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Experimental Studies of the Causative Role of Delayed

Ovulation in Reproductive Wastage
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BE BEHNoONRCEZBEKCRETEE»Oe  FRENAL D LREO ER L BELI 0BG #
Aok, e roBRBLORBATESBWER =T (9 }) 2ACTEBRERY T .

ERR T IR (181E), pentobarbital sodium 1@ X +>C LH surge % block 3% = Lz X h HiFE% 2 BB
xR (1978), estradiol benzoate = X h RIEMM A EE LML BES 28 (0E) o+ hFhico
WT, EHR2 HEB 0IRROCER208 B o i % ERE L.

EERT : TREREMRS » tic PMS 100 iu. Kot HCG 100iw. #2H (5mL),38 (81E),4H (13mm),
5H (81E),6H (3E) oMETHEELHEN2HR, RS CLEBER (B0 - X HABEM R O Rk
FRHBRHEL .

UEDRBROFER, UToz EXAHLME ok,

D WRAESEBELTVBRL20bbFARMED LH surge AEREF 2o RN ABRLEBE (-
b ZBEYIN) ik, REBREOEENHENT AL, REMMOCCEC L 2HN0BERIREREOER L
T7e b,

2) TFFre v XsHlFHEReN VT, HCG o timing 2UBh 5 &, BEHN L BAE0ES
NEYBEERTEOEENENT 5.

3 Ty P THBEHRINC X o TERETHRE, BREEFENROSBEFZHEEAEML, %o BERERLYC
WHRE (BRE) oMmeEFRoRMI P BEEILS, FLEHBOoEELHENTILI5THS.

4) erERBBLIFF e CYBRENEEREAOSVWHER, BEHNESoMEL T sk &,
BRERBONABNTIBR IR,

Synopsis The causative role of delayed ovulation in reproductive wastage was studied using mature
virgin rats.

1) The developments of ova and fetuses were examined in pregnancy taking place at the ovulation
delayed by blockage of LH surge (socalled “delayed ovulation”) or the first ovulation after prolonged
diestrus, compared with those in natural conceptions. Increased incidence of abnormally developed
ova and decreased numbers of implantation sites and viable fetuses were observed only in the pregnancy
following “delayed ovulation”. These results suggest that mere prolongation of the cycle without
blockage of LH surge has no teratogenicity.

2) In hypophysectomized rats, ovulation was induced with PMS and HCG given at various in-
tervals between 2 and 6 days and mating was took place. The relationship between the interval of
injection and developmental abnormalities of ova at 1-cell stage was studied. With a 3-day interval,
the highest fertilization rate was observed; extension to 4 or more days significantly reduced the
incidence of fertilization; the number of ova containing supernumerary sperm and polyploidy in-
creased however. Thus the same phenomenon as ‘“delayed ovulation” occurs, when the injection
of HCG is delayed, and suggested to be related to the high incidence of spontaneous abortion in the
pregnancies after gonadotropin-induced ovulation also in man.
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T IE T D & DBFEEREOIRRE & 705 DA,
B B S BEIR O BRIE & O 7 BB T BGBRE O X
D RBRIISRECEDORERNH D Dn v 5 R
b, TORBCBERTHEELCREECHD. A
FROEERT ClL, = ORIELY BT 5 o O
PR L LT, 79 PEHWT, ZREORRS
type OPEINOIIE & Fgh: RE & OBAfR & i L,
PEIN D B e B REEREIE S R AERE OIRN & 72 )
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U, #HAW s 4 BRI ch S - &% 3 ALk
FER Lo O ERRcft L.
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a. HETF

Ty MXSE OV IR RIRBEE L. 2B
17 GHsfl) <k, RIEAHEIOFREE L FAfE S
B, BEEA 2 7 RICBETORD b hicd DxAE
JROHB & L7, 828 (GH9FD X, pentobarbi-
tal sodium % f\~C LH surge % block L, 3
BHIOIERE R X ) B4 2 HBIE X 7. pento-
barbital sodium {3, Everett et al.® O FEICHE
UC, REMPOFE 1 R5070 &5 B OFHE 1k
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Group | E

ANV

Group 11 E

Group i E

day

E:E!’PUS,P:PIQGS"U“ D:dieslrui’ Sisperm

v pentobarbital sodium 30 mg/kg injection

proestrus: 1:50 pm
2nd day : 1:50 pm, 3:30 pm
Y estradiol benzoate 2.5 pug injection
estrus : 1:50 pm
504, 3304 DFt 3, 1[EIB7h30mg/kg %
JEREN A~ 5. L7-. pentobarbital sodium &

OB HOTRIELAESE, Ber 0B, E
AR THCREFORDLNISDERIEROH L L
fo. B 3E (Ef206) (%, estradiol benzoate %
FAWCCRERAYERT % & L1 X ) HIRa Bt
SR THY, —FEORIEIRIRAEER D7) [EHEIH
R U7z & % T X\, estradiol benzoate |,

FEMOFE 185, 1B D2.5ug %L THRSE
Ufe. JER U7 R 1E R DR DI D BT O

T RS S, BHEEA A 7 HRCETFORD
bhicb ORIFFROH & L. 1w, £BHEDOE
BVE & e h T DA 2 7 DHAEIRY e B LA 7R
L.

b. FEPRFIHIC AT B IR oRE
DEDISTUTUHMRLICERES v D 5B
PR, IR HEWBEL, BEBEHRL, W
BRIV IIXEIR LA, JioEE, TC 199
+20% fetal calf serum %\ flushing & 1 X
Dfc. B LINTE I M AHEBEESE T T, #
DR%L, TRERFEIME, RARTH, KB,
LRSI D 5B DAEFTIRILIC > = Head L.

c. IERREARBAT KT

BREDOBED LR DT » v, (EE20H HIi2BE
JEL, BEH, BRE, AR, SRER LR

.
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L7z, BreAdfAfreB L T, Bouin B CREER,
Wilson %12 X R L T\, WS I X5
BIOHE L, K- NBEE OFELHR L
7z,

3. ERI—=7 b e & VBRI R
% BIEHETR & BN DR FE BT B i %E—

a. FEARY

NEME=F F e voRBELRAL, 0D
BEINITF N b e ©YORDEEYEFTS
febiz, TERERKR T » b2 Ao, TERERR
W, NUDAEBEE P BRI XD T, TEAR
B 7 ~14H BEBC . TERERR S
DEDNE, BA AT OELE, HEEIROTEAR
DHFRIC L VMR L, Tms & HE Shicbo
VREREREE DSBS U, BEIRNEEFE iR, pregnant
mare serum (PMS, xr bt r ¢ v FEHIER)
%, human chorionic gonadotropin (HCG, HCG-
£ EWEE) %, FhEhl,000iu./ml o
BRET, 0.6% REKCHEMR Licd Ok BT ES
UCH e, [EHEZIIAS 28 L ks, PMS
100i.u. #5482, ThZh 2H, 3H, 4H, 5
H, 6 AORFEL s\ /58, HCG 100i.u. %
5 Lic. HCG #5041, HLRE S, B
HIEA 2 7HICETF2RD b s, RLK:
HDOEHEL. M2 & ORBRUE L T
NOREA 2 7 DA I B bR R L.

b. IR0 EUR K O REER

BEA & 7 RT3 b iz B O EAIE
L, JP%&AN X b % flushing e X v, TC 199
+20% fetal calf serum + Kanamycin 100pg/ml
DOEEFEWHICEIR U7z, [\ U 7N E BIc (24
EHBME T T, RN, WRBREORE, RAK
TH, MR, BEOWRBLHE L.

c. ZIEINGLEMRIER OIER & 947

ZRINC oW, MRBRES T 585D
B, EbIC [ U BERK T colcemid % IRfLiERE
0.06pg/ml DE|A TN 2 7% T, 37°C, 5%
CO, DEMATIBNTHERELL. JI, i,
L0 b OFEY U TRESERLIERL, $
kot R L ORIE OHBID TS b D& HHT O
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Intervals between
injections of
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E \—/\_A;_\
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ds 0
Qys
£ v v
P
6 D \_/\_/\_/\
days
E:Estrus, P: Proestrus, D:Diestrus, V: Hypohysectomy, day
V:PMS 100iu pm200, V:HCG 100iu. p.m. 2 :00. S: Sacrifice ,

NREL, HEROHELYRF L.
EERRKIR

1. BRI

a. BEORDEFEILE ORI R UL R

£ 2 #£-C pentobarbital sodium 1z X>C, HEIN
D—HBIECHZ) LIBIE, TREBRCHERL
77 v P FMHT8B.9% (32/3661), 2 HEIEK
BTy Lic El&51375.0% (27/3661) THhDot. *
to, B8 3F£T estradiol benzoate = X B HEINDE
AL, #EPEE SER L FIER
At O EPEDR & D RpE (3°71510.8+2.8 (M=%
S8.D.) HTHON. FREBRHOMBIZHII LI
DD BLTRE Licb ik, 5 175£88.9% (24/
2700), 25 27£88.9% (24/278)), 55 3%£90.9%

(20/226)) T, HRRIIEREOHICEL I,

b. FEHEH

IEYR 2 H X U201 B OBIERC R % FE
Bk, FEIBFI12.9\/E (5 +E=18), 2R
11.6ME/VE (5 » M =19), &8 3EL12.6MH/1L (5
vy P=20) THY, £ OBIKER OEL
U,

c. IEPRFIHNC I B IR OB R

1) MREERE GE1)

EURIRD 5 HIEH e RERT RA R Lic d I,
#5 1 FETU383% (90/1081) , 48 2 #F Ti1365% (66/
101D, &5 3#ET1X82% (82/1001@) THbh, £
2 TIEERFINGAERCED LTk (P<
0.0D). 3, TNEEINEILMBAOENE, £, o

# 1 Incidences of morphologically abnormal development observed in the zygotes on day 2 of gestation

(% 1)
- holoi N
No. of No. of No. of Morphological findings
litters CL eges Normal Abnormal Abnormal ? Unfertilized
examined (%) (%) (Z)! (B!
Group I 11 135 108 90(83%) 6( 6%) 2(2%) 10C 9%)
Group I 12 135 101 66(65% )™ 19(19%)** 5(5%) 111%)
Group III 10 125 100 82(82%) 6( 6%) 3(3%) 9( 9%)

1 Based on examined ova.

** Highly significant difference from the Group I (p<0.01).
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% 2 Incidences of supplementary sperm observed
in the zygotes on day 2 of gestation (FEBRT)
No. of eggs No. qf eggs | No. of eggs with
. with supplementary
examined single sperm sperm
Group I 108 19 4
Group II 101 22 22**
Group III 100 18 4

** Highly significant difference from the Group 1
(p<0.01).

ElDfE s KBS IOBRBRE 2R TINL, 1
BT 6% (6/108fE), 2 23 Tix19% (19/101
), E3FETIZT6% 6/100) wRbh, =ik
DEE2HTHEBRCE ML (P<0.0), %7, IF
WO, BREBOHEE R, HI1HLEIFOMTIX
T EAEEDTL.

i) FHIMEANDLETRAIR GE2)
B—DRE T I iRD S 5 IOEE R,
BRETIREALENTL VD, ST HEIIECE
DHOLNLIROHEE T, FB1E, B3NN ThER
4/1081E, 4/100fExt LT, & 2 #:1322/101{ETH

b, BECHEML Tz (P<0.01),

iii) PRl OMEST

IREI DETRIL A RZ IR WCHE 15
L, BIBEEIHOBTIRFONHFTIZEALL
RSO, 2T ADEIIINR
BHU (B8 1 BED65.3% X, 45.6%),—F 24
EILLTF DI (B8 1 BED22.4% 2 H~<33.3%) &,
8DEILL EDIN B 1FEDL.0% 1 H5.6%) @
EERHEML T, ik, H280 85Ik
DI, EFEZELY LciiE, Wb
% fragmentation = Loo» 2% FE 2 H

3

#£20/38, H3BF60/56L, 2 2F THEL L\ MEN

1651

H O CERNT 2 IEER B D, ERITF
DRI B fragmentation THH EEZBRS.
d. IEIRARIIPRT ORER

1) HHRE, A8, ERER (F3)
BIFETH, 2B TH, 5 3FI0GORES
y PO OBR, —TH1h OFERRFHR
i, 5 1EE12.3, 552748.3, SB3FIL.6THD,
B2 TERBLEERCREAS L (P<0.0D), %
fe, MEWCHY TS EE2 bR AERERIX, 8
2RBETERBOITHR L5 THY EECE W (P<
0.05). P L BER A N2 B KBS, 18
12.4/V8, 28 27£9.0/1E, £F3FILEE, FE
TR W 2 BETA L L.

i) BfFOMEROSE - REEE (FE4)
HRE DR OMERED Fvk, 55 1 $£43/43, 52

# 4 Sex ratios and developmental abnormalities

of internal organs in near-term fetuses

(& 1)
No. of Sex ratios Deve[opmc:r'nal
fetuses abnormalities
examined 8/% in internal organs
Group 1 86 43/43 Hydronephrosis ; 1
Hydronephrosis; 3
Fused placenta ; 1
Group 1I 58 20/38 ASD 1
Hernia+ASD ; 1
Group I 116 60/56 | ASD D1
mD&Eh‘ﬁ—?bx JU\O?ébifi\/\ —if\:! %%.

NIEEE OFEEL, 2 181/86, H3Fl/1l6
W, 58 27136/58T, 2 BECERT AN
By, WEHE, BEE~L=7kkENFDLR
7z.

% 3 Numbers of implantation sites, viable fetuses and degenerating sites on day 20 of gestation
(E®D
No. of litters No. of CL implang(t)i.ogfsitcs viablfeo'feotflses degenellf\lact){n(;fsitcs
Group 1 7 97 87 (12.4) 86 (12.3) 1 (.0
Group I 7 86 63 ( 9.0) 58 ( 8.3)* 5 (0.7)*
Group I 10 126 118 (11.8) 116 (11.6) 2 (0.2)

(  ): No./No. of litters.
* Significant difference from the Group I (p<0.05).
** Highly significant difference from the Group I(p<0.01).
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%5 The effect on ovulation of the intervals between injections of PMS and HCG

(EB 1D
Interval between Ovulated rats No. of ova ___—
PMS and HCG Total no. of rats - Qvulated rat
(days) No. %* (S.E.2)
2 5 0 0
3 8 100.0 16.6%£5.0
4 13 13 100.0 17.5%£2.5
5 100.0 31.5+4.4
6 66.7 19.5%£2.8

1 Based on total rats.
2S.E. : Standard error.

46 The effects on fertilization of the intervals between injections of PMS and HCG

(EHI)
Rats ovulated . Fertilized ova with
I;ﬁgzlnge;}l’\lcezl and mated No. of ova Ova fertilized supplementary sperm
(days) No. 91 examined No. 92 No. 93
3 7 87.5 131 97 74.0 23 23.7
4 8 61.5 143 62** 43.4 36* 58.1
5 3 37.5 65 28” 43.1 14 50.0
6 1 50.0 16 0 0 0

1 Based on ovulated rats.
2 Based on examined ova.

3 Based on fertilized ova.

* Significant difference from-the group of 3-days interval (p<0.05).

** Highly significant difference from the group of 3-days interval (p<0.01).

2. SEERI

a. PMS t HCG o #5[fm & BEIERE R
L ORI B (& 5)

B X eI EY &> CTHITEROMA &
L, FtoBxEIiE L. PMS & HCG
OEERRED 2 B Off Tk 5 Pl P2 R0
bh¥, —J3H, 48, 5 HDLhZTh 8fl,
1361, 8FIDF v + TIXEMITHIN AR HBI
Fo. E-BrEEIEL 6 HORETIX, 36Id 2 flhic
BEORASER S hie. —EH b OBIIENL, £5
ks S 5 B D& E ©31.514.4 (M+£S.E.)
Echot.

b. PMS » HCG o H5MifR & ZREIM (&
6)

BESRA Lis ok Rk LT v b (B 5RIME 3 B
BETH, 4RSS, 5HEE3H, 6 HEE16D
2 HEU L 7B Bt ORf% & Lic. ZRIiOMm
PP b B EE 1k, F5ERE S B ORE T

74.0% (97/13118), 4 B Ti%43.4% (62/143f8),

5 HTi343.1% (28/65f#), 6 H Tix02% (0/16
) Thy, BEHFE»3 BOEE EDE L,
BHERRE 4 AU kicin s L AR Lis (&
Eff@4 @, 6 BTk P<0.01, 5HTIX P<
0.05). ¥, SZHEAREINIE S HROERIC XD
BinL kb, HE5MERES6 OB, LA
EF TP fragmentation L T 7z.

c. PMS & HCG o#5Rifm & FHIIE ~D %
BFRA GE6)

FIREE~ D ¥EFRAIIDOZ I L o 2 & &
i, HERES 3 HOBA K b4 <, 23.7%
(23/971E) THY, EE5HEENL4HIWLEHET
T FENRFERS8.1% (36/62(), 50.0% (14/28fH)
LHEIn L. (R5HEfR4 BT P <0.06TxH

[=]
oS e

d. PMS r HCG 0¥ 5-RfE & 25k OEE
&FE7)
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# 7 The relation between the incidence of polyploidy and the interval of PMS and HCG injections

(BRI
I;lt\c/:[rsvzlngegvgzeél Nf;tzifz(e)ga No. of ova studied Diploid __ Pol?zploid
(days) No. %! Triploid Tetraploid Total 92
3 97 70 72.2 67 2* 1 3 4.3
4 62 38 61.3 35 3* 0 3 7.9
5 28 17 60.7 15 1* 1 2 11.8

1 Based on fertilized ova.
2 Based on studied ova.

* Polyspermic.

Fr1

G (ERID

kOB, B5HE 3 B Tix4.3% (3/70f), 4
B T137.9% (3/35f@), 5 B Tix11.8% (2/15f&)
THH, HEHBOERT X D SR DEE B
M3 AEENED LRI, Fi, SEHED0 5 H=
EREOWTUL, TRT2ERKOZBE TR R
Doh, “HETZRCERNT =/ LELDR
to. =75, VUfEAEO 2 EOINI TR BT R
Dighot. BE 1, BH2RFhFh_ {5kt
SREROERY R L.
5 =

1. 19624F Mikamo'¥ (¥, A&MICHLE v
5% LIt W ERZACTIPIIZE I v & &
BT 7V Iy AF=w B CCEESINET
HILUDTORMIE 2 BF3E 217 21, Tich
B, PRI A e TR RPN IR R e
TS gkEses &, EERINEHES
BOZREARSEEIN, REIIEIIN, ECIin4g s
L, ¥ 5 LTZRB LI B4 U@k
MG, NBUE, BBELR L 0F RS &
DB\ ERHE L. SR EEICT R
i, RENCHHIFESTHE05.

BB LT 5 & OBSL, AFY X3 H
NCHETTNEIPRIADFEE 2> LHEIF~ D BRI GE
EL, TR rBOEMNED, T
THEBPREZBINOFR L e 2B &L/ TLH
zZ b T\wh., Lo T, —lfci: TEIEEE
ON] EREER W52, LA [TERENOIIDE
Al LV OBROFRFEInEEZE 2 bhA, T
TELHAVORTWS [BIEGEIR] DFE%
2% fo.

FR2 =&tk (FRI1D

B35 T RE T H O DL, FhENTRE

ORD 5 %72.2%, 61.3%, 60.7% TH 1.
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Z D%, Fugo and Butcher et al.®®7 3, 4 [
PERERAA & OES » b I pentobarbital sodium %
¥ 5.1, LH surge % block 3% = X1 X b BER
2 HBIEXWD &, SRETEIICEEZHBINO
Whn &, FIRFIIE OROM4ERE LEAFETY
OHEMBR LD & EhHE L, WMAEBTNT
LEEHEIISER D 185 2 EBbL A E 0. &
7o, TORFCETAME L T4, BESIRC
KX hELINOEE L, P ROBITEMEC X DG
AR (770 Y 2 7=012), INEHE
R IR Rl 2R 1 D 2 45 132 5B B O &
LEETZR (v M'9), 2R ROy
Lo XNBHIID cortical granule DFA (5 o
MNP ERRIBLEAE LMD, L
L, e s L byl oz, %
72X <o Tuninu,

2. —77, EBREMpER U e MICRThE
JEHRIRELS N D 18 5 Wik, BRI &b
HTERECEIETH B, FREHRIEDRT
Wigu,

WERBOOHZ & &7, v T Td BT
DN S LT 58T L onb b, FliE
Hertig!® X, v b OFFEH 3@EE To @
3zt L, ARREERISE B D OZ R Tl
RAERENGH O EEREL TS, AT
(X Boué et al.¥ 23, HRWERE O 5 bE&MEE
DH DL, AREISH HURE OB, ZiEcs &
LT3, ARRBEIAI5E B BB, AEHE
PIREOBAC LEULEHEIhEOT, b LI
MORAEREORR L /5 &, KM
b TEATMELEDLI 2 E2E .

UL, ERI CTHLMCR DX 51T, BN
D E75 5 R TBIE S 3 X TRAERE OEN & 7x
BT T, [ CHRIPOEBIEA i - S ¥z
LT%, LH surge % block URIFMAIER TS =
LW XD THEIRARIE X R 2 B TUL, BEAZ
KON, KT OPRIIHE~ DR ATIRE KL
U, R Lot U, FiERE O
BT X ) BRI BIE X SEECIIRREE L D
izt A EEEZRD IO, 2oz &, I

A P i 35304125

JamFnsE LT wbHIcd i 53 LH surge
PR T, FORDCHIINEE LA D
BEEBRENFRINSZ EHRLTD.

COER] OEREAYFOEEL PITHTIIDD
Facireniownns, AREFRIIISH B D oBEInc
T OmD type BB HELNEL, TOTNT
DERRE 2 BT 2 L3 E L bR, L
L, estrogen positive feedback BéfEnfEE I 1 b
DM OFN e Fe B b 3hvd b3 LH surge 538
hagail, FERFEORR LD X5 7Bt
PEORE S FTREEIIE X b X ).

3. TFPFitervvRIHEBINERIT, $He
N ARFREDIREICIS < VB, T O BRI
RGFEE BT TB. LarL, BEIGEREIRED20
~30% b B ESE\CIRERD?, £ OWERIETDO
SR N Y Y 3 =T EOQERRE O BEinY,
HICIERDY 2=vA? T FhrE vk
ZBPEA R O EiaT, v 1 7, BIPUL,
S5k Te & OYELERE BN T 570 LD HE
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