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Ultrastructure of Delayed Implanting

Mouse Blastocysts
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Department of Animal Husbandry, Faculty of Agriculture, Niigata University
* Facilities for Comparative Medicine and Animal Experimentation,

Niigata University School of Medicine

The ultrastructure of delayed implanting mouse blastocysts during the period of Days 10 through
30 showed no differences throughout the period, but was different in the following points, as com-
pared with that of intact blastocysts on Day 4.

I. Trophoblastic cells. (1) Elongation of trophoblastic cells that had long cytoplasmic projections
at the intercellular portion near the blastocoele, (2) Appearance of the basement membrane-like
material along the inner surface of the trophoblast, (3) Irregularity in the shape of the nucleus
with invaginations of the nuclear membrane, and the thickening in the density of the nuclear
substrate, (4) Disappearance of vacuolated cristae in mitochondria, (5) Decrease in the number of
rough - surfaced endoplasmic reticula, of polysomes and of Golgi apparatus, (6) Increase in the
number of lipid droplets, (7) Disappearance of fibrous inclusions.

II. Inner cells. (1) Irregularity in the shape of inner cells with fine cytoplasmic projections, (2)
Phenomena conceming-\ nuclear and cytoplasmic organelles and fibrous inclusions similar to those in
trophoblastic cells.
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Plasminogen Activator Activity

of Early Stage Mouse Embryos

BIIRA B B WHE#E KTz ol KEFES

Maki ISHIKAWA  Osamu TSUTSUMI  Masao NAKABAYASHI
Katsuyuki KINOSHITA Kazuo SATOH and Masahiko MIZUNO

RRAFERFRERGANLHE

Department of Obstetrics and Gynecology, Faculty of Medicine,

University of Tokyo

To study fibrinolytic activity of preimplantation embryos, microassay methods to quantify
plasmiogen activator in a single embryo were developed. 1, Preimplantation wmouse embryos
of day 2 and day 3 (4 cell to unhatched blastocyst stage) were incubated in 241 medium drops
containing 0,19 fibrin and 2 cu/ml plasminogen for 24 hours. Day 2 and day 3 embryos gave
complete liquefaction of the fibrin drops. The amount of plasmin produced by a single ovum
was assayed with synthetic fluorogenic substrate, Boc-Glu-Lys-Lys-MCA, and was 0,21540,041
mcu with day 3 morula and 0,335+0,039 mcu with day 3 blastocyst., Day 1 and day 4 to 5
embryos (uncleaved ova and hatched blasocysts, respectively), incubated in the same way,
produced only partial liquefaction of the fibrin drops. 2 , When applied directly on
plasminogen-rich fibrin plates, day 3 ova (morulae) produced grossly recognizable fibrinolysis,
No lysis was observed on application of day 3 ova on plasminogen-free fibrin plates, Five ul
medium drops incubated with day 3 embryos were applied on both kinds of fibrin plates and gave

similar results,
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Plasminogen (Plg) : $—{bF¥# S, Bovine plasminogen, Thrombin (Tb) : #HSY#E Human thrombin,
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Swelling of Human Sperm Head
(Continuous Observations under Light Microscope)
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Takeshi NAGAE, Yasuyuki DOHI, Akira IWAKI,
Tasuku KINOSHITA, Akiko OKADA*
R KFEEFEE 2 ERARZH=
« M REEZIE 2 FHFEHE

2nd Dep. of Obstet. & Gynec., School of Med., Toho Univ.
2nd Dep. of Anat., School, of Med., Toho Univ.

Although there are many reports of sperm chromatin decondensation within eg-
gs, only two reports have shown this observations with the use of the electromi-
Croscopy. Nobody has shown the process of human sperm chromatin decondensation
with the continous observations of living ooplasma. Our previous report has
shown that calmodulin antagonist W-7 can stimulate the acrosome reaction of human
sperm, and that these sperm are capable of penetrating zona-free hamster eggs.

This study has shown the contious observations of chromatin decondensation

of human sperm treated with W-7 by means of zona-free hamster eggs. Although

various patterns of decondensation were recognized, almost all of the sperm showed
the following: l):the brightness of the post acrosomal region was lost just before
decondensation began, 2) chromatin dispersion began at the anterior one-third or
mid lateral region of the post acrosome, 3) the bright area origenated from this
post acrosomal region and gradually increased, 4) the decondensation of the post
acrosomal region was more rapid than the acrosomal region, 5) the oval shaped
{ing formation was shown to be a remaining chromatin mass by Nomarski Interference
Microscopy, and wés recognized at the apex area of the acrosome, 6) the periphe-
ral ring formation.appeared around the oval shaped ring formation which was fusing
in the front and rear. This ring formation was observed for a period of approxi-
mately 2 to 5 minutes after the oval shaped ring formation disappeared.

From these observations, we suggest that the mechanism of human sperm chroma-
tin decondensation does not resemble other mammalian sperm chromatin decondensa-

tion on the basis of such ring formation.
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Effects of sugars on the attachment of

human spermatozoa with the zona pellucida.
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Koichi KYONO and Akira TSUIKI
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Department of Obstetrics and Gynecology, Tohoku University
School of Medicine.

Zxperiments were designed to test the effects of simple sugars and
complex polysaccharides on the attachment of human spermatozoa with
the zona pellucida. For this in vitro system the salt-stored human
eggs (Yanagimachi et al. 1979) were used.

The attachment of capaciated spermatozoa to the zona pellucida was
inhibited by fucoidin. Fucoidin was a very potent inhivbitor, com-
pletely blocking attachment at a concentration of 0.1 mg/ml.

When the spermatozoa were treated with 1 mg/ml fucoidin and were
mixed with ova in fucoidin-free medium, they barely attached to the
zona. However, pretreatment of the zonae identicaly, prior to
mixing with untreated spermatozoa, did not inhibit attachment.
These results suggest that fucoidin probably reacted with sperma-

tozoa, not with zonae.
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2%, ZOFMEITHMAINTOELRVALY, BEDLTI S, BB TIIRTORPEBROKEFEE &
B OXREHEREDOMEERAICL 2 bDELHEESN TV S,

IEBOBRRD IEEATH 5, BTIXT 2BBERNESTLOERS B O, BEAMITOMIHS
DTIRIEVD, EYHEREREHOICERIE ED OHAETIIHERATHA D LORVBENTH 5,

b ULET ISP ERED 2V I3HE L EAOREKROE R E T, BENICEED D 2YEDBE
RETHTIEEHKHEESNIET TH S, T Thhvbiid, in vitro KB TE MEFOERE~D
BEREABE L, BEEICE2 28BHEOEE LR Lo

Fik - MH
@ EBR ORI
SEEEAENICTRESNCE MIREIEE X CBER LIk, £ METEMZ, BERNICBT 5B FO
BEHENOEE LT, K1 32O TH 5,
X1 BHHENOEFESET A bk

BRE B R
l (BEEicL3)
&1t
REATP RSP R f
! ERBEL
in vitro BE(EAEE
l 48B5M v
T A& (FEO0E 230g5 9 2m)
SREEBRAICTRE =R E
l SER L (RiEE . preincubation)
TZEE

- )
-

g

©
@)

TIZAFy oA RYM
IXSIFALN

EEE 0.3mL
(RRBEFRE . 1~5X10%n0)

BE (6B ~)
37C in Air (or 5% CO, in Air)

él

> TR,

® %
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@ t B ®

BFFeIc O foHA & 75 B BB IE modified Biggers, Whitten and Whittingham' # (mBWWi0)

Th Do FDMKICONWTIZE 1IT/R LT

® & FIREAEOFR « REFE

HEBE 12X 2 1T7R U 7o

FiicE Nt FIPE A Dulbeccos phosphate buffered saline (PBS) HTHItIL, FABAMK
sETICkBE NARNT 5, 3~ 5[ P BS TLEAR RBEBERK (X2) ICANSTC. 5% CORKH
TABKERIEE R U CHUAS ¥ B, 48BEREIRICIRE & b i LRtk (0.5 MINH ), SO, +1M MgCl,+01%
Dextran) g Afl, FERICHT 5% T4°CTHRE LI EBICKEL Td mBWW KT 5 [EI2LEBERE L T

AW\,

EEEEARICANONE T LItk D, SEEZGBAALMT 505, T OB THE « @dtkicy

FRUHALA DT L1 AREAREIE C EHBES ATV B,

F 1. WIFIC A o R AR R DAL

modified Riggers, Whitten and

Whittingham #&

# 2. BRI DMK

B 5= g
TC Medium 199* -80mg
Fetal calf serum® 20mg
Lactate/Pyruvate stock soln. © 5mé
Antibiotics stock soln. ¢ 0.1mg
NaHCO, 160 me

Distilled water 20m2

g/2 mM

NaCl 4.910 84.00
KCl 0.356 4.78
CaCl, 0.189 1.71
KH,PO, 0.162 1.19
MgSO0, -7H,0 0.294 1.19
NaHCO, 3.000 35.71
Na-p''ruvate 0.028 0.25
Na-lactate 2.416 2.158°
Glucose 1.000 5.56
' Human serum albumin® 35.000
Antibiotics stock soln. © 1.0mg

" mOsmol 308

Louis, MO); 60% syrup, 3.68ml.
® Purified human serum albumin, Norite-trea-

ted, (Sigrﬁa Chem., St. Louis, MO)

DL-lactic acid, Na-salt (Sigma Chem., St.

< 100,000 iu/m¢ K-penicillin G and 50 mg,/mg
streptomycin sulfate in distilled water, sto-

red frozen until use.

This mixture has PH 7‘.3 under 5% CO, in
air and an osmolality of about 290 mOsmol.
*Hank’s solution; base; Difco Lab., Detroit.

M.
®*Heat-inactivated; Grand lIsland Biol. Co.,

Grand lIsland, NY. '
©200mM Na-lactate and 20 mM Na-pyruvate

in distilled water, stored frozen until use.

| $100,000 U K-Penicillin G and 50 mg,/mé

streptomycin sulfate in distilled water, sto-
red frozen until use.
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X2 EMIREHE OIFRY « fREFE

B

iPBSWET%ﬁ
lPBSWCTﬂm

IXIIFALN
0.3~0.5m¢ 1EFXK

o
00
09,

37C 5% CO, in Air
48E5MH]

EERBZRAICTRE
(0.5M (NH,).SO,+1M MgCl,+0.1% Dextran)
ACTH» BREY

oot

+—-———— E\i‘ sy

h! [ [
[Ty
RKARMRMWZzHLET

v

3Ex# (PBS)
BERICTS5 BLLERS

v
KHEERCES 1
REEHF

)

X3 K i EFOE

INTTAIVL

s W0

2me 0.5me 37¢C
BRI i 609 Ab it

® KT oHEfk

TG 2 72 ic o ik, KRR EEDIC S0 TR 3 1Ic 2 OB ZTR L7,

K SRERAST L0 ATETE O, 200MERICE L T itk Dot 1Kk % 0.5ml
50, RN 2.0mE AN S NINRBRERICHMICHET b, BR—IEBBERESKE 5 LR
HA30 ° ), ABREOAENS 74 04Ty = LT37°CIT 1 HR##ET %,

T Offic, BRI T ERHED D SREFRRICEE L T 5, BIKICEK - ICRERAET, Ko iRt
EHT230x g 5@ L L, EEAERT, BEREMZ THERLE LSRR FIFdRic 3 5,
® in vitro ITH I B ERR O FHE FERILTS S CITHE

Wk (35% ¢t MET VT 3 vEEL) 0.3mé £3.5X1.0em d Petri dish HicAN, 2O LEEIA5
WEANTEE D, HHKITIEH O UDRTTNEYENBRS AT b,

HEBNICREE NIDERE SR T2 AN, 3T°CAKPT 6 MRS 5, REETEEZR1~5x%x10°
/METIE B & D FEIT o
B OFIE N, NAHZEBMEE TICEE L TIT . 2Kl TFOBEHFICESE L TORVEE%H), T
DICHEET HETVAON56% (1), BHEOMEN LN 2 L) ICHICEE LTS L& % (+), SHED
A TERBORRINESE LT0aA%EHD ERBH LS
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57 1%

BERKRIC, BTOESHHELEE LTOEEOBROREHEEE AN, £ METOEWRHREE CRITEE
AR L1, M4EBEOBERIC OV TRE L a3 IT/R L7, 27T Control &ZEAIES HEIZED

SN - T,

@ ZREHOBATEREICEX 2HE

[EIRkIC 3 DE R A £ 1A TRET L7z UL/ DI Fucoidin, Heparin, Chondroitin

sulfate AT, @ THBEAET IR ) <—Thd (K4), EBROBIEIZE 4 ITR LD,

E METFI

Fucoidin OFE T TE L BHEFEE S MHIS N, TR Fucoidin (BREE THRED LN,
3 RTEWEEEICHT 5 EEHOE

M4 ZHRHEOBE

Fucoidin 734 %>

-3 BT - EBEE
T < i
(mM)  EBKE H H
24 O H o )
D-Fructose 100 + H - H i H H AM
D-Galactose 50 R -0 5 o T o H oH 0—
s 0503
100 H oso&’:so; H OH H OH H
D-Mannose 100 s Fucose sulfate Fucose sulfate Fucose
D-Fucose 100 H+ 73— ZWE 70— ARE 7a-2
- D-Glucosamine* 10 +
e ami *
D-Galactosamine . . 10 ++ Heparin ~A/SU >
N-Acetylneuraminic acid* 10 +
] _H_ CH,0H CO,H CH,0H
: OH H O H 0
L-Fucose 100 ++ H H
50 W H 0o—N\OH H o H o
10 H+ —-0s0,0 H NH H OH 0O H NHSO0,0—
Arabinose 100 + 200 S0;0
B . Glucosamine sulfate  Glucuronic acid
D-Glucuronic acid* 10 + PRI, S50 R
D-Galacturonic acid* 10 +
N-Acetyl-D--glucosamine* 10 H Chondroitin sulfate A 2> FOA F B A
N—Acetyl-D--galactosag’\ine* 10 + B e
N-Acetyl-D-mannosamine* 10 H o i o 560
- HOA
OH r’ﬂ_o OH ‘jQL_
Control (None) ++ R )
H NHCOCH, H OH n

* SRETIHRFEDREIETT 5,

N-Acetyl-galactosamine  Glucuronic acid
N-7EFIN-HZ7 b3 Tronolmi
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£4 BF-BPHEHCHTAEEEOLE X5 Fucoidin KT 5 LU Fucoidin A ERT

£ % B oy A L O — B
Fucoidin 1.5 - " 3 & OB o Eé&%”ﬂ%
Heparin 2(1) —*_Jr F(ulclz;ﬁﬂrlléﬁfﬁﬁi) oo ==
Chondroitin sulfate A 2.0 5 m g ﬁ;;ﬁ%&gﬁaﬁ) +
Control (None ) H w®ou woun o= +

® Fucoidin iC &k 2¥F & 5V IZIPEHE ORILEY, BTOBWHEEICEGZ LB

EMEFH L I3 E MNIRBEBRE A Fucoidin 25 Img,/MéS £ N B EBEN TS So U 1 BrRIRTAME L, 5
KT 1EIBEE L RICEBRDICN L TR FOBPERNOEE®EZE o, KTFOwAITELE (230Xg
593 1Kk -1

Z DBHEEER 5 ITR LIcdS, COBEEHEFERLEEL o & SITlfilda s i,

E 2

TROBERER, BT IERETOREEEICL > THESNS C EHREDRE TREICH S i
D>2d 5,

IO B IHEAL SWRINTH D, BTOMBERAITIIBEHOAFHEE LT 5, lectin
ARV ERICK B EBEPRETEICIE N— acetyl-D— glucosamine « N—acetyl —D—galactosamine
- D—galactose * L— fucose %X COBWEENSBEICAHLTE Y, BTOBETEIC bRBEOERELSS
KEET DY, £ LTINS S 5 VIR A F—INES OMEFA OB A > TV 3, FBFHR
BUTHEET IBHEEORETRAMAMARE, ZOBELBZ O FHYRBICL > TER Y INSZHEOBEREE
RELTVWEDTHA D,

CHSERBTFRBICHS T 2BHEIV DL OBYBTREESN TV S, TLEY P TEHTFERED
lectin BUHELIIEFOEAT O—BICKEET 5 T EDREDD B, BT fucose IBIRINICE ST S lectin
BYVEDS LT EAYRIBSNTO A, w2 Tid, % & 50 COBTHIET 3 &L 2 0%OZRELMES O, %
hicxtiEd % glycosidase THFELE LT HRBISHIBBL 51U HHTEh D, RETRMICHEYT
BOERBWPED lectin HWE LETEREED ligand BHES LWV ', Mus musculus (HEA~<
U R) (P80 sialic acid ( neuraminic acid ) ML T D neuraminidase MET, T —INEE
EHhHHEIEN 5, Mus caroli (FFAED< Y R) FIID A— methyl mannose AEPKE T D mannosidase
METRETESSIEHS NS, 75 TORBEENRTH S~ v XEARETO ligand BWEHSES T 5 &
OHEDH S ', Nazy —itBLT, Oikawa 5" FKZTREIAZHRESR (wheat germ -
agglutinin, WGA) THEY 2 &L FHHBKRE (MBS, MO lectin TRHEELH NN EhD,
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WG ANERY LHEMICEEL, BTOKABLUVEELRMILET2LEX, ERHORTREATMIERT
F FO#5 T N —acetyl — D — glucosamine BEBETH 55 E#fEE L1z, Lo L&KL, Ahuja'? 3
HEEOABOTORT— PEESMEIERPET D glycosidase L L 2 ZHEHEER AR, N5 —
DEMBFHEI3 fucose * galactose * N— acetyl — glucosamine % L TN —acetylgalactosamine
BELETIMTFRED ligand BYBIL L > TITONTVBT EAR LT, COEIICKREHAERERNR
VA, EREBYICEVTEIRBTHOBMIEABMUSREICHSPILBDDODH 5, £ +TiE, MEE I
AFOREW D S, TOHHEICHETIHARERZBLALA LN,
bhbfid, in vitro TOE b OWF— IR OEBRIC Yanagimachi 54519 7 9 FicHies L i

BARE € P BPEREZRAVTRE L THI,. MEBEBRNITHERES N/ OERF R, FFoksE - @k
BEIEKT 2UHEBELLBO EBMESNTV S, in vitro T, B4 OEEMAEREANICHT LB
HEEANS & fucoidin ODEAET THTFOBHH~DOEEHSFEH I S e, SEIDER TH /i Bl
BHEPEZHBE TR CEENRIIA SN TVRY, fucoidin 3 fucose & fucose BBHP 5B K < —
TH5H, CORMBFEEMHSHBEICLS bDOTRNT LIFFHBEZERE U L 5> heparin
chondrsitin sulfate A TREZEHALNTVILEDELEHALHTHY, fucoidin IKLBRHRITERRT
3o WFREWEA fucoidin THIME L/ & 513, MFORNMEOEAICDOAEEISME SN, HTHHER
fIiC fucoidin LKA L TEHBENDREABIH SN/ bDLEEZLONS, COFERERLD, £ PEWRFHO
K TAREAMALIT fucoidin BHLME T fucose NEELBREEZH LTV B LEDNEH, fucose INLRS
—DENE Y b 'C‘%%é‘é‘l!ﬁib—*%ﬁ’@’b LAIREME SR <, WFLEE AT OX T4 & EALO L @RI 2 > b &1
v, Lo L, thomPLEY ci3i@ % 2144 % galactose, acetylated amino sugars,
sialic acid, mannose AETREMTFOEHEILBINT, BREMOFAVTREINDG, SRS SIC
EHOREE, WBLOYIC X ZHA TRATHESWAOFMISHERIT 21TV IV EEI TV 5,

X ik
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Fertilization-Associated Changes in the Murine

Zona pellucida . A Scanning Electron Microscopic Study

HEEAN S HREFR - &FA2DOE « BHBERM

Masato INOUE, Yoshimune KOBAYASHT,
Mitsue KANEKO and Akikazu FUJII

REBERF RS EERARFEE

Department Obstetrics and Gynecology, School of Medicine,
Tokai University

The surface of the zona pellucida from unfertilized and fertilized mouse ova
was examined with the scanning electron microscope ( SEM). The zona of a
mature unfertilized ovum showed a sponge—like appearance with numerous fenes—
trations, Up to 5 hours after fertilization no change was observed in this str—
ucture, except for sperm penetration hole which remained almost unchanged
even after cleavage . The zona of 92— cell embryo was considerably smoother and a

porous appearance was much less obvious. SEM—detectable surface change in

the mouse zona pellucida may be due to the precipitates of tubal secretions.

EE WL EORRSFRASBREOMEAE L bR 5, WBOE A, BHECEEHA TV,
FEUEEEMICL VEL, SHMFIMALHFEFLE VO BBLBEL LTy L LES
B LERFIES, T2LOLBEHERIEDO A D=2 LDNTEEL IS > TnhENn, ZHE
M CEREOMEAZNTAC LR ChE T OABEINT D, - % A BBNETFHEN
BRIPBERBTERZIRENZ2ELL, ZREMNIA4EL L2 ), THBECHAAKCHERINSL 2BD 9
CRABEREERERO S OT, BABANESUNOLEICLDEEL LN TNE, —F
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85

SN

M1 kKM M2 REFEH, K1OHK

ZRICHIBHFTREOHBENE(LICON TE
BARSPN TV,

Jackowski and Dumont (1 979)901 < v 2% B
HORTMAZRHBICL VALLCENT L EHEL
2o THICK L TPhillips and Shalgi(]980)m
BEAFORBRAZHEAHE TEL<ELZWEL
Twnbo bhbhEd <=y 2BFHBFTLODWT—HEHOD
EBETW, BHBUHECIZHER L b EL, BF
EAEHRAZHERELAELCLTrLET ST EE
Popl LTRR o

AR TR, ~v 2AWFEEERE FH B EH
(SEM) K THBEL, ¥BEr IUMFHEEH
DEALIC K IE F % T HE B9 25 (b 43 2 93 5 3% T8 VC S
T AnEDERE L Ko

KB KB LU H ik )

DDYFZBi#~v =2 ( 6 ~10#HE )IC 25 iu OPMSH XU HCG %% 48 R T HEEN
KHEL, XZHEMWAHCGEHE 16 ~17 B CTHHEBRRI L VERL <o XFIPIEEKAE L
MAHCG®REH 17 B ( ZREMS M) , 22 B (ZHEHEWM 10 B ) ¥ Z 00 408/ TR

B3 REFMKI, HM1oOMWHILRK
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BL, 2% REER ( BWWHK ) IKTH
Bl L TR Lo REMIME L 0 2H
HA S BEMI O I F1E 0.1% hyaluronidase %
BUBERICEL, ENEMREREL 2o
18 B 8 D 32 K IF 1 58 1A B 4% 88 T I MHE I T A%
THERBL IO ERRICH Lo HFIZ2%
glutaraldehyde—=0.025M phosphate buffer
T 22~24B¢fHEZEH, 02% poly—L-—1y-
sinTa 55 LOMEBE LA <-4 352 L
BL, #EILTHLERT € b »RF)TH
KL, BARERET ko REFP IUET
—EXRE®R, BAEFISM-358 SEM
CTHBEL ko

MR~ v 2KZMIBEEIFEAET, %
OREEWOBREZ L, — R 2H > o

HEBELTWad (1 ~3 )0 BILKTRS L,

ZHFEORBMICEKNREO M E 2 /M
HONLLERICS ), KBHKE WHLoF
KELWRNEHIABEHNT AL (3 ), &
THECHICHEROE SR b B3, =¥
A ZWHEORBH %2R & L TPhillips and
Shalgi ((1980). 2% Lz, ALERD
BREPEFRO Y FERD bh %5 ko
ChEZEHRHMECI Y, BHFEOXRHEBE
BELREZL D TEEZWSLLEBDbN B, F
ERBROEKRETE, LiIZ LIEFEBEICH» %
ceElhpBEINL (KH4~5 ) Jack-
owwiamiDmmnt(1979)%iCQ)£5ﬁ
FrRuxed>T, ~v 2 RKZHINOETRES &
L7225, ¢hid Phillips and Shalgi (19
80 )BT A Lo, HOLAIKATLHE

19844108

B4 K2R, 26K/ I ze cElh %
B b (artifacts )

5 KREFI, M40tk

mTdh, BE, BKORBICHMEDLS 2O TERV»E B bbb, SHBEHS ERONTFL &
PHREALBIERZHEPOTN EFM LI O 2 BELZR LA (K6~T7 ) ZHHEH 108/
B EENEMEEINF20 BRCER T 2, COBRPOFBUFERRZRHEINOThICHNT EE
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ReLHICE BEANRBO bhic (K8~9)
FARBTFRALGLFT LIAMETCEZCZ
XA HBEINL (K )o 245EM
EXEDIOSZFEE LT, FREPRLC
ChTwnwsd (10, 13)0 LADR2TkKE
WL 2n8BoRNEIESLETHY, MEE
Rz bctldrn, T TCEHBFEr—EILT
LiBIC, TOBDOERTEKRZIHENE 25
gFME—MRICEEL, A—OHs-#35 2L
CHEEIEo 2HEPOFEHE L RZTHIN
K~T, REALPLFHT, Mokrd
<, Load B2 B2EAEBL LA L (K
10~14 )o LrLZhE 4T LD —KHO%
AOTEH ALK 15 Dk 5 KKRZEREITL
AERLERF BBE I NI,

ER . BHHEOEBEAFWEE XTI
TET B LB Z I ES AL TW

2~17 11
Ao 196 94 Barros and Yanagimachi

Fraxs2-RFORETFRHEESELIRMBICL D
T+ s e, tABEHFERELAWFZ
in vitro TR I T, REBENKDE R §
EWBFPICHED, TOPTRZRBRLEET 5
L, ZHROR FREERLDR T, X2
fiEIhsztzHEL, ¥ TEHFRIG
ICRBIRIE 5 4 7o #E\> T Gatkin b,
@ trypsin ( 0.001% ) MEIC L Y -~ & 2K~
FHHEORFRHAHELNET 2, ORBE N
BRMHEIC X K FREE M OZE LI trypsin in~
hibitor DFLEFTHIEI NG, T e b &

M7 M60mitk, MTRALERD S

BHERIGD » 7 =X 2 ERBERAD trypsin

BERIC L DR FRABMORB TS L M Lo —F~v xEMnkbhbh OEBRTH
FZKEH % trypsin ( 0.01% ) T 30 SRIME LTI FESHEEEMLES, ZHEMWICHT 55
FRAMUOTNREZHEBEH S HM2 6 10 M OM, b o EENEMRBRIENS GBS 2
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Bic—HK L T#Z 2ko ¥/ in vitro T
BLA 243 RAELE2BFR_EEHOEL
ERliko LR 2Ty ZEWH O F#
B AL trypsin IO L TRZ M2 % <, ¥
FREHEOENIZRHER CREZ 53, %
WM ESWHOEE LR T TREKIN D
3D LR b bBo =V XIIF % in vitroTH
B3+ass, BREBENOKHS0 2 IZHRET
BRMICHEIh e LALEOL 5 R &HT
THYZBEEEI L 2V, ERBER OKL~
TTREAFRICEE L 2o, I
FYRBENRNOBEZELERILIN T, &Y
FRIGHFRINDL O, EFICHEEE N
BTHbo RIFICH > BHH OREENLEAL

. B8 ZFEHEM 10O T
& LT, Baranska®» (1975 ) (& ruth—

enium red ¢fa LA~ v 2 F % FBEEF
BEHRECCBHEL, RZTHHOBHH L 2B
Do, ZREMOTREABO LR TN b &
HE Lo IMBELCH LIKHEBIND 28O
5b, RRBRARBERNAMAEZELLIDOTS
b, BNARBEABEAWOUEL IZIDOTS
L5LELLNTNE, SEOSEMICL b
hbhOBBETYL, BUFORFRZHER
TREMLZ, ZHEMI0 GHEL V£
ZAT AEARRBO bh ko TD L 9 2EAL
ARV ELWHOLBCLD DO TIRE
Wt Bbh b, B ZHFTEROLE
ItZSEMTHBEBS LAHELE DOTD
7s\no Jackowski and Dumont (1979) %
~vAEANT, FUEEEETHICL VE
BHICEILTHLEHRE Lo L2 LEOHRERZREINOBEBE LT RLABEARER, BoH K ATHE

K9 [M8omihk

M LBIDTH% WTFOBEE, MAKZILTLIBES TREZL, HFECevEhz FOAT
MEMAR T A L2300 TABELORLASZRENCREBONTFOERSE R, bhb
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B10 2 5%E5m B11 o 2E08, 10 OHAK

NowoskKZRIMOETNEL{FA LTS %0

WOBRFBERHEORMNWENLE L TRLARKE
BI11BMoMFE, bhbho 2H5E O

THICHYE T 5o LA 2T Jackowski 5 D
B, BHFEOENEZREHES B L&
CTHLEBIAILERLTWVWEENS L5,
— % Phillips and Shalgi ( 1980 f%vﬁ
AR LU 222 -DKRRENE 2HEN%
HEL, I 2FHFTEREOZMLERD
bhiap2bBELTHWbH. SEMTHE
INLEHHFOENMNBE—ELRLEDOI DT %
o, BRI L > TERZBMEBEAEE
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Abstract

Chromosomal analysis of bovine embryos was attempted on 14
blastocysts. Eleven blastocysts (78.6%) showed metaphase plates,
but sex determination was successful in only 4 embryos (28.6%).
Failure to identify sex of embryos was due to contraction of chromo-
somes and a low number of metaphase plates. It was especially
difficult to differentiate the Y chromosome due to contraction.
The mitotic index of bovine expanded blastocysts was 2.8%, while
that of mouse expanded blastocysts was 11.2%. These results
suggested that more studies are needed in chromosomal preparation
of bovine embryos for sex determination.

Introduction

Chromosomal analysis studies for the purpose of sex determi-
nation of bovine embryos have been reported from many laboratories.
Sexing 2-week-0ld bovine embryos by chromosomal analysis of tropho-
blast biopsies is possible in about 60% of the embryos (1-5).
In the case of l-week-old bovine embryos, namely morulae and blasto-
cysts, about 60% of the embryos were sexed by Moustafa et al.(6),
while the successful sexing rate of these embryos reported by Singh
et al.(7) and Popescu and Cribiu (8, cited by Cribiu, 9) was about
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30%. Failure of sexing embryos is attributed to poor quality or
absence of metaphase plates. The number of metaphase plates
available for chromosomal analysis greatly affects the results of
sexing. As reported by King et al.(10), the number of metaphase
plates of bovine embryos can be increased by prolonging the length
of culture with colchicine. It is thus necessary to examine the
optimum conditions for colchicine treatment in order to obtain many
metaphase plates of good quality.

In this study, whole blastocysts of mice were used to study
mitotic activity. Bovine blastocysts were then cultured under the
conditions for mouse blastocysts for the purpose of chromosomal
analysis. The feasibility of sexing bovine blastocysts by this
method was discussed by comparing it with the methods used for

sexing mouse blastocysts and those described in other reports.

Materials and Methods

Mice were treated with 5IU of pregnant mare's serum gonado-
trophin (PMSG), followed by 5IU of human chorionic gonadotrophin
(HCG) , and the embryos were flushed from the uterus on day 4
( day 0 = day of mating ) with Dulbecco's phosphate buffered saline
(PBS). A total of 155 expanded blastocysts were used to study the
mitotic index. Cows were treated with 3500-4000IU of PMSG followed
by 30-40mg of prostaglandin F28., and the embryos were flushed from
the uterus on day 6 to 7 ( day 0 = day of estrus ) with Eagle's
minimum essential medium (MEM) containing 60 pg/ml of Kanamycin.
Bovine embryos were cultured by Brinster's BMOC-3 medium for 4-20
hours before the colchicine treatment, and chromosomal analysis
was attempted on 14 blastocysts.

All embryos were cultured in 5% CO. and 95% O, at 37°C.
Colchicine treatment of the embryos was attempted based on the
method of Hishinuma and Kanagawa (11l) : the culture was made by
BMOC-3 containing 0.4 pg/ml colchicine and kept for 2 hours.

Chromosomal preparations were made by the air-drying method of
Mikamo (12). Following the colchicine treatment, the embryos were
placed in PBS containing 0.5% trypsin for 1 minute and immediately
transferred into a hypotonic solution of 1% sodium citrate for 15

minutes. Fixation was carried out in three steps in order to fix

—170—



MFLIAEE (J. Mamm. Ova Res. )8 1% $285 198441048

the embryos gradually: first with a fixative of methanol and acetic
acid and distilled water ( 5:1:4 ) for 5 minutes, then with
methanol and acetic acid ( 3:1 ) for over 20 minutes and finally
with methanol and acetic acid and distilled water ( 3:3:1 ) for 1
minute. Each embryo was placed onto a clean, grease-free slide
glass with a small drop of the first fixative. Since the zona
pellucida of the mouse embryos was easily dissolved by the first
fixative, they attached themselves to the slide glass. It was
difficult to dissolve the zona pellucida of bovine embryos within 5
minutes with the first fixation, and some embryos were fixed for 1
hour. The second and third fixations were carried out by placing
the slide glass in a coplin jar filled with fixative. Spreading
of the cells was accomplished by blowing on the slide glass under a
stereomicroscope. The preparations were stained with 2% Giemsa,
PH 6.8.

The number of nuclei and metaphase plates were counted. The
mitotic indices of mouse and bovine blastocysts were calculated to

compare the mitotic activities or frequency of cell division.

Results

Chromosomal preparations of 14 bovine blastocysts were attempt-
ed and 4 of the embryos ( 28.6% ) were sexed ( Table I ). In the
5 embryos cultured with 0.4 pg/ml colchicine, it was difficult to
determine the sex because of loss of embryos during fixation
( No.4 ), absence of metaphase plates ( Nos.1l,3 ) and contraction
of chromosomesé( Nos.2,5 ). In the 8 embryos cultured with 0.1 or
0.2 pg/ml colchicine, the X chromosome was easily found ( Nos.6- 10
12-14 ), but it was difficult to differentiate the Y chromosome
because of contraction ( Nos.7,10,12-14 ). The Y chromosome was
differentiated in one embryo ( No.ll ), but the X chromosome could
not be found.

The number of nuclei, metaphase plates and the mitotic index
obtained from bovine expanded blastocysts, and, for comparison,
those obtained from mouse expanded blastocysts, are shown in
Table II.

Discussion

In chromosomal studies on bovine embryos, 2-week-old embryos
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Table II. Mitotic indices of bovine and mouse expanded

blastocysts
Species No. of No. of nuclei No. of metaphase Mitotic
embryos per embryo plates per embryo index
(%)
Cattle 9 157.0 + 26.0%%* 4.3 + 2.1 2.8 & 12
Mouse* 155 66.0 + 15.9 5.7 % 3.0 11.2 + 26.8

*: Cultured by BMOC-3 containing 0.4 Pg/ml colchicine for 2 hours.
*%: Mean + SD.

have been examined by means of biopsy. Recently l-week-old morulae
and blastocysts were used in chromosomal analysis. Sex determina-
tion was possible in 33.0% and 63.0% of manipulated morulae,
reported by Singh and Hare (7), and Moustafa (6), respectively, and
in 53% of manipulated blastocysts reported by Moustafa (6). Chromo-
somal analysis for detecting abnormality in the number and structure
of chromosomes was also possible in 44.6%, 48% and 47.4% of the
embryos reported by King et al.(13), King and Linares (14) and

King et al. (15), respectively. 1In these studies, colchicine or
colcemid was used under various conditions, and a few studies weére
reported on colchicine treatment (10).

Sex determination was successful in only 28.6% of the bovine
blastocysts in this study. This rate is lower than the successful
rate of 63% reported by Moustafa et al.(6), but it agreed with that
of Singh and Hare (7), and Popescu and Cribiu (8), who reported a
value of 33% and 30%, respectively. The main reason for the failure
was contraction of chromosomes and the presence of only a few
metaphase plates.

Heavy contraction of chromosomes was observed in the embryos
cultured with 0.4 pg/ml colchicine, and even when the concentration
of colchicine was reduced to 0.1 pg/ml, contraction was still obser-
ved. In mouse embryos, however, contraction of chromosomes was not
observed in theg culture with 0.025-1.6 pg/ml colchicine (11), which

suggests different sensitivity against colchicine between bovine
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and mouse embryos.

The mitotic index of bovine expanded blastocysts was an average
of 2.8%. This value is lower than the 7.3% reported by King et al.
(10), who cultured bovine blastocysts for 2-2.5 hours. They also
reported that the mitotic index of blastocysts was doubled by
lengthening the incubation time from 2-4 hours to 4-10 hours. It
was reported by Singh and Hare (7) that bovine morulae cultured for
4-6 hours showed a mitotic index of 8.9%, and by King et al.(10)
that day-7 bovine embryos cultured for 4-8 hours showed a value of
5.2%. This may suggest that the low mitotic index in this study
was caused by insufficient incubation of the culture. In the mouse
expanded blastocysts, however, the average mitotic index was 11.2%,
and this agrees with Singh and Hare (7), Sato et al.(16) and
Niimura et al.(17). Moreover, there was no significant difference
in the mitotic index of mouse embryos between a 2-hour and a 6-hour
culture (11). This may suggest that mitotic activity is different
between bovine and mouse embryos, or that the bovine embryos
examined in this study had low mitotic activity. It was shown by
Singh and Hare (7) that the lower levels of mitotic activity might
be explained by the existence of a donor factor. Morphology of
embryos might be related to mitotic activity, since the average
number of nuclei of bovine blastocysts in this study was 141.8,
while that of blastocysts used by King et al.(10) was 76.9.

In conclusion, sexing of bovine blastocysts could not be
achieved with the culture condition for chromosomal preparation of
mouse blastocysts. More studies, especially on the concentration of
colchicine, duration of culture and morphology of the embryos, are
needed in order to obtain a higher rate of successful sex determina-

tion of bovine blastocysts by chromosomal analysis.
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Fig.l Chromosomal preparation of bovine blastocyst
(No.6). Five metaphase plates are shown.

Giemsa x170

Fig.2 High magnification of Fig.l. Metaphase plate.
Two X chromosomes ( arrow ) are observed.
x1460
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Abstract. Sequential changes in capacitation, acrosome reaction and
hyperactivation were estimated with ionophore A23187 treated goat sper-
matozoa using zona-free hamster eggs. The eggs were co-incubated with
the ionophore-treated spermatozoa with or without preincubation at 37°C
for 0.5-4 hours in the drops of BO medium. Acrosome reaction and hyper-
activation occurred almost simultaneously in the spermatozoa. Their
penetrating ability to zona-free hamster eggs dropped rapidly there after.
Early capacitation and acrosome reaction were induced in jonophore-treat-
ed spermatozoa compared with those preincubated in the female reproductive
tract.

Introduction
There have been many studies on fertilization in vitro for the purpose of
investigating capacitation. Acrosome reaction is essential for spermatozoa to
pass through the zona and the egg plasma membrane after capacitatioﬂ)
Yahagimachi(1970)” reported a characteristic movement of capacitated hamster

spermatozoa, later called "hyperactivation"®’. It has been known that the
acrosome reaction and the hyperactivation have close relationship with capacita-
tion? %), Yanagimachi and Usui®’ have suggested that capacitated spermﬁtozoa

undergo acrosome reaction and hyperactivation in a medium containing Ca
Using ionophore A23187 as the ion carrier, studies on inducing capacitation,
acrosome reaction and hyperactivation have been made extensively in many species

*"’. However, information with sperm of the domestic animals is sparce and
the reliable methods for evaluating acrosome reaction and hyperactivation have
not yet been obtained. We reported availability of the triple stain method for
evaluating acrosome reaction of goat spermatozoa'?’.

In this study, sequential changes in capacitation, acrosome reaction and

hyperactivation of jonophore-treated goat spermatozoa were examined using zona-
free hamster eggs.

Materials and Methods
Media. Brackett and 01iphant(BO) medium'®’ was used as basic medium, BSA
free BO medium for ionophore treatment of spermatozoa and BO medium containing
both 3 mg/ml BSA and 2mM caffeine for in vitro fertilization and sperm incubation.
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Preparation of eggs and spermatozoa. Mature female golden hamsters were
superovulated by injection of 30 IU PMSG at the day of post ovulation dis-
charge and by injection of 30 IU of hCG 52-56'ihours later. The eggs, recovered
from the amplae of oviducts 15-17 hours after the hCG injection, were removed
zona pellucida with 0.05% hyaluronidase and 0.05% trypsin. After three times
washing, the zona-free 10-15 eggs were introduced into 0.3ml insemination drops
and covered with paraffin 0il in plastic culture dishes. One of three mature
male goats of Japanese native breed, which had shown the highest penetrating
ability of the ionophore-treated spermatozoa in the previous experiment, was used
as donor of semen. Semen was collected by artificial vagina, diluted to double
with BSA-free BO medium and centrifuged at 1,200 rpm for 5 min. Washing was re-
peated three times. Tr;atment with 0.5uM ionophore for 2 min. was made for the
sperm suspension(2-3x10" /ml).

In vitro fertilization and examination. After ionophore treatment, penet-
rating ability of spermatozoa was examined as follows 1) Soon after ionophore
treatment, a part of sperm suspension was mixed with zona-free hamster eggs(final
sperm concentration:2-3x10° /m1) and incubated under 5% C0, 95% air at 37°C for
0.5, 1, 2 and 3 hours. Non-treated sperm suspensions as control were mixed with
eggs and incubated for 4 hours. 2) After ionophore treatment followed by pre-
incubation under at 37°C for 0, 0.5, 1, 2 and 3 hours, an aliquot of sperm sus-
pension was mixed with zona-free eggs(final sperm concentration: 2-3x10°/m1).
Following further incubation under the same condition at 37°C for 4 hours, the
eggs were fixed with 10% neutral formaline and stained with 0.25% lacmoid. Sperm
penetration was determined with existence of enlarged sperm head(s) and/or male
pronucleus(pronuclei) in the cytoplasm of eqg.

Evaluation of sperm motility pattern. Spermatozoa either treated or non-
treated with ionophore were transferred into the drops of insemination medium.
They were covered with paraffin o0il and incubated under 5% C0, 95% air at 37°C
for 0.25, 0.5, 1, 2, 3 and 4 hours. After that, sperm suspensions recovered from
the drops were centrifuged at 1,000 rpm for 3 min. to concentrate the cell number.
After examination of motility, 5 pul sperm suspensions were placed onto glass
slides and covered. Edges of the cover glass were sealed with paraffin oil.
Sperm motility pattern was observed using microscope equipped with dark field
condenser(OLYMPUS). Photographing of the images of sperm motility pattern was
prepared according to the modified method of Nakano') . A camera loaded with ASA
400 film was attached to the microscope and shutter was opened for 1 second.

From enlarged prints, the number of sperm showing hyperactivation was counted.

Evaluation of acrosome reaction. After the ionophore treatment, the sper-
matozoa were incubated and centrifuged in the same way as described above. The
sperm suspensions were diluted with an equal volume of 1.0% trypan blue(in BO
medium) and incubated at 37°C for 15 min. They were smeared onto glass slides
and fixed with 3% glutaraldehyde after washing with BO medium. These specimens
were stained with 0.1% Bismark brown Y(in distilled water, pH 1.8) for 3 min. and
with 0.8% Rose Bengal(in Tris buffer, pH 5.3) for 15 min. Observation was made
under light microscope(x1,000). Acrosome reacted sperm were evaluated as acrosome
Tost Tive sperm(both acrosomal and postacrosomal regions were not stained with
Rose Bengal and trypan blue).

Results

Motility pattern of spermatozoa treated with ionophore A23187. The iono-
phore-treated spermatozoa showed characteristic changes in motility pattern 1-2
hours after incubation(Table 2) in the insemination medium. By the ionophore
treatment, the progressive motility pattern, commonly observed in non-treated
fresh spermatozoa, was changed into whiplash -Tike beating of their flagellae
(Figs, 1 & 2). The latter pattern(Fig. 2) was same as or similar to that of
hyperactivation which was reported in other mammals sueh as hamster®’, guinea pig
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and dolphin'®’.

Fig. 1.2. Bulb exposure-dark field micrographs of goat spermatozoa, the shutter
of camera was opened for 1 second.

Fig. 1. Heads of non-treated motile sperm look like chains.

Fig. 2. TIonophore treated sperm heads show hyperactivation

Penetrating process of goat spermatozoa treated with ionophore A23187 into
zona-free hamster eggs in vitro. The penetrating process into zona-free
hamster eggs was observed in hourly intervals after insemination(Table 1). A few
eggs(19.4%) were penetrated 2 hours after insemination. The percentages in 3 and

4 hours rised to 70.6% and 86.1%, respectively. Non-treated spermatozoa were
unable to penetrate within 4 hours observation. Of the penetrated eggs, only en-
larged sperm head(s) was found at 2 hours, and the completion of formation of
pronucleus(or pronuclei) at 4 hours after insemination.

Table 1. Penetrating process of goat spermatozoa treated with ionophore A23187
to zona-free hamster eggs in vitro.

Incubation No. of No. of No. of eggs penetrated
time after experi- eggs With With With With
insemination ment exa- enlarged enlarged male male Total (%)
(h) mined  sperm sperm pro- pro-
head heads nucleus nuclei
0.5 3 29 0 0 0 0 0 (0)
1.0 3 32 0 0 0 0 0 (0)
2.0 3 31 1 5 0 0 6 (19.4)
3.0 3 34 3 11 4 6 24 (70.6)
4.0a) 3 36 2 1 5 23 31 (86.1)
4.0 3 32 0 0 0 0 0 _(0)

a) Non-treated spermatozoa were inseminated with zona-free hamster eggs(control)

Changes in motility and acrosome reaction of spermatozoa treated with iono-

phore A23187, Table 2 indicates hourly changes in the motility and acrosome
reaction of the jonophore-treated spermatozoa. They retained their motility for
2 hours after incubation. Thereafter, it gradually declined. Propotion of hy-
peractivated spermatozoa rised gradually from 1 hour after incubation and reached
to peak(37.6%) at‘2 hours. The percentages of acrosome-reacted spermatozoa rised
from 1 to 3 hours after incubation. The rising period was almost synchronized
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between hyperactivation and acrosome reaction.

Table 2. Changes in motility and acrosome reaction of goat spermatozoa treated
with ionophore A23187

Incubation Percentages of spermatozoa evaluated for
time afte ) b) c)
treatment Motility Motility Acrosome
(h) pattern reaction

0.25 59.3 0 8.9

0.5 57.6 7.6 18.5

1.0 53.2 27.1 26.8

2.0 52.5 37.6 29.3

3.0 29.2 18.5 31.4

4.0 18.4 6.4 28.2

a) Spermatozoa were treated with 0.5 pM ionophore A23187 for 2 min.
b) Percentages hyperactivated/motile spermatozoa.
c) Percentages of acrosome-lost 1live spermatozoa.

Table 3. Changes in penetrating ability of goat spermatozoa treated with iono-
phore A23187

Incubation No. of  No. of No. of eggs penetrated
time before experi- " eggs With With With With
insemination ment examined enlarged enlarged male male Total (%)
(h) sperm sperm pro- pro-
head heads nucleus nuclei
0 3 36 2 1 5 23 31T (86.1)
0.5 3 29 2 2 4 14 22 (75.8)
1.0 3 33 1 1 6 3 11 (33.3)
3.0 3 31 1 0 0 0 1 (3.2)

Changes in penetrating ability of spermatozoa treated with ionophore A23187.

The data summarised in Table 2 show how long the spermatozoa retain their
penetrating ability to the zona-free hamster eggs after the ionophore treatment.
The penetrating ability of the treated spermatozoa declined soon after 0.5-1.0
hour incubation and to only 3.2% after 3 hours incubation.

Discussion

The results of the present study have indicated that the ionophore-treated
goat spermatozoa show hyperactivation. Recent]y, the characteristic movem§nt of
ionophore-treated bu]ﬂ spermatozoa wa§ reported??). Reed and Lardy(1972
Talbolt et a1(1976) and Byrd(1981) " have suggested that ca’* chanel in sperm
plasma membrane increased by 1onophore A23187 should make up a physiological
situation for capacitation of the treated spermatozoa. Hyperact1vat1on had been
thought to be caused by metabolic chanaes requiring extracellular Ca 2+ | enzymes
and a good balanced energy sources’’ 5,10,21) " These hypotheses may be applied to
the goat spermatozoa. In vivo cond1t1ons, phenomenon of hyperactivation was
observed in hamsterzzzfga)and rabb1t28 ggg. However, in the domestic animals,
such as goat?®), boar' '’ and bull™"’ incubation of spermatozoa either in
homo]ogous or heterogenous female reproductive tract did not induce hyperactivat-
jon. We do not know whether goat spermatozoa incubated in vivo are the case.
Goat spermatozoa preincubated for 5-5.5 hours in gilt reproductive tract were
enable to be capacitated and penetrated into zona-free hamster eggs 26) . In the
present study, penetration of the ionophore-treated goat spermatozoa to zona-free
hamster eggs occurred in much shorter time than that of spermatozoa incubated in
vivo. The time required for capac1tat1on of bull spermatozoa20 treated with the
jonophore A23187 was shorter than in those preincubated in bovine reprog%ct1ve
tract(3-4:hours) ", in isolated rabbit reproductive tract(12-14 hours) and
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in rabbit uterus(5 hours) 8). It is also suggested that the acrosome reactl

may be induced rapidly if spermatozoa are treated with jonophore A23187'""

In the present study, the enlargement of heads of the penetrated goat sperm began
at 2 hours after insemination. According to the suggestion of Yanagimachi(1981)
1) on the initiation of sperm heads enlargement, attachment and fusion of goat
spermatozoa treated with ionophore A23187 to vitelline membrane may begin during
1-1.5 hours after insemination. In this study, formation of the pronucleus was
almost completed in 2 hours after sperm heads en1argement (4 hours after insemi-
nat1on)ﬁ same as data of hamster by Yanagimachi(1981) and of bull by Takahashi
(1984) 20 From the above data, it appears that goat spermatozoa was advanced
capacitation and acrosome reaction by the jonophore treatment, and that penet-
rated spermatozoa developed to male pronuclei in the normal fertilizing process.

Observation on the acrosome reaction using transmission electron micro-
scopy showed that the fusion and vesic%1ation between outer acrosome membrape
and overlying plasma membrane occurred Accoriding to Bedford(1968
the loss of acrosomal cap must have occurred after fusion and vesiculation in the
capacitated spermatozoa. The present results that the Toss of acrosomal cap
occurred T hour after ionophore treatment suggest that the fusion and vesiculat-
ion proceed within 0-1 hour after the treatment. Since there were no cumulus
and zona in the hamster eggs used in this study, it is proposed that the sperm
attachment to vitelline membrne occurred within 1-1.5 hours after insemination.
Hyperact1vat1on, evaluated as characteristic vigorous whiplash-Tike beat1ng of
the flagellum, is essent1a1 movement to pass through the cumulus and zona gk
It begins shortly before 3s8 ) the acrosome reaction or simultaneously® ) In the
present study, it seems that the hyperactivation was initiated simultaneously or
shortly after the acrosome reaction. It was uncertain whether this time lag to
the initiation of hyperactivation was due to the species specificity or by the
treatment of ionophore A23187.

Within T hour incubation after ionophore treatment, penetration ratio de-
clined to below one half. From the comparison of the data of this study with
those of preincubation in gilt reproductive tract?®’, it may be assumed that the
penetrating ability of ionophore-treated goat spermatozoa declines within shorter
incubation periods. It seems that their penetrating ability to zona-free hamster
eqgs began to decline after acrosome reaction and hyperactivation almost complet-
ed. However, even this period, spermatozoa retained their hyperactivation for 1
more hour and their motility for several more hours. In acrosome reacted guinea
pig spermatozoa, their penetrating ability decli#ned from 3 hours and hyperacti-
vation from 2-3 hours after acrosome reaction. Howevey, sperm mot111tyzwas kept
for 3-4 hours after the occurrence of hyperact1vat1on Barros(1973) " re-
ported that aged hamster spermatozoa with acrosome react1on are unable to penet-
rate the zona regardless of maintaining high motility. In this study, the time
differences in the fall of penetrating ability, hyperactivation and motility were
observed in the ionophore-treated goat spermatozoa. However, the physiological
meaning remained uncertain.
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A and Incidence of Polyspermy of Rat Eggs in vitro
Yutaka TOYODA and Masahito SUGIMOTO
School of Veterinary Medicine and Animal Sciences
Kitasato University, Towada-shi,034

Summary. Recently ovulated oocytes were obtained from immature

female rats of JCL-SD strain which had been treated with 7.5,

15 or 30i.u. PMSG and with 15i.u. hCG 56 h later. The oocytes
were inseminated in vitro with epididymal spermatozoa in a
chemically defined medium under 5% COj in air at 37°C. At 7-8

h after insemination, the oocytes were examined for the evidence
of fertilization. The percentages of the oocytes undergoing
fertilization were 100, 91.3 and 76.9% when oocytes were obtained
from immature females treated with 7.5, 15 and 30i.u. PMSG,
respectively. The fertilization rate in the oocytes stimulated
with 30i.u. PMSG was significantly lower than that for the oocytes
stimulated with 15i.u. PMSG (X2=12.4, P¢0.0l). The rates of poly-
spermy were 14.3, 17.7 and 27.5% in the oocytes obtained from
females treated with 7.5, 15 and 30i.u. PMSG, respectively. These
results suggest that excessive stimulation of ovaries with PMSG

may increase the incidence of oocytes with low fertilizability.

Introduction

Since the first report of successful fertilization in vitro
of intact rat eggs with epididymal spermatozoal), various conditions
for the capacitation of spermatozoa and the fertilization of rat

eggs in vitro have been reported.2_9)

Although these authors have
invariably used the superovulated oocytes from immature females by
the administration of exogenous gonadotrophins, it is not known
whether the variation of gonadotrophin dose exerts any effect on the

fertilizability of the ovulated oocytes. Very recently, Evans and
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0)

Armstrongl have reported the reduction in fertilization rate in
vitro when the oocytes were obtained from immature rats which had

been induced to superovulate with PMSG. The purpose of this study

was to examine the effect of PMSG dosage on the rates of fertilization

and polyspermy of rat oocytes fertilized in vitro.

Materials and Methods

Recently ovulated oocytes were obtained from immature female
rats (24-27 days old) of JCL-SD strain that had been injected
subcutaneously with 7.5, 15 or 30i.u. PMSG (Peamex, Sankyo Zoki)
and 56 h later with 10i.u. hCG (Puberogen, Sankyo Zoki) intra-
peritoneally. All different levels of PMSG stimulation were examined
in each experiment. The females were killed 16 to 16.5 h after the
injection of hCG. The medium used throughout this study was
a chemically defined medium reported by Toyoda and Chang.l) The
oocytes in cumulus were released from excised oviducts and placed
in 0.4ml medium under paraffin oil at 37°C under 5% co, in air.

Spermatozoa were obtained from cauda epididymidis of mature
male rats (more than 30 weeks old) of the same strain and suspended
into 0.5ml medium. Sperm suspensions showing large numbers of

turbulence swirls were used. They usually contained 1.0-2.5 x 107
spermatozoa/ml. After about 10 min, a small volume of the sperm
“suspension was introduced to 0.4 ml fertilization medium under oil

in a different dish by means of a calibrated Pasteur pipette. The
final sperm concentration was adjusted to 0.4 x lO6 spermatozoa/ml

by changing the adding volume of original sperm suspension.

After sperm preincubation for 4.0-4.5 h, the oocytes with
surrounding cumulus were introduced into the diluted sperm suspension
and incubated for 7-8 h in a CO2 incubator (5% CO2 in air at 37°C).
At the end of incubation, the oocytes were washed, mounted and
stained with 0.25% lacmoid in 45% acetic acid. They were classed
as 'penetrated' if a spermatozoon was inside the perivitelline
space or the oocytesiwere undergoing fertilization. Those with
more than one enlarged sperm head or male pronucleus in the vitellus
were classed as 'polyspermic'. Statistical significance between

the rates of fertilization was determined by X2—test and the difference
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in the mean numbers of supernumerary spermatozoa in polyspermic

oocytes was determined by Student's t-test.

Results and Discussion

The results are presented in Table 1. Ovulation was induced
in all females except two of five rats received 7.5i.u. PMSG.
The mean number of ova per ovulating animal was 7.0, 14.6 and 23.1
for the females treated with 7.5, 15 and 30i.u. PMSG, respectively.
In 7.5i.u. group,all of the 21 oocytes were undergoing fertilization
with two dispermy and one trispermy. But, due to small number of
ovulated oocytes, the difference in either fertilization rate or
polyspermy was not statistically significant as compared with 15
and 30i.u. group. The percentages of penetrated oocytes (91.9%)
and of the oocytes undergoing fertilization (91.3%) in the 15i.u.
group were significantly higher(X2=5.4, P<0.05 and X2=l2.4, P<0.01)
than those of 30i.u. group.

The rate of polyspermy showed a tendency to increase with
the higher dose of PMSG; 14.3, 17.7 and 27.5% in 7.5, 15 and 30i.u.
dose group, respectively. The average number of supernumerary sperm
in the fertilized oocytes was 0.19,0.19 and 0.32 in the 7.5, 15 and
30i.u. group, respectively. The mean number in the highest dose
group (30i.u.) was significantly higher than that of the lower dose
(15i.u.) group (t=2.20i)P<0.05). This is in agreement with the results

of Maudlin and Fraserl which have shown in the mouse that the

frequency of polyploidy was raised in proportion to increasing dose
of PMSG. Austin and Bradenlz) and Odor and Blandaul3) reported that
the frequency of polyspermy in rat uterine tube was 1.2% (10/810)

and 0.3% (1/336), respectively. The rate of polyspermy in the present
study was thuch higher than those reported in vivo. Several factors,

4)

including sperm concentrations arround the oocytes

5,6)

, maturity and
postovulatory ageing of the oocytes

arround the oocytes7) and culture conditions for sperm capacitation
2,3,8,9)

, presence of follicle cells
and fertilization are known to exert some influence on the
rate of polyspermic fertilization in vitro.

v Al

4)

It has been shown in the mo‘usel that induced ovulation in

immature animals may cause an increase in tne incidence of abnormal
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oocytes with defective fertilizability. Moreover, Evans and
Armstronglo)have recently shown that proportionately fewer oocytes
recovered from superovulated immature rats are competent to undergo
in vitro fertilization than are oocytes recovered from control rats.
Further investigation is needed to clarify the cause of lowered
fertilization rate and higher incidence of polyspermy in the oocytes

stimulated with a high dose of PMSG.

This work was supported by a grant aided by the Ministry of

Health and Welfare of Japan for research on handicapped children.
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