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Abstract
The aims of this study were to investigate the effects of different equilibration times 
with cryoprotectants on viability and metaphase plate morphology of vitrified- 
warmed porcine mature oocytes (Experiment 1) and to evaluate the effects of sup-
plementation with 10−9 M melatonin during in vitro maturation on these parameters 
(Experiment 2). In Experiment 1, 2,392 mature oocytes were vitrified using different 
equilibration times of oocytes with cryoprotectants (3, 10, 15, 20, 30, 40, 60 and 
80 min). Fresh oocytes matured in vitro for 44 hr (n = 509) were used as controls. 
In Experiment 2, a total of 573 COCs were used. COCs were matured with 10−9 M 
melatonin supplementation or without melatonin (control). Some oocytes from each 
group were vitrified with a 60- min equilibration time with cryoprotectants according 
to the results of Experiment 1. The remaining oocytes from each maturation group 
were used as fresh control groups. In both experiments, oocytes were stained with 
2′,7′- dichlorodihydrofuorescein diacetate and Hoechst 33342 to assess viability and 
metaphase plate morphology, respectively. Vitrification and warming affected (p < .01) 
oocyte viability compared with controls, which were all viable after 44 hr of IVM. In 
Experiment 1, the longer the equilibration time with cryoprotectants, the higher the 
viability. Oocytes equilibrated for 60 and 80 min had the highest (p < .05) viability and 
similar metaphase plate characteristics to the fresh control oocytes. In Experiment 2, 
supplementation with melatonin during in vitro maturation had no effect on oocyte 
viability or metaphase plate morphology of vitrified- warmed oocytes. In conclusion, 
under our experimental conditions, vitrified porcine mature oocytes equilibrated with 
cryoprotectants for 60 or 80 min exhibited the highest viability and similar metaphase 
plate characteristics to fresh controls. Furthermore, supplementation with 10−9 M 
melatonin during in vitro maturation had no effect on these parameters.
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1  |  INTRODUC TION

Developing an efficient method for vitrification of porcine mature 
oocytes has become increasingly important for gene banking and 
as a tool for biomedical research. Regarding vitrification protocols, 
those developed for porcine embryos are mostly used for vitrifica-
tion of porcine oocytes (Somfai et al., 2012). However, the optimal 
conditions for cryopreservation of mammalian embryos and oocytes 
differ due to their different membrane and zona pellucida permeabil-
ity (Edashige, 2017). Despite this fact, no attention has been paid in 
pigs to determine the appropriate equilibration time of oocytes with 
cryoprotectants prior to vitrification, which may have important im-
plications for the success of vitrification. Some strategies to improve 
the success of vitrification of porcine mature oocytes have focussed 
on modifying oocytes to make them more resistant to vitrification 
(Somfai et al., 2012). One approach is to supplement the in vitro 
maturation (IVM) medium with antioxidants, as increased oxidative 
stress in the oocyte is one of the main negative effects of oocyte 
vitrification (Mateo- Otero et al., 2021). In this context, supplemen-
tation with coenzyme Q10 (Ruiz- Conca et al., 2017) or astaxanthin 
(Xiang et al., 2021) increased the viability of porcine mature oocytes 
after vitrification. In cattle, supplementation with melatonin, a po-
tent antioxidant, during IVM increased the developmental poten-
tial of mature bovine oocytes after vitrification (Zhao et al., 2016). 
In pigs, there is no information on the use of melatonin during IVM 
to improve the vitrification capacity of mature oocytes. The aims of 
this study were, therefore, firstly to investigate the effect of differ-
ent equilibration times of oocytes with cryoprotectants on oocyte 
viability and metaphase plate morphology of vitrified- warmed por-
cine mature oocytes (Experiment 1) and secondly to evaluate the 
effect of melatonin addition to IVM medium on these parameters 
(Experiment 2).

2  |  MATERIAL AND METHODS

2.1  |  Chemicals

Unless stated otherwise, all chemicals used in this study were pur-
chased from Sigma- Aldrich Co. (Alcobendas).

2.2  |  Cumulus- oocyte complexes (COCs) 
collection and in vitro maturation

COCs collection and IVM were performed as described before 
(Martinez et al., 2019). After IVM, COCs were vortexed in a 0.1% 
(w/v) hyaluronidase solution in TL- HEPES- PVA (Martinez et al., 2016) 
for 2 min to remove cumulus cells.

2.3  |  Oocyte vitrification and warming

Vitrification was performed as described by (Cuello et al., 2008) using 
the Cryotop system (Kuwayama et al., 2005). Briefly, oocytes were 
washed twice in TL- HEPES- PVA and then sequentially equilibrated in 
the first vitrification medium [V1: TL- HEPES- PVA +7.5% ethylene gly-
col +7.5% dimethyl sulphoxide] for different periods of time accord-
ing to the experimental design and then in the second vitrification 
medium [V2: TL- HEPES- PVA + 16% ethylene glycol +16% dimethyl 
sulphoxide +0.4 M sucrose] for 1 min. After equilibration in V2, 30 
oocytes were placed in a single Cryotop device in 0.5– 1 μl drops of V2 
medium (1– 3 oocytes per drop) and immediately immersed in liquid 
nitrogen.

2.4  |  Assessment of oocyte viability

Oocytes were stained for 2 min in 2.5 μg/mL 
2′,7′- dichlorodihydrofuorescein diacetate (FDA; Thermo Fisher 
Scientific, Massachusetts, USA) in TL- HEPES- PVA. After three wash-
ings in TL- HEPES- PVA, oocytes were examined under a fluorescence 
stereomicroscope (Nikon SMZ18; Nikon, Tokyo, Japan). Viable oocytes 
showed bright green fluorescence, and viability was calculated as the 
percentage of viable oocytes to the total number of oocytes assessed.

2.5  |  Evaluation of the metaphase 
plate morphology

Oocytes were fixed in TL- HEPES- PVA with 0.5% glutaraldehyde 
for 30 min. Then, oocytes were stained for 1 min on a slide in 
1– 2 μl drops of Vectashield (Vector Laboratories) with 10 μg/ml 
Hoechst 33342 and then covered with a coverslip. Oocytes 
were examined under a fluorescence microscope (Eclipse E200, 
Nikon). The metaphase plate morphology was classified into 
three categories (Figure 1): normal (metaphase plates with well- 
stained and defined chromosomes arranged in a ring or linear 
fashion), abnormal (metaphase plates with decondensed chro-
mosomes or with chromosomes with an aberrant appearance) 
and absent (no metaphase plate was observed while the polar 
body was present).

2.6  |  Experimental design

2.6.1  |  Experiment 1

In this experiment, several equilibration times of oocytes in V1 were 
tested: 3, 10, 15, 20, 30, 40, 60 and 80 min. For that, 2,392 mature 
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oocytes were vitrified at 42 hr of IVM. After warming, oocytes were 
cultured in IVM medium for 2 hr before evaluation. Fresh oocytes 
mature in vitro for 44 hr (n = 509) were used as controls. Oocytes 
were assessed for viability, and then some viable control (n = 62) and 
vitrified- warmed (n = 405) oocytes were processed for metaphase 
plate morphology as described above.

2.6.2  |  Experiment 2

To evaluate the effect of melatonin supplementation during IVM 
on oocyte viability after vitrification, COCs were first distributed 
into two groups: COCs matured in IVM medium supplemented with 
10−9 M melatonin (MEL) and COCs matured without melatonin. Some 

F I G U R E  1  Fluorescent micrographs of porcine matured oocytes stained with Hoechst 33342. Metaphase plate morphology was 
classified into three categories: (a) normal, (b) abnormal or (c) absent

(a) (b) (c)

F I G U R E  2  Viability of vitrified 
mature oocytes. (a) Light field (a- c) and 
fluorescence images (a′- c′) of control 
oocytes (a, a′) and vitrified oocytes 
equilibrated with cryoprotectants for 
3 min (b, b′) and 60 min (c, c′). (b) Effect of 
different times of equilibration (3, 10, 15, 
20, 30, 40, 60 and 80 min) of oocytes with 
cryoprotectants in the first vitrification 
medium on the oocyte viability. Different 
letters represent significant differences 
(p < .05)

(a)

(b)

a b c

b′a′ c′
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oocytes from each group were vitrified (MEL- VIT [n = 218] and VIT 
[n = 240] groups), with a 60- min equilibration time in V1 according 
to the results of Experiment 1. The remaining oocytes from each 
maturation group were used as fresh control groups [MEL- Control 
(n = 55) and Control (n = 60)]. Viability was assessed as described 
in Experiment 1. Some viable oocytes from each group (MEL- VIT 
n = 50; VIT n = 57; MEL- Control, n = 50; Control, n = 50) were used 
to assess metaphase plate morphology.

2.7  |  Statistical analysis

Statistical analysis was performed using the IBM SPSS 24.0 software 
(SPSS) Data are presented as mean ± standard deviation. Normality 
was tested with Shapiro– Wilk test. Viability data were analysed 
using the Kruskal– Wallis and Mann– Whitney U tests. The compari-
son between the groups with regard to the morphology of the meta-
phase plate was carried out with the Fisher exact test. Differences 
were considered significant at p < .05.

3  |  RESULTS

3.1  |  Experiment 1

Vitrification and warming impaired (p < .01) oocyte viability com-
pared with control oocytes, which were all viable after 44 hr of IVM. 
Considering the vitrification groups, viability was higher; the longer 
the equilibration time with cryoprotectants increased. Oocytes 
equilibrated for 3 and 10 min had the lowest (p < .05) viability, while 
those equilibrated for 60 and 80 has the highest (p < .05) viability, 
with no differences between them (Figure 2). Vitrification with times 
of 3– 40 min had a negative effect on metaphase plate morphology 
(Table 1). In contrast, the groups with 60-  and 80- min equilibration 

had similar metaphase plate characteristics to the fresh control 
oocytes.

3.2  |  Experiment 2

As in Experiment 1, vitrification and warming caused a loss of oocyte 
viability (p < .01) compared with control oocytes, which were all vi-
able after IVM. Supplementation of the IVM medium with melatonin 
had no effect on oocyte viability or metaphase plate morphology. 
MEL- VIT and VIT oocytes showed a similar percentage of FDA- 
positive oocytes (68.3 ± 3.7 and 66.7 ± 2.7, respectively) and also a 
similar percentage of oocytes with a normal metaphase plate (86% 
and 90%, respectively).

4  |  DISCUSSION

As far as we know, this is the first report showing the importance 
of cryoprotectant equilibration time for vitrification of porcine ma-
ture oocytes. Our results clearly demonstrate that the 3- min cryo-
protectant equilibration routinely used for porcine morulae and 
blastocysts (Cuello, Martinez, Cambra, González- Plaza, et al., 2021, 
Cuello, Martinez, Cambra, Parrilla, et al., 2021) was inefficient, 
achieving viability rates of ~15%. FDA staining is the most consistent 
method to identify live oocytes without compromising their viabil-
ity (Shi et al., 2006). It is considered that the assessment of viability 
of vitrified oocytes should be performed 2 hr after warming (Galeati 
et al., 2011; Hwang et al., 2016; Somfai et al., 2006, 2007, 2008), 
as in the present study, because the viability of oocytes decreases 
after culture (Galeati et al., 2011; Somfai et al., 2006). In this study, 
we observed an increase in viability with increasing equilibration time 
with cryoprotectants. This could be due to the permeability of the 
cytoplasmic membrane and zona pellucida to the movement of water 

Group* N

Metaphase plate morphology % (N)

Normal Abnormal Absent

Control vitrified oocytes 62 91.9 (57)a 8.1 (5)a 0(0)

Cryoprotectant equilibration 
time (min)

3 40 42.5 (17)b 52.5 (21)b 5 (2)

10 52 42.3 (22)b 53.8 (28)b 3.9 (2)

15 56 58.9 (33)b 35.7 (20)b 5.4 (3)

20 53 64.2 (34)b 32 (17)b 3.8 (2)

30 50 58 (29)b 41 (21)b 0 (0)

40 55 72.7 (40)b 27.3 (15)b 0 (0)

60 50 90 (45)a 10 (5)a 0 (0)

80 49 82 (41)a 8 (9)a 0 (0)

Note: Control was fresh mature oocytes. Mature oocytes were vitrified using different 
equilibration times (3, 10, 15, 20, 30, 40, 60 and 80 min) in the first vitrification medium. Different 
superscripts within the same column represent significant differences (p < .05).

TA B L E  1  Effect of different 
equilibration times of oocytes with 
cryoprotectants in the metaphase plate 
morphology of vitrified- warmed porcine 
mature oocytes
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and cryoprotectants, which is lower in oocytes than in embryos at 
the morula or blastocyst stages (Edashige, 2017). Our results suggest 
that under our experimental conditions, an equilibration period of 60 
or 80 min enhanced the penetration of cryoprotectants into oocytes, 
thereby increasing cryotolerance. Almost 65% of the oocytes from 
these groups were viable and showed similar metaphase plate mor-
phology to those of the control group. Most researchers use cryopro-
tectant equilibration periods of 10– 15 min for vitrification of porcine 
mature oocyte using Cryotop (Galeati et al., 2011; Hwang et al., 2016; 
Wu et al., 2013) or solid surface methods (Gupta et al., 2007; Somfai 
et al., 2007, 2008). In these studies, viability rates ranging from 39.3 
to 63.4% were reported after FDA staining. These percentages are 
higher than those obtained with 10 min (15.6 ± 3.1%) and 15 min 
(24.6 ± 2.5%) of equilibration in this study. These differences could be 
due to the different composition of the vitrification media. In the pre-
sent study, we used the chemically defined conditions developed for 
porcine embryos (Cuello et al., 2016), while these authors included 
serum (Galeati et al., 2011; Gupta et al., 2017; Hwang et al., 2016; 
Wu et al., 2013) or BSA (Somfai et al., 2007, 2008) in the vitrifica-
tion media, which have been shown to protect mature oocytes during 
vitrification and warming processes leading to higher viability rates 
(Checura & Seidel, 2007). In this respect, the risk– benefit ratio of 
using chemically defined media should be considered when vitrifying 
oocytes. In the second experiment, the addition of melatonin 10−9 M 
during IVM did not improve oocyte viability or metaphase plate mor-
phology. These results are similar to those of Zhao et al. (2016) who 
found no effect of melatonin on oocyte viability but an increase in the 
developmental potential of vitrified mature bovine oocytes. The next 
study will investigate whether IVM with melatonin also improves the 
developmental potential of vitrified oocytes in pigs. Further research 
to optimize oocyte vitrification procedures should consider the im-
portance of adequate equilibration time with cryoprotectant, as well 
as strategies to the quality of oocytes and thus their vitrification 
capacity.

5 | CONCLUSIONS

Vitrification impaired the viability of porcine mature oocytes. The 
viability of vitrified oocytes increased with increasing oocyte equi-
libration time with cryoprotectants and reached its maximum at 
60 min of equilibration. Furthermore, oocytes vitrified with a 60-  or 
80- min equilibration time had similar metaphase plate characteris-
tics as controls. Supplementation of the MIV medium with 10−9 M 
of melatonin has no effect on oocyte viability or metaphase plate 
morphology after vitrification and warming.

ACKNOWLEDG EMENTS
The authors thank El Pozo (Alhama, Murcia) for providing the ovaries 
needed to perform this study.

CONFLIC T OF INTERE S T
None of the authors declares any conflict of interest.

DATA AVAIL ABILIT Y
The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

ORCID
Eleonora Iacono  https://orcid.org/0000-0002-4435-1844 
Inmaculada Parrilla  https://orcid.org/0000-0002-5121-758X 
Maria Antonia Gil  https://orcid.org/0000-0002-6955-7750 
Emilio A. Martinez  https://orcid.org/0000-0003-1260-9721 
Cristina Cuello  https://orcid.org/0000-0002-6202-5946 

R E FE R E N C E S
Checura, C. M., & Seidel, G. E. (2007). Effect of macromole-

cules in solutions for vitrification of mature bovine oocytes. 
Theriogenology, 67(5), 919– 930. https://doi.org/10.1016/j.theri 
ogeno logy.2006.09.044

Cuello, C., Sanchez- Osorio, J., Almiñana, C., Gil, M. A., Perals, M. L., 
Lucas, X., … Martinez, E. A. (2008). Effect of the cryoprotectant 
concentration on the in vitro embryo development and cell prolifer-
ation of OPS- vitrified porcine blastocysts. Cryobiology, 56(3), 189– 
194. https://doi.org/10.1016/j.cryob iol.2008.02.005

Cuello, C., Martinez, C. A., Cambra, J. M., González- Plaza, A., Parrilla, 
I., Rodriguez- Martinez, H., … Martinez, E. A. (2021). Vitrification 
effects on the transcriptome of in vivo- derived porcine morulae. 
Frontiers in Veterinary Science, 8, 1– 13. https://doi.org/10.3389/
fvets.2021.771996

Cuello, C., Martinez, C. A., Cambra, J. M., Parrilla, I., Rodriguez- Martinez, 
H., Gil, M. A., & Martinez, E. A. (2021). Effects of vitrification on the 
blastocyst gene expression profile in a porcine model. International 
Journal of Molecular Sciences Article, 22(3), 1222. https://doi.
org/10.3390/ijms2 2031222

Cuello, C., Martinez, C. A., Nohalez, A., Parrilla, I., Roca, J., Gil, M. A., 
& Martinez, E. A. (2016). Effective vitrification and warming of 
porcine embryos using a pH- stable, chemically defined medium. 
Scientific Reports, 6, 33915. https://doi.org/10.1038/srep3 3915

Edashige, K. (2017). Permeability of the plasma membrane to water and 
cryoprotectants in mammalian oocytes and embryos: Its relevance 
to vitrification. Reproductive Medicine and Biology, 16(1), 36– 39. 
https://doi.org/10.1002/rmb2.12007

Galeati, G., Spinaci, M., Vallorani, C., Bucci, D., Porcu, E., & Tamanini, C. 
(2011). Pig oocyte vitrification by cryotop method: Effects on vi-
ability, spindle and chromosome configuration and in vitro fertil-
ization. Animal Reproduction Science, 127(1– 2), 43– 49. https://doi.
org/10.1016/j.anire prosci.2011.07.010

Gupta, A., Singh, J., Dufort, I., Robert, C., Dias, F. C. F., & Anzar, M. (2017). 
Transcriptomic difference in bovine blastocysts following vitrifi-
cation and slow freezing at morula stage. PLoS One, 12(11), 1– 20. 
https://doi.org/10.1371/journ al.pone.0187268

Gupta, M. K., Uhm, S. J., & Lee, H. T. (2007). Cryopreservation of imma-
ture and in vitro matured porcine oocytes by solid surface vitrifi-
cation. Theriogenology, 67(2), 238– 248. https://doi.org/10.1016/J.
Theri ogeno logy.2006.07.015

Hwang, I. S., Kwon, D. J., Kwak, T. U., Lee, J. W., Im, G. S., & Hwang, 
S. (2016). Improved survival and developmental rates in vitrified- 
warmed pig oocytes after recovery culture with coenzyme Q10. 
Cryo- Letters, 37(1), 59– 67.

Kuwayama, M., Vajta, G., Kato, O., & Leibo, S. P. (2005). Highly effi-
cient vitrification method for cryopreservation of human oocytes. 
Reproductive Biomedicine Online, 11(3), 300– 308. https://doi.
org/10.1016/S1472 - 6483(10)60837 - 1

Martinez, C. A., Cambra, J. M., Maside, C., Cuello, C., Roca, J., Martinez, 
E. A., … Gil, M. A. (2019). High pre- freezing sperm dilution improves 

https://orcid.org/0000-0002-4435-1844
https://orcid.org/0000-0002-4435-1844
https://orcid.org/0000-0002-5121-758X
https://orcid.org/0000-0002-5121-758X
https://orcid.org/0000-0002-6955-7750
https://orcid.org/0000-0002-6955-7750
https://orcid.org/0000-0003-1260-9721
https://orcid.org/0000-0003-1260-9721
https://orcid.org/0000-0002-6202-5946
https://orcid.org/0000-0002-6202-5946
https://doi.org/10.1016/j.theriogenology.2006.09.044
https://doi.org/10.1016/j.theriogenology.2006.09.044
https://doi.org/10.1016/j.cryobiol.2008.02.005
https://doi.org/10.3389/fvets.2021.771996
https://doi.org/10.3389/fvets.2021.771996
https://doi.org/10.3390/ijms22031222
https://doi.org/10.3390/ijms22031222
https://doi.org/10.1038/srep33915
https://doi.org/10.1002/rmb2.12007
https://doi.org/10.1016/j.anireprosci.2011.07.010
https://doi.org/10.1016/j.anireprosci.2011.07.010
https://doi.org/10.1371/journal.pone.0187268
https://doi.org/10.1016/J.Theriogenology.2006.07.015
https://doi.org/10.1016/J.Theriogenology.2006.07.015
https://doi.org/10.1016/S1472-6483(10)60837-1
https://doi.org/10.1016/S1472-6483(10)60837-1


    |  63GONZALEZ- PLAZA Et AL.

monospermy without affecting the penetration rate in porcine 
IVF. Theriogenology, 131, 162– 168. https://doi.org/10.1016/j.theri 
ogeno logy.2019.04.001

Martinez, E. A., Nohalez, A., Martinez, C. A., Parrilla, I., Vila, J., Colina, I., 
… Gil, M. A. (2016). The recipients' parity does not influence their 
reproductive performance following non- surgical deep uterine 
porcine embryo transfer. Reproduction in Domestic Animals, 51(1), 
123– 129. https://doi.org/10.1111/rda.12654

Mateo- Otero, Y., Yeste, M., Damato, A., & Giaretta, E. (2021). 
Cryopreservation and oxidative stress in porcine oocytes. Research 
in Veterinary Science, 135, 20– 26. https://doi.org/10.1016/j.
rvsc.2020.12.024

Ruiz- Conca, M., Vendrell, M., Sabés- Alsina, M., Mogas, T., & Lopez- Bejar, 
M. (2017). Coenzyme Q10 supplementation during in vitro matura-
tion of bovine oocytes (Bos taurus) helps to preserve oocyte integ-
rity after vitrification. Reproduction in Domestic Animals, 52, 52– 54. 
https://doi.org/10.1111/rda.13056

Shi, W. Q., Zhu, S. E., Zhang, D., Wang, W. H., Tang, G. L., Hou, Y. P., & 
Tian, S. J. (2006). Improvement development by Taxol pretreatment 
after vitrification of in vitro matured porcine oocytes. Reproduction, 
131(4), 795– 804. https://doi.org/10.1530/rep.1.00899

Somfai, T., Dinnyés, A., Sage, D., Marosán, M., Carnwath, J. W., Ozawa, 
M., … Niemann, H. (2006). Development to the blastocyst stage 
of parthenogenetically activated in vitro matured porcine oocytes 
after solid surface vitrification (SSV). Theriogenology, 66(2), 415– 
422. https://doi.org/10.1016/j.theri ogeno logy.2005.11.023

Somfai, T., Kashiwazaki, N., Ozawa, M., Nakai, M., Maedomari, N., 
Noguchi, J., … Kikuchi, K. (2008). Effect of centrifugation treatment 
before vitrification on the viability of porcine mature oocytes and 
zygotes produced in vitro. Journal of Reproduction and Development, 
54(3), 149– 155. https://doi.org/10.1262/JRD.19150

Somfai, T., Kikuchi, K., & Nagai, T. (2012). Factors affecting cryopres-
ervation of porcine oocytes. The Journal of Reproduction and 
Development, 58(1), 17– 24. https://doi.org/10.1262/JRD.11- 140N

Somfai, T., Ozawa, M., Noguchi, J., Kaneko, H., Kuriani Karja, N. W., 
Farhudin, M., … Kikuchi, K. (2007). Developmental competence 
of in vitro- fertilized porcine oocytes after in vitro maturation and 
solid surface vitrification: Effect of cryopreservation on oocyte an-
tioxidative system and cell cycle stage. Cryobiology, 55(2), 115– 126. 
https://doi.org/10.1016/j.cryob iol.2007.06.008

Wu, G., Jia, B., Mo, X., Liu, C., Fu, X., Zhu, S., & Hou, Y. (2013). Nuclear 
maturation and embryo development of porcine oocytes vit-
rified by cryotop: Effect of different stages of in vitro matura-
tion. Cryobiology, 67(1), 95– 101. https://doi.org/10.1016/j.cryob 
iol.2013.05.010

Xiang, D. C., Jia, B. Y., Fu, X. W., Guo, J. X., Hong, Q. H., Quan, G. B., & 
Wu, G. Q. (2021). Role of astaxanthin as an efficient antioxidant 
on the in vitro maturation and vitrification of porcine oocytes. 
Theriogenology, 167, 13– 23. https://doi.org/10.1016/j.theri ogeno 
logy.2021.03.006

Zhao, X. M., Hao, H. S., Du, W. H., Zhao, S. J., Wang, H. Y., Wang, N., 
… Zhu, H. B. (2016). Melatonin inhibits apoptosis and improves 
the developmental potential of vitrified bovine oocytes. Journal of 
Pineal Research, 60(2), 132– 141. https://doi.org/10.1111/jpi.12290

How to cite this article: Gonzalez- Plaza, A., Brullo, C., 
Cambra, J. M., Garcia, M., Iacono, E., Parrilla, I., Gil, M. A., 
Martinez, E. A., Martinez, C. A., & Cuello, C. (2022). 
Equilibration time with cryoprotectants, but not melatonin 
supplementation during in vitro maturation, affects viability 
and metaphase plate morphology of vitrified porcine mature 
oocytes. Reproduction in Domestic Animals, 57(Suppl. 5), 
58–63. https://doi.org/10.1111/rda.14158

https://doi.org/10.1016/j.theriogenology.2019.04.001
https://doi.org/10.1016/j.theriogenology.2019.04.001
https://doi.org/10.1111/rda.12654
https://doi.org/10.1016/j.rvsc.2020.12.024
https://doi.org/10.1016/j.rvsc.2020.12.024
https://doi.org/10.1111/rda.13056
https://doi.org/10.1530/rep.1.00899
https://doi.org/10.1016/j.theriogenology.2005.11.023
https://doi.org/10.1262/JRD.19150
https://doi.org/10.1262/JRD.11-140N
https://doi.org/10.1016/j.cryobiol.2007.06.008
https://doi.org/10.1016/j.cryobiol.2013.05.010
https://doi.org/10.1016/j.cryobiol.2013.05.010
https://doi.org/10.1016/j.theriogenology.2021.03.006
https://doi.org/10.1016/j.theriogenology.2021.03.006
https://doi.org/10.1111/jpi.12290
https://doi.org/10.1111/rda.14158

	Equilibration time with cryoprotectants, but not melatonin supplementation during in vitro maturation, affects viability and metaphase plate morphology of vitrified porcine mature oocytes
	Abstract
	1|INTRODUCTION
	2|MATERIAL AND METHODS
	2.1|Chemicals
	2.2|Cumulus-oocyte complexes (COCs) collection and in vitro maturation
	2.3|Oocyte vitrification and warming
	2.4|Assessment of oocyte viability
	2.5|Evaluation of the metaphase plate morphology
	2.6|Experimental design
	2.6.1|Experiment 1
	2.6.2|Experiment 2

	2.7|Statistical analysis

	3|RESULTS
	3.1|Experiment 1
	3.2|Experiment 2

	4|DISCUSSION
	5|CONCLUSIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY

	REFERENCES


