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The objective of this study was to determine the effects of oviductal fluid on sperm binding
and fertilization in vitro when either bovine oocytes or both spermatozoa and oocytes are

incubated in fluid from different regions of the oviduct and at different stages of the oestrous
cycle. Oocytes, or oocytes and spermatozoa, were incubated in nonluteal and luteal
oviductal fluid obtained from the whole, isthmic or ampullary oviduct of dairy cows.

Gametes were washed and coincubated in fertilization medium for 18 h, and then observed
for sperm binding and penetration. More spermatozoa bound to oocytes that were

preincubated in nonluteal oviductal fluid than to those that were incubated in luteal
oviductal fluid; however, there were no differences in fertilization rates between the two
treatments. More spermatozoa bound to oocytes incubated in isthmic than in ampullary
oviductal fluid. However, if both gametes were incubated in oviductal fluid before their
coincubation, binding was higher when both gametes were incubated in ampullary oviductal
fluid. By reducing the time of coincubation of spermatozoa with the oocytes, differences in
fertilization rates were seen among the various oviductal fluid treatments. At 14 and 16 h of
coincubation, more oocytes were fertilized if spermatozoa were preincubated in isthmic
oviductal fluid and oocytes were preincubated in ampullary oviductal fluid than if both
gametes were incubated in whole or ampullary oviductal fluid. Because both sperm binding
to the zona pellucida and fertilization rates were greater in treatments in which gametes
were exposed to regional oviductal fluid than when they were incubated in whole oviductal
fluid, it is concluded that oviductal fluid from different regions of the bovine oviduct may
play different roles in facilitating fertilization.

Introduction

Oviductal fluid, a secretion and transudate of the oviductal
epithelium, is a dynamic fluid thought to influence sperm
capacitation and the acrosome reaction, fertilization and early
embryonic development. Several studies have described differ¬
ences in the composition of in vivo derived bovine oviductal
fluid, depending upon stage of the oestrous cycle and region
of the oviduct (Carlson et al, 1970; Roberts et al, 1975; Killian
et al, 1989; Ehrenwald et al, 1990; Gerena and Killian, 1990;
Wegner and Killian, 1992; Grippo et al, 1992). Other reports
have described the effects of oviductal fluid on bovine sperma¬
tozoa (Parrish et al, 1989; Ehrenwald et al, 1990; McNutt et al,
1992; McNutt et al, 1994); however, these studies involved
the use of whole oviductal fluid, which is not derived from a

specific region of the oviduct.
Differences in the secretion of certain glycoproteins associ¬

ated with region of the oviduct have been noted by the use of
in vitro expiant and epithelial cell culture (Hyde and Black,
1986; Verhage and Fazleabas, 1988; Buhi et al, 1989; Buhi et al,
1990). An oestrus-associated glycoprotein has been shown to

influence sperm capacitation (King et al, 1994), the acrosome

reaction (Boatman et al, 1994; Boatman and Magnoni, 1995),
motility and viability (Abe et al, 1995) and fertilization (King
et al, 1994; Boatman et al, 1994; Kimura et al, 1994) in a variety
of species. This glycoprotein is bound by bovine spermatozoa
(King and Killian, 1994; Abe et al, 1995) and is prevalent in the
ampullary region of the oviduct (Wegner and Killian, 1992).

Staros and Killian (1995) found that five oviductal fluid
proteins consistently associated with bovine zonae pellucidae
incubated in both luteal and nonluteal oviductal fluid. In
addition a sixth protein, identified as the 95 kDa oestrus-
associated protein, associated with zonae incubated in non¬

luteal oviductal fluid. Oviductal fluid proteins also associate
wifh the bovine sperm plasma membrane (McNutt et al, 1992;
Rodríguez and Killian, 1995). These proteins, adsorbed to
either the zona pellucida or the sperm plasma membrane may
facilitate sperm binding and fertilization.

Anderson and Killian (1994) described the effects of medium
conditioned by ampullary and isthmic oviductal explants on

sperm motion and capacitation, and determined that condi¬
tioned medium from isthmic oviductal expiants enhanced
sperm capacitation. In addition, Grippo et al. (1995) have
shown that spermatozoa incubated in ampullary oviductal fluid
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collected during the nonluteal stage of the oestrous cycle had
more acrosome reactions than those incubated in fluid collected
from the isthmus region, without decreasing sperm viability.
Collectively, these findings suggest that there are functional
differences between the ampullary and isthmic regions of the
mammalian oviduct.

Although several studies have investigated the ability of
oviductal fluid proteins to bind to the zona pellucida (Boice
et al, 1990; Wegner and Killian, 1991; Malette and Bleau, 1993;
Boatman et al, 1994; Reuter et al, 1994; Staros and Killian,
1995) or to the early embryo (Gandolfi et al, 1989; Boice et al,
1990; Wegner and Killian, 1991; Boice el al, 1992; Kan et al,
1993), the effects of oviductal fluid on the binding of sperma¬
tozoa to the zona pellucida and subsequent penetration of the
ova following incubation of both gametes in oviductal fluid
have not been described. Moreover, it is not known how
oviductal fluid from different oviductal regions may affect
sperm—egg binding and fertilization. This study was under¬
taken to define more clearly the role of fluid from different
regions of the oviduct on sperm—egg interaction at fertilization.

Materials and Methods

Oviductal fluid collection and preparation
Whole oviductal fluid was collected daily from Holstein

cows (Bos taurus) with indwelling oviductal cannulae
(Kavanaugh and Killian, 1988). Daily samples were combined
into nonluteal and luteal whole oviductal fluid pools based on

daily serum progesterone concentrations. Nonluteal (serum
progesterone < 1.5 ng ml~ ) and luteal (serum progesterone
> 1.5 ng ml

~
) whole oviductal fluid samples from three cows

were combined into luteal and nonluteal pools. Pools of whole
oviductal fluid were filtered (0.45 µ  ), and stored at

—

70°C
until use.

Fluids from the isthmic and ampullary regions of the oviduct
were collected from indwelling regional cannulae as described
by Kavanaugh et al (1992). Regional oviductal fluid was

combined for luteal and nonluteal stages of the oestrous cycle
based on daily serum progesterone concentrations as described
for whole oviductal fluid. Fluids from three cows were pooled,
filtered as described above, and stored at

—

70°C until use.

Sperm preparation and capacitation
Semen was collected from three mature, Holstein dairy bulls

by artificial vagina. Ejaculates were pooled (1 ml from each
bull), washed in modified Tyrode's Medium (MTM, Parrish
et al, 1988) and centrifuged at 500 g for 10 min. The super¬
natant was removed and spermatozoa were resuspended in
MTM and centrifuged again. Spermatozoa (5  107) were

incubated in 1 ml MTM supplemented with heparin (10 µg
ml

~  ) for 4 h to capacitate the spermatozoa and served as the
positive control for all experiments (McNutt and Killian, 1991).
In addition, for experiments involving incubation of spermato¬
zoa in oviductal fluid, 5 x 10 spermatozoa ml- were incu¬
bated in 60% oviductal fluid/40% MTM (v/v) for 4 h before
insemination.

Oocyte collection and in vitro fertilization
Bovine ovaries obtained from a local abattoir were trans¬

ported at 39°C, washed, and aspirated as described by McNutt
and Killian (1991). Cumulus-oocyte complexes and follicular
fluid aspirated from follicles 1—6 mm in diameter were com¬
bined in 15 ml conical tubes and kept at 39°C for 30 min to
allow the cumulus-oocyte complexes to settle to the bottom of
the tube. Sediment from each tube was washed in low
bicarbonate—Hepes medium (Bavister et al, 1983) and oocytes
were recovered.

The COC were matured in groups of ten in 50 µ drops of
maturation medium under heavy mineral oil (McNutt and
Killian, 1991) for 22-24 h at 39°C, 5% C02 in air. Mature
oocytes with expanded cumulus cell masses were then placed
in a 0.5 ml microcentrifuge tube with approximately 250 µ low
bicarbonate-Hepes medium and vortexed for 3 min to remove

cumulus cells. Oocytes were washed once in fertilization
medium (Bavister et al, 1983), and placed in groups of ten in
50 µ drops containing 60% oviductal fluid and 40% (v/v)
fertilization medium under heavy mineral oil for 2 h. Oocytes
in fertilization medium alone served as the positive control.
After incubation in oviductal fluid or fertilization medium,
oocytes were washed once in fertilization medium and placed
in fresh 50 µ drops of fertilization medium under heavy
mineral oil.

Oocytes were coincubated with 1  10 spermatozoa per
fertilization drop. After 18-20 h (39°C, 5% C02 in air), oocytes
were removed from co-culture, washed in low bicarbonate-
Hepes medium, and placed on slides. Half of the oocytes from
each treatment were fixed in acid alcohol and stained with 1%
aceto—orcein (Sirard et al, 1988) to assess fertilization. The
remainder of the oocytes were evaluated for sperm binding.

Determination of sperm binding
Oocytes were placed, ten per slide, under a coverslip

mounted with paraffin wax and petroleum jelly at each corner.
The coverslip was gently lowered over the oocytes until they
burst, and the cytoplasm was rinsed away leaving the zonae

pellucidae behind. The zona pellucida and spermatozoa
attached to it were stained with Hoechst fluorescent dye
(33342, Sigma, St Louis, MO) to determine the number of
spermatozoa bound to each zona pellucida using fluorescence
microscopy (Way et al, 1994) (Fig. 1).

Incubation of oocytes in whole and regional oviductal fluid
In vitro matured, cumulus-free oocytes were incubated for

2 h in 60% whole or regional oviductal fluid from either the
luteal or nonluteal stages of the oestrous cycle and 40% (v/v)
fertilization medium to determine whether sperm binding to
the zona pellucida and fertilization rates were different if
oocytes were incubated in ampullary versus isthmic oviductal
fluid. The treatments were: oocytes in whole luteal or nonluteal
oviductal fluid, oocytes incubated in ampullary, isthmic
nonluteal or luteal oviductal fluid. Oocytes were washed
as described earlier and inseminated with 1  10 heparin-
capacitated spermatozoa per microdrop. After coincubation,
oocytes were assessed for both sperm binding and fertilization.
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Fig. 1. Bovine spermatozoa attached to a zona pellucida. Each zona

was stained with Hoechst 33342 fluorescent dye and the number of
spermatozoa (arrow) bound to each zona was counted. Scale bar
represents 50 µ  .

Incubation of spermatozoa and oocytes in nonluteal oviductal fluid
Both spermatozoa and oocytes were incubated in either

whole or regional nonluteal oviductal fluid to assess the effects
of regional oviductal fluid on sperm-zona binding and fertiliz¬
ation if both gametes were incubated in the same or contrast¬
ing oviductal fluid. Oocytes were incubated in oviductal fluid
for 2 h and washed as described above. Before insemination,
ejaculated bull spermatozoa were washed twice in MTM and
then incubated in 60% whole, ampullary, or isthmic nonluteal
oviductal fluid with 40% (v/v) MTM for 4 h. Positive control
spermatozoa were incubated in heparin.

After incubation with oviductal fluid or heparin, 1  10
spermatozoa were placed in each microdrop of fertilization
medium containing ten oocytes. The treatments in this exper¬
iment were: both spermatozoa and oocytes incubated in
ampullary oviductal fluid; both spermatozoa and oocytes
incubated in isthmic oviductal fluid; spermatozoa incubated in
isthmic oviductal fluid and oocytes incubated in ampullary
oviductal fluid; both spermatozoa and oocytes incubated in
whole oviductal fluid. Heparin-capacitated spermatozoa and
oocytes in fertilization medium alone were used as a positive
control. Gametes were coincubated for 18—20 h and then
analysed for sperm binding and penetration.

Effects of regional oviductal fluid on time of fertilization
The effects of oviductal fluid on the interval of time until

fertilization were determined by conducting another series of
experiments in which oocytes and spermatozoa were incubated
in oviductal fluid as outlined in the previous experiment and
were then coincubated for 14, 16 or 18 h. The methods for this
experiment were identical to those described for oocytes and
spermatozoa incubated in oviductal fluid, but sperm binding
was not analysed. At the end of each coincubation experiment,
oocytes were washed, fixed in acid alcohol, and stained with
1% aceto-orcein to assess fertilization.

Statistical analysis
Experiments were repeated twice, and the data were pooled

if day to day variability was not significant. Microdrops (five
per treatment) served as replicates for both sperm binding and
penetration. Analysis of variance (SAS Institute Incorporated,
1985) was performed using mean number of spermatozoa
bound per zona pellucida for each treatment in binding
experiments and using a weighted mean based on number of
oocytes per treatment in fertilization experiments. Least square
means and Bonferroni means comparisons were used to assess

sperm binding. Weighted least square means were used to
analyse fertilization data. The significance level for all tests was

 < 0.05.

Results

Incubation of oocytes in whole and regional oviductal fluid
More heparin-capacitated spermatozoa bound to oocytes

incubated in nonluteal than in luteal whole oviductal fluid
(P < 0.05, Fig. 2a). However, for fertilization, differences
between nonluteal and luteal oviductal fluid were not signifi¬
cant (Fig. 2b). More spermatozoa bound to oocytes incubated
with isthmic oviductal fluid than those incubated in ampullary
oviductal fluid (P < 0.01, Fig. 3a). Within the nonluteal stage of
the oestrous cycle, more spermatozoa bound to the zonae

pellucidae of oocytes incubated in isthmic than in ampullary
oviductal fluid (P= 0.0001). More spermatozoa penetrated
oocytes incubated in isthmic nonluteal than luteal ovi¬
ductal fluid (P < 0.05, Fig. 3b); there were no other significant
differences regarding fertilization.

Incubation of spermatozoa and oocytes in nonluteal oviductal fluid
In preliminary studies we further considered sperm binding

and penetration when both gametes were incubated in non¬

luteal and luteal oviductal fluid. Because binding and fertiliz¬
ation were only improved when oocytes were incubated in
nonluteal oviductal fluid, successive experiments focused on

nonluteal oviductal fluid.
More spermatozoa bound to oocytes when both gametes

were incubated in ampullary oviductal fluid, than when both
were incubated in isthmic oviductal fluid or whole oviductal
fluid, or in control medium (P= 0.0001, Table 1). More
spermatozoa bound to oocytes if both gametes were incubated
in the same oviductal fluid, rather than if spermatozoa were
incubated in isthmic and eggs in ampullary oviductal fluid
(P < 0.05). Although at 18-20 h the percentage of oocytes
showing evidence of fertilization was similar (data not shown),
some treatments appeared to have fertilized oocytes at more

advanced stages of development than others. This led us to test
whether the type of oviductal fluid had an effect on the interval
when first evidence of fertilization was observed.

In vitro fertilization of gametes preincubated in oviductal fluid,
time of coincubation titration

At both 14 and 16 h of coincubation, more oocytes
were fertilized when spermatozoa were incubated in isthmic
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Fig. 2. Incubation of bovine oocytes in whole oviductal fluid (ODF).
Mean ( + sem) (a) number of spermatozoa bound per zona pellucida
and (b) percentage fertilization when oocytes were preincubated in
nonluteal ( ) or luteal ( ) oviductal fluid or control (ES) before
insemination.

oviductal fluid and oocytes were incubated in ampullary
oviductal fluid, than when oocytes and spermatozoa were

incubated in ampullary or whole oviductal fluid, or in the
control (P < 0.05, Table 2). Also, at 14 and 16 h, more oocytes
were fertilized when both gametes were incubated in isthmic
oviductal fluid than when incubated in whole oviductal fluid or

the control (P < 0.05). By 18 h of coincubation, there were few
differences between treatments. Fertilization increased over

time in each treatment, but this increase was only significant in
gametes incubated in whole oviductal fluid and in the control
(P<0.05).

Discussion

More spermatozoa bound to zonae pellucidae of oocytes
incubated in nonluteal oviductal fluid than those incubated in
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Fig. 3. Incubation of bovine oocytes in regional oviductal fluid (ODF).
Mean ( + Sem) (a) number of spermatozoa bound per zona pellucida
and (b) percentage fertilization when oocytes were preincubated in
luteal or nonluteal regional oviductal fluid before insemination: isthmic
nonluteal (ES), ampullary nonluteal ( ), isthmic luteal (Ü), ampullary
luteal (D) oviductal fluid, or the control ( ).

luteal oviductal fluid, indicating that the stage of the oestrous
cycle during which oviductal fluid was obtained influences
sperm binding. Regardless of the stage of the oestrous cycle,
more spermatozoa bound to zonae incubated in isthmic than
ampullary oviductal fluid, suggesting a functional difference
between secretions of the isthmic and ampullary regions of the
oviduct. Within the isthmus, more spermatozoa bound to
zonae incubated in nonluteal than luteal oviductal fluid,
again indicating an interaction between stages of the oestrous
cycle and region of the oviduct. Overall, sperm binding
was enhanced if both gametes were incubated in ampullary
oviductal fluid.

Because both fertilization and binding were significantly
lower when gametes were incubated in whole oviductal fluid

Downloaded from Bioscientifica.com at 05/23/2023 08:23:07PM
via free access



Table 1. Number of bovine spermatozoa per zona pellucida when both gametes were incubated in
nonluteal oviductal fluid (ODF)*

Both gametes in:

AODF IODF WODF

Spermatozoa in
IODF; oocytes

in AODF

Spermatozoa in
heparin; oocytes in

medium

122.30 ± 10.84a 66.53 ± 3.68" 50.83 ±5.1 45.57 ±3.84c 32.80 ±2.77d

*Results are expressed as means ± sem of spermatozoa bound per zona when both gametes were preincubated in ampullary (AODF),
isthmic (IODF) or whole (WODF) ODF before insemination.
a' c' Values with different superscripts within rows are significantly different (P < 0.05).

Table 2. Percentage fertilized bovine oocytes after incubation of both spermatozoa and oocytes in
nonluteal oviductal fluid (ODF)*

Time
(h) AODF

Both gametes in:

IODF WODF

Spermatozoa in
IODF; oocytes

in AODF

Spermatozoa in
heparin; oocytes in

medium

14
16
18

61.83+ 9.72a
66.11 ± 13.28a
61.81 ± 5.60a

64.44 ± 6.95a
72.34 ± 8.34a
72.54 ± 7.02a

46.97 ± 7.81c
56.90 + 6.77c
82.22 ± 9.20b

76.00 : 1.36°
74.89 ±4.55"
84.72 + 9.72b

49.43 ± 10.0 
51.04 ±9.06c
77.54+ 3.99b

*Results are expressed as means ± sem of oocytes fertilized by spermatozoa when both gametes were preincubated in nonluteal
ampullary (AODF), isthmic (IODF) or whole (WODF) ODF before insemination. 96-104 oocytes per treatment.
*'b'cValues with different superscripts within rows are significantly different (P<0.05).

than in isthmic oviductal fluid, there appear to be significant
functional differences associated with ampullary and isthmic
oviductal fluid. Optimal results were observed in vitro with
regional oviductal fluid that paralleled the situation in vivo
where oocytes are first exposed to ampullary then isthmic
oviductal fluid, and spermatozoa are exposed to isthmic then
ampullary oviductal fluid. Because fertilization is thought to
occur at the ampullary-isthmic junction and the movement of
oviductal fluid at ovulation is thought to be towards the
infundibulum (Perkins, 1974), the number of spermatozoa
exposed to ampullary oviductal fluid at fertilization is probably
limited. Although some mixing of ampullary and isthmic
oviductal fluid may occur at the junction between these two
regions, spermatozoa exposed to oviductal fluid in the ampulla
have probably passed the site of fertilization and are destined
to die without coming into contact with an egg.

By decreasing sperm concentrations in vitro to physiological
values (hundreds instead of hundreds of thousands) it may
be possible to detect more subtle differences in the effect of
nonluteal oviductal fluid obtained from the different regions
of the oviduct on fertilization. Although not statistically
significant, the treatment in which spermatozoa were incu¬
bated in isthmic oviductal fluid and oocytes were incubated
in ampullary oviductal fluid before fertilization tended to
have a higher percentage of fertilization than when both
gametes were incubated in isthmic oviductal fluid. It is not
surprising that spermatozoa exposed to isthmic and eggs
exposed to ampullary nonluteal oviductal fluid would show
maximal fertilization, because this is the natural sequence of
exposure before fertilization in vivo. Spermatozoa may be
modified in the isthmus before they arrive at the site of

fertilization by acquiring a factor(s) that facilitates binding or

penetration.
It also is possible that a pre-existing sperm factor is modified

by isthmic oviductal fluid. Several studies examining the effect
of oviductin on sperm capacitation and the acrosome reaction
have shown that this glycoprotein, synthesized and secreted by
the hamster oviduct, binds to spermatozoa both before and
after capacitation, and that it enhances penetration of sperma¬
tozoa through the zona pellucida (Boatman et al, 1994;
Boatman and Magnoni, 1995).

Hamster oviductin shares homology with bovine, baboon,
and human oviductal glycoproteins (Arias et al, 1994; Suzuki
et al, 1995). In cows, although ampullary oviductal expiants
harvested at the time of oestrus produced significantly more of
a 95 kDa oestrus-associated protein (   ) than did oestrus
isthmic expiants (Wegner and Killian, 1992), oocytes incubated
in isthmic nonluteal oviductal fluid had greater immunofluores-
cence when reacted with    antiserum, than did oocytes
incubated in ampullary nonluteal oviductal fluid (Wegner and
Killian, 1991). They speculated that    may modify zona

pellucida proteins that serve as sperm receptors or inducers of
the acrosome reaction. Subsequently, bovine    has been
shown to stimulate sperm capacitation and fertilization (King
et al, 1994).

Glycosaminoglycans (GAG) also promote the fertilizing
ability of spermatozoa (Handrow et al, 1982; Lenz et al,
1983). Although Grippo et al. (1995) did not detect differ¬
ences in total GAG content of regional, staged oviductal
fluid, they did not differentiate between free and protein-
bound GAGs. Anderson and Killian (1994) found that
medium conditioned by oestrous isthmic expiants had
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significantly more protein-associated GAG than did condi¬
tioned medium of oestrous ampullary expiants. In addition,
oestrous isthmic conditioned medium capacitated more

spermatozoa than did oestrous ampullary conditioned
medium at 4 h of incubation. One capacitating factor
available to spermatozoa in the isthmus may be a GAG
covalently bound to a protein, which may facilitate sperm
binding to the zona pellucida and the acrosome reaction.

The number of spermatozoa bound per zona pellucida was

much higher in the present study than the number of
spermatozoa that actually reach the site of fertilization in vivo
(Harper, 1982). Moreover, to observe maximal differences in
fertilization rates between oviductal fluid from different
regions of the oviduct, coincubations of 16 h or less were
ideal. By 14 h significant differences in the function of
oviductal fluid from different regions of the oviduct were

seen. This, in conjunction with a lower sperm concentration,
might reveal even more subtle differences in oviductal fluid
from different regions of the oviduct and stages of the
oestrous cycle.

Despite the fact that sperm concentrations in the current
experiments were not physiological, it is clear that sperm
binding and fertilization were affected differently by isthmic
and ampullary oviductal fluids. This study adds to the growing
body of evidence suggesting that oviductal fluid factors
influence sperm binding, fertilization, and early embryonic
development. Specifically, oviductal fluid may prepare a popu¬
lation of capacitated spermatozoa primed for fertilization, as
well as facilitate timely fertilization and development of the
newly emerging embryo.

The assistance of the staff at the Dairy Breeding Research Center is
greatly appreciated. This work was supported in part by USDA grant
91-37203-6554.
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