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Abstract - The hypothesis was tested that frozen bovine oviduct epithelial cells (BOEC) could
provide a physiologic and standardized system for studying motility and acrosomal changes of
fresh and frozen-thawed sperm. The BOEC were collected by lavage from cows and monolayers
prepared from both fresh and frozen-thawed cells. Fresh and frozen semen processed from five
bulls was extended in a modified Tyrode’s medium and coincubated with both types of monolayers
at 39 °C in 5 %o C02 and 95 % humidified air. After 5, 10 and 24 h of incubation, percentages of
motile, progressively motile and acrosome-reacted unattached sperm were measured. The per-
centage of motile fresh sperm exceeded the motility of frozen sperm, and more fresh sperm atta-
ched to BOEC. More frozen sperm than fresh sperm were acrosome reacted. Fresh and frozen epi-
thelial cells produced similar effects, except sperm motility was higher after 5 h of incubation with
fresh BOEC. Thus, the convenient frozen-thawed coincubation protocol provides a practical in
vitro system for studying capacitation and the acrosome reaction. &copy; Inra/Elsevier, Paris

fresh bull spermatozoa / frozen bull spermatozoa / fresh oviduct cells / frozen oviduct cells

Résumé - Réaction acrosomique de spermatozoïdes frais ou décongelés de bovins, incubés
en présence de cellules epithéliales fraîches ou congelées d’oviducte. Cette expérience vise à
déterminer si des cellules épithéliales congelées d’oviductes bovins peuvent être utilisées comme
système physiologique standard pour déterminer la capacité de la semence fraîche ou congelée
à subir la réaction de l’acrosome. Des cellules épithéliales d’oviductes de vaches ont été recueillies
par lavage et des monocouches ont été préparées à partir de cellules fraîches ou décongelées. La
semence fraîche et congelée de cinq taureaux a été diluée dans du milieu Tyrode modifié et
co-incubée avec les deux types de monocouches à 39 °C, 5 % de C02 et 95 % d’humidité. Après
5, 10 et 24 h d’incubation, les pourcentages de spermatozoïdes motiles, progressivement motiles
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et de spermatozoïdes non liés ayant subi la réaction acrosomique ont été déterminés. Le pour-
centage de motilité des spermatozoïdes frais était supérieur à celui des spermatozoïdes congelés.
Plus de spermatozoïdes provenant de la semence fraîche se sont attachés aux cellules épithéliales
d’oviductes. Un nombre plus élevé de spermatozoïdes congelés a subi la réaction acrosomique
comparativement aux spermatozoïdes frais. Les cellules épithéliales fraîches ou décongelées ont
donné des résultats similaires. La seule exception est que le pourcentage de spermatozoïdes motiles
était plus élevé après 5 h d’incubation avec des cellules épithéliales fraîches. L’incubation de sper-
matozoïdes avec des cellules épithéliales décongelées représente donc une méthode pratique pour
l’étude de la capacitation et de la réaction acrosomique. &copy; Inra/Elsevier, Paris

spermatozoïdes frais de bovin / spermatozoïdes congelés de bovin / cellules fraîches
d’oviducte / cellules congelées d’oviducte

1. INTRODUCTION

The major events in the final stages of
oocyte and sperm maturation, sexual union
and early embryo development occur in
the oviduct. Despite numerous studies [2,
3, 19, 42] these events are poorly under-
stood. Following matings in cattle only a
few hundred of the billions of sperm depo-
sited in the anterior vagina migrate through
the cervical barrier, uterus, tubo-uterine
junction and reach the oviduct [17, 19, 21,
41]. In artificial insemination the cervical
barrier usually is bypassed, but again only
a few sperm out of millions deposited
reach the oviducts [7, 17].

Although some sperm may traverse the
tubular structures in a few minutes [40],
this is controversial [39] and sperm likely
participating in fertilization arrive later at
the site of fertilization. Fertilizing sperm
are thought to come from a pool establi-
shed near the tubo-uterine junction and
caudal isthmus [19-21, 36]. A local effect
of oviduct tubal fluids secreted at estrus
on capacitation and the acrosome reaction
have been reported [l, 9, 18, 24, 33].

These studies have provided conside-
rable information on sperm changes in the
female reproductive system. However,
sperm recovery from the oviduct in vivo is
low and variable [17, 29, 36], causing
uncertainty that the sperm assessed in
samples obtained are representive of the

population of sperm poised to fertilize the
oocyte. Another approach to studing sperm
interactions with the oviductal epithelial
cells has been the use of sperm-oviductal
epithelial cell coincubation systems [5, 6,
8, 10-12, 15, 16, 22, 23, 26, 28 34]. In
some studies fresh sperm have been used
and in other studies frozen-thawed sperm
were used. Usually BOEC monolayers
have been prepared from fresh oviductal
tissue, but it is difficult to always have
these available when needed, particularly
if tissue from animals in estrus are used.
Furthermore, use of frozen stocks of
BOEC offers the potential of comparing
test results on material originating from
the same cow or duplicated from a series
of cows.

No reports were found studying the
possible interaction of fresh versus frozen
sperm coincubated with the fresh versus
frozen-thawed epithelial cells. While fresh
semen was used for many years in artifi-
cial insemination of cattle, most current
commercial artificial insemination is with
frozen sperm [15]. It is often inferred that
storage and survival time of frozen-tha-
wed bull sperm is shorter than for fresh

sperm in the female reproductive tract.
Therefore, this in vitro study was desi-
gned to compare changes in fresh and fro-
zen-thawed bull sperm from the same bulls
coincubated with monolayers prepared
from fresh and frozen-thawed oviductal

epithelial cells from the same cows.



2. MATERIALS AND METHODS

2.1. Semen

Semen was obtained from five bulls ran-

domly chosen at the Eastern Artificial Insemi-
nation, Coop., Inc. Bulls were on a regular
semen collection schedule. After collection,
the semen was held in a 35 °C water bath while

subsamples were used to determine the sperm
concentration and the percentage of motile
sperm.

The semen to be frozen was extended with
whole milk (WM) at 35 °C. The WM had been
prepared by heating to 95 °C for 10 min in a
double boiler, cooled and filtered. Two frac-
tions of WM were prepared, one without gly-
cerol for cooling the sperm to 5 °C and a frac-
tion with glycerol so that sperm, when frozen,
were in WM containing 7 % glycerol, vol/vol.
The extended semen was packaged in 0.5 mL
French straws, containing 20 x 106 sperm, and
frozen by the standard procedure used at the
insemination center about 4 h after semen col-
lection. These straws of frozen semen were
used in the ensuing days when fresh bull sperm
were obtained for comparison. Straws were
thawed in warm water at 35 °C. The newly
collected fresh semen from the same bulls used
to provide the frozen sperm was also initially
evaluated for sperm concentration and the per-
centage of motile sperm. The ejaculates within
the same bulls differed by less than 5 %. Thus,
similar quality semen from the same bulls could
be used simultaneously to test the two kinds
of BOEC.

2.2. Preparation of oviduct cell
monolayers

Oviducts were obtained from cows on the

day of standing estrus, programmed by treat-
ment with prostaglandin F!a. BOEC were
recovered by luminal lavage and gentle mas-
sage of the oviducts using 3 mL of PBS plus
1 % polyvinyl alcohol and 2 % of an antibiotic
mixture. Then detached cells were washed and

resuspended. Then 0.5 mL portions of the
clumps of detached cells were placed in 4-well
tissue culture plates and cultured for 4 days at
39 °C in 5 % C02: 95 % air in 0.5 mL of incu-
bation medium consisting of Ham’s F10 + 10 %
fetal bovine serum and growth factors [10, 11 ]
until monolayers formed. Then cells from seve-
ral wells were stripped by freeing the cells with

trypsin-EDTA in calcium-free medium, and
frozen in 50 % bovine serum containing 10 %
DMSO. As needed, frozen cells were thawed,
washed and replated in incubation medium for
4 days to form new monolayers before use.
Whenever fresh or frozen-thawed BOEC were

replated the trypsin-EDTA medium was used.
Wells containing at least 80 % monolayer for-
mation from fresh or frozen-thawed BOEC
from the same cow were selected to compare
the effects on each sample of semen. Before
adding the sperm preparations, the selected
cultures of BOEC were washed with sperm-
TALP, modified from Parrish et al. [32] to
contain 25 mM potassium and no glucose [31]. ].

2.3. Experimental preparation
of semen

Seven straws of frozen-thawed semen (20 x 106
sperm per straw) were diluted in 6 mL of
sperm-TALP and centrifuged for 15 min on a
45-90 % Percoll gradient. This removed the
milk from the frozen-thawed sperm and semi-
nal plasma from all samples to facilitate capa-
citation and the acrosome reaction [4]. The
sperm pellet was resuspended in 1 mL of

sperm-TALP. Sperm in the sperm-TALP were
counted with a Coulter counter to determine
the volume of sperm in sperm-TALP needed to
give 25 x 106 sperm/mL with 0.5 mL/well.
Also 1 mL of fresh semen from these bulls was
obtained, counted with the Coulter counter,
and sufficient sperm added to sperm-TALP to
provide 25 x 106 sperm/mL.

2.4. Sperm incubation and evaluation

Fresh sperm-TALP (0.5 mL) was added to
each well containing BOEC for co-incubation
with sperm. Sperm were incubated at 39 °C in
5 % C02: 95 % air, and were assayed at 5, 10 0
and 24 h. The sample in each well was agitated
by pipetting all of the supernatant ten times
with protein-coated pipettes to prevent sperm
from sticking. Than a 100 pL subsample from
the well-mixed fluid in each well was sampled
for analysis. Sperm motility was assessed using
the HTM Hamilton-Thorn 2030 (Hamilton
Thorne Research, Beverly, MA) sperm analy-
zer [13, 38]. The sperm concentration of 25 x
106/mL was suitable for direct assessment by
CASA of the motility characteristics of sperm.



Two chambers and eight fields per chamber
were examined. Although many motion cha-
racteristics were measured, the ones of most
interest are the percentages of motile sperm
(PM) and the percentages of progressively
motile sperm (PPM) presented here.

Sperm also were examined for changes in
the acrosomal status. The percentage of AR
sperm was determined by using the Giemsa
stain, as described by Kovdcs and Foote [25].
Two slides were prepared for each subclass of
sperm and 100 sperm per slide were evalua-
ted for the acrosome reaction.

Attachment of the different types of sperm
preparations to BOEC prepared from fresh and
frozen-thawed BOEC was examined at 5 h by
removing a small aliquot of unattached sperm
from a well-mixed supernatant and counting
them with a Coulter counter. The counting fluid
usually reduced clumped sperm. This count
was subtracted from the total sperm placed in
the well to obtain the attached cell count.

Enough clumping of sperm occurred at longer
intervals of incubation to prevent obtaining
accurate counts at 10 and 24 h.

2.5. Experimental design and
statistical analysis

The design consisted of a factorial arran-
gement with two types of BOEC monolayers
(fresh versus frozen-thawed) and two types of

semen from the same bull (fresh versus fro-
zen-thawed). Observations were made after 5,
10 and 24 h of incubation. The experiment was
replicated with fresh and frozen semen from
the same five randomly chosen bulls tested
with each fresh and frozen BOEC monolayer
prepared from the same cow. A mixed model
general linear analysis of variance was used.
Data were analyzed by blocking on bulls and
the experimental model consisted of bulls as
a random variable, and the fixed effects of type
of BOEC, type of sperm, interactions, and sam-
pling variation associated with replication. Data
for each time of incubation were analyzed sepa-
rately. Means were compared using Duncan’s s
multiple range test, and values differing at
P <_ 0.01 were considered to be statistically
significant.

3. RESULTS

The mean percentages of motile sperm
(PM), progressively motile sperm (PPM),
and acrosome-reacted sperm (AR) are
summarized in table I. There was no dif-
ference (P > 0.05) between sperm incu-
bated with fresh versus frozen-thawed
BOEC for PM or PPM, except at 5 h of
incubation. In contrast there was a major
difference between fresh and frozen-tha-
wed sperm. The latter sperm were consis-



tently less motile throughout the incuba-
tion period and a higher proportion of the
frozen-thawed sperm were acrosome-reac-
ted (P < 0.01). This effect was consistent
regardless of whether either type of sperm
were incubated with fresh or frozen-tha-
wed BOEC. The interaction between the
two was not significant, reflecting, in part,
the fact that the fresh and the frozen-tha-
wed BOEC had the same effect on sperm.
The same relationship was observed for
sperm velocity estimated by CASA, but
for simplicity these data are not reported.

It was noted visually that the heads of
fresh sperm attached rapidly to both fresh
and frozen BOEC, with the tails exhibi-
ting rapid flagellar movement. No major
difference in appearance was apparent,
except more fresh sperm attached than fro-
zen-thawed sperm. At 5 h there was an

average of 5.0 ± 0.8 x 106 fresh sperm and
2.8 ± 0.6 x 106 frozen-thawed sperm atta-
ched to both types of BOEC (P < 0.05).
Attachment of both types of sperm to fresh
and frozen BOEC was 3.5 ± 0.8 x 106 and
4.3 ± 0.8 x 106, respectively (P > 0.05).

4. DISCUSSION
AND CONCLUSIONS

The present studies extend previous
research. Ellington et al. [10, 11] and Pol-
lard et al. [34] described a BOEC culture
system which could be used to examine
several effects on fresh bull sperm in vitro.

Sperm attached tightly to the BOEC
monolayers and more sperm underwent
the acrosome reaction (AR) when they
were incubated with the monolayers than
when incubated in monolayer-conditio-
ned medium. Chian and Sirard [5], Chian
et al. [6] and Lefebvre et al. [26, 28] repor-
ted that freshly prepared BOEC mono-
layers promoted capacitation, but that
fewer capacitated sperm bound to the epi-
thelial cells [28]. Dobrinski et al. [8] repor-
ted that freezing and thawing equine sperm

also decreased their attachment to ovi-
ductal epithelial cells.

For uniformity all BOEC monolayers
used in our studies were prepared from
oviducts of cows in ’standing’ estrus,
although BOEC obtained from oviducts
at different stages of the estrous cycle gave
similar results [27]. Monolayers were
either used directly or frozen and new
monolayers prepared from the frozen-tha-
wed cells. The monolayers from both
sources were similar in appearance, and
the monolayers from fresh cells have been
described [11, 37, 38]. Monolayers pre-
pared from both sources have numerous
microvilli that make fibril-like attachments
to the sperm.

The studies reported here provided a
comparison between the effects of fresh
and frozen-thawed BOEC prepared as
monolayers from the same cows for coin-
cubating fresh and frozen-thawed sperm.
No previous reports of these direct com-
parisons were found in the literature.
When sperm were coincubated with

monolayers from fresh or frozen BOEC,
only at 5 h was any difference found in
the proportion of motile sperm and no dif-
ference in the percentage of AR sperm on
fresh versus frozen BOEC was found at

any time interval (table !.
Attachment of sperm heads to both

types of monolayer was similar and the
appearance has been described by Elling-
ton et al. [ 11 ], Suzuki and Foote [37] and
Suzuki et al. [38], as viewed in detail by
electron microscopy. Also, the number of
sperm attached to the two sources of

monolayers was not significantly diffe-
rent. Thus, the estimates for the propor-
tion of motile and AR sperm are not biased

by any difference in the proportion of
sperm attached to the two kinds of mono-

layers.
Fresh and frozen-thawed sperm attach

rapidly to BOEC monolayers, reaching a
peak in 3 h [37]. The attachment at 5 h
likely represents this initial attachment



with gradual subsequent release after 4-5 h
[11]. More fresh sperm than frozen-tha-
wed sperm were attached to the BOEC at
5 h. The difference in attachment between
fresh and frozen sperm would likely be
less after longer exposure [11], but clum-
ping of sperm in the present experiment
prevented accurate counting at the longer
time intervals. Suzuki and Foote [37]
reported that the concentration of sperm
placed on the BOEC also influenced the
number of sperm bound.

The PM and PPM of fresh sperm
exceeded that of frozen sperm throughout
the incubation period (table n. Subjective
visual checking of the frozen-thawed
sperm immediately after thawing indicated
that the proportion of motile sperm had
been decreased by freezing.

The proportion of AR fresh sperm was
considerably less than for frozen sperm.
The increase in AR over time presuma-
bly represents capacitation and some
death. The extent that this is due to phy-
siological changes in the acrosome and
those accompanying senescence of the
sperm cannot be determined in the pre-
sent experiments, as the sperm were not
sub-classified as live or dead cells. Howe-
ver, Ellington et al. [11] reported that most
of the AR sperm after 4 h of incubation
were dead sperm. This is consistent with
the hypothesis that the AR sperm found
up to 5 h of incubation represent sperm
killed by freezing, and supports the com-
mercial practice of using more total fro-
zen-thawed sperm than fresh sperm for
insemination. However, with 10 x 106 or

100 x 106 sperm inseminated Nadir et al.

[30] found no difference between fresh
and frozen semen in accessory sperm atta-
ched per egg.

Samper et al. [35] reported that survival
of fresh equine sperm coincubated with
BOEC was correlated with fertility. There
were similarly large differences in sperm
survival among semen samples from the
five bulls used in the present study. Repli-

cation was not sufficient to characterize
bulls and further work is needed to pur-
sue this promising lead of the relationship
between survival of sperm coincubated
with BOEC and fertility. This is supported
by the finding [ 14] that most of the
variance in CASA characteristics among
semen collected from bulls under the same
conditions, as reported here, is due to dif-
ferences among bulls, with less than 10 %
due to variability of samples within bulls.

In conclusion, quality of the fresh
sperm coincubated with BOEC was super-
ior to frozen-thawed sperm. More fresh

sperm adhered to BOEC monolayers, indi-
cating that freeze thawing caused a change
in the surface membranes of the sperm
which participate in attachment. The
BOEC stored frozen and then thawed pro-
vided essentially equivalent monolayer
conditions for coincubating either fresh
or frozen-thawed bull sperm. Large
batches of BOEC can be prepared and fro-
zen with the convenience that subsets are
available for replicated use through a series
of experiments, thus, also avoiding the
usual confounding of different sources of
BOEC.

ACKNOWLEDGMENTS

Eastern Artificial Insemination Coop., Inc.
kindly supplied the semen and The Upjohn
Company, the Lutalyse&copy;. The work was par-
tially supported by the National Cooperative
Program on Non-Human In Vitro Fertilization
and Preimplantation Development, National
Institute of Health through cooperative Agree-
ment HD21939 and a training grant HD 00884
for Dr Ellington. Assistance with the statistical
analysis by P. Farrell and manuscript prepara-
tion by D. Bevins is gratefully acknowledged.

REFERENCES

[ 1 ] Anderson S.H., Killian G.J., Effect of macro-
molecules from oviductal conditioned
medium on bovine sperm motion and capa-
citation, Biol. Reprod. 51 (1994) 795-799.



[2] ] Bavister B.D., (Ed.), Preimplantation Embryo
Development, Springer-Verlag, New York,
Inc., 1993.

[3] Bedford J.M., Significance of the need for
capacitation before fertilization in eutherian
marnmals, Biol. Reprod. 28 (1983) 108-156.

[4] Chang M.C., A detrimental effect of seminal
plasma on the fertilizing capacity of sperm,
Nature (London) 179 (1957) 258-259.

[5] Chian R.C., Sirard M.A., Fertilizing ability
of bovine spermatozoa cocultured with ovi-
duct epithelial cells, Biol. Reprod. 52 (1995)
156-162.

[6] Chian R.C., Lapointe S., Sirard M.A., Capa-
citation in vitro of bovine spermatozoa by
oviduct epithelial cell monolayer conditio-
ned medium, Mol. Reprod. Dev. 42 (1995)
318-324.

[7] DeJarnette J.M., Saacke R.G., Bame J.,
Vogler C.J., Accessory sperm: Their impor-
tance to fertility and embryo quality, and
attempts to alter their numbers in artificially
inseminated cattle, J. Anim. Sci. 70 (1992)
484-491. 1 .

[8] Dobrinski L, Thomas P.G.A., Ball B.A.,
Cryopreservation reduces the ability of equine
spermatozoa to attach to oviductal epithelial
cells and zonae pellucidae in vitro, J. Androl.
16 (1995) 536-542.

[9] Ehrenwald E., Foote R.H., Parks J.E., Bovine
oviductal fluid components and their potential
role in sperm cholesterol efflux, Mol. Reprod.
Dev. 25 ( 1990) 195-204.

[10] Ellington J.E., Farrell P.B., Simkin M.E.,
Foote R.H., Goldman E.E., McGrath A.B.,
Development and survival after transfer of
cow embryos cultured from 1-2-cells to
morulae or blastocysts in rabbit oviducts or in
a simple medium with bovine oviduct epi-
thelial cells, J. Reprod. Fertil. 89 (1990)
293-299.

[11] ] Ellington J.E., Padilla A.W., Vredenburgh
W.L., Dougherty E.P., Foote R.H., Behavior
of bull spermatozoa in bovine uterine tube
epithelial cell coculture: an in vitro model for
studying the cell interactions of reproduction,
Theriogenology 35 (1991) 977-989.

[12] Ellington J.E., Ball B.A., Blue B.J., Wilker
C.E., Capacitation-like membrane changes
and prolonged viability in vitro of equine
spermatozoa cultured with uterine tube epi-
thelial cells, Am. J. Vet. Res. 54 (1993)
1505-1510.

[13] Farrell P.B., Foote R.H., McArdle M.M.,
Trouem-Trend V.L., Tardif A.L., Media and
dilution procedures tested to minimize hand-
ling effects on human, rabbit, and bull sperm
for computer-assisted sperm analysis
(CASA), J. Androl. 17 (1996) 293-300.

[14] Farrell P.B., Presicce G.A., Brockett C.C.,
Foote R.H., Quantification of bull sperm cha-
racteristics measured by computer-assisted
sperm analysis (CASA) and the relationship
to fertility, Theriogenology 49 (1998) 871-879.

[15] Foote R.H., Cryopreservation of spermato-
zoa and artificial insemination: Past, present
and future, J. Androl. 3 (1982) 85-100.

[16] Gutierrez A., Garde J., Garcia-Artiga C., Vaz-
quez I., Ram spermatozoa cocultured with
epithelial cell monolayers: An in vitro model
for the study of capacitation and the acro-
some reaction, Mol. Reprod. Dev. 36 (1993)
338-345.

[17] Hawk H.W., Transport and fate of sperma-
tozoa after insemination of cattle, J. Dairy
Sci. 70 (1987) 1487-1503.

[18] Herz Z., Northey D., Lawyer M., First N.L.,
Acrosome reaction of bovine spermatozoa in
vivo: Sites and effects of stages of the estrous
cycle, Biol. Reprod. 32 (1985) 1163-1168.

[19] Hunter R.H.F., The Fallopian Tubes, Their
role in fertility and infertility, Springer-Ver-
lag, Berlin-Heidelburg, 1988, pp. 53-74.

[20] Hunter R.F., Wilmut I., The rate of functional
sperm transport into the oviducts of mated
cows, Anim. Reprod. Sci. 5 (1983) 167-173.

[21] ] Hunter R.F., Wilmut I., Sperm transport in
the cow: periovulatory redistribution of viable
cells within the oviduct, Reprod. Nutr. Dev.
24 (1984) 597-608.

[22] Hunter R.H.F., Flechon B., Flechon J.E., Dis-
tribution, morphology and epithelial interac-
tions of bovine spermatozoa in the oviduct
before and after ovulation: A scanning elec-
tron microscope study, Tissue Cell 23 (1991)
641-656.

[23] Kim C.I., Ellington J.E., Foote R.H., Matu-
ration, fertilization and development of bovine
oocytes in vitro using TCM 199 and a simple
defined medium with co-culture, Therioge-
nology 33 (1990) 433!40.

[24] King R.S., Killian G.J., Purification of bovine
estrus-associated protein and localization of
binding on sperm, Biol. Reprod. 51 (1994)
34-42.

[25] KovAcs A., Foote R.H., Viability and acro-
some staining of bull, boar and rabbit sper-
matozoa, Biotechnic & Histochemistry 67
(1992) 119-124.

[26] Lefebvre R., Suarez S.S., Effect of capacita-
tion on bull sperm binding to homologous
oviductal epithelium, Biol. Reprod. 54 (1996)
575-582.

[27] Lefebvre R., Chenoweth P.J., Drost M.,
LeClear C.T., MacCubbin M., Dutton J.T.,
Suarez S.S., Characterization of the oviduc-
tal sperm reservoir in cattle, Biol. Reprod. 53 3
(1995) 1066-1074.



[28] Lefebvre R., Lo M.C., Suarez S.S., Bovine
sperm binding to oviductal epithelium
involves fucose recognition, Biol. Reprod.
56 (1997) 1198-1204.

[29] Mitchell J.R., Senger P.L., Rosenberger J.L.,
Distribution and retention of spermatozoa
with acrosomal and nuclear abnormalities in
the cow genital tract, J. Anim. Sci. 61 (1985)
956-967.

[30] Nadir S., Saacke R.G., Bame J., Mullins J.,
Degelos S., Effect of freezing semen and
dosage of sperm on number of accessory
sperm, fertility, and embryo quality in artifi-
cially inseminated cattle, J. Anim. Sci. 71
(1993) 199-204.

[31 ] Padilla A.W., Tobback C., Foote R.H., Pene-
tration of frozen-thawed, zona-free hamster
oocytes by fresh and slow-cooled stallion
spermatozoa, in: Equine Reproduction V, J.
Reprod. Fertil. 44 (1991) 207-212.

[32] Parrish J.J., Susko-Parrish J.L., Winer M.A.,
First N.L., Capacitation of bovine sperm by
heparin, Biol. Reprod. 38 (1988) 1171-1180.

[33] Parrish J.J., Susko-Parrish J.L., Handrow
R.R., Sims M.M., First N.L., Capacitation of
bovine spermatozoa by oviduct fluid, Biol.
Reprod. 40 (1989) 1020-1025.

[34] Pollard J.W., Plante C., King W.A., Hansen
P.J., Betteridge K.J., Suarez S.S., Fertilizing
capacity of bovine sperm may be maintained
by binding to oviductal epithelial cells, Biol.
Reprod. 44 (1991) 102-107.

[35] Samper J., Ellington J., Bumett K., Jones A.,
Wright R., Use of sperm and oviduct cell
coculture as a test for stallion fertility, AAEP
Proe. 4 1 ( 1995) 3-5.

[36] Suarez S.S., Brockman K., Lefebvre R., Dis-
tribution of mucus and sperm in bovine ovi-
ducts after artificial insemination: The phy-
sical environment of the oviductal sperm
reservoir, Biol. Reprod. 56 (1997) 447!53.

[37] ] Suzuki H., Foote R.H., Bovine oviductal epi-
thelial cells (BOEC) and oviducts: I. For
embryo culture, II. Using SEM for studying
inter-actions with spermatozoa. Microscopy
Research and Technique 31 (1995) 519-530.

[38] Suzuki H., Foote R.H., Farrell P.B., Compu-
terized imaging and scanning electron micro-
scope (SEM) analysis of co-cultured fresh
and frozen bovine sperm, J. Androl. 18 ( 1997)
217-226

[39] Thibault C., Sperm transport and storage in
vertebrates, J. Reprod. Fertil. Suppl. 18 (1973)
39-53.

[40] VanDemark N.L., Hays R.L., Rapid sperm
transport in the cow, Fertil. Steril. 5 (1954)
131-137.

[41] ] Wilmut I., Hunter R.F., Sperm transport into
the oviducts of heifers mated early in estrus,
Reprod. Nutr. Dev. 24 (1984) 461!68.

[42] ] Yanagimachi R., Mechanisms of fertilization
in mammals, in: Mastroianni L., Biggers J.D.
(Eds.), Fertilization and Embryonic Deve-
lopment in vitro, Plenum, New York., 1981, 1,
pp. 81-182.


