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Activity of glucose-6-phosphate based on Brilliant 
Cresyl Blue staining 

Immature oocytes are known to synthesize a variety of 
proteins, among them, glucose-6-phosphate dehydrogenase 
(G6PDH) [1]. G6PDH is synthesized and accumulates during 
the oocyte growth phase. The activity of this protein is 
decreased once this phase has been completed and oocytes 
are then likely to have achieved developmental competence 
[1]. Brilliant Cresyl Blue (BCB) is a dye that can be broken 
down by G6PDH [2] thus, oocytes that have ϐinished their 
growth phase show a decreased G6PDH activity and exhibit 
a cytoplasm with a blue coloration (BCB+) while, growing 
oocytes are expected to have a high level of active G6PDH 

that resulted in colorless cytoplasm (BCB-). The BCB test has 
been successful in selecting pig oocytes for in vitro maturation 
(IVM) followed by in vitro fertilization (IVF) [2]. Cellular 
organelles like mitochondria [3] or protein activity such as 
glucose-6-phosphate dehydrogenase [4] have been shown 
to be good predictors of oocyte quality. In prepubertal goat 
oocytes, Rodríguez-González, et al. [5] showed that the BCB 
test permitted the selection of oocytes with larger diameters, 
higher percentages reaching Metaphase II, higher percentages 
of IVM–IVF oocytes with two pronuclei (normally fertilized) 
and higher embryo development up to the morula plus 
blastocyst stages compared to oocytes selected exclusively 
by morphological criteria. In mice, BCB staining was used 
efϐiciently for oocyte selection; however, the competence 

Abstract 

The oocyte is the female gamete that contributes not only half of the genetic material but 
also all of the cytoplasm to the zygote, supplying the transcripts, proteins, mitochondria and 
other components necessary for early embryonic development. The intrinsic oocyte quality is 
one of the main factors aff ecting the embryo yield, the implantation rate and the rate of healthy 
off spring. It is obvious that a fertilized oocyte must reach the blastocyst stage within 6–9 days in 
the proper culture conditions to have a signifi cant chance of inducing a pregnancy and producing 
an off spring. The ability to sustain the fi rst week of embryonic development is clearly infl uenced 
by the follicular status from which the oocyte is obtained indicating that this developmental 
potential is inherent within certain oocytes. Since most early embryos that do not reach the 
blastocyst stage are blocked at or close to the maternal to zygotic transition (MZT)-stage, which 
occurs at the eight-cell stage in cattle, one could speculate that incompetent oocytes fail to 
appropriately activate the embryonic genome. Oocyte selection based on glucose-6-phosphate 
dehydrogenase (G6PDH) activity has been successfully used to diff erentiate between competent 
and incompetent bovine oocytes. Recently, molecular regulation of genes regulating biological 
process of Brilliant Cresyl Blue staining (BCB) selected oocytes and embryos was investigated 
to explain their variation in quality and developmental potentiality. This short review will highlights 
some of these eff orts that have been done in this interesting area of research.
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of the BCB+ oocytes may vary with oocyte diameter, animal 
sexual maturity and gonadotropin stimulation (Wu et al. 
2007). Wongsrikeao, et al. [6] have shown that the selection 
of oocytes using the single BCB test improved the rates of 
nuclear maturation, monospermic fertilization of porcine 
oocytes, and subsequent embryonic development after IVF, as 
well as enhancement of embryo quality (increasing the total 
number of cells per blastocyst). Ahmed, et al. [7] indicated 
that there was no variation on preimplantation development 
of buffalo oocytes selected based on BCB staining. Moreover, 
bovine BCB+ oocytes had a higher rate of blastocyst formation 
after somatic cell nuclear transfer (SCNT) than their BCB- 
counterpart’s oocytes [8]. Recently, porcine BCB+ oocytes 
had a higher rate of cumulus expansion accompanied with 
increased Sonic hedgehog signaling (SHH) and reduced 
apoptosis incidence during in vitro maturation [9]. The data 
presented support the idea that BCB+ oocytes have a proper 
cytoplasmic and molecular microenvironment that support 
in vitro maturation and subsequent preimplantation embryo 
development of different mammalian species

Gene regulating preimplantation development of BCB 
selected oocytes and embryos 

Torner, et al. (2008) have detected several genes reglating 
cell cycle expressed highly in BCB+ than BCB- oocytes. Among 
these genes, NASP that was ϐirst detected as a nuclear protein 
in testis of rabbit [10,11] which increased the transcription 
proϐile in good quality bovine oocytes, that have increased 
preimplantation development [12]. Ghanem, et al. [13] have 
demonstrated that low developmentally competent BCB- 
oocytes showed negative molecular response to increased 
oxygen tension by decreasing the transcript abundance of 
gene (CPT2) involved in mitochondrial metabolic activity. 
This could be due to action that low quality BCB- oocytes try to 
alleviate oxidative stress induced by reactive oxygen species 
(ROS) under high oxygen tension that was combined with 
reduced the proϐile of MAPK14 gene that orchestrate meiotic 
nuclear progression.

Indeed, bovine blastocyst embryos derived from BCB+ 
selected oocytes contained more organelles like mitochondria 
compared with BCB− embryos [14]. However, the intercellular 
cytoplasmic lipid are similar in BCB- and BCB+ embryos. 
From molecular point of view, the transcriptional proϐile of 
genes regulating successful pregnancy establishment such 
as transforming growth factor 1 (TGFB1), Interferon tau 
(IFN tau), secreted seminal-vesicle Ly-6 protein 1 (SSLP1) 
gene expression was increased in BCB+ blastocysts than 
BCB− counterparts. On the other hand, apoptotic index and 
expression proϐile of gene regulating apoptosis namely Bcl2-
associated X protein (BAX) was increased its expression in 
BCB− compared with BCB+ embryos [14]. Additionally, relative 
transcript abundance of anti-apoptotic microRNA-21 and 
nuclear reprogramming related genes (SOX2 and CDX2) was 
increased in the BCB+ compared to BCB− bovine blastocysts, 
while the proϐile Bax was decreased in BCB+ embryos [8]. 

These data provided above indicated that BCB+ oocytes 
potentially have a higher ability to develop to embryos after 
either in vitro fertilyation or nuclear somatic cell, and that 
BCB staining can be used to select developmentally competent 
oocytes for nuclear transfer.

Conclusion
Selection of oocytes based on the activity of G6PDH protein 

has showed some beneϐicial effect on embryo development 
and the quality of produced embryos. The variation on embryo 
development was referred to both changes on the molecular 
regulation of genes regulating developmental process of 
oocytes like cell cycle and mitochondrial activity and genes 
involved in nuclear reprogramming capacity and pregnancy 
establishment in BCB derived embryos.
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