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This chapter describes some principal physiological events during transport
of spermatozoa in the female reproductive tract from the time of ejacula-
tion until penetration of the egg investments at the start of fertilization.
The objective is to review our current understanding of the relevant
processes and to highlight areas requiring further research; it is also hoped
to contrast certain aspects of sperm transport in pigs with those in
ruminants. Although much of the material discusses processes not obvious-
ly susceptible to manipulation, topics related to the successful practice of
artificial insemination are emphasized.

Previous reviews of sperm transport in the female reproductive tract of
pigs include those of Hunter (1973a; 1975a,b; 1980), Polge (1978} and
Einarsson (1980), and a comprehensive coverage of the early literature is
found in these works. The volume edited by Hafez and Thibault (1975)
compares mechanisms of sperm transport and storage in a wide range of
vertebrates, whilst fertilization itself is described in pigs by Thibault
(1959), Hancock (1961), Baker, Dziuk and Norton (1967), Hunter (1972a,
1974}, Szollosi and Hunter (1973; 1978), Baker and Polge (1976) and Polge
(1978).

Deposition of semen and uterine transit

The specific stimulus provoking ejaculation in the boar is the interlocking
of the glans penis in the cervical ridges of an oestrous gilt or sow. Due to
the influence of ovarian steroid hormones, these muscular ridges become
taut and oedematous at oestrus (Burger, 1952; Smith and Nalbandov,
1958}, and their arrangement is such that the lumen of the cervix tapers
towards the internal os, enabling the glans penis to be gripped by the
female tissues (Figure 3.1). During thrusting of the penis through the
anterior vagina and into the cervical canal, there is also a twisting
component to the penile shaft, causing the spiral folds of the glans to
interdigitate tightly with the cervical wall. The pressure derived from this
‘tock’ leads to ejaculation, a situation which is mimicked during manual
collection of boar semen.

As a result of these anatomical specializations and because of the large
volume of the boar ejaculate (150-500 ml), semen makes only passing
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contact with the innermost portion of the cervical canal before entering the
body of the uterus (Figure 3.1). Deposition is therefore effectively
intrauterine and, in the context of sperm transport to the site of fertiliza-
tion, little further consideration needs to be given to the structure of the
cervix. An initial distribution of semen in the uterus may be achigved due
to the force of ejaculation and the volume of fluid involved, assuming that
little or no leakage occurs into the vagina. However, contractions of the
myometrium are vigorous during oestrus (Corner, 1923; Keye, 1923), and

Oviduct

Uterus

Cervix

Figure 3.1 Diagram to illustrate the manner in which the spirally-arranged folds of the glans
penis interlock with the prominent muscular ridges of the cervix in oestrous pigs. As a result
of these specializations, ejaculation is effectively into the uterus and the large volume of
semen distends the two cornua by the end of the protracted period of mating.

these should assist transport of the male secretions and, in the pre-
ovulatory interval, redistribution of fluid between the two horns. Reflex
release of oxytocin would enhance uterine contractions (see Knifton, 1962)
and a stimulatory rdle of the semen itself should be considered. Although
very low concentrations of prostaglandins E; and F,, were reported in boar
semen (Hunter 1973a), an increased concentration of prostaglandm Fs,
was found in the uterine venous blood of a gilt sampled 15 minutes after
mating when the uterus was still full of semen (Figure 3.2). This result was
not endorsed in six other animals samplied 35-60 minutes after mating, but
the notion that semen may activate a local release of smooth muscle
stimulants is worth examining further.

Cne other aspect concerning myometrial contractions should be men-
tioned at this stage. Unilateral fertilization, that is the fertilization of eggs
in only one Fallopian tube with failure of spermatozoa to reach eggs in the
contralateral tube, is a frequent sequel to the delayed insemination of pigs
(Kvasnitsky, 1959; Hancock, 1962; Hunter, 1967). Since uterine contrac-
tions are programmed by the balance of ovarian steroid hormones, and
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because ovarian steroid secretion will have changed in favour of progester-
one under conditions of delayed insemination, an aitered pattern of uterine
contractions may explain this faiiure of sperm transport and fertilization. If
contractile waves of low frequency occlude one horn of the uterus during
insemination, then the semen would be delivered unilaterally. Also the
more relaxed condition of the cervix leads to leakage of semen with a
belated mating or insemination, and with insufficient fluid remaining in the
uterus to enable a redistribution between the two horns, this may also be a
cause of diminished fertility.

N

< 0.73 ng/ml

4,6 ng/ml
35-60 min

at 15 min

Prostaglandins in boar semen {ng/ml)

E, Faou
Collection < 0.27 <0.34
Uterus < 1.1 <28

Figure 3.2 Diagrammatic representation of the uterine horns in a group of gilts to indicate
the concentration of prostaglandin F,, in uterine venous blood at various intervals after
mating. The concentration for the left horn (4.6ng/ml) represents the situation 15 minutes
after the end of mating when the lumen is still distended by the ejaculate. The concentration
shown against the right horn {<0.73 ng/ml) represents the highest concentration in a series of
six gilts sampled 35-60 minutes after mating when the bulk of the ejaculate was no longer
grossly detectable. From Hunter and Poyser (unpublished). These figures are compared in
the lower part of the diagram with the concentration of prostaglandins in freshly-ejaculated
semen and in semen aspirated from the uterus shortly after mating (see Hunter, 1973a).

During the protracted period of coitus (e.g. 5-15 minutes), semen is not
emitted as a homogeneous fluid. If the ejaculate is collected as a series of
fractions, these will consist first of watery and gel pre-sperm secretions,
then a sperm-rich fraction, followed by a post-sperm and gelatinous
fraction (Rodolfo, 1934a; McKenzie, Miller and Bauguess, 1938). Such a
sequence may take 3-5 minutes and can be considered as one full wave of
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ejaculation. After renewed thrusting and re-establishment of the cervical
lock, a second and indeed third wave of ejaculation may follow. Whether
the fractions have a special significance in the transport of spermatozoa is
uncertain, but they may favour displacement of the sperm-rich fraction to
the region of the utero-tubal junctions (McKenzie, Miller and Bauguess,
1938; Du Mesnil du Buisson and Dauzier, 1955a). In any event, under
conditions of natural mating performed in the pre-ovulatory interval, the
uterine horns should be fully distended with semen by the time mating is
finished, a situation that has been verified by laparotomy and at autopsy.
The gelatinous material of the ejaculate acts as a cervical plug for a
variable period after mating, thereby preventing immediate leakage of the
uterine contents.

The total number of spermatozoa deposited may vary from 4-8 x 10"
cells, with the concentration of spermatozoa in the whole ejaculate being
1-3 x 10% cells/ml (Rodolfo, 1934b; McKenzie, Miller and Bauguess, 1938;
Polge, 1956). A concentration of this order, or even higher if there is
preferential transport of the sperm-rich fraction, will therefore bathe the
utero-tubal junction by the completion of mating with a mature boar;
uterine transport of semen should not therefore be a physiological prob-
lem. Accordingly, discussion of the process of sperm transport after mating
now needs to focus on the réle of the tract between the utero-tubal
junction and the site of fertilization. Diminished fertility may arise,
however, after insemination of a reduced volume of diluted semen due to
ineffective transport of spermatozoa to the utero-tubal junction. The use of
frozen-thawed boar semen may further exacerbate the problem, as will
insemination too early in oestrus.

Sperm transport through the utero-tubal junction

As far as the transport of spermatozoa is concerned, the utero-tubal
junction of pigs functions, in several respects, in a manner similar to the
cervix of ruminants. Before developing this analogy, the morphology of
the utero-tubal junction must be briefly described. As shown in Figure 3.3
the longitudinal folds of the isthmus extend caudally into the tip of the
uterine horn, where they are arranged as a series of polypoid processes.
These have a prominent mucosa which is sensitive to the balance of ovarian
steroids and during the period of oestrus the polypoid processes swell due
to oedema in the mucosa. This swelling is particutarly pronounced in the
pre-ovulatory phase of oestrus (Figure 3.3), but begins to subside within
8-12 hours of the time of ovulation. The processes therefore form a
powerful barrier in the tract during the first 40-48 hours of oestrus, and are
“the principal physical obstacle to sperm transport. Although a series of
quite recent studies has examined the role of the utero-tubal junction in
relation to sperm transport in pigs (Hunter, 1972b; 1973a; 1973b; 1975b;,
1981; Hunter and Hall, 1974a,b), the anatomy of this region first received
attention in the classical studies of Andersen (1928) and Lee (1928).

The utero-tubal junction of oestrous pigs is not patent to the passage of
fluids from the uterus when tested by injection into the uterine lumen.
Indeed, as observed by Lee as long ago as 1928, the wall of the uterus will
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