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L991 Calcium on the Cell Membrane of Mouse

Embryos in the Course of Blastocyst Formation

Tkuko YOTSUTANI®, Sueo NIIMURA and Kazuo ISHIDA

Graduate School of Science and Technology*,
and Faculty of Agriculture, Niigata University,
Niigata-shi 950-21

Abstract: Electron probe X-ray microanalysis of calcium was
performed on mouse embryos from the 8-cell to blastocyst stages.
In the spectra obtained by the analysis, no peak of calcium was
found on the cell membrane of any blastomere in uncompacted 8- and
16-cell embryos. In compacted 8- and 16-cell embryos, however,
calcium peak was detected on the <cell membranes of flattened
outer blastomeres facing perivitellin space and on the cell mem-
branes where the ends of two flattened outer blastomeres met. In
blastocysts, <calcium peak was found on the cell membranes of
trophoblast cells and inner-cell-mass cells.

Introduction

In mouse embryos during blastocyst formation, kinds of Jjunc-
tional complexes are formed between each group of two blastomeres,
among which, a series of tight junctions between each group of two
outer blastomeres induce flattening of the outer blastomeres
either at the 8-cell or 16-cell stage, and consequently compaction
of the embryos occurs!'~*’. When mouse embryos are cultured in a
calcium-free medium, however, no junctional complexes are formed,
and therefore, neither transformation 1into flattened blastomeres
nor simultaneous compaction occur, and, most of all, embryos can
not develop into Dblastocysts 2-°°7), These findings strongly
suggest that calcium plays an important role in the formation of
junctional complexes and consequently of blastocysts.

Niimura and Ishida (1982)®%" performed an analytical elec-
tron microscopic examination of calcium 1in the early development
of mouse embryos, but did not especially observe that in compacted
embryos, which therefore left the localization of calcium in
compacted embryos unknown.

In the present investigation, then, an electron probe X-ray
microanalysis of calcium was performed on the cell membranes of
blastomeres in uncompacted 8- and 16-cell mouse embryos, of flat-
tened outer blastomeres and round inner ones in compacted 8- and
16-cell embryos, of trophoblast cells and inner-cell-mass cells in
blastocysts.

Materials and Methods
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Twelve female mature mice of the ICR strain were kept and fed
normally in a room at 24 T, 1it 14 hours a day, from 4 a.m. till 6
p.m. They were superovulated with 5 i.u. PMSG (Teikoku Hormone
Manufacturing Co. Ltd., Tokyo, Japan), and 48 hours later with
5 i.u. hCG (Teikoku Hormone Manufacturing Co. Ltd.), and then were
mated with ICR males of proven fertility. Embryos at the 8-cell,
16-cell and blastocyst stages were collected from the oviducts or
uteri respectively 67, 80 and 96 hours after hCG injection. They
were fixed in a 0.1 M cacodylate buffer solution (pH 7.4) contain-
ing 4 % glutaraldehyde and 2 % paraformaldehyde at 4 T for 2
hours. Rinsed 3 times, overnight, in a 0.1 M cacodylate buffer
solution (pH7.4), the embryos were dehydrated in a series of
graded acetone, embedded in Epon 812, and cut at a thickness of
0.1 ym with a JUM-7 ultramicrotome.

Electron probe X-ray microanalyses were performed on the
sections thus prepared, using an AN-10000 (Link Analytical Ltd.,
Halifax, England) connected with .a JEM-2000 FXI. Analytical con-
ditions were 200 kV in accelerated electric pressure and 2-5 X
107'% A in electric current. ~

The analyses were done on the cell membranes facing peri-
vitellin space, intercellular space and Dblastocoele, and on the
cell membranes adhering to each other.

Results

Sixty-seven hours after hCG injection, all the embryos ob-
served were at the 8-cell stage, the blastomeres of which were
round in shape; compaction had not occurred in these embryos.
Eighty hours after hCG injection, there still were some un-
compacted 8-cell embryos, aside from 16-cell embryos which had
round blastomeres only, 8-cell and 16-cell embryos having both
flattened outer blastomeres and round inner ones; and compaction
had occurred in the last two types. Ninety-six hours after hCG
injection, all the embryos were at the blastocyst stage.

In the spectra obtained by electron probe X-ray micro-
analyses, no peak of calcium was detected on the cell membrane of
any blastomere in uncompacted 8- and 16-cell embryos (Fig. 1).
In compacted 8- and 16-cell embryos, however, calcium peak was
detected on the cell membranes of flattened outer blastomeres
facing perivitellin space and on the cell membranes where two
blastomeres were touching each other (Fig. 2), though no peak was
found on the <cell membranes of round 1inner blastomeres. In
blastocysts, calcium peak was detected on the cell membranes of
trophoblast cells and inner-cell-mass cells at following spots;
where two trophoblast cells ajointed (Fig. 3), where two inner-
cell-mass cells ajointed, where a trophoblast cell ajointed an
inner-cell-mass cell, where trophoblast cells faced perivitellin
space, and where trophoblast cells or inner-cell-mass cells faced
blastocoele or intercellular space.

=1 22~
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Fig. 1.

All the figures are spectra obtained by electron probe X-ray
microanalyses on the cell membranes of mouse embryos. Fig. 1.
Calcium peak is absent in the spectrum at one point(a) where a
round blastomere faces perivitellin space in an uncompacted 8-cell

embryo. Fig. 2. Calcium peak is present in the spectrum at one
point(b) where the ends of two flattened blastomeres adhere in a
compacted 16-cell embryo. Fig. 3. Calcium peak is present in the

spectrum at one point(c) where two trophoblast cells adhere in a
blastocyst.

Discussion

Niimura and Ishida (1982)% applied electron probe X-ray
microanalysis for the detection of <calcium in the early develop-
ment of mouse embryos, using an ORTEC EEDS I connected with a
TEMSCAN-100 CX, and reported on the presence of calcium on the
cell membranes of embryos at earlier developmental stages, but not
in their nuclei, cytoplasm, =zonae pellucidae and perivitellin
space, while in blastocysts, calcium was found only on trophoblast
cell membranes facing zona pellucida and inner-cell-mass cells.
In the present investigation, the authors wused an AN-10000 con-
nected with a JEM-2000 FXI to detect calcium on the cell membranes
of mouse embryos in the course of blastocyst formation, and ob-
tained the details as reported in the- “‘results”. The fact that we
got more detailed information is due to the excellence of the
instruments used in these experiments.

Calcium-dependent cell-cell adhesion molecules such as
cadherin participate in the adhesion between <cells including
blastomeres® '%, and calcium plays some role in the activation
of cell-cell adhesion molecules® %), When mouse embryos in the
early stages of development are cultured in a calcium-free medium,
compaction does not occur since Jjunctional <complexes are not
formed between blastomeres in such embryos?' 7’, and this must mean
cell-cell adhesion molecules are not functioning'®’ . Vestweber et
al. (1987)'7? who detected cadherin in mouse embryos stated
cadherin first appears on the cell membranes of late 2-cell em-
bryos, and that in compacted embryos and blastocysts, cadherin
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localized on the cell membranes where two blastomeres adhere:

they also observed that it is not functioning before compaction,

under

In

which <condition blastomeres begin to adhere to each other.

the present investigation, calcium was not found on the cell

membranes of uncompacted embryos, whereas it always existed on the
cell membranes of compacted embryos and blastocysts, corresponding
with the results of cadherin. We may conclude, then, that calcium
plays some role in the activation of cadherin.
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mouse eggs after removal of cumulus oophorus

Yoshiaki Itagaki! and Yutaka Toyoda?

Central Research Institute’!, Itoham Foods Inc.,
Moriya-machi, Ibaraki 302-01; Institute of Medical
Science? , University of Tokyo, Minato—ku, Tokyo 108

Abstract Cumulus oophorus was removed from freshly superovulated
eggs of Jcl:ICR mature mice with hyaluronidases under various conditions and the
cumulus-free eggs were inseminated with epididymal spermatozoa preincubated for
1.5-2h. Cumulus removal caused reduced fertilization rates to varying degrees
depending on the experimental conditions. Relatively high fertilization rates
were only attained either by dissolving the cumulus with very low
concentrations of hyaluronidase (hyaluronate lyase) or by increasing the
calcium concentration in the fertilization medium to 3.42mM. Possible
involvement of cumulus factor(s) assisting fertilization is discussed

Introduction

In mice, as in most mammalian species so far investigated, the capacitation of
spermatozoa with subsequent fertilization in vitro has been performed in a
single system '’ ; freshly ovulated eggs surrounded by cumulus oophorus can be
fertilized in a defined medium based on Krebs-Ringer or Tyrode solution
supplemented with glucose, pyruvate and serum albumin 2 ® . Although it has
been demonstrated that the presence of an intact cumulus oophorus around the
eggs is not an absolute necessity for fertilization, its removal has been
reported to cause an erratic or reduced fertilization rate " '*> . This may have
been caused by the loss of some cumulus component(s) responsible for successful
interaction between spermatozoa and eggs or by changes in the properties of the
zona pellucida during the process of denudation, as suggested in studies using
other mammalian species '?°'%

In the present study, effects of various factors, including the type and
concentrations of hyaluronidases, supplementation with hyaluronic acid, and

—-126~-
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increased concentrations of calcium in the fertilization medium, were
investigated in order to find the optimum conditions for the fertilization of
cumulus-free mouse eggs in vitro.

Materials and Methods

Medivm

The basic medium used throughout this study was the same as described by Toyoda
et al > which is referred to as TYH in this paper. In a series of experiments
in which the calcium concentration in the fertilization medium was doubled to
3.42mM or tripled to 5.13mM of that of the basic medium(l, 71mM), these media
are referred to as 2xCaTYH and 3xCaTYH, respectively. Each medium was prepared
from fresh ultra-pure water (18 megaohm), gassed by bubbling CO, for 2-3min,
divided into 10ml aliquots in polypropylene tubes and stored at -20 C until use

On the day before the experiment, the media were thawed by allowing them to
stand at 37 C, regassed with CO; briefly, and 4mg/ml bovine serum albumin
(Fraction V, Wako Pure Chemical Industries, Ltd., Tokyo) was added just prior
to sterilization through a 0.22um filter sterilizer. In an experiment in which
hyaluronic acid (from bovine trachea, sodium salt, Sigma Chemical Co., St.Louis
MO) was used, it was also added to TYH just prior to filter sterilization.

The 0.4ml (for sperm preincubation) or 0.2ml (for fertilization) drop of
medium in a plastic culture dish (Corning 35mm Non-treated polystyrene dish,
Iwaki Glass, Tokyo) was overlaid with 5-6ml of mineral oil (Squibb & Sons, Inc.,
Princeton NJ) and pre-equilibrated overnight at 37 C under 5% CO; in air

Collection of spermatozoa and capacitation
Spermatozoa were obtained from the cauda epididymidis of 3-7months old Jcl:ICR
male mice. The epidiymal duct was slit open with a pair of fine scissors and a
small portion of exuded content was directly introduced into TYH under mineral
oil. Sperm suspension was preincubated for 1.5-2h at 37 C under 5% CO, in air.

Collection of eggs and removal of cumilus oophorus
Mature, 2-5months-old, Jcl:ICR female mice were induced to superovulate by an
i.p.injection of 5iu eCG (Peamex, Sankyo Zoki Co.,Tokyo), followed 48h later by
an i.p. injection of hCG (Puberogen, Sankyo Zoki Co.,Tokyo). The mice were
killed by cervical dislocation at 15.5-16.0h after the hCG injection. The
oviducts were removed and were placed in the mineral oil that covered a drop of
TYH containing hyaluronidase. Eggs surrounded with cumulus oophorus were
released into the medium by puncturing the swollen ampullae. The oviducts were
discarded. The eggs were transferred into fresh TYH as soon as cumulus cells
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were dispersed, washed three times in TYH (0.4ml/wash for 3min), and randomly
allotted to each fertilizaion dish. In the control group, the eggs surrounded
with cumulus were directly introduced into the fertilization medium.

Two kinds of hyaluronidases were used in this study. Unless otherwise stated,
bovine testicular hyaluronidase (hyaluronoglucosaminidase) (Type IV-S, Sigma
Chemical Co., St.Louis MO) was used at a concentration of 150u/ml. In one
experiment, hyaluronidase (hyaluronate lyase) from Streptococcus dysgalactiae
(Hyaluronidase SD. Seikagaku Kokyo Co., Tokyo) was used at various
concentrations.

In vitro fertilization and examination of eggs
Immediately after introduction of cumulus-free eggs into the fertilization
medium, 5ul of preincubated sperm suspension was added to the medium to yield a
final sperm concentration of 200-350 cells/ul.

At 5-7h after insemination, eggs were examined carefully for the development
of male and female pronuclei under an inverted microscope and examined again
for the development to the 2-cell stage 24-26h after insemination. Observation
at both stages gave the same results, except for a few parthenogenetically
activated eggs which divided to the 2-cell stage. In these cases, the assessment
of fertilization was based on the observation at the pronuclear stage

Statistical analysis
Student’s t-test and chi-square test were used for the significance of
differences. The probability less than 0.05 was considered significant.

Resul ts

Effect of removal of cumilus oophorus before and after insemination
As shown in Table 1, removal of the cumulus before insemination, that is the
in vitro ferilization of cumulus-free eggs, significantly reduced the
fertilization rate (41.9% vs 92.6%), while no effects were observed when the
eggs were subjected to the same treatment with hyaluronidase at 1h after
insemination (97.4%).

Effect of washing on the fertilizability of cumilus—free eggs
In order to find out the cause of the reduced fertilization rate, the
cumulus-free eggs were inseminated at each step of‘washing after hyaluronidase
treatment. The results presented in Table 2 clearly show that the decrease in
fertilization rate had already occurred at the first washing and continued
further during the subsequent second and third washings.

—1 28—
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Table 1. Effect of cumulus removal before or after insemination

Cumulus removal No. of eggs examined No. (%) of eggs fertilized
Before 167 70 (41.9) °

After 156 152 (97.4) °®
None(control) 162 150 (92.6) °®

2% Significantly different at p .05

Table 2. Effect of washing on fertilization of cumulus-free eggs

No. of washing No. of eggs examined No. (%) of eggs fertilized
1 52 33 (63.5) *
2 48 26 (54.2) 2P
3 61 22 (36.1) °®

2" Significantly different at p .05

Table 3. Effect of cumulus-removal with hyaluronidase(hyaluronate lyase)
on fertilization

Treatment with hyaluronidase No. of eggs No. (%) of eggs

Conc. (u/ml) Time (min) examined fertilized
0.01 45-60 55 45 (81.8) *
0. 05 15-30 58 44 (75.9) *
45 50 33 (66.0) **
60 45 24 (63.3) °
0.1 10 66 16 (24.2) °©

2 b oc Significantly different at p .05.

Table 4. Effect of hyaluronic acid on fertilization of cumulus-free eggs

Conc. of hyaluronic acid (mg/ml) No. of eggs No. (%) of eggs
Pretreatment!’  Fertilization® examined fertilized
1 - 62 35 (49.2) *°
- 52 20 (38.5) *
= 1 19 9 (47.4) *
- 5 20 6 (30.0) *
- ~ 22 10 (45.5) °

2 No significant differences between groups.

Table 5. Effect of elevated concentrations of calcium on fertilization of
cumulus-free and cumulus-enclosed eggs

Cumulus Conc. of calcium No. of eggs No. (%) of eggs
(mM) examined fertilized
= 1.71 69 39 (66.5) *
3.42 76 64 (84.2) *
5.13 60 24 (40.0) °®
+ 1.71 83 74 (89.2) *
3.42 95 88 (92.6) ?
5.13 87 76 (87.4) *

2. b Significantly different at p .05.

—129=
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Effect of mild treatment with hyaluronidase (hyaluronate lyase) on
fertilizaion

In an attempt to remove the cumulus cells with minimum loss of
fertilizability, low concentrations of hyaluronidase (hyaluronate lyase) were
employed in dissolving the cumulus matrix. This type of enzyme was chosen
because the preparation was of high purity, without detectable contamination of
gycosidases and proteases.

As shown in Table 3. cumulus-free eggs were found to have retained a high
level of fertilizability (81.8% of fertilization rate) when treated with the
lowest concentration of the enzyme (0.0lu/ml), although it took 45-60min to
dissolve the cumulus matrix. Treatment with a higher concentration (0.05u/ml)
for a shorter period (15-30min) also resulted in a fertilization rate (75.9%)
not significantly different from that obtained by treatment with the lowest
concentration of the enzyme, but the rate was decreased gradually as the
exposure time was increased to 45 and 60min (66.0% and 53.3%). Treatment with
the highest concentration of the enzyme(0.lu/ml) caused rapid dispersal of
cumulus cells within 10min but a marked decrease in fertilization rate (24.2%)
was observed when the resulting cumulus-free eggs were inseminated.

Effect of supplementation with hyalurowic acid on fertilization of cumilus-
free eggs

The results presented in Table 4 show that neither pretreatment of cumulus-
free eggs with hyaluronic acid nor addition of hyaluronic acid to the
fertilization medium exerted any beneficial effects on the fertilizaion of these

€ggs.

Effect of increased concentration of caleium in the fertilizaion medium on
fertilization of cumulus—free and cumulus—enclosed (control) eggs

In this experiment, cumulus-free or cumulus-enclosed eggs were fertilized in
the media with different concentrations of Ca (1.71, 3.42 and 5.13mM), by using
the same sperm suspension preincubated for 1.5-2h in standard medium (1.71mM Ca)
. The results are presented in Table 5. A significantly higher fertilization
rate (84.2%) was achieved in the fertilization medium with 3.42mM CaCl, (2xTYH)
as compared to that in the standard medium (56.5%) when the cumulus-free eggs
were used for fertilization, while further increasing the Ca concentration to
5. 13mM(3xTYH) resulted in a significant decrease in the fertilization rate
(40.0%). On the other hand, high fertilization rates (87.4-92.9%) were obtained

— . 80—



THELINEE (J. Mamm. Ova Res.) $£8% %22 199 14 108

in all of these three kinds of media when the cumulus-enclosed, intact eggs
were used. Sperm motility looked more vigorous in 2xCaTYH than in TYH by
subjective observation, although no quantitative measurement was performed
Sperm became immotile within 1h in 3xCaTYH.

Discussion

Throughout this study, removal of cumulus oophorus caused reduced
fertilization rates, to varying degrees depending on the procedures for
denudation and the condition for in vitro fertilization (IVF). This confirms
the previous reports " '*’ . In an early study on mouse IVF, Fukuda et al "
observed that the fertilization rate of cumulus-free eggs tended to vary among
each experiment, although the mean percentage was not significantly different
between cumulus-free (71.3%) and cumulus-intact (84.7%) eggs. Miyamoto & Chang
® also showed that the removal of follicular cells decreased the fertilization
rate from 85% to 63% Gwatkin et al'!’ reported that washed epididymal sperm
preincubated without cumulus cells could not fertilize the cumulus-free eggs at
all, but washed sperm with cumulus cells could do so. Pavliok and McLaren °
showed that the presence of cumulus did not increase the fertilization rate when
oviduct fluid was present, while absence of both cumulus and oviduct fluid
resulted in a extremely poor fertilization rate (6.6%). All of these data have
suggested that the beneficial effects of cumulus oophorus become more evident
under the unfavorable condition of the IVF, but the exact nature of these
factor(s) and/or condition remains unclear.

At least two factors are now considered important in achieving the high
fertilization rate after removal of cumulus oophorus; one is the procedure for
denudation with hyaluronidase and another is the Ca concentration in the
fertilization medium.

It is known that the egg zona pellucida contains sperm receptors and their
integrity is of utmost importance in the initiation of successful fertilization
') Murine zona pellucida contains a gycoprotein, ZP3, which serves not only
as a primary sperm receptor but also as a acrosome reaction-inducer of the
binding spermatozoa. A variety of evidence has suggested that the sperm receptor
activity depends on its O-linked oligosaccharides and the acrosome reaction-
inducing ability depends on its polypeptide chain as well. It is also kown that
ZP2, another gycoprotein serving as a secondary sperm receptor, and ZP3 are
modified following either fertilization or parthenogenetic activation,
resulting in the loss of sperm receptor and acrosome reaction-inducing
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activities and hardening (decreased solubility) of the zona pellucida '"

[t might be argued that the decreased fertilization rates following cumulus
removal could have been due to the modification of sperm receptors caused by
contaminating enzymes. This is not likely, however, because (a) decrease in
fertilization occurred even when a highly purified preparation of hyaluronidase
(hyaluronate lyase) was used for denudation and (b) the decrease had already
“occurred during the short period of washing. We are inclined to consider that
some co-factor(s) for efficient interaction between sperm and zona pellucida
was lost during the process of cumulus removal.

Large molecular weight glycoconjugates are present within the follicular
fluid as well as within the cumulus matrix'®, but their role in fertilization
remains unclear '™ . From the present study, at least hyaluronic acid is not
the likely candidate for ’co-factor’ for fertilization because its
supplementation to the denuded eggs did not improve the fertilization, although
its possible involvement can not be ruled out., in view of the recent finding
that it stimulates protein kinase activity in cultured cells'® . In bovine IVF
studies, it has been shown that the gycosaminoglycans stimulate capacitation
and/or acrosome reaction and the order of potency is heparin, chondroitin
sulfate, and hyaluronic acid ?°’ . Tesarik et al '*’ have suggested that
cumulus cells contribute a ’softening factor(s)’ to the zona pellucida, thus
antagonizing the effect of “hardening factor(s)’ secreted by the human oocytes.

As far as the authors are aware, there has been no report on the effect of
calcium concentration on the IVF of cumulus-free mouse eggs, although the effect

2122 Miyamoto

has been investigated by using cumulus-enclosed. intact eggs
and Ishibashi ?!’ and Fraser 22’ have shown that the optimum concentration of
calcium in the fertilization medium was 1.7mM and 1.8mM, respectively. According
to Roblero et al *® , the calcium concentration in the mouse oviduct fluid was
1.62mM in ampullar portion and 1.48mM in isthmic portion. These values are very
close to that in our standard medium, TYH (1.71mM). Nevertheless, the present
study indicates clearly that the elevated calcium concentration (3.42mM)
affords better microenvironment for the fertilization of denuded eggs. It is
highly probable that the optimum composition of the medium might be different

between cumulus-enclosed and cumulus-free eggs
This work is supported by a grant-in-aid for scientific research (02454091) and

a grant upon priority area "germ line” (03207103) from the Ministry of
Education, Science and Culture of Japan.
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IEkRE < 2T OBEAZBIHE T 2RI OV T

fRiE EHHY - 8H #BY
(B LThRBFFERT Y . RIMRILAEBENTAET 3 0 2 — 0 1, WEKFEENSEHAEH
BRERFATZEARY . WEi#ER 10 8)

GUERRE T T ZAIFOFENZREI BT 2 ZHEETOREEHM 2 HWT, EeOfHTIC
Jcl:ICRFZZYXDBHINIF - IR SHEOHEMA%Z LT Vo= ¥ — ¥ Tk
Us 1. 5 — 205MATHERE L - RIRHKOBE LEB T2 HO CTERAZREEIT - ko ZTOK
. IEkRE < T AT OZHREAEIIBLAER O FIEiFOBRE CEIE T L. B2
RAEBZIHDICIE, EFICEVEEOE 7 )Lo =Y —+F (hyaluronate lyase) TEERMIC
BAHEZIT) CEPBBETH B oI, £/, BEOUETHEShIIRRE
SRFOZRERENET B0, SREEON LYY ABERZZ (3. 42mM) 125
H2EZENEHTHE I ENREI N, E7 VO VBORMZESTH - 7.
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In vitro fertilization within and among five inbred strains of mice.

MLZES - EXEE
Minesuke YOKOYAMA and Takanori HASEGAWA

MEEAN « EBREY bR L
Central Institute for Experimental Animals

Kawasaki 216

Abstract:In this study, we examined the rates of in vitro fertilization
within and among five inbred strains ( BALB/cA, C3H/HelJ, C57BL/6J,DDD,NC ) of
mice. The rates of fertilization was significantly low when C3H/HeJ eggs were
inseminated with BALB/cA spermatozoa (68 %), but other combinations resulted
in high fertilization rates (88-100%). The rates of polyspermic eggs were
different among various combinations of strains, being low with spermatozoa
from BALB/cA and C57BL/6J, as compared with spermatozoa from C3H/HeJ and
NC; and low with eggs from C57BL/6J, but high with eggs from BALB/cA, DDD
and NC.

# =

T AIDOEAZIEIL, 19684 Whittingham L X OV KRE A RO FENLEBM L - BT
ZRVWT, 7z, 19694 Iwamatsu and Chang® iIck O A ZDEE FiAREH, 5> B R
LIcHFEROTHERRDIFANRES N TLIR., SHEZPHEBTFOMEERETAN
PMAFIELLTCOABOT, RETHE LI LOTERVEEARERI2A-Y U 1 B
OFHRZEBRLHELELTHAINTERS YV, X5IEER, SHINPTYRICE, DR
F2Hd RETFEOMAD - DOMBEHERMICB LAk LTHIBHShTLEY,

ARBRTH, BERHE Y AOEEEERENEHELME L bic, Z0HEHFIAEI
DBHEMDO—RELT, 5 ZHOEZRTTADRKEAL L URKBTHASHET L.
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Mk L OHE

B« MEFFAT CHERE - ZEBE X N 72BALB/CcA, C3H/HeJ, C57BL/6J, DDD% & ONCODS Rk D
ERRRTTAEMER L, b A Z132-4 7 B#T. A X336 7 BB TERICH L 7,

FEEM: BYEIE6 B SAT - 2008 AT O 14BEREBE - 10 BERERE & L. EE24+2 C. 8
FE50-60 BICRHEL1co BVOEBR TS AF 9 78y — VT, KHEEF » THEHW I,
FRE BEREER (BAZ L7 :CA-D%, kid/kEik%:EHHEBRX 1,

BER:BHSY KX > THEINALTH HEAW, FHICELTE, 0.4nl%7S
AF 97 v —L (@35 X15m) IKHELTERE /T T 4 VA A IVTHO, —BREEY 2
BBREENGT C;5%xBA X, HBYER) CHEL., RELSHEEESE L,

EAZH: BAZHIZ, BHSS ©OHKICELTIT>7, TlE A X< 212 4.0iud
PMSG &hCG ZA8KsFEIRTME CTHEREAIIES L. hCG 7EE#%16-17 BRICINER A & DL
THERTICEAL, BTFRIBREELEED» SRML. BERICEEL T B, v+
2aN=bPLRRICEBICH L7, BREIEST0.4 nlOREERICS- 1l OB FiRENA
TiTo7co RIBEOBORKBTIREL. TOBTRIBE ENZ 8T ikEH 5100-300/ul
CHESIND, WHEToI vy —VIIEDICKRBY ZAEZEBNICEL, 4-6 KRS
Lifce

A HRERA6 BRIy v —LEIRODE L, IR0 1% 7 o= ¥ — ¥mEciiL
BRI, =Ty MERE L CAAHZEEMBE T CBIE Lz, /2. LBIELTHRL
Y VEEELTS 7 B4 FREEZTV, EERTIIBENRAEELIIOLEEPE AR
FTOBEMOEAEBUOBRE L, HEREELLTE. BTFLWOBEHEEL BB LT T
DHDEHEFRABEL, HRENCETORADRDONIZbDEZHINE L, X
ST, MRREMIC2 U LOBTHIRBDONIDDEZHBTFZHINE L1,

AT : BTFRARLZBERE Y- BRELITVL. AEEEKD I,

HRBLUEE
BRI T ADREA D K OREHOBAZHEHEMEIZ. Table LLERT EBHTH 5,
BTRARICOVWTH B L, RHEMNTII88.1-100% . RHEM T1486.0-100% DFFHTH -
Teo TRRDB. RHEATIICSTBL/6JHETF LCHTBL/6IIIE DMAEHE T8 1% . /. R
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HRITIXBALB/cA #F &C3H/He) IF&E DHAEGHETE6.0% & ThZhBEDBEVETH
Stz MOMAEDLEEOMICEIEEREZRAONE L o T2,

FRERICOVWTIE, RHATIE88.1-100% &, BTFRARLERICEELZITIALNE
Mot LML, RHERICIH T BBALB/cA #5F &C3H/He) SR & DA G DHE TIE68.0% &
ENENE SN Tze TOfEIE, BALB/cA HF L4 RHEDIH, 755 TICC3H/He B & 1t
DA ZHEOBTFLEOMAEDLETEONIHKME(BT.5-99.1%) LEBET 2 EHEBIEVLDOD
ThH -7 (P<0.05), REROEN->7FHEREE L TR, HEEANDHEFRER A AR
Kbk IE, DAVEBTORABHOENICIZ I LBENEZON S, AERT
F. %A BRIC, IROREHRLEBABTOHEIMOZE(, 75 AT DR Z
A7z DY, BALB/cA K& LC3H/Hed DL DMAGDLE THONIZREINITIZ, BFIEA
LTRb I, REEns 2 ASH OB~ K CHEIE A LBT 2> b D229, 4%
(30/102) DETED HNtco F7o. BALB/cA DRHENOHAE&HE TH25.0%(28/112) &
BWETH -1, ZOMOMAEDLETIETRT 0- SYOFETH D, B O 20
WREBEEEDI, TOIENS, BALB/cA HT &C3H/Hed L DMAEDETH LMK
BEOWZERIE. BTRABHOEMLEIC X 3 eI HEE I N, LA L, BALB/cA ¥FT
4, C57BL/6J,DDDE & MICNCER & DA EDLE T, FREINDIS YL EO D OIHIKETH
D, BTRABBHOENIIELICRD SN 5T,

BHASDLBRICBI LB TERER, Table 1 WRTEBDTHB, ThZThOR#K
DHAEDLBICK > TENAH LN, BALB/cA LCHTBL/BJORETFEHAV A EDLETIHE
¢, C3H/Hed ENCTREWERETIZHEETH >k, F/. (5TBL/BJOIIEHWMAED
BTl EA > 7245, BALB/cA ,DDD7E 5 XIENCTREWETSH - 72,

Parkening &Chang™ (&, <7 ZDEAZHERICITRHEEIH D, C3H,CD-1(outbred)
BoTICRHFIOBFIIEWA, (57BL/6 BTFRAEBICBVWIEEZREL TS, ik,
STHLF, 4 RHOERRE2 RHOT T T Ly FERAOTHEAZEETL, ZHE
EEBMOMPMREREICRKEZDOD 2 I LE2RME LTV, Thickhid C57BLITfh
DRI TEBEERINMELS . R EREDEL, LA L. KAEBRTIICHTBL/6IFET D
FRENELBEVEVIHRBESAEDN -/ CThIZODVLTREBECIIHEETIIR
WA, LN RIE S CEPEROEREMHDENVEENEZL 5N S,

PUED &L REBRTHWKD REDOERZFRT T ZADREA I L FRHEMOFAZHE
K3, K —HOHSEDLEEBRFIIE, FECHEL I LDHMSNI, /o, SHBTZHER
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Table 1. In witro fertilization of mouse eggs with epididymal spermatozoa
from different strains of mice
Gametes No. of No. of No. of No. of
Sperm Eggs eggs penetrated fertilized polyspermic
examined eggs (%) eggs (%) eggs (%) X

BALB/cA BALB/cA 116 115¢ 99. 1) 112( 96.6) 5 (4.5)
C3H/HeJ 150 129( 86.0) 102( 68.0) 3 (2.9
C57BL/6J 101 98( 97.0) 96( 95.0) 0C0 )
DDD 187 133(C 97. 1) 126 ( 92.0) 2 (1.6)
NC 118 117¢ 99.2) 111 94. 1) 4 (3.86)

C3H/HeJ BALB/cA 120 120(100. 0) 118( 98.3) 16 (13.6)
C3H/HeJ 112 111¢ 99. 1) 111 99. 1) 12 (10.8)
C57BL/6J 102 102(100. 0) 102(100. 0) 5 (4.9
DDD 118 118(100. 0) 118(100. 0) 15 (12.7)
NC 105 105(100. 0) 105(100. 0) 23 (21.9)

C57BL/6J BALB/cA 104 104(100. 0) 104(100. 0) 6 (5.8)
C3H/HeJ 120 109( 90. 8) 105( 87.5) 5 (4.8)
C57BL/BJ 126 111( 88.1) 111( 88.1) 1 (0.9
DDD 108 108(100. 0) 108(100. 0) 11 (10.2)
NC 113 109( 96.5) 109( 96.5) 7 (6.4)

DDD BALB/cA 126 124( 98. 4) 124( 98.4) 21 (16.9)
C3H/Hed 121 115( 95.0) 115¢ 95.0) 9 (7.8
C57BL/6J 97 95( 97.9) 95( 97.9) 7(7.4)
DDD 115 108¢( 93?9) 106 (¢ 92.2) 5 (4.7
NC 118 118(100.0) 117 99.2) 18 (15.4)

NC BALB/cA 128 117¢ 91. 4) 116 90.6) 20 (17.2)
C3H/Hed 120 118( 98.3) 118( 98.3) 12 (10.2)
C57BL/6J 122 121( 99.2) 121(¢ 99.2) 5 (4.1
DDD 108 106¢ 98.1) 105( 97.2) 23 (21.9)
NC 107 107(100. 0) 107(100. 0) 21 (19.6)

¥ Percentage was polyspermy to

fertilized eggs.
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Effects of the removal of phosphate and glucose on in vitro development

of rat eggs under the low osmotic pressure medium

w8 R - B EBER X

Ryoichi HASHIZUME and Masao ITO *

RN BRAFEMERLDEY TEMER
* BAKRFEEEEEHE

Laboratory of Biotechnology, Faculty of Bioindustry,
Tokyo University of Agriculture.
*Laboratory of Hygene, Faculty of Medicine,

Nihon University.

Abstract: PFour-cell and two-cell rat eggs were cultured under the low osmotic pressure
medium at 190mOsM in the absence of phosphate and glucose( P.G.free medium). The results
were compared with the data obtained with the medium at 308mOsM, 190mOsM in the presence
of phosphate and glucose (190m0OsM medium), and the P.G.free medium supplemented with EDTA
(EDTA medium). To make a comparison with the rat, two-cell mouse eggs were cultured with
the same medium. The results obtained were as follows.

1) Four-cell eggs grew into blastocyst in the 190mOsM medium, P.G.free medium and EDTA
medium. The maximam growth rate into blastocyst was obtained with the P.G.free medium ;

71.3 %. Furthermore, two-cell eggs also grew into blastocyst in the P.G.free medium and
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EDTA medium. These results indicated that "in vitro rat two~four-cell block” can be
overcome with the medium at 190m0sM in the absence of phosphate and glucose.

2) As fer mice, the highest growth rate from two-cell eggs into blastocyst was obtained
with the 308m0sM medium. No growth into hatching blastocyst was observed in the P.G.free
medium, This indicated that there was a difference in optimum condition for in vitro de-
velopment of eggs between rats and mice,

3) In order to test the ability of cultured rat eggs to continue normal development,
blastocyst grown from the twe-cell stage in vitro were transferred to recipient female.
Two-cell eggs cultured with the P.G.free medium were found to have the ability of normal
development,

s

TERLEE ORI, Whitten T T I VERNU SRR RV T v R S-S IE
BIE TRESETUR. SLOWRNTINTETH D, = v RISV TI-RIBIHA S8 L
TR E THRCHEESE B ENTEY ., S0, TOREBHL CESSEFEB 2 0T
g5V, Ll v RPAORBREMIC VT, D4 FERVT, WEREBERBIIATS
ST\ WREBRRICAASH TV S 7 v t 0BRSS S-RRGLED S E#th 3L shT
WY Fbb. 7y MR IR SRR B & o~ 4- MBI TRE B (2~4-cell block)
MEE MERE TREIE DLW TER V., 20 BHER T TORE LSRN LEED 512/ 5
NTHEDTO | SRR LRI OIS R ORI AR EETh TV 300K TS 2,

BT, oY GEIRHIINE BRI RE SE L L MEL TV B, ZOREEII0. 1% {ELS
o VEREFEFERTOIV, BESEERN ST v MEIKEE 32 ~4-cell blockd & Iz
DVWTRE L TH 0 BERORELEBIICERE (190n0sn) K95 2 &I & D ERRSY Di-k
B e RRIIc B S ¢, BIHRE~NOBRIC X DEFEEFEEI LN TE L1219,

ARG BEREORELEI., EROBRBTERENOI S, ) VBEE S LI —2%
B T2-5 S UMY DR 2 BE L - bDTH B,

Ml XUk
ARRBRICEAMRETHREI L 2 SDROBBKBERE S » P 2AV. B ATREIRELVELL
PERMIZR U 2B oS4l LRBRICH L 720 BRBRCAVWRELTERENERO b 0T RiFH]
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WMOAA TRERLIEETEL .. BPEROEMCLVRRERAL o XEMHAHZday 1 &
U~ day 2 @18~ 19piz2-HIBARARE, day 3 oD 18B§~ 19RFIC4-RERAHIIE 2 2 h T hERE M SR L

Table 1. Composition of media used to culture rat eggs 1m0 BIFEW (3Biggers'®) O % &

Component Concentration(g/l) ELrborEAL L. NaCIRAE
| Varied" -

o 0. 356 ML T308 B k019000 1%
CaCls « 4H20 0.311
KH2P04 0.162 (Removed) 2’ ER#2ER L o E 0. RS
MESOé' TH20 0.294
NalC 2.106 . » st
G .00 d ;
Ni-Frivats TR R =&ML 7190 n0sMiE (.G, B
Na-Lactate 2.802

ER )b KUFEREICEDTA% ML
1) The NaCl levels used to give calculated osmolarities

of 190 and 308m0OsM were 1,904 and 5.353g/l, respectively, - >
2) When phosphate and glucose were removed from the basic medium, refE AR L 72 ( Table 1)o 24

the NaCl levels used to adjust calculated osmolarities

of 190m0sM were 2.120g/1. THORBEERELOLRE
BEL. DO UCHERERIMEANTEEICL KT SAF Y 2~ VI35 X10mm) 20,1 nlg-o23H

Us #F0L2WHENINS 7 4 TR TIHERA L. BHESHEIZC0: 5% 2&95% & L. BEKL100% B
BE3TC Ty 2-HUBAMARE L 95~ 96MER . 4-RUBAMIAR 1462~ 63 RHIEEE U 7o SEHB. 2-HIKIH A & 0AR
RICRB LB —BAERETE ( dy 4) CBHELBOERERTE~. Wk, BiEHER TCF
IRy 2 D2-HIISHE LREE L. 5 v b OBKE & EEBHRET L 72

R

308, 190mOsM, P.G.BRKE S £ EDTA FRINEE AW CA-RIFIMIIE 23538 U RS R 1, Table 2 %
L UFig. 1 ITR L 7co BRI DOFF B & ZIFHRO08m0sM TRLHED ShF, HIFICER
12U 72 190m0sM & TR & ZIZARORBER (4N AB DN, S5, NS Y VEBEE I L
I —=AZBROWAPGCRER T KOVRBLERERORELED Sh. HT1% ORI ERIICRE L.
190m0sM # & DRFIHERII S ERENTED Shize 7o EDTARINE THH63Y% OIEAIEAII RS
U BEZEMARD Shich P.0BREREOBIKZERAD OhEL - 12,

—73 2-RURAARR 2 308, 190mOsM, P.G.EBRFEM P LU BDTA FRONVE THEZE L2 BuifidTable 3 B &
UFig.2 IR Uice -MIREMIIR - RO E L RRT 0, BRHEOKE X, 190n0sM HTHEB
Hohignoico LML PLGERERS X EITA BINETERERIS, 33 L0024, 1% OEAH RN
KRB L. BEENS ) VB L Vo -2 2R EIRED, WhWwB2-cell block:E D% 2
&N WHE e Tk BEDTAGRINE &P, 6. B & ORISR EEZRAD O h - 2ot —B
FELLEDRBE Wb I8 ( EIEE, 56.9% ) B IUVEBHEE THE L KEOZA W h HEITAR
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Table 2. In vitro culture of rat four-cell eggs in various medium
No. of No. of eggs developed to No. of "
Medium eges 8-cell morula Blastocyst Total eggs
cultured Ear.bla.® Bla.® Ex.bla.® Total degen. ™
308 33 3(9.1) 3(9.1) 30(90.9)
mOsM
190 74 2(2.7 15(20.3) 2( 2.7) 15(20.3) 12(16.2) 29(39.2) 46(62.2) 28(37.8)
mOsM
190 . .
m0sM 188 4(2.1) 30(16.0) 11( 5.9) 39(20.7) 84(44.7)134(71.3) 168(89.4) 20(10.6)
P.G. free?
190 . .o
mOsM 46 10(21.7) 3( 6.5) 9(19.6) 17(37.0) 29(63.0) 39(84.8) 7(15.2)
P.G.free
EDTA®

1) Including intact 4-cell eggs 2) P: KH2PO4 G: Glucose 3) EDTA: 100 um
4) Ear.bla.: Early blastocyst 5) Bla.: Blastocyst 6) Ex.bla.: Expanded blastocyst
7) degen.: degeneration Eggs were cultured for 63 hr
%: Compared with the 190 mOsM medium, significantly different(P <0.05).
*%: Compared with the 190 mOsM medium, significantly different(P <0.01).
Compared with the P.G.free medium, the EDTA medium were not significantly different.

Table 3. In vitro culture of rat two-cell eggs in various medium

No. of No. of eggs developed to No. of¥?
Medium eggs 3-4cell 8-cell morula Blastocyst Total eggs
cultured Ear.bla.*’ Bla.® Ex.bla.® Total degen, ™
308 44 2( 4.5) 2( 4.5) 42(95.5)
mOsM
190 110 51(46.4) 51(46.4) 59(53.6)
m0sM
190

m0sM ’?36 29(12.3) 7(3.0) 30(12.7) 11( 4.7) 18( 7.6) 7( 3.0) 36(15.3) 102(43.2) 134(56.8)
P.G.free

190

mOsM 58 9(15.5) 1( 1.7) 9(15.5) 2( 3.4) 7(12.1) 5(8.6) 14(24.1) 33(56.9) 25(43.1)
P.G.free
EDTA®

1) Including intact 2-cell eggs 2) P: KH:PO« G: Glucose 3) EDTA: 200 um 4) Ear.bla.: Barly blastocyst
5) Bla.: Blastocyst 6) Ex.bla.: Expanded blastocyst 7) degen.: degeneration

Eggs were cultured for 96 hr.

Compared with the P.G.free medium, the EDTA medium were not significantly different.

Mg TEMN - 120

Table 4 127 v MREEB T 5720 = v 2 2-HIlAWIIE %308, 190mOsMis & OFP. G. BR&El TSR
U7eBidfi 2R Ulco Table DSBS S I T v MEE B HORBMEMIED oh. B
~DOFEEEL30800sM T100%& <« 190m0sM 35 L OP. G BAEB TIE50% EBEREICTEN - foo F oy B

e ff 4 3l
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HIEARIAIEP. G B EH TR LB ON T BEENSD Y YRUEL I Vva —ADREE< Y 2D

. v
s A
1007 % Development 100 7 % Development
: 1 [ 2 Blastocyst (7] % Blastocyst
50 50
% o = [ =1 R
3S0ulsM  190n0sM  190m0sM  19000sM Mediun 3Bn0sM  190m0sM  190m0sH  190mlsM Medium
PG.free PG.{iree PG.free PG.free
EDTA EDTA
Fig.1 In vitro culture of rat four—cell eges Fig.2 In vitro culture of rat two—cell eggs

Table 4. In vitro culture of mouse two-cell eggs in various medium

No. of No. of eggs developed to No. of"
Medium eggs Blastocyst Total eggs
cultured Ear.bla.® Bla.® Ex.bla.® Hat.bla.® degen. ™’
308 36 36(100)  36(100)
m0sM
190 20 6(30.0) 4(20.0)**10(50.0)**10(50.0)
mOsM
190
n0sM 60 2(3.3) 10(16.7) 18(30.0) 30(50.0)**30(50.0)
P.G.free?’

1) Including intact 2-cell eggs 2) P: KH2P0Os G: Glucose

3) Ear.bla.: Early blastocyst 4) Bla.: Blastocyst

5) Ex.bla.: Expanded blastocyst 6) Hat. bla.: Hatching blastocyst

7) degen.: degeneration Eggs were cultured for 72 hr.

xx: Compared with the 308 mOsM medium, significantly different(P<0.01).

REILAEUTHE T EMRENT,
Table 5 {Zid P.G. BRFW T2-HIBEHAIEAD SIRARIE & THE K& L2 BIFREABHE L - kg%
MU Tco BHEL 1< IRBUCH S 5 A7 Table 5. Viability of blastocyst developed from two-cgll eggs
ltured with the medium at 19 in th f
FEEORAR0. TS &1 ERHEI ggos:;§tew;nd gl),ﬁcrggelum at 190m0sM in the absence o

FRERFE L 72 A%, Rigoo4-HIFIIE No of % of No of No of % of No of  Viabil-
recip, * preg.fe.® bl.trans.® implants implants live fe,* ity(%)
DITFICOT &, -HIRMEDIEE

4 75.0 29 7 24.1 6 20.7
PO bERENSEFFOMBEITHE 1) recipient 2) pregnant females 3) blastocyst transferred

4) live fetuses
]i] L fCo
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EBE

HABYREOBE I~ Y R E2FLIKHENED Sh. BRTE Y A ROEBE XTI L E
bEX &I L L. BRI ZEROEEBR TI-HRANSHRBEE THAEBTE SR RE
LABBREFEETH D v VR 2A OB TR EAZThERRNTERBEIRESh TS 19,
BREBEFRHISOWTIE, Table 2, 3B kUM HOHOHIRL LS I, = TR ITHWVTIE30800sM 2%, 5
vy MIZBVTIZ190m0sM 038 b BN ORELNEL . AN HFORBEERYEZTHET I
ENTENB, THbhE, FHEOSHUERIOIT-> TV A ERBEEEER. v OO LS NEKE
HEERLTHRELALOOTH D AW TWHEREEREER E W T4- AR 247, 8% FRARRE
KHBSEo FARRTRISEFABENLS ) VEBEL 7 v —X2RET B LI DT 1K D4
REE BRSBTS LS LA TE, S5, MBS 24, 1% IMRIICRB IR 3 &4 T
&loo TER. HWEINTVWE Ty MEDOKERE TR, BRICHRIEE TRESEE 55tage 3HIH
S-HIRN O THD Y ThOoDHELIENS LARROBEIEBD TRIFTEBNLTLDOLEEL
B0 Eio. 2-KIRNIL SHEBRICRE L REBEL R BHEBRICNT 2EEFOo#&1320.7
% LECRERICBIEEROEREICVWELHBENS 2D EEL R, B> 04K
DIEFIZOTE, -HIMEDEEN S b BRIV SEEFEFNB SN BN D - 2 (Table 5)o
BREEVEBRBDHIBFLOVWTRESDEIARHATH 30, BMEREERICBEIH
5 LELRLE®D HI1~25 TEROAFIO AR £ TICBIHT 5. TO%k. KRR TIZ
RIEBERBIEET 54, FEESR I o—BETEZ 2ROBEORALISIEMEOTEE/LE S AL
REZRETLILDOLHERELTVS, Ll ARRTHVWAEERRIMECPRERORELE'S &
N2 EPROBIRICERTH D, MORERBEELTROLARETHAS S, Whitten'” SRR
P OBBRHEH. F/c. Bavister &'V EBREHF OV B HREEZEILIEIFEEHELTH
D, EEOWESKR. REEL INOOERFLOMEFRAZZEEL T, o KEBECRBESRY2BRE
LTWLMETH 5

VUYBUEE 7 v a —APYHIIRREEICHENHIFRE L DI L. NAR S — Rl THMICHE
IhTWw3, §70bb, Schinid!'® E Ay —2-HIREFEOFEEBlock &, EEBKFDY VBUE
ETNI—RABFERL TS E L BERDZEER T &ICX D 25~T5% D2-MAHIEA 8RR LU
BRIICHEE LA E L TWVWS, Seshagiri 520720 HRROFERE LR 7 —8-HIFRMAEOREE TH
HL T, S-HIfaHR - MR L Lb~T Y VEBIEOIFIERICHETH L LTS, TTR
BV TEL Chatot 522 ik, I-MIRHIEOERBIC 7 Vo — A GHBWHIEREE & LTV A48
S-HERALIE TR VI — A REMCRIASN B EAMEINTVWSY, 5 MTHVTI, 2-
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BLU-HRARORTICY VEE L 2 v —2RRERHEIRICHVWTWA Z L BHOhTH D, B
BRENOMBDEMET S LR LDABUREEROXENHD SNz ( Table 2 ~3) o LA L.
Zhang ©° X8-MIRIHIEDREEICIX Y VERUE & 200 — A BIKIER 2 WS LEHELTH L.
MR DERRBIC B CIEDORE Stage Ik DIERBENH B L EEL >N B,

) UEEE VT —RAHEHEEZBlock TABFICOVWTRWELBESH T WAL, Schini &'
B & USeshagiri 52°72V ) VEIGARERBRZMIELT 5 2 &9 200 — R SRR & Rl
THIEANENOHREERANMEES O, ZOBRELTE ba v FY) 7TOFRKRBHIIE Sh THED
REWFOEE D LDLHERL TV S, BEEROTEN ba v FY) TORREEET 2RK L,
EEEBHETHSDSHEIN TV A2 RICBWTEORREEIET 5 /0HIC i, RERE
ROFRESPEOBEN VAL BHAEED X VFFMLRENBELLES S,
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Induction of Superovulation in mice using HMG.

FETREF - AR 3 - OURHER - RS R — - IR
Iriko TANEICHI, Arata KIMURA, Masao ITO, *Ryoichi HASHIZUME,

and *Yoshiro ISHIJIMA

AARKFEF RS FHE, KHEABEREEYPEEFDR
Department of Hygiene, School of Medicine, Nihon University,

*¥Faculty of Bioindustry, Tokyo University of Agriculture.

Abstract : The optimum doses of human menopausal gonadotropin (HMG) and optimum time of
HMG adminisiration at the estrous cycle for superovulatory response in CF#1 mice were
examined. Female mice, regardless the stage of their estrous cycle, were given subcutane-
ously of 1, 5, 10 and 151U of HMG followed by 51U hCG 48hr later. Furthermore, the female
mice at proestrus, estrus, metestrus, diestrus-1 and diestrus-ll of the estrous cycle were
given 101U HMG followed by 51U hCG 48hr later. Maximum superovulatory responce were

obtained in the group reciving 101U HMG at diestrus-Il of the estrous cycle.

b3
2 2 OEPEIEREE . W F SH (JIfRERLE Y ) OfRFEE LTPMS G (ESmEMM

il

RAERELE ) 25 0T, DO TLH (BRESRFILVEY) OfiRE LThCG (E FlBME
BRRIERIVE Y ) 2592 HESHIL TVES, ZOkdh, v A TEMOMERBBCR LV E
TOBHIFROBRNTIZE AL LI N TV e, BHEIRFEREE RO EICERT 512
HNsRBEO RV E U NhD EFEMNTH B,

WA, PMSGIZ{lb 2 F SHORKEE LT F OFEIINCLHINTHSZHMG (BRI A
FRAMERRRIBORILE > ) A2 oD S5y b0 o@PiEERIC AV 5. PMSGIZ
HARTHEEU LPEINRIEE SN2 ZEBlE I N T 5,

AEBRTIE. 77 20EHIEEICHMGBWEMNNE ) MERETU Iz,
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e LUk

KRBT, BFRREEFHHEEFBRESHMERATHIFLU TV B CF # 1 9 20O R R EE
(2~37HIR) 2V, FFNIEESIER (CMF, FUTo 5UEHE) 2RV, k& & bIoF
Bricka s Ulc, SIETIRIIER21+ 2°C, BES+ 5% L. MENIH6N L4 56 IFE T 128%
& U,

KRITRDO 3 DIIHTITIT- 12,

1) HMG (EaxTy, 4047 i) OBBERET 520, 1. 5. 105LKI5IUOHMG
EVY2AORBRAMEERE IS, 17: 00K TESU. 48B%IC h CG (HYEERBETiENE
de) S5IURRK FESUTELIIRELKL. B8 B2 A 7HORFOEMILDTERREL. hC
G 5% 48 - BB U CORE MR F % M U /-,

2) HMGORBEMICH I 25 BHEA~2 0, RIERAPMSSHOZY 22K L. HMG
101U (KB 1 OFER» ) %2, FERIMA (TH) | BE0H (I5) | BERN (VI | B8R
=1 (V-UH) . BRI -1 (V-211) OSEHIICEE L., WTFhoBad, HMGHEH%4S
BICh CG 5 1U% kG - KL . 48FFRI&IC BB U CHREPISRF 2 @i U 7.,

3) RERAMOV -2/ (ER2 OERNS) ICHMG10IURHB5 L, ASIFEZI-h CGA218E - %
BEUT. h CGRASKHIIRIRL 7o 2 MIBIMAIR O IEH1E % . (RyHg#E* AL TRERAORE R ¢
AT, HEEBIIBigger 5 (197D OB 2 EARE U, BBEE#£270 mOsmZFHE L b 0% Fv -,
EEFMEII Brinster (1963)DHED IZHEVY, CO. 5%, ZERISHOAI T CT2FRILH U I, 7t
B, HMG L OHBOIHIZ. PMSG 5 IURS#. 48RICh CG% 5 IURS L TE 6N 2§k
HARE. 75 5 NS BRI TE S hic 2 MFIE % RO HiE TR U I,

HRBIUBE
1) HMGOH#MEE5E

HMG2RIEEMEZHZEEIIZ. 1. 5. 108X CI5IUEE L, 48B5R%ICh CG 5 IUR 5L C.
RRH L OHINRIGEFIER. Table UWIRTBMMME NI,

Tablel MHEBALMNL LIS, HMGORKRSET, Thah, 80, 60. 408 X U80%NITEEM
"oh, HESEROEMEZRFICE—EOEBD VI LW RIN:, ZOMNETELhTERIT
80%ZFR\TIE. RERDOCF # 127 2UMTZPMSG— h CGRBIZRTEERTH - 129 *
S0, PEIRRBMESEIE. HMG 5 U S DL T3 RT100 %2R U7,

FEPEINIE. RRERT. Thehl12.5, 17.3, 24.06 KX 0°20.0T. 10IUF T35 B ORI
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WONTERMNMIEL 2D, ISIVTETORTHED SN, T ULESRIZ & > THIREA M
U, 23— EBRFREICETTSHEMEE. #KEROPMSG-hCGUELEKTH 'Y, HMG
101UCHE 5N - FHPEIR24. Ofld . #EOPMSG5IU- hCG 5 IMMETHCF # 1 fww 2 &
DIEONAHER % Lo -7 20,

—F. BEREEEE, 2heh, 7.9, 16.2. 25.08X0°14.2% T, RLHIRICOE 10108
EREWERIERU, —BICPMSG-h CGOEBMETCIIRBINBHRFIZI0ONAIKR LI T
WAIEhbAaZE, SAEIOHMG 5 ~ISIUORFEHORIGETCH -7/, L HLPMSGUET
LAMIZE > THEEOHBELREIh T3 'Y,

CORSBREICICEBVLT. KERDREINMBEENPMS GUMEBIZH A TES - o0, RIEEH
BEFIh TRV LH—REABNI,

Table 1 Effect of HMG at different dose level on copulatory and

ovulatory response of mice.

HMG  No. of % of % of Mean no. of % of
dose females females females ova abnormal

(1) used mating ovulated ovulated *S.E. ova

1 5 80 80 12.5 * 5.9 7.9

5 5 60 100 17.3 + 3.3 16.2

10 5 40 100 24.0 £15.6 25.0

15 5 80 100 20.0 * 9.8 14.2

51U hCG injected at 48hr after HMG.

2 ) RERIC B 2 HM G #5851

TOEBTIE. HIRORLED» KL HMGI0IU- h CG 51U AWT. RERMIC BT 21858
HZHET U, TOERIITable 2I3NBEBNDTH S,

ER A T EDRIERE T, M, V., V-1BX V200 5 IS IT THMG 285 U o
B OWEFIE. Theh, 0. 28.6, 40.0. 66.78XTF100 %T. V-2RUC/ETHZ LIt L DHE
BEHEN, BB DRBENREINDSZLIIPMS GREDHAICLHSN TV B2,
COHBERNPBENE SN TWE'Y,  EHRBERIE. V168XV -20R5T100 %%
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Table 2 Effect of treated times of HMG at estrous cycle on copulatory

and ovulatory response of mice.

Times of HMG No. of % of % of Mean no. of % of
injection at females females females ova abnormal

estrous cycle used mating ovulated ovulated *S.E. ova

| 6 0 50 3.5 £ 2.5 42.9

1] 7 28.6 57.1 20.0 £ 9.7 0.9

I\ 5 40.0 80 26.5 *13.5 9.4

V1 3 66.7 100 27.0 +18.4 6.3

V2 5 100 100 30.6 £ 2.9 0.7

101U HMG followed 51U hCG 48hr later.

Ufe, “FEBESREE. V. V-1 OV 20IC85 U 5EIc, 26.5, 27.0% L O830. 618 & tir EEB
ZEEZBMETH D, V2ORGCRLEVEESEON, Fo. BEIBBERT, 2BV
TEULLHEEIN, LR UIEBOHIIREZEL V- 2HOKREMERTH -, TNEOBRIT. itk
DOPMSG-hCGUEINENIBETH - I,

COEIICHMG - h CGUEDGE T, MERHAMSBEYI THNIIPMS GUFICES HiETH S
:kﬁﬂﬁbk,%mﬁﬁ\&5ﬁ%®+1vbﬁﬁﬁﬁgﬁéhémf\%mK%LTHPMSG
WE I DM LONREELTETFENS,

3) HMGEHRRO EH

HMGIZ & 2@ BRI O IEF A % RSB EE O TRET U e, 2081, Table IR
ns &2, HMGHRSIZEDE L 2 iR ORI~ OFREFITZ0.3% L @ . HBOID
WCRIFFCHE R U PM S GREKROREFR L DO RAEL . BRI E #E e WRERNE SN
Foo Ulehio T, HMGIZ & D@BHEIRER S n AR B I B O T EARBINR E il 52Zb D 75
WHOEBbh, ZOZEMHE,. HMGIZ K 2 BHNEIIPM S GILEZHEM L HiETh B Z &
MMEIZ 7z,
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Table 3 Comparison of development of mouse 2-cell embryo induced HMG-hCG and PMS-hCG

treatment after 72hr in culture.

No. of No. (%) of ova developed to

Treatment ova

cultured Degne- 2~8 Morula Early Blasto-  Expanded Total
rated cell blasto. cyst Blasto. blasto.
HMG-hCG 265 5(1.9) 11( 4.1) 10( 3.8) 9( 3.4) 41(15.5) 189(71.3) 239(90.2)
PMS-hCG 208 25(12.0) 0(0 ) 5( 2.4) 35(16.8) 97(46.6) 46(22.1) 178(85.6)
Control* 122 8( 6.6) 2( 1.6) 1( 1.8) 18(14.8) 46(37.7) 47(38.5) 111(91.0)

% Spontaneous owvulation.
Xk
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Effect of Short-term Preservation of Ovaries at 38°C on the Development

of Bovine Follicular OQocytes Matured and Fertilized in vitro
REEH - RENNEH - NFE E
Shigeki Abe, Kiyotoshi Hasegawa and M?noru Kawahira
B AR B Sr 3 E AR HET HEET3TT5

Shimane Prefectural Institute of Animal Industry, 3775 Koshicho Izumoshi

Abstract:Effect of short—term preservation of ovaries on the development of
bovine oocytes matured and fertilized in-vitro was investigated. Bovine
follicular oocytes were collected from ovaries that had been preserved in
physiological saline for 2.5,5 and 8h at 38°C. QOocytes surrounded with a compact
layer of cumulus cells were cultured for 20-24h,and then inseminated with frozen
—thawed spermatozoa capacitated with heparin., At 72h after insemination, oocytes
were separated from the cumulus cells but retained in the same culture dish and
further cultured up to 8-12 days after insemination.

The proportion of embryos cleaved were significantly higher with oocytes from
ovaries preserved for 2.5 and 5h(66%,266/388 and 62%,194/313,respectively,) than
with those of ovaries preserved for 8h (21.9%,42/194), (p<0.01). Similarly the
proportion of embryos developed to blastocysts were significantly higher with
embryos from ovaries preserved for 2.5 and 5h ( 19.9%, 51/256 and 24.7% 48/194,
respectively,) than with those of ovaries preserved for 8h (2.4%,1/42), (p<0.05).

Fresh(8) and frozen-thawed(7) blastocysts obtained from ovaries preserved for
5h were transferred nonsurgically to 4(fresh) and 3(frozen—thawed) recipients.
Two of the 4 and one of the 3 recipients became pregnant. One live calf was born
from a female received fresh embryos.

These results indicate that oocytes from ovaries preserved for 5h at 38°C have

the developmental capacity to become calves.

KEY WORDS:Bovine,Qocytes,Fertilization,Preservation,Ovary.
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##

fll

*@%é%%%%;ﬁ&:l6{&%%%(Kaji*hara et al.,1987;Goto et al.,1988;Fukuda
L1990) Ik, RENICH BRI T EAVDEIA, T ORI I, ESHHEBLEDLIC
WL, BT 20R8BEMNTHD (Sato et al.,1977) . L 2L NRb ., Mo IIE I
BALAEENLEREE T, I5~8COAEHEAKKPTANBELTVSE, 20Ok,
IR FERE IR, BAAESE»LERESICHEELIALDNE LRV OB L E L 4
B

WFoOREPRERAFCE LT, ER®4% ( Chang,1952; Sherman et al.,1959 ) BL W
K& (Fukui et al.,1984;A0yagi et al., 1986) THE E N TW BB, FH o & T 17
CELToHmET DA< (Sato et al.,1977;Fukui et al.,1982 ) . F7/. S FL %
PO FRRECORBIEMICEL Z2EAZBEO®E 72 (Shioya et al.,1988) .

AEBRTIE, BCTOHYMMPEORGERZLERAEBER I DEAZBIZB T 50 E
EBIVMBRAORAEFLZRETEB I VW IHRHAZ AL, T, BbhFKER
LFUOHEHEROZBEIC O VT FARE,

MR L Ok

1 FREWII IR T o8 B’

BRHZMBLEBE T, fidHE (=Y Vv 100U/ nl, A FVFL =oAL 100ug
ul, FHBEE) 2HBMURE8~39Co4LBAEE K2 MIZ LEBIEBRICINE L Lk,
SRR F o BB, 2W0G0E 2T nlABOEHBICHL LU H0.5nl EEPBS
ERAL, D0VT Sl Fo/MRASESI L, StRAIRB T TR, RREOFERA
CTHEMBEEORE 2 bOREH LAV, Ei. BRIMBTIXMEMBE S LRRE T
ORFRFMICEY, 2.0 BEK, 5HHEKBLIVOSKBRO3IRKIZRLY LK,

2 HP RN F oo BR B 3R

BESI RN HEAEE TOERARBRARERBIE, F4mE (CS:GIBCOK) 210%., ==
Y 2100IU/mlBETA PV b2 0. Ing/nlZHMLE2nM HEPE SE#HTCM
— 199 (Earle ¥:GIBCO) ZH Wi, B LI FORBAERIT, MBI F 7 1 v
(Mineraloil:SQUIBB) TE -2 EBPTIC AN, 39C. 5%KMI 2, 5% ZRDOGMHET
T0~24BE R HE L 12,

BAZEEI~UFHBORBRET., —HOWTF2HEIMY, F—NV=U v MEKXKEF
Bk, BiEIAL S o CREL, NMHZEMBETRE L,

3 Hram

BERC3, BREAPEEIIEENEESBRZ A VL, BT I1X35°CoOMIE S+ T #®
B, FTNVNTIVERMEESY A v — F® (BOW. Brackett et al.,1975) Z10nMb 7 =
A4~ (Caffeine-Na-benzoate,C-4144; Sigma) 2 &®EMUL = b (Caf-BOW) T 2 [E =ik
(500xg,5%) ¥tk Lic, YT, Caf-BOW T 3.5~ 4.0X107/ml>EECFHRE L.,
ChERFRBAERE LE, KT, BTFEBBIFMBE7LV T I 0220 ng/nl B L -~

— 151§ ~



PN EE (J. Mamm. Ova Res.) 8% 22 199 14 108

Voo (JK AVE AM)-A/S. Parrish et al.,1985 ) Pl0pug/nikMUEBEX f v— FK
(BSA-BOW) THEEFIR LK., HBH/F 7 4> FTTI0p /ML, 39C. 5 %REY
2. 95% RO FTTIsoMGEBL, BB L LI,

4 BER. BARBEBIUOLERA

BEEE T . A~ B FRI~IET OZBEHIEBLAZ DT EIZEDY
il ote, BEREEN 7k 6 MR I R RE (MBI B ERLEFAL) PEBLE,
WO T RBE I~ 0B BICHKEXERY, RAREL ARV~ PEREERE,
FiiA Lty ogal, MHAEFUSETCETORARREZRA LT,

A RIT, HORBEBELBLTHFAROMNERLED., RAERBRECZRLET 1
S aNTITARV, FARBWO TR, BERBTIRE 2 HA8KH M B TIT 2 - 7,
SERAEG., BEREDIBEBCHEMEELZBRELTT 2., 2~4M., 5~7HkEk
FJUOSHMMLLED 3 DITK D LT,

5 ZBEHEoORR

HRAFHFEOBRBEYIT, BHEXSFHEBEOEEBI B I UREERAE L L,
BHEAEIRERLTABOZRFORACIET 2 HEABRB TR o, BREBII,
W iFFEMEMBEEPBS A WE, T, BHEE AKRCKEERITHES LEKEEFR—
F4 U NTHEZME L, HRABOER - MAE. HAD (19835 1984) OHIKITHE
LAY, BEZESAERE R EMEBRBI G ERERZ AL, REOKRRRE
YTOMERBRE., 10% 7 VY v 2HEMLEL%F4miE2EHePBS KCERCTIVDHAER
BL. 0.26mld>2 hu—HIC20% F24 M5 % &300.25M sucrosel &EMEEZERBTK I L
WA LT, BiEiE. Fu 2S5 A7 Y —% (R-204 5 F—#) TERNMNL-L5CETERE
5—1C. —5CTHAKBSNMBEHFL, UBIZ—-30CETHEL — 0L3CTHAL, 105
B L%, WHREEPCHBALE, BELEEE, 7T~608MBAZERTTRAFLE,
BRI, BEELARCREELTAAOZRFORMIC IAERF2MT>, GH2M~3
THEABBICIT 2o K,

HEZWE. FIRERBLOBEERBRMAON B CRTHERZHEBEZA VTR,
6 FEILH

BEAE, ZRHE, DHAERBIVOKE~OREROFEAEOREZ., x? REKTEL VTR
7€,

i ES

BRI~ BB O 2 AN AT HOHOE AL, WERFRHMICIVEZLIRD
b, 8HFRIX28.6% (14,749) 1 2.5M R K59.6% (31,/52) BXUHMHEKS6.3%
(27/48) THANEETH -7 (PO.0DA, EHMlEacIh e Hic, 8RKHKX30.6%
(15,749) ¥t 258K 3.8% ( 252) BIXUSMMKI4.6% (7./48) WHNEET
o7 (P<0.01), ( Tablel)

BEREH I ~I0BM CHEBRVBRELELZBEET, WHREAERKHDR 2.0BLULKHEARKT
93.1% (67,/72) B LUV90.8% (59./65) THY, AERETEI >N, 8IHK TIESL
.9% (27/51) LiEHE (P<0.01) TH -7, ( Table2)
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Table 1 In vitro maturation of bovine oocytes collected

from ovaries preserved at 38°C

Duration No.of No. (%)of oocytes at stage of* No. (%) of
of oocytes oocytes
preservation examined MI A-1 T-1 M degenerated

(h)
2.5 52 5 2 6 372 z2
(9.6) (3.8) (11.5) (71.2) (3.8)
5 48 7 4 3 20 7a
(14.5) (8.3) (6.3) (56.3) (14.5)
8 49 9 8 3 14® 15%

(18.4) (16.3) (6.1) (28.6)  (30.6)

*MI :metaphase I ,A- 1 :anaphase I ,T-1T :terophaseI ,MII :metaphasell.

a.b Numbers with different superscripts are significantly
different (p<0.01).

Table 2 In vitro fertilization of in vitro matured bovine oocytes

obtained from ovaries preserved at 38°C for various periods?’

Duration No.of No. (%) of oocytes penetrated No. (%) of
of oocytes oocytes
preservation examined Total momo— poly- degenerated

(h) spermic spermic

2.5 72 672 532 142 12
(93.1)  (73.6) (19.4) (1.4)

5 65 592 474 122 32
(90.8) (72.3) (18.5) (4.86)

8 51 27°¢ 8¢ lig® 21°
(52.9)  (15.7) (37.8) (41.2)

D0ocytes were matured for 20-24h and then fertilized in vitro.

Numbers with different superscripts are significantly different (a,c:
p<0.01,a,b:p<0.05).

-158~-



LR (J. Mamm. Ova Res.) 8% %25 199 14 108

Table 3 In vitro development of in vitro matured and fertilized
bovine follicular oocytes obtained from ovaries

preserved at 38°C for various periods

Duration No.of No.of No. (%)* No.(%)** of embryos at
of oocytes of eggs
preservation trials insemi- cleaved 2-cell b-cell 8cell<

(h) nated 4-cell T-cell

2.5 9 388 2569 1002 98 58
(66.0)  (39.1) (38.3) (22.7)

5 5 313 1942 652 68 61
(62.0) (33.5) (35.1) (31.4)

8 5 192 42" 25°® 11 6

(21.9) (59.5) (26.2) (14.3)

*Percentage of oocytes examined.

**Percentage of oocytes cleaved.

a- PNymbers with different superscripts are significantly
different (p<0.01).

Table 4 Effect of preservation of ovaries
at 38°C on in vitro development of
in vitro matured and fertilized

bovine oocytes to blastocyst

Duration No.of No.of No. (%) of
of embryos

preservation trials embryos developed

(h) to blastocyst

2.8 9 256 512
(19.9)

) 5 194 482
(24.7)

8 5 42 1P
(2.4)

a: bNymbers with different superscripts are

significantly different(p<0.01).
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DRBAPRAF G L RS TORs I 0 2 MR DL E~ D DB O BRI Table3 I m LTz, &1
MR TONERT, 2.5MEK T66.0% (256,7388) . SBHIK T62.0% (194,7313) #
LT 8RFMKETIE21.9% ( 42/7192) THY ., 8HHKE CHOMMBELE (P<.01) Tho1,
NEREON2~AMBEOEEGE (2~4 MK/ HERKBE) . L.5BLUGSHHEK T
39.1 (100,7256) ~33.5% ( 65,/7194) L BERBETH oA, 8HHK TIE59.5% (25
J42) THhY, SHHEKTOMMAEE (P<.01) THok,

BRBAR AR C R 7T ~10F BIC B A~RE L RAERLE OBFRE Tabled TR L
oo MBRAOFKERT 2.5BL VO 5BHKTIEI19.9% ( 51,7256) BXV24.7% ( 48
J194) . 8K T 2.4% (1.742) THEEOEALFAMKIL, SHEKLE 2.58 X
U5 RHEOMHEICIEEREZECPL.0D)BRED BT,

Table 5 Results of transfer of blastocysts derived from bovine

oocytes matured,fertilized and cultured in vitro®’

Source of Recipient Age*of Pregnancy
embryos No. embryos
Fresh 1 7,7 = = Return to estrus on day 20
2 8 , 8 - 5 * Live calf
(37Kg female day 287)
3 8 , 8 = o F Stillbirth
(22Kg male day 295)
4 7,1 = = Return to estrus on day 21
Frozen- 1 8§ , 8 - 5 = Return to estrus on day 21
thawed
2 8 , 8 - = Return to estrus on day 22
3 7,8,8 + ., - Continue to be pregnant

*Day of in vitro insemination = day 0. An embryo was transferred to each
uterine horn on Day.

D Embryos were derived from ovaries preserved at 38°C for 5h.

BRI I3 VTR A L E O 2 BRI Table 5 07 Le, %4 LT 8 8 o JE AR
FREL LABFOZREFCZh PR 2 MERSHETBML, 2ERZH, 1 ELDEF
RETEBRE, —FH., WHEKISHIT, MARERERELABOF 4 v 2N TEHNM (3
~4FH) BEBELELEZIA, THORTHEENCAGHERIER XL, TOTHOKE2 %2
MAE1EHY 2~ 3 EEASREETBM L, 1EAZHLE,
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B LEROBEEERIZ. L5BLUOKBRXOBEBBW~ORAENL, BB E T
ﬁ%%m%<\ik‘5ﬁ%@f%k%ﬁ%%;@&ﬁﬁumﬁkﬁ%&%&5:&%%
RTE,

BREBH LI T ORRE CORBRERRIVTFORAZHEBEORERBIIRETESE
IZOW T, Shioyah (1988) X, BB ZYIEMILER O EGRIVK & 3 K # 0O FERER
R EZ2HEBEL, KAARABIOCERAZREZLO 2 MY L E oK RAE TR SR X S E
TR, BEREIFMBIC S HMRYU LR BELERZEZRIIIBTCBH L ARRH
Jo~DRAERIZIERRDODON Lo E L, MEEEOCK FTBIUMEBADOERE (L
DB VEETIHFE2EARRATELIREICB LN, WFORARLZO KO 2 Mg
NORETHELOLERELTWS, KABROBF T ORI, FIEMBH2 S 5 RHUN
DB IUVSHHRELOMONEERIUOMBRA~AOREFZIFAEREEZRD R D2 -
o ¥, RAZKAOYREZIHEMREEERBLESAOBRBRADOEAFEIZ DV T, Go
toh (1988) 1E15.1% % X UFukudad (1990) 1X9.0 % &HEL TS, KRBED 2.058
JUOGHHMEOPEBM~ORKERIT, Zhb0oRELIZERAERMETH Y., WEOEH R
Fir, MBS HBETCIMRER~ORERIIEFBIEV O LEbREL, &HIC, b
BMERETHELIERBIVESEROZBRE LR T A TE I,

KB BN T o g BRI > T, Shioya b (1988) k. 15~ ME TORKH I & 0
WANSHEZHRAL, 2W0ETE 2 RANDH T MO TFR6T% EIMEATH T b, #
AR EEEIZ2EROAERY THD EHmE LTS, MHEICKajiharad (1987) &, E
AR 220, 2BEXUVUBMO SKIZOWTHEL, 2~4MEH~OREEINBLV
UBFBEAERTH LB, SHMBEHU»PSRZEU LORBFTRIIRKELEN R, BRI
ANORERIFH XD UBHRICE_AFERE T L, Thid @K RKET 8 M
OB LEAEREEREBEBTT DI LZEDELTVS, RRABROBRABAEORGETH-
LESREUVSMHEORBMTHLAKOEAARD LN, DEMERICSMREHULORE
ERLIEPEmMEEBIZILEAEPEBBIZEE L,

— . SREES ST ORAEEEBECELSBME L8 BMREICB VLTI, 2.5
BLUOSKHERICEA_RDEERRBIONRBE~AOREEREFRERCEKETCD>L, TOI LI,
WROBFHEPIRELS ZWIEF 2 RALDR T HONOBAEGRIETFL, BITWAEZ 2D Z
& (Sato et al.,1977;Fukui et al.,1982) . BERBTOMRMBZOYE S HE K DI0%IXE E
RKICIBEALEF TN, 2~4MEKTIEZORIETL, 2MiRPEOD R L
L% NERTZETHY 2 ~4AMBPKELBORAERNIK T3 D (Minamihashi et al.
, 1986 ) EHESNTVDZ D, ARBROSHEMEKOBAMREILRB N THHE 2 H#A
DEPYA~OBRBRERBEERTHoLI L, RHERAETH 2.5BI UMK ICHERERE T
ZROEANADPEP oI LBIUONERBEEIBV TS 2~4MifaE~DREF T8 M
AL E~DOREEPBDOD TRETH- LI LILED EBRDRE,

ftoT, AKRBREHETTCOBSHMEOIHNEALLIRINFERET COFFTRHE T, oHF
BLUORBRA~ORAEFEL QR REZEEL S, WRBLEEZESKBECIITELEDN
o
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RERRADCDHRY . ARIXOHEEES L UCHKHE 2B D > HEKZE BRI
EH BBERCEFHBLET., o, IERRRCHB IO EEVEBHERERAARB IO
EMERABEREFTOBBEOF X TEH L ET,
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Relationship between superovulatory response and blood profiles

in japanese black cows with FSH treatment
e —f-BKHE BK--KRER FZV-H£LK ET2

Kazuhito Matsuoka, Svoiji Sakata, Takayuki Mizuhara'’ and Tatsuyuki Suzuki®

_ o R RS
Zootechnical Experiment Station Prefecture of Yamaguchi
_ W ReBRERBEHEERD
Yamaguchi Prefeclural Chubu Livestock Hygiene Service Cenler®
. ITN=lr =Nl B e NS ' .
United Graduate School of Veterinary Sciences, Yamaguchi University?®

Abstract: This study was carried out to investigate the relationship between
the blood prefiles and the superovulatory responce in Japanese black cows with
FSH treatment. Eleven Japanese black cows wunder the same father and same
ages (4 years old) were treated for superovulation wusing follicle stimulating
hormone (FSH). For the estimation of blood profiles, blood samples were
collected from those cows on the day of natural heat (0 day), single flushing
(7 days), start of FSH treatment (10 days), PGF2a treatment (12 days), heat from
superovulation (15 days), and recovery of superovulated embryo (21 days),
respectively. Progesterone concentration was high level in superovulated cows
comared with those of untreated ones( I3 5L, 1 vs 5. 421, 6;P<0.01). Number of
transferable embryos were associated with increasing in the cows had many of
embryo recovered (Group-1I), in compared with the cows had few number of embryo
recovered (Group-1) (17.448.8 vs 3,322 5; P<0. 05). Similary, progesterone levels
were higher in Group-I than those of Group-1(14. 240, 8 vs 12.9%1.1). GOT levels
were significantly increased in the estrus of superovulated cows in compared
to those of others (73.3+28 5 vs 53, 7+£10.9~58, 9£15, 1;P<0.05~0.01). Total-
Cholesterol, Phospholipid, «-Tocopherol and p-Carotene serum concentrations

were lower in the times of single flashing from the non lreated cow and embryo
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recovery from the superovulated one. Retinol concentration levels were
significantly decreased from PGF2« treatment to estrus. (P<0.05). The value
of the each blood substances was mno significantry difference between Gloup-1I

and Gloup-1.
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Table 1. Results of embryo recovery by single flashing and

superovulated flashing in japanese black cow

Single flashing Superovulated flashing
Number
Group recovery transferable transferable
of donors ova/donor

rate, (%) embryo, (%) embryo/donor, (%)
I 6 83.3 80.0 15.5%10.5 3.3a%2.5(21.5)c
il 5 80.0 100 21.2+ 7.8 17.4b#8.8(82.1)d
Et+ 11 81.8 88.9 18.1* 9.3 9.7 *9,4(53.8)

a,b;c,d: P<0.05
I : (number of embryo recoveryc«1l3. 8, number of transferable embryo«<6. 9,
rate of transferable embryo<50.0)
O : (number of embryo recovery»>l13. 8, number of transferable embryo»6.9,

rate of transferable embryo»>50.0)

Table 2. The blood profiles on the single flashing and superovulatory
treatment cycle in donor cow (I)

Item Group Oday Tdays 10days 12days 15days 21days™

S - P I 6. 71 0.1 6. 5 0.1 6. 71 0.3 6.7t 0.3 6.9 0.4 6.5t 0.3
Cg/dl) i 6. 82 0.4 6. 52 0.4 6.8 0.4 6.8t 0.7 6.8t 0.7 .82 0.7
Alb I 3.7t 0.2 3.6 0.2 3,71 0.2 L7101 3,85 0.2 3.5t 0.2
(%) il 3,81 0.3 37t 0.2 3.8t 0.3 3,81 0.4 3.8t 0.4 3.8t 0.4
-Gl b I 1.5 0.2 1.62 0.3 .52 0.3 1.6 0.3 1.6t 0.3 1.5 0,3
(%) o 1. 5% 0.1 1.4 0.1 1,52 0.1 1.5¢ 0.3 1.5 0.3 1,51 0.2
Ca I 10,11 0.9 10,0£ 1,0 10.1£ 0.8 10.0£ 0.8 10.1f 0.8 8.8t 1.2
(mg/d1) i 9.8 0,5 8.8t 0.7 10,005 8.6 0.7 8.8t 0.6 10,0 1.0
Mg I 2.7 0.3 2.61 0.4 2.7 0.3 2.7t 0.3 2.8£ 0.3 2.6% 0.4
(mg/d1) i 2.7t 0. 4 2.52 0.4 2,51 0.4 2,61 0.4 2,52 0.3 2.4 0.4
|1-P I 4.6t 0.4 4,12 0.6 50108 4,71 0.6 501 0.9 51 1.0
(mg/d1) o 4,71 0.5 4,81 0.6 511 0.7 5.1 0.4 501 0.6 571 0.7
BUN I 11,8 2.2 12,8t 3.0 12,6t 3.0 12,0t 2.8 11,5t 2.5 11,5% 2.4
(mg/d1) o 12,3t 2.0 1.4 1.4 11,6 2.6 12,62 3.7 12,0t 20 12.7% 23
GPT I 7.9t 6.5 8.11 6.4 8.6t 5.6 7.5t 6.3 8.2t 6.2 7.5 5.6
(KU) I 1.9 4.7 1.7 5.1 8. 01 4,2 8.3 4.0 8,7t 4.4 8. 11 3.6
vy—GTP I 15,61 2.1 15,2t 3,0 15,6 3.2 155t 3,0 15,61 2.8 150%f 2.6
/) o 17,01 2.8 16,4t 3.3 16.2£ 2.9 16,8t 3.2 16,5%f 3.1 16.6% 4.3

X :Day0=estrus, Day7=single flashing, Dayl10=FSH injections, Dayl12=PG injections,
Dayl5=estrus after superovulation, Day21=superovulated flashing
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Table 3. The blood profiles on the single flashing and superovulatory
treatment cycle in donor cow (I)

Item Group Oday Tdays 10days 12days 15days 21days™

P I 0.6 0.3a 5.4t 13C 6.8f 1.0 8.0t 1.2 1.41 0.7 12.9% 1,1D
(re/ml) o 0.5 0.1 5.4t 2.1C 6. 7¢ 0.8 8.3t 2.1 2.4t 2.8 14,21 0.8D
Total 0.6t 0,22 5. 41 1.6C 6.7t 0.8 8.7t 1.6 1.8 1.8b 13.5% 1,1D

GOT I 59,41 18,6 55,8t 6,6 53,7t 12,3 51,8t 12.0 74 8L 37.5 54 11146
(KU) I 58, 3% 11,82 55 5%11,8a 53,91 10.5a 56,0t 11,4 71,5% 16.1b 57. 7110, 2a
Total 58 9% 15 1A 55.6% 8.6a 53,7t 10,9A 53,81 11, 4a 73,3t 28, 5Bb 55. 7112, 3a
T-CHO I 140, 1% 25, 2ac131, 2419, 84 138, 71 24, 5a 135, 4% 28, 0A 137. 3% 23, 0a 124, 3125, 6Bb

(mg/d1) O 126,98t 23,2 122,9%16.3 128.7t 20,9 127.0%f 22.3 127.7f 21.7 114, 813.1
Total 134, 1% 24, 1Aa127. 5518, 0b 134, 2% 22, 4A 131,61 24, TA 132, 8% 21, 8A 120, 0122, 1B
P L I 155, 5% 31.9Ac139, 5127, 4d 151, 2% 31, 4a 146, 3t 32, 1a 154, 6% 28, 4A 139, 3129, 1Bb
(mg/dl) O 140, 2% 24,5 131, 4114, 4 139, 4% 18, 52 139,21 23.0 143, 0% 20, 3a 126, 6211, 6b
Total 148, 51 28, 5AC135, 8121, 8Dd145, 81 25, 8A 143, 0% 27, 2a 149, 3t 24, 6Ac133, 023, 3Bb
a—Tococ I 39251105, 5A 351, 8163, 9 381, 7% 89, 5A 398, 11119, 8a 378, 81103, 2a 334, 6182, 4Bb

(pa/dl) I 418.0t137.4 365 8100, 4 383, 31103, 3 407,1£127.0 385 51123.6 356.9178.8
Total 404, 12115, 3Ac364, 7190, 4d 387, 9% 91, 1A 402, 21116, BA 381, 91107, 0a 344, 7183, 0Bb

B—Car I 240,41 62,2 226,6149,8 233, 7% 52,9 233,11 65.4 2380t 67.9 220.6187.9
Crg/dl) O 306, 9+115,2 267,582, 2 301,8t101,0 316,21113. 9 316, 91110, 0a 279, 4180, 6b
Total 270,61 92,0 245, 2471, 4 264, 7% 82,1 270, 9% 96.0 273.8% 94, 0A 247, 4186, 0B

V'A I 79,3t 12,5 76,6114, 8 79,91 11.4 79,3t 9.6 745t 10.8 75 11157
(1u/dtr) o 76,0t 8, 8a 70.7t 7.8¢c 73.8t 7.0 78,4t 12,2 71.3% 9.8b 79.4% 0. 14

Total 77.8%f 10.6 73.8412.0 77.1f 8.7 78,81 10,32 73,0%f 10.0b 77.1412.7

(A B:C,D:MeantSD;P<0. 01)

Table 4.

(a, byc, d:MeantSD;P<0. 05)
% :Day0=estrus, Day7=single flashing, Dayl0=FSH injections, Day12=PG injections,
Dayl5=estrus after superovulation, Day2l=superovulated flashing

Relatlionship between the concentration of
serum progesterone and results of flushing

P Single FSH Superovulated
\\\\\\\\\\\\\ flushing treatment flushing
Item (7days) (10days) (21days)

oval embryo, no -0.233 0. 058 -0.184
tEAnaferapls -0. 077 0. 206 0.706*

embryo, no
rate of
transferable 0.092 0. 427 0.57
embryo
X :P<0.05
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Abstract: In the search for the underlying mechanism for infertility associated with
endometriosis, the possible involvement of tumor necrosis factor (TNF) in peritoneal fluid
was investigated. The concentrations of TNF in peritoneal fluid in infertile women with
endometriosis were about five times as high as those found in infertile women without
endometriosis. In in »itro experiments using mouse embryos, the addition of TNF alone had
no effect on the development of 2-cell embryos during 24 hours incubation. Since peritoneal
fluid freely goes into the oviductal cavity where early embryogenesis takes place, elevated
TNF in peritoneal fluid in women with endometriosis may influence reproductive process by
altering the intraductal microenvironment. As expected, the addition of TNF inhibited the
development of 2-cell embryos co-cultured with the oviduct during 24 hours incubation. TNF
exerted an inhibitory effect on 4-cell embryos as well, but not 8-cell embryos.

Conditioned media harvested from the culture of the oviduct with TNF similarly inhibited the
development of 2-cell embryos. These results implicate that TNF in peritoneal fluid, may

be a candidate responsible for impaired reproductive performance associated with
endometriosis possibly by acting on the oviducts and stimulating the release of a certain

humoral factor from them.

Introduction

Although anatomical derangement such as tubal obstruction and peritoneal adhesion can be
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an etiological factor for infertility, when present, in women with endometriosis. However,
the causes for infertility are unexplained in many women with endometriosis.
Chronic intraperitoneal inflammatory process is recently receiving increased attention

as manifested by increased volume of peritoneal fluid?, increased number of peritoneal
macrophages® *, an increased their activity® ® and elevated levels of cytokines in
perifoneal fluid®. Since peritoneal fluid is in direct contact with the ovaries and the
oviducts, subtle alterations of the fluid are supposed to adversely influence reproduction.
Particularly, elevated levels of cytokines are suggested to be involved in impaired
fecundity associated with endometriosis® . In this context, we have offered evidence that
interleukin 1 (IL-1), a major cytokine, may compromise early embryogenesis by acting on the
oviducts in én 2it7ro experiments® . Considering the increased levels of IL-1 in peritoneal
fluid with endometriosis and a direct continuity of peritoneal fluid with the oviductal
cavity, it seems that IL-1 in peritoneal fluid may be one of potential mediators of an
embryo-toxic property present in peritoneal fluid in women with endometriosis® . Tumor
necrosis factor (TNF), a kind of cytokines, shares many of the biological actions of IL-1
and is released concurrently with IL-1 in many instances®. Therefore, in the present study
we intended to examine whether TNF like IL-1 may contribute to infertility associated with

endometriosis.

Materials and Methods
Collection of peritoneal fluid

The subjects in this study were 40 infertile women who had laparoscopy or laparotomy

for either an infertile evaluation or treatment of infertility. The subjects consisted of
(1) 20 women with evidence of endometriosis and (2) 20 women without endometriosis but

having apparent etiological facotrs for infertility including tubal obstruction and male
factor, etc. Samples of peritoneal fluid were obtained from the cul-de-sac space at these
procedures. After centrifugation at 600g for 15 minutes, the supernatant was collected and
stored at -80 °C before use.
TNF assay

The concentrations of TNFa in peritoneal fluid were measured by ELISA purchased from
Otsuka Pharmaceutical Co., Ltd.. The lowest concentration measurable was 4 pg/ml. The
intraassay coefficient of variation was 3. 1% while the interassay coefficient of variation

was 12. 0%
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In vitro experiments for assessment of TNF on the embryonal development

Female ICR mice at 8 weeks were superovulated by the injection of pregnant mare serum
(5IU) intraperitoneally, followed 48 hours later with 5 IU human chorionic gonadotropin

(hCG). The mating was confirmed by the presence of the copulatory plug. The oviducts were
dissected out 48, 54 and 60 hours after the hCG injection to obtain 2-cell, 4-cell and 8-
cell embryos respectively. The embryos were collected by flushing the oviducts. After
selecting the embryos at stages desired, they were cultured for 24 hours under the
condition of 95% air and 5% C0, at 37 °C in modified BWW medium. Usually, 10 embryos were
cultured in plastic organ culture dish (Falcon) containing l.5ml of the medium. In
experiments of co-culturing embryos with the oviduct, the oviducts were obtained from
nonpregnant ICR mice at 8 weeks. A piece of the oviduct (about 5 mm in length) was added
into a dish with embryos which did not perturb pH and osmotic pressure of the culture media.
The degree of the development of cultured embryos was assessed by microscopic examination.
TNFa used in this study was obtained from Genzyme Co.
Statistics

Chi-square analysis was performed for the comparison of the embryonic development. A

probability of 0.05 was considered significant.

Results
The TNFa concentrations in peritoneal fluid associated with endometriosis were 308.2+%
98.6 pg/ml (mean=SEM), about a five-fold high (p<0.05) than those without endometriosis (64.
6+17.3 pg/ml) (Fig.1).

TNFa (pg/mi)

T T T |
0 160 260 300 400 500 600

non-endometriosis

P<0.05

endometriosis

Fig. 1 Tumor necrosis factor levels in peritoneal fluid in infertile women with or

without endometriosis.

-177~-



BALINEEE (J. Mamm. Ova Res.) 8% 2% 199 14 108

Then the effect of TNF on the embryonic development was examined. The addition of TNF
(200 U/ml) alone did not produce any discernible effect on the development of mouse 2-cell

embryos (Fig.2). TNF at concentraiton of 20 U/ml produced essentially the same inhibitory

effect as that obtained by TNF at 200 U/ml.

% embryos reaching 5-cell or more

0 50 100
(n=124)
control
(n=82)
tumor necrosis factor
(200u/miI)

Fig. 2 Effect of tumor necrosis factor on the development of mouse 2-cell embryos

during 24 hours incubation.

The numbers in parentheses indicate the number of embryos examined.

We next explored the effect of TNF on the embryonic development in the presence of

oviducts. As shown in Fig.3, TNF significantly inhibited the development of 2-cell embryos

co-cultured with oviducts as compared with the control.

% embryos reaching 5-cell or more.

I 1 ml
0 50 100
(n=100)
control
P<0.05
tumor necrosis factor (n=88)
(200U/ml)

Fig. 3 Effect of tumor necrosis factor on the development of mouse 2-ceil embryos
co-cultured with the oviduct during 24 hours incubation. The numbers in parentheses

indicate the number of embryos examined.

Likewise, TNF inhibited the development of 4-cell embryos in the presence of the oviducts

(Fig.4). However, it did not affect the development of 8-cell embryos cultured under
similar conditions.
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% embryos reaching 16-cell

f T =
0 50 100
(n=80)
control
P<0.05
tumor necrosis factor (n=280)
(200U/ml)

Fig. 4 Effect of tumor necrosis factor on the development of mouse 4-cell embryos

co-cultured with the oviduct during 24 hours incubation. The numbers in parentheses

indicate the number of embryos examined.

[t is of interest to see whether a certain humoral factor could be released from the
oviducts in response to TNF and mediate the inhibition of the embryonic development. As
expected, the conditioned media harvested from the culture of the oviducts with TNF as well

inhibited the development of 2-cell embryos (Fig.5), while conditioned media without TNF

had no effect.

% embryos reaching 5-cell or more

1 Al

o

50 100
(n=82)
control
P<0.01
tumor necrosis factor (n=280)
(200U/ml)

Fig. 5 Effect of conditioned media harvested from the culture of the oviduct with or
without tumor necrosis factor on the development of mouse 2-cell embryos during 24
hours incubation. Control represents the conditioned media without tumor necrosis

factor. The numbers in parentheses indicate the number of embryos examined.

Discussion
Mild or moderate endometriosis is often associated with infertility in spite of the

apparently healthy ovaries, tubes and uterus in appearance. The mechanism for
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endometriosis-related infertility has been the subject of intense study. A large body of
recent literatures indicate the altered cellular or humoral components in peritoneal fluid
in women with endometriosis™, thus suggesting the presence of chronic intraperitoneal
inflammation in endometriosis. Furthermore, a considerable body of evidence has been
accumulated in support of the adverse effect of peritoneal fluid in endometriosis on diverse
reproductive process such as ovulation, gamete transport or survival, fertilization, early
embryogenesis or implantation* ™. Along with this line, we have shown that peritoneal
fluid in endometriosis acts on the oviducts and thereby stimulates the release of a certain
factor which ultimately compromises early embryogenesis in in »itro experiments® . Since
peritoneal fluid is a direct continuity with oviductal cavity, the above finding argues
strongly for the role of peritoneal fluid as a possible causative factor for infertility
associated with endometriosis.

It is of interest to determine the substance relevant to embryo-toxic property of
peritoneal fluid in endometriosis. In this context, previous our report® pointed to IL-1
as one of substances in question. IL-1 was shown to exert its inhibitory effect on
embryonal development by virtue of acting on the oviducts and stimulating the release of
prostaglandin E; from them. TNF is known to be released from macrophages concurrently with
IL-1. As expected, present studies revealed the elevated concentrations of TNF in peritoneal
fluid in endometriosis. Taking into account that both TNF and IL-1 are surprisingly
similar in many of their actions®, we addressed the question of whether TNF, like IL-1,
inhibits embryogenesis. Here we showed that TNF inhibits the development of mouse early
embryos through acting on the oviducts as is the case with IL-1.

Mechanisms whereby TNF inhibits embryogenesis remains to be clarified. TNF is capable
of stimulating prostaglandin E. from a variety of cells® ®. Therefore, it is conceivable
that an inhibitory effect of TNF may be executed in a similar way as IL-1. TNF is further
shown to stimulate prostaglandin E, release in a synergistic fashion with IL-1'". Thus, it
may be that TNF compromises embryogenesis along with IL-1. Additional support for the
involvement of prostaglandin in lowered fecundity in endometriosis came from the observation
that indomethacin, an inhibitor of prostaglandin synthesis, effectively restores the
lowered fecundity in rats with experimental endometriosis'" .

In the present study, the evidence for an inhibitory effect of TNF on embryogenesis is
presented. Recent study has shown that TNF suppresses sperm motility in vitro'?

Therefore, an elevation of TNF levels in peritoneal fluid may affect the reproductive
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status through several modes of actions in in vivo paradigm.
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2)

3)

4)

5)

6)
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