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SUMMARY

Although differences in the quality of oocytes derived from young gilts 
and adult sows are well documented, evidence concerning gametes of pre-
pubertal and cycling gilts is scarce and inconsistent. The aim of this work 
was to establish whether sexual maturity of gilts affects the quality of their 
oocytes with the use of the brilliant cresyl blue (BCB) test, oocyte diameter 
and apoptosis. Ovarian morphology was evaluated, and gonads with cor-
pus luteum or albicans were recognized as originating form cycling gilts 
(C) and those with follicles as originating form pre-pubertal females (P). 
Altogether 952 cumulus-oocyte complexes (COCs; group P: 554; group 
C: 398) were examined, whereas 149 COCs, not subjected to BCB test, 
served as a control for TUNEL. COCs of proper morphology were evalu-
ated by the BCB test which differentiated two categories of gametes: more 
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competent, BCB+, and less competent BCB- oocytes. The control group 
comprised oocytes of proper morphology aspirated from ovaries of P and C 
gilts not subjected to BCB test. Finally five groups of COCs were matured 
in vitro: 1/P-BCB+, 2/P-BCB-, 3/C-BCB+, 4/ C-BCB- and 5/ control. Sig-
nificantly more large oocytes (≥120 mm), more BCB+ oocytes and more 
high quality (both BCB+ and ≥120 mm) oocytes originated from ovaries 
of cycling gilts than pre-pubertal gilts (p<0.001). The rate of mature oocytes 
at the MII stage differed significantly between C-BCB+ (68.5%) and P-BCB+ 
(32.9%) oocytes. The incidence of apoptosis among BCB-treated oocytes 
after in vitro maturation was 21.4% and was similar to that observed in con-
trol oocytes (17.4%). BCB+ oocytes from cycling gilts showed significantly 
higher (28.7%) incidence of apoptosis than that of the group P (16.2%). 
Interestingly, high quality oocytes displayed a similar level of apoptosis 
regardless of the donor puberty. We demonstrated that C gilts provided 
more BCB+ oocytes as well as more large oocytes than P gilts, although C-
BCB+ oocytes showed higher apoptotic rate. In conclusion, high incidence 
of apoptosis and a big variation in the diameter of more competent BCB+ 
oocytes make the BCB test a less effective selection tool than previously 
reported. Reproductive Biology 2011 11 1: 1–18.
Key words: pre-pubertal, pig, TUNEL, diameter, BCB test, IVM

INTRODUCTION

Oocyte quality determines the outcome of the protocol for in vitro produc-
tion of pig embryos generated from cumulus-oocyte complexes (COCs) 
which are collected from ovaries of slaughtered females. Gilt oocytes differ 
in many aspects from those of sows [4, 5, 19]. Although meiotic competence 
and fertilization rate were shown to be similar for gilt and sow oocytes, 
gametes derived from gilts were more often polyspermic and rarely formed 
blastocysts [5, 19]. In the study by Bagg et al [6] only oocytes collected from 
the biggest follicles of gilt ovaries (5–8 mm) developed to the blastocyst stage 
at the rate similar to that of sow oocytes from all size categories. The popu-
lation of commercially slaughtered females has been however dominated 
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by gilts at the age of 6–7 months. Although they are at a similar age, ovula-
tion takes place only in some of them. According to our unpublished data 
collected at a local abattoir, pre-pubertal gilts may account for up to 80% 
of slaughtered females. Data comparing the quality of oocytes from pre-
pubertal (P) and cycling (C) gilts is rather scarce. According to Brussow et 
al [8] cycling gilts are better donors of oocytes for the in vitro fertilization 
(IVF) procedure than pre-pubertal and primiparous females. The authors 
performed a repeated laparotomy on the same female at the ages of 6 months 
(pre-pubertal) and 9.5 months (cycling). Ovaries of cycling gilts contained 
more follicles, and their oocytes showed higher meiotic competence when 
compared to pre-pubertal females.

Two of the main obstacles in the porcine in vitro production (IVP) sys-
tem are high incidence of polyspermy and reduced quality of the resulting 
blastocysts [9]. Therefore, special attention has been recently placed on 
developing a protocol for the non-invasive selection of competent oocytes. 
The method of choice may be the incubation of COCs in brilliant cresyl blue 
(the BCB test), an approach based on glucose-6-phosphate dehydrogenase 
activity (G6PD) characteristic for growing oocytes [12]. It is generally ac-
cepted that selection of more competent porcine oocytes by the BCB test 
is a reliable method with no negative effects on their further development 
after fertilization in vitro [17, 24, 28].

Oocyte quality can be assessed by several methods including the de-
tection of apoptosis and size determination. To our knowledge there is no 
published data on the incidence of apoptosis in porcine oocytes matured 
in vitro. The incidence of apoptotic oocytes prior to in vitro maturation 
(IVM) was low in cattle but increased significantly after IVM [20, 27]. 
Moreover, the high incidence of apoptotic oocytes (28.4%) has been found 
in immature oocytes of pre-pubertal goats [2]. With regard to oocyte size, 
some of the porcine oocytes acquire meiotic competence with a diameter 
of 100–115 µm, whereas most of oocytes with a diameter ≥120 µm are fully 
competent [15]. Oocytes of pre-pubertal gilts were smaller (113.1 µm) than 
those of cycling females (124.7 µm; [4]). Among porcine oocytes evaluated 
by the brilliant cresyl blue (BCB) test, more competent BCB+ gametes were 
larger (113.08 µm) than less competent BCB- gametes (100.29 µm; [24]). 
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Therefore, we assumed, that an oocyte displaying both, BCB+ phenotype 
and a diameter ≥120 µm can be considered as high quality gamete.

The aim of the study was to establish whether puberty of gilts affects 
the quality of oocytes. We analyzed the quality of COCs aspirated from 
ovaries of pre-pubertal and cycling gilts and selected by the BCB test. We 
also compared oocyte diameter and the incidence of apoptosis between 
these two groups of gilts.

MATERIALS AND METHODS

Unless otherwise stated, all chemicals used in this study were purchased from 
Sigma-Aldrich (St. Louis, MO, USA). A pair of ovaries with corresponding 
reproductive tracts were collected after slaughter in a local abattoir from com-
mercial cross-bred pigs of unknown origin. The animals were 6–7 months 
old and weighed 100–110 kg. Each uterus was carefully examined for size 
and the corresponding ovaries were examined for the presence of corpus luteum or 
albicans. Such approach allowed us to exclude females which had been previously 
pregnant. 70% of collected gonads did not show the presence of corpus luteum 
or albicans and therefore were classified as originating from pre-pubertal gilts.

Aspiration and morphological evaluation of oocyte-cumulus 
complexes

Dissected ovaries were transported to the laboratory in an isolated container 
within two hours of animal slaughter. One medium size, randomly selected 
uterus was also included to keep the temperature of the material in the range 
between 25–29°C. Then, the ovaries were divided into two categories [4] 
originating from: 1/ pre-pubertal (P) gilts (with small follicles only), and 2/ 
cycling (C) gilts (with corpus luteum or albicans). COCs were aspirated 
from non-atretic follicles 2–4 mm in diameter, washed twice in Hepes-Talp 
and examined under a stereomicroscope (magnification 20×). Only COCs 
displaying at least 3–4 layers of compact cumulus cells and a homogenous 
ooplasm (fig. 1A) were subjected to the BCB test.
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Competence evaluation by the brilliant cresyl blue test

COCs collected from C and P ovaries were initially washed twice in BCB 
medium (PBS supplemented with 4 mg/ml BSA and 13 mM of BCB) 
and incubated for 90 minutes at 39°C in a humidified 5% CO2 atmosphere 
[12]. Following exposure to BCB, the COCs were transferred to PBS supple-
mented with 0.4% BSA and washed twice. After washing, the COCs were 
examined under a stereomicroscope and divided into two groups: COCs 
with an ooplasm stained blue were classified as more competent (BCB test 
positive – BCB+; fig. 1B1), whereas COCs with a colorless ooplasm were 
classified as less competent (BCB test negative – BCB-; fig. 1B2). After 
selection, the COCs were matured in vitro in five groups: 1/ P-BCB+, 2/ 
P-BCB-, 3/ C-BCB+, 4/ C-BCB-, and 5/ control oocytes (non-BCB-treated 
from both P and C gilts).

IN vITRO MATURATION

COC incubation was carried out according to the protocol described by Gup-
ta et al [14]. Follicular fluid (FF) was aspirated from non-atretic follicles 
(2–6 mm in diameter), centrifuged (30 min, 1 400×g), filtered (Milipore, 
Millex GP 0.22 µm), frozen (-70°C) and stored for a maximum of two weeks. 
The maturation medium consisted of basic TCM199 supplemented with 10% 
FF, 25 mM NaHCO3, 0.57 mM cystein, 0.22 mg/ml sodium pyruvate, 0.5 
mg/ml FSH, 10 mg/ml estradiol-17β, 10 ng/ml EGF, 25 mg/ml gentamicin 
sulfate. In vitro maturation was performed in 500 ml of IVM medium (100 
COCs per droplet) for 44 h (39°C; humidified 5% CO2 atmosphere).

After culture, COCs were shortly incubated (3–5 min) in 0.025% hyal-
uronidase and subjected to vigorous pipetting in order to remove all attached 
follicular cells. The denuded oocytes from C and P ovaries were randomly 
separated into two populations: 1/ subjected to size determination, and then 
washed in PBS+0.2% PVP, and 2/ subjected to TUNEL analysis, and then 
fixed in a 4% paraformaldehyde solution in PBS (30 min) and washed twice 
in PBS+0.2% PVP.
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Oocyte size measurement

Denuded oocytes were individually placed into separate wells of a 96-well dish 
in a 150 μl of PBS+0.2% PVP. Oocyte diameter was measured using a computer-
ized microscopic system (AxioVision, Zeiss, Germany) connected to a camera 
(AxioCam MRm, Zeiss, Germany). A mean of two measurements of oocyte 
diameter without zona pellucida made perpendicular to each other was used for 
calculations (fig. 1C). Two size categories were distinguished: 1/ small oocytes 
with diameter <120 µm and 2/ large oocytes with diameter ≥120 µm [18].

Apoptosis (TUNEL)

Apoptosis was investigated in all oocytes after maturation in vitro. A group 
of high quality oocytes (BCB+; ≥120 µm) was added in order to address 
a question whether puberty affects the incidence of apoptosis in such gam-
etes. Apoptotic cells were identified using the DeadEndTM Fluorometric TU-
NEL System (Terminal dUTP Nick-End Labeling with FITC fluorochrome; 
Promega, Madison, WI, USA) following the manufacturer’s instructions with 
some modifications [27]. Fixed oocytes were permeabilized by incubation 
in 0.2% Triton® X-100 in PBS for 5 min, washed twice in PBS+0.2% PVP 
and covered with an equilibration buffer for 15 min. The oocytes were then 
placed in the TUNEL reaction mixture, covered with mineral oil and in-
cubated at 37°C for 60 min in a humidified dark chamber. The reaction 
was terminated by washing the oocytes in 2×SSC for 15 min. Afterwards 
oocytes were washed three times in PBS+0.2% PVP and placed on slides 
in groups of 20–30. Oocytes that served as a positive control were incubated 
in DNase I solutions (5U/50 μl). An oocyte was scored as TUNEL positive 
when a distinct, green fluorescence signal was observed (fig. 1D). In order 
to stain chromatin, oocytes were mounted in 20 μl of VECTASHIELD with 
4,6-diamido-2-phenylindole (DAPI, Vector Laboratories, Burlingame, CA, 
USA), covered with a glass coverslip and stored at 4°C until further analysis. 
The second metaphase (MII) stage was recognized by the presence of two 
groups of chromosomes: clumped together belonging to the first polar body 
(I pb) and spread-out haploid set of oocyte chromosomes (fig. 1D). When only 
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blue signal (DAPI) was identified with no corresponding green fluorescence 
(FITC), an oocyte was classified as TUNEL negative (fig. 1E).

Statistical analysis

The effect of the ovarian status (group P vs. C) on the quality of oocytes 
determined by the BCB test, diameter measurement and apoptosis detection 
was analyzed by the Fisher exact test (SigmaStat 2.0 statistical program; 
Jandel scientific software, San Rafael, CA, USA). The p value less than 0.05 
was considered as significant.

RESULTS

Altogether 1101 COCs of proper morphology were collected from ovaries 
of pre-pubertal (P) and cycling gilts (C). A group of 149 COCs served as a con-
trol for TUNEL staining and these oocytes were not subjected to the BCB test. 
The remaining 952 COCs (398 COCs from C gilts and 554 COCs from P gilts) 
were subjected to the BCB test. The experiment aimed to compare the quality 
of the oocytes collected from ovaries of C gilts with those of P gilts.

As a result of BCB staining we demonstrated that cycling gilts produced 
significantly more BCB+ oocytes than pre-pubertal gilts (p<0.001). Overall, 
BCB+ gametes predominated among the oocytes collected from both groups 
of gilts (C ovaries: 89.7% and P ovaries: 77.8%). The rate of less competent 
BCB- oocytes was two times higher in P ovaries (22.2%) when compared 
to that of group C (10.3%; p<0.001; fig. 2; tab. 1).

Next, we were interested in the ability of oocytes originating from C 
and P gilts to mature in vitro and to reach the MII stage. The data on the stage 
of meiotic division (the rate of MII oocytes) in a representative group 
of 227 BCB-treated oocytes (BCB+: 168; BCB-: 59) was collected during 
the examination of slides subjected to the TUNEL procedure. The overall 
rate of meiotic maturation was higher for C oocytes (62.1%, 64/103) than 
for their P counterparts (25%, 31/124). A significantly higher number of C-
BCB+ oocytes (68.5%, 61/89) reached the MII stage compared to P-BCB+ 
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Figure 2. Distribution of oocytes collected from cycling (C) and pre-pubertal (P) 
gilts according to the BCB test (BCB+, BCB- oocytes) and oocyte size (small 
oocytes with a diameter <120 mm, large oocytes with a diameter ≥120 mm). Dif-
ferent superscripts show statistically significant differences between oocytes from 
C and P gilts within each oocyte category; p<0.001.

Table 1. Distribution of porcine oocytes according to their size (diameter in µm), 
BCB category and sexual maturity of the donor gilt

BCB 
category

Number of small oocytes
(<120 µm)

Number of large oocytes
(≥120 µm)

Total
Group 

P
Group 

C
Groups 

P+C
Group 

P
Group 

C
Groups 

P+C

BCB+ 145 48 193 286 309 595 788

BCB- 76 15 91 47 26 73 164

Total 221 63 284 333 335 668 952

P: pre-pubertal gilts; C: cycling gilts; BCB+ : more competent oocytes selected by the BCB test; 
BCB- : less competent oocytes selected by the BCB test.
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Figure 3. Distribution of oocytes collected from cycling (C) and pre-pubertal (P) 
gilts: 1/ BCB+ oocytes with a diameter ≥120 μm, 2/ BCB+ oocytes with a diameter 
<120 μm, 3/ BCB- oocytes with a diameter ≥120 μm, and 4/ BCB- oocytes with 
a diameter <120 μm. Different superscripts show statistically significant differ-
ences between oocytes from C and P gilts within each oocyte category; p<0.001.

oocytes (32.9%, 26/79; p<0.01). All BCB- oocytes showed a significantly 
lower maturation rate (C-BCB-: 21.1%, 3/14; P-BCB-: 11.1%, 5/45) with 
the majority of oocytes arrested at the germinal vesicle breakdown (GVDB) 
or the metaphase (MI) stages of the first meiotic division.

We have also evaluated the size of the oocytes and compared the BCB+ 
and BCB- oocytes from C and P gilts. Over 60% of analyzed BCB+ oocytes 
were large gametes with the diameter ≥120 µm (62.5%, 595/952; fig. 3). 
The overall frequency of large oocytes was 84.2% in C gilts and 60.1% in P 
gilts. The distribution of small gametes (diameter <120 µm) was over 2.5 
times higher in P gilts (39.9%) than in C gilts (15.8%). The predominant 
number of large oocytes fell within the group of BCB+ oocytes (75.5%, 
595/788), while BCB- oocytes were almost equally distributed between 
the two examined size categories (≥120 µm: 44.5%, 73/164; <120 µm: 
55.5%, 91/164).
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Figure 4. The incidence of apoptosis in oocytes collected from cycling (C) 
and pre-pubertal (P) gilts after in vitro maturation: 1/ in all BCB-treated oocytes, 
2/ in BCB+ oocytes, 3/ in BCB- oocytes, 4/ in high quality oocytes (BCB+ and di-
ameter ≥120 μm). Different superscripts show statistically significant differences 
between oocytes from C and P gilts within each oocyte category; p<0.05; nt: data 
not analyzed statistically due to a very low number (2/25) of oocytes in the BCB- 
category.

When the puberty of the donor was considered, significantly more large 
oocytes were found in the C-BCB+ (77.6%) than in the P-BCB+ group 
(51.6%). We also noted that the incidence of small oocytes was over two 
times higher (26.2%; 145/554) in the P-BCB+ group compared to the C-
BCB+ group (12.1%; 48/398). With respect to BCB- oocytes, the frequency 
of large gametes was equal in both groups of gilts (group P: 8.5%, group 
C: 6.5%), whereas small oocytes were 3.5 times more abundant in C-BCB- 
(13.7%) than P-BCB- group (3.8%).

Altogether 476 oocytes were subjected to TUNEL analysis (BCB-treated: 
327; control non-BCB-treated: 149; fig. 4). We observed a similar incidence 
of apoptosis in all BCB-treated oocytes derived from P (17.4%) and C gilts 
(25.5%) with an average of 21.4%. Moreover, no significant differences were 



Quality of gilt oocytes 12

Ta
bl

e 
2.

 In
ci

de
nc

e 
of

 a
po

pt
os

is*
 in

 p
or

ci
ne

 o
oc

yt
es

 m
at

ur
ed

 in
 v

itr
o 

co
lle

ct
ed

 fr
om

 c
yc

lin
g 

(g
ro

up
 C

) a
nd

 p
re

-p
ub

er
ta

l 
(g

ro
up

 P
) g

ilt
s a

cc
or

di
ng

 to
 B

C
B

 c
at

eg
or

y

BC
B+

 o
oc

yt
es

BC
B

- o
oc

yt
es

H
ig

h 
qu

al
ity

 o
oc

yt
es

 
(B

C
B+

 a
nd

 ≥
12

0 
µm

)
C

on
tro

l
gr

ou
p

G
ro

up
 

P
G

ro
up

 
C

G
ro

up
s 

P+
C

G
ro

up
 

P
G

ro
up

 
C

G
ro

up
s 

P+
C

G
ro

up
 

P
G

ro
up

 
C

G
ro

up
s 

P+
C

A
po

pt
ot

ic
 o

oc
yt

es
18

39
57

11
2

13
37

55
92

26

A
na

ly
ze

d 
oo

cy
te

s
11

1
13

6
24

7
55

25
80

17
4

21
7

39
1

14
9

*T
U

N
EL

 p
os

iti
ve

 ce
ll 

= 
ap

op
to

tic
 ce

ll 
; B

C
B

+:
 m

or
e c

om
pe

te
nt

 o
oc

yt
es

 se
le

ct
ed

 b
y 

th
e B

C
B

 te
st

; B
C

B
-: 

le
ss

 co
m

pe
te

nt
 o

oc
yt

es
 se

le
ct

ed
 b

y 
th

e B
C

B
 

te
st

; t
he

 h
ig

h 
qu

al
ity

 o
oc

yt
es

: g
am

et
es

 d
is

pl
ay

in
g 

tw
o 

fe
at

ur
es

: B
C

B
+ 

ph
en

ot
yp

e 
an

d 
la

rg
e 

si
ze

 ( 
≥1

20
 µ

m
).;

 th
e 

co
nt

ro
l g

ro
up

: n
on

 B
C

B
-tr

ea
te

d 
oo

cy
te

s o
f p

ro
pe

r m
or

ph
ol

og
y 

de
riv

ed
 fr

om
 C

 a
nd

 P
 g

ilt
s.



Pawlak et al. 13

noticed in the rate of apoptotic cells between BCB+ (23.1%; 57/247) and BCB- 
oocytes (16.3%; 13/80). After including donor puberty factor into the analysis, 
apoptosis appeared more frequently in C-BCB+ (28.7%) than in P-BCB+ 
oocytes (16.2%). An opposite relation was observed for BCB- oocytes, where 
apoptotic cells were more abundant in P-BCB- (20.0%, 11/55) in comparison 
to C-BCB- oocytes (8%; 2/25). The incidence of apoptosis in the population 
of high quality oocytes (BCB+ and ≥120 mm) was equal in both groups 
of gilts with an average of 23.5%. Therefore the rate of apoptotic oocytes was 
close to that for all BCB-treated oocytes (21.4%; fig. 4; tab. 2). The incidence 
of apoptosis in the control (17.4%) and BCB-treated gametes was similar.

DISCUSSION

The quality of oocytes is a complex trait and as such is not easily evaluated 
by non-invasive means. COC morphology evidently does not fully predict 
oocyte competence, so we used a two-step selection. Aspirated COCs 
were first classified morphologically and then selected by the BCB test. 
We demonstrated that gilt puberty affected the quality of oocytes. We have 
also shown that ovaries of cycling (C) gilts yielded more BCB+ and large 
(diameter ≥120 µm) oocytes, and those oocytes were more often apoptotic 
when compared to BCB+ oocytes of pre-pubertal (P) gilts.

The available data on the quality of oocytes of pre-pubertal and cy-
cling gilts is scarce [4, 23]. Bagg et al [4] did not observe any differences 
in the rates of meiotic maturation, cleavage and blastocyst formation in oo-
cytes of P and C gilts. On contrary, our results showed different meiotic 
competence displayed by morphologically normal oocytes from cycling 
(62.1% of oocytes at MII stage) and pre-pubertal gilts (25%). Our findings 
support those of Paczkowski et al [22] who revealed significant differences 
in the pattern of 14 proteins related to glucose metabolism, cellular stress 
and ovulation in oocytes of these two gilt categories. Unfortunately, these 
authors did not provide data on meiotic competence of oocytes.

Since distinct differences in the rate of MII oocytes from P and C gilts had 
been observed we addressed a question whether more competent BCB+ oocytes 
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would differ in this respect. Although bovine and caprine oocytes positive 
for the BCB test display higher developmental potential than BCB negative 
cells, the evidence concerning pigs is not consistent [1, 25]. In the recent study 
by Egerszegi et al [11] only BCB+ oocytes were penetrated after fertilization 
in vitro. Wongsrikeao et al [28] observed satisfactory developmental compe-
tence for BCB+ oocytes (blastocyst rate of 12%), whereas none of the fertilized 
BCB- oocytes reached the blastocyst stage. In other studies, BCB- oocytes 
were characterized by lower penetration as well as drastically reduced matura-
tion (2.3%) and fertilization (1%) rates [24, 28]. Similarly, meiotic competence 
of BCB- oocytes analyzed by Ishizaki et al [17] was reduced (58.1%) when 
compared with that of BCB+ oocytes (77.2%) however, the differences were 
not as distinct as in our experiment. We have noticed a lower MII rate among 
BCB- oocytes (13.5%) when compared with BCB+ group (51.8%). In addition, 
we observed a significant influence of the donor puberty on meiotic competence 
of oocytes selected by BCB test. More BCB positive oocytes from cycling gilts 
reached the MII stage (68.5% vs. 32.9% pre-pubertal). A similar tendency was 
observed for the BCB negative gametes (C 21.4%, P 11.1%).

Some of the described discrepancy in the parameters attributed to the qual-
ity of oocytes selected by the BCB test may be related to their heterogeneity as 
was previously observed among murine BCB+ oocytes [30]. It was reported 
that bigger BCB+ oocytes (>70 µm) had better developmental potential than 
small oocytes (<60 µm). A majority (95%) of small oocytes were BCB+ but 
failed to mature in vitro. Our data also shows a variation in the quality of BCB+ 
oocytes with respect to their size and origin. Generally, 24.5% of the BCB+ 
cells displayed a diameter <120 µm, the trait attributed to oocytes of reduced 
competence [15]. This contrasts with data presented by Roca et al [24] who 
found 60% of BCB+ oocytes with a diameter smaller than 115 µm. In our 
study, significantly more large BCB+ oocytes were aspirated from ovaries 
collected from C gilts (77.6%) than P gilts (51.6%). This confirms the previ-
ous findings of Bagg et al [4] who demonstrated that cycling ovaries yielded 
bigger oocytes (124.7 µm) than their pre-pubertal counterparts (113.1 µm). 
In our experiment the rate of small BCB+ oocytes ranged from 12.1% in C 
gilts to 26.2% in P gilts with an average of 20.3%. The observed differences 
between mice and pigs may be species-related. For the above reasons we se-
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lected a sub-population of BCB+ oocytes standardized with respect to their 
size and derived from both categories of gilts in order to examine the quality 
of a homogenous group of gametes. This group named “high quality oocytes” 
was assessed for apoptosis by TUNEL.

Apoptosis is considered a marker of quality of both oocytes and embryos. 
Its incidence also reflects sub-optimal culture conditions since apoptotic 
oocytes were more abundant (17.1% – 52.3%) among human oocytes ma-
tured in vitro [29] than in their ovulated counterparts (2%; [26]). Moreover, 
a significantly higher proportion of apoptosis was described in immature 
(1.4%, 7%) than in vitro matured bovine oocytes (11.2%, 23%; [20, 27]). 
One of the factors affecting apoptosis was the puberty of the oocyte donor. 
A very high proportion (28.4%) of immature oocytes collected from 2-month 
old pre-pubertal goats showed signs of apoptosis [2]. To our knowledge there 
is no published evidence on the incidence of apoptosis in porcine oocytes 
matured in vitro. In this experiment, the average percentage of apoptosis 
in BCB-treated oocytes of gilts after IVM was 21.4%. The general inci-
dence of apoptosis was affected by neither the donor puberty nor the size 
of the oocyte itself. Furthermore, the high quality oocytes displayed a similar 
level of apoptosis in the C (25.3%) and P (21.3%) groups which was close to 
the average level (21.4%). Interestingly, BCB+ oocytes derived from C gilts 
displayed a higher incidence of apoptosis (28.7%) than those collected from 
P gilts (16.2%). This finding is controversial since cycling females produce 
more competent oocytes [3]. On the other hand, some previous studies have 
shown that the incidence of apoptosis was greater in cumulus cells accom-
panying oocytes collected from adult sheep (39.2%) compared with those 
of juvenile females (21.9%; [7]). However the extent of apoptosis in cumulus 
cells does not fully predict the quality of the oocyte [31]. In antral follicles, 
a common source of oocytes for IVF, the oocyte was shown to be the last 
follicular compartment affected by apoptosis [10]. This phenomenon was 
confirmed by Feng et al [13] who demonstrated a significant elevation in de-
velopmental potential of oocytes derived from antral follicles (4–8 mm) 
that showed early signs of atresia in comparison with non-atretic and late 
atretic bovine follicles. Moreover, Hussein et al [16] demonstrated the ability 
of bovine oocytes to prevent apoptosis in cumulus cells by secreting some 
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oocyte-specific factors (e.g. BMP15). Therefore, we suggest that apoptosis 
in oocytes is rather a questionable marker of the quality of BCB-tested oo-
cytes in gilts. Our suggestion is supported by data concerning the expression 
of genes regulating apoptosis (Bax and Bcl 2) in bovine oocytes [21]. In that 
study, no significant differences in transcript and protein levels between 
BCB+ and BCB– oocytes were observed. Therefore, the question arises as 
to what causes the reduction in development competence of BCB- oocytes 
observed after fertilization and during embryonic development. Assuming 
a similar level of apoptosis in BCB+ and BCB- porcine oocytes, some other 
factors than apoptosis must be responsible for the reduction of oocyte quality.

In conclusion, a high incidence of apoptosis and a big variation in the di-
ameter of more competent BCB+ oocytes make the BCB test a less effective 
selection tool as previously reported. The BCB+ oocytes from P and C gilts 
still differ in many aspects. We suggest that the reliable evaluation of the qual-
ity of pig oocytes should consider several factors. The selection of gilt oocytes 
by the means of the BCB test yields a highly heterogeneous group of oocytes 
in terms of their intrinsic features like size, meiotic competency or suscepti-
bility to apoptosis. Therefore, the rates of fertilized oocytes and developing 
embryos still remain the most reliable markers of oocyte quality.
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