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This review describes effects of variation in the interval between insemination and
ovulation on the fertilization process in the sow. Inseminations performed too early or
too late relative to ovulation decrease litter size and especially farrowing rate. This effect
can be explained to a large extent by the increase in the percentage of non-fertilized
eggs, resulting in partial fertilization or no fertilization at all. No effects of variation in
the interval from insemination to ovulation are found on the percentage of degenerate
embryos. Only moderate effects are found on mean embryonic development and varia-
tion in embryonic development at day 5 after insemination. In general, insemination
between 0 and 24 h before ovulation gives good fertilization results. Factors influencing
the optimal interval from insemination to ovulation, such as number of sperm cells used
for insemination, storage time of liquid semen and use of frozen semen, and sow factors
such as parity and breed are discussed.

Introduction

Many reviews have been published about the distribution of spermatozoa within the genital tract
after insemination and the fertilization process in the sow (for example Hancock, 1962; Baker and
Polge, 1976; Hunter, 1982; Einarsson, 1985; Hunter, 1990; Flowers and Esbenshade, 1993). From these
reviews it has become clear that eggs that enter the oviduct after ovulation have a short fertile
lifespan and should therefore be fertilized quickly after ovulation by a population of capacitated
sperm cells. Sperm cells seem to survive for extended periods after insemination when stored in the
isthmus of the oviduct near the utero—tubal junction. The lifespan of eggs after ovulation and
the lifespan of a sufficient number of sperm cells capable of fertilization within the oviduct there-
fore define the time during which inseminations can lead to successful fertilization relative to
ovulation.

During recent years (especially with the development of ultrasound techniques to study the tim-
ing and process of ovulation) more quantitative data have become available on consequences of
variation in the interval from insemination to ovulation for reproductive parameters. This review
describes effects of variation in the interval from insemination to ovulation on fertilization in the
sow. In addition, factors that influence the duration of the optimal interval from insemination to
ovulation {in terms of fertilization) are discussed.

Knowledge of the range of interval from insemination to ovulation that leads to successful fertil-
ization is important because it will set the accuracy with which insemination should be timed rela-
tive to ovulation. Together with the possibility for predicting ovulation during oestrus, this can lead
to greater knowledge of the effects of insemination strategies on reproductive performance.

In spontaneously ovulating sows, the duration of ovulation ranges from 1 to 3 h (Soede et al.,
1992); since this is a rather short period, in this review we refer to it as the moment of ovulation
rather than the duration of ovulation.

© 1997 Journals of Reproduction and Fertility Ltd



80 B. Kemp and N. M. Soede

Short Description of the Transport of Gametes to the Site of Fertilization

Ovulation occurs about 30-35 h after the peak of the preovulatory LH surge, which is about 44 h
after the onset of the preovulatory LH surge ( Soede et al., 1994; Mburu ef al., 1995). Eggs are trans-
ported to the site of fertilization at the ampullary-isthmic junction in 3045 min or less (Hunter,
1974) and remain there for fertilization to occur.

During oestrus, sperm cells are deposited by Al or natural insemination at the utero—cervical
junction and are transported to the utero—tubal junction due mainly to the contractile activity of the
uterus (for review, see Einarsson, 1985). Although a large quantity of semen and a great number of
spermatozoa are deposited into the uterus, only a relatively small number reach the oviducts (First et
al., 1968; Hunter, 1982). The uterus is a hostile environment for sperm cells. The motility of sperm
cells in the uterus decreases quickly after insemination and many sperm cells are removed from the
uterus within a few hours after insemination by back flow and phagocytosis (Baker et al., 1968;
Lovell and Getty, 1968; Pursel et al., 1978; Viring and Einarsson, 1980). Results from Viring and
Einarsson (1981) show that within 2 h after insemination, approximately one-third of the in-
seminated sperm cells were found in back flow from the vagina. In our laboratory similar results
were found (D. W. B. Steverink, unpublished) and although the amount of back flow showed a large
variation between animals, this was not related to the fertilization results of the sows.

A sufficient number of sperm cells to effect fertilization have entered the oviduct within 15-30 min
after insemination or mating. This population of sperm cells forms a sperm reservoir in the caudal
1-2 em of the oviductal isthmus (Hunter, 1984). This reservoir has favourable storage conditions for
sperm cells and regulates the release of capacitated, activated sperm cells to the site of fertilization.

The lifespan of eggs and the lifespan of a sufficient number of sperm cells in the sperm reservoir
capable of fertilization define the time course during which insemination can be successful relative
to ovulation.

Limits of the Interval from Insemination to Ovulation

Studies from the 1960s showed that sows inserninated early or late relative to oestrus showed a signifi-
cant reduction in fertilization rate (Hancock and Hovell, 1962} and litter size and farrowing rate
{(Willemse and Boender, 1967). Since the time of ovulation relative to onset of cestrus varies consider-
ably (for review, see Soede and Kemp 1997), these experiments do not lead to an accurate estimate of
the effects of the interval from insemination to ovulation on reproduction. However, these studies did
lead to the understanding that during the period of vestrus there were suboptimal and optimal times
for insemination and that these were probably related to the moment of ovulation.

A summary of the results of experiments in which ovulation was controlled by hCG, or moni-
tored by the progesterone rise or ultrasound, to study effects of variable intervals from insemination
to ovulation on reproductive parameters given in Table 1.

Dziuk {1970) carried out a study in which double inseminations were performed at certain times
relative to ovulation that was induced with hCG. He concluded that the optimal time for insemination
was 12 h before ovulation and that a range of 6-18 h would probably have only moderately adverse
effects on litter size. Hunter (1967a) studied effects of postovulatory inseminations on fertilization rate
and concluded that eggs are optimally fertilized up to 8 h after ovulation and undergo normal devel-
opment at least to the four- to eight-cell stage. Results of this early work should be interpreted with
some caubtion since ovulation was induced with hCG and expected to occur at 4042 h after induction.
Experiments in which tirning of ovulation after hCG injection was checked by slaughter, laparotomy or
ultrasound show that ovulation time after hCG administration may vary between 35 h and 48 h
(Hunter, 1967a, 1972; Pope et al., 1988; Briissow ¢t al., 1990; Soede and Kemp, 1993). Therefore, such
data only allow rough estimates of the optimal interval from insemination to ovulation.

Helmond et al. (1986} assumed that ovulation occurred when progesterone increased by 1 ng
above basal values. However, Soede et al. (1994) showed that progesterone concentrations above 1
ng occurred 6-19 h (mean 13 h) after ovulation as determined by ultrasound. After correcting for
this, the estimate of optimal time of insemination of Helmond et al. (1986) would be 0-15 h before
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Table 1. Estimates of the optimal time for insemination relative to ovulation in pigs

Time range
(h before ovulation) Al dose Evaluation time  Ovulation
Optimal  Studied (x10%) (embryo age) assessment Reference
Gilts
12 (6-18) 6-30 10-15% of an  Day 85-90 40 hafter hCG Dziuk (1970)
ejaculate,
twice®
6-8 6-20 80-120 ml Day 3 4142 h after \CG ~ Hunter (1967a)
semen
13-28* -16-48 Al Day 3-10 Progesterone rise  Helmond et al.
. . . (1986)
0-12 0-16 2 Day2-5+28 Ultrasound every ~ Waberski et al.
4h {1994a)
0-24 0->24 2 Day 24 Ultrasound every ~ Waberski et al.
" 12h {1994b)
Sows
024 -16-48 3 Day 5 Ultrasound every  Soedeet al.
4h (1995a)
-§-24 -8-32 3 Day 5 Ultrasound every  Soede et al.
, 4h (1995b)
-4 28 —9-41 2 Day 28 +full Ultrasound every  Nissen et al.
term 6h (1997)

*33 gilts were inseminated twice and seven gilts were mated twice.

*When data of Helmond ¢t al. (1986) are corrected for the increase in progesterone after ovulation according
to Soede ¢t al. (1994), the optimal interval from insemination to ovulation ranges from 15 h to 0 h before
ovulation.

“Ovulation time was assumed when plasma progesterone concentrations increased by 1 ng above basal
values.

ovulation. But again, owing to the variation in rise of progesterone after ovulation, these data should
be interpreted with some caution.

Waberski et al. (1994a} used transcutaneous ultrasonography to assess ovulation and concluded
that good fertilization rates were found in gilts inseminated between (¢ and 12 h before ovulation.
However, their estimate for the optimal interval from insemination to ovulation may not be very
accurate as only a few animals were inseminated more than 12 h before ovulation (7 =5) and no ani-
mals were inseminated more than 16 h before ovulation.

Studies in which ultrasound was used to monitor the time of ovulation covering a wide range of
intervals from insemination to ovulation (Waberski et al., 1994b; Soede et al., 1995a,b; Nissen et al.,
1997) led to the conclusion that inseminations can be performed between 0 and 24 h before ovulation
with no significant adverse effects on fertilization rate. This interval is significantly longer than pre-
viously reported values. Nissen et al. (1997) found optimal results in terms of numbers of day 16
embryos and farrowing rate and litter size in sows inseminated between 28 h before ovulation and
4 h after ovulation (as detected by transrectal ultrasound).

Several factors may influence the range of optimal interval from insemination to ovulation as
found by various workers and these will be discussed later in this review.

Effects of Interval from Insemination to Ovulation on Partial Fertilization and
Embryonic Development

To study the effects of the interval from insemination to ovulation on subsequent fertilization, Soede
et al. (1995a,b) inseminated sows at various times relative to ovulation (as detected by transrectal
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ultrasound) and slaughtered the animals at about 120 h after ovulation to study fertilization rate and
embryonic development. The morphology of the embrycs was evaluated and the number of nuclei
(to calculate the number of cell cycles) and of spermatozoa bound to the zona pellucida (accessory
sperm count) was determined. An cocyte was classified as unfertilized if the nuclear count was zero
or one. Embryos with degenerate morphology and a small number of nuclei were classified as
degenerated; the remaining embryos were considered to be normal. Fertilization rate was defined as -
the percentage of normal embryos relative to all embryos and oocytes recovered. Sows were
assigned on the basis of fertilization rate to classes varying from no fertilized eggs to total fertiliza-
tion of all ovulated eggs. The number of degenerated embryos was about 4% irrespective of the
interval between insemination and ovulation.

The percentage of sows within each class of fertilization rate is shown (Fig. 1) for different inter-
vals from insemination to ovulation. The percentage of sows with partial or no fertilization increases
when insemination takes place more than 24 h before ovulation or directly after ovulation. However,
in these suboptimal periods a large variation between sows can be seen. Even when insemination
occurs more than 40 h before ovulation, 15% of the sows showed 100% fertilization.

Mean embryo development in a litter and within litter variation in embryo development of nor-
mal embryos are shown in relation to interval from insemination to ovulation (Fig. 2). These data are
from three experiments (Soede et al., 1995a, b; Steverink ef al., 1997 ) and are corrected for experiment
and age of embryos at slaugher (between 118 h and 130 h). Although not significant, a longer interval
from insemination to ovulation and inseminations after ovulation on average result in slightly lower
embryonic development and increased variation in embryonic development. In the study of Scede et
al. (1995a) in each insemination to ovulation class, successful fertilization (>90% normal embryos)
was significantly associated with better embryonic development. On average, development (cor-
rected for embryo age) in terms of number of cell cycles was 5.7+().7 for the “good fertility’ sows and
5.1+0.8 for the ‘poor fertility’ sows. This effect was completely independent of the interval from
insemination to ovulation, which means that embryonic development of ‘good fertility sows’ insem-
inated at optimal or suboptimal intervals from insemination to ovulation was similar.

Therefore, these results show that variation in interval from insemination to ovulation induces
partial fertilization or no fertilization; furthermore litters with partial fertilization also have slightly
retarded embryo development and increased variation in embryonic development at day 5 of
pregnancy. Whether the effect on embryo development has an impact on embryonic mortality
remains to be investigated.

It should be mentioned that fertilization is often assumed to be an ‘all or none’ phenomenon;
either all oocytes are fertilized or none are (see Hunter, 1994). The above mentioned studies clearly
show that partial fertilization frequently occurs, even when timing of insemination relative to ovula-
tion is optimal. This finding is of importance for research on embryo survival since embryo survival
is normally defined as the number of embryos relative to the number of corpora lutea and assumes
that fertilization rate is 100%.

Possible Causes of Reduced Fertilization at Long Intervals Between Insemination
and Ovulation

When insemination is performed early relative to ovulation the fertilization success depends on the
lifespan of a sufficient number of sperm cells capable of fertilization in the sperm reservoir.

The functional sperm reservoir in pigs has been reviewed by Hunter (1990). In short, the sperm
reservoir in pigs is established within 15-30 min after insemination in the caudal 1-2 cm of the™”
oviduct. Sperm cells can be trapped in this reservoir for more than 36 h while motility of the sperm
cells is depressed and the acrosomal membrane remains intact. By the time ovulation approaches,
sperm cells are released and become hyperactive and are able to fertilize eggs. It was suggested that
this synchronized release at the time of ovulation is co-ordinated at least in part by changing ovarian
hormone concentrations after the LH surge influencing the oviduct through local countercurrent
transfer from the gvarian vein and the oviductal branch of the ovarian artery.
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Suarez et al. (1991) and Raychoudhury and Suarez (1991) showed that in vitro sperm cells bind to
ciliated oviductal cells within minutes after incubation. Binding to the epithelium was improved
when oestradiol was added to the medium. Binding of sperm cells to the epithelium was significantly
reduced after 24 h. Of those sperm cells that remained attached to the epithelium, 70% remained
motile for more than 44 h. Unbound sperm cells were not motile. It was also shown that the oviductal
isthmus cells produced a thick mucus which traps sperm cells that are released from the epithelium.

Mburu et al. (1996) studied the distribution of spermatozoa in the pig oviduct in relation to spon-
taneous ovulation and showed that before ovulation most sperm cells were found in the lower isth-
mus and these sperm cells seemed partly trapped in thick mucus and in the folded endosalpinx.
During and after ovulation the endosalpinx folds were much less pronounced, mucus was less vis-
cous and the number of sperm cells in the lower oviduct was reduced. However, the number of
sperm cells in the upper part of the oviduct was increased around and after ovulation.

Collectively these results seem to suggest that sperm cells enter the oviduct within 15 min after
insemination and form a sperm reservoir at the caudal isthmus, because sperm cells attach to the
epithelium and are trapped in a mucus plug and the intense folding of the isthmus. Sperm cells
attached to the epithelium can survive for more than 44 h. Around ovulation this reservoir is lost and
sperm cells can be released to the oviduct.

It is not known why fertility is lower when inseminations are performed more than 24 h before
ovulation if sperm cells are able to survive in the isthmus for more than 44 h. A possible explanation
is that the number of capacitated sperm cells capable of fertilization decreases over time and that this
is the limiting factor for fertilization success. An indication that the number of capacitated sperm
cells capable of attachment to the zona pellucida is lower with a longer interval from insemination to
ovulation is the rapid decrease in number of accessory sperm cells in the embryos fertilized at longer
intervals between insemination and ovulation as found by various authors (see Fig. 3).

Smith and Yanagimachi (1990, 1991) showed that in hamsters only uncapacitated sperm cells
are capable of attachment to the isthmic epithelium. These sperm cells sometimes detach from the
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Fig. 2. Mean number of cell cycles (W) and standard deviation in cell cycles (B) within sows of
day 5 embryos {corrected for age) at various 12 h intervals from insemination to ovulation.
(Based on data from Soede et al., 1995a,b; and Steverink et al., 1997.)

epithelium for a short period and then re-attach (similar observations in mouse: Demott and Suarez,
1992). However, when sperm cells become capacitated they lose their affinity for oviductal mucosa.
Further observations showed that most sperm cells that were not attached to the oviduct but
detached before ovulation are dead and do not play a role in the fertilization process. Such observa-
Hons seem to suggest that uncapacitated sperm cells are stored in the oviduct and that part of the
population gradually becomes capacitated and enters the lumen of the oviduct. Populations of these
capacitated sperm cells that are released long before ovulation will not survive and therefore the
population of remaining sperm cells gradually decreases. Research on the mechanism that regulates
the release of capacitated sperm cells from the epithelium of the oviductal reservoir before ovulation
might improve our understanding of the causes of reduced fertilization at longer intervals between
insemination and ovulation.

Possible Causes of Reduced Fertilization due to Insemination after QOvulation

When insemination takes place after ovulation, fertilization is often poor (as shown in Table 1 and
Fig. 1). It is assumed that the decrease in fertilization rate is caused by the limited lifespan of the
oocytes in combination with the time needed for sperm cells to capacitate and reach the site of fertil-
ization (Hunter, 1994). Recent studies of oocytes and embryos from postovulatory insemination
showed that fertilized oocytes contain large numbers of accessory sperm cells (see Fig. 3). This corre-
sponds to the finding of Hunter (1984) that, after insemination, the regulation of the number of
sperm cells passing from the uterus to the site of fertilization is less effective, and therefore increases
the chance that oocytes are confronted by two or more spermatozoa simultaneously, increasing the
rate of polyspermic fertilization. In pig husbandry, many sows are inseminated two or more times,
with an interval between two subsequent inseminations of 12-24 h. A greater number of insemina-
tions increases the chance of postovulatory insemination and consequently may increase the chances
of polyspermic fertilization. To study this, Soede et al. (1995b} conducted an experiment in which
sows were inseminated before ovulation followed by an insemination within -5 h after ovulation.
The second insemination resulted in a marked increase in the number of accessory sperm cells but
did not result in a decrease in the number of well-developed embryos at 120 h after ovulation. in
addition, no relationship was found between the number of accessory sperm cells and embryonic
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Fig. 3. Mean number of accessory sperm cells on day 2-5 embryos in relation to interval from
insemination to ovulation. (Based on data from Waberski et al., 1994a, (@) b (M); and Soede et al.,
1995a, (O) b ().}

development in sows inseminated a second time after insemination. It was concluded therefore that
a second insemination after ovulation did not result in a reduction in normal fertilization. It might
therefore be suggested that polyspermic fertilization.is not a cause of embryonic losses under nor-
mal artificial insemination conditions. Polyspermic fertilization is normally assessed in the first
hours after fertilization by counting the number of sperm cells or pronuclei in the cytoplasm of the
oocyte. Polyspermic embryos are said to degenerate early in development, but may seem normal for
up to the four- to eight-cell cycle (Hunter, 1967b). In the experiment of Soede et al. (1995b) no assess-
ment of polyspermic embryos was made; however, it can be assumed that (expanded) blastocysts at
120 h after ovulation are viable normal embryos not resulting from polyspermic fertilization.
Estimates of polyspermic fertilization have previously been made under unnatural conditions
(progesterone injections, Day and Polge, 1968; hCG injection, Hunter, 1967a; oviductal insemina-
tions, Hunter, 1973). Even polyspermic fertilization .at the end of the fertile lifespan of oocytes
(Hunter, 1967b) may not occur under natural conditions; reduced fertilization of sows inseminated
after ovulation in the experiment of Soede et al. (1995a) was due to lack of fertilization and not due
to an increased incidence of degenerated embryos. Therefore, the time after ovulation in which
successful inseminations can be applied seems to depend on the lifespan of the eggs or the capacita-
tion rate of the sperm cells.

Factors Influencing the Optimal Interval from Insemination to Ovulation in Sows

Parity and breed effects

From the above mentioned studies it has become clear that success of fertilization depends on
the interval from insemination to ovulation. However, it is also clear that there are large differences
between individual sows. Although the general trend suggests that, if fresh semen is used at an
adequate dose, the optimal interval from insemination to ovulation is between 0 h and 24 h before
ovulation, it is clear that some sows have good fertilization results outside these limits and that some
sows have poor fertilization results inside this time period.

To our knowledge there are no experiments that have studied the effect of parity on the optimal
interval from insemination to ovulation. From the experiments listed in Table 1, it could be con-
cluded that experiments performed in gilts result in a shorter optimal interval from insemination to
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ovulation. However, owing to the limited numbers of gilts used in these experiments and the vari-
ous techniques used to detect ovulation, these results should be interpreted with caution.
Furthermore, Waberski ef al. (1994b) showed that fertilization in gilts was not affected by an interval
from insemination to ovulation ranging from 0 to 24 h which is comparable with studies performed
with older parity sows {as listed in Table 1).

In the experiments of Soede et al. {1995 a, b), three different genetic lines (one sow line and two
boar lines} were used that were parent lines for commercial crossbreeds. Data from these experi-
ments were used to study the possible effect of breed on fertilization rate at different intervals from
insemination to ovulation. In Table 2, fertilization results are shown for boar and sow lines insemi-
nated at different intervals from insemination to ovulation. The boar lines showed similar results
and are therefore not separated. The data show that inseminations performed after ovulation
resulted in marked differences between lines. The sow line showed good fertilization results,
whereas boar lines showed a marked decline in fertilization. However, when insemination occurred
before ovulation, the sows from the boar lines tended to have better fertilization results. These data
suggest that oocyte survival, sperm transport, sperm survival in the oviduct or sperm capacitation
may vary between breeds and consequently influence the optimal period for insemination relative to
ovulation.

Semen characteristics

Semen characteristics might influence the optimal interval from insemination to ovulation. To
our knowledge, no information is available on the effects of semen quality parameters assessed
before insemination (like motility characteristics) on the optimal interval from insemination to ovu-
lation. Information on the number of sperm cells inseminated, storage time of liquid semen and
insemination with frozen semen is presented below.

Number of sperm cells inseminated. In the early years of Al, insemination dosages of 40x 10°sperm
cells were used (Rigby, 1966; First et al., 1968). In 1968, Baker et al. studied the effects of different
volumes (20, 100 or 200 ml) and different numbers of sperm cells (1, 5 or 10x 1%’ sperm cells) on the
fertilization results after Al and concluded that best results were to be expected when using 5 or
10x10?sperm cells in a volume of 100 ml. During the following years new extenders and improved
quality assessment of semen resulted in the use of dosages of 2.0-3.5x10° sperm cells (of which
70-90% were scored as motile) in 80~100 ml in most countries (Colenbrander, 1991).

The experiments of Soede et al. (1995a, b) were performed with a dose of 3x 107 total sperm cells
and the experiments of Waberski ef al. (1994b) and Nissen (1995) were performed with a dose of
2x10°total sperm cells. These data collectively suggest that use of a dose of 2-3 x 10° sperm cells was
compatible with an the optimal interval from insemination to ovulation of about (-24 h.

Steverink et al. (1997) studied whether this optimal interval could be longer when a higher sperm
dosage (6 x 10°total sperm cells) was used or shorter when a lower sperm dosage was used (1x10°
sperm cells). However, results showed that the optimal period for insemination of 0-24 h was hardly
influenced by the dosages of spermatozoa applied in this study. These results indicate that the lifes-
pan of the functional sperm reservoir is not very sensitive to variation in the number of sperm cells
inseminated, at least not within the range of 1-6 x 10°total sperm cells.

Ligquid semen storage before Al. Liquid semen can be stored after dilution in commercial extenders
(for example BTS, Androhep or Kiev) for several days without apparent loss in fertilizing capacity.
The general trend in the literature indicates that liquid semen can be stored up to about 3 days
without adverse effects on litter size and pregnancy rate (Larsson et al., 1979; Aalbers et al., 1984;
Waberski et al., 1990; Sather et af., 1991; Machaty et al., 1992; Baltes, 1993; Alexopoulos et al., 1996).
Waberski et al. (1994b) conducted an experiment to study effects of long-term storage of liquid
semen in relation to fertilization rate at different intervals from insemination to ovulation. Semen
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Table 2. Percentage of normal embryos (mean +5SeM) at day 5 after ovulation in sows
of sow-lines® and boar-lines® with a variable interval between insemination and

ovulation

Time of insemination Sow-lines Boar-lines
relative to ovulation (n=46) {n=154) Pr
After ovulation

0-16 h 94 +4 626 0.007
Before ovulation

0-24 h B3zx6 9242 0.07

2448 h 49+12 636 0.23

*Sow-lines have been selected mostly for fertility parameters. Mothers of commercial crossbreed sows.
*Boar-lines have been selected mostly for production parameters. Fathers of fattening pigs.
*Based on analyses with arcsine transformed percentages.

diluted in BTS and stored at 17°C for 0—48 h could be inseminated between () and 24 h before ovula-
tion without apparent loss in fertilizing capacity (based on the percentage of good embryos at days
2—4). Semen stored for 48 h to 87 h resulted in a decrease in fertilization rate when inseminated more
than 12 h before ovulation and semen stored for 87 to 118 h already resulted in a lower fertilization
rate when inseminated between (0 and 12 h before ovulation. Postovulatory insemination {between
and 4 h after ovulation) with long-term stored liquid semen was carried out in a second trial.
Fertilization rate seemed to decrease when semen was stored for more than 24 h in BTS and for more
than 48 h in Androhep. Motility and percentage normal apical ridge assessed in vitro showed no
decrease until after storage for 48 h.

In the experiments of Soede et al. (1995 a, b), semen was diluted in BTS and retrospective analy-
ses showed that storage times between 12 h and 38 h did not affect the optimal interval from insemi-
nation to ovulation. From these results it seems that storage time of liquid semen affects the optimal
interval from insemination to ovulation and effects seem to depend on the type of extender used.

Frozen semen. Reduced fertility associated with frozen semen has been the main reason for its lim-
ited use in Al practice (Reed, 1985; Didien and Schoenbeck, 1996). In studies with hCG = treated
sows, Larsson (1976} showed that insemination with frozen semen close to the expected time of ovu-
lation resulted in the highest fertilization results. Waberski ef al. (1994a) studied effects of interval
from insemination to ovulation in spontaneously cyclic gilts on fertility using frozen semen. They
showed that the percentage of normal day 2-5 embryos significantly decreased when insemination
was performed more than 4 h before ovulation or directly after insemination. Fertilization rate in the
group of sows inseminated between 0 h and 4 h before ovulation was 88.1%, which was only slightly
less than the fertilization expected when using fresh semen. However, a dose of 5x10° total sperm
cells was used for insemination with frozen semen which is substantially higher than dosages used
for fresh semen (Waberski et al., 1994a,b; Soede et al., 1995a,b). Tt was suggested (Pursel et al., 1978;
Saacke, 1982) that cell damage after cryopreservation results in a higher elimination rate of sperm
cells in the female tract, resulting in fewer spermatozoa at the site of fertilization. Comparing trials
with liquid and frozen semen, Waberski et al. (1994a) found that insemination between G and 4 h
before ovulation resulted in a tenfold reduction in the number of accessory spermatozoa when using
frozen semen even though a higher dose of sperm cells (5x10° versus 2 x 10°) was used in the frozen
semen trial.

These results indicate that frozen semen seriously reduces the optimal interval from insemina-
tion to ovulation. In the Netherlands, fresh semen is used at a dosage of 2.5x10% sperm cells and
frozen semen at a dosage of 10-15x10% sperm cells to obtain comparable pregnancy rates in cattle
(van Wagtendonk, personal communication). Such a four- to six-fold increase in dosage is not an
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option for Al practice in pigs since only a limited number of dosages can be obtained from a boar.
Perhaps timing of ovulation with hCG in combination with insemination just before ovulation is a
better option.

Conclusion

Variation in the interval from insemination to ovulation affects fertilization rate in sows and results
in partial fertilization or no fertilization at all. No effects are found on the percentage of degenerated
embryos and conly small effects are found on embryonic development.

In general, insemination between 0 and 24 h before ovulation gives good fertilization results;
however, there are large differences between sows. Even in suboptimal periods some sows show
100% fertilization. This finding indicates that factors like storage conditions in the sperm reservoir,
capacitation rate of semen in the sow and lifespan of the eggs and semen in the sow may vary con-
siderably between individual sows. Part of this variation seems genetic but factors like insemination
conditions {natural breeding versus AI} may also play a role. This role remains to be elucidated.
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