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ABSTRACT
Objective: To investigate the effects of coenzyme Q10 (CoQ10) 

supplementation on post-vitrification embryo development and 

gross morphology.  

Methods: Balb/c mouse embryos were cultured in potassium 

simplex optimised medium (KSOM) with varying CoQ10 

concentrations [0 (control), 20, 40, and 60 μM]. The most 

effective CoQ10 concentration (40 μM) was selected for subsequent 

post-vitrification morphology study. Embryos were randomly 

divided into four groups: Group A (non-vitrified without CoQ10), 

Group B (non-vitrified with CoQ10), Group C (vitrified without 

CoQ10), and Group D (vitrified with CoQ10), followed by 

vitrification at the 8-cell stage. Survival rates and development 

until the blastocyst stage were evaluated through morphological 

examinations using ASEBIR's system, distinguishing normal and 

abnormal embryos.

Results: Supplementation of 40 μM CoQ10 significantly increased 

blastocyst formation (95%) compared to the control group (92%), 

20 μM (62%), and 60 μM (56%) (P<0.001). Following vitrification, 

Group D exhibited a significant increase in blastocyst formation 

(92%) compared to Group C (82%) (P<0.05). Morphological 

assessments indicated superior embryo quality in Group B over 

Group D during the cleavage stage, morula, and blastocyst (P<0.05).

Conclusions: CoQ10 supplementation exhibits promising 

potential to enhance preimplantation embryo development, 

increase blastocyst formation rates, and improve embryo quality 

post-vitrification. This offers a promising approach to mitigate 

oxidative stress on embryos, potentially improving overall assisted 

reproductive technology outcomes.

KEYWORDS: Coenzyme Q10; Antioxidant; Embryo 

development; Vitrification; Morphology; Assisted reproductive 

technology

1. Introduction
   

  Infertility is a condition characterized by the inability of a 

couple to achieve pregnancy after consistent, unprotected intercourse 

for at least 12 months. This widespread issue affects millions of 

individuals of reproductive age worldwide, causing significant 

emotional and social distress[1]. Assisted reproductive technology 

(ART) encompasses a range of medical treatments and procedures 

involving the manipulation of human eggs, sperm, and embryos 

outside the body to facilitate pregnancy. Prominent forms of ART, 

such as in-vitro fertilization (IVF), intracytoplasmic sperm injection 

(ICSI), gamete intrafallopian transfer, and pronuclear stage tubal 

transfer, have emerged as effective solutions. Nevertheless, despite 

advancements, only 35% of couples undergoing ART procedures 

achieve a live birth[2]. 

  One promising advancement in the field of ART is the vitrification 

technique for cryopreserving mammalian embryos. Vitrification's 
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Significance
In recent years, assisted reproductive technology (ART) usage 

has surged due to global infertility. Despite advancements, 

success rates remain low. Factors such as oxidative stress 

from vitrification may contribute to this. Antioxidant 

supplementation has been shown to have beneficial effects on 

embryo development, but coenzyme Q10 research is limited. 

This study revealed that coenzyme Q10 supplementation 

positively impacted embryo development, notably increasing 

blastocyst formation and improving morphology. It potentially 

offers protective benefits against cryodamage and improves 

ART outcomes.
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popularity has soared in ART laboratories globally, driven by its 

advantages over traditional slow-freezing methods in terms of 

cost and time efficiency. Vitrification involves rapid cooling and 

warming rates and highly concentrated cryoprotectant solutions in 

small volumes with high viscosity. These conditions collectively 

induce a transition into a glass-like physical state without forming 

ice crystals[3]. The method is known for its speed, cost-effectiveness, 

and successful application in the cryopreservation of embryos at 

various developmental stages across mammalian species[3]. 

  Despite vitrification’s increasing effectiveness, ongoing research is 

essential to investigate its potential impact on cell membranes and 

mitochondrial bioenergetic processes, which can be influenced by 

oxidative stress. Oxidative stress is recognized for its capacity to 

hinder enzyme activation, disrupt mitochondrial function, reduce 

adenosine triphosphate (ATP) levels, influence apoptotic pathways, 

and cause DNA fragmentation, all of which can contribute to 

developmental delays.

  Recognizing that challenges in ART procedures persist, it is crucial 

to explore strategies for mitigating their adverse effects on embryo 

development. Previous studies have demonstrated that antioxidant 

supplementation such as glutathione[4], and vitamin C[5] improves 

gamete quality and strengthens the developing embryos. 

  Another antioxidant, coenzyme Q10 (CoQ10), is a fat-soluble 

component situated within the electron transport chain in the inner 

mitochondrial membrane. CoQ10 is pivotal role in ATP production 

and inhibitor of peroxidation and oxidation processes. The presence 

of CoQ10 in human follicular fluid has shown associations with 

embryo morphokinetics and pregnancy rates in animal reproduction. 

In mice, CoQ10 has been demonstrated to enhance the quality 

of both oocytes and cumulus cells by reversing mitochondrial 

dysfunction, including reducing  oxidative phosphorylation and 

ATP levels. ATP levels have been linked to oocyte morphology and 

developmental potential[6].

  However, compared to other antioxidants, CoQ10 has received 

relatively limited research attention, especially regarding in vitro 

supplementation in the culture media[7]. Therefore, the present study 

aims to address these research gaps by investigating the potential 

protective effects of CoQ10 on the preimplantation development of 

embryos following cryopreservation.

2. Materials and methods 

2.1. Chemicals

  The CoQ10 used in this study was purchased from Sigma-Aldrich 

(St. Louis, Missouri, USA). The following reagents and materials 

were also used: Potassium simplex optimised medium (KSOM) 

was purchased from Sigma-Aldrich (St. Louis, Missouri, USA).  

Pregnant mare serum gonadotrophin (PMSG) and human chorionic 

gonadotropin (hCG) were obtained from Prospect Bio, Israel.

2.2. Animals

  A total of 24 female Balc/c mice 6 to 8 weeks of age, weighing 

25 to 35 g, were used as embryos donors. A collective of 24 proven 

fertile male mice of the same strain, 6 to 8 weeks of age, weighing 25 

to 40 g were used to set up natural mating. Animals were purchased 

from Laboratory Animal Facility and Management (LAFAM), 

Universiti Teknologi MARA (UiTM) and bred at Laboratory Animal 

Care (LACU), Institute for Molecular Biotechnology (IMMB), 

UiTM until the time of use. Mice were kept  in an animal house 

under a 12:12 hour light: dark cycle at (19.0±0.5) 曟 and 50% to 

60% humidity conditions. Females were kept in 290 mm 伊 220 mm 

伊140 mm dimension cages with a stainless-steel lid separating the 

water bottle and feed. Male mice were isolated in individual cages a 

week before being introduced to the female mice. This is to ensure 

optimal reproductive performance. The mice were fed with mouse 

pellets (Altromin, Malaysia) and provided reverse osmosis water ad 
libitum. Autoclaved sawdust was used as bedding material. The 

bedding was changed twice a week. Cages and water bottles were 

washed every week. 

2.3. Superovulation of mice and collection of embryo

  Female mice were superovulated by intraperitoneal (i.p.) injections 

of 5 IU of PMSG followed by 5 IU of hCG 48 h later by i.p. 
injection to induce ovulation. The female mice were subsequently 

mated with fertile males of the same strain in a 1:1 ratio. Copulation 

plug was inspected 24 h later to confirm mating. Plugged female 

mice had their oviduct excised, and embryos were flushed out using 

M2 medium. 

2.4. Optimization of CoQ10 concentration 

  A preliminary study was conducted to determine the optimal 

concentration of CoQ10 for addition to the culture media of the 

treatment group. Two-cell stage embryos were cultured in 

10 μL CoQ10 with varying concentrations (0, 20, 40, and 60 μM), 

combined with 40 μL of KSOM media in a humidified incubator[8]. 

The embryos were allowed to develop until they reached the 

blastocyst stage. The concentration of CoQ10 that resulted in the 

highest percentage of blastocyst formation was identified as the 

optimal amount to be added to the culture media.

2.5. Embryo culture

  Embryos were divided into four groups, each consisting of a 
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different number of embryos: Group A consisted of 63 embryos 

(non-vitrified without CoQ10), Group B comprised 55 embryos 

(non-vitrified with CoQ10), Group C included 64 embryos (vitrified 

without CoQ10), and Group D comprised 64 embryos (vitrified 

with CoQ10). Group A received no CoQ10 and no vitrification, 

serving as the control group. Group B received CoQ10 but was 

not vitrified. Group C received no CoQ10 and vitrified. Group D 

was supplemented with CoQ10 and vitrified. Embryos in groups 

A and C were cultured in 50 μL of KSOM, while embryos in 

groups B and D were cultured in 40 μL of KSOM media + 10 μL of 

CoQ10. Embryos in groups A and B were allowed to develop to the 

blastocyst stage without undergoing the vitrification process. The 

developmental viability of these embryos was evaluated every 24 h 

until the blastocyst stage. Embryos in groups C and D were cultured 

until 8-cell stage before being subjected to vitrification.

2.6. Vitrification and warming of embryos

  Embryos were vitrified using Mochida’s EFS20/40 vitrification 

method[9] with minor modifications[10]. Briefly, embryos were 

immersed in 20 μL of EFS20 solution containing 20% ethylene 

glycol, 24% ficoll 70 and 0.4 M sucrose for 2 min. Then, they were 

transferred to 50 μL of EFS40 solution containing 40% ethylene 

glycol, 18% Ficoll 70 and 0.3 M sucrose for 3 min. Subsequently, 

a 1-mL syringe fitted with a white pipette tip was used to load the 

EFS40 solution into the straw and immediately immersed into liquid 

nitrogen filled in a styrofoam box.  

  For warming, the straws were taken from the styrofoam box 

using forceps and then held in the air for 10 s before being placed 

in a 37 曟 water bath for another 10 s. The contents of the straws 

were expelled out into a culture dish containing a thawing solution 

composed of M2 medium with 0.5 M sucrose for 5 min. The culture 

dish was gently agitated to combine the dilution and cryoprotectant 

solutions thoroughly. The embryos were then transferred into M2 

media, washed twice in fresh M2 media and prepared for culture.  

2.7. Developmental study and morphological assessment 

  The post-vitrification survival rate of embryos was assessed by 

examining their morphology under an inverted microscope (Leica 

DM IRB, BZ:05) connected to the PC software (PixeLINK)  at 20伊 

magnification followed by development in vitro until the blastocyst 

stage. The development of the embryos was recorded according 

to the ASEBIR's morphological scoring system[11]. The embryos 

were classified as normal or abnormal based on their morphology. 

Normal embryos had consistent size and shape among blastomeres, 

with fragmentation below 10%. Morula-stage embryos were 

compact with fully compacted blastomeres, while blastocysts had 

homogeneous trophectoderm (TE) cells, a larger blastocoel, and 

a compacted inner cell mass (ICM). Abnormal embryos exhibited 

uneven blastomeres, fragmentation over 10%, partial compaction in 

morulae, non-homogeneous TE cells, smaller blastocoel, and non-

compacted ICM in blastocysts.

2.8. Statistical analysis

  The statistical analysis was conducted using the Statistical Package 

for Social Sciences (SPSS) software version 29 from IBM Corp. The 

morphological embryonic outcomes and blastocyst formation rates 

were determined and reported as frequencies and percentages. The 

differences between groups were analyzed using the Chi-square test. 

A P-value of less than 0.05 was considered statistically significant. 

2.9. Ethics statement

  All animal care and use procedures were approved by the Animal 

Care and Use Committee (ACUC) under approval code UiTM Care: 

387/2022.

3. Results 

3.1. Optimization of CoQ10 concentration in culture media

  The preliminary study’s results demonstrated that the group with 

a CoQ10 concentration of 40 μM exhibited the highest blastocyst 

formation (95%) compared to the control group (92%), the 20 μM 

group (62%), and the 60 μM group (56%) (P<0.001) (Figure 1). 

Therefore, this concentration (40 μM) was selected for the treatment 

group.

3.2. Developmental study of non-vitrified and vitrified 
embryos

  No significant difference in blastocyst formation was found 

between the control non-vitrified group (Group A) and the CoQ10-

supplemented non-vitrified group (Group B) for embryos not 

subjected to vitrification. However, for vitrified embryos, there was 

a significantly higher blastocyst formation (92%) with the CoQ10 

supplement (Group D) compared to the control vitrified group (Group 

C) (82%) (P<0.05) (Figure 2).

3.3. Cleavage embryos comparison between the treatment and 
control groups

  As shown in Table 1, non-vitrified embryos in the control 

group (Group A) exhibited 80% normal morphology with even-

sized blastomeres and low fragmentation, whereas the CoQ10-
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supplemented embryos (Group B) demonstrated 88% (Table 1). For 

vitrified embryos, the control vitrified group (Group C) exhibited 

58% normal morphology, while the CoQ10-supplemented vitrified 

embryos (Group D) showed 66%, both displaying even-sized 

blastomeres and low fragmentation (Table 1).

  A significantly higher percentage of normal embryo morphology 

was observed in the non-vitrified treatment group (Group B) 

compared to the vitrified treatment group (Group D) (88% versus 
66%) (P<0.05). The results showed no significant difference in the 

morphology of cleavage embryos between the control non-vitrified 

(Group A) and control vitrified (Group C) embryos.

3.4. Morula morphology comparison between the treatment 
and control groups

  In addition, non-vitrified embryos showed 78% normal morphology 

for the control group (Group A) and 84% for CoQ10-supplemented 

embryos (Group B), characterized by compacted morula formation. 

Regarding vitrified embryos, the control vitrified group (Group C) 

displayed 60% normal morphology, while the CoQ10-supplemented 

vitrified embryos (Group D) exhibited 66%, indicating complete 

morula formation without distinguishable blastomeres.

  Non-vitrified treatment group (Group B) exhibited significantly 

higher normal morula morphology compared to the vitrified treatment 

group (Group D) (84% versus 66%) (P<0.05). The results showed no 

significant difference in morula morphology between the control non-

vitrified (Group A) and control vitrified embryos (Group C) (Table 1).

3.5. Blastocyst morphology comparison between the treatment 
and control groups

  Table 1 reveals that non-vitrified embryos showed 74% normal 

morphology of blastocyst for the control group (Group A) and 

86% for CoQ10-supplemented embryos (Group B), characterized 

by homogenous trophectoderm cells, oval inner cell mass, and 

compacted structure. Regarding vitrified embryos, the control 

vitrified group (Group C) exhibited 64% normal morphology. In 

comparison, the CoQ10-supplemented vitrified embryos (Group 

D) showed 68%, displaying homogenous trophectoderm cells, oval 

inner cell mass, and compacted morphology (Table 1).

  A significantly higher percentage of normal blastocyst morphology 

was observed in the non-vitrified treatment group (Group B), 86% 

compared to the vitrified control group (Group C). The results 

indicated no significant difference in blastocyst morphology between 

the control non-vitrified (Group A) and vitrified groups (Group C).

Table 1. The morphology of preimplantation embryos at the 8-cell stage, morula and blastocyst [n(%)].

 
Groups

                8 cell                                                                                                              Morula                        Blastocyst   
  Normal Abnormal Normal Abnormal Normal Abnormal 
A 40 (80) 10 (20) 39 (78) 11 (22) 37 (74) 13 (26)
B 44 (88)*   6 (11)* 42 (84)*   8 (16)* 43 (86)*   7 (14)*
C 29 (58) 21 (42) 30 (60) 20 (40) 32 (64) 17 (34)
D 33 (66) 17 (34) 33 (66) 17 (34) 34 (68) 16 (32)

*Group B versus Group D (P<0.05). Chi-square test is used. Group A: non-vitrified without CoQ10; Group B: non-vitrified with CoQ10; Group C: vitrified 

without CoQ10; Group D: vitrified with CoQ10.

Figure 1. Comparison of blastocyst formation between different 
concentrations of CoQ10 in culture media. *40 μM versus 0, 20 and 
60 μM (P<0.001). 
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Figure 2. Comparison of blastocyst formation between the control and 
treated embryos in non-vitrified and vitrified groups. *Group C versus 
Group D embryos in vitrified group (P<0.05). Group A: non-vitrified 
without CoQ10; Group B: non-vitrified with CoQ10; Group C: vitrified 
without CoQ10; Group D: vitrified with CoQ10.
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4. Discussion

  The obtained result indicates that the most effective concentration 

for adding exogenous CoQ10 to the culture media is 40 μM, as 

evidenced by the highest blastocyst formation. Conversely, the 

lowest blastocyst formation occurred at 60 μM. In line with these 

observations, prior studies on the oocyte stage also reported positive 

outcomes for 40 μM CoQ10, showing a significant reduction 

in oocyte death after 24 h of in vitro maturation (IVM) culture 

compared to 0, 20, or 60 μM CoQ10. Furthermore, CoQ10 treatment 

at 40 μM significantly increased ATP levels after 24 h of IVM 

culture compared to 0, 20, or 60 μM. Furthermore, CoQ10 treatment 

at 40 μM significantly increased ATP levels after 24 h of IVM 

culture compared to 0, 20, or 60 μM[12]. The presence of 30 μM 

CoQ10 was found to promote the hatching of expanded blastocysts, 

possibly through several mechanisms[13]. Firstly, CoQ10 and electron 

transport can automatically activate proton antiport, which is crucial 

for ion changes and fluid distribution in the blastocyst. Secondly, 

by enhancing cell proliferation and increasing ATP content, CoQ10 

might speed up the formation of the blastocoel cavity, accelerating 

the hatching process. Lastly, CoQ10 could correct the ionic 

imbalance in embryos cultured in conventional media[13]. These 

previous studies suggest that the best CoQ10 concentration for 

achieving positive molecular and biological outcomes in the culture 

of bovine embryos falls within the midrange concentration[13]. 

  CoQ10-supplemented vitrified embryos (Group D) were 

significantly higher than the control group of vitrified embryos 

(Group C) at eight-cell stage, morula, and blastocyst. This 

observation suggests that CoQ10 may have a beneficial effect on 

embryo development after exposure to the stress induced by the 

vitrification process. Indeed, individual antioxidants have been 

demonstrated to effectively alleviate oxidative stress in mammalian 

embryos during the cryopreservation process[14]. 

  Furthermore, a previous study on oocytes found that supplementing 

them with 50 μM CoQ10 during IVM is beneficial in preserving 

oocyte quality following vitrification. Specifically, it helps prevent 

premature cortical granule exocytosis. In other words, CoQ10 

supplementation during IVM helps maintain the structural and 

functional quality of oocytes, preventing premature release of 

specific cellular components called cortical granules, which can be 

essential for successful fertilization and embryonic development[15]. 

The abnormal embryo development includes a higher grade of 

fragmentation and multinucleated blastomeres[16].

  Notably, ascorbate was among the first antioxidants shown to 

enhance mouse embryo development and improve blastocyst’s 

subsequent viability[17]. Additionally, including N-acetylcysteine in 

both vitrification and warming solutions had positive effects. This 

supplementation improved the distribution patterns of mitochondria 

and effectively eliminated reactive oxygen species (ROS), resulting 

in increased development of vitrified oocytes[18].

  Moreover, studies conducted by Moawad et al[19] demonstrated 

successful outcomes from adding L-carnitine during the vitrification 

and IVM of germinal vesicle-stage mouse oocytes. This 

supplementation significantly improved several crucial aspects of 

oocyte development, including blastocyst development, spindle 

assembly, chromosome alignment, mitochondrial distribution, and 

mitochondrial oxidative activity.

  In all stages of development, the CoQ10-supplemented vitrified 

embryos consistently showed the highest percentage of normal 

morphology. Vitrified embryos without CoQ10 exhibited an 

increased occurrence of abnormal morphology. This suggests that 

vitrification may have influenced abnormal embryo morphology 

through cryodamage caused by the cryoprotectant, leading to 

increased oxidative stress and, consequently elevated toxicity in 

the embryo. The supplementation of CoQ10 in the culture medium 

enhanced cleavage and blastocyst formation rates. Furthermore, it 

contributed to the improvement of blastocyst quality by mitigating 

oxidative damage and reducing blastomere apoptosis[20].

  During cytokinesis, various organelles, including mitochondria, 

distribute evenly into each new cell, referred to as a blastomere. 

Mitochondria play a crucial role in generating ATP, which is 

essential for supporting the energy demands during subsequent 

cleavage divisions or cell division processes. Unequal distribution of 

mitochondria can disrupt the cleavage process, leading to irregular 

blastomere sizes and the formation of embryos with 5, 6, or 7 cells, 

deviating from the typical even division[21].

  Vitrification can cause alterations in mitochondrial distribution, 

reduced membrane potential in mouse pronuclear embryos[22], 

lowered ATP levels in human oocytes[23], and induce mitochondrial 

dysfunction in mouse oocytes and parthenogenetic embryos[24]. 

Natural antioxidants have shown significant positive effects by 

safeguarding mitochondrial function, regulating the synthesis and 

activity of antioxidant enzymes, and suppressing ROS production[25-

27]. Embryos displaying uneven cleavage patterns often exhibit 

a higher incidence of aneuploidy (abnormal chromosome 

numbers) and multinucleation than embryos with uniformly sized 

blastomeres[28].

  At the morula stage, it was observed that most CoQ10-

supplemented vitrified embryos exhibited full blastomere 

compaction. Conversely, morula and blastocyst-stage embryos 

that underwent vitrification without CoQ10 supplementation 

displayed increased dichlorodihydrofluorescein fluorescence 

intensity, indicating heightened ROS production and a decrease in 

developmental rates[29]. This rise in ROS levels could be attributed to 

the conditions employed during the vitrification process, potentially 

inducing oxidative stress. This observation aligns with prior studies 

that reported the up-regulation of genes linked to oxidative stress 

mechanisms, such as Hsp70, MnSOD, and CuSOD, in vitrified 

mouse embryos[30].

  Oxidative stress harms sperm function through various 

mechanisms, including lipid peroxidation, protein damage, and DNA 

strand breakage, significantly impacting an individual's fertility[31]. 

A utilizing hydrogen peroxide (H2O2) to induce oxidative stress 

in mouse spermatozoa[32], the results demonstrated that this stress 

caused damage to sperm, ultimately reducing the developmental 

potential of preimplantation-stage embryos and diminishing their 
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ability to implant. This emphasizes the critical need to mitigate 

oxidative stress to maintain optimal reproductive health.

  The sustained higher blastocyst formation rate in CoQ10-

supplemented vitrified embryos (Group D) compared to the control 

vitrified group (Group C) underscores the impact of vitrification on 

embryonic development. This suggests that CoQ10 plays a pivotal 

role in restoring embryo development post-vitrification. Additionally, 

it is noteworthy that blastocyst formation rates were notably lower in 

vitrified 2-cell stage embryos compared to those at the 4-cell or 8-cell 

stages. In mouse embryos, a common occurrence called 'cleavage 

arrest' often happens at the 2-cell stage, mainly attributing to the 

initiation of embryonic genome activation, commonly known as the 

'two-cell block'[33].

  The reduction in trophectoderm cell numbers observed in vitrified-

warmed blastocysts could be attributed to delayed cleavage, 

likely resulting from some extent of cryoinjury experienced by 

the embryonic blastomeres during the vitrification process[34]. 

Supplementing with an antioxidant could enhance the survival rate. 

This statement strongly aligns with our findings, indicating that the 

CoQ10-receiving group exhibited the highest blastocyst formation 

percentage compared to the control group among the vitrified 

embryos.

  The limitation of this study lies in its focus on preimplantation 

embryo development, suggesting the need for further research 

into fetal development effects. Additionally, exploring CoQ10's 

mechanisms, particularly its modulation of oxidative stress and gene 

expression, is essential for a comprehensive understanding.

  In conclusion, the study revealed that supplementing the culture 

media with CoQ10 positively impacted embryo development. 

An optimal concentration of 40 μM notably increased blastocyst 

formation. Moreover, CoQ10 supplementation improved cleavage, 

morula, and blastocyst morphology in both non-vitrified and vitrified 

embryos. This suggests that CoQ10 potentially offers protective 

benefits, especially advantageous for vitrified embryos, potentially 

reducing the impact of cryodamage and enhancing the overall quality 

of the embryos.

Conflict of interest statement

  There was no conflict of interest.

Acknowledgement

  The authors would like to thank the Ministry of Higher Education, 

Malaysia for providing financial support under Fundamental 

Research Grant Scheme (FRGS) [FRGS/1/2020/SKK06/

UNIKL/02/1], and we wish to thank the Institute of Medical 

Molecular Biotechnology (IMMB), Faculty of Medicine, Universiti 

Teknologi MARA, Sungai Buloh Campus, Selangor Branch for 

providing technical supports for this study. We further thank the 

Laboratory Animal Care Unit (LACU) staff for providing animal 

care and maintenance.

  Funding

  This study was supported by the Fundamental Research Grant 

Scheme (FRGS) [FRGS/1/2020/SKK06/UNIKL/02/1], from the 

Ministry of Higher Education, Malaysia.

Authors’ contributions

  Funding for this study was provided by Wan-Hafizah WJ. Anisa-

Annur S and Wan-Hafizah WJ contributed to the study's conception 

and design, conducted literature searches, and drafted the initial 

manuscript. Anisa-Annur S, Wan-Hafizah WJ, Nor-Ashikin MNK, 

and Muhammad-Zaki R were responsible for data analysis and 

interpretation, as well as contributing to manuscript drafting. Anisa-

Annur S took the lead in writing the manuscript. Wan-Hafizah WJ, 

Nor-Ashikin MNK, and Muhammad-Zaki R participated in article 

screening and provided critical revisions to the manuscript. Wan-

Hafizah WJ finalized and approved the manuscript. All authors 

reviewed and approved the final manuscript.

References

[1] �World Health Organization. Infertility. [Online] Available from: https://

www.who.int/news-room/fact-sheets/detail/infertility [Accessed 24 

October 2023].

[2] �Ratna MB, Bhattacharya S, van Geloven N, McLernon DJ. Predicting 

cumulative live birth for couples beginning their second complete cycle of 

in vitro fertilization treatment. Hum Reprod 2022; 37(9): 2075-2086.

[3] �Szeptycki J, Bentov Y. Cryopreservation of embryos and gametes: 

Past, present, and future. In: Marco-Jimenez F, Akdemir H (eds.). 

Cryopreservation in eukaryotes [Internet]. InTech Open; 2016. doi: 

10.5772/65123.

[4] �Abdul Rahman NS, Mohamed Noor Khan NA, Eshak Z, Sarbandi MS, 

Mohammad Kamal AA, Abd Malek M, et al. Exogenous L-glutathione 

improves vitrification outcomes in murine preimplantation embryos. 

Antioxidants 2022; 11(11): 2100.

[5] �Chu M, Yao F, Xi G, Yang J, Zhang Z, Yang Q, et al. Vitamin C rescues 

in vitro embryonic development by correcting impaired active DNA 

demethylation. Front Cell Dev Biol 2021; 9: 784244. doi: 10.3389/

fcell.2021.784244. 

[6] �Yang Q, Zhu L, Wang M, Huang B, Li Z, Hu J, et al. Analysis of 

maturation dynamics and developmental competence of in vitro matured 

oocytes under time-lapse monitoring. Reprod Biol Endocrinol 2021; 19(1): 

183.

[7] �Maside C, Martinez CA, Cambra JM, Lucas X, Martinez EA, Gil MA, 

et al. Supplementation with exogenous coenzyme Q10 to media for in 
vitro maturation and embryo culture fails to promote the developmental 

competence of porcine embryos. Reprod  Domest Anim 2019;  54(S4): 72-

77.

[8] �Abdulhasan MK, Li Q, Dai J, Abu-Soud HM, Puscheck EE, Rappolee 

DA. Coq10 increases mitochondrial mass and polarization, ATP and 

Oct4 potency levels, and bovine oocyte mii during IVM while decreasing 



132 Anisa-Annur S et al / Asian Pacific Journal of Reproduction 2024; 13(3): 126-132

AMPK activity and oocyte death. J Assist Reprod Genet 2017; 34(12): 

1595-1607.

[9] �Mochida K,  Hasegawa A, Taguma K, Yoshiki  A,  Ogura A. 

Cryopreservation of mouse embryos by ethylene glycol-based 

vitrification. J Vis Exp 2011; (57): 3155. doi: 10.3791/3155.

[10]�Jusof WH, Khan NA, Rajikin MH, Satar NA, Mustafa MF, Jusoh N, et 

al. Timing of the first zygotic cleavage affects post-vitrification viability 

of murine embryos produced in vivo. Int J Fertil Steril 2015; 9(2): 221-

229.

[11]�Cuevas Saiz I, Carme Pons Gatell M, Vargas MC, Delgado Mendive 

A, Rives Enedáguila N, Moragas Solanes M, et al. The Embryology 

Interest Group: Updating ASEBIR's morphological scoring system for 

early embryos, morulae and blastocysts. Med Reprod y Embriol Clin 2018; 

5(1): 42-54. doi: 10.1016/j.medre.2017.11.002.
[12]�Abdulhasan MK, Li Q, Dai J, Abu-Soud HM, Puscheck EE, Rappolee 

DA. CoQ10 increases mitochondrial mass and polarization, ATP 

and Oct4 potency levels, and bovine oocyte M栻 during IVM while 

decreasing AMPK activity and oocyte death. J Assist Reprod Genet 2017; 

34(12): 1595-1607.

[13]�Stojkovic M, Westesen K, Zakhartchenko V, Stojkovic P, Boxhammer 

K, Wolf E. Coenzyme Q(10) in submicron-sized dispersion improves 

development, hatching, cell proliferation, and adenosine triphosphate 

content of in vitro-produced bovine embryos. Biol Reprod 1999; 61(2): 

541-547.

[14]�Budani MC, Tiboni GM. Effects of supplementation with natural 

antioxidants on oocytes and preimplantation embryos. Antioxidants 
(Basel) 2020; 9(7): 612.

[15]�Ruiz-Conca M, Vendrell M, Sabés-Alsina M, Mogas T, Lopez-Bejar M. 

Coenzyme Q(10) supplementation during in vitro maturation of bovine 

oocytes (Bos taurus) helps to preserve oocyte integrity after vitrification. 

Reprod Domest Anim 2017; 52(S4): 52-54.

[16]�Chorya JB, Sutaria TV, Chaudhari RK, Chaudhari CF. Impact of gamete 

health on fertilization and embryo development: An overview. Asian Pac 
J Reprod 2022; 11(5): 201-207. 

[17]�Lane M, Maybach JM, Gardner DK. Addition of ascorbate during 

cryopreservation stimulates subsequent embryo development. Hum 
Reprod 2002; 17(10): 2686-2693.

[18]�Matilla E, Martín-Cano FE, González-Fernández L, Sánchez-Margallo 

FM, Álvarez IS, Macías-García B. N-acetylcysteine addition after 

vitrification improves oocyte mitochondrial polarization status and the 

quality of embryos derived from vitrified murine oocytes. BMC Vet Res 
2019; 15(1): 31.

[19]�Moawad AR, Xu B, Tan SL, Taketo T. L-carnitine supplementation 

during vitrification of mouse germinal vesicle stage-oocytes and their 

subsequent in vitro maturation improves meiotic spindle configuration 

and mitochondrial distribution in metaphase 栻 oocytes. Hum Reprod; 
29(10): 2256-2268.

[20]�Liang S, Niu YJ, Shin KT, Cui XS. Protective effects of coenzyme 

Q10 on developmental competence of porcine early embryos. Microsc 
Microanal 23(4): 849-858.

[21]�Lawrence EJ, Mandato CA. Mitochondria localize to the cleavage furrow 

in mammalian cytokinesis. PLoS One 2013; 8(8): e72886.

[22]�Zhao XM, Fu XW, Hou YP, Yan CL, Suo L, Wang YP, et al. Effect of 

vitrification on mitochondrial distribution and membrane potential in 

mouse two pronuclear (2-PN) embryos. Mol Reprod Dev 2009; 76(11): 

1056-1063.

[23]�Manipalviratn S, Tong ZB, Stegmann B, Widra E, Carter J, DeCherney A. 

Effect of vitrification and thawing on human oocyte ATP concentration. 
Fertil Steril 2011; 95(5): 1839-1841.

[24]�Lei T, Guo N, Tan MH, Li YF. Effect of mouse oocyte vitrification on 

mitochondrial membrane potential and distribution. J Huazhong Univ 
Sci Technolog Med Sci 2014; 34(1): 99-102. doi: 10.1007/s11596-014-

1238-8.

[25]�Shankar S, Singh G, Srivastava RK. Chemoprevention by resveratrol: 

molecular mechanisms and therapeutic potential. Front Biosci 2007; 12:  

4839-4854. 

[26]�Sebai H, Sani M, Yacoubi MT, Aouani E, Ghanem-Boughanmi 

N, Ben-Attia M. Resveratrol, a red wine polyphenol, attenuates 

lipopolysaccharide-induced oxidative stress in rat liver. Ecotoxicol 
Environ Saf 2010; 73(5): 1078-1083.

[27]�Palomera-Avalos V, Griñán-Ferré C, Puigoriol-Ilamola D, Camins A, 

Sanfeliu C, Canudas AM. Resveratrol protects SAMP8 brain under 

metabolic stress: Focus on mitochondrial function and Wnt pathway. Mol 
Neurobiol 2017; 54(3): 1661-1676.

[28]�Hardarson T, Hanson C, Sj√∂gren A, Lundin K. Human embryos with 

unevenly sized blastomeres have lower pregnancy and implantation rates: 

Indications for aneuploidy and multinucleation. Hum Reprod 2001; 16(2): 

313-318.

[29]�Martino NA, Dell'aquila ME, Cardone RA, Somoskoi B, Lacalandra GM, 

Cseh S. Vitrification preserves chromatin integrity, bioenergy potential 

and oxidative parameters in mouse embryos. Reprod Biol Endocrinol 
2013; 11: 27.

[30]�Tsang WH, Chow KL. Cryopreservation of mammalian embryos: 

Advancement of putting life on hold. Birth Defects Res C Embryo Today 
2010; 90(3): 163-175.

[31]�Gualtieri R, Kalthur G, Barbato V, Longobardi S, Di Rella F, Adiga SK, 

et al. Sperm oxidative stress during in vitro manipulation and its effects 

on sperm function and embryo development. Antioxidants (Basel) 2021; 
10(7): 1025.

[32]�Lane M, McPherson NO, Fullston T, Spillane M, Sandeman L, Kang 

WX, et al. Oxidative stress in mouse sperm impairs embryo development, 

fetal growth and alters adiposity and glucose regulation in female 

offspring. PLOS ONE 2014; 9(7): e100832.

[33]�Zhang J, Cui J, Ling X, Li X, Peng Y, Guo X, et al. Vitrification of mouse 

embryos at 2-cell, 4-cell and 8-cell stages by cryotop method. J Assist 
Reprod Genet 2009; 26(11-12): 621-628.

[34]�Kader A, Agarwal A, Abdelrazik H, Sharma RK, Ahmady A, Falcone 

T. Evaluation of post-thaw DNA integrity of mouse blastocysts after 

ultrarapid and slow freezing. Fertil Steril 2009; 91(5): 2087-2094.

Publisher’ s   Note

  The Publisher of the Journal remains neutral with regard to 

jurisdictional claims in published maps and institutional affiliations.

          Edited by Lin LY, Lei Y


