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This study determined the optimum storage vessel and the effects of 
resveratrol for the storage of in vitro matured (IVM) bovine oocytes. After IVM, 
the oocytes were kept in a Hepes-buffered medium at 25 °C for 20 h in different 
containers including Eppendorf tubes (ET) made of polypropylene (PP) and poly-
styrene (PS), and tissue culture tubes (TCT) made of PP, PS, and glass. Then oo-
cytes were subjected to IVF and subsequent in vitro embryo development was 
compared among the groups and to that of a control group without storage. The 
percentage of blastocyst development in the control group was significantly high-
er than in the stored groups (P < 0.05). Among oocytes stored in TCT, the per-
centage of blastocyst development of oocytes stored in glass TCT was significant-
ly higher than that of oocytes stored in PP and PS TCT (P < 0.05); however, it did 
not differ from that of oocytes stored in ET. The quality of blastocysts did not dif-
fer among the control and stored groups. Embryo development was not affected 
when 0.1, 1 or 10 µM resveratrol was added to the medium during oocyte storage. 
In conclusion, glass tubes were optimal for oocyte storage and resveratrol did not 
improve the development of stored oocytes.  
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In vitro embryo production (IVP) by in vitro oocyte maturation (IVM) and 
fertilisation (IVF) under laboratory conditions has become a potent method for 
the production of bovine embryos in large quantities using immature oocytes 
(Viana et al., 2010). However, approximately 5 h after the maturation is com-
pleted, the developmental competence of oocytes starts to decline due to oocyte 
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ageing (Fissore et al., 2002). The optimal window period for IVF differs among 
species and has been determined for the bovine to be at 22–24 h of IVM (Long et 
al., 1994; Agung et al., 2006; Koyama et al., 2014). This fact appears to be a 
hitch for the planning of IVP programs when mature oocytes at the metaphase-II 
(MII) stage are obtained at awkward time points or spatially far from the site of 
IVF such as when ovum pick up (OPU) is performed at remote farms far from 
the laboratory. Therefore, preservation of matured oocytes without reducing their 
competence would be advantageous by making the planning of IVF programs 
more flexible in time and space. Cryopreservation of bovine oocytes is still diffi-
cult especially under field/farm conditions and it is associated with low embryo 
developmental rates (Mullen and Fahy, 2012). To overcome this problem, tem-
porary storage of oocytes in media above the freezing point (i.e. liquid storage) 
offers an alternative for practical applications in the cattle industry.  

We previously reported the production of good-quality blastocysts from 
IVM bovine oocytes stored for 20 h at 25 °C in a HEPES-buffered medium in 
polypropylene Eppendorf tubes (Suttirojpattana et al., 2016). Nevertheless, blas-
tocyst developmental rates remained lower than those obtained from fresh IVM 
oocytes. Previous studies suggest that the material of the vessel in which animal 
cells are kept might affect their development by toxicity (Hunter et al., 1988; 
Halldorsson et al., 2015). Furthermore, we have demonstrated that during liquid 
storage of bovine oocytes the intracellular levels of the antioxidant glutathione 
(GSH) decline, suggesting increased susceptibility to oxidative stress (Suttirojpat-
tana et al., 2016). The aim of the present study was to assess the impacts of the 
storage vessel type/material and medium supplementation with the antioxidant 
resveratrol during liquid storage on the subsequent developmental competence of 
matured bovine oocytes. 

 
Materials and methods 

Collection and IVM of bovine oocytes 

Bovine ovaries obtained at a slaughterhouse were kept and transported to 
the laboratory in plastic bags. After the bovine spongiform encephalopathy 
(BSE) test according to the Abattoir Law of Japan was confirmed to be negative, 
the ovaries were washed several times in 0.9% (w/v) NaCl solution. Cumulus–
oocyte complexes (COCs) were aspirated from antral follicles (2–8 mm in diam-
eter) using a 10-ml syringe with an 18-gauge needle, and only those surrounded 
by at least three layers of cumulus cells and with a homogenous cytoplasm were 
selected for IVM. Selected oocytes were washed three times in IVM medium, 
which was a HEPES-buffered TCM 199 medium (Medium 199, 12340-030, 
Gibco, Thermo Fisher Scientific, Life Technologies, Carlsbad, CA, USA) sup-
plemented with 5% newborn calf serum (NCS, S0750-500; Biowest SAS, Nuail-
lé, France) and 0.02 Amour units/ml follicle stimulating hormone (FSH; Antrin 
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R10; Kyoritsu Seiyaku Co., Tokyo, Japan) and then cultured in IVM medium 
under paraffin oil (Paraffin liquid, Nacalai Tesque Inc., Kyoto, Japan) (20 COCs 
per 100 μl droplet) in 35-mm Petri dishes (351008, BD Falcon, Tokyo, Japan) 
under a humidified atmosphere of 5% CO2 in air at 38.5 °C for 20–21 h. 

Liquid preservation of oocytes 

At 20–21 h after the start of IVM, COCs were washed twice in the base 
medium which consisted of TCM-199 medium (Medium 199 powder, 31100-035, 
Gibco, Thermo Fisher Scientific) buffered with 11 mM of HEPES (Sigma-Aldrich 
Co., St. Louis, MO, USA), 9 mM of Na-HEPES (Sigma-Aldrich Co.), and sup-
plemented with 5 mM of sodium bicarbonate with a pH adjusted to 7.3 and the 
osmolality to 0.290 osm. Then they were transferred into different containers in 
1.3 ml of storage medium according to the experimental design (described be-
low). The storage medium was base medium supplemented with 10% (v/v) NCS 
and 10.27 mM sodium pyruvate (Suttirojpattana et al., 2017). The containers 
were then closed, sealed air tight with parafilm and kept at 25 °C for 20 h. 

IVF 

A straw of frozen Japanese Black bull semen was thawed by immersion in 
water at 37 °C for 40 sec. Then the sperm was loaded on the top of 3 ml of 90% 
Percoll (Sigma-Aldrich Co., St. Louis, MO, USA) solution in a centrifuge tube 
and then centrifuged at 740 × g for 10 min. The pellet was resuspended in 5.5 ml 
of IVF 100 medium (IFP9630, Research Institute for Functional Peptides Co., 
Ltd., Yamagata, Japan) and centrifuged again at 540 × g for 5 min. The pellet 
was resuspended in IVF 100 medium to adjust the final sperm concentration to 
3 × 106 sperm/ml. Groups of 20 COCs were washed twice in IVF 100 medium 
and co-cultured with sperm under humidified atmosphere of 5% CO2 in air for 
4 h at 38.5 °C. 

In vitro embryo culture (IVC) 

After IVF, the presumptive zygotes were completely denuded from cumu-
lus cells by gentle pipetting with a fine glass pipette in a culture medium which 
was Charles Rosenkrans 1 (CR1) medium (Rosenkrans et al., 1993) supplement-
ed with amino acids (CR1aa) (Imai et al., 2002) and 5% NCS. Then, 15–20 zy-
gotes were washed and cultured in each 100 µl droplet of culture medium under 
a humidified atmosphere of 5% CO2, 5% O2, and 90% N2 at 38.5 °C for up to 
9 days. The day of IVF was considered as day 0. 

Evaluation of blastocyst cell number  

On day 9, embryos at or beyond the blastocyst stage were fixed in 99.5% 
ethanol supplemented with 10 µg/ml Hoechst 33342 (Calbiochem) overnight at 
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4 °C. Then the embryos were mounted on glass slides in glycerol droplets. The 
total nuclei were counted under UV light with excitation at 330–385 nm and 
emission at 420 nm under an epifluorescence microscope (Nikon Eclipse E600, 
Tokyo, Japan). 

Experimental design 

Experiment 1 investigated the effect of different containers for the storage 
of matured oocytes on their subsequent developmental competence after IVF. 
Five different containers were compared, which were 1.5-ml closed (Eppendorf) 
tubes (ET) made of either polypropylene (PP, 0030 120.086, Eppendorf, Tokyo, 
Japan) (ET-PP group) or polystyrene (PS, 53071, Active Motif, Tokyo, Japan) 
(ET-PS group), 5-ml disposable TCT made of either PP (352063, BD Falcon, 
Tokyo, Japan) (TCT-PP group), or PS (352058, BD Falcon, Tokyo, Japan) 
(TCT-PS, group) or glass (9831-1207, Iwaki Glass Co., Tokyo, Japan) (TCT-G 
group). After IVM, groups of COCs were placed in storage medium in each type 
of container and stored for 20 h at 25 °C as described above. After storage, the 
COCs were subjected to IVF and IVC as described above. Cleavage rates, blas-
tocyst formation rates, rates of hatching and hatched blastocysts and blastocyst 
cell numbers were recorded on day 2, days 7–9, days 8–9 and day 9, respective-
ly. For each oocyte lot, a group of matured COCs without storage was used as a 
control group. Five biological replicates were performed. 

Experiment 2 investigated the effects of resveratrol during storage on de-
velopmental competence of matured oocytes. After IVM, COCs were stored for 
20 h at 25 °C in a glass TCT as described above in a serum-free storage medium 
supplemented with or without resveratrol at different concentrations (0, 0.1, 1 
and 10 µM). In this experiment, the glass TCT was used according to the results 
of Experiment 1, and serum was omitted from the storage medium in order to 
avoid any interactions of non-defined factors with resveratrol. After storage, the 
oocytes were subjected to IVF and IVC as described above. Cleavage rates, blas-
tocyst formation rates, rates of hatching and hatched blastocysts and blastocyst 
cell numbers were recorded on day 2, days 7–9, days 8–9 and day 9, respective-
ly. A group of matured oocytes without storage was used as a control group. Five 
biological replicates were performed. 

Statistical analysis 

In all experiments, data were expressed as mean ± SEM. The percentage 
data were arcsine transformed and analysed with one-way ANOVA; post-hoc 
Fisher’s protected least significant difference test was used to locate differences. 
Significance was defined as P < 0.05. The entire statistical analysis was carried 
out using the software SPSS 20.0 for Windows (IBM Corp., Armonk, NY, USA). 
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Results 

Experiment 1: Effect of different containers during oocyte storage on sub-
sequent embryo development. The mean percentage of cleaved oocytes was simi-
lar among all groups, ranging between 68.6–79.3%. The oocytes without storage 
showed a significantly higher percentage of blastocyst formation compared with 
the storage groups (Table 1). Among the TCT groups the highest blastocyst rate 
was observed in the TCT-G group which was significantly higher than the rates 
in both the TCT-PP and TCT-PS groups but did not differ significantly from 
those of the ET-PP and ET-PS groups. There was no significant difference in 
hatching ability or total cell numbers of blastocysts among any of the groups. 

Experiment 2: The effects of resveratrol during oocyte storage on subse-
quent embryo development. As shown in Table 2, the percentages of cleavage 
were similar among the control and stored groups; however, the blastocyst for-
mation rate on day 9 in the control group was significantly higher (P < 0.05) than 
in the stored groups, irrespective of resveratrol addition treatments during oocyte 
storage. The hatching ability and total cell numbers of blastocysts were not sig-
nificantly different between the resveratrol-treated groups and the control group. 

 
 

Discussion 

In previous studies, liquid storage of oocytes was performed in Petri dish-
es or 4-well culture plates (Li et al., 2012; Wang et al., 2014b; Zhao et al., 2015). 
Nevertheless, the surface coating of culture dishes may interact with the biologi-
cal activities of animal cells such as those of embryos (Kolahi et al., 2012; Rive-
ra and Rinaudo, 2012). Closed tubes seem to be more practical than Petri and 
culture dishes for oocyte storage under field or farm conditions. We tested five 
different tubes which differed in terms of type/size and material. Among the oo-
cytes stored in TCT tubes, those stored in glass tubes showed significantly higher 
blastocyst development than those which were stored in plastic TCT tubes. This 
indicates that among the investigated materials, glass was superior for this pur-
pose. This result is in accordance with previous observations on porcine embry-
os; when cultured in 5 ml tubes, in vitro produced embryos showed the highest 
development rate to the blastocyst stage in glass tubes, whereas polypropylene 
caused retarded development (M. Ozawa, personal communication). Hence, dis-
posable glass tubes could be successfully used for the culture of porcine embryos 
(Ozawa et al., 2006). 

PP has been used for decades as a material for vessels to store different 
types of animal cells without obvious negative effects on their viability (Conning 
and Firth, 1969). However, in recent decades, the most conventional material for 
embryo culture is considered to be PS which withstands the temperature and hu-
midity of the incubator without changing media characteristics (Smith et al., 2012; 



 LIQUID STORAGE OF MATURED BOVINE OOCYTES 551 

Acta Veterinaria Hungarica 65, 2017 

Blomfield et al., 2016). Our results indicated that compared with glass, both PP 
and PS exerted negative effects on the developmental competence of oocytes dur-
ing storage. The toxicity of plastic materials and surface coatings is an issue that 
should be taken into account when oocytes are stored in media. Several synthetic 
polymers have been evaluated for compatibility with the development of mamma-
lian embryos and not all types of polymers were found to be appropriate (Hunter et 
al., 1988). Certain products may carry water-soluble contaminants which alter the 
functions of animal cells and this effect can vary among production lots (Reuhl et 
al., 1990). Other studies indicated differences in material surface properties which 
affect cell behaviour, influencing experimental results during in vitro culture of 
somatic cells (Lau and Tchao, 2007; König et al., 2013; Zeiger et al., 2013). Nev-
ertheless, the exact factor causing the difference in embryo developmental compe-
tence of oocytes stored in glass and PP tubes remains unclear. In the present study, 
development of oocytes stored in either 1.5-ml Eppendorf tubes or 5-ml culture 
test tubes did not differ significantly. Nevertheless, Eppendorf tubes are smaller 
and their fixed lids allow easier and safer logistics of stored oocytes compared to 
5-ml tubes. Based on the results presented above, a 1.5- or 2.0-ml glass tube with a 
safety lid may be the ideal vessel for this purpose. In the second experiment, we 
stored oocytes in the presence or absence of resveratrol using glass containers, 
based on the results of the first experiment. The aging of oocytes affects their qual-
ity through the increase of intracellular ROS to excessively high levels (Goud et 
al., 2008). Accordingly, storage of matured bovine oocytes for 20 h significantly 
reduces intracellular concentrations of GSH which controls the redox status in oo-
cytes (Suttirojpattana et al., 2016). Acting as an antioxidant, resveratrol improves 
the development of cultured oocytes and embryos (Kwak and Hyun, 2012; Kwak 
et al., 2012; Liu et al., 2013; Wang et al., 2014a). In previous studies, resveratrol 
was reported to increase GSH concentrations in oocytes (Kwak et al., 2012; Wang 
et al., 2014a). Therefore, we hypothesised that resveratrol supplementation during 
oocyte storage may also be beneficial for embryo development after IVF. However, 
treatment of oocytes with resveratrol at different concentrations (0.1, 1 and 10 µM) 
during oocyte storage affected neither the developmental rates to the blastocyst 
stage, nor the quality of blastocysts. The possible reasons may be that either (1) 
resveratrol was not potent enough to overcome the severe loss of GSH or (2) fac-
tors other than oxidative stress may contribute to the severe loss of developmental 
competence during oocyte storage. It is important to point out that the second ex-
periment was conducted without the use of serum supplementation in the storage 
medium in order to avoid the possible interactions of serum-derived undefined fac-
tors with resveratrol. During storage, serum exerts positive effects on the develop-
mental competence of matured oocytes (Suttirojpattana et al., 2017). Therefore, the 
lack of serum during oocyte preservation explains the lower blastocyst develop-
mental rates and embryonic cell numbers in Experiment 2, compared with those of 
Experiment 1. 
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In conclusion, we found that glass is the optimum material for containers 
during oocyte storage and that medium supplementation with resveratrol did not 
affect the developmental competence of stored bovine oocytes. Further research 
will be required to improve the developmental competence of stored oocytes. 
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