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Scanning electrochemical microscopy (SECM) is a technique in which the tip of a microelectrode is used to scan and
monitor the local distribution of electro-active species near the sample surface, In this study, we have studies on the SECM
technique, to establish the accurate method for measurement of respiratory activity of single pig cocytes, The oxygen
consumption rates of pig cocytes culured n modified TCM199 medium were evaluated by the SECM system. After the
measuring, distribution of active mitochondria and ATP content was investigated in the identical oocytes. The oocytes were
classified in three types (Type-1, Type-II or Type-IlI) according to the pattern of active mitochondnia distribution. There was
no difference in the oxygen consumption rate (F 10"/mol s*) between Type-II and Type-III (0.59 and 0.60, respectively).
However, the ATP content (pmol/oocyte) was significantly higher m Type-111 (2.38) compared with that of Type-1 (1.53).
Meanwhile, the oxygen consumption rate and ATP content of Type-I were very low (0.02 and 0.06, respectively). These
results suggest that the oxygen consumption rate and ATP content of vocytes was significantly affected by category of
mitochondrial distbution. In the present study, we succeeded in the multiple analysis of respiratory activity in the identical
oocytes. This novel system may be a valuable tool for accurately assessing the mitochondrial functions.

Key words: cell respiration; electrochemical miscroscopy; pig oocyte; culiure

INTRODUCTION

Oxygen consumption s an indicator of the overll metabolic
actvity and quality of a smgle embryo. Oxygen consumption of
mammalian embryos has been with various methods such as
Cumdiw!]'.woplmml.mﬂ'“ﬂ
electrochemical techniques ¥, To establish the cvalumtion method
for embryo quahity based on the oxygen consumption activity, we
have been studied on the scanning electrochemical microscopy
(SECM) technique 7. SECM technique has been successfully
applied to investigate various biological systems inchiding DNA ™,
enzyme P, antigen-antibodies "], tissue "/ and cell "), because
of its non-invasive nanure © quantitatively characterize localized
chemical reaction under physiological conditions. In the previous
sudy, we applied SECM techmique to0 measure the oxygen
consumption of single bovine embryos ™. The oxygen
consumption of individual bovine embryos produced in vitro
quantitatively by this technique. Furthermore, we have found that

there was a close relationship between high oxygen consumption
and developmental ability of bovine embryos " The SECM
procedures may be useful to assess the quality of embryos and
contribule © improvements in reproductive technologies in
mammals.

On the other hand, an accumte system o evaluate oocyte
quality i lacking. The most convenient evaluation system for
oocyte quality is based on oocyle morphology and stus of
oocyte-cumulus complexes (COCs). However, this evaluation
method could be imprecise and subjective, since there is no clear
comelation between oocyte quality and fertilization mates I
Oocyte quality could be one of the most important factor in
determining successful fertilization and embryo development
Therefore, we attempt to establish an evaluation system for oocyte
quality is based on the respiratory activity of oocytes. The aims of
this study were: 1) o assess the oxygen consumption of single pig
oocytes using SECM; 2) to examine the mitochondrial distribution
and ATP content in the identical oocytes.
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MATERIAL AND METHODS
Scanning electrochemical microscopy measuring
system

In this study, oxygen consumption was measured by SECM
procedure '* " This modified SECM system includes a
messurnmg instrument on an inverted optical microscope stage, &
potentiostat (Hokuto Denko Co., Tokyo, Japan), and a notebook

computer as controller and analyzer (Fig. la-d)

Fig. 1. A modified scanning electrochemical micrascopy (SECM)
systemn. SECM system includes a measuring instrument on the
mverted optical microscope stage (a), potentiostat (b), controller (c),
notebook computer (d), a microelectrode (e), and a plate (f) for
measuring respiration activity of embryos. The plate has six
cone-shaped microwells (amow ). Individual cocyte is
transferred into a mucrowell filled with medium. The cocyte smks
down to the botiom of the well, remaining at the lowest point ().
Micoelectrode (amowhead in g) is scanned along the z-axis from
the side point of cocyte (h).

Pt-microdisk electrodes sealed in & tapered sofi-glass capillary
were fibricated according to the method ™ (Fig. le). The op
potential was held at -0.6V versus Ag/AgCl with a potentiostat t
monitor the local oxygen concentration m the solution. For the
measurement of oxygen consumption, modified human tubal fluid
(HTF) medium ** was employed. Its composition only includes
salt electrolyte, ghucose, sodium pyruvate, sodium lactate, HEPES
and gentamicn sulfate. Voltammetry of the Pt-microdisk electrode
m modified HTF medium showed a steady-state oxygen reduction
wave No response from other electrochemically active species
was observed near the oocyte surfice. The tip scanning rate was
31.1 pmv's. The mucroelectrode with a Pr-cisk radius less than 3 pum
was selected so that the oxygen reduction cument of the electrode
was less than 1.0 nA. To easily handle many cocytes in a shont
time, a plate with cone-shaped microwells was used (Fig. 1f). The
single pig oocyte was transferred into a cone-shaped microwell
filled with modified HTF medium and cocyte fell to the bottom of
the well and remamed at the lowest point. The microelectrode was
scanned according to the z-direction fiom side point of sample
(socalled “side-scanning™ Fig. lg. h). The motor driven
XYZ-stage was located on the microscope stage for electrode tip
scanning. The XYZ stage and potentiostat were controled by
computer. The oxygen consurnption rate of cocytes is calculated
by newly designed software.

Oocyte collection and maturation culture

Pig cumulus-oocyte complexes (COCs) were obtained from
ovanan follicles 2-5 mm in diameter. COCs classified as good
quality by morphological evaluation were cultured in TCM199
medium containing 22 mg/ml sodium pyruvate, 10 mg/ml bovine
seum  albumin  (BSA), 100 [UWml penicillin, 100 pg/ml
streptomyen, and 10% pig follicular fluid for dr viero maturation
(IVM) in a humidified atmosphere of $% CO, in air at 37.0°C for
48 h. After the cultures, cumulus cells were completely removed
by the pipetting. The oxygen consumption of single denuded
oocyte was measured by SECM systems. After the measurement,
oogytes were prepared for histological (mitochondrial distribution)
and biochemical (ATP content) expenments.

Staining of mitochondria
Oocytes were stained by MitoTmcker Orange (Invitrogen;
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Carishad, CA). This dye beoomes fluorescent once it accumulates
n the membrane lipids of mitochondrna with membrme potential
and is an mmportant tool for evaluating the distribution of active
mitochondna. MrtoTracker Orange was used at a concentranion of
350 nM in HPM 199 medium (based on TCM199) supplemented
0.5% BSA for 30 mm at 37.0°C. Oocytes were washed three times,
mounted in 2 drop of HPM199 medium and examined using a
confocal laser scannmg microscope (FV-300; Olympus, Tokyo,
Japan).

Measurement of the ATP content of oocytes

The ATP content of completely denuded cocyte was measured
using a commercial assay based on the lucifenn-luciferase reaction
(Promega, Sunnyvale, Ca). Oocytes were rinsed three times in
phosphate buffered saline (PBS), and then trunsferred individually
in 50 uL. of PRS mto plastic ubes. Then, 50 uL. of BacTiter-Glo
reagent was added 1o all tubes were mcubated for 5 mm at room
temperature. The ATP content of the samples was measured using
a lminometer (Luminometer 2020n, Promega) with high
sensitivity (0001 pmol). A fivepomt standard curve (0-10
pmolefiube) was routinely included in each assay. The ATP
content was determined fiom the formula for the standard curve.

RESULTS AND DISCUSSION
Oxygen consumption of pig oocytes before and after in
vifro maturation

Oxygen consumption rates of immature oocytes (immediately
upon recovery from ovary) were 044% 10Mmol s'. In the
maturation culture, a higher oxygen consumption rate was found in
matured oocytes (with polar body extrusion), whereas the oxygen
consumption rate of non-matured oocytes (without polar body
extrusion) decreased during oocyte maturation (Table 1), These
results showed that the oxygen consumption of pig cocytes
changed in maturation status of cocytes.

Table 1. Oxygen consumption rates of pig cocytes in different
maturaton status

Maturation status O, consumption rate (£ 10"/mol - 5)
Immature 044 £003"
Mature 044+003"
Non-mature 021=003"
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Values with different supersaripts in each column are significantty
different (P < 0.05).

Distribution of mitochondria in pig oocytes

Mitochondrial localization in oocytes after IVM is showed in
Figure 2. The oocytes were classified in three types (Type-l,
Typel or Typelll) acconding to the patiem of active
mitochondria distribution. Staining with MitoTracker orange
revealed small mitochondrial clumps that were 25 a rule found in
the periphery of the cytoplasm (Type-l). The Type-l oocytes
showed the strong and homogeneous stanmg. In the oocytes
classified as Type-lIL mitochondrnial clumps showing the strongest
staining were seen i the central parts of the cytoplasm. The
number of Typedl and Type-lll oocytes gradually increased
durmg the maturstion culture. These results suggest that active
mitochondria moved from the periphery to the central parts of the
cyloplasn in oocyles during oocyte maturation. Similar
mitochondrial reorganization has been reported i bovine oocytes
before and after VM #']

Fig. 2. Midline confocal sections of pig oocytes afler
maturation culture. a-c; Nomarski differential interference
microgmphs. d-f Pig cocytes stained by MitoTracker
orange. The oocytes are classified mio three categones
according to the mitochondna distribution, such as Type-1
(n, d), Type-Tl (b, ¢), and Type-I (c, f).

Respiration rates and ATP content of different type of
oocytes

The respiration rate and ATP content of Type-I vocyte were
significantly lower than in Type-Il and Type-HII cocytes (Table 2)
Although Type-II oocytes showed the high respiratory activity,
they contained significantly less ATP than oocytes of Type-Tl
oocytes. The average respiration rate and ATP content of Type-111
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oocytes tended 1o be higher than that of other types of cocytess.
These results demonstrated that the oxygen consumption mte and
ATP content of pig cocytes was significantly affected by category
of mitochondrial distribution. Type-1l cocytes are thought to be an
miemmediate type between Typel and Typelll oocyte in
maturation status. This study suggests that there is a comelation
between the respiratory activity and the matumtion stas of pig
00Cyts.

Table 2. Oxygen consumption rates of pig oocytes m different
maturaton status

Category 0, consumption rate ATP content

(Fx10"mol -s')  (pmoloocyte)
Typed 020+010* 008+00]"
Type-l 054=002" 166+011"
Type-lll 0532001" 208+005°

Values with different superscripts in each column are significantly
different (P < 0.05),

CONCLUSIONS

In this study, oxygen consumption by single pig oocytes was
non-invasively and quantitatively determine by SECM measuning
that oxygen consumption is an important parmmeter to evaluate the
competence of oocyle maturation in the pig. SECM measuring
procedures can be used W accurately evahute the metabolic
activity and quality of pig cocytes.
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Respiration is useful parameter for evaluating embryo quality as it provides important information about metabolic
activity. In the present study, we employed scanning electrochemical microscopy (SECM) to accurately determine the
oxygen consumption of single, identical human embryos at different developmental stages. The oxygen consumption rates of
single embryos were low at 2-8-cell stages (0.5120.05 % 10™/mol « s, n=18) but increased by the morula (0.61 £0.11 %
10" /mol = 5", n=5) and early blastocyst (0.72+0.06  10"/mol * s, n=14) stages. Later blastocysts exhibited even higher
oxygen consumption rates (1.000,19 10"/mol - s, n=4). Ultrastructural studies revealed that most mitochondria in
embryos up to the 8-cell stage were immature and had a spherical or ovoid shape. However, by the morula stage, the
mitochondria had elongated cristae, with the elongated morphology even more pronounced in mitochondria present in
blastocysts. The maturation of mitochondria correlated with the increase of oxygen consumption rate during the development
of embryos. The SECM technique may be a valuable tool for accurately assessing the mitochondrial function and quality of

human embryos.

Key words: cell respiration; electrochemical miscroscopy; human embryo; culture

INTRODUCTION

Embryo quality is an important determinant of the success of
embryo tansfer and sccumte evaluation of embryo quality
improves the pregnancy rate for assisted reproduction of mammals,
mcluding humans. Several approaches have been used to cvaluate
embryo quality and visbility. Morphological evaluation is the
primary method. However, morphological evaluation is subjective
and difficult, especally for embryos with miermediate
morphological qualities ", Therefore, more objective selection
cniteria are needed.

The metabolic activity of embryos has been determined from
the consumption of mutrients, such as glucose, pyruvate and amino
acids ¥ Oxygen consumption is an ideal indicator of overall
metabolic activity because adenosine trphosphate (ATP) is
generated predominandy by oxidative phosphorylation, a process
in which oxygen plays an essential role P!, In previous paper we
descnbe a novel cell respiration measunng System, scanning
electrochemical microscopy (SECM). This technique is a usefiul

method for evaluating embryo quality that comelates metabolic
and pregnancy rate following embryo transfer . In this study, we
employed SECM to accurately determme the oxygen consumption
of single, identical human embryos at different developmental
stages.

MATERIAL AND METHODS
Oocyte retrieval and embryo culture
menopausal gonadotropmn (HMG;  Nikken Kagaku, Tokyou,
Japan), gonadotopin-releaseng hommone  (GnRH)  agonist
(Buserecur, Fujiseryaku, Tokyo, Japan), usng the extended
protocol. Human chorionic gonadotropin (HCG; Profissi, Serono,
Switzerland, 10,000IU) was administrated when the dismeter of
the dommant follicle was 20 mm. Transvagmal oocyte aspiration
wass performed 34 h after HCG was administrated.

‘Oocytes were inseminated by conventional in vitro fertilization
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(IVF) by 34 h afier cocyte retrieval. Following an IVF-embryo
transfer (ET) procedure, surplus embryos that patients preferred not
1o keep preserved were designated for our study. Informed consent
for use of embryos i research was obtained from all patients. The
embryos were cultured in Sydney [VF Cleavage Medium (Cook
IVF, Brshane, Australin) until Day 3, after which they were
cultured in Sydney TVF Blastocyst Medium (Cook IVF). Embryos
were evalunted by the Veeck method ¥ at early developmental
stage (day 3 after IVF) and by the Gardner method ™ at blastocyst
stage based on ther morphological features.

Scanning  electrochemical microscopy  measuring
system

In this study, oxygen consumption was measured by SECM
procedure ™ This modified SECM system includes a measuring
instrument on an mverted optical microscope stage, a potentiostat
(Hokuto Denko Co., Tokyo, Japan), and a notebook computer as
controller and analyzer (Fig. 1a-d). Pmicrodisk electrodes sealed
in a tapered soft-glass capillary (Fig. 1¢) were fabncated according
1o the method . The tip potential was held at D6V versus
Ag/AgCl with a potentiostal 10 monitor the local oxygen
concentration mn the solution. For the measurement of oxygen
consumption, HFF99 medium (Fuso Pharmaceutical Industnes,
Osaka, Japan) was employed. Volammetry of the Pt-microdisk
electrode m HFF99 medium showed a steady-state oxygen
reduction wave. No response from other electrochemically active
species was observed near the oocyte surface. The tip scanning rate
was 31.1 pm/s. The microclectrode with a Pt-disk radius less than
3 um was selected so that the oxygen reduction cument of the
electrode was less than 1.0 nA. To easily handle many oocytes in a
short time, a plate with cone-shaped microwells was used (Fig. 1f)
The smgle human embryo was transferred into a cone-shaped
microwell filled with HFF% medium and embryo fell © the
bottom of the well and remained at the lowest point (Fig. 1g). The
microelectrode was scanned according (o the z-direction from side
pomnt of sample (Fig. 1g. h). The motor dnven XYZ-siage was
located on the microscope stage for electrode tip scanning. The
XYZ stage and potentiostat were controled by computer The
oxygen consumption rate of embryos is calculated by newly
designed software based on spherical diffission theory .
Measurements of each embryo were performed very rapidly

{within 1 min).

Fig. 1. A modified scanning electrochemical microscopy (SECM)
system. SECM system includes a measuning instrument on the
inverted optical microscope stage (a), potentiostat (b), controller (c),
notebook computer (d), a microelectrode (e), and a plate (f) for
measurmg respiration activity of embryos. The plate has six
cone-shaped microwells (amow in (). Individual embryos are
transfierred into a microwell filled with medium. The embryo sinks
down 1o the bottom of the well, remaining ot the lowest point (g).
Microelectrode (amowhead in g) is scanned along the z-axis from
the side point of embryo (h).

Electron microscopy

The electron microscopic study was camed out by the methods
described previously "', Human embryos in various stages were
fixed in 25% ghtamldehyde and postfixed i 1% osmum
tetroxide in 0.1 M phosphate buffer (pH 7.4) for | h at 04 'C.
Subsequently, the embryos were individually embedded in 1%
agar All samples were dehydrated by ethanol, substituted in
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propylene oxide, and embedded m epoxy resm. Ultrathin sections
were cut with a diamond kmife on an uliramucrotome (Reichert
Ulracuts, Leica, Heerbrugg, Swizerdand), sained with uranyl
acetate and lead citrate, and exarmined using a transmission electron
mucroscope (TEM-1210, Jeol, Tokyo, Japan).

RESULTS AND DISCUSSION
Morphology of human embryos

Figure 2 shows the morphological features of human embryos
using differential interference contrast microscopy. The embryos
showed various morphological features in each developmental
stage. In this study, embryos classified as good quality based on
their morphological festures were sclected and the oxygen
consumption rates of individual embryos were measured by
SECM system.

Oxygen consumption of human embryos in various
developmental stages

Using a modified SECM measuring procedure, we
successfully measured the respimtion activity of single human
embryos at several developmental stages (Table 1). The oxygen
consumption rates of single embryos were low at 2-8-cell stages
(051005 10"/mol - 5", n=18) but increased by the monla
(0.6120.11 X 10" fmol +s”, n=5) and early blastocyst (0.72+0.06
% 10"mol + s*, n=14) stages. Later blastocysts exhibited even
higher oxygen consumption mates (1.0020.19 % 10™/mol « 57,
n=4). These results demonstrate that SECM can detect differences
in respiration activity of human embryos at several developmental
stages.

The SECM system used in the present study can detect the
oxygen concentration (AC) as small as a | pM difference between
the bulk sohution and he embryo surfiace: therefore, the system
gives a precise and quantitative feature of oxygen consumption of
single embryo . Recently, SECM has been employed to quantify
the respiration activity of embryos in several animal species "'\
SECM has been utilized fo measure the respiration activity of
single embryos from livestock. such as cattle and pigs, as well as
those from small rodents, all with high reproducibility,

Ultrasructural features of mitochondria
Ulastructural studies revealed that most mitochondna in

Transactions of the Materials Research Society of Japan 33[3] 759-762 (2008)

embryos up to the 8-cell stage are immature and have a sphencal or
ovoid shape (Fig. 3a). However, by the morula stage, mitochondria
have elongated cristae (Fig. 3b). This morphology is even more
pronounced in mitochondria present in blastocysts (Fig. 3c). These
results demonstrated that the maturation of mitochondria correlates
with an moease of oxygen consumption mates dunng the
development of human embryos. Similar findings have been
reported I bovine embryos . Mitochondria exhibited specific
momphological changes as the respiration activity increased,
because the number of mitochodria per cell and the number of
cristae per mitochondrion are related to the energy requirement by

Fig. 2. Nomarski differential interference micrographs of
8-cell (a), morula (b), early blastocyst (¢), and blastocyst (d)
stages of human embryos developed from in vitro fertilized
oocyles. Bar= 50 um.

Table 1. Oxygen consumption rates of humin embryos af
vanous developmental stages
Embryonicstage  No.ofembryos  O; consumption rate

exammed (F>10"mol + 5"
28 cell 18 051 =005*
Morula 5 061=0.11%
Early blastocyst 13 072+006"
Blastocyst 4 1.00£019¢

Values with different supersenpts in each column are significantly
different (P <0.05).

Mitochondna contnbute a vital role 1o the metabolism of
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energy-compounds i the cyoplssm w provide ATP for
embryonic development. The development of mitochondria may
be an important factor m embryo quality. There are conspicuous
differences in the ultmstructuml features of bovine embryos ofhigh
and low quality ™ Monuse classified as low quality by
transcriptional activity, a lage number of lipid droplets, and
development is a reliable mdicator of embryo quality.

Fig. 3. Electron micrographs of human embryos at 2-cell (a),
momla (b), and blastocyst (c). M, mitochondnia. Bars= 0.5 pm.

CONCLUSIONS

SECM can non-invasively measure oxygen consumption by
single, identical human embryos. This technique is a valuable tool
for acaumiely assessing the mitochondrial finction of human

embryos. As respiration activity comelates with the quality of
embryos, this technique may contribute to assessing the quality of
human embryos n in vt fertilization clinics.
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There are some differences in reproductive features between
the Chinese Meishan (CM) pig and Large White (LW) pig. The
aim of the present study was to investigate the quantitative
changes and ultrastructural features of ciliated cells in the
various regions of the CM and LW pig oviduct durnng
the follicular and luteal phases of the oestrous cycle. In the
fimbrial and ampullar epithelia at the follicular phase, the
ciliated cells were more plentiful than in the isthmic region in
both pigs. In the CM pigs, there was a striking decrease in the
percentage and cell height of ciliated cells in the luteal phase
compared with the follicular phase. Although similar quanti-
tative changes were observed in the LW pig oviduct, these
changes were less dramatic than that in the CM pig oviduct. In
both pigs, the percentage and cell height of ciliated cells in the
isthmus were unchanged between the follicular and luieal
phases. The ultrastructure of ciliogenic and ciliated cells was
observed. In the fimbrial and ampullar epithelia during the
follicular phase, most of the ciliated cells showed normal
morphology, having many elongated cilia and mitochondria,
but in the CM pig oviduct during the luteal phase many of the
ciliated cells possessed immature cilia and swollen mitochon-
dria. Cells undergoing ciliogenesis were frequently observed in
the fimbriae and ampulla, and occasionally in the isthmus.
Cytoplasmic protrusions containing variable numbers of
ciliary axonemal complexes occurred in the fimbrial and
ampullar epithelium in the CM pigs at the luteal phase,
suggesting that deciliation of cells occurs by membrane-bound
cilia packets forming at the apices of cells and pinching off.
These results demonstrate that there are regional variations in
the cyclic changes associated with the oviductal ciliated cells of
the pigs, while there are marked morphometrical and ultra-
structural changes in oviductal ciliated cells of the CM pigs
compared with that of the LW pigs.

Introduction

The epithelium of the oviduct consists of two types of
cell: ciliated and nonciliated secretory cells. The ciliated
cells may play an important role in the transport of
oocytes and embryos (Odor and Blandau 1973) and
possibly in the regulation of sperm progression (Hunter
et al. 1991). On the other hand, the secretory cells
produce and release specific secretory materials which
may play important roles in embryonic development
and sperm function (Hunter 1994; Abe et al. 1995;
Gandolfi 1995). These cells undergo marked morpholo-
gical and functional changes in association with fluctu-
ations of the ovarian hormones during the oestrous
cycle (Rumery et al. 1978; Odor et al. 1980). Moreover,
it is known that the oviductal epithelial cells show
marked regional variations in ultrastructural, histo-
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chemical, biochemical, and physiological features in
many mammals (Abe 1996).

The Chinese Meishan (CM) pig is known as
a precocious and prolific breed (Cheng 1984). It has
been reported that there are differences in rates of
ovulation, embryo-placental development, and the size
of the uterus between the Large White (LW) pig and the
CM pig (Bazer et al. 1988a.b). In particular, it scems
that the reproduction success of the CM pig is associ-
ated with higher rates of embryo development. There-
fore, it is of great interest to compare the ultrastructural
features of oviductal epithelial cells between the CM pig
and the LM pig. In previous studies, it has been
described the ultrastructural features of epithelial cells
in the LW pig oviduct (Nayak et al. 1976a,b, 1976c,
1977). The surface morphology of oviductal epithelium
has been investigated in LW pigs (Stalheim et al. 1975;
Wu et al. 1976; Yaniz et al. 2006). Similarly, the luminal
surfaces of epithelial cells in various regions of the
oviducts of CM pigs were examined by scanning
electron microscopy (Abe and Oikawa 1992). However,
available information on the reproductive tracts, inclu-
ding the oviduct of CM pig, is still limited.

Recently, we have reported the marked regional
changes in the ultrastructural features of secretory cells
in the CM pig oviduct, which are associated with the
stages of the oestrous cycle (Abe and Hoshi 2007). This
study provides insight into the regional and cellular
differences in functions of secretory cells of the CM pig
oviduct. Therefore, it is important to investigate how
cytomorphometric and ultrastructural changes of cili-
ated cells occur in the CM pig oviduct during the
oestrous cycle. The objective of the current study was to;
(i) quantitate the numbers and heights of ciliated cells,
(i) examine the ultrastructure of the ciliogenic and
ciliated cells present in the fimbrial, ampullar, and
isthmic epithelium of the oviduct at the follicular and
luteal phase of the oestrous cycle and (iii) compare these
morphological features between the CM pig and the LW

pig.

Materials and Methods

Sexually mature CM pigs and LW pigs were observed at
least twice per day for evidence of oestrus before they
were placed into an experiment. Two groups of three
CM pigs and five LM pigs at different stages of the
oestrous cycle (day 1 and days 10-14) were killed at a
local meat processing plant. Day 1 refers to the day of
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onset of oestrus (follicular phase), and days 10-14 refer
to the late dioestrus (luteal phase). The stages of the
cycle were confirmed by careful examination of the
ovaries according to the previous method (Akins and
Morrissette 1968). They were destinated to the food
chain after slaughter.

Oviductal segments were processed for transmission
electron microscopy according to our previous study
(Abe and Oikawa 1992). Oviducts were recovered within
20 min of slaughter. After the oviduct had been trimmed
of fat and extraneous tissue, the fimbriae, ampulla, and
isthmus were cut apart. Strips of tissuec were cut along
the borders of the fimbrial folds and the luminal ridges
of the ampulla and isthmus. These tissues were fixed by
immersion in 2% paraformaldehyde (PA)-2.5% glutar-
aldehyde (GA) for 3 h. After fixation, the segments were
trimmed into small pieces and fixed again for 3 h in 2%
PA-2.5% GA. The pieces of tissue were postfixed for 2 h
with 1% osmium tetroxide. All fixatives were prepared
in 0.1 M phosphate buffer (pH 7.4) and tissues were
rinsed after fixation in phosphate buffer. All fixation and
rinsing steps were carried out at 0-4°C. Osmolality of
PA-GA fixative was approximately 400 mOsm. After
fixation, the oviducts were dehydrated in ascending
concentrations of ethanol, and embedded in Epon 812
resin (Taab Laboratories Equipment Ltd, Berkshire,
UK). All sections were prepared using an ultramicro-
tome (NOVA, Pharmacia LKB, Uppsala, Sweden).
Semithin sections were cut with a glass knife and
ultrathin sections were cut with a diamond knife.
Semithin sections were placed on glass slides, stained
with 1% toluidine blue and examined under a light
microscope (BH2: Olympus Optical Co., Ltd, Tokyo,
Japan). Ultrathin sections were stained with uranyl

acetate and lead citrate and examined using a transmis-
sion electron microscope (JEM-100SX, Jeol, Tokyo,
Japan) operated at 60 kV.

To obtain quantitative data on the percentage of
ciliated cells, 1.5 ym semithin sections of cells were
examined under the light microscope as in the method
described previously (Abe and Oikawa 1992). The
percentages of ciliated cells were determined by scanning
250-500 cells per block from at least three different
blocks of fimbriae, ampulla, and isthmus per animal. All
the epithelial cells that extended as far as the luminal
surface were counted, while those in obliquely cut areas
were excluded. The height of epithelial cells and the
length of cilia were measured with an ocular micro-
meter. For these measurements we selected, in each
region, 75-125 ciliated cells in which the plane of the
section clearly passed through the cell nucleus, parallel
to the longitudinal axis of the cell. Each result is
expressed as the mean + standard error of the mean.

Statistical analyses were performed using one-way
analysis of variance (Aanova, Abacus Concepts, Stat-
View, Berkeley, CA, USA) and Fisher's protected least
significant differences test.

Results

Figure 1 shows the morphology of the mucosa in the
three regions of CM pig oviduct during both the
follicular and luteal phases of the oestrous cycle. In
the epithelium of all regions, two distinct cell types,
ciliated and nonciliated (secretory) cells were distin-
guished. During the follicular phase, ciliated cells were
predominate in the fimbrial epithelium (Fig. 1a). Baso-
philic granules were present in the apical cytoplasm of

Fig. 1. Light micrographs of Chinese Meishan pig oviduct in cross-section showing the fimbriae (a, b), ampulla (¢, d), and isthmus (e, I). (a, ¢, €)
Follicular phase. (b, d, f) Luteal phase. Basophilic granules (arrowheads) are found in nonciliated cells in the ampulla (c) and isthmus (e) in the
follicular phase The cells are extended from the epithelium (arrows in b.d) in the luteal phase. Bar 20 pm
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nonciliated cells in the ampulla and isthmus in the
follicular phase (Fig. lc, e). The apices of nonciliated
cells showed various degree of protrusion. The protru-
sions extended beyond the tips of the cia in the
epithelium of the fimbriae (Fig. Ib) and ampulla
(Fig. 1d) in the luteal phase. The epithelium of all
oviductal regions in LW pig appeared similar to that in
CM pig (not shown).

Figure 2 shows the mean percentage of ciliated cells
and the cell height of ciliated and nonciliated cells in the
oviductal epithelium of the fimbriae, ampulla, and
isthmus during the follicular and luteal phases of the
oestrous cycle. In CM pig. the mean percentage of
ciliated cells significantly decreased from £1.1% in the
fimbriac and 61.2% in the ampulla in the follicular
phase to 31.0% and 39.7%, respectively in the luteal
phase (Fig. 2a). Although the mean percentage of
ciliated cells in LW pig oviduct significantly decreased
from 80.5% in the fimbriae in the follicular phase to
74.7% in the luteal phase, this reduction was less
dramatic than that in CM pig oviduct. The percentage
of ciliated cells in the ampulla of LW pig oviduct was
not significantly different between the follicular and
luteal phases, 61.2% and 61.9%, respectively. In the
isthmus, the drastic changes in percentage of ciliated
cells were not observed between the follicular and luteal
phases (34.0% and 34.4% in CM pig; 35.0% and 38.7%
in LW pig, respectively). In both pigs, the height (um) of
ciliated cells in the epithelium of fimbrial and ampullar
regions was dramatically reduced in the luteal phase
compared with the follicular phase (follicular vs luteal:
29.7 vs 15.7 in fimbriae and 27.9 vs 16.4 in ampulla in
CM pig; 30.3 vs 184 in fimbriae and 31.7 vs 174 in
ampulla in LW pig, respectively) (Fig. 2b). The height of
nonciliated cells was reduced in the epithelium in these
two regions, although the reductions were less dramatic
than those in the ciliated cells (follicular vs luteal: 32.7 vs
26.8 in fimbriae and 29.5 vs 25.6 in ampulla in CM pig;
30.5 vs 25.6 in fimbriae and 32.5 vs 24.8 in ampulla in
LW pig, respectively) (Fig. 2c). In the isthmus, there are
no marked changes in the height of ciliated (follicular vs
luteal: 28.0 vs 26.8 in CM pig; 29.3 vs 27.7 in LW pig,
respectively) and nonciliated (follicular vs luteal: 30.4 vs
28.3 in CM pig; 30.2 vs 28.8 in LW pig, respectively).

In the fimbrial epithelium of CM pig oviduct in the
follicular phase, the ociliated cells contained indented
nuclei composed primarily of euchromatin and distinct
nucleoli (Fig. 1a, 3a). The mature ciliated cells were
characterized by cilia, basal bodies, and an apical
distribution of numerous mitochondria. Many of the
mitochondria were long and oriented parallel to the long
axis of the cell (Fig. 3b). Numerous polysomal com-
plexes were scatiered throughout the cytoplasm. Many
mature cilia protruded at the apical surface of the
ciliated cells. The ultrastructural features of mature
ciliated did not differ between CM and LW pigs.

During the luteal phase, some marked changes in
ultrastructural features were observed in the ciliated
cells of the fimbrial region in the MS pig oviduct. In
general, most ciliated cells had low electron density
cytoplasm compared with that of the nonciliated cells
(Fig. 3¢). The nuclei of many cells showed ovoid
structures and were composed of more prominent
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Fig. 2. Cyclic and segmental variations in proportion (a) and cell
height of ciliated cells (b) and nonciliated cells (c) in the epithelium at
the fimbrial, ampullar, and isthmic regions of the Chinese Meishan
(CM) and Large White (LW) pig oviducts. Values are expressed as
mean = SEM (proportion: n =9, cell height: n = 79-125). Values
with different superscripts in each column (oviductal segment) differ
significantly (p < 0.05)
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Fig. 3. Fimbrial epithelial cells of Chinese Meishan pig oviducts at follicular (a, b) and luteal (c, d) phases of the oestrous cycle. (a, b) The
fimbrial ciliated cells have many mature cilia (Ci) and elongated mitochondria (M). (c, d) During the huteal phase, ciliated cells (CC) have low
electron-dense cytoplasm and many short cilia (arrows). Many swollen mitochondria are seen in the supranuclear cytoplasm. BL, basal lamina;

SC, secretory cells. Bars a, ¢ = 2 ym; b, d = 0.5 ym

heterochromatin at the peripheral margins of the nuc-
lear membrane compared with the follicular phase. The
cilia were shorter than those in the follicular phase and
these immature cilia had a characteristic blunt tip
(Fig. 3d). Most mitochondria had a round shape. In
the ampulla and isthmus, the mature ciliated cells
showed similar ultrastructural features to the fimbrial
ciliated cells. These ciliated cells possessed a nucleus
with nucleoli and condensed chromatin, cilia, basal
bodies, and elongated mitochondria, and there were no
dramatic ultrastructural changes as were observed in the
fimbriae during the luteal phase (not shown).

Cells demonstrating ciliogenesis were observed with
moderate frequency in the epithelium of the fimbriae

and occasionally in the ampulla and isthmus. The
frequency of appearance of ciliogenic cells was higher
in the follicular phase than in the luteal phase. In these
ciliogenic cells, many fibrous granules, which were small
and round, and eclectron-dense granules without a
limiting membrane, were observed in the area between
the nucleus and the apex of cell (Fig. 4a). Also, several
deuterosomes, which were of higher electron density
than the fibrous granules, occurred near aggregates of
the fibrous granules. The deuterosomes were classified
into two types. One type appeared spherical and solid,
0.1-0.2 ym in diameter, while the other appeared
hollow, and 0.2-0.5 um in diameter (Fig. 4a, inset).
Procentrioles arose around the deuterosomes in
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Fig. 4. Apical portions of epithelial cells ol the Chinese Meish

iduct, (a, b) Cili
deuterosomes (D) are seen in the supranuclear cytoplasm, The insertion illustrates a hollow deuterosome. Procentrioles (P) are located around the

pig ic cells. Aggregates of fibrous granules (FG) around

deuterosome in a spoke-like arrangement. Some lysosome-like bodies (Ly) are seen around the deulerosome and procentrioles. Basal bodies (B)
are forming cilia and small bulge (arrow) in the cell membrane is seen (arrow). () Ciliated cells of the fimbrial epithelium. Cytoplasmic

protrusions (asterisks) contain internalized parts of ciliary axonemes. (d) An epithelial cell illustrating the presence of a solitary cilium (SC).

Notice the small endocytotic vesicles (arrowt

a spoke-like formation and developed into basal bodies.
Usually, one deuterosome was associated with one to six
procentrioles. The basal bodies migrated from near the
aggregates of fibrous granules to the apical surface of
the cell and there initiated the formation of cilia
(Fig. 4b). As a result, ciliary buds were formed and
each of them induced formation of a small bulge in the
cell membrane, which eventually induced elongation of
the cell membrane around the developing cilium.
Sometimes, an irregular cytoplasmic process surround-
ing the elongating cilium was observed. In the fimbrial
epithelium, irregular cytoplasmic protrusions were fre-
quently observed in the mature ciliated cells at the luteal
phase. Most of the protrusions were free of cellular
organelles but contained internalized parts of ciliary
axonemes (Fig. 4c). In some cells, a solitary cilium
projected into the lumen and small vesicles that

is). Bars a, b, ¢ = | pm; d, Inset ina = 0.5 ym

appeared to be endocytotic vesicle were observed in
the apical cytoplasm (Fig. 4d).

Discussion

This study demonstrates that the oviductal epithelium of
the CM pig and LM pig undergoes a drastic change in
ciliation during the oestrous cycle. Large numbers of
ciliated cells were present in the epithelium of fimbriae
and ampulla during the follicular phase, while the
numbers of ciliated cells was significantly reduced in the
luteal phase. Moreover, the height of the ciliated cells
decreased noticeably in the luteal phase. These changes
were particularly dramatic in the fimbriae. Similar
observations have been described in the oviduct of the

domestic animals (Abe and Oikawa 1993b; Abe et al.
1993). Cilia are thought to be primarily responsible for
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the pickup and transport of ovulated eggs in the
fimbriae, and the cilia of the ampullar epithelium have
a similar function (Odor and Blandau 1973). A richly
ciliated epithelium at ovulation (follicular stage) is
important. It seems that the cyclic changes observed in
the present study reflect the function of the cilia in the
fimbriac and ampulla of the pig oviduct.

In the present cytomorphometric study, the numbers
of ciliated cells in the pig oviductal epithelium, especially
in the CM pig oviduct, significantly decreased in the
fimbrial and ampullar regions at the luteal phase.
Similar changes in ciliation have been observed in the
primate oviducts (Rumery et al. 1978; Odor et al. 1980;
Brenner et al. 1983). In the oviduct of the rhesus
monkey, Brenner (1969a,b) demonstrated that large
numbers of cilia are formed during the follicular phase,
creating a richly ciliated epithelium, and extensive
atrophy and deciliation take place during the luteal
phase of the menstrual cycle. Deciliation is associated
with a ‘pinching off" of the apical portion of each ciliated
cell (Brenner 1969a). Similar findings have been des-
cribed in the oviduct of the pig-tailed monkey (Odor
etal. 1980), In our previous study using scanning
electron microscopy, ‘pinching off” of the apical portions
of epithelial cells was frequently observed in the CM pig
oviduct (Abe and Oikawa 1992). The present study
demonstrated that these apical protrusions contained
infernalized parts of ciliary axonemes. These findings
suggest that the reduction in number of ciliated cells in
the luteal phase may be accomplished by shedding of the
cilia into the oviductal lumen,

The cells showing ciliogenesis were found in the
fimbrial and ampulla epithelia during the oestrous cycle.
The ultrastructural features of ciliogenesis observed in
the CM pig oviductal epithelium were similar to those
described in the oviducts of other species (Anderson and
Brenner 1971; Dirksen 1971; McCarron and Anderson
1973; Komatsu and Fujita 1978b; Abe and Oikawa
1989). The initial event in ciliogenesis is the appearance
of fibrous granules in the apical cytoplasm of the future
ciliated cells. These fibrous granules are also called
proliferative elements (Dirksen and Crocker 1965) and
procentriole precursors or axonemal precursors (Stein-
man 1968). The second event in ciliogenesis is the
appearance of electron-dense spherical bodies, designa-
ted deuterosomes (Sorokin 1968), within the aggrega-
tion of fibrous granules. The procentrioles begin to form
shortly after or simultaneously with the appearance of
fibrous granules and deuterosomes, and each procent-
riole usually develops in contact with the deuterosomes.
Eventually, procentrioles lengthen, break away from the
deuterosome, migrate toward the cell surface, and then
each centriole becomes associated with the cell mem-
brane to form a ciliary bud, which grows into a cilium.
In the ciliogenic cells present in the oviductal epithelium
of the CM pig, the deuterosomes were distinguished into
two types, solid and hollow. The hollow type has never
been observed in the monkey oviduct (Anderson and
Brenner 1971), but both solid and hollow deuterosomes
have been seen in the oviduct of the mouse (Komatsu
and Fujita 1978a) and golden hamster (Abe and Oikawa
1989). It is not clear whether deuterosomes are actually
utilized in the formation of the procentriole or whether

they act merely as organizers for the generation of the
procentriole.

The ciliated cells of the isthmus showed few changes
between the follicular and luteal phases, in contrast to
those of the fimbriae and ampulla. It has been suggested
that the isthmic epithelial cells act as a sperm reservoir
(Hunter et al. 1991). That study demonstrated specific
and active interactions between the tips of the cilia and
the flagella of bull spermatozoa in the caudal isthmus of
the oviduct of cows, suggesting that the cilia in the
oviductal isthmus may regulate contacts with sperma-
tozoa flagella. In addition, some studies suggest that
isthmic epithelial cells may have the ability to maintain
the viability and fertilizing capacity of spermatozoa
(Smith et al. 1987; Pollard et al. 1991; Suarez et al.
1991). However, the main function of isthmic ciliated
cells of the mammalian oviduct remains unresolved.

The cytomorphometric analysis and transmission
electron microscopy data of the present study revealed
that there were marked regional differences in epithelial
cells of the pig oviduct during cyclic changes. Although
the reason for the regional differences is unclear. these
regional differences may reflect regional variations in
sensitivity to ovarian steroid hormones. Many studies
have demonstrated that cytodifferentiation of epithelial
cells of the oviduct is closely related to the effects of
ovarian steroid hormones (Brenner et al. 1974; Verhage
and Brenner 1975; Odor et al. 1980; Abe and Oikawa
1993a). In addition, it has been suggested that the
regular cycle of ciliogenesis and deciliation by the
epithelial cells of the mammalian oviduct is dependent
upon the levels of circulating estrogen and progesterone
(Brenner et al. 1974; Verhage et al. 1979; Abughrien and
Dore 2000). Ciliogenesis in the follicular phase occurs
under the influence of estrogen, while the appearance of
progesterone at midcycle suppresses ciliogenesis and
leads to deciliation. Moreover, it has been suggested by
others that oviductal epithelial cells show regional
differences in their responses to steroid hormones
(Gupta et al. 1969; Fredricsson and Holm 1974; Bajpai
et al. 1977). These findings strongly support our hypo-
thesis that there are regional differences in the responses
to hormones of epithelial cells in the various regions of
the Chinese Meishan pig oviduct.

A solitary or single cilium, also designated a rudi-
mentary or temporary cilium, was frequently observed
in the CM pig oviductal epithelial cells in the luteal
phase. Odor and Blandau (1985) observed such solitary
cilia. more frequently in the oviductal epithelium of
ovariectomized and ovariectomized/progesterone-trea-
ted rabbits than in controls. Also, solitary cilia have
been found on undifferentiated epithelial cells of neo-
natal oviducts (Komatsu and Fujita 1978a; Odor and
Blandau 1985; Abe and Oikawa 1989). These findings
suggest that the appearance of solitary cilia may be
closely related to fluctuations in levels of ovarian
hormones.

In summary, ciliated cells predominate in the fimbria
and ampulla of the pig oviducts at the follicular phase of
the oestrous cycle, and the numbers and height of
ciliated cells is dramatically reduced in the liteal phase.
The ‘pinching ofl” of clusters of cilia from the ciliated
cells of the fimbriae and ampulla of the CM pig oviduct
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appears to be the mechanism for deciliation. Moreover,
marked regional variations in ciliation were associated
with the cyclic changes. These cytomorphometric and
ultrastructural changes were more dramatic in the CM
pig than those in the LW pig. Although the reason for
these differences between the CM and LW pigs is
unclear, it appears that there is a certain relation
between the dramatic cyclic changes of oviductal
epithelial cells and the prolific breed capacity of CM
pig. The biological significance of regional and cyclic
variations in ciliation of the CM pig oviduct needs
further investigation to improve our understanding of
the physiological function of oviductal epithelial cells in
the reproductive process.
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Abstract: Morphological evaluation has been widely
used to evaluate embryo quality because it (s non-
invasive and useful in predicting pregnancy rate.
However, morphological evaluations are subjective and
categorization standards often vary between
investigators. The respiration rate of embryos is a useful
parameter for evaluating embryo quality. The scanning
electrochemical microscopy (SECM) measuring system
provides a non-invasive, simple, accurate, and
consistent measurement of the respiration activity of
human embryos. After morphological evaluation by
Veeck’s method, oxygen consumption by individual
human embryos was quantified by SECM

Fundamentally, the maturation of mitochondria
correlated with an increase in oxygen consumplion
during the development of embryos. The development
of mitochondria may be an important factor in embryo
quality, because mitochondria provide ATP for
embryonic development by metabolism of nutrients in
the cytoplasm. The respiration rates on the day 3 after
in vitro fertilization (IVF) were measured and significant
differences in oxygen consumption were registered even
among embryos with the same morphological
classification. There were no significant differences
between the mean rates of oxygen consumption at each
cleavage stage, however, there was considerable
variation in respiration rate within embryos of the same
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morphological grade. The safety of SECM is assured as
the embryos which were examined by SECM for oxygen
consumption showed the same development levels as
the control group. These results support the hypothesis
that measuring embryonic respiration provides
additional and valuable information about embryo
quality.

Key words: Embryo quality, Oxygen consumption,
Non-invasive evaluation

Introduction

Morphological evaluation has been widely used to
evaluate embryo quality because it is non-invasive and
useful in predicting pregnancy rates. However,
morphological evaluations are subjective and
calegorization standards often vary among
investigators. Therefore, more objective selection
criteria are needed. Respiration is a useful parameter
for evaluating embryo quality as it provides important
information about metabolic activity. The scanning
electrochemical microscopy (SECM) measuring system,
which was introduced by Abe et al. [1], provides a non-
invasive, simple, accurate, and consistent
measurement of the respiration activity of single human
embryos.

Scanning electrochemical microscopy is a technique
in which the tip of a microelectrode is used to monitor
the local distribution of electro-active species near the
sample surface. The SECM measuring system has
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respiration activity of embryos. SECM includes a measurement instrument on the inverted optical

microscope stage, a potentiostat, and notebook computer.
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medium. The sample sinks to the bottom of the well remaining at the lowest point (d, e). The
oxygen concentration profiles are calculated with custom software based on spherical diffusion
theory (f). Measurements of each embryo are performed very rapidly.

been used to non-invasively measure respiration activity
of single bovine and murine embryos, among other
species [2]. We employed SECM to accurately
delermine the oxygen consumption of single, identical
human embryos at different developmental stages. In
this article, we introduce the SECM method for
assessing the quality of individual human embryos.

Measuring Respiration Activity of
Single Human Embryo

Following in vitro fertilization (IVF)-embryo transfer
procedure, surplus embryos that patients preferred not
to keep preserved were used in our study. Informed
consent for use of the embryos in this research was
obtained from all the patients. From July 2006 to July
2007, 188 embryos from 73 cycles were examined. The
mean age of the embryo donor was 34.5 + 4.5 years
and the number of previous ART cycles was 2.7 + 2.3.

The embryos were cultured in Cleavage Medium
(Sydney IVF, Australia) until day 3, after which they
were cultured in Blastocyst Medium (Sydney IVF,

Australia). After morphological evaluation by Veeck's
method, oxygen consumption of individual human
embryos was quantified with a modified SECM
measuring system (Fig. 1). A single embryo was
transferred into a well filled with HFF99 (Fuso
Pharmaceutical Industries, Osaka, Japan) medium,
where it fell to the bottom of the cone-shaped microwell
and remained al the lowest point. A platinum (Pt)-
microdisk electrode was lowered into the solution, and
its tip potential was held at —-0.6V vs Ag/AgC| with a
potentiostat to monitor the local oxygen concentration.
The microelectrode scanned along the z-axis from the
edge of the sample and the oxygen consumption rate
was calculated with custom software based on spherical
diffusion theory. Measurements of each embryo were
performed very rapidly (within 1 min). A part of each
embryo was prepared for observation by transmission
electron microscopy. The safety of SECM on the
embryos was also examined.

The mean respiration rates (F x 10"*/mol-s™') of 4-cell,
5-cell, 8-cell, 7-cell, 8-cell, 9-cell, and 10-cell embryos
were 0.34 + 0.1 (n=8), 0.45 + 0.2 (n=15), 0.37 £ 0.1
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Table 1. Oxygen consumption rates at each cleavage siage

Cleavage No. of embryos Oxygen consumption
stage examined (F = 10"/mol's™")
4-cell 8 03401
S-cell 15 04502
6-cell 39 03701
T-cell 51 039£02
8-cell 50 040£02
9-cell 12 0.40+0.1
10-cell 12 0.50+02

There were no significant differences in the mean rates of
oxygen consumption at each cleavage stage.

(n=39), 0.39 £ 0.2 (n=51), 0.40 + 0.2 (n=50), 0.41 = 0.1
(n=12), and 0.50 + 0.2 (n=12), respectively (Table 1).
There were no significant differences between the mean
respiration rates at each cleavage stage; however,
there was considerable variation in respiralion rale
within embryos of the same morphological grade.

The relationship between the embryo morphology and
oxygen consumption was examined (Fig. 2).
Significantly different levels of oxygen consumption
were registered even among embryos of the same
morphological classification.

After measuring their respiration rates with SECM,
embryos were cultured to examine their developmental
capacity. Embryos with moderate respiration rates
(more than 0.26 x 10" /mol-s~ and under 0.56 = 10"/
mol-s™') had a 65.8% chance of reaching the blastocyst
stage. On the other hand, embryos with lower (under
0.25 = 10**/mol-s™") and higher (more than 0.55 x 10"/
mol-s™') respiration rates had only a 39.0% chance of
reaching the blastocyst stage (Fig. 3).

The safety of SECM is assured as the embryos which
were examined by'SECM for oxygen consumption

showed the same levels of development as the control
group (Fig. 4).

Future Application of SECM in Assisted
Reproductive Technology

Finding embryos of the highest quality is an
imperative for obtaining good results in ART. To obtain
a good embryo, many reports have proposed new
methods and findings. A report on the correlation
between first polar body morphology and pregnancy
rate suggested that preselection at a very early stage
may be helpful in identifying a subgroup of
preimplantation embryos with good prognosis to form

Individual human embryos on DAY3 after IVF and

oxygen consumption rate.

il g \'/ VI
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Classification by 4-cell  4-cell
Veeck method Grade 1 Grade 1

6-cell
Grade 2 Grade 2 Grade 2 Grade 2

6-cell 8-cell 8-cell

Oxygen
consumption
(F x 10'%/mol-s™)

0.25 0.44

0.57

0.23 0.71 0.35

Fig. 2. Individual human embryos on Day 3 afier IVF were classified by the method of Veeck ef al
There were considerable variations in respiration rates within embryos (1 and I1, IIl and IV, V
and VI) classified as the same morphological grade.



