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ABSTRACT: Like the human female, the mare experiences repro-
ductive tract pathology that may sometimes be circumvented by the
use of assisted reproductive technologies (ARTs). One such tech-
nology, gamete intrafallopian transfer (GIFT), may be used in mares
that exhibit ovulatory, oviductal, or uterine abnormalities that limit the
use of common ARTs, such as embryo transfer. Homologous GIFT
has been successfully performed in the horse; however, the logis-
tics, costs, and associated risks of surgically transferring gametes
to the oviducts of a recipient mare are considerably high. Use of a
less costly species in a heterologous or xenogenous procedure
would therefore be beneficial. This study represents the preliminary
investigation into the use of sheep as recipients for xenogenous
GIFT procedures using equine gametes. We investigated the ca-
pacitation response of fresh, cooled, or frozen stallion sperm after
1) in vivo incubation in the reproductive tract of estrous and anes-
trous ewes as well as 2) in vitro incubation in a modified Krebs/
Ringer extender at 378C with and without the addition of heparin at

10 IU/mL for up to 8 hours. A chlortetracycline (CTC) fluorescent
stain was used to assess the capacitation response of sperm. Find-
ings indicated that oviductal fluid samples recovered from estrous
ewes had significantly higher numbers of sperm exhibiting capaci-
tation-like staining patterns when compared to samples recovered
from anestrous ewes (P , .05). Fresh semen yielded higher capac-
itation-like staining patterns after in vivo incubation than did frozen-
thawed or cooled samples. A transition from majority CTC unreacted
sperm to majority CTC non–acrosome intact sperm was demonstrat-
ed for both in vivo and in vitro studies. In vitro incubation of stallion
sperm with heparin did not result in an increased capacitation-like
staining response over time when compared with nonheparinized
samples. Results from this study suggest that xenogenous capaci-
tation of stallion sperm may occur in the estrous ewe.
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Ejaculated sperm from mice (Fraser, 1984), rabbits
(Chang, 1957; Bedford, 1967a,b), hamsters (Yana-

gimachi, 1981), boars (Hunter and Hall, 1974), bulls (El-
lington et al, 1993a), tomcats (Hamner et al, 1970), and
humans (Lambert et al, 1985) have all been shown to
require a period of residence within the female reproduc-
tive tract, within the fluids obtained from the latter, or
within specific incubation media prior to their interaction
and fusion with a homologous female gamete. During this
incubation period, which appears to be species dependent,
physiological modifications of the sperm plasma mem-
brane occur that confer upon sperm the ability to fertilize
ova. Such modifications are thought to arise from extra-
cellular, transmembrane, and intracellular events that in-
volve membrane cholesterol/phospholipid depletion, lec-
tin binding, surface molecule alterations, intracellular pH
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changes, and calcium, potassium, and bicarbonate fluxes
(Koehler, 1978; Babcock et al, 1979; Davis, 1981; Yan-
agimachi, 1981, 1994; Rufo et al, 1984; Visconte et al,
1998). Biophysical and biochemical changes also occur
that influence sperm motility in some species (Yanagi-
machi, 1994; Suarez, 1996).

Capacitation is neither organ specific nor species spe-
cific. Numerous studies have indicated that a homologous
tract is not a requirement for sperm capacitation (Saling
and Bedford, 1981) and that successful fertilization is
possible in a nonhomologous reproductive tract (xeno-
genous fertilization). Successful fertilization of goat (Rao
et al, 1984), squirrel monkey, hamster (DeMayo et al,
1980), and bovine and porcine (Hirst et al, 1981) ova in
rabbit oviducts has been demonstrated, thereby suggesting
the occurrence of successful xenogenous capacitation.
The existence of numerous equine, small ruminant, and
bovine hybrid crosses also supports the nonspecificity of
the capacitation process. Efforts to capacitate equine
sperm in the reproductive tract of the rabbit have met with
only minimal success (McKinnon et al, 1988). To date,
neither the ovine reproductive tract nor its fluids has been
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reported to facilitate xenogenous capacitation of equine
sperm.

Successful in vitro capacitation of equine sperm has
been previously demonstrated (Samper et al, 1989; Blue
et al, 1989; Ellington et al, 1993b,c; Varner et al, 1993).
The methods used to induce capacitation included incu-
bation of sperm in media that contained heparin, calcium
ionophore A23187, caffeine, or lysophospholipids and co-
culturing of sperm with oviductal cells. Data from these
studies suggest a capacitation time of 4.5 hours for equine
sperm.

Limited work has been performed that documents the
influence of stage of reproductive cycle on capacitation.
The fact that capacitation naturally occurs around the time
of estrus and ovulation suggests that the hormonal envi-
ronment may play a role. This has been demonstrated for
the rabbit and bull (Soupart, 1967; McNutt and Killian,
1991; King et al, 1994). In both species, estrus was as-
sociated with an increased sperm capacitation response
when it was compared with diestrus. Glycosaminoglycans
(heparin) have been noted in luminal fluid from the re-
productive tract of numerous species. In mares, concen-
trations of such compounds are elevated during the fol-
licular phase, compared with the nonfollicular phase, of
the estrous cycle (Varner et al, 1991).

The objectives of the present study were 1) to deter-
mine if equine sperm would undergo capacitation-like
changes in the reproductive tract of the ewe, as indicated
by chlortetracycline (CTC) staining pattern, 2) to deter-
mine if the estrous status of the ewe influenced any ob-
served capacitation response, 3) to compare the response
of fresh, cooled, and frozen-thawed sperm, and 4) to de-
termine whether in vitro incubation with heparin pro-
duced similar staining patterns. We suggest that the in-
formation obtained may aid in assessing the feasibility of
xenogenous gamete intrafallopian transfer (GIFT) proce-
dures (ie, transfer of equine gametes to the reproductive
tract of a nonhomologous species such as the ewe) in
promoting successful sperm capacitation and fertilization
in vivo and may thus serve as a treatment option for cer-
tain forms of equine infertility.

Materials and Methods

Part A—In Vivo Capacitation of Equine Sperm
Ejaculated sperm from one 16-year-old Dutch Warmblood stal-
lion of proven fertility was utilized for this study. This animal
was stabled locally and had exhibited a pregnancy rate for the
previous breeding season of 100%, over an average of 1.6 mare
cycles. Prior to being used for the study, sperm from this stallion
were collected daily for 4 days and the ejaculates discarded. This
was done in an attempt to equilibrate sperm reserves, to decrease
variation between samples, and to reduce the chance of obtaining

an aged sample. Subsequently, ejaculates were collected daily
for 2 days (anestrous ewes) or on the day ewes were first re-
corded as being in standing heat and were collected again the
day of insemination (estrous ewes). Semen collection was per-
formed with the aid of a breeding phantom and a Missouri-type
artificial vagina (AV) purchased from Hamilton Thorn (Beverly,
Mass).

Ewes—Twenty-three sexually mature, crossbred ewes were
utilized for this study. Ewes were Finn/Dorset or Suffolk/Dorset
crosses, and they were all approximately 16 to 18 months of
age. They were kept at pasture until they were used, and they
had unlimited access to water and mineral blocks. Mean body
weight was 70.4 kg.

This study was conducted in 2 parts, the first part being carried
out during the months of June to August and the second part
being carried out during the months of October to December.
During the former period, weekly venous blood sampling was
performed for determination of luteal function. Blood samples
were centrifuged, serum harvested, and stored at 2208C until
progesterone concentration was measured by radioimmunoassay
(RIA). Commercially available RIA kits were purchased from
Diagnostic Products Corporation (Los Angeles, Calif) and were
used according to the manufacturer’s instructions. Ewes (anes-
trous) with serial plasma progesterone concentrations of less than
1 ng/mL were surgically inseminated with stallion sperm.

During the months of October to December, ewes were ob-
served for behavioral estrus twice daily—in the morning and
evening—with the aid of 3 vasectomized teaser rams. Ewes were
recorded as being in estrus if they exhibited mating behavior
(including standing heat) with the teaser more than once. Other
less-reliable signs of estrus, such as tail twitching and the pres-
ence of a cloudy vaginal discharge, were also noted. Ewes ob-
served in estrus were immediately segregated and surgically in-
seminated with stallion sperm approximately 12 to 16 hours lat-
er.

Semen Preparation/Processing—Immediately after collection,
the gel fraction of each ejaculate was separated using an in-line
milk filter fitted into the AV. Gel-free volume was recorded, and
sperm motility, morphology, and concentration were evaluated.
Sperm motility was evaluated using the Hamilton Thorn HTM-S
computerized motility analyzer, sperm concentration was as-
sessed using the Animal Reproduction Systems model 534B
Densimeter (Chino, Calif), and sperm morphology was evaluated
using a vital stain (Hancock’s stain) containing eosin and nigro-
sin, which was obtained from the Society for Theriogenology
(Nashville, Tenn). In order to evaluate sperm morphology, equal
volumes of sample and stain were mixed and smeared across a
slide. Approximately 100 sperm cells were examined under oil
immersion, and the percentage of morphologically normal cells
was recorded. Mean ejaculate volume (gel free), sperm concen-
tration, motility, and morphology for this stallion were 75.8 mL,
105 3 106 sperm/mL, 57%, and 83% normal cells, respectively.
Only ejaculates with an average motility of greater than 50%
and a total concentration of greater than 1 3 109 sperm were
used for this study.

Using the formula [C] 3 %MOT 3 VOL 3 %N/500 3 106,
where [C] is the average concentration of sperm per mL, %MOT
is the average motility, VOL is the volume of gel-free semen
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Chlortetracycline fluorescent staining patterns of equine sperm

Staining Category* Fluorescence Patterns

Unreacted Fluorescence of the sperm head with a
line of brighter fluorescence at the
equatorial region.

Capacitated Fluorescence of the acrosomal region
with a band of no fluorescence at the
equatorial region.

Nonacrosome intact Lack of fluorescence of most or all of
the acrosome or the entire sperm
head.

* Sperm was categorized as being functionally unreacted, capacitated,
or nonacrosome intact based on fluorescence staining patterns de-
scribed above. Functional validation was based on previous studies that
reported similar staining patterns for stallion (Varner et al, 1993) and
mouse sperm (Ward and Storey, 1984).

collected, and %N is the average percentage of normal sperm
per ejaculate, each ejaculate was divided into aliquots containing
approximately 500 million motile sperm. Semen aliquots were
centrifuged at 300g for 10 minutes, the supernatant discarded,
and the pellet resuspended in approximately 5 mL of fresh E-Z
Mixin–OF semen extender, which was purchased from Animal
Reproduction Systems. Aliquots for use as fresh samples were
used immediately for insemination, and those for use as cooled
samples were stored in an Equitainer, which was purchased from
Hamilton Thorn Research, for 24 hours. Manufacturer’s speci-
fications for the Equitainer state that controlled cooling of sam-
ples to a minimum temperature of 48C occurs, and this temper-
ature is maintained for up to 60 hours.

Frozen sperm samples were thawed in a water bath at 378C
for approximately 1 minute prior to use. Straws from a single
ejaculate from the same stallion had previously been frozen in
0.5-mL straws by a commercial laboratory. The freezing ex-
tender used was an egg-yolk/glycerol equine freezing extender,
and straws were frozen in liquid nitrogen vapor prior to being
submerged in liquid nitrogen for storage. Each straw contained
approximately 500 million sperm. Upon thawing, sperm motil-
ity, morphology, and viability were assessed as before for each
straw. Semen processing time for all samples was approximately
20 minutes.

Sperm Viability—The percentage of live and dead sperm per
sample (sperm viability) was also assessed using the Hancock’s
stain. Slide preparation and examination was similar to that used
for sperm morphology. Under oil-immersion microscopy, stained
and unstained sperm were considered to have been dead and live,
respectively, at the time of staining.

Surgical Insemination—Prior to surgery, ewes were held off
feed and water for approximately 12 hours. Ewes were sedated
with xylazine hydrochloride, which was administered intramus-
cularly at a dose of 0.1 mg/kg, and anesthesia was induced using
ketamine hydrochloride, which was administered intravenously
at 0.05 mg/kg. Animals were placed in dorsal recumbency, a
ventral midline laparotomy was performed posterior to the um-
bilicus, and the uterus was identified and exteriorized. Processed
sperm was deposited in the uterine body via a small puncture
site and was directed into both uterine horns using an 18-gauge,
2-inch Teflon catheter that we obtained from Becton Dickinson
Vascular Access (Sandy, Utah). The volume of inseminate for
fresh and cooled samples was 5 mL, and the volume of insem-
inate for frozen samples was 0.5 mL. Ewes were surgically in-
seminated with approximately 500 million sperm during estrous
(n 5 11) or anestrous (n 5 12), as determined by season and
behavior. Of the estrous ewes, 4 were inseminated with fresh
sperm, 4 were inseminated with frozen sperm, and 3 were in-
seminated with cooled sperm. Anestrous ewes were divided into
3 equal groups (n 5 4), and each was inseminated with fresh,
cooled, or frozen sperm.

Following 4 to 6 hours of incubation time, ewes were again
anesthetized, in the manner previously described. Both oviducts
were surgically exteriorized and flushed with 10 mL of the mod-
ified Krebs/Ringer bicarbonate solution (Varner et al, 1993).
Flushing was performed in a normograde manner using a 3½-
french, 5½-inch tomcat catheter that was carefully introduced
approximately 1 to 2 cm into each oviduct. The effluent was

collected with the aid of a 10-french Foley catheter that was
seated just caudal to the uterotubal junction of each uterine horn.
Oviductal washings were then centrifuged at 300g for 5 minutes.
Supernatants were discarded and pellets resuspended in 1 mL of
fresh solution. Sperm cell viability and CTC staining patterns of
recovered samples were evaluated within 10 minutes of recov-
ery.

CTC Stain—CTC staining patterns of sperm were assessed
prior to and following in vivo or in vitro incubation. The CTC
stain was prepared as described in previous studies (Varner et
al, 1987). Briefly, CTC powder (500 mM) was dissolved in tro-
methamine buffer, and the pH was adjusted to 7.8. The trometh-
amine buffer consisted of Trisma base (20 mM), L-cysteine (5
mM), and NaCl (130 mM) dissolved in distilled water. Stain was
made fresh every 48 hours and was stored at 48C in a flask that
was protected from light. All staining procedures were per-
formed within 10 minutes of insemination or collection and in
the absence of strong light. Approximately 100 mL of each
sperm sample was mixed with an equal volume of stain and
incubated at 388C for 1 minute. Following this, 1.6 mL of a
12.5% glutaraldehyde solution was added, and the mixture was
incubated for an additional 5 minutes. After incubation, a drop
of the mixture was examined microscopically. Microscopic as-
sessment was made using a Nikon Labophot scope equipped
with epifluorescence capability. 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.

Sperm were categorized into one of 3 categories based on the
pattern of CTC fluorescence observed. Categories recognized in
this study included unreacted sperm (UR), capacitated acrosome-
intact sperm, and non–acrosome intact sperm (AR) (the Table).
Scored sperm were required to have a minimum of bright fluo-
rescence over the midpiece of the flagellum. This indicated ad-
equate uptake of the CTC stain by sperm.

Part B—In Vitro Capacitation of Equine Sperm
Fresh, cooled, and frozen-thawed sperm samples from the same
stallion were incubated with and without the addition of heparin.
Fresh samples were processed as before, except that for resus-
pension of pelleted sperm after centrifugation, 5 mL of the pre-
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viously described modified Krebs/Ringer extender was used in
place of the E-Z Mixin–OF stallion semen extender. After 24
hours of storage in the Equitainer, cooled samples were centri-
fuged at 300g for 10 minutes, and the pellets were also similarly
resuspended. Frozen 0.5-mL straws (as before) were thawed, ex-
tended to 5 mL with E-Z Mixin–OF stallion semen extender,
centrifuged at 300g for 10 minutes, and pellets resuspended with
5 mL of the modified Krebs/Ringer extender.

A total of 48 sperm samples (5 mL), each of which contained
approximately 500 3 106 sperm, were prepared (fresh 5 16;
cooled 5 16; frozen-thawed 5 16). Sodium heparin (10 IU/mL)
was added to one half of the fresh, cooled, and frozen-thawed
samples prior to incubation at 378C. Following incubation times
of 0, 4.5, 6, and 8 hours, heparinized and nonheparinized, fresh,
cooled, and frozen-thawed samples were evaluated for viability
and CTC staining pattern.

Statistical Analysis
The NPAR1WAY procedure of SAS (version 6.12; SAS Insti-
tute, Cary, NC) was used to perform the Kruskal-Wallis test for
the main effect of type of semen processing (fresh, cooled, fro-
zen thawed), and the Wilcoxon test was used to determine the
main effect of estrous status. When semen-processing effect was
significant, samples were compared using a Kruskal-Wallis–
based multiple comparison (Hollander and Wolfe, 1973). Statis-
tical significance was set at P , .05. A paired t test was used
to determine significant variation in serial progesterone values
in the anestrous group.

Results

Part A: In Vivo Capacitation of Equine Sperm
Of the 23 ewes utilized in the study, 7 were eliminated
because of nonrecovery of sperm. All 4 anestrous ewes
inseminated with fresh sperm and 3 estrous ewes insem-
inated with cooled sperm had 0 sperm recovery from the
oviducts. Estrous and anestrous ewes therefore numbered
9 and 7, respectively.

Mean serum progesterone concentrations in anestrous
ewes were 0.74 6 0.39 ng/mL and 0.99 6 1.43 ng/mL
for successive samples obtained a week apart. Estrous
ewes had a mean progesterone level of 0.19 6 0.19 ng/
mL.

Mean incubation time for the study, measured as inter-
val from surgical insemination to oviductal flush, was
5.54 6 0.38 hours. Mean incubation times for anestrous
and estrous ewes were 5.16 6 0.17 and 5.72 6 0.11
hours, respectively. The incubation time averaged ap-
proximately 36 minutes longer for estrous ewes and was
significantly different compared with that of anestrous
ewes (P 5 .01). In order to determine whether or not
incubation time confounded the effects of estrous status
on capacitation response, a linear regression analysis was
performed. There was no significant relationship between
incubation time and capacitation response (P 5 .8).

Sperm motility varied significantly in preinseminated
samples. Fresh sperm samples had consistently higher
sperm motility than did cooled or frozen-thawed samples.
Sperm motility of preinseminated samples was not dif-
ferent between ewe groups (P . .05). Mean motilities for
anestrous and estrous ewes were 66.3 6 12.9 and 68.0 6
4.6%, respectively. Mean motility for all preinseminated
samples was 67.3 6 8.9%. Recovered samples exhibited
minimal oscillatory patterns.

Percentage of live sperm present, or viability of prein-
seminated samples, was significantly different with re-
spect to type of sperm. Mean viability was higher for
fresh samples compared with cooled or frozen-thawed
samples. For fresh, cooled, and frozen-thawed sperm,
mean viability was 81.7 6 2.5, 70 6 1.4, and 69.5 6
0.7%, respectively. When recovered samples were eval-
uated, no significant difference in viability was observed
between sperm type (P . .05). The mean viability of
recovered samples was 30.1 6 9.1%.

As detected by the CTC stain, capacitation-like changes
recorded were significantly different between ewe groups
(P 5 .01). Increased capacitation-like changes were ob-
served in sperm after incubation within the reproductive
tract of the estrous ewes compared with the anestrous
animals (Figure 1). More capacitated sperm were recov-
ered from estrous ewes. Changes in UR and AR sperm
were not different between estrous groups (P . .05). UR
sperm numbers decreased, and AR sperm numbers in-
creased after in vivo incubation in both estrous and an-
estrous ewes.

Sperm type significantly affected changes in CTC
staining patterns (P 5 .0001). Ewes inseminated with
fresh sperm had higher percentages of recovered sperm
that exhibited capacitation-like staining when compared
with ewes inseminated with cooled or frozen-thawed sam-
ples (Figure 2). Within the reproductive tract of the ewe,
frozen-thawed sperm had a greater capacitation-like re-
sponse when compared with cooled sperm (P 5 .004).
Cooled sperm exhibited an unexpected increase in num-
bers that displayed the unreacted CTC pattern after in
vivo incubation. Changes in AR sperm for fresh, cooled,
or frozen-thawed sperm were not significantly different.

Part B—In Vitro Capacitation of Equine Sperm
The greatest change in capacitation-like staining pattern
of sperm occurred between 0 and 4.5 hours in heparinized
and nonheparinized samples (Figure 3). Nonheparinized
samples tended to exhibit greater capacitation-like chang-
es, but significance was not established. At 4.5 hours,
heparinized samples had a mean capacitation-like re-
sponse of 7.67 6 4.26%, compared with 17.67 6 10.71%
in nonheparinized samples. No significant influence of
heparin on sperm exhibiting capacitation-like CTC stain-
ing patterns was observed over time (P . .05). Over the
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Figure 1. Effect of xenogenous in vivo incubation on stallion sperm.
Sperm were deposited in the reproductive tract of anestrous (top graph)
and estrous (bottom graph) ewes. Following an incubation period of ap-
proximately 6 hours, sperm were recovered from the oviducts of sheep
via normograde flushing. Prior to insemination and after recovery, sperm
samples were stained with a chlortetracycline (CTC) fluorescent stain to
assess functional status (ie, unreacted, capacitated, or non–acrosome
intact [acrosome reacted]). Data presented represent the means 6 SEM
of sperm CTC staining patterns. Capacitation-like changes were signifi-
cantly different (P 5 .01) for equine sperm incubated in the reproductive
tract of estrous ewes compared with sperm incubated in anestrous ewes.
Unreacted and non–acrosome intact sperm changes did not differ be-
tween estrous and anestrous ewes.

Figure 2. Chlortetracycline (CTC) staining patterns of fresh, cooled, and
frozen-thawed stallion sperm before and after in vivo incubation. Sixteen
ewes were inseminated with either fresh (n 5 4), cooled (n 5 4), or
frozen-thawed (n 5 8) stallion sperm. Insemination dose was approxi-
mately 500 million sperm. Prior to and after in vivo incubation for ap-
proximately 6 hours, sperm samples were stained with a CTC stain to
assess functional status. Data presented represent mean values for un-
reacted, capacitated, and non–acrosome intact sperm. Means with dis-
similar letters are statistically different (P , .05). For fresh and cooled
samples, the percentage of sperm displaying CTC patterns suggestive
of capacitation significantly increased and decreased, respectively, after
in vivo incubation. After incubation, unreacted sperm numbers decreased
for fresh and frozen-thawed samples. For cooled samples, the number
of unreacted sperm increased postincubation. The number of non–ac-
rosome intact sperm increased following incubation for all samples.

8-hour time period, the percentage of sperm displaying
patterns indicative of UR and AR sperm decreased and
increased, respectively, in both heparinized and nonhe-
parinized samples. There were no significant CTC stain-
ing differences between fresh, cooled, nor frozen-thawed
sperm samples over time (P . .05).

Sperm motility and viability decreased over time. At 8
hours, the majority of sperm incubated at 378C were non-
viable. In nonheparinized samples, mean motility de-
creased from 61.67 6 1.67% at 0 hour to 0.67 6 0.33%
at 8 hours. Motility of heparinized and nonheparinized
samples did not differ significantly. Mean viability of
sperm at 8 hours was greater for heparinized samples than
for nonheparinized samples. At 0 and 8 hours, mean vi-
ability changed from 74.67 6 2.91 and 75 6 3.21% to
15 6 6.11 and 8.67 6 4.48% in heparinized and nonhep-
arinized samples, respectively.

Discussion

Mammalian sperm undergoing capacitation reportedly ex-
hibit a characteristic CTC staining pattern. This has been
demonstrated in mouse (Ward and Storey, 1984; Fraser
and Herod, 1990), stallion (Varner et al, 1987, 1993; El-
lington et al, 1993b,c), human (Lee et al, 1987; Kholkute
et al, 1992), and boar (Mattioli et al, 1996) sperm. Using
transmission electron microscopy (Varner et al, 1987,
1993), zona binding assays (Ellington et al, 1993c), and
induction of zona-induced acrosome reaction (Ward and
Story, 1984; Mattioli et al, 1996), the functional status of
CTC-stained sperm has been previously validated. The



50 Journal of Andrology · January/February 2000

Figure 3. Chlortetracycline (CTC) patterns of in vitro–incubated stallion
sperm. Fresh, cooled, and frozen-thawed sperm were incubated at 378C
for up to 8 hours with and without the addition of heparin at 10 IU/mL.
Data presented represent mean sperm capacitation responses at 0, 4.5,
6, and 8 hours. There was no significant difference between heparinized
and nonheparinized sperm samples over time.

reader is cautioned that the functional status of recovered
sperm was not investigated in this study but was assumed
based upon staining characteristics.

Ewes utilized in this study were endocrinologically in
either the anestrous or estrous phase of the reproductive
cycle, as documented by assessment of serum progester-
one levels. Levels reported for estrous ewes are reported
to be less than 0.2 ng/mL at time of estrus, and for an-
estrous ewes sampled at weekly intervals, levels of less
than 1 ng/mL are reported. In this study, serum proges-
terone concentrations of estrous and anestrous ewes were
within the above ranges.

The results of this study suggest that stallion sperm
may undergo capacitation-like changes, as observed with
the CTC stain, within the reproductive tract of the estrous
ewe (ie, xenogenous capacitation). Duration of incubation
within the reproductive tract of the ewe was approxi-
mately 6 hours, and adequate fluorescence was observed
with the CTC technique employed. The mechanism of
action of CTC staining is not clear; however, it may in-
volve binding of CTC to a calcium affinity substance lo-
cated on the sperm membrane after uptake of calcium by
the sperm head. CTC chelates divalent cations, such as
calcium, and emits increased fluorescence upon interac-
tion (Caswell and Hutcheson, 1971). During capacitation,
this affinity substance is lost, which results in the char-
acteristic staining patterns. Sperm patterns exhibited in
this study were consistent with those previously observed
for the stallion, mouse, bull, and human.

Oviductal flushing enabled sampling of the crypt and
luminal sperm populations and, to a lesser extent, of those
sperm loosely attached to the oviductal epithelium. This
technique was selected because experimental animals

would not be sacrificed and because it was thought that
flushing at or around the time of capacitation would in-
crease the concentration of sperm in the luminal pool.

Increased percentages of sperm exhibited CTC staining
patterns that were indicative of capacitation when prein-
seminated samples were compared with samples recov-
ered from the oviducts of estrous sheep. The mean per-
centage of capacitated sperm within preinseminated sam-
ples was higher than previously recorded for fresh and
cooled samples; however, this observation might have
been a result of the semen extender. The extender used
in this study was milk based and therefore may have con-
tained moderate amounts of ionized calcium. Calcium has
been shown to promote capacitation and the acrosome
reaction in stallion sperm (Varner et al, 1993).

The influence of ovarian activity on sperm capacitation
is not clear. In a somewhat similar experiment that eval-
uated bull sperm recovered from the reproductive tract of
estrous and diestrous cows, investigators observed that
fewer sperm underwent a true acrosome reaction in di-
estrous cows (Didion and Graves, 1986). The fact that
capacitation occurs relatively near the time of ovulation
and that the latter occurs during estrus suggests that the
hormonal status of the female may also be involved in
the mediation of capacitation. Estrus has been positively
associated with sperm capacitation in the rabbit (Bedford,
1967b; Soupart 1967) and bull (King et al, 1994).

Freshly ejaculated semen should have very few capac-
itated or acrosome-reacted sperm. Numbers should in-
crease as sperm become capacitated within the female
reproductive tract. Percentages of sperm displaying the
CTC UR and AR patterns changed, as expected, in this
study. Prior to insemination, the percentage of sperm ex-
hibiting the CTC UR pattern was higher than that exhib-
iting the AR pattern. This relationship was reversed in
samples recovered from the oviducts and suggests sperm
transition through to the acrosome reaction.

Fresh sperm samples gave the best results in this study,
and this was expected, despite the low numbers of ani-
mals used. Frozen-thawed samples had more sperm tran-
sitioning to the AR stage than did cooled samples, a fact
that might be explained by the capacitation-promoting
properties of cryopreservation observed by some inves-
tigators (Cormier et al, 1997). Interestingly, however,
preinseminated frozen-thawed samples had lower num-
bers of capacitated sperm than did fresh and cooled sam-
ples. It should be noted here that frozen samples were
prepared in a previous year and may reflect differences
in ejaculate quality. UR sperm numbers decreased in all
but cooled samples. The unexpected increase in UR
sperm staining when preinseminated and recovered sam-
ples were compared with cooled samples may be the re-
sult of low sperm recovery.

A review of the literature suggests that it is difficult to



51Parker et al · In Vitro and Xenogenous Changes of Stallion Sperm

reliably and repeatedly capacitate equine sperm in vitro.
The reason can only be speculated upon, but it may in-
volve the inhibition of heparin-induced capacitation by
glucose, a component of the modified Krebs/Ringer ex-
tender (Varner et al, 1993). Heparin was not observed to
have any effect on the numbers of sperm displaying ca-
pacitation-like changes in the second part of this study.
Heparin had been previously shown to induce capacita-
tion-like changes in bull (Parrish et al, 1988) and stallion
(Varner et al, 1993) sperm. However, other investigators
have not been as successful in duplicating the effect of
heparin on stallion sperm (Blue et al, 1989; Ellington et
al, 1993b; Hochi et al, 1996). We had hoped to document
an increased CTC capacitation-like response of sperm af-
ter 4.5 to 6 hours of incubation with heparin, thereby
justifying our incubation time for the in vivo experiment.
That was not the case; however, we did document an in-
crease in sperm that exhibited the AR pattern after 4.5
hours.

Our results support the theory that the process of ca-
pacitation is not species dependent. Xenogenous capaci-
tation of equine sperm implies the possibility of xeno-
genous fertilization of equine gametes. The latter has re-
cently been accomplished in our laboratory (Wirtu, un-
published data) and holds much promise for the use of
assisted reproductive technologies, such as xenogenous
gamete intrafallopian transfer (X-GIFT), for treatment of
certain forms of infertility in the mare.
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