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Abstract

A field trial was conducted to compare the fertility predicting capacity of different sperm
assays applying classical semen analysis, sperm function and the homologous in vitro penetration

Ž .test hIVP to 60 ejaculates from four boars collected over a period of 15 weeks. No differences
Žwere found between the groups of fertility Low Fertility: -20%; Intermediate: 40–60% and

.High: )80% for sperm-rich fraction volume collection, sperm concentration, total sperm
number, cationic contents in seminal plasma and ATP concentration. Partial differences were

Ž .found in the parameters of motility, normal morphology, normal apical ridge NAR , viability
Ž . Ž .with eosin–nigrosin stain, hypo-osmotic swelling test HOS , osmotic resistance test ORT and

Ž .functional membrane integrity with carboxyfluorescein diacetate, DCF . These parameters would
be useful for detecting sperm with poor fertility, but they are not precise enough to discriminate an

Žejaculate with higher fertility than the herd median. Only the penetration percentage 10.24"1.45
. Žvs. 55.13"3.35 vs. 84.72"1.73 and sperm number per oocyte 1.29"0.07 vs. 11.29"1.79 vs.

.25.86"1.43 in a hIVP system were parameters with a predictive capacity to discriminate
between the three fertility groups. Consequently, hIVP was found to be the best seminal assay and
it may improve the in vitro assessment of sperm fertilizing ability. q 1998 Elsevier Science B.V.
All rights reserved.
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1. Introduction

The prediction of sperm fertilizing ability is of great economic importance to
breeding herds when artificial insemination is used. Classical methods of semen
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evaluation generally measure the sperm cell concentration, the progressive motility, the
percentage of viable cells and acrosome morphology. These assays are poor in predict-
ing sperm fertility because only the samples with markedly poor quality can be detected
Ž .Woelders, 1991 .

Assays that include an aspect of gamete interaction may lead to improved predictabil-
Ž . Ž .ity of male fertility Bavister, 1990 . The sperm penetration assay SPA with zona-free

Ž .hamster oocytes Berger and Parker, 1989; Hammitt et al., 1989; Berger et al., 1996 ,
Ž .the sperm-zona binding to intact pig oocytes Ivanova and Mollova, 1993 and the

Ž .homologous in vitro fertilization Xu et al., 1996 have been shown to be useful tools for
evaluating the fertilizing capacity of boar semen. The possibility of using zona-intact pig

Ž . Ž .oocytes at the germinal vesicle GV stage immature oocytes in a hIVP assay of boar
sperm fertility would facilitate the collection of female gametes, thus shortening the time

Žrequired for the assay by saving time spent completing in vitro maturation Martinez et
.al., 1993; Matas et al., 1996 .

The aim of this study was to address the question of whether differences between
fertility of ejaculates could be predicted with classical semen quality parameters,
analysis of sperm function and the hIVP test.

2. Materials and methods

Spermatozoa from 60 ejaculates were evaluated by classical in vitro semen quality
parameters, analysis of sperm function, seminal plasma cations and for homologous
oocyte penetrating ability. The fertilizing ability was evaluated in vivo in a field trial.

Ž .Four boars Pietrain were used in a 15-week series of semen collection, with a
Ž .standardized frequency every 7 days . Sperm-rich fractions were collected by an

experienced operator using the gloved hand technique. At the time of collection, the
ejaculate was filtered through gauze to remove gel and immediately placed at 378C in a
temperature-controlled water bath. Each ejaculate was later diluted to a final concentra-

7 Žtion of 3=10 spermatozoarml in a commercial diluent for refrigerated semen MR-Aq,
.Kubus, Spain and stored at 158C.

2.1. Classical eÕaluation methods

The volume of the sperm-rich fraction of the ejaculate was measured in a graduated
cylinder and sperm concentration measured with a hemacytometer. To evaluate the
motility and the movement quality, two subsamples were placed on warm glass slides
Ž . Ž .398C and examined under a light microscope 400= magnification . The percentage
of motile sperm cells was estimated subjectively to the nearest 5% and the forward

Ž . Ž .progressive motility FPM using an arbitrary scale of 0–5 Martinez et al., 1996 .
Wet mounts of semen fixed in buffered 2% glutaraldehyde solution were examined

Ž .under a phase-contrast microscope 1000= magnification to analyze morphology and
Ž .acrosomes Pursel et al., 1972 . The proportion of spermatozoa with a normal apical

Ž .ridge NAR was determined on two slides per sample and a total of 300
spermatozoarsample. Two hundred spermatozoa were categorized according to sperm
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morphology into those with normal morphology, cells with attached cytoplasmic droplets,
Ž .folded tail, coiled tail and others abnormal heads, etc.

Eosin–nigrosin viability staining of sperm was applied. A semen sample was diluted
Ž .1:1 with staining solution 5% eosin, 10% nigrosin in a citrate solution pHs7.4 and

smeared. Air-fixed stained spermatozoa were observed and 200 sperms were evaluated
per slide.

2.2. Functional eÕaluation

Sperm membrane integrity was assessed by incubation with carboxyfluorescein
Ž .diacetate Harrison and Vickers, 1990 on at least 200 cellsrsample using a microscope

equipped with epi-fluorescence.
Ž . Ž .The osmotic resistance test ORT was as described by Schilling and Vengust 1987 .

The percentage of ORT was calculated by the mean of the percentages of intact
Ž .acrosomes after the incubation in an iso-osmotic medium 300 mosMrkg, 15 min, 398C

Ž .and in an hypo-osmotic medium 150 mosMrkg, 120 min, 398C .
Ž .The hypo-osmotic swelling test HOS was performed as described by Jeyendran et

Ž . Ž .al. 1984 with the modifications of Vazquez et al. 1997 . An 0.1 ml aliquot of sperm
Ž .suspension was mixed with 0.9 ml hypo-osmotic solution 150 mosMrkg . The solution

was then incubated for 60 min at 378C. Two hundred spermatozoa per slide were
counted under a phase contrast microscope at =1000 magnification and the percentage
of cells with swellingrcoiling was determined. The proportion of coiledrswollen

Ž .spermatozoa from a control sample 300 mosMrkg was subtracted from calculations.

2.3. Cation analysis

Ž .Fresh semen was double centrifuged 1500=g, 10 min to obtain seminal plasma
that was stored at y208C until it was analyzed. Measurements of calcium, sodium,
potassium, zinc and magnesium were made with an atomic absorption spectrophotom-

Ž .eter Perkin Elmer 3100 .

2.4. ATP content

Fresh semen was assayed for ATP content using an enzymatic quantitative method
Ž . Ž .Sigma 366-UV , as described by Adams 1963 . The ATP concentrations were ex-
pressed in nmolr108 sperm cells.

( )2.5. Homologous in Õitro penetration test hIVP

Porcine oocytes were collected from fresh ovaries from prepubertal gilts weighing
approximately 95 kg, just after slaughter at a local abattoir and transported in less than

Ž .30 min to the laboratory in 0.9% wrv NaCl containing 100 mgrml kanamycin
Ž .sulphate at 308C. The oocyte–cumulus complexes COC were collected from 2 to 5 mm

diameter antral follicles by dissection of the ovarian surface with a single sterile blade in
ŽDulbecco’s phosphate-buffered saline supplemented with 4 mgrml BSA Fraction V,
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. ŽSigma , 0.34 mM pyruvate, 5.54 mM D-glucose, and 70 mgrml kanamycin modified

.DPBS at 378C. The COC were washed 3 times with modified DPBS before exposure to
boar spermatozoa.

Ž .The sperm samples diluted in MR-A diluent and kept 24 h at 168C were pretreated
by centrifugation at 50=g for 3 min and the subsequent concentration of the super-
natants at 1200=g for 3 min. Resulting pellets of spermatozoa were diluted to 2=108

Ž .cellrml in a preincubation medium consisting of Medium 199 with Earle’s salts Sigma
supplemented with 12% heat-inactivated fetal calf serum, 0.91 mM sodium pyruvate,
3.05 mM D-glucose, 2.92 mM calcium lactate, 50 IOUrml penicillin G and 30 mgrml

Ž .streptomycin sulphate modified M199 at pH 7.8. After that, sperm suspensions were
Ž .used without preincubation Martinez et al., 1996 . From now on, it will be named

‘posttreatment semen’.
Each group of 15 immature oocytes was coincubated with 107 spermrml for 16–18 h

Žin a 35-mm plastic dish containing 2 ml of fertilization medium modified M 199, pH
.7.4, supplemented with 2 mM caffeine at 398C under 5% CO in air. At the end of the2

co-incubation period, oocytes were stripped of cumulus cells and spermatozoa, mounted
Ž .in slides and fixed for a minimum of 24 h with ethanol: acetic acid 3:1 vrv . They were

later stained with 1% lacmoid and examined for evidence of sperm penetration under a
Ž .phase contrast microscope =400 magnification . Immature oocytes were considered to

be penetrated when spermatozoa with unswollen heads and their corresponding tails
were found in the vitellus. The distinction between unswollen spermatozoa that had
entered the oocyte cytoplasm and those remaining on the surface of vitelline membrane
was based on the fact that the former had more intensive staining after lacmoid
treatment than the latter and that the sperm tails inside the vitellus were straight and

Ž .slowly separated from the heads Matttioli et al., 1988; Martinez et al., 1996 .

2.6. Fertility trial

The fertility study was conducted on a commercial farm, using a total of 300
Ž . Ž .multiparous two to six pregnancies crossbred sows Landrace=Large White . Estrus

was checked daily in the presence of a mature teaser boar. Occurrence of estrus was
Ž .defined by the standing reflex in front of a boar back pressure-test and reddening and

Ž .swelling of the vulva. The sows were inseminated five per ejaculate with diluted
semen, containing 3=109 sperm in 100 ml MR-A extender, using disposable AI-

Table 1
Ž . Ž . Ž .Values mean"SEM of pregnancy diagnosis % , farrowing rate % and litter size obtained in the fertility

trial
a Ž . Ž .Fertility group Pregnancy diagnosis % Farrowing rate % Litter size

b bŽ . Ž . Ž . Ž .Low ns10 10"4.47 5r50 8"3.26 4r50 8.25"1.31 33r4
c cŽ . Ž . Ž . Ž .Intermediate ns19 56.84"3.51 54r95 52.63"2.27 50r95 9.10"0.28 455r50
d dŽ . Ž . Ž . Ž .High ns31 89.67"1.82 139r155 89.03"1.82 138r155 9.37"0.19 1293r138

a Low fertility: 0–20%; Intermediate: 40–60%; High: 80–100% farrowing rate.
b,c,d Ž .Numbers within columns with different superscripts differ P -0.001 .
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Table 2
Ž .Seminal parameters measured in sperm-rich fraction of ejaculates and seminal plasma mean"SEM

a Ž . Ž . Ž . Ž . Ž .Fertility group Volume Concentration Total cells Na mgrml K mgrml Ca mgrml Mg mgrml Zn mgrml ATP
3 3 9 8Ž . Ž . Ž . Ž .ml 10 sprmm 10 nmolr10 cells

Ž .Low ns10 113.9"2.2 428.0"47.4 48.1"5.3 2117.3"227.8 741.3"125.4 21.3"2.4 228.0"30.8 19.5"2.5 19.8"2.2
Ž .Intermediate ns19 118.1"1.8 574.7"43.5 53.8"3.6 2595.2"235.4 983.2"55.2 19.9"1 134.2"20.1 21.6"1.5 18.1"1.84

Ž .High ns31 121.4"1.3 527.7"30.6 59.1"2.4 2582.8"281.7 942.8"98.8 24.2"1.6 158.4"12.3 25.4"2.5 21.4"1.3

a Low fertility: 0–20%; Intermediate: 40–60%; High: 80–100% farrowing rate.
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catheters. Insemination took place on 0 hours after the diagnosis of oestrus and was
repeated 24 h later.

Ž .Pregnancy diagnosis was performed 23–25 days after artifical insemination AI by
Ž . Žultrasonography. When several anechoic dark areas which represent the embryonic

.vesicles were found on the image, it was considered a positive diagnosis of pregnancy.
In the absence of dark areas, the sows were classified as nonpregnant, and it was
confirmed by the return to oestrus or nonfarrowing at the predicted time. Fertility was
measured for every ejaculate as the percentage of sows farrowing to artificial insemina-
tion. For each sow that farrowed, the number of dead and live piglets was counted and
the sum was defined as the total number of piglets born.

2.7. Experimental design

To evaluate the capacity for fertility prediction of the different sperm assays, the
ejaculates were grouped in three categories, according to the results of the fertility trials.

Ž .Low fertility ejaculates 0–20% were those when 0 or one sow farrowed out of every
Ž .five inseminated sows; intermediate fertility ejaculates 40–60% , were when two to

Ž .three sows farrowed; and high fertility group 80–100% , were when four to five sows
farrowed. Seminal parameters were evaluated and differences between fertility groups
were investigated in blind fashion.

2.8. Statistical Analysis

The results are expressed as mean"SEM and were analyzed by one-way ANOVA,
using the Multivariate General Linear Models of Systat, considering the main effect as
the fertility group. When ANOVA revealed a significant effect, values were compared
by Tukey’s test.

Linear regression was used to further investigate relationships between litter size and
Ž .measured semen parameters Pearson correlation and multiple regression , while logistic

regression was used to relate the dichotomous farrowing rate data to the sperm
Ž .parameters, as previously described by Holt et al. 1997 .

Table 3
Ž .Semen motility evaluation mean"SEM

aFertility group Fresh semen Diluted semen Posttreatment semen

Motility FPM Motility FPM Motility FPM
b b b b b bŽ .Low ns10 63.7"3.1 2.8"0.2 58.3"1.7 2.4"0.1 58.1"1.9 2.2"0.1
c c c c c cŽ .Intermediate ns19 74.5"1.7 3.4"0.1 68.8"2.8 3.1"0.1 66.2"3.2 2.9"0.2
c c c c c cŽ .High ns31 76.6"1.0 3.7"0.1 73.3"0.9 3.2"0.1 74.2"1.0 3.4"0.1

a Low fertility: 0–20%; Intermediate: 40–60%; High: 80–100% farrowing rate.
b,c Ž .Numbers within columns with different superscripts differ P -0.001 .

Ž .FPM: forward progressive motility 0–5 .
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Table 4
Ž .Morphologic and membrane integrity sperm parameters mean"SEM

a Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž .Fertility group Morphoanomalies % Cytoplasmic droplets % Folded tail % Eosine–nigrosine stain % DCF % HOS % ORT % NAR %
b b b b b b bŽ .Low ns10 43.0"6.8 26.8"5.6 15.2"2.1 80.8"2.0 61.1"2.9 34.8"3.1 67.1"2.6 85.1"1.1
c b,c c b,c c c b,cIntermediate 22.7"4.0 14.2"3.4 7.2"1.5 83.4"1.6 66.0"1.7 49.7"2.6 75.4"2.4 87.0"1.7

Ž .ns19
c c c c c c cŽ .High ns31 11.1"1.9 6.1"1.2 4.0"1.0 86.1"1.2 71.1"1.2 51.6"1.6 78.0"1.3 91.1"0.7

a Low fertility: 0–20%; Intermediate: 40–60%; High: 80–100% farrowing rate.
b,c Ž .Numbers within columns with different superscripts differ P -0.001 .
DCF: Sperm membrane integrity assessed with carboxyfluorescein diacetate. HOS: hypo-osmotic swelling test. ORT: osmotic resistance test. NAR: normal apical
ridge.
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3. Results

Ejaculates were classified in three groups according to the fertility obtained in the
Ž .field trial Table 1 . The relation between pregnancy diagnosis and farrowing rate was

Ž .high rs0.982 . However, the litter size was highest in the groups with better fertility,
but the differences were not statistically significant.

The values of the parameters in the fresh semen among fertility groups are shown in
Table 2. No significant differences were observed among the fertility groups in semen
volume, sperm concentration, total sperm number in the ejaculate, cations in seminal
plasma or ATP content.

The sperm motility evaluation showed highest values corresponding to the group with
highest fertility, with no significant differences in motility and forward progressive
motility in fresh, diluted and posttreatment semen; the exception was the total motility
differences in posttreatment semen measured between the intermediate and highest

Ž .fertility groups Table 3 . The motility and forward progressive motility decreased in
each group from the fresh to the stored and to the posttreatment semen, except in the
highest fertility group where these parameters were less variable.

There were significant differences between values obtained with the group of low
fertility vs. intermediate and high fertility groups in relation to the sperm morphologic
analysis, but the only difference between the two latter groups was in fewer cytoplasmic

Ž .droplets associated with the high fertility group Table 4 . The morphologic differences
were mainly based in the presence of cytoplasmic droplets and folded tail, because the

Ž .presence of a coiled tail and others anomalies abnormal heads, etc. represented a low
percentage of the total anomalies.

The study of sperm membranes identified differences between the highest and the
Ž .low fertility groups Table 4 . However, the intermediate group of fertility was not

clearly discriminated. No group differences were obtained with the eosin–nigrosin stain.

Ž .Fig. 1. Percentages of oocytes penetrated penetration rate and mean numbers of sperm per penetrated oocyte
in a hIVP system. Numbers in parentheses represent the numbers of oocytes examined. There were at least 30

a,b,c Ž .oocytes examined per ejaculate. Columns with different superscripts differ P -0.001 . Low fertility:
0–20%; Intermediate: 40–60%; High: 80–100% farrowing rate.
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Table 5
Linear regression of seminal measurements with average litter sizea

Ž . Ž .Variables Correlation coefficient r Significance P

Volume 0.09 0.12
Concentration 0.10 0.10
Total cells 0.21 -0.01
Na 0.07 0.51
K 0.06 0.58
Ca 0.18 0.08
Mg y0.16 0.12
Zn 0.10 0.35
ATP 0.15 0.03
Fresh semen motility 0.34 -0.01
Fresh semen FPM 0.33 -0.01
Diluted semen motility 0.41 -0.01
Diluted semen FPM 0.39 -0.01
Posttreatment semen motility 0.51 -0.01
Posttreatment semen FPM 0.53 -0.01
Morphoanomalies y0.46 -0.01
Cytoplasmic droplets y0.40 -0.01
Folded tail y0.43 -0.01
Eosine–nigrosine stain 0.17 0.01
DCF 0.34 -0.01
HOS 0.35 -0.01
ORT 0.30 -0.01
NAR 0.33 -0.01

Ž .Penetration rate hIVP 0.54 -0.01
Ž .Mean numbers of sperm per oocyte hIVP 0.39 -0.01

a Litter sizes used included failed conceptions as zero values.

In the homologous in vitro penetration test proportions of oocytes penetrated and
Žmean number of sperm per oocyte penetrated increased with increasing fertility 10.24

. Ž"1.45 vs. 55.13"3.35 vs. 84.72"1.73 and 1.29"0.07 vs. 11.29"1.79 vs. 25.86
. Ž ."1.43 P-0.01; Fig. 1 .

ŽThe Pearson correlation between seminal measurements and average litter size Table
.5 showed no significant relationship with the volume of collection, sperm concentration

Table 6
Multiple linear regression of seminal measurements with average litter sizea

Variable Coefficient Std. error t P

Constant y0.164 2.541 y0.064 0.949
Diluted semen motility y0.003 0.057 y0.046 0.963
Diluted semen FMP 0.067 0.094 0.715 0.476

Ž .Penetration rate hIVP 0.063 0.012 5.387 -0.001

a Litter sizes used included failed conceptions as zero values.
2 Ž .Ns229, R s29.9%, F 3,225 s32.006; P -0.001.
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Table 7
Ž .Multiple logistic regression of seminal measurements with fertility results farrowing rate

Variable Coefficient Std. error t P
2Model 1. McFadden’s R :27.1%; log likelihood: y85.360

Constant y14.263 4.504 y3.167 0.002
Ž .Penetration rate hIVP 0.021 0.010 2.042 0.041

Diluted semen motility 0.323 0.108 2.982 0.003
Diluted semen FMP y0.297 0.118 y2.523 0.012

2Model 2. McFadden’s R :30.78%; log likelihood: y81.083
Constant y15.921 5.625 y2.830 0.004

Ž .Penetration rate hIVP 0.031 0.011 2.752 0.005
Diluted semen motility 0.284 0.114 2.492 0.012
Diluted semen FMP y0.310 0.123 y2.520 0.011
Eosine–Nigrosine stain y0.071 0.037 y1.923 0.054
NAR 0.128 0.060 2.140 0.032
ATP y0.066 0.036 y1.845 0.065

Significance of statistical models P -0.001.

Ž .and cations in seminal plasma P)0.05 . The total sperm number in the ejaculate, ATP
content, membrane integrity, motility and forward progressive motility in fresh, diluted

Žand posttreatment semen were each correlated significantly with litter size r ranged
.0.152 for ATP content to 0.531 for FPM in posttreatment semen , while the sperm

Ž .morphoanomalies were inversely correlated rsy0.458 . The highest correlation
Ž .coefficient was for the penetration rate of oocytes rs0.545; P-0.001 , while the

Žmean number of sperm per oocyte also was correlated with litter size rs0.388;
.P-0.001 .

The multiple regression model derived by forward stepwise regression for seminal
Ž .parameters with average litter size Table 6 included penetration rate, motility and

Ž .forward progressive motility. This model explained 29.9% of the variation P-0.001 .
By logistic regression, the models used to evaluate the relationship between the seminal

Ž .parameters and the farrowing rate Table 7 included the penetration rate, motility and
Ž .forward progressive motility and explained 27.1% of the variation P-0.001 , while a

Ž .second model that contained six variables explained 30.7% of the variation P-0.001 .

4. Discussion

Fertilizing ability is commonly measured as the percentage of sows or gilts conceiv-
ing or farrowing to artificial insemination; both measures are indicative of the efficiency
with which eggs are fertilized with spermatozoa capable of sustaining embryonic

Ž .development Watson, 1996 . The most valid assessment of boar fertility is to obtain
viable pregnancies and normal offspring following in vivo insemination. However, field

Ž .trials of semen fertility are also imprecise Clark et al., 1989 and a better way for
routine assay of sperm fertility is needed. Consequently, one of the main goals in
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spermatology is research for new methods of sperm assays to detect sperm characteristic
Ž .alterations that evidence infertility or reduced fertility Hammerstedt, 1996 .

Sperm production as reflected in sperm concentration, semen volume and number of
sperm in the ejaculate is an important parameter in pathological studies where altered
testicular function has a clear negative relation with fertility. However, with more subtle
differences in fertility, the relationship of volume, concentration and number of sperm in

Ž .the sperm-rich fraction with fertility and litter size is poor Tables 2 and 5 . A large
Ž .number of factors have an influence on sperm production breed, age, housing, etc. , but

there is not a clear relationship between these seminal parameters and fertility in boars
Ž .used in AI Martinez et al., 1986; Hammitt et al., 1989 .

The ATP concentration has been suggested as a reasonable test of sperm health
Ž .Brackett and Williams, 1967 . The results we obtained for ATP content were similar to

Ž .those obtained by Aalbers et al. 1985 with a bioluminescence assay and no significant
Ž .correlation was with fertility Table 2 .

The relationship between fertility and motility is controversial possibly due to
different experimental conditions. In present study, mean motility was a good parameter
in the seminal analysis and could be used to eliminate ejaculates with low quality and
fertility. It was not sufficiently precise to discriminate the best and the average
ejaculates. Differences in motility patterns in the posttreatment semen could have been
caused by the centrifugation protocol that selected spermatozoa without detritus and
dead sperm. Also, motility changes may be caused by acrosome alterations. True
acrosome reactions would be anticipated to occur later in the culture conditions
Ž .Martinez et al., 1996 . Several authors have described how high numbers of altered
acrosomes are related to fertilizing problems. However, the correlation rates observed

Žbetween NAR and fertility were not high Pursel et al., 1984; Galli and Bosisio, 1988;
.Hammitt et al., 1989 .

The study of the functional sperm membrane or plasmalemma is of particular
importance since a biochemically active membrane is required in the process of
capacitation, the acrosome reaction and the binding of the spermatozoa to the oocyte

Ž . Ž .surface Correa and Zavos, 1994 . The functional membrane tests DCF, ORT, HOS
can determine if an intact membrane is biochemically active. Although it has been
revealed that structural and functional integrity of sperm are closely related, the
percentages of swollen, fluorescent or ORT indexes were lower in the unstained

Ž .spermatozoa, as described previously by Vazquez et al. 1997 .
ŽMany morphoanomalies have been related to cases of infertility Bonet and Briz,

.1991 . In a standard semen analysis, this provides information about the status of
Žspermatogenesis and can facilitate selection of boars for AI programs Waberski et al.,

.1990 .
In vitro fertilization tests are more suitable for assessing overall sperm fertilizing

function. The penetration of zona-free hamster ova has shown a reasonable correlation
Žwith fertility in pigs Berger and Parker, 1989; Hammitt et al., 1989; Berger et al.,

.1996 . The binding and penetration of the zona pellucida is one of the most important
barriers the sperm must overcome in the fertilization process. Therefore, the in vitro
system that employs homologous oocytes can provide better information of sperm
fertilizing capacity than heterologous systems. The use of homologous immature oocytes
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at the germinal vesicle stage facilitated the collection of female gametes, thus shortening
Žthe time required for the assay by avoiding in vitro oocyte maturation Martinez et al.,

.1993; Matas et al., 1996 .
Results obtained in the homologous in vitro penetration test showed both penetration

Ž . Žrates 10.24 vs. 55.13 vs. 84.72% and mean numbers of sperm per oocyte 1.29 vs.
.11.29 vs. 25.85 to be different for the three fertility groups. Penetration rate was

retained in the best logistic regression models relating to fertility and was significantly
correlated with litter size. Our results are in concordance with the bovine in vitro

Ž . Ž .fertilization assays Marquant-le Guienne et al., 1990 , with a high correlation rs0.83
Ž .between penetration rates and nonreturn rates. In the same way, Graule et al. 1995

Ž .found differences in the penetration rates 75.9 vs. 20.4% for two groups of bulls
Ž .classified by nonreturn rate 73.06 vs. 42.48% .

In other porcine IVF studies, boar differences have been reported in penetration rates
Ž .Martinez et al., 1993; Sirard et al., 1993; Xu et al., 1996 . However, until now, the
relation between fertility and in vitro penetration had only been demonstrated in
heterologous assays with zona free hamster oocytes and heterospermic field trials
Ž .Berger and Parker, 1989; Hammitt et al., 1989; Berger et al., 1996 .

In the present study, a strong correlation was found between the mean number of
Ž .sperm per oocyte and penetration rate rs0.715 ; values similar to the ones obtained by

Ž . Ž .Hammitt et al. 1989 in the sperm penetration assay rs0.72 . The numbers of sperm
Žcells per oocyte mainly depends on sperm concentration during coincubation Coy et al.,

.1993; Martinez et al., 1993; Xu et al., 1996 . In our experimental conditions, the sperm
Ž 7 . Žconcentration 10 cellsrml and the kind of gametes immature oocytes at the germinal
.vesicle stage provided a good information on sperm fertilizing ability with both

parameters. However, it will be necessary to develop a higher scale field trial to analyze
other sources of variation.
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