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IMPACTO POTENCIAL DESTA PESQUISA 

O impacto desta pesquisa consiste determinar que embriões bovinos cultivados 

in vitro suplementados com o antioxidante astaxantina atravesse as etapas da 

criopreservação com menos crioinjúrias, seguindo para a posterior fase de 

reaquecimento e consequentemente trazendo resultados satisfatórios na 

transferência embrionária. Este estudo contribui para futuros projetos direcionados a 

etapa de criopreservação, já que o embrião adquire uma fragilidade estrutural inerente 

após este processo e os mecanismos de defesa próprio dos embriões são 

insuficientes para proteger suas delicadas estruturas celulares. 



POTENTIAL IMPACT OF THIS RESEARCH 

The impact of this research is to determine that in vitro cultured bovine embryos 

supplemented with the antioxidant astaxanthin go through the stages of 

cryopreservation with less cryoinjury, moving on to the subsequent rewarming phase 

and consequently bringing satisfactory results in embryonic transfer. This study 

contributes to future projects aimed at the cryopreservation stage, since the embryo 

acquires an inherent structural fragility after this process and the embryos' own 

defense mechanisms are insufficient to protect their delicate cellular structures. 
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USO DE ASTAXANTINA EM CULTIVO IN VITRO E EFEITOS 
SUBSEQUENTES NA CRIOPRESERVAÇÃO DE EMBRIÕES BOVINOS 

RESUMO –O objetivo deste trabalho é avaliar se a adição de astaxantina 
(AST) ao meio de cultivo in vitro (CIV) pode exercer efeitos positivos em 
embriões bovinos após vitrificação. A AST é um carotenoide com altas 
propriedades antioxidantes, devido a uma estrutura molecular única contendo 
ligações duplas conjugadas e grupos hidroxila (–OH) e ceto (C=O), que 
contribuem para eliminar EROs e bloquear a peroxidação lipídica (LPO). Os 
presumíveis zigotos foram atribuídos 22 horas após a fertilização in vitro em um 
dos seguintes tratamentos: G-CONT) Controle, G-DMSO) dimetilsulfóxido (1 μl 
de DMSO / 999 μl de meio CIV), G-AST 0,8) 0,8 nM de AST, G- AST 3) 3 nM de 
AST e G-AST 13) 13 nM de AST. Apenas blastocistos expandidos (BX) grau I no 
7º dia de desenvolvimento foram vitrificados (n = 92, 95, 86, 99 e 95/grupo, 
respectivamente). Os embriões foram avaliados a fresco e vitrificados quanto à 
taxa de eclosão e reexpansão, viabilidade celular incluindo número total de 
células e apoptose pelo teste TUNEL, além dos níveis lipídicos de peroxidação 
dos meios de cultura com substâncias reativas ao ácido tiobarbitúrico (TBARS). 
Nossos resultados mostraram que não houve diferença devido à suplementação 
de AST na formação de blastocistos no D7. Entretanto, a adição de 0,8, 3 e 13 
nM de AST ao meio CIV aumentou a taxa de expansão dos blastocistos após 24 
h nos grupos G-AST 0,8 (100A(100-100)); G-AST 3 (98A(100-100)); G-AST 13 
(100A(100-100)) quando comparado ao G-CONT (93B(100-100)) e G-DMSO 
(94,3B(100-100)) e 48 h de cultura G-AST 0,8 (100A( 100-100)); G-AST 13 
(100A(100-100)) quando comparado ao G-CONT (91,3B(83,3-100)); G-DMSO 
(92,4B(80-100)); G-AST 3 (95,5AB(100-100)), independente se o embrião era 
fresco ou vitrificado. A porcentagem de células apoptóticas nos embriões após 
vitrificação/aquecimento foi maior no G-AST 0,8 (17,9A(13,5-21,4)); (p<0,05) 
comparado ao G-DMSO 9,7B(8,1-10,7) e G-AST 3 (11,1B (10,0-12,8); (p<0,05). 
TBARS não mostrou efeito da astaxantina sob a LPO quando adicionada ao meio 
da CIV, não houve diferenças entre os grupos para os embriões do G-CONT no 
7º dia de estágio de desenvolvimento (p > 0,05 ). Em conclusão, a 
suplementação com AST no meio de cultivo controlou parcialmente os efeitos da 
scrioinjúrias nos embriões vitrificados, levando à formação de blastocistos com 
uma taxa comparativamente aumentada de embriões BX após procedimentos 
de aquecimento. Tomados em conjunto, este estudo fornece novas perspectivas 
na compreensão de como a AST poderia melhorar a competência de 
desenvolvimento de embriões bovinos vitrificados. 

Palavras-chave: astaxantina, carotenoides, crioprotetores, espécies reativas de 
oxigênio. 

RESUMO 
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THE USE OF ASTAXANTHIN IN IN VITRO CULTURE AND SUBSEQUENT 
EFFECTS ON CRYOPRESERVATION OF BOVINE EMBRYOS 

ABSTRACT –The objective of this work is to evaluate whether the addition 
of astaxanthin (AST) to the in vitro culture medium (IVC) can exert positive effects 
on bovine embryos after vitrification. The AST is a carotenoid with high 
antioxidant properties, due a unique molecular structure containing conjugated 
double bonds, and hydroxyl (–OH) and keto (C=O) groups, which contribute to 
eliminate ROS and block lipid peroxidation (LPO). Presumable zygotes were 
assigned 22 hours after IVF in one of the following treatments: G-CONT) Control, 
G-DMSO) dimethyl sulfoxide (1 μl DMSO/999 μl IVC medium), G-AST 0.8) 0.8
nM of AST, G-AST 3) 3 nM of AST and G-AST 13) 13 nM of AST. Only grade I
expanded blastocysts (XB) on 7th day of development were vitrified (n = 92, 95,
86, 99, and 95/group, respectively). Embryos were evaluated fresh and vitrified
for hatching rate and re-expansion, also cell viability including the total number of
cells and apoptosis by TUNEL test, in addition to peroxidation lipid levels of
culture media with thiobarbituric acid reactive substances (TBARS). Our results
showed that there was no difference due to AST supplementation in blastocyst
formation on D7. However,  the addition of 0.8, 3 and 13 nM of AST into the IVC
medium increased the expansion rate of blastocysts after 24 h in the groups G-
AST 0.8 (100A(100-100)); G-AST 3 (98A(100-100)); G-AST 13 (100A(100-100))
when compared to G-CONT (93B(100-100)) and G-DMSO (94.3B(100-100)) and
48 h of culture G-AST 0.8 (100A(100-100)); G-AST 13 (100A(100-100)) when
compared to G-CONT (91.3B(83.3-100)); G-DMSO (92.4B(80-100)); G-AST 3
(95.5AB(100-100)), independent if the embryo was fresh or vitrified.  The apoptotic
cell percentage in the embryos after vitrification/warming was higher in the G-
AST 0.8 (17.9A (13.5-21.4); (p<0.05) compared to G-DMSO 9.7B(8.1-10.7) and
G-AST 3 (11.1B (10.0-12.8); (p<0.05). TBARS showed no effect of astaxanthin on
IVC medium LPO, no differences among the groups to the embryos of the G-
CONT at the 7th day of developmental stage (p > 0.05). In conclusion,
supplementation with AST to the culture medium partially controlled cryoinjury
effects on the vitrified embryos, leading to formation of blastocysts with a
comparatively increased rate of XB embryos after warming procedures. Taken
together, this study provides new perspectives in understanding how AST could
improve the developmental competence of vitrified bovine embryos.

Keywords: astaxanthin, carotenoids, cryoprotectants, reactive oxygen species. 

ABSTRACT 
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CHAPTER 1 - GENERAL CONSIDERATIONS 

1. INTRODUCTION

In vitro embryos are highly sensitive to the external environment. In the 

process of in vitro culture, changes in osmotic pressure, pH, gas phase 

environment, and temperature lead to the excessive accumulation of reactive 

oxygen species (ROS) and damage cells, reducing the quality of in vitro embryos 

(KANE, 2003, SHAHBAZI et al., 2016, SCIORIO; THONG; PICKERING, 2018). 

IVC environments for embryos suffer from higher oxygen concentrations 

(GUERIN; EL MOUATASSIM; MENEZO,2001) resulting in ROS accumulation 

and inhibition of embryonic development (JAMIL et al., 2020). In addition to that, 

oxidative stress during IVC can lead to apoptosis (YOUSEFIAN et al., 2021). 

A multitude of key factors regulate the generation of ROS in the media and 

include various cellular metabolic reactions, oxygen concentration and general 

physicochemical parameters that may have a negative impact on physiology by 

inducing apoptosis (KHAZAEI; AGHAZ, 2017). Oxygen tension probably has 

important implications for the regulation of cell proliferation and differentiation 

during the early stages of embryo development. Although oxygen tensions during 

oviductal transit are higher (maximum 9% oxygen), but this is still far below the 

20% oxygen which is present under atmospheric conditions (FISCHER; 

BAVISTER, 1993). During in vitro embryo production (IVEP), it is challenging to 

recreate a balanced oxidative environment due to the high oxygen tensions 

during manipulation (SIDI et al., 2022). 

Oxidative stress during culture can be mitigated by using antioxidant 

supplementation. One of the antioxidants that has become popular during oocyte 

and embryo culture is astaxanthin (AST). It has been shown that AST 

supplementation during oocyte and embryo culture promotes oocyte maturation 

and developmental competence (YOUNG et al., 2001, KUROKI et al., 2013, DO 

et al., 2015, ISPADA et al., 2018, XIANG et al., 2021). Recently, AST is shown 

to exert the beneficial effect on mammalian reproduction, and can ameliorate the 

development defect of early embryos caused by harmful factors [DO et al., 2015, 

ISPADA et al., 2018; HE et al., 2022). AST is also proven to alleviate ROS 
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mediated apoptosis, and improve DNA methylation reprogramming (LI et al., 

2015; KIM and KIM, 2018).  

Therefore, the present study will be conducted to determine whether 

antioxidant AST at different concentrations may be beneficial for the development 

of oocytes up to the stage of morula and blastocyst when added during the IVC 

of bovine zygotes under defined condition of high O2, mitigating the effects of 

cryoinjury in the freezing process. 

2.1. Embryo culture 

Some studies have suggested that the development of embryos depends 

on the quality of the oocytes from which they originate (LONERGAN et al., 2003; 

RODRIGUEZ; FARIN, 2004). However, there is also evidence that the 

environment to which embryos are exposed during culture can affect their quality 

and viability (VAN SOOM et al., 2002; YUAN et al., 2003). 

Along the years, the harmful effect of oxidative injury on the development 

of mammalian embryos grown in vitro have been studied. Toxic effects of 

atmospheric oxygen concentration under normal culture conditions (5% CO2 and 

95% air; approximately 20% O2) was replicated in hamster (BAVISTER, 1988, 

MCKIERNAN; BAVISTER, 1990), pig (WRIGHT, 1977), sheep (THOMPSON et 

al., 1990), and cow (THOMPSON et al., 1990, VOELKEL; HU, 1992). This 

reduction in development is probably due to oxidative stress, since there is the 

addition of sequestered free radicals (NODA et al., 1991, GOTO et al., 1993). 

Oxidative stress under higher oxygen concentration is correlated with the 

generation of ROS, such as hydrogen peroxide (GOTO et al., 1992) that induces 

DNA damage in cells (RHAESE; FREESE, 1968, TAKEUCHI et al., 1996).  
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5. CONCLUSION

In conclusion, the results of this study taken together demonstrated that

enrichment of bovine IVC medium with different AST treatments can partially 

improve cryotolerance after culture, due the better survival rates within 24 and 48 

hours when compared to the control. Therefore, AST as a powerful exogenous 

antioxidant requires further studies to apply more efficiently in the IVC system for 

recovery culture of the vitrified bovine embryos or other reproductive biology field. 
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