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Abstract 
 

Oocyte quality is the resultant of multifactor 
interactions that should be carefully taken into account 
either for in vitro embryo production technologies or for 
studying follicle dynamics. Different approaches may 
be used to perform an analysis of variables related to 
oocyte quality which may focus on the ovary, the 
follicle, the cumulus-oocyte complex and, finally, the 
oocyte. The information obtained may answer key 
questions, such as what does the oocyte need to acquire 
meiotic competence and whether follicle activity can be 
manipulated to improve the in vitro embryo production 
efficiency. Although morphological evaluation 
represents the most common procedure used to 
discriminate the developmental potential of the oocyte 
and in spite of a good relationship that has been found 
between the quality of the oocyte and the atresia grade 
of the follicle that comprises it, there is not yet a clear 
correspondence between the visual criteria and the 
developmental competence of oocytes submitted to in 
vitro embryo production. New technologies have 
become available, including emerging ‘omics’ sciences 
that, through analysis of the cumulus cells, offer the 
opportunity, by a non-invasive method, to indirectly 
predict the developmental potential of the oocyte.  
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Introduction 
 

Whatever productive procedure is performed, 
the quality of the raw materials involved strongly affects 
either the production efficiency or the characteristics of 
the end-product. A high oocyte quality is the 
prerequisite for in vitro embryo production. However, 
an extremely heterogeneous population of oocytes is 
commonly collected from ovaries to be used for in vitro 
technologies.  

Sources of variability of the oocyte quality may 
be the age of these cells (Yamamoto et al., 2010), the 
stage of the estrous cycle (Tan et al., 1990; Wurth et al., 
1994), hormonal patterns (Kruip and Dieleman, 1982) 
and biochemical characteristics of the follicular fluid 
(Wise, 1987; Kastrop et al., 1991b), diameter (Tan et 
al., 1990; Pavlok et al., 1992; Lonergan et al., 1994; 
Wurth et al., 1994) and atresia grade of the follicle 
(Wurth and Kruip, 1992; Wurth et al., 1994), and 
ovarian morphology (Gandolfi et al., 1997). Inevitably, 
this variability affects the efficiency of in vitro embryo 
production (IVEP). 

First of all, it is necessary to fully define the 
meaning of oocyte quality. Under a functional point of 
view, oocyte quality may coincide with its developmental 
competence. Sirard et al. (2006) describes five levels of 
oocyte competence, i.e., the ability: (1) to resume 
meiosis; (2) to cleave following fertilization; (3) to 
develop to the blastocyst stage; (4) to induce a 
pregnancy and bring it to term; and (5) to develop to 
term in good health. These abilities may originate by 
separate events and succeeding in the first events does 
not ensure the success of the subsequent ones.  

A functional evaluation is, however, difficult to 
be performed at the time of oocyte collection. Several 
strategies were, hence, employed in order to provide a 
predictive value of the in vitro embryo production 
potential of the collected oocytes. Most of these 
evaluations are based on morphological criteria which 
are assumed to be related to the physiological status of 
the follicle. The relationship between morphological 
and functional criteria, however, does not always 
provide results coming up to our expectations.  

Besides the predictive value, the analysis of 
oocyte quality may provide useful information on the 
mechanisms underlying the oocyte maturation and 
developmental competence and suggest new 
possibilities to improve the low efficiency of IVEP. In 
order to define the effects of several variables on oocyte 
quality, we need to figure out the limits of a range of 
variability in which in vivo oocyte maturation may 
represent the highest level of efficiency (Leibfried-
Rutledge et al., 1987) whereas in vitro maturation (IVM) 
in pre-pubertal oocytes may represent one possible 
opposite limit. The analysis of these extreme conditions 
should allow the elucidation of the mechanisms that 
underlie the acquisition of meiotic and developmental 
competence and provide useful information to address 
the in vitro conditions towards the best solution.  

A detailed comparison of morphological 
features between in vivo vs. in vitro maturation of cattle 
oocytes has been proposed by de Loos et al. (1989, 
1991a, 1992). These authors grouped the collected 
cumulus-oocyte complexes (COCs) in four classes 
which were related to their morphological 
characteristics. After in vitro maturation, the COCs 
formed a heterogeneous group either among or within 
classes. On the other hand, in vivo matured COCs 
formed a homogeneous group with respect to their 
morphological characteristics. In addition, compared to 
in vivo matured, the in vitro matured COC showed: (1) 
retraction of the cumulus cell process endings from the 
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oocyte without the breaking down of these processes; 
(2) retardation of some aspects of cytoplasmic 
maturation; and (3) incomplete cumulus expansion. The 
same research group evaluated the protein synthesis and 
phosphorylation patterns of bovine oocytes which were 
matured either in vivo (Kastrop et al., 1991b) or in vitro 
(Kastrop et al., 1991a). Changes in protein synthesis 
were observed after germinal vesicle break-down 
(GVBD) coinciding in the case of in vivo maturation at 
approximately 8 h after the preovulatory LH peak and in 
in vitro maturation at the 8th h of culture. Also the 
protein phosphorylation patterns showed a significant 
change in relation to GVBD either in vivo or in vitro; 
this suggests that specific phosphoproteins accomplish 
an essential function during maturation and may be 
involved in GVBD. Rizos et al. (2002) examined the 
effect of oocyte maturation, fertilization and culture in 
vivo vs. in vitro on the proportion of oocytes reaching 
blastocyst stage and on blastocyst quality as measured 
by survival following vitrification. Significantly more 
blastocysts developed from oocytes matured in vivo; 
moreover, in vitro fertilization and culture depressed 
embryo survival rate following vitrification. Recently, 
Kats-Jaffe et al. (2009) carried out a transcriptomic 
analysis comparing in vivo and in vitro matured oocytes. 
Quantitative real-time PCR validated the microarray 
data and also revealed altered expression levels after 
IVM of specific putatively imprinted genes. Distinct 
transcription patterns reflected the response of the 
oocyte to its surrounding environment.  

Juvenile oocytes represent an interesting 
experimental paradigm (Revel et al., 1995; Duby et al., 
1996; Armstrong, 2001; Marchal et al., 2001; Kochhar 
et al., 2002). Studies in sheep and in cattle demonstrated 
a lower developmental potential for prepubertal oocytes 
(O’Brien et al., 1996, 1997; Ledda et al., 1997). This 
was attributed to the different morphological and 
physiological properties, such as smaller size (Gandolfi 
et al., 1998; Ledda et al., 1999), delayed organelle 
migration and their redistribution throughout the 
ooplasm during maturation (Damiani et al., 1996; 
O’Brien et al., 1996), and lower number of cumulus-
oocyte communications (Ledda et al., 2001) of the 
prepubertal compared to the adult oocytes. Moreover, 
prepubertal oocytes showed lower metabolic activity 
than adult oocytes in relation to protein synthesis 
(Gandolfi et al., 1998; Ledda et al., 2001), glucose 
metabolism (Steeves and Gardner, 1999), glucose and 
pyruvate (Steeves et al., 1999) and glutamine (O’Brien 
et al., 1996) uptakes. By evaluating maturation 
promoting factor (MPF) and mitogen-activated protein 
kinase (MAPK) activities or performing reciprocal 
transfer of metaphase II chromosomes between cow and 
calf oocytes, Salamone et al. (2001) further supported 
the hypothesis that developmental competence of 
juvenile oocytes has a low efficiency due to a failure or 
inability to complete ooplasmic maturation. However, 
developmental competence of juvenile oocytes 

increases following hormonal treatment (Armstrong et 
al., 1997), and is positively related to follicle size 
(Kauffold et al., 2005). Recently, we compared several 
variables related to oocyte meiotic competence, i.e., 
oocyte plasma membrane electrical properties, IP3 
sensitivity and calcium stores as well as the incidence of 
apoptosis in cumulus cells in juvenile and adult sheep 
oocytes (Boni et al., 2008). This analysis did not reveal 
significant differences in intracytoplasmic calcium 
stores and plasma membrane electrical properties 
between young and adult oocytes. IP3 sensitivity 
strongly increased after in vitro maturation following a 
dose-dependent pattern with a significant interaction 
between dose and maturational stage. The incidence of 
apoptosis in cumulus cells strongly increased after in 
vitro maturation and was greater in adult than in 
juvenile cumulus cells.  

Different approaches may be used to perform 
an analysis of variables related to oocyte quality that 
may focus on the ovary, the follicle, the cumulus-oocyte 
complex (COC) and, finally, the oocyte. The 
information obtained may answer key questions, such as 
what the oocyte needs to acquire meiotic competence 
and whether follicle activity can be manipulated to 
improve IVEP efficiency. 
 

Oocyte quality is related to ovarian features 
 

Follicle dynamics varies in relation to several 
variables that affect both ovarian characteristics and 
oocyte quality. These variables may be attributed to the 
environment, such as seasonal variations, heat stress, or 
to physiological status, such as post-partum interval, 
hormonal status, milk production, energy balance, 
nutrition, estrous cycle activity, or to genetics. 
Consequently, a large variation of follicle/oocyte 
population may explain the size of the ovary, the 
number of follicles and the oocyte quality.  

The effect of the stage of the estrous cycle on 
oocyte quality and on in vitro embryo production 
efficiency was evaluated by Wurth et al. (1994). By 
separating ovaries collected in pairs from individual cows 
in relation to the stage of the corpus luteum as follows: 
early luteal (0- to 7-day), late luteal (8- to 17-day), 
follicular phase (18- to 20-day) and non-cyclic ovaries, 
they did not find significant differences in relation to 
oocyte quality evaluated on the basis of morphological 
features; however, a significant increase in blastocyst 
production was found in oocytes collected from early luteal 
phase ovaries. These results were confirmed in a 
subsequent study of the same group (de Wit et al., 2000). 
Chohan and Hunter (2003), analyzing the effect of the 
reproductive status on in vitro developmental potential of 
bovine oocytes, also found the highest developmental 
competence in oocytes collected from metaestrus cows 
while the lowest competence was found in oocytes from 
pregnant and anoestrus cows in spite of the fact that 
these latter categories showed in vitro maturation and 
fertilization efficiencies which were not different from
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those of the other reproductive categories.  
Gandolfi et al. (1997) proposed an ovarian 

evaluation criterion on the basis of the number and 
size of the visible follicles. Ovaries were separated 
in 3 categories on the basis of (A) presence of a 
follicle >10 mm in diameter, (B) presence of more 
than 10 follicles from 2 to 5 mm in diameter and no 
follicles >10 mm and (C) presence of less than 10 follicles 
from 2 to 5 mm in diameter and no follicles >10 mm. 
The lowest number of COCs was collected from the 
category C ovaries. In addition, the COCs of this 
category showed the lowest in vitro embryo production 
efficiency and yielded blastocysts with the lowest 
number of cells. The authors did not have a solid 
explanation for this finding; either systemic factors as 
diet, environment, age, season or individual variations of 
growth factors, which mediate intra-ovarian stimuli, have 
been suggested as possible reasons. A further evaluation of 
ovaries collected in pairs from individual cows showed that 
only 16% of the cows had both ovaries of C category 
whereas in 39% of the cows the C category ovaries were 
coupled with A and B category ovaries.  
 

Oocyte quality is related to follicle characteristics 
 

A large proportion of the variability of COC 
morphology is explained by the atresia grade of the 
follicle that comprises it. The COCs collected from an 
ovary represent the cumulative result of follicles which 
are involved in growing or degenerative processes as 
regulated by follicular wave dynamics. If the growth 
stage can be evaluated on the basis of follicle size, the 
atresia grade may be evaluated by using different 
approaches, such as macroscopic and microscopic 
analysis, biochemical and hormonal procedures, etc. 

Pavlok et al. (1992) compared the in vitro 
developmental capabilities of oocytes collected from 
follicles grouped on the basis of their size as follows: 
group A, 4-8 mm (large); group B, 2-4 mm (medium); 
and group C, 1-2 mm (small). A significantly lower 
fertilization rate was found in group C oocytes that 
completely lacked the capability to cleave beyond the 8-
cell stage. The remaining 2 groups of oocytes did not 
show significant differences in relation to oocyte 
maturation and fertilization efficiency; however, the 
group A oocytes showed a higher 7-day blastocyst and 
expanded/hatched blastocyst rates that group B oocytes. 
Later on, Wurth et al. (1994), Rizos et al. (2002) and 
Machatkova et al. (2004) confirmed this finding and 
demonstrated a positive relationship between follicle 
size and developmental competence of the oocyte. 

Kruip and Dieleman (1982) dissected bovine 
antral follicles free of stromal tissue and classified them 
under a stereomicroscope, as proposed by Moor et al. 
(1978) in sheep. In particular, follicles were classified as 
(1) non-atretic if they had uniformly bright appearance, 
an extensive and very fine vascularization, a regular 
granulosa layer and no free-floating particles in the 
follicular fluid; (2) light-atretic if they lost the 

translucent appearance, becoming slightly grayish, and 
might contain some free-floating particles in the 
follicular fluid; (3) atretic if they had a dull, gray 
appearance, blood vessels either irregularly filled with 
clotted blood or empty and many free-floating particles 
in the follicular fluid; (4) heavy-atretic if they showed a 
dark, often spotted, appearance and dark cumulus. 
These follicle classes were fixed, embedded, sectioned 
and stained for histological evaluation. The 
micromorphological criteria used were: (1) the presence 
of degenerated cells in the granulosa layer; (2) the 
presence of mitotic figures in the cumulus cells, 
granulosa cells and theca interna; (3) the organization 
and structure of the granulosa layer; (4) the continuity 
of the basal lamina. Finally, follicles of one cow were 
dissected and follicular fluid was individually collected. 
The follicular fluid was analyzed for 17-estradiol 
content and related to the macroscopic and microscopic 
features of each analyzed follicle. A high correlation 
was found between the macroscopic and microscopic 
follicle evaluations. In addition, 17-estradiol follicle 
content significantly increased along with follicle 
diameter and was inversely related to atresia grade. On 
the basis of this follicle evaluation methodology, Theo 
Kruip’s teamwork proposed several COC classification 
criteria that related follicular atresia grade to the oocyte 
developmental potential (see below). 
 

Oocyte quality is related to COC morphology 
 

A first discriminatory analysis of COCs used 
for IVM was carried out by Leibfried and First (1979). 
This and several following studies were based on the 
compactness and quantity of cumulus cells surrounding 
the oocyte. So far, these investigations have led to the 
conclusion that 1) partial or total loss of the cumulus 
layer reduces developmental rates (Staigmiller and 
Moor, 1984; Hawk and Wall, 1994) and 2) the “best-
looking” COCs (oocytes with a multilayered and 
compact cumulus layer) do not necessarily have the 
highest developmental competence (Hazeleger et al., 
1995; Blondin and Sirard, 1995). 

De Loos et al. (1989) distinguished four classes 
(i.e., category-1 to -4) of COCs based on the 
compactness and transparency of the cumulus layer and 
the homogeneity and transparency of the ooplasm. 
These COC classes were ultrastructurally analyzed and 
their capacity to mature in vitro was investigated. 
Although the morphological differences among these 
COC categories were confirmed at the ultrastructural 
level, they did not reflect different maturation 
capacities. Only the degenerating category-4 COCs 
exhibited a decreased capacity to mature in vitro.  

The same research group used this 
morphological classification to associate the oocyte 
developmental potential to protein synthesis, which was 
evaluated as amino acid incorporation (Kastrop et al., 
1991a, b). At the immature stage, similar incorporation 
rates and identical protein synthesis patterns were
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observed between oocytes in categories 1-3. A lower 
incorporation was found in category-4 COCs which 
might be due to the lower number of penetrating 
junctional complexes (de Loos et al., 1989). After in 
vitro maturation, a lower incorporation of 35S-
methionine was found in all COC categories; however, 
the patterns of category 4 were identical to the patterns 
of those in categories 1-3.  

A refined evaluation aimed to better associate 
morphological characteristics and developmental 
competence of the COCs was proposed by Wurth and 
Kruip (1992). They distinguished three COC 
morphological grades in relation to the cumulus 
surrounding the oocytes and the ooplasm characteristics, 
designated as follows: A) presence of a clear and compact 
cumulus and translucent ooplasm, B) dark and compact 
cumulus and dark ooplasm, and C) dark and expanded 
cumulus and dark ooplasm. By using the follicle evaluation 
criteria proposed by Kruip and Dieleman (1982), they 
found that A-COCs showed the same IVEP efficiency 
irrespective of the follicular origin; B-COCs, originating 
from heavily-atretic follicles, showed a significantly lower 
IVEP efficiency in comparison to the B-COCs from the 
other follicle qualities.  

Wurth et al. (1994) compared the COC 
classification as proposed by de Loos et al. (1989) with 
1-4 COC categories to this new COC classification with 
A-C COC grades. They found that the A-C COC 
classification system was more precisely associated to 
the follicle quality than the 1-4 classification system. 
The A-COCs were mostly contained in non-atretic 
follicles and rarely found in heavy-atretic follicles. The 
C-COCs were mostly found in heavy-atretic follicles 
and never found in non atretic-follicles. The B-COCs 
progressively increased from non-atretic follicles to 
heavily-atretic follicles. This gross and simple 
classification avoided wasting time for follicle 
dissection and evaluation, and provided consistent 
information regarding the in vitro developmental 
potential of different COC grades. Surprisingly, the B-

COC grade showed the highest IVEP potential, despite 
the fact that these originate mostly from atretic follicles. 
This was independent from cyclic activity and stage of 
the estrous cycle of the donor (Wurth et al., 1994) and 
was confirmed by other authors with different 
classification criteria (Blondin and Sirard, 1995; Nagano et 
al., 2006; Li et al., 2009). Up to this date, there is no 
explanation for this finding; it may be due to the reduction 
of meiotic-arresting factor (cAMP) levels in the oocyte 
(Aktas et al., 1995) because of a decrease of cumulus-
oocyte communications during atresia (de Loos et al., 
1991b). It is, however, noteworthy to consider that there 
are significant differences in oocyte size among these 
classes, as referred by de Wit and Kruip (2001), who 
recorded in A-COC the smallest oocyte size.  

Very recently, we used these morphological 
criteria to search for causes of variability in changes in 
Ca2+ intraooplasmic concentrations in COCs following 
gonadotropin exposure (Silvestre et al., 2012). Together 
with cAMP, Ca2+ is a candidate signal for resumption of 
meiosis. We evaluated the intracellular calcium ([Ca2+]i) 
rise which was evoked by in vitro maturation promoters 
and we characterized the origin of this signal. This 
[Ca2+]i rise resulted from extra-, inter- and intra-cellular 
cumulative Ca2+ fluxes and was significantly affected by 
the COC quality grade as well as by follicle size. In 
particular, a significant decrease in responsiveness to 
gonadotropin stimuli was observed in C-COCs with 
respect to A- and B-COCs. The distribution of LH 
receptors at immunohistochemical localization in these 
three COC classes is shown (Fig.1). Follicular size was 
also important in determining the intensity of the COC 
responses to FSH; in fact, we observed an increase in 
the FSH-evoked [Ca2+]i surge when the follicular size 
increased from <2 mm to 2-4 mm diameter. Since we 
did not find any further improvement in [Ca2+]i 

responses in follicles larger than 4 mm, we argued 
that 2 mm diameter represents a threshold size of the 
bovine follicle that may mark different developmental 
competence of the related oocyte.  

 

 
Figure 1. LH receptor immunohistochemical localization by confocal microscopy analysis in bovine immature 
cumulus–oocyte complexes divided in three categories (i.e., A-, B- and C-COC) on the basis of morphological 
criteria by Wurth and Kruip (1992). COCs were treated with goat anti-LHR antibodies, and then with FITC-marked 
anti-goat antibodies (green). Nuclei were stained with DAPI (blue). 
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Oocyte quality may be determined by cumulus cell 
examination 

 
Oocyte quality evaluation based on 

morphological criteria may discriminate a group of 
collected oocytes with a higher developmental potential. 
Special needs, first required in human IVF and later on 
also in livestock animals, stimulated scientists to move 
towards more sophisticated technologies which have 
become available, including emerging ‘omics’ sciences, 
such as genomics, transcriptomics, proteomics and 
metabolomics. In this way, the study of the cumulus cell 
(CC) transcriptomic profile offers the opportunity, by a 
non-invasive method, to predict oocyte and embryo 
competence because bidirectional traffic of molecules 
between CCs and the oocyte is crucial for the 
acquisition of this competence. Using either RT-PCR or 
DNA microarrays, some studies have provided the basis 
for identifying genes expressed in CCs that could 
function as potential biomarkers to predict embryo 
quality and pregnancy outcomes.  

A microarray analysis carried out in bovine 
cumulus cells (Assidi et al., 2008) revealed that the 
main candidates expressed in cumulus cells that could 
be valuable as indirect markers of oocyte competence 
are a set of genes, i.e., hyaluronan synthase 2 (HAS2), 
inhibin βA (INHBA), epidermal growth factor receptor 
(EGFR), gremlin 1 (GREM1), betacellulin (BTC), 
CD44, tumor necrosis factor-induced protein 6 
(TNFAIP6), and prostaglandin-endoperoxide synthase 2 
(PTGS2). These biomarkers could be potential 
candidates to predict oocyte competence and to select 
higher-quality embryos for transfer.  
 

Oocyte quality may be evaluated on the basis of 
several oocyte characteristics 

 
Several oocyte characteristics related to the 

ooplasm, the oolemma and the nuclear status have been 
analyzed in order to evaluate the quality of the collected 
oocytes. Unfortunately, most of these evaluation 
procedures require the removal of the cumulus layer or 
even more invasive procedures that are not compatible 
with the viability and the developmental competence of 
the oocyte. Hence, they cannot demonstrate the 
truthfulness of the analysis. The variability of these 
measurements was analyzed and related to non-invasive 
evaluation criteria resulting in correlations that may 
help to better define the oocyte quality. Careful 
investigations was conducted concerning the 
ultrastructural analysis of the oocyte, such as the 
evaluation of oocyte diameter, the distribution of 
organelles such as mitochondria and cortical granules, 
plasma membrane electrical properties, intracytoplasmic 
calcium stores, etc. 

A detailed ultrastructural analysis of the cattle 
oocyte has been described by Hyttel and co-workers 
(reviewed by Hyttel, 2011).  

Mitochondria play a vital role in the 
metabolism of energy-containing compounds in the 
oocyte cytoplasm to provide adenosine triphosphate 
(ATP) for fertilization and preimplantation embryo 
development. Confocal analysis of the oocytes labeled 
with the mitochondrion-specific membrane potential-
sensitive fluorescent dye JC-1 allows to measure the 
activity of mitochondria in oocytes which are 
characterized by distinct localized aggregation patterns. 
In human, the activity of mitochondria in metaphase II 
oocytes was negatively correlated with either maternal 
age or the rate of embryo development on day 3 after 
fertilization (Wilding et al., 2001). Since maternal age is 
strongly related to oocyte developmental potential, 
mitochondrial activity may be considered a good marker 
for oocyte quality. In cattle, the mitochondrial activity 
has been used recently as marker of oocyte/embryo 
quality for evaluating the effect of in vitro culture in 
serum-free culture media (Abe and Hoshi, 2003) and in 
freezing/vitrification protocols (Abe et al., 2011).  

The distributional changes of cortical granules 
(CG) within the ooplasm have been proposed as a 
marker of oocyte quality. Hosoe and Shiova (1997) 
classified bovine oocytes in relation to the morphology 
of their cumulus cell layers as follows: class A, compact 
and thick; class B, compact but thin; class C, naked; and 
class D, expanded. After the complete removal of 
cumulus cells, a part of these oocytes was stained for 
CG examination with Lens culinaris agglutinin before 
and after in vitro maturation and fertilization. The 
resulting distributional patterns of the CG were 
classified into four types: type I, CG distributed in 
clusters; type II, CG dispersed and partly clustered; type 
III, all CG dispersed; and type IV, no CG. Most of the 
oocytes before culture showed a type I pattern, but this 
pattern decreased after in vitro maturation, whereas type 
III increased in class A. The oocytes of class B showed 
similar changes to class A. In class C, many oocytes 
showed type I after culture, indicating that cytoplasmic 
maturation was not completed. In class D, 80.4% of the 
oocytes exhibited type III before in vitro maturation, 
indicating that their cytoplasmic maturation was 
different from classes A-C. Approximately 70% of class 
D oocytes were at the nuclear stage of GVBD before 
culture. The developmental rates to blastocysts in 
classes A-D were 28.7, 23.1, 0.5 and 3.4% respectively. 
The electrical properties of the oocyte plasma 
membrane and intracytoplasmic calcium stores were 
analyzed by Boni et al. (2002) and related to the COC 
morphological evaluation proposed by Wurth and Kruip 
(1992). The oocyte is an electrogenic cell, i.e. capable 
of responding to electrical stimuli and modifying its 
electrical properties during the crucial periods of 
maturation and fertilization. Ion channels have been 
widely demonstrated on the plasma membrane of the 
oocyte in all animals studied, and electrical 
modifications in the oocyte plasma membrane are due to 
ion currents that are modulated via these ion channel
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(Tosti et al., 2002; Tosti and Boni, 2004). The 
modification of intracellular calcium levels in gametes 
has been extensively studied, and these modifications 
are recognized to be a second messenger system for 
gamete maturation and fertilization (Boni et al., 2007; 
Malcuit and Fissore, 2011; Silvestre et al., 2011). 
Intracellular Ca2+ loading is largely expressed during 
early maturation and later decreases (Tosti et al., 2000). 
Our studies (Boni et al., 2002) confirmed the different 
developmental potential between the three COC classes 
proposed by Wurth and Kruip (1992) either following 
IVF or parthenogenic activation. In immature COCs, the 
amplitude of L-type Ca2+ channel activity was 
significantly higher in B- and C-COCs than in A-COCs 
(P < 0.01). Following Ca2+-ionophore A23187 exposure, 
the resting potentials significantly hyperpolarized in the 
oocytes of all COC categories, reaching the highest 
values in B-COCs. The Ca2+ stores were significantly 
greater in A-COCs than in B- and C-COCs in the case 
of immature oocytes, and greater in B-COCs than in C- 
and A-COCs in the case of in vitro matured oocytes. 
These results demonstrated that, in the bovine, plasma 
membrane Ca2+ current activities are related to 
developmental potential in the immature oocyte, and 
calcium stores are related to morphological quality in 
immature oocytes and to developmental competence in 
in vitro matured oocytes. 
 

Conclusions 
 

Many approaches may be used for evaluating 
the quality of the collected oocytes. The method used 
and the arbitrary threshold for quality discrimination 
contribute to the variability of IVEP efficiency among 
laboratories.  The awareness that the chosen standard of 
oocyte quality affects the quality and the development 
of the produced embryo to term lays the basis for 
improving IVEP efficiency in the future.  
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