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Endocrinological observation and morphology of the corpus luteum and large

follicles of bovine ovaries in early diestrus
Mitsuhiro Takagi®? Takashi Tsukihara® Yoshie Nishikata® and Tatsuyuki Suzuki”

United Graduate School of Veterinary Science, Yamaguchi University,
Yamaguchi 753"
Department of Veterinary Science, Faculty of Agriculture, Yamaguchi University,

Yamaguchi 753?

Abstract: One hundred fourty nine bovine ovaries were obtained on day 5-9 after
estrous at local slaughterhouse. The significant high level appearance of corpora lutea of
21-25 mm size in diameter and coexisting follicles of 11-15 mm size in diameter was
recorded. The relationship between the form of oocyte obtained by aspiration and corpora
lutea whose diameter being 16-30 mm was examined and it was demonstrated that about
60% of aspiratory oocytes proved to be degenerated.

As for the concentration of Progesteron (P,) and Estradiol 178 (E,) of 23 follicle
fluid samples of coexisting follicles, 16 coexisting follicles (69.6%) were found to be
P.~dominated follicles. In the morphological observations of granulosa cells of 23 follicular
walls, 7 were deficient in granulosa cells, and as for the other 16 follicular walls, 15 were
found to be atretic or in the way of luteinization.

The observation of granulosa cell by TEM, revealed the appearance of many fat drops
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in the cytoplasm of coexisting follicles, suggesting the initiation of luteinization process.

From the results, when embryo transfer or flushing of in vivo bovine embryo will be
performed at day 7 of the estrous cycle, the follicles coexisting with functional corpus
luteum, whose diameter being larger than 10 mm, were dominated by P,, and they
become to be atretic or luterizing follicles. It suggests that the coexisting follicles do not

effect on the conception or development of the embryos.

Key word: Lutenizing phase, Coexisting follicle, Granulosa cell, Follicle fluid
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BEEIRME S DIRRI T, ATEMEHK 7 H B S h 58k L3k, EE10+ 3 mmoOIpias
HETEHEHRE, Okudab® 2, LBHHETHAMICRED bh 2 EEI0 mm EOIIRADOHER
REBTAER. B T80.4%, BIEMT3.7% TH Y. ZD & IR ABNCHEICHE
THLDTHBERRT VB, Fhey IS 3, BEILBEF BT, ALEEETH B OREEIR
RECHEA L HFET 20N, M52 2ELXA T, TOBR. IPROFE L\ WEHtiE4d & F#ET
HEEHE & TIRVBETERS TR Eh, 5.7+4.18(F, 5.5+4.69 ETH Y, MECHEBENRADL
holc BT3B, iy Callesend” (2. KHBIMF DProgesteron (LA TP, &BT) BB
PFURLETR B B0 2EDOEIRR EINEWHBED 55 & L2 RBR LT %,

% T ARRTRELRFPHEFE T EAMOTH BRTROIRCHFET 2BEREOR S
EEFETHIRER BOZHES P VRBERL LD LI REELTW 2 EHECT 100, AR
D 5—9 BER EBINLFPEEOWT, KEMFOPRE S RIRT H2HEOHRE., £FTHH
faDAR, SRR FET 2 I F ORBFHEE, IR+ OP EREDORE S b U ICIRIEED
HBAROBIE D LREM I BRE 2 N 2 o
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LZES ¥k

IRETRALY 2 —CBWT, £EBCABRHREORD Lhis\ kv R 24 vEEHEF112 M D
DREEZERE Lz, PRI MGEEECHICIMOE L, KB T THAER E THRA L, £DH, Okud
ab O DHFECHE EDIEREI0 mm Ll EOBENRELER 5 mm L EOIantE ST 2005
2B, BEEPROERY / ¥FA2AVTHET S L, BEESHERE() =78, 5MH,
A—=nR=74, BEFITEE)ZHVT, KBRTOUA— 22— 2hTEELIPROFEL L UX
hoOEREYFHMCRHER LY, |

SRRaR. SRFOES|

PRRaRRIZ18GEI D X MBI L VKB L, EBRTIRAF v 7 v+ — VB LT, EAEKET T
IRF LB MR OB A BIEE L 12829, PBF 0 5 bEPHIENEE L. BTERC S5 02 EH
BRE L1z PPAaRITERINELP, ERE O RIE ¥ T—30 CICTHESRFF Lo

IRfaRH DOP. & L UEBE ORIE

FEFIRAD 5> H23Bl >V T, JlaR P D P LEREXYRIAKKC L ORIE Lic, BbhIEKERE
Dy FA—5aD P/EfE%KD, TDEHLL D HKEV S D%P,dominant follicle (LI FP.DF), 1
£ H/~E W D% E,dominant follicle (LA FE,DF) & Lz,

MEMEEARTER & ¥ SRR s

FEIRAD 5 BB ST = OIPfIBES HFBEME T THEFHICBIE Lic, ff¢ TEERR
(E#25 mm Ll E) 56, NPRGERS-5 mm) 5B 2T AR BIZ LHEHRE L,

BEADOIERIEIR, H 3V Y TIRD Apex DEFZEIDH L. BELKE>TT 7 YR E KRNV
<) VR CEEH T 74 VTEE L, AR A Y—D~T b FY Y Y, 24V Y (HE) s
2TV RFEBEMET TR L.

PRRREE X BN BRI OTEY b BBMEE L UCell debris %83 % dDO%FASIKE L. £hll
HNEBEIBaE Licteso Y, F 1o, BENBMROBE 2 H L. <4 7 ax—2—% A CENEM
B, SRRAMRAIRB O X Z 53 Lico FHRIEFARSHIFTI TV, £DOFHEZHAMEE Lice &5
. BRNEMROMTE (100 ¢ m* OB B 2ZOBE) ¥Hho v b LD,
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BT EABEBE
FAFIRRAD 5 H5GIE L O E DOXIR & L CEEINE3H] IRRsflic>wT, IO Apex OIS
DOFENEMIEY . FERCEVWEAETEMS (UTTEM) THEL, LOMEE LERE L

A7)
o

HETALE .
BORIERIE, FHELEEBRZTRL, Student D t BWEZTWSSDOEEEZRD I,

R

HE LR FT AR IBETH > oo HEDERIXII-15 mm, 16-20 mm, 21-25mm,
26-30 mm,31-35 mm DEEENRERER 6/149(4.0%), 46/149(30.9%), 77/149(51.7%), 19/149
(12.7%), 1/149 (0.7%) &7, 21-25 mm DEDZEENREFER(P<0.05)Eb -,

¥, E£FEIROERE, 6-10 mm, 11-15 mm, 16-20 mm, 21—25 mm D&FEIERLThEh
34/149(22.8%), 70/149(47.0%), 38/149(25.5%), 7/149(4.7%) kit b, ERE 11—15 mm®D b DAt
HPEE R DA B (P<0.05) B - oo

E&£10 mm Ll EDOIPERKEETEEDEE S TRV D E TR, £hEh115/149(77.2%), 34/
149 (22.8%) &b #FETHLOBREER(P<0.05)ERTH - Tco JRDOKEIC & 5 I0FDEIR
HRIT149ED > H53MH (35.6%) TH - T

IO K & X BIOIFFEIERIZ, 6—10 mm, 11—15 mm, 16—20 mm, 21—25 mm TEZxhZh
15/34(44.1%) ,25/70(35.7%), 11/38(28.9%), 2/7(28.6%) &7cH6—10mm DD  DHE\EIR
K%K L7 (Table 1),

Fio, BEIPFOMRBLEESDOKE X LORBFRTIE, Bk LICIBFRLE0HM70%% 5D, FHED
BEREH16—25 mm T, JFFOEH LT icd DH54.7%(29/53) DEIETH -7z (Table 2),

IR DOP, ERE

P EBERE®1T - %236lic 5\ TP, DF\ E,DF i3%h%h16/23(69.6%), 7/23(30.4%) TH
D, PDFHRAEEI(P<0.05) %h -7z (Table 3),

P.DF 166IDP . E, FEBE X zh £ h 172.9+34.3 ng/ml, 14.4+4.5 ng/ml, E,DF 7#IDP,,
E, FHBER T hEh 47.2+11.2 ng/ml, 109.4+25.7 ng/mlT4 », P #BE TZP.DFA, E,#i#
ETIEDF RrzhthBEBCBEVRE%/R L (Table 4), PDFs3 5P./E, fiX 12 T, E,
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Table 1. Diameter of CL and follicles, and presence of
oocytes
C L Folliculat diameter(mm)

Diameter(mm) 6—10 11 —15 16 — 20 21— 25 Total
11-15 2 3 1 0 6 ( 4.0%)
16-20 12 24 9 1 46 (30.9%)
21=25 18 35 21 3 77 (51.7%)
26-30 2 8 7 2 19 (12.7%)
31-35 0 0 0 1 1 (. 0.7%)
Total 34 70 38 7 149

(22.8%) (47.0%) (25.5%) (4.7%)
Presence 15 25 11 2 53

of oocyte(44.1%) (35.7%) (28.9%) (28.6%) (35.6%)
CL: corpus luteum

Table 2. Morphology of oocyte—cumulus complexes in relation

to CL size
(mm)

11—15 16~20 21=25 _26—30 Total

Degenerated

Denuded B 2 3 3 10(18.9%)
Complete 3 12 12 1 28(52.8%)
Healthy
Denuded 1 i 0 0 2( 3.7%)
Complete 0 5 6 2 13(24.6%)
T otal 6 20 21 6 53
(11.3%) (37.8%) (39.6%) (11.3%)
CL ! corpus luteum
Degenerated: Oocytes which contained degenerated nuclei
and cytoplasm, and were observed to be
undergoing atretia.
Healthy : Not degenerated.

Table 3. Relationship between P, and E, concentration in
follicular fluid

P, dominant 16/23(69.6%)

E, dominant 7/23(30.4%)

P4 dominant: Follicles that have higher concentrations of
P, than E, (P,/E,>1)

E, dominant: Follicles that have higher concentrations of
E, than P, (P,/E,<1)

Table 4. Mean P, and E, levels in P, and E, dominating
follicles

n P4 Ez
Pdominant 16 172.9 = 34.3 14.4 % 4.5
Edominant T 47 2 & 11 .2 109.4 +25.7

Mean+SEM (ng/ml)

=1 4 §—
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Granulosa cells from a small follicular wall. There
is considerable rER and a well developed Golgi
apparatus. N: cell nucleus, G: Golgi complex

(9000x)

Fig. 2. Granulosa cells from a cystic follicular wall. Cells
are tending to round and rER dilates and exists as
large vesicles. Many fat drops are seen in the
cytoplasm. N: cell nucleus,. F: fat drop, E: round
endoplasmic reticulum (9000x)

coexistinqﬂ follicular wall.

Fig. s Granulosa cell from
N: cell

There are many fat drops in tHe cytoplasm.
nucleus, F: fat drop (6000x)
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DFR 83 AP/E.fEiX 0.4TH -1z,

HBFRIPTR

149600 5 b, MEFHBR LT - 236l B 10 2 I0FOBIRRIE 5/23 (21.7%) TH-T, Fi,
EUR & hicIRF OB, SREMCEE h TERH LT 5 4 D548, BRIETERHLTWS 100
1BTH -1,

23GIDIREED 5 b ENEMROBFET DL Lt b0, £hEh 7/23(30.4%), 16/23
(69.6%) ThHoto Tihoy BHBMIIOEAET 5166105 by BB OIIITIGIOLTSH Y, il
SEUEEASEH 5 VR EALBROTHD L Db, M VEAL S DI KR4 TH -1z, EEIISH
Tk BABERLSEFTHE LT, MIEsFlc B Tty EEBCH - 85T RIER
R LI AFEAEZOBRNEMRPLEATEE DS R bhich, Cell debris dBE S hic,

BN EMROE S OFEBHEEER, FSARISH. BEBRELIE, NIl TEhE
h.52.0£7.0 #m, 80.0 p#m, 72.0+10.2 pm, BHEMROBK CIIPASERISH,. REERL
Bl /NIRRESBlic s W TEhEh 4.1£0.4, 7.0, 7.6+2.1, JIfEERBOE &2, FASHER26,
BRFCEELE, ZEEIPKsSH. pRasplic BT hZh, 96.0+15.4 pm, 125.0 gm, 151.7+3
4.4 pm, 117.0+24.0pm, 100 pm H7 ) OFEREMMOREIT. FAKIPRRLSHE BIRAIRRR1E]
/NIRRESBIC B TEh £ .44.846.3, 36.0,43.2+6.0 &7 h, TRTEBVWTHEZRRDD
nigh ot

SR B DTEMRT R

E3-6 mm O/ B TR, HEDMIESRERECELAbh, IV IERBRRELT
WARELMBEIh (Fig 1)

EREJPRRICE TR MilRAIELELIRIY, AT 2HENR b h, FIOEEMIGHEEL A
T REVWERRE LTHEET A LONRBES T, TLEWELS < Rbohiz(Fig 2),

Bk LT 50T, BITRPoMianE < Rbh, FEHEDS <t Ty SHfilad 8%
ghi: (Fig 3),

5 =

Matton 513, RREFCHT 2IPHEOERKIOBARIC LY, HRAMOIABM LA R LH8HE,

=15 =
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B H13HE ¥ TERI0 mm AU EDOIREMKFET 288 T, H L-IlasrERfosa B-13
BEHCRBE TS LBRTV5, Ficlreland 53, EEFH, PASWENBECI D, EAMO7-13
AECHFETAEREI0 mm KU EOXIPRIE, 7THELDBITL, HILVWIRNEFT LT &
NTWw%, b, Siroisbit, BERZHEEX AV TIHRHONELZBE LIER, EES m
m K EDIPREOREF X, —BA, 3o0% (wave) »BE Y, £ D » RO 28 H, 9
HE. 16BETH - EBE LTV 5,

FRBRIC BT 5P R1EOMRBFRBIZE T BEHERID5-90 B) b 2 Bl OREIIE
#21-25 mm, ZhEEFTHIPRIZERIL-15 mm OLDORERLEh oL, Zhid, £BN
fzMatton 5", Ireland & *\ Sirois b O A B3 2RO BT 2 BECELE LD TH »
oo 2% 0, HAMOE X% 3-13HB(RFEA=0H)F\TiX, EREI0 mm KL EDOIRRHNRZ
BRICREBTHRET S L EER S W,

£EIRIR OIERS i & 2IRFOEULRIT, 35.6%(53/149) L{Eh o7z, L L, BEhEOKE X
LRG| IRF O RE & DRIRIC B\ Tid, BER16-30 mm OFE L EE 5T 2 IPRAIFOH
60% H\HLDH A IIIEMIRRCEE R TER LTz &b, HEIRIZ A b OE4 CEASE
BRHHT LN phbhi,

IR DP L E.BE DRIEEFED B, Ireland 5*, De loos 5D HELRE R LR, &
NIFIRRDKT0% HEASD 5 VI ESLERBCH 5LV D T ERREL TV 5,

IRl O EBFHBIEIC 5\ TDe loos bWz, HEAT — Y OiE L L TURNBMREZERL T
o TOEMRE LT, REARBIAELLD IDRIBINTHSL LD ZLE2BF TS, KB
FIEEWTh, IPMEEED > LEREBMEZBZE L, Ireland 5°,\Braw b DG > THIBME
DFLER Cell debris DF . T DMK OEEEEST e &2 RE Ly BAD 5\ i2FASRIME &
XS L, BIBOER, BEREMRNEE LLIHAD > bRBBROIRIIFAIDOAL T, hol56]
BEASHBRTH > oo Ty ABFHBIE LT - 3FIRR2361 2 b DIRF ORI E Ty BT
b DR T RTENBMROFE LIWIIEH b Th > co Marion' &, Hinrichs® b 2174 D
SRR, OB IPREEL LEEN T Lo T A LDIE, IFERFI LR T L>TWBEDT
Bigwh BT3B, ZThiZARECE VT, BRBMROFE Ltk > 72V TRTXT
YVETEIRTE =2 &y JRFHEUT X 72 ps - 726112300 TU/ml ®DHyaluronidase B8 PBS 2T
BEEITAZELED, FHOALENSIWFHRRF|ITELI LI ENDIRENDY, T, JPFO
B5| T &AL - I BITIR, BERRICR D h 2RO BRE Mg BER bl A K& & PASE
BBEDOD L EEBESP Cell debris EMBRETABDBEL A bhZ &idhb, ZL DR
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FASAR OB S > DT kWt Bbhi,

Marion5i3, JPlRECEBFMBEEC R T BTOHMCREAAELELT 1) PlaCHE- 1
BHEMROHR. Bk 2) BREEOHALBAREOEEBEATIDOHE 3) aRPEMaOmE
AL E2 BT T 5, Fiz, De loos b IIIABERBE DIREL LT 1) MRaFmE 2) B|X
BOEASEEY 3) MEXULRABC B0 2 IFBHEEAROBENE k2 HAVTW5b, i, Bl
BHila0RE S LUBEH, WRENBOES LY, FEEC L) SELERBREIRELEh TV
M9, L L, AR BVTR, BREMEROE S S XUBK. IREABOES H L1 100
pm Hich OFRBMROKZBIE LicHa. KFIRaD236) & xR oZEmBIRRsH., /NPiasEl & o
HVWECR HIBEDERIRLhIZLDOEBEIRD LNl ZOZ i, IIRREEL TR
BB LTEDRBEAT—VERHET LR, WFOREXT—IRBRKFDO R V2 Vv RE K &
IR L THET 2LEOHDZ LR LTS, TEM K XABETH. £HFIMSAIICE T
&y NIRRIC B L GRIT @A OMER, BRI E D RALOEA RN EIn->TH D,
HB5VIEEMLERET AR TH -1,

Ptz & kb, HAMTERIRORBER. »25\WIHEEIREC T, BiEkoREitE T
HEE 10 mm KO, %< DBE PDF T, HREENC LSS 5 WX EME(LOLEA 290k
THH BOZMERRECEEY S DRBERDP VLD THE L WS ZEMRBELIAREh,

FRREZRITTHCHIOBEREEEEZ VL& T LU REREMHFERZE FIR B BF
BLUAEEBRICEH I LET,

X ®
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abstract: Collection of embryos from 47 cows, whose sexual cycle was confirmed to be

normal, was made by perfuseing their uterine horn beside of corpus luteum by such
non-surgical methods as automatic perfusion technique, 7-8 days after aftificial insemination
during spontaneous estrus period. The percentage of success in collecting embryos and
the collecting rate of transferable embroys was 77.6% (38/49), 61.2%(30/49) respectively.

The relationship among the period from the delivery to the collection of embryos the
percentage of success in collecting embryos and the collecting rate of transferable embryos
was also investigated according to the date on the 150th day after the delivery. Before the
150th day the percentage of success in collecting embryos and the collecting rate of
transferable embryos were 100%(16/16) and 88%(14/16), while after the 150th day they
became 67%(21/31) and 51%(16/31), respectively. These rate were significantly higher
before the 150th day (px<0.05).

As the result of transfered 12 collecting embryos to 12 recepient Holstein cows, the
high pregnancy rate 75%(9/12) was obtained.

KEY WORDS: cattle, delivery, single, flushing
(ZA+ 19924F2H10H, 5E 19924£7H6H)
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TABLE 1.Relationship among the period after the delivery and collecting embryo.

regimen 1 2 total 3 4 total
Days after

delivery 40—99 100—149 <150 160—210 220< 160<
No.Cows 8 8 16 14 17 31
No.Cows embryo 8 8 16 9 13 22
recovery
Recovery rate(%) 100 100 100a 64.3 76.5 71b

No. Cows obtained

Trans. embryo 8 6 14 7 9 16
Rate of
trans. embryo(%) 100 75 87.5a 50 52.9 51.6b

No. Cows obtained

non—fertlized ova 0 1 1 1 1 2

No. Cows obtained

degenerate ova 0 1 1 1 3 4

No. Cows not

obtainedova/embryo 0 0 0 5 4 9

a,b,; P<0.05
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TABLE 2.Transfer of recovered embryo and pregnancy rate.

No. embryo No. transferable No. pregnant Pregnancy rate
transfer cows embryos cows %)
12 12 9 75
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iy Development of Bovine In Vitro Matured and Fertilized Oocytes Co—Cultured with

Oviductal Epithelial Tissue in Serum—Free Medium
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Abstract: Examination was made of the effects of supplementation of fetal calf serum(FC
S) on the blastocyst development of bovine in vitro matured and fertilized (IVM/IVF)
oocytes in co - culture with bovine oviductal epithelial tissue (BOET). IVM/IVF oocytes

were co - cultured in tissue culture medium 199 supplemented with or without FCS and/
or BOET. The frequency of cleavage was the same with or without FCS (10%, v/v) and/
or BOET (P>0.05). Blastocyst development by co - culture with BOET was higher than
without BOET (P<0.001). When embryos were co - cultured with BOET, blastocyst
development without FCS was similar to that with FCS (P>0.05). The developmental
stage and total cell number of the blastocysts from co - culture without FCS were
essentially the same as with FCS (P>0.05). Blastocysts from serum - free co - culture

developed into normal calves after transfer.

KEY WORDS: Bovine, Embryo, In vitro, Co - culture, Serum
(Received 4 April 1992, Accepted 6 August 1992)

Introduction

By the in vitro culturing of bovine oocytes matured and fertilized in vitro (IVM/IVF)
early embryonic development can be studied and the results applied to other fields of
biotechnology such as gene and nuclear transfer. Co - culturing with somatic cells

supported embryonic development from one - cell stage to the blastocyst stage in cattle ~.
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However, the manner by which somatic cells exert beneficial effects on a co - culture
remain unclear. In previous studies, serum was routinely used as a component of
embryo culture media, but the effects of supplementation of serum in co - culture media
have yet to be fully clarified. Takagi et al. °) have reported that co - culture with
cumulus cells supported bovine embryonic development in serum - free medium.
In this study, examination was made of the effects of supplementation of fetal calf
serum on blastocyst development of bovine IVM/IVF oocytes in a co - culture with bovine

oviductal epithelial tissue.

Materials and Methods

In vitro maturation and fertilization of follicular oocytes

Bovine cumulus oocyte complexes were obtained from slaughterhouse ovaries that had
been stored and transported at 21—24C ” for 7—9 h in physiological saline. In vitro
maturation and fertilization of oocytes were carried out as previously described ®?.

Frozn semen from two bulls was used for all replicates.

Preparation of Bovine Oviductal Epithelial Tissue

Bovine oviductal epithelial tissue (BOET) was taken from oviducts obtained from a
slaughterhouse and prepared as previously described ? with some modification. Briefly,
the mucosal tissue was washed in four changes of tissue culture medium 199 with 25 mM
HEPES buffer (GIBCO, N.Y.) supplemented with 0.3% (w/v) polyvinylpyrrolidone (PVP;
M.W. 40,000; Sigma Chemical Co., M.O.), 0.5 mM Na - pyruvate (Nacalai, Kyoto,
Japan), 1% (v/v) antibiotic - antimycotic solution (Cat. No. 600—5240, GIBCO, N.Y.)
(m - TCM -199). The pellet thus obtained was resuspended in m-TCM-199 to a ratio of
1:100 (v/v) and cultured in m-TCM-199 with or without 10% (v/v) heat treated fetal
calf serum (FCS; GIBCO, N.Y.) at 39 C under 5% CO, in air at high humidity for 30—35h
prior to co-culturing with embryos. A suspension of floating cell masses was used as

the co-culture. The medium was changed once at 3—4 days following the start ofthe

cell culture.
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In Vitro Culture of IVM/IVF Embryos and Evaluation of Embryonic Development

Five hours after insemination, the embryos were denuded by vortex agita&ion ') and
cultured in m-TCM-199 with or without FCS (10%) and/or BOET at 39 T under 5%
CO, in air at high humidity.

Cleavage (2 2—cells) and blastocyst development were followed with a stereo—
microscope (x 60) at 45—50 h and 192 h (8 days) after insemination, respectively. The
frequency of blastocyst development was determined based on the proportion of cleaved
embryos. The blastocysts showed three developmental stages according to a morphological
criteria "’. Some blastocysts were fixed immediately, stained with 0.05% acridine orange

and the number of their nuclei was counted under a fluorescent microscope for determination

of cell numbers .

Embryo Transfer and Pregnancy Diagnosis

Blastocysts from the co-culture with or without FCS were transferred non-surgically

to synchronized recipient heifers 7—8 days after estrus (1 embryo/1 recipient). Pregnancy

was confirmed by ultrasonography and rectal palpation at 35 and 55 days following

transfer, respectively.

Statistical Analysis

Statistical analysis was conducted according to Duncan’s multiple range test.

Results and Discussion

The effects of FCS and BOET on the development of bovine IVM/IVF embryos are
shown in Table 1. The frequency of cleavage was the same for all groups (P>0.05).

BOET enhanced blastocyst development (P<0.001), while FCS had no effect (P>0.05).

BOET formed vesicle-like tissue with active ciliary movement with or without FCS.

As shown in Table 2, developmental stage and total cell number of blastocysts from
co-culture were the same with or without FCS (P>0.05).

Assessment was made of blastocyst viability. Thirteen blastocysts from co-culture
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without FCS were transferred to 13 recipients. Seven recipients became pregnant (54%).

Of these, two have delivered normal calves with one abortion to date. Five blastocysts
from co - culture with FCS were transferred to 5 recipients. Two recipients became
pregnant (40%). Of these, one delivered normal calves with one abortion.

The beneficial effects of BOET on bovine embryo development have been reported **?.

Eyestone et al.?,'” discussed that oviductal tissue might possibly produce embryotrophic
factors and/or remove embryo - suppressive substances in the culture media. In
previous studies, serum or serum albumin (BSA) was used as a component of embryo
culture media. Sera or BSA may make difficult determination of the roles of oviductal
tissue, since they contain unknown factors and vary in their chemical composition ™.
In this study, there was no need to use serum for blastocyst development in a
co culture with oviductal tissue. Mermillod et al.'® have observed bovine embryos to
be capable of developing in a serum - free oviductal tissue—conditioned medium. Serum—free
culture systems should facilitate determination of the roles of oviductal tissue in

the early development of bovine embryos.

Table 1. Effects of fetal calf serum (FCS) and bovine oviductal epithelial tissue (BOET)

a
on in vitro development to the blastocyst stage of bovine IVM/IVF embryos

No. embryos No. (%) embryos No. (%)b
Treatment

cultured cleaved blastocysts
None 121 92 (76) i § 1)®
FCS alone 119 83 (70) 6 (N°
BOET alone 136 93 (68) 39 (42) 9
BOET + FCS 131 97 (74) 50 (52)d

a: Data pooled from 6 replicates.
b: Percentage of cleaved embryos.
c—d: Significantly differing values (P<0.001).
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Table 2. Developmental.stages and cell numbers of bovine IVN{i/IVF blastocysts co—cultured
with BOET with or without supplementation of FCS

No. (%) blastocysts

Supple— No. No. (%) [Cell No.+SD, n= No. blastocysts examined]
ment embryos embryos
of FCS cultured cleaved b Early ¢ = Expanded
Total ¢ Blastocysts c
blastocysts blastocysts
+ 193 155(80) 46(30) 6(13) 12(26) 28(61)
[107+39,n=29] [78+20,n=3] [74%+21,n=8] [126+35,n=18]
= 187  133(71) 45(34) 10(22) 12(27) 23(51)

[105+35,n=34] [74+21,n=6] [88+25,n=7] [120+34,n=21]

a: Data pooled from three replicates.
b: Percentage of cleaved embryos.
c: Percentage of total number of the blastocysts.

Values within columns the same (P>0.05).
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Abstract: Morphological states of junctional complexes were compared between two
groups of compacted mouse embryos: one developed in a tunicamycin-containing medium
(TCM) and the other in at unicamycin-free medium (TFM). Both groups of compacted
embryos had gap junctions between all pairs of round blastomeres, and between a round

blastomere and a flattened one, while had zonula occludens , predesmosomes and gap

junctions between all pairs of flattened blastomeres, but in embryos developed in a

TCM, the junctional areas of the zonula occludens and of each predesmosome were smaller,

and the number of the latter was fewer. While actin fluorescence showed no difference
as to location and strength between the two groups, cytokeratin fluorescence did: it was
filamentous and stronger in the cytoplasm of blastomeres in the embryos developed in a
TFM, whereas it was granular and weaker when developed in a TCM. Decompacted

embryos cultured in a TCM, meanwhile, showed no junctional complexes nor actin

fluorescence, though they showed very weak cytokeratin fluorescence.

KEY WORDS: Compacted mouse embryo, Junctional complex, Actin, Cytokeratin

(Received 24 July 1992, Accepted 15 September 1992)
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Introduction
In mouse embryos during blastocyst formation which starts at the 8-or 16-cell

stage, outer blastomeres become flat while inner ones stay round if compaction has

occurred"®. In such compacted embryos, zonula occludens, predesmosomes and gap

junctions can be seen between any pair of flattened blastomeres, and further gap
junctions are seen between a pair of round blastomeres and around blastomere and a
flattened one”. Because of the development of such junctional complexes, binding
among blastomeres grows stronger, and finally blastocysts form, composed of trophoblastand
inner-cell-mass cells"?.

When 2-cell mouse embryos are cultured in a tunicamycin-containing medium (TCM),
compaction occurs at the 8-or 16-cell stage, but the embryos do not develop into
blastocysts; when cultured continuously in a TCM, all the blastomeres become round
(decompaction)*™. Surani et al.® electron microscopically studied junctional complexes
in mouse embryos developed in a TCM, and found a few gap junctions between each pair

of round and flattened blastomeres of compacted embryos, as well as zonula occludens

and gap junctions between each pair of flattened blastomeres. They did not however
mention the existence of predesmosomes in compacted embryos, of junctional complexes in
decompacted embryos, nor of cytoskeletal proteins as the constituents in junctional
complexes.

This investigation dealt with electron microscopic observation of junctional
complexes, and histochemical detection of actin and cytokeratin, both in uncompacted
and compacted mouse embryos developed in a TCM. We wanted to compare the findings
with those from embryos developed in a tunicamycin-free medium (TFM), such
examinations being performed on decompacted embryos also. We then discussed the
influence of tunicamycin on junctional complexes and the binding ability of blastomeres in

mouse embryos.
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Materials and Methods

Seventy female mice of the ICR strain were kept and fed normally in a reom at 24
C, lit 14 hrs a day from 4 a.m. till 6 p.m. Superovulated with 5 i.u. PMSG (Teikoku
Hormone Manufacturing Co. Ltd., Tokyo, Japan), and with 5 i.u. hCG (Teikoku
Hormone Manufacturing Co. Ltd.) 48 hrs later, they were mated with ICR strain
malesof proven fertility.

Two-cell embryos collected from oviducts 48 hrs after hCG injection were cultured
in 1 ml of Whittingham medium® with and without 0.5 gg tunicamycin (Sigma, St.
Louis, U.S.A.) for 20 to 32 hrs at 37C with 5 % CO; and 95 % air. Observations were
made on uncompacted 8-and 16-cell embryos, compacted 8-and 16-cell embryos, and
on decompacted 16-and 32-cell embryos recovered after further culturing in a TCM.

In order to observe the ultrastructure, about one third of the embryos were fixed
in a 0.1 M cacodylate buffer solution (pH 7.4) containing 4 % glutaraldehyde and 2 %
paraformaldehyde at 4C for 3 hrs. Rinsed 3 times in a 0.1 M cacodylate buffer solution
(pH 7.4) over night, they were post-fixed in a 0.1 M cacodylate buffer solution (pH 7.4)
containing 1 % osmium tetroxide. The embryos thus fixed were dehydrated through an
acetone series, and then embedded in Epon 812. The embedded samples were cut using
an ultramicrotome, stained with uranium acetate and lead nitrate, and then were
photographed under a JEM-100B electron microscope.

For the detection of actin, approximately one third of the embryos were fixed in
phosphate - buffered saline (PBS, pH 7.4)'"” containing 3.7 % formaldehyde at room
temperature for 30 min. Rinsed in a PBS, they were immersed in a PBS containing
0.25 % Tween-20 (Bio-Rad Laboratories, Richmond, U.S.A.). Again rinsed in a PBS,
the embryos were immersed in 100 #1 PBS containing 16.5 ng phallacidin (Molecular
Probes Inc., Junction City, U.S.A.) at room temperature for 20 min. As for the
controls, some embryos were immersed in a PBS devoid of phallacidin.

For the detection of cytokeratin, the remaining embryos whose zonae pellucidae had
been removed with pronase (Sigma) were fixed in a PBS containing 2 % paraformaldehyde

at room temperature for 30 min. After being rinsed in a PBS containing 100 mM
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glycine (Wako Pure Chemical Industries Ltd., Osaka, Japan) and 0.3 % bovine serum
albumin (BSA, Sigma) (BSA-PBS), they were immersed in a BSA-PBS containing 0.25 %
Tween-20 at room temperature for 5 min. Again rinsed in a BSA-PBS, the embryos
were immersed in rabbit anti-keratin serum (Transformation Research Inc., Framingham,
U.S.A.) that reacts with cytokaratin polypeptides (molecular weights; 50,000, 54,000 and
57,000) (the primary antibody), this antiserum having been diluted 30 times with a PBS.

The embryos thus treated with the antiserum were rinsed in a PBS, and immersed in
FITC-conjugated goat anti-rabbit IgG (Cappel, West Chester, U.S.A.) (the secondary
antibody) at room temperature for 60 min. As for the controls, a few embryos were
treated with normal rabbit serum or treated simply with FITC-conjugated goat anti-rabbit
IgG.

Each of the embryos thus prepared for light microscopic observation was placed in
the center of 4 vaseline spots on a slide. A cover slip was then carefully placed on the
vaseline spots and pressed gently to anchor the embryos in between the cover slip and the
slide. ~ Observation was carried out under a reflected-light fluorescing microscope (Nikon

Corporation, Tokyo, Japan).

Results

Junctional complexes

In uncompacted 8-and 16-cell embryos developed both in a TCM and in a TFM, no
junctional complexes were found between any pair of blastomeres. In compacted 8-and 16-cell
embryos developed both in a TCM and in a TFM, gap junctions appeared between each pair

of round blastomeres and between a round blastomere and a flattened one; zonula occludens,

predesmosomes and gap junctions also appeared between each pair of flattened blastomeres
(Figs. 1 and 2). In compacted 8-and 16-cell embryos developed in a TCM, however,

junctional areas of zonula occludens and predesmosomes were smaller (Fig. 2), and the

number of predesmosomes was fewer. In decompacted 16-and 32-cell embryos which developed
as a result of keeping them longer in a TCM, no junctional complex was found between

each pair of blastomeres.
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A compacted 16-cell mouse embryo developed in a TFM.
X25,000. A zonula occludens (arrow) and a predesmosome
(arrowhead) are seen between two flattened blastomeres.
A compacted 16-cell mouse embryo developed 1in a TCHM.
X25,000. A small zonula occludens (arrow) 1is seen be-
tween two flattened blastomeres.

Compacted 8-cell mouse embryos developed in a TFHN,
treated with phallacidin (a) and with PBS .devoid of
phallacidin (b). X250. a. Actin fluorescence is seen
in the cytoplasm of both flattened and round blasto-
meres, and is especially bright in the peripheral cyto-
plasm where two blastomeres adhering to each other. b.
No fluorescence is seen in the cytoplasm of any blasto-
mere.

Compacted 8-cell mouse embryos developed in a TFH,
treated with rabbit anti-keratin serum and FITC-conju-
gated goat anti-rabbit IgG (a) and only with FITC-conju-
gated goat anti-rabbit IgG (b). X250, a. Cytokeratin
fluorescence is filamentous and brighter in the <cyto-
plasm of both flattened and round blastomeres. b. No
fluorescence is seen in the cytoplasm of any blastomere.
A compacted 8-cell mouse embryo developed in a TCH,
treated with rabbit anti-keratin serum and FITC-conju-
gated goat anti-rabbit IgG. X250. Cytokeratin fluores-
cence is granular and weak 1in the cytoplasm of both

flattened and round blastomeres.
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Actin

Immersed in phallacidin solution, the cytoplasm of uncompacted and compacted
embryos showed fluorescence (Fig. 3a), but the embryos immersed in a solution devoid of
phallacidin did not (Fig. 3b). This finding has been interpreted to mean that the
fluorescence shows the presence of actin. No difference was observed in the strength of
the fluorescence among the embryos developed in a TCM and in a TFM. In uncompacted
and compacted embryos at the 8-and 16-cell stages, the fluorescence was brighter in the
peripheral cytoplasm of blastomeres than in the subcortical cytoplasm, but in compacted
embryos, it was much brighter in the peripheral cytoplasm where two blastomeres adhered
(Fig. 3a). In decompacted 16-and 32-cell embryos, there was no fluorescence traceable
anywhere.

Cytokeratin

Treated with the primary antibody and then with the secondary antibody, fluorescence
appeared in the cytoplasm of the embryos (Figs. 4a and 5), but none appeared when
immersed in normal rabbit serum or when treated with the secondary antibody only (Fig.
4b). This finding indicates the fluorescence seen shows the presence of cytokeratin. The
fluorescence was granular in all the blastomeres of uncompacted 8-and 16-cell embryos,
and there was no difference in its strength among the embryos either developed in a TCM
or ina TFM. In compacted 8-and 16-cell embryos developed in a TFM, the fluorescence
was filamentous in their blastomeres and was brighter in flattened blastomeres than in
round ones. When .developed in a TCM, it was granular and weaker in all the
blastomeres (Fig. 5). In decompacted 16-and 32-cell embryos, meanwhile, the fluorescence,

which was also granular, was very weak.

Discussion

Molecular biological mechanisms of cell-cell recognition preceding the construction of
junctional complexes and compaction in mouse embryos have been explained as follows:
when embryos reach the 8-or 16-cell stage, calcium-dependent cell-cell adhesion molecules

on the cell surface and cytoskeletal filaments in the cytoplasm are activated"™; then,
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stage-specific embryonic antigen-1 (SSEA-1) containing either glycoproteins or glycolipids
appears on the surface of blastomeres, in order to bind to the receptors on the surface of
adjacent blastomeres, and thus the blastomeres recognize each other™; finally, compaction
occurs accompanied by simultaneous junctional complexes between pairs of blastomeres.

In the present investigation we electron microscopically examined junctional
complexes in mouse embryos developed in a medium containing tunicamycin, an

inhibitor of glycoprotein synthesis **'®, and observed the poor development of

zonula occludens and predesmosomes in compacted embryos, and in decompacted

embryos, moreover, there were no junctional complexes left. These findings suggest
that in 8-or 16-cell embryos cultured in a TCM, compaction occurs because of the
incomplete state of SSEA-1, which subsequently ends decompaction at the 16-or 32-cell
stage. This is probably preceded by destruction of junctional complexes, owing
to the synthesis inhibitor against glycoproteins contained in SSEA-1.

Concerning cytoskeletal proteins, one of the constituents of junctional complexes,
cytokeratin was granular and the amount was small in compacted embryos developed in a
TCM. While there was no actin in decompacted embryos, there was some cytokeratin
found, though the amount was very small. These findings seem to show that
incomplete development of junctional complexes in the embryos developed in a TCM may be
due to a decrease in the amount of cytoskeletal proteins, which is known to be affected by
tunicamycin. Iwakura and Nozaki® have biochemically ascertained the inhibition of

cytokeratin synthesis in mouse embryos by tunicamycin .
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Abstract: Effects of superoxide dismutase (SOD, from bovine erythrocytes) or
ethylenediamine tetraacetic acid (EDTA - 2Na) on the preimplantation development of
mouse embryos obtained by fertilization in vitro were examined in different strains. In “"the
partially blocking strains” (ICR and DDD) in which small proportions of in vitro fertilized
embryos develop beyond the 2 - cell stage in Whitten's medium, both SOD and EDTA
exerted significant effects in promoting the development to the 4 - cell and to the blastocyst
stage. In "the completely blocking strain” (AKR) in which none of the embryos develop
beyond the 2 - cell stage, neither SOD nor EDTA was effective in overcoming the 2 - cell
block. A significant paternal effect was observed when the development of DDDxDDD
embryos was compared with that of DDDxC57BL embryos. It is suggested that both SOD
and EDTA may share a common mechanism in promoting the embryonic development in
vitro.

Key words:SOD;EDTA;In vitro fertilization; Embryo culture; Two - cell block
(Received 30 August 1992, Accepted 20 September 1992)

Introduction

Preimplantation embryos from most outbred and inbred mouse strains do not develop

into blastocysts when cultured from the one - cell stage but are likely to arrest the
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Table 1, Effect of superoxide dismutase (SOD) and catalase on preimplantation

development of ICR mouse embryos fertilized and cultured in vitro

Conc. (ug/ml) No.of embryos  No.(%) of embryos developed to:

SOD * catalase® cultured 2-cell 4-cell Blastocyst
— - 160 160 (100) 89 (56) 26 (16)
12.5 - 72 72 (100) 61 (85)* 38 (53)*
25 - 64 64 (100) 62 (97)* 50 (78)*
50 - 160 160 (100) 153 (96)* 121 (76)*
100 @ - 67 67 (100) 66 (99)* 62 (93)*
200 - 72 71 (99) 67 (93)* 60 (85)*
- 12.5 48 48 (100) 21 (44) 3(6)
- 25 48 48 (100) 29 (60) 15 (31)
- 50 120 120 (100) 65 (54) 19 (16)
- 100 48 48 (100) 17 (35) 4 (8
50 50 48 48 (100) 46 (96)* 42 (88)*

* Cu/Zn—SO0OD from bovine erythrocytes (3,000 g/ml, Sigma)
b Catalase from bovine liver (11,000 #/ml, Sigma)
* Significantly different from control (p<0.05)

On the other hand, the addition of catalase did not give any significant effect at the
concentration between 12.5 and 100 g g/ml. Combination of SOD and catalase (50 zg/ml
each) gave a significantly higher developmental rate as compared to the control and catalase

alone, but the rate was not significantly differnt from that of SOD alone. From these

results, 100 gz g/ml SOD was chosen as the standard dose for the subsequent experiments.
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Strain difference in the effect of SOD and EDTA on preimplantation development of

embryos derived from B6 or AKR eggs

In this experiment, eggs from one of two strains each represents non-blocking (B6) or

completely blocking (AKR) strains with regard to "the in vitro 2-cell block”, were fertilized

with ICR spermatozoa and the resulting embryos were cultured in WM with or without

supplementation with SOD (100 zg/ml) or EDTA (100 zM). The results presentes in

Table 2 clearly indicate that neither SOD nor EDTA could overcome the 2-cell block in the

completely blocking strain (AKR), although Embryos from the eggs of non-blocking strain

(B6) developed at high rates regardless of the supplementation.

Table 2. Effect of superoxide dismutase (SOD) and EDTA on preimplantation development

of mouse embryos derived from C57BL or AKR eggs fertilized with ICR sperm and cultured

in vitro
Strain SOD EDTA No.of embryos No. (%) of embryos developed to:
of eggs (umg/ml) (uM) 2-cell 4-cell Blastocyst
C57BL - — 70 70 (100) 70 (100) * 59 (84)
100 — 70 70 (100) 70 (100) * 65 (93)*
— 100 90 90 (100) 90 (100) * 82 (90)*
AKR - - 39 39 (100) 0C 00> 0(o0)»
100 — 43 43 (100) 1{ 22* o0(0®
— 100 41 41 (100) 0C 0)0* o(o0)

** Values with different superscript differ significantly in the same column

(p<0.05)

Paternal effect in preimplantation development of mouse embryos derived from DDD eggs

fertilized with DDD or C57BL sperm and cultured in WM with or without supplementation

of SOD or EDTA

As shown in Table 3, most DDD x DDD embryos arrested the development at the 2-cell

stage (9.6% development to the 4-cell and none to the blastocyst) when cultured in WM.
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development at the two - cell stge. This phenomenon has been reffered to as ” the 2 - cell

block” ¥. The block has been known to be partially alleviated by the supplementation with

24) )

several metal chelators, including ethylenediamine tetraacetate (EDTA) or activin ® into
the medium, but the exact nature of the block has not been fully understood yet.
Recently, Noda et al® reported that the culture of mouse pronuclear embryos in the
presence of superoxide dismutase (SOD) significantly increased the rate of development to
the blastocyst stage, suggesting the involvement of superoxide radicals in the block to devel
opment ”. Nasr - Esfahani and Johnson ® has also suggested that the increased production
of reactive oxygen species may be related to the in vitro 2 - cell block of mouse embryos.
On the other hand, it has been known that the embryos from certain inbred strains, such
as C57BL, and their F\ hybrids are capable of developing from the one - cell to the

9,10)

blastocyst stage completely in vitro In this paper we examined the effect of EDTA and

SOD on the development of in vitro fertilized embryos of different mouse strains.

Materials and Methods

Recovery of gametes and in vitro fertilization

Eight to 12 weeks old female mice of Jcl:ICR (ICR), C57BL/6N (B6), DDD, and AKR/
N (AKR) strain were used for the recovery of ovulated eggs, and 10 - 15 - week - old ICR,
B6 or DDD male mice were used for the recovery of epididymal spermatozoa. ICR and B6
mice were purchased from Clea Japan Inc. DDD and AKR mice were obtained from the
Laboratory Animal Research Center, The Institute of Medical Science, The University of
Tokyo. The procedures for the IVF are essentially the same as previously described ™.
Briefly, the female mice were induced to superovulate by i.p.injections of 5 i.u.eCG
(Sankyo Zoki, Tokyo) and 5 i.u.hCG (Sankyo Zoki) given 48h apart. The mice were killed
by cervical dislocation at 15 -16h after the hCG injection and cumulus - egg complexes were
introduced into the fertilization medium (TYH) . Cauda epididymal sperm were preincubated

for 2h in TYH and then introduced into the fertilization medium at the final concentration

of 150 cells/ul. All incubations were performed at 37 C under 5% CO , in air.
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Embryo culture

At 6 - 8h after the insemination, eggs with a male and a female pronucleus were picked
up from the medium, washed twice in Whitten's medium (WM) ", and transferred into
0,1ml drops of WM supplemented with or without either EDTA (EDTA - 2Na, Dojin
Laboratories, Kumamoto), or SOD (from bovine erythrocytes, 3,000 /ml, Sigma, St.Louis,
MO) and /or catalase (from bovine liver, 11,000u/ml,Sigma)(12—20 embryos/drop).
Development of cultured embryos were examined at 24h intervals starting from the time of
insemination. The development beyond the 4 - cell stage at 48h was the criterion for the
breakthrough of the 2 - cell block. Final rate of preimplantation development was evaluated

by the formation of expanded blastocysts at the end of the culture period of 120h.

Statistical analysis

Experimental data were analyzed using y ? test and Fischer s exact probability test.

Results

Effect of SOD and catalase on preimplantation development of ICR embryos

As shown in Table 1, SOD exerted a beneficial effect on the development of ICR
embryos in culture. The effect was significant at all concentrations tested (12.5—200 zg/ml),
as compared to the control embryos cultured in WM. At 100 z£g(300u)/ml, almost all (99%)
embryos developed beyond the 2 - cell and the final developmental rate to the blastocysts

exceeded 90%, in sharp contrast to the low rate of development in the control (16%).
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The addition of SOD or EDTA significantly improved the development beyond the 2 - cell
stage (49 and 61%, respectively). The development to the blastocyst stage was still very low,
however (2.1 and 3.8%, respectively). Embryos derived from DDD eggs fertilized with B6
sperm showed slight but significant increase in the developmental rate to the 4 - cell
embryos in WM (29%) but none of the embryos developed to the blastocysts. Both SOD and
EDTA supported better development to the 4 - cell stage (48 and 65%, respectively).
Furthermore, sighificant proportions of the embryos (16/45 and 27/61 in SOD and EDTA

group, respectively) could successfully developed to the blastocyst stage.

Table 3. Effect of superoxide dismutase (SOD) and EDTA on preimplantation development
of mouse embryos derived from DDD eggs fertilized with DDD or C57BL sperm and cultured

in vitro

Strain SOD EDTA No.of embryos No. (%) of embryos developed to:

of eggs (pg/ml) (M) 2—cell 4—cell Blastocyst

DDD - - 94 93 (99) 9 (10) * 0(0) "
100 — 94 94 (100) 46 (49) © 2({2)"
— 100 79 78 (199) 48 (61) © 3(4):"

C57BL — - 94 94 (100) 27 (29) ® 0(o) "
100 - 04 94 (100) 45 (48) © 16 (17) ®
— 100 94 94 (100) 61 (65) * 27 (29) °®

»bed Values with different superscript differ significantly within the same
column (p<0.05)

Discussion

The present study demonstrates that the addition of SOD into the culture medium
improve the preimplantation evelopment of mouse embryos of "partially blocking strains,

such as ICR (outbred) and DDD (inbred). This confirms the previous reports by Noda et als?
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Umaoka et al ?, in which outbred strains (ICR and TUCK) were used for experiment.
These authors have suggested that active oxygen is involved in the 2 - cell block phenomenon
and this harmful effect can be prevented by culturing embryos under low oxygen conditions'
*¥and in the presence of SOD. Nasr - Esfahani and Johnson ® have also suggested that the
increase in production of reactive oxygen species such as H, O, at the G, /M phase of the
2 - cell stage may be related to the block to development.

SOD catalyzes the dismutation reaction in which two superoxide radicals ( O, ) are
transformed to a molecule of hydrogen peroxide (H, O, ) and a molecule of oxygen (O, ),
while catalase catalyzes the decomposition of hydrogen peroxide to water and oxygen™. As
it is the SOD but not the catalase that promoted the development (Table 1), the rate
limiting step must be the degradation of superoxide radicals rather than that of hydrogen
peroxide, if active oxygen species is really the cause of the developmental block. This seems
not to be perfectly consistent with the view of Nasr - Esfahani and Johnson ® who observed
the rise in peroxide level in cultured mouse embryos and suggested that the arrest of
embryonic development by peroxidative damage might involve the conversion of hydrogen
peroxide to hydroxy radicals (HO o ).

Although SOD is highly effective in promoting the preimplantation development of ”
partially blocking ” strains, it is totally ineffective in overcoming the 2 - cell block in ~
completely blocking” strain (AKR). Neither could EDTA do so. Even in the partially
blocking strains, the effect is less apparent in embryos derived from DDD eggs in which
development beyond the 2 - cell stage is more severely arrested.

Throughout this study, a striking similarity is observed between the effect of SOD and
that of EDTA. The effect of 100 uM EDTA which is the optimal concentration for
promoting the preimplantation development of ICR embryos in vitro **, exerted essentially
the same effects on the B6xICR, AKRxICR, DDDxDDD and DDDxB6 embryos, as that of
100 #g/ml (300 #/ml) SOD which is also the optimal concentration for ICR embryos
(Table 1). This parallelism strongly suggest that SOD and EDTA share the same mechanism

in exerting the beneficial effect on the preimplantation development in vitro.

The most likely explanation might be that some metal ion(s) is involved in the cell

damage caused by the reactive oxygen species and EDTA prevents the damage by chelating
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it. Iron(Fe) might be involved because it catalyzes Harber - Weiss reaction in generating
hydroxy radicals from superoxide and hydrogen peroxide . In our previous study ',

however, Fe - EDTA was found to promote the development of in vitro fertilized ICR

embryos beyond the 2 - cell stage as effectively as EDTA -2Na, although the final

development to the blastocyst was not improved by the Fe - EDTA. It is conceivable

therefore that the excess amount of Fe ions might exert harmful effect on the later stages of
preimplantation development, but not specifically on the 2 - cell stage embryos.

Another point of interest in this study is the finding that the paternal effect is involved
in the improvement of preimplantation development by SOD and EDTA. (Table 3). It has
been known that the genotype of the oocyte alone, regardless of that of the fertilizing
spermatozoon, determines whether embryos will arrest the development at the 2 - cell stage
when cultured in vitro *®. The present results show, however, that there is a slight but
significant difference in the development to the 4 - cell stage in WM, between DDDxDDD
(10%) and DDDxB6 (29%) embryos. Whether this difference is an indication of the activation
of transcription of embryonic genome has not been determined yet *, but it is noteworthy
that the effects of SOD and EDTA are apparent in the improvement of the development to
the blastocyst stage. These results suggest that the beneficial effects of SOD and EDTA are
not restricted to "the 2 - cell block” but can be extended to the whole period of preimplantation
development.

As neither SOD nor EDTA was effective in overcoming "the 2 - cell block” in a
completely blocking strain (AKR), newer aspect must be introduced to investigate the
problem of in vitro block to development further. Modification of the basic medium (WM),
as proposed by Chatot et al ® is undoubtedly one of the most urgent subjects which is now

being underway.
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In vitro maturation of mink oocytes obtained from ovaries at pelting time.
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FEHEHEBYO I v 733 AOBREEEIED L TRRT 51D, BAIIBMRDTREINE Ay
HPREREBOBE RV HRENRE, —H, NADOHEICIKEDI v/ BERESh, fIHF]
RTHZ LK BHRVEEERL D, ZORENED HIRMREYER L TERMB LT LM
BT hs, 2Ty XERTREHBIMAOINE S & EIR U SRR OGS B E R A 1,

ERIIFHR W EE LTI -7, I8, B (2ATA~3ALE) BIUHEM Q11AHE)
RS LI PMS GAUE LD SR Lic, JRRMIRaIE, PB SHTIflaxZ# ¥ oid
BREAMYIT 5 Z it L B LT, JREAIRar RS f1E LIicIREMiad. 10%DF CS%AML
RTYHS LI TCM 199 T48KFH & THEAKEE L, SEHREHR, BETC, REHR5%., 2
K95% & Lic, BHDHER, hr/ THRTEEE, 1 %A1 &A vV TRE L TT -1,

¥ 0 R b b EINEKICKRE L IR, JIBTIRITHRA RS vk & D JiEda i
Th - eht, FEPTR—RMOIRMRICEESHOBHEIAD b hi,

ASEE R DREERDOER. HIEMICB VW TTYHTI2.0%. TCM 199T29.8% DRI B A -
LRI Lo — ., BHEMTIETYHT25.8%, TCM 199T41.8% DIRHERaA B L, A
CEUR LSRR A EVEBEER R Lic (P <0.05) » gt é LTidy, TYHEDHTC
M 19D F BT hORICB W T ESTH - (P<0.05) o Fho\ HIEHAEIR LR
DEMNMCETAHRIN~OBTEE L, BEMEARCGREZE-HETHIT LN hbibhis,

JEEHEHAD I v 7IEREREAEL, A VA—ARTuv A bnvOmMRBREX RS0 ¥
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DIRBEMEIZIER B, L Lsnt S, Bl ehi b b RIch TR D® 77— 700
fabBEIh3Y 46, HIEMcER U IPRMERIMER N OPAIICRE LI &b, #IK
PR 53 & b IR R TR & h i IR RAERa & A/ BURARE & B T 5 FTREMEA VR & huico

ThboZ emb, #IEMO I v 78 » HEIR LSRRI S TYHS L <X T CM 199 T48kF
FIEET A LR L D10~30%RENPIAI F THRET 5 T & HHIB L,
FEBRYERTICHD ZHHEB - AR 3 v 7 AFS « N EERCHELERT S, XF
B2, BRBEXFEHT oY= VRE T Y I RFORNZE L BEREOHILICET 55%E] ©
—L LTEBEhi,

Table 1 In vitro maturation of mink oocytes recovered at pelting.

Duration Season No. of Stage of maturation* Maturation

of of Media oocytes rate

culture recovery examined GV MI~TI MII  Deg. (%)

0 hr pelting 41 35 6 0

breeding 75 67 2

48 hr pelting TYH 100 46 3 12 39 12.0

199 47 8 7 14 18 29.8

breeding TYH 93 44 10 24 15 2.8

199 134 53 17 56 8 41.8

*kGV: Germinal vesicle, MI~T I : Metaphase I ~Telophase I , MetIl: Metaphasell, Deg.: Degneration.

SR

1) &illth—, BER—, ABFES (1992) : I v 7IEBMROE S L UOEA R, WHAIIYEE,
9, 1=86.

2) Kolpovskii, V. M. (1979) : Postnatal changes of uterus and ovaries in Mink Mustela
vison (Carnivora, Mustelidae). Zool. Zh., 58, 409—418.

3) BrE & (1989) : EXENMY. HEAFEH (WETEELE) pl278—1283, HEM, HI.
4) Sundqvist, C., Amador, A. G. and Bartke, A. (1989) : Reproduction and fertility in the

mink (Mustela vison). J. Reprod. Fert., 85, 413—441.
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