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Objective: We evaluated the efficacy of the newly developed optimized in vitro culture (OIVC) dish for cultivating preimplantation mouse 
embryos. This dish minimizes the need for mineral oil and incorporates microwells, providing a stable culture environment and enabling in-
dependent monitoring of individual embryos. 
Methods: Mouse pronuclear (PN) zygotes and two-cell-stage embryos were collected at 18 and 46 hours after human chorionic gonadotro-
pin injection, respectively. These were cultured for 120 hours using potassium simplex optimized medium (KSOM) to reach the blastocyst 
stage. The embryos were randomly allocated into three groups, each cultured in one of three dishes: a 60-mm culture dish, a microdrop dish, 
and an OIVC dish that we developed. 
Results: The OIVC dish effectively maintained the osmolarity of the KSOM culture medium over a 5-day period using only 2 mL of mineral oil. 
This contrasts with the significant osmolarity increase observed in the 60-mm culture dish. Additionally, the OIVC dish exhibited higher blas-
tulation rates from two-cell embryos (100%) relative to the other dish types. Moreover, blastocysts derived from both PN zygotes and two-
cell embryos in the OIVC dish group demonstrated significantly elevated mean cell numbers. 
Conclusion: Use of the OIVC dish markedly increased the number of cells in blastocysts derived from the in vitro culture of preimplantation 
mouse embryos. The capacity of this dish to maintain medium osmolarity with minimal mineral oil usage represents a breakthrough that 
may advance embryo culture techniques for various mammals, including human in vitro fertilization and embryo transfer programs. 
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Introduction 

Human assisted reproductive technology (ART) has progressed to 
include advanced methods, including in vitro fertilization (IVF) and 
in vitro culture techniques for mammalian embryos. in vitro embryo 
development requires the consideration of numerous factors that 
differ substantially from those in vivo [1]. The success of these cul-
tures, particularly when applied to sensitive preimplantation embry-
os, largely depends on the stability of the culture environment. This 
includes factors such as osmolarity, temperature, and gas concentra-
tions [1]. Traditional oil-drop culture methods employ mineral oil 
overlays to prevent the evaporation and maintain the osmolarity of 
the culture medium [2]. However, the excessive use of mineral oil can 
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pose challenges, including high costs, variability in oil quality, and 
potential contamination [2]. 

For decades, communal culture of multiple embryos was a widely 
used method in in vitro embryo culture due to its numerous advan-
tages [3,4]. In essence, cultured embryos thrive when grouped to-
gether. The communal culture method has been shown to positively 
impact blastocyst rates and subsequent in vivo development. The 
primary mechanisms believed to enhance development in group 
culture include accommodation, communication, and protection [5-
7]. Accommodation refers to the capacity of embryos to adapt to 
their surroundings. In communal culture, embryos encounter a more 
varied environment, potentially fostering greater resilience [8]. Com-
munication involves the exchange of signals between embryos, 
which may aid in synchronizing their development and ensuring 
their progression at a similar pace [9,10]. Finally, protection indicates 
that embryos in communal culture are less susceptible to damage 
from environmental stressors than are individual embryos. This is at-
tributed to the surrounding embryos, which help serve as a shield 
against harmful factors [11-18]. 

However, the current approach to embryo culture has evolved, 
with individual culture now being the preferred method among lab-
oratories [18]. This shift is largely because most methods of identify-
ing embryos with the highest developmental competence necessi-
tate individual follow-up screenings [19]. Furthermore, with the ris-
ing average patient age and the reduced intensity of stimulation in 
mild protocols, the number of zygotes may be decreased to the 
point that group effects are not present. This suggests that the ad-
vantages of group culture, such as nutrient and growth factor shar-
ing, may not be as pronounced for older patients or those undergo-
ing mild stimulation [20]. The presence of degenerated or dead em-
bryos can also impede the development of healthy ones, as these 
can release harmful chemicals into the culture medium, potentially 
damaging the developing embryos [21]. 

Oil droplet culture is a widely used method for culturing individual 
preimplantation embryos in both mice and humans. This technique 
can help minimize potentially harmful changes in osmotic pressure 
and pH by preventing the evaporation of the medium. Furthermore, 
the oil layer can inhibit the dispersion of essential nutrients and 
growth factors away from the embryo. However, the specifics of this 
method are not yet fully understood. For instance, the required vol-
ume of medium is not well established and may differ based on the 
laboratory and culture conditions [22]. Additionally, the high sur-
face-to-volume ratio of the droplets could potentially result in nutri-
ent loss and the accumulation of toxic waste. 

The well-of-the-well (WOW) system is a novel embryo culture 
technology designed to enhance embryo health and improve preg-
nancy rates by facilitating individual embryo culture. Originally de-

veloped for bovine embryo culture [23], the WOW system has since 
been adapted for use with other animal embryos. It has been 
demonstrated to promote embryo growth, improve quality, and 
minimize damage [24]. Furthermore, the WOW system has been 
found to augment both embryo fertilization rates and pregnancy 
rates in human ART programs [25]. 

The objective of this study was to assess the effectiveness of the 
newly developed optimized in vitro culture (OIVC) dish for cultivat-
ing preimplantation mouse embryos. The performance of the OIVC 
dish was assessed based on its capacity to maintain osmolarity and 
developmental outcomes in mouse pronuclear (PN) zygotes and 
two-cell-stage embryos. The results were compared to other com-
mercially available culture dishes that employ the conventional oil-
drop culture method.  

Methods  

1. Animals and hormonal stimulation 
This study received approval from the Eulji University Institutional 

Animal Care and Use Committee (No. EUIACUC 21-23). 
The protocol for superovulating mice was outlined by Park et al. 

[26]. In brief, female BDF (mouse strain) or ICR (mouse strain) mice 
aged between 6 and 9 weeks were superovulated using intraperito-
neal injections of 5 IU of pregnant mare’s serum gonadotropin 
(Prospec). After 48 hours, these mice received an additional injection 
of 5 IU of human chorionic gonadotropin (hCG; Prospec). Then, each 
superovulated mouse was individually mated with a fertile male BDF 
or ICR mouse. 

2. Embryo collection and conditions for in vitro culture 
Approximately 18 to 19 hours after hCG injection and mating, BDF 

female mice with a confirmed vaginal plug were euthanized via cer-
vical dislocation. Subsequently, cumulus-enclosed one-cell embryos 
(PN zygotes) were collected from the oviductal ampullae. These zy-
gotes were then denuded via 1 minute of incubation with 0.1% hyal-
uronidase (Sigma-Aldrich) in phosphate-buffered saline (PBS; Wel-
gene). Following this, the zygotes were pooled and washed three 
times in potassium simplex optimized medium (KSOM, MR-121; Sig-
ma-Aldrich) supplemented with 0.4% bovine serum albumin (BSA; 
Sigma-Aldrich). 

Two-cell-stage embryos were obtained from ICR female mice 
through oviduct flushing, approximately 42 to 44 hours after hCG in-
jection. Healthy zygotes and two-cell-stage embryos were individu-
ally cultured in a droplet of KSOM medium containing 0.4% BSA, 
which was covered with light mineral oil (9305; FujiFilm Irvine Scien-
tific). This was done using three distinct types of culture dishes. The 
embryos were randomly assigned and cultured in three groups, each 
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Figure 1. Dishes utilized in this study. (A) A 60-mm culture dish (Vitrolife, 16002) containing 10-μL drops of potassium simplex optimized 
medium (KSOM), overlaid with 4 mL of mineral oil. (B) A microdrop dish (Vitrolife, 16003) with 20-μL drops of KSOM, overlaid with 5 mL of 
mineral oil. (C) An optimized in vitro culture (OIVC) dish (CNC Biotech) featuring six small wells, each containing 200 μL of KSOM overlaid with 
2 mL of mineral oil. PBS, phosphate-buffered saline.

corresponding to a different dish type as illustrated in Figure 1: (1) a 
60-mm culture dish (16002; Vitrolife) with 10-μL droplets of KSOM 
overlaying 4 mL of mineral oil; (2) a microdrop dish (16003; Vitrolife) 
with 20-μL droplets of KSOM overlaying 5 mL of mineral oil; and (3) 
an OIVC dish (CNC Biotech) featuring six small wells, each containing 
200 μL of KSOM overlaying 2 mL of mineral oil. The mouse embryos 
were cultured in vitro in a forma direct heat CO2 Incubator (Thermo 
Fisher Scientific), a device with regulatory approval, under standard 
embryonic culture conditions at 37 °C with 5% CO2. 

3. Osmolarity measurement in three types of dishes over 5 days 
of in vitro culture 

The osmolarity of the media was measured using the freez-
ing-point depression method with an automatic osmometer (Micro 
Osmometer 3300; Advanced Instruments), in accordance with the 
manufacturer’s instructions. After 5 days of in vitro culture, the cul-
ture media from each of the three types of dishes were collected and 
measured at least three times each. 

4. Evaluation of blastulation rate and cell numbers in blastocysts 
The cleavage rate from the PN zygote to the two-cell stage was 

determined 24 hours after PN zygote collection. The blastulation 
rates of PN zygotes and two-cell-stage embryos were ascertained 96 

and 72 hours after embryo collection, respectively. Following obser-
vation, the blastocysts were fixed with 4% paraformaldehyde. The 
nuclei of the blastocysts were then stained and counted using a 
solution of 10 mg/mL bisbenzimide (Hoechst 33342; Sigma-Aldrich) 
under a fluorescence microscope (AX-70; Olympus). 

5. Statistical analysis 
All experiments were performed at least in triplicate. Depending 

on the data format, group comparisons were made using either the 
chi-square test or one-way analysis of variance. The Tukey honestly 
significant difference post hoc test was employed for all group com-
parisons. A p-value of less than 0.05 was considered to indicate sta-
tistical significance.  

Results  

1. Changes in osmolarity in three types of dishes over 5 days 
of in vitro culture 

The osmolarity of the KSOM culture media in the OIVC dish, cov-
ered with only 2 mL of mineral oil, was effectively maintained over a 
5-day in vitro culture period. This contrasted with the 60-mm culture 
dish, which displayed a significant increase in osmolarity (p<0.05) 
(Figure 2). More specifically, the osmolarity in the OIVC dish was con-
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Figure 2. Osmolarity of potassium simplex optimized medium (KSOM) culture media in three types of dishes following 5 days of in vitro 
culture. OIVC, optimized in vitro culture. One-way analysis of variance was used, along with the Tukey multiple comparison test, to compare 
groups a), b), and c) (p<0.05).

Table 1. Osmolarity of KSOM culture media in three types of dishes 
following 5 days of in vitro culture

Group (volume)
Osmolarity (mOsm)

KSOM Day 1 Day 5
60-mm culture dish 251.2 ± 0.7a) 261.9 ± 0.2b) 268.9 ± 0.4c)

Microdrop dish 251.2 ± 0.7a) 256.1 ± 0.4a) 258.5 ± 0.4a)

OIVC dish 251.2 ± 0.7a) 254.7 ± 0.3a) 256.5 ± 0.4a)

Values are presented as mean±standard error of the mean.
KSOM, potassium simplex optimized medium; OIVC, optimized in vitro cul-
ture.
One-way analysis of variance and Tukey’s multiple comparison test, a) vs. b) 
vs. c), p<0.05.

sistently maintained over the 5 days of in vitro culture, ranging from 
251.2±0.7 to 256.5±0.4 mOsm. However, the osmolarity of the 
KSOM culture media in the 60-mm culture dish significantly in-
creased from 251.2±0.7 to 258.9±0.4 mOsm over the same period 
(p<0.05) (Table 1). 

2. Preimplantation development of PN zygotes in three types 
of dishes 

The rates of mouse embryonic development were evaluated at in-
tervals of 24 hours (corresponding to development to the two-cell 
stage) and 96 hours (corresponding to development to the blasto-
cyst stage). These results are displayed in Table 2, Figure 3. The cleav-
age rate was significantly higher in the 60-mm culture dish com-
pared to the microdrop dish (p<0.05), but it was comparable be-
tween the 60-mm dish and the OIVC dish. Similar patterns were ob-
served in the blastulation rates across groups. However, the total cell 
counts of blastocysts were significantly higher in the OIVC dish 
(70.6±1.9) relative to both the 60-mm culture dish (46.1±2.0) and 
the microdrop dish (47.4±1.9; p<0.05) (Table 2). The cells of the blas-
tocysts were stained with bisbenzimide and examined under a fluo-
rescent microscope, as shown in Figure 4. 

3. Preimplantation development of two-cell embryos in three 
types of dishes 

The rates of mouse embryonic development were evaluated after 
culturing from the two-cell stage to the blastocyst stage, and these 
results are displayed in Table 3. The OIVC dish demonstrated high 

blastulation rates, although no significant differences were observed 
among the groups. The blastulation rates were 100% for the OIVC 
dish, 95.7% for the microdrop dish, and 95.8% for the 60-mm culture 
dish. However, the total cell counts of the blastocysts were signifi-
cantly higher in the OIVC dish (84.5±2.0) compared to the 60-mm 
culture dish (71.1±2.1) and the microdrop dish (77.3±2.6; p<0.05) 
(Table 3). 

Discussion 

Numerous embryologists have pursued research aimed at en-
hancing the success rate of human embryonic development and 
ART. In a series of prior studies, the impact of fertilization methods 
on morphological events and abnormal division during embryonic 
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Table 2. Assessment of mouse embryonic development rates from zygotes following culture every 24 hours (corresponding to develop-
ment to the two-cell stage) and 96 hours (corresponding to development to the blastocyst stage)

Variable 60-mm culture dish Microdrop dish OIVC dish
Cleavage rate at 48 hr post-hCG (day 2) 86.0a) (86/100) 71.0b) (66/93) 82.2a),b) (97/118)
Blastocyst/1-cell rate at 120 hr post-hCG (day 5) 80.0 (80/100) 68.8 (64/93) 76.3 (90/118)
Blastocyst/2-cell rate at 120 hr post-hCG (day 5) 93.0 (80/86) 97.0 (64/66) 92.8 (90/97)
Total cell in blastocysts 46.1 ± 2.0 (n = 62) 47.4 ± 1.9 (n = 61) 70.6 ± 1.9c) (n = 87)

Values are presented as percentage (number/total number) or mean±standard error of the mean.
OIVC, optimized in vitro culture; hCG, human chorionic gonadotropin.
The rate was tested by chi-square test, a) vs. b), p<0.05; One-way analysis of variance, Tukey’s multiple comparison test, c)p<0.05.

Figure 3. Mouse embryonic development rates after culture were assessed at intervals of 24 hours, which corresponds to development to 
the two-cell stage, and 96 hours, which corresponds to development to the blastocyst stage. OIVC, optimized in vitro culture; hCG, human 
chorionic gonadotropin.

development was examined. The findings indicated differences up 
to the six-cell stages between embryos derived from IVF and those 
obtained from intracytoplasmic sperm injection [27]. Another study 
delved into embryonic development, morphology, and clinical out-
comes, revealing higher success rates in regularly developed blasto-
cysts as opposed to those with morphokinetic variables [28]. In a 
study investigating the effects of oxygen, a novel gas-supplied incu-
bator was utilized, and dynamic oxygen concentrations were ob-
served to improve mouse embryonic development [29]. Additionally, 
we conducted a review on non-invasive embryonic quality evalua-

tion using time-lapse imaging, artificial intelligence, molecular mark-
ers, and nucleic acid analysis. The review underscored the necessity 
for robust clinical trials to integrate and validate various methods for 
comprehensive evaluation [30]. In the present study, we introduced 
a newly designed culture dish for the in vitro culture of preimplanta-
tion mammalian embryos, aimed at increasing the success rate of 
embryonic development. 

The OIVC dish is a novel design aimed at reducing the use of min-
eral oil and maintaining the osmolarity of the culture medium more 
effectively than other dishes used for in vitro preimplantation em-
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bryo culture. In fact, the OIVC dish demonstrated a 50% reduction in 
mineral oil usage compared to a standard 60-mm culture dish and a 
60% reduction compared to a microdrop dish. This study revealed 
that the use of the OIVC dish yielded substantial improvements in 
blastulation rates and the number of cells in blastocysts from in vitro 
culture of mouse PN and two-cell-stage embryos. 

Mineral oil plays a crucial role in the in vitro culture of preimplan-
tation embryos, providing protection against osmotic stress by pre-
venting medium evaporation [25]. However, the drawbacks of using 
mineral oil are well-documented. Variations in quality and the pres-
ence of potential pollutants can lead to inconsistent results and an 
increased risk of infection [20,31]. Osmolarity, a measure of the con-
centration of dissolved particles in a solution, is a critical factor in cell 
proliferation and embryo development in vitro. If the osmolarity of 
the culture medium becomes too high or too low, the embryos may 
be harmed. Numerous studies have underscored the importance of 

maintaining the osmolarity in embryo culture media, with research 
conducted on mouse, porcine, bovine, and human models. 

Prior research has also highlighted the role of osmolarity in various 
contexts. For instance, when preserving rabbit embryos, it was found 
that maintaining osmolarity within a specific range (285 to 340 
mOsm) was crucial for effective preservation. Any deviation from this 
range resulted in structural changes to the embryos [32]. In the con-
text of embryo culture, adjustments to osmolarity can aid in over-
coming the two-cell block [33]. This can be achieved by fine-tuning 
the components of the culture medium, such as sodium chloride 
(NaCl), potassium chloride, and glucose, indicating that osmolarity is 
not the sole factor influencing embryo development [34]. Similarly, 
the development of mouse zygotes is also influenced by osmolarity. 
Elevated NaCl concentrations can impede development, whereas 
the presence of glutamine/ betaine can offer protection against this 
effect [35]. The development of bovine embryos is likewise linked to 

Table 3. Assessment of mouse embryonic development rates following culture from the two-cell stage to the blastocyst stage

Variable 60-mm culture dish Microdrop dish OIVC dish
No. of 2-cell embryos retrieved (ea) 95 94 151
No. of blastocyst on 120 hr post-hCG (ea) 91 90 151
Blastocyst formation rate on 120 hr post-hCG (%) 95.8 95.7 100
Total cell in blastocysts 71.1 ± 2.1a) (n = 63) 77.3 ± 2.6a),b) (n = 43) 84.5 ± 2.0b) (n = 100)

Values are presented as mean±standard error of the mean unless otherwise indicated.
OIVC, optimized in vitro culture; hCG, human chorionic gonadotropin.
One-way analysis of variance and Tukey’s multiple comparison test, a) vs. b), p<0.05.

Figure 4. Total blastocyst cell counts were significantly higher in the OIVC dish (70.6±1.9) compared to both the 60-mm culture dish (46.1±2.0) 
and the microdrop dish (47.4±1.9) (×400 magnification). OIVC, optimized in vitro  culture.Figure 4. Evaluation of the total cell counts of blastocysts from PN zygotes in in vitro culture with three 

kinds of dishes using three kinds of dishes. The cell nuclei of blastocysts were stained with bisbenzimide 
and observed by fluorescent microscope. Scale bar, 50 μm.

60-mm culture dish Microdrop dish OIVC dish
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NaCl concentration, with specific ranges promoting development. 
Adjustments to osmolarity can influence different stages of develop-
ment, highlighting its importance [36]. In the case of porcine nuclear 
transfer and IVF embryos, early manipulation of osmolarity can im-
pact development and gene expression, potentially enhancing 
growth and reducing apoptosis [37]. In summary, osmolarity has 
emerged as a key factor in these studies, influencing various aspects 
of embryo development, preservation, and gene expression. 

Maintaining osmotic balance is crucial for optimal embryonic de-
velopment [38]. Substantial changes in the osmotic pressure of the 
culture, which is designed to be suitable for embryo development 
during in vitro culture, can induce physiological stress and impact 
the morphology, viability, and implantation potential of the embryo 
[39]. The OIVC plate offers an advantage in this regard, as it can con-
sistently maintain osmotic pressure while minimizing the use of 
mineral oil, making it highly durable. By inhibiting excessive evapo-
ration of the culture, it ensures the maintenance of appropriate os-
motic pressure, thereby creating a stable environment that mitigates 
stress risk and improves the prospects of embryonic survival and im-
plantation. 

From a pragmatic perspective, decreasing the usage of mineral oil 
results in cost savings, particularly in high-volume IVF clinics where 
mineral oil is a costly reagent. Furthermore, minimizing the handling 
of mineral oil can enhance workflow efficiency, streamlining the pro-
cesses within the IVF clinic. 

The integration of time-lapse systems into the in vitro culture of 
preimplantation embryos represents a key advancement, enabling 
continuous monitoring of embryonic development without the 
need for manual evaluation [40]. The potential to combine this time-
lapse technology with the OIVC dish could offer several benefits. 
First, continuous non-invasive monitoring using the OIVC dish could 
facilitate uninterrupted observation of individual embryos, providing 
valuable data on crucial developmental milestones such as the tim-
ing of cell division, which is indicative of embryonic viability [41]. 
Second, time-lapse monitoring can enhance the accuracy of embryo 
selection by identifying subtle morphological changes and anoma-
lies that may be missed during fixed-time evaluations [42]. Third, an 
optimized culture environment, achieved by maintaining osmotic 
pressure and minimizing the use of mineral oil, ensures that time-
lapse records are captured under consistent conditions that are con-
ducive to optimal embryonic development during in vitro culture. 
These synergistic benefits not only bridge the gap between research 
and clinical embryology, but also have the potential to revolutionize 
our understanding of early mammalian development in vitro. While 
the present findings are focused on mouse embryos, they could con-
siderably improve embryonic culture practices by balancing cost-ef-
fectiveness with optimal conditions.  

Adding to its value, the OIVC dish incorporates innovative embry-
onic culture techniques. These methods improve embryonic health 
and pregnancy rates, while also being cost-effective and environ-
mentally stable. Furthermore, they facilitate research into early 
mammalian development through integration with time-lapse sys-
tems. The dish provides a stable microwell-based culture environ-
ment, minimizing the use of mineral oils. This commitment to media 
stability, individualized culture, and embryo tracking begins with in-
dividualized cultural concepts such as WOW systems. The effective-
ness of OIVC plates is demonstrated through the evaluation of os-
motic retention and developmental outcomes in mouse PN junc-
tions and two-cell-stage embryos, showing equivalent effectiveness 
to standard methods [33]. Additionally, the capacity to culture indi-
vidual embryos offers the potential for optimized embryonic selec-
tion for quality evaluation and metastasis. 

The OIVC dish, a new innovation within the WOW system, was de-
signed for the in vitro culture of mammalian preimplantation em-
bryos, including those from mice and humans. This cutting-edge 
dish reduces the reliance on mineral oil and includes microwells, 
which provide a stable culture medium environment and allow for 
the individual monitoring of each embryo. Moreover, it enables dif-
ferential cultivation between groups by partitioning the microwells 
into two sections, facilitating a direct comparison of the conditions 
within each group. The dish also incorporates double microwells, 
which allow for both individual and group cultivation by linking the 
groups to the culture medium. The OIVC dish was designed to effec-
tively prevent oil and media evaporation during in vitro culture. This 
is achieved by placing supplemented culture medium or other 
non-toxic solutions, such as PBS or distilled water, on the sides of the 
dish to maintain osmotic pressure. This innovative design concept 
was applied to the development of a new OIVC plate. 

In conclusion, our research demonstrates that the OIVC dish yield-
ed significant improvements in blastulation rates and the number of 
cells in blastocysts during the in vitro culture of mouse PN and two-
cell-stage embryos. Its capacity to maintain media osmolarity while 
reducing the use of mineral oil represents a breakthrough with the 
potential to enhance embryo culture techniques, including those 
relevant to human IVF and embryo transfer programs. Further re-
search is necessary to confirm these results, evaluate long-term safe-
ty and effectiveness, and investigate the potential for a revolutionary 
change in the embryonic culture system. 
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