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RECENT PROGRESS IN 
VITRIFICATION
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ALASKAN WOOD FROG FREEZES OVER SLOWLY



CRYOPRESERVATION TO STOP TIME 
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IN HUMAN OOCYTE VITRIFICATION 

Clinical pregnancy rates do not differ between

fresh (48 %) vs vitrified (49 %) oocytes BUT: 

1. Denuded in vivo matured oocytes are used

2. Vitrified-warmed oocytes are often subjected to ICSI
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Cobo and Diaz, 2011



WHY OOCYTE VITRIFICATION IN ANIMALS?
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Rescue gametes from dead animal Oocyte banking for research

Superior female genetics preservation



VITRIFICATION STEPS

30-40 % CPA

0.5-1 M sucrose

15-20 % CPA 



VITRIFICATION OR GLASS FORMATION
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OOCYTE AND EMBRYO 
CULTURE IN CATTLE
AND HORSES
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ASSISTED REPRODUCTION IN CATTLE
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Immature Mature Embryo
Ovary puncture

ICSI

Embryo transferOffspring

ASSISTED REPRODUCTION IN HORSES



FACTORS FOR VITRIFICATION SURVIVAL

̶ CPA-concentration and properties

̶ Size of the cells (cryoprotectants and cooling speed)

̶ Size of device (cooling speed)

̶ Cell-cell interaction

̶ Lipids in membrane/cytoplasm
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SIZE OF THE CELLS
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SPECIFICS OF OOCYTES

̶ Large cell (120 µm)

̶ Germinal vesicle (immature) or metaphase II (mature)

̶ Surrounded by zona pellucida

̶ Can be surrounded by cumulus cells

Cumulus

oocyte

complex

Denuded

oocyte

Corona 

Radiata 

oocyte
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CRYOPROTECTANTS PENETRATE IN OOCYTES





COCs DOsCRs

Non-vitrified

Vitrified

SURVIVAL OF OOCYTE VITRIFICATION

Alive

Dead



DOWNSIDE OF DENUDING OOCYTES (DOS)

̶ Maturation rates decrease

̶ Fertilization rates decrease

̶ Cleavage rates decrease

̶ Blastocyst rates decrease

̶ But rescue possible …

22Ortiz-Escribano et al. 2016



RESCUE OF DENUDED OOCYTES BY COCS
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PARTHENOGENETIC ACTIVATION

Ortiz-Escribano et al. 2016



CONCLUSION

̶ Vitrification of mature bovine oocytes is feasible, 

preferably with corona radiata (8% blastocysts)

̶ Vitrified denuded oocytes can be rescued for IVF by

coincubation with mature fresh COCs (13% blastocysts)
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SIZE OF THE DEVICE
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Open Pulled Straw 

(OPS)

Cryoloop

Cryotop

Solid surface vitrification High security vitrification Spatula vitrification

SIZE OF DEVICES







15% ethylene glycol, 

15% dimethyl sulfoxide

0.5 M sucrose

1 MINUTE

7.5 % ethylene glycol 

7.5 % dimethyl sulfoxide

10 MINUTES

Long protocol – TCM199Hanks + 20 % FBS 

LONG AND SHORT PROTOCOL

20% ethylene glycol, 

20% dimethyl sulfoxide

0.5 M sucrose

15 SECONDS

10 % ethylene glycol 

10 % dimethyl sulfoxide

25 SECONDS

Short protocol –TCM199Hanks + 0.014 % BSA 

Adapted from Tharasanit et al. 2006

Adapted from Kuwayama et al. 2005 



LONG VS SHORT PROTOCOL WITH EQUINE
CORONA RADIATA OOCYTES
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VICSI May 12 2017 



EFFICIENCY OF OOCYTE VITRIFICATION IS LOW  

Fresh 146 80 (55%) 16 (20%) 10 (60%)

Vitrified 179 72 (40%) 5 (7%) 1 (20%)



CONCLUSION

̶ Vitrification of immature horse oocytes is still not

efficient (7% blastocysts), but can yield live foals

̶ The use of ICSI is beneficial since it circumvents

fertilization problems

̶ Vitrification of mature equine oocytes may be more 

efficient (cfr. human), but is less practical in the horse
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CELL-CELL
INTERACTION
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OOCYTE

Cumulus cells



OOCYTE
Cumulus cells

Apoptosis or cell death induced by vitrification 



OOCYTE

Connexins between cumulus cells may

induce apoptosis in neighboring

cumulus cells, even in oocyte



OOCYTE

Cumulus cells

Mimetic peptide Gap26

BLOCKING CONNEXIN CHANNELS WITH GAP26 

GAP26 may prevent apoptosis to occur in OOCYTE 

Similar events in EMBRYO





PRESENCE OF CONNEXIN43 IN CAT OOCYTES



VITRIFICATION OF IMMATURE CAT OOCYTES
WITH GAP26

Total no. 

of 

oocytes

Matured

(%)

Cleaved

(%) 

Blastocyst

(%)

Control 134 65 (49) 51 (38) 17 (13)

Vitrified-warmed 143 12 (8) 5 (3) 0 (0)

Vitrified-warmed

with GAP26
139 27 (19) 13 (9) 3 (2)
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CONCLUSION

̶ Vitrification of immature cat oocytes is 

still in its infancy (2% blastocysts)

̶ Further research on cats in Belgium is 

not possible due to law on early cat

spaying (prepubertal oocytes) 
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LIPIDS
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LIPID CONTENTS DIFFERS IN EMBRYOS
FROM DIFFERENT SPECIES
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Human Bovine Porcine



LIPID CONTENTS IN EMBRYOS IS 
INFLUENCED BY CULTURE MEDIUM

̶ Serum in culture medium is increasing lipid droplets

̶ BSA in culture medium is lowering lipid droplets

46Ordonez-Leon et al. 2014

BSA SERUM



CULTURE MEDIUM AND EMBRYO FREEZABILITY

̶ Serum in medium is decreasing cryosurvival

̶ BSA in medium is increasing cryosurvival

Rizos et al, 2003



VITRIFIED-WARMED BOVINE OOCYTES
CLEAVE LESS IF MATURED IN SERUM
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a b

After maturation in serum After serum-free maturation in EGF

Ortiz-Escribano, unpublished



81
77,3

30,7

82
86,5

40,540,7

29,2

0,7

52,9

61,5

3,5

0

10

20

30

40

50

60

70

80

90

100

Fertilization Cleavage blastocyst

Control oocytes mature in FBS

Control oocytes mature in EGF

Vitrified oocytes mature in FBS

Vitrified oocytes mature in EGF

VITRIFIED-WARMED OOCYTES PRODUCE 
LESS BLASTOCYSTS IF MATURED IN SERUM

Ortiz-Escribano unpublished
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CONNEXIN IN BOVINE EMBRYOS



EFFECT OF GAP26 ON DYE SPREAD IN HELACELLS
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HeLa Cells



GAP26 IMPROVES HATCHING IN VITRIFIED FBS-
MATURED EMBRYOS



BUT HAS NO EFFECT ON CELL DEATH….

55Ortiz-Escribano et al. 2017



CONCLUSION

̶ Oocyte maturation in serum can decrease freezability

of resulting bovine embryos

̶ This negative effect can be counteracted at the embryo 

stage by GAP26

̶ The positive effect exerted by GAP26 on hatching was 

not caused by decreased apoptosis
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TAKE HOME MESSAGE

̶ Oocyte vitrification works a little in cattle, horse, cat…

̶ Human oocyte vitrification works very well!

̶ We can either learn from human :

̶ in vivo matured oocytes, 

̶ ICSI

̶ We can use some tricks in domestic animal oocyte vitrification :

‒ Gap26, 

‒ removal of cumulus cells

‒ remove serum from maturation medium…
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