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ABSTRACT
Wongtawan, T. 2004. Fertility after deep intra-uterine AI of concentrated low-volume boar
semen doses. Master’s thesis. ISSN 1403-2201, Report no. 49.
Boar semen can be successfully frozen -highly packed- in small containers (medium-straw,
MS or multiple FlatPack, MFP). The use of deep intrauterine artificial insemination (DIUAI) can make possible the deposition of small volumes of this thawed, non re-extended
semen deeply intra-cornual. The fertility achieved after single or double DIU-AI per oestrus
was hereby studied, with special attention to the interval between AI and spontaneous
ovulation. Semen from two boars of proven fertility was frozen in MS or MFP holding
1x109 total spermatozoa. Multiparous (n=42) crossbred sows were checked for oestrous
behaviour after weaning and the occurrence of spontaneous ovulation was checked with
transrectal ultrasonography (TUS) to establish the interval between onset of oestrus (OO)
and ovulation. Sows were subjected to DIU-AI in the following oestrus using thawed semen
(MS=20 or MFP=22), inseminated without further re-extension. Sows were randomly
allotted to one of 3 groups: (1) Single DIU-AI 8 h before expected ovulation (Control
group, n= 19), (2) Single DIU-AI 4 h before expected ovulation (Treatment group S, n=15)
and (3) Double DIU-AI 12 and 4 h before expected ovulation (Treatment group D, n=8).
Pregnancy was confirmed by TUS 28 days after OO in those sows not returning to oestrus.
These sows were later slaughtered (day 30 to 45 of pregnancy), noting the appearance of
the reproductive tract and ovaries, numbers of live foetuses, implantation sites and of CL.
Some sows (n= 9) returning to oestrus were re-inseminated (either once [n=4] or twice
[n=5]) in the following oestrus with either MFP (n=5) or MS (n=4) and slaughtered 12 to 14
h post-ovulation for recovery of spermatozoa from the utero-tubal junctions (UTJ, sperm
reservoir) and of tubal oocytes, to disclose the effectiveness of sperm transport. Post-thaw
sperm motility was 44.3±3.21% in MFP and 42.8±0.72 % for MS (LSMean±SEM, n.s.),
and did not significantly change from thawing to AI. The DIU-AI could be performed in all
sows, but insertion was slow (>5 min) in 5/42 sows of which 4 returned to oestrus.
Pregnancy rate averaged 35% (Group D: 25%, Group S: 40%, Control: 36%, n.s.). The
interval between DIU-AI and ovulation varied largely (group C: between -13 and -3 h , for
S-group: between -11 and +3h , for group D: between -17 and -4 h). Pregnancy rates clearly
related to the interval DIU-AI and ovulation, being highest (60%, 12/20) when AI occurred
between 8 and 4 h before ovulation. Numbers of apparent implantation sites ranged 6 to 22
and of live foetuses 2 to 11 (n.s. among groups), while fertilization rate (total number of
implantations/CL) ranged 48.0 to 69.7%, being highest in group D (P<0.05). The
examination of the open sows slaughtered 12 to14 h post ovulation showed low sperm
numbers (approx 4,000) in the UTJs. Only 40% of oocytes had spermatozoa bound to the
zona pellucida, not more than 2 spermatozoa per oocyte, and only 10 % of recovered
oocytes were fertilized, irrespective of using one or two DIU-AI (n.s.). The highest
(p<0.05) values for these variables were recorded when DIU-AI (either single or double
[second AI]) was done between 4 to 8 h before ovulation, especially when MFP-semen was
used (P<0.05). In conclusion; (1) DIU-AI can be easily performed in most sows, (2)
pregnancies can be obtained by the DIU-AI of low volumes of highly concentrated frozenthawed boar semen, once or twice during oestrus, but fertility is still low, probably owing to
an incomplete replenishment of the sperm reservoirs, and (3) fertility is mainly related to
the interval DIU-AI and ovulation -which should be -8 to -4 h of spontaneous ovulationand to the package, MFP having shown better results in vivo.
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Background
Artificial insemination (AI) in pigs
Historical summary
Artificial insemination of pigs started in Russia in the beginning of the 20th
century, yielding acceptable fertility when cervically inseminated with fresh,
extended semen (Rodin & Lipatov, 1936). Since then, use of liquid boar semen for
AI, preserved for up to 3 to 5 days at 16-20ºC, constitutes the core of the AI
routinely performed by the pig breeding industry, covering more than 99% of the
pig AIs done around the world (Wagner & Thibier, 2000). The worldwide
tendency foresees an increase in the number of porcine AIs over the next few years
(Weitze, 1999) and it is predicted that next year, the level of pig breeding via AI
will already reach 80% (Burke, 1999).

Conventional AI with liquid, not cryopreserved, boar semen
Conventional AI in domestic pigs is practiced with doses of approximately 3x109
spermatozoa extended to a volume of 80 to 100 mL (Stratman & Self, 1960; Baker
et al., 1968). Semen doses are stored at temperatures ranging 16 to 20 °C, usually
for up to 3 days in simple extenders, but longer when using other extenders (Levis,
1999; Dubé et al., 2004; Vyt et al., 2004). The semen is deposited into the
posterior region of the cervix by using a disposable, often an intra-cervical catheter
whose tip simulates the corkscrew shape of the boar penis and engages with the
posterior folds of the cervix as it occurs during natural mating. Various catheter
shapes are commercially available ranging from the original large moulded rubber
“Melrose” catheter (Melrose & O'Hagen, 1961) that mimicks the boar penis, to a
simple polypropylene tube with an expanded polyurethane sponge tip (such as the
GoldenPig®). In general, the AI process starts 12 h after detection of standing
oestrus and it is repeated every 12 to 18 h until standing oestrus is no longer
shown. The standing oestrus can vary widely among individual females (20 to 64 h
or longer)(Mburu et al., 1995; Soede & Kemp, 1997; Steverink et al., 1999). When
proper detection of oestrus is performed, the farrowing rate and litter sizes are
comparable with rates/sizes achieved by AI with liquid semen or natural mating,
reaching over 90% of farrowing and mean litter sizes of 14 piglets (Nissen et al.,
1997).

Sperm transport in the female pig
After natural mating or conventional AI, billions of spermatozoa pass the cervix
(15 to 25 cm) through the uterine body (5 cm) and the uterine horns (90 to 140 cm)
to colonize the first segment of the oviduct (the uterotubal junction, UTJ), an area
known as the sperm reservoir, from where they reach the site of fertilization
(Viring & Einarsson, 1980; Hunter, 1990; Mburu et al., 1996; Rodriguez-Martinez
et al., 2001). The main functions of the sperm reservoir are; a) a systematic
reduction of spermatozoa before fertilization to prevent polyspermia, b) the
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modulation of capacitation and c) the maintenance of sperm viability and
fertilizing capacity escaping the female immune system (Rodriguez-Martinez et
al., 2001). Only few spermatozoa (less than thousand) reach the site of fertilization
at the ampullary-isthmic junction (AIJ) (Hunter, 1990; Mburu et al., 1997).
Establishment of the sperm reservoir occurs rapidly after insemination (5-15 min)
(First et al., 1968; Baker & Degen, 1972). The sperm population is maintained and
increased by migration from the uterine horn during the first 24 h after
insemination (Rigby, 1966; Pursel et al., 1978). During the same time, the number
of spermatozoa in the uterus is dramatically decreased (First et al., 1968; Pursel et
al., 1978; Viring & Einarsson, 1980).
Backflow of the inseminate and the phagocytosis of spermatozoa by
polymorphonuclear leukocytes (PMNs) are the major mechanisms of sperm
elimination after AI with extended semen. Between 25 to 40% of the spermatozoa
(Viring & Einarsson, 1981; Steverink et al., 1998; Woelders & Matthijs, 2001;
Matthijs et al., 2003) and up to 70% of the volume (Steverink et al., 1998; Matthijs
et al., 2003) are retrogradely expelled after AI. Prevention of the backflow with an
artificial tamponade of the cervix failed to increase the number of spermatozoa in
the uterus (Pursel, 1982). Approximately 50 % of those inseminated spermatozoa
not lost with the backflow are ingested by incoming PMNs few hours after AI
(First et al., 1968; Viring & Einarsson, 1981; Matthijs et al., 2003).

Restricted use of frozen semen in porcine AI
Contrary to what occurs in cattle, where frozen-thawed (FT) semen is routinely
used for AI (Curry, 2000), cryopreserved boar semen is used in less than 1% of
the AIs performed around the world (Johnson et al., 2000; Wagner & Thibier,
2000). Among the reasons behind this restricted use of FT-boar semen are the low
survivability of spermatozoa after the freezing-thawing process and the shorter
lifespan of the surviving spermatozoa. This results in lower farrowing rates and
smaller litter sizes compared with AI using semen preserved in liquid form
(Johnson, 1985; Johnson et al., 2000). Furthermore, owing to the restricted lifespan of the FT-boar spermatozoa, excessive sperm numbers are used, often 5-6
billion spermatozoa per dose. Moreover, two AIs are usually performed per oestrus
(Johnson, 1985) in order to reach acceptable fertility rates in the field (Eriksson et
al., 2002). Altogether, few doses can be obtained from a single ejaculate and too
many spermatozoa are used to ensure fertilization, thus contributing to the low
efficacy of a sub-optimal cryopreservation technique.
A decrease in the number of spermatozoa per dose is therefore required to improve
the use of ejaculates, so that the production will be cheaper and the use of
genetically superior sires more effective. Recently, Saravia et al (2004) proved that
boar spermatozoa can be packed in concentrated form (2 billion per mL) in small
packages, such as 0.5 mL medium plastic straws (MS) or a 0.7 mL variant of the
FlatPack (Eriksson & Rodriguez-Martinez, 2000), the so-called multiple-FlatPack
(MFP), which keeps its cryobiological advantage of a large surface-to-volume
ratio. The post-thaw spermatozoa showed comparable in vitro viability, in terms of
sperm membrane integrity and functionality, to semen frozen at lower
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concentrations in a higher volume of recognized cryogenic suitability. Although
the results of the small dosages were satisfactory in vitro, there are no
comprehensive in vivo study results available, using non re-extended, frozenthawed semen under these conditions.

Intra-uterine artificial insemination
Although few spermatozoa are required for fertilization within the oviduct, this
reduced number is the product of a sequential and very effective reduction along
the process of sperm transport in the female reproductive tract. The problem to be
overcome during AI is to get an adequate number of spermatozoa to the UTJ that
could ensure the establishment of the functional sperm reservoir with enough
viable, potentially-fertile spermatozoa to ensure maximal fertilization. One
strategy proposed to accomplish this is to decrease the number of spermatozoa per
AI-dose and, by depositing the semen directly in the uterus, get sufficient
spermatozoa into the UTJ. Such intra-uterine AI with reduced sperm numbers is a
relatively new reproductive practice that has attracted the attention of the swine
industry. Such a method could be also advantageous for the spreading of AI with
FT-semen. Usually, FT-boar semen is re-extended to volumes of 80 to 100 mL,
since such volumes are considered to be required (particularly in sows) to elicit
sperm transport after cervical AI (Baker et al., 1968). Although thawing and reextension can inflict damages to boar spermatozoa (Bwanga, 1991; Bwanga et al.,
1991a; Bwanga et al., 1991b) few attempts have been made to establish whether
low semen volumes could be conventionally inseminated and yet transported to the
sperm reservoir (Hancock, 1959; Stratman & Self, 1960; Hancock & Hovel, 1961).
Many domestic animals have been successfully artificially inseminated with intrauterine body/horn sperm deposition such as cattle (Seidel et al., 1997; Hunter,
2003; Verberckmoes et al., 2004), horse (Petersen et al., 2002; Squires et al.,
2002), sheep (Gillan et al., 1999; Wulster-Radcliffe et al., 2004), dog (LindeForsberg et al., 1999), cat (Chatdarong et al., 2001), and pig (Krueger & Rath,
2000). Moreover use of intra-uterine AI is of interest for conservation of exotic
species such as the ferret (Kidder et al., 1998), the killer whale (Robeck et al.,
2004), or the leopard (Howard et al., 1996).
There are basically two procedures for depositing spermatozoa into the pig uterus;
surgically (Krueger et al., 1999; Krueger & Rath, 2000; Rath, 2002) or nonsurgically. The latter includes semen deposition either in the uterine body (Levis et
al., 2002; Watson & Behan, 2002) or deep into the uterine horn (Martinez et al.,
2001a, 2002).
An intra-uterine AI with low numbers of spermatozoa is surgically accomplished
by placing a small semen volume (0.5 mL) close to the UTJ of each uterine horn
(Krueger et al., 1999). Surgical AI in synchronized female pigs with a 150 fold
reduction of sperm numbers (1x107 sperm) appeared sufficient to ensure fertility in
gilts (farrowing rate 88.9%, litter size 7.8+3.6, Krueger et al., 1999) and sows
(farrowing rate 85.7%, litter size 10+4.2, Krueger & Rath, 2000). Since the
surgical intra-uterine AI has no room in practice for animal welfare reasons, only
detailed descriptions of the non-surgical procedures follow.
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Non-surgical intra-uterine body AI (IUB-AI)
Non-traumatic transcervical catheters that allow an easy penetration of the cervix
and deposition of semen in the uterine body of the sow have been designed.
Briefly, a conventional catheter (outer catheter) is placed toward/locked in the
cervix (See Figure A, 1). An inner tube (around 4 mm outer Ø) is passed through
the outer catheter, along the cervical lumen, to reach the uterine body or the
posterior part of one of the uterine horns (about 200 mm beyond the tip of the
outer catheter, See Figure A, 2). Under commercial conditions, use of an IUB-AI
catheter can reduce sperm numbers to 0.5 (Mezalira et al., 2004) or 1 billion
spermatozoa (Watson & Behan, 2002; Rozeboom et al., 2004) per AI-dose without
detrimental effects on fertility. The IUB-AI catheter can be used with minimal
training and it does not seriously delay the process of insemination. Although there
does not seem to be any animal welfare implication of this type of AI, it can only
be safely used in sows (Levis et al., 2002; Watson & Behan, 2002). The use of
IUB-AI does, however, not overcome significant losses during the transport of
spermatozoa towards the oviduct (Levis, 2002; Dallanora et al., 2004).
Furthermore, the price of a IUB-AI catheter is still higher than of a conventional
AI-catheter (Levis, 2002).

Figure A: Intra uterine insemination in pigs:
(1) AI. Conventional insemination in the cervix
(2) IUB-AI. Intrauterine Insemination in the uterine body
(3) DIU-AI. Deep intra-cornual insemination, 2/3 of the way up on a uterine horn
(modified from Belstra, 2002).
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Non-surgical deep intra-uterine AI (DIU-AI)
Non-surgical deep intra-uterine artificial insemination (DIU-AI) has been
performed in non-sedated pigs using a flexible fibreoptic endoscope (length: 1.35
m, outer Ø: 3.3 mm) (Martinez et al., 2001a) inserted via the vagina and cervix to
reach the upper segment of one uterine horn. With this technique, the semen dose
could be deposited close to an UTJ in 96.7% of sows and 88.5% of gilts. The
procedure required 3 to 5 min in 90% of the females. After this DIU-AI, only 1 %
of sows showed signs of uterine infection.
However, as the endoscope is a highly expensive instrument and therefore
unpractical for routine use, a flexible catheter was developed on the basis of the
propulsion force and flexibility of the fibroendoscope (Martinez et al., 2002). This
catheter is now commercially available (Firflex®, Magapor, Spain, see Figure A, 3)
and can be used for DIU-AI, requiring a similar time as for traditional AI
(Martinez et al., 2001b). The method allows deposition of low sperm doses of
either fresh (Martinez et al., 2002) or frozen-thawed (Roca et al., 2003)
spermatozoa. Moreover, the technology can be successfully used to produce
piglets with sex-sorted spermatozoa (Vazquez et al., 2003), or for embryo transfer
(Martinez et al., 2004). When FT-semen, frozen in medium straws (0.5 mL) at
concentrations of 1 x 109 spermatozoa per mL and re-extended to a 7 mL dose,
was deeply inseminated with these catheters, promising results were obtained.
With hormonally-induced ovulation and a single DIU-AI, the farrowing rate was
77.5%, with 9.31 ± 0.41 live piglets born, while with spontaneous ovulation and
two DIU-AIs, the farrowing rate was 70%, with 9.25 ± 0.23 piglets born (Roca et
al., 2003). Since the use of hormones is refrained from commercial practice and
the re-extension of the FT-semen appears deleterious for sperm survival, there is a
need for the intra-uterine deposition of un-extended, frozen-thawed semen,
cryopreserved in concentrated form in small volumes (0.5 mL).

Optimal time of AI: a pre-requisite for fertility?
The lifespan of FT-boar semen in the female reproductive tract is shorter (2 to 8 h)
than that of its liquid-preserved counterpart (Einarsson & Viring, 1973; Pursel et
al., 1978). In general, pre-ovulatory AI is recommended to establish a sperm
reservoir in the oviduct and thus ensure that sufficient numbers of spermatozoa are
available to fertilize the ovulated oocytes. The critical interval for FT-spermatozoa
to achieve acceptable fertility is also narrow, and the AI must be done within 4 to 6
h before ovulation, whereas AI 4 h after ovulation conducts to a significant
decrease in fertilization and pregnancy rate (Einarsson & Viring, 1973; Waberski
et al., 1994). Taking into consideration that the fertilising ability of the ovulated
oocytes is also short, not more than 6 to 8 hours, proper timing of sperm deposition
in relation to the moment of ovulation when using FT-boar semen, is critical (Holt,
2000).
Ovulation time can be precisely monitored by non-invasive methods such as the
determination of luteinizing hormone, oestrogen or progesterone (Soede et al.,
1994). However, such methods are of no practical value for AI application. Noninvasive transcutaneous ultrasonography (Weitze et al., 1989; Waberski et al.,
1994) and transrectal ultrasonography (Soede et al., 1992; Mburu et al., 1995) of
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the ovaries have been used to monitor the occurrence of ovulation. On average,
ovulation occurs when 2/3 of the standing oestrus has passed, which means for
most sows 35 to 45 h after onset of oestrus (OO). However; the variability between
sows is large, and occurrence of ovulation has been reported to occur between 10
to 85 h (Waberski et al., 1994), 10 to 58 h (Soede et al., 1995) or 35 to 43 h
(Mburu et al., 1995) after OO. The average timing of ovulation varies thus
between 64 and to 72% of the duration of oestrus (Soede & Kemp, 1997).
Estimation of ovulation can be performed by determining the interval between OO
and ovulation time of the previous cycle (Mburu et al., 1995). Most of the studies
of optimal timing for AI have been done with cervical catheters and liquid semen,
and few studies have considered use of FT-semen. Taken together, there is a need
to determine the optimal schedule for AI using DIU-AI with small doses of highly
concentrated FT-spermatozoa by estimating the interval between onset of standing
oestrus and spontaneous ovulation.
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Introduction to the research report
Frozen-thawed (FT) boar semen for artificial insemination (AI) in commercial pig
production is still only used in exceptional cases, mostly for incorporation of top
genetics. Low sperm survival after a freezing procedure that is still considered suboptimal leads to the use of excessive sperm numbers per AI-dose. In any case, AI
with FT-boar semen still results in low farrowing rates and small litter sizes when
conventional cervical AI is performed. Boar spermatozoa can now be successfully
frozen concentrated in a small volume (1x 109 spz in 0.5 mL) and new procedures
for deep intra-uterine AI are now available. These technological improvements
open up possibilities for testing the fertility after the deposition of fewer FT-boar
spermatozoa per dose in small volumes. With insemination time being among the
most relevant factors constraining fertility when using FT-boar semen, the
determination of the most suitable AI-schedule becomes imperative.
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Aim of the study
The overall aim of the study was to increase our knowledge about the use of deep
intra-uterine artificial insemination (DIU-AI) with frozen-thawed boar semen.
Particularly, it aimed to determine the fertility of sows following DIU-AI of small
volumes of highly concentrated FT-boar semen. The semen was packed either in
medium-straws (MS) or multiple FlatPacks (MFP), and deposited once or twice
during oestrus in relation to spontaneous ovulation. Ovulation was estimated by
transrectal ultrasonography (TUS), to determine an optimal scheme for AI with
frozen-thawed semen in weaned sows.
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ABSTRACT
Boar semen can be successfully frozen- highly packed- in small containers
(medium-straw, MS or multiple FlatPack, MFP). The use of deep intra-uterine
artificial insemination (DIU-AI) can make possible the deposition of small
volumes of this thawed, non re-extended semen deeply intra-uterine, close to the
sperm reservoir. The present experiments studied the fertility achieved after single
or double DIU-AI per oestrus, with special attention to the interval between AI and
spontaneous ovulation. Semen from two boars of proven fertility was frozen in MS
or MFP holding 1x109 total spermatozoa. Multiparous (2-5 parity, n= 42)
crossbred sows were checked for oestrous behaviour after weaning and the
occurrence of spontaneous ovulation was checked with transrectal ultrasonography
(TUS) to establish the interval between onset of oestrus (OO) and ovulation. The
sows were, in the following standing oestrus, subjected to DIU-AI using thawed
semen from either MS (n= 20) or MFP (n= 22), inseminated without further reextension. The sows were randomly allotted to one of 3 groups: (1) Single DIU-AI
8 h before expected ovulation (Control group, n= 19), (2) Single DIU-AI 4 h
before expected ovulation (Treatment group S, n= 15) and (3) Double DIU-AI 12
and 4 h before expected ovulation (Treatment group D, n= 8). Pregnancy was
confirmed by TUS 28 days after OO in those sows not returning to oestrus. These
sows were slaughtered (30 to 45 days of pregnancy), and the appearance of the
reproductive tract and ovaries, the number of live and dead foetuses, of
implantation sites and of corpora lutea (CL) were recorded. The sows (n= 9)
returning to oestrus (“open”) were re-inseminated (either once [n=4] or twice
[n=5]) the following oestrus with either MFP (n=5) or MS (n=4) and slaughtered
12 to 14 h post-ovulation for recovery of spermatozoa from the uterotubal
junctions (UTJ, sperm reservoir) and of tubal oocytes, to disclose the effectiveness
of sperm transport. Post-thaw sperm motility was 44.3 ± 3.21% in MFP and 42.8 ±
0.72 % for MS (LSMean+SEM, n.s.), and did not significantly change from
thawing to AI. The DIU-AI could be performed in all sows, but insertion was
17

difficult (slow >5 mins) in 5/42 sows. Four of these sows returned to oestrus.
Pregnancy rate averaged 35% (Group D: 25%, Group S: 40%, Control: 36%, n.s.).
The interval between DIU-AIs and ovulation varied largely, ranging from -13 to -3
h for group C, for group S from -11 to + 3h and for group D from -17 to -4 h.
Pregnancy rates were clearly related to the interval DIU-AI and ovulation, being
highest (60%, 12/20) when AI occurred between 8 and 4 h before ovulation. The
number of implantation sites ranged 6 to 22 (n.s. among groups), and the number
of alive foetuses 2 to 11 (n.s. among groups). Fertilization rate (total number of
implantations/CL) ranged 48.0 to 69.7% being highest in the D-group (P<0.05).
The examination of the “open” sows slaughtered 12 to 14h post ovulation showed
low sperm numbers (approx 4,000) in the sperm reservoirs (UTJs). Few recovered
oocytes were fertilized (approx. 10%) and only 40% of oocytes had spermatozoa
bound to the zona pellucida, not more than 2 spermatozoa per oocyte, irrespective
of using single or double DIU-AI (n.s.). The highest values (P<0.05) for these
variables were recorded when DIU-AI (either single or double [second AI]) was
done 4 to 8 h before ovulation, especially when MFP-semen was used (P<0.05). In
conclusion; (1) DIU-AI can be easily performed in most sows, (2) pregnancies can
be obtained by the DIU-AI of low volumes of highly concentrated frozen-thawed
boar semen, once or twice during oestrus, but fertility is still low, probably owing
to an insufficient replenishment of the sperm reservoirs, and (3) fertility is related
to the interval DIU-AI and ovulation which should be -8 to -4 h of spontaneous
ovulation and to the package, MFP having shown better results in vivo.
Key words: frozen semen, low volume AI, deep intra-uterine AI, boar, pig.

Introduction
Frozen-thawed (FT) boar semen is not regularly used for artificial insemination
(AI) in the swine industry; apart from the gene banking of valuable pig genetics,
for export or for research purposes. The sub-optimality of the freezing procedure
(high cell mortality) and the short-life of the surviving spermatozoa post-thaw
accounts, despite the use of large sperm numbers per AI-dose, for the welldocumented lower fertility achieved after conventional AI (Curry, 2000; Johnson
et al., 2000).
Deposition of reduced sperm numbers through deep intra-uterine AI (DIU-AI) is a
relatively new reproductive practice that has drawn the attention of the swine
industry. With this technique, the number of frozen-thawed spermatozoa has been
substantially reduced, still achieving acceptable fertility by single AI in sows
during hormonally-induced oestrus or by two AIs during spontaneous oestrus
(Roca et al., 2003). The DIU-AI method, despite being more invasive than the
conventional cervical AI, does not seem to affect animal welfare, with a low risk
of inducing genital damage or infections (Martinez et al., 2001). Moreover, the use
of this method for AI implies that fewer boars are needed to produce the same
number of doses of semen compared with cervical insemination. The DIU-AI
might, therefore, help to widespread those genetically most valuable boars by the
global distribution of frozen packages.
18

The deposition of a low volume of highly concentrated spermatozoa during a deep
intra-uterine insemination close to the utero-tubal junction (UTJ), seems more
convenient than using larger volumes. Primarily, because it diminishes the
backflow of the inseminate and the significant sperm losses it represents.
Secondly, because it also diminishes the sperm damage seen with the customary
re-extension post-thaw. Freezing of highly concentrated boar semen in small
packages has proven possible, considering in vitro results of sperm viability and
functionality (Saravia et al., 2004). However, although some indications of in vivo
fertility have been reported, there are no conclusive studies yet available.
The fertile life span of oocytes and spermatozoa in the female genital tract is
limited. To achieve high fertility, the timing of insemination relative to ovulation
is crucial. Sub-optimal time for insemination before and after ovulation leads to
low rates of fertilization and pregnancy, and to small litter sizes (Waberski et al.,
1994; Soede et al., 1995a; Nissen et al., 1997). Frozen-thawed boar spermatozoa
have a shorter life span (2-8 h) than freshly maintained spermatozoa (Einarsson &
Viring, 1973; Pursel et al., 1978), thus requiring sperm deposition as close as
possible to the moment of ovulation. Achievement of acceptable fertility post-AI is
reported as best obtained when frozen-thawed boar spermatozoa is deposited 4-6 h
before ovulation (Waberski et al., 1994). However, the optimal time for sperm
deposition using DIU-AI in relation to spontaneous ovulation in sows has not yet
been reported.
The aim of the present study was to determine the fertility of sows following deep
intra-uterine artificial insemination (DIU-AI) of high numbers of frozen-thawed
boar spermatozoa in small volumes. The semen was packed in medium-straws
(MS) or in multiple FlatPacks (MFP), and deposited once or twice during oestrus
in relation to spontaneous ovulation, estimated by transrectal ultrasonography.

Materials and Methods
Animals
Two mature boars (one Swedish Yorkshire and one Swedish Landrace) 2-5 years
old and selected for normal semen quality and proven fertility were used as semen
donors. The boars were kept in individual pens with females in the close
neighbourhood. Multiparous crossbred sows (Swedish Landrace x Swedish
Yorkshire, (n = 42) with a lactation of five weeks and a mean parity of 3.5 (range
of 2-5 farrowings) were purchased from a commercial herd and brought directly
after weaning to the Division of Comparative Reproduction, Obstetrics and Udder
Health, Swedish University of Agriculture Science (SLU), Uppsala, Sweden.
Before the study, the sows showed normal reproductive performance. All sows
were clinically examined at arrival, and individually housed in straw-bedded pens
with optimal ventilation and fed according to Swedish standard (Simonsson, 1994)
twice daily with water provided ad libitum. The experimental protocol had
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previously been reviewed and approved by the Local Ethical Committee for
Experimentation with Animals, Uppsala, Sweden.

Semen Processing
Semen collected from the two boars was processed and frozen according to
Eriksson & Rodriguez-Martinez (2000). Only ejaculates with at least 70% motile
spermatozoa were used. Semen was extended (1:1, v/v) in Beltsville thawing
solution (BTS, IMV, L’ Aigle, France; here named Extender I). The BTS-diluted
semen was refrigerated to +16ºC for 3 h. Thereafter, the semen was centrifuged
twice at 800 g for 10 min (Centra MP4R, IEC, MN, USA), and the supernatant
was discarded. Sperm concentration was determined in a haemocytometer
(Bürker) and the spermatozoa were re-extended at a ratio 2:1 with a second
extender (Extender II; 80 mL [80% v/v 310 mM] of ß-lactose and 20 mL Egg
yolk). The semen was further cooled to +5ºC for 2 h, at which temperature the
semen was slowly mixed at a ratio 2:1 with a third extender (Extender III; 89.5 mL
Extender II, 9 mL glycerol and 1.5 mL of Equex STM, Nova Chemical Sales Inc.,
Scituate, MA, USA), yielding a final concentration of 3% glycerol and 2x109
spermatozoa/mL. The spermatozoa were packed at +5 ºC in a cold cabinet (IMV,
L’ Aigle, France) in either one of two packages; 0.5 mL polyvinyl chloride
medium-straw (MS) (Minitube, Germany) or multiple FlatPack (MFP) (four 0.7
mL volume of Single Flat Pack (SFP) (Saravia et al., 2004). The MSs were sealed
with PVC powder while the MFPs were heat-sealed. After sealing, the packages
were transferred to a programmable freezer (Mini Digitcool 1400; IMV, L’ Aigle,
France) set to +5ºC. The cooling/ freezing rate was as follow: 3ºC/min from +5 ºC
to -5ºC, 1 minute of holding time for crystallization, and thereafter 50ºC/min from
-5ºC to -140ºC. The samples were then immediately plunged into liquid nitrogen (196ºC) for storage.

Detection of oestrus
Oestrous detection started from day 2 after weaning. The sows were observed for
signs of proestrus every 12 h primarily by inspection of the vulva for eventual
reddening and swelling. When the sows revealed signs of proestrus, oestrous
detection was performed every 4 h until the end of oestrus. Oestrous detection was
performed by allowing snout-to-snout contact of the sow with a mature boar; and
the appearance of standing reflex after applying manual backpressure by an
operator. Sows that revealed standing reflex were considered to be in oestrus. The
time of onset of oestrus was defined as the first time a sow revealed a standing
response minus 2 h. The time of end of oestrus was defined as the last time a sow
revealed a standing response plus 2 h.

Detection of ovulation
Transrectal ultrasonography (TUS) of the ovaries was performed 18 h after onset
of the first oestrus post-weaning and the ovaries were scanned every 4 h until
completion of ovulation. An annular array sector scanner (Scanner 250, Pie
Medical b.v. Maastricht, Netherlands) with a 5-MHz multiple angle transducer was
used. The sows were immobilized in a specially-constructed wagon during the
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TUS-scanning (Dalin et al., 1995). At each TUS-scanning, the estimates of the
number of follicles and the average diameter of presumptive ovulatory follicles (eg
> 4 mm) were recorded. Ovulation time was defined as the first scanning when no
presumptive ovulatory follicles were seen minus 2 h. If the follicular count was not
zero, but lower than previously, the ovulation was assumed to have just started
(t=0) (Soede et al., 1992).

Time of insemination
Inseminations were performed in the following oestrus in relation to the expected
spontaneous ovulation, which was estimated from the recorded ovulation time on
the previous oestrous cycle (Mburu et al., 1995). Sows were randomly allotted for
DIU-AI in one of three groups: (1) Single DIU-AI 8 h before expected ovulation
(Control group, n= 19), (2) Single DIU-AI 4 h before expected ovulation
(Treatment group S, n= 15) and (3) Double DIU-AI 12 and 4 h before expected
ovulation (Treatment group D, n= 8).

Semen thawing and assessment of sperm motility
The frozen semen was thawed in warm water at 35° C for 20 seconds. Post-thaw
sperm motility was assessed subjectively by using a phase contrast microscope as
well as with a computer-assisted sperm analysis (CASA, SM-CMA, MTM
Medical Technologies, Montreaux, Switzerland), as described by Saravia et al
(2004). Before examination, a drop of semen from the thawed package was reextended (1:20) in BTS to give as concentration 50-60 x 106 spermatozoa/mL. The
re-extended-FT semen was incubated (38° C) for 30 min before 5 µL of semen
were placed in a Makler counting chamber (Sefi Medical Instrument, Haifa, Israel)
on a heated stage (38° C). For each sample, optical fields around the centre of the
Makler chamber were used to count a minimum number of 200 spermatozoa per
sample, recording percentages of motility, motility patterns and velocities of
displacement for linearly motile spermatozoa.

Deep intra-uterine insemination technique
Deep intra-uterine inseminations (DIU-AI) were performed as described by
Martinez et. al. (2002). Sows were inseminated without sedation or immobilization
(during spontaneous standing reflex in front of a boar). The flexible intra-uterine
catheter (Firflex®, Magapor, Spain) was removed from its package, and soaked
externally and internally with BTS at 35° C before insertion. A conventional
cervical catheter (outer catheter, IMV, L’ Aigle, France) was inserted through the
vagina and locked into the cervical canal to serve as a guide for the flexible intrauterine catheter. The flexible catheter was then manually inserted through the outer
catheter, passed through the cervical canal and moved forward along one uterine
horn until its total length was inserted. Frozen-thawed semen from MFP (n= 22) or
MS (n= 20) at 0.5 mL volume (1x109 spermatozoa/dose) was then injected into the
flexible catheter by use of a temperated syringe. Since the volume of the intrauterine AI-catheter inner lumen was previously measured to approximately 2 mL,
the same volume of BTS extender was used to flush the catheter clean of semen.
The degree of easiness of the DIU-AI was recorded for each sow.
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Pregnancy detection
Confirmation of pregnancy was performed by TUS at day 28 from onset of oestrus
(first day of oestrus: day 1) in those sows not returning to oestrus. The pregnant
sows were then slaughtered between days 30 and 45 of pregnancy, and the
appearance of the reproductive tract and ovaries were recorded. The number of
implantation sites, of live and dead foetuses, and of corpora lutea (CL) were also
counted.

Fertilization and sperm reservoir
A series of sows (n= 9) that had returned to oestrus (“open sows”) were reinseminated once (n= 4) or twice (n= 5), using MFP (n= 5) or MS (n= 4) semen, in
the following oestrus and slaughtered 12 to 14 h after spontaneous ovulation. The
aspect of the genital tracts and the number of visible ovulations were recorded.
One of the sows, inseminated twice with semen frozen in MS, presented an aplasia
of one of the uterine horns (uterus unicornis) and was deleted from the population.
The UTJs were removed and flushed twice with 5 mL of warm BTS into a 10 mL
tube. Each flushing was centrifuged to concentrate the spermatozoa and the sperm
number counted using a Bürker chamber. Each oviduct was flushed from the
isthmus towards the infundibulum with 20 mL of Dulbecco phosphate-buffered
saline (DPBS, Sigma, Germany). The flushing was placed in a petri dish and
searched for presence of oocytes/presumptive zygotes under a stereomicroscope.
The oocytes/presumptive zygotes were searched for presence of spermatozoa
attached to the zona pellucida (ZP) using phase contrast microscopy. To evaluate
occurrence of fertilization, the oocytes were fixed in 25% (v/v) acetic acid in
ethanol at room temperature for 48-72 h, stained with 1% lacmoid (Sigma, USA)
in 45% (v/v) acetic acid, and examined under a light microscope (400x).

Statistics
This experiment used a 3x2 factorial design. Data were analyzed using the
Statistical Analysis System package (SAS Institute Inc., Cary, NC, USA, 1994).
Data of oestrus and ovulation time are shown as mean ± SD, and/or ranges. Data
of semen analysis, number of foetuses, number of spermatozoa in the oviductal
sperm reservoir and of accessory spermatozoa per oocyte are presented as least
square means and were analyzed using the GLM model, while comparison
between treatments was done using the Student’s t-test. Pregnancy rate,
fertilization rate and percentage of oocytes with spermatozoa bound to their ZP are
presented as percentages and were analyzed using the Chi-square test. P<0.05 was
set as level of significance.
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Results
Oestrus and ovulation
All sows in this experiment showed normal signs of oestrus including occurrence
of spontaneous ovulation. The average weaning-oestrus interval (WOI) was 4.8 ±
1.01 days (Mean ± SD), with a range of 3 to 6 days. The average duration of
oestrus was 62.5 ± 13.16 h, ranging from 38 to 92 h. The average interval onset of
oestrus (OO) to ovulation was 41.4 ± 13.10 h, with a range of 22 to 72 h. The
average length of the oestrous cycle was 22.2 ± 2.03 days, with a range of 20 to 28
days. Ovulation occurred as when 66 ± 8% of the oestrous period had passed. The
mean diameter of the pre-ovulatory follicle was 0.8 ± 0.24 cm with a range 0.6 to
1.2 cm. The mean number of CL per sow (both ovaries) was 21.5 ± 3.94, ranging
from 17 to 29 CL.

Post-thaw sperm motility
Post-thaw sperm motility is depicted in Table 1. Sperm motility did not
statistically (P>0.05) differ between MFP and MS, neither in terms of overall
sperm motility nor sperm velocities. Sperm motility did not vary significantly
(n.s.) when measured in semen from the package, the syringe or the catheter used
for DIU-AI (data not shown). Semen used to inseminate sows that rendered
pregnant or not-pregnant did not differ in sperm quality post-thaw (P>0.05).

Table 1: Post-thaw sperm motility patterns obtained by CASA analysis of the semen doses
used (MS: 0.5 ml Medium Straw; MFP: Multiple Flatpack; LSMeans ± SEM)
Package

n

Motility
%

LIN
%

VSL
(µm/s)

VAP
(µm/s)

VCL
(µm/s)

MFP

22

44.3±3.21

29.7±3.12

54.3±1.66

70.4±2.74

129.4±6.80

MS

20

42.8±0.72

30.7±3.43

58.9±2.43

76.8±3.71

134.4±8.14

LIN: linearly motile spermatozoa, VSL: straight linear velocity, VAP: average path velocity, VCL:
curvilinear velocity. No significance differences between packages (P>0.05)

Easiness of the DIU-AI
The insemination procedure implied that the intrauterine catheter would have been
completely inserted (e.g. the back tip was to reach the posterior opening of the
outer cervical catheter). The intrauterine catheter could in all sows be inserted to
an average length of 172.5 ± 15 cm (mean ± SD), thus implying different degrees
of insertion per sow. The DIU-AI could then be performed in all sows, but
insertion was slow (>5 mins) in 5/42 sows, indicating difficulties for the
procedure. Four of these sows returned to oestrus. Neither vaginal/cervical
bleedings nor abnormal vaginal discharges were noticed after the DIU-AI.
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Fertility post-DIU-AI
The fertility of the sows after single or double DIU-AI is depicted in Figure 1.
Pregnancy rate averaged 35% (Group D: 25%, Group S: 40%, Control: 36%, n.s.).
As the ovulations were spontaneous, the interval between the DIU-AIs to
ovulation varied largely, ranging for group C: -13 to -3 h, for group S: -11 to + 3h
and for group D: -17 to -4 h. Pregnancy rates clearly related to the interval DIU-AI
and ovulation, being highest (60%, 12/20) when ovulation occurred between -8
and -4 h later (Figure 1).

Figure 1: Fertility of the sows after single or double DIU-AI (grey arrows marked the
intended moment of DIU-AI in each C-, S- or D-group) in relation to when they
spontaneously ovulated (white horizontal bars) and their status (white circle: empty sow,
black circle: pregnant sow). The scale shows hours before (-) or after (+) ovulation (black
arrow). Numbers of pregnancies/number of AI-animals are presented for each group (n).

Control group
Single DIU-AI
(n= 7/19)
Ovulation

-16

-12

-8
n=0/4

-4
n=5/8

0
n=1/3

+4
Single DIU-AI
(n= 6/15)

n=2/5

Double DIU-AI
(n= 2/8)

n=0/3

The overall pregnancy rate, number of apparent implantation sites, of live foetuses
and a calculated fertilization rate for the different groups (Control, S and D) of
DIU-AI are presented in Table 2. There were no significant differences between
Control or treatment groups (S-D) for pregnancy rate (P>0.05), ranging 25 to 40%
(Table 2). The number of apparent implantation sites ranged 6-22 (n.s. among
groups), and of live foetuses ranged 2-11 (n.s. among groups), while fertilization
rate (total number of implantations/CL) ranged 48.0-69.7% being highest (P<0.05)
in the D-group, compared with Control group (P<0.05).
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Table 2: Pregnancy rate, number of live foetuses, implantation sites and fertilization rate
(Total implantation sites/ number of CL) obtained after DIU-AI in the control, single and
double DIU-AI groups.
Total
implantation
Pregnancy
Number of
Group of
rate
live foetuses
sites
Fertilization
LSM (range)
rate (%)
%
LSM (range)
DIU-AI
n
5
(2-11) a
19
36.8 (7/19) a
48.0a
9.5 (6-16) a
C*
S **

15

40.0 (6/15) a

5.5
(5-6) a

12 (8-16) a

58.2ab

D ***

8

25.0 (2/8) a

7
(4-10) a

16.5 (11-22) a

69.7b

* one DIU-AI 8 h before expected ovulation, ** single DIU-AI 4 h before expected ovulation, ***
double DIU-AI 12 and 4 h before expected ovulation
a-b
Different superscripts indicate statistically significant differences between groups (P<0.05)

Table 3 describes the same variables but discriminated for the type of package
used (MS or MFP), indicating that there was no statistical difference between
package type (MFP or MS) for any of the variables (n.s.). Neither were there any
statistical interactions between time of insemination and semen packages (P>0.05).
Table 3: Pregnancy rate, number of live foetuses, implantation sites and fertilization rate
(Total implantation sites/ number of CL) obtained after DIU-AI with frozen-thawed boar
semen either packed in MFP or MS (MS: 0.5 ml medium straw; MFP: Multiple Flatpack;
LSMeans).
Total
implantation
Fertilization
Pregnancy
Live foetuses
sites
rate
rate (%)
LSM (range)
LSM (range)
(%)
Package
n
MFP
22
31.8 (7/22)
6.2 (2-11)
12.6 (6-16)
62.6
MS
20
40.0 (8/20)
4.8 (2-10)
10.4 (8-22)
46.2
No significant differences (P>0.05) were present between rows (packages).

Sperm numbers in tubal reservoir and fertilization rate in sows
that had returned to oestrus after the DIU-AI
Those sows re-inseminated after returning to oestrus (“open”) were searched for
spermatozoa in the oviductal sperm reservoir and the presence of fertilized oocytes
in the oviduct. These data are presented in Tables 4 to 6. Spermatozoa were
recovered from only one sperm reservoir (one of the UTJs) in 62.5% of the sows
while in 12% of sows there were no spermatozoa in the UTJs, irrespective of
having being inseminated once or twice. The total number of spermatozoa
recovered 12 to 14 h post ovulation from the UTJs was low, around 4,000.
Fertilization of the recovered oocytes was also low (approx. 10%) with only 40%
of oocytes having spermatozoa bound to the ZP. This number was restricted to 1-2
spermatozoa per oocyte. No differences were seen for these variables between
single or double DIU-AI (Table 4).
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Table 4: Sperm and oocyte recovery from the oviducts of sows that had returned to oestrus
after a primary session of DIU-AI and thereafter re-inseminated either by single or double
DIU-AI and slaughtered 12-14h after spontaneous ovulation (UTJs: sperm reservoirs, ZP:
zona pellucida).
Oocytes with
Accessory
spermatozoa
sperm/
DIU-AI
n Sperm
Oocytes
Fertilization
rate (%)
in ZP (%)
in UTJs
oocyte
Single
Double

4

4,025a

4

a

3,988

61

12.5a

43.3a

1.5a

68

a

a

1.7a

11.8

33.5

No significant differences were recorded between single or double DIU-AI (P>0.05)

Differences were noticed between MS and MFP, the latter showing significantly
higher values (Table 5). The number of spermatozoa in the UTJs (P<0.05),
fertilization rates and percentages of oocytes holding spermatozoa in their ZP as
well as presence of accessory spermatozoa appeared higher when the DIU-AI
(either single or double [second AI]) was done 4-8 h before ovulation (Table 6).

Table 5: Sperm and oocyte recovery from the oviducts of sows that had returned to oestrus
after a primary session of DIU-AI, and thereafter re-inseminated either with frozen boar
semen packed in MFP (Multiple Flatpack) or MS (medium plastic straw) and slaughtered
12-14h after spontaneous ovulation (UTJs: sperm reservoirs, ZP: zona
pellucida)(LSMeans).
Oocytes with
Accessory
Sperm
sperm/
sperm in ZP
Fertilization
Package n in UTJs Oocytes
(%)
LSM
rate (%)
oocyte
MFP
MS

5
3

2,567a
b

217

76
53

19.4c
d

6.0

48.4a
21.8

2.0a

b

Different superscripts indicate statistically significant differences between rows (

1.8a
a-b

P<0.05, c-d P<0.01)

Table 6: Sperm and oocyte recovery from the oviducts of sows that had returned to oestrus
after a primary session of DIU-AI, and thereafter re-inseminated at different intervals in
relation to spontaneous ovulation and slaughtered 12-14h thereafter (UTJs: sperm
reservoirs, ZP: zona pellucida)(LSMeans).
Interval last
DIU-AI
Sperm
Oocytes
Accessory
to ovulation
n in UTJs Oocytes
Fertilization
with sperm
sperm/
(h)
rate (%)
(LSM)
in ZP (%)
oocyte
<-4
3
166a
48
0c
41.1a
1.3a
b
d
a
-4 to -8
3
4,000
47
8.2
52.6
1.7a
a
c
b
>-8
2
624
34
0
13.1
0.6a
Different superscripts indicate statistically significant differences between groups
(a-b P<0.05, c-d P<0.001)
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Discussion
In the present study, deep intrauterine insemination of small volumes of frozenthawed, non re-extended boar semen either once or twice per oestrus yielded
pregnancy in a certain proportion of sows. Fertility was low, and depended on the
interval between sperm deposition and ovulation, indicating either that sperm
transport was inefficient, sperm numbers too low or the life-span of the
spermatozoa in the dose too short to ensure that a sufficient number of
spermatozoa colonized the sperm reservoirs in the oviducts. A concerted effect of
these variables is most likely.
Post-thaw sperm motility averaged 40% for either packaging system, and did not
significantly change from thawing to AI. Such sperm viability has been considered
above the threshold for AI (Eriksson et al., 2000). The fact that sperm motility (as
an indirect evidence of viability) did not decrease from thawing to AI suggests an
average number of 400 x 106 live spermatozoa were deposited once or twice. A too
high number of spermatozoa deposited close to one UTJ might increase the
incidence of polyspermic fertilization whereas a too low sperm number would also
affect fertility, by not providing with enough numbers of spermatozoa to ensure
maximal fertilization. Which dose is optimal for FT-boar semen has not yet been
determined, since fertility depends of many different -albeit concerted- factors.
Using a dose as low as 250x106 frozen-thawed boar spermatozoa for DIU-AI, has
led to acceptable fertility (50% pregnancy rate) in terms of farrowing rate (43%)
and litter size (7.2) (Bathgate et al., 2003). Use of 1,000 x 106 live spermatozoa
yielded better results (70% of farrowing rate and 9.25 ± 0.23 piglets born, Roca et
al., 2003). These data and our present results indicate sperm numbers are of utmost
importance, but sperm numbers per insemination dose do not necessarily need to
be dramatically increased.
Not only sperm number, but also its relationship to the volume of the insemination
dose seems to be important for successful inseminations. Conventional AI with
different volume affects fertility, sperm transport (Baker et al., 1968) and embryo
survival (Stratman & Self, 1960). Inseminations of 10 or 20 mL volume into the
distal uterine horn yielded similar pregnancy rates (Wolken et al., 2002). The
insemination of a larger volume might increase the passive flow of the sperm
suspension along the uterine horns by the concerted myometrial contractions that a
distension of the lumen would trigger. Myometrial contractility is an autonomous
activity of this smooth muscle and is the major importance to effectuate the first
phase of sperm transport in the female pig (Rodriguez-Martinez et al., 2001).
Distension by an optimum large volume may stretch the myometrial receptors and
initiate a local contractile response or a neurological signal to stimulate the
neurohypophysis to stimulate uterine contractions by oxytocin release as it occurs
in the mare (Arthur, 1970; Ginther & Meckley, 1972; Nikolakopoulos et al.,
2000). Intrauterine infusion of 80 mL of saline solution increased the number,
amplitude and duration of uterine contractions in the mare (Campbell & England,
2004), but discordant results have been described for the sow (Langendijk et al.,
2002) perhaps owing to the lack of effect of intra-uterine infusion of saline
solution on blood oxytocin levels as earlier reported by Claus (1990). Myometrial
contractions in pigs can also be influenced by other factors (boar stimuli, seminal
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plasma) (Langendijk, 2001; Langendijk et al., 2004). For instance, cervical
stimulation during intra-cervical insemination seem to stimulate uterine activity
through an adrenergic or cholinergic pathway, as oxytocin was not always released
(Pitjkanen & Prokofjev, 1964; Claus et al., 1989; Claus & Schams, 1990;
Langendijk et al., 2003). In the light of the present study, the insertion of the
catheters (the cervical guide and the internal flexible long DIU-AI-catheter) can
mechanically stimulate the cervix and myometrium, respectively (Martinez et al.,
2002). Such signalling could elicit muscle contractions by direct stimuli or trigger
the release of other hormones than oxytocin, such as prostaglandins.
The DIU-AI could be performed in all sows, but insertion was difficult in about
10% of the animals taking longer time than expected. The fact that 4/5 of these
sows returned to oestrus suggests that the easiness of passing the catheter along the
uterine cavity is of utmost importance. Perhaps the excessive manipulation of the
catheter could overstimulate the myometrium and cause excessive contractions or
disarray the normal contractility of the uterus thus impairing proper sperm
transport to the contralateral uterus and the oviducts. Detailed studies of the effect
of intrauterine insemination procedures on uterine motility are needed, since
extrapolation from other species would not be accurate.
Pregnancy rate averaged 35%, without significant differences between the
different insemination moments devised. The hereby named control group was
defined for practical reasons as a single insemination to be done about 8h before
ovulation, based on the concept that spontaneous ovulation would occur when
70% of the oestrous period had passed (Soede et al., 1992; Dalin et al., 1995;
Mburu et al., 1995). Group S (single AI) was designed to inseminate 4 h before
expected ovulation and group D (Double AI) to deposit the semen 12 and 4 h
before expected ovulation. Such treatment AI-schedules were chosen owing to the
current knowledge that best fertility post-AI has been obtained when frozenthawed boar spermatozoa was inseminated 4-6 h before ovulation (Waberski et al.,
1994).
However, since the sows ovulated spontaneously, the interval between the DIUAIs and ovulation varied largely, ranging for group C: from -13 to -3 h, for group
S: from -11 to + 3h and for group D: from -17 to -4 h, and thus yielding low
pregnancy rates (Group D: 25%, Group S: 40%, Control: 36%). There were no
significant differences between groups, but when explored for the distribution of
pregnancy and non-pregnancy along the periods, it appeared evident that
pregnancy rates clearly related to the interval DIU-AI and ovulation, being highest
(60%, 12/20) when ovulation occurred between 8 and 4 h later. Interesting enough,
there were no differences between single and double DIU-AI. Neither were there
such differences when accounting for fertilization rate (total number of
implantations/CL) a variable that appeared highest in the D-group (p<0.05), in
relation to the short interval between AI and ovulation. Our results confirm,
therefore, that there is a minimum AI and ovulation interval to be respected so that
maximal fertilization (Soede et al., 1995a; Soede et al., 1995b), farrowing rates
and litter size (Terqui et al., 2000) can be obtained. It could be concluded that the
interval between last AI and ovulation time is the most important single factor for
both conventional and deep intra-uterine insemination.
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The present study reports for the first time the fertility after single DIU-AI with
concentrated low-volume frozen-thawed boar semen in spontaneous ovulated
sows. However, the pregnancy rate and number of foetuses were lower than the
results obtained by Roca et al (2003), with 80% of pregnancy rate and 9.25 piglets
per litter. These differences might result from differences in sperm numbers
inseminated, as well as the differences in volume. Moreover, they had used
hormonal induction of ovulation, which might impose differences in uterine
physiology and thus differences in sperm transport.
In the present study, a volume of 0.5 mL for the inseminate was considered more
convenient than using large volumes. This was done in order to diminish sperm
losses due to back flow as well as reducing risk of sperm damage due to the reextension to a larger dose implies (Maxwell & Johnson, 1999). However, the
fertility of the hereby tested DIU-AI was lower than expected. In “open” sows
(e.g. sows that had returned to oestrus post AI and were re-inseminated),
spermatozoa were recovered, 12-14h post ovulation, from only one sperm
reservoir (UTJ) in 62.5% of the sows. In 12% of sows there were no spermatozoa
in the UTJs, irrespectively of single or double insemination. The total number of
spermatozoa recovered from the UTJs was low, around 4,000. Such scenario
indicates there was (at least in these sows) an ineffective sperm transport that
constrained fertilization of the recovered oocytes. Only a 10% of these recovered
oocytes were fertilized and only 40% of all oocytes had some accessory
spermatozoa bound to the ZP. It is most likely that the low sperm concentration,
the small volume and the site of deposition have all contributed to an insufficient
migration of spermatozoa to both the ipsi-lateral sperm reservoir as well as to the
contra-lateral horn (Fantinati et al., 2004).
When pig spermatozoa were deposited -using DIU-AI- close to one UTJ,
spermatozoa were able to reach the contra-lateral oviduct and fertilize the oocyte
(Martinez et al., 2002). Such findings have been done in other species such as the
cat (Tsutsui et al., 2000b), the rabbit (Kanayama et al., 1992), the dog (Tsutsui et
al., 2000a), and the cow (Lopez-Gatius, 1997). In the present study, highly
concentrated FT-spermatozoa could migrate contra-laterally in some sows. The
pathway of sperm contra-lateral transport can either be via trans-uterine (Viring &
Einarsson, 1980; Viring et al., 1980) or trans-peritoneal (Hunter, 1978; Martinez et
al., 2002; Yaniz et al., 2002). Since sperm numbers are related to fertilization
rates, insufficient sperm numbers might account for the lower fertilization rates
encountered in the present study. However, other factors such as the quality of the
deposited spermatozoa have to be considered. The fact that no differences were
seen for these variables between single or double DIU-AI suggests that the time
interval between deposition and ovulation is still the most crucial factor.
The present study revealed that the fertility after deep intra-uterine artificial
insemination did not differ between packages (MS or MFP). However, more
spermatozoa were flushed from the sperm reservoirs, and higher fertilization rates
were found following AI with MFP-packed spermatozoa. As well, there was a
tendency for more foetuses after DUI-AI with MFP compared to MS. These in
vivo results of sperm quality are comparable to previous in vitro sperm tests
(Saravia et al., 2004). Unfortunately, the number of specimens pregnant in the
present study was low and we must, therefore, refrain from further analyses.
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Future prospects
An optimal prospect for using frozen-thawed boar semen in the commercial swine
industry would be the use of a single deep intra-uterine insemination, with a
minimum of spermatozoa per dose on an optimal insemination time, to yield
acceptable fertility and litter size. Such ideal prospect is still far out of reach and
requires further research to determine:
1. A method to determine the imminence (within few hours) of spontaneous
ovulation.
2. The minimum number of spermatozoa per insemination required for acceptable
fertility.
2. The optimal volume of insemination that supports sperm transport without
negative effect on sperm viability.
4. The best location for a deep DIU-AI so that a sufficient number of spermatozoa
reaches both uterine horns.
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