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An overview is presented on the structure and function of the pig oviduct in
relation to sperm capacitation and oocyte development in vivo. In pigs, a
functional sperm reservoir is established in the uterotubal junction-isthmus
when sperm deposition occurs before ovulation. Capacitation is assumed to
occur in this location, and spermatozoa progress towards the ampullary—
isthmic junction at about the time of ovulation as a consequence of
capacitation and hyperactivation. Preliminary data from our laboratory on
viable spermatozoa retrieved from the sperm reservoir and the ampullary-
isthmic junction of mated sows at pre- and periovulation oestrus showed
that the largest subpopulation (60-90%) was of uncapacitated spermatozoa
{using merocyanine-540), whereas 6-37% of the gated cells were capac-
itated spermatozoa. Incubation in a capacitation-inducing medium
(bicarbonate-containing modified Brackett-Oliphant medium; mBO) for
< 30 min effected capacitation readily, more markedly in ampullary-isthmic
junction samples than in samples from the uterotubal junction, thereby
indicating that uncapacitated spermatozoa responded to the addition of the
effector bicarbonate at concentrations similar to those recorded in the
periovulatory ampullary-isthmic junction in vivo. Addition of preovulatory
isthmic oviductal fluid and hyaluronan under a similar incubation regimen
maintained tubal sperm viability without obvious induction of capacitation.
This finding indicates that, before ovulation, the intraluminal fluid of the
sperm reservoir might delay sperm capacitation, perhaps because of its
hyaluronan content. Evidence is presented that the sperm population in the
oviduct undergoes capacitation under particular conditions in the upper tubal
compartments. The diverse response of spermatozoa to capacitation stimuli
helps to ensure full rates of fertilization in vivo. Data are also provided on the
importance of final zona pellucida maturation in the pig oviduct to warrant
proper zona pellucida reaction after sperm penetration, which would address
in part the abnormal occurrence of polyspermy in in vitro fertilization of pigs.
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Introduction

Despite its fairly simple appearance, the pig oviduct is where essential reproductive processes
occur, including the preparation of gametes for fertilization, fertilization and the initial phases
of embryonic development. With the rapid development of in vitro assisted reproductive
techniques, these processes can be performed in the laboratory with a reasonable degree of
success. Spermatozoa can be capacitated, and oocytes from offal can be matured and
fertilized. Further culture of the resulting zygotes allows production of early embryos that can
be transferred, establish pregnancies and produce live offspring. These in vitro techniques,
albeit suboptimal, have provided a large amount of valuable information on sperm
Capacitation, sperm—-oocyte binding, oocyte maturation, fertilization and the early cleavage
stages of newly developing embryos. However, failure of fertilization due to incomplete
oocyte maturation and use of unphysiologically high numbers of capacitated spermatozoa
can lead to lethal polyspermy and impaired developmental capability, and are major
constraints during in vitro fertilization (IVF) in pigs. Owing to the conditions under which
gamete preparation for fertilization, fertilization itself and early embryo development differ in
vitro and in vivo (see Rodriguez-Martinez et al., 1998), there is a need to examine the way in
which the oviductal structure and function carry out these tasks. This is the intention of this
review, which focuses on the formation of the tubal sperm reservoir, the occurrence of
capacitation in tubal spermatozoa and some characteristics of prefertilization oocytes,
particularly the zona pellucida.

General features of pig oviducts

The oviduct of a mature pig is approximately 25 cm in length and has a simple tubular
histology, with an endosalpinx, a double-layered myosalpinx and a serosal mesosalpinx. The
oviduct is divided into three main segments: the narrow isthmus (connected to the uterine
horn via the uterotubal junction), the wider ampulla and the even broader, thin-walled
infundibulum. The isthmus and ampulla are connected by an inconspicuous ampullary—
isthmic junction, whereas the infundibulum is connected to the adovarian fimbriae and
ovarian bursa by the abdominal opening (ostium). The endosalpinx is the inner non-glandular
mucosa, the plicated lamina propria (Fig. 1a—f) of which is covered with a lining epithelium
with ciliated (most cells) and non-ciliated (secretory) cells (Fig. 2b—f). Along this organ,
towards the ostium, the longitudinal mucosal plicae acquire secondary and tertiary plicae,
making the lumen more complex (Fig. 1c-f). The number of ciliated cells increases while the
thickness of the internal, circular smooth muscle becomes thinner. The anatomical segments
are considered to be particular tubal compartments that relate to specific functions such as the
sperm reservoir (the uterotubal junction-adjacent isthmus), the site of fertilization (the
ampullary—isthmic junction) and the area where ovum pick-up is performed (the fimbriae).

The tubal fluid

The intraluminal oviductal fluid provides the environment in which gametes are transported
and matured, and where fertilization and early embryonic development occur. The tubal fluid
is formed by specific oviductal secretions and by the passage of fluids and ions (Nichol et al.,
1992; Leese et al., 2001). Tubal fluid differs from blood plasma in ionic composition (it is rich in
K+ and HCOy7), pH, osmolarity and macromolecular content, which vary with the hormonal
environment (Nichol et al,, 1998). In the pig ampulia, concentrations of 33-35 mmol HCOy-
I"" can be recorded during periovulation (E. Ekstedt and H. Rodriguez-Martinez, unpublished).
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vitro-matured oocytes are exposed to oviductal fluid. Funahashi et al. (2001) explored the
ultrastructure of pig zonae pellucidae by transmission electron microscopy and confirmed
that there are differences in the zona pellucida and the zona pellucida reaction at sperm
penetration between in vivo- and in vitro-fertilized oocytes, with clear differences in network
organization between the inner and outer zona pellucida. During final maturation, the zona
pellucida of in vivo-ovulated oocytes may add oviductal glycoproteins, which allow the
complete change in conformation of the inner zona pellucida that characterizes the zona
pellucida reaction to occur.

Conclusion

The preliminary results presented in this review using merocyanine-540 dye and flow
cytometry to monitor the early stages of sperm capacitation (lipid disorder in the sperm
plasma membrane) showed that the largest subpopulation, 60-90%, of viable spermatozoa
retrieved from the sperm reservoir and the ampullary—isthmic junction of mated sows at pre-
and periovulation was uncapacitated. Incubation in a capacitation-inducing medium (mBO
with bicarbonate-BSA) for < 30 min induced capacitation readily, more markedly in samples
from the ampullary—isthmic junction than in those from the uterotubal junction. These results
indicate that these uncapacitated spermatozoa were responsive to the addition of the effector
bicarbonate at concentrations similar to those recorded in the periovulatory ampullary-
isthmic junction in vivo. The addition of preovulatory isthmic oviductal fluid and hyaluronan
under a similar incubation regimen appeared to retain the viability of tubal spermatozoa.
This finding indicates that sperm reservoir fluid, perhaps because of its hyaluronan content,
might be responsible for delaying sperm capacitation in the uterotubal junction-isthmus. In
this study, evidence is provided for the need for a diverse response to capacitation by the
sperm population in the oviduct in vivo that would ensure full rates of fertilization, indicating
that caution is required when extrapolating results obtained solely from in vitro studies.
On the basis of ultrastructural studies of the zona pellucida of in vivo- and in vitro-developed
oocytes it is evident that the oviduct is also responsible for the final maturation of the
zona pellucida by secreting specific glycoproteins that result in proper zona pellucida
reaction after sperm penetration, and can explain in part the abnormal occurrence of
polyspermy in pig IVF.
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Farmers’ Foundation for Agricultural Research (SLF), and the Swedish Foundation for International Cooperation in
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and cumulus cells {cc) still associated with the zona pellucida. (c) Scanning ¢lectron micrograph (SEM) of an
oocyte as in {a) yet almost completely covered by cumulus cells (cc) and extracellular material (star). Note the
rather wide fenestrations in the zona pellucida (arrows). (d) Higher magnification of {c) showing the outer
surface of the zona pellucida with wide fenestrations left by the cumulus cel! outgrowths. (e} SEM of another
oocyte denuded of cumulus cells, depicting two sperm tails (arrows) that have penetrated the zona pellucida
partially. Note the aspect of the outer zona pellucida and compare it with the amorphous cross-sectioned
oocyte in (c). Scale bars represent (a) 100 um, (b,d,e} 5 pm and {c) 10 pm.
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