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Swine semen cooled at 5°C with PIGPEL-5 extender: effects on semen quality in vitro and
fertility estimators in vivo
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Abstract

This study consisted of two experiments. In
Experiment 1, in vitro semen quality was assessed by
comparing swine semen conditioned with either
PIGPEL-5 extender at 5°C or BTS extender at 17°C.
Sperm motility was similar (P > 0.05) at 24 and 48 h
post-dilution for PIGPEL-5 (67.9% and 59.3%,
respectively) and BTS (73.9% and 64.0%, respectively).
The frequency of sperm vigor equal to 4 was higher for
PIGPEL-5 (P < 0.05) than for BTS after 24 h (70.8%
and 29.2%, respectively) and 48 h (87.9% and 12.1%,
respectively). After a thermal stress test, the frequencies
of sperm vigor equal to 3 and 4 were higher (P < 0.05)
for PIGPEL-5 than for BTS in both periods, but motility
was not different between extenders (P > 0.05) in any
period. Acrosome integrity was lower (P < 0.05) for
PIGPEL-5 than for BTS in both periods, but head and
tail morphology did not differ (P > 0.05). In the
hypoosmotic swelling test, the frequency of tail rolling
or bending was higher (P < 0.05) for BTS than for
PIGPEL-5 after 24 h (33.1% and 8.2%, respectively)
and 48 h (24.3% and 7.2%, respectively). In Experiment
2, 60 pre-pubertal gilts were artificially inseminated
following induction of ovulation and using semen
conditioned with both extenders (n = 30, per extender).
There was no difference (P > 0.05) in the number of
recovered or fertilized oocytes or in the fertilization rate
for BTS (6.6 £ 0.6, 6.0 £ 0.6, and 83.7% £ 4.4,
respectively) and for PIGPEL-5 (4.6 = 0.9, 4.3 + 0.8,
and 87.3% = 6.3, respectively). These results indicate that
the PIGPEL-5 extender can be used to condition swine
semen at 5°C because parameters of semen quality and
in vivo fertility following its use were generally similar
to those of a conventional extender at 17°C.

Keywords: swine semen, cooling, extender, semen
quality, fertilization rate.

Introduction

The use of artificial insemination (AI) in swine
has largely increased over the last decades due to
genetic improvement, optimization of reproductive
performance monitoring, availability of qualified labor,
greater facility efficiency, and benefits for health status
(Bortolozzo and Wentz, 1997; Almond et al., 1998;
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Deschamps et al., 1998; Corréa et al., 2001; Gerrits et
al., 2005). As the use of Al increases, so does the search
for improvements in both boar management and semen
processing.

Most of the Al in the swine industry is
conducted using diluted, fresh semen conditioned at 15-
18°C whereas nearly 85% of all inseminations are
conducted on the collection day or at most 24 h post-
collection (Johnson et al., 2000). The most-used
extender for swine semen is the Beltsville Thawing
Solution (BTS). The BTS was initially developed for
frozen semen and later adapted to condition fresh swine
semen at 15-18°C (Pursel and Johnson, 1975) although
some extenders can increase semen storage up to 3 d
(Johnson et al., 1988) or even 5-7 d (Levis, 2000).
Conditioning swine semen at 15-18°C requires use of
refrigerators equipped with a thermostat for temperature
adjustment. Nevertheless, in regions where temperatures
are either highly variable or extremely high throughout
the year, such equipment may not appropriately
maintain set temperatures. Also, such equipment can be
expensive for small swine operations. Thus, keeping
swine semen cooled at temperatures around 5°C would
be a cheaper alternative to help with increasing the use
of Al in swine. Another benefit is that bacterial growth
is reduced at 5°C, which would improve the quality of
the semen (Althouse and Lu, 2005).

The use of swine semen, either cooled at
temperatures below 15-18°C or frozen, is limited
because of dramatic reductions in fertility and
prolificacy, mainly due to reduced motility and loss of
the membrane integrity (Dziuk and Henshaw, 1958;
First et al., 1963; De Leeuw et al., 1990; Watson and
Green, 2000). Thus, swine semen could only be used at
5°C following the development of an extender capable
of maintaining its viability at that temperature (Pursel et
al., 1973; Deschamps et al., 2000, Pérez-Llano and
Garcia-Casado, 2005) such as the PIGPEL-5 extender,
developed at the Biotechnology Center of the
Universidade Federal de Pelotas (UFPEL), RS, Brazil
(Corréa et al., 2004).

The objective of this study was to evaluate the
efficiency of the PIGPEL-5 extender in conditioning
swine semen at 5°C in comparison to the BTS extender
used for conditioning swine semen at 17°C by
assessment of parameters of semen quality and in vivo
fertility.
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Materials and Methods
Experiment 1

Four crossbred boars were used in this
experiment. The boars were kept at UFPEL’s
experimental station and fed 2 kg of a diet containing
3000 kcal/kg metabolizable energy and 14% crude
protein twice daily (National Research Council, 1998).
Eighteen, weekly semen collections were performed for
each boar following the recommendations of
Hemsworth et al. (1983) using the hand gloved method
with a pre-heated bottle covered by triple-layer gauze
(Hancock and Hovell, 1959).

Ejaculates were diluted in isothermal
conditions with one of two different extenders:
Beltsville Thawing Solution (BTS) at 17°C (Pursel and
Johnson, 1975) or PIGPEL-5 at 5°C (Corréa et al.,
2004). The Al doses were submitted to a cooling curve,
which maintained semen samples at 22-24°C for 3 h
(after dilution at 35°C). After this period, the samples
were conditioned according to the extender used.
Beltsville Thawing Solution doses were kept at 17°C in
conditioning boxes (Johnson et al., 2000) whereas
PIGPEL-5 doses were kept in a refrigerator with the
thermostat adjusted to 5°C. In both cases, temperatures
were assessed during the conditioning period by a
digital high-pressure thermometer. Sperm concentration
was determined using a spermdensimeter (Busch et al.,
1991), and each semen sample, in both treatments,
contained 4 x 10’ spermatozoa/ml.

Evaluations of sperm motility, vigor, and
morphology were performed immediately after
collection and also at 24 and 48 h after conditioning.
Only ejaculates with those parameters above the
minimum standards required for swine semen (Almond
et al., 1998; Corréa et al., 2001) were used in this
experiment. Sperm motility was evaluated as the
percentage of motile sperm cells by observing a semen
drop on a slide previously heated at 37°C using a phase-
contrast microscope. Sperm vigor was classified
according to scores from 1 to 5 (Almond et al., 1998).
Evaluation of sperm morphology was conducted after
adding 3-5 drops of semen to bottles containing 2-3 ml
of salt-formalin solution (Hancock, 1957) as long as a
waxing-aspect  sample  was  obtained.  After
homogenization, a small drop of the sample was placed
on a slide with a drop of immersion oil and examined
using a phase-contrast microscope (1000x) at 37°C so
that 200 cells would be counted for evaluation of
acrosome, head, and tail morphology. Acrosome
morphology was considered abnormal when particles in
the apical crest region, damage in the acrosome outline
integrity, absence of the apical crest, and/or absence of
the acrosomal hood were present (Pursel et al., 1972).

Semen samples were submitted to a thermal
stress test (TST) at 24 and 48 h post-collection. For this
test, 5 ml semen samples were placed in a 15-ml conical
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tube and incubated for 45 min in a water-bath at 42.5°C.
After this period, sperm motility and vigor were
evaluated for both treatments (Fiser et al., 1991).

Spermatozoa  functional integrity  after
collection and conditioning was evaluated by the
hypoosmotic swelling test (HOST). First, two solutions
were prepared, one of sodium citrate and another of
fructose and both in 300 mOsm/L of distilled water.
Then, the two solutions were mixed up to produce a
hypoosmotic solution with an osmolarity of 150
mOsm/L. Furthermore, 100-ul of each semen sample
was added to 900 pl of the hypoosmotic solution, and
the combined solution was homogenized and incubated
in a waterbath at 37°C for 60 min. After the incubation
period, a 15-ul sample was deposited in a Neubauer
chamber, and 100 cells were counted using a phase-
contrast microscope (400x) to record the number of
spermatozoa with tail swelling that was revealed by tail
rolling or bending (TRB). An identical procedure was
conducted using an isoosmotic solution (ISO) in a
control group for BTS semen samples. Therefore, the
HOST wvalue wused in the statistical analysis
corresponded to the difference between the number of
TRB observed in the test with the hypoosmotic and ISO
solution (Vazquez et al., 1997).

Descriptive statistics were performed for sperm
motility and acrosome, head, and tail morphology, after
24 and 48 h, sperm motility after TST, and TRB after
the HOST. The effect of the two extenders on those
variables for each period (24 and 48 h) was evaluated by
analysis of variance (ANOVA) with repeated measures,
including the estimation of the effects of each collection
and effect of boar nested within extender. Comparisons
of means were conducted using the least significant
difference method (LSD) and the GLM procedure of
SAS (SAS®, 1991). The percentage of ejaculates
classified in each score of sperm vigor was compared
across treatments within each period (24 and 48 h) by
qui-square tests (x”). Comparisons were conducted
using the Fischer’s exact test for categories with
numbers of observations lower than 5.

Experiment 2

Six boars were used in this experiment: three
purebred (one Duroc, one Large White and one Pietrain)
and three crossbred. The boars were kept in UFPEL’s
experimental station under the same management
conditions described in Experiment 1. Six ejaculates
were used (one for each boar). The procedures
regarding semen collection, dose preparation, and
evaluation of sperm concentration, motility, vigor, and
morphology were conducted as mentioned above in
Experiment 1.

After semen collection, heterospermic doses
were produced by pooling ejaculates from two boars.
Three different semen pools were used, and all pools
were made of semen collected on the same day, always
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from the same two boars. Each pool was split in two
treatments: BTS at 17°C and PIGPEL-5 at 5°C. Twenty-
four hours post-collection, six doses, randomly selected
from each collection, were submitted for evaluation of
sperm motility, vigor, and morphology in addition to
TST and HOST, following the procedures described in
Experiment 1, to check whether such samples were
within the minimal standards recommended for swine
(Almond et al., 1998; Corréa et al., 2001).

Sixty pre-pubertal gilts from a commercial
farm were inseminated with semen conditioned with
both extenders (30 gilts per extender) to estimate in vivo
fertility. The gilts weighed on average 93.5 kg and had
mean age of 160 d. Gilts were treated with 1000 IU of
eCG (CAL, Cientistas Associados Produtos Bioldgicos
Ltda., Pelotas, RS, Brazil) and received 500 IU of hCG
(Vetecor; Serono Produtos Farmacéuticos Ltda., S@o
Paulo, SP, Brazil) 70-72 h later to induce ovulation.
Both hormones were administrated intramuscularly. All
gilts were inseminated within 26-30 h after the hCG
injection regardless of signs of estrus because they were
expected to ovulate nearly 38 h after hCG injection
(Huhn et al., 1996). All gilts were checked for estrus
using back pressure by an experienced technician in the
presence of a mature boar.

All semen samples were conditioned for 24 h
and were taken to the farm in thermal boxes with the
temperature adjusted to the requirements of each
extender. Before Al sperm motility and vigor were
checked for each sample. Samples were wrapped in a
paper towel and transported to the AI facility. The
inseminations were performed with melrose-type
catheters. There were three different semen pools
among the 60 Al doses, with a total of 20 doses per
pool. Groups of 10 gilts were randomly assigned to
receive each semen pool in each treatment.

All gilts were identified by ear tags and
slaughtered 66-68 h after Al. Reproductive tracts were
collected at the slaughterhouse and transported to the
Biotechnology Center’s Reproduction Lab. Number of
corpora lutea in each ovary was counted. Uterine horns
and oviducts were flushed with 0.9% saline solution at

room temperature using 10 ml of solution for each
oviduct and 40-50 ml for each uterine horn. The volume
flushed was filtered with millipore filters that had 0.2 mm
pores. Then, 90% of the collected volume was poured
through the filter's opening into Petri dishes. The search
for oocytes (fertilized and non-fertilized) was performed
using a stereomicroscope.

Descriptive analyses were performed for sperm
motility, number of corpora Iutea (CL), fertilized (FO)
and non-fertilized oocytes (NFO), recovered oocytes
(RO), recovery rate (RR), recovery structures (RS) and
fertilization rate (FR).

The ovulation rate was determined by the
formula: (number of gilts with CL/total number of
synchronized gilts) x 100. Recovery rate was
determined by the formula: (number of recovered
oocytes/number of counted CL) x 100. Fertilization rate
was determined by the formula: (number of fertilized
oocytes/number of recovered oocytes) x 100. Embryos
were considered fertilized when they had 2, 4 or 8 cells,
which would be consistent with the number of hours
post-Al

The effect of the extenders on the number of
FO, RO, RR, and FR was analyzed by ANOVA, with
comparisons of means by the LSD method using the
GLM procedure of SAS (SAS®, 1991). Effects of
semen pools and categories of semen samples classified
according to sperm motility and vigor after 24 h post-
conditioning were also analyzed for use as a quality
control test.

Results
Experiment 1

Mean sperm motility before and after dilution
was 84.8 + 5.1% and 80.1 + 9.6%, respectively. Sperm
motility was higher for BTS (P < 0.05) in both periods
(Table 1). Sperm motility of semen cooled with
PIGPEL-5 and BTS after 24 h was 67.9 £ 0.9% and
73.9 + 0.9%, respectively. Sperm motility after 48 h was
59.3 £ 1.2% for PIGPEL-5 and 64.0 + 1.2% for BTS.

Table 1. Sperm motility of swine semen cooled in PIGPEL-5 at 5°C and in BTS at 17°C before and after dilution

and at 24 and 48 h post-dilution.

Extender Before dilution After dilution 24 h 48 h

PIGPEL-5 85.2+0.9° 80.3+1.0° 67.9+0.9° 593+1.2°
BTS 85.5+0.9° 81.3+1.0° 73.9 4+ 0.9 64.0 +1.2°
Mean + SD 84.8+5.1 80.1£9.6 70.6 £ 9.4 61.1+11.3

“PMeans within column with different superscripts differ (P < 0.05).

The percentage of semen samples with a vigor
score equal to 3 was 16.4% and 26.5%, before and after
dilution, respectively. Samples conditioned with
PIGPEL-5 had higher frequencies (P < 0.05) of vigor
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scores equal to 4 after 24 and 48 h post-conditioning
(70.8% and 87.9%, respectively) than those conditioned
with BTS (29.2% and 12.1%, respectively) as shown in
Table 2.

43



»

Corréa et al. Swine semen cooled at 5° C with PIGPEL-5 extender.

Table 2. Frequency of sperm vigor scores of swine semen samples cooled in PIGPEL-5 at 5°C or BTS at 17°C at 24

and 48 h post-conditioning.

Extender 24 h 48 h

Score (%) Score (%)

2 3 4 2 3 4
PIGPEL-5 62.5° 34.7% 70.8% 50.0° 32.4% 87.9*
BTS 37.5° 65.3° 29.2° 50.0° 67.6° 12.1°
Total 6.3 56.3 37.5 15.6 57.8 26.6

“ Frequencies within column with different superscripts differ (P < 0.05).

Mean sperm motility after TST did not differ
(P > 0.05) between extenders for any of the conditioning
periods (Table 3). Motility after 24 and 48 h were equal

to 48.0 £+ 1.9% and 39.1 £ 2.0%, respectively, for
PIGPEL-5 samples, and 46.0 £ 1.9% and 38.0 * 2.0,
respectively, for BTS samples.

Table 3. Sperm motility for swine semen cooled in PIGPEL-5 at 5°C or in BTS at 17°C after a thermal stress test at

24 and 48 h post-conditioning.”

Extender 24 h 48 h

PIGPEL-5 48.0+1.9 39.1+2.0
BTS 46.0+1.9 38.0+2.0
Mean + SD 46.0 £ 17.1 37.6 +194

* There were no differences (P > 0.05) between PIGPEL-5 and BTS extenders

The frequency of samples with vigor scores
after TST equal to 3 and 4 were higher (P < 0.05) for
PIGPEL-5 samples than for BTS samples (Table 4). The
percentage of semen samples conditioned with PIGPEL-
5 with vigor scores equal to 3 were nearly two-thirds of
the total samples after both periods. Furthermore, all of

the samples having vigor equal to 4, after both 24 and
48 h, were conditioned with PIGPEL-5. On the other
hand, no samples conditioned with PIGPEL-5 were
classified with vigor scores equal to 0 at either 24 or 48 h
post-conditioning, and no PIGPEL-5 samples had a
vigor score equal to 1 after 24 h.

Table 4. Frequency of sperm vigor scores of swine semen samples cooled in PIGPEL-5 at 5°C or BTS at 24 and 48

h post-conditioning after a thermal stress test.

Extender Score (%)
0 1 2 3 4
24 h
PIGPEL-5 0.0° 0.0° 35.7° 63.3 100.0°
BTS 100.0° 100.0° 64.3° 36.7° 0.0°
48 h
PIGPEL-5 0.0° 13.3° 50.0° 66.0° 100,0°
BTS 100.0° 86.7° 50.0° 34.0° 0.0°

“ Frequencies within column with different superscripts differ (P < 0.05).

The frequency of acrosome abnormalities and
head and tail morphology by extender after 24 and 48 h
post-conditioning are described in Table 5. There was
no difference in head and tail morphology among semen
samples conditioned with PIGPEL-5 and BTS (P >
0.05) for either period. However, the percentage of
acrosome abnormalities was lower (P < 0.05) for BTS
samples (1.0 + 0.3 and 2.6 + 0.4, respectively) than for
PIGPEL-5 samples (3.7 £ 0.3 and 4.1 = 04,
respectively) after both conditioning periods.
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The mean percentage of sperm cells showing
TRB after HOST was 44.3 + 14.5%. Samples diluted
with BTS had 33.1 £ 0.9% of TRB (Table 6) after 24 h
post-conditioning, which was higher (P < 0.05) than the
TRB from PIGPEL-5 samples (8.2 = 0.9%). The TRB
for BTS samples (24.3 + 1.1%) was also higher (P <
0.05) than for PIGPEL-5 samples (7.2 £ 1.1%) after
48 h. The interaction between extender and collection
was not significant (P > 0.05) for all dependent
variables.
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Table 5. Abnormalities in sperm morphology of swine semen cooled in PIGPEL-5 at 5°C or BTS at 17°C at 24 and
48 h post-conditioning.

Abnormalities 24 h (%) 48 h (%)

PIGPEL-5 BTS PIGPEL-5 BTS
Acrossome 3.7+0.3° 1.0+0.3° 4.1+0.4 2.6+04°
Head 73+0.2° 6.3+0.2° 6.1+0.3° 8.1+0.3°
Tail 8.3 +0.4¢ 9.3 +0.4¢ 7.6 +0.4° 6.1+0.4¢

“"Means within row with different superscripts differ (P < 0.05).

Table 6. Frequency of sperm tail rolling or folding in swine semen cooled in PIGPEL-5 at 5°C or BTS at 17°C
before dilution and 24 and 48 h post-conditioning.

Extender Before dilution (%) 24 h (%) 48 h (%)
PIGPEL-5 449 +1.5° 82+0.9° 72+1.1°
BTS 44.8 +1.5% 33.1+0.9° 243 +1.1%
Mean = SD 443 £ 14.5 203 +£15.9 15.5+13.7

“"Means within column with different superscripts differ (P < 0.05).

Experiment 2

Mean sperm motility of the semen samples
used for Al was 64.2 = 8.0%. Among all samples,
86.7% had sperm motility > 60%. The percentage of
samples having vigor scores equal to 4 was also 86.7%.
Thus, most samples were within the standards
recommended for Al in swine.

Among the 60 synchronized gilts, only 11
(18.3%) showed signs of estrus detected by the back
pressure test, but 59 (98.3%) ovulated. Only one gilt did
not show an ovarian response to hormonal treatments.

The mean number of CL was 9.6 £ 5.4. The
mean number of recovered oocytes was 6.0 £ 4.0. As
shown in Table 7, gilts inseminated with BTS or
PIGPEL-5 samples had no difference (P > 0.05) in the

number of RO (6.6 £ 0.6 and 4.6 + 0.9, respectively).
The mean RR was 62.2 £+ 29.8%. Recovery rate was not
different (P > 0.05) between the BTS and PIGPEL-5
extenders (61.4 £ 4.7% and 63.7 £ 6.9%, respectively).

Only four gilts (6.6% of the total) had non-
fertilized oocytes (two in each treatment). The mean
number of FO was 5.4 = 4.0 whereas the mean number
of NFO was 0.5 + 1.1. The number of FO did not differ
(P > 0.05) for BTS (6.0 £ 0.6) and PIGPEL-5 samples
(4.3 £0.8), as shown in Table 7.

Mean fertilization rate was 85.0 £ 28.0%.
Fertilization rate was similar (P > 0.05) between PIGPEL-
5 and BTS treatments (87.3 = 6.3% and 83.7 + 4.4%,
respectively). No differences were observed for RR, and
FR considering the effects of sperm motility and vigor
and semen pool (P > 0.05).

Table 7. Total number of recovered oocytes, fertilized oocytes, and fertilization rates for each semen extender after

24 h post-conditioning.”

Extender Total oocytes Fertilized oocytes Fertilization rate (%)
BTS (17°C) 6.6 0.6 6.0£0.6 873+6.3
PIGPEL-5 (5°C) 4609 43+0.8 83.7+44
Mean £ SD 6.0+4.0 54440 85.0 +28.0

* There were no differences (P > 0.05) between PIGPEL-5 and BTS extenders.

Discussion

Both extenders were capable of preserving
sperm activity post-conditioning. Although sperm
motility was higher in semen conditioned in BTS at
17°C, the motility obtained with PIGPEL-5 at 5°C is
promising since the differences, although statistically
significant, were not large enough to prevent PIGPEL-5
samples from being used in the field. These results
somewhat contradict the assumption that swine semen
conditioned at temperatures under 12°C, even with an
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enriched extender such as Androhep® (Weitze, 1990),
would not be feasible for commercial use due to
irreversible structural damage and a decrease in sperm
motility (Althouse et al., 1998). Nevertheless, mean
sperm motility observed across treatments in this study
was below those usually considered acceptable at Al
centers (Glossop, 1996; Almond et al., 1998). This
could be due to the suboptimal processing conditions
because UFPel’s experimental station is quite far from
the semen processing lab. Therefore, a certain time lag
occurred between semen collection and conditioning.
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Despite the time lag, no differences in sperm motility
were observed between pre- and post-dilution samples.
Because sperm motility is an indicator of metabolic
activity of spermatozoa and membrane integrity, it is
extremely important for semen quality control and for
evaluation of semen resistance to conditioning (Gadea
and Matas, 2000).

The percentage of samples with sperm vigor
classified as 4 was higher for PIGPEL-5 than for BTS
samples after both conditioning periods. Thus, semen
conditioned with PIGPEL-5 at 5°C not only had vigor
estimates within the standards for swine semen
(Glossop, 1996; Almond et al., 1998; Corréa et al.,
2001) but also had superior vigor in comparison with a
conventional extender at a higher temperature. The
observed reduction in the frequency of samples with
vigor scores of 4 and the increase in samples with vigor
scores of 2 as conditioning time increased are consistent
with other reports (Waberski et al., 1994). That
advantage of PIGPEL-5 over BTS in both post-
conditioning periods indicates that PIGPEL-5 was
beneficial for the maintenance of sperm cells metabolic
capacity at cooling temperatures, which is associated
with the maintenance of fertilizing capacity (Johnson et
al., 2000).

Sperm motility was similar between extenders
for both periods after the TST, but the percentage of
samples having vigor classified as 3 or 4 was higher for
PIGPEL-5 than for BTS. Considering the sensitivity of
the TST in evaluating resistance to thermal variation
(Fiser et al., 1991), swine semen conditioned in
PIGPEL-5 was able to resist sudden temperature
variation, which could reflect a potential improvement
in sperm survival in the female reproductive tract post-
Al and in its further fertilizing capacity.

PIGPEL-5 samples had a frequency of sperm
morphological abnormalities within the levels accepted
by Al centers (Pursel et al., 1972; Almond et al., 1998).
Although the frequency of acrosome abnormalities in
PIGPEL-5 samples was higher than for BTS samples,
the frequency was below the maximum accepted limit
of 5% (Waberski et al., 1994; Corcuera et al., 2000) and
was numerically lower than that reported by Pursel et al.
(1973) for semen conditioned at 5°C. These results also
indicate an advantage in comparison with the use of
frozen semen, in which the frequency of abnormal
acrosome morphology is usually between 20-40%
(Pursel et al., 1972). The percentage of abnormal head
and tail morphology did not differ between extenders,
although the frequency of both apparently increased
with conditioning time, which could be due to the
temperature, regardless of the extenders (Johnson et al.,
2000).

Although the percentage of TRB in response to
the HOST was in agreement with some reports that used
fresh semen (Vazquez et al., 1997; Gadea and Matas,
2000), it was lower for both extenders after 24 and 48 h
post-conditioning if compared with the findings of
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Pérez-Llano et al. (2001). Spermatozoa with
biochemically active membranes will swell during the
HOST as a result of hypoosmotic stress due to water
influx. This is more evident in the tail than in the head
because the membrane of the tail seems to be more
sensitive to hypoosmotic stress (Jeyendran et al., 1984).
The TRB response was higher in BTS samples, and this
indicates that sperm cells conditioned in PIGPEL-5 at
5°C for 24 and 48 h could suffer damage to their
membrane functional capacity. However, HOST results
can vary in different trials without expressing
characteristic associations with spermatozoa fertilizing
capacity (Gadea and Matas, 2000). Furthermore, in the
mentioned studies, swine semen was conditioned at
temperatures other than 5°C (Pérez-Llano et al., 2001).
Thus, organizational alterations in the sperm membrane
caused by low temperature could negatively influence
the HOST results.

In conclusion, the results of Experiment 1
indicate that PIGPEL-5 extender is capable of
maintaining the viability of swine semen cooled at 5°C
at levels similar to those observed with conventional
conditioning at 17°C. However, it would be important to
compare the performance of swine semen conditioned
with PIGPEL-5 stored in controlled temperature-
refrigerators with the performance achieved with
storage in domestic refrigerators.

Samples conditioned with either BTS at 17°C
or PIGPEL-5 at 5°C had a similar FR. Thus, the in vivo
response with PIGPEL-5 was in agreement with the in
vitro results of Experiment 1. The FR observed for both
extenders was consistent with those reported elsewhere
(Hughes and Varley, 1984). The FR obtained from
semen conditioned in BTS is consistent with the FR
reported for conditioning at temperatures between 15°C
and 18°C (Levis, 2000). The FR obtained with PIGPEL-
5 was better than those reported elsewhere for semen
conditioned at 5°C in which unsatisfactory results were
attributed to damage of the sperm membrane and
reduction of sperm motility (Dziuk and Henshaw, 1958;
First et al., 1963; De Leeuw et al., 1990; Hofmo and
Almlid, 1991). The overall mean FR of 85% indicates
that the use of pre-pubertal gilts and synchronization
treatments did not negatively influence the results and
would probably result in acceptable farrowing rates,
which is in agreement with Briissow et al. (1996) who
reported that estrous synchronization protocols for gilts
would result in FR at desirable levels.

The numerical advantage observed for BTS in
the number of recovered structures (2.0) and fertilized
oocytes (1.7) is likely a consequence of the numerically
higher number of CL obtained with that treatment (1.2).
However, none of those differences were statistically
significant indicating that the response was similar for
both extenders. The RR observed in this study is
consistent with the results obtained in other studies
whereas the number of structures and fertilized oocytes
were lower than the levels generally reported for gilts
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(Hughes and Varley, 1984), and the number of
structures can be considered lower than that obtained by
Bordignon et al. (1996). The relatively low number of
follicles that ovulated, as indicated by the low number
of CL obtained in this study, was certainly responsible
for the low number of total oocytes and fertilized
oocytes, which would certainly result in a reduced total
litter size. This could be related to the nutritional and
health status of the pre-pubertal gilts. The gilts used in
the experiment were from a commercial farm and
destined to slaughter; therefore, they were not selected
according to reproductive traits.

In conclusion, the results of this experiment
indicate that swine semen conditioned with PIGPEL-5
at 5°C was capable of producing a fertilization rate
similar to that obtained with conventional extender at
17°C in pre-pubertal synchronized gilts.

References

Almond GW, Britt J, Flowers B, Glossop C, Levis D,
Morrow M, See T. 1998. The swine Al book. 2™, ed.
Raleigh, NC: North Carolina State University. pp.176.
Althouse GC, Lu KG. 2005. Bacteriospermia in
extended porcine semen. Theriogenology, 63:573-584.
Althouse GC, Wilson ME, Kuster C, Parsley M.
1998. Characterization of lower temperatures storage
limitations of  fresh-extended porcine  semen.
Theriogenology, 50:535-543.

Bordignon V, Deschamps JC, Sechin A, Paludo G,
Vivan JC, Nicola E, Bozzato JS, Gonsales JA,
Pimentel CA. 1996. Efeito da trealose sobre a
motilidade, acrossoma e fertilidade do s€émen de suinos.
Rev Bras Reprod Anim, 20:54-62.

Bortolozzo FP, Wentz I. 1997. Inseminag¢do artificial
em suinos no Brasil. Rev Bras Reprod Anim, 21:13-15.
Brissow KP, Jochle W, Huhn U. 1996. Control of
ovulation with a GnRH analog in gilts and sows.
Theriogenology, 46:925-934.

Busch W, Loéhle K, Peter W. 1991. Prinzipien der
Spermauntersuchung. Stuttgart: Verlag Jena. 275pp.
Corcuera B, Hernandez-GIL R, Alba Romero C,
Garcia C, Lyczynski A, Martin Rillo S. 2000.
Monitoring of boar semen quality during 1991-1998 in
Spain. In: Proceedings of the IV International
Conference on Boar Semen Preservation, 1999,
Beltsville, MD. Lawrence, KS: Allen Press. pp.242.
(abstract).

Corréa MN, Meincke W, Lucia T, Deschamps JC.
2001. Inseminacdo artificial em suinos. Pelotas, RS:
Printpar. 181pp.

Corréa MN, Lucia TJr, Deschamps JC, Serret CG,
Bordignon J, Rambo G. 2004. Taxa de penetragdo
espermatica in vitro em ovdcitos suinos utilizando
espermatozdides acondicionados com o diluente
PIGPEL-5 a 5 °C. Rev Bras Reprod Anim, 28:161-169.
De Leeuw FE, Colenbrander B, Verkleij AJ. 1990.
The role membrane damage plays in cold shock and

Anim. Reprod., v.3, n.1, p.41-48, Jan./March 2006

freezing injury. Reprod Dom Anim Suppl, 1:95-104.
Deschamps JC, Corréa MN, Lucia TJr. 1998.
Impacto da inseminagdo artificial em suinos. Rev Bras
Reprod Anim, 22:75-79.

Deschamps JC, Lucia T, Corréa MN, Macedo M,
Rheingantz MGT. 2000. Otimizagdo da eficiéncia do
processo de producdo animal a partir do uso de
biotécnicas reprodutivas. Rev Bras Reprod Anim, 24:21-
29.

Dziuk PJ, Henshaw G. 1958. Fertility of boar semen
artificially inseminated following in vitro storage. J
Anim Sci, 17:554.

First NL, Stratman FW, Casida LE. 1963. Effect of
sperm age on embryo survival in swine. J Anim Sci,
22:135.

Fiser PS, Hansen C, Underhill L, Marcus GJ. 1991.
New thermal stress test to assess the viability of
cryopreserved boar semen. Cryobiology, 28:454-459.
Gadea J, Matéas C. 2000. Sperm factors related to in
vitro penetration of porcine oocytes. Theriogenology,
54:1343-1357.

Gerrits RJ, Lunney JK, Johnson LA, Pursel VG,
Kraeling RR, Rohrer GA, Dobrinsky JR. 2005.
Perspectives for artificial insemination and genomics to
improve global swine populations. Theriogenology,
63:283-299.

Glossop CE. 1996. Semen collection, evaluation and
handling. In: Swine Reproduction Symposium:
Proceedings of American College of Theriogenologists
Society for Theriogenology, American Association of
Swine Practitioners, 1996, Hastings, USA. Hastings:
AASP. pp.7-14.

Hancock JL. 1957. The morphology of boar
spermatozoa. J Microsc Soc, 76:84-97.

Hancock JL, Hovell GJR. 1959. The collection of boar
semen. Vet Rec, 71:664-665.

Hemsworth PH, Winfield CG, Hansen C. 1983. High
mating frequency for boars: predicting the effect on
sexual behaviour, fertility and fecundity. Anim Prod,
37:409-413.

Hofmo PO, Almlid T. 1991. Recent developments in
freezing of boar semen with special emphasis on
cryprotectants. In:  Proceedings II International
Conference on Boar Semen Preservation, 1990,
Beltsville, MD. Lawrence, KS: Allen Press. pp.111-122.
Hughes PE, Varley MA. 1984. Reproduccion del
cerdo. Zaragoza: Acribia. 253pp.

Huhn U, Jochle W, Brissow KP. 1996. Techniques
developed for the control of estrus ovulation and
parturition in the east german pig industry: a review.
Theriogenology, 46:911-924.

Jeyendran RS, Van Der Ven HH, Perez-Pelaez M,
Grabo BG, Zaneveld LJD. 1984. Development of an
assay to assess the functional integrity of the human
sperm membrane and its relationship to other semen
characteristics. J Reprod Fertil, 70:219-225.

Johnson LA, Aalbers JG, Grooten HJ. 1988.
Artificial insemination of swine: fecundity of boar

47



»

Corréa et al. Swine semen cooled at 5° C with PIGPEL-5 extender.

semen stored in Beltsville TS (BTS), Modified Modena
(MM), or MR-A and inseminated on one, three and four
days after collection. Zuchthygiene, 23:49-55.

Johnson LA, Weitze KF, Fiser P, Maxwell WMC.
2000. Storage of boar semen. Anim Reprod Sci, 62:143-
172.

Levis DG. 2000. Liquid boar semen production: current
extender technology and where do we go from here. In:
Proccedings IV International Conference on Boar
Semen Preservation, 1999, Beltsville, MD. Lawrence,
KS: Allen Press. pp.121-128.

National Research  Council.  1998.  Nutrient
requirements of swine. 10™. ed. rev. Washington,DC:
National Academy of Sciences. pp.113-123.
Pérez-Llano B, Garcia-Casado P. 2005. Influence of
incubation time on quality of boar semen preserved at
5°C. Theriogenology, 63:77. (abstract).

Pérez-Llano B, Lorenzo JL, Yenes P, Trejo A,
Garcia-Casado P. 2001. A short hypoosmotic swelling
test for the prediction of boar sperm fertility.
Theriogenology, 56:387-398.

Pursel VG, Johnson LA. 1975. Freezing of boar
spermatozoa: fertilizing capacity with concentrated
semen and a new thawing procedure. J Anim Sci, 40:99-
102.

Pursel VG, Johnson LA, Rampacek GB. 1972.
Acrosome morphology of boar spermatozoa incubated
before cold shock. J Anim Sci, 34:278-283.

Pursel VG, Schulman LL, Johnson LA. 1973. Effect
of holding time on storage of boar spermatozoa at 5°C. J
Anim Sci, 37:785-789.

SAS/STAT user's guide. 1991. Release 6.03. Cary, NC:
SAS Institute.

Vazquez JM, Martinez EA, Martinez P, Garcia-
Artiga C, Roca J. 1997. Hypoosmotic swelling of boar
spermatozoa compared to other methods for analyzing
the sperm membrane. Theriogenology, 47:913-922.
Waberski D, Weitze KF, Lietmann C, Lubbert Zur
Lage W, Bortolozzo F, Willmen T, Petzoldt R. 1994.
The initial fertilizing capacity of longterm-stored liquid
boar semen following pre- and post-ovulatory
insemination. Theriogenology, 41:1367-1377.

Watson PF, Green CE. 2000. Cooling and capacitation
of boar spermatozoa: What do they have in common?
In: Proccedings IV International Conference on Boar
Semen Preservation, 1999, Beltsville, MD. Lawrence,
KS: Allen Press. pp.35-41.

Weitze KF. 1990. The use of long-term extender in pig
Al a view of the international situation. Pig News Inf,
11:23-26.

48

Anim. Reprod., v.3, n.1, p.41-48, Jan./March 2006



