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SUMMARY

The effect of oxygen tension on embryonic development in co-culture was evaluated from
the standpoint of the reduction of dissolved oxygen concentration by the oxygen consumption of
feeder cells. Three co-culture systems using bovine oviductal epitherial cells (BOEC), African
green monkey kidney cells (Vero cells) or buffalo rat liver cells (BRLC) have been compared in
terms of development of bovine embryos derived from oocytes matured and fertilized in vitro.
Among the co-cultured embryos, Vero cells supported the highest developmental rate (29%) and
the other two showed the similar rates, When the co-cultures were incubated in three different
oxygen tension such as 5, 10, 20% oxygen atmosphere, embryos co-cultured with Vero cells at
10%-O; resulted in the highest percentage of development. From the measurement of oxygen
consumption of feeder cells, BRLC consumed 1.37 %107 mg-O; /min /cell which was higher
‘than 0.94x1071% and 0.26 X 107!% mg-O; /min /cell for Vero cells and BOEC, respectively. Based
on the oxygen consumption data, the phenomena of optimum oxygen tension required in embryo
development in vitro has been analyzed, and we suggested that gas phase oxygen concentration,
oxygen consumption rate of feeder cells and the number of feeder cells should be considered for
the design of optimal co-culture system for effective fertilization of embryos in vitro.
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2 ol8d AAdERE JYHME (Camous =,

1984), YA M) 2 (Gordon¥} Lu, 1990; Behbood-

1%, 1992), FH4AlE (Mochizuki,1991), =24
frobAlE (Voekle 5, 1985) € WA X (Goto %,
1988) So] qltt. &3k o]z dt M EE 2] conditioned

mediag o] &3 Y= A =52} (Eyestone®} Fir-

st, 1989). Eyestone & (1987) & 3 &8 wjoynt
o2 WYgslHe A$ 8~16cell B A YL B
ol A& g A Felo) Fulakol o) vjutE ¢
AR LS JTAALH, FARE A7 e
o] AAAE 25k Ao = Vel (Gandolfi
¢+ Moor, 1987). 2z&u}, Fujgol] ol &= NAE
£ AR E (primary cell) ©]7] W&ol FAEA] &
on, AT WPl UM MEE 2HFHStojof Bl H
AZE o] Aok 2, BPE AEFE 08T
T A oz g EAIHL SEY 5= 308 Ao}, §
= rat liver cellS feeder cell2 o] 83 Hux glo
w, buffalo rat liver (BRL) cells®] %-¢ ZTHF o
AR Fujgol] o] 22t (Rehman 5, 1994).
Vero cell& 4 dzbe] A9 Asoll AR 7 a9 o}
P2 (Grocholova &, 1995), AHd FA @]
A9 Rz EHE FE oz Huso] ok
(Menezo 5, 1990; Menezo 5, 1992). ol&1gh Fu)
& AEEY -2 FgstA HER AA FAE, F
Wi A X2RE £33 dA4S =9 F& cytok-
ineou} 34N Bulo) 9§ Aoz F2g 1 u),

Bavister (1988) & A M <} Fujdd 4ol 2
AEo] S/t e olfE FuldE AMAX 28 i
E-gfo] Rolx)7] wjEoz Bustgrh ujogel 9
|ENLE TEmOA o] bk Te A3}
22 AF9] 7] AT oA A rAERe ol
+ Fa% ez dHuHo Utk (Umaoka %,
1992). FARE R37F B7] A #e] A duj ol Mz
R3ge] gt} (Lindenau$} Fischer, 1994). =18
, Aty ZAar) W3k AdsAd dAd Q)
oM EFE veER] Eiokn 2ug uk o
(Betterbed2} Wright, 1985).

B dFelMe Fuldol A ookt M xe)
MEF7F AR B vixje JgL vias}
3, Fuljdel AMEEE T Athbw g 233
FoF HEe WE BYEY Ffolo} EF:AL: FE

Alole] BAE ZAFSI LA e}
I 2 o uy

1 BA| SB35 et

FAE UEBS 3Y 14E S5 S4EE
F9olM AR AA71E AR AN AR
o BARAL FYBSARAALNN AZE @
> ARAE g,

2. tEpte| MRt

=4 AFE Fu AHE 3AE dpaeidasE
2~33 QAT & A} A1 G 57l Bolle B
21 (35C) 0 o} 38T F242 gukslgon =4
F Ad7ER 9] 28AITHE 2~3A )7kl i), AT
&E AeHFFE 33 AFHEL 10 ml FA19 20
guage FARNE A7 2~6mme] P4 GRERE O
& AAg AASS dxE Y FAlo) AL5EFY A3t
At AHY dEAL 10 mle] AP go} YR
Al A& Thy Bl e A¥olu g FYste gk
o (10% fetal calf serum® H7}g TCM199)o] &
o1& petri dishofl E§3le] A& Hv|F sl A G
HEFo] XP3T date] Mxdo] ¢5F Gxevt
& A o] &35t

3. JE o] HejAZulol

A s 712ujFde TCM199 (Gibeo, US-
A)E AHEsIHen o7l fatal calf serum (FCS,
Gibco) I} estrus cow serum (ECS: 3% ¥4)
< 56TM 3083 HIEHAA 4 10%E H7hst
® 3 gentamycin (FAEE) 50 mg /mlg Hr}st
Rt GRS A% vk COmNG71oA 4~5
A1zt HEYZF 4-well dish (Nunc, USA)¢ 0.5 ml¥
it dddE mefgos wEdy I wellw
10~1570¢] d2IE A9 wixisled 391, 5% CO.,
95% ¥71, 100% &%) MiF7|olA 24~25417¢ A
Qg A EA .

GEDE A A5A7)7] A% AYTAMEe}e) F
S f8, GEA7] 10~15mme) it EolA 3}y
A EE A3t 200 goll A 583 94 BElsie 4
AL AAstn AHE AHGHNEE TCM199 Wi
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doz 2~33 MAF oL AE FF 1x10°/mle.
2 23] A3l T}

4. Y M2 et T HENE

TAFYU52 BOuWYY (Brackett9} Oliphant,
1975)& 712 ujFH 2 2 3t caffeine (Ohgoda &,
1988) & Arlstdom olF gy A3 &3 vieg
|08 T3 Ax3A. Caffeinexe]e 712
BO#|%o] bovine serum alvumin (Sigma,
USA)E 3#7)31A) &1 caffeine (10 mM) & A7H5H
RE AHgo 3N, BSA 5 mg /ml¥t caffeine
(5 mM) & 713 A& W FE o2 A8 M2
tE F iAo BEAYE 38T ¥y 24 202
st AdEd] Y AL wigd 4 mig 3
A3to] 583 vl g oS- 200g0 A 58714 23] 94
Eelgte] A o2 wided 4 ml2 APKAI7|I 5
AT YAEYY o HEAe 2F8 39, 5%
COqy, 95% F7), 100% w521 w714 14]7HE<t
AujFe HAAE 93598 718k

5. MiejsH

%)9) wiFe HRE petri-dishel 0.1 mky 23&
THE ¥ " paraffin oil2 W83t A Hn] 3
Al g AEsE ke 3RS 10~1570% 93
39, 5% COq, 95% F71, 100% #=2 COMl%~]
ol A 18AIZHESE ML+ & HAIB .

6. THEL2| M2l

1) @t MMl xe} Bull

& A9H ¥ 9] #8lE Gandolfigt Moor (1987)
o] whyel o} HAAEAT}. =N 2AEE 3
% AA7NE 712 AollA AHE Ao GTE Lo
AYY Baye] gol dygdz s, due
TCM199 2 mi2 B/t AlgAANA 1083 A ¢
o AEdE AAsE L o Y& 2~33F wE-gl
¥ Antibiotic-Antimycotic (Gibco, USA)€ 0.02
ml /mlZ F7}ste 39¢, 5% COz, 95% F71, 100%
F=9 COp siY71l A 72A13HER} gl o o)
48A1telet Aldufk o2 wbd Hrlsted m@stR
ok Al ¥ 182170 Al (TCM199,

10% FCS) o2 1 /24 37l @3t AA+A &
18721 XS G ES T A 144030
wigte] g el € #F3

2) Vero cells} buffalo rat liver cells (BRL)3}
Btljet

Ax) Ao BHAH o] YA Vero cell (ATCC CC-
L-81)3 BRL cell (ATCC CRL-1442)& 8313}
TCM1992 23 A3§ ¥, 10% FBS7H 378
TCM199 wioFed 5 mioll 4% - EstaL A E9h 4
z2x g 2359}, A& trypan blue dye ex-
clusion ¥& o] &3t SAsth T-25 flaskel 2x
10°9] MEg HF3lm TCM199 (10% FCS) iy
£ 5 ml FY3t 134 v Pt < 80% A=
28 NEE 0.25% trypsin .02 5#2F 22l 8}
o et 8¢ H7 19 Ao wjgsiget. 3
o] Wik2 microdrop ¥ (40 ul /drop) EF-&
4-well dish (0.5 ml/well)& A3t 39¢, 5%
COy, 95% &71, 100% &=9] CO; vid7 oA 43
ik, HEe H2FEE 10° cells /microdrop &
LS 2.3%10%ells /well 32 2 ATt AJ+H
¥ 187130vte} Aduige) (TCM199, 10% FCS) 2
2 1/2% 7t 23Rt M3 E 1847
EEE G AUAEST B 14407 wfgsle] u)
ue e g gEsiyo.

3) akololl cHE $EjRte) Aj2jule)

o] SR AFFPddAe vmslr] ¢
& 4-well dish& AM&-3te] Fujdst AL}, GEu) kst
S}, ArAEQNS gas-tight chamber& ARg-3lo] 5
%, 10 % & 20 %2 /AU 2479 7lae 5%
olilgleaE ZHFHAUL vrAlE AihE HY e
premixed gaso|®ix, WY 13 7j2& 33 F
H ¥ F 39T incubatorolir] vjdlgc). 7rAw s &
71e e &8 o4y g fXENT TS
< 93 1¥ Aol BOEC, BRL cell, Vero cell&
4-well dishell A wjF3tn M2 3 Tg wjdald
o}, 27 TCM199 (10% FCS) oA &= ikt
FATIA E o3 MEe Fu% (dual co-cul-
ture) st1& of MHTe YR TAE) A
# 4-wellol A A2 d&TE virtdct, Fufgd A
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281 AE Al 2 2.3%x10° /well2 YA
ARt T3 5 o] HMESFE Fujoks A=
Zkz} ¥k (115X 10% /well) 9] 22 193 HE3s}
At

7. 2402 (OCR) 2| #4

FCSz 1947t 23t slide glasse) FHol 1009
S SAEE wfFsted ulg7]el ARAIFIAL per-
fusion M %& W51t (Fig. 1), w719 2%
o flow cell& VAL 4L ZFE U35l G241
AERE Xt olg AozRE irAVFFS
SA st

Flow direction

Reservoir

Flow cell
- ¥ 7
SHYHE

Fig. 1. Schematic diagram of perfusion system
used for the measurement of oxygen con-
sumption rate

OCR = (Cin - Cout) Q/N

Cin : vjet7] el M e AbaFE (v reser-
voirdl A £314).

Cout: vj7] 79 Athsh (AkAA Tl 23
He 8&0),

Q : IFEZ o3 wiviE AGHe FF
(ml /min).

N o) tolne) AES) s,
I, = o ot

1. Zult HIZI} M| +E Wilol o|x|= I

A AeAE FEEHE TCM199 v Bl A o A
ZEN TSI AS of GETe] FAYE©] Table 1
o] eR} lth & 2rulE D5, G AE,
Vero cell # BRL cells} 39C, 5 % COq-incubator
oA 7UZF WiRR F F7] (2~4HIE7]), F7V)
(8~16M127]), 7] (“3dvl & wiwtx) o] X 94
W2 vpro] AL Fujerste] dlR2 s AMES
TCM199 (10% FCS) uiddeor wh=ujoksig S
o Yyte] HAEL 63.9 %= FuiYol vt
2 ogdeh Pl Al¥E wE WSS BOEC,
Vero cell, BRL cellell A 7}2F 78,9, 66.3, 70.0 %02
ME Blgstg o), FrINERS] WSS vwstH
Vero cell# FuldFatd s o Hd) SAE (434 %)

Table 1. Development of bovine oocytes following IVM/ IVF and cocultures with various feeder cel-

Is in 7 days
Stages of embryo development
Coculture
No. of oocytes <4 (%) 8~16 (%)P Morula (%5)?  Blastocyst (%)®

, 46 32 6 2

Control 7 (63.9) (70) (13) (1)

BOEC 76 60 44 17 9
(79) (73) (28) (15)

53 44 23 5

vero 80 (66) (83) (43) (9)

BRL 80 56 45 19 6
(70) (80) (40) (11)

2: Percentage relative to initial number of oocytes.
b: Percentage relative to initial number of 4-cell.



£ B} o= primary cell?) BOECS] 794l 28,
3%°0 vHlstd w2 FFolutk. E3, BRL cellzt
BOEC= Ak &9 2AES YEPiCL ole
Rehman & (1994)0] B1gk Az} FALGE A 0)f
t}, Vero cell normal adult African green mon-
keye| A1Fo2RE doj AfotHERA 17He]
A7 viA] AHEHO A9 HAES FUHAZ
o}, o] MXe A EHH Aol g2 HA7Ag 7
I ez AREE AT E3, A WAl Akl s
o] &5 o] g7] W&ol FHAAANME 53 RO ¢
=59l 3tk (Menezo %, 1990). Grocholova %
(1995) & Vero cello] A &)@ A4 2 @Ay
o fAF AYE FE HOE Ryt UAT, Vero
cello] #e)FgTo] AHES S7MIFI= olfdl o
A o7t 2 g3t BRL cellXHE vi& s
+ multiplication-stimulating factor (MSA)7}
Dulak#} Temin (1973) oJsiA #&mAqt, ¢
A ko] FukA] BOECe] #A3 et Eolgle B
a7} @ol] Ut (Hawke} Wall, 1994; Rehman §,
1994; Inzen &, 1995). 281}, BRL cell2 M ZF
o]7] W] Yx}HFEN BOECY granulosa cell S
o] vldted AN UEIE 5 Ue LXE F2E
Y 7 Ug Aoz AP (Inzen %, 1995).
Fig. 2014 ®3o} Z7ujel #AEL dual co-cul-
ture?] 7327} <zt o B\ 229 WAy ¥
28 Roz Bk o|2%E dual co-cultured A
21433 drAlo) A single co-cultured} §-ASE Ao
2 b},

2. Ak Belo| Buliekst $Eke] yHllof njXe
L

Fuj gt AlL)pHete] HAES AtaFEo] wjat
ZA T, vkl Abaiqltel] mhe) ohekst Ful
AE} 10 Y7 SR g FIIME (3
ujo} wjRt¥) 2 9] @A Eo] Fig. 39 ekt ok, of
27 A HYEL 5% MhEGA AY =%
o, B3] Z7HEEAM aste AE8E Byt o] #
2 Aik= Quinnd} Harlow (1978) 9] v}$-2- =4 &
o th&t HA)Fo) 5% AaRgel ] A HAriel o
2 gtc}. 3, Lindenaugt Fisher (1994) % E7]9]
AYFP e FaYo) 5 % olshe] Akl A 2 Yo

80

[ J24cen

[ ] 816cel
60 4 |:] Morulae/Blastocyst “
40 1

Developmental rate (% )
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Fig. 2. Effect of dual co-culture on in vitro de-
velopment of bovine embryos. Culture
were performed in 4-well dish for 9 da-
ys
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Fig. 3. Proportion of bovine embryo developed
to morula and blastocyst. Cultures were
maintained in various oxygen concentra-
tions and cocultured with various so-
matic cells for 10 days
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woge] 3t} (Thompson 5, 1990). H3h, itk
e (20% AAaEDMe Atk B n
3] mh-2 B Aol AHHUL, ol sup-
eroxide dismutase] 23} 48 4= e He) B3
HAth (Umaoka 5, 1992). ©ldl ®late] BRL cell
I ST AT FUAER BYEo] AaE
ol A Qlo] KA S B o] Voelkel
# Hu (1992) 9] microdrop culturedl|A] BRL cell
o FEF PR T2 20% AR steo] 5% A
284RY $esithe 2askE Awkd Axgch
BRL cellil= tiz3 o g BOECY Vero celle] &
ikl E 10% AHAEYolA HFH SHES KT
A}, ol Voelkels Hu (1992) &} BOECS} FujjoF
& s AdaRgolA FrMNER TYE
Frhe Rael Aol Vero cello] #3¢2) w4y
o 2tg3hs HEE o}F BHEA BHRAR ggke
1}, Menezo & (1990)-& AjollA 17t £37ke] 2
7] A& Vero cellzte] Ful o] gdAIZIckn 31
o, FATT Fu glr] Vero cell vlo]g] 2o
L29E JAznE AR DYES FPANNT
Buagch AU G #3L xRl 5% A=
& fAEEE, vl ME FA8F AR a7
oz &=t (Mass g, 1976).

3. BulfM|zef LA agkn) He|Te| Wil

B AYoA o] &¥ Fujof ME I rEFS S
A3t A7t Table 29 Jeld vk BRL cell&
BOECY Vero cellol] Hlale] Atjzlog H& oF9]
A48 2wtk BRL cell® BOECH ¥|&ta 5uj
olate] AtAE ARSI Vero cellol] Hate 46% &
= EA 2492 BRL cell2 Fujst TS

Table 2. Oxygen consumption rates of various
feeder cells used for embryo co-culture

Oxygen consumption rate

Cell (mg-O3 /min /cell)

Bovine oviductal

-11
epithelial cell 2.57 £ 0.65 (x10711)

Vero cell 0.94 x 10710

Buffalo rat liver cell 1.37 + 0.62 (x10710)

FAMERS B2 BAES HYT FaFEo] g
g3o]l AJeH, L o]f& BRL celld] Maam
o] & MEE vlst ¥7] g7 R F99
=A% % (local oxygen concentration) 7} ¥27]
Rrog F2Frh BOECY Vero celly] 2tastw
ZF2 BRL celloll ®gte] 57] wj&ol] Fujok Alol] 4=
AT F99] gL EEs AR eRE 5§ 3lolA
B, AR EE kit de] gAs 2AATIER
Aol As7F @tk (Umaoka 5, 1992). ©]2i3} o]
f+2 BOECWY Vero cell®} Fujdst =3 ge] 24
S HAHPA T = Ataiete] EAE Aol o ddct,
Voelkel#t Hu (1992) & & AT A9 2wy
BOECSt BRL celle] 3 A wnat]ct.
352 BOEC Fwieke] A4 A8 5%7F 20200
Hjgto 2 LYES BolAT, BRL cell Fuj gl
Me g 438 Holes Aoz Bt o] A=
© B AN 23T TuRAREe] i wol
BRL celie] BOECel nvjgle] 5uff ol & AL 7ot
st dwgct AMeegBde] HAELS g Fo
{20 oo ) g BE e dEA
At WFf 9] b Erd S Fe Az kA
72ES, gy e F, FulS Axe dhsnFd g
FF A2 % Fo] Utk E3 AbhEEe FUt
€ g B9 g 4 SRR £33
BAE Asshe E948 FA Heg A4 EE
A ARG vlFshe Ao] vigA s} (Lindenaust
Fisher, 1994; Umaoka &, 1992).

oldel AAZNE, FuIFT AP G A 4k
LEEE 2] A3 7tAF e AbAREGE ofY
2 Fuj A ] Atk 2 Fujd ME o FEI}
F-23A neisjolobd Rz AYztdc),

NHy 2

2 TR B AL g gl FI¢E FE 8
QA Fule ME] 7/ F Ahvp2o] Bglel w}E &
Ao Ao HAE] AolE vlmsth FuEF Al
¥ 25 2G#AAT A, buffalo rat liver cell, Vero
celld 5% CO; in aire}l 212 TCM199 (10%
FCS) oA 9~109zt wiFete] 271, 71 2 71 A
229 YAES vwsgrt £, bRl
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ge PHE Ao SRR TYEL VLY,
o Zol& A7) Aal TF ML) M2t R Y
24390h ol29E thew g A3E AUk

ised oocytes from pregnant and nonpregnant
cows in oviductal epithelial and cumulus cell
co-culture systems. Theriogenology, 38:10

1. & AYAQEFE microdrop ¥R LE TCM
199 (10% FCS) wiAoA FujFsld e A%,
Z7uje) Rl Fulge] 97t @Evke] v
3l oA Btoy, Fjuize] 4A& Vero
cell (29%) 9} 74971 AY UL FHAHAE
(23%) 2 buffalo rat liver cell (24%)& Ak
A &zt skt olF Fuld (dual co-cul-
ture) 3 AR FS dE FuLdI /A 2
45 v o},

2. i) wE Fujge T LSS v
W@l N 10% AtaRge] 5%} 20%01 B3t &
TIAERe GABEo] ¥ F0E eyt 1
21}, buffalo rat liver celle] A9 A4aESt
o] Wizglol uhe} AAF o] Zpo]7}t KolA 3ttt

3. Abaqel whE Fujek g el A E e Ao
2 d93r] A AT AhreFE F
A 8t9 1, buffalo rat liver cello] Th& A ¥ o)
B3l & ARFIS 5o Fu)

olire] AnERE Fulgol 213 4 FHT| X&)

77-1084.

. Betterbed, B., R. W. Wright Jr. 1985. Devel-

opment of one-cell ovine embryos in two cul-
ture media under two gas atomospheres.
Theriogenology, 23:547-553.

. Brackett, B. G. and G. Oliphant, 1975. Cap-

acitation of rabbit spermatozoa in vitro. Biol,
Reprod., 12:260-274.

. Camous, S., Y. Heyman, W. Meziou and Y.

Menezo. 1984. Cleavage beyond the block
stage and survival after transfer of early
bovine embryos co-cultureed with trophob-
lastic vesicles. J. Reprod. Fert., 72:479-485.

. Dulak, N. C. and H. M. Temin. 1973. A par-

tially purified polypeptide fraction from rat
liver cell conditioned medium with multipli-
cation-stimulating activity for embryo fibro-
blast. J. Cell Physiol., 81:153-160.

. Eyestone, W. H. and N. L. First. 1989.

o] 739 Vero cell& o] 83 10% AtA#<te
7o) AP wjPFRel E  Ug Aoz ke
o}, 3, Zujdol 9§ AFA IRl A £F conditioned medium. J. Reprod. Fert., 85:
& T4 FAALEGE 2Ese Zlo] oy o= 715-720.

AzrEln, ole d@se AARE AAvise E4F g. Eyestone, W, H., J. Vignien and N. L. First.
oz FujFA Lo MrrwF P AT Tt F
23 Axz neiFojol & Ao® Al

Co-culture of early cattle embryos to the
blastocyst stage with oviductal tissue or in

1987. Co-culture of early bovine embryos
with oviductal epithlium, Theriogenology,
27:228.

Gandolfi, F. and R. M. Moor. 1987. Stimu-
lation of early development in the sheep by

V.cl2E# 10.

1. Ball, G. D., M. L. Leibfreid, R. L. Ax and co-culture with oviduct epithelial cells. J.
N. L. First. 1984. Maturation and fertiliza- Reprod. Fert,, 81:23-28.
tion of bovine oocytes in vitro. J. Dairy Sci., 11. Gordon, I. and K. H. Lu. 1990. Production of
67:2775-2785.

2. Bavister, B. D. 1988. Role of oviductal secre-

embryos in witro and its impact on livestock
production. Theriogenology, 33:77-87.

tions in embryonic growth i vivo or in vitro, 12. Goto, K., Y. Kajihara, S. Kasaka, M. Koba,

Theriogenology, 29:143-154.

3. Behboodi, E., G. B. Anderson and R. H, Bon-

Durant. 1992. Development of in vitro fertil-

— 49 —

Y. Nakanishi and K. Ogawa. 1988. Pregnan-
cies after co-culture of cumulus cells with
bovine embryos derived from in vitro fertil-



13.

14,

15.

16.

17.

18.

19.

20.

ization of in vitro matured follicular oocytes.
J. Reprod. Fert., 83:753-758.

Grocholova, R., J. Petr, J. Marek, O. Tepla.
1995. Benefical influence of vero cells on in
vitro maturation and fertilization of bovine
oocytes. Theriogenology, 44:199-207.

Hawk, H. W. and R.J. Wall. 1994, Improved
yields of bovine blastocysts from in witro
produced oocytes. II. Media and co-culture
cells, Theriogenology, 41:1585-1594.

Inzen, van W. G., van A. E. P. Stekelenbur-
g-Hamers , S. M. Weima, T. A. M. Kruip,
M. M. Bevers and C. L. Mummery. 1995.
Culture of bovine embryos to blastocyst stag-
e using buffalo rat liver (BRL) cells, Ther-
iogenology, 43:723-738.

Lindenau, A. and B. Fisher. 1994. Effect of
oxygen concentration in the incubator’s gas
phase on the development of cultured preim-
plantation rabbit embryos. Theriogenology,
41:889-898.

Mass, D. H., B. T. Storey and L. Mastroian-
ni. 1976, Oxygen tension in the oviduct of
the rhesus monkey. Fertil. Steril., 27:1312-
1317.

Menezo, Y., A. Hazout, M. Pumont, N, Her-
baut and B. Nicollet. 1992. Co-culture of em-
bryos on Vero cells and transfer of blastoc-
ysts in humans. Human Reprod. 7 (suppl.1)
:101-106.

Menezo, Y., J.-F. Guerin and J.-C. Czyba.
1990. Improvement of human embryo devel-
opment ¢n vitro by coculture on monolayers
of Vero cells. Biol. Reprod., 42:301-306.
Mochizuki, H., Y. Fukui and H. Ono. 1991.
Effect of the number of granulosa cells ad-
ded to culture medium for in wvifro matu-
ration, fertilization and development of bov-

ine oocytes. Theriogenology, 36:973-986.

21.

22.

23.

24.

25.

26.

27.

28.

Ohgoda, O., K. Niwa, M. Yuhara, S. Tak-
ehashi and K. Kanoya. 1988, Variations in
penetration rates i» vitro of bovine follicular
oocytes do not reflect conception rates after
artificial insemination using frozen semen
from different bulls. 29:
1375-1381.

Quinn, P. and G. M. Harlow. 1978. The ef-

fect of oxygen on the development of preim-

Theriogenology,

plantation mouse embryos in witro. J. Exp.
Zool., 206:73-80.

Rehman, N., A. R. Collins, T. K. Suh and R.
W. Wright Jr. 1994. Development of in vitro
matured and fertilized bovine oocytes co-cul-
tured with buffalo rat liver cells. Theriog-
enology, 41:1453-1462.

Thompson, J. G. E, A, C. Simpson, P, A,
Pugh, P. E. Donnelly and H. R. Tervit. 1990.
Effect of oxygen concentration on in vitro de-
velopment of preimplantation sheep and cat-
tle embryos, J. Reprod, Fert., 89:573-578.
Umaocka, Y., Y. Noda, K. Norimoto and T.
Mori, 1992. Effect of oxygen toxicity on ear-
ly development of mouse embryos. Mol. Rep-
rod. Dev., 31:28-33.

Voelkel, S. A. and Y. X. Hu. 1992. Effect of
gas atmosphere on the development of
one-cell bovine embryos in two culture
systems. Theriogenology, 37:1117-1131.
Voelkel, S. A, G. F. Amborski, K. G. Hill
and R. A. Godke. 1985. Use of uterine-cell
monolayer culture system for micromanip-
ulated bovine embryos.
24:271-281.

Wright, R. W. Jr and K. B. Bondioli. 1981.
Aspects of #n wityo fertilization and embryo

Theriogenology,

culture in domestic animals, J. Anim. Sci.,
53:702-728.
(F=d=):1998. 2. 16. /=1L =} £ 1998. 3. 16.)



