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Abstract
Objective: Alpha-lipoic acid (ALA) as a strong antioxidant has a protective effect. This study was designed to assess 
whether supplementation of maturation medium with ALA during in vitro maturation (IVM) can attenuate the toxic effect 
of ethanol.

Materials and Methods: In this experimental study, to assess the antioxidant capacity of ALA challenged by 1% ethanol 
during in vitro maturation, immature ovine oocytes were exposed to 1% alcohol in the presence or absence of 25 µM 
ALA during oocyte maturation. The cumulus expansion index, intracellular reactive oxygen species (ROS), and thiol 
content levels were assessed in matured oocytes of various treatment groups. Consequently, the blastocyst formation 
rate of matured oocytes in various treatment groups were assessed. In addition, total cell number (TCN), cell allocation, 
DNA fragmentation, and relative gene expression of interested genes were assessed in resultant blastocysts.

Results: The results revealed that alcohol significantly reduced cumulus cells (CCs) expansion index and blastocyst 
yield and rate of apoptosis in resultant embryos. Addition of 25 µM ALA to 1% ethanol during oocyte maturation 
decreased ROS level and elevated Thiolcontent. Furthermore, supplementation of maturation medium with ALA 
attenuated the effect of 1% ethanol and significantly increased the blastocyst formation and hatching rate as compared 
to control and ethanol groups. In addition, the quality of blastocysts produced in ALA+ethanol was improved based 
on the low number of TUNEL positive cells, the increased expression level of mRNA for pluripotency, and anti-oxidant 
markers, and decreased expression of apoptotic genes.

Conclusion: The current findings demonstrate that ALA can diminish the effect of ethanol, possibly by decreasing the 
ROS level and increasing Thiolcontent during oocyte maturation. Using the ALA supplement may have implications in 
protecting oocytes from alcohol toxicity in affected patients.
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Introduction
Ethanol can be used as a cryoprotectant (1) and also a 

chemical activator for artificial activation of oocytes and 
reconstructed oocytes (2). However, high concentrations 
of alcoholcan not only influence the biological nature 
of somatic cells but also adversely affect the germ cell 
ofspermatogenesis. While there are limited studies 
addressing the effect of ethanol on gametogenesis and 
preimplantation embryos (3), many studies have shown 
that ethanol at high concentrations can be a teratogen for 
developing embryos after implantation. The molecular 
pathway through which it induces fetal teratogenicity 
is well studied and has led to public awareness to avoid 
alcohol consumption throughout pregnancy (4).

Alcohol use and heavy drinking are common during 
adolescence, and its prevalence escalates into late 
adolescence and early adulthood, which have a devastating 
effect on an individual’s health (5) and may lead to 
abortion, birth defects, and developmental disabilities 
(6). In a recent study using porcine embryos, Larivière 
et al. (3) showed that the presence of physiological doses 
for several days is toxic for porcine pre-implantation 
embryos and leads to mitochondrial impairment. These 
authors attribute this effect to vulnerability of embryos 
during differentiation of the inner cell mass (ICM) 
and trophectoderm (TE) cells which requires massive 
reorganization at genomic, epigenomic and mitochondrial 
level. Similar results were reported by Maier et al. (7) 
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who showed that alcohol toxicity at blastocyst stage 
cases alteration at transcriptomic level, resembling when 
neurons are exposed to alcohol.

Despite numerous studies on the effect of oxidative 
stressors on early embryos (7), to our knowledge, there are 
few studies thataddressed the impact of alcohol toxicity 
during oocyte maturation on the competency of oocytes 
to process the sperm genome during fertilization. Inthis 
regard (8), have shown that ingestion of 10% ethanol 
for 15 days can cause a significant reduction in the ratio 
of blastocyst expansion and hatching, and also impair 
trophoblast invasion. Furthermore (9), have revealed that 
treating porcine oocytes with 1 and 3% ethanol during 
in vitro maturation promotes the generation of reactive 
oxygen species (ROS) and diminish glutathione (GSH) 
level in treated oocytes.These oocytes had significantly 
lower cleavage rate and produced less blastocyst following 
in vitro fertilization (IVF).

Alpha-lipoic acid (ALA), as a disulfide derivative of 
octanoic acid, is well-known for its antioxidant capacity 
in various biological processes and also scavenging ROS 
(8). It has been proposed that ALA is a potential therapeutic 
agent in the treatment or prevention of different pathologies 
that may be related to an imbalance of oxidative cellular 
status (9). It has been well studied that ALA could be 
effective in preventing ethanol-induced neurotoxicity in 
the clonal hippocampal cell line HT22 (10). Furthermore, 
ALA inhibited toxicant-induced inflammation and ROS 
generation in hepatic stellate cell activation and liver 
fibrosis (11). In addition, many studies suggest ALA for 
thetreatment of diabetic peripheral neuropathy (12).

For the investigation of the possible effect of ALA to 
rescue the development of oocytes exposed to ethanol 
during oocyte maturation, this study was designed to 
assess whether supplementation of maturation medium 
with ALA during in vitro maturation (IVM) can attenuate 
the toxic effect of ethanol.

Materials and Methods
Media and chemicals

In this experimental study, all media and chemical 
reagents were obtained from Gibco (Grand Island, NY, 
USA) and Sigma Chemical Co. (St. Louis, MO, USA), 
respectively, unless otherwise specified.

All animal experiments were approved by the 
Institutional Review Board and Institutional Ethical 
Committee of the Royan Institute (95000229).

Cumulus-oocyte complexes recovery and in vitro 
maturation 

Abattoir-derived ovaries from ovine were used as 
the source of oocytes. Ovaries were transported to the 
laboratory within the minimum possible time (2-3 hours) 
in saline solution (0.90% w/v NaCl) at 15-20˚C. After 
trimming and washing, they were stored for 12 hours 
at 15˚C (13). Cumulus-oocyte complexes (COCs) were 

aspirated from the antral follicle (2-6 mm diameter) with 
the aid of a 20-G needle attached to a vacuum pump (80 
mm Hg). Thereafter, the best quality COCs with at least 
threelayers of cumulus cells (CCs) and, intact and evenly 
granulated cytoplasm were randomly allocated into one of 
three experimental groups (Fig.1A). COCs were matured 
in tissue culture medium 199 (TCM199) containing 
10% fetal bovine serum (FBS), follicle-stimulating 
hormone(FSH, 10 µg/mL), luteinizing hormone(LH, 
10 µg/mL), estradiol-17b (1 µg/mL), cysteamine (0.1 
mM) (maturation medium: MM) at 38.8˚C, 5% CO2 and 
humidified air for 22 hours (14).

Cumulus expansion index
Cumulus expansion index of COCs was scored 24 

hours after maturation based on Vanderhyden et al. (15). 
Expansion was scored 0-4: Score 0: no expansion in CCs 
(Fig.1B1); score 1: no expansion in CCs but cells appear 
as spherical (Fig.1B2); score 2: only the outermost layers 
of CCs expanded (Fig.1B3); score 3: all layers of cells 
expanded except the corona radiate (Fig.1B4); and score 
4: expansion occurred in all layers of cell (Fig.1B5).This 
experiment was done in triplicate, and in each replicate, at 
least 30 matured COCs were assessed.

Measurement of thiol content
Cell Tracker™ Blue CMF2HC (4-chloromethyl-6, 

8-difluoro-7-hydroxycoumarin) (C12881, Molecular 
Probes), a membrane-permeable fluorescence probe 
was used as a sensitive and specific probe to evaluate 
intracellular thiol content, especially GSH (16-18). 
Following the maturation of COCs in various treatment 
groups, matured COCs were denuded by vortexing for 
3-5 minutes in HEPES-buffered TCM199 (H-TCM199) 
supplemented with 300 IU/ml hyaluronidase. 
Subsequently, denuded matured oocytes were exposed 
to 20 µM Cell Tracker Blue CMF2HC for 20 minutes 
at 38.5˚Cin the dark and then washed three times 
with phosphate buffer solution without calcium and 
magnesium (PBS-) containing 1 mg/ml polyvinyl alcohol 
(PVA). The oocytes were then placed into 10 µl droplets 
of PBS+PVA and observed using an inverted fluorescent 
microscope (Olympus, IX71, Japan). Immediately after 
exposure, a digital image of each matured oocyte was 
taken with a highly sensitive camera (DP-72, Olympus, 
Japan) operated on DP2-BSW software. The fluorescence 
intensity of oocytes was analyzed using ImageJ software 
(National Institutes of Health, Bethesda, MD). Assessing 
oocyte thiol content was done in three replications, and 
at least 30 matured COCs were used in each replication.

Measurement of reactive oxygen species 
The procedure for ROS measurement was as described 

previously (16, 17). In brief, after the preparation of 
matured oocytes similar to the previous section (the 
measurement of thiol content), oocytes were exposed to 10 
µM DCHFDA (2, 7-dichloro dihydroflouresceindiacetate, 
Sigma, D6883) for 30 minutes at 38.5˚C in the dark and 
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then washed extensively in PBS. For themeasurement of 
ROS levels, matured oocytes were exposed to UV light 
of a fluorescent microscope (Olympus, IX71, Japan) and 
observed using filter sets (excitation wavelength: 450-490 
nm, emission wavelength: 515-565 nm). Taking digital 
images and quantification of fluorescent intensity was 
exactly the same as the previous section. The measurement 
of ROS level was done in three replications and using at 
least 30 matured COCs in each replicate.

In vitro fertilization 
Fresh ram semen was washed and centrifuged two times 

and resulted pellet was re-suspended with fertilization 
medium containing 2 mg/ml BSA (18, 19). Matured COCs 
from various treatment groups were washed separately in 
fertilization medium, and groups of 10 matured COCs 
were transferred into 50 μl droplets of fertilization 
medium containing 2×106/ml motile sperm under mineral 
oil as previously described (20). The inseminated COCs 
were incubated for 20 hours in 5% CO2 in humidified air 
at 38.5˚C. Thereafter, presumptive zygotes mechanically 
denuded via pipetting and then cultured in groups of five 
to seven in modified synthetic oviductal fluid (mSOF) 
(21) under mineral oil at 38.5˚C, 5% CO2, 5% O2 and 
humidified air for seven days in 20 μl droplets. The 
cleavage, blastocyst, and hatching rates were evaluated 
on days 3, 7, and 8 post-fertilization, respectively. The 
number of replications and matured oocytes in each group 
is depicted in Table 1.

Differential staining
In order to determine the number of ICM and TE, 

differential staining was carried out as described 
previously (22). In brief, hatched blastocysts onday 8 
from various treatment groups were used for staining. 
Thereafter, blastocysts were washed in PBS+PVA and 
permeabilized with 0.5% triton-X-100 in H-TCM199 
containing 5 mg/ml BSA for 30 seconds. Then, blastocysts 
were stained with 30 µg/ml propidium iodide (PI) for 10 
seconds. Subsequently, blastocysts were transferred to 10 
mg/ml Hoechst at 4˚C for 15 minutes. Finally, blastocysts 
were mounted in mounting fluid and observed under a 
fluorescence microscope. ICM and TE were recognized 
based on their blue and red colors, respectively. Finally, 
the total cell number (TCN: ICM+TE) was also assessed. 

Totally 30 blastocysts were used for differential staining 
in at least three replications.

DNA fragmentation
To determine the apoptotic cells in blastocysts from 

various treatment groups, in situ cell death detection kit 
(Promega Diagnostic Corporation, Germany), known 
as TUNEL (TdT-mediated dUTP-digoxigenin nick end 
labeling) (20). Initially, hatched blastocysts onday 8 were 
fixed with 4% freshly prepared paraformaldehyde for 
60 minutesatroom temperature (RT). After washing the 
blastocysts with PBS+PVA, they were permeabilized with 
0.5% triton-X-100 for 30 minutes in RT. Subsequently, 
blastocysts were equilibrated in equilibration buffer (EQ) 
in RT for 10 minutes and after that incubated in rTdT 
Incubation Buffer (EQ 45 µl+5 µl nucleotide mix+1 
µl rTdT enzyme) for 60 minutes in 37˚C in darkness 
and humid environment. Immediately the reaction was 
inhibited by incubating the blastocysts in 2X SSC buffer 
for 15 minutes in RT. Finally, the blastocysts were 
counterstained with 10 µg/ml for 5 minutes, and after 
washing, they were mounted on microscopic slides and 
observed under a fluorescence microscope (Olympus, 
Japan). Total nuclei were counted by PI, and cells were 
considered as TUNEL positive if their nuclei showed light 
green. Totally 30 blastocysts were used for TUNEL assay 
in at least three replications.

Gene expression analysis
Pools of expanded blastocysts in day 7 (5 in each 

pool) in three independent replicates were used for 
RNA extraction using the RNeasy Micro Kit (QIAGEN, 
Cat. No.74004, Germany). Reverse transcription was 
immediately performed using a QµantiTect Reverse 
Transcription (RT) Kit (QIAGEN, Cat. No.205311, 
Germany). The cDNA was stored at -70˚C until 
analysis by quantitative polymerase chain reaction 
(qPCR) using standard conditions. Ct values used 
for calculating relative expression were normalized 
against the reference gene (β-ACTIN). Three technical 
replicates were done in each PCR reaction that 
wasrepeated three times. ΔΔCT method was used to 
estimate fold changes between genes of interest. The 
primer sequences, annealing temperature, and product 
size are listed in Table 2.

Table 1: Development of preimplantation ovine embryos after treatment of immature COCs with 1% ethanol or 25 µM ALA+1% ethanol compared to 
the control group

Number of hatchingNumber of blastocyst (%)Number of cleavage (%)Number of oocyteTreatment

107 (27.77 ± 3.84)a430 (34.19 ± 4.67)b982 (86.9 ± 2.57)a1106Control	

47 (16.66 ± 4.85)b194 (18.19 ± 2.81)c1091 (75.47 ± 2.37)b1415Ethanol

136 (33.33 ± 3.61)a651 (49.76 ± 1.98)a1522 (98.65 ± 0.37)a1621ALA+ethanol

Data are presented as mean ± SEM. Different letters in each column indicates statistically significant differences (P<0.05). COCs; Cumulus oocyte complexes 
and ALA; Alpha-lipoic acid.
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Table 2: Primer sequence

Gene name Primer sequences (5ˊ-3ˊ) Annealing temp. (˚C) Accession number 

β- ACTIN F: CCATCGGCAATGAGCGGT 58 NM_001009784.2 

R: CGTGTTGGCGTAGAGGTC

BCL2 F: AGCATCACGGAGGAGGTAGAC 62 XM_012103831.2

R: CTGGATGAGGGGGTGTCTTC

BAX F: AGCGAGTGTTCTGAAGCG 60 XM_015100639.1

R: CCCAGTTGAAGTTGCCGT

CASPASE3 F: GCTACAAGGTCCGTTATGCC 59 XM_015104559.1

R: GATGCTGCCGTATTCGTTCTC

GPX4 F: TCAATCACTTCCTCACTCAGACTG 57 XM_015096017.1

R: GTGTGCTGGGCGACTGTATC

SOD1 F: TGGCAGAGATGATACAGAGG 55 NM_001145185.1

R: GAACTACAGCGGAGGTAAAC

OCT4 F: AGCGAGTGTTCTGAAGCG 50 XM_004018968.3

R: CCCAGTTGAAGTTGCCGT

NANOG F: ATCACCATCTTCCAGGAGCGA 54 XM_004006901.3

R: TTCTCCATGGTGGTGAAGACG

Experimental design
As is demonstrated in Figure 1A, the experimental 

groups included: i. Control group; COCs were cultured in 
MM, ii. ALA+ethanol group; COCs were cultured in MM 
in the presence of 25 µM ALA (23) which was diluted in 
ethanol and final concentration of ethanol in MM reached 
to 1% (v/v) (24). The concentration of ALA was chosen 
based on the literature in farm animal species (21), iii. 
Ethanol group COCs were cultured in MM in the presence 
of 1% ethanol (v/v) based on the concentration of Ethanol 
which was used for dilution of ALA. 1% alcohol was used 
based on the legal limit of intoxication in human serum 
or 0.8% in the blood as the concentration of alcohol in 
human serum (25). In addition, we should mention that 
while the solvent of ALA is ethanol, we can’t have a 
separate ALA group.

Data analysis

Wherever possible, data were presented as mean ± SEM. 
All percentage data were analyzed by SPSS16.0 statistical 
software (IBM Corporation, Somers, NY, USA). The 
normality of data and equality of variances were checked 
using Kolmogorov-Smirnov and Levene tests, respectively. 
Cumulus expansion index (CEI) was analyzed using a 
nonparametric Kruskal-Wallis test. Furthermore, because 
CEI is a nonparametric data, they were presented as only 

mean without any SEM. Other data were analyzed using a 
one-way ANOVA followed by LSD test. The differences 
were considered significant at P<0.05.

Results
The effect of ethanol and alpha-lipoic acid on cumulus 

expansion was investigated in matured oocytes. As 
shown in Figure1C, D, the analysis of CEI data revealed 
a significant reduction in the expansion of CCs in ethanol 
group (1.1) as compared to control (3.1) and ALA+ethanol 
(3.37) (P<0.05). The CEI was similar between control and 
ALA+ethanol group (P>0.05).

Following staining with Cell Tracker Blue CMF2HC 
to assess thiol content in matured oocytes, the CMF2HC 
intensity in ALA+ethanol group (129.1 ± 2.11) was 
significantly higher than control (100) and ethanol (98.2 
± 1.54) groups (P<0.05, Fig.2A, B).

The level of intracellular ROS was assessed following 
staining with DCHFDA by measuring fluorescent 
intensity in matured oocytes. As it is depicted in Figure 
2C and 2D, treatment of COCs with 25 µM ALA in the 
presence of 1% ethanol decreased the DCHFDA intensity 
(76.4 ± 1.47) as compared to ethanol (118.1 ± 1.78) and 
control group (100 ± 2.21) groups (P<0.05). However, 
there was no significant difference between control and 
ethanol groups (P>0.05).

https://www.ncbi.nlm.nih.gov/nuccore/NM_001009784.2
https://www.ncbi.nlm.nih.gov/nuccore/XM_012103831.2
https://www.ncbi.nlm.nih.gov/nuccore/XM_015100639.1
https://www.ncbi.nlm.nih.gov/nuccore/XM_015104559.1
https://www.ncbi.nlm.nih.gov/nuccore/XM_015096017.1
https://www.ncbi.nlm.nih.gov/nuccore/NM_001145185.1
https://www.ncbi.nlm.nih.gov/nuccore/XM_004018968.3
https://www.ncbi.nlm.nih.gov/nuccore/XM_004006901.3
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Fig.1: The schematic presentation of experimental design. A. Experimental design. According to our experiment abattoir-derived ovaries from ovine 
were used as the source of oocytes. Experimental groups included control, 1% ethanol and 25 µM ALA+1% ethanol groups. 22 hours after maturation of 
COCs in various treatment groups the cumulus expansion index was scored. Subsequently, matured COCs were stained for ROS and thiol content. Then 
matured COCs were transferred into droplets of fertilization medium and after the injection of sperm transferred into IVC medium. Then developmental 
rate, relative gene expression, DNA fragmentation, and differential staining of embryos were carried out. B. Morphology of COCs in different treatment 
groups scored 22 hours post IVM. B1. Score 0, no expansion, B2. Score 1, no expansion but cells appear as spherical, B3. Score 2, only the outermost layers 
of cumulus cells have expanded, B4. Score 3, all cell layers have expanded except the corona radiate, and B5. Score 4, expansion has occurred in all cell 
layers including the corona radiate. Morphology of expansion in C1. Control,C2. Ethanol and C3.ALA+ethanol groups. D. Expansion index of COCs in various 
treatment groups. Columns with different letters are considered as significant (P<0.05) (scale bars represent 200 µm). 
COCs; Cumulus oocyte complexes, ALA; Alpha-lipoic acid, IVC; In vitro culture, IVF; In vitro fertilization, IVM; In vitro maturation, and ROS; Reactive oxygen species.
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Fig.2: The effect of ethanol and ALA on relative ROS and thiol content 
of matured ovine oocytes. A. Representative fluorescence images of 
MII-oocytes for thiol content in different treatment groups groups, B. 
Percentage of relative intensity of thiol content in different treatment 
groups. Columns with different letters are considered as significant 
(P<0.05). C. Representative fluorescence images of MII-oocytes for ROS 
in different treatment groups, and D. Percentage of relative intensity of 
ROS level in different treatment groups. Columns with different letters 
are considered as significant (P<0.05, scale bars represent 50 µm). ALA; 
Alpha-lipoic acid and ROS; Reactive oxygen species.

A

B

C

D

In order to assess if ethanol and its combination with 
25 µM ALA have any effect on the developmental 
competence of matured oocytes in terms of cleavage 
and blastocyst rates, IVF was carried out for various 
treatment groups. As depicted in Table 1, exposure to 
1% ethanol during maturation significantly decreased 
the cleavage rate (75.47 ± 2.37) compared to control 
(86.9 ± 2.57) and ALA+ethanol group (98.65 ± 0.37, 
P<0.05). Furthermore, the addition of 25 µM ALA 
attenuated the effect of 1% ethanol and significantly 
increased blastocyst formation in ALA+ethanol group 
(49.76 ± 1.98) as compared to control (34.19 ± 4.67) 
and ethanol groups (18.19 ± 2.81, P<0.05). In addition, 
the blastocyst rate was significantly lower in the ethanol 
group compared to the control group (P<0.05). Finally, 
blastocysts hatching rate was significantly lower in 
the ethanol group (16.66 ± 4.85) compared to control 
(27.77 ± 3.84) and ALA+ethanol group (33.33 ± 3.61, 
P<0.05, Table 1).

In order to assess the quality of the blastocysts from 
various treatment groups, differential staining was 
done to determine ICM, TE, TCN, and ICM:TE ratio. 
As it is presented in Figure 3A, the number of TE and 
TCN were significantly higher in ALA+ethanol group 
as compared to control and ethanol group (P<0.05). In 
addition, the number of TE and TCNsweresignificantly 
lower in the ethanol group compared to the control group 
(P<0.05). Besides, the quality of hatched blastocysts 
in terms of ICM and ICM:TE was similar between 
control and ethanol groups (P>0.05). However, hatched 
blastocysts from ALA+ethanol group had significantly 
higher ICM and ICM:TE as compared to other groups 
(P<0.05, Fig.3A).

Furthermore, the effect of ethanol in the presence or 
absence of ALA was investigated on DNA fragmentation 
by TUNEL assay. As depicted in Figure 3B, the number 
of tunnel positive cells in the ethanol group (21.7 ± 
2.41) was significantly higher than control (15.3 ± 
2.12) and ALA+ethanol (6.4 ± 1.54) groups (P<0.05).

Finally, the quality of derived blastocysts was 
assessed in terms of expression of genes thatare 
related to the apoptosis pathway, antioxidant capacity, 
and pluripotency factors. As demonstrated in Figure 
4, the expression of BAX was significantly lower 
in theALA+ethanol group compared to the ethanol 
group (P<0.05). However, the expression of this gene 
was significantly lower in the control group than the 
ethanol group (P<0.05). The expression of BCL-2 as 
an anti-apoptotic factor was significantly higher in 
ALA+ethanol compared to control and ethanol groups 
(P<0.05).

The next gene which was assessed was CASPASE3, 
which showed significantly lower expression in 
ALA+ethanol COCs as compared to control and ethanol 
groups (P<0.05).
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The anti-oxidant capacity of blastocysts derived 
in various treatment groups was assessed in terms 
of expression of GPX4 and SOD1. Expression of 
both GPX4 and SOD1was significantly higher in 
ALA+ethanol group as compared to control and ethanol 
groups (P<0.05). The expression of OCT4 and NANOG 

was lower in the ethanol group in comparison to the 
control group, which was reached to a significant level 
for NANOG (P<0.05) but not for OCT4. However, 
the expression of these two pluripotency markers in 
theALA+ethanol group was similar to the control 
group.

Fig.3: Cell number, trophectoderm and inner cell mass allocation and DNA fragmentation of cultured ovine blastocysts. A, B. Quality of ovine expanded 
blastocysts in terms of total cell number or allocation in different treatment groups (scale bars represent 100 µm). C, D. Quality of ovine expanded 
blastocysts in terms of DNA fragmentation assessed by TUNEL kit in different treatment groups (scale bars represent 50 µm). Columns with different letters 
are considered as significant (P<0.05). 
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Fig.4: Relative gene expression of interested genes. Quality of ovine expanded blastocysts in terms of expression of genes related to apoptosis, antioxidant 
capacity and pluripotency in different treatment groups. Columns with different letters are considered as significant (P<0.05).

Discussion
Our results revealed that exposure to 1% ethanol 

significantly reduced the cumulus expansion and 
blastocyst yield. The quality of blastocysts was also 
reduced based on the assessment of ICM, TE, and total 
cell counts.

Although there are many studies in rodents that have 
demonstrated the effect of alcohol ingestion on sperm 
parameters and IVF results, there are very limited 
studies regarding the effect of alcohol abuse on oocytes 
and embryos (26). Regarding the effect of alcohol on 
the male reproductive system, it has been shown that 
alcohol drinking can alter spermatogenesis and induce 
morphological changes in spermatozoon (26), which may 
be due to alteration of the endocrine system in the male 
reproductive system (27).

Therefore, to assess this effect, ovine COCs were 
exposed to 1% alcohol during the period of maturation.
To further enhance our knowledge regarding the alcohol 
toxicity, we assessed the degree of ROS production and 
GSH-antioxidant capacity of alcohol-treated oocytes. 
Interestingly, we found that the values of ROS and 
thiol content were not significantly different from 
control, indicating the production of ROS or reduction 
of antioxidant capacity does not account for the 
observed alcohol toxicity during oocyte maturation. One 
explanation for the unaltered level of thiol content may be 
related to the specificity of CMF2HC dye, which cannot 
detect other oxidized thiols and GSSG (18).

To evaluate whether apoptosis has been executed in the 
blastocysts derived from COCs exposed to alcohol, DNA 
fragmentation as the late apoptotic marker was assessed, 
and the results revealed a higher percentage of TUNEL 
positive cells in ethanol group compared to control group. 

Analysis of expression of BAX, BCL2, and CASPASE3 
as other apoptotic markers (28) and,OCT4 and NANOG 
as pluripotent markers (29) were also assessed in the 
blastocyst derived from COCs treated with alcohol. 
Unlike caspase3, both BAX and BCL2 were significantly 
altered. As expected, based on the TUNEL result, the 
expression of BAX, as a pro-apoptotic marker, was 
significantly higher in the alcohol group, further verifying 
the higher degree of apoptosis in this group. In contrary 
to our expectation, the expression of BCL2, as an anti-
apoptotic marker, was also higher in the alcohol group. 
These data suggest that embryos thathave been able to 
reach blastocyst may express a higher degree of BCL2 
to overcome alcohol intoxication. The situation might 
have been completely different in embryos that were not 
competent to reach this stage, and therefore, inevitably, 
they were not included in our assessment.

Assessment of expression of genes related to 
antioxidant capacity, GPX4, and SOD1 (30, 31) revealed 
significantly higher expression of both SOD1 and 
GPX4 in the ALA+ethanol group. An increase in the 
expression of SOD may be related to a higher capacity 
of blastocysts to convert superoxide to less toxic ROS, 
the H2O2. Furthermore, higher expression of GPX4 in 
ALA+ethanol treated group may lead to a higher reduction 
of hydroperoxide groups on phospholipids, lipoproteins, 
and cholesteryl esters (32). In summary, the ethanol-
exposed group treated with ALA demonstrated a higher 
anti-oxidant capacity in derived blastocysts.

In the next experiment, we evaluated how antioxidants, 
such as ALA, can overcome the toxic effects of alcohol. 
In our results, ALA overcomes the inhibitory effects 
of ethanol on the cumulus expansion index. It was 
also interesting to note that ALA improved the GSH-
antioxidant capacity of the in vitro matured oocyte (33) and 
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concomitantly reduced the ROS level of ALA+ethanol-
treated oocytes compared to both control and ethanol 
groups. Interestingly, both blastocyst yield and quality 
of blastocysts were improved which was further verified 
upon assessment of TUNEL assay, mRNA expression of 
apoptotic markers (27, 28), pluripotent markers and anti-
oxidant markers These results indicate that ALA not only 
can detoxify the toxicity effects of alcohol but on its own 
has beneficial effect on the quality of in vitro matured 
oocytes. This observation is consistent with a previous 
report indicating ALA+ethanol can improve the quality of 
oocyte during maturation (26, 27). These observed effects 
can be attributed to several characteristics of ALA, which 
are rarely observed for other antioxidants, including 
(33): i. Small size, ii. Both water and fat-soluble nature 
with rapid absorption rate, iii. Metal chelating ability, iv. 
ROS scavenging activity, v. Rescuing or recycling the 
antioxidant capacity of vitamin E and C, vi. Improving 
intracellular GSH level, vii. Modulator of several 
signaling transduction pathways like suppressing tumor 
necrosis factor (TNF)-alpha-induced ROS generation,and 
6-hydroxydopamine induced ROSgeneration, acting as 
co-activator in electron chain reaction in mitochondria 
and thereby increasing ATP production (28) and reducing 
electron leakage, and viii. Acting as a coenzyme of 
pyruvatedehydrogenase complex and improving 
consumption of pyruvate especially in ovarian folliclesand 
in oocytes (22).

It has been shown that ALA can inhibit oxidative stress 
induced by arsenic or thinner and improve the quantity 
and quality of sperms in rats (34). In a clinical trial, the 
effects of ALA supplement on the spermatogram and 
seminal oxidative stress in infertile men wereinvestigated, 
and it has been revealed that total sperm count, sperm 
concentration, and motility levels were significantly 
increased in the ALA group compared with baseline 
values. In addition, ALA supplementation improved total 
antioxidant capacity compared with the placebo group 
(28, 34).

Our results in this study areconsistent with the previous 
report of Zhang et al. (22) which showed that addition of 
ALA at 25 μM during maturation protects oocytes from 
manipulation and chemical stressor and results in the 
improved blastocyst and a significant increase in oocyte 
GSH level and reduction in apoptosis rate in blastocysts 
(24). The positive effect of ALA also has been shown in 
thesomatic cell nuclear transfer (SCNT) procedure,and 
researchers (22, 31) have shown that the efficiency of 
ALA to improve SCNT in porcine is 400 times more than 
vitamin C.

In the nervous system (35) and blastocyst (36), ethanol 
activates ROS production, and protection is acquired by 
activation of TGFß1 and P53 pathways. Indeed, TGFß1 
limits the long term damages in the brain induced by 
alcohol toxicity, and in vitro, it improves embryos 
quality (36). This effect is believed to be mediated by 
overexpression of clusterin, which is observed both in 
the brain and the blastocyst exposed. In this study, we did 

not observe the overproduction of ROS following alcohol 
treatment; therefore it is likely that alcohol-induced 
cytotoxicity during IVM is mediated through other 
pathways, which requires further research.Despite this, 
ALA may partially alleviate the alcohol toxicity, through 
its antioxidant nature as observed by reduced ROS 
and improved thiol content. Improved developmental 
competency following ALA treatment during IVM may 
be related to other properties of ALA, like modulation 
ofsome signaling transduction pathways such as lowering 
inflammation reactions (e.g., NF-KB) (37) and increasing 
the endogenous cellular antioxidants (e.g., GSH) (22, 38), 
which needs future studies.

Conclusion
Taken together, our results in this study suggest that ALA 

not only overcomes the negative effect of alcohol toxicity 
during oocyte maturation but also improves blastocyst 
yield and quality of resultant embryos. Therefore, ALA, 
as a good supplement, or as a chemical highly available in 
green vegetables, is recommended for lowering ROS level 
and increasing the endogenous cellular antioxidants under 
oxidative stress conditions in the fertilization process.

Acknowledgments
A part of this study was funded by the Royan Institute 

of Tehran, Iran. The authors would like to thank the staff 
of the Royan Institute for their support. All the authors 
declare no conflict of interest.

Authors’ Contributions
M.H.N.-E.; Conceived and designed the study. 

M.H.N.-E., S.O.; Conducted the research. A.M.Kh., R.M., 
S.O., A.H.; Participated in study design, data collection 
and evaluation. F.G.; Conducted molecular experiments 
and RT-qPCR analysis. A.M.Kh., F.J.; Analyzed the 
data. F.J., A.A.F.-N., M.H.N.-E.; Drafted the manuscript. 
A.A.F.-N., M.H.N.-E.; Discussed the reslts. All authors 
performed approving the final version of this paper for 
submission, also participated in the finalization of the 
manuscript and approved the final draft.

References
1.	 Farley C, Douglas HJ. Efficient cryoprotection of macromolecular 

crystals using vapor diffusion of volatile alcohols. J Struct Biol. 
2014; 188(2): 102-106.

2.	 Jurkiewicz J. Factors inducing the activation of reconstructed oo-
cytes of farm animals in somatic cloning procedures. J Anim Feed 
Sci. 2004;13(3): 373-388.

3.	 Larivière FP, Campagna C, Sirard MA. Mechanisms involved in 
porcine early embryo survival following ethanol exposure. Toxicol 
Sci.2017; 156(1): 289-299.

4.	 Streissguth AP, Landesman-Dwyer S, Martin, JC, Smith DW. Tera-
togenic effects of alcohol in humans and laboratory animals. Sci-
ence. 1980; 209(4454): 353-361.

5.	 Hingson RW, Zha W, Weitzman ER. Magnitude of and trends in 
alcohol-related mortality and morbidity among U.S. college stu-
dents ages 18-24, 1998-2005. J Stud Alcohol Drugs Suppl. 2009; 
16: 12-20.

6.	 Wechsler H, Davenport A, Dowdall G, Moeykens B, Castillo S. 
Health and behavioral consequences of binge drinking in col-
lege a national survey of students at 140 campuses. JAMA. 1994; 



Cell J, Vol 23, No 2, July 2021173

Moghimi Khorasgani et al.

272(21): 1672-1677.
7.	 Maier SE, Miller JA, Blackwell JM, West JR. Fetal alcohol expo-

sure and temporal vulnerability regional differences in cell loss as 
a function of the timing of binge like alcohol exposure during brain 
development. Alcohol Clin Exp Res. 1999; 23(4): 726-734.

8.	 Rochette L, Ghibu S, Richard C, Zeller M, Cottin Y, Vergely C. 
Direct and indirect antioxidant properties of alpha-lipoic acid and 
therapeutic potential. Mol Nutr Food Res. 2013; 57(1): 114-125.

9.	 Lee S, Kim E, Hyun SH. Toxicity evaluation of ethanol treatment 
during in vitro maturation of porcine oocytes and subsequent em-
bryonic development following parthenogenetic activation and in 
vitro fertilization. Int J Mol Med. 2014; 34(5): 1372-1380.

10.	 Ibrahim S, Osman Kh, Das S, Othman AM, Majid NA, Rahman MP. 
A study of the antioxidant effect of alpha lipoic acids on sperm qual-
ity. Clinics (Sao Paulo). 2008; 63(4): 545-550.

11.	 Pirlich M, Kiok K, Sandig G, Lochs H, Grune T. Alpha-lipoic acid 
prevents ethanol-induced protein oxidation in mouse hippocampal 
HT22 cells. Neurosci Lett. 2002; 328(2): 93-96.

12.	 Foo NP, Lin SH, Lee YH, Wu MJ, Wang YJ. α-lipoic acid inhibits 
liver fibrosis through the attenuation of ROS-triggered signaling in 
hepatic stellate cells activated by PDGF and TGF-β. Toxicology. 
2011; 282(1-2): 39-46.

13.	 McIlduff CE, Rutkove SB. Critical appraisal of the use of alpha 
lipoic acid (thioctic acid) in the treatment of symptomatic diabetic 
polyneuropathy. Therclin Risk manag. 2011; 7: 377-385. 

14.	 Pezhman M, Hosseini SM, Ostadhosseini S, RouhollahiVarnosfad-
erani S, Sefid F,  Nasr Esfahani MH. Cathepsin B inhibitor improves 
developmental competency and cryo-tolerance of in vitro ovine 
embryos. BMC Dev Biol. 2017; 17(1): 10.

15.	 Vanderhyden BC, Caron PJ, Buccione R, Eppig JJ. Developmental 
pattern of the secretion of cumulus expansion-enabling factor by 
mouse oocytes and the role of oocytes in promoting granulosa cell 
differentiation. Dev Biol.1990; 140(2): 307-317.

16.	 Soto-Heras S, RouraM, Catalá MG, Menéndez-Blanco I, Izquierdo 
D, Fouladi-Nashta AA, et al. Beneficial effects of melatonin on in 
vitro embryo production from juvenile goat oocytes. Reprod Fertil 
Dev. 2018; 30(2): 253-261.

17.	 Forouzanfar M, Abid A, Hosseini SM, Hajian M, Nasr-Esfahani MH. 
Supplementation of sperm cryopreservation media with cell perme-
able superoxide dismutase mimetic agent (MnTE) improves goat 
blastocyst formation. Cryobiol. 2013; 67(3): 394-397.

18.	 Gharibi SH, Hajian M, Ostadhosseini S, Hosseini SM, Forouzanfar 
M, Nasr-Esfahani MH. Effect of phosphodiesterase type 3 inhibitor 
on nuclear maturation and in vitro development of ovine oocytes. 
Theriogenology. 2013; 80(4): 302-312.

19.	 Asgari V, Hosseini SM, Forouzanfar M, Hajian M, Nasr-Esfahani 
MH. Vitrification of in vitro produced bovine embryos effect of em-
bryonic block and developmental kinetics. Cryobiol. 2012; 65(3):  
278-283.

20.	 Fouladi-Nashta AA, Alberio R, Kafi M, Nicholas B, Campbell KH, 
Webb R. Differential staining combined with TUNEL labelling to de-
tect apoptosis in preimplantation bovine embryos. Reprod Biomed 
Online. 2005; 10(4): 497-502.

21.	 Kitagawa Y, Suzuki K, Yoneda A, Watanabe T. Effects of oxygen 
concentration and antioxidants on the in vitro developmental ability 
production of reactive oxygen species (ROS) in embryos. Theriog-
enology. 2004; 62(7): 1186-1197.

22.	 Zhang H, Wu B, Liu H, Qiu M, Liu J, Zhang Y, et al. Improving de-
velopment of cloned goat embryos by supplementing a-lipoic acid 
to oocyte in vitro maturation medium. Theriogenology. 2013; 80(3): 
228-233.

23.	 Winek CL, Murphy KL, Winek TA. The unreliability of using a urine 
ethanol concentration to predict a blood ethanol concentration. Fo-
rensic Sci Int. 1984; 25(4): 277-281.

24.	 Jurema MW, Nogueira D. In vitro maturation of human oocytes for 
assisted reproduction. Fertil Steril. 2006; 86(5): 1277-1291.

25.	 Jones KL. The effects of alcohol on fetal development. Birth De-
fects Res C Embryo Today. 2011; 93(1): 3-11. 

26.	 Sánchez MC, Fontana VA, Galotto C, Cambiasso MY, Sobarzo 
CMA, Calvo L, et al. Murine sperm capacitation, oocyte penetration 
and decondensation following moderate alcohol intake. Reproduc-
tion. 2018; 155(6): 529-541.

27.	 Moura FA, De Andrade KQ, Dos Santos JC, Goulart MO. Lipoic 
acid: its antioxidant and anti-inflammatory role and clinical applica-
tions. Curr Top Med Chem. 2015; 15(5): 458-483.

28.	 Prathima P, Pavani R, Sukeerthi S, Sainath SB. α-Lipoic acid in-
hibits testicular and epididymal oxidative damage and improves 
fertility efficacy in arsenic-intoxicated rats. J Biochem Mol Toxicol. 
2018; 32(2): 1-9.

29.	 Samardzija C, Quinn M, Findlay JK, Ahmed N. Attributes of Oct4 in 
stem cell biology perspectives on cancer stem cells of the ovary. J 
Ovarian Res. 2012; 5(1): 37-42.

30.	 Haghighian HK, Haidari F, Mohammadi-Asl J, Dadfar M. Rand-
omized, triple-blind, placebo-controlled clinical trial examining the 
effects of alpha-lipoic acid supplement on the spermatogram and 
seminal oxidative stress in infertile men. Fertil Steril. 2015; 104(2): 
318-324.

31.	 Huang Y, Tang X, Xie W, Zhou Y, Li D, Zhu J. Vitamin C enhance 
in vitro and in vivo development of porcine somatic cell nuclear 
transfer embryos. Biochem Biophys Res Commun. 2011; 411(2): 
397-401

32.	 Perez-Tito L, Bevilacqua E, Cebral E. Peri-implantational in vivo 
and in vitro embryo-trophoblastic development after perigestational 
alcohol exposure in the CD-1 mouse. Drug Chem Toxicol. 2014; 
37(2): 184-197.

33.	 Packer L, Witt EH, Tritschler HJ. Alpha-Lipoic acid as a biological 
antioxidant. Free Radic Biol Med. 1995; 19(2): 227-250.

34.	 Pınar N, Çakırca G, Özgür T, Kaplan M. The protective effects of 
alpha lipoic acid on methotrexate induced testis injury in rats. Bi-
omed Pharmacother. 2018;97(1):1486-1492.

35.	 Zhang X, Sliwowska JH, Weinberg J. Prenatal alcohol exposure 
and fetal programming: effects on neuroendocrine and immune 
function. Exp Biol Med (Maywood). 2005; 230(6): 376-388.

36.	 Zhang D, Jing H, Dou C, Zhang L, Wu X, Wu Q, et al. Supplement 
of betaine into embryo culture medium can rescue injury effect of 
ethanol on mouse embryo development. Sci Rep. 2018;8(1):1761.

37.	 Byun CH, Koh JM, Kim DK, Park SI, Lee KU, Kim GS. Alpha lipoic 
acid inhibits TNF- induced apoptosis in human bone marrow stro-
mal cells. J Bone Miner Res. 2005; 20(7): 1125-1135.

38.	 Weydert CJ, Cullen JJ. Measurement of superoxide dismutase 
catalase and glutathione peroxidase in cultured cells and tissue. 
Nat Protoc. 2010; 5(1): 51-66. 


