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The meiotic resumption and cleaving ability of porcine

oocytes matured in - vitro and followed by elctroactivation

Satoshi KUREBAYASHI”, Masashi MIYAKE, Kenji KOHNO,
Takashi MIYANO and Seishiro KATO

YThe Graduate School of Science and Technology and Laboratory
of Animal Breeding and Reproduction, College of Agriculture,
Kobe University, Nada - Ku, Kobe City 657

Abstract : The optimum voltage for inducing activation by electrostimulation of
porcine oocytes matured in vitro was determined. Oocytes matured for 42 h were
exposed to a single squared pulse for 100 psec at 100 to 3,000 V/cm DC and
examined 12 h later. More than 90 % of eggs pulsed at 250 to 1,250 V/cm were
activated, and the highest rate (98 %) was obtained at 750 V/cm. Oocytes
matured for 36 to 54 h were subjected to the stimulation at 750 V/cm. The
rates of activation in oocytes cultured for 36 and 38 h (47 and 44 %, respectively)
were significantly lower than in those cultured longer than 42 h (94 to 99 %;
P<0.01). Succeeding events were examined. Oocytes matured for 42 h were
pulsed at 750 V/cm, and anaphase II (32 %) and telophase II (32 %) were
observed 10 min and 30 min after stimulation, respectively. Nuclear formation
was completed 4 h after stimulation in 95 % of the eggs. Meiotic resumption
induced by electrostimulation is thus quite synchronous. Extrusion of the second
polar body and formation of a nucleus was observed in 92 % of activated eggs.
These eggs when further cultured developed beyond the 4 -cell stage. Key
Words: Electrostimulation, Resumption of meiosis, Cleaving ability, Porcine

follicular oocytes (Received 24 January 1994, Accepted 25 February 1994)

Introduction
The resumption of meiosis in mammalian secondary oocytes, so called the
activation, is ordinarily triggered by the sperm penetration. The activation is also
induced by various other stimuli”. The details of the activation methods and
succeeding development of activated eggs have been studied mainly in the mouse?.

Recently, these events are also investigated in the rabbit?, cattle*” and human®.
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Only several reports described the development of porcine eggs matured and
fertilized in vitro® ' because of high incidence of polyspermy in — vitro. The
employment of the in - vitro activation instead of in—vitro fertilization may lead to
elimination of such problems. Porcine follicular oocytes can be obtained from the
almost unlimited supply of ovaries from commercially slaughtered pigs. There have
been only several reports concerning the methods of activation'**® and the details of
events that follow™.

This study was designed to establish an effective condition for inducing the
activation by electrostimulation of porcine oocytes matured in - vitro. Succeeding

events in the activated eggs including the cleaving ability were examined.

Materials and Methods
Collection and maturation culture of follicular oocytes : The composition of media
was based on Yoshida et al.™. Briefly, TCM-199 with Earl’s salts (Nissui, Japan)
supplemented with 0.35 mM D - glucose, 2.92 mM Ca-lactate, 0.91 mM Na -

pyruvate, 100 U/ml penicillin— G potassium, 50 ¢ g/ml streptomycin sulfate and 10 %
(V/V) heat - treated fetal calf serum (Biocell Lab., U.S.A.) (mTCM) was used for
culture of the eggs activated. mTCM including 10 IU/ml PMSG (Teikoku Zoki
Japan), 10 IU/ml hCG (Sankyo, Japan) and 1 pgg/ml estradiol-17 8 (Sigma,
U.S.A.) was used for maturation culture of the oocytes collected as below.

Ovaries were collected from gilts at a local slaughterhouse and brought to the
laboratory within 1 h. Temperature was maintained at 30 -35C. Ovaries were
washed with Ca?* — and Mg?** - free Dulbecco’ s phosphate buffered saline (PBS), and
the oocyte — cumulus complexes (OCC) were recovered from antral follicles, 2-5
mm in diameter, by puncture. OCC were washed three times with maturation
medium, and oocytes possessing compact cumulus mass and evenly granulated
ooplasm were selected for the experiments. Ten oocytes each were transferred to
the droplets of maturation medium (100 g1) under paraffin oil (Nacarai Tesque,
Japan) in a plastic dish (60 X 15 mm, Falcon, U.S.A.) and cultured for various
durations in a CO; incubator at 39°C in air containing 5 % CO. with high humidity.

After maturation culture, the oocytes with expanded cumulus mass were
suspended in PBS containing 290 U/ml hyaluronidase (Sigma) for 2—3 min, and
freed from the cells by pipetting in mTCM. The denuded oocytes were washed three
times with mTCM and ascertained the extrusion of the first polar body under an
ir}verted microscope. The oocytes with the first polar body were used for the

experiments.
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Induction of parthenogenetic activation : For electrostimulation, 0.3 M mannitol

solution containing 0.1 mM MgSO, and 0.05 mM CaCl,”® was placed between
parallel electrodes 2 mm apart in an electric chamber (FTC-03; Shimadzu, Japan).
Ten to 20 denuded oocytes were placed in the solution and they were subjected to
a single squared pulse for 100 gsec from an electric cell fuser (SSH-1; Shimadzu).
They were transferred to mTCM within 1 min, washed three times with mTCM
and then cultured in a CO, incubator.

Examination of eggs : After culture, eggs were whole - mounted, fixed in

Carnoy’s solution for 48 h and stained with aceto - orcein in all experiments except
Experiment 4. The eggs thus prepared were then examined under a differential
interference microscope (Nikon, Japan). In Experiments 1 and 2, the activation
was judged on the basis of the formation of nucleus(ei). In Experiment 3, the
presence of the nucleus(ei) and the stage of the second meiosis were evaluated.
The activated eggs before formation of nucleus(ei) were classified into the following
stages; metaphase II (Met II, Plate 1A), anaphase II (Ana II, Plate 1B),
telophase IT (Tel II, Plate 1C) and condensed chromatin (CC, Plate 1D). Some
eggs were stained with 1 pg/ml of Hoechst 33342" (Polysciences, U.S.A.) and

observed under an epifluorescent microscope (Nikon) in Experiment 3.

Plate 1. The meiotic resumption of porcine eggs activated by electrostimulation.
All eges were photographed under a differential interference microscope
after fixation with Carnoy's solution and staining with 1 % aceto-orcein.
Arrows indicate the first polar body. X650.

_A. A mature oocyte at metaphase II (Met II). It had been maturation
cultured for 42 h.

B. An egg at anaphase II (Ana II) 10 min after electrostimulation.

C. An egg at telophase II (Tel II) 30 min after electrostimulation.

D. An egg with condensed chromatin (CC) 1.0 h after electrostimulation.

=1 66~
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Experiments :

Experiment 1: To examine effects of charged voltage on the rate of activation,
oocytes cultured for 42 h were stimulated at 0 to 3,000 V/cm DC (see Fig. 1).
Activation was determined 12 h after electrostimulation.

Experiment 2: Effects of the duration of maturation culture on the activation of
oocytes were examined. Oocytes cultured for 36, 38, 40, 42, 48 and 54 h were
electrically stimulated at 750 V/cm DC. As a control the occurrence of activation
without electrostimulation was measured on the oocytes cultured for 54 h and
placed for 1 min in mannitol solution.

Experiment 3: Oocytes cultured for 42 h and stimulated at 750 V/cm DC were
further cultured for 10, 20, 30 min, 1.0, 2.0, 3.0, 4.0, 5.0, and 6.0 h. The
timing of the resumption of the second meiotic division and nuclear formation
were examined. Activated eggs were classified into four types according to the
number of polar bodies and nuclei’ (see explanation of Table 3).

Experiment 4: Cleaving ability of activated eggs with 2 polar bodies was examined.
Oocytes cultured for 42 h and activated at 750 V/cm DC were cultured for 6 h, and
examined for the presence of the second polar body on an inverted microscope.
The eggs with 2 polar bodies were further cultured up to 60 h. Numbers of

blastomeres in these eggs were counted 24, 48 and 60 h after electrostimulation.

Statistical analysis : The results of Experiment 2 and the types of activated eggs

in Experiment 3 were analyzed using one —way ANOVA. Probability less than 0.01

was considered significant.

Results

Experiment 1: Activation was observed in the eggs treated with pulses ranging from
100 to 2,500 V/cm DC. Moére than 90 % of the eggs were activated at 250 to 1,250
V/cm, the highest rate (98 %) being obtained at 750 V/cm (Fig. 1). All the eggs
not activated by the treatment between 0 to 750 V/cm were still being arrested
at metaphase II. All the eggs treated at 3,000 V/cm degenerated. In the following
experiments oocytes were thus stimulated at 750 V/cm.

Experiment 2: More than 90 % of the oocytes cultured for longer than 36 h showed
maturation (Table 1). The rate of activation, however, increased as the duration
of culture increased. The rates of activation were 47 and 44 % in the oocytes
cultured for 36 and 38 h, respectively. The rate increased significantly in the
oocytes cultured for 42 h or more (P<0.01). No oocytes were activated without

electro stimulation.
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|

0 100 200 250 500 750 1,000 1,250 1,500 2,000 2. 3,000
Field voltage (V/cm DC)

[] Metaphase i E&5 Chromosonme abnormality

Activated Degenerated

Fig. 1. Effect of field voltage on the rate of activation in porcine oocytes.

The figure on each column means the number of oocytes examined.

Table 1. The effects of duration of maturation culture on the

activation of porcine oocytes

Duration of Stimu- Number of eggs
maturation lation
culture (h) Examined Matured(%)* Activated(%)**
36 + 109 104( 95) 49(47)2
38 + 69 64( 93) 28(44)8
40 + 68 66( 97) 48(73)ab
42 + 70 70(100) 66(94)b
48 + 86 85( 99) 84(99)b
54 + 78 78(100) 74(95)b
54 - 44 42( 95) 0( 0)

+: with electrostimulation.

-: without electrostimulation.

: Rate to the number of eggs examined.

**. Rate to the number of matured eggs.

a,b, Figures with different superscripts are significantly
different (P < 0.01). Oocytes without electrostimulation

are not included in the statistical analysis.

Table 2 shows the stage of meiosis and formation of nucleus(ei) in
the activated eggs. Ana II (32 %) was observed within 10 min, and Tel II (32 %)
emerged half an hour after activation. Resumed meiosis proceeded quickly, and
almost all eggs (95 %) had CC 2.0 h after activation.
this time and completed 2.0 h later in 95 % of the stimulated eggs.
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Table 2. Resumption of the second meiosis and nuclear formation after
electrostimulation in porcine oocytes matured in-vitro

Duration of Number of oocytes Number (%)** of eggs at stage of

culture after

Matured and
stimulation Examined ac%iggted M II A Il T II cc N

10 min 69 65( 94) 44(68) 21(32)

20 63 58( 92) 22(38) 36(62)

30 64 60( 94) 5( 8) 34(57) 19(32) 2( 3)

1.0 h 64 62( 97) 2(3) 1(2) 43(69) 16(26)

2.0 72 72(100) 0(0) 0(0) o0(0) 68(95) 4(5)
3.0 56 55( 98) 0(0) o0(0) o0(0) 28(51) 27(49)
4.0 75 75(100) 1(1) o0(o0) o0(0) 3(4) 71(95)
5.0 54 53( 98) 0(0) O0(0) 1(2) 0(0) 52(98)
6.0 69 68( 99) 0(0) 0(0) 1(1) 1(1) 66(97)

*: Rate to the number of oocytes examined.

*%*: Rate to the number of oocytes matured.

M II; metaphase II, A II; anaphase II, T II; telophase II, CC; condensed
chromatin, N; nucleus(ei)

Types of activated eggs were presented in Table 3. Immediate cleavage (1I0)
was not observed in this experiment. Most of the activated eggs (92 %) had the first
and second polar bodies and a nucleus (2PBIN; most probably haploid, Plate 2C),
and the rate of eggs probably diploid (1PBIN and 1PB2N, Plate 2A and 2B,

respectively) was only 8 %.

Table 3. Classification of activation according to
the extrusion of the second polar body
and number of nuclei in porcine eggs
activated by electrostimulation

Number Number (%) of eggs with

of eggs
examined  2PBIN 1PBIN 1PB2N ic

66 61(92)* 3(5) 2(3) 0(0)

*. Significantly different from other types of
activated eggs (P < 0.01).

2PBIN; 2 polar bodies and a nucleus, 1PBIN; a

polar body and a nucleus, 1PB2N; a polar body

and 2 nuclei, IC; immediate cleavage

—16 9~
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Plate 2. Nuclear formation of porcine eggs 12 h after electrostimultion. All eggs
were photographed under an epifluorescent microscope after fixation with
Carnoy's solution and staining with 1 ug/ml Hoechst 33342. X260.

A. An egg with the first polar body (arrow) and a single nucleus (1PBIN).
B. An egg with the first polar body (arrow) and 2 nuclei (1PB2N).
C. An egg with two polar bodies (arrows) and a single nucleus (2PBIN).

Experiment 4: The eggs with 2 polar bodies (2PBIN) were further cultured, and
the cleaving ability of these eggs was examined (Table 4). Twenty percent of the 65
eggs cultured were degenerated within 24 h after activation, and the rate of
degenerated eggs increased to 60 % at 60 h. The eggs composed of more than 4
blastomeres were observed 48 and 60 h after electrostimulation, but no compacted

eggs were obtained.

Table 4. Cleaving ability of the activated porcine eggs with 2 polar bodies and

a nucleus
Number Duration Number of eggs (%)
of culture
of eggs after Remaining Cleaved Degene-
activation at rated
cultured (h) 1-cell : Total 2-cell 3-cell 4-cell >4-cell
65 24 34(52) 18(28) 17(26)  1(2) 0( 0) 0(0) 13(20)
48 8(12) 24(37) 5(8) 4(6) 12(18) 3( 5) 33(51)
60 3(5) 23(35) 2(3) 2(3) 11(17) 8(12) 39(60)

Discussion

It was reported previously that electrostimulation by multiple pulses was more
effective than that by a single one in the mouse® and rabbit?. A single pulse,
however, was shown to result in higher activation than double pulses in the pig™?.
In Experiment 1, porcine oocytes were activated in high proportions (more than 90

%) by a single pulse at 250 to 1,250 V/cm. The higher pulses resulted in
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destruction and/or degeneration of cells, and the lower pulses failed to induce
activation. The stronger electrostimulation also lead to abnormal or small nuclei
in the rabbit?. Removal of cumulus cells by hyaluronidase treatment and exposure
to the electrolyte used in the present study did not cause activation of porcine
oocytes.

Kaufman?

suggested that postovulately aged oocytes undergo time — related
detrimental changes in the spindle at metaphase II, leading to dispersion of
chromosomes which would result in aneuploidy in activated eggs. Culture for 36 h
of porcine follicular oocytes is sufficient for nuclear maturation'”. In the present
study, it was shown that the rate of maturation was sufficiently high (95 %) after
maturation culture for 36 h. The rate of activation in oocytes cultured for 36 h
(47 %), however, was significantly lower than that in oocytes cultured for 42 h
and longer periods (94 to 99 %). It has been reported that the spontaneous
activation in bovine oocytes is triggered by aging of the oocytes®. In the present
study, no oocytes were activated without electrostimulation even after a prolonged
maturation culture for 54 h. It is most probably that the increase in the rate of
activation as observed here is caused by maturational changes in ooplasm and/or
plasma membrane, and not by aging of the oocytes. Prochazka et al.*® reported a
drastic increase in the rate of the porcine oocyte activation during 34 (22 %) to 36
h (90 %) of maturation culture followed by gradual increase up to 42 h. In our
study, a similar change was observed during 38 (44 %) to 42 h (94 %). These
results indicate that physiological changes responsible for resumption of the second
meiotic division occur in porcine oocytes at around the completion of nuclear
maturation.

The eggs at Ana II were observed 10 min after electrostimulation at 750
V/cm, indicating the immediate resumption of meiosis. The meiotic resumption was
confirmed in 92 % of treated oocytes within half an hour. These results show that
the activation can be almost simultaneously triggered by the electrostimulation and
succeeding behavior of chromosomes is quite synchronized. The duration of Ana
II was estimated to be about 20 min, and the second meiotic division continued for
1 h or more after treatment. The nuclear formation began to be observed 2.0 h,
after stimulation, and the eggs which formed nucleus(ei) accounted for 95 % at 4.0
h. The process of nuclear formation observed in this study coincide quite well with
the result of in—vitro fertilization, in which the female pronucleus was observed in

75 % of porcine eggs fertilized 4.0 h after sperm penetration®.
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More than 92 % of activated eggs had second polar body and a single
nucleus. They were most probably haploid. As the extrusion of the second polar
body is easily confirmed on an inverted microscope, only activated eggs can be
subjected to experiments concerned with development.

About one half of the eggs cultured were degenerated 48 h after treatment.
Although activated eggs had cleaving ability beyond the 4 —cell stage 48 and 60 h
after electrostimulation, no eggs were compacted. This result suggests that development
of eggs electrically activated is blocked at the 4 —cell stage just as in-—vivo fertilized
and in - vitro cultured eggs®. It is shown, however, that the pattern of the
intracellular Ca** oscillation induced by electrostimulation was different from that
induced by sperm penetration®.

The present results demonstrate that a large number of synchronously activated
eggs can be provided by electrostimulation in the pig and they are a useful model

for studies on fertilization.
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Abstract : Effects of oxytocin supplemented into medium on the development of
mouse one — cell stage embryos were investigated. When the embryos with and
without cumulus cells were cultured in the media containing 10™ to 10™*M oxytocin,
the developmental rates of 107*°M oxytocin —supplemented group in the cumulus -
free embryos were significantly increased compared to those of control, but the
rates of 10™*M oxytocin group were decreased. There, however, was almost no
effect on the developmental rates in the cumulus —enclosed embryos. In addition,
effect of 10°°M oxytocin on the embryo development was compared to that of co-—
culture with granulosa cells. There were no differences between oxytocin -
supplemented and co - culture groups in the developmental rates to each stage from
2—cell to expanded blastocyst. But co - culture system obviously increased the cell
number of blastocysts. The additional effect of supplementation with oxytocin into
co —culture system on the developmental rate and the cell number of blastocysts
was not found. Key words: embryo development, oxytocin, co- culture, mouse
(Received 25 February 1994, Accepted 25 April 1994)

Introduction

Oxytocin is synthesized by the hypothalamo — neurchypophyseal system, and
secreted from the neurohypophysis. In addition, oxytocin has been elucidated to be
released from the ovarian tissue of some species, sheep”, human?, cattle® , non-—
human primate”, swine®. It has been demonstrated that the sources of ovarian
oxytocin are the granulosa cells® and granulosa lutein cells”. With regard to the
physiological role of ovarian oxytocin, two main hypotheses have been proposed;
1) it may regulate the ovarian steroidogenesis by the paracrine actions'®, and 2)
cause the luteolysis in ruminant through a positive feed back loop in which
oxytocin and prostaglandin F.. are mutually reinforced’ . Recently Makimura et al.?
have reported that oxytocin promotes the development of mouse embryos in vitro.
However, research data on the effect of oxytocin on embryos is insufficient. The

purpose of this study was to examine the effect of oxytocin on embryo development
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in vitro, and to compare its effect with that of granulosa cell co - culture.

Materials and Methods

Collection of embryos: Female mice (7-12 weeks old) of ddY strain were superovulated

by an intraperitoneal injection of 5 iu pregnant mare serum gonadotrophin (PMSG)
followed by an injection of 5 iu human chorionic gonadotrophin (hCG) at 48 h
after injection of PMSG. Then females were placed in the male’s cages and the
existence of vaginal plug was confirmed on the following morning. Female mice
were sacrificed by the cervical dislocation at 18—20 h after injection of hCG. One -
cell stage embryos were obtained by tearing the wall of ampulla in Hoppe and
Pitts’s medium'. Some of embryos were transferred to the medium containing
0.1% hyaluronidase to remove the cumulus cells and washed six times in the fresh
medium.

Culture of granulosa cells: Granulosa cells were obtained from the antral follicles

after the collection of embryos by the method of Sanders and Midgley®. Mass of
the cells was transferred in TCM 199 with 60 mg penicillin and 50 mg streptomycin/100
ml. The erythrocytes in the medium were ruined by the method of Sirard et al.™.
Then the cells were incubated for dispersion in 0.25% trypsin solution in phosphate
buffer saline for 5 min. Viability of the cells was assessed by staining with the
trypan blue. The cells were added to 0.2 ml of TCM 199 supplemented with 10%
fetal bovine serum in tissue culture plate to give a final concentration of 0.6—
2.5X10° cells/ml, and cultured under paraffin oil at 37 C in 5% CO, in humidified
air. Medium was changed at 24 h after the start of culture. The cells became
almost confluent after about 96 h of culture. The monolayer exclusively consisted of
granulosa cells was used for the co— culture experiment.

Culture of embryos in the medium with oxytocin: The cumulus - enclosed and

cumulus —free embryos were cultured in the Hoppe and Pitts’'s media with 50 M
EDTA and supplemented with 107, 107%, 107® and 10™*M of oxytocin (Bachem Inc.
Torrance CA). Furthermore, in order to determine the effects of lower concentration
of oxytocin, the media with 107", 107 and 10 M oxytocin were tested using the
cumulus - free embryos.

Co - culture of embryos with the granulosa cell monolayer: At 96 h after culture of

granulosa cells, the medium was changed for Hoppe and Pitts’s medium with and
without 10™M oxytocin. Then five to ten one - cell stage embryos without cumulus
cells were co-cultured with the granulosa cell monolayer, and were simultaneously

cultured in Hoppe and Pitts’s medium alone with and without oxytocin.
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These embryos were incubated at 37°C in 5% CO; in air under paraffin oil. The
developmental stage of embryos was examined every 12 h under phase — contrast
microscope. Blastocysts at 120 h after the start of culture were fixed and the
number of cells was counted by the method of Ushijima et al.'®. Data were

analyzed by a Chi-square or Duncan’s multiple range tests.

Results

When one - cell stage embryos were cultured in the media with 10™* to 10™*M
oxytocin, there was no difference in the developmental rates of cumulus —enclosed
embryos between oxytocin - supplemented and control groups except 8- cell stage in
10™°M oxytocin group (Table 1). On the other hand, in the cumulus - free embryos
the developmental rates of 107°M oxytocin group were significantly higher than
those of control, whereas the rates in 10*M oxytocin group significantly decreased
in each stage from 8-cell to early blastocyst stage. There were no differences
among groups in each experiment in the cell number of blastocysts at 120 h after

the start of culture (data not shown).

Table 1. Development of mouse one-cell stage embryos with or without cumulus
cells in the media supplemented with various concentrations of oxytocin

Concentration No.of % of embryos developed to
of oxytocin embryos
(M) cultured cn 4C 8C '] E1B EpB HtB
Cumulus-enclosed embryos
0 70 97 89 66 66 60 53 3
10-'° 59 98 92 80 78 71 58 8
10-¢ 56 95 93 7 68 59 48 5
10°° 59 98 93 86** 80 68 54 5
1074 58 97 91 81 64 62 55 2
Cumulus-free embryos
0 76 96 89 88 79 70 58 4
10°'° 83 98 96 94 90° 88** 75° 14°
10-¢8 66 98 95 94 85 82 70 3
10-¢ 70 97 91 87 80 70 59 7
10-¢ 70 97 80 73 61° 53* 49 3
Cumulus-free embryos
0 80 96 81 80 68 60 53 5
10°'4 78 99 94° 90 79 68 58 12
10-'2 77 96 92° 86 77 69 60 19°**
10-e 80 99 94° 91° 85°* 75° 69° 19°°

") 2C=2-cell, 4C=4-cell, 8C=8-cell, M=morula, ElB=early blastocyst (embryo with
a small blastocoele), EpB=expanded blastocyst, HtB=hatched blastocyst
* Values are significantly different from value of each control in the same
column. #* P<0.05 ** P<0.01
Table 2 summarizes the developmental rates of one —cell stage embryos in the
media with 10™°M oxytocin and the co - culture system. Presence of oxytocin in the
culture medium improved the developmental rates of one —cell embryo to morula,
early blastocyst and expanded blastocyst as shown in former experiment. Co —

culture with the granulosa cell monolayer promoted the rates to each stage from 8
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—cell stage onward. By comparison of the effects between oxytocin and co — culture
groups, there were no difference between the two groups in the developmental rates
of all stages except hatched blastocyst stage. The effect of supplementation with

oxytocin into the co-culture system on the developmental rates was not found.

Table 2. Effects of oxytocin and granulosa cell co-culture on the development
of one-cell stage embryos

No. of % of embryos developed to
Oxytocin Granulosa embryos
10°'°M cells cultured 2cn 4C 8C M E1B EpB HtB
- - 76 100 89 76* 64° 57 54° 182
+ - 76 99 92 83*® Tg@® 72° 70° 25*
- + 200 100 92 87°® 83" 75° 68° 41°
+ + 195 100 95 91° 86° 78° 70° 50°

" 2C=2-cell, 4C=4-cell, 8C=8-cell, M=morula, ElB=early blastocyst (embryo with
a small blastocoele), EpB=expanded blastocyst, HtB=hatched blastocyst

2+ ® Values within the same column with the different superscripts are
significantly different (P<0.05).

The supplementation with oxytocin has no effect on increase of cell number of
blastocysts. On the other hand, co—culture system obviously increased the cell
number (Table 3). Additional effect on the cell number was not also found in the

case of the supplementation with oxytocin to the co-— culture system.

Table 3. Effects of oxytocin and granulosa cell co-culture on the cell number of

blastocysts
No. of
Oxytocin Granulosa embryos No. of cells"
10°'°M cells analyzed
- - 25 75.4 £ 4.3 *
+ — 34 83.7 £ 4.3 *
= + 103 109.7 = 3.2 °
+ + 107 116.6 £ 3.3 ™
'Y Mean *SE
*-® Values with the different superscripts are significantly different
(P<0.001).

Discussion

The results of this study indicated that oxytocin had a beneficial effect on the
development of mouse one —cell stage embryos in vitro and the concentration of
10" *M was the most effective in supporting the development of cumulus—free embryos.
Makimura et al.”® have reported that the developmental rates of in—vitro fertilized
eggs in mouse to blastocyst stage are higher in 10°M oxytocin group than in 1078,
10"M oxytocin and control groups. Although the discrepancy in the effective
concentration of oxytocin is unclear at present, it could be partly due to differences
in the strain of mice and/or the conditions of culture. In this study oxytocin at
any concentration had almost no effect on the development of cumulus—enclosed

embryos and higher oxytocin concentration (107*M) reduced the developmental
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rates of cumulus - free embryos, suggesting the possibility that the presence of
cumulus oophorus or cumulus cells dispersed in the medium may inhibit the
beneficial and deteriorative effects of oxytocin on the development of embryos.

The present study showed that both supplementation with oxytocin and co-—
culture system with granulosa cells had beneficial effects on the early embryo
development. There were no differences between the two groups in the degree of
the positive effect on the developmental rate of embryo. But co - culture system
increased the cell number of blastocysts when compared to oxytocin - supplemented
group. This suggests that, at least under condition of this study, co - culture
system is superior to supplementation with oxytocin for embryo development, and
that there is a possibility that the mode of action on the embryo is different
between the two. In addition, it seems that more powerful effect by co - culture
system masks the effect of oxytocin since the simultaneous combination of the two
treatment does not increase the developmental rate and the cell number of
blastocysts more than co - culture alone.

It is obscure why co - culture is beneficial for embryo development, although
some hypotheses have been proposed; helper cells produce mitogenic substances,
extracellular matrix products of the helper cells support the cell differentiation, or
helper cells remove the embryotoxic substances from the culture medium™.
Although there is a possibility that mouse granulosa cells secrete oxytocin in the
same manner as bovine granulosa cells®, it seems probable that granulosa cells

produce other factor(s) than oxytocin under condition of this study.
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Abstract: We have attempted to sex preimplantation porcine embryos using a
polymerase chain reaction (PCR) with the primers made from the SRY (sex—determining
region of Y) conserved sequences of mammals. The sense primer was 5 ~-GTCAAGC
GACCCATGAACGC-3" (20 mer) and the antisense primer was 5 ~-CTGTGCCT CCTG
GAAGAATGGC-3 (22 mer). After amplification of male blood samples, the male
specific DNA band was detected as a 165-bp fragment. These specific DNA bands
were detected in 44-50% of the embryos from 16-cell to blastocyst stage, although
the frequencies of positive samples were lower in 2—cell and 4—cell stage embryos.
Furthermore, direct sequencing of prepared fragments revealed that there were
considerable similarities among the porcine, human, mouse and rabbit sequences.
Key words: Porcine embryo, PCR, Sexing, DNA (Received January 19 1994,
Accepted July 21 1994)

Introduction

Attempts to achieve embryo sexing in mammals have been made for a long time”.
The successful establishment of such techniques would have a major impact on
animal production. However, no reliable methods have been developed except for a
few animals*®. In porcine, it is yet difficult to control sex. The advent of the
polymerase chain reaction (PCR) to amplify sequences of DNA has great potential
for sex control. This technique apart from its accuracy® can be carried out rapidly
to determine the sex of embryos.

Sinclair et al.” reported the discovery of the gene and its sequence from the
sex—determing region of Y(SRY). Since then, the sequence of SRY gene has been
used as one of the universal primers and template for embryo sexing in various
species of mammals®®®,

In this paper, we attempted to explore the method to detect the SRY conserved
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region in porcine cells for sexing of preimplantation embryos using PCR. Moreover,

the sequence of the amplified fragments was determined by direct sequencing.

Materials and Methods

In Vitro Fertilization and Embryo Culture : Immature oocytes derived from a local

slaughterhouse were matured in TCM-199 medium supplemented with 100 mg/1
dibekacine sulphate (Meiji,Japan), 10% (v,/v) fetal bovine serum (Hazleton, USA),
10 IU/mf PMS, 10 IU/mf HCG and 1 gg/mé E, for 48 to 50h at 38.5C in 5% CO,
in air. Semen was collected from Landrace boars by the glove method. Sperm
samples were diluted with a basic medium consisting of TCM-199 supplemented with
10% fetal bovine serum, 100 mg,/ £ dibekacine sulfate to a final concentration of
2x10® sperms,/mf. The diluted sperms were then incubated for 4 to 5h at 37C.
About 50 g £ sperm solution (1X10” sperm) were introduced into 200 g £
fertilization medium. The oocytes and sperms were cultured at 38.5C in an atmosphere
of 5% CO, in air for 5 to 6 days.

Preparation of Embryos for PCR-amplification : Two-cell to blastocyst-stage

embryos were washed 3 times in drops of phosphate buffered saline and individual
embryo was trasnsferred into a 10 g £ lysate buffer (10mM Tris-HCl pH 8.3,50mM
KCl, 1.5mM MgCl;, 1mM DTT, 1% SDS and 100z g, mf proteinase K) containing
tube. The DNA was prepared for the amplification by digesting the samples for 40
to 50 min at 37 C.A negative control was prepared by replacing embryo sample with
PBS into the lysate buffer tube.

DNA Extraction from Blood : DNA was extracted from whole blood using standard

method®.

Oligonucleotide Primers : One set of DNA-specific primers derived from the

conserved motif of SRY was used in the sexing assay. The oligonucleotides were
synthesized with a DNA synthesizer (Applied Biosystems Ltd., Warrington,
Cheshire U.K) according to the region from 588 to 752 bp in the SRY conserved
region. The primer sequences used for PCR were 5 -~GTCAAGCGACCCATGAACGC-3
(5" primer : SRY 1) and 5 -CTGTGCCTCCTGGAAGAATGGC-3 (3’ primer :
SRY 2). These oligonucleotides were purified by oligonucleotide purification
cartridges.

PCR Amplification of Embryo Samples : PCR was carried out according to previous

report'®. To each of the tubes containing an embryo, 27 ¢ £ of a reaction mixture
consistiong of 100mM Tris-HCl (pH 8.4), 15mM MgCl,, 500mM KCl, 0.1% gelatin,
8mM dNTP, 10 #M DNA primers, and 1 unit of Tag DNA polymerase were added
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and the mixture was overlaid with 30 # £ of mineral oil. PCR amplification was
carried out for 50 cycles each consisting of denaturation for 3 min at 93C, annealing
for 2 min at 60C, and extension for 1 min at 72C.

PCR Amplification of Blood Samples : Reaction mixture was the same as for

embryonic samples. Each blood sample (0.5¢g DNA sample) was assayed like an
embryo sample.
Analysis of PCR Products : PCR products (20« £) were electrophoresed on a 2.5%

agarose gel, stained with ethidium bromide and visualized under ultraviolet light.
If Y chromosome-specific 165 base pair products were visible in samples, the
sample was considered to be derived from a male.

Sequences of DNA Fragments : Sequence reaction was conducted with Taq Dye

Deoxy Terminator Cycle Sequncing Kit (ABI) using 5¢ £ DNA sample as a

template.

Results

Figure 1 shows an actual gel electrophoresis after the PCR amplification. The
DNA sample derived from the blood of a male geve a clear band and no band was
detected with the blood of a female. This band was estimated as the male specific
DNA band. The size was determined as 165 bp from molecular size marker. As

shown in Figure 1, preimplantation embryos also gave a clear band.

CJsd $8816BBBM

Figure 1. Agarose gel electrophoresis of PCR products from
porcine embryos matured and fertilized . C,sample
wituout DNA ; J, blood sample from male ; £, blood
sample from female ; 8,8-cell porcine embryos;16,
16-cell ; B ,blastocysts ; M, molecular size marker
(PHY marker).
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The results of sexing are shown in Table 1. Thirty four of 103 embryos were
identified as males by the presence of the male specific DNA band. The embryos
from 2-cell to 8-cell resulted in low positive percentages (12~36%), but about half
(43.8~50.0%) of the embryos from 16—cell to blastocyst stage showed the positive
band. In these results, the statistical analysis was performed with the Chi-square
test and more than 75% of confidence coefficient was obtained in 16-cell and morula

as of the expected rateio of 1:1 (& : 2).

Table 1. Sex determination by PCR analysis of in vitro fertilized embryos

Cell st Number of No. and (%) of embryos detected
o1s stRge samples with male specific band

2-cell 117 2 (11. 8)

4-cell 24 5 (20. 8)

8-cell 17 6 (35. 5) *'*

16-cell 13 6 (46. 2) %

morula 16 8 (50. 0) °
blastocyst 16 7(43. 8) %

Total 103 34 (33. 0)

% The statistical analysis was performed with the Chi-square test (expected
value was @:2 =1 : 1).
a) 0.10<P<0.25, b) 0.75<P<0.90, c) 0.90<P, d) 0.50<P<0.75

Subsequently, we determined the sequences of our fragment. Figure 2 presents
the sequences obtained. The sequences were similar to the results of Kageyama et

1)

al.’ in a portion of the conserved SRY. This amplified fragement was recognized to

be the SRY conserved region. There was more than 75% homology among mouse

and rabbit with 85% homology to humans (Figure 3).

20 40

§'" -TTTCATTGTG TGGTCTCGTG ATCAAAGGAG AAAAGTGGCT
60 80

CTAGAGAACC CTCAAATGCA AAACTCAGAG ATCAGCAAGT
100 120

GGCTGGGATG CAAGTGGAAA ATGCTTACAG AAGCCGAAAA GCG-3’

Figure 2. DNA sequences of prepared fragments of porcine amplified by PCR.The sequences
were obtained by directly sequencing from PCR products.
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1 20 40 60 70
Pig  TTTCATTGTGTGGTCTCGTGATCAAAGGAGAAAAGTGGCTCTAGAGAACCCTCAAATGCAAAACTCAGAG
Mouse A--T-+G-+++++++Ce+++G+G-G-++CAC+-GT-+--C-AGC--~-T--CAGC--~--=--- TAeso--
Rabbit A----- Georroers C-AAC++++G--AC-CC-G-++vvv-- GCe++-T++CAevvv-- Geosvsnans C
Human A----- Coovvonronns Coveos Ge v sCoCroGArrrmeorornans T--CAGe+--- G-orvernnns
71 90 110 123
Pig  ATCAGCAAGTGGCTGGGATGCAAGTGGAAAATGCTTACAGAAGCCGAAAAGCG
Mouse cceccrees CArvrmcrnnnes Grovovone GCrevrrrvornnnnanes AA+ 93/123* (75.6)
Rabbit ---cc+--- CA-vrvove- CA-Crovrerrennnnns Teveoans Teveone AT- 95/123 (77.2)
Human +---+v=-- CArvvvoens ArCeverrrooerennans Teeooereanns AT+ 103/123 (84.5)

Figure 3. Comparison of DNA sequences of SRY conserved region of mammals amplified
by PCR.

No. of similar bases 3
No. of bases

Discussion

The results of the present study indicate that porcine embryos are able to sex
during preimplantation stage using PCR with the primers made from the conserved
sequence of SRY. It seems that more than 10 cells is necessary for sexing using our
PCR system. After amplification, the male specific DNA band which was similar in
size to that from the blood sample was detected in embryo samples. However,
Bradbury et al.” succeeded in detecting male specific repeated sequences in mouse
single blastomere using PCR. Similar results have been reported in human? and
cattle”.

since 1990, SRY has been reported as a Y-specific gene over a wide range of

91219 This study utilized primers made from the conserved sequence of

mammals
SRY. The results obtained imply that this system would be useful to amplify
specific DNA sequences in the Y-specific DNA region.

The results obtained in the DNA sequences of our fragment used were essentially
similar to Kageyama et al." described in pig.

Finally, there is a paucity of information regarding sexing porine embryos using
PCR. This work therefore provides an efficient and suitable assay for sex control
using PCR. Further studies into methods which may modify single assays to ensure

complete accuracy are necessary.
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cleavage of the oocytes in vitro
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Abstract: In this study the bovine follicular fluid (bFF) from small follicles (2-5mm
in diameter) or its fractions were added to maturation medium, and their effects on
maturation, fertilization and cleavage of bovine follicular oocytes were examined.
Oocytes from slaughtered Holstein cows were cultured in maturation medium
supplemented with various concentrations of bFF or its fractions. After 22-24 hr of
culture, the oocytes were coincubated with frozen—thawed spermatozoa, then
cultured in development medium for 48 hr and at the end of culture evaluated for
cleavage, nuclear maturation and fertilization. The bFF at 30% significantly
enhanced maturation compared to bFF—free group (control); it also significantly
enhanced cleavage beyond the 2-cell stage compared to bFF-free and 60% low
molecular fraction (<10KD) groups. The 60% bFF group significantly enhanced
fertilization compared to bFF—free group. In addition, the embryos derived from
oocytes matured in the 60% bFF significantly proceeded to >2-cell stages.The
fractions of bFF were without significant effect on the rates of maturation, fertlization
or cleavage, except at 60% where the high molecular fraction (>10KD) significantly
enhanced cleavage to 2—cells compared to bFF—ree group, but the rates of embryos
that cleaved beyond the 2-cell stage was significantly lower (P<0.01) than in the
60% bFF group. In conclusion, addition of whole bFF (2-5mm follicles) to maturation
medium was beneficial for maturation, fertilization and cleavage beyond the 2-cell
stage of bovine oocytes at 30% and 60% concentrations. On the other hand, the
fractions of bFF did not show significant effect on the rates of maturation and
fertlization. Key words: Bovine oocytes, Follicular fluid, Maturation, Fertilization
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Introduction

It was first demonstrated by Pincus and Enzmann®that rabbit oocytes removed
from antral follicles and cultured in a serum-containing medium can undergo
spontaneous nuclear maturation in the absence of gonadotropins. However, later it
was shown that many of these spontaneously matured oocytes failed to be normally
fertilized or to produce viable embryos*®. On the other hand, Leibfried—Rutledge et
al.? demonstrated that oocytes fertilized in vitro after maturation in vivo exhibit
high rates of development to morulae and blastocysts. Moreover, in many cases, by
supplementing the culture medium with gonadotropins and/or steroids®®”,spontaneously
matured oocytes could be fertilized and could unbergo cleavage.

These observations suggested that fertilizability and the ability of the oocyte to
undergo cleavage and develoment is acquired during the course of oocyte maturation.
In addition, the observations suggested that oocyte maturation consists of events
occurring in both the nucleus and the cytoplasm.

The present study was designed to examine the influence of the addition of the
fluid from small bovine follicles (2-5mm) to maturation medium on maturation,
fertilization, the first cleavage division and the consecutive divisions of bovine

follicular oocytes in a complete in vitro system.

Materials and Methods

Sterilization of culture media and solutions was done by filtration through
0.45 ¢ m filters (Japan Millipore LTD., Tokyo, Lot No.GE 77), and all incubations
were performed at 39C in an atmosphere of 5% CO, in air and 100% relative
humidity. Oocytes and embryos were cultured in 100 #1 of maturation, fertilization
and development medium in a 35mm polystyrene dishes (Iwaki Glass, Japan), and
were covered with mineral oil (E.R.Squibb and Sons, Inc., Princeton, NJ, US.,
08540) .

Bovine follicular fluid : From the ovaries of slaughtered cows follicles of 2-5mm in

diameter were aspirated. The collected bovine follicular fluid (bFF) was centrifuged
for 15 min at 1,600g (at 5C) to remove granulosa cells, blood cells and oocytes.
The supernatant was heated to 56 C in a water bath for 30 min. Part of it was kept
without any further treatment, and the other part was ultrafiltrated through filters
whose filtrate was of <10 KD molecular size (Amicon Corporation, Ireland). The

>10 KD fraction of bFF (high molecular fraction ; HMF) was freeze-dried, and the
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dry matter in one ml bFF was 7.984mg. This amount was dissolved in one ml of
TCM 199, and from this mixture the volume that makes the desired concentration
in the basic maturation medium was taken (TCM 199 and the basic maturation
medium are described below). The whole follicular fluid, the extract (<10 KD low
molecular fraction ; LMF) and the HMF were stored at —20°C until use.

Oocyte collection and maturation : Ovaries were collected from slaughtered Holstein

cows and heifers, and were transgerred to the laboratory in an insulated flask
containing 0.85% sterile saline (autoclave sterilization) at approximately 30C within
4hr. Oocytes were aspirated from 2-5 mm follicles using a 21-gauge needle and a
10-ml disposable syringe. Only oocytes with unexpanded cumulus oophorus cells
and homogeneous ooplasm were chosen for culture®. The oocytes were placed in a
watch glass containing Dulbecco’ s phosphate buffered saline (PBS) supplemented
with 5% (v/v) heat-inactivated bovine serum (Nacalai Tesque, Inc., Kyoto, Lot
No. 02, Japan) and 100 ¢ g/ml kanamycin, and were then introduced into maturation
medium within 1 hr. The basic maturation medium was composed of TCM 199
(Earle’s salts with 25mM Hepes buffer and L - glutamine, Gibco, Cat. 380-2340,
NY, U.S.) and 10% estrous cow serum. To this basic medium 1.3pxg/ml LH
(Sigma, U.S., Lot 128F-0465), 0.6 #g/ml FSH (Sigma, U.S.A., Lot 128F-0521)
and 50 £ g/ml gentamycin were added. The medium was further supplemented with
0% (control), 10%, 30% and 60% bFF or its fractions.

In vitro fertilization (IVF) : Frozen semen of a proved Japanese Black bull was

thawed in water bath at 35C, and was washed two times by centrifugation (at 320g
for 5min )in the modified Tyrode’s medium (TALP)® supplemented with 10mM
caffein and 100 £ g/ml kanamycin. The sperm pellet was resuspended in the TALP
(10 x 10° sperm/ml). At the end of in vitro maturation culture period (22-24hr),
10-15 oocytes were introduced into the 50 g1 fertilization drops (TALP+20mg/ml
BSA+20 £ g/ml heparin). Aliquots of 50 #1 from the sperm suspension were added
to each drop (final concentration : 5 x 10° sperm/ml), and the spermatozoa and
oocytes were coincubated for 7hr.

In vitro development : At the end of in vitro fertilization culture period, the

oocytes were transferred into development medium (TCM 199 + 10% estrous cow
serum + 50 ¢ g/ml gentamicin) and cultured for 48hr. The oocytes were evaluated
with Nomarski optics (100x) for cleavage to =2-cells, and the uncleaved were used
to assess fertilization and nuclear maturation. The cumulus cells surrounding the
oocytes were removed by repeated pipetting with finely drawn fire-polished pipettes,

and were then fixed for 48 hr in a mixture of acetic acid and ethanol(1:3; v/v),

-191-



J. Mamm. Ova Res. Vol. 11, No.2, October 1994

stained with 0.5% lacmoid in 45% acetic acid and examined by phase-contrast
microscope (400x). Oocytes with one set of male and female pronuclei as well as
cleaved embryos were regarded as normally fertilized. The stained oocytes with the
chromosomal configurations of metaphase II, the cleaved embryos and normally
fertilized oocytes constitute the total number of matured oocytes. In our evaluation
for cleavage, only embryos with blastomeres of regular size were considered as
cleaved in order to minimize the possibility of parthenogenetic activation.

Statistical analysis : All data acquired were analyzed by yx? test', and a level of

P<0.05 was considered statistically significant.

Results

The results are shown in the table. Maturation rate was significantly higher in
the 30% DbFF group compared to the control (P<0.05), and fertilization rate was
significantly higher in 60% bFF group than in the control (P<0.05). In addition,
the cleavage index was significantly higher in the 30% bEF group than in the 60%
LMF group and the control (P<0.05).

The oocytes matured in the medium supplemented with 60% bFF were fertilized at
a significantly higher rate than the control (P<0.05). In addition, the cleavage

Table1 The effect of bovine follicular fluid (bFF) from 2-5mm follicles and its fractions
on maturation , fertilization and cleavage of bovine oocytes and embryos in vitro.

Concentration 1) 1) 2) Clcaved Clcavag3
of bFF and Matured Fertilized = Polyspermy (Z2-cells) mdc )
its fractions % % % %
0% 744° 700" 57 sas®  236°*
(67/90)  (63/90)  (4170)  (55/101) (13/55)
ab ab ab ab
10%bFF 79.0 75.0 47 602 36.8
(79/100) (75/100)  (4/85)  (68/113) (25/68)
b ab ab be
30%bFF 85.5 79.3 21 66.3 44.0
(144/169) (134/169)  (3141) (116/75) (51/116)
b b
60%bFF 845" 825 24 642"  586°
(82/97)  (8097)  (2/83)  (70/109) (41/70)
4 b
s0%ME” 808 758 31 672" 341%™
(97/120) ©U120)  (GP7)  (82/122) (28/82)
D) ab b abk
30%HMF 782" 718 67 61.1 35.4
(122/156) (112156)  (8/120)  (96/157) (34/96)
b
60%LMF 772 750% 27 656 270"
(7192)  (69/92) @r13)  (63/96) (17/63)
*
60%HMF 8060 768" 46 684"  361%

(125/155) (119/155)  (6/130)  (108/158) (39/108)

D) Asa proportion to inseminated oocytes.
As a propotion to penetrated oocytes.
No. of embryos cleaved beyond the 2-cell stage/total no. of cleaved embryos.
s) Low bFF molecular fraction (<10 KD).
High bFF molecular fraction (>10 KD).

4 Different superscripts within the same column are significantly different (P<0.05).
Significantly different from ¢ (P<0.01).
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index was significantly higher in the 60% bFF group than in the control, in the
low and high molecular fractions of bFF at 30% and 60% (P<0.01) and in the 10%
bFF group (P<0.05).

The fractions of bFF did not show significant effect on the rates of maturation
and fertilization. However, the positive effect of the fractions was noticeable only at
60% HMF. In this group, the rate of embryos cleavaged to =2-cells was significantly
higher (P<0.05) than the bFF-free group (the control).

Discussion

The results of this experiment (Table) demonstrated that at 30% , bFF significantly
improved maturation and cleavage beyond the 2-cell stage. Similarly, at 60%, bFF
significantly enhanced fertilization (P<0.05), and greatly promoted cleavage of the
embryos beyond the 2-cell stage (P<0.01). These results suggest that the heat-inactivated
bFF from follicles of 2-5mm in diameter does not contain inhibiting substanse(s) at
a concentration high enough to suppress the nuclear maturation of follicular
oocytes. On the contrary, the oocyté’ s maturation, fertilizability and development
bevond the 2—cell stage were enhanced, particularly at high concentrations (30%,60%)
of bFF supplements. This enhancement is probably a result of improved cytoplasmic
maturation, achieved by a substance(s) in follicular fluid.

These results are in agreement with the findings of Yoshida et al."” who reported
that addition of pig follicular fluid to maturation medium significantly increased the
rates of nuclear maturation, fertilization and cleavage of pig oocytes after in vitro
fertilization. However, the present results are in disagreement with findings of
Leibfried and First® who demonstrated that neither bovine follicular fluid nor
granulosa cells affect the completion of the first meiotic divisions of bovine oocytes
in vitro. Additionally, the results are in disagreement with findings of Ayoub and
Hunter® who demonstrated that bovine follicular fluid from small, medium or large
follicles inhibited the resumption of meiosis in bovine oocytes. It is to be noted that
in their experiments follicular fluid (100%) was used as a maturation medium, and
the effects of follicular fluid were compared with effects of maturation in TCM 199
supplemented with FSH and estradiol. This may give hints to explain the stimulatory
effect in our experiments, that addition of follicular fluid to TCM 199 may have
diluted the inhibitory substance(s) and hence giving a chance for stimulatory
substance(s) to work.

/The unfractionated bFF at 30% significantly enhanced maturation and the

proportion of embryos that developed beyond the 2-cell stage compared to the
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bFF-free medium (Table). Similarly, at 60%, the unfractionated bFF significantly
enhanced fertilization and the proportion of embryos that developed beyond the
2—cell stage. On the other hand, the fractions of bFF did not show significant effect
on the ratées of maturation, fertilization or cleavage, except at 60% where the high
molecular weight fraction (>10KD) significantly enhanced cleavage to 2-cells
compared to the contral, however the proportion of embryos that developed beyond
the 2-cell stage was significantly lower than in the 60% whole bFF (Table) .
Therefore, the results demonstrate that the fractions of follicular fluid from small
follicles are not beneficial for development beyond the 2-cell stage. Hence, it could
not be concluded whether the stimulatory substance(s) is contained in the fraction
of follicular fluid smaller than or larger than 10,000 daltons. This is in agreement
with the findings of Rigby et al." who repoted that biological activity of follicular
fluid is generally reduced with fractionation.

In conclusion, the results demonstrated that nuclear maturation, fertilizability and
cleavage beyond the 2-cell stage were enhanced following maturation of bovine
oocytes in a medium supplemented with high concentrations (30-60%) of bovine
follicular fluid from 2-5mm-follicles. Additionally, the fractions of bFF did not show

significant effect on the rates of maturation and fertilization.
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Abstract: The purpose of the present study was to investigate the efficacy of Serono
Gamete Preparation Medium (GPM), which is used as the medium for human in
vitro fertilization, as the fertilization medium for bovine oocytes matured in vitro.
Oocytes were inseminated in GPM or GPM supplemented with 5 mM caffeine and 10
¢ g/ml heparin (GPM - CH). Brackett and Oliphant’s (BO) medium supplemented
with 5 mM caffeine and 10 #g/ml heparin (BO - CH) was used as a control
medium. There were no differences in the rates of cleaved embryos and development
to blastocysts between GPM - CH and BO-CH (72.0% vs 65.0%, 22.0% vs 25.0%,
respectively). However, the rates were significantly low when oocytes were
inseminated in GPM alone. It was found that there were no differences in the rates
of development to blastocysts by using frozen spermatozoa derived from two different
bulls when GPM - CH was used. These results indicated that GPM was successfully
used as the fertilization medium for bovine oocytes. Key words: GPM, in vitro
maturation, bovine oocytes, in vitro fertilization, blastocyst (Received December 3
1993, Accepted February 4 1994)

Introduction

Progress in the development of techniques for in vitro fertilization of bovine
oocytes has led to successful production of blastocysts and offspring derived from
oocytes matured in vitro ™. Brackett and Oliphant’s (BO) medium ® or TALP °©
supplemented with heparin, caffeine or ionophore "'® has been widely used for
washing bovine spermatozoa and for in vitro fertilization of bovine oocytes. Serono

GPM (Serono, Spain) is a commercially available culture medium for separating

1) 12)

human active spermatozoa and for human embryo transfer ', which is produced
in large batches and has a long shelf life of one year at room temperature. GPM is
based on Earle’s balanced salt solution and contains human serum albumin (HSA).
In the present study, we examined the availability of GPM as the fertilization

medium for bovine oocytes matured in vitro.
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Materials and Methods

Collection of Oocytes: Ovaries of Holstein and Japanese Black cattle (JBC) were

obtained at a slaughterhouse and were transported to the laboratory in saline at
37C within 4 hours after slaughter. The ovaries were washed several times in saline
at 37°C. Each ovary obviated corpus luteum was placed into a 90 mm petri dish
with 15 to 20 ml Ringer s solution containing 1% calf serum (CS, Gibco, N.Y), and
visible small antral follicles (about 2 to 5 mm in diameter) on the ovarian surface
were cut with a disposable surgical blade. Ringer s solution containing the oocytes
from 5 to 7 ovaries were transferred into a 100 ml beaker. After a few minutes, the
supernatant was discarded, and 20 ml of the sediment was diluted with 60 ml
Ringer’s solution. The supernatant was discarded again, and the sediment was
transferred into petri dishes with a grid. Oocytes containing multilayered compact
cumulus cells and with an evenly granulated cytoplasm were selected. They were
washed 3 times in Ringer’ s solution containing 1% CS, and in the maturation
medium (25 mM Hepes buffered Medium199 with Earle’s salts; Gibco, N.Y.)
supplemented with 5% CS, 0.1 to 0.25 mg/ml follicle stimulating hormone (FSH,
Denka, Kawasaki, JAPAN) .

In Vitro Maturation: In Experiment 1, 30 to 50 cumulus oocyte complexes from

Holstein cows and heifers were placed into a 1 ml aliquot of the maturation medium
and cultured for 20 hours at 38.5C in 3.5% CO; in air. Oocyte cumulus complexes
from individual JBCs were cultured separately in Experiment 2.

In Vitro Fertilization: < Experiment 1 > Commercially distributed frozen semen

from one Japanese Black bull was used in Experiment 1. One straw of frozen semen
was thawed at 37°C for 30 seconds. The thawed spermatozoa were washed twice
with one of the following media by centrifugation at 500 xg for 5 minutes. 1) GPM
(4 mlx2 times) alone; 2) GPM~-CH (4 mlX2 times) : GPM supplemented with 5
mM caffeine (Sigma, St. Louis, USA) and 10 g g/ml heparin (Sigma, St.Louis,
USA). 3) BO-CH (8 mlx2 times) :BO without bovine serum albumin (BSA) and
glucose, but supplemented with 10 mM caffeine and 20 g g/ml heparin. The final
pellet of spermatozoa was resuspended in one of the fertilization media at a concentration
of 5% 10° spermatozoa /ml. Compositions of the fertilization media are shown in
Table 1. In vitro matured oocytes were transferred to 35 mm petri dishes containing
100 41 drops of each sperm suspension under paraffin oil (20 oocytes /drop). At 18
to 20 hours after insemination, some oocytes were collected, stained with 1% aceto—
orcein and examined for evidence of sperm penetration. The remainder were used to

evaluate embryonic development of oocytes fertilized in vitro. < Experiment 2 >
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Table |,Composition of GPM, GPM-CH and BO-CH used for

in vitro fertilization of bovine oocytes

GPM GPN-CH BO-CH
NaCl 116.40uM  116.40mN  112.00uN
KC1 5.37uM  5.37uN 4.02aM

CaCl;+2H,0 1.80mN 1.80mN 2.25uM
NaHPO, < 2H,0 1.02mN 1.02mN -

NaH,PO, -H,0 - = 0-83mN
NgS0, +7H20 0.81mM 0.81mM =

NgCl ; -6H,0 = = 0.52uN
NaHCO, 25.00mM  25.00mN 37.00nM
Na-Pyruvate 0.41mN 0.41mN 1.25oM
Glucose 5.55mM 5.55mM =

HSA 5.00mg/ml  5.00mg/ml -

BSA% - = 10.00mg/m1
Caffeine - 5.00mM 5.00mN
Heparin = 10.00pg/ml  10.00pg/ml
Penicillin = - 1001.0. /m1
Streptomycin = = 100pg/m1

*Sigma, St.Louis, USA.

Oocytes from 24 individual JBCs were cultured separately. After maturation culture,
oocytes were inseminated with the frozen semen from one of two Japanese Black
bulls. GPM ~CH was used for sperm washing and in vitro fertilization.

In Vitro Development: After 5 hours of sperm/oocyte incubation, the oocytes were

washed twice in TCM199 supplemented with 5% CS, and were further cultured at
38.5C for 10 days in TCM199 supplemented with 5% CS, 100 I.U./ml penicillin, 100
¢ g/ml streptomycin and 0.1 to 0.25 mg/ml FSH. The culture medium was
changed after 60 hours of insemination and the cleavage of embryos and development
to the 2—4 cell, 5-7 cell and more than 8 cell stage was recorded. Development to
the blastocyst stage was recorded after 7—10days’ culture. The data were analyzed

by x?%-test.

Results

Experiment 1: The proportions of penetrated oocytes in GPM - CH and BO - CH
were higher than in GPM (P<0.01, Table 2). Embrycnic development is summarized
in Table 3. There were no differences between GPM - CH and BO - CH in the
cleavage rates at 60 hours after insemination and in the rates of development to the
blastocyst stage 7 - 10 days after insemination. On the other hand, 93 of 236 (39.4%)
embryos were cleaved, and only 19 (8.1%) embryos developed to the blastocyst stage
in GPM.
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Table 2. Effects of different fertilization media on the

in vitro fertilization of bovine oocytes

Table 3. Effects of different fertilization media on the development

of in vitro matured and fertilized bovine oocytes

Fertilization Number of oocytes

media¥ examined fertilized(¥) monospermy polyspermy

GPN 30 10(33.3)® 10 0
GPN-CH 30 26(86.7)* 16 10
BO-CH 30 25(83.3)" 17 8
*See Table |

**Values with different superscripts are significantly
different (12,P<0.01).

Number of embryos developed to

Fertilization Number of oocytes -4 57 & blasto-

mediak examined cleaved(¥) cells cells cells(¥)  cysts(X)
GPN 236 93(39.4)* 43 20 30(12.7)* 198.1)*
GPN-CH 586 422(72.0)* 117 110 195(33.3)* 129(22.0)*
BO-CH 488 317(65.00* 80 88 149(30.5)* 122(25.0)*
$See Table |

**Values with different superscripts within the same column are

significantly different (12,P<0.01).

Experiment 2: From 24 individual JBCs a total of 862 oocytes were obtained. The
number of oocytes from individual JBCs varied from 11 to 91 (mean=35.9+19.3).
The cleavage rates for the oocytes inseminated with the spermatozoa from bull A
and bull B were 66.7% and 68.3%, respectively. The rates for the embryos developing
to blastocysts were 18.5% and 21.1% for bulls A and B, respectively (Table 4).

Table 4. Development of in vitro matured and fertilized bovine
oocytes from individual Japanese Black cattle inseminated

with frozen spermatozoa from two different bulls

Number of

oocytes  oocytes blasto-
Bull individuals examined cleaved(%)* cyst(%)®
A 13 502 335(66.7)  93(18.5)

[14-91]¢ [24.0-83.7]* [0-34.9]
B 11 360 246(68.3)  76(21.1)

[11-82] [36.4-97.6] [0-31.7]

a:60 hours after insemination.
b:7-10 days after insemination.
c:Minimum oocytes-Maximum oocytes.

d:Minimum¥-Maximum¥.

Discussion

GPM supplemented with 0.5% (w/v) HSA is used as a medium for separation of
active spermatozoa for in vitro fertilization, gamete intrafallopian transfer and
intrafallopian insemination in human'. It has been demonstrated that HSA is a safe
and suitable replacement for serum, both in embryo culture and in the transfer
medium . In Experiment 1, GPM - CH has shown similar effects on the cleavage
and the development to blastocysts of bovine oocytes to those in BO-CH. GPM -

CH includes HSA and glucose, while BO - CH includes BSA, and is free from
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glucose. Significant inhibition of fertilization in the presence of glucose has been

%  However, in our experiments there were no differences

reported in cattle
between GPM - CH, including glucose and BO - CH without glucose, in the rates of
cleavage and the blastocyst formation. It has been known that BSA induces

¥ Bovine spermatozoa treated with GPM,

capacitation of human spermatozoa
containing HSA free from caffeine and heparin, produced cleaved embryos and
blastocysts. This indicates that HSA induces capacitation of bovine spermatozoa.

In Experiment 2, a variation in the numbers of blastocysts obtained from individual
JBCs was observed. No blastocyst formation was observed in 3 of 24 JBCs. Goto et
al. ™ reported that the number of blastocysts obtained from individual JBCs after in
vitro culture varied from 0 to 11, when BO medium supplemented with caffeine was
used. Our findings were similar to those reported by them.

Routinely, the washing medium for bovine spermatozoa and the in vitro fertilization
medium for bovine sperm and oocytes, based on BO medium and TALP, are
homemade. It is therefore difficult to maintain a consistently high quality of these
media. It is possible that the quality of the medium affects the fertilization rate.
The use of commercially available GPM could eliminate potential batch variability
problems. To date we obtained two viable JBC offspring and two pregnant recipients
by transferring frozen —thawed blastocysts that had been produced by the methods

reported here. It is concluded that GPM can be used as a culture medium for the

preparation of bovine spermatozoa and in vitro fertilization of bovine oocytes.
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Abstract: Our previous studies revealed that porcine oocyte-cumulus complexes that
matured in porcine follicular fluid (pFF) and its active fraction resulted in a
significant increase in the degree of cumulus expansion as compared with those
matured in a modified Krebs-Ringer bicarbonate solution (mKRB) supplemented with
bovine serum albumin. In this study, the differeces between an image analyzer and
calculation by a formula (LW =z /4, where L and W is the length and width of
cumulus, respectively) in measuring the degree of cumulus expansion were investigated.
Photographs were taken of the oocyte-cumulus complexes matured for 24 h in the
different medium and the areas were measured using these two methods. The areas
occupied by expanded oocyte-cumulus complexes that matured in pFF-Top fraction
were measured accurately only by the formula method. The image analyzer gave
significantly lower values due to faint boundary of expanded cumulus. There was no
significant difference between the two methods for those unexpanded or very little
expanded complexes. Advantages and disadvantages of the two different methods
were noted. The advantage in using the image analyzer is that it can measure the
natural shape of the oocyte-cumulus complexes. The disadvantages of the image
analyzer are: a) the well expanded cumulus cell layers can not be measured accuretely,
b) it has difficulty in measuring the oocyte-cumulus complexes in the presence of
detached cumulus cells and ¢) only clearly taken photographs can be used for
measurement. The advantages noted for using the formula were: a) oocyte-cumulus
complexes printed in the photographs can be measured separately from the detached
cumulus cells that are present and b)photographs with either over-or under-exposed
prints can be used as a subject for measurement. Key words: cumulus expansion,
porcine oocytes, in vitro maturation (Received April 23 1994, Accepted June 13
1994)
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Introduction

The mammalian egg is surrounded by layers of cumulus cells and their hyaluronate-rich
matrix. These cumulus cells are the remnants of the granulosa cells of the ovarian
follicle, which are shed along with the egg during ovulation”. It was earlier reported
that cumulus cell expansion improved the fertilizability and developmental capacity
thus, one of the parameters in choosing oocytes for in vitro fertilization***. Chen et
al.” reported in mouse that successful fertilization was correlated with the quantity
and quality of the expanded cumulus mass, and the spontaneous loss or mechanical
removal of the cumulus was correlated with a loss of fertilizability®. Also, porcine
oocytes exhibited a higher frequency of male pronucleus formation when inseminated
in the presence of expanded cumulus cells as demonstrated by Kikuchi et al.”

Very few literature deals with the measurement of cumulus expansion. In the
studies made by Vanderhyden et al.®, Vanderhyden® and Eppig et al.”, the degree
of cumulus expansion was assessed according to a subjective scoring system using a
Wild M5A stereomicroscope. In our previous study, the degree of expansion was
measured by using the formula'. In this regard, this study was therefore conducted
to compare the difference between using an image analyzer (Olympus SP 500
stereomicroscope) and a formula (Alarea]=L[length] xW [width] x3.1416/4) in the
measurement of the area occupied by an oocyte-cumulus complex and whether there

are limitations in using both methods with regards to the degree of expansion.

Materials and Methods
Chemicals: Crystalline penicillin-G potassium and streptomycin sulfate were purchased
from Meiji Seika Co., Tokyo, Japan. Bovine serum albumin (BSA: fraction V)and
other chemical reagents were taken from Wako Pure Chemical Ind., Tokyo, Japan.

Collection of follicular oocytes: Ovaries were obtained from prepubertal gilts at a

local slaughterhouse and transported to the laboratory within 30 min in saline
maintained at 37T supplemented with 100 I.U./ml penicillin G potassium and 0.1
mg/ml streptomycim sulfate. The gilt ovaries were immediately freed from their
hilus and connective tissues and washed five times in a sterile saline solution warmed
at 37C. The non-atretic follicles of 2-5 mm in diameter were punctured with a
needle directly into a sterile Petri dish and cumulus—enclosed oocytes were collected
and washed in modified Krebs—Ringer bicarbonate solution (mKRB)™. Modified KRB
was supplemented with 4 mg/ml BSA and sterilized using 0.20 #m filters (Corning-Twaki
glass Co., Japan) just before use.

Collection of porcine follicular fluid: Freshly collected prepubertal gilts ovaries from
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a slaughterhouse were transported in a chilled saline solution to the laboratory.
Porcine follicular fluid (pFF) was aspirated from porcine follicles of 2-5 mm in
diameter with disposable syringes fitted with a 21-gauge disposable needles (Terumo
Co., Tokyo, Japan). Pooled follicular contents were then centrifuged to removed
debris and blood cells at 1,000 g, 10C for 20 min. The supernatant was transferred
to a sterile 50 ml centrifuge tube (Corning-Iwaki glass Co., Tokyo, Japan) and
stored at —20C until use and for subsequent isolation procedures.

Ultracentrifugation: Ten ml of pFF was fractionated by means of ultracentrifugation
(Beckman SW 41Ti rotor) at 220,000g at 10C for 48 h. Fractions resulted to four
parts designated as Top, Second, Third and Bottom. Each fraction was separated by

means of Pasteur pipette, placed into an individual sterile tube and reconstituted to
10 ml by adding mKRB. The fractions were then frozen and stored at —60T until
required.

Assessment of cumulus expansion: The method for in vitro maturation of porcine

oocytes was based on that of Naito et al.® Each group of 10 cumulus—enclosed
oocytes was cultured in 100 #z1 of mKRB, porcine follicular fluid (pFF) or one of the
pFF fractions for 24 h at 37C under 5 %CO; in air. Photographs were taken of
oocyte-cumulus complexes (Nikon FE2 camera with Neopan F 100DX film) at 24 h of
culture using a phase contrast microscope (x25). The area occupied by each oocyte-cumulus
complex in the photographs was measured using a ruler and calculated from the
formula: A (area) =L(length) xW (width) x3.1416/4”. Length was measured by
taking the two most widely separated points and the width was measured from the
two closest points and the mean+SE was determined. Also, the area of each
oocyte-cumulus complex in the same photographs were measured using an image
analyzer, Olympus SP 500. Both results were compared. At least, 5 replicates were
performed in this experiment.

Statistical analysis: Differences in the degree of cumulus expansion between the

experimental groups were analyzed by a modified Student’ s t-test as applied in Aspin
Welch method of Statistical Analysis™.

Results and Discussion

Measurements of the cumulus expansion were performed both by using an image
analyzer and a formula through photographs of the oocyte-cumulus complexes after
24 hours in culture medium. In our previous report, fraction 1 (top fraction) of
porcine follicular fluid showed the highest degree of cumulus expansion and followed

by those matured in pFF. Expansion was also observed in oocyte-cumulus complexes
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matured in pFF but in a lesser degree compared with those from Top fraction.
Oocyte-cumulus complexes matured in mKRB, Second, Third and Bottom fraction,
however, exhibited very little or no expansion (Fig.1l). As shown in Fig. 1,
expansion in Top fraction measured by the formula gave a marked degree of cumulus
expasion than those measured by the image analyzer. There was a great difference
between the two methods when it comes to the measurement of the well expanded
cumulus cells. In lesser expansion, as in mKRB, Second, Third and Bottom fractions,
the degree of expansion measured by the two methods did not show any difference.

200 A
M Formula

B Image analyzer

Area (mm 2)

mKRB pFF  Top Sec Thi Bot

Medium
Fig. 1. Expansion of the cumulus cells calculated by the
formula and assessed with an image analyzer. mKRB,
modified Krebs-Ringer bicarbonate solution; pFF, por-
cine follicular fluid; Top, Top fraction; Sec, Second frac-
tion; Thi, Third fraction; Bot, Bottom fraction.

2.b;bd; ac; c’dP<0.01, significantly different from each other.
n=35

Some of the advantages and disadvantages were noted (Table 1). The advantages
of using the formula are: a) oocyte-cumulus complexes printed in the photographs
can be measured separately from the impurities, dirts and dettached cumulus cells
that are present (Fig. 2a), and b) photographs with either over—or under-exposed
prints can be used as a subject for measurement. For the image analyzer, it can
measure the natural shape of the oocyte-cumulus complexes. The disadvantages of
the image analyzer are: a) well expanded cumulus cells can not be measured accurately.
When expansion becomes larger it appears to become very thin in the photographs.
This kind of expansion can be hardly measured by the image analyzer, since
measurements depends upon the color contrast of the machine. If the expansion
appear thin in the photographs it resulted to a very light contrast giving a very low
value of measurement, and if the contrast is thick as observed in unexpanded
cumulus cells, the value of measurements is high, b) impurities, dirts and detached

cumulus cells that appear in the photographs can be measured simultaneously with
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Table 1. Advantages and disadvantages of using the formula and the image analyzer in the

measurement of the area of expansion of the cumulus—ooc\Fe complexes.

Methods Advantages Disadvantages
Can measure the natural shape of the | Well expanded cumulus cells can
oocyte-cumulus complexes not be measured accurately
IMAGE Total number of oocyte-cumulus Impurities in the glossy prints can
ANALYZER complexes that appears in the picture | be measured simultaneously with
can be measured at one time the oocyte-cumulus complexes
(Olympus SP
500) Beautifully well taken pictures can be
' used as material for measurement only
Using over- or under-exposed
glossy prints are not advisable
Selectively measures the Irregular-shaped oocyte-cumulus
oocyte-cumulus complxes complexes can not be measured
FORMULA printed in the pictures (excluding dirts| accurately
- 3 K
LxWx3.1416 and other lmpul"mes)
A= —— Much more easier to use
Can be used to any type of glossy

prints exposure (under or over expose
prints), as long as the oocyte-cumulus
complexes are visible

* A =area, L =length, W = width

(b)

Fig. 2. Photomicrographs of porcine oocyte-cumulus complexes cultured
for 24 h. (a) Calculations by means of the formula are shown by the
directions of the arrows. Individual oocyte-cumulus complexes are,
measured carefully with this method. (b) Arrow heads pointing to some
of the dettached cumulus cells. The area occupied by all of the detached
cumulus cells (also dirts, impurities) are simultaneously measured
together with the oocyte-cumulus complexes.When the detached cumulus
cells are excluded during the measurement, cumulus cells surrounding or
in the peripheral portion of cumulus-oocyte complexes are not measured.
Magnification: X100

the oocte-cumulus complexes (Fig.2b). When trying to exclude the impurities, dirts
and detached cumulus cells, the expanded layers of cumulus cells surrounding the
cumulus—oocyte complexes that appear very thin in the photographs are not measured
and c¢) only beautifully well taken photographs can be used as a subject for measurement .
When a cumulus cells surrounding the oocytes appear light in the picture, it will
shade light and give a very low value, while in a reverse situation, when the
complex appears dark it will give a high value causing a high degree of expansion.

There is no uniformity of the shade of the complexes, and the degree of expansion
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depends upon the degree of shading. In compact cumulus cells, measurements is not
much a problem and observed that percent error is very low as shown in mKRB,
Second, Third and Bottom fractions. Also, the image analyzer gives different values
to the photographs that are over expose and/or under expose developed prints.

It is therefore concluded in this experiment that by using the formula, gives
accurate values in the measurement of well expanded cumulus complexes, and without

limitations to the use of photographs of either the over—or the under-exposed prints.
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Abstract: The present experiment was designed to investigate the effect of follicular
shell and fluid added to maturation medium on the porcine sperm penetration rate
and subsequent male pronucleus formation in oocytes. Pig follicular oocytes were
cultured for 47h, with follicular shells, 10% follicular fluid or their combinations
added to a medium drop of TCM-199. All treatments had no effect on the proportion
of oocytes developing to second metaphase of meiosis. Following insemination, the
penetration of oocytes by frozen-thawed sperms was not significantly different among
the treated groups. However, the proportion of polyspermic oocytes was significantly
lower (p<0.05) when the oocytes were cultured with 10% follicular fluid (25.8%;
16/62) than when they were cultured in other conditions. The percentage of oocytes
capable of sustaining male pronucleus formation was higher (p<0.05) when they
were cultured with follicular shells combined with 10% follicular fluid (53.8%; 43/80)
than in all the other maturation conditions. These results indicate that follicular
fluid has an effective action on preventing polyspermy in oocytes and that the
follicular shells combined with follicular fluid increases male pronucleus formation,
inducing the cytoplasmic development of porcine oocytes during their in vitro
maturation. Key words: pig oocytes, maturation, IVF, follicles, polyspermy
(Received May 23 1994, Accepted August 31 1994).

Introduction

It has been reported that somatic follicular cells surrounding the oocyte are
important for its complete maturation'”. The soluble factor secreted by follicular
cells plays a crucial role in the process of oocyte maturation, sperm penetration and
male pronucleus formation in pigs’®. The addition of follicular fluid to maturation
medium is also effective in stimulating pronuclear formation in porcine oocytes
matured in vitro™ and the importance of maturational factors has further been

confirmed by experiments which resulted in the birth of lambs, calves and piglets
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after co—culturing oocytes with follicular cells during their in vitro maturation®”®.
As the follicle matures, follicle cells undergo functional differentiation. Therefore, it
is considered that follicle cells at different developmental stages may have different
effects on oocyte maturation. With this idea in view, the present experiment was
conducted to confirm the effect of follicular shells and fluid on the in vitro maturation

and subsequent fertilization of porcine oocytes.

Materials and Methods

Ovaries were obtained from gilts in their late prepuberty, weighing approximately
110kg, which were aquired at a local slaughterhouse. Transported to the laboratory
within 1.5h in a polystyren box at 35-37C, they were washed once with 70%
alcohol and twice with modified PBS medium. Follicles (2 to 5mm in diameter)
were microscopically dissected in Tissue Culture Medium-199 supplemented with
3mg BSA/ml at room temperature. Subjected to the experiment were only those
ovaries which contained no corpus luteum or albicans. Dissected follicular shells?,
after washed twice with the maturation medium, were everted and introduced into
400 ¢l of the maturation medium at a ratio of one per medium drop. Follicular
fluid was aspirated from the follicles (2 to 5mm in diameter) with a 10-ml disposable
syringe, attached to an 18-guage needle. Centrifuged twice at 530xg for 15min, the
fluid was stored at —40C prior to being used for the in vitro maturation.

In Vitro Maturation : Oocyte complexes were aspirated from healthy follicles (2 to

5mm in diameter) with a 10-ml disposable syringe attached to an 18-gauge needle.
Cumulus-enclosed oocytes were selected for the experiment from pooled oocyte
complexes under a microscope. The basic medium (BM) for oocyte maturation
consisted of TCM-199 supplemented with 15 IU PMSG/ml, 15 IU hCG/ml, 10% fetal
calf serum, 3 mg BSA/ml and 100 # g penicillin-G/ml (control). Three experiments
constituted the present study: (1) FS (one follicular shell added to a drop of BM),
(2) pFF (10% follicular fluid added to a drop of BM) and (3) FS + pFF (these two
elements added to a drop of BM). Oocytes were incubated at 37°C for 47h in a
humidified atmosphere containing 5% CO,.

Preparation of Spermatozoa : Sperms derived from frozen semen that had been

collected from Landrace boars weighing 200kg. Thawed at 39C for 50 sec., the
semen was diluted with modified B.O. medium” containing 3mg BSA/ml, and
washed twice by centrifugation at 600xg for 5min. The material was then preincubated
for 2-3h at a concentration of 4-8%10°/ml in B.O. medium, supplemented with 5

mM Caffeine and 3mg BSA/ml, in the same atmosphere conditions as in the oocyte
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maturation.

In Vitro Fertilization : After the in vitro maturation cumulus—enclosed oocytes were

co-incubated for 6-8h with preincubated boar sperms at a concentration of 2X10%ml
in B.O. medium. Extra sperms and cumulus cells adhering to the surface of the
zona pellucida were then removed by repeated pipetting. The oocytes thus obtained
were washed twice with TCM-199, supplemented with 10mg insulin/ml and 3 mg
BSA/ml, and further cultured for 9-12h in a developmental medium.

Examination of Nuclear and Fertilization Status : The oocytes denuded of the

cumulus cells were mounted on a slide with a whole-mount technique and fixed for
3-5 days in acetic acid/methanol (1:3). Their nuclear status was examined according
to the criteria of Hunter and Polge® under a phase contrast microscope after the
staining with 1% orcein in a 45% acetic acid solution. Fertilization status was
determined as described by Ding et al.?. Oocytes with swollen sperm head(s)
and/or male pronuclei (MPN) deprived of sperm tail(s) were classified as being
penetrated, irrespective of the number of sperm heads present in the cytoplasm.

QOocytes with one or more full-sized MPN were considered to have undergone

normal pronuclear development.

Results

The result with the in vitro oocyte maturation was shown in Table 1. The
resumption of meiosis and maturation rate were not significantly influenced by each

treatment. However, the proportion of oocytes remaining at germinal vesicle stage

Table 1. Influence of Culture Conditions on the In Vitro Maturation of
Porcine Follicular Oocytes

No. of oocytes (%)

Total no. of

Maturation oocytes Remaining
condition examined at GV GVBD Matured®

Control 101 35 8 58
(34.7)" (7.9 (57.4)

FS 93 18 15 60
(19.4)* (16.1) (64.5)

pFF 10% 78 17 11 50
(21.8)* (14.1) (64.1)

FS+pFF 10% 80 13 13 54
(16.3)" (16.3) (67.5)

* No. of oocytes maturing to second metaphase.

GV=germinal vesicle, GVBD=germinal vesicle breakdown,

FS=follicular shells, pFF=porcine follicular fluid

°-* Different letters indicate significant difference between
treatments (p<0.05).
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was significantly lower in experimental groups than in the control (p<0.05). Table
2 shows sperm penetration and polyspermy in the oocytes which were cocultured
with sperms for 6-8h and subsequently formed the male pronuclei in their cytoplasm.
Sperm penetration was not significantly different among the treatments. Polyspermy
in oocytes was significantly lower among those matured in the medium with 10%
follicular fluid (25.8%; 16/62) than in those prepared in other conditions (p<0.05).
The highest proportion for male pronuclear formation was obtained from the oocytes
matured in the medium supplemented with follicular shells as well as 10% follicular
fluid (53.8%; 43/80). However, all treatments had no effect on the coincidental
formation of male and female pronuclei in the cytoplasm.

Table 2. Effect of FS and pFF Addition to Maturation Medium on Male
Pronuclear Formation after Insemination in Porcine Oocytes

No. of penetrated

oocytes (%) No. of oocytes with (%)
Maturation
condition Total Polyspermic MPN 2MPN MFPN
Control 71/ 99 53/71 22/717 3/22 /71
(717.8) (68.8)" (28.6)* (13.6) (9.1)
FS 70/102 39/70 22/70 4/22 10/70
(68.6) (55.7)* (31.4)* (18.2) (14.3)
pFF 10% 62/ 93 16/62 21/62 4/21 9/62
(66.7) (25.8)" (33.9)* (19.0) (14.5)
FS+pFF 10% 80/116 43/80 43/80 9/43 5/80
(69.0) (53.8)* (53.8)* (20.9) (6.3)

MPN=Male pronuclei, MFPN=Male and female pronuclei
a vs b; p<0.05.

Discussion

Oocytes removed from the antral follicles of a wide variety of mammals resume
meiosis in vitro. In over 95% of instances, however, they remain developmentally
incompetent and fail to form normal fetuses after transfer’”. The competence of
oocytes, therefore, cannot be determined until a relatively late stage in embryogenesis,
because various abnormalities may be expressed at a various stages of development®?.
It has been reported that complete maturation cannot be achieved without the direct
support of follicular cells” and that the coculture of oocytes with follicular shells
affects their penetration by sperms and the formation of male pronuclei®.

Our results demonstrated that the presence of follicular shells together with
follicular fluid dﬁring the maturation of porcine oocytes influenced the formation of
male pronuclei. The findings were in agreement with the report of a marked

increase in male pronucleus formation in penetrated oocytes matured in the medium
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containing follicular shells®. Naito et al. reported that the addition of follicular
fluid to the culture medium greatly increased the rate of male pronucleus formation
after insemination. Mattioli et al.” obtained piglets from the oocytes matured in
vitro in the presence of follicular shells. In the present study, the polyspermy in
penetrated oocytes was significantly decreased by the addition of follicular fluid to
the maturation medium. On the other hand, the addition of either follicular shells
or follicular fluid had no effect on male pronucleus formation. However, the
addition of these two elements to maturation medium supported the maturation of
cytoplasm and stimulated the development of male pronuclei. These findings
indicated that follicular shells synergistically acted with follicular fluid and promoted

cytoplasmic maturation.
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Abstract: To investigate the regulation of cell cycle during preimplantation
development, the expression of cyclins was examined in early mouse embryos. We
first isolated a ¢cDNA fragment of mouse cyclin A, corresponding to cyclin box
domain, and determined the sequence. Mouse cyclin A is highly homologous to
human cyclin A (98.9% in amino acid). The comparison of amino acid sequence of
cyclin A with those of B~ and D~ type cyclins revealed the sequences specific for
A- and B- type cyclins and for A- and D- type cyclins. It is possible that these
sequences are involved in the association with cdc2 and cdk?2 kinases, since A- and
B- type cyclins are known to be associated with cdc2 kinase and A- and D- type
cyclins are with cdk2 kinase. The expression of cyclin mRNAs was exmined by the
RT-PCR assay in unfertilized oocytes and the embryos at the 2-cell, 4—cell, morula
and blastocyst stages. Cyclin A mRNA was expressed in unfertilized oocytes and the
level was gradually decreased to the blastocyst stage. The B-type cyclins which
regulate G2/M phase transition were expressed in a low level at the 2-cell stage.
The level of cyclin Bl was almost constant during preimplantation develoment,
except for at the 2-cell stage. The level of cyclin B2 was decreased at the 2-cell
stage and then increased from the morula to blastocyst stage. The long G2 phase at
the 2—cell stage may be attributable to the decrease in the level of expression of B—
type cyclins. The D- type cyclins which regulate G1/S transition were not constantly
expressed. The expression of cyclin D1 was detected in only 2-cell embryos and
blastocysts. The expression of cyclin D2 was not detected all through the preimplantation
development. Cyclin D3 was detected in unfertilized oocytes. The level was
decreased to the 4-cell stage and then increased from the morula to blastocyst
stage. It is possible that the regulation of G1 phase in early embryos is different
from that in most somatic cells in which D- type cyclins are required for G1/S
transition. Key Words: Cyclins, Cell cycle, Mouse embryos, Reverse transcription
- polymerase chein reaction (Received 2 september 1994, Accepted 13 september
1994)
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Introduction

Early embryos are different from most somatic cells in some aspects of cell cycle
regulation. First, the length of G1 phase is different. Most cells require many hours
to transit a series of Gl subphase during which the cells commit to enter S phase?,
whereas in early embryos G1 phase is short. In mouse embryos, only 1 to 2h of Gl
phases were detected until the blastocyst stage *¥. During these short Gl periods,
no molecular events which are observed in somatic cells, such as the expression of
transcription factors and kinase activation concerning with signal transduction, have
been detected. Second, G2 phase is very long in early embryos. In somatic cells,
G2 phase is short and takes a few hours, whereas the length of G2 phase is about
15 h in mouse 2-cell embryos®®. Although the composition of cell cycle is thus
unique in early embryos, the molecular mechanism regulating cell cycle has not
been examined.

Cyclins are regulatory subunits of the protein kinases in the cyclin dependent
kinase (cdk) family which are key regulators of cell ceycle. There are several types

of cyclin which have conserved domain, cyclin box*®.

They are associated with
different partners of cdk family and play different roles on cell cycle regulation®”.
B- type cyclins are associated with cdc2 kinase and regulate G2/M transtion. A-
type cyclin is associated with cdc2 and cdk2 kinases, and regulates G2/M transition

and the progression of S phase®*™

. D- type cyclins are associated with cdk2, cdk4
and cdk5 and regulate G1/S transition?™.
To understand the regulation of cell cycle during preimplantation development,

we examined the expression of cyclins in early mouse embryos.

Materials and Methods

In Vitro Fertilization and Culture of Embryos : Female B6C3F1 mice, 3 weeks old,

and mature male ICR mice were purchased from SLC Japan (Shizuoka,Japan).
Female mice were injected with 7.5 IU pregenant mares serum gonandotropin
(Sankyo, Tokyo) and 48h later with 7.5 IU human chorionic gonandotropin
(hCG;Sankyo). The ovulated oocytes were collected from the ampulla of oviducts
15-16hr after hCG injection. Spermatozoa were obtained from the cauda epididymis.
The ovulated oocytes were inseminated with capacitated spermatozoa which had
been incubated for 2h at 38.5°C. The embryos were cultured in a humidified
atmosphere of 5% CO-95% air at 38.5C in Whitten’s medium 514" with slight
mpdifications (109.5 mM NaCl, 4.8mM KCl, 1.2mM KH,PO,, 1.2mM MgSO,:7H.0,
22.6mM NaHCO;, 5.6mM glucose, 0.23mM Na-pyruvate, 1.5mM Ca-lactate,
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75 ¢ g/ml penicillin, 50 #g/ml streptomycin) and 0.3% bovine serum albmin (fraction
V; Boehringer Mannheim, Mannheim).

Cloning of cyclin A fragments : The degenerate oligonucleotides, corresponding to

conserved amino acid sequences in the cyclin box of cyclin A™®, were used for the
PCR primers to amplify the fragments of cyclin A expressed in mouse oocytes. The
sequences of primers were as follows:

5 ~ATGAARAARCARCCDGAYAT-3 (sense primer)

5 ~AARTCAAAAGTAARNACYTT-3' (antisenese primer)

(R:A/G,Y:C/T,D:G/A/T,N:A/G/C/T)

mRNA were isolated from about 40 oocytes by using mRNA Isolation Kit
(Invitrogen, San Diego) and converted to ¢cDNA using Microfast Track Kit (Invirtogen).
The PCR reaction were performed through 40 cycles (94C/20s, 37°C/30s, 72C/70s).
The PCR products were separated on 1.5% agarose gel electrophoresis. The
anticipated size (320bp) of band was cut out, and cDNA fragments were eluted from
the gel and subcloned into pCR™ Vector (Invitrogen). DNA sequnces were
determined by the dideoxy method” using the DNA Sequencing system of Pharmacia
LKB Biotechnology.
Detection of cyclins transcripts by RT-PCR : The relative changes in the expression

level of mRNA were determined by RT-PCR assays. mRNAs were isolated from
either 20 unfertilized oocytes or embryos by using the Acidganidium Phenol-Chloroform
(AGPC) method® and reverse—transcribed in 40 ¢#1 reaction mixture containing 20
units of avian myeloblastosis virus reverse-transcriptase (Invirogen), 0.2ug oligo dT
primer (Invirogen) and 1mM dNTP at 42°C for 1h. Amplificaton of cDNA by PCR
was carried out in a 251 of reaction mixture consisting of 20mM Tris-HCl, pHS8.4,
50mM KCl, 0.2mM of each dNTP, 2uM of each primer, 1 unit of Taq DNA
polymerase (Gibco BRL/Life Technologies, Tokyo), and 2u1 of cDNA, except for
the detection of cyclin Bl in which ¢cDNA was diluted by 40-folds. The primers for

PCR and expected sizes of the products were shown in Table 1. The PCR were

Table 1. Primers used for PCR amplification

Target mRNA 5’ primer 3’ primer product(bp)
cyclin A GAGGTGGGAGAAGAATATAA  ACTAGGTGCTCCATTCTCAG 236
cyclin Bl ATTGACTGGCTAATACACCT  GATGCTCTACGGAGGAAGTG 314
cyclin B2 ACACTTCTTAGATGGAAGAG  CGGATTTGGGAACTGGTGTA 282
cyclin D1 CTGGAGCCCCTGAAGAAGAG CTGCCCAGGTTCAGGCCTTG 386
cyclin D2 GTCCCGACTCCTAAGACCCA  TCATCCTGCTGAAGCCCACA 365
cyclin D3 CCCCACCCGAAAGGCGCAAT CATCCGCAGACATAGAGCAG 395
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performed through 40 cycles consisting of denaturation at 94°C for 20s, annealing at
55T for 30s and extension at 72C for 60s, and 1 cycle of final extension at 72C for
5 min, unless otherwise specified. The products of PCR were separated on 1.5%

agarose gel electrophoresis and visualized by staining with ethidium bromide.

Results

Since the ¢cDNA sequence of mouse cyclin A had not been published, we first
attempted to isolate it. cDNA fragment of mouse cyclin A, corresponding to the
cyclin box domain, was amplified by PCR with degenerate primers, and sequenced
(Fig 1A). The mouse cyclin A has 89.6% homology in nucleotides sequence and
98.9% homology in amino acids to human cyclin A (Fig 1B). The homology of
amino acids sequence between different members of cyclin family in mouse are
shown in Table 2. When the homologies between different types of cyclins were
compared, the homologies of cyclin A to B-type and to D-type cyclins were
relatively high. The homologies of the sequences between A-type and B-type and
between A-type and D-type are higher than those between B-type and D-type. This
feature is more obvious when the sequences identical between B-type cyclins and
cyclin A and between D-type cyclins and cyclin A are listed up (Fig.2). The
percentage of the amino acids identical between B-type cyclins and cyclin A is high
(12.9% of total), whereas those identical between B-type cyclins and cyclin D1,
cyclin D2 or cyclin D3 are 1.1, 1.1 or 3.2% respectively. Similarly, the percentage
of amino acids identical between D-type cyclins and cyclin A is 7.5% of total,
whereas: those identical between D-type cyclins and cyclin Bl or cyclin B2 are 1.1

or 1.1%, respectively.

Table 2. Percentage homology of amino acid sequence in cyclin
box between different members of cyclin family.

Bl B2 A D1 D2 D3
B1 100 29.0 26.9 30.1
B2 60.2 100 26.9 25.8 32.3
A 47.3 52.2 100

D1 29.0 26.9 39.6 100

D2 26.9 25.8 37.8 76.3 100
D3 30.1 32.3 38.9 62.4 70.0 100

The sequences of mouse cyclin B1, B2, D1, D2 and D3 were
obtained from database of DNA Data Bank of Japan. Relatively
higher score of homology is covered with more dense screen.
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During preimplantation development, the patterns of the changes in expression
levels were different among cyclins (Fig.3). The expression of cyclin A was
detected in unfertilized oocytes. The level was gradually decreased to the blastocyst
stage. The level of cyclin Bl expression was almost constant from unfertilized
oocytes to blastocysts, except for 2-cell embryos in which the level was decreased.
Cyclin B2 mRNA was decreased from unfertilized oocytes to 4—cell embryos and
increased .from morulae to blastocysts. Cyclin D1 mRNA was not detected in unfertilized
oocytes. The expression level was transiently increased at the 2—cell stage. Then, it
was decreased at the 4—cell stage and increased again at the blastocyst stage. Cyclin
D2 mRNA was not detected all through the preimplantation developmental stage.
Cyclin D3 mRNA was detected in unfertilized oocytes. The level of expression was
gradually decreased until the 4-cell stage, and then increased at the morula stage.
In all RT-PCR assays, the anticipated sizes of products amplified were derived from
cDNA after RT reaction but not from genomic DNA, since omitting the reverse-transcriptase
from RT reaction did not generate any those products (Fig.3, lane C in each
panel) .

(A)
10 20 30 40 50 60
CACTAACAGCATGAGGGCCATCCTTGTGGACTGGCTGGTTGAGGTGGGAGAAGAATATAA
T NS HRATITILVYDVYLVYETVYTGTETET]YK
70 80 90 100 110 120
ACTACAGAATGAGACCCTGCATTTGGCTGTGAACTACATTGATAGATTCCTCTCCTCCAT
L QNETLUHTLAVYNYTITDRTFTLSSIH
130 140 . 150 160 170 180
GTCTGTGTTAAGAGGGAAGCTTCAGCTTGTAGGCACGGCTGCTATGCTGCTAGCTTCGAA
S VLR GEKULOQLVYGTAGATMTLTLASK
190 200 210 220 230 240
GTTTGAAGAAATATACCCCCCAGAAGTAGCAGAGTTTGTGTATATTACAGACGATACCTA
F EETITIYPPEVYAETFUVYYTTTDUDT.Y
250 260 270 280
TTCCAAGAAGCAGGTTCTGAGAATGGAGCACCTAGTATTG
S K K QV L RUKTETHTLUVL
(B)
mouse 1’ TNSMRAILVDWLVEVGEEYKLQNETLHLAVNYIDRFLSSHSVLRGKLQLVG
FERKKEKKKRKAKKKKKKKRKKKERRRRKKRFRRKRKKRKKK KK KKKKKK KK
human 155" TNSMRAILVD¥LVEVGEEYKLQNETLHLAVNYIDRFLSSHSVLRGKLQLVG
50" TAAKLLASKFEEIYPPEVAEFVYITDDTYSKKQVLRHEHLVL
KRKKKKKKRKKKKKKKKKKKKKKKKKKREK KKKKKKKKKKKK
204" TAAMLLASKFEEIYPPEVAEFVYITDDTYTKKQVLRMEHLVL
Fig 1
Partial sequence of cDNA and deduced amino acid of mouse cyclin A.  (A) The
nucleic acids (upper) and amino acid (lower) sequence of mouse are shown. (B)
Comparison of amino acid sequences of cyclin A between mouse (upper) and human

(lower).  Amino acids conserved between two species are indicated by asterisks.
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30 10

B1 TFHQNSCPKKN
B2 LQAQLVCRKK
A LSSHS[LRGK
D1 LSLEPLKKS
D2 LAGVPTPKTH
D3 LSCYPTRKA
B1 [V I[A] BN ¥ Bf FAFVEINNTTTKHQIRQ

B2 [G]1T[K NAfTSSQIRE

A E{1 Y PPIE VAE[EN Y DD TIYISKKQVLR

D1 [ IPLTAEKLCIV{DNSTRPEELLQ

D2 |t IPLTAEKLCIVDNSVKPQELLE

D3 TPLTIEKLCIVJDQAVAPWQLREW

Fig 2

The sequences specific for cyclin A and B—type cyclins, and for cyclin A and D-—type
cyclins. The amino acids conserved in both cyclin A and all B—type cyclins but not
in D—type cyclins, and conserved in both cyclin A and all D—type cyclins but not in
B—type cyclins are boxed with sparse screen. The amino acids conserved in all

cyclins listed up are box with dense screen.

Cyclin A Cyclin B1 Cyclin B2
E24MBC ’E24MBC E24MBC

Cyclin D1 Cyclin D3
E24MBC E24M8C

Fig 3

Expression of cyclins transcripts during preimplantation development of mouse
embryos. mRNA was isolated from 20 unfertilized oocytes (E), 2—cell embryos (30 h
after insemination; 2), 4—cell embryos (48 h after insemination; 4), morulae (72 h after
insemina'tion; M) and blastocysts (126 h after ins_emination; B), and subjected to
RT-PCR. To control the amplification of genomic DNA, RT step was performed
without reverse—transcriptase in the sample of blastocysts (126 h after insemination;
C). The products were separated by electrophoresis. Three experiments were

performed and the representative results are shown.
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Discussion

The part of mouse cyclin A ¢cDNA, which is the domain corresponding to cyclin
box, was cloned and its sequence was determined. Since this part of cyclin A
sequence was conserved well between mouse and human, cyclin box should be
important in its function.

The necessity of cyclin box is suggested for the association of cyclin with cdks®.
B-type cyclins are associated with cdc2 but with no other members of cdk family®®.
On the contrary, D-type cyclins are associated with the member other than cdc2®.
A-type cyclin is associated with both cd¢2 and cdk2”. These suggest that in cyclin
box cyclin A contains the sequnces homologous to B-type and D-type cyclins. This
is consistent with our results that the homology of cyclin box between B- and
D-type was low and relatively high homologies were observed both between A- and
B-type and between A- and D-type . The sequence identical between B-type cyclins
and cyclin A and between D-type cyclins and cyclin A, shown in Fig.2, may be
involved in the association with cdc2 and cdk, respectively.

At the 2-cell stage, the periods of G2 phase is very long and thereafter become
shorter during development to the blastocyst stage*®. In general, G2/M transition is
driven by the complex of B-type cyclins with cdc2 protein™®. During early development.
the level of both cyclin Bl and B2 mRNAs were decreased at the 2-cell stage and
then increased until the blastocyst stage. It is possible that the levels of expression
of B-type cyclins is responsible for the length of G2 phase in early embryos.

In early embryos, the duration of Gl phase is very short when compared to most

29, G1 phase is indispensable periods during which the events necessary

somatic cells
for the commitment to enter S phase occur. To explain short Gl period in early
embryos, it has been suggested that the Gl events would begin during previous
cycle?. If this is the case, the regulators of G1/S transition should be expressed in
the embryos. However, our results showed that any D-type cyclins were not
constantly expressed during preimplantation development. This suggests that G1
events, at least dependent on D-type cyclins, do not occur and that the regulation

of G1 phase in early embryos is different from that in most somatic cells.
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RUZRMBR CB YA A4 2) CHEHORBE

AR —RE « FATRE « FIAR
HRAFRFRBEFHBYEEEFHE, HRHORX 113

ERAORI K3 2 MRMAPOFHC SOV THRARB D, THBRCET 59427 ) vEOR
Baflt. BB, <7 2A0RFrLHA1 7Y VY ADDNAD—RE S L, *OHEHE
Tl RELE. TT9XADH A 7Y VAR, e bDHAL 2 ) VALBD THRAE REM -T2
(73I/78T98.9%). ¥4 27U VALY 17V VB, DOT7I/BEFI*HETHE, AL
BB+ 2RI B L VALDIERTIRTINERZhBEDOhL. Y127V YALBIX
CDC2&EAHEK, Y127V YALDRCDK2EHABREATIZEBRHOLATWEZ &%
25L&, BIROEFNE, ThFhCDC2ELCDK2EHEETILDILERRFITHSZ
ERELZLbRS. RERT-PCRERAWT, RZTHEIN, 2MELRE, 4 MEHIE, FERE,
BEREEFAEFRCBTE9M4 27 ) YEOMRNADREELYTAN:. Y1279V VYAODMRNAR
FEZEIRTREALTE Y, FO%, BBREKCLET, R4 L. 912V VYB1O
mRNAZ2MHBRHPTEAL LA, BERCENEBRLTVWE. ¥4 2V VB2 D
mRNA®Z, 2#icEd LTkY, ToK, RERMHHEBREE cHEmLE. 24
HToG 2Rk EDERIE, MF~OBTR2HIET 291 7V v BEOREBNZ DR
ERW-TWBZEiREBDME LAk, ¥4 7Y vDEIX, G1,/SHBTOFICES L
TWBZ ERHELRTWA. ¥4 27V vD1OmRNAR, 2Kkl FEEETLARERN
HRTERhot. 9142V vD20OmRNARZ, EKHOLORHICE W TIRELHERT
Ehhote. ¥4 279 YD3DOmRNADREBL, RZBIPTERD LI, TOH, 2ME»L
4 MR A3 TEBIREA L, RER,» bR hrFCEUOHEM L. 14 27 9Y YD
DWTHIEDWTHEFNRRELBD b ol bbb, FHREDOG 11X, BED
DHEMPTREOND X594/ 2 ) VDELELTE L5 RIDTREL, ThERRi-T
BETHHI ATV BTSN D .
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Effects of Gonadotrophins on the In vitro Maturation

and Fertilization of Pig Oocytes

AR - EH K- B ORS
Hirotada TSUJII, Masaru UEDA, Seung-Yul KANG

BMNKERES £WEFHAREHEE T399-45 RER LFHER
Faculty of Agriculture, Shinshu University, Nagano—Ken 399-45

Abstract: This study was conducted to determine the effect of PMSG and/or
hCG(each 15 IU/ml) added to TCM -199 supplemented with 10% FCS and 3mg/ml
BSA on the maturation, fertilization and the incorporation of *H - methionine of pig
oocytes. The follicular oocytes were cultured for 48hr with or without supplementation
of PMSG, hCG, given each alone or in combination to maturation medium. The
addition of PMSG with or without hCG to maturation medium was effective in
inducting meiotic resumption in pig oocytes. Fertilization rate was significantly
improved by addition of hCG alone or with PMSG, compared to the control. From
these results, it is suggested that the sperm penetration rate of oocyte was increased
by hCG added to the maturation medium. The proportion of polyspermic oocytes,
however, was not different among the treatments. Incorporation of methionine into
oocytes measured after maturation culture was increased by addition of PMSG
and/or hCG as compared to the control. These results indicate that PMSG and/or
hCG added to medium during maturation is related to the development of cytoplasm
of pig oocytes. Key Words: pig oocyte, maturation, IVF, gonadotrophin
(19945 2 A18H %1}, 19944 5 A13H % H)

# B
St TOIRMRORIER( IVM ) T, F2RESHPHCET 5 LLbK, 2k
BIUREEZ L OHFRBON I EIDFELRS. ZOLDHIIT in vivol B\ TR

SHEBBEb > TW5 FSHELH, »5\k, 2hbFSH & LH #fFA%%K1 5 PMSG,
hCG DIEEBE~DHEMBEDFEARCMLETHH EELONS. ORI FORIIE, TCM
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-199 FEEWIC 10%RTHE D ME % I 2 I BER CRBUITF 2B C028MEV L b5 8, High
BALVEVERERMLTOAHES RE5N52Y. b, RBASERCHRRE L €Y Z2TMN
THZEREY, F2WHESHPMCET L LNz T, THE REELSALBENK
PFOEDBBEBDLND LM, TR 5y ROTO [0 2D g5 | (RIS G
BLWTHEIhTW5.

—7, BIRHREO IVMIZE W T — BB ERC R ALV E Y RERMEh
T Y™ | FSH & LH OHMBIBFORMEED 5 Z &% Mattiolib® H#E LT
5. Li»L, FSH, LH #¥fEA % %> PMSG , hCG B LTI, HE—ROCERBEEE
BCHEMENTIINEDDD, ThbBEVMENRRH  ZXE - HEOBBCED L >HEL
TS DOPFEMICRANIBE IR, £ 2 TEAER TR, RBREERICHRMN LT PMSG
EhCG 7%, DRRMRADE 2 BE S U~ DORAE T, 2BFRABLIOT I/ BORDY
RBEE 2 BHECOVCTHNDLZEXEHBNE L.

MR ELUHE

SRR ORI | RA+ Y 2 —1CT, PEREE D BRSSO L A I L, 39CI&E
L7z 0.85% B AHK (100me/10BEE S + < 1 ¥ v 2 &1 B L RETHERCE IR
38 COEBMAKAT SEPH Lictk, EE 2-5mmOSEONENE 18GEHT 5 1 2 4 —
ﬁjwVUVﬁfﬂmﬁmLt.%%Kﬁ%@%ﬁﬂ@m@gh’%<ﬁ_kmmg%%gw
RO S % R L. 81K, TCM-199 1£10% FCS & 3mg /ml BSA (43
17 R 7BRASA) B0 L1 & D% EHBE#RE (BM) & L, Zhic15[U/ml PMSG (£ — A o
7 A, =23V —F) £15IU/ml hCG ( F'~m—4#v, =3V —*) 2HEMNT A48T
Lo TETFD SKOEBRX AFZ . [1] BMOA (ControlX), [2] BM+PMSG (+
PMSGIX), [3] BM+hCG (+hCGX) , [4] BM+PMSG+hCG(+PMSG,+hCGKK) |,
(5] PMSGUs Ik #K C24R IS, hCG FRINEEHI T4k 3% (PMSG —~hCG X)),
WE/ST 7 1+ YV TEAEBREOMEEE Fr v 7(0.4ml) %#fED, JIRMREZ20—30 B3 >
HAL, 37C, 5% CO, 95% R D&M T CASRERIBEHE X 1T - 1.
FRETOLBELEHER AR LB TRREBEFEABISD 7 v F L — AREDOHH
BB AR Lic. BTFO%kE, EERIUCTEAOREERCIIBOKGMMA 7 = f ¥
E3mg/ml BSA%E1s) AWK, BESERFHALIO H LEEBEY X b o— (ki 0.5
ml/Z&) ZL40CHHI 50—60MEIET TR L1z, SHOERERCRE L, »bH LH3BT
KIRDTHEWIBOKL.0 mlx i x +45H#E, 500gT soMEOHEE L. EEREZIET,
FEREOERIET 2B %L, 2X10°/mlDEEwCFHE L, 37C, 5%CO, , 95% ZZKDOLHETT
NIRRT - Ie.

BAFREL X DR BT 7 « ¥ FCAE LLBOK® K a » 7(0.4ml) KBS
L7-SRBRIHE20-30 % L, FisBa#&T LIcET% 2X107/mOBE £ 5 X 5 ilA L
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THEREZT > 1o BN T-8RHBIIIFERMO L, ¥Ry 5 v 7RI DABCAELT
W AREFEE DB B 10%FCSZ N2 7-TCM-199 D Ko v 7~ L, BREH%18-20 K
BEcEELL.

BHAR L ZEE, FRTRAROHETE  RIEEK THROPTFO—|EH v/ TH( 2 87 —
vi = 3:1)THRE - BE L, RBROHEDLDOBECE L. F 1, %1805
20851 B O F R FRICEE L, SHREIVCEBTRAROEEDLDOBEH LY. B
FZVThd 3-5 ATV, 1T bt v Y TR LInHBIC ) < L2+ — 35 FIhEE
T & OB RS Y HWBELRT 1.

TI/BOBDRAL PN L ORRMEELOGVHE LY, R EEE, FENET clED
BHOBE S h e MIIOIIRMEZRY, 73 BRIALZOERIMT I LHDERy T ¢
VIZRIDIIEMEEY L DRV, 5 £Ci/ml @ *H- #F4+=v %100 gl An7:0.5ml &
A8 Fa—7K, 194V TV YD 1I0EOITE AR, X 5HIBORXINX &3t 200 ¢1
KD EOREB L. ¥4 /0Fa—T%#37TCOAL VFax—2—HiAh 1BEEREELL
Bz, 10¥TCAR SR Q200u DM KIGZEIEE 2. B9V T AiE —20COR b v H—T
BRIFR, IVRT 7402~ ETREIWBL, S5¥TCA & 70%T %) — AT L 2 v 32 5
Bl Ui, 740V E8—RGRILE, Bk vFL—vavhova—Thy vy LT, B
fZiXcpm/oocyte THE L1z.

Hat o« AR, SR, ERTRARRI Y BET, 7 I VBRI AZED T2 tHh

FWCXOHEL, TESETHS DI Cochran - CoxBE R AV THEE L.

® g
B EEX TASR I DR BIE B X 1T - LIIRHR ORI b VLR AR 1R L. K
BRI, ControlXiZ ERMWOERK CIIEBILEN -1 (P<0.05). 1, +hCGRILHE~X,
+PMSG X, +PMSG,+hCGK, PMSG —hCG KiZEEILEWHEE %R L (P<0.05).

Table 1 : Effect of PMSG and/or hCG added to maturation medium on
in vitro maturation and fertilization of pig oocytes

Experimental Total No.of Maturation Fertilization Polyspermic
groups oocytes rate(¥) rate(¥) rate (%)
Control 127 6/46(13.0) ¢ 25/81(30. 1) ¢ 14/25(56. 0)
+PMSG 99 32/61(52.5)* 14/38(36.8)° 6/14(42.9)
+hCG 103 19/61(31. 1D*® 34/42(81.0)* 22/34(64.7)
+PMSG, +hCG 168 48/98(49.0)* 43/70(61. 4)°® 22/43(51. 2)

PMSG—hCG 128 33/64(51.6)° 52/64(81.3)* 31/52(59. 6)

*~cValues with different superscripts are significantly different(P<0. 05)
+PMSG, +hCG : Addition of PMSG and/or hCG in maturation medium
PMSG—hCG : Addition of hCG followed by PMSG in maturation medium.
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XX, Control RILHEANRT +PMSGR TRAERZEIZIE bR h 7D, +hCGK,
+PMSG, +hCG X, PMSG —hCG KTRABLEVFHERNEEB L A1 (P<0.05). ¥, +
PMSG, +hCGRIZ X T+hCGX & PMSG —hCG RDZRERIEEED - 12 (P<0.05).
T, IR I2EBTFRARICOVTIR, FERROMCAEELZERZES R h o1,
HEEREOEHIERROT I VBROMDALE( FHELEERZE VPRI TRLE. 20
R, GVHIDIIF I N, 4SREEIRBERE D MIIHFIE VT, 2 TOERRKTT 3 /
MO DAL BIIHMT 2EENRE SN, +PMSG KCRABCE WMETH - 1= (P<0.05).
%7z, Control KiZH~+PMSG KTIREVALRBIEECED -2 (P< 0.05).

150 b
b

ab

100

50

Incorporation cpm/oocyte

GV Stage Control +PMSG +hCG +PMSG, PMSG—hCG
+hCG
Experimental Groups

Figure 1 : Incorporation of *H-methionine into oocytes matured in addition
of PMSG and/or hCG.
(M%S.D, & b; p<0.01)

+PMSG, +hCG : Addition of PMSG and/or hCG in maturation medium
PMSG—hCG : Addition of hCG followed by PMSG in maturation medium.

£ =

Mattioli 5™ (ZVERRFIB K NV £ v % & F Io IS TR DI % BUER X © 1 B ER
(35%) wh, FSH RV LH %¥i0 LB TREEED 86%, 76% &k L & #is
LT3, RERI BT 3 HEIE ControlX X, PMSG, hCG % %in Lifhod & DE
BXrBWTIHFELET Y, PMSG KU hCGHrKIFRME OB S U EHAHR AR
THBHTENRENI. Fh, +PMSG, +hCGK, +PMSG X, PMSG—hCG Kt H~,
+hCGTHEBIBARMEN >, ZhiZ, in vivo KEWT LH 4-J1 X - TRESED
FHIRIDZEE2ELZD L, PRFELTWSL5CEBbhs. coz L cBELTE,
Gallin™ 7%, PMSG %#5 L EDIRBEIFfRMIME % $H L, hMG( human menopausal
gonadotropin ) % ¥iN L LB TRAGER T A2 L & - T 2 B S HIiF 83.8%
E/THT LR, i, in vivo REWTIIRMIAE LH 4~ ofE A% 23 5 B FSH
DYER%ZITEY, Ebic, PIORI#IIE FSHY - RRH L, M+ FSHL <A & F&
THZ LD, FRMROREICIE LH ¥713hCG L A2RESAUEHOFZRIEALZG
ZHIC FSH® PMSG DIER% X3 5 LE XD 5. ZhiZBEMRC 33 2RES UL HE
BFDOFERF™IZ FSH ® PMSG MMEATALERS LD TRV EEbhl.

=228~



J. Mamm. Ova Res. Vol. 11, No.2, October 1994

—7J5, PMSG &hCG DA OEMA %5137 +PMSG, +hCGK % X U8 PMSG —hCG X
TIEFAREFE L, PMSG , hCG DHEMFAIBERBCLHETH S EREIhi. F7+P
MSG KW Th+PMSG, +hCGK, PMSG—hCG X & AHECEVHBRRE LR, P
MSG RFSH LRBROEWFAHERCIMZ TH VRS S LH BIEALET L Enb, &
F+PMSG, +hCGX & RO ENB LN DTk Wh EHEI h.

Eppig 5 (3FSH %¥IN L - BRI TR S #1107 ¥ 2 DIHMIIAIE, A 2R
D2MEH 5 IR E TORERNEE S LH|ELT W5, ¥/ ZhanghH®i2 PMSG %
BELIS v b OBLIRMEEE X0, FSH 2% LR REER TR ¢S5 v b
IEME TRVWEREREZBLEBE LTV, Thb IO EEE B LTFSH hA
ATHHTEHRLTWA. —F, BKBIL T Mattioli® ¥ X1 Naitob? D& D
T, FSH IINEE TR S B IR OZERODEN S 5 H%, HBRRBR LT v BRI
ME%Z SO EDRBRX L SHBERZR KL, BUIHBELYB V5. KERTI, +PM
SG KOZRERIIEL, L5, hCGC DFRMMBFREEDM LI LETHS L HEIh.

ERTRARIEEREOMTABRZR kh >, BIEBETRANKEZ D BLET, A
TERTIENCE RO T AEAT L L ERBTRARVEMCEC RS EEDATLED |
DI D—ECERDOETHRE Y CHEET BN TR TCRIERBTFEANERCEZ D, 0k
DRERIBHIAES LB EEDR TV A . in vivoTi}, £ TRAZIEETSHHIC,
PFRE—BTORAFIBIC & > TERHRIGEE Z 35, 2 Wi IIFRIRE O fFf bk < BIER
LTw5. XERTRLEBXOIT L VAKERTERBTRANRL > TE Y, MEDOK
REAVCIERBXEITHEKETH L E2bNhA. ¥, Yoshida 5% DEHKBIITF %
AV EHSTREROBEC LD &, PFERETIMEEEGCE > TLEFTFRARCEND S
TEMD, KRERTCOEEFBAROBELSDWTEETLZ LIELL, o THREDR
BOELSTHENE D DIMLOFEC L > TRHE Lkdhidhbirv. —F, FETFRARH
TEHRETROMEEL LT, Nagai b® BEFIIHEREGEVL L > TXERIEED Y, T
RREETHEEDCEBTRAREMT S L84 L, Rathdb? QERERCET 5 —IF
Bl ) OBFEBENT 5 LEBFRARIHEMTHLHBEL TS, -7, 2RTFRA%R
B CIIBEFHONBI SV THRFATRETH L EEL DT

H-* 4=V ORYARL, WERH, BCr Yy A\ /EROBELLVIBLIDTHY,
IR PR DA F N OV TR PHMBE OB L FFHEBIRNBEV-EEX DR S, N THE
D7 a-2RBEE V" L3 TWw5b. ¥h, v ARTREENFEELEVEZ, B3
REYEDT , SLERERECEFRETEHC® LWOHREDIHS. ZhbDT inb,
T3/ BEONMEMARARD L TIHFOEFNORELY B HBREHRELELLELLNS.

FEBROER, BORBVHEALIFRE, EHFEENEL, FMREOBRMSLEL T
bEEZDRL. 5%, SHENBROBERAHOBT(LE EANBCRETE 2 HEEYRHTSE
KEoT, ERTFRAVHOBE NBHINS LEBEDbIS.
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E- N ©

AL TCM—199i 10% FCS& 3mg/ml BSA #*¥sfn L - EBEssHic PMSG & hCG
G KIP RO, SREBLIVH— A F A= VORIV AZCRETEECOWTHN
fo. RBRXIZ, OXEBEH, @PMSG(15IU/ml) ¥in, @AhCG(15IU/ml)¥sin, @PMSG+h
CG(+P, h) &k L UGPMSG 24 Bf#4, hCG 24 BEI(P—h) © 5K %3, 48Epfs:
BExTol. ZORR, PMSGG 8 LU hCG% EBHEHERICHRMT 5 Z &3, KRR
BELHUBHAFRCAD TH-> . THERIHBH~, +hCG K, +P, hX, P-h
KTHEERLEL, hCGOHEMNRZIEROM X {RET L ENRENL. Lhrl, LETR
AREZOWT, EBRRMTERRbhikch . L SKORBERBDO H-AF 4=V D
BORALZRELIER, HBX LY PMSG, hCGHRMLARTEL LA3EEABRELN,
PMSG & & 0" hCGHsnAs, SRRMaDMEDBFW IS L Twb Z &L M > Tz,

E A
BEERER 2 RET SV LEREREESBRSRER R ik HRACEL Sil#
LEFES,
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Effect of dilution procedures on the survival of IVF bovine embryos
frozen by 1.5M ethylene glycol

TE¥Zk - hEERE - S B BIRTE - S50 - 2§
Itsuo SHIMOHIRA, Yoji GOTO, Kei IMAI, Munetaka TOMIZAWA,
Hiroaki OKUCHI and Osamu DOUCHI
BHAEY FERBLYEZ— Tl BERAEAWARESN
National Livestock Breeding Center M.A.F.F.
Nishigo-mura, Fukushima 961

Abstract : The present study was designed to investigate the effect of temperatures
and duration during removal of ethylene glycol as a cryoprotectant after thawing on
the survival of frozen bovine IVF embryos. Bovine blastcysts (7 to 8 days after
IVF) were frozen in 1.5M ethylene glycol, and then thawed and diluted by the
different dilution procedures as follows. A group : Embryos were expelled from
straw within 5min after thawing and placed directly into Dulbecco’ s modified PBS
supplemented with 20% calf serum (CS-PBS)at room temperature (22-23C). B
group : Embryos were expelled within 5min and placed directly into warm CS-PBS
at 37C. C group : Embryos were kept in the straw for 40min after thawing and
placed into warm CS-PBS for dilution. After washing twice, embryos were co—cultured
with granulosa cells in TCM-199 supplemented with 5% calf serum for 48hrs.
Blastcystes developed to the hatching stage were estimated as viable ones. Survival
rate in B group was slightly higher than A group, although the difference was not
significant. Survival rate in C group was significantly lower than B group. These
date suggest that embryos frozen with 1.5M ethylene glycol should be diluted in the
warm CS-PBS to obtain better survival rate and the duration in straw after thawing
might affect the survival and pregnancy rate in direct transfer. Key Words: Bovine
IVF embryo, direct transfer, ethylene glycol, (199446 A 2 B3, 19944E 7 A17A %)
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I

R ks SRR 2 ethylene glycol 2 Mitva Al & L CEFERAF L, BUMEMES CRIGEA%* Rx
T 2RO BRIEIRE R ORI % ORBRERI DA 5 2 2B DLW TRET Lic. £ DR,
AR 5 5 - A CS-PBSICEHERE L TRHEAIREZ1T 558, ZERFTfT-AK (39.2
% :20,/51) XY HCS-PBSHINR L TIT->7BX (53.5% :23,/43) OAFERMEN > (
P<0.10) . Lh» L, B0 HICINBCS-PBSKKE% B L CitEFIZBRELICK (24.4
9% :10,741) DEFERIE, BRIV IFEE, - (P<0.05) . LLEDZ &b b, ethylene
glycol #THRA| & U THikE & NicEA SR 2 CS-PBSICEEBRE L TIHERI*BRET 555,
TOBRBRECHEETILEND D L LD, MBEREARED 5 \VWITBHEE TOERBRRM
BRLARAZ G THAFENBE DR A FREENRRBE I .

w 5

bR EOHMEBEEROEROIDHIZE, HWERORMSE, BHEEMOBMBIIEETHY,
WORMRE 2 b 0 —P Ty a BT A Z LR X DRERABET 5 —FEA b n—#k (One
Stepth) [1, 2] oFArBCEVTOREFShTEL [3-5]. Lial, ZOKHER
AR EME R E R LE L L, ThANZRROTREEREEZObNI [6] Z&hb, &
TR OREY HE & BT EEBM TR A Direct Transfertk [7-9] 5L/ v R
7 v 78 [10,11] &M h 2 EEROBME T (Directik) HRF S hihd TV 5. Direct
#EiTethylene glycol [7-9] , propylene glycol [10,11] , sucrose + glycerol [12] 7«
ERE4 RTHERID AV bh, BMREEREFRE L TSR 2BERBET IERELREOF
FRRIBOLNS LBMEER TV, F7, Directih THiE LItROEFHE X BT 500K,
AR L R SR BT 2 b0 Ik, A TRERZRE LIRICHEE L TRERIFH N
bhTw5h, BHEAROBEY ZHTIEFVEOAEVWEENSS [8, 13, 14] . £ Z
T, AW TIE, ethylene glycol% Fi\ THFS & hic 441 52 HE i SRR D 4t T DR AR
EEEREFRHCRIFTHEYRE L.

HRERUEE

A STREROTEL « AR OMFH I ERINC IR (15] it - T, BBER, HH 2
HIERAET, A2 0B &L LT7~8 AT E LT, HENSENB I ¥
7 P EEHIE I NI 191E % DL T OBt L.
BRAE STk ¢ R4 50RE Ha SR IE1 3518 % 2096 T4 i AnDulbeccofE IE V v FRARETR (CS-PBS) %
HAEW & L, 1.5MDethylene glycol #i#Hl & L THV7=Voelkel 5 [9] DR —&
BIE L TR Liz. BIb, 2R T1.5M®Dethylene glycolit fhx EHRBE L, 205 HIC X bR
—KBEILT-TCeffL7ur53 v 77 ) —¥— (ELFIT¥R, ET-1) €8 L,
1 RBE®ICEK L, 105-RFE L. To%iZE50.5CT-35TCE ThHAIL, 155 MRS
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L7ctR, MEEERICHEA L.

HASE OB, THHAIRE @ BREEOMMR, REEEI DX o —2EOHL, Z5hTcH
T~ 8RR LI, I0CORBEHEALTERLE. S, LT 3IRKICHTTRES
*BREL, EFEERHELE.

(AR : 5 5-ZRK) MESHBCA b —nb5EEPRYE L, BB (22~23C) FTTE
FEBBmmD/ MR Y ¥ — LD 3mICS—PBSKE BEH#BE L CI00EBET 22 Lk vt
HRZBRE L.

(B : 55-1nRX) : @M 5 58137 Cie il Uiz 3mICS—PBSI EEBRE L, 1055
B L TR OBERTT -2, CS—PBSOMRIE#ESmmD /MY + — Lic 3 mldCS—PB
S¥Ah, BABETS1558h HITCERE L ER (LB A 5« hAd 75 1) Ll
WTAT» 7.

(CK : 404-IniRX) : BSOS TIR b o — 2 BRCEESE, 2 bo—2bBRE2EIHL,
B & ARICI7TCOCS—PBSKBH L TEA % KE L. vk, HBRERE LT, Hit2
KERES6ME & FI\  THIERE D 4 F7 ik 1 BuF Tethylnene glycol DEER <7, EIY, FE% 4ElE
B 2P P, ZET Tl.5MDethylene glycoliz B L T255 R 0605 81237 C
I L 72CS—PBSKEB L, 105 HH#HE L TIRERIOBRERIT, FOBROBDETM: Y T,
ERHOHEL | BHEIE, FEE L WERN %K% L #HCS—PBST1E, 25mM HEPES
RETCM—199 (m—199) ¥ T 1 [EEEH L, coORENEMaY ¥ BRCRE X1 5Y%
FHMFEMmM — 1995510 /NP TASEEREIIEE L 1. AFHOHIER, BHEH LBH O
WKL EREF LR 4EHERE L.

&= R

BIfR 5 SR ERA] (ethylene glycol) BrE#R SR &37C TV, EDBDELFEM» Bk
Lo EDRER, 37CIiniE L1zCS—PBSKEEBE L THEESBRE L BROLEFERILS
3.5% (23/43) T, BEZRA LA VWAER T CHERSBELEZAK (39.2% : 20,/51)
I dEhr otz (P<0.10).

BURA0 BB A b a - bREAE Y H L37Cie iR L7-CS—PBSKB & L TIHEAIKRE
21T -1 CROEFRIZ24.4% (10,741) T, BX LD A HEIIEH -7 (P <0.05) (Table-1).

Table 1 Survival of frozen-thawed bovine IVF embryos by using
1.5M ethylene glycol (EG) as a cryoprotectant after
various EG dilution procedures

Dilution Duration after No.of No.of
Group temperature thawing to dilution embryos survived %
A room temp. S5min 51 20 39.2°
B 37°C S5min 43 23 53.5"%°
C 37°C 40min 41 10 24.4°
a vs b .P<0.10 c vs d P<0.05
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AR DTRHRAIN T ORBR VB D LT CHBL 5L 5 Z L BBRIhEOT, HRE
B&L LT, FE%ethylene glycoldic —ERFEIBE L, *0#inE L1 CS—PBSK EES
B LTER R BRE L BOEFRC OV THE Lie. Z0OE, FERRI205 BE O A
ErEmTORERREM 5 SRl DFH255  filethylene glycollc B L - HiltE D4 %R 1364.3% (18
/28) THY, SLEBSHHEL, H60HMIBRE LIEOEERITE0.7% (17,/28) T,
KO4AHFREAELEIDD O, 57 (Table—2) .

Table 2 Survival of fresh bovine IVF embryos after immersion
to 1.5M ethylene glycol(EG)

Dilution Duration of No.of * No.of

temperature immersion to EG embryos survived %
37°¢C 25min 28 18 64.3
37°C 60min 28 17 60.7
£ =

ethylene glycol® % \~i3propylene glycol’s & # A & L TH#-Directth T¢I, BhfR
BNGRA* R T2 ZESCEEBETE 5 2 ERMb AT 5. Directis TEHEBHE
DEREREBE LT, ZhDOMERARSGTFENNEL, FERTER MMMt TE %
DT, MBEACKTEZECHATLZ ENAEL, BHEELARWLDTHEEELLRTL
5 [9]. Thw LTBMANCIREEIRE D LE fglycerolid, Directiic b h 3 E3E
DREANC N THFRENKE L, MEARZERE LV T EBE LSS MRtk
RREARNEL, BHEANDOZELKOTANRRE 50T, MELVEW L TEET 51D
ZLiswEE&hTw3 [10] .

ethylene glycolidglycerolic X% & MIlPIEBIENE VR [16] , SEORE O
SHCTHBRIRERAT 5 BAICER T ORIRFET O &, FENLHANTEREREMEL 1-ethylene
glycol D4 T DB & piiif & h, MM CEAIS TR E EE ZRRBRR kD, MlaR~D
Ko DZHEILWADRZ D filar iz LEN T 28808 kb tEL bRz, CS—PBS%
i L FEAIGE W RERS G2 RE L TMEAIRER1TS> &tk b, HifapDethylene
glycol D5 T DBy £ 1 23EF & 7 h filast K BB ik 2 O TER T it~ THIfIRS ik 2
ICRE AR AE CEEC, MAIIRANA~DKSTAKERE &+ OBAIERPREBCTL 1Y, HFEk
DEERBE bR EEL bR,

Directfh TS LICRIZ DWW TEH K OFEE L FENEEBM 2 HE L TREIEY £ER (
BIXXCS—PBS) WEERG L THEHABREERA T 5. Voelkel [8, 9] iZethylene
glycol, Suzuki® [10] iZpropylene glycol* & &l & L CPBSEEBE T b MEFILIE A 7]
BETHo7cd LTWBDRA LT, Voelkel [8, 9] iZpropylene glycol, it [13] itethylene
glycol, N FE% 6 - 1-%%E S [14] (Zethylene glycol® U'propylene glycol & %
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CEEBETCRBHEAROTHEE Y IR TILI O EBVAFELRBOhEh o &HE L
TW3. Z0 X5 Directizic AV 5 THEHF % 8 - THES L EOEHN CRIBRAIBRESR O 4&HE
UERBREEC L > TR LEVWERE, SEORBRERD OHET ? LWEFABRELZT >R
BREOCENFELTWAIEENEZ L.

S¥R, MEAYRET S T TOLBERICSWTIE, HBERTRLE L S Zethylene -
glycoliX FrER e xt L TR EM R R & o h, B X% ethylene glycolBBR A I —E K
B EEEDD EEFEENET TSI &AM L 5T, ethylene glycol THE I hiclED
BRES OVRBRHEEN OB EE L v, BROSA L & & A LR w2
TERVENHE TS, pfRttOizethylene glycoldh TERBRFEINIER T 5 i - THFF
KDETHA LA RERIE, BREIOEEE & b it itethylene glycol SHEPITIEL, FED
MBI DU B E D B RETRIRHR - Wi C &I X DIENRE Uk d e Ex bhi. &
D & 5 I ERE O OHREE L OFRERIZAL TR WA, BEOEBBEORERE X 5474
HDIE T iZfhODirectiE H 51> i20ne StepBElZ L ABREFELBLWTHAD LTV S [17
, 18] . SEIDERER M D, ethylene glycol % Al & L THikE & W% CS—PBSIE
BERE L THEAYBRET 2584, MREORBREINAFHICEETSIZLMNREAR, 0
T e bEBCZHACBET 2B MRS ORRIEICEET 2 LHERD D T LB LM,

el s Y
R 2 BICM b, FHOCRELPEE ¥ LAY e R LA A o LT
51 AR
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Immunohistochemical studies for the developmental expression of

a zona pellucida antigen in ovarian follicles.

RENBT - #ELPE - 1F - FUHEZ
Akiko HASEGAWA, Miyuki INOUE, Tadashi TAKEMURA and Koji KOYAMA

REERAFERABERAZE T663 EREEHRE AT
Deparment of Obstetrics and Gynecology, Hyogo Medical Collge, Nishinomiya 633

Abstract: The developmental expression of a zona pellucida antigen was
examined by use of immunofluorescent stainings and electromicroscopic observations.
A monoclonal antibody (MAb-5H4) which recognized an amino acid sequece of
Cys—-Thr-Val-Leu-Asp—Pro-Glu-Asn-Leu of pZP1 was used for detection of the zona
pellucida antigen. Electromicroscopic observations revealed that the zona pellucida
antigen was deposited around oocytes in the primary follicles in a discontinuous
pattern. The amount of the zona pellucida antigen increased according to the
development of ovarian follicles in immunofluorescent stainings, suggesting that the
zona pellucida antigen is produced continuously through the whole period of
follicular development. The antigen was found not only outside but also inside of
oocytes in primary follicles with 1-4 layers of granulosa cells. In addition, secretory
vesicles containing the zona pellucida antigen were also observed in the cytoplasm
of oocytes under the electromicroscope. It is thus concluded that during folliculogenesis
the zona pellucida antigen was synthesized in the oocytes, transported to the plasma
membrane by secretory vesicles, and was secreted. Key Words: zona pellucida,
folliculogenesis, immunohistochemistry, monoclonal antibody, secretory vesicle. (199
4% 8 A 3 B3%41,1994% 8 A11H £ 1)
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WEFLENM D IR % B » BT B BT O BB & REIC W T, SRR RS L REE
HEEARAWTHAN. 72 50HD—FH5 Th HZP 1 DCys—Thr-Tyr-Val-Leu-Asp-Pro-Glu
~Asn-Leu% T 5 C EMNHB LTV 5 E/ 7 0 —FAHitk (MAbSH4) »—&ifitke L
THV, 72EEBoFHHENERERZEBEHE L. REBHEIC LY, FUHEEQ T —KIIEOIE
RMREEC T TERERCR SR TV 5 Z LB SN, —F, ®hieakEciifao
BERRICAE - T, IPRMRCRABCHBEINIERHEOREL L HHHRENEMM L. T
KR DAAD K Ie 53, 1~ 4 BOERBMEE £ > KB IREE O JFRHIR O M E
AL BB LA, ZOZ EnD, FHHRAIIRBBRC S 5 IFRMROMMERN TER X
haZ EpmrmEniz. b, BEBETIEWHHEIE2SUGSW NI MnE
HeBgEshiz. DEOBERL D, HFHHESIIRBEAOTEH» b S » 3 CIRRMT
AR h, HREAOHSWNEAC L - TERINAIDEEL bR,

#

LB DI 2 B ) B BAHE, SRCBELT, BFoBWEORS, £ERE0S
', EABRBCEI5ETORE, SBETIE»OOB#EK S OBEYE> = L abhTn
Y. FERER, —BCIBEOBEA»ORIMBEM< MY v/ R0—FT, BELEELD
BHEDYBRGFUSATHLAZE YOO 5. L LERHEERANESRK I h 3>
WTiE, SRR S D 5\ XIS D 5 X E DTS I FRE 4 e BEN B ) —EDKEH
BRELATWEY. ThETOWRDOE L, La15BEORED Z WL, EEHESRHT
BRY 7 a—FafifEr AuTOREREELZ AV TTbhik D TH 5. SEE 4 IR
v b—7DOBELMhEE/ 7 a—F itk (MAb-5H4) 2%\, BHEOIEANRER
ERBIFFHIC > THRET Lc. MAb-5HADR#:T % 7 3/ BECF1i13Cys—-Thr-Tyr-Val-Leu-
Asp—Pro-Glu-Asn-LeuT, 7 &2FZHAHELZHEE LTEREI AR, T2t N, v,
THFE, £ X, XIOBRHCKERIET S, Lo L, SHELNORE L ORERIEHEITE
DTEL, BEREFEE LTolEE .

7 2 FZWHIIPZP1, pZP3a, pZP3B D 3MOEEEA N L A M, MAb-SHANRAHT K&
FNpZP1D 7 3 7 BR50~59F DECFIIC R T 5. pZPLX < ¥ ABHEDOMZP20 7 3 / Bk
FILELHULTWBDT, mZP2LABDE 2R/ FL T 24— LTOBED, ThpbEme
EABBCRI IR TFORFORE LB -TWBEEX LS. AT TRBEREHEORE
%, MAb-5H4% A\ THRFEFEMSER ETHEMEC THE L.

i

MEERE

WHUEE ¢ TERBEE 4K T RN AT AT FTEE Licl, 743 — 4 FRRFITCR
KL, 2270 v— bFREIEIB-4 (Polysciences) &L, 3 emDYREFER L. 2o
@ﬁm,%1&@&LTMAVHM@A479F—7%§Lﬁ%$ﬁﬁlﬁﬁmEL,HET
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Wk, F2RIGE LTFITCE#SD I~ v 21gG (1007 FR) # =R T 1 RKMALE L. PBS
THMHHE, WXFEMECTEELL. 20%, A—9F 2~ tFv Vv —ztovickont
e L.

GEEEE ¢ 7ABIV0 e MR E AR T AN AT AT F—0.25% V2N T AT
FEERK S L0 EEER, <4 278254 %— (DTK-1000DSK) & & »300#mDE)H &
L. Zofi %&bkl B EROBER CEE L, 72— ERRIITHAL
4%, YK % 1 mmAKHYE L, Lowich wicryl B#ffELowicryl K4AM (Chemische Werke
GMBH & Co.) #iz, UVEBSc L4 L. 378 b—4 (NOVA) Tl00nmDE#HY)
FaER L, hna8—n (Ladd) SHBEAE-Tc=v VB A v ¥ 2 (Veco) ki, #
LG EC L ERYAE L. B1RGE LT, MAbSHAD A 7Y F— <5538 kiR S
BT 1ML L, PBSTERSH, #£2R6s LTHTRISnmDS a0 FEAT a5/ YA (EY
LABS) *%=iE T 1MRMAE L. PBSTHEHE, 2.5% /v & —ATATe FTHEEL,
Y5 v —RO-ERE B M Lo, ETFEMHEIMI200EX (BAET) THERXTR- 1.

#® £

4 DREEREOIMEZ &t 7 2R T %, MAb-SHAIZ & » 3¢S L, BHSERT
FORBRA L £ DRFERC >V THE L. RV ERMiaz > Fraok, X0l ~
4 B OBRIEMR % £ 5 £ 87 1 KIPRIC BV Tk, BWHREOFERX R THLIEAD O
ot (Fig. 1-a,c) . ZhbORIE, ~< b+ )Y -4 Y VIREBHERBEIE N
Th, EURHEBEIRD LR, -1 (Fig. 1-b,d) . 5~6 BOENEMEEAY LS 22
FRE LR BVTI, BWHHEE L BT 2L M BERIGHA RS hi- (Fig. 1
e,f) . SHLKRF LLBRICE VTR, FHAFORELEEFhE—HKLTROABHED
SREE b33N L 7z (Fig. 1-g,h).
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Fig.1 Immunofluorescent study of the localization of porcine zona pellucida in four different
stages of growing follicles.

(a)(b) : primordial follicles; (c)(d): growing follicles with 1-4 layers of granulosa cells; (e)(f):
preantral follicle; (g)(h) : antral follicle (a)(c)(e)(g): The sections were stained with MAb-SH4 and
FITC-conjugated anti mouse IgG. (b)(d)(f)(h): The sections were stained with hematoxylin-eosin.
Magnification X200.

RN LTAT e FICL5EREATRIRBOREEL IV, HURHARIGZFIA Ui tgei
BERPPHET AEHANR DS DT, REEOIREMY EEREYF &£ L, MAb-SHATHRE
Liz. Fig.2-a,bid, REBMEORS 3MOREZ AL T, PROREFCH - TEWF
NEOHFEZRTHAOHELNHE L TW500bh 5. FROJFKIIT 1 ~ 4 BoOBEREME
S KRN RIOREEREOINIATS 55, ALV IFRMRREOAL LT, MEREACD

ROLIS.

Fig.2 Immunofluorescent staining of a frozen section from a porcine ovary. This section
contains three growing follicles with different stages as shown in arrows (b). The upper right follicle
shows no immunofluorescence, the middle one shows weak immunofluorescence not only in zona
pellucida but also in oocyte's cytoplasm, and the left one shows strong immunofluorescence in zona
pellucida outside of oocyte (a). Magnification X 100.
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T, REEEAC X Z2BETHFRIIACE, EUEHEOHEYRTE 20/ FolEn
E<RObREh ol 1~ 4 BOEXIEMIE 2 > REDYOI T, SR & By
AR E ORI KR IO EE L, T OB a0 FOUBESNBD bhi: (Fig.3-a)
5~6 BOBKNIEMIE %> REREOIaTIE, PEMROAMACESH 4 ptmoy
—LERHRIBEEL, ThE—BLT& 10/ FRTOUERED LI (Fig. 3-b) .
¥, JRRHROMBENCER 1 pmO&a af KM% L/ MantELE (Fig. 3-¢) .
Rk MEh, e bIMRMROMERI RS bhl (Fig. 3-d) . EREMARO MG
BEAB L UXOFBECE, WIhOREREOIRCE VTS, £<&104( FOREITRD
bhileh ot

Fig.3 Electron micrograph of ultra thin sections of porcine (a)(b)(c) and human (d) ovarian
tissues. (a) Porcine primary follicle. Note that gold colloid particles were located only between the
oocyte and the granulosa cell in a discontinuous pattern. This area appears to be premature zona
pellucida. (b) Porcine growing follicle with 5-6 layers of granulosa cells. Note that gold colloid
particles were located in the zona pellucida with a width of 44 m,(c) Porcine preantral follicle. Note
that the density of gold colloid particles located in the zona pellucida increased in a comparison to
(a)(b). (d)Human preantral follicle. Both oocytes(c)(d) contained secretory vesicles(SV) with gold
colloid particles. GC: granulosa cell; ZP: zona pellucida; OV: oocyte; SV: secretory vesicle

Baris 1 ym
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B4 SMAbSHAOKMIGHIR = ¥ b — 7% 2 — N3 5cRNAZ AWT, 7 2IIEEBDIn situ
hybridization %17\, REIRROIIRMIC O HBURIGEBD T 5 (REER) .

—7, vHFERAHRO—BHRSKIE, REO ZLL @, BREMEC LGS S
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Effects of Prostaglandins on the Development of Mouse
4 - Cell Embryos
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"Department of Obstetrics and Gynecology, School of Medicine,
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Saitama, 333

Abstract: The effects of prostaglandins(PGs) on the development of mouse embryo
in vitro was examined. Four cell embryos were obtained from mice after mating
following PMS-hCG treatment. The embryos were cultured in the mBWW under 5%
CO; in air at 37C with indomethacin (IND), PG (E,, F.e, I,) (0-200 M) and
adenosine 3’ , 5’ —cyclicmonophosphathiate sp—isomer (Sp~cAMPS), and the subsequent
development of embryos was observed. In the control, 77-87% of 4-cell embryos
developed to blastocysts (BL). BL formation was suppressed to 57.1 and 25% by 5
and 102 M of PGE;, 52.3% by 100 M of IND, 25% by 50 #M of PGF,a, while
200 #«M of PGI; showed no effect. Sp-cAMPS also suppressed BL formation, but BL
formation of these embryos was observed after release from Sp—cAMPS. These
results indicate that PGs have a suppressive effect on the develoment of early mouse
embryo, and PGE: was most effective among the agents used in this stydy.
Sp—cAMPS also showed some effect, but its effect was seemed to be different from
that of PGs. (19944 8 A22H %ff, 19944 9 A12A %)

E #
PG O REA T & L3 T HE IO \WT< 7 2 4 fIAHIE A AL, in vitro THEE L1z,
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< 7 AIIPMS-hCGABH OIIE L W L1z. IND, PG (E;,F:a, L)(0-200 M) ¥ &
U'Sp—cAMPS (0.3-2.5mM) HEMDOmBWW % i\ 5 %CO, in air, 37CTHEEL, TOHD
MEAELZBE L. BAMTRIEBIOHBILTT-87%TH - 1o b, PGE. 5 MEMTiE
57.1%, 10 M T25%i{E T L7z, IND100 £ M¥RHNTi352.3%, PGF,a 50 ¢ MT25%E T L= %,
PGLi3200 1 M#INT & BRI OBRIT BTN & FRETH - 2. Sp-cAMPS(0.3mM) Fin
THRBROHEIME & hizh, SpcAMPSR2FBHOM % EHRINTHET 5 L66. Thic B
DEEOEBIERBED b, Thb kD, PGH< Y AWML ZIE TS Z ENEL M E
572, SpcAMPSH DT EZADTN, PGLLIB LD LIRS ENHEINT.

i
HEOZBORBTEHREIhL Taxa2 75y Y (PG) 3, BFikArEVELTHEAD
BErRE-TWw5. £EHFECEVTPGIR, JEKY PIERY RECIHFELTHZ LN
MbhTEY, WO, TH, BRE FEREREO—HOBRNPGOHFET THITL T
5. PPORBIZEWTIE, PGCARBERMERNTHS A v K22y v (IND) #AE LicshE
7 v M PGE®PGF,a % #5345 &, E—BEMBPPFKIEMMGINEE TS &Y, i
< 7 A TIRIND# 5 ThatchingPERHPELE X h, ZhHRPGOHRMPHFEETEHET S Z &Y
E L OPGHAEFEBRRITEL, b TWA Z ENHEINE. Lrl, —He bTR, F
BERBEELR S TAEREHEECED bR, < v AL IEOHERRCABREBREOEENK
ZENT S EREIOIE B IH S h, ZhAINDORBREMTEEST 5 kEEBRRCE
3 APGOEEIZ DWW TRAALENE . ¥ 2 THR4IMRECE T APGOEEYRIT S
CEERBEMELT, vV ARAVCTHME (4 -MRHE) ORECHT 2PGOFE %in
vitro THEr L 1z,

M B LUFE

EREMICIE 8-9 BEMOICRAMES L UFFRRE~ v 2 GERERBM) %L 72. PMS-
hCG (EMHHME L VYY) , PGEPGF,a (NFEH L WHESL) , PGLIND (Sigma,
USA), Sp—cAMPS (BIOLOG,USA) ¥ & OMiOREIIHHE DO D% AL, KEPGE L U
IND@ROShT £/ = iC B L TRV, <7 AZEIBOREC IBWWERR» F\, K
INaCl 94.59mM, KCI 4.78mM, Ca-lactate-5H,O 1.71mM, MgSO+~7H,O 1.19mM,
KH:PO, 1.19mM, NaHCO; 25.07mM, glucose 5.56mM, Na-pyruvate 0.25mM,
Na-lactate 21.58mM, BSA 1mg/mlCEBMiA%Z L, 37C, K& T 5%CO. Tl -7,
¥ 7 AWRPMSIOHEM £ 5%, 48R IChCGSBNL % = W F N EREPIC 8 G- L, [FRHE & TR
Lic. BEERHYHER S hiz< v 2 3hCGH GASRMILIREIC B L, IVE %, BWWR CIER
L T4 -HIRIRE % 50 L BRI AV 7o, PG, INDWRIIEER : £MPGE & ' INDIZBWWH ©
0.5-200 « MIRFEIZFH% L, control& LTi20.8%T % / — A& EOBWWIK A A\ 7o, £ L
Ielb% X h EhOBEBRECE L, 4SRRI REOMBIOR 282 L. X bt INDRNE:
BRI AFEPGEIIN L TRABEDER AT - 1.
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Sp—cAMPSHRINEER : Sp-cAMPSIZ#BHIK i B BWWHE T0.3-5mMIC 358 L7z, 488%
FIREEE U RRAE R B2 L e, S|ISIMBWWIRICE LT b b fbie Lc. 4, W
ROBL D AR DAL, XBREZ AV,

® 2

IND#25-200 ¢ M¥ N L e B DR FEAE A~ D E I Table 1R$TZ & THA. control
TiL,80.65DIEBBI DT A RS b e, EHINFITIXINDOEINERE O L\ O
BEHIMET L, INDI100 z M¥EINTHERIZ52.3% THBEIET L. INDEMKC & % i
B2 EHE T 5 BB T, INDIOO p MO EEWR K PGE,, PGF.a , PGLH % 4100 eM & 78 5
X 5 wif% LT 3 %#H (IND+PGE,. IND+PGE;a, IND+PGL) Z{EB LT~ v 2AHEDOR
EERBRE L, BEBREROEE2AD AT ORIBECED L.

Table 1. Effects of Indomethacin on the Development of Mouse Embyro

concentration No of 4-cell 8-cell- blastocyst

(z¥) 4-cell morula %)
control 36 0 7 29(80.6)
25 43 0 10 33(76.7)
50 39 2 13 24(61.5)
100 44 5 16 23(52.3)**

200 43 13 16 14(32.6)**

Observation was performed after 48hr incubation with or without IND.

(blastocyst formation vs control, #*:p<0.01)

Table 21z, PGE,(0.5-200 M), PGF,a (25-100 zM) ¥ & U'PGL (50-200 # M) ¥
InASEERIE R B DB DB IR %2 R L. control TIX78. 7% B DI 2 FAD 1= B3,
PGE, 5 ¢ MTi357.1%, 10 M T25% L FREICHEA L, 50 pMELE TIXEBIIDOMBUIERD e >
7z. Figure 1i¥PGE; 100z M) FHinE#EEOMORI T, MEE M EE UHKEBRRICBE
2hiz. PGFa¥kiNTWE, 50 n MTHBRADIE H25% L FECEA L, 100 e MTIZRAD

Figure 1. Photograph of degenarated mouse embryos.
This photograph shows the changes of the
embryos after 48hr culture of 4-cell embryos

in the BWW medium containing 100 z M of PGE..
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Table 2. Effects of PGs on the Development of Mouse Embyro

concentration No of 4-cell 8-cell- blastocyst
(uM) 4-cell morula %)
PGE: control 75 2 14 59(78.17)
0.5 36 1 8 27(75.0)
1 45 0 18 27(60.0)
5 42 '2 16 24(57.1)*
10 32 20 4 8(25.0)**
50 34 16 18 0
100 43 28 15 0
200 38 32 6 0
PGF2 a control 47 1 10 36(76.6)
25 28 0 8 20(71.4)
50 28 0 21 7(25.0)**
100 24 14 10 0
PGI=  control 36 0 7 29(80.6)
50 19 1 4 14(73.7)
100 22 0 5 17(717.3)
200 23 0 4 19(82.6)

Observation was performed after 48hr incubation with or without PGs.

(blastocyst formation vs control, *:p<0. 05, **:p<0.01)

hrote. PGLEINTREBBOMRICIIHELRDh > 1. Sp-cAMPSOMEB R L1
FER%Table 3I/R L. MEACER VAT Wiz, KRBIhAEWZOWEDOEM (0.3mM)
&> THRBIDIBRIRD bhish o e dt, 13&AE DN 8 MBI F TI4E L.
SRS T OBETIMREOER O RIXRD T, 48 #%% DI % Sp-cAMPSERIND
BWWHRICE LB LIS R, 8/12(66.7%) EBBOMB IR I Wi,

Table 3. Effects of Sp-cAMPS on the Development of Mouse Embyro

concentration No of 4-cell 8-cell- blastocyst

(mM) 4-cell morula ¢3)
control 30 2 2 26(86.17)

0.3 27 3 24 0

2:8 29 11 18 0
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4|, <Y AR T APGOME R LR, BREEMGIDHELAM, &1,
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