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= Abstract =

The effects of embryo number and incubation volume on the development of mouse embryos
were evaluated. The growth rate of two-cell mouse embryos to attached blastocyst stage and the
growth rate of blastocysts to early somite stage were assessed after culture in different incubation
volumes and embryo densities. Embryos were collected from ICR female mice superovulated
with pregnant mare serum gonadotropin and human chorionic gonadotropin and mated by ICR
males.

In experiment 1, groups of one, five, ten, twenty 2-cell embryos wese cultured in 10-, 50-,
500-, 1000-pu1 drops of BWW media under mineral oil at 37°C in a humidified atmosphere of 5%
CO; and 95% air. As the incubation volume decreased, significantly (p<0.05) higher rates of
embryos reached morular and blastocyst stage on day 3 and 4 culture, respectively.

In experiment 2, groups of one, five, ten, twenty blastocysts were cultured in 1- and 2-ml
volumes of CMRL 1066 media under same condition as in experiment 1. However the reverse
was the rtesult. Decreasing the number of embryos incubated per volume from 1 to 20
significantly (p<0.05) increased the number of blastocysts reaching the late egg cylinder (LEC)
and early somite (ES) stage on day 6 and 8 culture, respectively, regardless of incubation volume.
Blastocysts cultured in 2ml had higher (p<0.05) development rates to LEC and ES stage on day 6
and 8 culture, respectively, than embryos cultured in 1mi.

Our results suggest that the effects of embryo number and incubation volume on the

development of mouse embryos are stage specific and the shifting point was between hatching
and EEC stage.
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F A7 wiobe] A fu) kAl
Aol Ao} vlwd o vf - A
A9 wiolQl A= AW A
ARt 2 o] Fof wjolE A M)
AE7EAS Astet (7, 1996). o] 7 A
AHEE T Sl A EAAVL 2S£
¥atu i, 53] g o] F wjolo
Rl B FA| Aol hE ol#st v FE
vl gt} aheba Aol wjol 4RSI A
o] WjFaG = B A7t UL F ded 2
T @7HA 7 vy o] &7} wjote] W ot}

AA T2 T ALl FA] wlote YEs}
sotel Ael HlHE G B A2 AT
A, Wokel MET} 5 &5 ote] 4ol v
FEFE T v oo UEr} dow
A 7] (early somite stage) 7}A| 2] A &g o)
€ AL Bndtgnh 283 1 o] K 2A vjole)
HErt Frbstd el S " dF
Bago W2 AR WE wolst viE
s dirtEde]l =g waA FHEr] g7
olgtx 713 v} (Kang et al., 1997). )7} A
A3l met R FFE e AAAAE 2
Rt AL AA ALY AT T B
#2) v} gt} (Hsu, 1980).

aeg R4 F okel BABE 2ol 44
Z7] wWolE o &% A eujgol M= ujolol 2
=7t 2245 a8n gy ¥ust &4
= ot AR FL JYE F= Ao H9
%4©] (Lane er al., 1992; Salahuddin et al., 1995), 3
We) A ATe Be Aol W e woln
Sith. 223 2 ol §zE AR okl u)
FAl Wol AA A B EH e v AFAS
A&} v Froll vkl e] &Fo] Ha wjole] 2
7b BT E AAY BTt o] 2@ vjote A%
of BlA& Gl ERelTn FH & ot
(Canseco et al., 1992; Lane et al., 1992).

mab ¥ AR 2% Q FUt ¢lohd, ol
9] A7} ujold Aol vlXE A AAeA o
wWE ol Bl (stage specific) 7} o]
AR5 Bk olol Ak 5 AR WEd &
& agolA 2E @R Gk
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1. dfjote| Zb|

2 o) ALY FES BF717L W 14A3Y
o} 10A)7FC. 2 (] 5 AM - 7PM, & 7 PM - 5 AM)
Af3 3 wolst 328 BFHW SPRE
204 LS ICRA 44 S A5
AL 5~8F8 9 A&, £HRL 10~12577
BAY e A2 AL At
S Fx3}7] 93l pregnant mare’'s serum gona-
dotroping (PMSG, Sigma, St. Louis, MO, USA)
SIU E-7}FA}sta 484 7F Zoff human chorionic
gonadotropin2- (hCG, Sigma St. Louis, MO, USA)
SIU B7FAe e oh 20l € fEa) A A4
AslE A7 £AT BASL Theg ohzlol
AR g gl £ 2F BRAA,

%7] 24 %7 Wotg gEek7] AME hCG
FAL SONIZ Foll A% A2 AR F SR
B 3o ARE A2aYch 1en A28

B2 BWW (Biggers e al, 1971) st o s
BRE] A2F 37 24 F7) oS Y5
% Ago] LAt THTAY NS Y5
7] A= hCG FA} 2413F ol A%F 33
2 zAstn A #3HY 955 HEEA
t}. ©]% CMRL 1066 (Gibco, Gaithersburg, MD,
UsA) Wil e 2 BRelo] Mg A5e F 4
o A-&3k] ok

2. Hjotef ui g}

A
A

ook

2-A1Z7] Motg g 7| E wWFY e 04%
bovine serum albumin-g (BSA, Sigma, St. Louis,
MO, USA) &3 BWW kol & ALG-SH3 1L,
INE A3 712 jgYd e 2= 1mM glutamine
(Sigma St. Louis, MO, USA), 1mM sodium py-
ruvate (Sigma St. Louis, MO, USA), 50IU/mL pen-
icillin (Sigma St. Louis, MO, USA). 7128 1 50mg/
mL streptomycin-2- (Sigma St. Louis, MO, USA) &
7}8t CMRL 1066% A543 T}

A 1A E L AR wjolE -4 £7]) AHE-3H



WS AlgstAct g Alel (60mm, Falcon,
Lincoln Park, NJ, USA) 10, 50, 500 & 1000ui2]
BWW o= g3 & 7|2 wjgeo R HEA
7! mineral il (Sigma St. Louis, MO, USA) ¥ o]
Abgete WS AFE ST 7 &3] wjoke
Holo] £zt&= 1, 5, 10, 20/ = ¥ e 5% CO;,
95% F7), 100% &%, 281 37CE A8k
WF7l Well A viFetadch w2 48zt
Foll mshabA gkt wiole] wAyakAre hCG
FAL F 144X kA W kela s Sy En e
2 (Olympus IX 50, Japan) E o] 2] ulj o}, Euj
7] wjol, 18y R3}E wjolw TR #As)
At

A 288 ¥l g AEstgd ey zb gakol v
FAW viote] £=AE A 148 22 fgo
At 1mit 2ml F7Ex] SFe] wjFA g ¥
35mm vj %% A] ol (Falcon, Lincoln Park, NI, US
FulE EF8ta, V¥ medor FIPA
mineral oil-& Yol A}&8lth X 49T
wjFd ol 20% fetal calf serumE (FCS, Gibco,
Gaithersburg, MD, USA) A 7}3ta] wjakstg o,
1 %ol = 20% human cord serumS- (7}, 1996) A}
|3ttt A 2U el = v G AL wItEA) &
$tx, Tujel A} Fole dd FuE R
Wjokdl o 2 24A)3telc} maAlstE ) vie] AR
I B3l 24420 SR R gstela
st Witschiol (1972) ¢ja) vlE 9 in vivo 4
o 71 et £F3H . B3-2 (attachment)
A 1 @ol Ao} o] Jakufio] wjFgr]o £
of &yl gl Ao x FHUL, early egg
cylinder= (EEC) ®] L ATA 9t 102 e
sjol 2 117431t} Late egg cylinder= (LEC) )
FATEA 11, 12, 13¢]) o] 2 Hjo}2 319 2, early
somitet= (ES) 141} 15 A GA o] o) 2 o}z F
Aot

AE T Alolel BAA #2942 Chisquare test
€ o] &3t AF3Y 1 p-valuer} 0.050] 8+ )
#o 8 ael 7t e Aoz AP s
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1. AR BHOLS] BHA] BHOIS-9f Hjored R 2l
ol tHote| AMztol olxls oie

E A A= 1200t 9 AFNA 876702 &
Aoz HAAQ 24 ol s A5std ALE

EFa=s

1) vHet ® 32

87671 & 2 vl (morula stage) v gte] Al S W
ol "ol 887G e (100%) YA & (90.0%)
B3AQ LEE BT wioke] &7k wj e A
Fol e E%e RE ddde &
(10p1, 50ul, 500pl, 1000 232}y $-81& =}po)7t
glolvh. okl g 2ko] wje] AR = Pk
Hrretzl fete] Y S wiolre B
T gatsted BAAMEE skt o] 9hado] A
AL o gy & Fo] W] Aol Fe= I
& & 2% =9 g BAHLR &
213 22 Bt &, 10plZ = 500ulE, 10plF
3} 1000ml, S0} 500plw®, 28] 2 S0ul3t
1000ul# 8 SE-EF TS vl g o fog
(p<0.05) &}ol7F it =3 10w 50, 500,
1000u1e] Ak 18] 1 1000pE2} 10, 50, 500u
9] FAFE wimE uj «%-94 g (p<0.05) 2ol &
Bt v gAgH R s ¥ Aol
2 59 AL 10uist 50;115 A 17 (3
w) ek 2978, A3l e) 42970) 81 500pist 100002
A 2R (FAdn| Rt 6071, 2FAu) 37870) S}
of ¥l W3S W2 vkl §Fe] 22 A
Table 1. Effect of embryo number and media

volume on the development of 2-cell embryo on
day 3 culture in vitro

Day 3 (& Wol) < morula  morula
178/10u1 14 1 71% 13 92.9%
578/10ul 35 2 57% 33 94.3%
1074 /10u1 70 5 71% 65 92.9%
2078 /10ul 100 4 40% 96 96.0%
178/50ul 14 2 143% 12 85.7%
578/50ul 35 3 86% 32 91.4%
1075/50u1 70 4 57% 66 94.3%
2073/50ul 100 7 7.0% 93 93.0%

B} (438) 28" 410"
17k/500u 14 2 143% 12 85.7%
574/500ul 35 4 11.4% 31 88.6%

1074/50001 70
2071/500u1 100
171/1000u1 14
571/1000u1 35

e
o

143% 60 85.7%
14.0% 86 86.0%
214% 11 78.6%
143% 30 85.7%

[
Lnoted e

1071/1000ul 70 12 17.1% 58 82.9%
2070/1000p1 100 10 10.0% 90 90.0%

g (438) 60" 378"
+p=4.0x10""
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Table 2. Effect of embryo number and media
volume on the development of 2-cell embryo on
day 4 culture in vitro

Table 3. Effect of embryo number and media
volume on the development of 2-cell embryo on
day 5 culture in vitro

Day 4 {Z "} ol=)< blastocyst  blastocyst
17 /10u1 14 1 71% 13 92.9%
570/10ul 35 57% 33 94.3%

2
1071/10ut 70 6 8.6% 64 91.4%
200/10u1 100 7 7.0% 93 93.0%
170 /501 14 2 143% 12 85.7%
571/50ul 35 3 86% 32 91.4%
107R/50ul1 70 4 57% 66 943%
2078/50u1 100 7 70% 93 93.0%

& 438)  32° 406°
171/500u1 14 3 214% 11 78.6%
sA)/s00m 35 4 114% 31 88.6%

10711/500u1 70 11 15.7% 59 84.3%
2074/500ul 100 14 14.0% 86 86.0%
171/1000ul 14 3 21.4% 11 78.6%
57)/100041 35 5 143% 30 857%
1071 /1000 70 13 18.6% 57 81.4%
2071/1000u 100 15 15.0% 85 85.0%

3 (438) 68" 370
+p=2.0x10"".

1ol A o g2 dduzix) 9] dgE Halx
o} (x=12.14, p=4.9x10"*) (Table 1).

2) H ek Aj 4

) 7] (blastocyst stage) v ve] A3 AH-S @.ol wj
ol 100740193 (11.4%), 77674 2] (88.6%) W<}
© Zujo] i westglct wjole] sxabs) wiel A
ol vl e &3 vl A 34 A 9 npAR 2
Frel gt Aol E HojA] gsir). wjokal &-3ko] u
o} A F= AFL oS A 3UA 9 vk}
A2 s0ptof ket (1) 500ule] o] 23) F32
2 UFAE 4 7 593 Aolzl sl &,
Hi o o] Bgko] A& A 17o)A] (Euv) gk 3370,
Fufol A} 4250) Al 27 KT} (Ewoiu) 6878, ¥
ujo] 4} 37070) o) sHA (x=13.83, p=2.0x10"") &
& Euj7) ojate] AAAE Bod F9ch (Table 2).

3) o A 5

5-3}7] (hatching stage) 7] 7te] A4 A2 1ol H)
ol 27078 0] 2 1L (30.8%), 6067 <] (69.2%) 1) o}
= PR gAY v A 3, 4UF e
2] wiole] A wjtd &% TF wje] A
of Felsh 3L vl XA Lkeh (Table 3).

Day 5 (3 "io}¥) < hatching  hatching
178/10ul 14 S 357% 9 643%
574/10ul 35 11 31.4% 24 68.6%

1078/10ul 70 20 28.6% 50 714%
2078/10ul 100 33 33.0% 67 67.0%
171/50u 14 4 28.6% 10 71.4%
578/50u1 35 9 257% 26 743%
1074 /50u1 70 19 27.1% 51 729%
20787500l 100 40 40.0% 60 60.0%

%} (438) 141 297

171 /500ul 14 5 357% 9 643%
57)/500u1 35 10 28.6% 25 71.4%
1078/500u1 70 22 31.4% 48 68.6%
207} /500ul 100 30 30.0% 70 70.0%
171/1000ul 14 5 357% 9 643%
571/1000p1 35 10 28.6% 25 71.4%
1071/1000u1 70 20 28.6% 50 71.4%
2071/1000ud 100 27 2710% 73 73.0%

3} (438) 129 369

2. FAEAI7| Bofe] BHEA| Bjol ot B S
2o| sjolel 4ol ojxlE Ay

B Aol 35ute] 9] AFH A 22070 &
Aoz FgAel Tl St AHEE T
A kA 9l Aol A o gl G- (trophoblast) A 7
sl A AdAEz 23139 on inner cell mass
= egg-cylinder® &AI8l9 o) 18] Al egg-cylinder
] vio} (embryo) ¥ wlole] EA S Zte 2
How F3lgh vyl ule] (extra-embryo) ¥-¥-2
) 9 kel dgheko 2 (yolk sac) EAY 3

1) uljgk M| 2

22070 % Wi k&7l Fate] HA| g8 wjole
g em 21970 (99.9%) e AR L2 B
Gk wiotel Al M Fd e &3Fo) imlo] Avk
2mlY W 25 wjole]l A& fojFd dFE
u) ) 2] gkgkeh. okl gFo] o] A F=
o g% 2mitolvt (A8 070, 2H47) ol
1107) tmlzol A (ZHd7)ale 170, 2Hd7) o]+
10970). §-2] 8+ 2}o] 7} 91 Th (Table 4). A 14 4
A9t vpRrtA 2w Fd &) vl Aol
FE 9FE syl et BY SFelA g
ol 2% Fatsled] BAAE AT

2) o2k & 4

EEC &7 v]ete} 44& 8l wjobe 2074 ]
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Table 4. Effect of embryo number and media
volume on the development of blastocyst in vitro
culture

Day 2 (djob4) < attachment attachment
culture

178 /1mi 20 0 0.0% 20 100.0%
578/1ml 20 0 0.0% 20 100.0%
107} /1ml 30 0 0.0% 30 100.0%
207}/1ml 40 1 25% 39 97.5%
3 (110) 1 109
178/2ml 20 0 0.0% 20 100.0%
578/2ml 20 0 0.0% 20 100.0%
1074/2mi 30 0 0.0% 30 100.0%
2078/2ml 40 0 0.0% 40 100.0%
g (110) 0 110
Day 4 < EEC EEC
culture
178/1ml 20 2 100% 18 90.0%
578 /1mi 20 2 100% 18 90.0%
107§/1ml 30 4 133% 26 86.7%
2078 /1m 40 4 100% 36 90.0%
3 (110) 12 98
17%/2ml 20 1 50% 19 95.0%
578 /2ml 20 1 50% 19 95.0%
1078 /2mi 30 3 100% 27 90.0%
2078 /2ml 40 3 75% 37 9235%
T (110) 8 102
Day 6 < LEC LEC

culture

178/1ml 20 9 45.0% 11° 550%
57)/1ml 20 14 70.0% 6 30.0%
107§/1ml 30 21 70.0% 9 30.0%
207)/1ml 0 33 825% 7T 175%
& (110) 77" 33"
174/2ml 20 6" 30.0% 14° 70.0%
571/2ml 20 9 45.0% 11° 55.0%
1074 /2ml 30 200 66.7% 10° 333%
2070 /2mt 0 27 675% 13° 325%

& (110) 62" 48"
Day 8 < ES ES
culture
174/1ml 20 17 85.0% 3 150%
57]/1ml 20 19° 95.0% 1° 5.0%
107} /1ml 30 30° 100.0% O 0.0%
207 /1ml 40  40° 1000% O 0.0%
& (110) 106" 4
171/2ml 20 14 700% 6 300%
57)/2ml 20 17 85.0% 3 15.0%
1078 /2ml 30 27 90.0% 3 10.0%
207)/2ml 40 38 95.0% 2° 5.0%
a1 96" 14"

"p=0.05 "p=0.03 p=0.03 °p=0.02 °p=0.02 “p=0.05

EEC: early egg cylinder, LEC: late egg cylinder,
ES: early somite.

A3 (9.1%), 20074] (90.9%) ¥iol= EECY 1
ol wA7 A WAt whore] A7t el
Ao mialE Ede W A 29x g bt
A2 495 Aol Holx| sty wjFd g
o] ol Aol Fi= AT Wik A 2 AL vt
b7} 2 2mlzt 3} (EECv| gt 870, EECe] 4 10278)
1mli* (BECH] g} 127), EECo} 4} 987}) Atolel
o] & 2] 7} gl iTh (Table 4).

3) ui ey A oY

LEC @4 nlute] A& Kl vjole 1397] ]
A (63.2%), 8174 ¢] (36.8%) ot LECH 1
o] % thA7kA] et e}, wjele] xprt ok
o] Ao v ZAE ImlT T 2miTol A 2
T felsl alol & B vl viope JHE
7} Z74gke) whet g A4S Jehisdct
(x=8.93, p=0.03; x=10.01, p=0.02) (Table 4). ¥} %
of ko] wjole] el F gkE B 2ml
Fol A (LECP| ¥t 6270, LECo] 7 487)) 1mi* B
©} (LECP gt 7770, LECo) 4 3370) 98 A (k=
3.83, p=0.05) ¥ & A4 &L EA Tt (Table 4).

4) B H| 82

ES ©hA miwkel kg w ol wjeli= 20274 0]
A3 (91.8%), 18702} (8.2%) wiote ESv: 1 o]
F GAA st o) wfole] wxbrh wie] A
Zo v A e Erhe wok Al 6L A & o] lmir
7 2mlFo A 25 598 Abo]Z Ho vy
3 wjobe] AT Frbekel wel gAAEe] e
2 e Y (1=10.12, p=0.02; x=7.82, p=0.05)
(Table 4). ¥ ¥l & o) wjo] Do = s
B 2mlZol A (EST ¥ 967, ESol A 1471) 1ml
TR} (BSV Y 10671, ESold 470) Rl stAl (x=
490, p=0.03) & A A &S B T T (Table 4).

LA

i =

B

f
2 ok

2 nl

2 ape A o AEZEAE R sl
o}o] wjokr] wholsrt EefzbAl o A%

B ogee Ao gle Ao Vel &,
Aol ko] g FANME WY A 3, 4, 5¢
% wjopid Ao} wjoldmel W sle] whet xtolst
2t o]& B AFolA] (Salahuddin er al., 1995;
Canseco et al., 1992; Lane et al., 1992), 53 <] 9]
okallof] A] wfo}Z ok -9 wiolE 174 o A
2074 7kR] ZrlAl o v FuiAA o A &L
Z7PAATHE Baeke WS- ateirt sle 2

ox i

o]

=z
2 o2 24
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Aot

A ok &ako] wlole] Aol WA E 3
B g A 3, 49 Ve 7o dkA A
3 2% g BAgH oz Fog 25 B
o a2 BATH R 1 97 Aelg B
A& 10uid 50uE A1FCE stm 500plet
1000WE A2T o2 st v w3l -& W2 o)
F A 3, 4d9] Fadulel ZujR e wdo] )
gAol f&o] AL AIFA o B AL
& Btk o] A vkl &8-8 320ul0)
A 2002 ZFANPLRA o 2 Tzt o
34&E BolF Canseco (1992) 59 A} &
ALetgeh. 2 AE Ao BAXE A4 F Y
SZFol A9 Hlolre BE &t Halsde vl
3 A= FY 324 &2 votre 14,
35,70, 10074 2 LA 37] 7o) o| AL 2
A7) o) F 9] wjolo N E A &5t

B ATolA ZdA wole] A o)u gl wik

of &2E-8 10ul, 50ul, 500ul, ~12] 2 1000pule] 47}
2] RS AHEE o] 27HA] ol frH £l

o AR = BE Bol Algde I44A vjole
micro-drop culture®] £3ko] 50ule]3lEA F=E
10ule] iz A7 divisted 277 Eejel A9
HFA] F2 ALEEHE §30] 1~2mlo|7] HE
ojAct. whebA ZHgr) AF el wjole] A ujk
Al FR AMEEE 3] vnAdd e et ¢
A1 10ul, 50ul, 1000p] A @& FFS Mok
A2 v Fd g T Y] 2a)e A9 uf kA
AHE-5 = 2ml A S00E A}E-§ o] fE 2ml &
22 micro-drop cultureZ 3}7) o= T} akol 7] W&
ol 50ul9} 1000u] Abo] ko = A 500u1E A€
ot

Ao AHE B iR 9] AAgo] WE
4-gFe] Wzt et {3 2ol & vebd A
< g 749 Aol fAbeHY (Canseco e al.,
1992) wjjolgzate] Wald] wWE Aol E Ho|x
FUE AE B AFREY A} Holstdet
(Salahuddin er al., 1995; Lane et al., 1992). o] A )
falAe 2 A48 ZAa9e xoe Hds] 4
BE 57 ot AR wjkdol A EH
7HERY 2AE @A o {BM YT S
Ao g Alggoh a3y B AP AFloA do}
S} &0l vkt &) Wil e #
9 atolE BHA G wiolzxte] Wsto] o3|

A fol@ Aol 8 Holx) ghe AL HyaEa

o) o
A=

LR

Ao 7hgstdnh &, £ Ay A wjols49
At oA 2074 2 20w o] ), W oF<f & o]
W3l 10pule] A 1000l = 1008 o) o}, kA Hj
ol ol 215 A Bl wiokd&e] ¥l
2|3 J o] ¥ FH o2 AlRHETH

B A7 = A4 AdZHE 5 ok
& o] ol Aol v X = B v F A 2, 4%
A A Aoy Mg A 68U W&
9| &0l B FollA o ¥& LEC, ES ¥4
ol7tA e} AFE&E HojFgcth n8ln A W
APtz @2 wjopgrt wjolel Aol n|
e gax wok A 2, 4ol = A gl ot u)
ok A 6, 8Loll= vy ImieH 2mie 5 2
oA k&g wjole] At Fobgel o
2t jole] AR go] oA Fadte 2ZAE
HaojFoinh o] Axte AR Fol 1997 2w
of A 2ju)kA] wjkg oy vholo] fxpbet Wik
713ke] Frhedel upeh wjope} Aol FHAE
Aotz 2aegd Al Gt vt (Kang er
al,, 1997). A 12 Foj A= & FH s} o] thafrxt
Fo s Aol E HP oy Al 24P &R
olyzt sjole] W3l wat Fod ol s
Ho) REe g3 Zo] ABE § & Holth
QAR ujole] A7 & 24 X7 7R B
#alglo] ti7l 27 ] 60~80ume]tt. o] RS 4/
3nR’e.2 AlAtsle] Bul & gatstd ek 107 Pmo)
o} A Ho] ALSE wikdel Hue A B3
2ol FF3A 5 oty ANE AgEE £ o
A7} B e oot whEkA] v HAE
2l 10ulE 7|F 0 2 slriabe wjol 17] 23 9}
v okl 2.5 &= thgk 1078} 7} Ao 2} ek aejy
LECY ES @A 2] wjole] Al FaYeAM 2
e ZAT AVZ (9 107704 107°m’) &<t
oz #Hao] 7He3tH wiFYLF 1~-2mlE
1FEo g g 10' viA) 107 W) B =W 2ol s}
t}. e ol 157 BRE 4 s F7ho)
A 1A A 24P RT} 10°~10) P& 2
i A 24 ¥F 5 ESKRTE LECY} =tk whigt
A 24 wjole] Z4E wobslge] Wato) o}
& ko] 2oy} LEC9 ES W7 wol= wjolrt
AR He £ 0] AilH o vl ZBE wjol)
o) Wt WA Wals By 48402
A 1883 A 248 9] A3rt Aot e AL
elgAde]l sl Ao g A"

B dFoME 49 i sdd A A4

l}

[+3

2 E L

- 382 -



stol & Ao gk 222 vkl &2k o=
10plel A 1000p1= 1008 X}o]7F Wri=d] ®jo}e)
KAE VhelA 20702 20m5te]l xpolzb W)
Fete Aotk gabA Hjobe] £abe] Wt
o0& FATAQ 2po)st Folsla @ B A
o) Az vlote) &xt9] o) E AAGH &
2§ ke Holth. ol wal A4 5 u)
ote] AW E AA G 4PE WA L F
olt}.

AEZANE a3y, A 14389 F¢
Al 3, 4 o) v F Y g-Fo] wjole] e v
YIS FA AE B o wF A 52
Hjote} 7hgroll 9% A FEo]a ujokey e
Foll oM R Aol B Holx] @it
24389 e wotsut wiokale &Fo] wjo}
A vixE AL Mg Al 2, 4LE A9 gl
Aot vieF A 6, 8Uoll= gAY o] B
2 FAA :La Hj o} &1 wholrt A2
AAM B ¥ LEC, ES @7 wiol7tx| o] A&
< Eal-r%lﬂ}. webA 9o T AP AR wo}
9 4z} wjkd &3Fo] wlold Ao nAE &
7t AR DdA o WE So)lA S HlthE (stage
specific) 714 & Y 3HA atv], FANEFIL 2
7F3t 1 out-growth7} A& E = Halr]o] A gas-
trulationo] $}A g+ EEC B4 Abo) 7} o @3 wjok
g Folvt AAH g vjolL o} Wk A8
Aoz R

:‘é
o
O

w =
2
oX A oo rr rr

HJ&

e
re
Sy
=2
x
Db
o
™,
=
o
S,
lo
o
o

v Fef o] &Fo] FA vl ‘3“31"4‘% Hjote} 74

HITE 4 BDAAA o QA go] ¥
HRAAT BekA Hoje) W, =
&%l “H°P‘3“J°ﬂ oA £
Eo]Ad-& Holt}E (stage specific) 7H4 o)

¥

o 2 12 do )y KU ox ff

r{r
oX
ol
oy}
)

7
9
u}

=2
~

HeA Huow, o)W WA 2 (shifting point)
F317] 9} EEC @A Aol Ao vebtth
A EEH

7w & Growth and degeneration of mouse blas-
tocyst in vitro. T gFAFE Q19838 7] 1996,
39(1), 121-126.

Biggers JD, Whitten WK, Whittingham BD: The
culture of mouse embryos in vitro. In: Daniel Jr
JC ed., Method in Mammalian Embryology.
Freeman San Francisco 1971, 86-116.

Canseco RS, Sparks AET, Pearson RE, Gwazdauskas
FC: Embryo density and medium volume ef-
fects on early murine embryo development. J
Assist Reprod Genet 1992, 9(5), 454-457.

Hsu YC: Embryo growth and differentiation factors
in embryonic sera of mammals. Develop Biol
1980, 76, 465-474.

Kang BM, Kim CH, Chang YS: Effect of po-
pulation density on the early post-implantation
mouse embryo growth in vitro. J Obstet Gyn-
ecol Res 1997, 23, 119-124.

Lane M, Gardner DK: Effect of incubation volume
and embryo density on the development nad vi-
ability of mouse embryos in vitro. Hum Reprod
1992, 7, 558-562.

Salahuddin S, Ookutsu S, Goto K, Nakanishi Y, Na-
gata Y: Effect of embryo density and co-culture
of unfertilized oocytes on embryonic develo-
pment of in-vitro fertilized mouse embryos.
Hum Reprod 1995, 10, 2382-2385.

Witchi E: Characterization of development stage,
Part 1. Rat. In: Biology Data Book, 2nd ed.
Washington, D.C.: Federation of American So-
cieties of Experimental Biologists, 1972; Vol, L.
178-180.

-383 -



