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Oocytes resume meiosis spontaneously when subjected to in vitro
maturation (IVM). Cyclic adenosine monophosphate (cAMP)
elevating agents have been used for artiﬁcial blocking of meiotic
resumption (pre-IVM) to allow the oocyte to prepare for maturation,
potentially increasing its developmental competence. However, the
ultrastructural eﬀects of this pharmacological approach on oocytes
and embryos remain to be addressed.
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In vitro performance
Group Con-IVM resulted in higher blastocyst rates, better
morphologic grading and faster kinetics of development, which
reﬂected in the higher ﬁnal arbitrary score (Fig. 1 and Table 1). The
unexpected poor performance of the Pre-IVM group, which is the
updated version of the SPOM system (Albuz et al. Hum Reprod
25:2999-3011, 2010), is unclear and diﬀers from previous studies
using the prematuration system (Albuz et al. Hum Reprod 25:
2999-3011, 2010; Zeng et al. Hum Reprod 28:1536-45, 2013;
Zeng et al. Biol Reprod 91:47, 2014).
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Fig. 1. Blastocyst rates (expressed as percentage of inseminated oocytes) after oocyte
maturation with the Prematuration system (Pre-IVM) versus the conventional in vitro
maturation system in Aarhus university (AU-System) and University of Copenhagen (BOSystem, EmbryoTransBiotech ).

TEM processing and ultrastructural analysis

Oocyte

N7->OP@##
$(>V+0,-=#

GL]#

KL]#

KM]#
AL]#

8$R$STSSV$

JM]#

GM]#

KL]#

Con-IVM

Aarhus University, M199, Gentamicin, L-Glutamine,
suigonan, serum

JL]#

Blastocyst

We thank Hanne Holm for TEM processing. We also
thank the Innovationsfonden from Denmark (Grant
0603-00509B) and the São Paulo Research
Foundation (FAPESP) from Brazil for funding: Grants
#2012/50533-2; #2015/02557-8; #2012/23409-9.

Qualitative and quantitative ultrastructural evaluation
Pre-IVM oocytes diﬀered from Con-IVM oocytes with respect to the
following aspects which were veriﬁed by quantitative assessment:
• Higher content and more even distribution of vesicles
(Fig. 2A-B, Fig. 4, Fig. 5 and Table 2)
• Lower content of mitochondria (Table 2, Fig. 5)
• Less cortical granules which were more clustered
(Fig. 2C-D, Fig. 5)
• Tendency to a higher content and more even distribution of
lipid droplets (Table 2, Fig. 4 and Fig. 5)
• Tendency to less SER clusters with a more even distribution
in the ooplasm (Table 2, Fig 4 and Fig. 5)
Pre-IVM blastocysts diﬀered from Con-IVM blastocysts with respect
to the following aspects which were not veriﬁed by quantitative
assessment:
• Apparently less desmosomes between adjacent
trophectoderm cells (Fig. 3C-D)
• Peripheral localization of ribosomes in inner cell mass cells
(Fig. 3E-F)
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Fig. 4. Organelle localization (central versus periphery) in oocytes after in vitro maturation
with the conventional maturation system (Con-IVM) or the pre-maturation system (Pre-IVM).
SER = smooth endoplasmic reticulum. P-value for each structure is described in parenthesis.

Relative number of structures

Oocyte
Fig. 2. Electron micrographs of
oocytes after conventional in vitro
maturation (Con-IVM) or the
prematuration system (Pre-IVM).
PvS:perivitelline space. PB: polar
body. L: Lipid droplet. ZP: zona
pellucida. CG: cortical granule.
SER: smooth endoplasmic reticulum.
V: vesicle. M: mitochondria.
*Pleomorphic mitochondrion.
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Blastocyst
Fig. 3. Electron micrograph of
blastocyst after conventional
in vitro maturation (Con-IVM)
or prematuration system
(Pre-IVM). TE: trophectoderm.
BC: blastocoel cavity. ZP: zona
pelucida. ICM: inner cell mass.
M: mitochondria. N: nucleus.
Rb: ribosome. RER: rough
endoplasmic reticulum.

Organelle density
Table 2. Volume (percent of ooplasm), surface density (Mean±SEM, μm2/μm3 of ooplasm) number
(Mean±SEM per 1000μm3 of ooplasm) of lipids, vesicles, large clusters of smooth endoplasmic
reticulum and mitochondria in matured oocytes from conventional in vitro maturation (Con-IVM)
of the pre-maturation system (Pre-IVM).

Fig. 5. Total number of structures analyzed in whole oocytes after in vitro maturation with
the conventional maturation system (Con-IVM) or the pre-maturation system (Pre-IVM).
SER: smooth endoplasmic reticulum. Mito: mitochondria. * P<0.05

Most of the ultrastructural deviations observed in Pre-IVM oocytes
are consistent with immature oocytes described previously (Hyttel
et al., J Reprod Fertil 76:645-56, 1986 and Hyttel et al.
Theriogenology 47:23-32, 1997), suggesting an incomplete
maturation in oocytes submitted to the prematuration treatment. It
might be considered a persistent eﬀect of the 2-hour prematuration
with cyclic AMP modulators (forskolin and IBMX) even though
oocytes were carefully washed before following regular IVM.
Regarding the blastocyst comparison, we have only selected best
quality blastocyst, i.e., those with excellent morphology, fast kinetics
and great scores, therefore ultrastructural deviations were less likely
to be found.
In summary, results indicate that oocytes submitted to
pre-maturation before IVM present ultrastructure deviations in
number of organelles (mitochondria, vesicles and cortical granules),
volume density (vesicles and SER), surface area density (SER) and
localization (central or peripheral) of organelles (lipid droplets,
vesicles and SER).

