RN
J. Mamm. Ova Res.

U 1Y/ R ST

Journal of Mammalian Ova Research

W FL B 90 - 2

Japanese Society of
Mammalian Ova Research

ISSN 0916-7625

Vol. 10 No.2

October

19 93



I ————

HENMXEXAMET BIIFEG6S

¥

NSRRI CCHTEYD
QR I+ ¢

& ( )
Conceral

TN -G R HIEAT
LHA HRILE BLH) B AEES

B M) | PR

m ML | BEEER
£ DINRED 5 IE . HEIPREE ()
O S 8% 1k 0D SE AR HEDR{R E (S

iSRRI LR
KAELKIEXHASH FTERIBREKASH

WEE ®5(03)3812-2271 772:-31)(03)3812-3663



3 5mE ILBWINTFBAED TN

TRLiC & 0 BBEIMHABWINFF2E LR EHAERLE T, LBOKADSIN%

BEVHLE T,
#35m  HABMITH S
K&k Gk
At

i1 H :1994%E4A278 (K) - 288 (K)

& %5 BAKFESME 20 KEE
T102 R TRHEX LB R4 —8—24
T 03(3262)2271

& R [JIoOmRMERFESL D < HEEE ]

7—2vay 7 [PRFIFRIC B 5 HEHM

— i EE 5 BRI S ARCHEEAA Y A 72y NEIRI L, MELEIRTESRE
11%1 BrHEEg L LeiBfvicLEd, #EERR2R—YEEE
EHEZE T,
RERENI 1B 70 JM3 0% TFTELTEY 44, BEAKCE-T
BEDLAZLEEDDETOTT TEBAVWE T,

WO H A REY),/19944E 1 A25H (k) X
MEOBIAL, EBCEESL FXBIOER)  BREEHLB LUHKHE
W (m—<F) #BADS 2, TiRBBEY T, HTYEL, F
EHELRT2EMBKEZ LI LE T,
HEEROMENL, 19944 2 A26H (+) LEELERTHEHZ I,

T 252 PEE)I R R T e 7 1866
H AR KF EEE B R A BB =
WABYINFHEFHE EiE = %20
TEEE© 0466(81)6241 PIfR2125

1% £ 4 A28 (K) 13:00 ~13:30
BAKFESHE Kl
B B £ : 4 A278 () 18:00~20:00
FFLfE S ME
T 102 HEATFAREXLEI4—2—25
a5 03(3261)9921
KEFKRF © T 173 EHERHAHRBEX KA 0 EFT30—1
B A K2 i pE LR AR B E A
% 3 5 BIAEMINF 2B/ R
AKESBHHE HARK BHA
TEam - 03(3972)8111 PIfE2522
FAX : 03(3972)9612

YKL T HARERRABERORERE Y —VHERTEREFETT,






HABMINTFFEHE

B10% F25 FRS5%10A
B %k
R =
MRIEEBLABIC BT 5 v v IEROEIBRES T 2% (3£
MEFAT. B ZEHE, AR, HFE-EER, THERE. BAE—F 152

BRI n=—TRELIch =74 ¥ A DIIEH & BN L 7T ORBEE & (452
¥

[—Uiﬁ E\ W}/?:—"/E\:\ E j(ﬂg\ %“I%% """"""""" 161
WHEEY Y AJREBV CREOYD SENRE L IiREROREEED (3E37)
TREES, MEEA, BH B MEEELE oo 167

7 2IF DBNZREE L ORAEC T TIITRBE R R L OCBEE OB T & ot
EREOEE (ED)

DNEPYE—RE, BERZES . BEF B, DOERAESEER oo 175
Ethyleneglycol, Polyethyleneglycol % U'Sucrose® i\ 1= 5 v FESRBID # 5 2 LB
R G0

KBS (BT BEE B oo 185

HISMBEEIAEIRT (LI F) 2y AB0EE L b T BHEEDEEE L RIFT
27

ﬂﬂ%:}é‘:%\ ,J\Eaﬁgﬁa‘ ﬁmﬁﬁ .................. 194
Brinsterf$#¥# & Dulbeccofs IEEaglel B IC L 5+ £ 5 < 7 AEDREE & BHEDOR L
JIBEREL. EREFAEDS, GWHIEA oo 200
BYHEBRE < T AIIFOBAZTREC KT B BRABTFROS
mmﬁ_‘ ?EEB%EE\ %Eﬂ ?@ .................. 206

HEBEC L HE SHIlaF 2 5 < 2DfEH (3E)
EERE, B AR, EREEE, 2@ B - 216



Journal of Mammalian Ova Research

Vol.10 No.2 October 1993
Contents
Originals
Construction of junctional complexes in bovine embryos in the process of
blastocyst formation in vitro
YOTSUTANILI.,Z.Y.RYOO,H.MATSUMOTO, S. SUGAWARA,
S.NIMURA&K.ISHIDA: ===+ 152

In vitro maturation and invitro fertilization of eggs recovered from ovaries of
cynomolgus monkeys (Macaca fascicularis) at necropsy in a indoor breeding
colony.

SANKAI,T.,I.SAKAKIBARA,F.CHO&Y.YOSHIKAWA:--+-----+ 161
Meiotic maturation of mouse oocytes grown from primary stage in ovaries
cultured in vitro
HIRAO,Y.,Y.IKEDA, T.MIYANO&S.KATQ::reeeecucereeees 167
Effects of the time of maturation culture and subsequent co-culture with
spermatozoa on fertilization and early cleavage of pig oocytes invitro
KANO,K.,R.HIRO-OKA, T.MIYANO. &S.KATO:---+-+--+ 175
Cryopreservation of rat blastocysts by vitrification using ethyleneglycol,
polyethylene glycol and sucrose
OHBOSHL,S. ,R.NAKAMICHI& N.FUJTHARA -+ -eeeereeeees 185
Effects of leukemia inhibitory factor(LIF)onthe developmental ability of mouse
8-cell embryos in vitro and in vivo
KATO,Y.,S.ODAGAKI&Y . TSUNODA -+ 194
An attempt to culture chimeric mouse embryos in a Brinster' s medium and
Dulbecco’ s modified Eagle medium.
KAWASHIMA,Y.,] . TAKAHASHI& Y . YASUDA = -creeeeeeeeecees 200
Distribution of the number of penetrating sperm in zona-free mouse eggs
fertilized in vitro.
YAMADA,S.,Y.FUKUDA&Y.TOYODA: - xceee 206
Production of chimeric mice by coculture of embryonic stem cell and zona-free
embryos.
SUGINO, T.,S.AZUMA,E.SATO&Y . TOYODA: - +-++++-+ 216



(J.Mamm.Ova Res.)
Vol.10 No.2 152~160

THFLIR R

1993 Construction of Junctional Complexes in Bovine Embryos

in the Process of Blastocyst Formation In Vitro
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Abstract: The formation of junctional complexes and the location of actin and cyto—
keratin were examined in bovine embryos which were being transformed in vitro into
blastocysts. In 16—cell embryos and morulae, gap junctions were observed between some
pairs of blastomeres, though not very often. In early blastocysts, however, three kinds of
junctions, i.e., zonula occludens, predesmosomes and gap junctions were found between each
pair of trophoblast cells. Gap junctions were seen between a pair of inner—cell-mass
cells, and between a trophoblast cell and an inner-cell —mass cell, also. In expanded
blastocysts, zonula occludens, zonula adherens, desmosomes and gap junctions were found
between each pair of trophoblast cells, while predesmosomes and gap junctions were found
between each pair of inner—cell —mass cells, and between a trophoblast cell and an inner-—cell -
mass cell. Meanwhile, actin and cytokeratin fluorescences were observed throughout the
cytoplasm of embryos at the 16-cell through blastocyst stages, and they were more
prevalent in the ectoplasmiczone of trophoblast cells in blastocysts. Key words: Bovine
embryo, In vitro, Junctional complex, Cytoskeletal protein
(Received 14 May 1993, Accepted 2 September 1993)

Introduction

2,5-7)

9 mouse

The blastomeres of in vivo hamster'®, rat and rabbit*®® embryos are
known to undergo transformation to be differentiated into trophoblast cells and inner-—cell -
mass cells, when junctional complexes are constructed between all pairs of blastomeres.
Such changes have been observed in the blastomeres of in vitro mouse® and rabbit® embryos.
As for in vivo bovine blastocysts, junctional complexes have been observed between all pairs
of trophoblast cells, all pairs of inner—cell -mass cells and between each pair of a trophoblast
cell and an inner—cell-mass cell®. As for in vivo construction of junctional complexes,
this has been examined neither in 16-cell embryos® nor in 32-cell embryos®, though

transformation of blastomeres has. In vitro construction of such complexes in bovine
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embryos has not been studied, either.

Actin and cytokeratin are constituents of zonula adherens and desmosomes respectively?,
and it has been reported that the location of these cytoskeletal proteins in mouse embryos
changes during blastomere transformation in blastocysts® . As for other species, however,
there has been no report of the detection of actin and cytokeratin. Inthe present study, the
formation of junctional complexes and the location of actin and cytokeratin were examined

in the process of blastocyst formation of in vitro bovine embryos.

Materials and Methods

Collection and in vitro maturation of oocytes

Bovine ovaries (Japanese Black) were obtained at a slaughter house. Immature oocytes
covered with cumulus were collected by sucking out of visible follicles measuring 2 - 5mm in
diameter. The cumulus-oocyte complexes were cultured for maturation at 39°C for 22 hrs in 350 1
droplets of TCM -199 (Gibco Lab., Grand Island, U.S.A.) supplemented with 10% heat —
inactivated fetal bovine serum (FBS, Nissui Co., Tokyo, Japan) and covered with mineral oil
(Squibb and Sons, Inc., Princeton, U.S.A.) in a CO. incubator (5% CO,95% air) .

Sperm capacitation

After having thawed frozen semen obtained from males of the same species, the
semen was washed three times in BO medium® containing 10mM caffeine (Sigma, St.
Louis,U.S.A.)and 10 zg/ml heparin (Sigma). The sperm suspension was diluted with BO
medium containing 10mM caffeine and 1% bovine serum albumin (BSA, Sigma), so that the

final concentration of live spermatozoa was adjusted to 5 X 10%/ml.

In vitro fertilization and culture

Cumulus — oocyte complexes after maturation culture were introduced into droplets of the
sperm suspension and cultured at 39C for 6 hrs under mineral oil in a CO;. incubator.
After insemination, cumulus—oocyte complexes were washed three times inTCM—199
containing 5% FBS (culture medium) and cultured at 39°C for 48 hrs in culture medium, and
then the cumulus cells surrounding embryos were removed. The denuded embryos were
cocultured with a monolayer of cumulus cells laid below, at 39C for 7 days in fresh culture
medium with mineral oil on top in a CO; incubator. The culture medium was replaced with
fresh medium every 48 hrs.

Embryos observed were at the 16 —cell stage (3—4 days after insemination), the morula
stage (5-6 days), the early blastocyst stage (7 -8 days) and the expanded blastocyst
stage(8—9 days).

-153—
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Procedure for electron microscopy

Some of the embryos were fixed in a 0.1M cacodylate buffer solution (pH7.4) contain—
ing 4% glutaraldehyde and 2% paraformaldehyde at 4C for 3 hrs. Rinsed three times in a
0.1M cacodylate buffer solution (pH 7.4) over night, they were postfixed in a 0.1M
cacodylate buffer solution (pH 7.4) containing 1% osmium tetroxide. The embryos thus fixed
were dehydrated through an acetone series, and then embedded in Epon 812. The embedded
samples were cut using an ultramicrotome, stained with uranium acetate and lead

nitrate, and then were photographed under a JEM - 100B electron microscope.

Procedure for the detection of actin

Approximately half of the remaining embryos were fixed in phosphate — buffered
saline(PBS, pH 7.4)® containing 3.7% formaldehyde at room temperature for 30 min.
Rinsed ina PBS, they were immersed in a PBS containing 0.25% Tween—20 (Bio -
Rad Lab., Richmond,U.S.A.) at room temperature for 5 min. Again rinsed in a PBS,
the embryos were immersed in 100 21 PBS containing 16.5ng phallacidin (Molecular Probes
Inc., Junction City,U.S.A.)at room temperature for 20 min. As for the controls, a few

embryos treated as above were immersed in a PBS devoid of phallacidin.

Procedure for the detection of cytokeratin

The rest of the embryos whose zonae pellucidae had been removed with pronase
(Sigma)were fixed in a PBS containing 2% paraformaldehyde at room temperature for 30
min. Rinsed in a PBS containing 100mM glycine (Wako Pure Chemical Industries Ltd.,
Osaka, Japan) and 0.3% BSA (BSA-PBS), they were immersed in a BSA-PBS containing
0.25% Tween—20 at room temperature for 5 min. Rinsed again in a BSA-PBS, the embryos
were immersed in rabbit anti—keratin serum (Transformation Research Inc., Framingham,U.S.A.),
the primary antibody,that reacts with cytokeratin polypeptides (molecular weights, 50,000,
54,000 and 57,000)%%, the antiserum having been diluted 30 times with a PBS. The embryos
treated were rinsed in a PBS, most of which to be immersed in FITC - conjugated goat
anti—rabbit IgG(Cappel, Durham, U.S.A.), the secondary antibody, at room temperature
for 60 min. As for the controls, the remaining few were treated with normal rabbit serum
(1:30) or treatedsimply with FITC - conjugated goat anti-rabbit IgG.

The embryos thus prepared for actin and cytokeratin observations were placed one or a
few at a time in the center of 4 vaseline spots on a slide. A cover slip was then carefully
placed on the vaseline spots and pressed gently to anchor the embryos between the cover
slip and the slide. Observation was carried out under a reflected — light fluorescing
microscope (Nikon Corporation, Tokyo, Japan).

—-154-
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Results

Junctional complexes

All the blastomeres of 16—cell embryos were spherical, but in the morulae, outer
blastomeres were cuboidal. In these embryos, only gap junctions were rarely found between
pairs of blastomeres (Fig. 1). Early blastocysts were composed of outer cuboidal trophoblast
cells and spherical inner—cell-mass cells.(Fig. 1to4) There were zonula occludens,
predesmosomes and gap junctions between each pair of trophoblast cells (Fig. 2), while only
gap junctions were rarely found between a pair of inner-cell-mass cells, and betwéen a
trophoblast cell and an inner—cell-mass cell. Interdigitation of microvilli was frequently seen
between pairs ’of trophoblast cells at their outer ends (Fig. 2). Expanded blastocysts were
composed of flattened trophoblast cells and spherical inner—cell-mass cells, and zonula
occludens, zonula adherens, desmosomes and gap junctions were found between each pair of
trophoblast cells (Fig. 3), while predesmosomes and gap junctions were found between each
pair of inner—cell—-mass cells and between a trophoblast cell and an inner—cell—- mass cell
(Fig.4). In these expanded blastocysts, predesmosomes found in early blastocysts had grown
into desmosomes (Fig. 3). Interdigitation of microvilli between a pair of trophoblast cells
had been widened (Fig. 3).

Actin and cytokeratin

Immersed in phallacidin solution, or treated with the primary antibody and then with the
secondary antibody, fluorecsence appeared throughout the cytoplasm of all the embryos at 16
—cell, morula, early blastocyst and expanded blastocyst stages (Figs. 5a, 6a), but not when
the embryos were immersed in a solution devoid of phallacidin (Fig. 5b), or when treated
with the secondary antibody only (Fig. 6b). These findings indicate that the fluorescence
shows the presence of actin or cytokeratin, though the fluorescence in eithercase was weak in
the blastomeres of 16 —cell embryos (Fig. 5a) and morulae. In early and expanded
blastocysts, however, the fluorescence was brighter in trophoblast cells than ininner—cell -
mass cells in early blastocysts; in early blastocysts, it was brighter in the ectoplasmic zone of
trophoblast cells, and in expanded ones, in the ectoplasmic zone of trophoblast cells
adhering to each other (Fig. 6a).

Discussion
It is generally accepted that cell-to—cell binding is strengthened through the construction
of different junctional complexes over the morula—blastocyst transformation period' *®, and

the binding of gap junctions is reported to be weaker compared to that fo their
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Explanation of figures

Fig. 1. A gap junction (arrow) between two outer cuboidal blastomeres in a bovine morula.
x15,000.

Fig. 2. A zonula occludens (arrow) and a predesmosome (arrowhead) between two cuboidal
trophoblast cells in an early bovine blastocyst. Interdigitation of microvilli (MV) is
seen between a pair of trophoblast cells at their outer ends. X20,000.

Fig. 3. A zonula occludens (arrow), a zonula adherens (arrowhead) and a desmosome (star)
between two flattened trophoblast cells in an expanded bovine blastocyst. Widened
interdigitation of microvilli (MV) is seen between a pair of trophoblastcells at
their outer ends. x24,000.

Fig. 4. A predesmosome (arrow) and a gap junction (arrowhead) between a trophoblast cell
(TBC) and a inner-cell-mass cell (ICMC) in an expanded bovine blastocyst.
X 24,000.

Fig. 5. Fluorescence showing the presence of actin in each blastomere of a 16—cell
bovine embryo (a) and its absence in a control 16—cell embryo treated with a PBS
devoid of phallacidin (b). Xx200.

Fig. 6. Fluorescence showing the presence of cytokeratin in both the trophoblast cell and
inner - cell- mass cell of an expanded bovine blastocyst (a) and its absence ina
control expanded blastocyst treated only with FITC - conjugated goat anti-— rabbit
IgG (b). x150.

junctional complexes. Our present investigation has revealed that only gap junctions are seen
between a few pairs of blastomeres in bovine embryos at the 16—cell and morula stages.

It has been reported that early bovine blastocysts in vivo have zonula occludens, zonula
adherens, desmosomes and gap junctions between each pair of trophoblast cells, while they
have predesmosomes and gap junctions between each pair of inner—cell-mass cells, and
between a trophoblast cell and an inner—cell-mass cell. In the present in vitro investigation,
however, early blastocysts had predesmosomes as well as zonula occludens and gap junctions,
but had no desmosomes between pairs of trophoblast cells. These predesmosomes seem to
grow into desmosomes as the blastocysts expand. This result may further suggest that the
junctional complex formation of in vitro bovine blastocysts is somewhat delayed compared to

that of in vivo blastocysts.

=157—
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It is accepted that actin is one of the constituents of zonula adherens, while cytokeratin
of desmosomes. The present histochemical investigation has shown that actin and cytokeratin
fluorescence are stronger in trophoblast cells than in inner-—cell-mass cells, and are especially
soin the ectoplasmic zone with trophoblast cells adhering to each other, where there were
zonula adherens and desmosomes. Accordingly, it can be said that in the process of
blastocyst formation, actin participates in the construction of zonula adherens between
trophoblast cells, while cytokeratin in the development of predesmosomes into desmosomes

between trophoblast cells.
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In vitro maturation and in vitro fertilization of eggs recovered from ovaries of

cynomolgus monkeys (Macaca fascicularis) at necropsy in a indoor breeding colony

Tadashi SANKALI, Ippei SAKAKIBARA, Fumiaki CHO and Yasuhiro YOSHIKAWA

BN FHEAEPERN - AMEXERASREt Vv 24—
Tsukuba Primate Center for Medical Science, the National Institute of Health,
1 Hachimandai, Tsukuba, Ibaraki 305, Japan

Abstract: Cynomolgus monkey oocytes were collected from the ovarian follicles of females that
died from accidents, diseases of respiratory and digestive organs, or sacrificed for the other
experiment . Immature oocytes were collected from 10 females aged 1 to 18 years except 1 female
aged 19 days and they were cultured for 24 hin TCM 199 medium supplemented with 10 % FCS and 10
TU/ml PMSG. The11.9 % oocytes extruded thefirst polar body and some of them were further
used forinvitro fertilization. Intwo cases, we could observe the presence of male and female
pronuclei and the second polar body. The ovaries were histlogically different with regardtothe
number of primordial follicles and the vesicular follicles between sexually immature and mature
females. This study suggests that the ovarian oocytes collected from dead animals are useful for
the embryological studies in nonhuman primates, and this procedure is applicable to gene banking
for individuals died accidentally.Key words:Cynomolgus monkey, Oocyte, In vitro maturation,

IVF, Ovarianfollicle (3f+19934 8 A23H, #1993 98 2A)
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LI 9 —11IKED L D 6 Fl. BLUOHEHRKTHEFEHDISEMDO LD 1HITH -, FEREMET
ORIL, ECEEOIONL 3AMEEBLIIDEFTH > (Tablel)s TPCOYRFT ALY,
LEBRMEE% B FETEE, RERLHE COM 5 COABERNC—REFIh T,

IRF DEM LR U 1 Bl & ZEED A RIIBRE DL h bFT o T FH LIcIR#E, TCM—199
THELL-ODL, HEmediumP THIYI L
(1 mmK). mediumrAiZiE L1-I8F
ZEUR Lz, SRl F & TEELTY
7o b DRXREFME T Ty 21GOLEH
gt AVl ER O IIFEIR O H L
7z (Fig.1)o BUR L7ORFIE. 5K
B LicObic ) =V AF— 5Tk
P T (Nikon, HF) THREL.
10% FCS&10 IU/ml PMSG (&8 b=
ey A EES. R 2% L7 TCM

Fig.1 A follicle from a hashed ovary floating
in the medium
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—199 (Flow laboratories, Virginia, U.S.A.) THPUEE L1z, $EE, 24057 B W Germinal vesi-
cle (GV)® 5 W38 1 BEOHEC>WTER L, £ 1 BEOKEZRD BT O—F%2 AV TH
NEREERE T, BAZREOFER, RADRRT->TEHR LB L, HFiR. 1mM
A7 x4V (F¥, KBR) & 1mMdbc—AMP (¥~ 4, T3 %% L7TYH medium® T2
RO BT R % e L SRS T 2 AV oo B0K512. Whitten’ s medium® STV, BEFREEIX300
sperm/ml& Uico BEREH 15850 B C MERERT BITA% & 5 2 A DU 2 R 7o & D& SRR & HIE Lo
SRFEEE T Db - I OIIBE, s <) YEE LD BABYA ZIER L~ b+ LY - =
T VR LTER LI

w 2

BEEZ L OIRFER, BEKERE. SAZTREOBMIL, Table LILRTERVTH %, 0K 14
Z R <1081 DEE D L EF27T0E DO IBF LRI T E leo EHIDIB EA LR BFEBERZREHHE LT
Wico JNREDE 5 T 234EDGVIARBEII X MBIEE L& 25, 278 (11.5%) 105 1 @Ak
H2RD I (Fig. 2)o BERODODLELICEM LIcBEEOIIE Y X119 &, Mok~ TE
CESDOIFFHERTE, BRI V2MECE 1 BEOKE*RBD, i, F1BEEHELEZLO
DOHLADIFTHAZHE LIt 25, 2B RD - (Fig. 3).

Table 1. Results of oocyte collection, oocyte maturation and in vitro fertilization

Age  Days from Days from Eggs collected Oocytes maturation In vitro fertilization
Anim. No. in thelast ~ Causesofdeath  geath 1o eggs Stare No. No.of eggs/No.of eggs No. of eggs/ No. of eggs
years mense collection * matured cultured fertilized examined
1219208168 19 (days) - prolapse of the anus  within 1 day - 0 D = -
1219106096 1 - sepsis with bite within 1day ~ immatred 15 D 0/15 =
1319011008 2 —  starvation 1 degenerated 20 1) = -
only zona 4
1219010120 2 -~  pneumonia 2 degenerated 8 D - -
1118311277 9 29  pneumonia 1 immatured 12 1 0/12 -
1118203081 10 120 bite 1 immatured 32 D 0/32 -
1118107198 11 2 torsion of the bowel  within 1 da immatured 15 1) 1/15 0/1
Y degenerated 12
1118111328 11 27 bite within 1 day  immatured 23 D 3/23 2/3
1118103100 11 37 ketosis 2 degenerated 5 D - -
sacrifice for the other . . 2
1118108223 11 24 experiment Immediately immatured 119 2) 21/119 -
18 R . 3)
1017902131 (estimated) 229 sepsis with bite 1 immatured 10 2/10 -

1) from one ovary
2) from both ovaries
3) from a half of a ovary
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IR DA HB O ATBI %
Fig. 4R Lico J3FZ£<ME
T &ieh > c19B EOMEET
REROFIIBRa%Z RO Tz hi %
BIRIEFE L h oo 1%
2 r A OEE TR EROFEH
Opha s & HREIRIAD L
hico Fio, 1M OEETIE
REPRZRD b, FEAIik
DEH 1\ 2RED DD & HE
T5EBDTYIh T,

% £

YA, b PR LERD
BETHY, YAEDORET
FHIPTIEILE LW ERAY VR
DB, ERETNVOBRRE. K’
Bty VBETFORFRER L
> THADHREFRKTH S, L
L, A5HOWFEIE< T A,
KR EDEREHPY ¥\ T
2ig EORFZLHET 5 LEN
TWBEEDEDER X T
OB E LT, $AVETIRIF.

Fig.2 (A) Pre-incubated GV stage oocyte
(B) Matured oocyte after 24 h cultivation

Fig.3 The fertilized egg 15 h after insemination.
Male and female pronuclei and the second
polar body are observed.

BT S ORI AR T A ERESETH L BT O, EEDIR, DL TIESORER
IIFREwT Ak Bl E LTARZE R EE Lic, 1o, JEL Lo 9 vBRED b OIRFIREUT, 5
FIITFORER L > BHREG TR, AR LEERETAF L L EORERRETFORFL VDB

o EHDTEELFEEELDN S,

AE, EREL T 1B L0 2 BOMEE, D S EROREABFER LT 5, ZhbOIT
B D LIITEE Do Tehty FAIFIE LB R 2 R T2 Z L THHRBALRE

LMFTHDEELT 5,
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AR B T 5 HHAEETD
BHEL, 11.9%TH . L¥E
BYHIPMSGH AEE L e 4 v D PR
Kb HIRE LGV % A U5
LCHE LT & & DRKR28.2
%L BERTH -1, FDE
H& LT, B8R, BIFEEET
Rk 2 AR &V 5 B bR
LTwicZl &, 20, @
D% ET5 CRBEEEATY
Tl einENELbIhD, LD
EROIDCEERENI 1
GEHREHRICIITFERREZ RS o
5 CRIREFIh TV, )
b bt JEHITE K OIFT AR
BTE, TORBEKIILT.6%T
BHole DT EIX, FEH. TP
FHEE TORERGE S 5 TR
O DROIPFRIEEL
TWAHBZEETRETEHHDTH
%o

4Bl EAECHV T
B oW c DEEREZEILT

ER /ARy N v 5 i & Al 90 | Fig.4 Histological view on ovaries.

(A) Anim. No. 1219208168 (19 days of age)
Fadix BT R TRE) L (B) Anim. No. 1219106096 (1 year 2 months of age)
FIE LD TORETH B, (C) Anim. No. 1118107198 (11 years of age)

RUEBRAE G & ERRAEEIIR 0BT, FARIIRE LORBIROKE WS> ATHLL IR S
Tuizo REBRBEEOFTH 152 » AEBBDO L O TR KX S LREBFIRISHR I L, £ DOBEMEH
LIRFHER S N1 DIF Ly 19 TRAEFTIRARD bW TIFOEIS TEieh o, KRR
FAREGHIPENOIIAREBBI OV T LAABERN b h b, AFETREARNDRL, i
3 — 8D e h > Te, SHOIBFEME, EROX L S TRREH» DUBHE L UERCE
LBBOIBREOHR, IBFHIMOFTHEEC SOV THLMC LTI E 2Ly,
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1993 Meiotic maturation of mouse oocytes grown from

primary stage in ovaries cultured in vitro
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Abstract: Ovaries excised from 4-day-old mice were cultured for 20 days in the
absence of gonadotrophins. In the ovaries, there were a great number of non-growing
oocytes (10-19 gm in diameter) and a group of growing oocytes (20-39 gm). After
organ culture, although most oocytes remained in the non-growing pool, a very low
percentage of oocytes increased their diameter to 60-75 gm. Those oocytes grown in
culture were enclosed with 1-3 layers of granulosa cells. When the oocytes were
further cultured for 24 h after isolation from granulosa cells, 1, 9 and 47% of oocytes
of 60-64, 65-69 and over 70 g m in diameter underwent germinal vesicle breakdown,
respectively. Oocytes smaller than 60 zm failed to resume meiosis. Extrusion of a first
polar body was observed in 11% of oocytes larger than 70 zm. Oocyte degeneration,
however, was observed frequently during both organ culture and maturation culture.
Key words: Mouse ovary, Organ culture, Oocyte growth, Maturation
(Received 28 August 1993, Accepted 22 September 1993)

Introduction

In the newborn mouse ovary, a group of oocytes begin to grow and increase their
diameter from about 12 to 80 #m (oocyte growth) during the first 3 weeks”. As the
oocytes increase in size, granulosa cells surrounding oocytes increase in number
dramatically (follicular growth)®®. Although these events occur coordinately in vivo,
in the ovaries cultured in the absence of gonadotrophins only oocyte growth occurs
while follicular growth is severely retarded*®. Oocytes grown under such conditions
are reported to be morphologically normal®*®. However, functional property of the

oocytes remains to be understood.
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An important functional differentiation performed in growing oocytes is the acquisition
of meiotic competence”. In the mouse, capacity of the oocytes to resume meiosis appears
when they become 60 pgm or larger in diameter”, and ability to complete the first meiotic
division is acquired in the later stage of growth™.

In the present study, ovaries removed from 4-day-old mice were cultured for 20 days,
and growth and acquisition of meiotic competence of the oocytes in cultured ovaries were

examined.

Materials and Methods
Ovaries
" Ovaries were removed from 4-day-old female mice (ICR strain). Some were fixed in 4%
formaldehyde, dehydrated and embedded in JB-4 (Polysciences Inc., Warrington, PA, USA).
They were serially sectioned at 3xm and stained with periodic acid-Schiff and haematoxylin.

Numbers of layers of the granulosa cells around oocytes were examined under a microscope.

Organ culture of ovaries

Ovaries were washed three times with Hepes-buffered Eagle’s minimum essential
medium (MEM; Nissui Pharmaceutical Co. Ltd., Tokyo, Japan). Five ovaries were placed
on each filter support (pore size 3#m; Nihon Millipore Kogyo K.K., Yonezawa, Japan) in
an organ culture dish (#3037, Falcon; Becton Dickinson Labware, Lincoln Park, NJ, USA).
Culture medium used was Waymouth MB752/1 (Sigma Chemical Co., St. Louis, MO, USA)
supplemented with sodium pyruvate (50 #g/ml; Nacalai Tesque Inc., Kyoto, Japan), fetal
calf serum (FCS, 5%; Filtron Ltd., Victoria, Australia), penicillin (100 zg/ml; Meiji Conf.
Co., Tokyo, Japan) and streptomycin (50 #g/ml; Meiji Conf. Co.). The ovaries were
cultured for 20 days at 37 C under a humidified atmosphere of 5% CO. and 95% air. The

medium was replaced every 4 days.

Oocyte growth in organ culture

Ovaries before and after organ culture were incubated for 30 min in the culture medium
containing pronase (2 mg/ml, Actinase E; Kaken, Tokyo, Japan). They were transferred
into a fresh culture medium and pipetted to denude the oocytes. Diameters of 400 oocytes
(excluding zona pellucida) were measured with an ocular micrometer attached to an inverted
microscope (x200). Oocytes showing any signs of degeneration such as deformation and

disintegration of the ooplasm were discarded.
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Maturation culture of oocytes

After organ culture, the ovaries were incubated in MEM containing collagenase (2
mg/ml; Wako Pure Chemical Industries, Ltd., Osaka, Japan) for 30 ‘min at 37 C. After
incubation, they were washed twice in the fresh culture medium. The oocytes were isolated
by pipetting and only oocytes larger than 55p¢m were used for maturation culture. Each
oocyte was transferred to a microdrop of the culture medium (10 #1) under paraffin oil. After
measurement of oocyte diameters, oocytes were cultured for 24 h. At the end of the culture
period, germinal vesicle breakdown (GVBD) and emission of afirst polar body were examined
under the inverted microscope (x200). The oocytes with deformation and disintegration of
the ooplasm were considered as degenerated. All data were compared on the basis of

chi-square analysis.

Results
Histology

Figure 1 shows histological sections of the ovaries before and after 20 days of organ
culture (Fig. 1.a and b). The 4-day-old mouse ovaries contained a large number of
non-growing oocytes with similar size. Some oocytes were in early growth phase, which had
a continuous zona pellucida and were enclosed with 1-2 layers of cuboidal granulosa cells
(Fig. 1.c). After organ culture, besides many non-growing oocytes, some large oocytes were
observed, which were surrounded by 1-3 layers of granulosa cells (Fig. 1.d). A lot of
crumpled zonae pellucidae were also observed, suggesting a proportion of growing oocytes

degenerated during organ culture (Fig. 1.b).
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Fig. 1. Histological sections of ovaries excised from a 4-day-old mouse and after 20 days of

organ culture. The sections were stained with periodic acid-Schiff and haematoxylin.

(a) An ovary obtained from a 4-day-old mouse.

(b) An ovary cultured for 20 days in vitro. A fully grown oocyte (arrow) and degenerated
oocytes are seen (arrow heads).

(c) Growing oocytes in the ovary before culture.

(d) A fully grown oocyte in the cultured ovary. Note the oocyte is surrounded by 2-3layers
of granulosa cells.
Bar indicates 100 zm for (a) and (b), or 30 #m for (c) and (d).

Oocyte growth in organ culture

Table 1 shows the size distribution of oocytes before and after 20 days of organ culture.
Before organ culture, almost all of the oocytes were smaller than 30 #m in diameter, and
a small portion of oocytes were in early growth phase. After the culture, although most of
the oocytes still remained in the non-growing pool, a very low percentage of oocytes reached
the final size.

Table 1. Size distribution of oocytes Table 2. Meiotic maturation of mouse oocytes grown in

in ovaries of 4-day-old mice and after ovaries cultured in vitro

20 days of organ culture No. of oocytes (%)

Distribution of oocytes Undergoing GVBD
in ovaries Oocyte
Oocyte diameter Extruding Degene—
di Bef Af (pum) Examined Total 1 PB ratingk
iameter fore ter
55—59 98 0( 0) ) 39(40)
(um) culture culture gg_“ 17 ZE 1;. OE 0; 435%%
—69 103 9( 9)° 0(¢ 0. 36
%g:g 3% 23‘; 70—75 45 21(47)* 511 13(29)
o 5 g GVED, germinal vesicle breakdown; 1 PB, first polar body.
50—59 0 1 *Oocytes with deformation and disintegration of the
?g:gg g % ooplasm were considered as degenerated.
*4Values with different superscripts in the same column
Total 400 400

differ significantly (P<0.05).
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Meiotic maturation

After organ culture of 42 ovaries, in total 393 oocytes of 55-75¢m in diameter were
recovered (Fig. 2.a), and further cultured for 24 h. At the time of isolation from ovaries,
5 oocytes had already undergone GVBD, which were counted as GVBD competent oocytes.
Table 2 shows the results of maturation culture. GVBD was not observed in oocytes smaller
than 60 m in diameter, while 1, 9 and 47% of the oocytes of 60-64, 65-69 and larger than

70 £m underwent GVBD, respectively. One third of oocytes, however, showed degenerative

signs irrespective of the size (Fig. 2.b). Emission of a first polar body was observed in 11%

of oocytes larger than 70 zm in diameter (Fig. 2.c).

Fig. 2. Photomicrographs of mouse oocytes isolated from ovaries after 20 days of organ
culture.

(a) Oocytes of various sizes in GV stage at the time of isolation from the ovaries cultured
for 20 days.

(b) Oocytes after 24 h of maturation culture. An oocyte that underwent GVBD (arrow), and
oocytes that degenerated (arrow heads).

(c) An oocyte that extruded a first polar body during 24 h of maturation culture.
Bar indicates 50 #m.
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Discussion

Several lines of evidence suggest that FSH is essential for proliferation of granulosa cells
in growing follicles, but is not required for oocyte growth**'®. In studies using organ culturev
of ovaries of neonatal mice*® and rats” in gonadotrophin -free medium, oocytes increased their
size, although they remained enclosed in a single layer of granulosa cells. The oocytes,
however, grew to the size that would have been surrounded by several layers of granulosa
cells in vivo. In the present study, a small proportion of oocytes in 4-day-old mouse ovaries
became larger than 70 gm in diameter during 20 days of organ culture. Number of layers of
granulosa cells remained one to three, irrespective of oocyte size after culture. These results
suggest that oocyte growth can be completed in the absence of follicular growth. However,
roles of the single layer of granulosa cells around the grown oocytes should not be disregarded.
Using an in vitro follicle culture system, Eppig” has shown that oocytes can not grow
without surrounding granulosa cells. Intercellular gap-junctions between growing oocytes and

11)

processes of granulosa cells™, via which both cells are metabolically coupled are well known'?.

Therefore, it seems reasonable to speculate under our culture conditions that the granulosa
cells do not proliferate actively, but are functional at least in terms of their roles in regulation
of oocyte growth.

A proportion of grown oocytes had acquired the capacity to resume meiosis in cultured
ovaries. In the mouse, the ability is acquired at about the time when oocytes become 60 ¢z m
in diameter and the GVBD rate increases with the increase of oocyte size”®. In the present
study, 1, 9 and 47% of the oocytes larger than 60, 65 and 70 #m underwent GVBD,
respectively. Although these percentages are low when comparison is made with their
counterparts in vivo, the size of oocytes firstly showing meiotic competence is similar to that
in vivo. There is a cytoplasmic factor called maturation promoting factor (MPF) which
controls meiotic resumption®. MPF is assumed to be synthesized and stored in immature
oocytes as pre MPF and be activated as a result of tyrosine-dephosphorylation of one
subunit®. Thus, it seems probable that the oocytes grown under our culture conditions have
synthesized such factor(s) at a similar stage of growth in vivo and activated them during
maturation culture in vitro.

In the present study, oocytes underwent GVBD after isolation from enclosing granulosa
cells. This suggests that the somatic cells produce substance(s) which maintains the oocytes
in meiotic arrest under the conditions used for organ culture. Whether it is the substance

¥ or other than those is not known.

described previously, such as purines®®, peptides
Extrusion of a first polar body was observed only in oocytes larger than 70xm in
diameter. This result is consistent with previous finding that the ability to complete the first

meiotic division is acquired at the final stage of oocyte growth™. After resuming meiosis,
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newly protein synthesis is required for completion of the first meiotic division®. It is indicated,
therefore, that oocytes grown under our culture conditions are equipped for the requirements

to synthesize the protein(s) concerned in the first meiotic division.
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g Effects of the time of maturation culture and subsequent

co - culture with spermatozoa on fertilization and early

cleavage of pig oocytes in vitro
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Abstract Two experiments using pig oocyte-cumulus-granulosa cell complexes dissected
from healthy follicles of 4-6 mm in diameter were conducted in this study. In the first
experiment, nuclear change of oocytes during maturation culture was examined and the
appropriate timing of insemination was determined. In the second experiment, the effects of the
time of co-culture with spermatozoa after insemination on fertilization and subsequent early
cleavage were examined. Oocytes reached the metaphase II between 30 and 33 h. When
oocytes cultured for 30, 36, 42, 48 and 54 h were inseminated by ejaculated spermatozoa, no
differences were detected in the proportions of penetrated oocytes in these groups. In contrast,
oocytes cultured for 36 and 42 h formed male pronucleus(ei) at significantly higher
percentages than the other groups. In oocytes cultﬁred for 36 h and inseminated, sperm
penetration and male pronuclear formation were first observed at 9 h after insemination.
Oocytes co-cultured with spermatozoa for 9 and 12 h showed higher rates of normal cleavage
than oocytes co-cultured for 3 and 6 h. However, the rate of embryos reaching the 4-cell stage
or beyond was higher for oocytes co-cultured for 9 h than 12 h. It is concluded from these
results that the proportion of normal fertilization of pig follicular oocytes is highest when
oocytes are matured for 36 h in vitro and subsequently co-cultured with spermatozoa for 9 h
under the culture condition of the present study. Key words: Pig oocytes, In vitro maturation,
In vitro fertilization, Early cleavage

(Received 30 August, Accepted 27 September 1993)

Introduction
Pig follicular oocytes can mature, fertilize and develop in vitrol). However, embryos from

pig follicular oocytes hardly develop into living youngl3-5), or even to the blastocyst stagel.2),
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since polygyny, polyspermy2) and delay of male pronuclear formation4.6.7) occur more
frequently in oocytes matured in vitro than in vivo. The maturation culture of pig oocytes in the
presence of follicular cells®), follicular fluid® and their fractions10) improve the ability of
oocytes to form a male pronucleus following sperm penetration in vitro. Nagai and Moor11)
reported the co-culture of spermatozoa and oocytes with oviductal epithelial cells selectively
reduced polyspermic fertilization.

Pig oocytes surrounded by the cumulus with some membrana granulosa cells directly
adjacent to the cumulus (oocyte-cumulus-granulosa cell complex) do not mature in
gonadotropin-free medium!2). Pig oocyte-cumulus-granulosa cell complexes have previously
been shown to mature to the metaphase II stage at a high percentage by gonadotropic
stimulation and form a male pronucleus(ei) at a high percentage following insemination13).
Two experiments using pig oocyte-cumulus-granulosa cell complexes were conducted in this
study. In the first experiment, nuclear change of oocytes during maturation culture was
examined and the appropriate timing of insemination Was determined. In the second
experiment, the effects of the time of co-culture with spermatozoa after insemination on in vitro

fertilization and subsequent early cleavage were examined.

Materials and Methods

Collection and culture of follicular cocytes

Ovaries from prepubertal pigs were obtained at a local abattoir and were brought to the
laboratory at 20 °C within 1 h. They were rinsed four times in phosphate-buffered saline
containing 0.1% polyvinylalcohol (PBS-PVA). Healthy follicles at 4-6 mm in diameter were
dissected and opened in 25 mM HEPES-buffered TCM199 (Earl’s salt, Nissui pharmaceutical
Co., Ltd., Tokyo, Japan). Oocyte-cumulus-granulosa cell complexes were released into 25
mM HEPES-buffered TCM199 by scraping the inner surface of follicles by a forceps. They
were washed twice in the maturation medium, TCM199 supplemented with 10% (v/v) heat
inactivated fetal calf serum (FCS, Biocell Co., Ltd., California, USA), 0.1 mg/ml sodium
pyruvate, 0.08 mg/ml kanamycin sulphate (Sigma, St. Louis, USA), and 0.1 IU/ml human
menopausal gonadotropin (hMG, Teikoku Zoki, Tokyo, Japan), and transferred to a plastic
dish (35 X 10 mm; No.1008, Falcon, Becton Dickinson Labware, Lincoln Park, NJ, USA)
containing 2 ml of the maturation medium. Oocyte-cumulus-granulosa cell complexes were
cultured with a thecal shell from a healthy follicle at 6 mm in diameter that had been removed
follicular fluid and membrana granulosa cells13). Culture was carried out with gentle agitation

under an atmosphere of 5% CO, in air at 38.5°C up to 54 h.
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Sperm preparation and in vitro fertilization

Sperm-rich fraction of ejaculates was collected from one mature Meishan boar by the glove-
hand method. ETCG-catalase solution14) containing 10% (v/v) egg yolk, 12.1 mg/ml tris
(hydroxymethyl) aminomethane, 6 mg/ml citric acid, 30 mg/ml glucose, 150 Sigma unit/ml
catalase (Sigma, St. Louis, USA) and 1000 I.U./ml penicillin G potassium (Meiji, Tokyo,
Japan) was used as a diluent. Semen was centrifuged at 400g for 5 min to remove seminal
plasma, the resulting sperm pellets were resuspended in the ETCG-catalase diluent to give a
concentration of 2 X 108 cells/ml. Then sperm suspension was cooled to 4°C over 4 h and
stored at 4°C for 6-32 h until use. Progressive motility of spermatozoa was evaluated under a
microscope just before each insemination. Acrosomal integrity of spermatozoa was assessed
after staining in buffered Giemsa solution (pH 7.4).

After maturation culture, oocyte-cumulus-granulosa cell complexes were washed in the
fertilization medium that was composed of TCM199 supplemented with 10% FCS, 0.1 mg/ml
sodium pyruvate, 0.55 mg/ml glucose, 0.9 mg/ml calcium lactate, 0.08 mg/ml kanamycin
sulphate and 2 mM caffeine. A group of 15-30 oocytes were placed in 2 ml of the fertilization
medium in a 35 X 10 mm culture dish. Spermatozoa were washed twice in PBS-PVA by
centrifugation at 400g for 5 min each, subsequently they were introduced to the medium
containing the oocytes to give a concentration of 1.0-1.5 X 104 cells/ml and cultured at 38.5°C
in an atmosphere of 5% CO, in air.

Experiment I

Maturational stage of oocytes and the appropriate timing of insemination were determined in
our experimental condition. Every six hours during maturation culture, oocyte-cumulus-
granulosa cell complexes were collected, and oocytes were denuded of surrounding cells and
mounted on a slide glass. They were fixed in ethanol and acetic acid (3:1, v/v), stained with 1%
aceto-orcein, and examined the maturational stage under a Nomarski differential interference
microscope (Olympus, Tokyo, Japan). Spermatozoa were collected 6-8 h before insemination,
washed and stored as described above. Oocytes cultured for 30, 36, 42, 48 and 54 h were
inseminated. Twelve hours after insemination, they were fixed, stained and examined as
described above. Oocytes having a sperm head(s) and/or a male pronucleus(ei) with
corresponding detached sperm tail(s) in the cytoplasm were classified as being penetrated.
Experiment II

Effects of the time of co-culture with spermatozoa on fertilization and subsequent early
cleavage of oocytes in vitro were examined using oocytes cultured for 36 h. At3,6,9and 12 h

after insemination, some oocytes were recovered, fixed and examined for the stage of
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fertilization. Oocytes at the anaphase 11 or telophase II stage, and oocytes having a female
pronucleus were defined as activated oocytes. Sperm penetration and male pronuclear
development were also examined as described above. Other oocytes were washed twice in the
embryo culture medium, TCM199 supplemented with 10% FCS and 0.08 mg/ml kanamycin
sulphate, and further cultured to examine the ability to develop. Groups of 10-15 oocytes were
cultured for 3 days in 25 ul drops of the embryo culture medium overlaid with paraffin oil at
38.5C inan atmosphere of 5% CO, in air. Cleaved embryos (2-8 cells) having blastomeres of
regular size were counted under an inverted microscope every 24 h.
Statistical analysis

The chi-square test with Yates correction for continuity and Fisher’s exact test were used to
test the significance of individual comparisons for the rates of penetrated, activated and
developing oocytes. The number of penetrating spermatozoa per oocytes was analyzed by one-
way analysis of variance according to Student’s t-test. Probability of less than 0.05 was

considered significant.

Results

Experiment [
Table 1 shows the nuclear maturation of pig follicular oocytes. Maturational change of

oocytes proceeded synchronously under the conditions used. Oocytes remained in the germinal
vesicle stage until 12 h after maturation culture. Half of the oocytes underwent germinal vesicle
breakdown after 18 h of culture, and all cocytes reached the metaphase I after 24 h. Twenty-
eight percent of oocytes matured to the metaphase II after 30 h. Thereafter, over 90% of
oocytes reached metaphase II at 33 h. This rate was persisted from 36 to 54 h of culture.

Table 2 shows the details of fertilization of oocytes inseminated at different times after
maturation culture. The percentages of spermatozoa with progressive motility and a normal
acrosome just before insemination were 80-85% and 55-65%, respectively, and no significant
differences in these values at each insemination could be detected. Twelve hours after
insemination, 94-98% of oocytes that had matured to metaphase II were found to have been
penetrated. Oocytes cultured for 36 and 42 h formed a male pronucleus(ei) at significantly
higher percentages than oocytes cultured for 30, 48 and 54 h. They showed lower mean

numbers of spermatozoa per penetrated oocyte than the other groups.
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Table 3 shows the effects of the time of co-culture with spermatozoa on fertilization of
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Table 1. Nuclear change of pig follicular oocytes during maturation
culture in vitro

Duration of No. of No. (%) of oocytes at stage of
maturation  oocytes
culture (h) examined) GV2) D3) M4 AI-TIS MI®

0 2 42(1000 O(0) O 0) O 0) O 0)
6 35 35(1000 0(0) O 0 O(0) O 0
12 37 37(100) 0(0) O( 0) O 0) O 0)
18 33 18( 55) 12(36) 3( 9) O( 0) O( 0)
24 34 0( 0) 0(0)34(100) 0( ) 0O( 0)
30 32 o 0) O 0) 10( 31) 13(41) 9( 28)
33 33 o 0) 0(0) O 0 3(9 3091
36 30 o 0) 0(0) O 0) 0 0) 30(160)
a2 34 o 0) 0(0) O 0) O0) 34100)
48 35 1 3) 0(0) 2( 6) 0(0) 32(91)
54 36 o 0) o 0) 3( 8 O0) 33( )

1) Oocytes surrounded by the cumulus with a piece of parietal
granulosa cells were cultured in 2 ml TCM199 supplemented with
10% fetal calf serum, 0.1 IU/ml hMG, 0.1mg/ml sodium pyruvate
and 0.08 mg/ml kanamycin sulphate in a rocking system.

2-6) GV; germinal vesicle, D; diakinesis, MI; metaphase I, AI-TI;
anaphase I and telophase I, MII; metaphase II.

Table 2. In vitro fertilization of pig follicular cocytes inseminated at
different times after maturation culture

Mean no. of
Duration of No. of No. (%) of oocytes penetrated  spermatozoa
maturation oocytes in penetrated
culture (h) examined) Total USH2 SSH3) MPN4% oocytes
30 82 79(96) 5(6) 34(43)ac 40(51)a 4.7+3.1ab
36 87 84(97) 2(3) 23(27)b 59(70)> 4.2+23a
4?2 97 95(98) 4(4) 29(31)ab 62(65)> 4.1+2.9a
48 88 8(%4) 5(6) 42(51)¢ 36(43)a 53 £3.7b
54 88 85(97) 6(7) 42(49)c 37(44)a 4.9 +209ab

1) Oocytes that had not matured to metaphase I1, when examined 12 h
after insemination were omitted from the data.
2-4) USH, unswollen sperm head(s), SSH; swollen sperm head(s),
MPN; male pronucleus(ei).
a<) Values with different superscripts in the same column are significantly
different (P<0.05).

oocytes cultured for 36 h prior to insemination. Activated oocytes at anaphase II and telophase
II stages were first observed 3 h after insemination. Subsequently the rate of activated oocytes
continued to increase rapidly up to 9 h after insemination. Sperm penetration and male
pronuclear formation were first observed at 9 h after insemination. The number of oocytes that

formed a male pronucleus(ei) increased to 53%, and the mean number of spermatozoa per

penetrated oocyte increased significantly at 12 h after insemination.
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Table 3. Effect of the time of co-culture with spermatozoa after insemination on in vitro fertilization of pig
follicular oocytes culture for 36 h

Duration Mean no. of
co-culture No. of No.(%) of oocytes activated ~ No.(%) of oocytes penetrated  spermatozoa
with oocyles in penetrated
spermatozoa(h) examined!) Total AII-TII2 FPN3) Total USH# SSH5 MPN6) oocytes
3 34 2(6) 2(6) 002 0O(0r 0(0= 0(0)a 002 -
6 47 5102 5(11) 0( 0r 0O( Qa2 0(0= 0(0) 0(0) -
9 35 29(83)b 4(11) 22(63)b 24(69)b 13(54)c 8(33)b 3(13)> 1.8+ 1.3a
12 35 32(91)b O( 0) 32(91) 32(91)c 7(22)b 8(25)b 17(53)c 2.8+ 1.8b

1) Oocytes that had not matured to metaphase II, when examined 12 h after insemination were omitted
from the data.

2) AII-TII; anaphase II and telophase II, FPN; female pronucleus, USH; unswollen sperm head(s), SSH;
swollen sperm head(s), MPN; male pronucleus(ei).

a<) Values with different superscripts in the same column are significantly different (P<0.05).

Table 4 shows the early development of oocytes co-cultured with spermatozoa for different

periods of time after insemination. When oocytes and spermatozoa were co-cultured for 3 and 6

h, the rates of cleaved embryos were 11 and 22%, respéctively. In contrast, oocytes co-

cultured for 9 and 12 h showed higher rates of cleaved embryos at 57 and 51%, respectively.

However, the rate of embryos reaching the 4-cell stage or beyond was higher for oocytes

cultured for 9 h than 12 h.

Table 4. Effect of the time of co-cuiture with spermatozoa after insemination on
early cleavage of pig follicular ococytes in vitro

Duration of No. (%) of
co-culture  No. of No. (%) of oocytes developing to oocytes
with oocytes degenerated
spermatozoa examined) 1 cell 2-3cell 4cell- or fragmented
3 37 102726 3( 82 1( 3)a 23(62)2
6 41 14(34)a 2( 5= 17b 18(44)ab
9 45 10(2020  10(20)b 18(37)c 11(23)be
12 45 5(11)b  10(22)b  13(29)be 17(38)ab

1) Oocytes matured 36 h in vitro and subsequently co-cultured with
for 9 h were transferred to the embryo culture medium and
examined after 3 days.

a<) Values with different superscripts in the same column are significantly
different (P<0.05).

Discussion

The time required for nuclear maturation of pig follicular oocytes varies among oocytes

when oocyte-cumulus complexes are cultured in vitrol5.16). In contrast, nuclear maturation of

oocytes proceeded synchronously in the present experiment, when oocytes surrounded by the

cumulus with a part of membrana granulosa cells directly adjacent to the cumulus were

cultured. Oocyte-cumulus-granulosa cell complexes do not resume meiosis in gonadotropin-

free mediuml12) and thus oocytes in such a condition were stimulated by gonadotropic
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stimulation to resume meiosis!3). All oocytes reached the metaphase II stage after 33 h of
culture. The time required for oocyte maturation to the metaphase Il was essentially the same as
that reported by Yoshida et al.16).

Oocytes cultured for 36 and 42 h and inseminated formed a male pronucleus(ei) at
significantly higher percentages than oocytes cultured for 48 or 54 h. Oocytes matured in
modified TCM199 for 32-36 h and fertilized in vitro show a significantly higher cleavage rate
than those of oocytes cultured for 24-28 and 40-44 h17). In the oviducts, ovulated oocytes
encounter capacitated spermatozoa by which they are penetrated immediately. When ovulated
oocytes remain unfertilized for a certain time, they undergo degeneration18). The incidence of
polyspermic fertilization and abnormal development increase by postovulatory aging of pig
oocytes!?). The fertilizing ability of oocytes is thus limited after ovulation, and aging results in
increased abnormal fertilization of oocytes20). The rate of male pronuclear formation of oocytes
matured for 30 h was significantly lower than that of the oocytes cultured for 36 and 42 h. The
proportion of oocytes reaching metaphase II was only 28% after 30 h of maturation culture.
Remaining oocytes that did not reach metaphase II continued to undergo maturational change in
the fertilization medium. It follows from these results that there should be a suitable culture
period for pig oocyte maturation, which in this study was found to be 36-42 h.

Sperm penetration of oocytes was first observed 9 h after insemination. Although no
oocytes had penetrated by spermatozoa 3 and 6 h after insemination, a few oocytes showed
normal cleavage after transfer to the embryo culture medium. The rate of development of
oocytes co-cultured with spermatozoa for 9 h was higher than that of 12 h, although the
proportions of oocytes penetrated and which formed a male pronucleus(ei) were significantly
lower in oocytes co-cultured with spermatozoa for 9 h. Some spermatozoa that had penetrated
the zona pellucida or perivitelline space of the oocytes might have continued to penetrate
oocytes after transfer to the development medium.

There is a close relationship between the rate of polyspermy and subsequent abnormal
cleavage in ovulated pig eggs!9. Multiple sperm entry into oocytes has been reported in pig
oocytes following in vitro fertilization2:4.8.11). In the present study, the occurrence of abnormal
cleavage was higher in oocytes co-cultured for 12 h than 9 h. The mean number of spermatozoa
per penetrated oocyte was significantly higher at 12 h after insemination, and thus the higher
incidence of abnormal cleavage may have been due to polyspermic fertilization of the oocytes.
The rate of abnormal cleavage was higher in oocytes co-cultured for 3 and 6 h than 9 h.

Abnormality may be caused by fragmentation of unfertilized oocytes.
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It is concluded from these results that proportion of normal fertilization of pig follicular
oocytes is highest when oocytes are matured for 36 h in vitro and subsequently co-cultured

with spermatozoa for 9 h under the culture conditions of the present study.
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Abstract : Rat blastocysts were cryopreserved by vitrification with a simple and rapid method
using ethylene glycol (EG)-based solution which was mixed with different concentrations of
polyethylene glycol (PEG) (5-15%) and sucrose (0.25-1.0M) . Effect of time (2-10min) and
temperature (on ice or at room temperature) for equilibration on the in vitro development of
vitrified—warmed embryos were investigated. Successful vitrification was obtained by the
equilibration for 5 min on ice (3—4 C) . More than eighty percent of the vitrified~warmed embryos
developed to the stages of expanded or hatched blastocyst when the embryos were equilibrated on
ice for 5 min in the solution containing 40% EG, 5% PEG and 0.5 M sucrose. The solution
containing sucrose (0.5M) was not effective for recovering the vitrified-warmed embryos. About
30% of the vitrified —warmed embryos developed to live fetus after transfer to recipient female rats.
The present results indicate that even a simple and rapid method could be successful for the
vitrification of rat blastocysts using the solution containing EG, PEG and sucrose. Key words : vi-
trification,Rat, Blastocyst, Ethylene glycol, Polyethylene glycol,Sucrose.

(Received 30 August 1993, Accepted 30 September 1993)

Introduction

The previous reports have demonstrated that ethylene glycol (EG) was an effective cryoprotectant
for murine?, sheep? and cattle? embryos which were cryopreserved by conventional freezing
procedure. Recent paper has also shown that mouse embryos have been successfully cryopreserved
by vitrification using EG as a cryoprotectant”. We have already reported a favourable vitrification
of rat blastocysts by a simple and rapid method®®. This experiment was,therefore, undertaken to

examine the effects of EG, polyethylene glycol (PEG) and sucrose on vitrification of rat blastocysts,
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determining in vivo and in vitro development of the vitrified~warmed embryos.

Materials and Methods

Embryos

According to the previous reports*®, female rats (8 tol4 weeks of age) of the Sprague-Dawley
strain were mated with the same strain males. Day 1 was designated by the presence of sperm in
vaginal smear. Blastocyst stage embryos were flushed from the uterus on day 5 of pregnancy.
Morphologically normal blastocysts were washed twice with fresh Hepes—buffered saline (HB1) for

the experiment.

Vitrification and warming procedures

Vitrification solutions were prepared by mixing 40% (v/v) EG (Sigma Chemical Co.) with
5,7.5,10 or 15% (w/v) PEG (Sigma Chemical Co., m.w.8000) and 0.25, 0.5 or 1.0 M sucrose, based
on HBI1 solution. The embryos were directly exposed to each of the vitrification solutions for stated
minutes in an ice box (34 C) or at room temperature (20-24C) . . The embryos were then loaded
into plastic straw (0.25ml) and stored in liquid nitrogen (LN;) for 1 to 31 days according to the
method described previously®*®. Warming of straws was performed by gently shaking in an
ice—water or 20 C—water bath for 5 to 10 seconds. The contents of each straw were expelled into

different diluents (see below) at roon temperature.

Experiment 1

In this experiment, different levels of PEG and sucrose were tested as the cryoprotectants for
vitrification. Embryos were directly exposed to a vitrification solution in an ice box for 5min,
vitrified and cryopreserved in LM.. Warming of straws was done in an ice-water bath, and the
warmed embryos were recovered in 3 ml of HBI at room temperature, holding for 10min in order to
remove cryoprotectants. Viability of the vitrified - warmed embryos was assessed by in vitro
culture. The culture was conducted by the same method as the previous reports®®. The embryos

that developed to expanded or hatched blastocyst stages were judged to be viable.

Experiment 2

In this experiment, effect of time and temperature for equilibration were examined by using the
solution composed of 40% EG, 50% PEG and 0.5 M sucrose (designated EPS) . Embyos were
exposed to EPS for 2,5 or 10 min either in an ice box or at room temperature. The embryos were
vitrified, preserved and warmed according to the method described in the section of vitrification

and warming procedures. Viability of the embryos was examined by the in vitro culture.
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Experiment 3

In this experiment, effect of diluent containing sucrose on in vitro viability of the embryos was
examined. Embryos were directly exposed to EPS for 2 min in the ice box, vitrified and preserved.
Warming of straws was done in an ice—wather bath. The contents of each straw were expelled
into 3.0 ml of HBI containing 0, 0.5 or 1.0 M sucrose,and kept for 5min at room temperature. The
embryos were, then,transferred to fresh HBI for additional 5 min to remove cryoprotectants.

Viability of the vitrified-warmed embryos was assessed by the adove — mentioned culture method.

Experiment 4

This experiment was designed to test in vivo survival rate of the vitrified—-warmed embryos
employing the same vitrification-warming procedures as described in experiment 3. The
vitrified~warmed embryos were washed twice with fresh HBI, and morphologically normal
blastocysts were transferred into both uterine horns of recipient female rats of the same strain on
day 5 of pseudopregnancy. The pseudopregnancy was confirmed by complete cease of estrus cycle,
showing diestrus stage. Three to seven embryos per horn were transferred surgically. As
controls,freshly collected blastocysts, which were recovered on day 5 of pregnacy,were also

transferred in the same procedure. The recipient females were allowed to litter.

Statistical analysis

The percentage of the embryos developed to the expanded or hatched blastocyst stage was
subjected to arcsine transformation, and then assigned for ANOVA analysis. When ANOVA
revealed a significant treatment effect, the treatments were compared by Duncan’ s new multiple
range test”. In the experiment 4, differences in the rate of the embryos developed to live fetus were

analyzed by the chi—square test”.

Results

Effect of vitrification solution

With increasing concentration of PEG in the vitrification solution,which is based on 40%
EG, in vitro viability of the vitrified-warmed embryos was decreased gradually, while the increase
in sucrose concentration showed little effect on in vitro viability of the vitrified~warmed embryos
(Table1). More than 80% of the treated embryos developed to expanded and hatched blastocysts
when vitrified in the solution containing 40% EG,5% PEG and any concentration of sucrose (Table
1). In particular, higher concentration of PEG slightly inhibited the embryonic development to the
expanded and hatched blastocyst stages following 24 h of incubation. On the one hand, after 48 h
of culture, approximately 75% of the vitrified~warmed embryos developed to hatched blastocyst

stage when vitrified in the solution containing 5% PEG and 0.5 M sucrose (Table 2) .
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Table 1. Effects of adding polyethylene glycol (PEG) and sucrose (S) to ethylene
glycol (40%,V/V)-based solution on /jn vitro viability of vitrified-warmed rat
blastocysts after 24hr culture®

Sucrose 0.25" 0.5% LoY

Expanded Hatched Expanded Hatched Expanded Hatched
PEG blastocyst blastocyst blastocyst blastocyst blastocyst blastocyst

53 70.8% 8.0° 5.7+ 5.7*° 57.6+13.0°* 26.6+11.1* 59.5* 5.0*° 18.3* 8.1*®

7.5 53.1+ 8.6°® 7.4% 4.8°* 53.3% 6.2°° 16.4+ 8.1*° 39.8%+ 5.2° 3.1+ 3.1*°

10 47.7410.5°* 12.2* 5.5*° 56.1%+ 7.1°° 7.8% 4.9°° - -

15 46.1% 5.6°* 7.7% 4.9 52.2+ B8.8°° 0.0+ 0.0° = =

1 mol

2 g Wy
= MeanstSE within columns with different superscripts are significantly different(P<0.01).
Data are values transformed using a square root of the arc sine.
* The experiment was replicated four to six times at 6 to 15 embryos per treatment (45 to
62 embryos/treatment). Values were calculated as number of embryos viable/number of

embryos recovered.
Table 2. Effects of adding polyethylene glycol (PEG) and sucrose (S) to ethylene

glycol (40%,V/V)-based solution on /in vitro viability of vitrified-warmed rat
blastocysts after 48hr culture®

Sucrose 0.25" 0.5 1.0V

Expanded Hatched Expanded Hatched Expanded Hatched
PEG blastocyst blastocyst blastocyst blastocyst blastocyst blastocyst

52 19.5+ 5.8* 46.4*+ 5.0°° 6.3* 6.3* 62.3x 7.4* 13.2* 5.4 46.8% 6.7°°

1.5 8.0+ 5.1* 29.5+10.2°¢ 10.0% 6.6 43.3*15.0°° 4.0% 4.0° 1l.4% 7.2°

10 18.2+ 8.5° 31.6+ 7.4 0.0% 0.0*° 46.0% 5.4°* s -
15 9.1+ 6.1* 32.0% 6.5°¢ 15.6+ 3.3* 10.0* 6.4° - -
Y mol

B %74

* b MeanstSE within columns with-different superscripts are significantly different(P<0.01).
Data are values transformed using a square root of the arc sine.

* The experiment was replicated four to six times at 6 to 15 embryos per treatment (45 to

62 embryos/treatment). Values were calculated as number of embryos viable/number of

embryos recovered.
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Influence of time and temperature for equilibration

As shown in Table 3, prolonged exposure of the embryos to vitrification solutions inhibited in
vitro development of the vitrified-warmed embryos regardless of pre-treatment temperature,either
in the ice box or at room temperature. Approximately 909 of the vitrified embryos could survive
following pre—cooling on ice for 2 min (Table 3) . Most of these embryos developed to hatched

blastocyst stage after 48 h of culture (Table 3) .

Table 3. Effects of temperature and time for equilibration to EPS solution on in vitro
development of vitrified-warmed rat blastocysts®

Incubation period(hr)

Treatment No. of recovered 24 48
embryos
Expanded Hatched Expanded Hatched
blastocyst blastocyst blastocyst blastocyst
Control 40 56.4+ 6.8 23.7+ 9.8° 35.3+ 6.9* 49.9+ 5.6°
On iceV
2min 35 75.8+ 8.1* 6.5%+ 6.5° 20.3%+12.0°" 54.6+ 5.0°
5min 41 66.7+ 9.6 11.9% 7.3° 22.1+ 7.5°® 40.3%+ 3.7°
10min 36 65.1+12.0* 16.4+ 9.8* 0.0+ 0.0° 51.1% 2.4°
Room temp. !
2min 53 63.9+ 7.3* 13.0% 8.0° 20.7* 6.3*" 40.5+13.9*
5min 52 57.0%14.2° 16.6% 8.3° 10.6+ 6.5° 34.6+10.1°
10min 54 0.0+ 0.0° 0.0% 0.0° 0.0+ 0.0° 0.0% 0.0°

Y On ice (3~4T) and room temperature (20~25T).
- MeanstSE within columns with different superscripts are significantly different(P<0.01).
Data are values transformed using a square root of the arc sine.
* The experiment was replicated three to five times at 8 to 16 embryos per treatment.

Effect of diluent containing sucrose

Addition of 0.5 M or 1.0 M sucrose to the diluent for recovering vitrified—-warmed embryos
failed to give any beneficial effects for further embryonic development of the vitrifed embryos
(Table 4) . Following 48 h of incubation, most of the embryos which were recovered with HB1
developed to hatched blastocysts. The increased concentration of sucrose in the diluent resulted in

a slight inhibition of embryonic development after vitrification and warming (Table 4) .
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Table 4. Effects of diluents on /in vitro development of vitrified-warmed rat blastocysts®

Incubation period (hr)

Diluent No. of cultured 24 43
embryos
Expanded Hatched Expanded Hatched
blastocyst blastocyst blastocyst blastocyst
HB1 32 45.8+ 4.1* 26.3% 2.3° 0.0*+ 0.0* 31.1* 3.0°
HB1+0.5M Sucrose 34 59.4+14.0° 12.7+ 7.9° 16.7+ 5.8° 31.5% 6.7°
HB1+1.0M Sucrose 40 75.7+ 8.3 4.6% 4.6° 31.0+ 5.8 17.6%+ 6.1°

*- ® MeanstSE within columns with different superscripts are significantly different(P<0.01).
Data are values transformed using a square root of the arc sine.

* The experiment was replicated three to four times at 7 to 14 embryos per treatment.

Pregnancy rate of the vitrified-warmed embryos

Of 27 vitrified—-warmed embryos, 24 were recovered, all of which were successfully transferred
to three recipient females. All recipients were established pregnacy and deliverd seven to live
fetuses. All of the fetuses derived from the virified~warmed embryos grow normally after birth and
were proved to be fertile. The number and percentage of live fetuses were significantly (P<0.05)

lower than those of the control group (Table 5) .

Table 5. Development of vitrified-warmed and untreated control rat blastocysts
after transfer to the uteri of recipients on Day 5 of pseudopregnancy

No. of embryos No.of pregnant recipients No. (%) of
Treatment transferred / No.of recipients live fetuses
Control 27 2/2 17°(62.3)
Vitrified-
warmed 24 3/3 7°(29.2)

*® Values within a column with different superscripts are significantly
different (P<0.05).

Discussion

A rapid and simple method of vitrification of rat blastocysts using EG-based solution (EPS)
was successfully developed in the present experiment. This vitrification solution was superior to
the previous one, in which glycerol was used as a cryoprotectant®®. The EG has been said to be
favourable to embryos inducing easy permeation into the cells®. Therefore,the vitrification

solution containing EG is considered to be beneficial to the vitrification of mammalian embryos.
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On the other hand, sucrose has also been used for freezing embryos in combination with
DMSO?, EG?, glycerol’® and propylene glycol™, suggesting that the inclusion of sucrose in
vitrification solutions might be required to prevent the embryos from osmotic injury. In our
preliminary experiment, vitrification solutions without sucrose resulted in none of viable embryos
after vitrification (data not shown) . However, the relationship between the embryonic viability
and the concentration of sucrose in the solution was not clarified yet in the present study. Kasai et
al.” reported successful cryopreservation by vitrification of mouse embryos using the solution
composed of EG, ficoll and sucrose. In the present study, the addition of PEG to the vitrification
solution led to a decrease in the viability of the vitrified-warmed embryos with increasing
concentration of PEG, indicating that extensive use of non—permeating polymer such as PEG might
rather inhibit embryonic viability™ .

On the other hand, short period of equilibration for embryos in the ice box resulted in higt
survival rate of the vitrified~warmed embryos. Our previous report demonstrated that prolonged
exposure of the embryos to highly concentrated cryoprotectants was harmful to rat embryos®,
suggesting that full permeation of a cryoprotectant into embryonic cells is not always necessary™.
Van Der Zwalmen et al.' and Valdez et al.™ reported that the temperarure of vitrification solution
at equilibration affected the viability of the vitrified embryos. Decending of the exposing temperature
is one of the strategies to protect the embryos from the farmful effect of the vitrification solution®.
Therefore, the simple procedures and the use of less harmful vitrification solutions are required.

With regard to the diluent, the utilization of sucrose was not effective for recovering the
vitrified-warmed embryos in this experiment. However, sucrose has generally been used for the
removal of intracellular cryoprotectants during dilution’, and osmotic shock would be prevented
by the use of sucrose as a buffer”.

In the present experiment, the rate of pregnacy of the vitrified-warmed embyos was lower than
that of the embryos frozen by conventional feezing™® and vitrification® methods. Rall et al.® has
demonstrated that the toxic effect cryoprotectants reduced the in vivo delopmental ability into
normal fetuses. Early embryonic development of rat embryos in the uterus has been said to be
delayed by in vitro culture following dilution, and the delay of embryonic development related to
freezing is considered to be due to the toxic effect of cryoprotectants®. Improvement of the in vivo
viability of vitrified~-warmed embryos may be accomplished by short period of in vitro culture of
the embryos®.

In conclusion, the results obtained from the present study show that EG (40% )-based
vitrification solution supplemented with PEG (5%) and sucrose (0.5M) can be effectively used for

the vitrification of rat blastocysts with a simple and rapid vitrification method.
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Effects of leukemia inhibitory factor(LIF) on the developmental ability

of mouse 8 - cell embryos in vitro and in vivo
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Abstract: Effects of leukemia inhibitory factor(LIF)on the developmental ability of mouse
8-cell embryos in vitro and in vivo were examined.(DEight-cell embryos were cultured with
M16+LIF medium in vitro to examine the development to blastocysts and the attachment to
culture dish.@Blastocysts were transferred to recipient mice following the injection of LIF
into the uterine lumen to examine the number of live youngs on Day 17. The results
obtained were as follows. (1)When embryos were cultured in a medium supplemented with
LIF, the proportion of embryos developed to hatched blastocysts was increased. Blastocysts
cultured in the presence of LIF and 10% FCS attached to the surface of the culture dish at a
significantly higher frequency than control blastocysts(42 vs 71 ~90%).(2)The proportion of
embryos that developed into live young was significantly increased, when the LIF was
directly injected into the uterine lumen, compared with the control group (15 vs 35%).

Key words: Leukemia inhibitory factor(LIF), Hatching, Attachment
(F%A+: 199349 A 8 A, 5ZH :1993%F 9 A25H)

&
HE, WABYIHREOGN TCORAECRIETRERTORENEEBRH ER T3, Leuke-
mia inhibitory factor (LIF)ix, MEMEHAIR(ES #Mia) OS2I 2EAZFE>9 1 bhA v o
—HT, BOFRIIZOLIF ORBEALATH D EDBBEBH LM Lo, 1, oMt
EEWRCLIF 25354, SHEPLOBRERPST 4 v YV 2 EH~OEERZEA LI BIHEDODH
BTEBBEEINRTE? | WHABY TR, SN TEIFELIEBEZEEAREI TS DT, TR
DFEDLVIPE~OBENRLATH 5N, BMEEANEET L EFHEMETT L2 8B TW
LU0 2T, AEBRTIE, LIF H 8 MM 5EBRE OBIHR L AR RIETHE, ©bUKL]
F OFEBE~NDOBEHEAVBEMOEFHY B LI 1EMCO VLT LR L,
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MEAESUICHE

EB1.

g3 U7 8 MIBaARIE, CD - 1RO~ v X ic48k:RIRIFE TPMSG & hCG # 51U D ER# S
#%, FAREE LR SV T, hCG H#5467~60B5H B CM K TIER LV TERER L TR L.
BELUZRIR 1 55\ i210% DRI IME (FCS) £10° 5\ 310'°U/ml OLIF ¥4tk > @i s
bR THMLIMI6 K® ZHVT6 BREMENEE L. ik, AWELIF B OE.ColiikD d
(ESGRO, AMRAD #t, Australia, LAFLIF - A &#7 %) &BMT10cell H13kD % D (LIF - B)
D2FHETHB. H£XEH5%C0O,, BIEKDOKIMT TV CTHEEL, BKRR~ORLERE, FHFEH,
LOBHELLVRET 1 v V2 EE~OEEUZBE L. Iy, BBE~REFREWHD DL
HL, PWTC75A5 4 v 2754 v a2 (NUNC 48, NUNCLON DELTA, 35X10) HEiZL -»H
DEMELILSDRERLHE LY.

EE2.

LIF - B 10¢1(3 X10‘'U/ml) % BEIR2.5B@~ 7 ADTERERICEA L, HHCER 1 & @ikc10t
U/ml OLIF - B %MD 5 W LEHEIMI6IK T—Bes 2k L L RER~TRI Y ATFEA~BHE L.
R BHERCDMEMKIC B LT Lic. &k, avba—n b LT, 10p] DXy aBHEAS —
I N ¥EEW (DMEM) * FEMICEAYK, ARCE2BHELEY, 25V IEARTCHERC Ltk -
TBHE L. SHHEISHREROI7TE B CER L TAFRTFREZE& L.

ik, BROFEEOREZ Y"RECLVEMRLL.

®w R

Fig. Iz, LIF &FCS O@HmMMBHEBBE~OREEBCRITHECO>VWTRLE. £K51~118 D
MBI A Lc. RIhbEBbLA L i, BMBENIEXE S EERICRE LI (79~100%). F i,
MI6KLIF - A 2%HMNT5 &, BWEMK & HNTHEBROBEYE R A F i L (68% vs 85~87%),
LIF - B 2% L7HE SWINT 2 EEM AR E DS (68% vs 78~80%). 1%FCS ##bn L 7M16¥#
DBELRAROEENR L ED bR, L LikAib, 108FCSEHEMT 5 &, BHERIEX L HETT
LfEEML LR, LIF - ADBELELLORERKEE VW THIHBR EHNTERCETLE.

Fig. 2iCLIF &FCS DEHEMABEDT 1 v ¥ 2 EE~DEEURCRITTHECODWITRLE. T4 v
V2 KEAOEERIL, FCSERMDBEERXE S 0 ~65 LD TEWETH > . FCSEI%EM LT
$10°LIF - BRDO8 %R E, WIFNDOX TH2T~47hE MBX & KR TEFRCAEZETI LA LD DAL
Motz. L Lisb, FCS#10% Hbn L 7234143, LIF - A(10°, 10'/ml)®LIF — B(10'/ml) #¥:
Ing % &71~90% DEEL, ThbHINBEX D42 CHRXTHERLEWMETH - 1.
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Proportion of embryos developed

0 1 10 6)
Concentration of FCS
Fig 1 Effect of the addition of LIF on the development of muse
8-cell embryos in vitro. i blastocyst, % hatched blastocyst
% significantly different from the control(<Q (6).

A=A LIF-A0°U/mD
e e

70 L A= A LIFAO ) e
o0 |- B LIF-BA0UAD . / S

90 (-

Proportion of blastocysts attached

0 1 10 %
Concentration of FCS

Fig 2 Effect of the addition of LIF on the attachment of mouse
hatched blastocysts in vitro.
+ significantly different from the control(p<Q.06)

Table 1 EHHEREOLIF OHEANETAERCREFITHECOWTURLE. &KX hE h40~1691E
D% 3 ~11TEOBIERMCBHE Lz & 25, 50~1008DMEA YR Lic. LIFZTin L CTEAEEL
A BHE L5 E, EBRMKCHENTETAEERIE LI (24% vs 15%, 65% vs 50% B 5\ d36% vs
35%), Fiz, BHEMCLIFZ TEEANEA LTHHETAL DN T(24% vs 36%), HEOBHEETE D
oA DEFAEERLHNTEBIET T 5{EE 7t 572 (24% and 36% vs 65%). L»Lichib,
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FEERBFCLIFA 5N L h - 13541, BHEBICLIF »EEFEER~EAT S &, LIFERINDOK *
BALLBEELHNTEERRCHE ELA5% vs 35%), BHEOBHE TR IA-HELEXRTEELRER
Lt b o 72 (35% vs 50%) .

Table 1. Effect of the injection of LIF into uterine lumen on the development

of mouse embryos into live fetuses after transfer to recipients

With(+) or without(—) No.of

LIF blastocysts pregnant live young

culture transfer transferred  females(%) (%% )
+ - 92 5/ 5(100)  22(24)
e 40 3/ 3(100) 26(65)°
+ 7 3/ 6( 50) 14(36)*
- = 85 5/ 6( 83) 11(15)*
—*x 169 7/11( 64) 55(50)"°
+ 85 4/ 6( 67) 22(35)"

% mean proportions of live young in pregnant females.
%3 transfer in a minimal volume of medium.
a—b, p<0.05

z £

LIF ¥, ESHMIfa 24N TR T L &, 2052 MEIT 58 E20b 591 A4V ELTE
KHEbLhTWAY, BE, LIF AER4 BE~ Y AOFERERTEECFW IR TE D, BOFK
CE->THALRFTHHIELIALIRINTET WS, Stewartb™?i3, LIF ORBZF 5 &IETF
ERBLEN I VAV 229 7 AREBL, KRB Y AHROKHBEKIEETHSNBEDFEH
LIF» S L WD IERTERWZ E xR L. ¥72, Robertsonb5™i}, LIFZEINLAISEK
TRy AREBENEET D &L, ERRBREEDOT + v V2 BEE~NOEERNE T L2HBELTW5.
AERCEWTH, HBKRCLIF 250035 EBROBHERR ET2HEM7AEDLRTH, 10%
FCS# Az yRine % L HEROETHEE I N, ZOBHKODWTRTHTHS. T, LIF X
BRHEBREO T «+ v ¥ 2 ER~OEERZ A LI 2RO 5 2 L NBEE I, LIF ¥tk
ZHRIT A EDHLNT(0~6%), FCSEDHFERHIL LD D EEL LRI

BHERKCEELIF »FEBE~EALLSE, ET~ORFELEEATIHREL LD L.
Stewart 5213 LIF EEFREB< Y ADOFEBEAKLIF 2FEA L TAERIBECSHENEO RV &
ZRLUIED, TOFERD—2E LT, —EIOEATIERZHFHT 00 +5hBEX G TE R
Teted b LTwb. AERTIE, EFRCLIF 25WLTW5EEXLADZRMYAVicicd, FE
BEROLIF WENE T D ERMEE SN TERRAA ELIcEEx bh. Fh, AERTIIOL] &
WO EBOREYTFECEA LLER, EFLEERIFEOBEETR I -IBELIVIERBCETL
7o bt (15% vs 50%), LIF 2% 5 &0 & > T DET G & 1l (50% vs 35%). Lichis T,
BREOLIF # X0 PBEATIIER LY, ETFEERY—ERLIELISDEELLNS.

REROERI D, LIFABHENCEETFERCEAT S LBHEROEF~OREENTEHZ &0
RENT. GAEBERLYZHHE~BHETS &, BEAEDRRI BRI ONTETNOREENMET TS
TEBRMBbATWBD, TOFERO—2& LT, BMOFHUEEDET &2 hict: > Miag o 95
EFLhTw5., AERTRMBEEC YW TEF LTWicw, BrDAAERELR LILERS Y270
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BEVWEABHETIHELECENT, LIFOEARLLVEF~ORBTENHREIND Z EHHESH
A.

E
AHAETHWIZBMT - 10celll3ELIF % Z#5TA o KERAFEMBA AT+ v 4 —AhBaRk#
BT 5. i, APRO—TL, FFEMTREARE [R4ETEEROMRBRECET 5% ,
ba—< Y9 A YA MHEERTIREER, TREHEPER (055560504DC) , RHAEEY — X
BEERDERS, ARAXFREMNFHAEDRS, ARETEAMESHYREMEDRES T IV B
kbhi.
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An attempt to culture chimeric mouse embryos in a Brinster’ s Medium

and Dulbecco’ s Modified Eagle Medium.

JIBHERL « EEFH KR « REEA
Yasunari KAWASHIMA , Jutaro TAKAHASHI, Yasuhisa YASUDA

EFRFRETDWRERRFEE

Laboratory of Animal Breeding and Reproduction,

Faculty of Agriculture,Iwate University

Abstract: Development of chimeric mouse embryos cultured in a Brinster s medium
and a Dulbecco s modified Eagle medium (DMEM) was examined in an attempt to produce
chimeric mouse using 8~16-cell stage aggregated embryos. Growth of chimeric mouse
embryos cultured in a Brinster s medium or DMEM in vitro was slower than that of normal
embryos in vivo. Both Brinster' s Medium and DMEM were slightly modified by addition of
glucose ( 0.2% concentration ). When modified Brinster’ s medium and modified DMEM were
used to culture aggregated chimeric embryos, growth of aggregated chimeric embryos were
faster than aggregated chimeric embryos cultured in several basic media that containing 0.1%
glucose. Furthermore, modified Brinster' s medium and modified DMEM were incubated with
ovaries for 2 hour in advance. When modified and conditioned Brinster's medium and
modified and conditioned DMEM were used to culture aggregated chimeric embryos, growth
of aggregated chimeric embryos were faster than aggregated chimeric embryos cultured in
several modified and not conditioned media that containing 0.2% glucose. Transfer of
aggregated chimeric embryos cultured in modified and conditioned Brinster' s medium to
recipients resulted in live pups. Key words: Cimeric mouse embryo, Brinster s medium,
Dulbecco’s modified Eagle medium,Development.

(1993498138, XE1993F9A25H)
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BEDRAEAT—VTfirbh, ThiX in vivo EBFAIEAREFERCET 2 RECHYT 5,
SELN BEF A TEORHRM IR, BEOERROMSIZ BEAIE LT 8 MBHIFELIRE O F) ik L:
R Y. — B~ Y 2APHPEAREERDO—>TH 5BrinsterDERK % . FOAFOEFE., XHIITHA
BLIEKBEREAVCT, TOBEBRELHET 5 Litie, LETSHERETE A5 5 v MEHBRAWE
DMEME 2WTHRGHTEIE, RE LEEREYAVT, TOBERBYHB L Thi, Tk, *
hEhDOEBRBETHER LELBIE, TOROREZHET I LD, 2577 2FHikkT 3
ERROBRFETT - o

MEE Bk

BEEBEOBIE, BLUHE

Brinster D} (BMO C —II) O EHEEFIII L TRXMETEK , KARSEFO S O #HH L1,
DMEMIZ BKK.K.OFFER K% #FH Liz, BrinsterDERKICHRMNT e v VR, ABIZS IG
MAHBDOL D% GEH, %7, BrinsterO#¥ H LU DMEMEHRMNT 3 7 /L 3 — 2 ZFIEHEK .
K. THERAEHEEO S DORMEH Lo ¥ It Fh OE#EK DBSA (Albumin Fraction V, Boehringer
Mannheim GmbH)BEIZ0.5% & Lico 7oy TR EFNDEBRRDO /L2 — ABPES»EIF L, BE
DO.1%HMby 0.2%& Lic, ¥, BEBROM LX BT, ThEhOBEREERCR LT, K
EUR OB L 1o DR & BRI R, BB 2 mliC 2 B L. 0 LIE Y ROBEEK AW
s

£EF 2 TEDIFH, &L UER

PEEREUR 2. BALB/c%, C57BL/6%D 2~ 3 H A~ v A %A L, PMSG (¥—2y 2 &
=H#K.K.)\ hCG (Fxm—¥v =3K.K.)4 5EEMBETEhER5 1 U EEARSI X
DBHIIFER S LT, ThENARMLTR I, BRERAZ0HEL, 2.5~2 . 50CTES
JUOEL D 8~1 6 M2 EIN L TN ERE D %R, LT Mullen & Whitten b D
IEPCHEL T, 0.4% 70—+ (Pronase E sigma) &L D BHHEXBEE, 0.2%7 1 b~<
7N =¥ (Phytohemagglutinin P,difco) X WHE2ELS I T, COESHEEXTHEH 57 1 ¥
(BIEILH¥K . K. EHE) TOR/IGEEH1 DX h (40~50 L) 1{ESOMREBELTW, &
Bgat 6. 18, 24, 3 ORRIBRIEORAERBLE Lic, ¥k, #5536 BB OBE CHENICRE
ISEERIT. ZOBRBTT -2 bBR\W i,

DB

MBHEAIE, ICRRD3I~4 HARMORE LI REEM Y 22 #H L, ARESERE<Y
A EATHL S B TTRIEIR Y B & e, BB RAE LRI, BIER2.5~3. 5 BOFERI A%
DEE T EBHEE T - % ek BHEFROBEOKE L, 73—F v ( 2.2.2—Trybromoethanol
Aldrich Chemical Company. Inc. 3-Methylbutyl Alcohol, FI¥#IEET 2K . K .)EEAREY, »
BV, 723V (FE5—n50, Z#K.K.), 59V (£53278—1 AL IAY%vK.K.)
BERDHANE LG %17 - 1o,
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BHEKOREOHIE

EIRESOREH. B LUREOERD LHE Lico Fio. EIRVEOL Ligh » LB —E DRI
M2 LB 2TV, JIE, TELESOfE. B, 35, 2501, FTEERREZELT
WABARRBEFNROLKE LT, T—2h bR\, ¥ RERERPMPCEC L2 WTHRL
F—=2hbEWT,

#® R

Brinster DK, B LU X OBEIE, FERE#FEKR. DMEM, BXUXOBIE, AERBERCET S

¥#6., 18, 2 4ABBBEOESF A SHEORAERMEIL, Tablel, 2KRLT

Table 1. Development of ¢himeric embryos in a Brinster’ s medium

and a modified Brinster' s medium in vitro.

Type of No.of Term of Developmental stages
medium  chimeric culture
embryos (Hours) Uncomp. Comp. Early Blastocyst (%) Expanded
morula(%) morula(%)  blastocyst(%) blastocyst (%)
Brinster’ s *1 6 34 (77.3) 10 (22.7)
medium 44 18 40 (90.9) 4 (9.2)
24 13 (29.5) 24 (54.6) 7 (15.9)
MBM *2 6 44 (73.3) 16 (26.7)
containing 60 18 43 (71.7) 14 (23.3) '3 (5.0)
0.2% glucose 24 3 (5.0 25 (41.7) 24 (40.0) 8 (13.3)
MBM incubated [§ 61 (48.0) 66 (52.0)
with ovaries 127 18 53 (41.7) 63 (49.6) 11 (8.7)
for 2 hours 24 1 (0.8) 47 (37.0) 57 (44.9) 22 (17.9)

*1; Brinster’ s medium containing 0.1% glucose. *2; MBM = Modified Brinster's medium.

Table 2. Development of chimeric embryos in a DMEM and a modified DMEM in virto.

Type of No.of Term of Developmental stages
medium chimeric culture
embryos (Hours) Uncomp. Comp. Early Blastocyst (%) Expanded
morula(%) morula(%) blastocyst(%) blastocyst (%)
DMEM *1 6 40 (97.6) 1 (2.4)
41 18 2 (4.9) 36 (87.8) 3 (7.3)
24 15 (36.6) 21 (51.2) 5 (12.2)
MDMEM *2 6 36 (83.7) 7 (16.3)
containing 43 18 ) 30 (69.8) 13 (30.2)
0.2% glucose 24 10 (23.3) 15 (34.9) 18 (41.8)
MDMEM incubated 6 36 (78.3) 10 (21.7)
with ovaries 46 18 28 (60.9) 14 (30.4) 4 (8.7)
for 2 hours 24 4 (8.7) 23 (50.0) 10 (21.7) 9 (19.6)

*1; DMEM containing 0.1% glucose. *2; MDMEM = Modified DMEM.
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R, BEREBRBEOMIE., BEROME 4 OB, X BT % 4 D% Uncomp.morula, 4 DM
JNHRCEITERL L), 2EF/ME L kot d D%Comp.morula, FEBIARENLE U ZOHE
falE B AL D 1/2 LT D & @ % Early blastocyst, R RIkE RSt D 1/2 L EDd D%
Blastocyst « PIEfMIBaR %22 L. EEREN AR D, £44& LTERBIL K - - b D % Expanded
blastocyst& Lz, BIEH X VR Brinster D353, DMEMTHEE LREE LR OBHEE OB,
Table3, 4W/RL7%,

BIER L UEEBrinster DK TIHEL T, F A 5HE LTRE LK, BEKE2.5~3.00
BRI 23V, FYIOVKET T, BHELEBTOIERNEIZ L, hoF 257y AnELRT,
BB THA—FVRETT, BHELALRIE, 3ER 1 ROEATBHEFENREL 1 BRBLAKESCL, Th
LIERC X 0, BEEAERES. EEREOMEMCEMERMTE. Chik 3ERBEORE R L UOKEREE
BB bl —H F23IY, FYITYVRETT, BELEBTORCHAR th ot T 4
FRITTA]1O0OEOA, BRFATIERLLIDIZLET, BEILTT VY ) RL, kBT AE
R T ARER, WEIPLRFATLIHETERP oo BRAFATERLLIEDERD
Hfe, HEORRIIRIT]L 1 1 Thoteo Tl XDL4EDOAHIERHETH > 120 ZHIZMBOESF £
FIVARBT AT -2 L LVWEBRTH - %

Table 3. Postimplantation development of chimeric embryos

cultured in a modified Brinster's medium.

Host Term of Term of Type of %1 Type of Pregnant No. of
No. pseudopregnancy culture embryos anesthesia littermates
(Days) (Hours)

1 2.9 27 B~ExB Avertin -

2 3.3 24 EB~ExB Avertin -

3 3.0 36 ExB Avertin =

4 2.5 36 ExB Avertin =

5 2.7 30 B~ExB Avertin =

6 2.9 24 EB~ExB Ketamine and xylazine —

7 2.9 22 B~ExB  Ketamine and xylazine + 3

8 2.5 44 ExB Ketamine and xylazine + 2

9 2.5 44 ExB Ketamine and xylazine + 2

10 2.6 44 ExB Ketamine and xylazine + 3

11 2.0 28 B~ExB Ketamine and xylazine —

12 1.8 48 ExB Ketamine and xylazine —

13 1.5 44 ExB Ketamine and xylazine —

*1; B=Blastocyst, ExB=Expanded blastocyst.

Table 4. Postimplantation development of chimeric embryos cultured in a modified DMEM.

Host Term of Term of Type of *1 Type of Pregnant No. of
No. pseudopregnancy  culture embryos anesthesia littermates
(Days) (Hours)

1 2.9 30 EB~ExB Avertin =

2 3.0 24 B~ExB Avertin -

3 3.3 30 B~ExB Avertin =

4 2.5 24 B~ExB Avertin -

5 2.6 36 ExB Ketamine and xylazine =

6 2.6 36 ExB Ketamine and xylazine -

7 2.6 36 ExB Ketamine and xylazine =

8 2.7 48 ExB Ketamine and xylazine -

%1, B=Blastocyst, ExB=Expanded blastocyst.
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ARBHBOCFIETA Lo 3% D EMDHEORER D T in vivo KASF 51T, 84
ML LT 2BEOAROEBR Y HVILERDLLEL, THRERE LT, ththoX
AREERHCHNT, F V2 —ABWEX0.5, 2, 2.5, 3, 4f5& LTHROREREL R Lic &
A, 0.5, AfSBRETULARAIEC D, 2~ 3ERETCRETEL RDN, ThfhZER
LZbhlcholi b, EEEDO /NI — ABWER 0. 2B BIELL, %, WFELTFECETS
TN a—ABEREEAPERKEDO0.1% L0 {EL, LiL, in vivo EBWTRBEDO Va2 —2AD
T, KB EET L ALE VY, H5HWIEMO unknown factor DAERTFERE IR, T i,
JED 7 V2 — RBIBSFF I iE R IEARB L SN WD, BEOKBEEZNTIHIBC LS L THRKEN
DT, BEOREZHED 51T, EANEERCHERTI/ VI - AREXHLBE LTILBND -0 L
Exbhb, B, SEFEALIEBSAORKbHIL, CSHHWIFBS#HEATHIELEDKRVE Y,
unknown factor DONZEDLIHH Y, ELELREEFEDEMIELOLND, NELXBERLIGRAE
EREREYRAVCEERL EORCEGRD D, BEACKEL> 2008, ¥, FEHROFVEY,
unknown factor 5% E{EEL T, BB THOAERFE CHEREERLPE EIVLBAMTT -0 d
DTH D, FTHRERIEWT, JIH, IV, TELALhOBEEBRCET 5MORERRERE L
TedZh, PEBEEERTL VEORENEL R AEANRA LR TV 5, ok, JPRBROMIIHEE,
SAURERTF L LTI, A taY v, Tavs AFaYRabhTw 50, £Offid unknown
factor 3F&Fx b > 5,

B EZRZFROEBIE, RUZOFEEERCE VT, BEREOR DRI ->cd DR, PERZEREL
foy 0.2% 7032 — A% G U EBrinsterDIEER TH oo T— 2 E LTUIRLTWRWA, T DK
HWKC X % EANTE 8 MIBHE O EEE BT in vivo EENRL, Lo TIOR8 MK & £4
D RAEEE D, BEMCET 5 ERFREWBCHERT S 7 nF—EOBE~DOHE, 53 fE~
DEDOFESEFHRAEEEOMEO TR Wh EHESh 5,

BHEBEORORE K SDWTIE, DMEMTHEHE L d DT, BEAEKK X 3EHMOREETOBMEK
DREZBEZIRTVAR?Y, XEFRCEVTHEORERZRD bRtk ole TOREDWTIE,
DMEMOMHK, HrAB» 2 hVWACKHERS LD TRV EELDND, bo b ELE VR
Patsted, BEDSDRIRELED, —H. ¥ Y ATRREOERCABIFAILhOEKR TS T 5 &
WOBMEDLHBHY, L LDMEMIHEEZHNT S Z Lk, MORELX ML DESTEEREKRS
oY, MO L OBERENRBIED> LD, F A5 RAKEF AT 7 v MEDOILADIEREK
L LT, DMEMTRBEY TR WEEL D, Tl TA—F VKRB THRORBERZ DR > e A
DSWTOBRARTRETD - ko MOERBRCRHIFBEEERL T b bT, 7—-F VA
BOTHRERTORBOLEN., e CETARBRL I bkl Ehb, 7/—F Y ORESE,
FHLLMN Taez 2/ —n, E=EKTIiAT7ra—OFEE., Lot H5LEDTHERS - H
DEEbNhS,
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Distribution of the number of penetrating sperm in zona-free mouse eggs

fertilized in vitro

IWH F— - fBHE FE° - BH B
Shuichi YAMADA?, Yoshinori FUKUDA?, and Yutaka TOYODA?

YMEREA EREMWHRPIER KT ERIK 216
BEAY BEZEFN FHRRTMET 034
YR KRF ERERTRER ERE X 108

YCentral Institute for Experimental Animals,
Miyamae—ku, Kawasaki 216, Japan
3School of Veterinary Medicine and Animal Sciences, Kitasato University
Towada—-shi, Aomori 034, Japan
Institute of Medical Science, Tokyo University
Minato—ku, Tokyo 108, Japan

Abctract: Mouse eggs,freed from cumulus cells and zona pellucida, were inseminated at
various sperm concentrations in vitro. The fertilization rates of these eggs were in direct proportion
to the logarithm of sperm concentration. Sperm concentration for 50% fertilization rate in the
zona-free eggs was about 1/25 of that for cumulus—free eggs. Frequency of the number of penetrating
sperm in zona-free eggs closely fitted Poisson distribution at low sperm concentration (<0.9
cells/ 1), suggesting that the fertilization was dependent on the random collision of an egg and a
fertile spermatozoon. At higher sperm concentrations, however, incidence of monospermic
fertilization was significantly higher than that expected from Poisson distribution,showing the
vitelline block in these zona—free eggs. When zona—free eggs were coincubated with sperm for
restricted periods, sperm attachment started in almost all eggs with 30 sec and eggs with binding
sperm reached 87% at 3 min. But these binding sperm were not able to penetrate into cytoplasm
immediately and sperm exposure time for more than 30 min was requred to obtain high (>90%)
fertilization rate. Increase in total sperm number in the fertilization medium resulted in a significant
increase in the fertilization rate at a fix sperm concentration (10 sperms/ ¢21) . These result indicate
that in vitro frtilization of zona—free mouse eggs is dependent on sperm : egg ratio in the fertilization
medium. Key words : Mice, Zona—free, IVF
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BFi. B (2~T»A@) ORKBRLUREIAORFREZML., THEEBD L
D2EMI VS v Fax-Va v EfFok, TUA Vv Fax-—Vs VHEBE®IBEERTI
HOL2EOBEFHEREZITL. BREEFRENCFEF TIX9.4~6008 F/pl. Z FTI30.5
~2T3 BWF /I BB LS ICMFEFTUEHICHAEML .

BREOHMER. HEFHRMBESHERICWFOR - Loy Y VEXRRFERL, HiftEAXL
SRV ) VEERT N7 EA FRABLEBERIIDVT/ LI F - F
BEMEBLIVCNHEHEZHABETCTELEOHEERETIT » 2,

1. ZHELWB . CFRIFZFMETHMBENICBABRTFHBLEE b U < i3 6 6
BNODERBRBIZHD DOEZHABLMLEHAELL, ISINZ2HEULOEFORAES
b OEEZHTFEZRIMBEAEL .

K FRABF:CFTEREBLENFRIUCHIBRANIIETFORBAZEZZITLWEHMT %
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Figl. Effect of sperm concentration on in vitro fertilization
of cumulus-free and zona-free mouse eggs in vitro
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BBEZEENFENFEEICLCEAGL. RERARD (HFRLA2THETOBAR ST 5 #
ERB—T, BOKBALELBEFREDPSCBATORFIMESEELIRIZEIN L] &7
SHERMEBENT LI ENMUEKRLD oo THOLLEBRFEETCR. SHEEINEL AL S
BROUZBEBRIN, ERKTRECIERETIBV L EBRINL, BIKZFO
L8~ 4.3 F /1B U CF DIT.5~ 150 F/plTR. B TSR OHEIBE . &£
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Table ] Effect of sperm concentration on fertilization of zona-free mouse eggs in vitro

Sperm conc. No of No. & (%) No. & (%) Average no. No. of eggs
of

(cells/ul)  eggs of eggs of sperm with i sperm head(s)*’
examined undergoing polyspermic head(s)?®’

fertilization' eggs®’ Frequency 0 1 2 3 4=

0.5 80 15 C19)° 2 € M 0.2 Observed 65 13 2 0 0
Expected 65 13 I 1 0

0.9 64 29 ( 45)¢ 5 C 9 0.5 Observed 35 24 4 1 0
Expected 3T 20 5 1 0

1.8 68 30 (44 2 0.5 Observed” 38 28 2 0 0
Expected 42 20 5 1 0

3.6 61 51 C 84)° 17 C 20 1.3 Observed” 10 34 13 1 3
Expected 17 22 14 6 2

7.1 52 48 (92> 19 (3D 1.4 Observed” 4 29 16 2 1
Expected 13 18 12 6 3

14.3 53 51 C 96)* 26 (49 1.6 Observed"® 2 25 18 6 2
Expected 10 17 14 8 4

27.3 81 4 C9D** 63 (78 1.9 Observed”® 7 11 41 13 9
Expected 12 .23 22 14 10

a,b,c,d: Values with the different superscripts are significantry different in the same column
at P<0.05.
1) No. of eggs with enlarged spern head and/or male pronucleus.
2) No. of eggs with more than one enlarged sperm head and/or male pronucleus.
3) i=number of perivitelline sperm t enlarged sperm head + male pronucleus(-lei).
*: Significantly different from expected frequency (Poisson distribution) by chi-square
test (P<0.05).
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Table 2 Effect of sperm concentration on fertilization of cumlus-free mouse eggs in vitro

Sperm conc. No of No. & (%) No. & (%) No. & (%) Average no. No. of eggs with
(cells/ul)  eggs of of eggs of of i sperm head(s)*’
examined penetrated’’ undergoing polyspermic penetrating
fertilization?’ eggs®’ sperm Frequency 0 1 2 3 4=
9.4 50 10 C 200¢ 8§ C16)° 0 0.2 Observed 40 10 0 0 0
Expected 41 8 1 0 0
18.8 40 10 C 23 8 (20¢ 1 C 3 0.4 Observed 31 4 4 1 0
Expected 28 10 2 0 0
37.5 74 41 ( 55)° 41 (55" 3 C O 0.6 Observed® 35 37 2 1 0
Expected 43 24 7T 1 0
75.0 44 32 (73 31 C100° I C 2 1.0 Observed* 12 .22 10 0 0
Expected 17 16 8 2 1
150.0 41 41 (1000 39 (95 1 C 2 1.4 Observed* 2 30 5 3 1
Expected 10 14 10 5 2
300.0 55 =% 52 (9% 11 C 20
600.0 62 w B9 54 (8T 9 (15

a. b, c:Values with different superscripts are significantry different in the same coluen at P< (. 05.

1) No. of eggs with previtelline sperm only and those undergoing fertilization.
2) No. of eggs with enlarged sperm head and/or male pronucleus.
3) No. of eggs with more than one enlarged sperm head and/or male pronucleus.
4) i=number of perivitelline sperm + enlarged sperm head + male pronucleus(-lei).
exact number of perivitellin sperms could not be examined.

5) Because of so many binding sperms,

*: Significantly different from expected frequency (Poisson distribution) by chi-square test (P<0.05).

ERIZRFRENRAN T2 DORIBHALFEDO—-DELT. BFERFORERB %
RADBTXHE~ORBERHI L. BTFTOEWUFE~OEHF TN F (Attachnent) E 4
(Binding)® 2 B¥ B¢ A © 72 5 & Hartman and Hutchison® 3. & LT3,
TR F-BTHEFHBEERD>»ORFOEBHICLIZBFoONEEBNRohkicbhdb
ST, HEKFER OB FORAER . BF-NFXFRISETTCRERICHEBL. £F
BRI TYXOMFICELAHTOREEDSER I NI,
PPHBE~NOBAR. ABLERAO2EBEMISHUIENREINL, BF1IMEYZDO
AR TFEERTY U2 HRKETRIDILE. BB~ THEEICLISHEL 2,

Table 3

COEMNSCZFIZEWTOLBEEFO

Relationship between sperm-egg coincubation time and
sperm binding to zona-free mouse eggs in vitro

Coincubation No. of No. & (%) No. of eggs
time eggs of eggs bound by i sperm
(min) cxamined binding

sperm Frequency 0 1 2~5 6=

0.5 40 13 ( 33)> Observed 27 11 2 0
Expected 27 11 2 0

1 49 5 ( 10)¢ Observed 44 5 0 0
Expected 44 5 0 0

3 55 48 ( 87)* Observed 4 12 29 1
Expected 1 5 39 10

5 49 44 ( 90)* Observed 5 11 25 8
Expected 2 7 36 4

10 30 30 (100)*  Observed 0 2 7 21
Expected 0 0 15 15

15 42 41 ( 98)*' Observed 1 3 10 28
Expected 0 0 15 21

30 45 45 (100)*  Observed 0 1 13 31
Expected 0 0 6 39

60 31 31 (100)*  Observed 0 0 9 22
Expected 0 0 2 29

a, b,

e

Values with the different superscripts are significantry
different in the same column at P< (. 05.

-211-

ZFiIZTHt



WFLON=EEE (J. Mamm. Ova Res.) #10% %25 19 9 3410H

COAIRBLTER®NSE TR, MATREIRTRIPFLEALALRAE. BERAICHE
HEL. B LEEFREDIOEATIRTFLNERELREIANVEEIOND, A
ODETYV U HH~DHELER. 0L.5~NL EFROZTERETHOAHB LT HAD SN
72 (Table 4)s LA L. 60B LT30S R TR, R7VY VY SHLSHFEBLEANKLILOLEDH D

Table 4 Effect of sperm-egg coincubation time on fertilization rate of zona-free mouse eggs in vitro

Coincubation No of No. & (%) No. & (%) Average no. No. of eggs
time eggs of eggs of of sperm with i sperm head(s)*’
(min) examined undergoing polyspermic head and -
fertilization'’ eggs®’ pronucleus®’ Frequency 0 1 2 3 4=
0.5 46 4 C 9 0 0.1 Observed 42 4 0 0 0
Expected 42 4 0 0 0
1.0 57 8 14 0 0.1 Observed 49 8 0 0 0
Expected 50 7 0 0 0
3.4 50 11 ¢ 22 0 0.2 Observed 39 11 0 0 0
Expected 39 10 1 0 0
5.0 55 13 C24) 0 0.3 Observed 42 13 0 0 0
Expected 43 11 1 0 0
10. ¢ 44 21 C 48) 4 9D 0.6 Observed 23 17 4 0 0
Expected 25 14 4 1 0
15.0 54 29 (.54) 4 D 0.6 Observed 25 25 4 0 0
Expected 29 19 5 1 0
30.0 42 26 C 62) 5 (12) 0.7 Observed 16 21 5 0 0
Expected 20 16 5 1 0
60.0 49 46 C 94) 20 (4D 1.3 Observed® 3 26 20 0 0

Expected 13 17 11 5 2

300.0 100 93 (93 36 ( 36) 1:3 Observed® 7 56 33 2 1
Expected 27 35 23 9 6

Values with the different superscripts are significantry different in the same column at P< 0. 05.
1),2),3),4) See the footnote of table 1.
%: Significantly different from expected frequency (Poisson distribution) by chi-square test (P<0.05).

EEMAEDIB TR I ENEBINL, TTARFANOKTFORMAEIET. AR &
BRIV OEEETEMBEOEERE R CRNTFHREZBHICHBEE®R> S BPMITH G
4 %, & & iZFukuda and Chang® OB E TR, B F L TORMAMBEER» O REHK
DHEBARBIZERBEINTLSE, ChASDEMNSEKEREHBITE T J0 3 EM I
BIWHAUEBETHL EHERINS,

HEOBTFFEIRL OB TFAFHLERIIBLEALRSE. RERIZUBRTR. &8
BIFRAZERTTIT~INBICZELTLE3RL DO T . BREBEIBETF -WTHE
HBEOZEEBICH-THEHSEBIIHM L, ChR3BPFORBBE LEIABMEIET BT O
BMAEBR~OHWENLEEZEEIREILTVEIDO). EL3IMEEAETORPTERICES L
BIEFIBLCARICBONATLEDD., bLARZHERICIZHOBIL—EHOK
FOBEENLELOMBLOAB L, BRELASZHBELIBILDICRETFLNTFORER
AU ERETHBEIENRERTTHLSMIC IO,
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Table 5 Effect of sperm:egg ratio on fertilization rate of zona-free mouse eggs in vitro

Total Vol Sperm No. of No. (%) of No. of eggs
sperm of : egg eggs eggs with i sperm head(s)?®’
medium ratio!’ in a undergoing
Cul) medium fertilizaton®’ Frequency 0 1 2 3 4<
20 2 1 20 6/69 ( 9)*' Observed 63 6 0 0 0
Expected 63 6 0 0 0
2 2 10 2/34 ( 6)* Observed 32 2 0 0 0
Expected 32 2 0 0 0
2 4 5 1/23 ( 4)* Observed 22 1 0 0 0
Expected 22 1 0 0 0
200 20 10 20 11/53 ( 21)*  Observed 42 11 0 0 0
Expected 43 9 1 0 0
20 20 10 ©12/39 ( 31)* Observed 21 11 1 0 0
Expected 28 9 2 0 0
20 40 5 17/26 ( 65)° Observed” 9 15 2 0 0
Expected 13 9 3 1 0
2000 200 100 20 65/87 ( 75)* Observed® 22 54 9 2 0
Expected 35 33 U4 4 1
200 200 10 36/41 ( 88)" Observed* 5 19 14 3 0
Expected 10 14 11 4 2
200 400 5 15/19 ( 79)* Observed® 4 12 3 0 0
Expected 7 8 3 1 0

a,b:Values with the different superscripts are significantry different in the same
column at P< (. 05.

1) No. of sperm / No.of eggs

2),3) See the footnote of table 1.

%: Significantly different from expected frequency (Poisson distribution) by chi-square
test (P<0.05).

BATORBBARLUNZHELOEEZMRYTELETHL, SR FIEUEREPRTFOHK
AZEZREAOCLELHAREAINEHFINS, Naitos ' i3, AEEBEL2 DT - - HHEICHE L
TENFREI VAP FEGUAZE LAAERUREBRBRY CBB LESSEFLB 2
EEBEL. EPUHRBRERFTH-TH, FEREZHERILEBFIEBO TR BEGKE T
RETDRAPDDZIEEFEP LI, BE IO TE 2T, WL Lo FHEHE S
EHATAHEIVRARFKEILBOT. FERENFTCREBMIBOATOREEBLITE T
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embryonic stem cells and zona-free embryos
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Abstract: Production of chimeras between embryonic stem (ES) cells and zone—free embryos
was examined in mice under coculture conditions. A3-1 ES cells were cocultured at concentrations
of 0.5x10° or 1.0x10° cells/ml with zona—free embryos of 8—cell or morula stage in Dulbecco’ s
modified Eagle’ s medium containing 5% fetal calf serum (FCS) and 23mM lactate (DMEM) or
Whitten' s medium containing 10% FCS (WM) . Three hours later the cocultured embryos were
transferred into WM and cultured again for 22-24 hr. The embryos developed to blastocyst stage
were transferred into foster mother,and 17 days later the pups including chimeras were obtained.
When morula stage embryos were cocultured with ES cells at a concentration of 0.5x10° cells/ml in
DMEM, the highest rate of production of chimeric mice (5.4%) was obtained. These our results
indicate that the coculture method is useful for the production of chimeras between A3-1 ES cells
and zona—free morula embryos.Key words :embryonic stem cells, coculture,chimera, mouse
(Received 25 September 1993, Accepted 30 Setember 1993)

Introduction

Embryonic stem (ES) cells isolated from the inner cell mass (ICM) cells of embryos and
maintaining their undifferentiated pluripotency in vitro have been used for the production of
chimeric mice (1,2) . They are capable of producing chimeras efficiently and contributing to the
development of various tissues including the germ-line of the chimera (3,4,5,6). To produce
chimeric mice, the injection of several ES cells into host embryos (8-cell or blastocyst stage) has
been done (7,8) . However, the injection method requires an expensive micromanipulating
instrument and a skillful manipulating technique. Recently the simple and efficient method of
coculture of zona—free embryos with ES cells was reported for the production of chimeras (9) . In
these experiments, D3 and CCE ES cell lines were used, and germ-line chimeras were obtained
efficiently. The main advantage of the method is that a great number of embryos could be treated at
the same time. We therefore examined whether the coculture method was useful in producing
chimeric mice between A3-1 ES cells derived from 129/SvJ(10) and zona-free embryos,and

determined effective conditions for the production chimeras by coculture.
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Materials and Methods

Collection of embryos

C57BL/6N (Jcl) females were superovulated with 7.51.U. of pregnant mare serum gonadotropin
(Sankyo zoki) followed 44-48hr later by 7.51.U. of human chorionic gonadotropin (Sankyo zoki)
and were paired with (C57BL/6NxDBA/2N) F1 (Jcl) males. 2—cell stage embryos were collected by
flushing the oviducts on the 1.5 embryonic day (E1.5; plug=E0.5) with phosphate buffer saline
(PBS) supplemented with bovine serum albumin at a concentration of 3 mg/ml, and cultured until

the embryos developed to the 8—cell or mourla stage in Whitten’ s medium (11) .

Preparation of ES cells

A3-1ES cells were routinely cultured on inactiveted feeder layers (mouse fetal fibroblast; E=
14.5-16.5) (12). ES cells and embryonic feeders were trypsinized to obtain a single—cell suspension.
Trypsin was then inactivated in stem cell medium, and the cell suspension was planted onto a
normal tissue culture dish (Corning ) and placed in the incubator (37 C under 5% CO:; in air) for 1
hr. ES cells were collected from the supernatant and resuspended at a concentration of 0.5x10° or
1.0x10° cells/ml in Dulbecco’ s modified Eagle’ s medium (Gibco) containing 5% fetal calf serum
(FCS) and 23mM lactate (DMEM) or Whitten’ s medium containing 10% FCS (WM) . Microdrops
(15 ¢ 1) of the ES cell suspension in a bacteriological dish (Iwaki) were overlaid with mineral oil

(Squibb) for coculture with zona—free enbryos.

Coculture of embryos and ES cells

The zona pellucida of 8—cell or morula stage embryos was removed by treatment with acidified
Tyrode’ s solution (pH 2.5) (13) .Five zona—free embryos per drop were cocultured with ES cells at
a concentration of 0.5x10° or 1.0x10%ells/ml in the incubator. After 3hr of incubation, the embryos

were transferred into WM and cultured again to the blastocyst stage in the same medium.

Embryo transfer and judging of chimeras

Embryos developed to the blastocyst stage were transferred to the uteri of pseudopregnant ICR
(Jel) recipient mice on 2.5 days post coitus (dpc). The pups were born from the recipients on

19.5dpc. Chimeras were judged by coat color and eye pigementation.

Results

Morphological profiles of the zona—free embryos during the coculture with A3-1 ES cells are

shown Fig. 1. ES cells initially attached to the surface of 8-cell and morula stage embryos during
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Fig 1. Zona—free mouse embryos during coculture with A3-1 ES cells. A-E: zona-free embryos just
after incubation (A-C) and after 3hr of incubation (D-E) in DMEM. 8-cell (A,B,D) and morula
(A,C,E) stage embryos are observed among A3-1 ES cells. F-G: cocultured embryos after transfer
into WM. Note the ES cells attached to the surface of the zona—free embryos of 8—cell (F) and

morula (G) stage. H: zona—free embryo developed to blastocyst stage after coculture with ES cells.

A, x170; B-H, x340
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the coculture, and after 22-24 hr of incubation, they had colonized the inner cell mass of the
embryos developed to the blastocyst stage. When zona—free embryos at the 8—cell stage were
cocultured in DMEM at concentrations of 0.5x10° and 1.0x10% ml ES cells, 73.6 and 85.0% of the
embryos remained intact after 3 hr of incubation and 66.0 and 55.0% of the embryos developed to
the blastocyst stage (Table 1) . When morula stage embryos were cocultured, the percent of
embryos developed to the blastocyst stage was greater than that of the 8—cell stage embryos.Moreover,
chimeric mice were produced when morula stage embryos were cocultured with ES cells at
concentrations of 0.5x10° and 1.0x10°/ml, When embryos were cocultured in WH with ES cells at a
cocentration of 0.5x10°/ml, 63.2 and 100.0% of 8—cell and morula stage embryos remained intact
after 3hr of incubation, and 63.2 and 89.5% of these embryos developed to the blastocyst stage. In
contrast with the embryos cocultured in DMEM, chimeric mouse was obtained in WM when 8—cell

stage embryos were cocultured with ES cells(Table 1) .

Table 1 Pr ion of chimeric mice ES cells and zona-free embryos by coculture method
No. No. No. embryos No. No.
coculture ES cells Stage of embryos embryos developed to pups (%) *** chimeras (%) ****
Medium (celisiml) embryos examined recovered (%) blastocyst (%)
DMEM * 0.5x10° 8-call 53 39 (73.8) 35 (86.0) 5(14) 0(0.0)
morula 116 107 (92.2) 93 (80.2) 16 (17.2) 5(5.9)
1.0x10° 8cell 20 17 (85.0) 11 (55.0) 0(0.0) 0(0.0)
morula 79 79 (100.0) 68 (86.1) 5(7.4) 1(1.5)
WM 0.5x10° 8-cell 49 31(63.2) 31(63.2) 3(9.7) 1(3.2)
morula 19 19 (100.0) 17 (89.5) 2 (11.8) 0 (0.0)

* Dulbecco's modified Eagle's medium containing 5% FCS and 23mM lactate
** Whitten's medi ining 10% FCS

*** No. of pups / No. of embryos transferred x 100

**** No. of chimeras / No. of embryos transferred x100

Discussion

A coculture method for the production of chimera between preimplantation embryos and
embryonal carcinoma (EC) cells was reported (14) . However, EC cells had to be sandwiched
between two embryos to obtain chimeric embryos because EC cells failed to attach to embryos. On
the other hand, as shown in Fig. 1, ES cells were able to attach to zona—free embryos. A3-1 ES
cells initially attached to the outside of embryos during coculture and they had colonized the ICM
after 22-24 hr of incubation. When the embryos were transferred into foster mothers, chimeric mice
derived from A3-1 ES cells were obtained (Table 1) . The level of chimerism of newborns was
comparable to that of newborns obtained by injection methods (10) . In our experiments so far, the
rate of production of chimeras has been lower than that obtained by the injection method (10) .

However, the coculture method could be improved by selecting suitable conditions for coculture.

—=219=



HFLIR£5E (J. Mamm. Ova Res.) #10% #2%2 19 9 34108

With regard to the A3-1 ES cell line, a cell concentration of 0.5x10°cells/ml is recommended for
coculture with zona—free embryos. When cocultured with cells at a concentration of 1.0x10°
cells/ml, development of the embryos to pups was disturbed. Morula stage embryos are also
reéommended for coculture. When embryos at the 8—cell stage were cocultured, some embryos
disappeared during coculture because blastomeres of the embryos become individual. Moreover,
morula stage embryos had a moderate number of ES cells attached to their surface. 8-cell embryos

tended to incorporate too many ES cells, and this may disturb the development of embryos.
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