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EABEST LHICESLDP
IKDWTIE, ZHE» O
DRI A D %o T H
ARIESHK5 ~10 #m
(=9 z-7%) THF
FEEEE NI i3 ERGE IR
A BPEEEED OO L
> T %, 7SR E R
ENEBT BT M T
CHESNAA (K1), in vivo TRIPEEDEE O F < BRBEMEOMICAEL TH3DT, BIEWERS
B0 d BV IR EHEMIE OV b H A RIEOHREIEE T ICHESNE THA ) L ENFHiIcHES N5,
T s Tk TOBEIC LT, follicular cellic & » TSNS & 2HE" ©, 99 & DIEHERICE
DBEED B SR IIICED, MO follicular cell Kk brdENnpEDHE 255,
v 4 FIIR AN LTHW, T L7z Wolgemuth © V0851 kAU, BUEE A RR T Bt
[BicBE N T 20 OBRICH S hh. T ORBIEMIEEA cuboidal icZ L, FEELT BT Lichs
W, 2 ORI CIREN) BT A MaoMmRE I BT 5 K DK B LR NTW b, BTN E OffgHRK
TdHEMICOVTEFNFEDS 20 RER(LFNFEDATT 7o - F 3 5ICBRAPH L LEOON L, T
O1oOMHERINE, Zh% &0 E < EREMIZIn vivo TRESAERBGEEE-> TH 0, BPHRSH5
WENBREEENBES N BLEIN S, Cho HEOMICE Gap Junction® ARSI TV BT &Y
TIRHEILNTVADLTH B, BlAlE, TDGap Junction %z L TYHEDBITHITIRDN, NHE DAL
FEDS 5 BULHETEADOEHBMIAICL > TEVATND LOMENBE LV THE ), Ko>THE
B ATERIR DM RE A AND C E &0 b b - CEENSTRNLETHD, < OESH OB E
HAmAEEANZERMSTOATH 3,

Shimizu 5 * (2 8BS DODBA~ Y 2 I SIKAEEILL *, 6 HE@in vitro cultureDd & , L—

UC—amino acid mixture, C°°S Y sulfuric acid, C**PJphosphoric acid ,L—C5,6- *HIfucose, &
5W0ED — (1,6 - H)glucosamine %% MW\ T& DABHKBREITIE - IERERE L T 5, THhick 3
L, TTICHEDH B ZP-1,ZP -2 BLUZP -3 BV IFNbMBILEENTH ST &, N-glycosilation
DIREXIT#H % tunicamycin L FiC culture 217785 & 2EASBD30BHE SN A5%ET THIITERK
SINAEBEANBEICE LB LBV E, ERHLShricEN, NOEKT 2LEAD 2 ~ 3 BHEHT
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20 —=

. #ERH ORIy
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HoTL BB TERNICE Db 00 © b .
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RTD, 100 B2 5/ — v Tld—REWEEN
HEL IO & SE#(L L, hERE R TH

URDEAICR %, ZDTEPLRNMT LD b 01 M
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NHETH D ENHEESN D, FIEFKDT PH 8.5 BH: 10,0
6M Urea

b L, 60°CUlEomiRic kv htk~7vh Y 0.02% EDTA
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SN b, H1ZE0.1 M Na-citrate,pH 2.5 T

" Table 1
Ciiﬂz?)umciéﬁ}:}%‘é%iﬁciiﬁ%@“ %0 C @‘(’@fﬁt’é’f@ Amino acid and carbohydrate composition of purified
DWW TIIEARMICIIMEDBIE & [E UHE & glycoproteins from porcine zona pellucida
Hphzhs, A ’ﬂ:é nt-i& Hﬁ m A% SDS - No of Residues/10°g
Amino acid and Crude Solubilized
PAGE Tk 0f#rd 3 EEICE->T, AT Carbohydrate Zona prep. Zona
A 54 65
AAMLORMSICED, © v EIORSNZEAD ey dd &
Ser 56 59
NV ROEPMEICKERERN G580 5B, Glu 59 76
Pro 45 61
X 3icmnL7zDid, 74 #EHEDSDS-PAGE Gly 33 44
Ala 36 47
DING =V ThHBo ZfFE, a) 0.1 M Tris-Cl val 58 66
Met 10 10
pH 85, 6 M Urea, 0.02% EDTA, 60°C , lle 24 25
Leu 54 70
b) 0.1M Na-borate pH 10.0.,60C TZN% Tyr 15 19
Phe 25 32
DAL L Ic b DTH DA, /N FOERITHIEA Lys 25 21
His 21 27
P 12) 13) =1 AT Arg 32 40
RAvohsb o HEFH BT &g, [6UAE(L 1/2 Cys 29 o
b) D% F T} SDS-PAGE 0/¢5 — v o o -
1oy - e = M 14.5 1
a) LEAUERESZZCEbHHT EHTSN ) Lo =
- o, G N. 51.9 2
TWE', COBEOEKRT 3L B, AE o e w3
Uronic acid 4 4.3
WERITIEHLIN T, & 50 IEARERED H,SO. 6 6.3

REBICHEET 55, 50 FERHKD O

agglutinating tendency Wil 7cH EFZ 5N 5, TDEHITSDS-PAGE /¥4 — v F{ASHEMEE O

IR TRIPPALET, AEbLicd EDE UER%E 4 CIREEL THL 21T SDS-PAGE Lo 54 -
YDEALE BHEREICH Bo COEDICT 4 BRHOERKB LD S — Y BB TIKE LBV D TH Y, =
V2DHERT Y ERILD. Bick B0EICk > TZP-1,ZP-2 8L U ZP -3 D =R A B FBIT: X
BRKE) LR L5255 ThH b, COTI2BPHOZMAIRDFR200K, 120K 85X 83K Lah

TV 73/ BBIOBEOMBIC OV T}, HEEL ZBRSERIC oL TR ShTEy, D90 1
@m%ﬁgwﬁmmi,Mﬂ&A%L@¢w7yémmmomf@ﬁ%Tééo””k £1k7 I/ BB&
OREOMKETR L )y =9 R BRA#RSD ZP-1, ZP -2, ZP-3 Ko\ T, WFRLBEATHD,

Shimizu % '™

TR DB OBEROREN L 7 F v L DREANETRRZ T LICL DBITS TV B,
Shimizu 53 5~ 8 BHGD ICR =Y R ZHWT, @HFIMLERIC X D EIN L 750 & 0 BAHEES %18, SDS-
PAGE @& & nitrocellulose I transfer L, Z®MDdb & peroxidase #&#kdH 20013 biotin kL 27 F »
ZROTRISE Lo, benzidine B8 LU H, O, & MG S THREYE Lo, BRSO OHERILHEL I F v EDK
IGHEZRNT 20 ZDFER, ZP-1 ~ZP-3 T TINTOKNE GlcNac  Gal Nac 6 X OBESAIC
Gal DEEEZZNZNREEL, ZP-1& ZP-313K0RIC Gal BEE, F/HZ2P-2 3o 2 Hicdsshtn

e - D -Man, a-D-Glu OEEZEHE LTV BT EAHELMICINTV B, Shimizu 5% OMORE
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ikxong S Sulfuric acid O & DiABOERD S Y 2B bHMILEERA T 2T LA
SNTHY, 75icB 3 LIAROBRHFEHKD D SO T > T B EEZ 50 5,

CDEINC~Y ZATIFERIS 5 ToBYIER S ZP -1 ~ ZP -3 DEANEIN T B0, 74 DEA IR D
MM Vo SAGRNFe—UOTEKIKBI O HE A D/ 5 — » FUADIKETD, AIFALEIEDEI & » TE(LS
55 TH%. Dunbar & (HEEL 778 &5 LU0 4 RBEYHHER A WHAL L 2 d & IR TBEKE)
ZATIE0, 3 DD &V FITRY T B o ZIROTBLIKENEIC & B B TR B & [E 5 18
NN by, T OB T 2 R0 KBIEIEOBEN T L <, EH S5 Dunbar K 5 {H
NN 10k > T UGEBRIKBIEC £ - TIH SN B85 — v 3—EHEERT D0, BHb
NTLBEADNY FRIFICIZ 4 R~ 5 ADBDONBCENHBEDT ET, EREBDBEDLSH L
EMbr 5o crossed immunoelectrophoresis "% monoclonal antibody 2 % i\ - f##f <, —IkCE
KkE TR S Hcharge Emolecular weight 1 L CHidd Theterogeneity Dy 3 KD Sy Fid,
enTandOYUTEZ > & QWG H 2%, BiG O HICE LT, 5 2SI BV 72 immune
serum A F AR D THRBU 2 UL, ThHi o— v HilkB LU blotting % TORMT &, It
{khiconformational antigenic determinant IC5iJGd 35413 fixation, &5 i aggregation %%
K-> TGN ZALS 2T EMEL SN, BYHHISICBEL TR D5 4 70 Fikd & THE S i< B
T AT DICIIREN H 5o BYHHERLL S D characterization S IICITHN TS 7-HHIE, 15

BN I ZRBIRIC B S M RO SN BB TH D, 2o B RNSET— BESHEEERO
N DR SEZ R TG & 20 3 HURL BID S EETId receptor ICHYd 2 DA EETE 21237 & Ol
53 55T, &5 1 DDHINEHBRHUAD B LB T 2 &K FOBIE~DBELE NS 5h,
FERE L TRRDIIES NBBLPHONTED, DT ENZREL O &0 ST, 520 LEER
FNCRBEATA DBIFE & WV - Bl SERAS b2 N7 5 Th B0 A8, BIEELS) Dcharacterization &
WD B S LS OfFANIESIC TS 2 L Bb i B, 7 5 B ORERREE IMHTa= — 2 Th 21
HEVED D Do 4 1 IR Lic 7 5 B O 24 3 &, WMBILEOGEESE SN B Y, MRS
> C § TSI S > T2 b D& L TA B &, BTN THAOREEA S C &0
TE o ME—DFlId Yamashita 57 G L bOIASNEDATH S0 T OEEHBIL O
WERLE LIAEMEIR O 5L 7 itk S KRG LT 200, SHOBETHS I,

. B — KA AR
B ORI R & ORGE, BRARTRRER ORI —BINCE Cicd v L AT -
TLHDOTHES T LAY, in vitro TR, W1 - AHHOHEFAORTEEET S EMHES,
B IR RN L& 7 5 — AL TV BT &3 Gwatkin 5% Itk > TH OB EA T B,
o3 capacitation SH/2T - F UL Ry —KEFEWEE L 2RSS & % in vitro IC TRIGH L
1 & Th, KT 3AEYHOIMIKITIC S AT AT 2 T EMBES NI T &0 5, B THES A LB
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WOPIMUITHIEL TV BT EZFHOMIT LTV Be & el iC BULERIC & - TRIA(LE L b Fo By &
MAT, ¥ —UMEERZEET 5 L, MTEBHEONENGT SN L Idh-7c& L, Fi
[ BRI SZABI0 s S A U 7o B 2 vl L L ClRIRDERE L2 L T A, ZHHFRE - o< o, %
KT TEPE OWEOZE (MEZL) WEC TV BT EEHEL TS, CDEEREBHE (v V)
AL L CEBEOBIEZETTIE S &, ZHEMIESRERBD 505 b, BT ORI L TEN
CTEBHOMITL TS, CDLDiC, BPRRIKEF LV €75 —NHEAT HTEMNRRENTROBH, TO
Lt 78 — DERMITICERIZEE L T L. MBOHKD» O FL 275 —DHBORHAR T 5 BT %
AOTITbN T Be Dietle &f°*) w7 s BHEAME Lcdh &, Li —3,5—diiodosalicylate & HL
<aliFfb L, high performance liquid chromatography 27> Cl1D7 77 v a A28 TED, TDHH
#6.6 D7 57 a3 YiCcapacitation &N 7 IR ICH L TEVIEAREERF > HEAZEN L TH %, &
# 5 b high performance liquid chromatography 27\ 7 & SR HEK Y D BLEE 2 A7 hS, 72&Z 6
M Ureaf#fE FOEMATH, i LERN s OBEMm R <, HEMd 27/ Yy — v %15 5 T LN
TH-720 &-TDietle LMWAAI LI, 71 7 LICTK B3 LT L ORIGHDRE &0 > FIEOH E&E T
13, EHAhismall scale TLMTAKWV T ER, DA B OMEDORENT DN LVT E, S5IC
75 ¥ D capacitation DEUENRDITL W T EEEDNS, KTLe7 v — KB L TRLEES 5T &R
HThsrLBbnd,

Bt LR F & OMBLER O, &2V 3RO AAD, HEHREORFREZE L TITbN s LBEHD
HWEPLATHINT TS LT HThHb, Oikawa 5“3, Wheatgerm agglutinin ( WGA) THL RS
— IS B &SRB THRBEMA RS N B K DD, B L TOZRMRBOL LBV, WG ADMEE
TH5GIeN o THREFRICHENT 2 EHUOZHITRRICE A EE2FR LTe S5ICRCA, WGA, DBA,
BEUCon-A THLRY —PIEANIT 2L, WINGRERE - RETIRHMNIRZIITRICHES NS L 5K
BLTBD, O EDOLBEPRICHAET EHMBEEZ LV 7 7 v TEMT 2 LMNNTFSNLT L, T6b
HZE AT EICHAE S AREBEA KT L INOMH LR ICEEEEE 5 TV 5 EDOP 5D TH %,

EFW — B THEIERIIB LT, Shur S 3R FEERICH/AT 5 galactosyltransferaseDidith & ORY#E

OIRIT 21T > T b, Shur (3, =9 2AABIRFEEALICHK T 5 mutant OEEFFTERAL, BTicB0
% capacitation &BEIAH D binding &\ 5 —EDERIC BT, FEHGERHN galactosyltransferase ifiih
L TIThh BT A ERINCRIT L 727 0%, 2 hick 3 &, HTRMICHLET 5 galactosyltransfe-
rase (& capacitation BIZAERHEDOE) —N—-T+4F 727 b+ v (GlcNac &Gal 295 )ick
> TEWHFLABE DN TV S h capacitation DT DR Y —N —TEF 77 b+ I VHEREL, 2D

cHBIH OREEAIGD GleNae 2k, #aL, LROHFOERTEBORYIDE >»hdiciisE LT
W3, Shur & DiRIE L TV 5 galactosyltransferase iG D BPRH RO N T EXRT 2 K4 DT

LD, TORTIE EOBRIEN PRI H 2BORENERIFTLVHIEZITTF2=—-7 T, HIvE
YEZDLET Y - DHABEDIBED LS I T - TOVNVTOREEEZEZ 56 LRILD, BRI
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fa—#EF— 3% 7 v EIREN 2 M EE O h e B 28 2 Z A 2 LG ICEEIET 26D TH S EEX
5. I SIC[ERk OB TR DOBERNBS T 2 0[REMIC OV TEEZIAD T L b METH A D,

BYFH —EFHIEHOF T, ChE TRNTE BERT EETOREEBEZN L COMEEBOB S, S
DFFFTLIANC, 51D acrosome  reaction T 2 & - 252 2 & D & LT OERW OHKE DT
LTWB7v—7hd %, Florman & Storey * (3, cholinergic receptor IC&WEHFMEAH T2 3 —
quinuclidinyl benzilate

(QNB) Zfi#tr o &

Fi
LTHV, ~9 2% gure 4

ICH1) % acrosome ) 9a| Gal
GlcNac GleNac

reaction (T2 3§ e
Gal al

) Gal-transferase 2 SleNac
%Zii~<7zs Tonophore N
A2318Tick » Tl =i CAPACITATI

IGI cNac

C &N % acrosome Gal GlcNAc

reaction {%, QNBICk

> CHiEg 5 EMNTH GleNac .
fl;b)/)f:bi —ﬁy gﬂé

HHRmICMNEL TV S
>, HEEBIE IS L
TVBh, & B0id, AlEEEEEE T O/ Ticidacrosome reaction 23 Sk @RI &I &NT
#0 (5 idacrosone reaction O HEDHES Saling 5 ** dDchlortetracyclin HEICEDIT->TW3 ) T
DHEFQNBIREDMEIET 2 ENAETHD. vV X IVFICBWTQNBOZIEIIER2RT T & &
G CEIE — R T OWmERE G L1 b & acrosome reactionSFE SN b & LTWVW3, TOREE
XFFT AMEIEE LCTd, E2IC acrosome reaction O Ui IREP®ICHEE LN &P, QNB A2
cumulus- intact OINEAEFT OZAGICBI L CTHIILRIREFET 5T LI ED, FHoHick-> TEREahTL
%o —7, Bleil and Wasserman 5 ) 3a[#ft~ & R BHIEHELEZP -1, 2P -2,2P -3 22h¥hin
vitro THFEMULHE L, ZP-31iCi3 acrosome reaction %At d BikMDdH 200 E 5 D EFHNTH B,
T L B &, ZP-1,ZP -2 30N, Mick S &84 L [Elkk acrosome reaction FEIEMEGEL,
ZP -3iTi3 Z DIEWAED SN e LT b0 ZHEDERETHF D acrosome reaction 2302 & TAT
BEMICONTHE L hOLHERDSH L ETHTHD. Austin and Bishop **) i3 cumulus - mass O THT
Dacrosome HEZIAINCG, HEVETRICIHONI 5ELTHY, BPHHEEHTLOEZEOMbOA
W75 ¢ acrosome reaction AT B EDEZAH D), Florman S52FHETETEL THEODE D
» TFHBEOED TARDORAND S SIBLETH S S,
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SREROL DR THEWH OMENEANT 5 LEE L OMFEHICL > T TIHEMES N TV B LT ATH 2,
1o & 743 Inoue 5°" VL SEHERLITAT DBITHF & LTI, solubility ICHAE LTV AT & 23 Tlolis
LTwaL, ¥7Gwatkin 5™ OWEICHASNBL S, HTOL €Ty —iEkbRBEIPTRIRILEA
THRBBILLURERILS NN EARSNTV b, TDZALIL *zona reaction” & LCHIASA TV 3
B, T OFEKICB L TRARMRDIBHNH %\, 1956 4FIC Austin & Braden 5 *?ic k - Tid L Tzona
reaction V5 S ALTLAK, 1971 4078 - T Barros & Yanagimachi & *ick 5 Ccortical granule
DHNEYIA zona reaction ICHG L T3 T EVERIICIEM SN BITE > TV 5, ZDH% Gwatkin 513
FAZHRN) 74 ve ey —2HWTIOBREMTL, cortical granuleDNAEH Y 7 v v &
HEMRMRTH 5 LT BRHEI L TV 3. 20%Bleil 5°°) bR KIC~ v R BIHZP -2 A8
proteslytic ICTEMS N T2 & DIRIATFTE D, TDI Eh 5 zona reaction LIk ZP - 20%ERE S 1,
T OFERNRGTF O BHFLADILE SN 2B >V TIk~TW 3, DL ST, zona reaction K2V Tl
SRIAL R, 0K D &5 cortical granule A% (proteolytic enzyme ) 12 & - THBUYHEAES &
NBHEV S REHH—AAHYICEHSNTE TS0, BIORHEIIET 25 b1 5, Oikawa 5 13,
Gwatkin ST ERICHW SN N ) T o VI ve ey —ZD 6D, ¥4 XL F v LTHEHT 3
AREHEDH BT L, Ve A4 ELIF Y (STA) AV S ERZEINEZREIND KERER A XAT 5T &
TE5CL, MYT YA LTS TARSIBALISARSIREIN, ZRHINEMOT SREAT 250 A =T
L, cortical granule N dproteolytic enzyme Tid7i<, L A glycosidase iGMEAME L 12D

KD TEIEWD, EOREESZ TV 3,

BHDIC

AR ERT DAY - PIEE - (LFE 0 I KRS SEEA LI TV S, b & X BIFEHIZEZ Db DIRIEk
BHEBEELDH DT, TNCTOWREHREMBT 2 L IAARETH b0 THBRICHL A, &
PR OESICHEZRIE > TOBEKRED 1 AL LT, BWHZDLGEICT A Treview 24 720% &
B2 E VD K0 SFASELRD S DFLBRICTS - e D TRV EBRN TV B, LS D Proc. Natl .
Acad . Sci. USA ,vol .83, P 4341-4345(1986)ICE T, Ringuette HiCk - THREI N

" Qocyte -specific gene expression : Molecular characterization of a ¢ DNA coding for
ZP -3, the sperm receptorof the mouse zona pellucida” (ZBIAFHIRICH L ~<~— VA< &0
T, T OHIRDSEDES TR Lo,

AReKBich D, YEOHMEES A CTIHE $ LAWMIEN T ARETE L OBRICEE BB L
ER)
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Abstract

Under invitro conditions, the interaction of rabbit gametes were
observed by using scanning electron microscope. The majority of
rabbit spermatozoa preincubated in mTALP medium for 5 hours
attached to the cumulus cells had intact acrosomes. After 15-20
minutes of insemination, the spermatozoa passed out the cumulus
cell mass and reached on the surface of the zona pellucida. In the
cumulus cells the majority of the spermatozoa observed were in
acrosome reacting states, but the completion of the acrosome
reaction was not observed. Many spermatozoa completed the acrosome

reaction on the zona surface.

Introduction

In vitro fertilization 1is a good tool for the analysis of
mechanisms of fertilization in mammals. In mammals, spermatozoa
must undergo the acrosome reaction before they penetrate the =zona
pellucida. Under in vitro conditions, mammalian spermatozoa with
intact acrosomes may reach on the zona surface immediately after
insemination (Yanagimachi, 1981). Saling and his associates (1979a,
b) have reported that acrosome intact sperm of the mouse can bind
to the zona surface and begin their acrosome reactions on the zona
surface thereafter. Similar observations in the hamster has
reported by Gwatkin et al. (1977). A report by Bedford (1970) has
indicated that uncapacitated rabbit spermatozoa can attach to the
zona pellucida shortly after insemination. Further, he has observed

that capacitation promotes the ability of spermatozoa to attach to
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the zona surface. Thus, under in vitro conditions spermatozoa can
undergo capacitation and/or the acrosome reaction on the zona
surface. However, Cummins and Yanagimachi (1981), Yanagimachi and
Philips (1984) have pointed out that wunder ordinary in vivo
conditions, fertilizing spermatozoa probably complete their capaci-
tation before contact with the cumulus and the acrosome reaction
occurs near on the surface of the zona pellucida in the hamster. In
the rabbit, however, relationships of the acrosome reaction of the
spermatozoa and attachment to the zona surface are not clear. In
the present study, the interaction of sperm and the zona pellucida
of eggs of rabbits were examined by using scanning electrone

microscope (SEM).

Materials and Methods

Japanese white vrabbits, 2.8-3.0 kg body wt., were used. All
animals were housed in individual cages under light and temperature
controlled conditions. Spermatozoa were collected from adult males
proven their fertility by an artificial vagina. Semen samples were
centrifuged (800 rpm, 10 min) in oder to sepsrate sperm cells from
the seminal plasma. The spermatozoa were suspended in a chemically
defined medium, a modified Tyrode's solution (mTALP; Yanagimachi,
1982) and then the sperm suspension was centrifuged. This washing
procedure was repeated 2 times. To induce capacitation, washed
spermatozoa were incubated in mTALP covered with mineral oil for 5
hours at 37 C under 5% CO in air.

Adult does were superovulated by pregnant mare serum gonadotropin
(PMSG) human chorionic gonadotropin (hCG) injections. Briefly, 100
IU PMSG was given intravenously followed by an intravenous
injection of 75 IU hCG 72 hours later. Ovulated eggs were recovered
from oviducts 15 hours after hCG injection. The eggs were rinsed
with fresh medium and then kept in the medium at 37 C under 5% CO
in air for in vitro fertilization.

For in vitro fertilization, also, mTALP was used. The medium was
prepared immediately before use.

Insemination was performed as follows: an aliquots of sperm

suspension droped into droplet of the medium containing 5-7 eggs.
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After insemination eggs were examined by a phase-contrast micro-
scope and some eggs were fixed with 2.5%-glutaraldehyde for
scanning electron microscopic observations.

Fixation of eggs was performed at a temperature of 4 C in fresh
phosphate buffered 2.5%-glutaraldehyde for over night. After
fixation the eggs were dehydrated rapidly with a graded aceton
series and placed on coverslips coated with poly-L-lysin (Sigma)
and they were dried. After drying them, samples were placed on the
supporter and coated with gold by an ion-coater (Eiko). Observation
and photography were executed using Akashi (Alpha-25) scanning

electron microscope.

Results

The SEM showed that rabbit spermatozoa preincubated for 5 hours in
mTALP attached to the cumulus cells immediately after insemination
(Fig. 1). The majority of the spermatozoa attached to the cumulus
cells were intact acrosomes (AI). At 15-20 minutes after insemina-
tion, spermatozoa passed out the cumulus cell layers and reached on
the surface of the zona pellucida (Fig. 2). The spermatozoa
attached firmly on the =zona surface. During passing the cumulus
layers, the sperm cells showed the enlargement of their heads(Fig.
3). After the enlargement of the acrosome, the spermatozoa on the
zona surface showed vesiculation of the acrosome membranes (Fig. 4
and 5) and then the completion of the acrosome reaction (AR) was
observed (Fig. 6). The spermatozoa attached firmly on the surface
of the zona pellucida appeared to digest the zona substances (Fig.
7). The sperm tract also was seen on the zona surface (Fig. 8).
When the spermatozoa in the cumulus <cells, the majority of
spermatozoa observed were in modification of the acrosome morphol-
ogy (Fig. 9), but the completion of the acrosome reaction was not

yet.

Discussion

The present study has demonstrated that at least in the rabbit,



LIRS (J. Mamm. Ova Res.) 3% 4525 198 64E10A8

capacitated spermatozoa with AI can attach to and penetrate the
cumulus cells. Further, the majority of spermatozoa, during passing
the cumulus layers, was found as acrosome reacting. We also
observed that the majority of spermatozoa observed near or on the
zona surface were beginning or/and completion of AR. Bedford (1968)
has reported that rabbit spermatozoa among cumulus cells near the
eggs begin or complete the AR in the majority, whereas the majority
of AI spermatozoa located at the periphery of the cell mass. And
often rabbit sperm cells adhering to the zona surface are known to
have vesiculated acrosome sheath (Bedford, 1970). Our obsevations
are agreement with results reported by Bedford (1968, 1970).

In vivo data to be reported elsewhere have shown that only
acrosome reacting spermatozoa are found during penetrating through
the cumulus cell layers and all the spermatozoa attached to the
zona pellucida in the hamster (Cummins and Yanagimachi, 1982;
Yanagimachi and Philips, 1985). Also, Huang et al. (1981) have
reported evidence that in the guinea pig only AR spermatozoa can
attached to and penetrate the zona pellucida. These disagreements
under in vitro or in vivo conditions can not be explaned clearly.
Perhaps, it may be depend upon defferences of experiment condi-

tions. However, specific specificity is not neglected.
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Fig. 1. Attachment of
rabbit spermatozoa with
intact acrosomes to the

surface of cumulus cells

Fig. 2. A spermatozoon
on the zona surface
20 min after insemi-

nation

Fig. 3. A spermatozoon
with swelled head

during passing the

cumulus layer
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Fig. 4. On the zona
a spermatozoon shown
vesiculation of the

acrosome cap

Fig. 5. Acrosomal ghost
remains on the top of
the head

Fig. 6. Acrosome cap al-

ready can not be seen on

the acrosome



WEFLORAFEE (J. Mamm. Ova Res.) 53% 2% 198 64108

Fig. 7. A spermatozoon

that digest the zona

pellucida

Fig. 8. The sperm tract
seen on the zona

pellucida

Fig. 9. IN the cumulus
cells a modification

of the acrosome are

seen
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The production of chimeric blastocys(Rat <= Mouse)by aggregation method.
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An attempt for obtaining xenogeneic blastocysts (Rate Mouse) was undertaken by
aggregation method. As a culture medium, Dulbecco’s modified eagle medium with 0.3%
bovine serum albumin (pH 7.4) was used for the production of xenogeneic chimeric embryos
in this experiment.

When the late eight-cell stage rat and mouse embryos were cultured immediately after
flushing from the uterus, 88.2% (30/34) of rat embryos and 95.0% (19/20) of mouse
embryos developed into expanded blastocyst after 48 hours in culture. When rat and mouse
embryos were removed their zona pellucidae with 0.3% pronase before culture, 87.0%
(20/23) of rat embryos and 95.7% (22/23) of mouse embryos developed into expanded
blastocyst after 48 hours in culture. On the other hand, 87.0% (40/44) of allogenic
chimeric rat embryos (Rate Rat) and 90.5% (38/42) of allogenic chimeric mouse embryos
(Mousee Mouse) developed into single, integrated expanded blastocyst after 48 hours in
culture respectively. Furthermore, xenogeneic chimeras betwen rat and mouse were
produced by aggregating embryos at the late eight-cell stage in this experiment. Out of
41 aggregated embryos from rat and mouse, 34 (82.9% ) formed single, integrated expanded
blastocyst after 48 hours in culture.

These results showed that Dulbecco’s modified eagle medium was available for the

production of xenogeneic chimeras between rat and mouse.
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B, Iy FPTREAXTHOREF, TV ATHBERBICLDT- 2,

Y SHMBE Iy ANy aBEHZEFRT3IMEFE >, 0.3% pronase(RIAREHKA £ H)
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BL, BHFDHEEZRALL,
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Bt THM L7 ABZHWT2 ., 20K, ThEfhoRORET, TELRVEERZ
I<To Lo 2drrrbic, LEPULEZREZMALZWEY CBELL,

BE*fT4 > 722, 0.3 % bovine serum albumin(Sigma Chemical Company) & & & /LN v
TREENBHERTIEEY, BENT 7 4 (AEHETLERALH) TH-720.3%bovine seru
m albumin &F N Ry IBEEZFBRONECHBLE,
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K#IZ37C, 5% C0L95%ZERBARMPTBERITY, X ATENOREZBRELL. H
Wi, BEUHM S BLUVERFTREROERETVIBARE LL,

0.3 % pronase&E S NN v ABIEHREHIL, HoPLOITCT2REMEL, BET 5 KK
THBELHCHLIELLDZH W,

BEROHABLCERE 2R KREMY, SLERRIEES> BEELBEPOHFREMBLELZ,
BEBoNE, EHTHICEET 7.4CHEL, —B37C, 5% C0.LBRZERREG I ICE
E, ZosMicmmsd, EAICHEHZ TACHBLL,

et SR

B LB S8 X B KL K DI8E B # MDExpanded Blastocyst NDFEA (T,
5w FTERZFN30/34(88.2%), 20/23(87.0%)TH D, ¥T7ATERZEN, 19/20(95.0%) , 22/2
3(95.7%)TH - 72 (table 1),

Sy rBLUTZXDOEBEN, 5127y ?o2RBRIOBROESZICX % Chimeric Expa
nded Blastocyst "D RAERIL, Fh Fh40/46(87.0%), 38/42(90.5%), 34/41(82.9%) TH H (t
able 2), ZOMICHELZE (PLO.0S)EED SN LTz,

Fig. 1139 v b - 27 2B &M DChmeric Expanded Blastcyst\o) R4 % #EH CBIR L
LOTHS, 5K, HEROBEF Iy FRT, RKOBEF 7 XK TH 5, 24ERERICEDH
BB SN, 48BB#IZ2I3Chimeric Expanded BlastocysticRAELTWA T & BB I, 788
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Table 1 . Development of rat and mouse embryos from late eight-cell into blastocyst
for 48 hours in culture

No.of embryos developed from late eight-cell into

Control No.of embryos
cultured Blastocyst (%) Expanded blastocyst(%) Degeneration(%)

Rat embryos

with zona 34 4(11.8) 30(88.2) 0(0)
without zona 23 2( 8.7) 20(87.0) 1(4.3)
Mouse

with zona 20 0(0) 19(95.0) 1(5.0)
without zona 23 0(0) 22(95.7) 1(4.3)
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Table 2 . Development of aggregated embryos into chimeric blastocyst for 48 hours

in culture

No.of embryos developed from aggregated
Type of late eight-cell into
embryos No.of embryos
aggregated aggregated Chimeric Chimeric expanded

blastocyst(%) blastocyst(%) Degeneration(%)

Rate Rat 46 4(8.7) 40(87.0) 2( 4.3)
Mouse e Mouse 42 1(2.4) 38(90.5) 3( 7.1)
Rat e Mouse 41 1(2.4) 34(82.9) 6(14.6)
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Fig. 1 (a)A xenogeneic chimera between rat(left) and mouse
(right) was demonstrated shortly after culture.
The xenogeneic chimera of various developmental stages
after 12(b),24(c),36(d),48(e) and 76 hours(f) in culture.
(X50)
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Abstract

In vitro fertilized ICR mouse embryos were cultured
during preimplantation period from the one-cell to the
blastocyst stage in a chemically defined medium supplemented
with EDTA. Development of normal progeny was confirmed by
subsequent transfer into the uteri of pseudopregnant
recipients. Developmental rate of newborn was not
significantly different from that of the embryos derived from

fertilization in vivo.

Introduction

The mouse embryos derived from certain strains or Fi
hybrids can be cultured through the preimplantation period in
vitro. Yet mostly one-cell embryos of randomly bred strains

arrest development at the two-cell stage%'Z)This so-called

'in vitro two-cell block' can be overcome by the addition of
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EDTA-2Na into the culture medium§’4)

However, only a
preliminary report has so far been published concerning the
developmental normality of the embryos cultured in the

presence of this chelating agent§)

In the present study, the in vitro fertilized embryos of
randomly bred strain were developed into the blastocyst stage
in a chemically defined medium supplemented with 100gM EDTA
and were transferred into the uterus of pseudopregnant
recipients to assess the developmental ability after

implantation.

Materials and Methods

Jcl:ICR mice (ICR), 2-4 months of age. were induced to
superovulate by intraperitoneal injections of 5 i.u. PMSG and
5 i.u. hCG given 48hr apart. These females were Killed by
cervical dislocation 15-16hr after hCG injection and the
oviducts were removed and placed in a culture dish containing

0.4ml TYH mediume) covered with paraffin oil. The ampullar

region of the oviduct was dissected with a needle and the egds
surrounded with cumullus cells were introduced into the
medium.

Sperms were obtained from cauda epididymis of 3-5 months
old ICR male mice and suspended into 0.4ml of the medium under
paraffin oil. After preincubation for 2 hr at 37°C under 5%

CO. in air, a small volume of sperm suspension was added to

2
the medium containing eggs. The final concentration of sperm
was adjusted to 150 cells/ul.

At six hours after insemination, the eggs extruded second
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polar body were picked up from the medium, washed 4 times and
then cultured in 0.4ml droplets of Whitten's medium7)

supplemented with 100uM EDTA under paraffin oil at 37°C under

5% CO2 in air, according to Hoshi & Toyoda§) Embryos were

cultured for 72 hours or 96 hours after insemination and were
transferred as morulae (72hr) or blastocysts (96hr) into the
uterine horns of Day 3 (morula and blastocyst) or Day 4
(blastocyst) pseudopregnant ICR foster mothers.
Pseudopregnancy was induced by mating with sterility-
proven vasectomized C3H/He or ICR males. When the vaginal
pPlug did not appear, pseudopregnancy was induced by using

8)in the morning of Day 1. Day | was the day

artifical penis
on which the vaginal plug was noticed.

After anesthetizing the recipient with 50mg sodium
pentobarbital per kg body weight and exposing the oviducal end
of the uterine horn through dorsal incision, the uterine wall
in the vicinity of utero-tubal Jjunction was punctured with a
25- or 27- gauge needle. Three to 6 embryos suspended in a
small amount (below 0.3pl) of Hepes-buffered Whitten's medium
were then introduced into each horn of recipient using a fine
glass pipette, which was made of hematocrit tube (75mm) and
attached to a mouth piece. Embryo transfer was done aS
quickly and gently as possible.

The recipients were housed individually after transfer and
examined daily for their vaginal smears. After a placental

sign was detected, the recipients were allowed to deliver at

full term, and the young were sexed and weighed.
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In the control groups, morulae and blastocysts were
obtained from the uterus of superovulated ICR mice on Day 3
and Day 4 of pregnancy, respectively. All embryos fertilized
in vivo were flushed from the uterus of the donors with 0.1-
0.2ml1 of Hepes-buffered Whitten's medium. These freshly
collected morulae and blastocysts were immediately transferred
into the uterus of pseudopregnant recipients with the same

procedures as for the embryos fertilized in vitro.

Results

The results of transfer of in vitro and in vivo fertilized
embryos are shown in Table 1. All of 27 recipients, except
one received in vitro fertilized morulae, became pregnant as
assessed by the appearance of a placental sign. Out of 4
pseudopregnant females that had received 46 in vitro
fertilized morulae. only one recipient delivered 3 young.
After autopsy of these recipients, 7 implantation sites were
found in 2 recipients. The rate of development (3/46) in this
group was significantly lower than other groups.

Of the 21 and 60 blastocysts derived from in vitro
fertilization and transferred into the uteri of pseudopregnant
recipients on Day 3 and Day 4., 76% (16/21) and 50% (30/60)
were developed into the newborn young, respectively.

Slightly lower rate of development in the Day-4 transfer group
was due to 2 cases of stillbirth in this group.

In the control groups, 62% (37/60), 55% (61/56)and 29%
(12741) of the embryos were development to the newborns after
transfer of morulae to Day-3 recipients, transfer of

blastocysts to Day-3 recipients and transfer of blastocysts to
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Table 1

Development of
pseudopregnant recipients.

in vitro fertilized and

in vivo fertilized mouse embryos after transfer into uterus of

Fertili- Stage Stage of No.pregnant No.of Appearance Parturition Newborn No.of Remarks
zation of recipient / No.of embryos of P.S. implan-
3) 3) W . tation(%)
embryos (day) recipient transferred (day) (day) No. (%) mean weight
m!? 3 3/4 46 10.7¢2.18 212 3¢ )2 2.59 7(5)
in vitro B!’ 3 2/2 21 11@ 202 16(76)2  2.02£0.02 21100
gl’ 4 6/6 60 11.3¢1.8%  20.7+1.02 30(500°C 2.1240.37 47(78) 5 stillborn
m2’ 3 6/6 60 11.0¢1.12 202 37(62)P 2.03:0.10 40(67)
in vivo B?) 3 5/5 56 10.640.52  19.840.82 31(55)P® 2.07+0.19 37(66) 1 stillborn
B2’ 4 4/4 41 10.840.5°2 20.5+0.62 12(29)C 2.34:0.31 22(54) 3 stillborn

1) Morula(M.) and blastocyst(B.) developed in culture for 72hr(morula) or 96hr(blastocyst) after fertilization

in vitro.

2) Morula(M.) and blastocyst(B.) obtained by flushing uterine horns of naturally mated females on Day 3(M.)

or Day 4(B.) of pregnancy.

3) Day | is the day on which the vaginal plug was noticed.

P.S.: Placental sign.

Values with the same superscripts are not significantly different in the same column at p>0.05.
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Day-4 recipients, respectively. -The developmental rate in the
last group (29%) was significantly lower than those of other
two groups.

The developmental rates to young following transfer were
not significantly different between the in vitro and the in
vivo fertilized blastocysts whether they were transferred on

Day 3 (76% vs 55%) or Day 4 (50% vs 29%). In all six

experimental groups. there was no difference 1in the day
of the appearance of placental sign and the day of parturition

(P>0.05). No 9gross abnormalities were found among the young.

Discussion

Although the development into fetuses has been shown by
transfer of mouse embrvos fertilized in vitro. only limited
experimental data have so far been available with
regard to the transfer of embryos after cultivation throughout

the preimplantation period in vitrog_ls) Furthermore.

developmental normality of the embryos which were stimulated

to develop with the addition of EDTA into the medium has not

been fully examined yet. Kimura et al5)have recently made a
brief comment on the successful birth of newborn mice after
transfer of in vivo fertilized embryos cultured in the medium
containing EDTA.

In this paper, in vitro fertilized ICR mouse embryos were
cultured up to the blastocyst stage in the Whitten's medium
suplemented by 100uM EDTA. Development of normal pProgeny was
observed by subsequent transfer into the uteri of

pseudopregnant foster mothers. Developmental rate to young
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were not significantly different as compared with those in the
control groups. except for the low rate of development of
in vitro fertilized morulae transferred to Day-3 recipients.

These results suggest that the in vitro fertilization and

culture system used in the present experimental condition

represents fundamentally the same conditions as in vivo.

The authors wish to express their gratitude to Mr. Arthur B.
Karnuah for his kindness in reading and revising the
manuscript and to Miss Ruriko Sakurada for her help in

preparing the manuscript.

References

1) Biggers,J.D.(1971).New observations on the nutrition of the mammalian oocyst
and the preimplantation embryo. In; The Biology of the Blastocyst ed, Blandau,
R.J. THe University of Chicago Press, Chicago,319-327.

2) Whitten,V¥.K., and Biggers, J.D. (1968). Complete development in vitro of the
pre-implantation stages of the mouse in a simple chemically difined medium.
J.Reprod.Fert. 17,399-401.

3) Abramczuk, J.,Solter, D.,and Koprowski , H.(1977). The beneficial effect of
EDTA on development of mouse one-cell embryos in chemically defined medium.
Dev.Biol.61,378-383

4) Hoshi,M. and Toyoda,Y. (1985). Effect of EDTA on the preimplantation
development of mouse embryos fertilized in vitro. Jpn.J.Zootech. Sci.56,
931-937. .

5) Kimura,S.N.,Kojima,H.,Yokoyama,M. and Kathuki,M.(1985). The culture of mouse
zygotes in vitro. J.Mamm.Ova Res. 2,43-44.

6) Toyoda,Y., Yokoyama,M. and Hoshi,T. (1971). Studies on the fertilization of
mouse eggs in vitro. I.In vitro fertilization of eggs by fresh epididymal
sperm. Japan J.Anim.Reprod. 16, 147-151.

7) Whitten,W.K. (1971). Nutrient requirements for the culture of preimplantation
embryosiin vitro. Adv.Biosci. 6,129-141,

8) Takeshima,T. and Toyoda,Y. (1877). Artifical insemination in the mouse with
special reference to the effect of sperm numbers on the conception rate and
litter size.Exp.Anim.26,317-322.



9)

10)

11)

12)

13)

14)

15)

ICRZ ™ ADBHPEPREI 7 L R LR T2 AV THAAZRE 1TV, BT @R InH 68 1 Bi 450 D 58
FE100 s MOME DEDTA- Wak FLVhittenFHIAB L. 7T20¥RAI H - 13 06RFRIER L= WO DL
R EE(T205M) & & U AR KD (96FFR) ¥ BABBIH F LR BIAORBMOTFEABRELE. MR
ReLUT. REEEIHBIUVEBIHOEB T ADTFE2HAA L TBRRUEERZERS LUV RR :
REBESCBAEBETVALBRLE. AAZHEHRBOFREFAORERIT, REETIINRE
CHUARKCE - 8. BERTE. BEEEESIVEIEOVWTHhOBREILEVWTHHRK
LOMIERERRD L. ZHhLDOREND. ‘2-cell block’ ¥ TR 2 7= 8D \EDTA%R &N

WFLIBWIGE (J. Mamm. Ova Res.) 3% 28 19864108

Mukherjee,A.B., and Cohen,M.M. (1970). Development of normal mice by in vitro
fertilization. Nature 228,472-473.

Mukherjee,A.B.(1972). Normal progeny from fertilization in vitro of mouse
oocystes matured in culture and spermatozoa capacitated in vitro. Nature
237,397-398.

Hoppe,P.C., and Pitts,S. (1973). Fertilization in vitro and development of
mouse ova. Biol. Reprod, 8,420-426.

Kasai,K., Sugimoto,M., and Toyoda,Y. (19738). Normal progeny produced by the
parent derived from mouse eggd fertilized in vitro. Jpn.J. Zootech.Sci.
51,740-744,

Nakagata,N. and Toyoda,Y. (1980). Normal young afyer transfer of frozen-thawed
2-cell mouse embryos obtained by fertilization in vitro. Jpn.J.Zootech.Sci.
51,740-744,

Massip,A.,van der Zwalmen,P.,Puissant,F.,Camus,M., and Leroy,F. (1984).
Effects of in-vitro fertilization,culture,freezing and transfer on the
ability of mouse embryos to implant and survive. J.Reprod.Fert. 71,199-204.
Hoppe,P.C., and Comar,D.R. (1983). Reduced survival in utero from transferred

mouse blastocyst compared with morulae.Gamete Res. 7,161-167.

EDTASHEMTRAELESAZH I ARDOBHICIAERETFICOWVWT

#Ak RE. . BH B
JEERFBEEES
BB P HEEGRR) FARHER

LB TRE L ZGAZEERREE. ERRRBEREELTWILEALNS.



LA EE
(J.Mamm.Ova Res.)

Vol.3No.2 86~% | & MEF L BB E N2 24 - PZHEROL RN

1986

(Z2uT

Variety of cross fertilization between human

spermatozoa and zona-free hamster eggs

KT B, NN R, BB &, ESIEHE, SME KT &

Takeshi Nagae, Makoto Kawamura, Hiroshi Katsume, Akiyoshi
Tachibana, Akira Iwaki, and Tasuku Kinoshita

RARFEFEE 2 ERAF

2nd Department of Obstetrics and Gynecology, School of Medicine,
Toho University, Tokyo.
Abstruct
When zona-free hamster egg test is used for assessment of fertilizing ability in
human spermatozoa and elucidating the mechanism of fertilization, it needs to know
the effect of zonaless, polyspermic, and cross fertilization. In this study, it is
shown to observe unusual fertilization and sperm head chromatin decondensation.
Multiple flagella sperm was also shown to be capapnle of penetrating egg. These
observations seems to be very useful for electron microscopic observations.
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Effect of storage period of the culture medium(M16)

on the development of mouse zygotes in vitro and in vivo

EHWHA - fHEE
Yumi SHIODA and Yukio TSUNODA

FEPROKBE & % B U BR e SRR

Department of Reproduction, National Institute of Animal Industry

The present study was undertaken to examine the effect of storage period of the
culture medium, M16 (Table l;i on the development of mouse zygotes to blastocyst stage in
vitro, and to live fetuses after transfer to recipients.

Mouse zygotes obtained from the superovulated F1 (C57BL/6 X CBA) females 18 hrs after
hCG injection were used. The zygotes with two pronuclei were cultured for 4 days in one
of the medium either fresh. storaged for 30 days. 60 days. or 90 days in the refrigerator.
Blastocysts developed from zygotes cultured in each medium were separately transferred
into the uteri of recipients on the third or the 4th day of psedopregnancy. They were
killed on day 18 to examine the number of implantation sites and live fetuses.

In fresh medium, 185 of 228 zygotes (81%) were developed to blastocyst stage. The
proportion of blastocysts developed from zygotes cultured in preserved media was not
significantly different from that obtained in fresh medium (76~85%,in table 2).

The proportions of implantation sites (58 to 65%) and live fetuses (38 to 51%) after
transfer of blastocysts developed in preserved media were not also significantly different
from those (67% and 46%) obtainded in fresh medium (Table 3).

The present study clearly demonstrated that the chemically defined culture medium, M16,

could be preserved at least for 90 days in refrigerator without any detrimental effect on
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mouse zygotes.
#
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Table 2. The effect of storage period of medium on the
development of mouse zygotes in vitro.

Storage period No.of zygotes No.of zygotes

of the medium cultured developed to blastocysts(%)
Fresh 228 185 ( 81 )
30 days 139 118 (85 )
60 days 63 48 (76 )
90 days 81 67 (83 )

Table 3. The viability of blastocysts developed from zygotes cultured
in mediam preserved for different period, and transfered to recipients.

Storage period No.of blastocysts No.pregnant/ No.of No.of
of the medium transferred No.of recipients(%) implants(%) live fetuses(%)
Fresh 52 9/10 (90) 35(67) 24(46)
30 days 35 7/7 (100) 22(63) 18(51)
60 days 37 5/ (T1) 24(65) 14(38)
90 days 26 5/6 (83) 15(58) 11(42)

AR FE U 2 EOBSHERRE . E3RITRU o MBRIZHV TR, 52@OMER % 10KD2
SRR U 2o R O PCHSEESR U35 (67%) DBEFEBHER X h. 20T (U6DDEFIEANE SN,
FH OB S D72k 5. 30~90H RHKIERA U 2 15808 FI L T8 & n - R R BAE U 12 858 OFF
R (T1~100%). BRE (58~650) 5 K UEFMAR (3B~51DW. LT HMBRE & bR TAE
REERELB SR >k,

%z =
wmnmgfw%%&%m&ﬁmfvvx8%&%&@%%%%&&%bfu%\%ﬁmmﬁm%%
BRAMEIE < OBRDMA Sh. BTETW | KSR BRI & THA CRRRRB 32 L
@ﬁg%w%ém%wwm<o»ﬁ%éthﬁf%hé@ﬁ%ﬁﬁ%wmz<u\K§%&§Xt

UTBEEhRZHDTHY. DWINbeEOFER 1~ 2EFDNERT 3LEBH S EThTL
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In vitro development of blastomeres isolated from 2-cell eggs in mice

HHE - ABSER

Katsuhiko NAKAMURA and Yoshiro ISHIJIMA
HERERFEEFHEXESEHMFEWEZS

Laboratory of Animal Reproduction, Department of Zootechnical

Science, Tokyo University of Agriculture.

The present paper describes the in vitro development of single blastomeres iso-
lated from 2-cell eggs in mice.

Two-cell eggs were recovered from CFif1 females which were injected with 5 IU
of PMS followed 48 hours later by 5 IU of HCG and were mated with fertile CFit1
males. Zona pellucidae were removed by incubation in Hanks medium containing 0.2
% pronase for 5 to 8 minutes, and the zona free eggs were washed two times with
Hanks medium. Blastomeres were separated mechanically with a glass pipet in Ca++
and Mg™ free Hanks medium containing 0.02 % EDTA. Separated blastomeres were in-
cubated in drops of culture medium(Whitingham 1971) coverd with paraffin oil at
37°C in an atmosphere of 5% C0 ,,95% air for 72 hours.

0f the 576 single blastomeres isolated from 288 2-cell eggs, 416(72.2 %) deve-
loped to blastocyst in culture for 72 hours. This rate was similar to the rate
of development into blastocyst in zona free 2-cell eggs,although lower than that
of normal 2-cell eggs. The proportion of monozygotic pair embryos developed to

blastocyst was 61.5 % in this culture.
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Table 1 In vitro development of blastmeres isolated from 2-cell

stage eggs in mice

Type of embryos No.of Stage of development reached 3

embryos Blastocyst Morula Abnormal  Degenerated

blastocyst embryo

Intact 2-cell egg 641  561(87.5)  21( 3.3) 5909.2)
Zona free 2-cell egg 220  162(73.6)  22(10.0)  24(10.9) 12(5.5)
Zona free Yz-embryo 576  416(72.2) 43( 7.5 66(11.5) 51(8.9)

Values in parentheses are percentage of the number of embryos used.

*Stage reached after 72 hrs in culture.
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72, blastocystNCRE L HEEEIRKD 9 b, W TRE L FEIE61.5% (177/2884) ,
—HOBRELLFEL2.5%TH -7 (Table 2) . ZO&R, KA L b2 <blas
tocysto WRB L FRIB3W LB, ZORTABINE DILIEF 2 LI O FA F T
BT2b0TH 7,

Table 2 Development of the monozygotic pairs of

blastomeres isolated from 2-cell eggs

No. of No. of No. of
pair embryos pair embryos one half embryos
cul tured developed developed

to blastocyst ( % )  to blastocyst (% )

288 177 (61.5) 62 (21.5)

REZBIIG 7S O M BE B Dembryo D FEREEE 1~9 R L 72,

Explanation of Figures

Fig.1. Intact 2-cell egg.

Fig.2. 8-cell developed from intact 2-cell egg after 24 hrs in cul ture.
Fig.3. Blastocyst developed from intact 2-cell egg after 72 hrs in culture.
Fig.4. Zona free 2-cell egg.

Fig.5. 8-cell developed from zona free 9-cell egg after 24 hrs in culture.
Fig.6. Blastocyst developed from zona free 2-ell egg after 72 hrs in cul ture.
Fig.7. Pair of half embryo isolated from 2-cell egg.

Fig.8. Pair of 4-cell developed from half embryo after 24 hrs in culture.
Fig.9. Pair of blastocyst developed from halfembryo after 72 hrs in cul ture.
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758, NTRELI14 DOblastocyst®, BiEiRd H Orecipient 1408z, ZhZhl
HMEOBRHELTALD, DI bEFEEBONEI T,

-
£

— 5% FAEH O 12 9 DenbryoD HEEN D E D& LT, EDTARREMLE Cas Mg
freeDEEBEP TRy F VI TEIHENTIATRAONTVS(2,3,4,0) » O
FHikd, ‘w4 sne=7r—2 —2R0ELEY, FERCHTIBEELDTOH L
O, DEEHRAEMECELIHEELTIAPOBEKAAINZ I ENELONS, Lh
L, COREEEREDOS 2HEE LTRIANSICBELRIAVPRTHOL D CBbn
3, AEBTE, COFENECCOHRICAMTEBINEINEHB DI, <Y R 2
FREAE % H O TR IRE 21T - TRk,

9, HEHICRL ST F L BIEWHREREC OV THR SIS  DIEHER
WHERL RER, BIKCHEEGE C EWENBRET S 2316 1388.4% (578/6541E) T, loss
LEBIN11.6% bA O, Dlossidsz o {ROBIELL L, HEICRAETDHD
CBETaBEEDONS, _

AEBRTE, BYRHBRENOS 5 08O AEE D T ARMEER CHBR B L
N, ELEIREGED T 2 0BT E 2 Did80.4%ic 5 BBETH -, ZOFRE,
Ko@) PAFEREFERRIEHETIA~100 BABCRIL T BDILEREEE525HDT
BolM, w4027 L—y—T2Y R 2MBYNENHLLEBS (6) OFRLY
WHEFEE ST,

2 5Bk L - BIER ORI X Bblastocyst~ O RAFILT2. 2% (416/57681FK) <, [EHRC
REULIER 2RI 08T, 5% ik LiZBh - e dt, HHHERE 2 MEiEnT73.6%
ERREL 5T, 2O &, HEIRORERNIG S LEED, HBCLoRETR
B, LULABHFOROI ECERL TR I EERBELTWS, TNFETW, EDT
ARIERBRT T~ 2 2 MFALISIZ 2 58 L 72354 O R4, Fiser and Macpherson
(2) MSwiss Albino= ™ 2 T44.6%, Tojo et al. (3) AC57B1/crSlc SRuMfiZDBA/2S1cHE%
RELF 159T81.7%, £hBASL @) AIVCSKLUIEF 129 2TI~100 %O
AEL TV S, SEOREHE, Fiser and Macpherson(2) L9 EMEYHOERTH -
e, ZOMICEBXEBN o, SO ULEREROER, HOE2Y AORKENEBL
ond,
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AW, blastocystizFH L e NEEEIFRD S 6, WHTRELLZDOT28 81 774
61.5 %) THy, 62#M (21.5%) E—FHOANEE, T4 9MAT.0 %) WX &
BRBLEDN o1, ZORRE, HRABIAMT ONDFE Thlastocystic RE L 72 31183% & 73
H, CORTHBNEYZER 2MRPNORERIIILTEEIDTHEI 1, SHOD
SHORERE, BHARO Q) MERERFETI~100 BEBTH20IEE BLIE RS
foo WFNICRL, SHHIEEOREENMEONLZ &, EDTAZHO S EHED
THREHATEL L% 0TI TVBLI I Ebnt, 4H, W TRELkblastocyst®
1#3™D recipientiBHL CHEFRBONEI o, CRIIBERPHINLERTH
D 2,5 , SREUIBHEEOBMENOERTEHIELEZL oNn,

L3

AEBOEREENT 2L ROBOTH 3,

1) 7ad—ERINCLDEFREED 22 B EWENBRETS 2ES1E88.4% (B578/
654 ), £/, EDTARNMBEER T CE2EREEET 2 8L 208t ~loRiT
80.4% (288/358) T&H - 7z,

2) DEtEIEKOblastocyst~DOFHEFRILT2. 2% (416/576) <, HWHFRE 2 TSI D73

.6%6(162/220) & KRFEB o eh, IEH 2 MY D8T.5% (561/641) 1 ikd Xigsh

ol Fio, EEFIERASNT Thlastocys tiCFH L 72 381361.5% (177/2884) <, 624 (21.

5 %) B—FHOANKEL, 49 17.0 %) ERFELRELEDN - 12,

3) {5MYz 4 HDrecipient 14PLiz, HTHEF L /cblastocystEFnNEFn 1T OBHEL

THLD, EFEHOoNEI- 1,
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Changes in energy metabolism during maturation of
mammalian oocytes, with special reference to the
measurement of phosphofructokinase activity in single

oocytes
xEH B, # B, EE KT, KB MR, kEF EsY

Tetsu YANO*! Osamu TSUTSUMI*! Takuya AYABE*! Kazuo
SATOH*? and Masahiko MIZUNO *!

RRKREEY HERMTAREHE (X KT EES&E)
Y BEEMREREER L~ 2 —EBAFR

*I Department of Obstetrics and Gynecology, Faculty of Medicine,
University of Tokyo (Director ¢ Prof.Masahiko Mizuno )

*2 Department of Obstetrics and Gynecology, Saitama Medical

Center

Abstract

It is well known that in mammalian oocytes meiotic division is resumed by LH surge.
Oocytes and preovulatory follicles from immature rats injected with PMS or PMS—hCG
were used for studies of the changes in energy metabolism during oocyte maturation.
The activity of phosphofructokinase,. a ratedimiting enzyme in glycolysis, and ATP
content in one oocyte were measured using an ultramicroassay called the enzymatic
cycling method. They increased markedly in parallel with meiotic maturation after h CG
injection. The activity of phosphofructokinase increased after PMS injection disso-
ciated from meiosis, which may be mediated by production of estrogen within the

follicles.

Oocyte maturation should be considered meiotic and cytoplasmic separately. It is
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proposed that activated energy metabolism, that is, glucose metabolism, is so good an
indicator for cytoplasmic maturation as germinal vesicle breakdown and polar body

emission for meiotic maturation.

# #

HABWH TR, IR —MIC L H surge i€ X 0 WEH % FBIL T germinal vesicle breakdown
(GVB)E s L, #2BHHDBEFWIC o > CRIEFEL BB 5, 19354, Pincus & EnzmannV)
BERBOBRL OBB LA ve »OEEYZ ) IC in vitro TGVB %% & LE 2 RO
%i?ﬁnﬁ%,?mb%smmmww:mmmmmmomfﬁittﬁ,%@&:@ﬁ%@@@%
ABWICR N ThIs XD L BERI NI, LEL, DL 5 iy AOTENASRE - BEBHEY T -
reBE, EERBEHF~ARETHLDOB1PELT T, BLALDOBE, WFRA~NEALLBFETD
WAL HEtE BT AT E S T 59 , & hid, spontaneous maturation O ¥4 50> Mk ErIC
BRI BAENERERFORSAR+HRAD TRADOEE L DR T 5,

ZZT, WOWRBERATHEICIIGCVBRLE IBRAERLIEEL T 5O [ nuclear matu-
ration ] 227 TR <, MEREDK# [cytoplasmic maturation] & ¥ e ERBT 5 BENSHE LD
BELEERLISY, B2 > 7 BEREDCRRED n by RROHEL 5 LESS 5L DEL
Tho, LHrL, WLBYWINIEERN 100 m & IEEICH I ein, ERBBEEELED R ESH
MITBZLBTERDIY, bRbhEIBRAY 12) v 7)) s BREEEE L HEIL,
SIARER 1 BOWERBO M THEIC L&), AR CRZOFELHOT, MO 3 15 —RE%
ZOMBEDORBDIEEL Z L, BHEROBEEEEL TH % phosphofructokinase (PFK )IEM DI
BMBBBICKT HEME R Lic, AZTICMZ T, SIOATPEEDHERV plasma estradiol
DHIEH 1T - 7o

KRB B X O HE

1. HK ES

1) PFKEHHE, ATPE=RICHOLEBEX

B (3 3~ TBoehringer Mannheim HOMEZFHKEHBAL, EHEMICELICL VREYBRE
L 20mMTris-HC1 (pHB80) B#EL -,

2) At

NAD, NADH, NADP, NADPH, ATP, AMP, glscose - 6 - phosphate, oxalacetate,
®—ketoglutarate, hyaluronidase (2 Boehringer Mannheim#t, P M SXFERKL, hCG3FHME

#I, 3—isobutyl-1-methyl xanthine ( I BMX) (% Research Biochemicals Inc. X 9 AL,

ZDMDAZE ST X THERE A1,
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2. EEBEW

Wistar RHHEMEZ o P 25HE (BEMNS507) #HV, £ 1BIIZAKBICKHTEEZE, FmL,
AR SRR A FRER L 7o £B 2 BRI 25AMIC PMS (10iu/02meAE &) % BT S L 486% [ 51C W B
FLU, ®ime RN IIHRER A 75, &£ 2HDO—% AT, cumulus -oocyte complex (CO
C)DEERIT o7, BIRE, PMSKE 4 SREREKICINE X 0 B BINMI ( & 0.7~1.0mm )EEUH L
IWEEEET o1, BB4FHT, PMSHRE4 8RHHENChCG (30 iu/0.2mE &) & R FHEH L, BHMx s L
72o hCG 85 16E KD BEINEKIZ100% THH, TOBHATEZLINERNMME X ERL 12, F5
Bz, PMSELERL, ZD 2 4BMED 2@ICH v, 7 estrogen antagonist TH5 LY
156758% (0.2, 1.0, 5.07,/0.2me% ¥ ¢ DMSO,/ 2 =) % BT S L T 4 8 BRIEIC I BB A,
AR R L, SBET, 75 M1 OLE EE Hi A,

3. P Bar IR A RE O£k B

IED AN IBBREREEKTHBOIIA culture dish ( Falcon 3001) i 57 P B S ( phosphate
buffered saline pH 7.4 2meHICHE %, EEEHE FIC 23 5 — VE TERML, cumulus-oocyte
complex% #EH & ¥ 7, ZMN% hyaluronidase 300ium % EicPBSIKBL, £X, 541 ¥k
DIPEMERE BREL MREMICL 12, JIMIE, FTLOPBST3MEEREL, GVBRE 1 HIEAMK
HOEE BISIMBERBE CHELLE, 77 2ABRCBeHER~LR L, Thx P FKEHHE
A e Ui,

4. PRE IR MEET O £REX
EAEFEBE T ICIE % hyaluronidase 300iu/l % SicP B SHTHEIL, COCH EHRI R, I
T3 LREEDOEBEICLD

Bk 1, -
Table 1. Composition of m BWW
Component Concentration (mM)
5. cumulus-oocyte
NaCl 84.19
complex (COC )DHFE KClI 4.77
KH, PO, 1.19
COCi202m M I BMX MgSO, - TH,0 119
% 4 ¥ modified BWW Ca lactate-5H,0 1.71
Na pyruvate 0.25
<Table 1 >2m¢ T 3. & Na lactate 21.55
[ 7 B e T 2, na HEOs 2222
Glucose 5.55
BO mBWWH T 16 BEfH] BSA 3 g/l
) K-Penicillin-G, 62.8 mg/I|
£ ThCG 10iume% 350 Streptomycin SO, 50 mg/I1
LBy, EBEMOBED Phenol red 0.001 g/
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2HT I CTHEE LA (20 B/ dish),H#IL 37C, 5% COp, 95% air DEHETITIT - 12,

6. JIfZRERE
BB AE X T v 282, Mic#Ee (2029 F), 15% fetal bovine serum( G IBC

O0)% FLmBWW2mr T, hCG10iuml TR, FETRIMOD 2 BEICH T T2 BEfEIRE L 70, BEHESH

35 ERBEE L1,
7. P FKEHHAIEE

Fig. 1. Measurement of PFK Activity

Glucose

'

G6P

|

FéP Transforming Reaction NAD Cycling Reaction

Z PFK
74

Fructose-1.6-P,

Glycer-Aldehyde-3-P Dihydroxyacetone-P Ethanol Acetaldehyde

| NADH >AEH<'
~

Pyruvate [NAD) ----» [NAD] NADH

0AA Glycerol-3-P MOH
TCA cycle ' Oxalacetate

Glycerol | . .
! Indicator Reaction

v MDH
+NAD" —— Oxalacetate+NADH+H"

.

Fluorometry

PFKIEHE, BHEICH glycerol E &R CTERINENADR V12 ) ¥ & HL L, NAD
BERE Y1 2 ¥ Z7EKICL D 400 fEICHEBER L 22 <Fig. 1>, NAD BERIh 5 & TOGBKIG
FtFid <Table 2>1C/R L1z, RIGHEIL 5 pe L ETH B/, oil -wellthx o <Fig. 2>, oil-
well 2 {8, 77 m YHUCEE 2m, X 2mD/IElewellk B o dDT, FDHICAT 7 4 &
fel, RISBMOER#S—FBORERETH D, oil -wellFICHF T L - SIMAR R IGHRICEZET 3 &
Ex b o TRIGEHBE L, HClL Mz RBAONADHYEL THRIEX EIEX i, EHINALNA

D38 FE D ethanol ¥ oxalacetate DFFF F T, alchol dehydrogenase ( ADH) IC X » NADHIC &
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L&, LT malate
dehydrogenase (MDH )
ICEONADITR%, &
D1EOH4 27 5 71
RIGTNAD : E&OD

malate DERIN %,
ZORIG%E 400 < h K
FTZLICLHITEDONAD
DALFEEFRHIC 4005 D
malate BEBEIN 5,
3MBIC X B
RIGEE D%, malate

B FRRIGIC X Y NAD
HiCZE 2 TEXIEE

( Farrand Ratioll ) (T

1007,

THIEL, NADODIEH
mBEEYERE L,

19864104

Table 2. Enzyme Reaction Condition

Enzyme

Reagent

Reaction
volume

Volume of
HCI(0.3M)

Incubation
period

Phosphofructokinase

2mM
3mM
0.2mM
5 mM

MgCly

NH4CI

AMP

NaaHPO4

2mM  Glucose-6-P

I mM  ATP

(0.15mM NADH,

3ug/nl  Glucose-P-isomerase
12ug/nt Aldolase

3ug/nl Triose-P-isomerase
12ug/mt Glycerol-3-P-dehydrogenase

5.24 14

5.24 put

30min.

This reagent was prepared in 100mM Tris-HCI buffer

containing 0.05%(w/v) bovine serum albumin.

was 8.0.

The pH

Fig. 2. Qil-Well Technique

@

@

O

Paraffin

'
le— 2mm—=
' .

Teflon

1 The reagent(1~54l) is added.

)

into the reagent droplet through the oil.

)

8.

ATPEEEIFig. 3>

. The reaction is started by introducing an oocyte

The reaction is stopped by adding HCl(or NaOH).

ATPREBIIGICY - TERINANADPHEY VM 27 ) v 78EHe L, NADPERNY 12

) ¥ ZEEICE D 5000 FICHEBEEL K, BEERXIGIE oil -well FTITL,

NaOH %Mz TRIE%EE

EExRt, ¥4 2) 7/ RIGICE HDTONADP HOILEEFHRHICT 5000 5D 6-phospho-gluconate

BERIND,

100¢,

3 SmEc X A RIBELEDHE,

ADPHICZE 2 TEAAE L1,

— 30 F=

6 - phospho-gluconate

FRARKIGICL O N
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Fig. 3. Measurement of ATP

1. An Oocyte is introduced into 0.2/ of 0.IN NaOH. Transforming Reaction
0.241 of 2~204M NADPH in 0.IN NaOH for standards )
:40min at 60C. ATP-+Glucose —Hexokinase _ ADP+Glucose-6-P
_ Glucose-6-P
2. Add 14l of ATP reagent. 30min at 20C. Glucose-6-P+NADP* ——>6-P-gluconate+ [NADPH] +H"
dehydrogenase

3. Add 5 of 150mM NaOH, 30min at 60C.

4. Transfer 34 aliquots to 50u of NADP
cycling reagent in fluorometer tubes.

Incubate 40min at 38C: 3min at 100C. Glucose-§-P §-P-gluconate
ueose Glucose-6-P t‘
5. Indicator reaction

NADP Cycling Reaction

, dehydrogenase
#ATP reagent NADP Stamat ADPH
utamate
50mM Tris-HCI pH8.0: MgCl. ImM: >l<
dithiothreiotol. 0.5mM: Glucose. 100M: NADP. A dehydrogenase Xeatosiuiarsi
204M: BSA. 0.02%: Hexokinase. 2ug/nf: utemate ahetoglutarate
Glucose-6-P-dehydrogenase. 0.15U/nt. Indicator Reaction
6-P-gluconate
[E-P-gluconate] +NADP* ————» Ribulose-5-P + NADPH+H’ +CO
dehydrogenase

Fluorometry

9. plasma estradiol D HIE
BIMELFE2HDS 5 D plasma estradiol fE%X BaRIAF » P (B—524T74 Y b—=7)I(C

L - THIFE L,

10, # et e9MRE
FHEROAE ERER Student D t MEIC L D, WEOEZEREIZIX? BEICL D 1T - %0
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& FS Fig. 4.
L COCHEERICKIT ST 4 r¥—REH Spontaneous Maturation of COC

B <Fig. 4>
PMSEE 4 8EMEBEDINTIITRT
germinal vesicle 3R Tk H, PF K&

OPFK Activity
(mean*+S.EM.)
10 ®% GV

8 % GV

.

#£(2 3.454+0.18 ( pmol /oocy te/min, meant
S.E.M., n=10, L TR ) TH >1, HEH
fhe ICGVBORIEFICHML 1 BEEEIC
755% (n=53), 3EERIEICIZI961% (n=
51), 8EFfEHKICIZ100% (n=30) & 78 -1,
P FKIEH L EEBAE 3RFHT6.09+£043%
SEBUCHEML, LIE#TEEL, 16 RRREIERICIE 7.45

PFK Activity (pmol/oocyte/min)

+ 024 7ot hCG10ium EHEHML K

BALPFKIEMIIZEREDEMY R Ui, o 3 8 16hr

2. PRBEEFFRICSTL A ¥ —(H Fig. 5.
e s <Fig. 5> Effect of hCG on the PFK Activity
B BIAS 12BEF8ICI2, hCG10iume TR (follicle enclosed oocyte)

BETCIIGVBOXKIL86.9%, £ 1 BMEAEKEEIZ mean+S.EM
10p
41.0% (n=61), P FK{EMHi623+039 C
L REEBMARICERTAE (p<001) T LB §
Lo LH LI CGHEMBETIEGV BOEKR g L
(o]
45%(n=66), PFKIEML296+035% K >8
5.—
EEE T BREEDD - T ¢
0
before hCG(-) hCG
culture 10 1U/mé
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3. BHEIIMBRICK T BT 5 ¥ —LHB Fig. 6.
e : <Fig. 6, 7> PFK Activity of the Oocyte

(PMS-hCG treated immature rat)
EAEORBIVRW MR, 100%

germinal vesiclestR7zh Tk H (n=100), mean*S.EM
CHIZPMSHEE 4 8REMEME (n=100)iC &% i

L3782 5 tco UL, PFKIE#EIE 2.2940.31 205 c gh

3454018~ HE(p<0.01)IC kR LA, h C G §

BE16EEEHOBHEINIIO G V BZHK(Z 100%, § °

85 1 G E 87.7%(n=211), PFK I& E at

PEi36.15+0.41 2 PMS#E 4 8 R D 59 3l
WKEBXTHEE (p<0.01) T LAL T,
ATPEEIIARIVIAA M T 0232005
(pmol /oocyte, mean+S.E.M.n=10,TF s
F#k ), PMS#LE4 SEEHEDOIT 0.29 + 0 N A ,
immature 48hrs 16hrs

0.04 & EHRMEMERL, hCA&E 1 68/ after PMS after hCG
HBOBHEIINT 0624001 & FH (p<001)

ICTEEIL 1=,

Fig. 7.
Contents of ATP in the Oocyte

= Pmol/oocyte

o

0.4

(mean+S.EM.)
1 1 1

Control ~ PMS PMS
+

hCG
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4. PR BGBFRRIC IS T 5 estradiol DFYFR L Fig. 8.
<Fig. 89> Effect of PMS on Plasma E.s'tradiol'
Concentration and PFK Activity of Qocytes

PMSELEFHTZ o MDD plasma estradiol

mean+*S EM
&3 20.2+2.9 ( pg/ml, mean + S.E.M. n=3) 400 5 Estragol T 18
»5 335465 (n=5) ~&, PFKES.D L o PFK ip B
E
BeFHFLTCAHEE (p<001) T EAL 1, - 2
E 300f 16 8
LY156758%BMBEELALHEDPFK w s
= £
EMER0.2m 2@ B EBET 1.65+0.27 (n=4), 1% &
1.om 2EHEHT2284+012(n=4), 57 200 1s -
2 E#E5RET1.64+024(n=4) &, PMS s - %
© 43 <
REG AV~ ric Al S n e, = »
Woeop 12 &
/ I\
immature 48 hrs
after PMS
Fig. 9.

Effect of LY156758 on PFK Activity
(PMS treated immature rat)

PMS
4
0 2 48hr meant S EM
1 1
= LY LY Oocyte Collection
€
o
So4r
(8]
[e]
g £
o -
= 3
g
< 2k
2
2
'S
a
0

immature PMS PMS PMS PMS
+ & +=

LY LY Ly
0.2mg 1.0mg 5.0mg

X2 X2 X2

—111—=



HFLIRITEE (J. Mamm. Ova Res.) 3% 5525 198 64108

% £

BERBNY A 2 ) ¥ 7R, 2Oo0BERILYESXEGHE T10 1% mol LLTFTOWE % HE—ME L~
nCRIET B HET, Lowry, O. Ho, MELICL > TEEI N, bRbhZZOFEEH, B
— MDD PFKIEHORIEEEY LU 7o, INIERICIIZREE 8 — cell % Tid glucose % T % ¥
—#EEr LcHAcamnIY 5, FSHIEMTORBIDP OB SERBEDTRICAFTPF
KEMBSERALTOL 2 e SARRETHL MK s/, PFKEHEOLEROMER, ATPOEEGHE
Z, ZRENICIZIIDOATPEEIEL, RBIPDOK3 FiTm 5,

PMSESMEBICHHTINRFZAGVBERISZ XA, PPKEKREBICERA L, $PMSIC
X% F SHHTplasma estradiolfEid k&3 % 43, 587175 estrogen antagonist Th% LY
156758DEATP FKEMHIIGIE N, T7bb, LHsurge BID JRfERIPHIFRICEE D K #AIR
RAbnrion, estrogen I X ) MREBEOR R EL Z & 3BT 5> %, Bar -Ami & Tsafriri
U2 (299 B P9 59 KRR 23S0 B s & A S L 854, spontaneous maturation % ¥ & JEET),
meiotic competence A T 5 HICIE, MERICTHF S HOEHL estradiol WEEI NS T &
DLBETHDLHEL TS, ZDmeiotic competence (FHIFRE D+ MCHEFAL 7 JID 2 ICHER
EnBrrE2OND,

COCOEEETLINOP FKIEHR EH L T < 43, spontaneous maturation (T X % TR
BEMENE 05 BEMD, TRV BENLREALOR2ANOMBEOKBDOEERL LT, PF
KBB4 TrRlm b L7y, Moor'® (2 aminoglutethimide % U 7 SRfRKE REBRIC X b =
Fud FPHRBEMEERICLETHI D LABEL TS, BY @, HOXFe 4 FERBERDOD
r>TH% 3 B hydroxysteroid dehydrogenase ( 3 HSD ) WEHDHEIELX NAD ¥4 2 ) ¥ 7 ¥KiC
LD EEEIC L, BEHEIMESY LAeES » MTKEOT, D3 SHSDIEMI h CG#E 8 RFRHIE
F B, 16~24 BREHIC peak 7Rl 4 SEEEIBICIBETLAL L LTWA, SHORRHED
27 a4 FEEEY RT3 AHSDIEKE, meiosist (IMEL O ZHEREDFERIC 712 % T BEHEDS
by, SHEBHEHEET 5,

PFKEMHE, 2 L bBORRMCEDTA2MREAOKBOEERL 2 k25, HEGV BOEE
LETICHEIBLTO 5 I RBEO BRI, S8 AREX L PP FKEHORAERIEMATHIZ LEXD
O
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A study of culture mediums for in vitro fertilization from an
overview of the results of a hamster test and of the initial

development of mouse fertilized embryo

BiE - B RE O HE %— B% B omgET
TR OEL =

K. Yanagida, K. Hoshi, E. Muraoka, K. Kanno, T. Aita,

N. Yoshimatsu, A. Sato
1B R T BRI A S BERIR AR

Department of Obstetrics and Gynecology, Fukushima Medical

College

Many kinds of culture medium are used for human IVF-ET at various institutions around the
world, but the reason for their use is not always clear.

We examined such culture mediums for human IVF as Hoppe & Pitts, mEarles, Ham’s F-10, T,
and for animal IVF as mBWW, mKRB, TALP-2 for their applicability to fertilization and to embryo
culture by the hamster test and cultural experiment of mouse 2-cell stage embryo, respectively. The
mBWW showed the most favorable results in both experiments. It seems important for the mBWW

to be reconsidered as a culture medium for human IVF.

&

Whittingham Ts, Ham’s F =103 U & L THAD MR TE b OHIZH, FBMEOLT IVF—ET »

) CHe S AT 3 HREOMEIIES 0, LirL, B2 ORBERE T 055 DML L L
METH <, IVF-ET 2ERIGHT 2 BOBEROERIZ 0T Lo OsSERTSH 3,

il
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SEbhbIE, BEERSA T2 b b IVF BEMEHRE L, KRB0 [VF IR - L THkn 5
PHTO 2 WEEOREIEE & 0 bV, ZHICHET 2EEE AR —F 2 N C, XM 28
VTRV A 2 MO B RER £1T, TATAORMEE-EL, t 1 IVF FEERIC OV TR L0
TETOEEEML THET 3,

MBS UHZE
1. R EOL
MRETOXIR E U7 B58#WKIE, £ b IVF f%% T 2 Hoppe & Pitts %, m Earles %, Ham’s F — 10,
Te#%, HTF ¥ & EEREY D IVF B TH %5 mBWW %, mKRB #%, TALP— 2% D 8EHTH 2,
TOERDERBERCTNLRS =T 2+ (BHARKRE LAY —JIL t MEF L O in vitro B AEER)
£ R 2 MR RS KB & fAT L 72,

2.8 B W

KERIZB U BB OMR AR 1 IR L, 22RO pH BERBICRE LT A~T 6ICAB L2 AR Y
—7 A b D%EF, Human Serum Albumine (HSA) %2012 T# D3 5% %W e L, ~ 7 A 2 MR %E
B3, Bovine Serum Albumine (BSA) %#fIZ T0.5%EW & L7z, BEKE X mBWW #3308 mOsm Tl

x1 RET LB ER L 2 MK

p3:| A (mM) Hoppe&Pitts mEarles Ham's F-10°' T6 HTF mBWW mKRB TALP-2**
NaCl 88.0 116.4 126.7 99.4 101.6 84.0 99.6 124.8
KCI 4.78 5.36 3.82 1.42 4.69 4.78 4.78 2.68
MgSO0,-7H,0 119 0.81 0.62 0.71 0.20 1.19 1.19 0.49
KH,PO, 1.19 0.61 0.37 1.19 1,19
NaH,PO,-2H,0 1.01 0.36
Na,HPO, 1.10 0.36
CaCl,+2H,0 (or Ca lactate) 1.71 1.80 3.00 1.78 2.04 1.71 1.71 1.80
NaHCO, 22.60 25.00 25.00 25.00 25.00 35.71 25.07 11.90
Na—lactate 21.6 24.9 21.4 21.58 21.58 9.00
Na—pyruvate 0.25 0.10 1.00 0.47 0.33 0.25 0.5 0.09
Glucose 5.56 5.56 6.11 5.56 2.78 5.56 5.56 4.50
Penicillin (200, 000iu,/ ml) 0.1ml 0.1ml 0.1ml 0.1ml 0.1ml 0.1ml 0.1ml 0.1ml
pH 7.4~7.6

* 1 Amino acids, VitaminsZ4%38¢
* 2 Taurine, Epinephrine% ¢
E ONLRY—T R TII35%HSABE. 77 A 2 MRS R EER T30 S%BSAREE TS
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DIEFEW TI3275~290 mOsm TH - 72,

3. LAY —T A b

i) BHWEERE LAY —IIDOIER Bl  kBAEFE-—1 ~LRE—FZ}
BB 13 1 1R L 72 o R E9I0~150 8 DR X A T — T=AFrnnzs— SN
| @#spmIBPMS-HCG | moam s
NWFEUNLAY—%Fnl, XERAPROE1HE *ﬁfﬂﬂ@“ BB REFMT OEUR
0.1%Ee7ra =4 —+
(postestrous discharge DF®H & L7z H) OFFIHIC Eﬂ&fﬂﬂﬂ‘z‘iﬁz BT IR
0.1% by T
PMS 30 iu #EFENIC#S, 5 3 HEIC hCG 30iu % Eﬂﬂlﬁﬁﬁ prei}\cuvation 4 B5RY
\ L T 3 B
B59 52 L THEEEINE B 2 &+, hCG F5H£1 7R BEERE L Z—5
HIHBEL TIEFR L D RZBEINEEHRL 72, £ D50 L. ml
2
%#(0.1% hyaluronidase T15%> 4L L TUF - fifg % B
s *2SNF AN
SRS ETIF 2o, EBRICET 28BERD0.3% % 4B REERE 0.3m
37°C 5%CO. %%
HSA #RI2 T 3 BE¥kE1%0.1% trypsin T 3 73 FEIALEE L
CERE ARG E LT, 20%E 510 3EHELT ATRANARNE

TEEPWHERENL A Y —IIFEBREICH L 72,

i) WS DRETF O

BRI EREEABRT L) AFERCCE SN, FERICH200FE L T Ho b s 724, mBWW # (HSA
0.3%) 2mlE AN7-FHBREDEICH»Z0.5m T DICHEST 2, RBREOEZ/NT7 74 VLAICTHEY, BK-5
BEWERADILL 52 59307 EIF37T°CIc 1 BB T 2, 2O, EBRIFEFIIBRT » o BRI
swimup L THK2%, ERICE > -BKREZET, B-o7z mBWW #A&E0 (230X & 5 40f) 12 X 0 2 EkikiE,
—EOWE (10X<10°/ml) (2745 & 510, HREKER (HSA3.5%) 0.3mdicB L7z, & BRESRRIZ S
2Fy 7B EYIIEAR, 20 E% AT AEANTETeo 20 4 BHONERSFOERICH LT,

i) K& - HIE

AR EORT LI —EREOEFE2E 0 ) P OBAER K (HSA 3.5% &, 0.3ml) OFICERAFRE
INLAY =PIF & AL, 37°C5 % CORZF T 4 KFfEETE L 72,

RAOHE SAAHZEEMSE T I 2 BE L 7o 72, JIRC 1EU EOBEFEE b L < ZEEATESE
MafH-oTwuags, RALTWS EHELL,

4. v A2 MR R
EE RO 2K 2 ISR Lz HH~ Y 213 7~ 93840 C57BL, 6 N T, PMS 8 iu O fERENE 5. 485
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IHIC hCG 8 iu ##& 5 L BHEINEIEE2 TV Z DHR M2 EBAE-2 <92 ERMEKEOEEER

fid & 7z, B, EasRo i~y 212 >0» T, hCG #M<9 X  C5/BL/6N 7~ 938%
1 5 A8 T A OB L, SRS T IS |

D wash out #:5 £ UEYNC X - TR &ML PMS 81 ”’i”ﬁi;

tzo T OOWEIHIE 2 MIFIHIE L 2 5 THE D Jh o 2 EER hCG g8iu MEREAIES

ITfE U 7o RS FE 0 . 5ml 2 75 ATy 2 Bl VI
WWHD S AT VA ANTEY, Zodic~y 2 2kl
B2 AR, 37°C5 % CO KRR T TREE L 72, 240FH
BEEREMEE T CEER, RIECHKEBLLLD2IEE

- TRSLFAN
=y I o B oo i
FKEIEHEL 72, ;%fnll& 7
48BFRIIEE
37°C5%CO. KK
|54 & ® %

1. "ARY—T A b
SHEHOMARE BRI T 5/ LAY
—TANOBMEEFR 2 IR LT, [AED

x?2 INAARR—TFT R b DREKE

R S £ B @ 5 iﬁl:m\.‘ﬁ BFRANY | BABTH

FIFICBALR SN2 52 TR " o (%) 5
A, EERIC O I EBUC T T 5 E] Hoppe & Pitts 6 ‘ 45 13 29% 0.6
EBE%FTR (BAE) LzbDTHD,  mEarles 6 50 14 28% 1.1
%, 1HOIIY 0 OBAKFH ATy HemsF-10 ? 46 0 w% |09
‘ s ) T 4 23 489 0.9
ARy (BB o T ° ’ &
HTF 6 53 23 43% 0.6
87
m BWW 15 137 75 55% 2.0
) 0 =t ;!/Z& =] f— ‘,\;
BTORAREY R L &b BIF AR KRB 5 2 59 5d
TH o105 mBWW ED55%T, K\ 1aip—2 ; " 5 3% 04

T THD48%, Ham's F — 108D 44%,
HTF #D43% T, fiZd0% LT TH > 72,
PEPREFRART S mBWW #i£52.0, mEarles ##%31.1, Ham'’s F —10¥%%0.9, T:#2%0.9Th > 7z,
BAK, PR TRARD S TR, b MIIVZRERRESER - ERSVASEROMICIES »eERIRD S

nxmnotz,

WICNLAY —F A N DOREFED BEFRIEICEER 2R, 20 OEERICE £115 Nat, K*, Ca**, Mg?*
DFENFNDA AV EE L Nat /K, Ca?*,/Mg* (FRZhDA 4 EEDH) #F3IRL Thi, iR
B O Na*, K*, Ca®, Mg* DRE &N LAY — 7 A b ORE & ORI 3R BhEME 2 B0 B 0 h o 72,
Na* /K", Ca?'/Mg** DHIZ DWW T & [ERECRE M X e p - 72,
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%3 NLRZ—TRNEEEIEEBRRNI 4V BE
%
100
90
80
¥ 70
F 60 i
F 48
@50 | | W 44 43
)\:g ‘ ’ | [ 31 31 - ’
* . B r
10- [ ‘ ‘ ?
| L] l L ’ ] | J 1 |
0 T o | { | | ‘ ‘r
mBWW | To | HmsFll HTF  TALP-2 mKRB & 5% mEares |
14 RE | |
mM | |
Na | 141.54 | 150.49 | 154.9 | 148.33 | 146.15 146.75 | 132.45 \ 142.51
K- 5.97| 1.42| 4.43 506 2.68 5.97 597 5.3
Ca| 1.71| 1.78| 3.00| 2.04| 1.80 1.71 ‘ 1.71 \ 1.80
Mg®| 1.19| 0.71| 0.62 0.20 0.49 1.19| 1.19| 0.81
Na /K| 23.7 |106.0 | 35.0 | 29.3 | 54.5 | 24.6  22.2 | 26.6
Cé/Mg| 1.44| 2.51| 4.84| 10.2 3.7 1.44  1.44 2.22
N b4 7% EE 908
9~ 2 2 RS x4 ~ ) R 2 FARSEARE O ik EER AL
B MF DM A BT I 20t 3~ 2 FEERpk =B g KRICAVE | ERREPH | T M B K
" Wow H (%) (%)
ERAIR LI, EERBEIS AL
Hoppe & Pitts 22 18 82% 4 18%
PO ERT LIS, TRSOERIC 32 2% 78% 7 22%
M7z gikegicxt 3+ 2814 (%) /7L Ham's F—10 29 23 79% 6 21%
Fro HEAEEEY, B4 EIEARETH - T6 31 24 771% 7 23%
HTF 24 16 67% 8 33%
N $ S T A 7% 2SN o)
72O mBWW & CIEH FEINIZ97% o0 B " 2 9% L 3%
T ®H - 12, &I mKRB ¥ @ 85%, m KRB 34 29 85% 5 15%
Hoppe & Pitts #1082%, Ham's F—10 TALP—2 43 15 35% 28 65%

WD79% T, TALP— 2 D35%H

UBORRTH o2, b MOV RIS EREY A BRI B L TRE LR TH - 12,

RIZ~ v A 2 HHBIARE # ki O B WIEICES B 2 R, 2 2 o8 Hh o Nat, K, Ca?t,
WL Na® /K, Ca* /Mg* #2517k L7, FERHE & A4 4 > EEOBRIX, Na*, Ca?' iz 2w Tid—%E

Mg?* D

DIEEIFED &N no 12h8, K, Mg2iconwTliE, #NFhD1 4 v EENEWEBIFARENE SN,
Nat /K*, Ca* /Mg iZ 2\ T B 2o 72,
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R5 VR 2ERYPEEERKERANT T RE

85

67

W40 35

T mBWW | mKRB | HoPPe IamsE-10| mEarles | Ts | HTF | TALP-2
Na® | 141.54 | 146.75 | 132.45 | 154.9 | 142.51 | 150.49 | 148.33 | 146.15
K* 5.97 97| 5.97| 4.43| 5.36| 1.42| 5.06| 2.68
Ca’*| 1.71| 1.71| 1.71| 3.00| 1.80| 1.78| 2.04| 1.80
Mg’*| 1.19| 1.19| 1.19| 0.62| 0.81| 0.71| 0.20| 0.49
Na'/K*| 23.7 | 24.6 | 22.2 | 35.0 | 26.6 |106.0 | 29.3 | 54.5
Ca/Mg’| 1.44| 1.44| 1.44| 4.84| 2.22| 2.51| 10.2 3.7

[Sa]

= = x6 B A MEER B4 A S R
IE;EE, E h{z&%%%tlﬁﬂb\% tL 7 ES &
T RHBRBOBE IS\, K6 = W AR P E——
WIESEERZ THEAs LTS Bourn Hall (1F12R) Earle’s Earle’s
. . 4 . Gothenberg (R z—Fv) Tyrode's F10
ERERERLTHD, BEAED gy (BmrEAY) F10 F10
e o VRN o . Melbourne-Monash (F=2+3U7) F10, Earle’s, T6, F10,Earle’s, T 6,
MR T 2R - BRI e T oppe apis Hoppe & Pis
g ST = i S Melbourne-Royal Women’s F10+Ca-lactate F10+Ca-lactate
éﬁ—”ﬁﬁi’ﬁlt ciﬁﬁo)i’ﬁ‘éﬁ%{é Hospital (A= b7 7)
N Norfolk (721 H) F10 F10
"ﬂb‘(b\éo éIXEAL)*Lj)*L‘i’ %( P:ri:CIamart (F'TF) B2 B2
% 2 i%%‘(fﬁ@ CF] ,C\, IS i%%{rﬁi)) Paris-Sevres (77>R) B2 B2
Vienna (F=2F1T) F10+lactate+K F10+lactate+K
IVF—ET (224 T b % & B eese

LTUTD L) RfERE#B/ L2 emTER,

1. B
ZOWEENLAY =7 A N ORAECREIL 7225, 8 HIEO B TR BB S A>T, %
72, Na*, K*, Ca%*, Mg> OEEIC>\»T s EEE IR S s - 12,

Ca®*, Mg** 3H 7 DEBIAMERS, ARG, T — 90 T OMBERE 1 BS U, K28 703007 0 8
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%Té@m%%bfuétnbnfwéo%Wﬁmuomfawu$ﬂkfyE%@&ﬁm;ﬂﬁ%&%%%
BR0AmM Thot: £\ 5, SEERIC A 8 MBS T ORERR, SHIDELSA 4 2 BEIC 1T
DEEMEEEL L TR bDEEZ SN2,
pHK%LTé8E§®%§ﬁu¢&frkﬂﬁTﬁo,%ﬁw%bfﬁ%u&woL@L,%n6®%§ﬁ
@$meWWﬁu%®£%bt&%%%Lto:@@ﬁmﬁa%iénéﬁ,ﬁ%@@@ﬁ&ﬁ%mu%ﬁ
EE@ﬁﬁﬁbfb%téh(ﬁd?@@%%ﬁ@ﬁﬁ&ﬁﬂ&ﬂ%m%muﬁbf,mBWW%T@%S
mOsm Thbh, CHOZEb—HTH2 I,

DEDRR, ZEAOBRERL LTIk, SEEOEERIZLTALEYTH B2, $1TH mBWW Mg
LTW3 L5 TH3,

2. ZFEUNEE R R

ZRINEER OGN %, IVF—ET OO quality control & LT X < AV 513 % 7 A L EER TR L 7-,

8@@@%%%@TM}-2@%%mfﬁﬁ&%%ﬁ%@¢f@%wnBWWﬁﬂ%E@&%?%oto

VRO 22 - 8 & RIZTIRT £ L CHBRATE, pH, BBIE, 4L ¥ —ESH517 502, JLEL
%%E&?T%%%%H%?<,%%uifu%ﬁmawﬁigﬂﬁTb,%@Eﬁ%gﬁs%%%t%i%
NT05, BEEICHL TRIVEROBEESRBEEZZ SN THD, ZNIZMEOEEF275~290 mOsm |-
ﬁmb@f%éopHéW%%,MEmﬁmﬁﬁﬁbfﬁD7Aﬁ%T@éo1$w¥—ﬁmomfu,~$@
%@Tuﬁwj—xﬁ%b§§@®®f,8%@%H%@%Kﬁwfé7»3—Xﬁﬂ%énfwéﬂ,%n
DHIOBITH 7 v 3 —2RFB S LY, CLEVE, ABPEETH2, AERCTED N EEEILLLED
A OORTFICEL T, BEXHEL2ETHLLTVLS (1),

HRBRNOA 4 > T - K K7 EMPERCHUSEERREA A SRE (M)
s gt o
EC.?f?E 2 gﬁ{% }E kRS ’ K+’ Mgz*fk‘ L Borland et al. Lippes et al. David et al.
oW /f * \/?l)%fg b‘%“fﬁﬂﬁ@ ion Pre- Post- Pre- Post-
}&%ﬁ 7\75\?5 Z nr E ok gﬂ'&:ﬁ@%ﬁ ovulatory ovulatory ovulatory ovulatory
TEHIMF Zo N b
Na* 130+ 5 140£ 3 139% 2 142.07+4.40 148.6314.65
B2 DWW TiE, v oo s
K* 21.2%0.24 9.9+t1.8 7.7£0.9 6.72+1.26 6.95%0.48
b Di? CZ%@}EE%%E@%&& Ca’t 1.13£0.24 1.89+0.52 2.37%0.27 — -
11)12)13) — =
R L7zss, Natid B8 L #130~ | wmg 1.42+0.26 0.53—0.69 - -
140 mM K+Li6'\“10 mM Ca2+ Cl- 132+ 6 119+ 4 1173 127.76+19.30 112.09+10.94

(R. M. Borland et al. (X %)

¥ 1~3mM, Mg?"ii1~2mM

T%éo%@ﬁﬁbt%ﬁ%%%%ﬁ@ﬁ&t%&?ét,Nf,&“@ﬁﬁ@ﬁ@ﬁﬁf%%ﬁ,ﬁyMg*
BREL L TEREOBEA S D, EERREIZIERO L~ £ 0O EROBBERG RIF2EE B
SHTn3, K-, Mg* DR L 12 b 2BENC OV T L, BED £ 2285 i SRTITVLR VL, T
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Relationship between delayed implantation and loss

of the zona pellucida in the mouse blastocyst

ik BA R - BB

Hirotada TSUJII and Shin ITOH
EMARFEFA X EEREHRFE E

Department of Animal Breeding and Reproduction, Faculty of

Agriculture, University of Shinshu, Kamiina, Nagano, 399-45

Summary

Loss of the zona pellucida in the blastocyst is an essential process at the
initiation of implantation, but its mechanism has not been completely clarified.
It is generally known that loss of the zona pellucida is retarded during delayed
implantation. 1In this experiment, we compared and investigated how the varied
methods of delayed implantation effected the time when loss of the zona pellucida
occurred.

Mature virgin female mice of ICR strain, 6-9 weeks old and 25-35 g in body
weight, were kept in a light controlled room, supplied with water and a standard
laboratory diet ad libitum. The mice at proestrus 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.

The results obtained were: (1) Loss of the zona pellucida began as early as
the afternoon of the 4th day and was over by 2 o'clock of the 5th day; (2) the
loss got significantly delayed in the groups of tubal ligation, recerpin, atropine
sulfate, indomethacine, overiectomy (0VX), and OVX + progesterone, the most retard-
ed among those groups being the one that got OVX; (3) Uterine environment and ova-
rian hormones did not seem directly participate in loss of the zona pellucida,
judged from the fact that such loss occurred even in the groups of tubal ligation
and OVX; (4) loss of the zona pellucida was prompted by the application of a
higher concentration of progesterone and / or of estrone treatment. It may be
said that the gestagens and estrogens are indirectly responsible for the ratio of

zona-free mouse blastocysts.
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, RERT OBy, 4V FAFFY, Jon~vEORYRS, NEMAEH, INEHHERHEK I vE VRE|
MMEFIC L 2 ABNERELE DTSN TS, TEEABRKICK 2 ERERLICK > T HERHFHISENS
EBMONTVS DS, BOABIBERELIC K 2 BHEHEICOWTUIAATH S, £ TEAERTIE, EH
T O KB BNTT 5 FHho & LT, SROABNBERELEALFED, ~ 7 2 RIS OB HE LRI
RiZ I HEBAFN I, S 0I5, IIRMBIBERFEERT LV E Y ORERICK 2 BPHHERBORNEREFVE Y
DG BRI KRNI RIT T HEIC > T b RRE L1,

S X O R

EEMEHI YA ZTRFEMER LTS I CRBE Y X (46 ~9 8%, (AFE 25-30 g ) Th5,

FHIRED 12 LD DATRHATT, HIHROEREMABERER (717, CE-2 ) LKEBRICEZT,

EEDFRIERIAA R Uic BICH L —HeRfE s &, BHEROEK TRRBARRAL, BE4AHE LIcH ZHRS 1

HE & L, EBRBHILTOITH B,

1) EFEEREE

() SVERSTREE - ITUREE 1 0 EICHNE & TE O & TR AR TRk

(@) Lverr SR RS 3 A HDISEC 1 mg/kg AR5

(4) BRERT b o VS iR 3 H H D128 700 mg/kg AR5

(B) A4 ¥ FAFFUIER: iFE 3 HE OIS 0.5 mg/kg 4% 5

(6) SRELEHHIEE : FEOREE 1 B BICIE AR

(7) SREHEH + 7 o0 2 27 o v Ing B ER  ERE 1 B BICIIR AR, Yoy 2270 v ]Ing 4 A
&5

®) IRBEH + 7 0 v 2 270 v 2mg B TR 1 A BICIRB AR, Y0 Y . 270 v 2ng AEH
5

9 EFERE+TZZ o R HRFABEDOIKICTI R o v0.125 pgis

0 vervevy+rzbosR5E:EREIBEDIBENIL LY 1 ng/kg 25, &5, FRS
4 HEDI2KFIC TR by 0,125 pg %Hk5

) SREfEH+ T oY 2TFu v+ o VREHE RS 1 B BICIEAR N, Yo v a2Ta Y

ZEBARS, IOICHRE 4 BEDIBRIC I bo Y 0,125 pg 25
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BB O 524 TN AT 5 2T LISRMEIC 3 ~5 1T (R 30-50 ) EEHICERAFT, B
B OA S L OB OREREZ EABEME T THE L, TADD DI X 5 ICEREROBEREZ AV THRRA L
oo BREMICAUMCHIE KRB ( pH 7.2 ) T, BERLEHTIBELS, ZOMOBTRFENLMEB,
BRI BRIV D Hok THR LT,

# 7

BRI HB VT, REOEBN TV SIS X SBITROBRAENLIZH SNEhH 12,

EFERE (K1) , EREERROMBIROBIATHE L, HiRE 4 BB D3R CHER8IEMED »5—
MOMBIITH D, HR5 BEHD 2K GEHEHRIMEHD (L2 TORTKRS 12,

Ve B, BYEIHA D EREEIREE & O 12~30KRIE BICEN S, HMENERABHCBOTHERS BE
15 LIRE LS, FERRGRIT LICENZ C, 77— 24 & 5 2 LRS- 12,

Ve EVIRERE, RERT o VRS L0 v FAYF VIBER (K 2) ICBLTE, WTho#td
FATHE L, EEERHLD 7 ~2005 B RICEE Uichs, SNER AR S L OB H ORMBILO B
HELD R o,

ONEEREIEE, SRR + Voo - 27 0 ViREBE (K3) , IREHEL O 7 oy - 27 v v Ing 585,
Fro, ImgiR SR L O bomg B, K9 BRI BIHRIE AEE NRE SN 5 OB S hi,

IZboy. VRER (K4) , EREREO-Y ZICT 2 b oy VI 5T, BREEEIK 5B
MRE L I, LY+ boy - VIEBEHIL, Ve vIREEEL O BT OWENH

e—enormal pregnancy 100

o—<tubal ligation

4—4 atropine sulface
o—o indomechacin

8o} &--areserpine

The rate of free-zona blastocysts (Z)

The rate of free—zona blastocysts (%)

10 10 4
, e
’,
0 0
hour 12 15 18 21 0 3 6 9 1215 oot 12 15 18 21 o 3 6 9 12 15
day of pregnancy 4 5 day of pregnancy 4 5
Fig. 1.

Fig. 2. Loss of the zona pellucida in mouse blastocysts

Loss of the zona pellucida in mouse blastocysts reserpine, atropine sulfate and indomethacin

in normal pregnancy and tubal ligation groups. groups.
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)

80

A--40VX + Plmg

The rate of ‘ree-zoma blastocysts (
The rate of free-zona blastocysts (

* / 6—a 0VX
/

o—o QVX + P2mg

0
hour 12 1S 18 21 0 3 6 9 1215 18 21 0 3 6 9 12 15 hour 12 15 18 21 o 3 6
day of o

day of pregnancy 4 5 6 pregnancy

Fig-4. Effect of e t 5
Fig.3. Effect of progesterone on the loss of the zona pellucida in strone treatment on the

loss of the zona pelluci
mouse blastocysts in ovariectomy groups. ’ uetda in mouse

blastocysts in normal pPregnancy group

(®), reserpine group (O),and OVX +
P 1lmg group (A).

BIFFIRF 570, B+ 7 oY - 270 v+ X bo VIRSHOIEBH+ 7 0 U 270 VREH LD
MK BIATHE KNSR & 5 2 LB SN,

7oY. Z27ovErR oy OREHBRHHROREICKITTHEICOUTE, BEMEH+ 7o Y 22
TaY+I 2o VREE INEREHE L O BRI ASHSIR R 570, o, IR+ e o 2R
7O VRERHOLOIONUKHRET D, EREREHSESWIEEAR LT,

% %
OmhdamimMHWﬁ37@2?@%%4EB@mﬁﬂ%ﬁ%%®ﬁ%ﬁf%®%ﬁﬁfﬁi0‘EB®
23ME I LKL L ORRTIE %S 5 2 LARE LTS, 12, mMuymMmaw&“mmﬁ%%ﬁM@
BeEE LTEY, AEROERIIT NS OHE L 1IZ—K LT,

Orsini and McLarer}C(?)l)‘ IREREIRISI 351 2 MR OSBRI, EREROS DX D 128580
f:tﬁ%%bf“éo AEERICBOTIE, 12~39%f0:84, Orsini and McLarér?)O)a‘%%tlzlli‘TﬁJ CTHho
1o Efo, WEREBCE VT, ENUNCERESERE SN 0D, IS RERMLIEOREIC 35
LTRVREE IZEZEOD, IENTS 80 % O THERHANET 32 &h o FE BRI BREN L
i, LT LAMATEV SO EBESAL, mﬁmimdeﬁé?%\W%ﬁ&ﬂiofﬁ%%®ﬁ%
MIERTRE O8NS C EARE LTS, TOT EhDBEIENKITITIE A LVE ¥ HSRATIIO &R X
niz,

SRBLREINEE, SREAEH + 70 v 2 270 v 1 ng kSR, SREREH + 70 U2 270 v 2 mg BE5ROIEIC
BIFHEHADRE 72T E NS, 70U 2270 3, BYSNGEEICRELRIZT LRSI,

—125-



WHELIRFEE (J. Mamm. Ova Res.) 3% 525 19864104

EEFERE, Lveve vy, BEBE+ 7o v 250r 1 mgREO3HO~Y 2ICT 2 o v 1 A
59 5E, 3RO 2R ESBRROMENRET E &, F1, BRHEOMY LR R IR ORESD 6
R CHRTIHAT 2 2 LB, DI Enb, RiEtvE VI3 BRHNAERE IR HBARITTC
EDHIBA LT, H7c, BB+ o v .27 0Y 1 mgBELOREEH+ oo 2Fo v 1l ng + 2
b o YIRS O BBERFEHEENSRE O, EFFROBHEHKICT I 2 ENBREINI, ChbDI End
BRELR OV E Y DD, BYHHEEEICH C HET 5 LD IDDAT,

EXRFIOTIR bov.vd-Uid, vURBIOT » FOFRKRIC ikbxﬁfc&h\i)g’,({3z_@%[ &RV E A
M&W®§%é¥ﬁgéAﬁéﬁw Mﬁﬁﬁ@#%)%Eﬁ$®§Eﬁﬁ%§®%ﬁ%mm ébu\ﬁﬁ

1) 22)
mﬁ%uﬁﬁb Mﬁﬁ®%@%ﬁ®£ﬁ@%%hﬁaf¥ﬁWﬁ«@%k&%tbfm%&ﬁﬁénto

& %

gtk WS, SRELREIH IS K OVSREARE I A IRE R L & VIR EIC X A BREEFLLS, < v 2RO
B OWE LRI R THEATN, 610, BETVE VREOEBIIONTHHEN,

(1) EBEREICST AR OBIREN LT, TR 4 BB 013K 65— HOMBRTHET Y, HES5 HEOD
2 B ITHA T OIMBRI T - 12,

@) IVEREILEE, LR CURER, BRERT b EVIRERE, A v NASF VIREEL IRBEETEL, IRELRY
H+7 00270V 1 ng 58, BERFEH+7 oY 2270 2 ng #5HICBLTE, BPTHEENE
BIOEN, BICIPBREHBINE L, EREREL O 12~36k BN 1,

(3) SREfEH+ 7oy - 2T o VBERHICEBLT, BRHORAR 1 ngik5 50 2 ng 5O NEH,» -
12s

(4) [EEERE, verve v SBLOEBE+ oY 270V 1 g 50KHO Y RIZT R oY
WG LIc Ll B, BRRHEANSEE 510,

F B
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Effect of osmotic pressure and Na*/K*ratio on the
invitro cultivation of the rat embryos.

R, BER—, BHAE T, ABWET

Masao 1TO, Ryouichi HASIZUME, Eriko TANEICHI
and Ruriko MARU.

HAXRFERFHHEEFHE

Department of Hygiene, Nihon University School of Medicine

The results of cultivation of rat embryos under various osmotic
pressure are summarized as follows.

1) 2-cell embryos did not develop into blastocysts under various
osmotic pressure, but only developed into 4-cell embryos.

4-cell embryos grew into morula, blastocysts under an osmotic
pressure more than 190m-osmol. The maximam growth rate into blasto-
cyst was obtained under an osmotic pressure of 190m-osmol, 47.8%.

Early 8-cell and after embryos developed very well under an osmo-
tic pressure of less than 230m-osmol. Especially, an osmotic pres-
sure of 190m-osmol yieled the highest growth rate,and more than 80%
of embryos grew into blastocyst.

Thus the optimum osmotic pressure amounted to about 190m-osmol
for in vitro cultivation of rat ova.

2) 41.9—45.6% of 4-cell embryos was grew into blastocyst at more
than 6 of Nat/K+ ratio under an osmotic pressure of 190m-osmol.
However, all ova cultured did not developed under 270m-osmol. This
results may be suggested that the optimum osmotic pressure for early
rat embryos is 190m-osmol, do not relate to Nat/Kt ratio in the
medium.

3) In order to test the ability of cultured embryos to continue
normal development, blastocysts grown from the 4-cell stage in vitro
were transferred to recipient females. Cultured embryos under low

osmotic pressure were founded to have the ability of nomal development.
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# "
EFEOFFREORERERIT, RETHNFHEEABALLF LVOFROEREZLVAFCE > THI%
Xed, Lol, SEOERCAFAINTVES5 » D00z 29~ ootz mEgEc
»Y, FRECRESEBI0RVThoRA S 8 MILIE L ShTtd, ChiRRBETHHFECE
SMEOEITAERMBAMI B 2 LY. FHOMIREITND, EESR. ~NARZ-BIU>
v P ORH 8 MIFSRF oA ERCBV T, BBROBBEA T3 LKk - T, &Y BHAE KRR
TTREIEBEC L eH8E LAY, AEBIZ. KRB WERVCS v OB SEEL. EREED
i rNa. KA A vHholififc ot Lisboedl, 59 b 4 M T2RBIRKKET I 30
KRS Lo+ 3.

HHEB LU HE

IOFEE it
4REGTCAFLE, TROSDXRS v 123 » AT T L THERA L. BRIV L TREX AT

- ORBZIYELWHREBE 2R TEHEME Lk, TR, BE23~26°C, BEE50~60%. HEIZ 6
~20MEE T IARERT & Lz,

2) SHEIB D ERER

FRC LA FRL<BEAHRERD bDTH D, RERHDORA A 7R ERLEBHETRL.
VMR OAB LY RRARE L, RREWE L Bkdayl & LT, day20> 1887 2 MIBIIRF. day3
D2085 T 4 MBON T % TN ENIFENHBRIM L, Tk, daydop 485 R 8 MHAASHT. daydoD10Bkic 8
RIBDRF & FE & Y EREI L .

NERMEB LV ERRY

BEWI: Biggers(1971)12) ok &AL L. NaCl, KCl ® Table1 Concentration of NaCl
B4R L ci@EFEAL 150~270m-0smoliZ, Na Kt H#% 3~ & KOl -2 various media
URHE L, ERCAVERE ThEhoNaCl, KC1 ni

Osmotic  Na*t/K+ NaCl KC1

pressure ratio (mmol) (mmol)
% Tablel R%, pPHIIEESHT 7.2~7.8 ERTLOK

190mOsm 3 19.1 20.8
B Y — ¥Rl L, WL AGEEREL. H50nUD 6 28.5 11.4
BESHATFEIC Ik, N+ Y IL(35X10mm) AL, ;42; 3‘7‘;2 2;2
XD LEKE NS 7 4 veBB- THEH LA, BEEEERZSHE 270m0sm 3 49.1 30.8
CO, 5%, 4955 . WA 1005 . WHEBTCL L. 3 o il
) SERIVTF DWIE & BRI~ DTS 24 76.0 3.9
150m0 10.0 14.9 4.8
2, AMIBINTHASHASRL, FORBEMALE. B 100 * © 133 349 48
o . - 230 16.5 54.9 4.8
BRI LR SOO—BEBTRAas) FHBML, day20 50, 100 > 0B

KB L TERRORBEBEL 2 (—BROMKESCTET | real quantity *177.740.58m0sm
R o 8 MR TR U RIS R ORI F DREL B L 2. **248.3+0.58
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# ®

REBMORZINT2E ~ DBRBELRG TR LU ERE Table2 BXUFig. 1 KRL. 2#BaS8+
DEBIBV TR, BEBR~ORHF RS RASNT, 4Mila~E L IFRETRLNICTERI -,
A RHBIBEF D34, 190m-osmol LU EDIBEET ¢ Morula L EA~OREERRSNARERE CRE TS
#&12190m-osmol TD47.8% M TH Y, BREERIN LU THEL THRHERRRETL T2,
FH] 8 fIfaNF 53 ¢ 13230m-osmo I I T DBRBE T cRFREHF R L THB Y. 190n-oswol ¢iZ80% D
¥ REBE CREF L. Ll EDREFHRDA
B —viz A MRRFoBA L K<HAELTHBY. 1900 _
~osmo | RBHMDBRBERM L TR B, Sﬁﬂﬂﬂgﬂ?ﬁﬁi\i
wTik, WTFhoRBEAGEBVTHREVEATR O
B CORFERLTBY, Rk R —OBATK © 50
& o TREBEERHCHTIHBARRLESRDBT LN
PRX B

Table 3 K FAERTHICEREX L = FE# P DNa, K 1 i
FIRE R ITE & L TRLe. Naf XY 2 KAF 150 Osmo}mg'g pressu2r3e0(m03m) 270
vol#iE, TE# 2.2, mE8.0TtHY. TE Embryo stage at beginning of culture
MOK 4 + S BEOR DS, Teble 1 IRL ort o cor1 o 8 1ates o]\ o)
&S, NaCloB AR U CEBBOBEFE L T~ Fig. 1 Growth rate into blastocyst under
BEONa VK T HIZET L. 190m-osmol ©i%13.32 &% various osmotic pressure

100 1

Growt

Table 2 Effects of osmotic pressure culture medium

Embryo Osmotic  No.of Stage of development reached NO. Of

stage at pressure embryos (_% development ) degenerated

beginning (mOsm) cultured 2—8cell morula blastocyst embryos(%)

2 cell 150 61 41(67.2) 20(32.8)
190 55 53(96.4) 2( 3.6)
230 55 43(78.2) 12(21.8)
270 59 57(96.6) 2( 3.4)

4 cell 150 67 50(74.6) 17(25.4)
190 130 16(12.2) 25(18.9) 62(47.8) 27(21.1)
230 52 16(30.8) 7(13.5) 9(17.3) 20(38.5)
270 90 81(90.0) 1( 1.1) 1( 1.1) 7( 7.8)

early 150 71 7( 9.9) 27(38.0) 29(40.8) 8(11.3)

8 cell 190 122 9( 7.4) 101(82.8) 12( 9.8)
230 58 5( 8.6) 12(20.7) 25(43.1) 16(27.6)
270 52 27(51.9) 7(13.5) 8(15.4) 10(19.2)

late 150 50 13(26.0) 29(58.0) 8(16.0)

8 cell 190 50 3( 6.0) 47(94.0)
230 53 4( 7.5) 45(84.9) 4( 7.5)
270 60 60(100 )
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Table 3 Ionic composition of rat uterus
fluid and blood serum (mEqg/1)

Component - Uterus fluid - Blood serum
Nat 97.511.84 145.4+1.08
K 44,311.63 4.0£0.94
Nat/K* 2.2+0.12% 38.0+7.00%

*ratio

Table 4 Effects of osmotic pressure and Nat/K*

ratio culture medium

Osmotic  Nat/k* No. of NO. of blastocysts
pressure ratio 4-cell ova ( % development )
(mOsm) cultured
190 3 35 0(0 )
6 60 27 (45.0)
12 57 26 (45.6)
24 62 26 (41.9)
270 3 33 0(0 )
6 653 1(1.8)
12 55 0(0 )
24 52 2 (3.8)

Table 5 Development of cultured blastocysts
after to pseudopregnant recipients

Experiment Control

group group
No. of recipient 5 5
females
% of pregnant 9 9
females 100 % 100 %
No. of blastocyst

35 38

transferred
(MeanSD) (7.0+2.5) (7.6£1.8)
NO. of implants 24 27
(MeantSD) (4.8+2.6) (5.4+2.3)
% of implants 68.6 % 71.1 %
NO.of Tlive fetuses 15 18
(MeantSD) (3.0£2.2) (3.61.3)
Vaability 62.5 % 66.7 %
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CRETDS v MBFOBBBEE A D L. SRR T» SHBR~ORERIIF . WThH80%LL
EoR#ERLTOAD D Ll 8MEBILEIONT & HE I HERINE CRE S BEREL. S
v MRF R GH TR X483 DI T S MRS F BB L V2 3DV 5 T, AEBRD1908-0sm010
BEE T CoOBRI BV TLT.8%0 4 M F £ RBIE~RE S4B L0k, BOTRIFREELEX B,
THI, BB & - RSN EBRRAERE~OBMEC LY, ER2BRECRTLEF BTV 3.

PR BRI BV ABRBEREB L Tid, Brinster!3)14) iz ¥ 32 22-cel 158 ¢276m-0smol,
Whittenl®) 5ic & 2= 21-cel1BF242n-0smol, Naglee518) 3k tfMaurer51?) ik 3w ¥ % 2~4-
cel198c270n-osmol, Brackett!8) iz k2 v ¥ ¥/ 2HIIT21n-osmol % ¥ DEERL BN, VWTFRD
ERHERCEEERT. Th. BEEORXGRBLEVBE DR >RHBEREI LS THIN, xE
BReffBonts v MBFR BT Z2EHWBEE190n-0smol (EFMEIZ 177.720.8 ) BohboigcER
TSz - TIEL . BRBL VX 2, Tabled KRT LS, NaCloRE A SN KT 1 4+ v gk
KA BRELSNT, EBREEYN. WTFORFIIFYEEFX TCVIbDLERINDS,

Stambaughl®) 513 4 ¥ DIVED W DEEER 302~310n-0smol ©H 2 LM LTHB Y. in vivo i
B DREIIRME 2 1 ZEFF CBRBELRGTRFET I LREX SN, Thbb, AERKAH
NA3ZHEBBERZEGRORGLE L R->TBY, WTFoRFOBHL L TRULARBEREG LV,
2 MHRAERF OGN SHEINF 2 RBIE CRE I GBI LDTR IS B ORHRLETCHA S, T,
REEOME L L0BREHE L OBIEEC OV T 6% OBIRAH U . BRI B sHEmED) 5
#HOp HDO7L 7 I 2 omalE!) 20 »olEttSiEMsn 3, xEZRCBV TR, B
BELHEEATIHTEOVToRMIRLTBLT. ZEMHBEEC OV TOMREBILDKABHE
BREBRNRULELEAS,

B’ #

5 v F OMPIROGANRE K RIFTREE LNV KT HoBE OV TR L.

1) 190m-osmol DIRBET COBBIC LY. 4 MBBETD47. 8% MMM E CcRE LR, 2 M5S8F o
RERABNED - . i 8 MHLIRDOIIFTi380% LI E2IREBRICRE L . RBIR~ORERIZ
190m-osmo InoiRFE T CHRHW< . ZMBBERIRYENT L RERINX,

2) 190 . 270m-osmol DHRBELRH T BV TNaV KTk 2hBn3~22 L, 4 #HBSIPF % 4865RT
BERELEBORBR~DREETR L HE L. 190m-osmol Tid 1 4+ v H 6 LlE41.9~45. 6% DREFRE R
Lo, 270m-osmol TiRWTFRD A F VY HEBOTHBIELALREERI B -, T4bb, B
BEEX T IREHAR->TEL D1 A VERDEIIFTFORT B JIFHHERIRD AR -1,

8) 180m-osmol Dt 4 MR HRE L I MAL (RIE iR T84 L iR, BAERD85.2~75.0%
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Technique of Collection of Embryos from Uterus
through Vagina by Balloon Catheter in Rabbits

W B, AR, Il E—, EE m, KAM SR

Tadashi SANKAI, Takayuki SUYAMA, Kiichi KANAYAMA, Tuyoshi ENDO
and Yuzi SAKUMA
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Department of Veterinary Physiology, College of
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A large number of normal ova or embryos are needed in basic researches on the ovum including
ET, IVF and embryo engineering. For those purposes, ova are obtained by perfusing the extirpated
oviduct or uterus. The authors succeeded in collecting embryos through the vagina from the
uterus in situ of a rabbit with superovulation treatment, using their original 2-way balloon
catheter for the boy’s bladder.

A total of 555 ova were obtained from 17 subject rabbits; cleaved ova included 391 morula
and 46 early blastocyst. The best yield from a single rabbit was 65 ova including 63 cleaved ova.
This is a very efficient method for embryo collection from the rabbit as it enables us to

obtain many ova from the uterus in situ and even in repetition from the same animal.

RATZO—HFL UT. AASH. BB, SRS L CRETRER YIIFICET WA AR
BRELTVWS, ZHhHOMER. KR, TYR. S MR YOERBHTRA SO, FHREDLERS
in vitro TITI L AL o A, FE, SL ORI REHRREIBIh TS, —F. FBIC
EWT, BERAADFREYTT 2482 LT, UBHIEELHANBENTH Y. SRBYIC L 25
WHRBLIC, . BRAEEhTHWS, LHL. ZhS0EIfbEEERINEDO TR, ZREMW
KK SEBOARIGEAT VS, COXIRRETHCETIWELTOIEDICR. KR, YR, Sv
Fr EERBYOZBOIT-H 3 WVEHESIDEL X3, FORRARE LT, BB REEXET
A LEIE. FELART IHENMTDATVS, ULHL. ZOHETE. BoEIREILE HE—EE
AOMESRELTRIPT 32 LR TERWV, F0OED. KEUTHFRENT 3582 LT, KR, L%,
MR YT, in situ THERAHML T, SHENOIITEEIRT 2 HEIRESDTVEH. METEBHK
RiEBoh Ty an,

ZEOR. FEOEBHIBT 2EWHRIBLE<AVOATVARRICOWVT. in situ TTFERD
BEEIRT 25 LT, FEONERUENSN V-V AF - F I AVERBRIFOERIC & - TRERR
BABOhEDTEDFHEERET S,
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hCGEY S8R 68 B 1 S ARREEL. MIBAGLCARE LEERREMNA~S B LT, EEDIREBIEL.
FIREBELE. EOLEFRYBEEIS FEALFESE LI XH U TRETHREL. SHEEBHD 3cc
10Fr. OBRABK2-vay NIV — 2 AF—FIVEBAL., FEARNN2~3aifALEORRERL. air %
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EHOEAVWE. BIRLUZEHRKE. BB/ ACBUTEAENE T TERL. TS LUBTFO
HREBSELE.

U EDRR. HE1TBIDT X TOMEIGEIETINED Sh. Hesesit. 51.4+11,.57CA874MET. EIX
FRFEIE. 32.6116.77TAEIS5ME. HBFFEIL. 25.1+17.41 CAMETH - 1= Z DSy HITIFHIT.
morula 3914, early blastocyst 46 TH-r=. Thbb. FHFOERNEIL. 2HD100% % 3 H63.5% T
Y. ERILT.T% TH- 2. B BREFLREEOEINIIFHILET. 20D HHBPTIIEMETH - 7=,

REDES1. BRABMK 2 -vay\)V—2 HF —F Ik BV RIRIRIBE T, in situ TRIFLEL 2 3.
BER1THIDRE D S 555@DIIT. BMEADER R BFFLENT 22 L A TEE, T, BEHOEAEY
RAWENORRGRRER) CH—EEISBETH E CRERIERAEL 25, BHELOPFEERLE
EAEDIIFEIL 2620, BHE < DERRHFITIF % EIR L 2 EEO S RTIFH 2286 TH - = B3H1741
DFRRBICENVTIE. BEIRUEPFH2095ME. HHHWFHITMETH-E. 2O I, FiE. FEISS
HOERLRIFEBRIDIIERICBAEEY R ETH- 7.
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