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Summary

The production of high-quality embryos in the laboratory and a successful pregnancy are
closely related to the condition and contents of oocyte and embryo culture media. In this study,
we investigated the effects of embryonic stem cell-conditioned medium (ESCCM) and embry-
onic stem cells growth medium (ESCGM) compared with potassium-enriched simplex
optimized medium (KSOM) on preimplantation embryo development stages during natural
or in vitro fertilization (IVF). Birth rate of pups was measured. To obtain mature oocytes,
and 2-cell and 8-cell embryos, human chorionic gonadotropin (HCG) was injected 48 h after
i.p. injection of 5 units of pregnant mare serum gonadotropin. Mature oocytes were obtained
from non-mated female mice 14 h after HCG injection. To obtain 2-cell and 8-cell embryos,
mated female mice, 1 day and 3 days, respectively, after HCG injection, were used. Mature
oocytes were fertilized in HTF medium. Embryos obtained from natural or in vitro fertilization
were cultured in experimental media, ESCCM and ESCGM, or KSOM as the control culture
medium. Embryos that developed to the blastocyst stage were transferred to the uteri of
pseudopregnant mice and effects of the experimental media on embryo viability were deter-
mined. ESCCM and ESCGM could not pass the embryo after the 2-cell stage, but they were
suitable for the development of the embryo from the 8-cell stage to the blastocyst. It can be
concluded that the embryo has various requirements at different stages of development.

Introduction

Due to male or female factors or idiopathic reasons, many couples are facing infertility issues
(Agarwal et al., 2014). Thanks to assisted reproductive technologies (ART), such as IVF, many
infertile couples can now have children (Schultz and Williams, 2002). However, observing a
glimpse of pregnancy among infertile couples shows that even though ATR techniques have
solved many of their problems, the success rates of these techniques are still unsatisfactory
and even have some failure (Ben-Rafael et al., 1987; Głabowski et al., 2005).

Various factors are involved in the occurrence of these disorders and their elimination
requires further research in upgrading laboratory ART (Makarevich and Markkula, 2002).

At this time, the culture and maturity of immature oocytes in vitro has become an efficient
method for production of adult oocytes (Desai et al., 2010; Nottola et al., 2011; Jafarzadeh et al.,
2018; Adib et al., 2020) In vitro culture (IVC) is an important phase in the growth of embryos
that are to be implanted and result in a successful pregnancy. Preparation of an adequate
medium that provides in vitro conditions that most resemble the complicated in vivo environ-
ment is one of the primary challenges for the growth and development of in vitro follicles and
embryos. (Brower and Schultz, 1982; Picton et al., 2008;Miraki et al., 2017). The IVC system has
been regularly improved to achieve equivalent quality and development of embryos in vivo.
However utilization of this technique is influenced by some factors including low rates (30–
60%) of embryos reaching the blastocyst stage (Głabowski et al., 2005). Success in these tech-
niques depends on various factors such as the condition of the culture medium (Makarevich and
Markkula, 2002). Increasing interest in optimizing culture media to better supply and maintain
culture conditions has led to the promotion of newer culture medium formulations that provide
nutritional requirements and improve the state of the culture medium in embryo development
(Desai et al., 2000; Swain 2010). Culture medium components play a decisive role in increasing
the outcome of these techniques. Therefore, embryo culture media should be designed to be, as
much as possible, similar to the natural environment (Richter, 2008; Chronopoulou and
Harper, 2015).
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Generally, embryos are produced using oocytes collected from
ovaries, then transported to the fallopian tube and fertilized by
sperm. The zygote develops in a protected environment in the
female reproductive system, in which all materials essential for fetal
development are available, including sustainable food sources and
growth factors (Bavister, 2000; Paria et al., 2000; Desai et al., 2008;
Taketsuru and Kaneko, 2016). There is evidence that growth factor
receptors on embryonic cell surfaces are critical for embryo devel-
opment. Also, it has been shown that the presence of growth factors
in culture media plays an essential role in preimplantation embryo
development (Richter, 2008).

Granulosa cells produce growth factors secreted on oocytes and
stimulate metabolic pathways crucial for ultimate oocyte growth
and development (Eppig, 2018).

Previous studies have shown that the conditioned culture from
granulosa cells has beneficial effects on fetal development and that
mesenchymal stem cell-conditioned medium is suitable for growth
of preantral follicles (Malekshah et al., 2006; Ling et al., 2008).
Furthermore, in 2017 we introduced ESCCM as a beneficial
medium that supported follicle growth, oocyte maturation and
embryo development (Miraki et al., 2017).

Embryonic stem cells are an in vitro duplicate of embryonic
cells, called the inner cell mass, at the blastocyst stage (Fathi
et al., 2010). These cells are pluripotent cells that can differentiate
in vivo into any cell type, similar to the blastomeres that produce
embryos (Thomson et al., 1998; Amit et al., 2000; Odorico
et al., 2001).

Embryonic stem cells produce biological secretions and acti-
vated proteins; research suggests their ability to provide an envi-
ronment rich in mitogenic substances, growth factors, cytokines
and chemokines. These proteins inhibit cancer cell proliferation
and cardiovascular cell death, aid cardiomyocyte division, and pro-
mote angiogenesis (Giuffrida et al., 2009; Fatma et al., 2010;
LaFramboise et al., 2010). Conditioned medium produced by
embryonic stem cells has the ability to control the cell’s fate
(Fuchs et al., 2004; Naveiras and Daley, 2006).

Embryonic stem cells secrete various growth factors including
epidermal growth factor (EGF), insulin-like growth factors 1 and 2
(IGF-I/II), stem cell factor (SCF), fibroblast growth factor (FGF),
and transforming growth factor (TGF) (Guo et al., 2006; Bendall
et al., 2009; Fathi et al., 2010). There is evidence that growth factors
such as IGF-I, TGFβ, leukaemia inhibitory factor (LIF), and EGF
improve oocytematuration (Das et al., 1991; Gómez et al., 1993; De
La Fuente et al., 1999;Wånggren et al., 2007; Thongkittidilok et al.,
2014; Meiyu et al., 2015; Arat et al., 2016; Richani and Gilchrist,
2018). Therefore, evaluation of the effect of ESCCM on follicle
and embryo development seems to be a logical approach. In this
study, we investigated the effect of ESCCM on the development
of mice embryos in vitro. We found that ESCCM cannot pass
embryos from the 2-cell stage, but is appropriate for fetal growth
from the 8-cell stage.

Materials and methods

Mouse embryonic stem cell culture and preparation of
conditioned medium

ESCGM contains Dulbecco’s modified Eagle’s medium with sup-
plements including 100 U/ml penicillin, 50 μg/ ml streptomycin
(Gibco), 1 mM sodium pyruvate (Gibco), 15% fetal bovine serum
(Gibco), 1% non-essential amino acids (Gibco), 0.1 mM β-mer-
captoethanol (Sigma) and 10 ng/ml LIF (ESGRO-LIF, Gibco) and

was used to culture embryonic stem cells. To prepare ESCCM,
embryonic stem cells were cultured in ESCGM. When cultured
embryonic stem cells reached 70–80% confluency (c. 48 h later),
supernatant from the cell culture was collected. Approximately
15 ml of prepared ESCCMwere placed into tubes and centrifuged
at 3000 rpm for 4–6 min to remove live and dead cells present in
the culture medium. Then, the supernatant was filtered through a
0.22-μm membrane and used immediately.

Animals

All 30male and 280 female NMRI 4–8-week-old mice were housed
and bred at the Central Animal House of Kurdistan University of
Medical Sciences. Animals were maintained on a 12-h/12-h light/
dark (LD) cycle, at a temperature range of 22–24°C, and given
access to food and water ad libitum.

Superovulation and obtaining naturally fertilized embryos of
unfertilized oocytes

To induce oocyte development, 5 IU pregnant mare serum
gonadotropin (PMSG) was injected intraperitoneally (i.p.) into
each mouse. To induce superovulation, 48 h after PMSG injection,
5 HCG units were injected i.p. Subsequently, to obtain naturally
fertilized embryos, these mice were placed overnight for mating
with male mice and that had previously been kept separately.
The following day, mice with a positive plug were separated from
other mice and used to generate 2pn, 2-cell, and 8-cell embryos. To
obtain unfertilized oocytes for use in IVF, 14 h after HCG injection
the unmated female mice were killed, ovaries were separated and
then put into a sterile dish. Afterward, oocytes were released by
tearing the uterine ampulla and transferred to HTF. The oocytes
displaying distinct first polar bodies were used for IVF.

Obtaining 2pn, 2-cel and 8-cell embryos

To collect 2pn embryos, at the 0.5 day mice were killed and the
fallopian tube was removed from the genital tract and stored under
mineral oil. Then, embryos were extracted from the uterine tube.
Mechanically, the ampulla was torn, and embryos that were sur-
rounded by granulosa cells were transferred to HTF containing
hyaluronidase. After c. 15 min, the granulosa cells were removed.
Next, embryos were washed into HTF droplets. Finally, quality was
checked under a stereomicroscope, healthy 2pn embryos were iso-
lated and randomly divided into three groups. For 2-cell and 8-cell
stage embryos, all steps of the process were similar to that used to
obtain 2pn embryos, except that mice were killed on the 1.5 and 2.5
days after mating, and embryos were extracted by flushing the ute-
rine tube with an insulin syringe containing medium.

In vitro fertilization

Sperm were collected from the cauda epididymis of mature NMRI
male mice (6–8-week-old) and then transferred to HTF for 1–1.5 h
at 37°C for capacitation. Oocytes were transferred to HTF in three
different dishes and sperm were added. After 5 h, fertilized oocytes
were washed several times, transferred to KSOM, ESCCM or
ESCGM and the development stages were followed up daily.

Embryo transfer

Pseudopregnant mice were prepared as recipients by sterile mating
of fertile female NMRI mice to vasectomized males. The following
morning, the presence or absence of vaginal plugs was examined.
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Females that had a vaginal plug were used as pseudopregnant
recipients for embryo transfer.

Selected recipient mice were isolated from the other mice, and
on day 3 of pseudopregnancy (2.5 days postcoital), they were anes-
thetized with an i.p. injection of ketamine (80 mg/kg body weight)
and xylazine (20 mg/kg body weight). Then, the hair of the dorsal
skin was shaved, and a 1-cm long incision was generated parallel to
the dorsal midline to expose the oviduct and uterus. As Nagy and
colleagues described in 2003 (Nagy et al., 2003), an average of 10
embryos that developed to the morula or blastocyst stages were
removed using a mouse pipette and transferred to each oviduct
of the recipient mice. Finally, on day 19.5 of pregnancy, recipients
underwent natural delivery or caesarean section; the numbers of
live pups were recorded, and the final analysis was made.

Experiment design

In this study, three groups of NMRI mice were isolated: The first
group included 395 embryos fertilized in vitro, the second group
consisted of 200 embryos fertilized in vivo isolated in the 2pn stage,
and the third group contained 320 embryos fertilized in vivo iso-
lated in the 8-cell stage. Embryos from each group were cultured in
three different media: ESCCM, ESCGMorKSOM (positive control
group) (Table 1). The growth stages were evaluated at 24 h and up
to 120 h using a stereomicroscope, and the numbers of 2-cell and 8-
cell, morula, and blastocyst embryos were recorded.

Results

Embryo development after in vitro fertilization

In the first group, 395 oocytes obtained from the uterine ampulla of
mice 12 h after injection of HCGwere used for in vitro fertilization.
After 24 h, the success rate of in vitro fertilization was determined
by counting the number of 2-cell embryos.

The results of embryo transfer from in vitro fertilization to
KSOM, ESCCM or ESCGM showed that 62.02% of embryos in
KSOM as the control environment were able to reach the 2-cell
stage, while 42.40%, and 35.44% reached the 8-cell and blastocyst
stages, respectively (Table 2). However, while 57.57% of
embryos from the ESCGM and 63.76% of embryos from the
ESCCM culture medium were able to reach the 2-cell stage
(P = 0.618), none of them were able to pass through the 2-cell
stage, and so were blocked (Fig. 1A) or their division had
stopped (0%). Differences were significant at these stages
(P = 0.000) (Table 2).

In vitro culture of naturally fertilized 2pn-stage embryos

Here, 200 naturally fertilized embryos were obtained from uterine
ampules of positive vaginal plug mice. Embryos were divided ran-
domly into three groups as described in Table 3. The numbers of 2-
cell, 8-cell, morula, and blastulae were recorded. The results
obtained from the development of the naturally fertilized embryo

were similar to that of embryos from in vitro fertilization. In detail,
83.58% of embryos transferred to the KSOM environment were
able to reach the 2-cell stage, 79.10% reached the 8-cell stage,
and 65.67% could reach the blastocyst stage. However, as shown
in Table 3, 37 embryos (56/06%) in ESCGM and 36 embryos
(53.73%) in ESCCM were able to reach only the 2-cell stage,
and none of them was able to pass through the 2-cell stage, and

Table 1. Numbers of embryos in each group and in different media

Group ESCGM ESCCM KSOM

1 62 67 158

2 93 66 99

3 65 67 138

Table 2. Investigation of embryo development after in vitro fertilization

Medium 2pn 2-cell 8-cell Morula and blastula

KSOM 158 98 (62.02%) 67 (42.40%) 56 (35.44%)

ESCGM 99 57 (57.57%) 0 (0%) 0 (0%)

ESCCM 138 88 (63.76%) 0 (0%) 0 (0%)

P-value – 0.618 0.000 0.000

ESCCM, embryonic stem cell-conditioned medium; ESCGM, embryonic stem cell growth
medium; KSOM, potassium-enriched simplex optimized medium.

Figure 1. (A) Two-cell block embryos obtained from fertilized oocytes in HTF and cul-
tured in ESCCM. (B) Eight-cell embryos obtained from fertilized oocytes in HTF and
cultured in KSOM. (C) Blastocyst embryos obtained from 8-cell embryos cultured in
ESCGM. Bars, 50 μm.
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was blocked (0%). Although there was no significant difference
between ESCCM and ESCGM for reaching the 2-cell stage
(P= 0.923), the difference compared with KSOM was significant
in the development of embryos to later stages after the 2-cell stage
(P= 0.000).

In vitro culture of naturally fertilized 8-cell stage embryos

In total, 220 8-cell-stage embryos derived from natural fertilization
were obtained from the uterus of mice and divided randomly into
three groups, then cultured in KSOM, ESCCM (Fig. 1B) or
ESCGM. Embryos that reached the morula and blastocyst stages
were counted. The results showed that 93.54% of embryos trans-
ferred to KSOM were able to reach the blastocyst stage. As shown
in Table 4, there was no significant difference between the numbers
of embryos that reached the morula and blastula stages in ESCGM
(87.09%; Fig. 1C) and ESCCM (95.38%) (P= 0.145).

Embryo development and birth rate

To investigate the viability of embryos after 2 days of culture in
KSOM, ESCCM or ESCGM, morula and blastocyst embryos were
isolated and transferred to uteri of pseudopregnant mice. There
was no significant difference between the rate of success in implan-
tation and the birth of embryos cultured in KSOM (57.14%),
ESCCM (59.37%) or ESCGM (51.85%) (Table 5).

Statistical analysis

For each of the developmental stage categories, such as 2-cell and
8-cell stages of embryo to blastocyst stages after natural and in vitro
fertilization states, developmental competence to the blastocyst
stage in ESCGM, ESCCM or KSOM groups was calculated and
a comparison was made. Data were analyzed according to the
three-sample test for equality of proportions with continuity cor-
rection. Rates of live newborn mice in the study groups were
analyzed using the two-sample proportion test and chi-squared
test with R v.3.1.0 software. A P-value ≤ 0.05 was considered
significant.

Discussion

In this study, we evaluated the efficiency of ESCGM and ESCCM
compared with KSOM (as the control group) for the development
of embryos during in vitro and natural fertilization at different
stages. Our results showed that ESCCM and ESCGM could not
pass the embryo after the 2-cell stage, but they were suitable for
development of the embryo from the 8-cell stage to blastocyst.
No significant difference between the success rate in implantation
and birth of embryos cultured in KSOM, ESCCM or ESCGM was
observed.

Reproductive tracts in both mice and humans produce several
growth factors such as IGF-1, EGF, VEGF, PDGF (Österlund et al.,
1996; Smotrich et al., 1996; Lighten et al., 1997; Möller et al., 2001).

Choosing the right culture medium for preantral follicles is
important. Therefore, finding the requirements for follicle growth
in culture medium can help to reduce the limitations of infertility
treatment. Improvements in the culture medium has a significant
effect on obtaining the desired oocyte for use in research and even
on infertility. In recent years, much attention has been paid to con-
ditional environments such as environments rich in auxiliary
materials in biology and this has raised new hope for their use
in cell and embryo culture. The results of studies so far have shown
that several growth factors are secreted by embryonic stem cells,
including EGF, FGF, SCF, LIF and VEGF (Guo et al., 2006;
Bendall et al., 2009).

Several experiments have shown that growth factors such as
EGF, Activine, IGF-I, and TGF have been effective in supporting
oocyte maturation (Feng et al., 1988; Gómez et al., 1993; Lorenzo
et al., 1997; Alak et al., 1998; Pawshe et al., 1998; De La Fuente et al.,
1999). We have recently found that ESCCM can successfully sup-
port different stages of embryo development (Miraki et al., 2017).
Previous studies have shown that some growth factors, such as
insulin and EGF, have led to the stimulation of metabolic and syn-
thesis activity in the early stages of embryos (Heyner et al., 1989;
Beebe and Kaye, 1991; Harvey and Kaye, 1991; Sakkas and
Trounson, 1991). Gelber and colleagues in 2011 showed that
ESCCM was not as successful as KSOM in supporting embryonic
development at the 2-cell stage, but after the 8-cell stage, ESCCM is
more efficient (Gelber et al., 2011). The results of this study were
consistent with the results we obtained. ESCGM contains more
complex compounds compared with KSOM and includes multiple
vitamins, antioxidants and growth factors such as BMP4 and LIF.
ESCGM could support the development of embryonic cells for
long periods of time (Smith et al., 1988; Williams et al., 1988;
Ying et al., 2003).

It has also been shown that when embryo development stops at
the 2-cell stage, it can be possible to pass from this stage by adding
lactate. It has also been demonstrated that pyruvate is used

Table 3. Investigation of embryo development after natural fertilization, 2-cell,
8-cell. morula and blastula stages

Medium 2pn 2-cell 8-cell Morula and blastula

KSOM 67 56 (83.58%) 53 (79.10%) 44 (65.67%)

ESCGM 66 37 (56.06%) 0 (0%) 0 (0%)

ESCCM 67 36 (53.73%) 0 (0%) 0 (0%)

P-value – 0.923 0.000 0.000

ESCCM, embryonic stem cell-conditioned medium; ESCGM, embryonic stem cell growth
medium; KSOM, potassium-enriched simplex optimized medium.

Table 4. Investigation of embryo development after natural fertilization, 8-cell.
morula and blastula stages

Medium 8-cell Morula and blastula

KSOM 62 58 (93.54%)

ESCGM 93 81 (87.09%)

ESCCM 65 62 (95.38%)

P-value – 0.145

Table 5. Results of birth rate after morula and blastocyst embryo transfer
obtained from KSOM, ESCGM or ESCCM media

Medium Blast transfer Birth rate

KSOM 28 16 (57.14%)

ESCGM 27 14 (51.85%)

ESCCM 32 19 (59.37%)

P-value – 0.840

ESCCM, embryonic stem cell-conditioned medium; ESCGM, embryonic stem cell growth
medium; KSOM, potassium-enriched simplex optimized medium.
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relatively as much as glucose as the primary source of energy. The
development of mouse embryos from the zygote stage to the 2-cell
stage is completely dependent on pyruvate, while glucose is more
likely to support embryo development in the 4-cell and 8-cell stages
(Brinster, 1965; Brinster and Thomson, 1966). Therefore, one of
the suggested factors that may result in blocking the 2-cell stage
is the high amount of glucose in ESCGM and ESCCM (17.5
mM vs 0.2 mM). It can be concluded that glucose is a critical factor
in supporting embryo development, especially during the pre-
8-cell stages (Biggers et al., 1967; Conaghan et al., 1993; Kim
et al., 1993).

Another factor that might have impaired the development of 2-
cell stage embryos is the absence of EDTA in ESCGM and ESCCM.
Several studies have shown that adding EDTA into embryo culture
medium can help embryos to pass the 2-cell stage, although the
way EDTA works has not been well defined (Abramczuk et al.,
1977; Gardner and Lane, 1996).

LIF may play a special role in the relationship between mother
and fetus before implantation because the presence of LIF for
implantation of mouse embryos is essential (Stewart et al., 1992)
and impaired LIF adjustment has been suggested as a factor for
infertility (Dimitriadis et al., 2006). From different studies focused
on the effects of LIF on the maturation of oocytes, cumulus cells in
mice and humans, LIF enhanced the results of cleavage, embryo
development and birth rate (De Matos et al., 2008).

In the present study, although ESCGM and ESCCM possessed
limited abilities to enable embryos to reach the 2-cell stage, neither
ESCGM nor ESCCM was able to pass the embryos from the 2-cell
stage. Therefore, it can be concluded that there is probably no fac-
tor in these culture media to overcome the block at the 2-cell stage,
alternatively there are factors in these culture media that block the
next stage of embryo development; or maybe both occur at the
same time.

Different results were observed for embryos after the 8-cell
stage. Several 8-cell stage embryos were separated from the uterus
and transferred to control medium culture, ESCGM, or ESCCM.
These were able to develop to the blastocyst stage. This finding
shows that conditionedmedium can support embryo development
to reach morula and blastocyst stages. This part of the study
showed that material secreted from embryonic stem cells and con-
ditioned media support embryo development very well. Although
the results of this study may not alone prove the superiority of
ESCGM and ESCCM compared with KSOM, in support of embry-
onic development in the preimplantation stages, it can be con-
cluded that culture media with different compositions compared
with KSOM are needed to support the development of embryos
at preimplantation stages.

The findings of this study concluded that ESCCM and ESCGM
could not pass embryos after the 2-cell stage, but were suitable for
development of the embryo from the 8-cell stage to blastocyst.
Therefore, we believe needs and requirements of embryos are com-
pletely different at different stages of development, i.e. from the
start to the time of implantation.
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Gómez E, Tarin JJ and Pellicer A (1993). Oocyte maturation in humans: the
role of gonadotropins and growth factors. Fertil Steril 60, 40–6.

Guo Y, Graham-Evans B and Broxmeyer HE (2006). Murine embryonic stem
cells secrete cytokines/growth modulators that enhance cell survival/anti-
apoptosis and stimulate colony formation of murine hematopoietic progen-
itor cells. Stem Cells 24, 850–56.

Harvey MB and Kaye PL (1991). Mouse blastocysts respond metabolically to
short-term stimulation by insulin and IGF-1 through the insulin receptor.
Mol Reprod Dev 29, 253–58.

Heyner S, Smith RM and Schultz GA (1989). Temporally regulated expression
of insulin and insulin-like growth factors and their receptors in early mam-
malian development. Bioessays 11, 171–76.

Jafarzadeh H, NazarianH, Ghaffari NovinM, ShamsMofarahe Z, Eini F and
Piryaei A (2018). Improvement of oocyte in vitro maturation from mice
with polycystic ovary syndrome by human mesenchymal stromal cell-con-
ditioned media. J Cell Biochem 119, 10365–75.

Kim J, Funahashi H, Niwa K and Okuda K (1993). Glucose requirement at
different developmental stages of in vitro fertilized bovine embryos cultured
in semi-defined medium. Theriogenology 39, 875–86.

LaFramboise WA, Petrosko P, Krill-Burger JM, Morris DR, McCoy AR,
Scalise D, Malehorn DE, Guthrie RD, Becich MJ and Dhir R (2010).
Proteins secreted by embryonic stem cells activate cardiomyocytes through
ligand binding pathways. J Proteomics 73, 992–1003.

Lighten AD, Hardy K, Winston RM and Moore GE (1997). Expression of
mRNA for the insulin-like growth factors and their receptors in human pre-
implantation embryos. Mol Reprod Dev 47, 134–39.

Ling B, Feng D, Zhou Y, Gao T, Wei H and Tian Z (2008). Effect of con-
ditioned medium of mesenchymal stem cells on the in vitro maturation
and subsequent development of mouse oocyte. Braz J Med Biol Res 41,
978–85.

Lorenzo P, Illera J, Silvan G, Munro C, Illera M and Illera M (1997). Steroid-
level response to insulin-like growth factor-1 in oocytes matured in vitro.
J Reprod Immunol 35, 11–29.

Makarevich AV and Markkula M (2002). Apoptosis and cell proliferation
potential of bovine embryos stimulated with insulin-like growth factor I dur-
ing in vitro maturation and culture. Biol Reprod 66, 386–92.

Malekshah AK, Moghaddam AE and Daraka SM (2006) Comparison of con-
ditioned medium and direct co-culture of human granulosa cells on mouse
embryo development. Indian J Exp Biol 44, 189–92.

MeiyuQ, LiuD andRoth Z (2015). IGF-I slightly improves nuclearmaturation
and cleavage rate of bovine oocytes exposed to acute heat shock in vitro.
Zygote 23, 514–24.

Miraki S, Mokarizadeh A, Banafshi O, Assadollahi V, Abdi M, Roshani D
and Fathi F (2017). Embryonic stem cell conditioned medium supports
in vitro maturation of mouse oocytes. Avicenna J Med Biotechnol 9,
114–9.

Möller B, Rasmussen C, LindblomB andOlovssonM (2001). Expression of the
angiogenic growth factors VEGF, FGF-2, EGF and their receptors in normal
human endometrium during the menstrual cycle.Mol Hum Reprod 7, 65–72.

Nagy A, GertsensteinM, Vintersten K and Behringer R (2003).Manipulating
the Mouse Embryo: A Laboratory Manual. Firefly Books.

Naveiras O and Daley GQ (2006). Stem cells and their niche: a matter of fate.
Cell Mol Life Sci 63, 760–6.

Nottola SA, Cecconi S, Bianchi S, Motta C, Rossi G, Continenza MA and
Macchiarelli G (2011). Ultrastructure of isolated mouse ovarian follicles cul-
tured in vitro. Reprod Biol Endocrinol 9, 3.

Odorico JS, Kaufman DS and Thomson JA (2001). Multilineage differentia-
tion from human embryonic stem cell lines. Stem Cells 19, 193–204.

Österlund C, Wramsby H and Pousette Å (1996). Preimplantation embry-
ology: temporal expression of platelet-derived growth factor (PDGF)-A
and its receptor in human preimplantation embryos. Mol Hum Reprod
2, 507–12.

Paria B, LimH, Das SK, Reese J and Dey S (2000). Molecular signaling in ute-
rine receptivity for implantation. Semin Cell Dev Biol 11, 67–76.

Pawshe CH, Rao KB and Totey SM (1998). Effect of insulin-like growth fac-
tor I and its interaction with gonadotropins on in vitro maturation and
embryonic development, cell proliferation, and biosynthetic activity of
cumulus-oocyte complexes and granulosa cells in buffalo. Mol Reprod
Dev 49, 277–85.

Picton HM, Harris SE, Muruvi W and Chambers EL (2008). The in vitro
growth and maturation of follicles. Reproduction 136, 703–15.

Richani D and Gilchrist RB (2018). The epidermal growth factor network: role
in oocyte growth, maturation and developmental competence. Hum Reprod
Update 24, 1–14.

Richter KS (2008). The importance of growth factors for preimplantation
embryo development and in-vitro culture. Curr Opin Obstet Gynecol 20,
292–304.

Sakkas D and Trounson A (1991). Formulation of a complex serum-free
medium (CSM) for use in the co-culture of mouse embryos with cells of
the female reproductive tract. Reprod Fertil Dev 3, 99–108.

Schultz RM andWilliams CJ (2002). The science of ART. Science 296, 2188–90.
Smith AG, Heath JK, Donaldson DD, Wong GG, Moreau J, Stahl M and

Rogers D (1988) Inhibition of pluripotential embryonic stem cell differen-
tiation by purified polypeptides. Nature 336, 688.

Smotrich DB, Stillman RJ, Widra EA, Gindoff PR, Kaplan P, Graubert M
and JohnsonKE (1996). Immunocytochemical localization of growth factors
and their receptors in human pre-embryos and Fallopian tubes.HumReprod
11, 184–90.

Conditioned medium effect on embryo development 469

https://doi.org/10.1017/S0967199421000575 Published online by Cambridge University Press

https://doi.org/10.1017/S0967199421000575


Stewart CL, Kaspar P, Brunet LJ, Bhatt H, Gadi I, Köntgen F and
Abbondanzo SJ (1992). Blastocyst implantation depends on maternal
expression of leukaemia inhibitory factor. Nature 359, 76–9.

Swain JE (2010) Optimizing the culture environment in the IVF laboratory:
impact of pH and buffer capacity on gamete and embryo quality. Reprod
Biomed Online 21, 6–16.

Taketsuru H and Kaneko T (2016). In vitro maturation of immature rat
oocytes under simple culture conditions and subsequent developmental abil-
ity. J Reprod Dev 62, 521–26.

Thomson JA, Itskovitz-Eldor J, Shapiro SS, Waknitz MA, Swiergiel JJ,
Marshall VS and Jones JM (1998). Embryonic stem cell lines derived from
human blastocysts. Science 282, 1145–7.

Thongkittidilok C, Tharasanit T, Sananmuang T, Buarpung S and
Techakumphu M (2014). Insulin-like growth factor-1 (IGF-1) enhances
developmental competence of cat embryos cultured singly by modulating

the expression of its receptor (IGF-1R) and reducing developmental block.
Growth Horm IGF Res 24, 76–82.

Wånggren K, Lalitkumar PG, Hambiliki F, Ståbi B, Gemzell-Danielsson K
and Stavreus-Evers A (2007). Leukaemia inhibitory factor receptor and
gp130 in the human fallopian tube and endometrium before and after mife-
pristone treatment and in the human preimplantation embryo. Mol Hum
Reprod 13, 391–97.

Williams RL, Hilton DJ, Pease S, Willson TA, Stewart CL, Gearing DP,
Wagner EF, Metcalf D, Nicola NA and Gough NM (1988). Myeloid leu-
kaemia inhibitory factor maintains the developmental potential of embry-
onic stem cells. Nature 336, 684–7.

Ying QL, Nichols J, Chambers I and Smith A (2003). BMP induction of Id
proteins suppresses differentiation and sustains embryonic stem cell self-
renewal in collaboration with STAT3. Cell 115, 281–92.

470 Miraki et al.

https://doi.org/10.1017/S0967199421000575 Published online by Cambridge University Press

https://doi.org/10.1017/S0967199421000575

	Effects of embryonic stem cell-conditioned medium on the preimplantation development of mouse embryos
	Introduction
	Materials and methods
	Mouse embryonic stem cell culture and preparation of conditioned medium
	Animals
	Superovulation and obtaining naturally fertilized embryos of unfertilized oocytes
	Obtaining 2pn, 2-cel and 8-cell embryos
	In vitro fertilization
	Embryo transfer
	Experiment design

	Results
	Embryo development after invitro fertilization
	In vitro culture of naturally fertilized 2pn-stage embryos
	In vitro culture of naturally fertilized 8-cell stage embryos
	Embryo development and birth rate
	Statistical analysis

	Discussion
	References


