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Abstract
Purpose To assess irradiance and total energy dose from
different microscopes during the in-vitro embryonic develop-
mental cycle in mouse and pig and to evaluate its effect on
embryonic development and quality in pig.
Method Spectral scalar irradiance (380–1050 nm) was mea-
sured by a fiber-optic microsensor in the focal plane of a
dissection microscope, an inverted microscope and a time-
lapse incubation system. Furthermore, the effect of three differ-
ent red light levels was tested in the time-lapse system onmouse
zygotes for 5 days, and on porcine zona-intact and zona-free
parthenogenetically activated (PA) embryos for 6 days.
Results The time-lapse system used red light centered at
625 nm and with a lower irradiance level as compared to the
white light irradiance levels on the dissection and inverted
microscopes, which included more energetic radiation
<550 nm. Even after 1000 times higher total energy dose of
red light exposure in the time-lapse system, no significant

difference was found neither in blastocyst development of
mouse zygotes nor in blastocyst rates and total cell number
of blastocysts of porcine PA embryos.
Conclusions Our results indicate that red light (625 nm, 0.34W/
m2) used in the time-lapse incubation system does not decrease
the development and quality of blastocysts in both mouse zy-
gotes and porcine PA embryos (both zona-intact and zona-free).
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Introduction

Mammalian oocytes and embryos are typically exposed to
several kinds of light exposure during their in-vitro process-
ing, which all can affect the subsequent embryonic develop-
ment and quality [1, 2]. This can encompass fluorescent room
light in the lab, halogen light on the microscopes and even
daylight during ovary collection. Some types of light such as
sunlight are lethal, but can easily be avoided [3], whereas
some light exposure for observation during in-vitro manipu-
lations is inevitable. There is e.g. a need for frequent observa-
tions to select the best in-vitro produced embryos for transfer,
because better embryonic quality means higher chance for
implantation and ultimately pregnancy [4–6]. In practice, the
number of observations used in clinical IVF on human and
animal embryos is therefore a compromise between a wish to
keep the embryos undisturbed (with respect to light, temper-
ature and pH) and to have as many observations as possible to
facilitate optimal selection for transfer.

For decades, evaluation of embryonic quality has
been based on simple morphological observations per-
formed either a couple of times during culture or at the
time of selection for transfer. The limitations in this
approach have been known just as long, but there was
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not any realistic alternative until the introduction of
time-lapse cinematography to observe mammalian em-
bryos some 30 years ago [7, 8]. Since then, this type of
frequent observation with images taken regularly for
subsequent analyses has become more or less routine
in several IVF set-ups, especially in the human field
[9–12]. In the animal field, such additional measures
have found less application except for experimental
purposes where it is greatly valued [13, 14]. With the
rapidly spreading use of time-lapse observations, espe-
cially on human embryos in fertility clinics, it is impor-
tant to investigate, whether light exposure for image
recording affects or even compromises the embryo’s
developmental competence. Different measures based
on studies of animal model embryos have already been
implemented to minimize light exposure of visible [15]
or longer wavelength light [2, 15, 16], and in combina-
tion with sensitive camera systems it is possible to
obtain high quality images for evaluation without disad-
vantages on embryonic development and quality [17].
Microscopy typically works with visible light (380–
700 nm), where wavelengths <500-550 nm are regarded
as harmful to the development and quality of mamma-
lian embryos [2, 15]. Increasing exposure time leads to
higher total energy dose potentially causing more stress
to the embryos. In mammalian cells, the function of
fibroblast cells was disrupted when the total dose of
blue light was increased to 10 kJ/m2 [18]. However,
most studies only use light intensity to quantify illumi-
nation effect on embryos [3, 15, 16]. Light at longer
wavelength carries lower energy and red light is recom-
mended as a safe illumination source for embryo obser-
vation systems [15] and is now routinely applied in time-
lapse incubation systems [11, 12, 19–21]. However, the
maximum tolerance of embryos to red light is unknown,
and no comparisons have yet been made of an eventual
effect of maximizing light exposures to obtain even more
morphological details over a full pre-implantation period
in-vitro, i.e. for 5, 6 or 7 days.

In the present study, embryos were therefore exposed to
three different levels of red light during the whole in-vitro
culture period in a time-lapse system: no light, low exposure
for normal image recording for time-lapse observation (75 ms/
15 min and 75 ms/20 min), or extra exposure (50 s/20 min,
60 s/15 min and 100 s/20 min). Mouse embryos were chosen
to represent a robust model that is fairly tolerant to light
exposure [3], while porcine embryos were applied as a model
more sensitive to in-vitro conditions [22, 23]. The specific
purposes of our study were: (1) to compare the total light
energy dose under different illumination scenarios during an
in-vitro mammalian embryonic developmental cycle, as quan-
tified by microscale spectral irradiance measurements; (2) to
test the developmental rates and quality of both mouse and pig

embryos after extra light exposure of red light in a time-lapse
incubator.

Materials and methods

All chemicals were purchased from Sigma–Aldrich Corp.
(St Louis, MO, USA) except otherwise indicated.

Light measurements

To quantify light exposure of embryos when observed on an
inverted microscope, a dissection microscope and in a time-
lapse incubation system (EmbryoScope®; Unisense
FertiliTech A/S, Aarhus, Denmark), spectral scalar irradiance
(380–1050 nm) was measured by a fiber-optic microsensor
connected to a fiber-optic spectrometer calibrated for absolute
irradiance measurement (USB2000, Ocean Optics, USA) [24,
25]. Briefly, a scalar irradiance micro-probe with a tip diam-
eter of ~100 μm, i.e., similar dimensions as a mouse embryo,
was used to measure the spectral light exposure (in units of
μW/cm2/nm) in a culture dish (shown in Fig. 1) mounted on
the two different microscope types and in the well of an
EmbryoSlide® culture dish in the time-lapse incubator
(Unisense FertiliTech A/S). Measurements were conducted
in the focal plane on all three microscope platforms with
typical light settings used for embryo inspection as adjusted
by a trained person. Measurements were recorded in 9 differ-
ent positions in the light exposed field of view. Spectral data
were calculated as the means of these 9 values (Fig. 2a). Based
on spectral integration, the total scalar irradiance was calcu-
lated for 380–1050 nm light, as well as for the harmful
wavelength range 380–550 nm only (Fig. 2b).

Fig. 1 Photograph of the spherical light collecting tip of a scalar irradi-
ance microsensor positioned in a culture dish next to a mouse embryo
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Preparation of culture dish

All 12 wells in an EmbryoSlide® culture dish (Unisense
FertiliTech A/S) were filled with 25 μl cultivation media
(for mouse: Global culture medium (LifeGlobal, Guelph,
Canada); for pig: porcine zygote medium-3 (PZM-3,
[26])) at room temperature; any gas bubbles were careful-
ly removed using a glass pipette. To cover the 12 wells,
1.2 ml mineral oil was filled into the common reservoir.
The culture dish was left to equilibrate for at least 20 h
either at 37 °C and 5 % CO2 in air for mouse embryos or
at 38.5 °C in an atmosphere of 5 % CO2, 5 % O2, and
90 % N2 for porcine PA embryos.

Mouse embryo preparation

Cryopreserved 1-cell embryos from cross-bred mice were
obtained from Vitrolife (Vitrolife Inc, San Diego, USA). The
straw containing the embryos was removed from the liquid
nitrogen tank and left to thaw horizontally for 2 min in air at
room temperature. Subsequently, the holder was removed, and
the straw was equilibrated for 3 min in a 37 °C water bath and
for 2min in a 20-25 °Cwater bath. After thawing, the embryos
were washed twice in 4-well dishes (Nunc, Roskilde,
Denmark) with GALW washing media (LifeGlobal) cov-
ered with LiteOil (LifeGlobal) to prevent evaporation.
After washing, the embryos were transferred to 4-well
dishes with Global culture media supplemented with
7.5 % LGPS (LifeGlobal,) and then transferred to the
EmbryoSlide® culture dish. The mouse embryos from
both light treatment and normal observation groups were
cultured in Global culture media supplemented with
7.5 % LGPS (LifeGlobal) in EmbryoSlide® culture
dishes at 37 °C with 5 % CO2 in air.

Porcine embryo production

Cumulus–oocyte complexes (COCs) were aspirated from 2 to
6 mm follicles in slaughterhouse-derived sow ovaries and
matured as described earlier [14]. Briefly, groups of 50
COCs with compact and at least two layers of cumulus cells
were selected and cultured for 42–44 h in 4-well dishes in
400 μl bicarbonate-buffered TCM-199 (supplemented with
10 % (v/v) cattle serum (CS; Danish Veterinary Institute,
Frederiksberg, Denmark), 10 % (v/v) sow follicular fluid,
10 IU/ml pregnant mare serum gonadotrophin and 5 IU/ml
human chorionic gonadotrophin (Suigonan Vet, Intervet,
Boxmeer, Holland)) covered with 400 μl mineral oil at
38.5 °C in 5 % CO2 with 100 % humidity.

After maturation, oocytes were parthenogenetically activat-
ed (PA) as described earlier [14]. Briefly, oocytes were equil-
ibrated for 10–15 s in drops of activation medium (0.3 M
mannitol, 0.1 mM MgSO4, 0.1 mM CaCl2 and 0.01 % poly-
vinyl alcohol). Under a 0.12 kV/cm alternating current, oo-
cytes were aligned to the wire of a fusion chamber (Microslide
0.5-mm fusion chamber, model 450; BTX, San Diego, CA,
USA). Meanwhile, a single direct current pulse (1.26 kV/cm,
80 μs) was applied. The time of activation by electricity was
defined as Day 0. After washing twice in drops of TCM-199
(supplemented with 10 % CS), groups of 100 oocytes were
incubated for 4 h in 400 μl PZM-3 (supplemented with
4 mg/ml bovine serum albumin, 5 μg/ml cytochalasin B and
10 μg/ml cycloheximide) covered with 400 μl mineral oil at
38.5 °C in an atmosphere of 5 % CO2, 5 % O2 and 90 % N2

with 100 % humidity. PA embryos were then washed three
times in culture medium prior to culture. To acquire zona-free
PA embryos, the zona pellucida (ZP) was removed as de-
scribed earlier [14]. In brief, the embryos were placed in
0.3 % (w/v) pronase for 30 s followed by immediate washing
2–3 times in culture medium, and then the remaining ZP was

Fig. 2 Spectral composition and intensity of observation light on differ-
ent microscopes. A) Spectral scalar irradiance. The harmful wavelength
range (380–550 nm) is shown in the gradient area; B) Integral scalar

irradiance for total light (380–1050 nm, shown in outlined column) and
light <550 nm (harmful part of light, shown in color column) on the
different microscopes
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removed mechanically by repeated pipetting by a glass pipette
(diameter: 200–300 μm).

The porcine embryos from both extra light treatment and
normal observation groups were cultured in PZM-3 in
EmbryoSlide® culture dishes at 38.5 °C in an atmosphere of
5 % CO2, 5 % O2 and 90 % N2. As control, embryos were
cultured in groups of 20–25 per well in 4-well dishes in 400 μl
culture medium covered with 400 μl oil at 38.5 °C in an
atmosphere of 5 % CO2, 5 % O2 and 90 % N2 with 100 %
humidity.

Time-lapse observation of embryo development

The embryos were cultured in the EmbryoScope® time-lapse
incubator in the EmbryoSlide® culture dishes. Mouse embry-
os were cultured for 5 days at 37 °C in 5 % CO2 in air, and
porcine PA embryos were cultured for 6 days at 38.5 °C in an
atmosphere of 5 % CO2, 5 % O2 and 90 % N2. All embryos
from the control groups were cultured without light in stan-
dard incubator for 5 days (mouse) or 6 days (pig). Digital
images of the cultured embryos were obtained at each record-
ing interval (15/20 min) with a red light emitting diode (LED,
R42182, Seoul Semiconductor, Korea) that was only turned
on during image acquisition at 75 ms intervals (15 ms for each
image capture x 5 different focus planes=75 ms/15-20 min).
The images were collected and analyzed using the
EmbryoViewer® software (Unisense Fertilitech A/S).

The low light exposure treatment used the standard light
settings for image recording on the instrument. For the extra
light exposure treatment, a modified EmbryoScope® time-
lapse system was used to keep the light on for 60 s/15 min
or 100 s/20 min.

Evaluation of the embryonic development and quality

Embryonic development was checked on Day 5 for mouse
and Day 6 for pig embryos. For mouse embryos, only blasto-
cyst formation was assessed and defined as the formation of a
blastocoel cavity. All porcine blastocysts were evaluated by
dividing the quality into 4 grades according to their morphol-
ogy as previously described [14]: (1) Excellent: Spherical,
regular border, symmetrical with cells of uniform size, even
distribution of color and texture in trophectoderm; (2) Good:
Fragmentations (<10 %), irregular shape of blastocoel cavity;
(3) Fair: Fragmentations (10-30 %), vesiculation of cavity; (4)

Poor: Fragmentations (>30 %), varying sizes of cells, numer-
ous vesicles.

The quality of porcine blastocysts was evaluated by the
total cell number on Day 6. Briefly, the blastocysts were
stained for 20 min with 1 μg/ml Hoechst 33342 (using 4 %
paraformaldehyde as base medium) and were then mounted in
glycerol on a microscope glass slide. Stained embryos were
examined and images were taken on fluorescence microscopy
(360±20 nm excitation, ebq 100 Filter, Leica, Germany).

Statistical analysis

A Chi-square test was used to analyze the development rate of
mouse embryos. For the porcine PA embryos, 3 replicates
were performed for each experiment, and one-way ANOVA,
Tukey’s Honestly Significant Difference (TukeyHSD) test
was used to analyze the blastocyst rates and total cell number.
All statistical analyses were performed with software of R
(version 2.14.2). A value of P<0.05 was considered to be
statistically significant.

Experimental design

Experiment 1: Comparison of the spectral scalar irradiance in
three systems: inverted microscope (used for intracytoplasmic
sperm injection), dissection microscope (used for embryo
handling and checking) and EmbryoScope® time-lapse
system.

Experiment 2: Testing the effect of the light source on
mouse embryos.

Experiment 3: Comparison of the embryonic development
and quality of porcine PA embryos (zona-intact) using three
levels of light exposure with red LED light.

Experiment 4: Comparison of the embryonic development
and quality of zona-free porcine PA embryos under three
levels of light exposure with red LED light.

Results

Experiment 1: The spectral scalar irradiance in the three
microscope systems (Fig. 2).

There was no light at <550 nm in the time-lapse system
(Fig. 2a), and the system illuminated specimens with an
integrated scalar irradiance (380–1050 nm) of 0.34 W/m2

Table 1 Total energy dose in 3
levels of light exposure for 5 days
observation and the effect on the
blastocyst rate of mouse embryos
in the time-lapse system

Exposure time/interval 75 ms/20 min 50 s/20 min 100 s/20 min

Total dose (J/m2) 10 6120 12240

Blastocyst % (Blastocysts/zygotes) 96 (27/28) 100 (11/11) 95 (20/21)

Replicates 3 1 2
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when the red LED light was turned on (Fig. 2b). In compar-
ison, the two microscopes illuminated specimens with higher
scalar irradiance, including the potentially harmful 380–
550 nm range (Fig. 2b).

Experiment 2: The effect of red light in the time-lapse
system on mouse embryos (Table 1).

In 60 incubated mouse zygotes, no significant difference
was found in the blastocyst rates, even when the total light
dose was increased up to 1000 times (>10 kJ/m2).

Experiment 3: The development and quality of zona-intact
porcine PA embryos after 3 levels of red light exposure in the
time-lapse system (Table 2).

In 130 activated oocytes, there were no significant differ-
ences in the blastocyst rates and quality between control and
extra light exposure groups.

Experiment 4: The development and quality of zona-free
porcine PA embryos after 3 levels of red light exposure in
time-lapse system (Table 3).

Of 267 activated oocytes, 131 were used in one experiment
with a light exposure of 60 s/15 min, while 136 were used in
an experiment with a higher light exposure of 100 s/20 min.
There was no decrease in the blastocyst rates and quality
between the control and extra light exposure groups.

Discussion

Light is a common stress factor for embryos during their in-
vitro processes, especially when being handled and observed
for evaluation and selection. The type [2, 3, 15], intensity [15]

and exposure time [27] of light can affect the subsequent
development of embryos. In the present study, the light source
in the time-lapse systemwas a red LED light emitting within a
narrow wavelength range peaking at 625 nm. The scalar
irradiance and therefore light exposure in this system was
found to be much lower than in dissection and inverted
microscopes in both tested wavelength areas. Furthermore,
the blastocyst rates and total cell numbers in both mouse and
porcine embryos were not affected even after a considerably
increased exposure to red light.

A total dose of 10 kJ/m2 blue light was found to damage the
function ofmammalian fibroblast cells [18]. In the present study,
we used a maximum energy dose of red light in the time-lapse
system of 10–15 kJ/m2 after extra 100 s/20 min light exposure
over 5 to 6 days. This caused no significant difference in the
blastocyst rates and quality of incubated embryos from both
mouse and pig. Possible explanations for this result can be:

(i) The red light used in the EmbryoScope® time-lapse
system is not harmful. Light exposure to the wavelength range
of 380–550 nm has been shown to induce harmful effects on
embryonic quality and survival under in-vitro manipulation
and monitoring [2, 15]. This spectral range can increase heat
shock proteins (Hsp70) gene expression and the formation of
reactive oxygen species, which result in more apoptotic cells
appearing at the blastocyst stage [2, 15].

(ii) The exposure to red LED light in the time-lapse system
was low. Under visible light intensities up to 1200 lux, the
development and quality of hamster embryos can be significant-
ly decreased after only 30 min exposure [3]. Moreover, the
development and quality of embryos will gradually decrease

Table 2 Effect of extra light exposure (60 s/15 min) on development and quality of zona intact porcine PA embryos

Exposure
time/interval

Total time (s) Total energy (J/m2) Activated oocytes
(Replicates)

Blastocyst%* Grade1 & 2
blastocyst%*

Total cell
number**

60 s/15 min 34560 11750 36 (3) 74.7±8.3 (27) 55.7±5.6 (20) 55.2±2.7 (27/3)

75 ms/15 min 44 15 36 (3) 88.7±5.7 (32) 72.3±2.8 (26) 51.1±3.2 (32/3)

Control 0 0 58 (3) 77.7±2.7 (45) 62.3±3.6 (36) 57.6±3.1 (25/2)

*mean of replicates±SEM (No. of blastocysts), **mean of blastocyst±SEM (No. of blastocysts/replicates). There is no significant difference in each column

Table 3 Effect of extra light exposure (60 s/15 min and 100 s/20 min) on development and quality of zona free porcine PA embryos

Exposure
time/interval

Total time (s) Total energy (J/m2) Activated oocytes
(Replicates)

Blastocyst%* Grade1 & 2
blastocyst%*

Total cell
number**

60 s/15 min 34560 11750 36 (3) 69.3±7.3 (25) 52.7±12.2 (19) 34.6±2.1 (15/2)

75 ms/15 min 44 15 36 (3) 75±4.6 (27) 52.7±5.3 (18) 41.4±3.2 (18/2)

Control 0 0 59 (3) 81.3±6.8 (49) 66±9.5 (38) 41.9±2.8 (29/2)

100 s/20 min 43200 14690 36 (3) 72.3±5.3 (26) 44.6±2.7 (16) 51.5±5.1 (8/1)

75 ms/20 min 33 10 36 (3) 69.4±10.0 (25) 47.3±2.7 (17) 46.8±2.2 (6/1)

Control 0 0 64 (3) 65.3±15.6 (43) 52.7±15.2 (35) 59.3±4.6 (8/1)

*mean of replicates±SEM (No. of blastocysts), **mean of blastocyst±SEM (No. of blastocysts/replicates). There is no significant difference in each column
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with increasing light intensity when the intensity was over 200
lux [15]. The light intensity in the EmbryoScope® time-lapse
systemwas much lower, and our results indicate that even under
a dose of 10–15 kJ/m2 of red light, i.e., the maximal inducible
light level during observation in the EmbryoScope® time-lapse
system, there was apparently no harmful effect on the develop-
ment and quality of mammalian embryos.

Over a 5 to 7 day normal observation period in the time-
lapse system, we showed that the total exposure time was
maximally 50 s resulting in a total energy dose of 10–20 J/m2.
This is a very short exposure time and represents a much lower
total energy dose as compared to light exposure under differ-
ent traditional manipulation steps such as a typical 10–15 min
common evaluation of embryo quality under a dissection
microscope, or e.g. a typical time frame of 30 min for
performing an intracytoplasmic sperm injection on the
inverted microscope. It is thus important to reduce the light
exposure during such in-vitro manipulations, either by de-
creasing exposure time and irradiance [15, 27] or by avoiding
harmful wavelengths by the use of filters or LED’s with a
more narrow spectral emission [2, 28].

Conclusion

The red light (625 nm, 0.34 W/m2) applied in the
EmbryoScope® time-lapse system does not compromise the
blastocyst rates and quality in either mouse zygotes or porcine
PA embryos (both zona-intact and zona-free).
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