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Abstract: The aim of this retrospective study was to in-
vestigate the relationship between the oxygen consump-
tion rate of blastocysts before freezing and their viabil-
ity after warming with respect to their re-expansion and
blastomere loss after warming. A total of 41 blastocysts
from 29 in vitro fertilization (IVF) treatment cycles, that
were not scheduled for cryopreservation for the next
cycle, were examined. Good quality blastocysts were de-
fined those having as less than 20% of blastomere loss,
and rapid re-expanded blastocysts were defined those
having as more than 50% blastocoel re-expansion during
post-warming culture of 2 h. We evaluated the oxygen
consumption rates before freezing and after warming as
well as their relationship with the morphological features
of good-quality and rapid re-expanded blastocysts dur-
ing the post-warming culture. Good-quality blastocysts
had a significantly higher oxygen consumption rate after
warming than damaged blastocysts; furthermore, rapid
re-expanded blastocysts had a significantly higher oxy-
gen consumption rate before freezing than slow or no
re-expansion blastocysts. These observations suggest
that measurements of the oxygen consumption rate of
individual blastocysts before freezing provides important
information regarding viability after warming from the
viewpoint of blastocoel re-expansion.
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Introduction

Success in assisted reproductive technology (ART)
is related to the quality of oocytes and embryos prior to
transfer. Embryo quality assessments include a number
of invasive and non-invasive procedures. The invasive
assessment methods are not useful for clinical applica-
tion; therefore, in clinical practice, non-invasive assess-
ments are used which merely observe the morphological
features of embryos. In the great majority of in vitro fer-
tilization (IVF) clinics, cleavage stage embryos are as-
sessed by the method introduced by L. Veeck [1], which
evaluates the degree of fragmentation, and blastocyst
stage embryos are assessed by Gardner’s scoring meth-
od [2], which assesses blastocoel development based
on the density of the inner cell mass and the number of
cells in the trophectoderm. Thus, embryo quality scor-
ing methods are based on morphological evaluations,
and better morphology correlates with higher pregnancy
rates following transfer. Nevertheless, in some cases,
transfer of embryos with low morphological quality re-
sults in successful pregnancy, and many embryos with
good morphology fail to develop in the uterus. Therefore,
it is desirable to employ an alternative embryo assess-
ment in addition to morphological assessment.

Recently, new assessment procedures have been re-
ported. These include the evaluation of the metabolic
substances in the medium [3], embryo oxygen consump-
tion in the medium [4, 5], and continuous observation
with a time-lapse microscope [6, 7]. With advancements
in ART, we have been able to produce comparatively bet-
ter quality embryos. In addition, we now limit the num-
ber of embryos transferred to reduce the risk of multiple
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gestations. Therefore, currently we must select a single,
excellent-quality embryo for transfer. Oxygen consump-
tion is a useful parameter for the evaluation of embryo
quality, because it provides important information about
metabolic activity. Shiku et al. [8] succeeded in non-in-
vasively determining oxygen consumption of individual
embryos with a scanning electrochemical microscopy
(SECM) measuring system. This system enables embryo
evaluation not only by morphological methods, but also
by the mitochondrial activity in the cell [9-12]. In a previ-
ous study, we reported for the first time a method for es-
timating embryo suitability for IVF by measuring oxygen
consumption with a SECM. That study suggested that
measuring embryonic respiration provided additional and
valuable information regarding embryo quality [13].

Currently, IVF centers and clinics are being asked to
cryopreserve supernumerary embryos remaining after
transfer. It is important to determine the embryos most
suitable for cryopreservation; however, it is difficult to se-
lect the better-quality blastocysts, because we have no
means of evaluating them before freezing. Therefore, the
aim of the present study was to characterize morphologi-
cal features and measure the oxygen consumption and
respiratory activity of blastocysts both before freezing
and after warming. In addition, we examined the relation-
ship between blastocoel re-expansion after warming and
the respiratory activity of each blastocyst.

Materials and Methods

Scanning respiration activity of a single blastocyst

From August 2010 through November 2011, the respi-
ratory activities of 41 blastocysts retrieved from 29 pa-
tients were measured for oxygen consumption rate on
day 5 (n=19) or day 6 (n=22) following insemination. In
the present study, oxygen consumption was measured
with SECM system [8]. The SECM system has a measur-
ing instrument on an inverted optical microscope stage,
a potentiostat (CRAS-1.1; Clino Ltd., Miyagi, Japan), as
well as a notebook computer which acts as a controller
and analyzer (Fig. 1). For the measurement of oxygen
consumption, HFF 99 medium (Fuso Pharmaceutical In-
dustries, Osaka, Japan) was transferred onto a plate with
cone-shaped microwells. A microdisk electrode scanned
in the z-direction from the outer edge of the blastocyst,
which was located at the bottom of a microwell. The mo-
tor driven XYZ-stage was located on the microscope
stage for electrode tip scanning. The XYZ stage and po-
tentiostat were controlled by the computer. The oxygen
consumption rate of the blastocyst was calculated by
software, using an algorithm based on spherical diffusion
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Microelectrode (-0.6 V)

A SECM system

Fig. 1. (a) SECM system, (b) a plate, (¢) a microelectrode for

measuring the respiration activity of the embryos. The
embryo is transferred into a microwell filled with medi-
um, the microelectrode sinks down to the bottom of the
microwell and remains at (d) the lowest point. Oxygen
concentration profiles are calculated with customized
algorithms based on the spherical diffusion theory.

theory [11]. The measurement of the oxygen consump-
tion rate of each blastocyst took approximately 30 sec. It
took less than two min to perform three measurements,
which were used to calculate the average respiratory ac-
tivity of each blastocyst.

The patients receiving treatment in our IVF-ET (em-
bryo transfer) program were previously described [14,
15]. Following IVF-ET, surplus embryos that patients
preferred not to preserve, or those embryos we deemed
unsuitable for preservation due to their poor morphology
were used study. Prior to the treatment, written informed
consent was obtained from the patients. Ethical approval
was given by our clinic’s research ethics committee.

Vitrification and warming blasfocysts with a closed system

A total of 41 early stage to expanded blastocysts
(grade 3 to 4 by Gardner’s blastocyst scoring method [2])
were frozen on day 5 (n=19) or day 6 (n=22). We vitri-
fied them individually using Yokota's vitrification method
[16]. Briefly, a blastocyst was exposed to 10% ethylene
glycol for five min, then placed in a 50% vitrification solu-
tion [17] for one min. The vitrification solution contained
modified-HFF with 20% Serum Substitute Supplement
(Irvine Scientific, Santa Ana, CA, USA), ethylene glycol,
and dimethyl sulphoxide at a 2:1:1 ratio. Finally (within
30 sec), the blastocyst was loaded into a 0.25-ml plastic
straw containing the vitrification solution. Both sides of
the straw were filled with a warming solution containing
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¥4 VSED: 1 minute VSED: 30 seconds

ES: 5 minutes

|HE

Cotto lug

Heat seal

Fig. 2. Vitrification method using a 0.25-ml plastic straw.

ES: 10% ethylene glycol. 1/2VSED: 12.5% ethylene gly-
col + 12.5% dimethyl sulfoxide. VSED: 25% ethylene
glycol + 25% dimethyl sulfoxide.

0.5 mol/l sucrose. An air space was placed between the
vitrification solution and the warming solution (Fig. 2).
Following heat sealing, the straws were placed in liquid
nitrogen vapor for 30 s, and then plunged immediately
into liquid nitrogen. This method is a hermetically closed
system with liquid nitrogen outside of the straw; thus, the
embryos are not exposed to infection.

For blastocyst warming, the straw was warmed by
plunging it into a 27 °C water bath. This was done after
a one-step dilution of the cryoprotectant and was per-
formed using the entire volume of sucrose solution within
the straw. Five min after warming, the embryos were
placed in the culture medium.

Evaluation of both morphological quality and respiratory
activity of blastocysts

A week or more after freezing, the blastocysts were
warmed and cultured for 2 h, then evaluated for the de-
gree of blastomere loss and blastocoel re-expansion.
We classified thawed blastocysts as “minimally damaged
blastocysts” if they had less than 20% blastomere loss,
and “severely damaged blastocysts” were those with
more than 20% blastomere loss. From the viewpoint of
blastocoel recovery, blastocysts were classified as rapid
re-expanded blastocysts if >50% of the blastocoels were
re-expanded after 2 h of culture following warming. At
that time, the respiratory activity was measured again
using the SECM. The reason why we measured respira-
tory activity after 2 h of culture was because, in the clini-
cal setting, we transfer warmed embryos after 2 to 4 h
of culture. Each blastocyst was recorded by a camera
connected to the inverted microscope before freezing (at
the first measurement of respiratory activity), and during
the 2 h of culture after warming (at the second measure-

ment of the respiratory activity). We evaluated the oxy-
gen consumption rate and the morphological quality of
each blastocyst by estimating their degree of blastomere
loss and blastocoel changes both before freezing and af-
ter warming. The oxygen consumption rate is higher on
the inner cell mass (ICM) side than it is on the trophoblast
(TRP) side [8]; therefore, we located the blastocysts ICM
and TRP concentrically at the bottom of a microwell.

Statistical analysis

The correlation of oxygen consumption rates before
freezing and after warming was analyzed. The mean ox-
ygen consumption rates were compared between groups
using Student’s t-test. Values of P < 0.05 were consid-
ered statistically significant.

Results

Respiratory activity and morphological recovery of the
good quality and damaged blastocysts after warming

We found no relationship between respiratory activ-
ity before freezing and after warming; we also found no
significant relationship for the respiratory activities of the
minimally damaged group and the severely damaged
group before freezing. However, significantly different
rates of oxygen consumption were found between the
two groups after warming (minimally damaged group:
0.59 x 10"/mol's™'; severely damaged group: 0.39 x
10"/mol-s™!; P = 0.00508; Table 1).

Respiratory activity and morphological recovery of the
rapid re-expansion group, and the slow or no re-expan-
sion group after warming

In a preliminary study, we extended the culture period
and evaluated the blastocysts on the day after warming
(n=30). The rapid re-expanded blastocysts with >50%
blastocoel re-expansion (Fig. 3 a-c) during the two-hour
culture after warming exhibited good development on the
following day (11/13; 85%). In contrast, the slow or no re-
expansion group (Fig. 3 d-f) exhibited poorer develop-
ment (8/17; 47%) (Fig. 4).

Sixteen blastocysts, which exhibited a rapid re-expan-
sion had significantly higher respiratory activity before
freezing than the 25 blastocysts that exhibited slow or
no re-expansion (rapid: 0.70 x 10"/mol-s™"; slow or no:
0.58 x 10%/mol's™!; P = 0.01482). Similarly, the rapid
re-expanded blastocysts had higher respiratory activity
during the two-hour culture after warming (0.60 x 1014/
mol-s™") than the slow or no re-expansion blastocysts
(0.48 x 10"/mol-s™), but the difference was not statisti-
cally significant (Table 2).
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The rate of blastocysts with good development on
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Table 1. Comparison of the mean oxygen consumption rates before freezing and after warming between the mini-
mally damaged group and the severely damaged group

Oxygen consumption rate Oxygen consumption rate
before freezing (= 10"/ mol-s™) afier warming (» 10"/ mol-s™)

Minimally damaged blastocysts with less
than 20% blastomere loss (n = 28).

Severely damaged blastocysts with more
than 20% blastomere loss (n = 13).

0.64 + 0.20° 0.59+0.22"

0.59 = 0.10° 0.39 +0.20°

% P=0.17166 (not significantly different), b P =0.00508 (significantly different).

Fig. 3. Morphological changes of frozen blastocysts. (a, d) Same initial morphological level,
before freezing; (b, e) After warming for 2 h, and (c, f) After warming for 24 h.
(a—c): (a) Before freezing. (b) Two-hour culture after warming shows >50% of blastocoel
re-expansion. (c) Following day (24 h of warming), blastocyst develops to fully expand-
ed blastocyst. (d—f): (d) Before freezing. (e) Two-hour culture after warming shows no
blastocoel re-expansion. (f) Following day arrested development (Original magnifica-

tion x400).

Rapid re-expanded blastocysts Slow- or non-re-expanded blastocysts
n=13) (n=17)

Eleven out of 13 rapid re-expanded blastocysts with
>50% blastocoel re-expansion exhibited good develop-
ment on the following day. Eight out of 17 slow or no
re-expansion blastocysts exhibited good development.

Discussion

We measured the oxygen consumption rate of human
blastocysts with the SECM both before freezing and after
warming. Furthermore, after warming, blastocysts that
had minimal morphological damage showed higher respi-
ratory activities (measured after warming) than severely
damaged blastocysts. In addition, blastocysts with rapid
blastocoel re-expansion after warming had higher respi-
ratory activities (measured before freezing) than those
that exhibited slow or no re-expansion. In this study, the
ages of the embryos were day 5 (n=19) to day 6 (n=22)
the embryonic stages ranged from the early (n=19) to ex-
panded stages (n=22), and were grade 3 to 4 by Gard-
ner’s blastocyst scoring method. The oxygen consump-
tion rates were not significantly different between embryo
ages (day 5: 0.64 + 0.18 x 10'*/mol-s™"; day 6: 0.61 £ 0.17
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Table 2. Comparison of the mean oxygen consumption rates before freezing and after warming between the rapid
re-expansion group and the slow or no re-expansion group

Oxygen consumption rate
before freezing (» 10/ mol's™)

Oxygen consumption rate
after warming (< 10"/ mols™)

Rapid re-expanded blastocysts after 2 h of
culture following warming (n = 16).

Slow or no re-expansion blastocysts after
2 h of culture following warming (n = 25).

0.70 +0.22°

0.58 £0.12°

0.60 + 0.249

0.49 + 0.22¢

¢ P =0.01482 (significantly different), % P = 0.06213 (not significantly different).

x 10™/mol-s™) or blastocyst stages (grade 3: 0.64 + 0.19
x 10'/mol-s™; grade 4: 0.61 = 0.16 x 10'*/mol-s™).

In IVF, patient safety and reassurance are of utmost
importance. We must preserve embryos in liquid nitro-
gen to avoid infection or contamination. Therefore, we
must freeze embryos using a closed container. To do
this, we employ a plastic straw, the ends of which are
closed by heat sealing and a cotton plug. Consequently,
the accurate evaluation of the embryo quality without
damage is possible. The quantitative prediction of mito-
chondrial activity was achieved in the embryos evaluated
in this study. The SECM developed by Abe [9] is a non-
invasive and useful system, which can evaluate oxygen
consumption rate. The evaluation is based on the spheri-
cal diffusion theory and several novel findings have been
reported for bovine embryos using this method [8]. We
previously reported that embryos with the same morpho-
logical grade exhibited considerable variation in respi-
ratory rate, and suggested that this system would be of
benefit in IVF [13]. Vitrified blastocysts had significantly
lower respiratory activities than non-vitrified blastocysts.
Furthermore, well-developed blastocysts after warming
were found to have higher respiration rates than arrested
or degenerated blastocysts [18].

The aim of present study was to demonstrate the cor-
relation between the morphological features and respi-
ratory activity before freezing. There was no significant
difference in respiratory activity before freezing between
the minimally damaged group and the severely damaged
group (Table 1). However, the blastocysts with higher
respiratory activity before freezing exhibited a greater
potential for recovery (Table 2). Thus, measuring re-
spiratory activity before freezing is an effective method
for the prediction of embryo viability after warming, in
terms of re-expansion. The clinical efficacy of observ-
ing blastocoel re-expansion after warming was reported
by Shu et al. [18]. They reported that rapid re-expanded
blastocysts (>50% re-expansion) should be prioritized
for transfer. They concluded that rapid re-expanded
blastocysts need to be differentiated from slow and un-

expanded blastocysts in post-thaw cultures. The litera-
ture contains a few reports of lower pregnancy rate in
the absence of blastocoel re-expansion [20, 21]. The
results of our present study also provide evidence in sup-
port of the efficacy of observing the degree of blastocyst
re-expansion after warming, to predict the success of
frozen-warmed embryo transfer, as assessed by oxygen
consumption rate. Clinically, SECM technology makes it
possible to select blastocysts which have grater survival
ability before freezing, and next cycle, transfer one to a
patient’s uterus.

In conclusion, the SECM can non-invasively measure
the oxygen consumption of a single human blastocyst.
This technique contributes to the estimation of embryo
viability by better evaluating embryos suitable for freez-
ing. In the future, the cutoff value for the oxygen con-
sumption rate will need to be investigated.
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Abstract

Purpose Oxygen consumption rates of human embryos de-
rived from in vitro matured (IVM) oocytes and controlled
ovarian hyperstimulation (COH) were compared with scan-
ning electrochemical microscopy (SECM) non-invasively in
order to answer why embryos from IVM oocytes have lower
developmental potential. We also analyzed the epigenetic
disorders for IVM babies bormn in our clinic.

Methods The oxygen consumption rate was calculated with
the SECM system for different maturation stages of human
cocytes, IVM and COH embryos. Blood from umbilical
cords of IVM babies was collected to examine the imprint-
ing genes.

Results There were no significant differences in oxygen
consumption of embryos at each cleavage stage between
IVM and COH (range 0.26-0.56% 10'*/molS™"). There also
was no abnormality found in expression of imprinting genes
in IVM babies.

Conclusions There are no differences in terms of oxygen
consumption between embryos derived from IVM and

Capsule There are no differences in oxygen consumption between
embryos derived from IVM and COH, and there was no imprinting
gene disorder founded from the IVM babies.
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COH. There was no imprinting gene disorder founded from
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Introduction

Since the first in vitro fertilization embryo transfer (IVF-ET)
baby bom [1], the field of assisted reproductive technology
{ART) has progressed tremendously. A variety of ovulation
inductions is developed to acquire more oocytes for IVF in
order to improve the pregnancy rate. In late 1990s, in vitro
maturation (IVM) of human oocytes has been applied clini-
cally [2], and the first pregnancy and delivery of [YM baby
from woman with polycystic ovary syndrome (PCOS) was
reported in 1994 {3]. The advantage of IVM is to avoid side
effect of ovarian stimulation, including ovarian hyperstimuia-
tion syndrome (OHSS), and to reduce the treatment cost and
mental stress. However, IVM treatment showed poor embryo
development and low pregnancy rate [4]. To evaluate oocytes
and embryos accurately, several approaches have been made
non-invasively [5, 6]. We reported that mitochondria are im-
portant cell organelle producing ATP through respiration,
which is essential for cellular activity and closely related to
oxygen consumption [7, 8], When mitochondria developed
normally in the oocyte, based on animal model studies, it
indicated that the developmental potential of embryos was
improved when mitochondria developed normally in cocytes
[7, 9]. Therefore, an cocyte and embryo respiration measuring
system has been developed using Scanning Electrochemical

Microscopy (SECM).

The respirational measuring system was used with mi-
croelectrode as a sensor to analyze oxygen consumption by
the oxygen reduction based on the spherical diffusion theo-
ry. This system can measure cell respiration with non-
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invasively and high-sensitively. Moreover, with the respira-
tion activity as an index, it is capable of securely examining
embryos and oocytes quality in a short time.

The oxygen consumption of embryos from IVM
and COH

Total of 253 embryos from IVM oocytes were measured for
oxygen consumption rate individually. The average oxygen
consumption of each early cleavage stage embryo are 0.34+
0.1 at 4-cell stage, 0.37+0.1 at 6-cell stage, 0.440.2 at 8-cell
stage, and 0.50:0.2 Fx 10'*/molS™" at 10cell stage at same
grade by Veeck classification [10]. There was no significant
difference between IVM and COH. Specifically, IVM is
0.44 Fx10"molS™, and COH is 0.34 Fx10"*/molS™
respectively by comparison on day 3 embryos. There was
also no significant difference in blastocyst development
between IVM and COH based on oxygen consumption
(Fig. 1). It may suggest that pregnancy rate may be predicted
by selecting embryos for transfer with combination of mor-
phological and respiration rate evaluation [11].

Evaluation of physical and mental development of IVM
babies as well as epigenetic expression

There are few reports about the evaluation of [IVM babies. We
were able to examine 7 babies out of 52 pregnancies for
physical and mental disorders, such as mode of delivery,
weight, height, and apgar score (Table 1). There was no ab-
normal disorder in babies from 11 months to 4.7 years of age.

Genome imprinting is a genetic phenomenon controls the
allele-specific gene expression, which is an inheritance pro-
cess that only a certain allele from a parent (father or
mother) is expressed selectively. Since the increase of im-
printing disorder with ART is reported recently [12], IVM-
IVF may bring more imprinting disorders than normal [VF
due to its necessity of mature culture process. DNA meth-
ylation has been considered the most important epigenetic

Fig, 1 Comparison of embryo ( a)
oxygen consumption rate

(pronuclear stage, Day 3). a 07
shows oxygen comparison of

embryo at pronuclear stage o8
between IVM and COH; b 5 08
shows oxygen comparison of 5
embryo on day 3 between IVM £ 04
and COH. Also it shows S 03
whether the embryos developed x 0

to blastocysts or not based on
oxygen comparison

it

<
]
]

pronuclear slage
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modification in gametogenetic process for the establishment
of imprint. Arima et al. [5, 13] identified the region of allele-
specific human imprinted gene and analyzed DNA methyl-
ation. Among 8 imprinted genes, H19, GTL2, and ZDBF2
are paternal, and PEGI, PEG3, LIT1, ZAC, and SNRPN are
maternal. Any disorder of methylation pattern was not ob-
served in regulatory region of analyzed 8 imprinted genes of
bom babies at our clinic (Fig. 2-a, b).

Discussions

The morphological examination has been applied for quality
evaluation of oocyte and embryo for a long time. However,
if it is only by morphological approach, it might be difficult
to increase embryo development and pregnancy rate. Thus,
the evaluation technique noted embryo metabolism is de-
veloped for quality evaluation of oocyte and cleavage stage
embryo [13], and embryo metabolic activity focused on
nutrient consumption, such as glucose, pyruvic acid, and
amino acid, was also studied [1, 14]. Cell oxygen consump-
tion products ATP in a process of oxidative phosphoryla-
tion, and it is regarded as one of the evaluation criteria of
embryo metabolic activity [3].

As a new method for embryo evaluation, Tesarik et al,
[15] reported the case which is improved the blastocyst
developmental rate and implantation rate using the sequence
of pronuclear of nuclear after 24-h culture, However, the
recent report using time-lapse cinematography by Mio et al.
[16] proved that the sequence of pronucleolus is just a part
of certain evaluation at dynamic changed using his system
observation because the sequence moves variously in indi-
vidual cleavage stage embryo. That is, nucleolus transfers
the sequence dramatically in a process of the development.

The oxygen consumption rate was measured using mouse
and rabbit embryos at first [17]. This study measured mouse
blastocyst, human oocyte and blastocyst [17], and oxygen
consumption by transform of hemoglobin from oxygen he-
moglobin indirectly. After that, mammal embryo oxygen
consumption rate was measured with parameter of various

olyM
#IYF

4

03

F x 10%/mol s

<
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Table 1 Birth findings and prognosis of IVM babies born

Patient Outcomes Mode of Weight Height Apgar. Cord Prognosis

delivery score pH & others

M.I Delivery (40 w—6 d) Vaginal M 3102 g 49.5 cm 9/9 = 1.8 y.o. N.P.

M.S Delivery C/S M/F 2678 g/ 2320 g 46.2 cm /44,5 cm 9/9 - 2 y.o. N.P.
(twin, 36 w—1 d)

HK Delivery (38 w—4 d) Vaginal M 2810 g 47 cm 9/9 7.438 4.7 y.o. N.P.

ES Delivery (38 w-5 d) Vaginal M 3070 g 48 cm 8/9 7.114 1.6 y.o. N.P.

M.S Delivery (41 w—6 d) cis M 3966 g 51 cm 9/10 7.29 1.4 y.o. N.P.

LY Delivery (39 w—4 d) C/S M 2964 g 48.6 cm 979 7.23 =

M.K Delivery (40 w-2 d) Vaginal M 3056 g 47.8 cm 8/8 7.032 11 month

metabolic process data, for example, the method using diver
by Magnusson [6], use of spectrophotometrics [18], method
using fluorescent dye [19], and electrochemical technique
[20]. More accurate and simple oxygen respiration measur-
ing was required, so embryo respiration measuring system,

Fig. 2 a Analysis of
methylation for imprinting
genes from IVM babies; b
Imprint gene Methylation assay
with umbilical cord from IVM
baby
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which can measure single embryo oxygen respiration, was
developed [7]. This system enables to greatly shorten the
measuring time and improve the operability by the use of
measuring plate with a conic micro well at the bottom. Also,
this system achieved high-sensitive measuring of single cell
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respiration, so eventually it can evaluate individual embryo
quality with high-precision [7].

According to Abe report et al. [7, 9], respiration
increase corresponds with mitochondrial development
from morula to blastocyst stage in most of animal
embryos, and the embryo with high consumption rate
has a good viability and freezing ability. In addition, it
is proved that the embryo with respiration rate above
standard value is also high in pregnancy rate at trans-
plant experiment after respiration measuring. These
results demonstrate that consumption measuring is ef:
fective to evaluate embryo quality [7]. As for human
embryos, it is evident there is a difference of respiration
rate befween embryos at same grade by Veeck classifi-
cation, and embryo development needs respiration more
than constant rate. Recently, we also found when the
respiration rate increases in a group of thawing embryo,
developmental rate for blastocyst and freezing ability for
cryopreservation will be high.

Moreover, measuring consumption rate of single ani-
mal embryo by SECM system enables much detailed
examination of metabolic capacity in a process of oo-
cyte development. Abe et al. [7] reported that mitochon-
dria distribution manner, the ATP amount of oocyte, and
respiration ability of cocyte and cumulus alter promi-
nently at pre or post maturation, and the respiratory
activity is influenced with condition of culture medium.
They also proved the oocyte respiration ability varies
with the condition of adherent cumulus, and COC with
high respiration activity increase maturation rate after
oocyte maturation culture. Likewise, human oocyte res-
piration rate is significantly high at Grade | and 2,
which are adhered with more than three layers of cu-
mulus, and it influences the maturation, fertility, and
embryo developmental rate thereafter. These results sug-
gested that SECM is effective for quality evaluation of
human oocytes. There is no significant difference of
subsequent oocyte oxygen consumption rate between
from COH and IVM, or any ages. Thus [VM embryo
established as oocyte has same functions as COH
oocyte.

Imprint disorder in ART was originally rare, but it is
increasing with the development of technique in recent years.
In the U.S, there is a report that the frequency of Beckwith-
Wiedemann syndrome is 0.76 % in a general group, whereas it
is 4.1 % (about 6 times higher) after ART [12]. In addition, it is
reported that about 25 % of male sperm under infertility
treatment shows imprint disorder [13}. Since IVM requires
maturation culture, the culture duration becomes longer than
IVF, and it may bring an epigenetic transform; however, there
is no epigenetic disorder of newborn babies from IVM process
in our clinic. In any case, ART has still to be investigated to
prove the safety in the future.

@ Springer

Conclusions

Embryo respiration measuring system based on SECM
enables to measure the respiration of single human
embryos. Combination of morphological evaluation and
respiration rate may provide an effective barometer of
embryo selection. IVM embryos have the same function
as COH embryos after fertilization. None physical and
mental disorders or defects in epigenetic genes were
observed in IVM babies. It requires further study with
more large numbers in the future.

Open Access This article is distributed under the terms of the Creative
Commons Attribution License which permits any use, distribution, and
reproduction in any medium, provided the original author(s) and the
source are credited.

References

1, Rieger D, Loskutoff NM. Changes in the metabolism of glucose,
puruvate, glutamine and Glycine and Glycine during maturation of
cattle oocyte in vitro. J Reprod Fertil. 1994;100:257-62.

2. Boiso I, Veiga A, Edwards RG. Fundamentals of human embry-
onic for growth in vitro and the selection of high-quality embryos
for transfer. Reprod Biomed Online. 2002;5:328-50,

3. Thompson JG, McNaughton C, Gasparrini B, McGowan LT,
Tervit HR. Effect of inhibitors and uncuplers of oxidative phos-
phorylationduring compaction and blastulation of bovine embryos
cultured in vitro. J Reprod Fertil. 2000;118:47-35.

4, Cha KY, Chian RC. Maturation in vitro of immature human
oocytes for clinic use. Hum Reprod Update. 1991;4:103.

S. Takahiro A, Hisato K. Evaluation for epigenctic abnormality in
infertile male sperm. Journal of Japan Society of Fertilization &
Implantation. 2000;38:409 (in Japanese).

6. Nilsson BO, Magnusson C, Widéhn S, Hillensjé T. Correlation
between blastocyst oxygen consumption and trophoblasts cyto-
clome oxidase reaction at initiation of implantation of delayed
mouse blastocysts. J Embryol Exp Morphol. 1982;71:75-82.

7. Abe H. A non-invasive and sensitive method for measuring cellu-
lar respiration with a scanning electrochemical microscopy to
evaluate embryo quality. § Mamm Ova Res, 2007;24:70-8.

8. Overstorm EW, Duby RT, Dobrinsky J, Roche JF, Boland MP.
Viability and oxidative metabolism of the bovine blastocyst
(Abstract). Theriogenology. 1992;37:269.

9. Abe H, Shiku H, Aoyagi S, Matsue T, Hoshi H. Respiration
activity of bovine embryos cultured in serum-free and serum-
containing media {Abstract). Reprod Fert Dev. 2005;17:215.

10. Veeck LL. Oocyte assessment and biological performance. Ann
NY Acad Sci. 1988;541:259-95.

{1, Utsunomiya T, Goto K, Nasu M, Kumasako Y, Araki Y, Yokoo T,
et al. Evaluating the quality of human embryos with a measure-
ment of oxygen consumption by scanning electrochemical micros-
copy. J Mamm Ova Res. 2008;25:2-7.

2. Manipalviram S, DeCherney S, Segars J. Imprinting disorders and
reproductive technology. Fert Steril. 2009;91:305~15.

13. Kobayashi H, Sato A, Otsu E, Hiura H, Tomatsu C, Utsunomiya T,
et al. Aberrant DNA methylation of imprinted loci in sperm from
oligospermic patients. Hum Mol Genet. 2007;16:2542-51.

14, Gopichandran N, Leese HJ. Metabolic characterization of the
bovine blastocyst, inner cell mass, trophectoderm and blastocoel
fluid. Reproduction. 2003;126:299-308.

— 352 —



J Assist Reprod Genet (2013) 30:221~225

225

15. Tesalik J, Junca AM, Hazout A, Aubriot FX, Nathan C, Cohen-

Bacrie P, et al. Embryos with high implantation potential after intra-
cytoplasmic sperm injection can be recognized by a simple, non-
invasive examination of pronuclear morphology. Hum Reprod.
2000;6:1396-9.

. Mio Y. Morphological analysis of human embryonic development

using time lapse cinematography. ] Mamm Ova Res. 2006;23:27-35.

. Magnusson C, Hillensjo T, Hamberger L, Nilsson L. Oxygen

consumption by human ococytes and blastocysts grown in vitro.
Hum Reprod. 1986;1:183-4.

18.

19,

20.

— 353 —

Donnay I, Leese HJ. Embryo metabolism during the expansion of
the bovine blastocyst. Mol Reprod Dev. 1999;53:171-8.

Land SC, Porterfield DM, Sanger RH, Smith PJ. The self-
referencing oxygen-selective microelectrode detection of
transmembrane oxygen flux from single cells. J Exp Biol.
19599;202:211-8.

Lopes AS, Larsen LH, Rmsing N, Lovendahl P, Réty M, Peippo J,
et al. Respiration rates of individual bovine in vitro-praduced
embryos measured with a novel, non-invasive and highly sensitive
micro sensor system. Reproduction. 2005;130:669-79.

@ Springer



%m%&%w&m&mmbhﬁmﬁﬁﬁvX7A®%%
N

U KRR T2 e R

Froic

AR, RTEGR R RN R RN - AR
K75 E oA ME AR S h, BT ERO
TRBUSHRIZ RN L LT 5, ULivL, 420
PiAERE LT 5 — T, BBHICBY 3R
BMUIRA TS, JOBRO—2& LT, Hif
S 5 B0 T SRR O T A oo 4 AT 4 B R b
BB EERONT S, AR - BB (QVE-
ET) BT, B ERNEELRBIFLRE:
BIRT 22 &3, BIRBOM b ZBEEOE
., REROETFOLHIEBHDTEETH S,
Rie, BoRE (04 F4—) GHEROEE
PR L OBRBRRRABRIHENTL S,
RS X 5 REEE B S TEES
BN HETH S s BRTEBRSEYER
DREFMETH B, L LT, Hiliofkk
L BEORBNR

%ﬁﬁ&kc‘: %Eo)uniﬁﬁ
#&k\%@wgi%ﬁﬁﬁﬁifﬁﬁﬂ%ﬁ
FAERCIEBREIC LD, SROBPVBAF
REBRCEME TV, HLE. 7Y 0%
FIRIIBER DB E » 4B (embryo mass) @

/3% 15

N A LETTERY

BB (avis gy vOBE) 73540
FYa v EEEIT4 0O F I SIS
ahd (B, Fl8iEE. BEREOREY
BOHRE, PSR Ginner cell mass: ICM)
DM (rophoblast) @IKFEEL HHEIZ 3 B O
REESETAIENTES, 23T, BOod
. MO EWE WEORBCERLE EHL
OFMEBHMDE I EbHE, THhORBEE
KE-THEHRBREBF SN L X V=K
(Excellent) & B (Good) KM E N oFBSERIT,
BHEOFHRBLWOBEE N Ub LT,
JERARBEENZ 7L — F C(Fair) &D (Poor)
ORETERBBMWBFETHLIENS, &
nbmﬁﬁ%k;%mﬁﬂﬁ®ﬁﬁkaﬁﬁﬁ%
ENT B e PRt

b D EHFHIE T B 16~ 18 BRI
ﬁﬁmﬁ%;&ﬁﬁﬂﬁmzvmw$(nm\
% L’Cﬁ-ﬁlﬁi‘?’kﬁﬂ\ﬁ (nucleclar i

v BREROERBH A ) 7 4 ~FFE (o c,
e, g /WINAF-RATHHEBABE. b
d, f; b HEH Gemi-hin) YK (Lpm. bV
1Yy Tn—3f) &), MEHOERE 7
STAY FOBERBIIZENENSV-FA
(a, b: Excellent). 7 v — KB (¢, d: Good)
FV—FC (e f Fain. Vv—=FD (g i
Poor) ©® 4207 F YT 4 —lFEEIh B,
(BER 13 2 —EPHE) :

B 1.

— 354 —




PR ZEZ

ies: NPB) MREZETZ 5, BiEOKEE - FEOD
Bk, SR - KEs (EF. &5, 8l
BOBEL S LKFBEREOZR a7 Y v 7 &0
BOREEFHML T3, b +OwiPsaHm
Rz, HFROEBRE IS /A vTF—Y 3 L OIS
REE LTEMT % Veeck DA 2B OER
LT3, JOFHIETHE. SROERIHET
TSTA YT -V a VBB SN WK% Grade
| EFRL. BOBENCRFTHD EFMHLT
Wh, HERHFAEFIIND ISTIAVF—va Yy
D HBEREFICNE B HE Grade DEED LAY
(Grade 2~Grade 5) JEIEARB EHE SN S, F
fo. KO BB FMIT I Gardner & MIRE L
FHEMRLCBOLWSN TS, JOFETR, B
BREERREOCEND ERIE vy F ) @
BECLL-TI~6 D6 BBILFEEN, S 6K
PIER4RREYE Ginner cell mass: ICM) & #EMELR
K (trophectoderm: Tr) D HIEEIC LY. £h T
LA, B, CO3BBEIFEZN 3,

2, BOSBCBRTZEFERE
FEEREFLLRTE, REOETILENT A
F Iy I REEERBEASE. S, VU ORER
FRT. BERS LUBRBROXF—-YiItB0
TH¥ v v TEEPT AL/ — LIf O MMaEEELE
BEBCEZRLTOI M, BRERBRRTHERF AT
/—A¢%ﬁ%miﬁﬁﬁéé“%xJﬂiH®

nv ‘?@ %%EEL ,
] EEREOB AT — U 4 OBMENS <
BEE N5 BETFRETEARS O8MEI
RNA EEFROBEVAT V3 THE I &b
5. ﬁmﬁﬁfmmNAm%ﬁﬁﬁMﬁv&%&
bn%mo§t\ﬁmﬁﬁ?w%%%%#b%ﬁ
i3 T by K THEERCRETD
B, BEEEETREEALOI by FYTERR
HETH b, BERLEHROERIBES NS,

DX UIEGEERIBEORBEERICRE(HE
U BOGBHETO—HEL > THEY,
—H. B MERBWTHRESSHE S EELHE
K 2BHMATBBNB S ML T B,
Gardner” 5D HETIBB LU EARBIFKR, £0)L
ToZ7v—FELRBRELUTHEL, thTho
FEOMMMELBE LI 20&E, RERITRE
TP FY TPREBERIFEFICAELTH
3. SEABETHI bayFY7oBREK
BETHO., BEMICHEES{OBHRRT A b -
v ABHBESI NI (H2)s ThOoDHEL L,
ORMTEI PV FYTRTHRI—VRANE
MECHEE LT A I ERA SN -,

3, REYHEHNECLZEOSERE

At Lo BEEE I L 2 B0 SEEMIZ. FM
DHERE 275 BB EMERYEIC R B e
FMOMECHENE TSNS B, 2ITE
DEEN - EBMNTEELILT. Btk
I, ENEVEE, T/ BEORBERONE
KEB LB EESRA SN T, $i,
Mol (BREE) HREKe S0
TEHFELTLATHAEY, I harv Fi7i

E2 b MASHEORFEMSER @b /<
WRF—RSTHHEBEEE) s LUBTH
BEE (Do Gardner FEHEIL LB 74
54 —BIFR (a,c¢) ELBRE (b4 0o ¢,
b IFAVT 4 -BEFRTEREELCERE
Mv) &3Py NY7T (M) DNEZEIH
%o ZP ﬁﬂﬁ;%a d f ?#'}T’{_TE%
THRABTFEETAREORETR (LD). £#
%Lf&(w)ﬁ%%®7¥b~yzﬁ#§
Hohd,

RNy 2

— 350 —



HIBEVFIREHR B A IO U s 3 X 7 L OBHAR

BIbipn, IhayFYs
DA IREIT S B EHL
$hay R TRk
ﬁﬁm¢ﬁ¢®ﬁ§
m<om®%m@& A :
gtoﬁﬁmug@¢ur\§%%@ﬁ”“¢&
ot o =Tk B e MR R E AR
hfhéobmby%®§<@M%@§@@&ﬁ
1 EOHTHESD D tmb\K@WK%Mk
BNTREALENTHED, AHERPIHFTR
TP FYTEPSICBELTOHRVED, &
DIFRFEYE IR
Rz 2D
B RIS
3, Lizhto T, 3@
h?%%%?UTLL&ﬁT&Hn@ HIEZE
WRENTHARECOHCESEMMEE LTH
HAbd 52 SidBEL L,

4, BERALEHAEZICH L
MRERAEEROMR

R - SRR & 0 D R R
B e Uty B s BEAERER I ER L
T&i, BAASFEHNER 7o~ 7BBICL R
CBAEUS AR L AR5 Y 5 MRS
EMEACEMI BT BRHTH 0D 2 0k
‘ R EL TS I nEREES LTS
ST (scanning electrochémical
M) HIEBEN TS, SECM O
BEAREERES TH B < 4 7 DREE I T
BREOBEFVHFUSN ORI IIEETH 50,
REZEMTOERIEOFMY A A~V v 7, &
AR BOR ) TV S A LB PR RUGTHE
MERETH BT Eh S, RFEROBEILE L
VY ZREBAORETHONANTLEY ; #IZ
. BEOETEMARETE <4 7 oBEi%
A3 lTvHBoBERER (FIR) 2B

®IE 15

Rﬁﬂ®@$%§i%#ﬁ%%kﬁi?%éfﬁ
ﬁ%w&m%&&:@%%uﬁmutwdvmw
WsE v A7 sbd, BISIRISRRGE, <1 7 0B
DBMLAE— B BT BRTF Y Y s Ry b, B
EHBREEOLYOERBN Y 7 FEREL .
J=tRas i =S —CL MBI TS

(B 32), BSLAERMSEO AT — Y RT3, <4
TR AL T A XYZ 2T —
TH b, AR ORI
IEDTIREIS BITEI T 4 /5 — PRI
fﬁ?éaoan\%Mﬁga&ﬁﬁ

@%%ﬁﬁ%%ﬁk

)%c\'cc\az)&

T50Lov4ﬁmﬁﬁmﬁW@§ﬁ%%&ﬁ¢
EEEE O, SRR O MR IIE T3
I 2~ 4um I xy F UM UK
EATAF ¢ U5 ) =R UeF R Y
B4 0B (Rb) AERALTHE,

5. B—ROoRRENE

[SZARORPE RN E SR - & AV PR RE IC
3. BHOZREMNE TV — b &ERE R
b, BHREMES V- MIBERECHBILER
FHopERah, Y- OB EHE#EEO A
7o WNBENTHE (B w4708
BB TIUBUBREIBERORS L - TE
BEZY B, RERAECIEIY, 7 0 BEO

— 356 —



IR

B3, @7%

7@9&74?Dﬁﬁ1\%%WﬁﬁéwﬂpmLL;%/VWIénLEﬁﬁ@ﬁﬁyx#+t7
Y- BEIEEN TV B, (o) SWREBMESL—T 7u—bﬁﬁnmmﬁﬁmv47u¢;wm6A
REXhTid, () w4 7oy VESEHELLY
#T DT MOBERBREEAET 5,

BRHRE  (x10'/mol-s)

H4., v S TREORAEARITE A RREAZE
{bo BEIEH o EARKIC b i3 T R A5
M2, BIAKTRIEEACERIIIRE
N, RESHCEEE (P<005) #b
B

FEBEICHELE5AT, B L CERELE
AoflEREZRG5, BlEREH/ LA 2O
T VRIER ) #HALLE, <170
T VOERPOCBRESZ TS (H3d). BES
BEICATBETL — 0.6 V vs. Ag/AgCHIT BRI A RFF L/
B, w47 0 EREBEEE 20~30 unvsec. E
FEEEE 150~300 um D&M CTEBAHFAHGEHE
HrncERT S (H3e), BHE. | BORRAE
T/ 7 0BRE 2 OEELLE. ROB
FHEBBEIREEHERAY 2EECHERLL
Biry 7 bEAWTERT S,

IhE T [EMIIERAERE] AT,

10

/%o (e) 74 7 ol i%ﬁ%%%ﬁﬁﬁ

b = 3 éliﬂﬂ'

¥R T OB, o 8 MIRMEE.
b RHEE, ¢ BEE. M I PILEY
70

Yy, T, T ROE~ RO R RE R
LT3, FEAEOHET

DV, COkS i, RREC
b v FYTORBRRIURERT - VIKED

B2l ZRBIIFRRAERERE] 1y bay
FY 7k aMRERBETREL VWA LEL
SNB, B, L b3V KU 7 OLBRABESE
BALFEEQ B, ATP EAOER. FRHEHTE
& (v o—bcBILEE Cox) ORIZFR
BESRG LD oY FY 7 REEEEICEET 5

RN s

— 357 —



/ g &
DKL L £ b HBIEEH OB R A
MU, s & CREEROBDEE Rarke i
MRS 2FETH D E5liny BEPMEORK
REPE A, TEOHRBERBE LBtk REER
TORRISAE B & L BRAEEOBE B
HLTLT 3,

Bh YU
KTk, HBBEALEE
FHibE & AR 2
B Rg L Ty
teo RESAMEBRCHBSAL *
i & OEFEHIBIERIC IS S 1 AME
AHTHI Ue [RRPRAESRE] e ME
D GRS & R T A OIS A2 7
T& %o A, EHEBIERIC SO TR EER
EMOEEIL BB ANTEEOHMCEO. B
O R L BIED X 0 WE N 085 B
LRbNE, SOk, IRETIHEFSATH
B OO REFMED A v FEEBRMICHE
G URE LG Y 27 A OBSEMMLEITE - T
<3 (H6). WA, FRMNEKXZBZHET
fliid. RS S OFANETETHO. oh
12K - T OB RO R EGAAIRETH 5 &
EZ T D, SHOBMIHIEIC LD HRrEst
WiEs K CMELEBOREE L FHESERS
h, BOHUOCREFFEY 27 4L UTRERM
BB TEERERICB N TERLLEh2 - &4
B#HLTNS,
TR NS R | Mg 4 R8s
KMETEA A Eh o, BOREFHLUA LS
T o RBEERT O R MR O BT~ D IG

12

— 388 —

Bo SR, MIEERON AR
AR BB A L B L AL T O
Bia b aEThd 5, Lich-T, B—BiFo
SR, B L SOV TOMMRERITe I b
U R Y TR N O R b R T & B,
ANTEPER B - BRI hTIE LA L Ot
BT BEYHRTH LI Lo, BRALERIER
ST B & R O EBRR D TE,
SRS, [ AR PRI AR AR
Mo SERERICE ZREW AR B THAES
NBERPHFLTLS,

AW, CEBEERETREHDSE (No.
17380164, 21380171, 18038003, 18048001). #
FRIRA Y (AP E A B
AR ETIRMES (R T
), EVBREELERTRLR L 5~ &

Whe v s ) HEBABERGRS. THEL
FHABRIREM ., SRR ERERZGAH
. HEEAREUBRBEDOTR LR T

b,

Bl
1) Lindner, GM. & RW. Wright Jr. (1983),

B A EBEEME



2)
3)
4)

5)

6)

7)

g)

9)

10)

B);

12)

13)

14)

15)

16)

i7)

18)
19)

MR ERZIGH LR R 2 7 L0HR

Theriogenology, 20: 407-416

Shea, B.F. (1981), Theriogenology, 15: 13-42
Wright, JM. (1981), Theriogenology, 15: 43-56
Tesarik, J. & E. Greco (1999), Hum. Reprod.,
14: 1318-1323

Scott, L., R. Alvero, M. Leondires & B. Miller
(2000), Hum. Reprod., 15: 2394-2403

Veeck, L.L. (1991), Atlas of the human oocyte
and early conceptus, vol 2. Williams & Wilkins
Co, Baltimore

Gardner, D.K. & W.B. Scoolcraft (1999),
Towards reproductive certainty: infertilly and
genetics beyond. In vitro culture of human
blastocysts, Jansen, R. & D. Morimer (eds),
378-389, Carnforth, Parthenon Press

Albihn, A., H. Rodriduez-Martinez & H.
Gustafsson (1990), Acta Anat., 138: 42-49
Abe, H., S. Yamashita, T lItoh, T. Satoh & H.
Hoshi (1999), Mol. Reprod. Dev., 53: 325-335
Abe, H., T Otoi, S. Tachikawa, S. Yamashita, T
Satoh & H. Hoshi (1999), Anat. Embryol, 199:
519-527

Aguilar, M.M., C.S. Galina, H. Merchant, F.
Montiel, R. Canseco & Y.C. Marquez (2002),
Reprod. Domest. Anim., 37 341-346
Kopeeny, V& H. Niemann
Theriogenology, 39: 109-119

Abe, H., S. Matsuzaki & H. Hoshi (2002),
Theriogenology, 57- 12731283

WNagashima, H., N. Kashiwazaki, R.J. Ashman,
C.G. Grupen, R.F. Semark & M.B. Nottle
(1994), Biol. Reprod., 51. 618-622

Abe, H., §. Yamashita, T. Satoh & H. Hoshi
(2002), Mol. Reprod. Dev., 61, 57-66
Overstrom, EW (1996), Theriogenology, 45: 3
-16

Rieger, D., N.M. Loskutoff & K.J. Betteridge
(1992), Reprod. Fertil. Dev., 4: 547-557
Rieger, D. (1992), Theriogenology, 37 75-93
Rieger, D. & N.M. Loskutoff (1994), J, Reprod.

(1993),

®IE 15

20)

21)

23)

25)

26)

27

28)

30)

3D

32)

33)

34)

— 309 —

Fertil., 100: 257-262
Gopichandran, N, & H.L
Reproduction, 126: 299-308
Thompson, J.G., R.J. Pariridge, F.D. Houghton,
C.I. Cox & H.J. Leese (1996), J. Reprod. Fertil,,
106: 299-306

Thompson, J.G., C. McNaughton, B. Gasparrini,
L.T McGowan & H.R. Tervit (2000), J. Reprod.
Fertil., 118: 47-55

Trimarchi, J.R., L. Liu, D.M. Porterfield, P.J.S.
Smith & D.L. Keefe (2000), Biol. Reprod., 62:
1866-1874

Nilsson, B., C. Magnusson, S. Widehn & T.
Hillensjo (1982), J. Embryol. Exp. Morphol., 71.
75-82

Magnussen, C., T Hillensjo, L. Hamberger & L.
Nilsson (1986), Hum. Reprod., 1. 183-184
Houghton, F.D., J.G. Thompson, C.J. Kennedy &

Leese (2003),

H.J: Leese:(1996); Mol:Reprod. Dev., 44: 476

-485 -

Land, S.C., D.M. Porterfield;; R.H. Sanger &
P.J.S. Smith (1999),.J. Exp. Biol; 202; 211-218
Smith, P.J.S., K. Hammar, D.M. Porterfield, R.H.
Sanger & J.R. Trimarchi (1999}, Microsc. Res.
Tecl, 46: 398-417

Lopes, A.S., L.H. Larsen, N. Ramsing, P
Lovendahl, M. Raty, J. Peippo, T. Greve & H.
Callesen (2005), Reproduction, 130: 669-679
Lopes, A.S., T Greve & H. Callesen (2007),
Theriogenology, 67- 21-31

Engstrom, R.C. & C.M. Pharr (1989), Anal.
Chem., 61. 1099A

Bard, AJ. & M.V Mirkin (2001), Scanning
Electrochemical Microscopy, Marcel Dekker,
New York

Shiku, H., T Matsue & I. Uchida (1996), Anal.
Chem., 68: 1276-1278

Kasai, S., A. Yokota, H. Zhou, M. Nishizawa, K.
Niwa, T Onouchi & T Matsue (2001), Anal.
Chem., 72: 5761-5765

13



