity of semen, to the extender used and also to semen processing (i.e. 

centrifugation, and storage). The extender used was milk based and therefore possibly 

contained higher levels of calctum as compared to media used in Varner’s (1991) study. 

Calcium has been shown to promote capacitation / acrosome reaction in mouse, stallion 

and bull spermatozoa. Processing has been shown to reduce the time required for 

capacitation of human (Lambert et al., 1985) and boar sperm (Pursel, 1983). Frozen / 
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thawed samples were not processed prior to insemination of ewes, which may account for 

their lower numbers of spermatozoa exhibiting CTC type II patterns. Blach et al (1989) 

showed minimal damage resulting from centrifugation of sperm cells. 

Endocrine status appears to play a role in the capacitation process as observed by 

Viriyapanich and Bedford (1981) and others (Hawk et al., 1981; McNutt et al., 1994; 

King et al., 1994; Didion and Graves, 1986). These studies demonstrated that increased 

progesterone had a negative effect on sperm capacitation and that follicular fluid had 

positive effects on sperm hypermotility and capacitation. Similarly in this study, 

capacitation-like changes occured with greater frequency in ewes with lower progesterone 

levels. The majority of these ewes had recently ovulated and were at the end of their 

estrus phase when plasma progesterone concentrations are assumed to be basal. 

Estrogen levels were not assessed in this study. A review of ovine reproductive 

physiology, however, indicates that levels decline as estrus proceeds toward ovulation and 

diestrus. It was assumed in this study, that in the experimental ewes in estrus, declining 

plasma estrogen levels existed at the time of insemination and capacitation. Lack of 

ovarian folliclar activity greater than 3 - 4 mm in size at this time strengthened that 

assumption. In contrast, anestrous ewes had substantial follicular activity present on the 

ovaries and may have had elevated estrogen levels. However there was lack of behavioral 

estrus. Behavioral estrus is usually associated with increased plasma estrogen levels. 

Hormonal status may also influence spermatozoal recovery. Recovery is 

dependent on sperm concentration, sperm viability, sperm transport, reduced clearance 
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from the reproductive tract, and technique utilized. Studies by Hawk and Conley (1971) 

and Hawk et al. (1981) demonstrated that an increased sperm death and clearance rates 

were associated with progesterone dominated reproductive tracts. Hawk (1974) also 

demonstrated an increase in uterine contractions directed caudad at approximately 48 hrs 

after the end of estrus. These type of contractions would facilitate sperm clearance from 

the uterus, incriminating progesterone as having a negative effect. 

Increased progesterone is reported to influence capacitation indirectly by reducing 

sperm numbers within the reproductive tract and / or promoting a uterine environment 

which supports reduced sperm viability and therefore capacitation (Hawk et al., 1981). 

Two experimental ewes in the non-cycling group, had plasma progesterone levels greater 

than 1 ng/ml. One was observed with a milky vaginal discharge upon recovery from 

anesthesia. Examination of this discharge indicated the presence of numerous 

spermatozoa having detached heads. Our finding of two anestrous ewes with 

progesterone levels indicative of cyclicity might have been a result of breed influence. 

Anestrous (non-cycling) ewes generally do not have high levels of plasma 

progesterone and would therefore not show increased sperm death and / or clearance. 

Estrus status did not significantly affect spermatozoal recovery in this study. Low plasma 

progesterone levels and resulting low sperm clearance could explain the lack of 

significance in total numbers recovered between status groups. 
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The chlortetracycline fluorescent probe was adequate for demonstrating 

capacitation-like changes occuring within the spermatozoal head of stallion spermatozoa. 

This is consistent with results from Varner et al. (1993). Adequate fluorescence was 

observed with the staining technique employed and the addition of calcium ionophore was 

not required. Patterns observed in this study were consistent with those previously 

observed in the stallion, mouse, bull and man. A major disadvantage with this stain is its 

inability to differentiate aged, dying sperm from those undergoing capacitation / acrosome 

reaction. This necessitated the assessment of viability using Hancock’s stain to ensure that 

scored spermatozoa were not dead despite lack of motility. There was minimal to no 

motility in recovered samples. Viability of recovered spermatozoa was reduced but did 

not differ between groups. Viability may have been confounded by low numbers of 

spermatozoa recovered and by spermatozoal recovery technique. The technique employed 

resulted in the collection of a large proportion of luminal cells from the oviducts, of which 

the majority would be non-viable. 

The lack of recordable motility despite viability of recovered spermatozoa in this 

study is puzzling. Recent work suggests a decelerating influence of the oviductal 

environment on spermatozoa, thought to function in preserving sperm energy stores. If 

this does indeed occur then it could account for our findings in this study. Future studies 

in this area are necessary. 

Despite low numbers of experimental animals, this study suggests that ewes near 

the end of estrus would be suitable as recipient animals in X-GIFT procedures involving 
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the horse. Because of evidence suggestive of xenogenous capacitation and acrosome 

reaction of equine sperm in the ewe, it is also likely that fertilization will occur. Can 

similar results be obtained in ewes induced to cycle? Will normal development of equine 

embryos to the blastocyst stage occur in the ewe? Are these embryos transferable? These 

questions will have to be answered and studies to determine these answers will constitute 

the next phase of experiments in support of the clinical application of X-GIFT as an 

alternative treatment for certain forms of infertility in the mare, and for accelerating annual 

fecundity in normal mares. 

Mares having oviductal and / or uterine pathology rendering them incapable of 

fertilization and or maintenance of pregnancy will no doubt comprise a large portion of the 

patients presented for such procedures. Usually these animals are older, less fertile mares, 

of course, with increased genetic potential. These same individuals may also have ovarian 

senescence resulting in the production of oocytes of less than optimal quality. These 

factors will obviously impact negatively on the outcome of any assisted reproductive 

procedure and careful patient selection will need to be practiced to ensure best results. 
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CONCLUSION 

Demonstration of xenogenous capacitation-like changes and acrosome reaction of 

stallion spermatozoa in the reproductive tract of the ewe indicates a positive step toward 

the application of X-GIFT procedures in the clinical arena. Possible reasons for such an 

assisted reproductive technique include mares with oviductal / uterine adhesions, mares 

which are highly reactive to semen or its components, and mares with cervical 

incompetency due to trauma. Cyling ewes at or around the time of ovulation and with 

low levels of plasma progesterone appear to be the best candidates for temporary recipient 

animals in such procedures, eliminating inherent problems encountered when using 

recipient mares. These include the tremendous financial commitment required to maintain 

large numbers of recipient mares and the need for numerous general surgerical procedures 

and their associated risks in larger animals, especially horses. Collection techniques via 

laparoscopic or laparotomy procedures have been performed extensively in sheep with 

minimal associated risks or complications. A fact which also advocates their use as a 

xenogeneic recipient. Fresh semen demonstrated the best results, measured as change in 

percent capacitation, when compared to cooled / extended and frozen / thawed samples. 

This finding was attributedto spermatozoal damage resulting from storage and 

cryopreservation. All semen types however, exhibited capacitation-like changes in the 

ewe. Further studies utilizing larger sample sizes are necessary to corroborate these 

findings and to determine the interactions between semen type and season. The 
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demonstration of xenogenous capacitation however, suggests the possibility of successful 

xenogenous fertilization. This will serve as a stimulus for scientific conversation and 

future experimentation in the field of clinical reproductive sciences. 
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APPENDIX 

HT-M2000 Motility Analyzer: 

The HT-M2000 is an automated system for sperm motion analysis combining 

optical, video and electronic systems in one unit. The unit includes high magnification 

dark field optics, analyzer controlled stage position and stage warmer, a microprocessor 

for image analysis, an internal printer, and a high resolution CCD imaging camera. 

Automated analysis of sperm concentration, motility, track and progressive velocity and 

linearity is performed in 60 seconds. Extreme ranges of semen concentration (from 

20,000 per ml. to over 150 X 10° per ml.) are handled without the need for dilution. 

External interfacing with keyboards, printers, VCRs, monitors, pen plotters and / or a 

computer is possible for system expansion. The software included enables user control in 

defining sperm head parameters for different species and also in analyzing individual sperm 

tracts. A choice of four different specimen holders is available. These include the Makler 

chamber, cannula, ABS chamber and a standard slide. Focal depth is adjustable and 

ranges from 10 microns to a 200 micron depth of field. A sample of the analysis output is 

shown in Figure 10. 
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Equitainer'™ 

The Hamilton Thorn Equitainer is a multi-use transportable container made of 

polyethylene and copolymer. It measures 11 inches in diameter and 19 inches in height. It 

weighs approximately 7 pounds. A wall of thermal conductivity, 0.0001 calories per 

centimeter per second per degree centigrade, and mean thickness of 3 inches provides the 

insulated core within which the cooling rate and final temperature of the specimen 

container may be set to required values. The specimen is packed in a container in which a 

special thermal impedance layer of low conductivity is positioned between the specimen 

and the refrigerant. This permits the initial cooling rate of the specimen to be kept within 

carefully controlled limits, and prevents the temperature from dropping below the 

predesigned minimum temperature of 4 degrees centigrade. The Equitainer maintains the 

correct refrigerated conditions for up to 60 hours. A diagram of the unit is shown in 

Figure 11. 
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DATA SUMMARY 

  

Criteria Concentration Sperm in Sample 
(Million/ml) (Millions) 

TOTAL 
MOTILE v>0 
PROGRESSIVE V>25,S>80 

MOTILITY V>0 

PROGRESSIVE V>25,5>80 
PATH VELOCITY VAP 

VELOCITY 

4 RAPID V>25 
3 MEDIUM 10<V>25 
2 SLOW 0<V>10 
0-1 STATIC V0 atta nnnnn nnn mmnnnennane 

0 100 

SUPPLEMENTARY DATA 

MEAN TRACK SPEED (VCL) 
MEAN PROG. VEL (VSL) 

MEAN LINEARITY (LIN) 
MEAN STRAIGHTNESS (STR) 

SORT FRACTION 

MEAN ELONGATION 

MEAN MINOR ANIS 

MEAN MAJOR AXIS 

MEAN AREA 

  

TECHNICAL INFORMATION 

MEAN PIXEL COUNT 

MEAN INTENSITY 

ACQUISITION RATE 

ACQUISITION TIME 

DILUENT SAMPLE 

FIELDS 

MAGNIFICATION 

STAGE POSITION 

TEMPERATURE 

FIGURE 10: SAMPLE PRINT-OUT OF THE HT-M2000. 
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Sperm 

Counted



  

  

  Insulation 

  
  Foam Rubber 

    Specimen Container 

    Specimen 

  
    Special Thermal 

Ballast Material 

Impedance 
      

Isothermalizer™       
  Coolant Cans           

FIGURE 11: HAMILTON THORN EQUITAINER™ 
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