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Hirotada Tsujii

Laboratory of Animal Breeding and Reproduction, Faculty of
fgriculture, University of Shinshu, Kamiina, Nagano, 399-45

Abstract Transfer of mouse early cleavage eggs into the mouse preimplantation uterus was carried
out in this experiment. Completely denuded early cleavage eggs were obtained for 23.6% of the eggs
recovered. This suggested that a proteolytic enzyme is contained in the preimplantation intra-
uterine fluid.

Introduction

The zona pellucida that encloses an egg plays an important role in transportation and protecti-
on of the egg. Lysis of the zona pellucida in the mouse blastocyst began as early as the af ternoon
of Day 4 and was over by 2:00 a.m. of Day 5 of pregnancy!~®. Lysis of the zona pellucida in the
blastocyst is an essential process at the initiation of implantation, but its mechanism has not
been completely clarified.

The zona pellucida in an early cleavage egg is easily lysed by proteolytic enzyme. This experi-
ment was carried out to investigate whether lysis of the zona pellucida occurs in early cleavage

eggs transferred into the preimplantation uterus.

Materials and Methods
Mature virgin female mice of ICR strain, 6-9 weeks old and 25-35g in body weight, were kept in
a light controlled room, supplied with water and a standard laboratory diet ad libitum. The mice
at proestrous were caged overnight with males, and were checked for copulation plug the morning of
the following day, which was set as the first day of pregnancy. At 1:00 p.m. of Day 1 of pregnancy,
the oviduct was unilateraly exposed by a dorsal approach under anesthesia with pentobarbital sodium
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and was ligated at the oviduct-uterus junction using a thin silk suture. The other oviduct was kept
intact. At 1:00 p.m. of Day 4 of pregnancy, under reanesthesia with pentobarbital sodium the upper
end of the uterus of the ligated side was punctured with a pin to transfer 6 to 14 1-cell and
2-cell stage eggs of Day 1 of pregnancy using a pipette. The mice were then autopsied from 2:30

to 7:00 a.m. of Day 5. The ligated oviduct, non-ligated oviduct and uterus were removed.
Intraoviductal eggs were collected by tearing the oviduct. Intrauterine eggs were collected by
flushing using a KRB buffer solution(pH 7.2). The collected eggs were examined by high-magnifica-

tion microscopy to determine the presence or absence of zona pellucida.

Resul ts

One hundred and ninety-eight eggs of the 1-cell and 2-cell stage eggs were transfererred to the
preimplantation uteri of 20 mice. Total 89 eggs were recovered, the zona pellucida was completely
lysed in 21 of them (Table 1).

Of 78 eggs collected from the ligated oviduct, 18 were degenerated. The cleavage stages ranged
from the 1-cell stage to the hatched blastocyst stage. Lysis of the zona pellucida was found in
24 blastocysts (Table 2).

In the intact oviduct, there were 22/117 eggs, although the time was after 2:00 a.m. of Day 5
of pregnancy. The 22 eggs consisted of 6 denuded blastocysts, 8 segmentation spheres and 8 degen-
erated eggs. Of 95 eggs collected from the uterus of the non-ligated side, 74 were denuded blas-
tocysts, 5 were blastocysts with zona pellucida and 16 were degenerated eggs (Table 2).

Table 1. Lysis of the zona pellucida in mouse early cleavage eggs transferred to the mouse
preimplantation uterus.

No. of egg Lysis of zonae eggs with zona pellucida No. of
recovered /transferred*  1-cell 2-cell 4-cell 1-cell 2-cell 4-cell  degeneration
897198 10 11 0 3 39 b 20
* Total 20 mice.

Table 2. The number of denuded blastocystos in collected eggs from the ligated oviduct, non-ligated
oviduct and uterus.

Total no. No. of eggs with zona pellucida
Site Degeneration
recovered  denuded eggs 1~8 cell Morula Blastocyst
ligated oviduct 78 24 8 16 12 18
non-ligated oviduct 22 6 8 0 0 8
non-ligated uterrus 95 4 0 0 5 16

x* Total 20 mice.



FPLORETEE (J. Mamm. Ova Res.) 6% 525 19891 108

Discussion

The zona pellucida was lysed in 23.6% of the eggs recovered from the early cleavage eggs which
had been transferred into the preimplantation uteri. Mintz > ® has proposed that ‘zona-lytic’
activity in the uterine lumen is involved in implantation and that the factor responsible for lysis
of zonae is also responsible for altering the surface of embryos and thus initiating embryo attach-
ment. Hoversland & Weitlauf ™ reported that preimplantation mouse embryos with intact zonae pellu-
cidae were transferred into the uteri of ovariectomized females treated with progesterone, oestrad-
iol-178 plus progesterone, or oestradiol-17/2 alone: lysis did occur when oestradiol-17 8 was com-
bined with progesterone. They suggested that the disappearance of zonae from the uterine lumen was
used to determine the presence of ‘zona-lytic’ activity in situ.

The factor responsible for lysing the zonae pellucidae and altering the embryo surface is
thought to be a proteolytic enzyme or enzyme complex in uterine fluid & 8 '?, Peak levels of
‘zona-lytic’ activity is induced within 18 Vh after removal of sucking young or an injection of
oestradiol-17 B into mice with lactational delay 5 '''2 and between 12 and 24h after the injec-
tion of oestradiol-178 combined with progesterone ?, and these time coincided with the inti-
ation of embryo attachment to the uterine epithelium . The present experiments are in agreement
with the aboove repots.

Some of the transferred 1-cell and 2-cell stage eggs developed into 4-cell stage eggs but some
others were degenerated. The presence of a considerable number of degenerated eggs in the uterus
of the non-ligated side, the presence of eggs in the non-ligated oviduct even after 2:00 a.m. of
Day 5 of pregnancy and the presence of eggs enclosed by the zona pellucida seemed to suggest that
twiceperformed surgical manipulation under anesthesia with pentobarbital sodium exerted some stress
to the mice.
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In Vitro Fertilization of Hamster Eggs by Microinjection of
Rabbit Spermatozoa

Kahei SATO'", Kazuya SHIOTA? and Tutomu GOTO2

Laboratory of Animal Cell Biology! and Laboratory of Animal Reproduction?,
College of Agriculture and Veterinary Medicine, Nihon University
Fujisawa 252, Japan

Abstract

In the present study, in vitro fertilization of hamster eggs by
microinjection of rabbit spermatozoa was investigated. The nuclei
of frozen-thawed and lysophosphatidyl choline(LC)-treated rabbit
spermatozoa were capable of developing into male pronuclei when
injected 1into ovulated hamster eggs. When examined between 1
and 4 hr after injection of spermatozoa in all experimental
groups, male pronucleus formation was observed. In some eggs with
male and female pronuclei syngamy was seen.

Intoroduction

In 1976, Uehara and Yanagimachi observed that unfertilized
hamster eggs microinjected with isolated sperm nuclei were
capable of undergoing egg activation and then the successful
formation of both female and male pronuclei. Since Uehara and
Yanagimachi's report was published, sperm microinjection has been
reported by a number of workers(Uehara and Yanagimachi,1977;
Thadani,1980;Perreault  and Zirkin,1982;Markert,1983;Barg et
al.,1986;Sato et al.,1976;Sato and Kaneta,1987;Lassalle et al.,
1987 ;Lanzendorf et al.,1988;Lanzendorf et al.,1988;Perreault et
al .,1988). Using this tecnique, the fertilizing ability of
immotile or defective spermatozoa is capable of examination.
Recent studies suggest its evidence (Lanzendorf et al.,
1988;Lanzendorf et al.,1988). We already reported successful in
vitro fertilization of rabbit eggs, using sperm microinjection
techniques and that embryos obtained by microinjection of
spermatozoa develped to the full term stage(Sato and Kaneta,1987)
Microinjection of spermatozoa is considered to provide more
detail information on mechniams of fertilization and of male
gamete physiology in mammals. In the present work, we traced
behavior of rabbit spermatozoa after its' microinjection into
hamster eggs.

Materials and Methods
A modified tyrode's solution(mTALP,Yanagimachi,1982) was used as

the regular medium. This medium is useful for the induction of
capacitation of rabbit spermatozoa(Sato and Suzuki,1985). All
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media were prepared immediately before use. Cultures were in
petri dishes(35 mm,Falcon) at 37 ©C under 5% COZin air.

Semen samples were collected from 5 males proven fertility by an
artificial vagina(Sato,1984) and the samples were pooled. Pooled
samples were mixed in a 1:1 dilution of the fresh medium and
sperm suspenmsions were centrifuged at 800 r.p.m. for 6 min.
Sperm clots were resuspended in the fresh medium and then
supplied for experiments. Some samples of washed spermatozoa
suspended in the medium were frozen by placing at -23° ¢ for 3 hr.
Frozen samples were thawing immediately before use. Other sperm
samples were incubated in the regular medium for 5 hr and then
exposed to lysophsphatidyl choline(LC) (50 ug/ml medium) for 15
min in order to indice the acrosome reaction. By this procedure
in 68-86% spermatozoa exposed to LC the acrosome reaction was
observed. Immediately before use, the sperm suspension was
dilluted by addition of the medium.

Adult females of golden hamsters were superovulated by
intraperitoneal injection of 30 IU pregnant mare serum
gonadotropin(PMSG,Tekoku Zoki Co.)followed by 30 IU human
chorionic gonadotropin(hCG,Teikoku Zoki Co.) 54 hr later. The
females were killed 15 hr after hCG injection and then ovulated
egg were collected by flushing oviducts with the medium.
Collected eggs were pooled and spplied for microinjection
performed 30 min later.

Micropipets were made by . pulling glass capillary tubes on
a vertical pipet puller(Narishige Inst.).The pulled pipet tip was
beveled by grinding at an angle of 26 on a Narishige roting
grinding wheel. The ID of injected pipets was about 8-12 um.
Holding pipets were pulled by Narishige puller from capillary
tubes. The tip of holding pipets(ID 20-25 um) was polished using
a microforge(Narishige Inst.). A spermatozoon for injection was
picked up from sperm head by the tip of the injection pipet(Fig
1- a) and the egg was maintained by the holding pipet.The sperm
injection pipet was inserted into egg cytoplasm through the =zona
pellucida(Fig 1-b and -c) and the holded spermatozoon was injected
by a slight presssure on the injecting syringe. Eggs
microinjected were then cultured for 3 hr(Fig 1-d). At various
intervals after the start of culture eggs were observed by the
phase-contrast microscope.

Results

As shown in Fig 1, injected rabbit spermatozoa first were a well
defined shap. The head of spermatozoa injected swelled gradually
and transformed into a male pronuclei. The sperm head swelled by
1 hr after injection . When examined between 4 and 4.5 hr after
injection of fresh spermatozoa,of 21 eggs only 2 contained male
and female pronuclei. The spermatozoa which had been frozen-
thawed or Treated with LC were capable of transforming into male
pronuclei when they were injected microsurgically into hamster
eggs. Male pronucleus formation rates by frozen-thawed and LC-
treated spermatozoa were 44.7%(17/44 eggs) and 37.1%(13/ 35
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d) A frozen-thawed rabbit sperm head

Fig. 1.

a) A hamster egg held
by egg-holding pipet and the
sperm head of a rabbit sperm-
atozoon into microinjection
pipet ( x 200). b) Insersion
of sperm injection micro-
pipet into the hamster egg
cytoplasm (x 200). c) Intact
head of a frozen - thawed
rabbit spermatozoon is seen
in the egg cytoplasm shortly
after injection into hamster
egg(x400)

swelling (arrow)

in the egg cytoplasm 2 hours after injection(x 400). €) A hamster

egg with two pronuclei,

the left one is judged to be a male

pronucleus which developed from a injected rabbit spermatozoon, 3

hours after injection(x 400).
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eggs), respectively. The polynucleus formation of spermatozoa
was observed in cases of 2 or more spermatozoa injection.

Discussion

In the present study we succeeded fertilization by rabbit
spermatozoa into hamster eggs. From the present results, also, it
is suggested that frozen-thawed and LC-exposing treatment of
rabbit spermatozoa is available for inducing the acrosome
reaction. Uehara and Yanagimachi(1976) have reported that frozen-
thawed and freeze-dried human spermatozoa are capable of
developing into male pronuclei when injected into hamster
eggs.The acrosome reaction is nesessary for fusion of sperm
membrane and egg membrane. LC is known to induce the acrosome
reaction of guinea pig(Fleming and Yanagimachi,1981) and
hamster (Ohzu and Yanagimachi,1982)spermatozoa. Also, we observed
ultrastructually that acrosomes of hamster and rabbit spermatozoa
were destructed by freezing spermatozoa(unpublished). Although
the status of acrosomes of rabbit spermatozoa was not examined
after both treatments, acrosomes of spermatozoa which developed
into male pronuclei are considered to remove or destruct by two
treatments used in the present study.

In the present study, we observed low pronucleus formation
(44.7%) in frozen-thawed spermatozoa. Also, male pronucleus
formation by injection of LC-treated spermatozoa was 37.1%. The
present results suggest that thereis no significant difference
for inducing the acrosome reaction between two sperm treatments
used. We have already observed that frozen-thawed hamster
spermatozoa injected into hamster eggs undergo decondesation or
male pronucleus formation(74.8%)(kaneta and sato,1987). A recent
study have pointed out that sperm nuclei of heterologous species
undergo decondesation at very different rates(Perreault et
al.,1988). These results mentioned above including our results
indicate species differences in sperm nuclear decondesation or
male pronucleus formation. Further studies are required on this
. problem.
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The present study was undertaken to examin the method for in vitro fertilization of ra-
bbit follicular oocytes by ejaculated spermatozoa.

Ovaries were removed from superovulated females 9 hour after HCG injection. Oocytes were
collected by puncturing follicles of 1~5 mm in diameter. Ovulated oocytes were recovered
15 hour after HCG injection. Zygote and two- cell ova were collected 18 or 24 hours after
mating and HCG injection. Ejaculated spermatozoa was collected from bucks by artificial
vagina. BO medium was used for iﬂ vitro fertilization, sperm washing and preincubation of
ejaculated spermatozoa and follicular oocytes. The media used for in vitro culture of zy-
gote and two- cell ova was BO, TCM199 and M16. TCM199 and M16 were added 20% heat-inacti-
vated rabbit serum (RS) or fetal bovine serum (FCS). In vitro insemination was done in 1.0
nl BO medium added preincubated spermatozoa (1X10°,ml) for 8 hours.

Results obtained are as follow : 1)Acrosome reaction was hardly observed just after spe-
rm collection. But, when spermatozoa incubated for 6 hours, 30% of them showed acrosome
reaction. 2)0ocytes collected at 9 hours after HCG injection resumed meiosis, but part of
them completed maturation division. Completion of maturation required additional 4 hours
incubation. 3)No oocytes without preincubation observed sperm entry at 8 hours after inse-

mination. 4 hours preincubation produced 15% fertilized oocytes. 4)Zygote and two- cell
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ova collected at 24 hours after mating and HCG injection cultured in five media. Good re-
sults obtained in TCM199+FCS, M16+RS and M16+4FCS. Furthermore, 81.4% of zygotes colle-
cted at 18 hours after mating and HCG injection developed to blastocysts in M16+RS.5)10.6
% of ovulated oocytes fertilized in vitro were cleaved at 24 hours after insemination and
20% of them formed blastocyst in M16+RS. 6.2% of oocytes preincubated for 4 hours and

fertilized in vitro were cleaved but no one formed blastocyst.

#

WA WHALE SR DRI B - (AN RSB T AR Y B LU T F 2 e U THERICHT
bhTwa, L2L. ChoRFHFIRFDHWTH 200 2 ICHAMMPBEHEICREI N 354
BEL DM BERMEL2ETTE20I0E. ERBPTRET I e BRSNS,

KBOAM2ERBWCH 274 ¥k, HHHERBLUHRBORBPESTHD . ol
B, AR BRBHZ E ORDBERIBHBIATVE 2D, REOEFLE LTBDCENTE S
cBEbhzs,

7Y F IR ORN SR IE . 19684F 12Suzuki and Mastroianni(1968) a4 TLIK. T E PGS HIKS
F(Suzuki and Mastroianni 1968, Brackett et al. 1972, Mills et al. 1973, Hahn et al. 1980,
Trotnow et al. 1981, Asakawa et al. 1988) % % WikH5 3 L{A¥S T (Sato 1981, MFEH 1987) %
WTiThh, SIERLD 3 THEBLCTHZORBERIL IV EEET Mills et al. 1973,
Trotnow et al. 198)2BALZAXTITEDIFTWAH, LI L. HERESHI) WL HET
ZRWEBGIZOWTE. BEALREVROAZVWOPRRTH 5,

ZZTAERTIE. BHHREFIC K 2 B980T - F IR O AN 2 X5 . I s F ORI RIbE
. ZHBIUZHERORERICRZIINEMEEEOTZEIIOVWTHRIAL .,

]

HEB XU H®E
ARBICIZ. HBAABEBLOMEORARERER: HAAGEORAZHR L 2. HEIL.
£5 5 (1968, 1969%) DAL THBPFIIME L 2 X DRI L 72 SREEERIE . @ HEOR LR ) 4 ¥ D HEHY
DHCGEEI~10FHTHIh, U~1RHMTRTIEZ BRSO RTVWADTRHES 1969°) .
HCGHE# ORI, HIEZORZHINE. HCGEBZISHMICEKL =, BEEREOREO
ZHDOZHE 1 MBS o2 M. REB LUH C Gk 18RRM B LU 24RMIcEhEh
EHLL 720 SROERMIZIL. 20% O B FIE@ILmE(RS) WML 2P BS & M. TFa5H Lo 5 50
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FAEMHTERT B EIcED . F-MEWIWESL LInERT 52 LICX DERIRL 2. SRRSR
FNZHE 2% b . BOWKL.Onl 40 5 EATHEOMERA L. 2~ 6 KFHATREL 2, HEIVEIFO
—EIZOWTIE. AR EREL =,

k. REET2 HRML LA RRWIME LABYYF LD . YRETERLEALRE (Bl A
B 1989) AHWTHRL 72, HEFo¥k#IZ. 5nldBS ARBO#R (Brackett and Oliphant 1975)
THRL. 50G 5 DHID# LB EEAFRIRL T, 350G 103HOZELBEZ 20D BT &
IREDTTo . WMTRIEEIIBOBAM W, HFREN1 X10%/0l 25X 5HBL T2 ~12k(H
fiolroe ThODRKETIZ. BENICHE FEFRBREARRINIERLRELZ, B, Kk
JSFEF M Mz kBryan and Akruk(1977) o%faEiAHW =,

BRI, RIRERD LU 4 FHAEEL 2RI OWTIT > 2. BRIX. 2~ 4 FRHEEE
LEMNFA1X105/nl £h3Xk5%ML7=BOMKL.onl 125 HaT#OIMA AN, 8HRHATH 2,
W THE, —BOMITHRELBEEL. BA3MIERy F 4 v YIcEDHEF L AR, REMR
RBLE, BEBEEME. IRTREBIR 5%, ZX95%. WE100% . w@ETCELE,

/R

DE T OBNICE T 2B RIDOFER

S5EOEN»SHRML EHHEH T2 BORPTRIEEL . TOMFEFRRL B RINHRLEZ R
RICBIELUEBRAE LIORL . BERISH FIERRERICIZZEALBRBEING - 20, 3.
R EATO LoD . RS E 3 MO TER25% . 6 FHE LI T30 % EE O T Ik
RISHHFRINTE, BT EFERE. ERESNICBETLE, $72. RERIBHEE,. BT EFREK
EHicEHETORFEPRDOENT,

2) B 50 i 51 58 D 14 94 e 7%

HCGikgifs 9 RERIcmUL L 7~ HESRERT ORI # IR L . 2 ORARRE 2 R ICBIER L 26
RER2ICRLUE, RIREZGEEO M) ORI, MA L Z3ME§ X T HH I et 1) KIREOD
RANEUGHE R L. TTCRHBEAZABHHLTWE, BAE%ETLELEDbh 32 hH 1 (et 1) D5
ZUG AR T IIRENE . BIEEEO BRI OB A TII51.5% I X b A0, RiEE2HHTES.2% ¢ |
U BitEE 4 RRILIREIZT9.2B X UT3.9% 1T —EflEZRL %,

3) YESH AT H KL BH D A A 52 RS 1 RIT T SRR SRR S E D2 R

£2OREABEIC. BOHP T 4 RRHIFTHEE U 2 U0 ERT O RO0 % (KA SR Ica L . BRfk
SHHOBKETEE. AL TTHRAZBELE, TORBRIRILCARTHED TH S FHZHIC
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Table 1 Acrosome reaction of rabbit ejaculated spermatozoa incubated in vitro.

Rabbit No. 1 2 9 13 15 Total
No. of tests 3 3 5 2 3 16
Mean biability index 90.0 95.0 76.0 87.5 86.7 85.6
after collection

Acrosome reaction(%)* 1.5 3.8 5.8 0.9 2.0 2.5
Ohr Mean biability index 69.2 91.7 65,0 775 78.3 74.8
Acrosome reaction(%) 8.4 4.1 22.8 9.9 8.2 12.2

3hr Mean biability index 46.3 60.0 44.0 60.0 62.5 52.9

Acrosome reaction(%) 11.8 7.4 48.2 25.3 17.3 25.1
6hr Mean biability index 39.6 51.3 22.0 52.5 45.8 39.1
Acrosome reaction(%) 17.2 10.7 49.5 28.0 28.2 29.5
9hr Mean biability index 16.3 35.0 15.0 43.8 25.8 24.6
Acrosome reaction(%) 23.0 11.1 55.0 53.3 23.5 S 31.1
12hr Mean biability index 9.2 29.2 8.3 32.5 15.8 16.8
Acrosome reaction(%) 21.8 13.2 52.0 51.0 31.1 31.9

XAcrosome reaction rate after collection is n=2, n=3, n=1, n=3, n=1 and n=10,

respectively.
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Table 2 Stages of maturation division of preovulatory rabbit

follicular oocytes preincubated in vitro.

No. of No. of MetI Anal Tell ProMetll Me t Il
oocytes oocytes
cultured examined (%) (%) (%) (%) (%)
Ohr 35 33 5 2 9 17
(15.2) ( 6.1) (27.3) (51.5)
2hr 25 23 4 1 3 15
(17.4) ( 4.3) (13.0) (65.2)
4 hr 26 24 2 3 19
( 8.3) (12.5) (79.2)
6 hr 25 23 2 1 3 17
( 8.7) ( 4.3) (13.0) (73.9)
Table 3 In vitro fertilization of preovulatory rabbit follicular oocytes preincubated in vitro.

Duration No.

of No. of No. of unfertilized oocytes(%) Total No. of fertilized oocytes(%) Total
of oocytes  oocytes %) )
preincu- wutilized examined G V Metl Pro Met Il Anall Metll Anall Telll ProN
bation Met Il
O hr 43 42 1 4 37 4 2
(2.49) (8.5 (88.1) (100.0)
4 hr 110 101 1 5 5 73 2 86 3 2 5 5 15
(1.2) (5.8) (5.8 (84.9) (2.3) (85.1) (20.0) (18.3) (83.3) (33.3) (14.9)

@ Pl
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. R1OERESEI 2~ ARMBIREL WM T2 AW A, HBRE UTiE. SIRS% fits %
BRURBAZHIT ZXERT -,

ATIE 2 U (O IR THRMAZR L 200 F50id . ME L 24280 > H37H(88.1%) iMet I 125 L T
WERZBPPDHT. WFhBETRAPRD 6N TRIHEEHEIRE, ChICH U 4 BRFiSE
LT o RN 200 eNE . 101Eh15M(14.9%) ICHFRAVBEI R, SIREiEEIr L 2
SHREE LB 6 hE, ChBISEOZHEIND S B14MH(93.3%) I TRANTSHED . 555
DWHIBBIITH - 7,

4) (RS2 HEEH OO Fe A4 5 i oD 3% 4R

WNAZHIORE I BB L ERELERT 22010, Ttk EUHC Gt #4RBRICEIL % 2
MfEIRE L O 1 M2 S EMOBBRTI0RMEEL . KBRS L UHEERSRAORE %
BELZ, 2ORRBRAITRTEY TH 5. HBRBIFRERE% T LD, TCHI99+FCS. M16+RS
B LUNIGHECS D3 HOBEERTH > . Zh b 3FMOBERD 2 MKLGE (1 FRLISH) 2 5 A K
LIBEAN DR EE L. TCH199+FCSA380.0% (60.0%) . M16+RSH%92.9% (60.0%) . M16+FCSHS70.4% (62.9
B)TWThIEEZZZRD 6o = (P <0.05),

Table 4 Culture of one- and two- cell rabbit ova collected

about 24hr after HCG injection.

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

Medium Cell ova Total
stage cultured Blastocyst Expanding )
blastocyst

BO 2cell 23 o (C 0) o ( 0) o (C 0)
lcell 31 0 (C 0) o0 (C 0) o (C 0)
TCM199 +RS 2cell 56 15 (26.8) 14 (25.0) 29 (51.8)
1cell 68 11 (16.2) 1 (1.4) 12 (17.6)
TCM199 +FCS 2cell 15 1 (6.7) 11 (73.3) 12 (80.0)
lcell 25 5 (20.0) 10 (40.0) 15 (60.0)
M16 +RS 2cell 4 2 13 (31.0) 26 (61.9) 39 (92.9)
1cell 40 14 (35.0) 10 (25.0) 24 (60.0)
M16 +FCS 2cell 217 11 (40.7) 8 (29.6) 19 (70.4)
lcell 35 9 (25.7) 13 (37.1) 22 (62.9)

=100~
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Table 5 1In vitro development of ovulatory and preovulatory rabbit oocytes

fertilized in vitro.

Type of No. of No. of No. and (%) of oocytes developed to:
oocytes oocytes
oocyte examined cleaved 2~4cell 8~16¢cell Morula Blastocyst

Ovulatory 47 b 2 1 1 1
(10.6) (40.0) (20.0) (20.0) (20.0)

Pre- 113 7 ) 7 (0] 0
ovulatory (6.2) ( 0 ) ( 100) ( 0 ) ( 0 )

5) RSB RANZRH L 20 FOIRMOBNARE

AN TR D= KT H . NI6+RS % W TR LB L U H C Gik it 18HF R I mIML L 7= 1 #i fa i 59
HIMBEMEFCERELEL A, SLA% DI BRI LICRELZ,

Wiz, HCGiEEH 9 HEIcE LT BORH T 4 FFMATER L 20 L H C Gk S #1585
B L 7= SR B & (AR A2 RS L . $oksth 8 I BB TML6+RS ICB L CIUAKRHIEE L T, €ORKR
I3ESICTRTED TH %o NI, TR 24 B R 0 BFE TaTIE P 5 (10.6 %) 3 El &R L 720 &
o5 EOFEMDSH . 2N 2 ~ 4 HRGTRELZBELLEDOO. 116258 ~16H BRI
LS EEMRICRKE L. %5 LE Q0.0%)»EERICEEL 2.

—F . BOWHTHiEZ U7~ SRORiE . S %24RHT113Eb 7 6. 2%) 3 &lZ R L. L2
Lass. WENRD 8~16MEE CRELEBILL. KBREZBERT S ICEELRDP -,

5 B
SHOEBROER. v FHEEF4BORPCHERT I LICED . BKE3IRMET2%. 6
BRI T % IRIEDR T IR KRS A BRE T X2, CORBRIBHELEEE. &RET 8 7 HAMEE.
40% ™ ¥ SRk A S8 B O 2 BifdiIncubate L 7201iphant (1976) M30% B LU / 1 T 2 =y -
A B OWET 6 BiflIncubate LU 7=Srivastava et al.(1988) M27.8% W HBMEL R —H L L. %

—101—
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FRIGHERLBEEINICR 5 & ETFOREENRD SR ZOMEEEPGHET 2BV AN TR
2B 1T 2 H%E DK% (Brackett and 0liphant 1975, Kubo 1977, Akruk et al. 1979) & Bi{#d 3
bortiEbhis,

2. ARBICBWTIE . SIE#I22.5% . iR TRICI2.2% ORBRISEFPBIEIRE,
BRRERICOWCRARRE L EZ N0 R TRIZOW IR 6 B EEE E T 1 1R
FERLEZEDS, COMIC BERIEEZRBZLEDOEEZSbN S, ZOFEEIZ, Brackett and
01iphant(1975) #5203 ] B O h T L 25 K T2 AW THRA SR ATV . THWE2HETW5H
EickoTHEITFHN D,

ARBRTIX. ZERISOHEIZ Bryan and Akruk(1977) @@k EFA WED . AEREEOEEL
DEETES. YT NATA VGRS 1984, 1987) DX 512 EFH B AR IZIT X R WEH S D -
Zo LU, UHFeiksFidm#h. SpH. {EpHTFEM% IcIncubate L T HERBEIRBZ 55 0nW 2
I TIicE»rDOHNTED (0liphant 1976) ( A%< L Y AEBRTHEI W AABRIGHE T, 4
HRERISCHF 2. RERISERICEBA L FTH EEIBNSE, —H. STHEESIZ. BTEE
HE» 6 OMWEAREZICLZ2EHHEATHD . BERIGITZHEEESRICEZ 2BEBHNELTS S
(HIHT - S8 1974, B9H 1976, A@ 1981) Z & 6. EEOSHEESHETOHAIE. B RIGHE
TOEGIDZVWIDEE DI, 6. HTEFREPBRNICETI3245258 . AE
BRICEIDIEBELVEET2HATHICHWSEAIE. SHHEARAIEET 008845 Bbhi,

—IRICHALBIE. V9. A X2 EOREKRLOEZRIFIEB —-BIE£2 K-> 2 RECHMXh, 20
BRI YFTIIONEREEIhTWS (BA 198, AERBRICBWTS., HBERIICHEZBZHCG
EHEOREICBITAERE L ~omOM%2FR U CHaMEZERL A5, $—HmiEEFO0
i TS%EETH - 2o X H12, netaphase I ZRTHRABIDESIZ5L.5% 1T X unp- 0, HC
G2 1005 [E Iz U % 1T - 7= Brackett et al. (1972)D72.7% & —H L o =D metaphase I
ORI EEEOUMNRICE T 2RABRBIZIOH A0 & | BHEIILIE Y 4 5 O HRIN R 23
DEDENHL(EES 1969°) e bHESLEEEbhd, 2O i, PONEATOIMIIZ AW T
BAEHETIBOTYH. WORAMEOWCEET BBENHH L ERHELT WS,

RIRL 790 % B O THEE L /2 & Z % . prometaphase [1 3 L ¢F metaphase Il %= $ SREaSH D
BRI LA L. A AFMORKE CIZE —El42 R LA, SEESRARAEIZ. prone-
taphase Il & & U'metaphase I Z# AE T £ E X D L% BETHD . GVIIRMARAEEL 254
(Thibault 1972, Motlik and Fulka 1974, Smith et al. 1978, Bae and Foote 1975%-®) & IZITH%
DHEAETH > %o
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HESLEEE & D ERERL 72 G VERRBI ORI KA. BN ICr2Db 5T 8~1IRHEZETH L INT

W% (Chang 1955, Thibault 1972) , AEBRIZE W CUEERICET 5 F TN O Rl A4 4 K
AHBHEMABELZOTETORBRFHEDOERAYP RO 6N, ZOBRIERIPETY TIZ2 ~3 K

MICHL T 2MRABRBOThPROLMAEZ L ICERT 2 EHEZON S,

K2, ChETHAER23H . RNER RO KR B XU 4 FREATEE L 250l % A4
FHLELZ S, MEEOKFMOMMINI TR TRZETH > £, ZhicH L T4 RMEAIEEL 750
Fa Bl #4715 % DR SZHE L . BHRASNAiEE ] 1C & D ZHEREM M £ L~ (Suzuki and Mastroianni 1968,
FB 5 1988), COSZHEX. TEETFEHAVWTHHNEROMNIZ AT L2560 40~70%
(Brackett et al. 1972, Mills et al. 1973, Hahn et al. 1980, Trotnow et al. 1981, Asakawa
et al. 1988) Tt~ B LR D BEWY | WM F2 RSP CZHEESSI B THAAZRHEL THL
FTLHRBEZRENE SR TWHRE WO T (Brackett and 0liphant 1975, Kubo 1977, Brackett et al.
1978, Akruk etal. 19‘79, Sato 1984, 1985) ZYUBRRMES A EPBLAGZ W,

SEOEBRTIE. BN EENTHET 3 LEIRE BRI SZHEE 4 ~ ORI 2 % (Brackett 1970,
jh7k 1972, Kubo 1977, #iF 5 1981) tWHEEASHIc. HEER SHHOBRETEE. REALE,
LLBY6. ZORETCRABEEIRO SN AZHINES.3% 129X ABHANOBITPET
LTwanwdbDeBbhz, 2hix., HCGHRIORHMOIRIN L AN 5 & RiIERILZFE%S.
25~ 14W5MIz#E = % &\ HBrackett et al.(1972) DL & —K L. UIRNIZIIEIRIC LA THIBE
BAGENR S Z EPRE XN, REHEIVORARRE L. FIEERHEIC»PD 6 TIEE A L DI pro-
metaphase I LAREICE L TH D | FilEE O HMOMBINE HRPICRALZET LEbOLEDRE,
—H. ABGHEEL 2RO RSHEBOS b 2.3% 1K T EADPRD Sz anaphase I D%
PEEXRE, CThIERZHEBPFAS0ORBTHELLIh, BARELZREZLZBDEE DR S,

FNZHEMOREZZIHRAZHEMOZRICHERTEWE TR TE D . Bl REMAEMZERT 5
BT ORERILLOEDNS, 22C. S EEOEMAM W T 2K S L0 1 i faiise
DOREKBEIT-> 25 BOBRUNOEMTIIEBRUBAOEFEPBEI N, &1 DIJTCHII9+FCS
EMIG+RSICBW TR R REENFONE, ZO7D. NRSEAWTHINERZRICH 22 XME LU
HCGEgH%18RMD 1 Mifaigi 258 L2 2 5. #EROHS (0gava et al. 1971, Kane 1972,
1974, Kane and Buckley 1977, Kane and Headon 1980, /h¥¢<%5 1987) & —3 L. XHLk & UHCGiE
SR 24RERIC IR U 22 2 MR B L O 1 MBI OB B ICE 62 WRFRERPGON L. §
Zhb . HIHRSIIZHEZOY V¥ 1 HEHIOERICEET. AAZHNE D+ ICRERICRT
BLDZZePHRINTE,
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GHHR T IC & B RNSTREII O S EIRITIE < . BRE % Al W 2354 T HHEKIID15~40 % » 3 #l %R
FI2d 2w (hsk 1972, Brackett and Oliphant 1975, Kubo 1977, Brackett et al. 1978, Akruk
et al. 1979, Sato 1984) , AEKEBICBEWTH . 10.6% LIFEFEREDOREMPIEL £I2TET .
EHIHBRITRELEZDDIEZILS T Eapo k. —F. BEFOY ¥ ¥, +5
BMTERWESGICIZI0~80% BEDOSHISINGE SRS 2 & WHE XN TH D (Suzuki and Mastroi-
anni 1968, Brackett et al. 1972, Mills et al. 1973, Hahn et al. 1980, Trotnow et al. 1981).
AR ODTRERZIERE EXBNbOEE b, KERIZBW L. ST £2HWTHHA
EH AT RO SEEAFRIENDDOTH > 205, SIEM LMo IRD 6T, HROME
MRS pRbhE, 2612, FEHORBRADREEIZOWTIE, Hahn et al. (1980) 3 & U'Trot-
now et al.(1981)2%40% Aif& & JHEIHICE AR WL T T W B0 KAERTIE KIS DI 8 ~16
MR CRERZFILL. 22 TRIIRIETIEZEODRIE(RE - Hd 1988) ERBDbhih o7,

B

HEIRHET™ ¥ ¥ SRR IR D AN L OB FIc K 2 AR EICOWTHE L E,
D ATLETERRUZHEHEFABOBEPTHIERELALZ A, HiEE3HHORET25%. 6 KH
LI TIBRBREOR ARk ISP FERI N E,
2) HCGHEHEZIREICIHMMARBRLAZEZS, WThOHBIIDRASHEZBRE L TWED.
—HOMIEAETTLTELT . IXTOMPRAETT T4 HROURNAERLEDEL LE,
3 HIHEOB LU ARHOIMII % 2 ~ 4 AR L 2B FTHAZTRHL. TH%RMHT
MlE. a2 5. HiEE O RFHOMBINIME L 22T N T REZHETH - 7245, FilkE4
IRF ] O SR 5L 10 LE 1548 (14.9 %) A HE L . BRI SRRSO R¥ B 6 h
OZE. HCGIEG#E4AKEICEIR L Z 2 s L0 1 Ml % 5 MHOBEERTEREL. K
BRLIBEAOREABE L2 2% TCH199+4FCS(80.05 L U60.0%) . M16+RS(92.98 £ U60.0%) .
M16+FCS(70.43% L U62.9%) ICBWIRHFAREPRDHNE, X612, HIG+RSIIXRE . H C GiEgt
18I M L 72 1 SRR 0081.4% % IR R LI IC REI B A2 &b . A ZHIORERLE
Hic#T2bDEEbhi,
5) HCGEHSZISHFMICEIRL 250 e H C GiER# 9 BRMIcEI L. 4 BERERiEEE L 7 59k s0
AN, BELEL A, EIMIATRES 5 E10.6%) 02 ~ 4 MBI RBEL. €055 1
E(20.09%) PR A TERR L 72 o ThICH U THIEIFE L Z 00 RSid113ME s 7 6(6.2%) 23 2 ~ 4 #ika
HRIZRBELEY, WIihd 8~ TREAFILL. KBRAERT ICEES L0 E,
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In vitro fertilization by microinjection of bovine sperm
into bovine oocytes matured in vitro

BILEKRY - HEEH - EREZ
Kenji KAMEYAMA" , Shichirou Sugawara, Junji MASAKI
HILKZEPRREEWEHE

Dept. of Amim. Sci. , Fac. of Agrec. , Tohoku Univ. , Sendai
" Embryo Transfer Lab. Zen-Nou, Tsukuba Ibaragi

[Abstract]

By microsurgery, bovine spermatozoon was injected into bovine oocytes matured in vitro,
to elucidate a role of sperm components such as acrosome, neck, middle piece and tail
playing in fertilization and subsequent development. The injected spermatozoon was
selected from the pretreated sperm as follow: 1) washed sperm 2) preincubated sperm 3)
sonicated sperm head 4) freeze-dried sperm head 5) preincubated sperm head. The sperm
successfully injected were almost decondenced and 10.5-26.4 percent of them developed
into male pronucleus in egg cytoplasm. The results indicate that bovine gametes may be
available for in vitro fertilization by microsurgery, e. g. microfertilization, in spite
of these pretreatment of sperm, and also this technique shall be useful for elucidation

the mechanism of the development in an interaction between oocytes and spermatozoa.

(#E) ;

RE T, RINZED, SIFEDOHE TR HDET T BEEBTOMAPKEROEAGDE %
HEICARADETEDRFEL LU THBEEIATHS, ULAL, HRICEIERIFIEEE L R &K
WHICH L ORIEAERLUTCNS, T2C. bURKENOS SR FErEEINFICEAL THRESE
BZENTENE, RYVOKBTHECREDZIEERLNBON, SR TFRAVNT S LHiffeh s,

NAZAR =Tl BFENTFRICEAT S EHERTKICEET S eMHBNTNE Y, BTEY
HELEICH U THARYBEELTHY,, BEELHENLZY T2 PEEEREMEFY TONA
24 — R E N CHEMERTZICHRET 5, ZORMEREH T, YU 2B FEI Y MITICEAL
T2MPE CRAELY . v ABRBEFEAVEERCHBIE TRET I EMHEETA TS
o T, BE. VX TR THEABCIYEFABOINEY,

AR, HINEA Y VIR FANL DL OB EBU B FEEAL, ZOBDREELCHOD
THRE,
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(MBS X T HE]

RSGHE DD O IRRD O DURRIIFEREL & RS RITER S O O F Bk, RAERBEOITF
&, 0.1%e 7 )vn=X—tEE&LHan’s F-12420mM HEPESICB L. B Ry 5 4 VI & U5%FCS,
0.25mMEIVE VBRF b U I, 21.58nMFLER - b V2 A& & T Han's F-12+20mM HEPES B L. BT
DEAEFBRD T4 Y Fan— 8~ HICRE UL, ZOBBBIINTEABRIERCS VRN |
BIERIE HEPESE MR RWKICB U, BRETR-oE, b, #IFL. 1 BEKOBACEETFFD
AERNTITR->E,

BE#EOY VBKE, FRA MO —BREHWE, STCOBKTCHARL ZBKIT. £HeEKE
A TEL (1,200rpm, 553FH) Wps 1 BT R->728%, ROBUE TR -k,

1. ¥+

BHE, AHEREKCEOEHRL, 3% RIE=LEDY RV (3% PVWP) 204N AEKICRiE
SRE, DK, EFHEEHAHT S EHIC 20COGTEEICS AHIANEBFEHLUE.

2. RIKERKET

BRS DS & UESNRAY O IR F ORI ZIEICH T DR T ORiIEE (Han's F-12+25%BFF +
2nM Caffeine, 1.5WKffH]) LRIBRDNE 2T R ->7=%, EHAEKCHEL T3 % PVP2SUAEA
BAKICEHESEEZ, TO%. WEETLRBC-20COBBECANEDBERLE,

3. M WS T oE

AE AT, SONIFIER (Bronson Sonic Power#t,w-185, i1 HE&S, 4~580) % FluvE., Z D4l
BICIYBTOEMEBREBEL., BAOHEEL -, BEHOE U S TEHERIZ, 2B AEKT
2EEHEUEE. 3% PP SUABRIEKICEES R E,

4. FRIESHIRRE TR ‘

BERLE 2T RO FEERE 2 %R UEE, 0.Inl o083 U, HiE%M8E (LOBCONCO%:,
75034 ) I 1 RERIANT 2, GASTEHE U 2 TR MR (4°C) [CHREL. 1EMD» S 62 ARKBL
LYDEMEMAUL, BT 0. InloEFKEMRZH&, EHIC3% PPEEUARREK 1nl%
mA. B<iIR@UCEHEAUE,

5. RiEFEE TR

HIEEE T L ERORIEE 2T o e, MEEAEETRY, 2E%EE#H 3% PIP2E04AHE
BKCHESEE,

FENBLEUT, BFEALRBROBRORIEIC K VIIZHEARONBEHIEIIFARSZED., B
FEHEBERWEZ3% PP SUABREKEINFICEALE,

FRBRIER TRARMBICI T 2EE - LT, BABTFOLERARNE, BFOHEBO» %1k
AUVESGE., 2HiIOBEENERFCBSN TR TV ECRELEYDLHELE, BB, ﬂ%
B FEBEEAULZIFTFICONWT, EAK10, 20BMBCEZL., HAENETFHME (TEH)
KKBBERTTR-E,

(KR]
A, EARTHEBOZEL
BWFAEAUVEHTORRX, R1IWCRLE, $8bb, BTORNERMTEREERZ R BEA
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DHEEL—HT B, BFRIEHUESEE., IIHREHRCEERRIGERTZEERVEEZERI LN
DT, BEFNEDEBELZEOLEIT, BFRZROERCAEN2BE 252523k 2D L
BbhiE, £, BEAOEKMICKIYETFAIBIIEICERTLHIZEAD >N DL BETFOE T
I FERIET B2 e, ZTOBOENLILEALhEadr>k, —BUIC, WFFEIEEEL @
AUEBTFREEANCIHFRICRYAEhSZEMALATH Y, EFHEESLENWEEIBH
T3, UEA>T, KERICBNT, iR ETR>EBETFIEBEICA-SESEE T E0ED
ZEAEMRROLNBRDI -2 XD, BEREDOBMBICIIBETFOESGUNEETH LI ENRRENE,
DAk, RO VSR FAEEBE FEHEAT A LK YA E TRET S Z EAERSH
o ZOHEREFORERILERL . BERLEROE FHEBOATHRMKICHEEL ., B ICRRK
BOMELREEZRE FER CORBROBIKIEERE R,

Table.2 TEM observation on morphological changes of sonicated sperm heads
injected into bovine oocytes matured in vitro.

Time after No. of Changes of sperm head - Non

injection eggs Intact Decondensation Pronucleus -detectable
10h 5 0 0 2 3
20h 10 I* 0 5 4

* This sperm head was not attached to ooplasm.

Fig.1 Eggs in pronuclear stage 20h after injection of sperm head. a) Two
pronuclei (PN) and nucleoli (NO) are visible. 1,300 b) Two pronuclei are
close. G; Golgi apparatus, INL; intranuclear lamellae X3, 300
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R T ORI EACLL EDEALA RS hv, BidERERI10.5~26.4% CH -k, —F . HFEBENE
EAERILU B> EDO (intact) &, BEOOWEEFHEAUVEX TEL RBHEANAS R,
3% PP UABMRRKENFICHEAULRBE T, 2HiKEBZEShT, BARECL S LA
b s 1 DOFMEN2,/60 (3.3%) OIFCBEShE, £, BEAOKKICE Y, BFHVEMEEC
FETHIEDNH LN, ZOLIBRBE, ZOBROETOELEILLIRbhRd ok,

Table.l ~ Morphological changes of pretreated sperm 20h after
injection into bovine oocytes matured in vitro.

Substance No. of Changes of sperm head
injected eges Intact  Decondensation  Pronucleus

washed sperm 38 6 ° 2 4(10.5%)

Preincubated 33 4 ab 24 5(15.8%)
sperm

Sonicated 53 S e 37 14(26.4%)
sperm head

Freeze—-dried 49 1- be 38 10(20.4%)
sperm head

Preincubated 47 0 ° 40 7(14.9%)
sperm head

3%PVP-saline 60 = -— -—
(control)

Different superscripts indicate statistically different subsets
(Chi-square  test, p<0.05).

B. EARTEBOEHRBIZ

BEPAIRETHRE 2 EA VLR TFORTEMBEC L 2BBHERR, R2ICRLE, KFWICER
CHUENFIRETEARBFERBEHBA OB LA, EAKIEMTY 23S EE XN, 20
BFHCE 2 B AR T R CEOE U b O W BE S h e, RISl FoMM#E clLU T, BT
BN LD, U RN RIEINF CORED | RINRBE ICENZE TR EFFICBT 3
BREERLFARTH 2. TobDL, BME, BINT AT, BIRICESE U 2/ kD )L Y %8 %
BEshre (K1),

(%]

EARTORBERBCIE, BFOLBOENCLBEZZROhRISE, 202 ik, EiER D
O—BBORBT2EEMFRICEALULESS. BTOEARORECIIBGRR BT THCE
LU, BB TE S Z LW RENE, UEFHS> T, BTFOZREEBDBREINTHNICEATSE
DICLEBRELTHY . TOROBAL - BiIERICIZBEFRL RN AR IhE, BEELEIC X
U TRMZRELTY, ¥, BRERLEZCHEREVUEEFTY, IMRE S OB FHEZTO
it, BIRERICED O DVRONEZ L. NAAR —IIFCBZXhE Uchara & Yanagimachi
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Chimerization of asynchronously

aggregated mouse embryos
Bz e - ofSEKER - LHEB|A

Yoshitaka INUI, Jutaro TAKAHASHI
and Yasuhisa YASUDA

bEyed L2t Ed E
Laboratory of Animal Breeding, Faculty of Agriculture, Iwate University

Summary

The regulative capacity of mouse embryos aggregated different
stages and their developmental potential in the postimplantation
have been examined.

Seventy-eight percent of asynchronously aggregated embryos
between 4-cell and 8-cell stage developed into integrated
blastocysts. However, aggregation between 4-cell and 16-cell
stage embryos was not occurred.

Two adult mice have been obtained from asynchronously
aggregated embryos by embryo transfer to normal pregnant hosts.
One showed chimeric features, but the other was apparently
derived from the one of the pair of asynchronously aggregated
embryos.

These results suggest that early mouse embryos tend to keep
their own time-chronological development regardless of
aggregation and that younger embryo in asynchronously aggregated
embryos can incorporate into inner cell mass of integrated

blastocyst.
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# =
T2 AEE VT . EAFATIE. BBVIX AT R NS 2B A —B
CiE. SHBMOBEAEGANZ Y, Ziud. SHRLREOSIRORTLH S EEE
245 2iz? | SRBOBREIEAT 5 —H T, ZhASHERES LR SRR TH
BAAVEBES ¢ YA (Foy THE)D ZEDMBSRTOLS Ehb . RANE
BRICASICRI2P5THS, 2L T, MOROREBSHARFTHIUL. ~Hs0k
T BBSRIMAPESE L < 20 | HeA IR IO AR B RO SR E T CHIR 1 2 R
EHFE<LBY, Ll REBHIERFTH 2 HEIC. 20RECLY) . SEON
BHPANDOFEESRALLDOL S HE V. KOS Z0LONHESND T &
HE L BIE. AT, WM RS OB B E LT, 4 MBS S
RBEIE: %4 (AMIR- SHIB) 23, S blc. ZOBERBRORAERE FXL 20
BHEERAL, |

KEMEIB X UERF %

1. Fo%ks '

KB, YHIRET/70-XFRaaZ -k LCHAEMLTWS ., ICREBX
U, CSTBL /6 A7 AREHLL, FHXE %V, XEMAHZ 1HELLT. X
B 2 H H 2005 LIRE(C 4 MR Z g0 X D EIX L . 37°C. #8)E 100%. 5% CO2 95%
ZRBASHT. 0.3%BBSAFTMI NNy aZ8E{ — 7 E% AWCESEL,,

FHD200 LIRS | FROBMEICL ) 4 MBI Z EIRL . §iHD 5 02485 RE#IC
Lo TH/ON8~16MRBINR Y = L2, BHERER. HPTEERZAVWTESL .
%L AROZRITIHEL, |

FFRFADESI . AM- 8. 4Mf—168f. SHlf—168D3BEELL
oo i AMile 4. SHifao 8HIM. 16MIf 168D 3B E AL L, 155
128k, ICRICR. %W, ICR<CSBL /6 DEAHE N FEME
TTBELL.,

2. RoBHE

B, BR36~48RHH%RD 4 Ml M. S8Hifi- SHIMNBEEAKIZOVTIT»
2, BRI, HEWIIAHER3~A4HHNDICR, $/2ik. CS5TBL /6 DK BITEH
2. EEEROBHEIL 1~ 2. BEROBEZA~6cHMOEEREZBHEL .,
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3. GP I (glucose phosphate isomerase)DE=FY > 7
Peterson HOFED KT . M EFHL/HME. H5 W3, EFFIRE DS EL
MoOME: 57y 7y FNVERKICHELL,

#® R

1. RokE

4o SMBITIX. Z018% (39/50)7 . S 168TIE. ZD33% (3/9)%.
Zhzh ., FECRsEtE . BHHISEREGICHESBRANLRELL, Ll 4416
Mg I3 EARPE S -7z (0/16) (Table 1),

—F . FRBEOESIERAORAEIZ . A#B< 4 RTIZ85% (11/13). S#ik—
SHIBTIZ95% (44/16) . 16811 168IRTIE69% (25/36) & %2 0 . HiamMADRAE
BERNIE . 2R ER. 60, 36, 20B5RITH -7 (Table 2),

B, Ao SHIBOESBREY Fig1, a-f 2. EARSFE LRG>z 4l
16IBIZ OV TIE . 2OBRE Fig.2, ac GRLE,

2. RoBHE. GP I

Al (C5TBL,6) «8# (I CR) n&EARZ EXERIKRAHENCHIBL. /6
2. %7, A8 (ICR) «8# (CS5/BL./6) nEARZEFRAKRIHED
ICRICBHETAZEICLY . BEZT2HADRET 7 AFHLNATWS,
FiEIHTHY . B RhEBPLXIATTHSEHESNS (Fig.3). GPIIZAB
RChot>, e, ABEIZYHHEEN I CREATTRZEZEIHHEINT VWS,
%EIZETHY . B, hERIICSIBL 654 7THY. T/, GPILBETH

o ¥ Sl

Table 1. Development of asynchronously
aggregated embryos.

Type of No. of No. of

aggregated aggregated integrated

embryos embryos blastocysts(%)
4-cell<> 8-cell 50 39 (78)
4-cell<>16-cell 16 0 (0)

8-cell«<>16-cell 9 3 (33)
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Table 2. Development of synchronously
aggregated embryos.

Type of No. of No. of

aggregated aggregated integrated

embryos embryos blastocysts(%)
4-cell«> 4-cell 13 11 (85)
8-cell<> 8-cell 46 44 (95)
16-cell«>16-cell 36 25 (69)

Fig.1
Culture of asynchronously aggregated embryos (4-cell<>8-cell).

a,Start of culture b,After 12hr c,After 24hr
d,After 36hr e,After 48hr f,After 60hr

Fig.2
Culture of 4-cell<>16-cell. Aggregation did not occur due to
formation of tight junction of older embryo.

a,Start of culture b,After 12hr c,After 24hr
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> Sale chimeric mouse that was derived from 4-cell(C5TBL/6)<
8-cell(ICR) asynchronus aggregation.The left eye was pigmented,
the right one was slightly pigmented.

5 %

EABORAEBREIC. BLZ125B0EDH 5 4 Mo SHROIERAL AR, LR
FERBAE LR . UEBOEN D 5 4 i< 168D SidF o N7,

4 SHiMOIERFLESIRIL . £ 125:/M%(C Sl 168\ FBAEL (Fig.1-
b). 24B5REICIZ. R LB OBEARERE LY (Fig.1-c). 6BREICIZ. BZHS
RAEDEAH (£EBOSHM) L HERESBREINA (Fig.1-d), ZOtk. 4Hifh
skoMBAD—E % SMAIC T L 72 RETHAIERASBR S (Fig.1-e,f).

4168 T £ 41 285 55 ) BLRE T 1 GRS ST IR AR BN & FeE L . SMBIod A
B EEEHBA L SMELT L E » 7B PMFEI N (Fig.2-a,b,c), Zh
LD LS. REDBRLZEHTOESIIIBRYH D . TR EHDMRHPARERR LT
WARAEBBZRbLADVLESEED L I EPREINTCY .

Ao SHMOFERFALAMDOBHEICL ) . 2BDRKC T ABHFLNA. 1HIZ
XAG9A47THY. I 1PIICHIBL,/ 6847 Th»72. ZRETHGP 1IZOW
THEZY Y Y 7ERNPS . CHIBL,/6RTIANPINTBETH) . BHEIZLVESL
N7 CSIBL,/6 %A T7LBETH-7-2 b, COHAIIE. 48 (ICR) »F
EARBBMoONSHBRICES Lol e pEZ LN, Doz s SHIEH
BREA L7 4 MBI . A ERRICE T2 NEHRRICES 35 2 LB TEETIEH
0. FNBABERLLDTH S I EFRBEINT,
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SR FFRIHESHROBEAZHEOT L L LI, AALEEROBEEZ KA. Lkmst
EAOLENHLLEDNS,

FuFL . BRO2EE SR AP AR A BRI S . —BHIK (C) TBRICBITIHET
HNBEROMBEZRHZICET 8% (REES 62560256 ) 0—HTHhs I L 2307
%,

X ®

1) Mulnard,J.G.(1971) Manipulation of cleaving mammalian embryos
with special reference to a time-lapse cinematographic analysis

of centrifuged and fused mouse eggs. Adv.Biosci.6:255-274.

2) Kimber,S.J. ,M.A.H.Surani and S.C.Barton(1982) Interactions of
blastomeres suggest changes in cell surface adhesiveness during
the formation of inner cell mass and trophectoderm in the preim-

plantation mouse embryo. J.Embryol.exp.Morph.70:133-152.

3) Goodall,H.and M.H.Johnson.(1982) Use of carboxyfluorescein di-
acetate to study formation of permeable channels between mouse

blastomeres. Nature,Lond.295:524-526.

4) Burgoyne,P.S.and T.Ducibella(1977) Changes in the properties of
the developing trophoblast of preimplantation mouse embryos as

revealed by aggregation studies. J.Embryol.exp.Morph.40:143-157.

5) Peterson,A.C.,P.M.Frair and G.G.Wong(1978) A technique for detec-
tion and relative quantitative analysis of glucosephosphate
isomerase isozymes from nanogram tissue samples. Biochem.Genet.

16:681-690

—118—



RELIRETSE
(J.Mamm.Ova Res.)

Vol .6 No.2 119~125 : . . .
1888 Incidence of Chromosomal Aberrations and Primary Sex Ratio

in First-Cleavage Mouse Eggs

Midori Yoshizawa, Masaru Takada and Takashi Muramatsu
Department of Animal Breeding and Reproduction, Faculity of Agriculture
Utsunomiya University

350 Mine-machi, Utsunomiya 321, Japan

Abstrvct

Chromosome preparations were made from first-cleavage mouse eggs obtained
from ICR mice superovulated and mated with the same strain of males. All
preparations were stained by the C-band method. Successful chromosomal
analysis was made in 96.6 % of the eggs in mitosis. The incidence of
chromosomal aberrations were 0.5 % triploidy, 0.2 % tetraploidy, 0.9 %
haploidy, 0.9 % hyperdiploidy, and 0.5 % structural aberrations. Chromosomal
sexing was achieved in 93.8 % of normal diploid and hyperdiploid eggs. The
combined primary sex ratio at pre-syngamy and syngamy stages was 45.2 % males,

but with no significant deviation from equality.

Introduction

Chromosomal analysis of mouse embryos at the first cleavage mitosis has
been conducted by several workers with the aim to evaluate the incidence of
chromosomal aberrations and the sex ratio at this crucial stage in embryonic
development ( Donahue, 1972; Kaufman, 1973; Luthardt, 1976; Maudlin &
Fraser, 1977; 1978; Fraser & Maudlin, 1979; Katoh & Tanaka, 1980; Yoshizawa
et al., 1985; Santalo et al., 1986) . The work, however, has been frequently
handicapped by a limited proportion of countable preparations. To improve this
fault, we developed a simple method which consists of two-step fixation and
retarded air-drying under heavy moisture to obtain many chromosome
preparations with high quality. This paper deals with the results of
chromosome analysis with preparations made by this method from first-cleavage

mouse eggs superovulated and fertilized in vivo.

Materials and Methods
Virgin female ICR mice ( 2 - 3 months of age) maintained in a 14-hr-
light ( 05:00 - 19:00 ) and 10-hr-dark cycle were induced to superovulate by
an i.p. injection of 5 i.u. PMSG followed by 5 i.u. hCG 48 hr later. After
mating with fertile ICR males, females having vaginal plugs, a proof of
successful mating, were killed at 27 hr after the hCG injection. Eggs were

recovered by flushing the excised oviducts, and then incubated in Whitten's
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medium containing 0.1 wg/ml colcemid for 5 hr. Eggs were briefly rinsed in 1
% sodium citrate solution, and placed in a culture well containing 0.4 ml of
the same hypotonic solution for 15 min. A preliminary mild fixation was made by
injecting 0.01~0.02 ml of a mixture of methanol and acetic acid (3 : 1).
Each egg was placed on a slide glasse, and then fixed on the glass by
dropping several drops of the fixative. Chromosome preparations were made under
heavily moisuturized conditions to secure good spreading chromosomes.
Immediately after drying, eggs were examined microscopically for the degree
of chromosome spreading. Cytoplasmic remnants, if present, were cleaned by
supplemental dropping of the fixative. Slides were stained by the C-band
method described in our previous report ( Yoshizawa et al. 1985 ). The data

obtained were analysed by the chi-square test.

Results

All but degenarated and fragmented eggs were prepared for chromosome
analysis. Fertilization was determined by the presence of two or more mitotic
genomes or pronuclei. Out of 538 prepared eggs, 499 (92.8 %) were fertilized
( Table 1 ). Of these, 443 (88.8 %) were in mitosis and the remainning were
at pronuclear stage. The majority (68.4 %) of the eggs in mitosis were at
prometaphase ( pre-syngamy ) stage and the rest ( 31.6 % ) were at syngamy
stage. Among unfertilized eggs, there were 4 eggs with only one genome ( n=20
). Their chromosomes resembled in shape those at first-cleavage mitosis.
Incidences of chromosomal aberrations in first-cleavage mouse eggs were shown
in Table 2 . Out of 447 eggs with metaphase figures, 432 (96.6 %) eggs showed
analysable chromosomes. Of these, 414 (95.8 %) were normal diploid.
Hyperdiploidy and hypodiploidy were observed in 4 eggs (0.9 %) and 7 eggs (1.6
%), respectivelly. There were also 2 triploid eggs (0.5 %) and one tetraploid
egg ( 0.2 % ). Chromosomes with chromosomal breakage were observed only in 2
eggs ( 0.5 % ).

Chromosomal sexing was made with 418 eggs including the normal diploid
and hyperdiploid eggs. Those eggs with the Y chromosome, which had no C-band,
were determined to be males. Successful sexing was accomplished in 392 eggs
with a sexing rate of 93.8 %. The primary sex ratio was 45.2 % ( 177 males
and 215 females ), but with no significant deviation from equality (Table 3 ).
The primary sex ratio was classified into two groups according to the stage of
pre-syngamy and syngamy, but there was no significant difference between them
( Table 4 ). Sex chromosome combinations in the two triploid eggs were XXX and
XXY, respectively. We could not determine, however, the origin of triploidy

because we had no reliable markers to distinguish paternal and maternal genomes.
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Table 1.Fertilization rate and incidence of mitosis in l-cell stage mouse eggs

No. of eggs prepared 538
fertilized 499 (92.8%)
at pronuclear stage 56 (11.2%)
in mitosis 443 (88.8%)
pre-syngamy 303 (68.4%)
syngamy 140(31.6%)
unfertilized 39
in mitosis® 4(10.3%)

* Only a haploid set of chromosomes was seen.

Table 2. Incidence of chromosomal aberrations in first-cleavage mouse eggs

No. of egs prepared 538
in mitosis 447-(83.1%)
with countable chromosomes 432(96.6%)
- 2n 414 (95.8%)
2n+1 4( 0.9%)
2n-1 7( 1.6%)
3n 2( 0.5%)
4n 1( 0.2%)
n 4(0.9%)
with structural aberrations 2(0.5%)

Table 3. Sexing rate and sex ratio in diploid mouse eggs at the

first cleavage division

No. of eggs with 2n or 2n + 1 418
sexed 392(93.8%)
males 177 (45. 2%)

females 215
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Table 4. Sex ratios classified by the stages of first-cleavage mitosis in

diploid mouse eggs

No. of Sex ratio

Stage of mitosis Males Females Total (% males )
Pre-syngamy* 117 143 260 45.0%
Syngamy 60 72 130 45.5%
Total 177 215 392 45.2%

* Two genomes were seen to be separated.

Fig. 1. A hyperdiploid mouse egg at the first cleavage mitosis. A right
group has a chromosome complement of n+l. Because of the absence of the Y
chromosome, this egg was judged to be female. C-band stainning was performed

after air-drying.

Fig. 2. A normal diploid mouse egg at the first cleavage mitosis. Because of
the presence of the Y, a small chromosome with no C-band ( arrow ), this egg

was judged to be male. C-band stainnig was performed after air-drying.
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Discussion

A considerable low level of triploidy is to be noted in the present
study with first-cleavage mouse eggs superovulated and fertilized in vivo.
Comparable studies have reported the incidences of triploidy to be 1.2 %
(Donahue 1972), 4.1 % (Kaufman 1973), and 3.2 % (Luthardt 1976). Maudlin &
Fraser (1977), who examined the effect of PMSG dose on the incidence of
chromosomal anomalies, showed that the incidence of triploidy in in-vivo
fertilization was 4.9 % in a dose of 1.5 i.u. and 0.6 % in a dose of 7.5 i.u.
Takagi & Sasaki (1976) reported that the incidence of digynic triploidy
increased in superovulated mouse eggs, and Chang (1977) described that
digynic triploidy after superovulation may be closely related to the aging of
egg, during the time of ovulation more spread out in superovulation than in
spontanous ovulation. More recently, Santalo et al. (1986) obtained a high
incidence of 10.1 % in superovulated eggs from immature mice. The incidence
(0.5 %) of triploidy in the present study is lower even when compared with an
incidence of 1.4 % in eggs ovulated spontanously (Katoh & Tanaka 1980). Thus,
we consider that superovulation induced by PMSG and hCG administration does
not always increase the incidence of triploidy.

Donahue (1972) considered that most of the hypodiploidy he observed in
first-cleavage mouse eggs were probably induced by artifactual loss of
chromosomes during fixation and spreading. Great care was taken, as did by
Maudlin & Fraser (1977), in our designation of hypodiploidy to exclude
"uncertain” hypodiploids. The incidence of aneuploidy in the present study
was 1.6 % for hypodiploidy and 0.9 % for hyperdiploidy. These values
correspond to the reported .incidence of aneuploidy, 0.6 to 2.5 % for
hypodiploidy ( Fraser & Maudlin,1979; Katoh & Tanaka, 1980 ; and Glenister et
al.,1987) and 0.3 to 0.9 % for hyperdiploidy (Katoh & Tanaka, 1980; Kaufman,
1973; Fraser & Maudlin, 1979; Glenister et al., 1987), although an incidence
of hypodiploidy as high as 8.3 % has been reported by Kaufman (1973).

The incidence of eggs with structural aberrations of chromosomes, such
as gaps, breaks, acentric fragments, and ring chromosomes, was reported to be
2.2 % by Katoh & Tanaka (1980) and 1.8 % by Santalo te al. (1986). As compared
with these values, 0.5 % in the present study was lower and the structural
aberration observed in this study was restricted to chromosomal breakages.

Kaufman (1973) sexed first-cleavage mouse eggs by the method of Stich &
Hsu (1960), with a primary sex ratio of 50.4 % . Luthardt (1976), using
G-band staining method with trypsin, reported the primary sex to be 51.4 %.
Santalo et al. (1986) sexed first-cleavage mouse eggs using C-staining
method, and reported the primary sex ratio to be 51 %. As compared with these

values, we have reported lower primary sex ratio. Yoshizawa et al. (1985),
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demonstrating the usefulness of C-band staining in sexing mouse embryos,
showed that the combined primary sex ratio at pre-syngamy and syngamy was
43.5 %, with a significant bias toward female at syngamy. The primary sex
ratio in the present study was 45.2 %, which is comparable to the sex ratio

at pre-syngamy reported in our previous paper (Yoshizawa et al., 1985).

We thank Dr. Masaki, Professor of Tohoku University, for his interest and

criticism of this manuscript for publication.
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{Summary>

This study was undertaken to discover any influences of hyperestrogenism on implantation
of mouse embryos in vivo and in vitro.

I . In Vivo Implantation Experiment:

Mouse oocytes were collected from superovulated Crj-CD1(ICR) females. In vitro fertiliza-
tion was performed acccrding to the method of Toyoda et.al. Pronuclear stage eggs were
transferred to m-WM medium added 100 yM EDTA six hours after insemination. Blastocysts
developed after ninety-six hours of culture, were transferred into uterine horn of recipi-
ents on Day4 of pseudopregnancy which mated with BDF, sterilized male mice by a modified
McLaren’s technique. Each amounts (0,0.1,1, 10, 100pg /mouse) of estradiol-178 were injected
subcutaneously to recipient mice during Dayl to Day5 (Groupl )or on Day4 and 5 (Groupll )
of pseudopregnancy. On the other hand, 1 or 5mg of progesterone was injected simultaneously
with E, injection to determine the effect of luteal support on implantation.

The recipients were killed on Day 9 of pseudopregnancy by cervical dislocation. The pro-
portion of implantation sites and live embryos were examined in bilateral uterine horn.

Il .In Vitro Implantaticn Experiment:

Uteri were removed frcm mice at Dy of pseudopregnancy. The monolayer cells were made by
the digestion of uterire epithelium with a trypsin-EDTA-DNase solution according to the
technique of Salomon et. al. The uterine cells were seeded with a concentration of 68X 10°
cellssdish in a 35mm culture dish (Falcon 3001) containing BME+AA medium (Spindle, A.I.,et.

al.), and were allowed to settle and attach to the dish for 24 hours. Five blastocysts

-9 26—



WHFLIIWIEE (J. Mamm. Ova Res.) 56 % #22 19894108

fertilized in vitro werc transferred directly onto the monolayer cells. Hormonal treatment
was performed from the day 1 of co-culture with addition of E; or E, & P in the medium.
Attachment, TbOG and two layered ICM were scored by counting under a dissecting microscope.
Results; In Groupl , 1y or more of E, treatment had affect on implantation in vivo. In
Groupll , 10y or more of E, had affect on implantation. However, the injection of 1 or 5
mg of progesterone with E; overcame the influences. Addition of E, or E, and P had no
affect on attachment, ThOG and two-layered ICM up to a concentration of 10ng/ml E,. 102
ng/ml or more of E, had influence on the number of two-layered ICM, and 10°ng/ml or more

of E; had affect on TbO(i. However, progesterone had no influence on these phenomena.

<K E>

SE. e MESZHE-BBHE (IVFEDK BT AMELEOV L2 LT, EREOEXHHITHN S,
COBMELT. XEWFORGHRE., $LMRABBCIABTA MDY VEELHEE O HEEH
REEs 4T 7o A7 oy ELEAHL. ERNABOAENELEMEET 2 LvbhTVS,
DEDP/ELOMNEFAEERO LA 23 ELTELT. FAR-F AP 5L II2KERESE
(luteal support) % 17 HAEHEA—BICTDATWVWSE, LAL. o Tv—-STCRECRELOEHHE
FRDRhoELTEARE DD B,

B4, SHCOFEERMRTA2EDIL. TVRAOEIAMOF VEBEEREFVEHBL. BE
AHRCERELEEBEDEADNIEIDERHLE.

<AH&E>

1. kA EMDin vivo BERER ;
BRUE 2 Crj:CD-1(ICR)Y D A4~6 HE % AT EK (08:00-20: 0084 ) FTHEL. 8~10 AT
PMS (BobobEy) 2.510 8&KUNCG (FF boty) 510 %48 BRI CHBAAE L TR
WBEHIHBo7. bCG k16 BB ICHMERAC TER. UM FEALVYHHHL. WY
MR, BHMEERERED AT 70 VAL, RUMTHERABENYBEKE- T, HEMK
BILBEFLERFHREBRL., EFPMCHHBNS 74 FTYH B (Toyoda et al 19T H 2B L
o
BErAE :  RBEMCEHLOAEBY KU 12 HROICREYIALER. HELUESHFL B
RU. RN 74 Y FIVIRBLBESE, RERBERBLBRI AL I~2 HlOWERET-
. BERTH. BB EBEERE TRE D 150cells/n R A& MFREEBCEELE.
ZHBFOHEE: KSR, s RHCTEAFHE T AR ENERIIL. 6Ewhitten EH (m-wM)
+ 100 uM EDTAKK B L THF R M Lz, D ICEKRoe BRAEREL REMCELER 2B ICH
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LE.

BiibXUZAM : TAMILICR # 8~ 10HE)ICBIF, BHLERBELRREIE. IVF ZROIY 1k
BRESERADELO2BEEFRDayl D)L L., MERICE L =M % Bronson et al®) () /i Ic #
UCTHERED.ZBAEER Y RNV ES —usong/kg (RY 78 - V)BT EBYHEL., GHFEA
KE410 T oI 0ERY NTCHBHELE.

ANVEVRA  ERL: ELAEIALED X YDETOFAI0:00 ICHHAZNFHO0.1,1,10,1008 /7
DADIAMIVF -V 1T 2R THELEBEBIH,. -, BREEDLSIUICELEFLEIRL
FAEOEETEY UEHLBI#LLE E8He: 1. IHLHERLAUMAEAICE10g+P 1ng %
RIBETFAELEKXS K FE100g+P smg s ARETHELEXKEERHLE, ChiICkVP OBARE
DHRERHLE.

BHBEORE : BH®k. BAGEDCXABEERL. ARECHK (£) . BRKE. EXRE (£) %
W FECTHELE.

LEENEEEE S : : ICR RAEED.MOGWN FEA LML L. PBS PTHIM
mﬁﬂ?ibf FaEfikos%x MY Sy (typell,Signa)+2.5% NV I U7 F v ECa Mg(-)NY Y
AEEBBEPIC4C, 2 HHBELE. T0&. BRICT. 25130 H~1 BEBRERTEES
ﬁﬁPB§ BicBLE. EABEMETIC. MELYVESEL-DDHINBELEMBE:2BBRRLE. 28
LENE LRI, 0.05% F1J 7 ¥ +0.02% EDTA+ 200units DNase % # & U 7= Ca, Mg(-)PBS ¥
AhF2oml FEI7IFAIRTC, s SHERABESEE. 0K, 105 BEICHFCS &ML T,
BREALED. HABEHE 100eX3 SHBA L LEEBMELAM K F Yy I-VTFFART VA
B UJ=FCS10% % N L =% (Spindle et aDTHBEZHETH S MM %L 7 4 V& ~ (F-100-B) i
B, BEALE. 288K LSl E vwh235m EE AT 4 v ¥ a2 (Faleond001)|2 6X 10°cells
TOWMAAA, 6 BEKICEMRH, 24 BEKR Cconfluent ZHBEREBEMRMAEHHL .
BAZHEBOMBE & Bco-culture: K% 6B THiBMICE L 23K 50 % 100 uM EDTAZ il n-WM
WKBL, Ehicoe BEEELTRBHCELEREAVWE.CASORKEI.5~6 3 O confluent
RFENBLEMBERERROT A v VanBHLE.

ANVEVRH  EHEMI. co-culture HE HIC L, 10, 107, 10°, 10*ng/ml WE L RALIIK T AR
SUX-NV-1TB%TH ) - VBRLT., ThEhEMpics HMEBBRMUE. ££. fERFIL L
T. E.HEMELABICL, Sig/mld 7045 AF 0OV (Be -methyl-17e¢ acetoxyprogesterone) ¥ [ B |2
Hs HE&MUE. 2 ho - LTANEVEBELRAROZ Y ) - VBN HELE,

in vitro CEH A ERANBOMREEORS : EXRALHBBEBRHO I L  EBAHKCNY F VT,
B % (attachment). 3 3 3f ¥ 1 @ # JB (trophoblast outgrowth, TbOG), 2 J§ t & & (two-layered ICM)
ANLBEEHET B, invitro EREFNELLTZADLOERERB LTI A MDY v ¥
ATOVORBERENSAZHBLOVWTHELE. T 2bb. BMESIUP RECHT 2% &
H¥E, ¥TooG £, % 2 FHEBEL OMBEERFL £,
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<HEE>

1. InVivo ERKENTBHR; EHFEMOIY bo-vEOEEEE. 100%56/5) . RBEKES2 §
KT 2RERER4 . HRESSX Thok. $£. | HEDEVOEYERERIT6.88TH -
Fo ZTHKHMULT., BIBTHRELI~LOgE THERTHER. ERE. THEKERE ©0. 1gK
75%, 53%6.7 f.1.0ig K 60% 26% 4.0 iTHY. IV ho - VB LEBLTEFLE. .10~ 10
OBETHXTREAB T Eh4E, SIHLT42, SIHOBEBHULEN. EREAD Do k.

BIBTHIY PO - VK0 B FAR L THERE. BHEE. THEKKL £ 100% 0% 6. 4

fi. 100%65% 6.8 L HEERAD Lok, LAL., 1.o~10 i FHEK TR E 4 75% 51% 7.0
fil & s0% 11% 2.5 HTCETHEAERLE. £, 100 FHERTIRS BOREBIHL T Ho
BEBHEULESN. ERBREETH-FE. COREAPRBIAMOF VEBELIARBEROE FIcH
LT oS A7 0y ORBREMEAEASSEDEI A ERFLE. I RO 10 EFAERICHL
TP gk ARBETFELESACRERE., EKE. THEKRKITR ©50%36% 6.5 . F 7 E, 1005
BREKXICP Smgk RIRFKE FELESAICIE40% 29% 6.0 {2 EMMBERTHEREN Tho 1
DEHULTP OERBFEDRABDOONE, T, BIHTHE+P=10g+ 1ng EFAHEXKS & VE +
P=100pg +5mg F FAX TH 4 EHEE. BHE. FHERBHE L 60% 44% 6.7 f§. 50% 33% 6.5
CEEMBERLEBUTHKILP OBERUEDEIZDDOLE,
2. InVitro FRKHTEHR: FEI BRIV b -VBKBT A TEANBEERMEBRERC
BRELROBH2 HHOBTH 2. XXFEMMUOMBBREIEZD ATV RN, BE2 0L}, B
EBROBBILET 52 BHEFELDOL ARKEFMBOMBIL LT, ABHOFEABLEEME
REHXhIcMOEbYichalok BHELTWAR L ZATH 3.

EEFEMOIY PO-VEKET2RBOFENBEEHREBERR N T 285 %13 65%(13/
20), TbOG 80%(12/20),2 J& 1t ICM 55%(11/20)TH o . Zh I U TEHME « 1.0~ 10*ng/ml KT
DHREEERZRMEL DIV PO - VEEEBLTHEESZD b o . Th0G I E, 1.0~ 102ng
ml KETHBEELBO Lo EH10°ng/ml FMEN L CRETEALEDE. £, 2 F# IcnT
1.0~10ngml FMECEEELZD R EORHM LT, 10 ng/mIBEMEL ETCHRP Y ETER™
YEDE.
<ZE>

ERNIVF-ET KEWTRHEILKUELT, EREVEVFRR I EABROBETHS. FHELL
THBLKXERFOREHERFEILL2b0. TR EHASOME. £, 2 ICIVF-ET FOER
KEIRFRBEL FENBRLOX Yy TREDR-FEABMAHBOME. 2LTE3 oMELEL L
T. BIAMOYF VYEBETLBYIERLL2OMETH 3.

BLBHOKAZHEBFORCERFOMBETIRE D XA ZE - EREE L4 BHELT. 2
hENDEFUH TR ET2RHBORCR BT 2 HKRALBRBGCORI7ZEHELTVWE, 2
MNEEKB LN REBBETCOBAFRELH CTHSCERAI 7 EBR 50V, SRBOEBER
TREGAERRTHEERLESA. SCERAI70LEYED. AL ROBLET2IHRO S
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TREN DL LEEHLTVWS. £k, Roslynet al”’ b FIVF-ET LB 2R BMOREHR
HROREBEIN20% BETHAILHRELTHY FREY M LS E LD ICRENERE D quality
control ¥ K AHIKEWTHLLEND B,

B2 OMBERIRAXHERBOREELEFBRBFL FENBLOMMOAVESERBZTED
WhHw 3 inplantation window * DAHBE AL CLA2METHS. KA ZKEEROREEREE F %
B, YOAY, FLVEOMOBABETHEESAT WS, COBRICHULTFERNBEOHEAD 5
BERFATAZLADETHS. REVRIIVAORBA-BE LI 2BHERTEF VEAEEL, &
BAZEBRRMILOBHEERY TSR RIA—@EEBHETIAHMAE RFFOMEBAL L.
MEADFENBYBBERFAELETALEADL., COLDFENEIBHEK L BRLB 30
HERBLTVWS., LAL. RBKRBEOBE#EMLES A, I b5 inplantation window ¥ ¥ ()
BEASTAHRENDI2ODPEANTHE., ZOED., EETHREIZHEFOREBEAVWIFET
FAEEEIHEIRONAPEREDORM 2R EEXZEDL ATV RN,

B OMBEER IVF-ETAARAM CER A TWEEHICRMEC R D EETHE. LAL.
BRRE AR ANF U UEBREDIVF-ET BICEWTRSHMBRAYENLT AU L BT AR
OF VKEBYERBT AL 3EREV., CORIAMDYF VEETRLE P/ELOETPLH H#HE
DHEEAXBOERCHEHCHBLOTHRRVALVWIBERNE K VREONTH S, 19111 D%
KADHOBIAPMOF VEENFEREOBE 'V LREENUERELERZEERETOT
HAID. EBM EPIVFEI CBVWTRIAMOF VERBILLAHELOETL. 2hicHLTP %
ERDCGL &2 RABARLLIVEBELOHBNIADLAT VA, LML, ZOHELRHEK
Diamond et al'’ WH I ARDOAN Y (E222,000pg/mDBELET A RO X VB L OBKYEEREOILE
KBWTHEBZER2<E. $EZOETAPOY VBICH T AP iIARELET-TH. HEEKE
BEURI-ELBELTHS., ChHoDHRTARRERFIOIILEHBLUTHARSEOE
BEfior.

in vitro EKEBROKE RIS T 2. BHEEDLIVEENKCETA MDY VRBLE M ES
BUWBEIU LT ERMEARBETVWAN. XA O:~DDAOEZ A VIKE
TR1I0ULOERETHVWLZ2MERBD SR Mo k. Humphrey (1966) 41 & h if 55 B 5§ IR
ZABIANLUTBHEBOERTEREEBRT 2D ICIEE0.0250g %D Dsic, FERD~DsE T
E20.008ig ¥ E FAHThUEA S THALBELTVS. ZOKEEMSEA M SHEOERS R AN
THY. BIAPODYFURETHIL WA S, BROTAMOS VRBEBREODOKBHEAL. B
EEEROERHMBEORBPERFEMBRI ANy F U TR RETEZLWDATWE., LAL. #
FARzAboX YiEFimn1966)' D K XA ETFENBROARKE. TR 5REBE@MEBBL. FK
Y MET 5.Gidley-Bairdh 'S (1988) AR R B K2 HED Y VAL T EOERMBLE+P &
BEUBUEKR. 01w TRavbo- Vil (EEAM RS, PHERMLLARERR D
SN, RIgAHBTREEEX Y bo - VBLERLT12.5% PHERBER S 22% KK L E
EHRELTWVWS., COXILETIAMOYN VRETTCERLARPREIOBITADOAKBLT. B
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PEPMECEVWTHARTHY ., BAEEHROBNTHENABZ2DAT VS, SEHOK L N o
DABRZERBHEICE T S in vivo HERK R b Gidley-Baird SO ERER L IEFRACEEFE S
h, KAZEMEBRLEBAID. RABYETA DS Y RBLETESKBEARET 2 L
DMYEENhEZ. LHAL, ZOBTAMOF VEBEKLBTLEKMELP LORABREICIYVIARD
FUOMEDRIBAESAD LA HHELE. COXBREREISTIE. BBHBEEEARE L
AITLAUBREOMNECEMT B LREDHYBEZLTHS, EEL, L hETIATHEK
BELENDY, TOATRUFER - EY LERBREABDOAR VI LABP OBEADEN
KHERLTWAREEAZADHL S,

invitro CEWARIAPOF URETOERERBSHOE OHEDHCRYEB RV, in
vitro KEF2RBOBE. TobbBE. RFEFMROME. BEBEL YL in vivo DE KD §
RFHROFENBRBBL LT L7 F 0T R0 EALVEDH S N, Guatkins' i & hifF
—HEALLTVS. SEHOBEL Din vitro DERERTCRETANOF VEBBBOEKIC R A
DHRHEA BN EN, 10°ng/ml UETHBROHEAHE X h, 10°ng/ml B kO E, # & T TboG
BREZILE. COKRDME. BIAMDY VRERERDHBECHIROFTENBADES I
REBEREIRVA, BEROXEFMBONML. TERNESAOREYMET 2, 3. BERY
ARLHET A LWL THER EBEROEBETE5ERILTVWAZLEAEXDNE, LALLM
H. 10°~10°ng/ml LEDFEBREIRBIIALTHIR YV MUSRH LSRRI I L EA00. 2 h
BREFHBPBREOHMEIMELTVWATESOTETCER Y., ZOLEEZRICVWAAIE. Zh il
TOBETHin vitro ERPEEFME. RENMCCRARASEBERESLVILAHLITH
A6, invivo LBWARIAMOY VEROEKRKMEYRRI A MO SF VORENEB K- F
BENEHEEAHETZ20TRARL. HBEICS T 2RO EHE (transport) I T 2 BBXFERNTOR
0 3 i (aposition) PR L Y (spacing) R X D FEHOBMEMREHHIH L TELEEXZ 2 L K
Exoh, HENCHEOERMENEREQATHENRBRELE.
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X1

In vivo lRRE

Recipient Egg Donor Sperm Donor
I&(xca)xﬁﬁfi&&) ICR #E(8-10w) ICRtiI(lzw)
l BDF, |
PMS 2.51U BEHR
i iREE | " | 5
| HCG | 51U t(ﬁ-lﬁigg
" TYH
E. BTk PHERRT |
1.D:-Ds (TYH i) HH(150/12)
0,0.1,1, 10, 100 g mul&ms
I.D.,Ds (mWM+1004M EDTA)
0,0.1,1,10,100 |
| " % (5% CO)
|
D, lREBH B
(#1057 /38R)
I
DIEH
RERR
2 B3
. 1N VITRO DEVELOPMENT OF MOUSE EMBRYOS
In vitro AR
{432 9% D, W (ICR) CULTURE DAY STAGES
| o)
?r’gmmlﬂﬁws& L g 2 CEL
mha A B =
5 IU/ml Dispase 2 470 8 CELL
0.2mg/ml Collagenase
200 U/ml DNase
in Ca, Mglg free PBS IVF ﬁﬁﬁlﬁﬂﬁ*ﬁﬂﬂ 3 MORULA
BME+AA+10% FCS &0 EI%I%?JDmWM
Tig
Z4)L9—(F-100-B) 0@ 4 BLASTOCYST
=L (100g, 349) .
| HATCHING
BME #Z# (Falcon 3002) (=
6X10%cells D4 A A &
6 ATTACHMENT
TR
AEEIRERERER «——— REBH 7
| (5/dish)
faif — m;mme%

Ez Lﬁﬂﬂ (Ds—Dm)

TROPHOBLAST OUTGROWTH
0, 1, 10, |03||0§ 10* ng/ml

WITH AN INNER CELL MASS

De: #7&, Dy : TbOG, ICM

TROPHOBLAST OUTGRONTH
WITH 2 LAYERED INNER CELL MASS
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#1 Effect of E, on Implantation in Mice
No. of mice  No. of embryos No. of embryos Mean No. of
E,  with implants transferred implanted/ implants/
(ug)  /total (%) transferred (%)  mouse
0 5/5 (100) 52 34 (65) 6.8
0.1 3/4(7) 38 20 (53) 6.7
1.(0:D) | 3/5 ( 60) 47 12 (26) 4.0
10 0/4C 0 42 0 0
100 0/3C 0 31 0 0
0 5/5 (100) 46 32 (70) 6.4
0.1 5/5 (100 52 34 (65) 6.8
I.(D.Ds) 1 3/4 (75 41 21 (51) 7.0
10 2/5(40) 46 5(11) 2.5
100 0/5( 0 45 0 0
£2 Effect of E, and P on Implantation in Mice
No. of mice  No. of embryos  No. of embryos  Mean No. of
with implants  transferred implanted/ implants/
E,(ug)+P(mg) /total (%) transferred (%)  mouse
10+1 2/4 (50) 36 13 (36) 6.5
100+5 2/5 (40) 42 12 (29) 6.0
10+1 3/5 (60) 45 20 (44) 6.7
10045 2/4 (50) 39 13 (33) 6.5
#*3

Embryos In Vitro

Effect of E, on Attachment and Development of Mouse

E;

(ng/me)
0
1
10
10*
10°
10°

No. of Bl.

examined

20
23
21
18

17

Attachment
(% of total)

13 (65)
15 (65)
14 (67)
12 (67)
14 (70)
11 (64)
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Tb OG

(% of total)

12 (60)
13 (57)
12 (57)
10 (56)
9 (45)
6 (35)

Two-layered
ICM
(% of total)

11 (55)
13 (57)
11 (52)
8 (44)
7 (35)
2 (12)
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A study of the cryoprotectant used for freeze preservation of mouse embryos

CENEE, 'R OREB, B E, “EA&E

Kiyohiko Watanabe, Kazuhiko Hoshi, Akira Sato and Toshitaka Horiuchi

TEERVERRKZERBAREERE
Department of Obstetrics and Gynecology, Fukushima Medical College,

Fukushima 960-12, Japan
*REBEEEH KR

Hiroshima Agricultural College, Shohara City, Hiroshima, Japan

Summary

We have studied the method of cryopreservation of mouse
embryos.

First of all we examined the effect of propanediol (PROH) as
a cryoprotectant on survival of frozen-thawed embryos. The high-
est survival rate was obtained when we used Embryo Transfer
Freezing Medium(ETFM) included 1.5M PROH as a cryoprotectént.

Then we studied the effect of addition of sucrose or trehalose
to freezing media (1.5M PROH, 1.5M Glycerol, 1.5M dimethyl-
sulphoxide(DMSO)) on survival of mouse embryos. The survival of
embryos frozen in the medium containing 1.5M PROH + 0.075M tre-
halose was considerably increased compared with others.

These results suggest that the medium containing 1.5M PROH +
0.075 M trehalose may be useful as the freezing medium of human

embryos.
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HTHAZHE BMBHEEREEFREECNTI2HRRELLTHRLTEL0, SREOR
EERBEBORKL, ZHREBROEHRLBHEORIAVWAHBRLENLLE-SENRD
BORRZRBEIBORBERELH - 2RABEIIR>TE-, BHORIVRETHHRD
BROBKRT - MBEERI T, ERATREEDTVEN, SECY ASHL
HOTEBEROBOH -2 EKERE - BREOHEL2RAA O THET S,

BB O AN, MRESEEOVHELIEZRURODE S 2, BRMERTHE
DO RETHRESBEEEX2ETZ2OTHE., TCTCHRESBEEO ZHE » BLM
THOESEE, TR HEREOHLDERMU - BEOREFHRIISXIBELHLE
U, TOFHBIZ >OTHRHAEMA -, EBREMEAL U TRERD S > a ¥ (suer-
ose) BHIOGRTVEH, KPR THRAL _HMETH S FL DO — X (trehalose) & Y
B THI,

WM R & iz

1. RO

COTBL =V AD 2B 2 RBRIZHL /-, .
7T~9BEDCSTBL X A< AT pregnant mare serun gonadotropin (PMSG) 8i.u.&
human chorienic gonadotropin(hCG) 8i.u. % ASRSFIMIE CHIEARE L, 2082
BAOOHBIRTVEIARLT AT YA LRI HE-, h6 BELA2~UBIBARTY R
ZRBL, WRSEEL» S 2HMBHRELE YT THRRL /-,

2. HK®

BHREPDERRREBEET 2 2HMRUMABRHEAN 2 SAFELRBEICBL, 2
DEO.Zon D FK F 2 — T W W~WEAOHETHL . BRSO IS5 77 U—F
= (7YX RERY¥ ET-03) 2, BEREY-1'C/ninT-TCETHHALTHEKLE.
XD, -30°C £T-0.3'C/ninTHHAL, 10DMEHX B RAEAKBER(-196°C)IrB K
UCT—EHMREL:., AEBRHEORIHOBM IR 1IZR LU=,

MBRIEREF2 -7 2RBERIOBMOEL, ST (HEBPSEET AIHFETHE
feo COROBRE ERFEE W00 C/nin i3,

3. WMEHEAMOKRE

B, RE2MREIEEBEDOMHEA ( sucrosed U < idtrehalose ) 2 L EMIT
BL, TOHIZS5 ~102E W /-#nodified Biggers,Whitten and Whittinghani (mBWY)
Pl UHMEA2BRELE (1 BESH) .

4., BMBBEROER L4 FHE O FM

BRI ZnBWWIZB L, 37°C,5%C0> KAT CASHMEET 3, BRBOKEHEL
KEMEFAROBRLRBLURBRODIREL#HBZL, AROLEEB 1BANTOHS
ERBEERLHEL, TOBBBETREL-HOEEFEHEL -,
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5. OB
Embryo Transfer Freezing Medium (ETFM, GIBCO®) %M U /.
6. HRMHAOBE L FAH

HMBEEZBEoMEAE LTk, YYUta—ivglycerol, YAFIWANLT FH A F
dinethylsulphoxide(DMS0), Fm /8 & A4 #F— )L propanediol (PROH) %, I ZBED B
DY LTty ga¥sucrose & LT —RAtrehalose #EHAL . BMTHWS L E2R
STEBEOHERE L, TOREIX1I.ONC Uz, & THEIBIX, 1.500FH %M &K
#w 0.025, 0.05, 0.075, 0.1, 0.3, 0.6, 1.0, 1.5, 2.0M>IEF LM & F % X /-
LDOERBEHAL:., MEBEHBIIHENREZOLDIESHFRALLTE, &ML OLH

CHIREEEEEOMELZ0.NOBETH T,

ATMEKEERA TR > FEEREROT 7 A 2HMBBIKY, BBERIZILD
ROl EMAEBBEHNCEETH LRI R2OERBERROFEGRLIIIRLIES

DNTHD.

O R 7 A 7
iﬁméﬁ;ﬁgmmﬁm
o
ﬁﬁ%ﬁ
H%Ei(h%m)ﬁﬁ
%ﬁﬂﬁ(%l &)
ﬁﬁﬁ%ﬂ%f(*&%&)
e

X1,

F A
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PREEREZHBEIBL THANEROABFEREIER2ICRLUE. BEEXEROHEEN
Zcontrol & U7W, TOEBFERIFIT.0% (97/100) TH -7,

MHEHAZHMTHEA UL EEPROIOKMEYEEDHRL, LEIrHBEREL L Tk sucr-
ose KV % treharose2FEH LI-BOHFBEBR T W ( 1.54 PROH THERE - 0.3
trehaloseiZ THR - - MEEHRT0.1%, 1.54 PROH THEEHE + 0.3M sucrose® I ---
68%) .

MR IEEBEOM KA FMOSHFIL, sucrose 2L Btrehalose L 3 0.0758 @
BRI RALAEAERELAYR (W2~3) 27LEk. SERHLEZESEOHR T,
1.5M PROH + 0.075M trehaloseff HBF DR HBR0% L HEHE <, KW TI1.54 glycer-
ol + 0.075M trehalose %' 1.5M DMSO + 0.075M trehalose D76% TH - 1=,

£l. REROMBRHICE T IRBERE®RE (%, BEBEERK,/ HEKER)

sucrose DEHMBE M
(R 8 0 X 0.025M|0.05M [0.075M] O.1M| 0.3M| 0.6M| 1.0M| 1.5M| 2.0M

1.5 PROH 82% 89% 91% 93% 87% [96% |95% |100% |55% |42%
90/110149/55 |50/55 [51/55 |41/47|26/27|19/20| 3/3 | 6/11] 5/12

1.5M Glycerol|94% 94% 92% 98% 82% |100% |100% [100% |100% |100%
91/97 |48/51 |49/53 [49/50 [41/50|52/52|10/10(10/10/10/10]/10/10

1.5 DMSO 85% 91% 91% 95% 86% |92% |92% [100% |70% |73%
86/101150/55 |50/55 |52/55 |43/50(46/50|11/12|11/11| 7/10 8/11

treharose DRIMMBE N
i v il 0 M 0.025M|0.05M |0.075M| O.1M| 0.3M| O.6M] 1.0M| 1.5M| 2.0M

1.54 PROH 94% 94% 93% 93% 92% |85% |70% |100% |86% |90%
117125152/55 |50/54 |50/54 |46/50(34/40| 7/10(13/13| 6/7 | 9/10

1.5M Glycerol|95% 93% 94% 93% 94% |98% |100% |100% |100% |100%
101106{51/55 |51/54 |50/54 [47/50/49/50(10/10{10/10{10/10{10/10

1.5M DMSO 83% 91% 92% 89% 86% |86% |92% |100% |100% |100%
85/103|50/55 |49/53 [50/56 |43/50(43/50(11/12(10/10]/10/10[10/10
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(%, EERK/ HREEK)

sucrose DRMBE M
(8% 81 0N 0.025M|0.05M |0.075M] O.1M| 0.3M| O.6M| 1.0M| 1.5M| 2.0
1.5M PROH 68% 85% 64% 75% 29% 8% 0% 0% 0% 0%
61/90 |32/49 [32/50 |38/51 |12/741| 2/726) 0/19) 0/3 | 0/6 0/5
1.5M Glycerol]43% 60% 53% 73% 56% 0% 0% 0% 0% 0%
139/91 |29/48 |26/49 |36/49 |23/41| 0/52| 0/10] 0/10] 0/10} 0/10
1.5 DMSO 58% 682% 60% 69% 44% 24% 0% 0% 0% 0%
50/86 |31/50 |30/50 |36/52 |19/43{11/46| 0/11| 0/11} 0/7 0/8
treharose DHMBEE M
i 45 #1 0 M 0.025M|0.05M |0.075M| O.1M| 0.3M| O.6M| 1.0M| 1.5M| 2.0M
1.5M PROH 70% 65% 68% 80% 50% 9% 0% 0% 0% 0%
82/117134/52 |34/50 |40/50 |23/46| 3/34] 0/7 | 0/13| 0/6 | 0/9
1.5M Glycerol|57% 59% 59% 76% 60% |35% 0% 0% 0% 0%
58/101130/51 |30/51 |38/50 |28/47(17/49| 0/10| 0/10| 0/10| 0/10
1.5M DMSO 62% 60% 59% 76% 448 |37% 0% 0% 0% 0%
53/85 |30/50 |29/49 |38/50 |19/43|16/43| 0/11| 0/10| 0/10} 0/10
|
EFE(%) EAB(%)
100 100
90 90
o [1.5M PROH % [Z11-5M PROK
70 2 EAI. 5M Glycerol 70 Z Bz41.5M Glycerol
% ] £J1.5M DMSO w | b1 [ % 7 [31.5M omso
0.025 005 005 01 03 06 10 L5 20 (M - 005 0055 01 03 06 10 15 20
sucrose BMAK trehalose B MR &

M2. # BRERoOLEFER
sucrose® N %h &

3., #f- - @ERoLER
trehalose® H N %H &
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e

WA OEEHRER, 19724F - Whittinghan 622 B UWilnut3 iz k> T, °9 &
PEHOTOBNLEGTEPHEEIATUR, Sy M- OB FIREORRNHYD X
BREDT I - T ¥ E¥FD 9V TCHRGPEXI O, EEFBBORTY A,
EFTEBHASERE  BBHEAOERICIEERZY, TORNERN L BEOREHAHEE
DD AHRFOEEEIBER IO, ERVERKVRIPHEB TN TERIZEERK
W OBE LIV EHERERTOE, DhADLA B ABLZBEROBIIEAT I LOLERE
EREBL, ATBRREOHEGEEAMERELDX L -,

SEHERIHON-OET YA 2HMBHKTHS, G  BRINITI2BRZTHRIEHD
BEE, e POKASHE TEREENIIDHROFERESLBLERTVWER®, 2
MREHETOKRFTEIEE:Ebh 3,

BEt U 7-mtokAE, RRLPSEREH TS PROHZ? -glyceroll®” -DMSO'4’ -suc-
roset!” Y EFEFEHIXN T Btrehalose™ TH2B, MBESEEMEAE 1.0 R
BTHMTHOERE, PROEA glycerol ®DMSOX D R RAEERER LI, KU+ —
NWOREFREDRICHOREBRAH T LEF>TELIRY, REBEIPRAULUHS-0H
2ZLSABALTOAEERERE VDD, LL, bAhbhoRFE TR 2MO7T VA —
WTHLPRONEFEHL -2 2 0F P 3MidDglycerol FVAEHRRBE L, BiIZ-00 oK
FTRBOEARIB TS BELISH S,

trehalosel} sucrose ERU ZHBE TH T8 - PHAEAERE B LB MREIE
AEEOYMETH S, trehalose BFEPIZZER, TOTHAEDZ VLD EL I E
hTwad, £, YW THREROMEE U o NRIZHENZLEEL, TEHEEICR-
TOBELPY TRLAFAFEMLLTOMNBEL, FHRIOTETORELMABL TH &
HEHBTVWLZ Vb E, 20k, Uiid oHERE U THWEAITERESERS L
TR 9, TS @ ER T2 20, trehalose ® sucroseld MBEIEZ BHE T
BH0, PMEHEATETHREZSAEOMEA~BEML L EOHROFH/HSE
BrRD, SHOTVAREHCTORF T, WREZSE O EHIZ0.07502 v S
MEOMBEFZEEHESENMA - EROLEE - REBIRBENHERE2BHBC
EDPTERE, HIRBEESAEHEMNZMI AL IV AGRE2FECEED LI PR
DEFREFAIEIFHRIIFET DO DLBDR BN, 0,075 VS BEICEBAEYN
&Y, sucrosed trehalose® IL#d 5 &, trehalose WMD T HENT
NB, EBERIIAEREPHIZDITRECDY, BASBEORIRE2 LIFAEHIZiEA
LTHERCEEERTHBMASEER S, 1.54 PROH + 0.075M trehalose® & & ¥ A%
BOIEHE, B2 MNEEGRE~OAEEE2TBLTVEEE X OB,
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Scanning Electron Microscopic Observation of Zona

Drilled Hamster and Human Oocytes

HEEA - RHFHRT < MRET - KHEF « BB -

HHERE - BRI

Masato INOUE, Motoko MATSUI, Yoshimune KOBAYASHI

Ikuko HONDA, Hideo AWAJI, Tomoho TSUDA, and

Akikazu FUJII

Wl KFEERFERER ARFEHE
Department of Obstetrics and Gynecology, School of Medicine,
Tokai University
Zona drilled hamster and human oocytes were examined by scanning electron microscope.

In the hamster mechanical drilling by micropipette created a beautiful hole mimicking sperm
penetration hole left on the zona. Chemical drilling with acidic solusion (PH 2.2) made a
round, straight hole with the size corresponding to the micropipette used. In the human
oocytes, mechanical drilling formed a round, somewhat irregular, micropipette sized hole.
Neither the zona surface, nor the microvilli were damadged. On the contrary, drilling with
ascidic solusion resulted in the formation of a large, V-shaped hole, reflecting the different
solubility properties of human zona pellucida. The microvilli on the plasma membrane were
apparently affected. These results indicate that a simple drilling by micropipette is enough
to create a hole sufficient for sperm passage, and that acidic solusion is not recommended

for human zona drilling because of potential damadge to the vitellus.

#

TRTRERBICETFORSDEVEG T, 208 IKEEE, THOERETOIRBRNRELZR
BHBEEEE->TVBL LT, SHFEDOTRIABTIHIENREL AT 556 IEIRIEEN
Thbo THZHENREENSIHAR, IVF 27-T bRHT HHERIE DB TES, GIFT KHLTS
£ T a0l 19864F Gordon 513~ ¥ 2 % %€ FVIC micromanipulator & Btk A TEIRH 1T/
SIREBID B A, BYIEBITLAT zona drilling £BI% L, ZRTECKMICHLELD 501 BY
HIETFEAICHT 2HRADMPITH D, zona drilling IIZREREHNRE % £ 5 BHRIEIC & - THEITHK
P FETH %o BRLEIFLROEKIGHIZ 7 D% EAHEICHES, partial zona dissection HIT & % IR,
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K1 ~uazxg—BF. BtkEK (PH2.2) #H0T K2 ~ozxg—F. BM1DSEM B, MERKRDR
BRI ATT> T 5 & T A, BEREHh TS,
HgPILTTIBESATOES U LBV
Africk - T, OLEDOBREDORBETZ0H, @
BUAROEEIRI VD, LV s iEilo20 TR
W& h->THWIEV, £ THEAIE, EENET
EAMeE (SEM ZRWVT, BWEHEAREO L
25 —BLUE MPIFEBREL, BHEBRKRICKLS
1bF 8975 BIFLAT & micropipette % FU> 7o BT
75 BRFLIT & LB AT L 7o

ERHRS LOH %
NLRY—BRF . 6~ 8D T — T VNLR
4 —it PMS, HCG A2 EEICHt > TR G5 LB B3 Nazy—PF. K2 D@EIKK, microvilliic

2 _ . ZEMBEDOLN B,
FEEEIT- 7o HCG MK I6~1TEI TN L

5 —%EBEL, INERKBLOIBFERILL 720 T3 0.1% hyaluronidase i THN EMfaZkE L TH
5EERICHE L 12,

EMBF:EPFRIVEF TRRELED - bDEBEORIEEGTHER LI, @HIFdE L L TGnRHa-
HMG-HCG i TfT» 7o ABH 1 HEHEL D GnRHa (X 7L # 2 7) 600~9001g/H%2#5L, 3HEXD
HMG 150~300 IU %#BEH L7ze 2 ELLEDIREEA 18mm EE’Z, [fi¥ estradial 300pg/ml/9RfA (=15
mm) M LIC7E - 7B T HMG 25k U, #3288 81 HCG 1000 IU %85 L 720 783 GnRHa @ BB
P53 HCG DEFEHE TE Lz, #HIMNE HCG E5tk 36 KT, BEMICIT - oo BEBIBTFIE 5 ~ 7 Bifl
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K4 ~£Lz%&—BF, micropipette W TR K5 ~uazxg—F, K4DSEM K., BTRALL
ET->TW3 L2 5, EZEHOELXNOEAMERSN TN S,

DRFEEDDL, swim up ETED /o EERK T
(5~10x10Yml) %A T 5 i & LA (37
C, 5% CO2, 9H%air ), ¥HF# 3 HTF ic7.5%
RLBMA £ b DA Lfo A
DF I BR8] THEBERT R O FEFEIT K D
HIFE LTco FEZHEIRIZ micropipette TEHIMEAN
BB LUK FELCRELTHORRITH L,
ERFEAFLH : BT IIPASRRE AL T 5700, F
37 0.5M sucrose *#/1Z 7 PBS T 15 5)‘?%"]4?&12 L
72o N4& R 5 —P3FIE modifide BWW #ic, E
MIRFI3 15% JE@EBE R IMMA £ /- HTFiC
L THEE %417 - 726 micromanipulator (Y B6 ~uzy—HF. K5 O®ILK,

¥4, MO-102) ZRWVTEIEBAMEE (£ ) v

Z, IMT-2) FiEEFE2~4 7ok —TEE L fo (LFHEREANTR <A 7 0 Exy MICBREBRK
(PH2.2) 25| L, &incsEHHICEIMLD T, TLAOBOBMRKEER L (K1), SRR ER
LEUSol btz 70Xy bEEEL, SFERERBRTRE Lo BRISBAALKTE, 5%
%M < #ZW72 micropipette ZIEH ZEH D F S0 K S IR ICBHIEANICRIA L (K4), & FIIFIcD
WTER, —EORET2EORERDT S LD TE 2BRELZRASTL.(K9), BHAMEDOIIFIE 2% gluta-
raldehyde-0.025 M phosphate buffer T 22~24 FffS]EE L 720 2T 0.2% poly-L-lysin Th &» UL
BLicAN—A72EICEL, BEISETHOL LR T b VRIITHRIKL, BRAGZRET-1, REBL
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K7 b bIRT. B ARV BIAL, T 08k K8 &5—o0t MIRF, BEMAIRIC K 2R ED
DR FWADBEERSN T B, microvilli 1LY 5.

V& T EHAER, BAET JSM-35% SEM ic THIEL 72,

g 8

NLRY —BBF : MA#H (PH2) ZHWSHEHERALN T, 3i¥micropipette DA X ICRE - 7o 8
BOHERK Y v — 7AW ADER S e (K2, 3). BWHOLREICIF & icZfbts, BitAkick 58
AMEAL~OEEBIZD o720 (K3)e L LBEALEE T O TR EITIINE D OBLHEE S
f7: (® 3 ). micropipette i< & % ¥EbEH 7 BAFLAT T2, micropipette D AKX icHYSd 2 LGD v v — 711,
b1 DOOEFRAALEZRDLE S LS BADER SN (K5, 6) BIFLMBALZOERSIZE -2 FH T,
MO SN RONESFEHTH - 7. (K 6 ),

b FERF : LEMISBIAN T, ~NaX s —IFERED, TOKROKNEBLAMTEENI: (K7, 8),
FAFLESELL O BIHREICRIEWERICh . - T, BEERICL 3 EBPBEsN: (K7). -
B FOBFHMEIC S0 DENBD SNl (K7,8) ZHITKH LT, micropipette %\ 7% L
®ETIR, AROPPABANIG, KREIDELEHS 2 >0RMERE N (K10), BEALBEALO BHEE
EICRRATC, $1A05 R BRHTHRFREOBMEIC b & < CELEBB b h -7 (@11,

ZE =
IVF-ET, GIFT, IVF-ETR &V > BB TRIEDOHEIC LD, KU REOKRRBIIAS L1 I8
surrogate mother ®IIFHR4E ovum donation ¥ TANUT, D & SERMICI LB RIEDIZEAED
BRAREIC IS > 12 & E > THBE TR,
INITH LT, BUREAEDOTFRIBVELARTH S, BUHAREICK L T3 BRESIEFENENE S - 1chD
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K9 & MIRF. BRILEET-THBELEIA, K10 E FERF. HBREILEICL 0 2 HORMERS L
T3,

EfE,»S Lhii, EYRERIEL HOTHOT
VARDBEMEOHETLIhIcbDIREREAEE,
boLbAIN TV 2 ALRE (AIH itk
Th, TOEPECOVTHERIN T3S
BUREDOTFHRSBOOR, BICHFOKRPED
FOMBETIRIEL, ZTOEBHTORREEEZ
#5 7:$TH B4 Ca ionophore Azisr %H
/2 zona-free hamster egg sperm .penetra-
tion test (ZSPT) %175 &, ZHTE (=20x10°
/ml) D29.8%ICKETZHEHEIEE (ZSPT 0%) 7%
72 35.4% ICHETMRENRE (ZSPT=30%) »*
Ipohal BRHOEEHICE ST - & bEE K11 & MBF, RI0DHILA. microvilli FIEF I
HORRTOBMIENTH B, HTOZMIENIC R,
ML, $70b 5 ZSPTAIER (=70%) ThHhE, SHAECHFRNMETH->TH, TRIERES
FOBALEELBW ThicH L TR FIHENEEL S BARERIBINTH 5, IVF £17-THY
RO EBBOZRELIEV. HTIRENRELANHT 5BA O TFREMESMICEN] IVF TS 5K
BEbHTEL, £ GIFT %7~ THIEIREL ZSPT EF « FREF (>30%) OK1/3THS (RERT
—%)e

BIHITHE, THOLETFRARNT ZRADOKEMTHD, COEERETZLEHICEBINS L
BFL<HmMonTWVWB, 19868 Gordon and Talansl«:y2 ld=w 2% €5 /)VIT micromanipulator &R
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Tyrode # %\ CEPHI/NLEBID 251k, 37505 zona drilling B L, O10‘EEOE VT
BRETOHN X ZHT L L, OFTOEBIZATSEEL, BBTIHOLIEBLRTNVTE, @RI
DERBOREIHBRLLES TN E, 250 Lz, $1, Talansky and Gordon(1988)%13, zona
drilling ROZHIORFICOVWTRIT L, MBELEDLWI &, drilling IKfE> REEEIISY IGRXTS
W EEREL, ZHTIEDRBICHICISERV LV, Z0%k, BEERKEGBOLLVWERE, THbbEM
B ICRAAIES zona cutting’ (partial zona dissection)? @4 zona opening® H:HsBIR S h,
BEERIG A~ D KB DS 2UHIC & E - 720 Depypere & (1988)7 3= v 2% MW T, drilling #& cutting &
"KL, @W?@@%udmmg(m)@ﬁﬁmmmg«qw;bzmokﬁ,§ﬁ¥§ﬁmu§umm
270 @ZHEIBOIE~DRERII drilling (66%), cutting (77%), WHBEE (71%) & dEREh -1,
OF BHBEOEREOMBHELEDRBLALELTH -7, EWMEL, 2L THSI, driling &,
cuttingk & b AP OLRLTH D, BWREHANOERIGA I HAMETH 5 Lf5H L 1o
Lo LBHH OB BBV OBRICK - TRIED, BEERKREAV 7 drilling i3 & FIRFITSt L Tidh
O REEDH 5 L5 TH %, Gordon © (1988) % iLilH D IVF TZHG L1 - 2 108 ORISR E %5 Hic
drilling %17 > 7225, BRFD34% (16/47) 13 L, ZHFR32% (10/31) KBEh 1, THIIE
ITiT - BMEIRF 2 V7B D IVF OSSR 25% (4/16) LHBEDL VD TH -7z, Lo b, drilling
TR LI T D 50% (5/10) HERTIRTH 10 WD, drilling H:C%H, %L 7290F% 3filic
BHELIDERICBES S -2 &0 Do SEIOKRAD SEM it L 2BE TS, drilling B0 FKIGH I i
ﬁ%@béC&ﬁmémKﬁatoifﬁlm,R@t%é%nybD—W?6C&ﬁ#§KUf#LmC
LTHB, NLRY —DRPFLERIHBEIC, & FOBRARITIIT DEKROKEBADBER SN, LB
AIE LD O ERHFHC DT 0 DEALHRD Shtc, F2 IKNFHMBEORMEICHT 2BUBROLETH S,
sucrose (0.5M) ZRWTHBEZLL Lk bbb od, FHABE T OMEERSEICEEIh TV,
drilling ZCHFEERMEL, ERTZRENZVDOR, b FPFORBMEIKICHT 2 RZHH, ~Ax
9—@701%%%&&T%htb,E&ybmﬁﬁ&bbﬂ6#mkémﬁﬁib,L@tﬁﬁ%%ﬁb
SBFHIBAE 0750 DI AR T B 5TH A5, Cohen & (1988)° 13, drilling Tl 30~50% HSSHRs 3
50, ZFEWORFICHRDDHS I EH»D5, partial zona dissection (PZD) H:4ABIF L, 651D Bk R iF
EMRICRIREERETT - 720 PZD B L UREFICIT - 72 BH D IVF OZHERIZZhZh 63% (10/16), 24%
(4/17) T, APICHEBRAEIT->12E 5, 2HIDHERLIZEV S, HIRL 2 2 Fli W Fh b Ws<T, 2@
PZD Wi & 1fH0> IVF A M L 75 TH - 720 ZD# Malter and Cohen (1989) 13, PZD BiM% &
% 6 PISERHRARMICLDIERL, 55 1 FIBEFNFEAME L1 8% Lz, £ MRTOBHEEA
#ire LTid, PZD ohnsEetkism =M1 drilling L DHEPICEDENDL > TH %, LhL, BFOKX
EIDPHHT, BILLTPID DEIICKELRY » FEMEZBBEDBHBEDIESH S TODL S 15 BT
5, F4Id micropipette 2 EE S #7:720 D & &% SEM THEL TA1, ERIFHEED,
micropipette DRI ICHY T EEFOBEBRICII+DBEZEORD, NARI—DPFIEIE Y » — TR

—148—



HILINEE (J. Mamm. Ova Res.) 556 % 525 198944108

Vs, FRWICERSN TV, BIEKICE S drilling HEERED, BLBEAZOERRTICFAIDZEL
b75<, BFLEHE TOMMEILX SEM TH BB F - 7c { IEHE TH - 72o micropipette DRI EEZ 5T &
KE->T, ROAKZIAAHTECERTAAEKTHD, FERLED LS IC—REIDRET 2 HD %6
FBZLEORETHD, IVF TEZRELISh /o MIFARAVIZHERTI, SRILEICLMTOERE
$,§ﬁ$,%%¥§%$M%n%n,%3%@W&%4&%(%mm,nﬁ%@mmfﬁot?cnwﬁt
T, Malter 5 (1989) !@F7 - 7z PZD it £ BEKDOZREERTIE, PFOEFR, ZHE, SHFIHEERR
zhZh, 95.0%(115/121), 45.2%(52)115), 48.1% (25/52) Tdh » 1o HBFILEEE PZD % BMICHET 5
L, BMTOERER, SHEIFIEIFRCT, SHTZ/ELOGY, PID OFBHERLEOKEH LS L
Licti B, BEEHAMTE - LbEELRTNAR RSBV DR, BRDOI LUV LB TFZHEROLAT
b3, b FIIFOBFHEEFME LTI, A0l SEM it X 28EH» 5 b, BUAKER W/ drilling #E3
RELTHD, HBWKSETLN AV 3 XETHA 5, micropipette i€ & ZBAFLATIE, HfILEZESHEE
T, LObROKESZAEIRIY bo—LTEEL0IFRSH S, CNETOHEOFTEL > LHE
s ks Bbhn b, PID RERTZHAERR T 2ERENZDICH D, BTHORHENSODHTE
WEBER EEFAERBATHVARETH A5, BRTHARNTEIBUERNELUNAOZREREICE > THIFIC
WA ETH D, COFLVWHER, SHRBUERELGTH, BPEHREICLZIRHMEE TOEHED
IVF TRH LA - 1 F OB S I LT bEASh3 bOEBbhd,

X K
1 #HEEA, /IWkER, KRBT, RBEERE WLRE, BEPS, BN RETRIEICK 2 A EE
DZWr, ia# ERfREE. 43 © 825, 1989
2 Gordon JW and Talansky BE :'Assisted fertilization by zona drilling : a mouse model for
correction of oligospermia. J Exp Zool, 239 : 347, 1986
3 Cohen J, Malter H, Fehilly C, Wright G, Elsner C, Kort H and Massey J : Implantation

of embryos after partial opening of oocytes zona pellucida to facilitate sperm penetration.

Lancet, July 16 : 162, 1988
4 Malter HE and Cohen J: Partial zona dissection of the human oocytes : a nontraumatic

method using micromanipulation to assist zona pellucida penetration. Fertil Steril, 51 : 139,

1989

5 Ho PC, Poon IML, Chan SYW. and Wang C : Intrauterine insemination is not useful in
oligoasthenospeamia. Fertil Steril, 51 : 682, 1989

6 Talansky BE and Gordoﬁ JW : Cleavage characteristics of mouse embryos inseminated

and cultured after zona pellucida drilling. Gamete Research 21 : 277, 1988
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Depypere HT, McLaughlin KJ, Seamark RF, Warnes GM and Mattthews, CD : Comparison
of zona cutting and zona drilling as techniques for assisted fertilization in the mouse,

J Reprod Fert, 84 : 205, 1988

Odawara Y and Lopata, A. :A zona opening procedure for improving in vitro fertiliza-
tion at low sperm concentrations : a mouse model. Fertil Steril, 51 : 699, 1989

Gordon JW, Grunfeld L, Garrisi GJ, Talansky BE, Richards C and Laufer N : Fertiliza-
tion of human oocytes by sperm from infertile male after zona pellucida drilling. Fertil
Steril, 50 : 68, 1988 7

HFEEA, MR, BEIHE, NWER, AOEF, RHPE, BHEM: e rIPTich T 2B
oA HALEEE 34 : 589, 1989

Malter H, Talansky B, Gordon J and Cohen J:Monospermy and polyspermy after par-
tial zona dissection of reinseminated human oocytes. Gamete Research 23 : 377, 1989
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RIEZHK T A BT S BABEIIE & BRI 20T
Number of spontaneous and induced ovulation

in various strains of mice

HELES o RONIFEE
Minesuke YOKOYAMA and Takanori HASEGAWA

HEREA » EEBRSY PRI
Central Institute for Experimental Animals

Kawasaki 213, lapan

Abstract
The number of spontaneous ovulations and number of ovulations induced by
gonadotropic hormone were investigated in 12 strains of mice (nine inbred strains,
one hybrid. two closed colonies). The number of spontaneous ovulations were in
the 9.1 - 12.8 range in the inbred strains and 10.3 - 15.4 in the hybrid and closed
colonies.The response to induction of ovulation differed among the strains,
and the rateof increase in ovulations with respect to spontaneous ovulations was in

the 1.7 - 4.8 fold range.

&
TP AT RIBR L € (& IPMSGENCE) OIRSI & VRN 5 2 &7 CHESR R
HTES (1) TEHS. RSRIIVA AEREE B REOTIIKEAES5EE UTLAKBHT
TW3, £, FFEEBOZE UV VRET¥OERBEZORARMOUVE 2L U THEEE R
UVAZLREBEREZRELTVSEQ). LU, TYATUHEST S RLEYBEPMR. AT 38W0O
FEOHE. XoCRKEORVICL > TOFOFEHIINRICUREIRENS S EBHONT
W3 (3~6) , KAEBRTIE. BERKT Y AOEHEHEPHMSERHS ML, ZOREMAAHR
HZEHORFO—BE LT, VL OPDERR. KRRV O - F anz - OGS
¥ & . PMSG-hCGIR5IC & 5 HtcHEsRE R PN Lo
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WHELE KUHE

TR L YTRTCAT CHERE « ERE X N2 AKR/NBALB/cA L CBA/N, C3H/HeN . C57BL/BN . DBA/2N KK NFS/N.
NODDOFRFHEDER L. HEI L 7S HA U R RMRO el IMCHUICR) , 7 O — A F 20 = —
D Jel IR, JCENIHS)DEFH2RHD T I ARFEH U2 ChOERBEX A2HWEELT. &
%10~ 16880 TEERIZHL /2,

BIESRM =, BE2U+2°C. BE60~T70%. HREIE10~15/B8. BEEH 1485 (6:00%
T+ 20:00 {H4T) WCHBLU 12
ERCHEHTZETOXAATIYADHMBER T I AF v 78— €. KREEERTRE (121°C.
2043 —600mmHg) UdDEREHAL R, 77— URHIGEIENIT - 2, fEHIERAR (CA-1.BA”
L7) 2HHECERIYE. k. KEke5 %k,

BAHEIIEOBRE | X AT 2W3A %) 16:00~18:00 W LEBOIEIRIZ & > THIERHIO L D%
BUHU (D, AREOA AL DHOREREITR > e KROERIZHEROFETITO. B
DEESNLDIDOOARBREIHL 2, BEIRAAL L2 X A SIFERBHL. 0O AF 1 F
T ATRATEIEL. IERABICS 2002 EREMIET (X40) THA L.

FIEHIIORE | XAV AR 1.25 ,2.5 ,5.0 ,10.0 .U @ PMSG (kD bk : FERES)
% 16: 30 REREPTEST U . ZOA8EREHIC 5.0 1.UD hCG (4 b oY » : HEREKS) 2R
BEPES U 2o HESFERORRELL hCG 8314 18~2085002 . HAHIKOIBE S FEECL TIT > 2.

.

R OWARZR SR THR IRFERSUWRXIO-TF a0 - IREOE LTI E T 1,
7 OHESIEE12.8~9. 1OFEFH T AKR/NDBED S <. DBA/2NE BALB/cAZTE. C3H/HeN.KK.
NFS/N.NODLCBA/N, 72 & UFIZCSTBL/BN VD7 D REE U TKBIE hize 70— XF O nz-o
JelMCHOICRIIZIB. TERERF L D DB VHIH T B > 1205, Jel INHOLIER R & ED3110.8&
WHETH >l IHERFRICROVUTRYR TH 3 IcIMCHUCRIZL5. 4 SEFAXLZHKTRDLE D
BB T & - 72,

F2 ITPMSGECCRIZEG U 2RO HEIPESTERER & SHATHESIE R R U 120 HEBRAKER T IINOD.BALB/CA,
CBA/NO—EBDET. MO SA SN D, ZTOMILHE LHIIPSEEE N, HEHIH
. PMSG 1.25 |.UBETHAHEIIEIIE WIENE S hize PMSGIES BN - THIIKD % L
Y. REBOFRHKED 5.0 |UETRLBVIETSH >R, XOIIPHSHESEDSE W 10.0 |.UBF
Tlds 5.0 LUBEERISEMPHIZED T A ERBERD dh iz,
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M1 &RZFICB TS B A & PMSG 1. BEREY Y A0 B A
5 5.0 |.U BOPSIEERLL. B e prp e
B PEIREIC I T B BRI O E IR, g% (E9£S.0)
1.8~1. EDEET S > 120 BIMROFL AKR/N 2 12.8+1.6
Fgs& U TNOD, Jel INTH(S) (DBA/2NAS BALB/cA 25 11.3%+1.8
EVWZHEE U TAKR/NBALB/cANED 6N Tz CBA/N 20 9.2+1.0
C3H/HeN 20 10.2+0.9
£ C57BL/6N 23 9.1+2.4
AEBRTORRBHOE AL, R DBA/2N 21 11.6+1.7
TENB LD LA—FRENTARERNT KK 21 10.0+1.6
VEGED WP . ZhIZERLE NFS/N 24 10.0£1.2
T ADFREORBL 210~ 16EBOD NOD 22 9.7%1.0
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Abstract In vitro fertilization of cumulus-free mouse oocytes was
studied in an effort to find the cause of reduced fertilizability in
frozen-thawed oocytes. It was found that 1.5M DMSO in Hepes-buffered
saline exerted deleterious effect on the fertilizability of mouse
oocytes when added at room temperature for a period as short as 30
seconds. Oocytes retained the fertilizability after exposure to DMSO
at 4°C, although the fertilization rate was significantly reduced.
All oocytes were fertilized when =zona pellucida was removed after
treatment with DMSO. Oocytes frozen-thawed in 1.5M DMSO supplemented
with 20% fetal calf serum or its high molecular weight (230,000)
fraction retained their fertilizing ability. These results suggest
that the deleterious effect of DMSO is primarily due to its direct
effect on zona pellucida and is prevented by high molecular
weight serum component(s) other than albumin.

Introduction

Freeze preservation of mammalian oocytes and embryos has important
implications in animal breeding, biomedical research and medicine (1).
It will provide a reliable method to protect valuable genetic
materials against the loss by breeding failure, genetic contamination
and diseases. Preservation of oocytes will have special advantages
in making a large number of embryos with synchronous development and
embryos of specific genetic combinations by in vitro fertilization.

The first success in freeze preservation of mouse oocytes was
reported by Whittingham (2) wusing dimethylsulfoxide (DMSO) as a
cryoprotectant. Oocytes were frozen-thawed by a slow cooling and slow
warming method originally developed for embryo freezing. More
recently, mouse oocytes have been shown to survive rapid freezing and
thawing in 1.5M DMSO supplemented with fetal calf serum (3,4),
although the variables influencing the survival after freezing have
not been fully analyzed yet. Factors involved in oocyte freezing are
more complicated than that in embryo freezing, because the oocytes
must retain fertilizability together with morphological integrity (5).

In a preliminary experiment in which the freezing procedures for
mouse embryos were applied to the unfertilized oocytes, it was found
that the oocytes had lost their fertilizability almost completely (6).
The present study was undertaken, therefore, to examine the cause of
failure in fertilization of frozen-thawed mouse oocytes.
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Materials and Methods

Animals

Seven to 8 weeks old Jcl:ICR female mice were used as oocyte donors
and recipients of embryos. In freezing experiment, 3-4 weeks old
C57BL/6N females were also used as oocyte donors. Eight to 10 weeks
0ld Jcl:ICR male mice were used as sperm donors. All animals used were
purchased from Clea Japan, Inc. They were allowed to free access to
food and water.

Media

Media used in this study were TYH (7) for in vitro fertilization,
WM (8) for embryo culture and a modified Hepes-buffered saline (HBS)
for freezing oocytes (9). Bovine serum albumin (BSA, Fr.V. Wako Pure
Chemical) was included in all media at a concentration of &4mg/ml(TYH)
or 3mg/ml(WM, HBS). Heat-inactivated (56°C for 30min) fetal calf serum
(Gibco) was added to HBS in the freezing experiment. To get high and
low molecular weight fraction, FCS was ultra-filtrated by
centrifugation at 5,000rpm for 30min using Centricon 30 (Grace Co.).
All media were sterilized through 0.20pm filter (Corning Lab.) just
before use.

Collection of oocytes

Oocytes were collected from females received superovulatory i.p.
injections of pregnant mare serum gonadotropin (PMSG, Sankyo Zoki) and
human chorionic gonadotropin (h€G, Sankyo Zoki) given 48h apart.
Females were killed by cervical dislocation 13h after hCG injection.
Oocytes surrounded with cumulus cells were released from the ampulla
of the oviducts and were treated with 150u/ml hyaluronidase (Type
IV-s from bovine testes, Sigma) in TYH to remove the cumulus cells.
Cumulus-free (denuded) oocytes were washed through three changes in
TYH before being used for fertilization or freezing.

In vitro fertilization

Oocytes were inseminated in vitro with preincubated epididymal
spermatozoa as previously described (10). Sperm concentration was
adjusted to 150-250 cells/pl. Oocytes were considered fertilized if
they had male pronucleus, female pronucleus and the second polar body
at 6-8h after inseminatien. Those considered fertilized were cultured
in WM for the development to the 2-cell stage.

Oocyte freezing and thawing

A simplified method for embryo freezing as described by Kasai and
Toyoda (11) was slightly modified for oocyte freezing. Oocytes were
placed in HBS (with or without FCS) containing 1.5M DMSO (Dojin
Chemical Co.)at room temperature (24-26°C). They were transferred to
a plastic straw (0.25ml, I.M.V.) containing the same medium. The straw
was placed in the methanol bath in a programmed freezer (Fujiya Yano
Science Co.), seeded and then cooled at a rate of 0.5°C/min to -30°C.
The straw was kept at -30°C for another 10min before being plunged into
liquid nitrogen (LN2).

The frozen straw was thawed rapidly by placing in a water bath at
30°C. The content was expelled from the straw into 0.5M sucrose in HBS.
Oocytes were picked up from the sucrose solution 10min later, washed
twice by transferring through fresh TYH at room temperature.

Embryo transfer

The 2-cell embryos developed from in vitro fertilized oocytes were
transferred to the oviducts of pseudopregnant females on Day 0 (the
day on which vaginal plug was noticed). Each recipient was killed by
cervical dislocation on Day 17 and was examined for live fetuses and
implantation sites.
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Results

In vitro fertilization of cumulus-free oocytes after thawing at
different stages of freezing process

The rate of fertilization of cumulus-intact eggs was 1007% as shown
in Fig.l. The removal of cumulus decreased the rate of fertilization
to 61.5%. None of the oocytes were fertilized in all three groups in
which the oocytes were recovered from different stages of freezing
process, that is, before seeding, before plunging into liquid nitrogen
(LN2) and after plunging into LN2.

100%(60/60) 61.5%(24/39) 0%( 0/40) 0%( 0/41) 0%( 0/38)
25238,
37°C (O — @
53 t/,DMSO
25°C moSmiememmoooee
(room temperature)
_70C mmmmmmmmmmmmmm e
230°0C —mmmmm e e e
2196°C mrmmmmmmmmmrmmmmmmemeemmereom—see-eooeeoes

Fig.l. In vitro fertilization of ICR mouse oocytes
at various stages of freezing

Effect of various treatments with DMSO on subsequent fertilization
of cumulus-free ococytes

1) Effect of equilibration temperature

As shown in Table 1, only a few oocytes (8.5%) were fertilized
after equilibration with 1.5M DMSO at room temperature. No sperm
penetration of zona pellucida was observed in those oocytes which
had failed to fertilize. Lower equilibration temperature (4°C)
afforded significantly higher fertilization rate (42.3%), but it was
still lower than that of control group (74.2%).

Table 1. Effect of equilibration with DMSO at different temperature
on fertilization of cumulus-free ICR mouse oocytes in vitro

Conc. of Equilibration with DMSO n. fertilized/
DMSO (M) time (min) temp. (°C) n. examined (%)
1.5 10 room temp. 5/71 ( 8.5)@
1.5 10 4 30/71 (42.3)Pb
control - - 49/66 (74.2)¢

Values with different superscript differ significantly (p<.5).

2) Effect of different equilibration time

As shown in Table 2, exposure to 1.5M DMSO at room temperature
for 1, 5 or 10 min resulted in complete failure in subsequent
fertilization in vitro. Even in the oocytes exposed to DMSO for only
30 seconds, only one oocytes (2.4%) was found to have been fertilized.
The fertilization rate in the 15sec group (42.9%) was significantly
higher than those of longer period groups, but it was still lower than
those of control (untreated) and Osec (mock treated) groups.
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Table 2. Effect of equilibration with DMSO for different time
on fertilization of cumulus-free oocytes in vitro

Conc. of Equilibration n.fertilized/
DMSO (M) time n.examined (%)
- ‘ 0 sec 37/42 (88.1)2
1.5 15 sec 18/42 (42.9)P
1.5 30 sec 1/41 ( 2.4)€
1:.5 1 min 0/24 ( 0.0)€
L.5 5 min 0/20 ( 0.0)¢
1.5 10 min 0/20 ( 0.0)¢
control - 48/62 (77.4)2

Values with different superscript differ significantly.

3) Effect of different concentrations of DMSO (Table 3)

None of the oocytes were fertilized when they were equilibrated
with IM DMSO for 2 min before being inseminated in vitro.
Fertilization rates were not significantly different from control
group when the oocytes were equilibrated with lower concentrations
(0.5 and 0.25M) of DMSO.

Table 3. Effect of equilibration with DMSO at different
concentration on fertilization of cumulus-free
oocytes in vitro

Conc. of Equilibration n. fertilized/
DMSO time temp. n. examined (%)
0.25 2 min room temp. 24/37 (64.9)2
0.5 2 min _ room temp. 16/31 (51.6)2
1.0 2 min room temp. 0/29 ( O.O)b
control - - - 15/25 (60.0)2

Values with different superscript differ significantly,
Effect of DMSO on fertilizability of zona-free oocytes (Table 4)
Zona pellucida was removed with acidic Tyrode (pH 2.5) solution
after equilibration with 1.5M DMSO for 10 min at room temperature,
and then used for fertilization in vitro.  All the oocytes were

"fertilized whether they were previously exposed to DMSO or not.

Table 4. In vitro fertilization of zona-free oocytes

Exposure to n. fertilized/
DMSO n. examined (%)
+ 41/41 (100)

= 39/39 (100)

Effect of FCS on the fertilizability of frozen-thawed oocytes

As shown in Table 5, frozen-thawed oocytes showed significantly
higher rate of fertilization when the freezing medium was supplemented
with 20% FCS or its high molecular weight fraction (300004). On the
contrary, no improvement of fertilization rate was observed when the
medium was supplemented with low molecular weight fraction (<30000).
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Table 5. Effect or FCS or its fraction on in vitro fertilization
of frozen-thawed oocytes

Freezing 20%FCS No. oocytes
recovered/ morphologically fertilized/
frozen(%) normal (%) examined (%)
+ + 24/35(68.6) 16/24(66.7) 11/16(68.8)2
+ 230000 25/35(71.4) 17/25(68.0) 14/17(82.4)8
+ <30000 17/22(77.3)  8/17(47.1) 0/ 8( 0.0)P

- - - 24/30(80.0)2

FCS was previously heat-inactivated (56°C, 30min) and was
ultrafiltrated using Centricon-30(Grace CO.).

In wvitro fertilization and development of frozen-thawed ICR and
C57BL/6N oocytes after transfer (Table 6)

In both strains, cumulus-free oocytes frozen-stored in 1.5M DMSO
supplementes with 207% FCS showed high rates of fertilization and fetal

development, not significantly different from unfrozen control
oocytes. :

Table 6. In vitro fertilization and development following transfer of
mouse oocytes frozen-stored with 1.5M DMSO and 20% FCS in HBS.

Oocyte Freezing Fertilization rate(%) Embryonic development (%)
strain n.fertilized/examined n.live fetuses/tranferred
ICR + 51/68 (75.0) 23/41 (56.1)
- 50/68 (73.5) 30/48 (62.5)
C57BL/6N + 183/217 (84.3) 66/134 (49.3)
- 103/121 (85.1) 36/ 68 (52.9)
Discussion

Present study clearly shows that DMSO added at room temperature exerts
deleterious effect on the fertilizability of mouse oocytes. The
results also show that the loss of fertilizability is primarily due
to the direct effect ofDMSO on the zona pellucida, and not due to the
indirect effect mediating the changes in the oocyte itself as in the
case of zona reaction that occurs after sperm penetration or
parthenogenetic activation.

Very few studies have so far been reported on the effect of
cryoprotectants on the zona pellucida of unfertilized oocytes. It was
reported that DMSO has strong affinity toward glycochains of the
membrane proteins as a binding site with lectin (12). In the same way,
if DMSO has affinity to glycochains of sperm receptor protein(ZP3)on
the zona pellucida (13), sperm binding and penetration might be
prevented.

The present results have confirmed the beneficial effect of FCS
in keeping the fertilizability of mouse oocytes during freezing and
thawing, as have already been reported (3,4). Moreover, the results
revealed that the high molecular weight fraction (30000%) of FCS is
as effective as the whole FCS. Some macromolecular component(s) other
than albumin seems to protect the oocytes against the toxic effect
of DMSO added at room temperature, since  control medium containing

3mg/ml BSA could not keep the fertilizability of oocytes during
exposure to DMSO.

=] 6 0=



2)
3)
4)

5)

6)

7)

8)
9)

10)

11)
12)

13)

THFLIPHIEE (J. Mamm. Ova Res.) #6 % 22 198944108

Although successful freezing of mouse oocytes with subsequent
fertilization and full term development is demonstrated in this
experiment, further studies are needed to clarify the factors
necessary for the optimum freezing of mouse oocytes.

This work is supported in part by a grant-in-aid for scientific
research from the Ministry of Education, Science and Culture of Japan.
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