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ABSTRACT
The increasing successful use of artificial insemination is facilitated by a greater knowledge
of the biology of the sow during her estrous period. The realization of the importance of
establishing an adequate sperm reservoir in the oviduct at an appropriate time relative to
ovulation has led to advances in the management of artificial insemination. In particular,
knowledge of when a sow is likely to ovulate during a natural or induced estrous period, and
mechanisms influencing sperm transport have been valuable. The future of artificial
insemination will likely involve a single semen dose having a reduced sperm number. This
will be made possible by knowledge of the effect of site of sperm deposition on sow fertility.

INTRODUCTION
The basic principle of artificial insemination is simple; place enough viable sperm in the right
place at the right time, and keep it clean. However, reproductive performance of females bred
by AI is often poorer than that achievable with natural breeding. There are several reasons
that sows may perform relatively poorly following artificial insemination. Using current
insemination technology, 3 x 109 sperm in 80 to 100 ml extender are deposited in the cervix.
This large number is necessary because most of the sperm will be lost due to back-flow of
semen, as well as entrapment and death in the cervix and uterus. However, the use of new
catheters designed to allow trans-cervical/uterine deposition of sperm will reduce semen
backflow. Further, by limiting sperm losses, the number of sperm in the original semen dose
can be reduced.
The ultimate objective of AI is to ensure a sufficient number of sperm are in the first part of
the oviduct (the sperm reservoir) at the time of ovulation. If time of ovulation is not known,
then multiple inseminations are required. However, if time of ovulation can be reliably
predicted, then a single insemination should suffice. This paper will focus on technologies
available to achieve the objective of good fertility following a single insemination of fewer
sperm.
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CONTROL OF ESTRUS
Estrus Stimulation
In sows, wean-to-estrus intervals greater than 5-days are associated with reduced farrowing
rates and litter sizes (Wilson and Dewey, 1993; Steverink et. al., 1999). The reason for this is
unclear but may involve poor synchrony between time of ovulation and time of breeding
because these sows are more likely to be early ovulators (see below). As such, and especially
associated with once daily estrus detection, it is probable that many of these sows will have
already ovulated when estrus is detected. In consequence, this sub-population of sows will be
subject to post-ovulatory inseminations, which are associated with poorer fertility and
potentially uterine infection (Rozeboom et al., 1997; Tarocco and Kirkwood, 2001).
Therefore, when records indicate a higher likelihood of delayed estrus (eg. seasonal or
associated with primiparous sows) gonadotrophins (PG600 or Pregnecol) can be used to
induce a more prompt return to estrus (Kirkwood, 1999). These hormone preparations are
effective for inducing shorter wean-to-estrus intervals and therefore will create a population
of sows that will be late ovulators. If the breeding SOP calls for insemination at estrus
detection and 24 hours later, then many of these sows will have intervals from last
insemination to ovulation of >24 hours (Table 1), which may reduce fertility. Therefore, when
estrus is hormonally induced, be prepared to modify breeding management to include a day-3
insemination.
Table 1.

Effect of PG600 on wean-to-estrus (WEI) and estrus-to-ovulation (EOI)
intervals.
Control

WEI
<4 days
4 days
5-6 days
Knox et. al., 2001

No. sows
4
13
34

PG600
EOI
45.0
46.9
39.3

No. sows
20
35
13

EOI
57.6
47.3
32.0

Estrus Synchronisation
The feeding of Regumate is an effective means of controlling estrus in gilts and sows (eg.
Foxcroft et. al., 1998). Ideally, the animals should be individually fed so that they consume at
least 15 mg/d (but preferably 20 mg/d). While there is likely no problem with overdosing
(except economic), underdosing Regumate (<13 mg/d) has been shown to be associated with
cystic follicles in gilts (Davis et. al., 1979; Kraeling et. al., 1981). However, if fed
appropriately expect 85 to 95% of sows to exhibit estrus on days 4 to 8 after last feeding.
Note that the first Regumate feeding must be on the day of weaning, not the day after
weaning. Feeding of Regumate for 7-days from weaning improved litter size of primiparous
sows (Kirkwood et. al., 1986). Presumably, the feeding of Regumate captured the effect of
skip-a-heat breeding but with fewer non-productive sow days (Table 2). Further, early
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weaning is associated with reduced sow fertility but, when 12-day weaned sows were fed
Regumate to delay estrus for an additional 12 days, fertility was improved (Table 3).
Table 2.

Effect of 10-d of Regumate or skip-a-heat breeding on fertility of
primiparous sows.
Control
74.8
8.7

Farrowing rate, %
Next litter size
Morrow et. al., 1989
Table 3.

Ship-a-heat
87.2
11.2

Regumate
89.5
10.2

Effect of a Regumate on fertility of early weaned sows.
12-d, Regumate
6.2

12-d, control
7.3

24-d, control
5.6

97
16.9
77
13.0

64
15.4
68
10.5

87
14.9
68
10.1

Interval to estrus, d
Estrus by 7-d, %
No. corpora lutea
Embryo survival, %
No. embryos
Koutsotheodorus et. al., 1998

The duration of Regumate feeding does not appear to be critical. Feeding for 7-days has the
advantage of simply shifting sows from one breeding week to the next. However, there is
some evidence that sows will benefit from feeding Regumate for as little 3-days from
weaning (Table 4).
Table 4.

Effect of short-term feeding of Regumate on fertility of primiparous sows.

Control
Regumate 0-3 days
No. sows1
201
202
1
Farrowing rate, %
76.1
82.2
Litter size1
9.8
10.1
2
No. corpora lutea
17.2
17.9
60
78
Ovaries: only CL2
2
4-cell embryos, %
61
97
1
2
Forgerity et. al., 1995; Martinat-Botte et. al., 1995

Regumate 2-7 days
207
71.5
10.4
16.6
46
67

BREEDING MANAGEMENT
The basic principles of artificial insemination are simple; deposit enough viable sperm in the
right place at the right time, and keep it clean. Using current insemination technology, 3 x 109
sperm are deposited in the cervix. This large number is necessary because most of the sperm
will either be lost due to back-flow of semen, as well as entrapment and death in the cervix
and uterus (Steverink et. al., 1998). When fewer sperm were deposited and semen backflow
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was considered excessive during the insemination, sow fertility was reduced. If backflow is
excessive, insufficient sperm will remain in the sow, fertilization rate will be compromised,
and an increased regular return rate will be observed.
In reality, it is not the number of sperm deposited in the cervix or uterus that ultimately
controls fertility, it is the number of sperm in the oviduct at the time of ovulation that is
important. The proportion of inseminated sperm that actually get to the oviduct is variable,
but <2% is a reasonable figure. The sperm in the oviduct enter an arrested state and constitute
the sperm reservoir potentially available to fertilise ova, being released in the peri-ovulatory
period. The number of functional sperm available for fertilisation will impact sow fertility and
depends on the number originally entering the sperm reservoir and the interval between sperm
entry to the reservoir and their redistribution at the time ovulation; the latter being influenced
by timing of insemination relative to ovulation. Taking the above into consideration,
objectives for successful AI will include ensuring an adequate number of sperm reach the
sperm reservoir, and depositing the sperm at an appropriate time relative to ovulation.

EFFECT OF TRANSCERVICAL INSEMINATION
It is known that progressively fewer sperm need to be inseminated the closer to the uterotubal
junction that they are deposited. Recently, insemination catheters that allow semen deposition
into the body of the uterus, or into the proximal uterine horn, have become available. When
deposited near the uterotubal junction using either surgical (Krueger and Rath, 2000) or
endoscopic techniques (Martinez et. al., 2001a) extremely low numbers of sperm (10 x 106)
are required. At this time these strategies would only be justified if dealing with semen of
extremely high genetic value, or for sex pre-selected semen. Very recently, a new catheter has
been designed that allows entry into a uterine horn to within 25 cm of the uterotubal junction
(deep intrauterine insemination). Acceptable fertility was seen with insemination of 50 to 150
x 106 sperm (Martinez et. al., 2001b; Roca et. al., 2003). This catheter remains to be
commercially exploited but several companies have developed other AI catheters that are
capable of being passed via manual manipulation through the cervix of the sow to allow
deposition of the semen dose into the uterine body (transcervical or uterine insemination).
These latter catheters are composed of a regular cervical catheter and a longer, smaller
diameter, flexible inner catheter that is advanced through the cervix to the uterine body. When
used, the cervical catheter should be inserted and left for a couple of minutes to allow the
cervix to relax before advancing the inner catheter. As a viable option, this technique does
allow sperm numbers to be reduced to 1 x 109 per insemination dose (Watson and Behan,
2002). Field trials have confirmed that farrowing rates and litter sizes statistically comparable
to standard AI can be maintained with reduced sperm numbers using this technique (Table 5),
although there is occasionally some suggestion of a reduction in litter size. It is likely that the
timing of insemination relative to ovulation becomes progressively more important as the
number of sperm deposited is reduced (Rozeboom et. al., 2004).
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Timing of Insemination
It is accepted that sows having a short wean-to-estrus interval will tend to exhibit a longer
duration of estrus and conversely, sows having a long wean-to-estrus interval will tend to
have a short duration of estrus. Further, ovulation is believed to occur at about 70% through
estrus, independent of the duration of estrus. The effect of this is that sows having a short
wean-to-estrus interval (eg. 4 days) will tend to be late ovulators while sows having a long
(eg. >5 days) wean-to-estrus interval will tend to be early ovulators (Table 6).
Table 5.

Effect of sperm dose and site of deposition on sow fertility.

Site of deposition
Cervix

Uterine body

Sperm dose (x109)
1
2
3

Farrowing rate, %
65.8
91.8
91.1

Litter size
10.3
12.6
12.5

1
2
3

86.9
92.5
90.5

12.1
12.3
12.3

Watson and Behan 2002.
Table 6.

Effect of wean-to-estrus interval (WEI) on estrus-to-ovulation interval.

Interval to ovulation
0-24 h
24-32 h
32-40 h
>40 h
Kemp and Soede, 1996.

4-d WEI
5%
19%
34%
42%

5-d WEI
16%
36%
25%
23%

6-d WEI
45%
17%
18%
9%

Sow fertility following AI depends on the time of insemination relative to ovulation (Kemp
and Soede, 1996). To maximise fertility, deposition of fresh-extended semen into the sow
should occur during the 24-hours before ovulation. However, if the semen is relatively old, or
the number of sperm inseminated is relatively low, then the high fertility window for
insemination may be only 12 hours (Waberski et. al., 1994).
The most common protocol for the induction of estrus in weaned sows is the injection of 500
to 750 IU of eCG (e.g. Pregnecol) or a combination of 400 IU eCG and 200 IU of hCG
(PG600). There is a wealth of literature demonstrating the efficacy of this approach for
induction of a fertile estrus after weaning but while efficacious for induction of estrus,
injection of eCG or PG600 will not provide adequate synchronization of ovulation. Further,
by inducing an earlier onset of estrus with either eCG or PG600, the EOI may increase,
making the prediction of time of ovulation even more difficult. However, because
gonadotropin treatment results in a sow population having longer estrus-ovulation intervals,
this knowledge can be used in a protocol of induced ovulation to allow a more precise timing
of insemination relative to ovulation.
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It is known that ovulation typically occurs at about 42 hours after hCG injection. When
ovulation is induced using porcine luteinizing hormone (pLH), the interval from injection to
ovulation is shorter, at 36 to 38 hours (Cassar et. al., 2005). Therefore, if sows are expected to
ovulate at >36 hours after estrus detection, induction of ovulation using pLH (Lutropin) will
provide for a relatively predictable time of ovulation. Since the target is to inseminate sows
during the 24-hour period before ovulation, if time of ovulation can be accurately predicted,
then breeding management for optimal sow fertility will be relatively simple. Indeed, when
time of ovulation can be accurately predicted, a single insemination resulted in sow fertility
comparable to that following two inseminations (Table 7).
Table 7.

Sow fertility to single or double insemination at an estrus induced by eCG
with or without induction of ovulation by pLH.

Variable

Control

eCG

eCG+LH

eCG+LH*

No. sows

119

103

103

102

Farrowing rate, %

68.7

69.0

84.2c

86.1c

Litter size

11.1 + 2.6

10.7 + 3.2

10.3 + 3.1

10.6 + 3.5

eCG+LH*, sows received single insemination 40 hours after LH injection

CONCLUSIONS
The future of artificial insemination of swine will involve a single insemination of fewer
sperm. To achieve this, some measure of control of time of ovulation will be used to permit
improved timing of insemination. In association with transcervical insemination, improved
timing relative to ovulation may facilitate the commercial uptake of insemination of frozenthawed sperm and, potentially, sex-sorted sperm.
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