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ABSTRACT 

The present study was designed 1) to examine the influence of cumulus cells, ovary storage 
time and oocyte size on the penetrability of immature pig oocytes, and 2) to investigate the 
effect of 2 methods of treating the semen from different boars on the inter-assay variability of 
homologous in vitro penetration tests of boar sperm fertility. In Experiment 1, cumulus oocyte 
complexes, oocytes with spontaneous loss of the cumulus cells during collection, and oocytes 
mechanically stripped of cumulus cells were used. No differences were observed in oocyte 
penetrability among the 3 types of oocyte, although mechanical removal of the cumulus caused 
an increase (P<O.O05) in the degeneration rate compared with the other oocyte types. In 
Experiment 2, the oocytes were recovered from ovaries kept in PBS (3O’C) for 2, 4 or 6 h 
after slaughter of prep&era1 gilts. Ovary storage did not modify the penetrability of oocytes 
but increased (P< 0.02) their degeneration rates. In Experiment 3, the diameters of fresh 
oocytes were determined after co-incubation with spermatozoa. They were classified into 4 
groups according to diameter: A) < 105 pm, B) 105-115 pm. C) 116-120 pm and D) > 120 
pm. Oocytes from Groups C and D exhibited higher (P< 0.05) penetrability than oocytes from 
the other groups. In Experiment 4, stored, diluted spermatozoa from 4 boars were pretreated 
by centrifugation at 50 x g for 3 min and subsequent concentration of the supematants at 1,200 
x g for 3 min. The pellets were treated (washed twice and preincubated for 40 minutes) before 
co-incubation with immature oocytes or used directly as untreated samples (unwashed and non- 
preincubated). A boar effect (P < 0.001) was evident for the parameters of in vitro penetration, 
independently of sperm treatment. When the oocytes were inseminated with untreated 
spermatozoa, the effects of the replicate and the boar-by-replicate interaction on the variability 
in oocyte penetrability were not significant. The results of this study indicate that the use of 
standardized immature pig oocytes and stored untreated, diluted spermatozoa can provide a 
useful method for optimizing the homologous in vitro penetration (hIVP) assay of boar fertility. 
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INTRODUCTION 

Prediction of the fertilizing ability of boar spermatozoa is important in breeding herds, 
particularly when artificial insemination is used. Several investigators have suggested that in 
vitro fertilization of zona-intact homologous oocytes (hIVF) might lead to better prediction of 
male fertility than routine laboratory evaluation of semen (12,20,26). Differences between the 
semen of individual bulls (1,21,34,35) and boars (24,33,38,40,43) in penetration rates of hIVF 
have been demonstrated, and high correlations (r = 0.83) between bovine oocyte penetration by 
bull spermatozoa with in vivo fertility have been observed (21). For this purpose, the actual 
procedure of hIVF in pigs needs to be simplified and standardized. It has been reported that 
zona-intact pig oocytes at the germinal vesicle (GV) stage (immature oocytes) show similar 
degrees of penetrability to those seen in in vitro matured (26) or ovulated oocytes (24). The 
possibility of using immature oocytes in a hIVP assay of boar sperm fertility would facilitate 
the collection of female gametes, thus shortening the time required for in vitro maturation (26). 
However, like hIVF, this procedure is subject to variability caused both by differences in the 
penetrability of oocytes and by variations between replicates using ejaculates from the same 
boars. 

The objectives of our study were 1) to examine the influence of cumulus cells, ovary 
storage time from their collection until the recovery of oocytes, and oocyte size on the 
penetrability of immature pig oocytes, and 2) to investigate the effects of 2 treatments on semen 
from different boars on the inter-assay variability in the penetrability of immature oocytes to 
standardize the hIVP assay of boar fertility. 

MATERIALS AND METHODS 

Collection of Immature Oocytes 

Ovaries were obtained just after slaughter from prepuberal gilts weighing approximately 
95 kg and transported in less than 30 min to the laboratory in 0.9% (w/v) NaCl containing 100 
pg/ml kanamycin sulphate at 30°C. The immature oocytes were collected from medium-size 
antral follicles (2 to 5 mm in diameter) by dissection of the ovarian surface with a single sterile 
blade into Dulbecco’s phophate-buffered saline supplemented with 4 mg/ml BSA (Fraction V, 
Sigma Chemical Co., St. Louis MO, USA), 0.34 mM sodium pyruvate, 5.54 mM D-glucose, 
and 70 pg/ml Kanamycin (modified DPBS) at 37OC. Immature oocytes were washed 3 times 
with modified DPBS before insemination with spermatozoa. 

Sperm Preparation 

The sperm-rich fractions were collected from mature Landrace boars, using the gloved- 
hand method. Immediately after collection, semen samples were diluted to 3 x lo7 cells/ml in 
MR-A diluent (21) and kept for 24 h at 16°C (stored, diluted sperm). Sperm suspensions were 
pretreated by centrifngation at 50 x g for 3 min and subsequent concentration of the 
supematants at 1,200 x g for 3 min. The pellets were washed twice at 1,200 x g for 3 min in 
0.9% saline solution enriched with 1 mg/ml BSA (Fraction V, Sigma) at pH 7.2. The 
spermatozoa were diluted to 2 x 108 cells/ml in preincubation medium consisting of Medium 
199 with Earle’s salts (Sigma) supplemented with 12% heated fetal calf serum (Sigma), 0.91 
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mM sodium pyruvate, 3.05 mM D-glucose, 2.92 mhJ calcium lactate, 50 IUlml penicillin G, 
and 30 pglml streptomycin sulphate (modified M 199) at pH 7.8. Sperm suspensions were then 
preincubated for 40 min at 39°C in tightly capped test tubes. 

In Vitro Penetration and Oocyte Examination 

Each group of 15 immature oocytes was coincubated with spermatozoa for 16 to 18 h in 
a 35mm plastic dish containing 2 ml of fertilization medium (modified M 199, pH 7.4, 
supplemented with 2 mM caffeine) at 39OC under 5% CO2 in air. A final concentration of 10 
x lo6 spermatozoa/ml was used. At the end of the coincubation period, oocytes were stripped 
of cumulus cells and spermatozoa by pipetting, mounted on slides and fixed for a minimum of 
24 h with ethanol:acetic acid (3:l v/v). The fixed oocytes were stained with 1% lacmoid (5) 
and examined for evidence of sperm penetration under a phase contrast microscope (x 400 
magnification). Oocytes were considered to be penetrated when spermatozoa with swollen or 
unswollen heads were found in the vitellus. Oocytes with a broken oolemma or abnormal 
looking cytoplasm were classified as degenerated. 

Experimental Design 

Exueriment 1. To evaluate the influence of the cumulus cells on oocyte penetrabilty, intact 
cumulus-oocyte complexes (COC) and oocytes with spontaneous loss (partial or full) of the 
cumulus cells during collection (SDO) were obtained as described above. About one-half of the 
COC were mechanically stripped of cumulus cells (MDO) by vigorous and repeated pipetting. 
Subsequently, COC, SD0 and MD0 were inseminated with preincubated spermatozoa. The 
time elapsing between the arrival of the ovaries at the laboratory and initiation of coincubation 
period was 1 to 1.5 hours. 

Exueriment 2. This experiment examined the effects of ovary storage time from their 
collection until recovery of oocytes on oocyte penetrability. The ovaries were collected at a 
local slaughterhouse and transported to the laboratory as described above. The ovaries were 
washed 3 times with modified DPBS at 30°C and stored in a vacuum flask for 2, 4 or 6 h. The 
oocytes (COC and SDO) were recovered from each treatment groups under the same conditions 
as described above and inseminated with preincubated spermatozoa. 

ExDeriment 3. The objective was to determine if oocyte size affects their penetrability in 
vitro. After coincubation with preincubated spermatozoa, oocytes (COC and SDO) were washed 
in modified DPBS, and excess spermatozoa and cumulus cells were easily removed by 
pipetting. Each oocyte was placed in a microdroplet of mDPBS on a slide (10 oocytes/slide), 
and the diameter (excluding the zona pellucida) was determined using an ocular micrometer 
under phase-contrast microscopy (x 400 magnification). The oocytes were then fixed and stained 
for evidence of sperm penetration. They were classified into 4 groups according to diameter: 
A) very small, < 105 pm, B) small, 105-115 pm, C) medium, 116-120 pm and D) large, 
> 120 pm. 

Exneriment 4. To investigate the influence of the spermatozoa treatment on the inter-assay 
variability in the in vitro penetration of immature oocytes, 4 mature Landrace boars with 
satisfactory semen characteristics were selected as semen donors. Stored, diluted sperm were 
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pretreated as described above. Then, the pellets were treated (washed twice and preincubated 
for 40 mm) before coincubation with oocytes or used directly as untreated samples (unwashed 
and non-preincubated) . 

Statistical Analysis 

Experiments 1, 2, 3 and 4 were conducted in 6, 4, 3 and 16 (4 times for each of the 4 
boars) replicates, respectively. All the replicates in the same experiment (Experiments 1, 2 and 
3) were carried out with semen from the same boar, although boars differed between 
experiments. The results are expressed as mean f SEM. Oocyte degeneration and penetration 
rates (the data were modelled according to the binomial model of parameters, as described by 
13) and the number of spermatozoa per oocyte were analyzad by one-way (Experiments 1, 2 
and 3) or two-way (Experiment 4) ANOVA, using the Multivariate General Linear Models of 
Systat (41). When ANOVA revealed a significant effect, values were compared by Tukey-test. 

RESULTS 

Experiment 1 

The effects of the presence or absence of cumulus cells on the in vitro penetration of 
oocytes are shown in Table 1. No differences were observed between COC, SD0 and MD0 
either in regard to the penetration rate or the mean number of spermatozoa per oocyte. 
However, mechanic removal of the cumulus cells caused a significant (PC 0.005) increase in 
the degeneration rate compared with that of the other oocyte types. 

Table 1. Effects of the cumulus cells on the in vitro penetration of immature pig oocytes 

Type of oocyte 
Number of 

oocytes 
examined 

Percentage of 
degenerated 

oocytes 

Percentage of Number of 
oocytes spermatozoa in 

penetrated penetrated 
oocytes 

cot 349 21.5f1.4a 83.9f2.6 8.2kO.4 

SD0 315 24.8*1.6a 92.Ok3.1 8.5kO.7 

MD0 395 42.3f1.9b 89.Ok3.2 8.1f0.5 

COC: cumulus-oocyte complex. SDO: spontaneously denuded oocytes. MDO: mechanically 
denuded oocytes. 
Values are mean f standard error of the mean from 6 replicates. 
Values within columns with different superscripts differ (PC 0.005). 

Experiment 2 

The penetrability of immature oocytes recovered from ovaries stored at 3O“C for 
different periods is shown in Table 2. The penetration rates of oocytes and mean numbers of 
spermatozoa penetrated per oocyte from ovaries stored for 2, 4 and 6 h were nearly identical. 
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The proportion of oocytes obtained from stored ovaries that degenerated during subsequent 
handling significantly increased with the length of storage. 

Experiment 3 

To determine oocyte penetrability in relation to oocyte size, a total of 1,029 oocytes was 
used, of which 11.9, 27.4, 36.0 and 24.7% were classified into Groups A, B, C and D, 
respectively. Degeneration rates did not differ among oocyte groups, and ranged between 28.35 
and 31.54%. The mean f SEM diameter of oocytes was 95.0f0.3, 109.3kO.1, 119.11kO.l 
and 130.9*0.1 ,um for Groups A, B, C and D, respectively. The differences in the oocyte 
diameters between the 4 groups were significant (P<O.OOl). Oocytes from Groups C and D 
exhibited a significantly (P< 0.05) higher penetration rate and number of spermatozoa 
penetrated per oocyte than oocytes from Groups A and B (Table 3). 

Table 2. Penetrability of immature pig oocytes isolated from ovaries stored at 30°C for 3 
different periods 

Storage 
period 

(hours) 

Number of 
oocytes 

examined 

Percentage of 
degenerated 

oocytes 

Percentage of Number of 
oocytes spermatozoa in 

penetrated penetrated 
oocytes 

2 939 18.2f1.2a 96.1k1.4 13.7kO.4 

4 990 41.4*3.1h 96.9kl.l 13.6kO.5 

6 909 47.1 f2.9C 97.3f0.8 14.1+0.6 
The ovaries of prepuberal gilts were collected at a local slaughterhouse, transported to the 
laboratory within 30 minutes and stored in a thermos. 
Values are mean + standard error of the mean from 4 replicates. 
Values within columns with different superscripts are significantly different, (P< 0.02 at 
least). 

Table 3. Effects of oocyte size on the in vitro penetration of immature pig oocytes 

Group/Diameter 
of 

oocytes 

(urn) 

Number of 
oocytes 

examined 

Percentage of 
degenerated 

oocytes 

Percentage of Number of 
oocytes spermatozoa in 

penetrated penetrated 
oocytes 

A <lo5 122 29.5k1.3 75.6+3.1a 4.8+0.7a 

B 105-115 282 30.5kl.l 76.7+2.9a 15.4*1.1h 

C 116-120 371 31.5kl.l 91.3+1.8b 19.2&1.0’ 

D >120 254 28.3kl.O 95.6+_1.0b 21.9f1.2C 

Values are mean f standard error of the mean from 3 repltcates. 
Values within columns with different superscripts are significantly different, (PcO.05 at 
least). 
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Experiment 4 

Although semen quality was similar among boars, a boar effect (P<O.oOl) was 
evident for in vitro penetration of oocytes, independent of treatment of spermatozoa. The 
penetration rates and mean number of spermatozoa per oocyte among replicates varied 
according to the spermatozoa treatment (Figure 1). When oocytes were inseminated with 
untreated spermatozoa, the effects of the replicate and the boar-by-replicate interaction on the 
variability in the penetration of oocytes were not significant. However, when oocytes were 
inseminated with treated spermatozoa, significant variability in both the penetration rate 
(P<O.O5) and the mean number of spermatozoa per oocyte (PCO.001) among replicates was 
observed. The effect of the boar-by-replicate interaction on oocyte penetrability was also 
significant (P< 0.001). The overall variation of the penetration rates/mean number of 
spermatozoa per oocyte expressed by its extreme values among replicates was 7.811.0, 
14.4/0.9, 9.1/0.7 and 7.9%/0.7 when oocytes were co-incubated with untreated spermatozoa 
and 17.219.0, 22.411.2, 26.213.6 and 28.4%/0.7 when oocytes were co-incubated with treated 
spermatozoa for Boars A, B, C and D, respectively. 

DISCUSSION 

Extensive research has demonstrated that the presence of cumulus cells during maturation 
is fundamental for the oocyte to undergo normal nuclear and cytoplasmic maturation and to 
maintain its penetrability in all domestic species studied (reviewed in 8,31), including the pig 
(16,25,27). In adittion, the presence of cumulus cells around in vivo or in vitro matured oocytes 
during co-incubation was reported to be beneficial for fertilization of mouse (14,18,30), hamster 
(3). bovine (2,6,15,39) and porcine (7,19) oocytes. However, little information is available 
about the penetrability of immature oocyes with or without follicle cells. In contrast to findings 
for mature pig oocytes, the results of the current investigation provide evidence that the 
cumulus cells have no effect on sperm penetration of immature pig oocytes. There are clear 
differences between mature and immature oocytes with respect to the morphological and 
physiological characteristics of the cumulus cells. While an important aspect of oocyte 
maturation is the full expansion and mucification of the cumulus cells surrounding the oocyte 
(lO,ll), the oocytes at the GV stage are surrounded by tightly packed cumulus cells. As has 
been suggested (44), it is probable that some components of the mature cumulus positively 
affect penetration. Such components cannot be present in immature cumulus cells. The ability 
of spermatozoa to penetrate immature oocytes surrounded by cumulus cells may depend on the 
source of the spermatozoa being used. Wang et al. (41) reported that cumulus-free porcine 
oocyes at the GV stage and those undergoing maturation are equally penetrable by 
cryopreserved spermatozoa in vitro, but no penetration was observed when cumulus-intact 
porcine oocytes at the GV stage were used. As suggested, it may be difficult for frozen-thawed 
spermatozoa to traverse the intercellular matrix of the compacted cumulus mass of immature 
porcine oocytes. On the other hand, in our study, when oocytes were denuded by pipetting, the 
rates of degeneration of oocytes were higher than the rates for COC or SDO. Since enzymatic 
removal of the cumulus cells has not yet been found to be satisfactory (28), mature oocytes are 
generally denuded gently, after a culture period by means of repeated passage through a fine 
pipette. However, freshly obtained immature pig oocytes are surrounded by tightly adhering 
packed cumulus, and it was only after great effort that we could remove this mass of cells, 
which may have a detrimental effect on oocyte viability. 
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Figure 1. Variability in the parameters of in vitro penetration of ejaculates among replicates 
from 4 boars, using untreated (A) or treated (B) spermatozoa. Sperm concentration 

at co-incubation was 10 x lo6 cells/ml. (Boar A: l - + ; Boar B: A-A ; Boar C: 
0-O; Boar D: n -¤). Data were obtained from 4 replicates by each boar. The 
number of oocytes examined by boar and replicate ranged from 161 to 189. Each 
point represents the mean f standard error of the mean. Where no error bars are 
shown, they are shorter than the width of the symbol. See text for statistical detail. 
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For the in vitro production of embryos derived from oocytes collected from the ovaries 
of slaughterhouse animals, it is important to return the ovaries to the laboratory in a reasonably 
short period of time following slaughter (28). However, the effects of the ovary storage period 
on oocyte penetrability have not been determined. In Experiment 2, it was shown that oocytes 
from ovaries stored at 30°C for 2 to 6 h were penetrated at similar rates. In contrast, increased 
storage times led to higher degeneration rates. Therefore, from a practical standpoint, immature 
pig oocytes from ovaries stored at 30°C for up to 6 h can be used in an hIVP test for the assay 
of boar sperm fertility. However, when oocytes from ovaries stored more than 2 h are used, 
we recommend increasing the number of oocytes collected because of the increased rate of 
degeneration. 

The quantity of oocytes which can be collected per hour is very important for efficient use 
of the hIVP assay. The collection of oocytes by follicle dissection or by aspiration methods is 
very labor intensive compared with puncturing or dissection of the ovarian surface. Besides, 
it has been demonstrated that bovine and caprine oocytes obtained by the dissection the ovarian 
surface may be matured, fertilized and cultured in vitro to produce blastocysts (4,37). The 
results of Experiment 3, using dissection of the ovarian surface, showed wide heterogeneity in 
oocyte size, which ranged from 90 to 134 pm in diameter and demonstrated a clear relationship 
between oocyte size and its penetrability. The penetration rates and mean numbers of 
spermatozoa per oocyte for oocytes with a diameter from 90 to 115 pm were significantly lower 
compared with those of oocytes with a diameter measuring 116 to 134 pm. Since the growth 
phase in pig oocytes is not completed until the antral follicle has reached a diameter of about 
2.2 mm (32) and oocyte size from these follicles reaches up to 115 pm (29,32), our results 
suggest that the dissection of the ovarian surface was relatively indiscriminant, resulting, 
presumably, in the release of oocytes from small follicles ( < 2 mm in diameter), and therefore 
of oocytes in the growth phase that were not highly penetrated. If this is so, because the 
penetrability of growing pig oocytes has not been examined, our results could coincide with the 
findings of Pavlok et al. (36), who demonstrated that the penetration rates in bovine oocytes 
derived from small follicles (C 2 mm diameter) were significantly lower than in oocytes 
derived from medium and large follicles. Since the zona pellucida appears during oocyte 
growth, increasing in width as oocytes increase in diameter (9), variations in their composition, 
sperm receptors or elastic and immunological properties might influence the penetrability of 
growing oocytes. Further reasearch is required to confirm this hypothesis. 

The penetrability of oocytes varied widely among boars independently of sperm treatment. 
However, the hIVP system was found to be repeatable between replicates when stored 
untreated, diluted spermatozoa were used. In addition and confirming our previous studies (23), 
high rates of penetration of oocytes was achieved by untreated spermatozoa from all boars. 
While the differences in individual boars are probably due to variations in the in vitro 
penetrating capacity of the spermatozoa, the reasons for the differences in the penetration of 
oocytes between replicates using spermatozoa from the same boar are not known. When 
spermatozoa are washed, a relatively high centrifugal force is necessary for their sedimentation. 
Furthermore, the pellet is tightly packed and efforts to resuspend the spermatozoa may damage 
them (17). We have observed a decrease of 10 to 35 % in plasma membrane integrity of washed 
and preincubated spermatozoa among replicates when ejaculates from the same boar were used 
(unpublished data). This may indicate that the boar sperm is influenced not only by the donor 
but also by the manipulation of the spermatozoa, and that ejaculates from the same boar 
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probably react differently to the same capacitation treatment. Since capacitation treatments may 
increase the susceptibility of spermatozoa of some boars to subsequent membrane damage, the 
use of unwashed and non-preincubated spermatozoa might help decrease variability among 
replicates. 

In conclusion, the inter-assay variability encountered between ejaculates from the same 
boar in NVP tests for assaying boar fertility can be decreased by standardizing the size of the 
immature oocytes to be used, and by co-incubation of these oocytes with stored, diluted 
spermatozoa which are unwashed and non-preincubated. 
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