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Introduction: One of the important factors in Assisted Reproductive Technology (ART) is embryo quality
that depends on oocyte quality. Maternal nutrition in form of soybean supplementation is thought to have
benefits in oocyte quality. To determine the effect soybean supplementation to the embryo quality from
oocyte side. Methods: This experimental study involved female mice from Swiss strain aged 6 weeks
that were divided into two groups, group with soybean (soybean group/SG) and group without soybeans
(pellet group/PG). Follicles were collected and denuded to get oocytes. The oocytes were stained with
MitoTracker for assessing the mitochondrial membrane potential and TUNEL for assessing the apoptotic
level. Colour intensity was assessed using a confocal microscope and determined using ImageJ software.
Sperms were extracted surgically from the epididymis-vas deferens and performed preparation prior to
intra cytoplasmic sperm injection (ICSI) procedure. Then, the embryos were cultured and observed for
the quality. Result: In TUNEL test, the average colour intensity of the SG was lower compared to the PG,
significantly (p=0.03). While in the Mito Tracker test, the average colour intensity for the SG was higher
compared to PG, not significantly (p=1.08). In addition, the embryo development on Day-1 and Day-3
showed more good embryo quality of SG compared to PG, significantly (p=0.03). Conclusion: Soybean
supplementation improved embryo quality at the cleavage stage by decreasing apoptosis of the oocytes
rather than increasing the viability the oocytes.
Key words: Oocyte, Soybean, Apoptosis, Embryo development, Embryo quality.

INTRODUCTION
Infertility, defined by the WHO as the inability to
conceive after 12 months of regular, unprotected
sex, is a global problem on the rise.1 One of the main
treatment used is through assisted reproductive
technologies (ART) such as conventional in vitro
fertilization (IVF) – intra cytoplasmic sperm
injection (ICSI), whose success rates are often
still disappointingly low.2 In order to increase the
success rates, factors influencing the quality of
embryo need to be explored further. One important
factor influencing is the oocyte, especially in
terms of nutrient consumption.3 There are
various nutrients which may affect oocyte quality.
Polyunsaturated fatty acids (PUFA) such as linoleic
acid are known to exert positive effect on oocytes
through their influence on membrane composition
and cellular signalling, but other researches show
that PUFAs inhibit oocyte and embryonal growth
in human and bovine oocytes.4-7 Other nutrient of
interest is the isoflavone genistein. In experiments
using mice oocyte, genistein is known to inhibit
maturity, but in yet another research also using
mice oocyte, it is known that genistein increase
post-cryopreservation
survivability.8,9
These
conflicting results demands further research on the
supplementation of both nutrients, which are both
found in soybeans (Glycine max).
Unfortunately, although containing these
nutrients, researches on the effect of soybean
supplementation towards oocyte quality in the
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molecular level are lacking. One way to measure
the viability of oocytes are by assessing the
mitochondria. A viable mitochondria should be
able to maintain a membrane potential between
-136 to -140 mV.10 This membrane potential is
the ideal range for ATP production. One way to
measure this membrane potential is through the use
of dyes reactive to the membrane potential such as
the MitoTracker, which would be concentrated on
active mitochondria. MitoTracker is a preferable
dye for measurement since its reactivity with thiol
groups in the mitochondrion let the dye stay after
the cell dies.11,12 Another way to determine oocyte
viability is to assess the level of apoptosis in oocytes
by using Terminal Deoxyuridine Triphospates
Nick-End Labeling (TUNEL). TUNEL serves as a
marker of DNA fragment on oocytes, thus provides
information about the fragmentation of DNA that
occur in advanced apoptosis. However, as DNA
fragmentation can occur in both state of cell apoptosis
and necrosis, TUNEL is not a specific reagent to
determine apoptosis but it can adequately describe
the condition of DNA at any given moment.13
The hope is that with qualified oocytes, especially
in terms of viability and apoptosis, it can produce
more qualified embryos too. This study was aimed
to determine the oocyte viability, apoptosis and
embryo development quality due to the soybean
supplementation for nutrition. Thus, embryonal
development is another parameter which could be
measured. One of the methods used in assessing
embryonal development is the modified Gardner
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scoring system which observed morphological criteria during the
development of embryos over time.14

Oocyte vitality through mitochondrial membrane
potential assessment using MitoTracker

MATERIALS AND METHODS

The MitoTracker solution at a concentration of 25 nM was prepared
for staining according to the manufacturer’s instructions. Oocyte was
first be incubated in a MitoTracker Red CMXRos (Thermo Fisher
Scientific, USA) droplet covered by liquid paraffin for 30 min in an
incubator (37°C and 6% CO2). After washing 3 times, each for 10 min
at 37°C in phosphate-buffered saline (PBS), the oocyte were fixed in
paraformaldehyde on a slide for 30 minutes at room temperature under
dark conditions. After washing 3 times, the oocyte were mounted
on glass slides and observed under confocal laser microscope (Zeiss)
which would use 550 nm filter to obtain the fluorescence of the dye.
Colour intensity was assessed using Image J software. Intensity data
from the 2 groups were compared using independent t-test in SPSS
with significant p value < 0.05.

Ethical considerations
The study protocol and ethical permit for this study was approved
by the ethics committee of the Faculty of Medicine, Universitas
Indonesia with ethics certificate number KET-1031/UN2.F1/ETIK/
PPM.00.02/2019.

Subjects
The sample in this study were female and male mice (Mus musculus)
of the Swiss strain (age of 8 – 10 and 12 - 15 weeks, respectively). All
mice were purchased from Animal Research Facilities – Institute of
Medical Education and Research in Indonesia (ARF-IMERI) (Jakarta,
Indonesia) and maintained under conditions of 22 ± 2°C temperature
and 12 h/12 h dark/light cycle, with free access to food and water. In
this study, the female mice were divided into two groups: untreated
(pellet group/PG) and treated (soybean group/SG). Based on Federer,
it was decided that the number of mice for each group was 30 so that
the total number of female mice in this study was 60 mice. All mice
were randomly allocated in two groups. Besides that, a double-blind
method was also used to minimize the bias potential. Initially, 60 female
and 24 male mice (Mus musculus) of the Swiss strain were selected. Of
these, 10 female mice were excluded due to lack of response to ovarian
stimulation and 6 male mice were also excluded due to failure of sperm
retrieval from the epididymis. Finally, 50 female mice was divided into
two groups (soybean group/SG and pellet group/PG). Observation of
the life of mice in the cage was observed every day, whether they were
healthy or sick.

Study setting
This experimental study was conducted to evaluate the viability and
apoptosis of oocyte and quality of the embryo development, with
soybean supplementation. The samples was took place at Animal
Research Facilities (ARF) and Human Reproduction, Infertility
and Family Planning (HRIFP), Indonesian Medical Education and
Research Institute (IMERI) – Medical Biology Department, Faculty of
Medicine, Universitas Indonesia, between January – December 2020.

Soybean supplementation
One group of 30 female mice were fed by soybeans in the form of
uncooked seeds, mixed with standard commercial pellet (Indofeed,
Indonesia Formula Feed, Indonesia) (soybean group/SG) while the
other group of 30 female mice were fed by pellets only (pellet group/
PG). The amount of soybeans was referred to the Nutrient Requirements
of Laboratory Animals, 4th revision, by the National Research Council.
According to the guideline, it requires 120 g of soybean seed per
kilogram body weight of mice. In this research, the dose for 5 mice was
calculated and given in one feeding bowl for each cage.

Oocyte source
Hormonal stimulation was performed to increase follicular development
using 10 IU of the FSH analog (Gonal-F, Merck, Denmark). Sixteen
hours before oocyte collection, ovulation was triggered using 10 IU of
the LH analog (Ovidrel, Merck, Denmark) injected intraperitoneally.
Euthanasia with cervical dislocation was performed prior surgical
removal of ovaries and fallopian tubes. The separation of oocyte
from the surrounding cumulus cells were done by denuding process
using hyaluronidase enzyme (Hyase, Vitrolife, Sweden). Of 60 female
mice, around 120 oocytes were obtained in SG while 80 oocytes were
obtained in PG.
Pharmacognosy Journal, Vol 14, Issue 1, Jan-Feb, 2022

Oocytes apoptotic level assessment using TUNEL
Each oocyte was fixed in 4% paraformaldehyde (PFA) in PBS at
room temperature for 1 hour. The oocytes were then washed 3 times
for 10 minutes in PBS 3 mg/mL polyvinylpyrrolidone (PBS-PVP).
Furthermore, oocytes were stabilized into Triton X-100 0.1% (wt/
vol) containing 0.1% (wt/vol) sodium citrate in PBS. Permeabilization
was carried out for 30 minutes at 4oC. After permeabilization, oocytes
were washed again 3 times for 10 minutes in PBS-PVP. The oocytes
were then incubated for 1 hour at 37oC under dark condition in a 50
µL TUNEL reaction mixture (containing TdT and FITC-dUTP) (in
situ Cell Death Detection Kit, Roche, Indianapolis). After incubation,
oocytes were washed in PBS and 50 µL of Propidium Iodine (PI) was
added. The oocyte was again washed in PBS then framed using a cover
glass. Apoptotic status assessment was carried out using a confocal
laser microscope (Zeiss) by 20x10 magnification. Green fluorescence
was observed using a fluorescent isothiocyanate (FITC) filter and
a 4,6-diamidine-2-phenylindole (DAPI) filter. The intensity would be
analyzed using ImageJ software. Intensity data from the 2 groups were
compared using independent t-test in SPSS with significant p value < 0.05.

Sperm source and preparation
Sperm for the fertilization was extracted through surgical removal of
the epididymis and vas deferens from male mice. The sperm was then
prepared through the swim up technique of the sperm preparation to
obtain motile sperms. (Sperm Rinse, Vitrolife, Sweden) An aliquot of
sperm dilution from epididymis-vas deferens and 1 ml of Sperm Rinse
medium were placed in a tube and centrifuged at 300 g for 10 min. The
supernatant was discarded and the pellet was resuspended by 1 ml of
Sperm Rinse medium. Furthermore, the tube was placed in 45o at 37oC
for 45 min. Then, the upper layer was aspirated and further used.

Intracytoplasmic sperm injection (ICSI)
The oocyte was placed in a GMOPS drops (Vitrolife, Sweden) and then
covered by liquid paraffin. Prior to ICSI, the sperm was immobilized
by touching the tail with injection pipette in polyvinylpyrrolidone/PVP
(Vitrolife, Sweden) drop in ICSI dish. During ICSI, a selected sperm was
then extracted using an injection pipette. Then, the oocyte was held in 3
o’clock position using a holding pipette and the sperm be injected into
the ooplasm. The oocyte was transferred to the G1 medium (Vitrolife,
Sweden) to be incubated inside a triple-gas incubator (5% O2, 6% CO2,
and 5% N2) with a temperature of 37oC. After embryonal cleavage had
entered the 6-8 cell stage, the embryo would be transferred to the G2
medium (Vitrolife, Sweden).

Embryo development quality
Embryonal growth was observed from time to time using an inverted
microscope. Embryo development quality was assed using the grading
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system used by the modification of Gardner.14 This grading system
assessed the cleavage of embryo by the number of cells/blastomeres,
similarity of blastomere size and the existence of fragmentation, into
3 categories, namely A. Good, B. Moderate and C. Poor (15). For the
number of blastomeres : category A. Good: 2 cells (day-1), 7-9 cells
(day-3); B. Moderate: 1 cell (day-1), 6 cells (day-3); C. Poor: 0 cells
(day-1), <6 cells (day-3), while in the similarity of blastomeres size
(category A. Good: all blastomeres are in equal size; B. Moderate: <50%
of blastomeres are in unequal size; C. Poor : >50 % of blastomeres are
in unequal size) and for the existence of fragmentation (category A.
Good : <10 % of fragmentation; B. Moderate: 10-25% of fragmentation;
C. Poor : >25% of fragmentation).15 In this study, this grading was
simplified into 2 categories, where category A and B were combined
into good and C was still in the poor categories, namely : 1. good and 2.
poor categories. Of 120 oocytes, 96 embryos were obtained in SG while
65 oocytes were obtained in PG.

Statistical analysis
SPSS Statistics version 22nd program was used to performed the
statistical analysis. The data of each research parameter were analyzed
between the two groups. Independent t-tests were used to analyze
oocyte viability and apoptosis parameters, while Mann-Whitney test
was used to analysis embryo development. The significance level was
set at 5% (p ≤ 0.05).

RESULTS AND DISCUSSION
Oocyte viability
The viable oocytes among the 2 groups could be seen in Figure 1, by
the pattern of mitochondrial distribution, presented by the colour
intensity (Figure 1A and 1B). Figure 1 showed that the oocyte intensity
of SG Figure 1A) is hinger compared to the PG (Figure 1B). Moreover,
the average colour intensity of the SG (2,715 + 0,3) was higher than
the PG (1,903 + 0,1) as displayed in Figure 1C. Although higher, the
difference was determined not to be statistically significant. (p=1.08)
The statistical test used for oocyte viability was the independent t-test.

Figure 1: Oocytes viability at (A) soybean-fed group, (B) pellet-only
group, (C) intensity of oocyte viability in both groups (dark colour =
soybean group and grey colour = pellet group).

Oocyte apoptosis
The apoptotic oocytes among the 2 groups could be seen in Figure 2,
presented by the intensity (Figure 2). Figure 2 showed that the oocyte
intensity of SG (Figure 2A) is lower compared to the PG (Figure 2B).
The mean of these two groups had a significant difference (p=0.03) with
the intensity value of the SG at 0.89 + 0.15 and PG at 2.57 + 0.67 (Figure
2C). The statistical test used for oocyte apoptosis was the independent
t-test.

Embryo development quality
Results of embryo development were presented as Day-1 and Day-3
embryos. The Day-1 embryo consisting of 2 cells or less, with an equal
and unequal size, with and no fragmentation, resulting in the good
and poor qualities of embryo (Figure 3A and 3B). The Day-3 embryo
consisting of 6-8 cells or less, with an equal and unequal size, with and
no fragmentation, resulting in the good and poor qualities of embryo
(Figure 3C and 3D).
In addition, Figure 4 showed the results of embryo development of
Day-1 and Day-3 in SG and PG. On Day-1, SG showed more good
quality embryos compared to PG, while Day-3 showed similar result
to Day-1 that SG showed more good quality embryos compared to PG,
significantly (p=0.03) (Figure 4). The statistical test used for embryo
development was the Mann-Whitney test.
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Figure 2: Oocytes apoptosis at (A) soybean-fed group, (B) pellet-only
group, (C) intensity of oocyte apoptosis in both groups (dark colour =
soybean group and grey colour = pellet group).
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The effect of soybean supplementation on oocyte
viability
The nutrition obtained by the mother can act directly on the
hypothalamus-pituitary-ovarian axis, which can have an influence to
the efficiency of the reproductive system, such as hormone synthesis,
follicle growth and oocyte quality.16 According to research by Iguma et
al. female mice that were given nutrients that contain high energy such
as soybeans will affect the quality of viable oocytes. The treatment of
soybean feed on female mice produced oocytes that had a better level of
maturity and viability compared to untreated mice. This finding is line
with the literature which states that oocytes maturity can be influenced
by the presence of linoleic acid and genistein in soybeans.6

Figure 3: Embryo development on Day-1: A) good quality, B) poor quality
and Day-3: C) good quality, D) poor quality.

In terms of morphology, polar bodies, clear cytoplasm, clear periviteline
zones, and perfect shape of zona pellucida, can be seen in a good shape
from the oocytes treated by soybeans. However, oocyte with abnormal
morphology can also be found, which is characterized by changes
of the cell membrane and the loss of polar bodies. The underlying
mechanisms may include several possibilities, such as unknown
genetic disorders in mice, different ovarian response to hormone
hyperstimulation, and changes in the microenvironment.17 Based on
research conducted by Engelman et al. soybean supplementation can
reduce the level of oxidative stress on oocyte development, although it
doesn’t have a significant effect.18
A higher average of MitoTracker fluorescence intensity in the SG
could be explained by several nutrients contained in a soybean seed.
Linoleic acid as a PUFA is known to have protective capabilities against
cellular damages caused by saturated fatty acids.19,20 Simoes-Alves et al.
observed that mitochondrial damage may arise from saturated fatty
acids, which is shown by mitochondrial swelling due to compromise
of normal membrane permeability.21 Mitochondrial damage as a
result of saturated fatty acids also takes the form of increased ROS
production and decreased respiration rate. Another nutrient, genistein,
is also known to have positive effects on the cell and mitochondria.
Genistein, a part from acting as an antioxidant, is also known to
increase mitochondrial biogenesis by stimulating the expression of
mitochondrial proteins and PGC-1α.22,23 Another nutrient of interest
that plays a role in mitochondrial function is folic acid, which is known
to help protect against ROS damage and homocysteine which is known
to exhibit inhibitory properties to mitochondria through the inhibition
of complex I – III.24,25

The effect of soybean supplementation on oocytes
apoptosis
Apoptosis is a programmed cell death and can be caused by many
factors and can be triggered by both physiological and pathological
conditions. Various factors that can cause oocyte apoptosis are an
increased oxidants, decreased meiotic competence, oocyte aging,
presence of proapoptotic factors such as Bax and Caspase 9 protein,
decreased signaling molecules, increased premature gap junction
disorders, and increased apoptotic factors such as Caspase 3.26,27
TUNEL stain can detect DNA fragmentation which is one of the causes
of apoptosis. High intensity value indicates a higher level of apoptosis,
whereas low intensity value indicates a lower level of apoptosis.

Figure 4: Comparison of embryo quality between groups on A) Day-1 and
B) Day-3.
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In this study, the mean value of oocyte apoptosis group given SG was
lower significantly compared to PG. This may be influenced by the
content of compounds in soybeans which can protect against oocytes.
One of the compounds that acts as a protective oocytes is linoleic acid.
Linoleic acid is an essential unsaturated fatty acid found in vegetable
oils. Experiment by Nehra et al. stated that linoleic acid supplementation
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increases the reproductive function of mice, reduces ovarian aging and
improves the quality of oocytes in advanced maternal age.28 In addition,
linoleic acid also plays role in the expression of proapoptotic proteins
such as Bcl-2 and Bax in oocytes, thereby affecting the apoptosis level
of oocytes.17 Another study by Stinshoff et al. proved that there was
a decrease in cell death in embryos cultured with 50 μM conjugated
linoleic acid compared to embryos cultured with control media. This is
due to the function of linoleic acid which can disrupt cell membranes.6,29
In addition, linoleic acid which is a form of omega 3 fatty acids, also
shows an easier conversion to fatty acids with other forms such as DHA,
making it easier for the potential for these fatty acids to be mobilized from
cells to oocytes. Linoleic acid is also more easily converted to arachidonic
acid. Adequate concentration of arachidonic acid can stimulate oocyte
maturation. Linoleic acid is a precursor of arachidonic acid through the
atur-6 desaturase enzyme pathway. Nevertheless, arachidonic acid levels
that are too high may have harmful effects on the body.30
Another substance in soybeans that can affect oocyte viability is
content of genistein. Genistein is a bioactive molecule that exhibits the
characteristics of an estrogen receptor modulator so that it impacts on
potential effects at the cellular and molecular level of cells. In a study
conducted by Chan et al. genistein has been shown to have a negative
impact in the form of decreased oocyte maturation and injury to
embryo developmental. This is because the research uses genistein in
its purified form. However, the results of other studies show that the
amount of genistein circulating in the circulation is very small when
given in the form of soy.9,31

The effect of soybean supplementation on embryo
development
Evaluation of embryo development after ICSI was performed repeatedly
using an inverted microscope. Evaluation includes observations of
cytoplasm, cell division, and zona pellucida. Based on observations,
the early development of embryos (Day-1) from the treatment group
showed better morphology of cell division (good embryo) compared
to treatment without soybean (Figures 3A and 4A). The early
development of embryo from the SG had better results probably due
to the linoleic acid content in soybeans which could affect the integrity
of cell membrane during the cleavage state, and further influence the
turgor pressure on the cell membranes.
From the description of early development of embryos (Day-1)
without soybean supplementation, it can be seen that embryos show
less cell division and more fragmentation (Figure 3B and 4A). This can
be caused by oxidative stress, which has the capacity to decrease the
level of cell cycle factors such as embryo maturation factors, induce
mitochondrial dysfunction, and directly damage embryo’s intra cellular
components such as lipid, protein, and DNA.32
Moreover, in further embryo development (Day-3), a similar pattern
to Day-1 was obtained, namely the SG showed significantly more
embryos with good quality compared to PG (Figure 4B).
Embryo viability can be influenced by several factors, such as water
content, genetic traits, nutrition, and the environment.3 Based on the
results, the embryos from SG showed better viability compared to
embryos from PG. This was presumably due to oocytes obtained from
mice treated with soybean has a better viability and morphology.33
Other finding of this study indicate that the number of embryos on
Day-3 has decreased compared to Day-1 (Figures 4A and 4B). This
is known as embryo blockage. The factors causing embryo blockage
include contamination, heat stress, oxidative stress, and oocyte
disruption or abnormalities at the embryo development stage.34 In
this study, direct coating of liquid paraffin oil in the embryo culture
medium may increase the risk of contamination, although this coating
137

serves to reduce the level of damage to the culture media.15 In addition,
possible contamination that may occur in the embryo can be caused by
using the incubator together with other culture media. Another factor
that causes embryo blockage is oocyte quality.33 In the ICSI procedure,
the working time of each stage of the process is very important. The
oocyte denudation process must be performed at regular temperatures
and gases to minimize the pressure on the oocytes, so that the obtained
oocytes have a low risk of damage.33 In this study, the oocyte denudation
process takes place in a room with temperature control but without
gas control, resulting in oocytes that are not fresh. Furthermore,
the embryo may experience heat stress when placed in a portable
incubator since it has a temperature higher than body temperature
(above 37oC). Based on research conducted by Nonogaki et al. too
much polyunsaturated fatty acids (PUFAs) can inhibit embryonic
development. This is because fatty acids can increase lipid metabolism
and thus inhibit cell proliferation.34 In addition, according to research
conducted by Bonacasa et al. high genistein concentrations (10-15 μM)
can inhibit cell compaction and embryonic division in 4-16 cell stages.
This due to the inhibition of tyrosine phosphorylation of the cadherincatenin complex. Moreover, genistein is also known to cause cell cycle
arrest in embryo division due to its inhibiting effect to tyrosine kinase.35

CONCLUSION
In conclusion, soybean supplementation improved embryo quality at
the cleavage stage by decreasing apoptosis of the oocytes rather than
increasing the viability of the oocytes.
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