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The Early Mammalian Embryos and the Role of Oviduct
Kim, H. K., Y. D. Yoon* and Y. K. Lee™
Dept. of Biology, College of Natural Science, Seoul Woman’s University

SUMMARY

The mammalian oviduct is a place where ontogeny of an animal begins. Nowadays, however, it
Is possible to manipulate a part of physiological events occurring in the oviduct so that
fertilization of gametes and early embryonic development of zygotes could proceed outside
oviductal environment. Rabbit zygotes readily develop to blastocysts in a conventional culture
condition. Most of the mouse fertilized eggs do so when cultured under a specific environment, e,
g., in a medium centaining ethylenediamine tetraacetic acid. Similarly, a significant number of
zygotes from rat, sheep, pig or cattle can develop to blastocysts if they are cultured in the pres-
ence of particular component which appear to be somewhat species-specific. Instead of changing
the components of medium, somatic cells including oviductal epithelial cells, have widely been
used to improve mammalian embryonic development ¢n vitro. Many investigators have reported
that mammalian zygotes, whether fertilized iz vivo or ¢n vitro, could develop to blastocysts when
they were cultured on a monolayer of various kinds of somatic cells or even in a somatic cell-con-
ditioned medium, While little is known about the nature of embryotrophic factor(s) produced in
vitro by somatic cells, the existence of oviduct-specific protein(s) has consistently been
demonstrated in many laboratories. Some of these proteins are reported to be associated with
oviductal eggs. However, the physiological role of these proteins has still to be determined. Re-
cently we observed that the perivitelline space of mouse oocytes was fluorescently stained with
various fluorochrome-protein conjugates following ovulation into the oviducts or upon their ex-
posure to oviductal extracts. Furthermore, it was also found that cattle or pig oviductal fluid
gave similar results when examined using mouse ghost ZP. These observations lead to suggest
that mammalian oviduct induces changes of biochemical properties of oocytes. Further studies
are needed to clarify the nature of oviductal factor(s) and the physiological meaning of the reac-

tion.
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ZHEE] MAGAYL 22 78] FakThfol
A AT G2 dEE EREEY Wrle
SR F9dshy o] oA A xlete] £AE F1H
ek BAIEY] 2 ] 5o WA ol % Wy
oz AFHRE olFste] Blots EoiM L e FHH
E2¥ @zh(hatching) ¢t & zgujetz el 2H4)s}
o] £7) wibAg 218 st} (Harper, 1994).

o A Ay e FA% BES TR 2 AT
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QoM REHO 2 Pt BHEUL 1 A hP
o] EREE AAFHE S, ool FollA]
HPHQ 7go] H1 Uk, Hek £HE UAo A9
oxe] 2 Tuj2 o] BAE €7 (Kane, 1975)
Z2A%] (Whitten and Biggers, 1968) SollA A&
How o]Fojx|x 9t} 12y} ol B HLE Al
3 Ol F-Ee R AT ALl 2
zojz o] HAS Peta] Rail FroA HaE o
S AR FAAGS e dE Eof A5
hamster®] 32 24 E7|o) A (Yanagimachi
and Chang, 1964;Cross and Brinster, 1973;Wh-
ittingham and Bavister, 1974; Goddard and
Pratt, 1983), #u i x& 2~4412£7](Mayer and
Fritz, 1974:Whittingham, 1975:Davis and Day,
1978), 28]t A} k2 8~16ME7](Wright and
Bondioli,1981) SollAl 2A& FA@rt o] e ¥
gl dglel disiMe= Ao HEA Fi e wd
ARz A-g WalAFozZH AATYES Fol7]
8 N Ego] gol Hals]o] gttt 1 A gd H¢-
ol Qe Ae] Tultgo] HA S| F7lsrH A%t
Aol Aol wAvt v & wo) o]& dite oA
3] nl&an gog HE Ar) o] FojA ek & Hol
t}h ool e AEe e A=A e o8] A
T AREE v uEA e giods e} vjeH
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X7] djobe A ofufkA] ol Euj2 WA (Big-
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o] A E7NA FAE FXFch o]of] Wi AN
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o] Z™zt2 Y maturation promoting factor
(MPF) 2] &4o] MAxAuve veptA] 247] i
(Pratt and Muggleton-Harris, 1988)21 o2 A
¢kel wp itk &W ICR strain® H|E3% th9]
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ethylenediamine tetraacetic acid(EDTA) 7} &)
3 ojroe] oz wrAlElE (Abramczuk et al,,
1977: Mehta and Kiessling, 1990), ol®]ol% die-
thylenetriamine pentaacetic acid(DETAPAC),
bovine apotransferrin(Nasr-Esfahani et al.,
1990), superoxide dismutase(Noda et al., 1991),
thioredoxin(Natsuyama et al., 1992) && pu-
trescine(Sawicki et al., 1991) 5ol &sivz Euj
29 AL A0 Z7HA1Z 4 Utk (Table 1), &
dhfd dgez Exste Aoz 4af3 taurine
(Miller and Schultz, 1987) = #ZAF 9 +g& <
A LA 8-S Z7MA1Z1 2 (Dumoulin et al., 1992)
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Swiss albino¢! BALB /¢ strain F 7 &l tl3]
A= Aol art glor £33 EDTAS fAKsHA 271
o]2-9] chelating agent2 %2 ethylene glycol
tetraacetic acid(EGTA)E EDTA%} & ais
&) zkx] ®&H( Abramczuk et al., 1977). o2l
T iron chelator 7]%%& &= bovine apo-
transferrin 90%¢°]4e] Eujz o] 2 EHNE e
R 5 human apotransferrin® A& 72 JJehy
=] ¥3tr}(Nasr-Esfahani et al., 1990). %3 bov-
ine apotransferrin®]i} superoxide dismutase:= Bl
oo} Mz A e] oxygen free radical?] S5 |
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Table 1. Improved development of mouse zygotes in vitro by various materials

Chemicals Exa@ned % Development Suggested function References
period (Control)
EDTA ICE - BL 70(30) antioxidant Abramczuk et al. (1977)
DETAPAC 1CE - BL 80 antioxidant Nasr-Esfahani et al. (1990)
Bovine 1CE - BL 92(15) antioxidant Nasr-Esfahani et al. (1990)
apotransferrin
Superoxide 1CE - BL 44.6(4.2) antioxidant Noda et al. (1991)
dismutase
Thioredoxin 1CE - BL 70.2(3.8) antioxidant Natsuyama et al. (1992)
Putrescine 1ICE - BL 35( 3) ? antioxidant Sawicki et al. (1992)
Taurine 1CE - BL 84(70) lowering K+ conc. Dumoulin et al, (1992)
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o) g talAE R SAS ZAE veh)

B ule} o] el TRFE Auike A%
Hj koA gol AF A gt

Hamster2] 24132 7] ol wjofle] 27]8 71&
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1 (Schini and Bavister, 1988) 3} ujj ko] < 1
mM%% 9] hypotaurineo] 7= skl 14%
b Ade) & Zelz ZAsch(Barnett and
Bavister, 1992). Taurine €A £7]9] =4 (Li et
al., 1993) ot} sh=12} 44 (Reed et al., 1992) 4
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(Li and Foote, 1993)olut <k 24X 7]ufo}
(Thompson et al., 1990) & Ad47F el 2 @S}
= AL 2 = ), o]9lo] mercaptoethanolo|tt
cysteamine® 72 thiol compound® el &
ZhElH zejRe] SAE&S #XF) FrHAIZITH(Tak-
ahashi et al., 1993).
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Table 2. Improved in vitro development of mammalian early embryos by various culture conditions

Species Cult'u.re Exa@ned % Development Suggested function References
condition period (Control)

Hamster microdrop 2CE - 4CE 26.0(1.1) low oxygen tension Schini & Bavister(1988)
hypotaurine 1CE - M /BL 14(0) antioxidant Barnett & Bavister{1992)

Rabbit  low oxygen 1CE - HB 72(29) low oxygen tension Li & Foote(1993)

Bovine B-ME 6-8CE - BL 34(7) antioxidant Takahashi et al. (1993)
cysteamine 6-8CE - BL 30(7) antioxidant Takahashi et al. (1993)

Ovine low oxygen 2CE -M 58 low oxygen tension Thompson et al. (1990)

Table 3. Effects of growth factors on mammalian preimplantation development

Species Growth factors Exa@ned % Development References
period (Control)
EGF 85.7(49.2)
TGF-« 89.2(49.2)
Mouse TGF-81 2CE - BL 88.9(49.2) Paria & Dey(1990)
EGF + TGF-51 86.7(27.6)
IGF-1 52.6(49.2)
Insulin ICM cell no. 23% increase Shi et al. (1994)
Bovine PDGF 8CE -M /BL 42.4(14.0) Thibodeaux et al.(1993)
Insulin 1CE - BL 37(0) Seidel et al.(1991)
TGF-8+bFGF 2CE - 16CE 48.5(0) Larson et al.(1992)
Porcine IGF-1 Egg — 8CE 21.8(2.3) Xia et al. (1994)

okt HolM BHe AR A3 (Minami et al,
1992), A (White et al., 1989), % (Rexroad et
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Table 4. Improved development of bovine early embryos in vitro by co-culture with somatic cells

Somatic cell type Exarr_nned % Development References

period (Control)
Granulosa cells 1CE - BL 25.7(11.0) Goto et al. (1994)
Cumulus + Granulosa cells 1CE - BL 31.2(3.1) Broussard et al. (1994)
Oviductal epithelial cells 1,2CE - BL 14 Ellington et al. (1990a)
Oviductal epithelial cells 1,2CE - BL. 39 Ellington et al. (1990b)
Oviductal epithelial cells 1CE - M+BL 65.9(21.6) Xu et al. (1992)
BOEC conditioned medium 1CE - BL 27(8)* Mermillod et al. (1993)
BRL cells 8CE - BL 61.4(31.8) Rehman et al. (1994)

* Suggested that proteinaceous factors might be responsible for the improved embryonic development.

SR sle] wHjR A, ol 2 ute} o] LHEE FAT A ofu
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o] TA| Wk AHE 2l o) e WAl Frhashe 2

a

Fig. 1. Photomicrographs of mouse oocytes (A, a) and ghost ZP (B, b) as viewed under bright field
(A, B) or epifluorescence (a, b) microscope. (A, a) An oocyte incubated within oviduct for 20
hr (right) exhibits distinct fluorescence within its PVS following staining with FITC-casein
whereas the other oocyte incubated without oviduct (left) is not stained. (B, b) Arrows indi-
cate ghost ZP which were incubated within oviducts for 20 hr followed by staining with
FITC-casein. Note the uniformly distributed fluorescence within PVS of these ZP. Other ZP
that were incubated without oviduct are not stained. Scale bar = 50 .m.
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27, AAujers Vel superoxideyt H 0.9

22 reactive oxygen(Pabon et al., 1989; Nasr-
Esfahani and Johnson, 1991)-& 2 &3k ofe] Torfi
EAES AMEI AANZOZM B} e wjok

A& &3 F= Zlolth Table 1 % 2004 K= }
9} o] of7px] wholl 93t wjklle] reactive

oxygen?| Ztay Aol ZuA g F71E 7}

2t}

s, AT ola) WEAS frale 2As0l
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g o 7HE QIS ol mujme] o] 2
3] 32w (Paria and Dey, 1990: Seidel et al.,
1991: Larson et al., 1992; Thibodeaux et al.,
1993; Xia et al., 1994), ©] AAAAEF d¥-=

Fig. 2. Photomicrographs of mouse oocytes and ghost ZP as viewed with brightfield (A, a, B, C) or
epifluorescence (b, ¢) microscope. A ; GV oocytes. a : ghost ZP obtained from A. B, b ; ghost
ZP before treatment with bovine oviductal fluid. C, ¢ : ghost ZP after treatment with bovine

oviductal fluid. Scale bar = 50 m.
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Il EAlehe Aow gelx dri(Wiseman
et al., 1992; Kennedy et al., 1994). =3t A5 47
ANAEL Z7)ufobe] ol U= =849 A et
Aol 15 Yrt(Paria et al., 1992; Dardik et al.,
1992; Watson et al., 1992).
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4 Fe oA Ao Edo] fodle AOE oA
A1 (Minami et al,, 1992; Mermillod et al.,
1993), L A tjaiM = Aol = A gka Ut

V. SeermerEol ofst FICR) Sl
Zo| Yy Sas;

o A%}tk (Kapur and Johnson, 1986; Léveilleé
et al., 1987: Kan et al,, 1989: Boice et al., 1990:
Gandolfi et al., 1991; Wegner and Killian, 1991).
Zeft uit e B E ol Tl e] dE) s
© A9 4#HA YA ¢l

H S0 29 5 (Kim and Schuetz, 1993)& ¢
A2FE widE dxpt Lol 846 =&HW
fluorescein isothiocyanate®Z FEA® casein(FI-
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Table 5. Effect of trypsin or heat treated bovine oviductal fluid on the flourescence staining of
intrazonal space of mouse ghost ZP with FITC-casein

No. of
Treatment ghost ZP Negative Positive % of positive
examined staining
Control 31 0 31 1007
Trypsin 36 29 7 19£2.15*
Control 29 1 28 82.25+5.4°
Heat 30 30 0 0

* The data are expressed as the percentage of mean + SD from 4 independent experiments, A group of ghost
ZP was incubated in medium containing 50% bovine oviductal fluid(Control), and another group was
incubated in medium containing of 50% bovine oviductal fluid that was pre-treated with 0.001% trypsin{ Tryp-
sin) or heated at 60°C for 10min(Heat). All incubations were done at 37°C for 3 hrs.
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Fig. 3. Silver-stained nondenaturing SDS-PAGE
of mouse ghost ZP incubated with bov-
ine oviductal fluid (lane 3, 200 ghost ZP)
or without (lane 2, 200 ghost ZP). Lane 1
; molecular weight standards(Sigma,
wide range). Lane 4 ; bovine oviductal
fluid (1 ,g). Arrows indicate 32 kd and
24 kd bovine oviductal protein bands
which associate with mouse ghost ZP.
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