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ABSTRACT

The oil overlay in micro drop culture systems prevents medium evaporation, helps to maintain appropriate pH and
osmotic conditions and protects from microbial contamination. In the present study, we prospectively compared
covering by Ovoil™, a paraffin oil, and LiteOil, a mineral oil, on the in vitro development of human embryos and
their suitability for transfer/freezing at day 3 and live birth rate. One hundred and one patients undergoing in vitro
fertilization (IVF) treatment by intracytoplasmic sperm injection (ICSI) were enrolled in our study. After ICSI, 1237
oocytes were 1:1 randomly allocated into 2 groups according to the type of overlaying oil: Ovoil™ (616 oocytes) or
LiteQil (621 oocytes). Fertilization rate was assessed around 18 hour’s post-insemination (hpi) and embryos were
checked for early cleavage at 25 hpi. Embryo morphology was recorded on days 2 and 3. A total of 437 and 438
day 3 embryos were analyzed. There were no differences between the two groups in terms of fertilization rate and
occurrence of early cleavage. The proportion of top-quality embryos (41.7% vs. 41.2%) and the final utilization rates
(92.2% ws. 92.0%) were similar in Ovoil and LiteQil groups, respectively, at day 3. Live birth rate per transfer was
essentially the same with Ovoil™ overlay (26.9%) when compared to LiteQil (26.2%). Live birth rate in patients
who simultaneously received embryos from both overlay types was 17.2%. Despite the different characteristics of
these two oils regarding hydrocarbon saturation, packing and temperature storage, Ovoil and LiteOil can be used
in parallel in the same IVF protocol.
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INTRODUCTION
Mineral Oil

The culture system is a critical step in assisted reproductive
technologies (ART), influencing embryonic development and
the success of in vitro fertilization (IVF) programs. Mineral and
paraffin oils are commonly used to overlay IVF media in order
to maintain their stability throughout the embryonic culture.
Overlay slows down evaporation, temperature and pH variations.
Indeed, without any oil overlay, the medium osmolarity would
quickly become too high and deleterious for embryo development.
In addition, it plays a barrier role against contaminations by toxic
compounds or microbes [1]. Several studies focused on a possible
negative impact of overlaying oil on embryo development and
pregnancy outcome. In fact, toxic elements present in crude oil
such as unsaturated/aromatics hydrocarbons, short volatile carbon
chains, peroxides and zinc and other undefined compounds could
contaminate the oil used in IVF laboratories The polycarbon
lipid tail in mineral oil contains more unsaturated bonds than
paraffin oil (Vitrolife, web site), the mineral product being
therefore more sensitive to photooxidation and peroxidation [2].
High peroxidation in mineral culture overlay is reported to be
detrimental to fertilization and embryo development because of
toxic contamination and/or deterioration of oil quality. Because
oil represents a component of embryo culture systems with the
most potential variation in quality, a sensitive mouse embryo assay
(MEA) was recently developed to test mineral oil peroxide toxicity.
This test consists of extended culture to 144 hours rather than 96
hours as currently performed in standard MEA. Some authors
confirmed the oil embryo-toxicity in mouse, pig and human, is
mostly caused by peroxide contamination which depends on heat,
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UV light exposure, extended storage, manufacture and batch
number. High levels of peroxide affect fertilization, early cleavage
and blastocyst growth.

The ultimate goal of all IVF laboratories is to optimize their culture
system, in order to preserve embryonic viability and to lead to
healthy liveborn Despite the importance of an oil overlay in those
systems, very few publications address this aspect and to our best
knowledge, the Sifer study is the only one describing interested
in human embryo development under several types of commercial
oil [3]. Therefore, the aim of our study was to compare IVF and
embryo utilization rates after culture under mineral oil (Ovoil™,

Vitrolife) and mineral oil (LiteOil, LifeGlobal).
RESULTS

Fertilization and Embryo Quality

The present study included 1237 MII oocytes derived from 101
ICSI cycles (Table 1). They were cultured in Global medium
overlaid either by Ovoil™ (616 oocytes, groupl) or by LiteOil®
(621 oocytes, group 2) (Figure 1).

Fertilization and embryo development were investigated from
day 1 to day 3 (Table 2). The percentage of normally fertilized
oocytes (2PN) and early cleavage at 25 hpi were not significantly
different: 75.5% versus 72.1% and 37.2% versus 40.1% with
Ovoil™ and LiteOil®, respectively. Embryo development did not
differ between group 1 and group 2 when compared at day 2
or day 3: respectively 65.2% versus 64.7% >4-cell stage (mean
cell number: 4.2 vs. 4.1) and 70.9% versus 70.5% >6-cell stage
(mean cell number: 8.3 vs. 8.5). Moreover, the two groups did
not differ regarding the morphological quality at day 3 and
utilization of the embryos.

Table 1: Baseline group characteristics.

No. of Patients/Cycles 101
Women’s Age 33.0+6.0
Cycle rank 2015
Oocytes per pickup 15475
MII oocytes per pickup 1226
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[

[ 1237 Ml oocytes inseminated by ICSI [

1:1 randomization and
sibiling oocytes culture

l

¥

Group 1 (616 ococytes)
Cultured in 20pl droplets media
Overlaid by Oveil

1

v

Group 2 (621 oocytes)
Cultured in 20yl droplets media
Overlaid by Liteoil

i)

J

In Vitro culture to day 3
(101 patients)

[

for TF

Blind scoring and embryo selection

{ Freeze all (4 patients)

v

Figure 1: MII: Metaphase II oocytes; TF: transfer.
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*Denominators are different from initial matures oocytes number
in the Ovoil and LiteQil groups (616 and 621, respectively). For
27 patients, some developmental data were missing (early cleavage
or day 2 developmental stage) because embryo observation was
not performed on Saturday PM, Sunday or holidays. In term of
frozen, transferred and discarded embryos, the rates were not
significantly different in both groups. In fact, percentages of
frozen and transferred embryos were 76.7% versus 71.9% and
15.6% versus 20.1%, respectively, in Ovoil versus LiteOil groups
[4]. Classification and scoring of transferred or frozen embryos in
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the two analyzed groups showed the same percentage of A- (41.7%
group 1 vs. 41.2% group 2), B- (30.8% group 1 vs. 30.8% group 2)
and C-quality (27.5% group 1 vs. 28.0% group 2) (Table 2).

Pregnancy rate

Overall pregnancy and live birth rates per transfer did not
significantly differ between Ovoil and LiteQil groups (38.5% us.
33.3% and 26.9% wvs. 26.2%). The mixed group, which involved
significantly older patients (p<0.001), ended with lower birth rate
(17.2%) when compared to the two other groups (Table 3).

Table 2: Embryo outcome per group.

Group 1 (Ovoil)

Group 2 (LiteQil)

Day 1
2PN oocytes (% of matures oocytes) 465/1616 (75.5%) 448/621 (72.1%)
Early cleavage rate (% observed at 25 hpi) 146/393 (37.2%)* 162/404 (40.1%)*
Day 2
>4.cell embryos (% observed at day 2) Cell number 259/397 (65.2%)* 264/408 (64.7%)*
Cell number 42+1.3 4.1+£1.2
Day 3
>6-cell embryos 437/616 (70.9%) 438/621 (70.5%)
Cell number 83+29 85+3.4
Fresh transferred embryo (% >6-cell embryos) 68/437 (15.6%) 88/438 (20.1%)
Frozen embryos (% >6-cell embryos) 335/437 (16.7%) 315/438 (71.9%)
Discarded embryos (% >6-<cell embryos) 34/437 (7.8%) 35/438 (8.0%)
Useful embryos (% >6-<cell embryos) 403/437 (92.2%) 403/438 (92.0%)
Score A 168/403 (41.7%) 166,/403 (41.2%)
Score B 124/403 (30.8%) 124/403 (30.8%)
Score C 111/403 (27.5%) 113/403 (28.0%)

*Denominators are different from Initial matures oocytes number in the Ovoil and LiteOil groups (616 and 621, respectively). For 27 patients, some developmental

data were missing (early cleavage or day 2 developmental stage) because embryo observation was not performed on Saturday PM, Sunday or holidays.

Table 3: Embryo transfers and pregnancy outcomes.

Groups Group 1 (Ovoil) Group 2 (liteQil) Mixed group
No. of transfer 26 42 29

Embryos per transfer 1.3+£0.5 1.2+£05 2.5+0.6
Women’s age 30.9+£4.9 31.0+4.4 38144

Cycle rank 1.8+ 1.6 1.7+12 2.8+ 1.5
Overall pregnancy per fresh transfer 10 (38.5%) 14 (33.3%) 10 (34.5%)
Live birth rate per fresh transfer 7 (26.9%) 11 (26.2%) 5 (17.2%)
Miscarriage rate 3 (30.0%) 3 (21.4%) 5 (50.0%)

*Patients belonging to the mixed group are statistically older than those in Ovoil and LiteQil groups. p<0.001.
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Figure 2: Oil - key Component of Embryo Culture.

Qil is obtained by the fractional distillation of crude oil and if not produced and tested properly can be the most serious contaminant of the culture

system.
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Oil - key Component of Embryo Culture (Figure 2)
DISCUSSION

Oil is widely used to overlay embryo culture media and can play a
major role in IVF outcome. Paraffin and mineral oil are known to
have different chemical properties. The polycarbonic lipid tail in
mineral oil contains more unsaturated bonds than paraffin oil, the
mineral product being therefore more sensitive to photooxidation
and peroxidation. High peroxidation in mineral culture overlay
is reported to be detrimental to fertilization and embryo
development because of toxic contamination and/or deterioration
of oil quality [5,6]. The degree of peroxidation depends on heat
and UV light exposure, storage conditions, manufacturer and
batch number. Some studies recommend keeping oil in a cool
dark place to prevent its deterioration during long-term storage.
Despite careful quality control before release to customers, oil
overlay can have different effects on embryo development. Indeed,
Sifer et al. previously showed that the mean number of top-quality
human embryos at day 3 was statistically higher in their Ovoil
group when compared to three other types of oil. Investigation
on bovine embryo confirms that oil type can influence embryo
growth and utilization: development after 3 days in culture under
sterile paraffin and washed light mineral oil is not affected but
morula and blastocyst formation rates are significantly higher
with paraffin. In the present study including 1237 sibling oocytes,
we prospectively compared effects of culture media covering by
100% paraffin oil (Ovoil™) and a mineral oil (LiteOil®) on the in
vitro development and utilization rates of day 3 human embryos.
The two oils were stored according to respective manufacturer’s
recommendations, in glass bottle at 4°C for the paraffin oil, and
in dark plastic bottle at room temperature (RT) for the mineral oil.
Our data show that Ovoil™ and LiteQil® overlays result in similar
embryo development and delivery rates. Qil plays an essential role
in embryo culture and it is rather reassuring to have alternative
options in the IVF laboratory. Our work can therefore help other
IVF teams in the development of their protocols. Our results are
consistent with Sifer et al. who obtained the same pregnancy rates
with the four oils enrolled in their comparison. However, our study
is more robust as we used sibling oocytes in order to strengthen
the conclusion. We must concede that embryos allocated to
the fresh transfer were more readily chosen among the LiteQil
cohort (42 patients) than in the Ovoil group (26 patients). This
seems to suggest a better developmental pattern for the embryos
in the LiteOil system. This trend is not confirmed at the level of
embryonic viability since we obtained the same pregnancy rate with
both oils. It is worthy to note a higher miscarriage rate in patients
who received a mix of embryos from the two culture systems (29
patients) [7-9]. It is probably due to their higher age and cycle rank.
Thus, we confirm the safety of these oils on a large cohort of human
embryo until day 3 of development. Such a study could be helpful
for other IVF laboratories to choose the appropriate oil to use.
Studies comparing oils from different companies in IVF are rather
scare, especially sibling oocytes/embryos protocols as described in
the present paper. In 2009, Sifer et al. compared four different oil
covering systems in different groups of patients rather than with
a sibling oocyte protocol. Similar to our findings, reported day 2
embryonic morphologies were not different between their groups
but, contrary to our data, they obtained more day 3 top embryos
with Ovoil™ (Vitrolife) than with the three other systems (one
being a mineral product from Cry Biosystem). They demonstrated
that embryo quality could be affected by commercial oils used to
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overlay culture media. It’s worthy to note that patients’ age range
(22-44) and lack of peroxide level measurement as performed by
Otsuki et al. [10] could represent some limitations of our study. In
conclusion, despite the different characteristics of the two tested
oils regarding hydrocarbon saturation, packing and temperature
storage, we showed that embryo quality and utilization rate were
not impacted until day 3. Finally, oil should be used with caution
by respecting storage recommendation of manufacturer and
preventing longterm conservation even for unopened samples.
More studies are required to confirm oil safety in IVF.

Media and culture dishes

We used sequential media from Life Global (USA): Human Tubal
Fluid (HTF) for oocyte culture and Global medium after ICSI and
for further cleavage till day 3 (LGGG). Both were supplemented
with human serum albumin (has, 9988, Irvine Scientific, USA),
respectively, 10% and 7.5%. Culture dishes (60 mm easy grip,
BDAA3004, Falcon) were prepared on the day before use and left
in a 6% CO2/5% O2 incubator at 37°C in order to equilibrate
pH and temperature. Two kinds of dishes were prepared for each
patient: (1) Group 1: 20 ul droplets overlaid with 6 ml Ovoil™
(10029, Vitrolife, Sweden) previously stored in transparent glass
bottles at 4°C. (2) Group 2: 20 pl droplets overlaid with 6 ml
LiteQil® (AMLO, Life Global, USA) previously stored in dark
plastic bottles at RT. The dishes were loaded with a maximum
of 10 drops of media and each drop contained only one oocyte/
embryo.

Gamete preparation

After pick up, cumulus oocyte complexes were incubated in
HTF medium. Oocyte denudation was performed from 1 to
2 h after oocyte retrieval by quick exposure to a ready-to-use
solution of hyaluronidase (LGHY-010, Life Global, USA) and
gentle mechanical dispersion through 170 and 140 pm pipettes
(K-FPIP-1140 and K-FPIP-1170, Cook Medical, USA) [11,12].
Mature metaphase II oocytes (MII, n=1237) were identified
under stereo-microscope by the presence of the first polar body
and enrolled in our study. Immature or dysmorphic oocytes were
discarded. Sperm was prepared by centrifugation (300 g) on a
100/70/40% density gradient for up to 20 min (Isolate, 99306,
Irvine Scientific, USA) and washed twice in sperm washing
medium (All Grad Wash, Life Global, USA) at 500 g during 5 min.
The final preparation was kept at RT until ICSI. Poorest samples
were treated by simple washing.

Oocyte random distribution: A 1:1 randomization of oocytes
was achieved after ICSI. Sibling oocytes from each patient were
randomly allocated for culture in 20 pl drops of Global® medium
in dishes overlayed by either Ovoil™ (group 1, n=616) or LiteQil®
(group 2, n=621) (Figure 1).

Fertilization and embryo outcome

Assessment of fertilization (presence of 2 pronuclei, 2PN) was
performed at 18 hpi followed by the early cleavage stage evaluation
at 25 hpi. Oocytes showing more than 2PN were discarded. Day 2
and day 3 embryos were assessed using our routine examination
protocol based on Istanbul consensus criteria, [13-15] considering
blastomere number and symmetry, percentage of fragmentation
and cytoplasmic appearance. Embryonic defects were defined
by a >10% fragmentation or irregular blastomeres varying in
size by a factor >2 or the presence of cytoplasmic anomalies, as
granulation, vacuoles or dark coloration. Briefly, morphological
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quality scores were attributed to each embryo as follows: Score
A: <1 defect, Score B: 2 defects, Score C: 3 defects. Day 2 and
day 3 embryos showing >30% fragmentation was included in the
study as discarded. At day 3, stages under 6 cells were considered
as developmental arrest and were also included in the study as
discarded. Freshly transferred embryos were chosen according to
several criteria: (1) normal fertilization (2PN), (2) early cleavage at
25 hpi, (3) ongoing development between Days 2 and 3 and (4) day
3 morphology. Transfer was performed at day 3 with an embryo
transfer catheter (KJETS-7019, Cook, USA) in Global medium.
[16-18] Supernumerary embryos were cryopreserved by vitrification
using Irvine freeze kit (90133-SO, Irvine Scientific, USA). For 27
patients, some developmental data were missing (early cleavage or
day 2 developmental stages) because the oocyte pickup took place
on a Friday or a day before holiday.

Embryo transfer

Fresh embryo transfer was performed on day 3 in 97 cycles, freeze-
all being necessary for 4 cycles because of ovarian hyperstimulation
syndrome [19,20]. Three groups of transfers can be distinguished
according to the type of oil overlay: ® The Ovoil group, including
26 patients who received embryos derived only from Ovoil overlay.
¢ The LiteQOil group, including 42 patients who received embryos
derived only from LiteQil overlay. ®* The mixed group, including
29 patients simultaneously transferred with embryos coming from
both Ovoil and LiteOil overlays.

Clinical pregnancy: Human Chorionic Gonadotropin serum
level >100 IU/1 14 days after embryo transfer was considered as a
positive pregnancy test.
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Embryo Culture System

*IVF success is highly dependent on the culture system which must
support the development of healthily embryos. Suboptimal culture
conditions may lead to environmental stress and compromise cell
function and embryo development. Careful selection and screening
of each component of the culture systems is essential for achieving
optimal results and consistency over time (Figures 3-6).

SUMMARY

*Stable culture conditions are determinant for the IVF success and
these vary from lab to lab. *The quick identification and elimination
of toxic substances within the culture system is critical for achieving
consistency in results. *Despite the use of tested products unknown
substances can still enter in the culture system from a variety of sources
which are difficult to pinpoint and eliminate. *These toxins can have
a high negative impact on embryo development and can take time
and effort to detect. *Oil is key component of the culture system and
should be used in all procedures particularly when dry incubators
and uninterrupted culture protocols are used or samples are handled
outside the incubator. *Ensure that the oil used is of maximum quality
and it is not a stressor to the culture system (attention to storage and
handling in the IVF lab). *Subtle differences exist between heavy
and viscosity oils. *Heavier oils tend to modulate the dynamics of
temperature pH and osmolality more smoothly compared to lighter
oils and to provide a more comfortable handling [21].

CONCLUSIONS

Despite careful quality control before release to customers, oil
overlay can have different effects on embryo development. Indeed,

pH* Osmolality*
t 0 min t 10 min t 0 min t 10 min
OIL 7,292 7,323 286 289
NO OIL with lid 7,371 7,759 356 368

Figure 3: Oil: pH and Osmolality dynamics.

*Values for a 4 well dish prepared with 700 pl medium covered with w/0 oil pre-equilibrated overnight in a CO,/Q, inc. at 37°C with humidified

atmosphere moved to a heated stage outside the incubator for 10 min.

pH and osmolality dynamics correlate and the use of oil is essential to maintain the culture system stable. Oil should be used in all procedures (e.g.

oocyte denudation, embryo transfers).
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Figure 4: Oil: Temperature dynamics in a open vs closed system.

*Values for a 4 well dish prepared with 700 ul medium covered with w/0 oil in a CO,/O, inc. at 37°C with humidified atmosphere moved to a heated

stage outside the incubator for approximately 10 min.

The use of oil is essential to maintain the temperature of the culture system outside the incubator.
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Figure 5: Oil: Temperature dynamics in a micro drop system.

*Values for a 60 mm dish with 40 pl droplets of media with 7 ml or 14 ml of oil equilibrated overnight in a CO2/02 inc. at 37°C with humidified

atmosphere and moved to a heated stage outside the incubator for approximately 10 min.

The volume of oil used is key to maintain temperature of the culture system.

834 % PREFERATD OVORL HEAVY™

Figure 6: Qil Differences: High ws. low viscosity oils (Handling).

Handling is more comfortable with higher viscosity oils (e.g., less frequent oil spilt in the dishes or media droplets displacement).

Sifer et al. previously showed that the mean number of top-quality
human embryos at day 3 was statistically higher in their Ovoil
group when compared to three other types of oil. Investigation on
bovine embryo confirms that oil type can influence embryo growth
and utilization: development after 3 days in culture under sterile
paraffin and washed light mineral oil is not affected but morula and
blastocyst formation rates are significantly higher with paraffin. In
the present study including 1237 sibling oocytes, we prospectively
compared effects of culture media covering by a 100% paraffin oil
(Ovoil™) and a mineral oil (LiteOQil®) on the in vitro development
and utilization rates of day 3 human embryos. The two oils were
stored according to respective manufacturer’s recommendations,
in glass bottle at 4°C for the paraffin oil, and in dark plastic bottle
at room temperature (RT) for the mineral oil.
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