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Abstract

This study evaluated the effect of the insemina-
tion-ovulation (AIOV) interval and sperm cell dose (SD)
on the reproductive performance of sows submitted to
intrauterine artificial insemination (IUI). The experimen-
tal design involved a factorial 2x2 (1x10° spermatozoa (1
bi) and 2x10° spermatozoa (2 bi) at 0-24 and 25-36h
insemination-ovulation intervals). Estrus detection and
time of ovulation (assessed by transcutaneous ultrasono-
graphy) were performed twice a day at 12 h intervals.
After the onset of estrus sows were distributed into the
four treatments receiving a single IUI. A total of 66 PIC
Camborough 22 sows were inseminated with a flexible
catheter and a 60 ml SD stored at 17°C up to 36 hours.
Pregnancy was determined by transcutaneous ultrasono-
graphy 20-23 days after IUI. Pregnant sows (51/57) were
slaughtered at 31.7+4.3 days of pregnancy and total embryos
(TE) and corpora lutea were counted. Pregnancy rate was
analyzed by chi-square test. TE and embryonic survival (ES)
were analyzed by GLM procedure and means were com-
pared by Tukey’s test. No interaction was observed (P>0.05)
between SD and AIOV interval. PR and ES did not differ
between SD or AIOV intervals (P>0.05). TE was not af-
fected by SD but it was lower (P<0.05) for the interval
insemination-ovulation of 25-36h compared to 0-24h.

Keywords: intrauterine insemination, reduced sperm
number, sows, insemination-ovulation interval

Introduction

Reproductive performance of sows is affected
by many factors as artificial insemination-ovulation
interval (AIOV) and site of semen deposition. Accord-
ing to Waberski e al. (1994), the AIOV interval has
to be considered as a major factor of variation in fertil-
ity results not related to semen quality. Studies involv-
ing real-time ultrasonography showed that the optimal
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interval for insemination was 0 to 24 h before ovulation in
sows (Soede et al., 1995), being possible to extend it to 28
h before until 4 h after ovulation without affecting farrow-
ing rate and litter size (Nissen et al., 1997).

The site of semen deposition in the female
genital tract is another aspect that contributes to an op-
timal fertilization rate. Although Hancock (1959) had
described a non-surgical technique for semen deposi-
tion into the uterus, in the 50’s, only in the 90’s this
technique was improved (Vasquez et al., 1999). The
intrauterine insemination (IUI) allows a reduction of
sperm cell dose and volume without a negative effect to
the fertility (Martinez et al., 2001). However, the opti-
mal AIOV interval and its interaction with different
sperm numbers is poorly known. The aim of this study
was to verify the reproductive performance of intrauter-
ine inseminated sows with reduced sperm number at
different intervals before ovulation.

Materials and Methods
Animals

A total of 66 PIC Camborough 22" sows was
inseminated. Based on parity (3-9), lactation length
(17-31 days), average of piglets born in life (>10 pig-
lets), weaning-to-estrus interval (2-6 days) and visual
body condition (2-5) sows were paired and assigned to
one of the four treatments. After weaning the sows were
housed in individual crates and received 2 kg daily of feed
(3.100 Kcal DE and 14% CP) and water ad libitum.

Estrus detection

Estrus detection was performed at intervals of
12 h (08:30 and 20:30 h) using a mature boar. The
onset of estrus was defined as the first time when the
sow showed a standing response to the back pressure
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in the presence of the boar, minus 6 h. The end of es-
trus was defined as the last time when the sow showed
a standing response to the back pressure test, plus 6 h.

Time of ovulation

Transcutaneous ultrasonography of ovaries
(Weitze et al., 1989) was performed during the estrus
at 12 h intervals (08:30 and 20:30 h) beginning in the
next turn after the onset of estrus. A 5 MHz sector
scanner (Aloka Co., Ltd., Mure, Mitaka-shi, Tokyo
181-8622, Japan) was used to observe follicles pres-
ence and to determine the moment of ovulation. The
time of ovulation was defined as the interval between
the onset of estrus and the first time when no follicles
were observed, minus 6 h. The ovulation was con-
firmed by one additional scanning 12 h later.

Insemination doses

Semen of three mature boars Agroceres PIC”
was collected twice weekly. The semen was macro
(color, odor, aspect and volume) and microscopically
(motility, spermatic concentration and morphology)
evaluated. Only ejaculates that presented at least 75%
of motility were utilized. Spermatic concentration
(sperm/mL) was evaluated by Neubauer Improved”
chamber counting. The sperm cells in the semen doses
(SD) were recounted after dilution. SD were prepared
from a single boar. Doses contained 1 or 2 billion
spermatozoa extended in BTS, in a total volume of 60
mL and were stored at 15-18°C up to 36 h.

Intrauterine Insemination

Intrauterine insemination was performed between
12-24 h after estrus onset. Sows were inseminated once
with 1 or 2x10° spermatozoa at 0-24 or 25-36 h before
ovulation with a Verona (Minitub”) catheter model. After
fixing the pipette in the cervix a catheter was slowly intro-
duced into the uterine body and the SD was infused into
one uterine horn (200 mm beyond the cervix). All TUI
were performed in the presence of a mature boar.

Pregnancy detection

The pregnancy detection was performed through

transcutaneous ultrasonography at 21-23 days after TUL
The sows were slaughtered at 31.7 + 4.3 days of pregnancy
and their genital tracts were removed. The corpora lutea
(CL) and total embryos (TE) were counted.

Experimental design and statistical analyses

The semen was processed in a split-sample ba-
sis. Sows were separated according to AIOV intervals:
0-24 or 25-36 h before ovulation. Those with AIOV
interval higher than 36 h were not included in the
analysis. The variable pregnancy rate (PR) was ana-
lyzed by the Chi-square test. TE and embryonic sur-
vival (ES) were analyzed using the GLM procedure
(SAS, 1998). Effects of boar, SD, AIOV intervals and
of their interaction were considered in the model. Fur-
thermore, number of corpora lutea and average of pig-
lets born in life were included as co-variables. The
means were calculated by the LSMEANS procedure
(SAS, 1998) and compared by the Tukey’s test.

Results

Nine sows were excluded of the analysis be-
cause their AIOV interval was higher than 36 h. The
estrus length average of all the sows was 59.8 + 16.3 h
(24-120h) and average interval between estrus onset
and moment of ovulation was 42.6 + 7.7 h (24-60h).
The average of SD storage at IUl moment was 13.7 +1
3.7 h (0-36h). In this study it was possible to insert the
flexible catheter through the cervix into the uterus in all
sows. There was no semen backflow during insemina-
tion. The blood presence on the catheter tip was ob-
served in 1.7% (1/57) of sows.

There was no effect of the interaction between
spermatozoa numbers (1 or 2x10° sperm) and AIOV
intervals (0-24 or 25-36 h) on TE and ES (P>0.05).
The average of piglets born in life and the CL remained
as co-variables in the model of TE and ES analysis,
respectively. Boar had no effect on pregnancy rate, TE
and ES (P>0,05).

PR and ES were not affected neither by
sperms number in the SD (P>0.05) nor by AIOV inter-
vals (P>0.05). TE was not affected by sperms number
in the SD (P>0.05), but it was affected (P<0.05) by
AIOV interval (Tab.1).

Table 1. Pregnancy Rate (PR), Corpora Lutea (CL), Total Embryos (TE) and Embryo survival (ES) in sows sub-
mitted to one intrauterine insemination with 1 or 2x10° spermatozoa at 0-24 or 25-36 h before ovulation.

PR% (n/n) n CL* TE* ES (%)*
1 82.1(23/28) 21  20.6+29 15.9+2.4 69.8 +12.0

Dose (x 10°) 2 96.5(28/29) 27 223 +44 14.9 £4.2 64.7+19.6
0-24  882(30/34) 29  213+28 16.4 +3.3° 70.3 +13.6

Interval (h)  25-36  91.3(21/23) 19 22.0%52 14.4+3.6" 64.2+21.2

* Adjusted means * Standard deviation; a, b in the column differ (P<0.05).
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Discussion

Sows were intrauterine inseminated once with
1 or 2x10° sperms at 0-24 or 25-36 h before ovulation.
On average, ovulation occurred at 72% of the estrus
period which is similar to the range of 68-72% reported
previously for sows (Soede et al., 1995; Nissen et al.,
1997; Steverink et al., 1997).

In this study it was possible to insert the flexi-
ble catheter through the cervix in all sows, corroborat-
ing with results of other studies in which 94.0 and
97.4% of success was achieved with this method (Roca
et al., 2003 and Dallanora et al, 2003a, respectively).
The presence of blood in the catheter tip was observed
in 1.7% of sows. Similar results (1.7%) were observed
by Watson and Behan (2002).

Semen backflow during insemination did not
occur what is consistent with other studies in which
females were intrauterine inseminated with semen
doses of 60 or 20 mL (Dallanora et al., 2004). In fe-
males inseminated traditionally with 80 mL doses, Ste-
verink et al. (1998) observed that more than 5% of the
inseminated spermatozoa in backflow during insemina-
tion affected fertilisation negatively in those sows in-
seminated with 1 billion spermatozoa compared to
those receiving 3 or 6 billion doses. However, back-
flow after insemination had no effect on fertilisation
results. Recently, it has been observed, that even with
intrauterine deposition, backflow semen after insemina-
tion is possible (Dallanora et al., 2004). These authors
reported that average volume of backflow ranged from
64% to 75% in females inseminated with 0.25 to 1 bil-
lion spermatozoa in 20 mL or 1.5 billion in 60 mL. The
average percentage of spermatozoa in the backflow
after insemination ranged from 12% for doses of 0.25,
0.5 or 1 billion spermatozoa in 20 mL to 23% for 1.5
billion in 60 mL. A combination of low dosage and loss
of spermatozoa due to backflow during insemination,
may lead to sub-optimal fertilisation results (Steverink et
al., 1998). Steverink et al. (1998) observed that the con-
centration of spermatozoa in backflow during traditional
insemination is higher if compared to the backflow after
insemination. Therefore, one of the advantages of intrau-
terine insemination would be the absence of backflow dur-
ing insemination. The deposition of semen directly into the
uterus associated to a low volume could result in a better
and faster sperm distribution in the female genital tract and
consequently avoiding semen backflow during insemina-
tion.

Although some authors describe a positive effect
of higher sperm number on the fertilization rate (Baker et
al., 1968; Lefebvre and Suarez, 1996; Flowers, 2003), in
the present study, PR did not differ between 1 and 2x10°
spermatozoa. In other studies using IUI it was not ob-
served a detrimental effect on PR,
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litter size and total embryos with 1.5 billion (Dallanora
et al., 2003a), 1 billion (Watson and Behan, 2002) or
0.5 to 1 billion (Mezalira et al., 2004) spermatozoa.
Probably, in IUI, the sperm transport until the utero-
tubal junction would be more efficient, allowing opti-
mal fertility rates, even with a reduced sperm number.
It has been suggested that deep intrauterine insemina-
tion produces a large distension of the cervix and uter-
ine horn, which might induce a greater release of hor-
mones implicated in uterine contractility and sperm
transport compared with the traditional insemination
method (Martinez et al., 2002). According to Watson
and Behan (2002) the site of sperm deposition affects
fertility results. The authors observed that 1 billion
doses resulted in PR and litter size higher in TUI (88.7%
and 12.1, respectively) than in traditional artificial
insemination (66.2% and 10.3, respectively).

The TE was similar to 1 and 2x10° sper-
matozoa. In other studies, TE or litter size were
similar between 0.5 and 1.0 (Mezalira et al.,
2004) or between 1.0 and 3.0 billion spermatozoa
(Watson and Behan, 2002). In the same way, Dal-
lanora et al. (2003a), performing IUI with 1.5
billion dose, did not observe differences in the
litter size when compared to control group (tradi-
tional artificial insemination with 3 billion dose).

It has been demonstrated that in the traditional
artificial insemination with 3x10° spermatozoa, the
optimal AIOV interval is up to 24 h (Soede et al.,
1995; Kemp and Soede, 1997; Steverink et al., 1997).
However, in IUI, the optimal AIOV interval still re-
mains unclear. In most of the experiments, the intrau-
terine insemination was performed in an AIOV interval
of 0-24 h achieved by hormonal treatment (Kruger et
al., 1999; Martinez et al., 2002), ultrasound monitoring
of time of ovulation (Wolken et al., 2002) or multiple
inseminations during estrus (Watson and Behan, 2002).
In the present study, with 1 and 2 billion spermatozoa,
PR was not affected by the AIOV interval up to 36h.
This could be explained by the fact that semen deposi-
tion beyond the cervix could reduce sperm losses by
backflow during insemination, proportioning a higher
sperm number in the utero-tubal junction. However, the
insemination at 25-36h before ovulation resulted in a re-
duction of 2 embryos per Al (P<0.05). This could be
due to a possible in vivo aging of spermatozoa at the
moment of fertilization. Spermatozoa aging could lead to
mitochondrial DNA damage or chromosomal abnormali-
ties, and even if the sperm cell still preserves its capac-
ity to penetrate the oocyte, this damage would compro-
mise the viability of the conceptus (Vishwanath and Shan-
non, 1997). Nevertheless, to confirm the optimal AIOV
interval in IUI, it would be necessary to perform more
studies with a higher number of females inseminated with
lower sperm cell doses.
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ES average was 64.7 and 69.8% in sows in-

seminated with 1 and 2x10° spermatozoa, respectively,
which is in agreement to losses up to 40% until 35 days
of pregnancy reported previously (Pope and First,
1985). Surprisingly, even when insemination was per-
formed at an AIOV interval of 25-36h, 15.8% of sows
showed an ES rate higher than 80%. Other authors also
obtained a ES rate higher than 78% (Bortolozzo et al.,
2000) or fertilization rate above 90% (Soede et al.,
1995; Bracken et al., 2003) when the insemination was
performed at an AIOV higher than 24 h. This fact
could be related to longer spermatic viability in the
female genital tract. Nevertheless, the mechanism by
which some sows present good fertility results at AIOV
intervals higher than 24 h is still unknown. Xu et al.
(1998) described a possible division of sperm popula-
tions in sub-populations which could lead to slower or
faster capacitation. Based on in vitro results, these au-
thors suggest that a sub-population that respond slowly
would maintain the capability to fertilize oocytes in
vivo for a longer period. In this way, these sub-
populations could be responsible for the optimal results
obtained in some females with AIOV interval higher
than 24 h. Other authors comment the existence of
boars that present a longer sperm lifetime in the female
genital tract and this effect could be related to plasma
seminal composition (Flowers, 1997). Furthermore,
according to Rousseau and Ménézo (1993), inherent
female aspects could be related to a better fertilization
rate in some of them. The authors suggest that some
females could have better conditions to embryonic sur-
vival in their genital tract and this could be associated to
the uterine secretion and composition, which would bene-
fit viability or sperm fertilizing ability.

In conclusion, in sows intrauterine insemi-
nated with semen stored up to 36 h, pregnancy rate,
number of total embryos and embryo survival are not
affected by sperm cell dose when the artificial insemi-
nation-ovulation interval is up to 24 h. However, when
this interval is between 25-36 h, the number of total
embryos is reduced.
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