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ABSTRACT
Objective: To observe the effects of vitamin E on post-vitrification 

preimplantation development, gross morphology as well as 

mitochondrial distribution and ultrastructure. 

Methods: Twenty-four female C57BL/6NTac mice, aged 12-16 

weeks, were randomly divided into four groups. Group A did not 

receive any treatment and served as the control group. Group B 

was treated with corn oil stripped of tocopherols and served as the 

vehicle group. Group C was treated with 60 mg/kg body weight of 

tocotrienol-rich-fraction with corn oil stripped of tocopherols. Group 

D was treated with 60 mg/kg body weight of alpha-tocopherol with 

corn oil stripped of tocopherols. All treatments were administered 

orally for 7 consecutive days. After superovulation and mating with 

fertile males, 2-cell stage embryos were harvested for vitrification. 

Post vitrification development in vitro, gross morphology and 

ultrastructure were compared between groups. 

Results: The number of 2 and 8-cell embryo, and blastocysts in 

the treatment and control groups were not significantly different 

(P>0.05). Following vitrification, all 2-cell embryos had equal-sized 

blastomeres and intact zona pellucida. Mitochondrial aggregation 

toward the perinuclear region was seen in all of the treatment 

groups. Both groups C and D had vacuolated mitochondria, which 

was reflected in the trend of preimplantation development reduction.

Conclusions: Vitamin E supplementation of 60 mg/kg body weight 

does not improve the viability of healthy embryos according 

to this study. As a result, the most effective dose of vitamin E 

supplementation may be determined by the initial quality of the 

embryos.

KEYWORDS: Mitochondria; Preimplantation; Embryo; 

Vitrification; Vitamin E; Alpha-tocopherol; Tocotrienol-rich-
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1. Introduction

  In Assisted Reproductive Technology, vitrification has been an 

integral tool to store surplus embryos[1]. However, the procedure 

could lead to the production of reactive oxygen species (ROS) 

that compromise embryo development and implantation[2,3]. 

Such outcomes are likely caused by the adverse effects from the 

alteration of mitochondria[2,4,5], which are important organelles in 

the generation of energy and regulation of ROS to maintain cell 

homeostasis[3,6]. Many studies reported the use of antioxidants as a 

safe intervention to decrease ROS production[7]. 

  Vitamin E was first discovered as an essential micronutrient for 

reproduction[8] and has been demonstrated for its antioxidative 

role[9,10] and other health benefits[11,12]. It has eight isomers which 

comprise a trimethyltridecyl tail with three chiral centres of α-, 

β-, γ-, and δ-tocopherols and unsaturated isoprenoid chain of 
α-, β-, γ-, and δ-tocotrienols. Vitamin E is believed to protect 

the plasma membrane against oxidation reactions and lipid 

peroxidation[11,13,14]. Several reports have also demonstrated its 

antioxidative effects in reducing DNA damage in cryopreserved 

cells [15] and improving preimplantation development of 
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embryos[13]. However, others have reported its adverse effect on 

animals and humans because of the opposing effects from different 

isoforms[10,16-19]. Tocotrienols have been reported to curb ROS 

production more efficiently than tocopherols in various in vitro and 
in vivo models[9,13,20]. The presence of three double bonds in their 

side chain grants greater mobility into cellular membranes. Such 

unique characteristics are present in palm tocotrienol-rich-fraction, 

comprising a mixture of 25% alpha-tocopherol and 75% tocotrienols. 

The high amount of tocotrienols in tocotrienol-rich-fraction allows 

greater mobility and fluidity in the cell membrane, providing 

specific biological and therapeutic properties[13]. This property 

provides tocotrienols with higher antioxidant activity compared 

to tocopherols[21]. A previous study on maternal supplementation 

of alpha-tocopherol was an observation of maternal colostrum[22]. 

To date, there have been no reports on the effect of maternal 

supplementation of tocotrienol-rich-fraction and alpha-tocopherol 

on mitochondrial distribution and ultrastructure in preimplantation 

embryos. Hence, this study aims to observe the effects of vitamin 

E on post-vitrification preimplantation development, gross 

morphology, as well as mitochondrial distribution and ultrastructure.

2. Materials and methods

2.1. Animals and maintenance

  A total of 24 female mice aged 10-12 weeks old (average weight 

19 g) and 12 males aged 10-12 weeks old [average weight 

(20-22) g] of specific pathogen-free C57BL/6NTac inbred mice 

were used. The mice were acclimatized for 14 days and housed 

in the exhaust ventilated cages with corn cob bedding (BioCOB, 

Germany), which was replaced every 5 days. The holding room 

was maintained at 12:12 hours light: dark cycle at a temperature of 

(20-22) 曟. The six mice in each group were housed together in the 

same cage lined with a corn cob. Mice were fed with high-grade 

commercial rodent chow (Altromin Spezialfutter GmbH & Co., 

Lage, Germany) and water was provided ad libitum. 

2.2. Chemicals and standards

  The alpha-tocopherol was purchased from Sigma-Aldrich (St. 

Louis, Missouri, USA; Cat. No: 258024), while the corn oil stripped 

of tocopherols was purchased from ICN Biomedicals (Ohio, USA; 

Cat. No: #0290141584-400). Tocotrienol-rich-fraction (Gold Tri. 

ETM70) was purchased from Sime Darby (Kuala Lumpur, Malaysia). 

The percentage ratio of total content for both alpha-tocopherol 

and tocotrienols from tocotrienol-rich-fraction was 25%:75%. The 

embryo manipulation tools were purchased from Lab IVF (Kuala 

Lumpur, Malaysia).

2.3. Collection of 2-cell embryos

  The female mice aged 12 to 16 weeks-old were treated with 

60 mg/kg body weight as recommended based on the earlier 

studies in rodents[13,20]. The mice were divided into 4 groups, with 

6 mice in each group. Group A received no treatment and served 

as the negative control group. Group B, which served as a positive 

control, was treated with the vehicle comprising corn oil stripped 

of tocopherols (vehicle). Group C was treated with 60 mg/kg body 

weight of tocotrienol-rich-fraction in corn oil stripped of tocopherols 

(tocotrienol-rich-fraction + vehicle). Group D was treated with 

60 mg/kg body weight of alpha-tocopherol in corn oil stripped 

of tocopherols (alpha-tocopherol + vehicle). All treatments were 

administered orally for 7 consecutive days.

  On day-4 and day-6 of the treatment period, the female mice 

were superovulated with 5 IU pregnant mare serum gonadotropin 

followed 48 h later by 5 IU human chorionic gonadotropin (hCG) 

via intraperitoneal injections. Immediately after the hCG injection, 

each female mouse was mated with one fertile male mouse of the 

same strain (1:1 mating ratio). Females with copulation plugs were 

euthanized by cervical dislocation 48 h after hCG injection to obtain 

2-cell embryos. A total number of 220 embryos at the 2-cell stage 

from the four groups were observed. 

2.4. Vitrification-warming of 2-cell embryos 

  Two-cell embryos were vitrified by using a two-step procedure[23] 

with modification. Embryos were initially equilibrated in EFS20 

(equilibration solution) in base medium (PB1) of 20% (v/v) ethylene 

glycol, 24% w/v Ficoll 70 and 0.4 M sucrose, for 1 min and 

transferred to EFS40 contained PB1 medium of 40% (v/v) ethylene 

glycol, 18% w/v Ficoll 70 and 0.3 M sucrose for 2 min. Embryos in 

EFS40 were then loaded into straws and placed on cold vapour for 

1 min before immersion into liquid nitrogen. After vitrification, the 

straws were held in the air for 10 s before being immersed in a 

37 曟 water bath for 10 s. The contents of the straws were expelled 

into the M2 medium (Sigma-Aldrich, USA, Cat. No: M7167) that 

contained the thawing solution (TS1) (0.5 M sucrose). After 5 min 

incubation in TS1, the embryos were transferred to a new dish of M2 

medium. The embryos were sequentially transferred to the second 

and third M2 droplets. The embryos were then cultured in vitro until 

the blastocyst stage in M16 medium (Sigma-Aldrich, USA, Cat. No: 

M7292).

2.5. In vitro culture and embryo developmental assessment

  The gross morphology of the 2-cell embryos was initially 

determined as either normal or abnormal, based on morphology[24]. 

Embryos that had equal size and number of blastomeres, with less 

than 10% fragmentation, were defined as morphologically normal. 
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All embryos from Groups A, B, C and D were vitrified-warmed at 

the 2-cell stage[23] and the recovered embryos were transferred to 

50 µL droplets of M16 medium and cultured in a humidified 5% 

CO2 incubator at 37 曟. Embryo viability was assessed through 

observation of embryonic development until the blastocyst stage. 

2.6. Transmission electron microscopy assessment

  The sample was prepared according to the published protocol[25]. 

Eight cell-stage embryos were selected for ultrastructural 

assessment, as the number of blastomeres at this stage allowed 

for easier visualization. The 8-cell stage embryos were fixed 

with 2.5% glutaraldehyde overnight at 4 曟. They were washed 

with three changes of cacodylate buffer for 10 min each at room 

temperature, followed by fixation with 2% osmium oxide for 2 h at 

4 曟. The embryos were then subjected to serial dehydration with 

acetone (35%, 10 min; 50%, 10 min; 75%, 10 min; 95%, 5 min; 

and 100%, 10 min) before being transferred into a poly-L-lysine-

coated beam capsule. Agar 100 resin-acetone was added and left 

at room temperature for 1 h, followed by a 1:3 of resin: acetone 

ratio for another 2 h. The sample was then infiltrated within 100% 

resin overnight. Finally, the resin was replaced by freshly prepared 

100% resin and was polymerized at 60 曟 for 24-48 h. The sample 

was then sectioned and stained with uranyl acetate and lead citrate. 

The sections were then viewed under the transmission electron 

microscope (Tecnai G2, FEI Co., Oregon, USA) at magnification 

between 6 000× to 8 700×.

2.7. Statistical analysis

  All statistical analyses were conducted using GraphPad Prism 

version 8.0.0 (GraphPad Software, San Diego, California, USA). 

Two-cell, eight-cell embryos and the blastocysts were scored based 

on qualitative assessment. Each categorical variable was described 

as a frequency and percentage, with between-group differences 

tested by the Chi-square test. P<0.05 was considered statistically 

significant. Descriptive analysis was carried out to assess changes in 

the ultrastructure of the cultured 8-cell embryos after vitrification at 

the 2-cell stage.  

2.8. Ethics approval statement

  The animal care, handling as well as experimentation was 

performed as per requirements of the Committee on Animal 

Research and Ethics (UiTM CARE), Universiti Teknologi MARA, 

Malaysia (approval code:  ACUC/CA/01/2014). 

3. Results

3.1. Developmental of vitrified 2-cell embryos 

  Table 1 and Figure 1 show the embryonic development after 

vitrification. The post-vitrification survival rates of vitrified 2-cell 

embryos were not significantly different between the control 

(100%), corn oil stripped of tocopherols (96.3%), tocotrienol-rich-

fraction (89.5%), and alpha-tocopherol (93.1%) groups (P>0.05). 

No significant differences were also observed in the developing 

8-cell embryos between the control (84.3%), corn oil stripped of 

tocopherols (80.8%), tocotrienol-rich-fraction (80.4%) and alpha-

tocopherol (94.4%) groups (P>0.05).  Similarly, the developmental 

rates of vitrified 2-cell embryos to the blastocyst (53.8%) stage in the 

corn oil stripped of tocopherols group were not significantly different 

when compared with the control group (74.5%), as well as that of the 

tocotrienol-rich-fraction group (56.9%) and alpha-tocopherol group 

(64.8%) (P>0.05). Among the treatment groups (Groups C and D), 

the blastocyst formation rate for the alpha-tocopherol group (Group 

D) was higher than the tocotrienol-rich-fraction group (Group C). 

However, no significant difference was observed (Table 1). 

  Warming resulted in blastomeres of equal size and little 

fragmentation in recovered 2-cell embryos. The two-cell vitrified 

embryos in all groups appeared morphologically normal. Figure 

1 depicts the general morphology of 2-cell vitrified embryos 

and blastocysts. All vitrified embryos had intact zona pellucida. 

The morphology of normal 2-cell embryos was consistent 

across all vitrified groups. As shown in Figures 1 A-D, they 

showed reestablishment of blastomere shape and size with low 

fragmentation. All groups produced normal blastocysts with similar 

characteristics, including a tightly compacted inner cell mass and 

trophectoderm with many cells lining the blastocoel cavity (Figures 

1E-H). 

Table 1. Embryonic development after vitrification-warming at 2-cell stage.

Parameters Group A Group B  Group C Group D
Embryos, n   51 54 57 58
Recovered 2-cell after vitrification, n/total (%) 51/51 (100.0) 52/54 (96.3) 51/57 (89.5) 54/58 (93.1) 
Development of 8-cell stage, n/total (%) 43/51 (84.3) 42/52 (80.8) 41/51 (80.4) 51/54 (94.4) 
Formation of blastocyst stage, n/total (%) 38/51 (74.5) 28/52 (53.8) 29/51 (56.9) 35/54 (64.8) 

Values are presented as numbers with percentage in parentheses. Each categorical variable is described as a percentage, with between-group differences 
tested by the Chi-square test. No significance differences are observed between groups, P>0.05. Group A receives no treatment and serves as the normal 
control group; Group B receives corn oil stripped of tocopherols and serves as the vehicle group; Group C receives tocotrienol-rich-fraction plus corn oil; 
Group D receives alpha-tocopherol plus corn oil.
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3.2. Ultrastructure assessment of vitrified embryos 

  Further assessment using transmission electron microscopy to 

investigate the ultrastructural alteration of organelles, particularly 

the mitochondria was carried out on in vitro cultured 8-cell embryos 

which were vitrified at the 2-cell stage. The vitrified embryos 

showed immature mitochondria with few peripherally localized 

cristae (Figure 2). Lipid droplets and mitochondria were observed 

Figure 1. Photomicrograph of the vitrified 2-cell embryos developed to blastocyst stage from the C57BL/6NTac mice from (A) and (E) without treatment 
(control); (B) and (F) corn oil of stripped tocopherols; (C) and (G) tocotrienol-rich-fraction plus corn oil; (D) and (H) alpha-tocopherol plus corn oil groups, 

at magnification 200×. Arrows indicate normal morphology and arrowheads indicate abnormal morphology. The zona pellucida of all vitrified embryos are 
found to be intact (Figures 1A-H). The morphology of normal 2-cell embryos across all vitrified groups is similar, showing reestablishment of blastomere 
shape and size, with a low degree of fragmentation (Figures 1A-D). Embryos with abnormal morphology is also detected (Figures 1A & 1C). Embryos with 
unequal size and shape with fragmented blastomere are observed (Figures 1B, 1C & 1D). Normal blastocysts with compacted cell mass, and trophectoderm 
with many cells lining the blastocoel cavity (Figures 1E-H) are seen. Degenerated blastocysts are also observed (Figures 1E, 1F & 1H). 

Figure 2. Ultrastructural images of 8-cell embryos developed in vitro from vitrified 2-cell embryos of (A) Without treatment (control) at magnification 
8 200×; (B) Corn oil stripped of tocopherols group at magnification 8 700×; (C) Tocotrienol-rich-fraction + corn oil group at magnification 8 200× and 
(D) Alpha-tocopherol + corn oil group at magnification 6 000×. N: nucleus; m: mitochondria; Lys: lysosome; LD: lipid droplets; ZP: zona pellucida. The 
symbol * indicates the vacuolated mitochondria and the symbol # shows clustering of white crystalline vesicles. Note that magnification differs.
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in the cytoplasm of the control group (Figure 2A). In this study, 

the corn oil stripped of the tocopherol group (Group B) had the 

most noticeable lipid droplet build-up. There was also perinuclear 

clustering of mitochondria and densely associated endoplasmic 

reticulum (Figure 2B). Vacuolated and swollen mitochondria were 

seen in both the tocotrienol-rich-fraction and the alpha-tocopherol 

groups (Figures 2C and 2D, respectively). Most mitochondria in the 

alpha-tocopherol group were morphologically normal and clustered. 

The periclustering of mitochondria was more conspicuous in the 

alpha-tocopherol group than the corn oil stripped of the tocopherol 

group. The tocotrienol-rich-fraction group, on the other hand, 

did not show any perinuclear clustering of mitochondria. Clear 

traverse ridges and clusters of ovoid-shaped mitochondria were 

found all over the nucleus in group D (Figure 2D). Lysosomes and 

other organelles were also abundant in the alpha-tocopherol group 

(Figure 2D). White crystalline vesicle-like structures were found in 

the tocotrienol-rich-fraction and alpha-tocopherol groups (Figures 

2C and 2D, respectively). When compared to the alpha-tocopherol 

group, such structures were more evident in the tocotrienol-rich-

fraction group. The ER was found dispersed in the cytoplasm in 

several small segments. In the tocotrienol-rich-fraction group, they 

were more prominent than in the alpha-tocopherol group (Figures 

2C and 2D).

4. Discussion

  Over the past decades, there has been an increasing trend in the 

application of tocotrienols as an adjunct treatment for many clinical 

diseases[9,11,12] and a safe intervention for other health concerns such 

as fertility issues[13,20]. We discovered that maternal supplementation 

with tocotrienol-rich-fraction resulted in normal 2-cell embryos 

in this study. This corresponds to the findings of our previous 

study[25]. Vitrification at the 2-cell stage was chosen for this study 

due to previous protocols’ high post-warming recovery and survival 

rates[23,26,27]. In this study, the 2-cell embryos from all groups 

showed high post-warming recovery rates. Embryos that appeared 

morphologically normal had equal blastomeres with intact zona 

pellucida, as did embryos from the control group. At the 2-cell stage, 

all groups showed the presence of fragmented blastomeres.

  Although not statistically significant, this study found that embryos 

from the alpha-tocopherol group had the highest percentage of 8-cell 

formation (94.4%) compared to the corn oil stripped tocopherols 

group (80.8%) and tocotrienol-rich-fraction group (80.4%). This 

was consistent with previous research, which found that embryos 

from the alpha-tocopherol group had higher preimplantation 

survival[14,15,25,28]. The isomer has been known to inhibit the 

production of free radicals due to the bioavailability of its transport 

proteins[11]. Except for group D, all of the treatment groups in 

the study show a significant pattern of slower development. We 

found that the corn oil group (53.8%) had a lower developmental 

rate to blastocyst than the control group (74.5%), as well as the 

tocotrienol-rich-fraction group (56.9%) and alpha-tocopherol group 

(64.8%). This finding does not concur with previous studies which 

indicated that the alpha-tocopherol group provided a better chance 

of survival for development in vitro than the tocotrienol-rich-fraction 

group[14,25,29,30]. Low developmental rates in the corn oil group 

which was stripped of tocopherols indicated that deficiency of 

tocopherols from vitamin E impairs preimplantation development, as 

reported by other studies[8,11].   

  This study backs up the idea that alpha-tocopherol is essential for 

mitochondrial metabolism balance. The mitochondria primarily 

determine the viability of preimplantation embryos. Asymmetrical 

mitochondrial distribution resulted in differential inheritance 

between blastomeres and reduced adenosine triphosphate generating 

capacity[31]. Mitochondrial insufficiency could lead to the retardation 

of embryonic development[5]. 

  We also discovered that 8-cell stage embryos had immature 

mitochondria with peripherally localized cristae in a radial array, 

as previously reported[2,4]. Vitrification procedures can cause 

mitochondria to mediate apoptosis and overcome the imbalance 

caused by oxidative stress production[2,3,32]. However, some embryos 

were able to withstand the stress of vitrification and progress to 

blastocyst level.

  The presence of swollen and intra-vacuolated mitochondria 

were observed in both the tocotrienol-rich-fraction and alpha-

tocopherol groups. This finding suggests that there was a change 

in the cytoskeletal framework, causing cytoplasmic obstruction 

to mitochondria dynamics. Mitochondrial distribution changed 

from homogenous to perinuclear distribution when aggregation-

disaggregation or active stage-specific translocation took place. It 

has been reported that perinuclear mitochondrial clustering could 

lead to the elevation of ROS accumulation around the nucleus and 

throughout the cell, causing cell death[30,32-34]. Therefore, the 

mitochondrial aggregation could have caused a decrease in the 

number of viable embryos in this study. Similar observations were 

also reported in other studies[5,26, 27].

  There was no perinuclear clustering of mitochondria in the 

tocotrienol-rich-fraction group, as observed in the alpha-tocopherol 

group. This may be attributed to the distortion of  cell shape, caused 

by clustered white crystalline vesicles. Autophagy mechanisms, 

which actively prevented mitochondrial clustering, may be linked 

to the existence of these vesicles. Previous studies indicated that 

regulated oxidative stress could initiate diverse cellular responses 

ranging from triggering signalling pathways in cell protection and 

coordinated mitochondrial fission and autophagy[30,33,34]. Clearance 

of abnormal mitochondria and cells through mitophagy protects 

neighbouring mitochondria and cells[35]. The mitochondria appeared 
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to be disorganized, suggesting that cytoplasmic degeneration had 

taken place. This reflects an ongoing process of necrosis. It has been 

documented that necrotic cell death can occur when all mitochondria 

in a cell are deprived of ATP due to their altered structure[30,36]. 

  Lysosomes were also seen engulfing distorted mitochondria during 

the ultrastructural review. Since mitochondria are dynamic, they 

moved into the cell body to be repaired by fusion with another 

healthy mitochondrion or degraded by mitophagy[35]. Tocotrienol 

supplementation appeared to have resulted in mitochondrial 

destabilization triggered apoptosis and exacerbation of autophagy, 

which is consistent with a previous finding[21,33].  

  The tocotrienol-rich-fraction group also had small segments of 

endoplasmic reticulum dispersed in the cytoplasm.Fragmentation 

of the endoplasmic reticulum could affect its synergistic 

association with mitochondria and lead to ionic imbalance and 

inflammation[19,37]. Exposure to physical stimuli or stress from the 

vitrification-warming procedure or culture system could activate 

the endoplasmic reticulum to trigger the stress response,  thereby 

affecting mitochondrial function[7].  

  Vitrification[32], drugs, and diet[38] have been shown to make 

mitochondria vulnerable and sensitive to stress. Tocotrienols have 

been shown to cause severe mitochondrial dysfunction, particularly 

pore formation, which releases apoptogenic proteins, resulting 

in energy loss and the production of reactive oxygen species 

(ROS)[30,33]. This could explain why the tocotrienol-rich-fraction 

group had a lower development rate.

  Embryos in the alpha-tocopherol group also had intra-vacuolated 

mitochondria, densely clustered mitochondria, and short 

endoplasmic reticulum arrays. Despite such alterations,  the alpha-

tocopherol group still produced high blastocyst viability compared 

with other groups. This could be due to several reasons. It could be 

due to the bioavailability of the alpha-tocopherol transport proteins 

that may have inhibited the production of free radicals and prevented 

the further formation of oxidative stress that could affect embryo 

development[11,15,39,40]. While alpha-tocopherol was ineffective 

in blocking ROS development, the study showed that it protected 

against cell lysis[36]. This indicates that alpha-tocopherol may be 

used as an antioxidant to improve cryotolerance, as supported by 

other studies[29,40].

  On the other hand, tocotrienols are suggested as a potent 

mediator connecting mitochondrial apoptosis and autophagy in 

response to stress[30,33]. The autophagic mechanism from these 

mitochondria could have released pro-apoptotic substances[14]. 

Such a condition has been shown to cause increased levels of 

prooxidants and imbalance in cells. These results indicate that 

the dosage of tocotrienol-rich-fraction administered  impaired  

embryonic development  to blastocyst. The presence of tocotrienols 

in tocotrienol-rich-fraction may have caused developmental 

arrest through its anti-proliferative action. The presence of alpha-

tocopherol in tocotrienol-rich-fraction may have counteracted the 

impact of tocotrienols. Although findings from this study showed 

the impact of vitamin E supplementation, particularly tocotrienols, 

on vitrified embryos, further studies on the supplementation dosage 

and elucidation of redox states are necessary as variation in redox 

states exists between different strains in response to the application 

of antioxidants[41]. 

  The purpose of this study was to assess the effect of 60 mg/kg body 

weight vitamin E on vitrified embryos. It was also demonstrated 

that supplementing with vitamin E at a dose of 60 mg/kg body 

weight did not improve the viability of healthy embryos. In contrast, 

previous studies on nicotine-treated embryos found that the same 

dose of vitamin E improved viability[13,20]. The high dose of vitamin 

E (60 mg/kg body weight) may have negatively affected the healthy 

embryos due to its prooxidant nature.  Many antioxidants, including 

vitamin E have been reported to exhibit prooxidant effects because 

of their physical and attributes. A high level of tocopheroxyl radical 

from vitamin E in the cells may cause unfavorable side effects, 

such as increased lipid peroxidation and damage to biological 

constituents[42]. This was evident from the ultrastructural assessment 

of this study. It is a noteworthy finding which highlights that the 

same dose of vitamin E may have opposite effects in healthy versus 

stressed embryos. Therefore, serious consideration must be given 

when choosing the most effective dose of vitamin E.

  In conclusion, this study provides evidence that maternal 

supplementation of vitamin E at a high dosage of 60 mg/kg body 

weight adversely affected preimplantation development and 

mitochondrial ultrastructure of vitrified murine healthy embryos. 

Further investigation of the dose-dependent effect of vitamin E will 

provide better insights into the observed effects.
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