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INTRODUCTION

Fertilization outside of the body has become a routine
gynecological procedure in recent decades. In 1978, the
fundamental assisted reproduction technique known as In
Vitro Fertilization (IVF) lead to the birth of the first so-called
test-tube baby, establishing the possibility for couples
struggling with infertility to produce biological children.
Assisted reproduction treatments have enabled more than 8
million children to be born worldwide. Nowadays, each year,
some 1-5 million IVF cycles are performed worldwide resulting
in approximately 350 thousand children. In Hungary, 1-5%-2%
of babies are born due to IVF treatment.

There has been substantial advancement in IVF procedures
since IVF was first introduced. Typically, stimulated cycles
yield several oocytes, which allows multiple embryos to
develop, increasing the chance of pregnancy. Generally, even
if several embryos are available, patients expect only one or
two to be transferred at once. This situation raises important
ethical and practical questions regarding how one should
select the embryo or embryos to be transferred. The most
widely used selection method is based on an examination of
embryo morphology, which can be done by simple
microscopic viewing or by time lapse techniques that provide
additional information about the dynamics of embryo
development. Time-lapse technology introduces the concept
of stable culture conditions and it enables the continuous
observation of embryos throughout development albeit with
a requirement for visible light [1].

Early embryonic development is characterized by rapid cell
division and the activation of embryonic genes. These
processes make embryos extremely vulnerable and sensitive
to environmental influences. The female genital tract organs
produce eggs and provide a safe environment for gametes
and embryos while providing protection against visible light
and radiation exposure. During IVF and especially
Intracytoplasmic Sperm Injection (ICSl), light can harm
oocytes and sperm during preparation and can harm embryos
during incubation, microscopic examination and embryo
transfer [2-4].

Although toxic effects of Ultraviolet (UV) light on cells are well
established, the effects of visible light (400~700 nm) are less
well known. Harmful effects of light may be related to the
hydrogen peroxide formed in peroxisomes and mitochondria.
Light can trigger stress gene activation and DNA damage in
embryos. Within the visible range of light wavelengths, blue
light (400~500 nm) is orders of magnitude more dangerous
than longer-wavelength visible light [5-7].

Fertilization, blastocyst development and pregnancy rates are
higher for embryos handled in light-protected conditions than
for those handled in conventional light conditions, suggesting
that a dark environment and light filters can reduce harmful
environmental effects on embryos in IVF laboratories [8].
Thus, to protect gametes and embryos from light exposure,
IVF practitioners can conduct laboratory procedures in a dark
environment, which we produce by covering IVF/ICSI devices
with aluminum foil and placing red filters on laboratory light

sources as well as on the built-in light sources of microscopes
and IVF workstations.

Living cells have spontaneous Ultraweak Photon Emissions
(UPEs), mainly in the spectral range of 200 nm-800 nm and
UPEs have been associated with reactive oxygen species
[9,10]. UPE intensity varies from a few photons to several
hundred photons per second per square centimeter, with
variations being associated with physiological and pathological
conditions, such as the presence of thermal, chemical and
mechanical stressors and biological activities, such as those of
the mitochondrial respiratory chain, cell cycle and cancerous
growths [11-13].

IVF practitioners have an ethical obligation to use evidence-
based state-of-the art methods. Cellular photon emissions
might be harnessed to provide protection from visible light.
Given the extremely low energy of UPEs, it is unknown
whether it is realistic to detect embryo photon emissions
under the applied conditions of embryo development. We
examined this question in the present study by detecting
photon emissions in mouse embryos.

Theoretical Considerations

The second law of thermodynamics states that the total
entropy of a closed system is static (Clausius' formulation). In
the context of living beings with self-replicating properties,
including embryos, structures have dissipative adaptations
that enable the absorption, use and emission of energy.
Energy emission can be measured in the form of image data
[14-21]. We developed a unique algorithm to separate such
data from a single delimited region called the Entropy
Weighted Spectral Fractal Dimension (EW-SFD) algorithm
[22-25]. We submit the data produced to a structural analysis
procedure derived from the general fractal dimension
employing a novel application of fractals that is described in
detail elsewhere [26].

MATERIALS AND METHODS

Animals Used for Retrieval of the Embryos

Thirty 7-week-old CD1 female mice and 20 9-week-old male
mice (Charles River, Germany) were housed in Uniprotect
Ng/M cabinets (Zoonlab Gmbh, Germany), which provided
controlled temperature (24°C), day/night lighting (12/12) and
humidity (50%). The animals were given at least 2 weeks to
acclimate to the environment before being subjected to
experiments.

Superovulation Treatment, Embryo Retrieval and
Culture

At 8-12 weeks old, CD1 female mice were injected with 5 IU of
follicle stimulating hormone (Merional, IBSA Pharma,
Switzerland); 48 hours later, each of these female mice were
treated with 5 IU of luteinizing hormone (Chloragon, Ferring,
Hungary) and placed in shared housing with a CD1 male. Two
days after co-housing cross-sex mice, at ~1-5 dpc (days post-
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coitum), two and four-cell stage embryos were collected by
flushing the mice’s fallopian tubes and cultured en masse (10—
14 embryos/droplet) in 50-pul droplets of KSOM medium
(Millipore, England) supplemented with 0-:4% bovine serum
albumin under mineral oil at 37°C, 5% CO, in the air. Culture
media was replaced after 2 d. These fresh embryos were
subjected to UPE measurements immediately (2-cell stage
embryos) or after a 24-hour culture (4-8 cell stage). Only high-
quality embryos were investigated.

Frozen Embryos

Good-quality 6-8-cell-stage embryos were frozen. For
measurements, frozen embryos were vitrificated and warmed
with Rapid-i vitrification and warming sets (Vitrolife AG
Gothenburg, Sweden) and allowed to acclimate to the culture
media for 1-2 h of culture. The rate of live embryos after
warming was >90%.

Photon Emission Detection

During UPE detection, embryos were cultured in EmbrioSlide
culture dishes prepared according to the recommendation of
the manufacturer (Vitrolife, Gothenburg, Sweden). The
microwells of the equipment made it possible to keep
embryos still during data collection. UPEs were detected using
an ORCA-Quest CMOS camera (Hamamatsu Photonics®,
Japan), which offers single-photon detection sensitivity and
the ability to track time-dependent photon emission intensity.
The system was equipped with a quantitative CMOS image
sensor with maximum spectral response in the 300 nm-1000
nm range at -20°C. The sensor featured an effective pixel
count of 4096 x 2304 (horizontal x vertical; pixel size 4.6 um x
4.6 um) and a quantum efficiency of 90% at 475 nm and 33%
at 900 nm. A microscope incubator (Olympus®) provided ideal
conditions for embryo incubation, enabling photons emitted
by embryos to be detected by excluding visible light
in completely dark conditions (Figure 1).
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Figure 1: Schematic illustration of CMOS camera, microscope
incubator and computer instrument complex.

RESULTS
In the first series of biological experiments, embryos cultured
in an incubator were removed from an incubator

and examined in laboratory air, light and temperature
conditions. The samples included live cleaving embryos
(primarily four and eight cell stage) and degenerated two-cell
stage embryos. The degenerated two cell stage embryos
were observed to have significantly decreased photon
emission levels compared

to the photon emission levels observed for their live cleaving
counterparts (Figure 2).

0,1000
A y =0,0014x - 0,2208 B
0,0000 R* = 0,0176
0,1000
220 S i  ne g m = e = = = = === s e
w E 4
2 0,3000 e — ST
> y -
a 0, 4000
% N
E- 0,5000
6000
. y =-0,0194x - 0,1453
9.0 R? = 0,6934
0, 8000
0, 9000 -
0 20 40 60 80 100 120 TIME {min}

NUMBER OF THE ONE MINUTE EXPOSITION

e EW-SFD-D5R (real bit) -live e EW/-SFD-D5R (real bit) - degenerate

Figure 2: Photon emissions of a normally developing (green)
and a degenerated (black) embryo. EW-SFD values (A)
obtained for cleaving four-cell to blastocyst stage embryos (B)
and for two cell-stage degenerated embryos (C).

In a second series of experiments, we obtained continuous
recordings with a 1-min integration time. The photon emission
measurement data were evaluated based on entropy, a
spectral fractal dimension and an entropy weighted spectral
fractal dimension (Figure 3) and it was demonstrated that the
blank control, fresh and frozen-thawed samples could be
distinguished from one another based on analyses of entropy-
weighted spectral fractal dimension data representing 50 h of
time-compressed continuous time-lapse data collected in the
dark across 1 min exposures with the embryos held in a
microscope incubator (Figure 4). The photon emission levels
observed for the fresh embryos were significantly higher than
those of embryos that had been frozen and thawed.

Figure 3: Entropy-based evaluation of frozen embryos, normal
embryos, and background for 50 h of time-compressed data
with a 1-min integration time.

Figure 4: Spectral Fractal Dimension (SFD)-based assessment
of frozen embryos, normal embryos, and background for 50 h
of time-compressed data with 1-min integration time.
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