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ABSTRACT : Endocrine disruptors have been reported to adversely affect reproduction and embryonic development in wild animals.
One of the major abnormalities observed during early embryonic development is cellular fragmentation. In this study, we exposed mouse
preimplantation embryos to PCB, BPA and DDT in vivo or in vitro. Embryos exposed to endocrine disruptor showed a variety of
morphological abnormalities such as fragmentation, irregular blastomeres and cracked empty zonae pellucidae. To investigate the levels
of gene expression related which genes contribute to apoptosis in preimplantation mouse embryos, we carried out the reverse transcription
polymerase chain reaction to assess mRNA levels for apoptotic gene. Bcl-2, bad and bax expression levels were compared between
control group and endocrine disruptor treated group. Expression level of bel-2 gene tended to be lower in the treated group than control
while expression levels of bad and bax genes were higher in the treated group. Results of this study may provide a useful tool for
rapidly screening developmental toxicants in preimplantation embryos exposed to endocrine disruptors in vivo or in vitro.
Key words : Endocrine disruptor, PCB, BPA, DDT, Embryonic development, Apoptotic gene.
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THIAE LB3t] A4 HA o Fol & FEsty gAY
ol dZ Zelstv, 4 A, NAH HAA 9 o] A, ¢
HhgS ob7|Ethy R E Y 9JthLee & Yoon, 2001).
Polychlorinated biphenyl(PCB):= 1929 28] AjAkel % 1935
J Monsanto Chem Co.7} PCBE A Atsle] 2 0}7] A Z&
T General Electric AF= o] & A9 4], ?H%x}%ﬂ
%471, A7NEEA AL, AE, HHL
6429 32 )% 047 AHAE w 250 0l2
893t} Dichlorodipheny! trichloroethane(DDT)= 1938*A¢)l Mueller
7b 38k, 1489 ke R GHANY, BIE HEAA
talglol2 BE AFE AsIth DDTE 1947~1949Li
FA 399 @t FEo AR 5, 71, Y, BEA
7124 ol B FHthLee & Yoon, 2001). o} st DDTE o]
el Aol B2 Estel Aoz oqle] BEn
2 B E A HColborn et al., 1996). Bisphenol A(BPA)+= poly-
carbonate % epoxy 5749 Ao, skl 9 3|
g et A 2 AMS-Eh A9 Yol AsA = i
El Ao BPA7} A1&-¥ CHBrotons et al., 1995). #jeo|¥] F L9
£71, 34, 7147] A BPA7H ZE ¥t @ tHKrishnan
et al., 1993; Furukawa et al., 1994; Nikula et al., 1999). Al&2E
< 8719 AFE FAAE Fotd B 48l BPAY
etk dev o5 AETY F¥E ofF HE
Aol & 7oz Fo} 9JtHBrotons et al., 1995; Olea et al.,
1996).
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activity & sty A4 Eeh 2ol 4EHA o
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% 5 A e, 2 A okel 2w gl e
o4y o2 et EP URA goj2Ae o
2 djoro] MEAL A EAE (apoptosis)o] F-ErE o] 73}
H(fragmentation) &=+ % SHdegeneration)’} §- 58 Ao 2
SHth 3 nso] dolud Q= Hjoko A apoptotic fr
Ao} wyo] BEA L upHy, o A EARS} A H3
ZHMA-3, p33, bad, bax)= Z7}ate, whE A ZAHE F4
(bel-2)e Z015 0 thJuriscova et al.,, 1998).
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it

human chorionic
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Table 1. Primers designed for amplification of RT-PCR

Product

Primer Up(u) and Down(d) primer sequence size
Z

Bel-2 uS-TACCGTCGTGACTTCGCAGAG-3 3506
d5-GGCAGGCTGAGCAGGGTCTT-3' P

bay  US-AGAGTTTGAGCCGAGAGTA- s
d5-CGCTTTGTCGCATCTGTG-3' P

Bax u5-GGATCGAGCAGGGAGGAT-3' 458
d5-GCGAGGCGGTGAGGACTC-3' P

B-acti u5-CCAAGGCCAACCGCGAGAAGATGAC-3 587b
-actin
d5-AGGGTACATGGTGGTGCCGCCAGAC-3' P

A wjol 407 ZHE total RNAS FZ3)7] 93}
Tri-reagent(Sigma, T-9424)& A3} th &3 total RNAE
HE RT-PCR kit(Perkin Elmer)d] &3t &4 A} PCRS 433}
o bel-2, bad, bax 44 WEL 7} AT ZAEG
A 4071 9] wjolo A FZ3 total RNAS 95Co) A 587}
7FEe = AAAL wkS SddlE 5 mM MgCh, 1x PCR
buffer, 2.5 mM oligod(T), 1 mM dNTP, 1 U/ zl RNase inhibitor
9F 2.5 U/ pl reverse transcriptase & 74 ¥o] lt} PCR ®H&
249 2442 2 mM MgCl, 1x PCR buffer, 2.5 U Taq poly-
merase(Promega), down stream primer 0.15 #M, upstream pri-
mer 0.15 ¢ MZ 3ttt Ao AFL-3 primerd] & 7ujg-e
Table 13+ 7tk PCR 48 #74-L badsh bax SAzbe] A%
95Col Al 5%, STCOAA 5%, 12CoAlA 5EAA 18 33

2, 95°Coll A 18, 57ColA 18, 12CAA 18y 2o
358] gH& sy, shHo R 72CA A 1087 whE-A]
ZAT} Bel2E 96°Co A 18, 59°ColA] 18, 72Co A 2529
A 23 3 T, 94°CoAA 1R, 59CoA 15, 72Tl A
25%9 A0 183] HHE 3R, 96CAAM 1E, 59C
ol A 30%, 72ClA 2529 ZASRE 203 WHE w2 A7t
20 ¢19] PCR 2HZ-& 2% agarose gelol A 100VE 308 Zgt
A7]19E3% 5 Kodak ID image analysis software] densito-
meterS AHE-She] 7 AHIE fHAe] BFE YL E v w3l
Atk 2t A9 FARALE T-test} [chil’ testS o] 884917,

10 =
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Fig. 1. Effects of endocrine disruptors on the development of
mouse embryos in vivo. Four-week-old female ICR mice were
superovulated by an intra-peritoneal injection of 5 L.U. pregnant mare's
serum gonadotropin, followed by 5 I.U. human chorionic gonadotropin
and endocrine disruptors (PCB, BPA, DDT) 48 h later, and subsequently
mated with males of the same strain. The stage-specific embryos were
collected by oviduct-flushing at specific time. (¥, p<0.05, T-test).
Control mice were superovulated by the same treatment without

endocrine disruptors. CON, Control.

FF FEA hCG FAHE FAA WEHA i EDS
7 FAEL #25 FAE A F, 2407 F AR
l HjolE 383tk BPA TOHOM B3l £ gy
S Hol:= uAA WA Fo] 17% £ 9% o H3) &

,10}71] =9kth(P<0.05). PCB, DDT Toq:LoML w3 AL
Ago] thRFH T ZYTHP<0.05). 48A1 7+ & =2 2-H %7
WolE 3|4ste] vy FAFS Wl PCB, BPA, DDT o4&
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o4& S AhFig. 1).
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Table 2. Effects of in vitro treatment of PCB and BPA on the rates of fertilization and abnormal embryos for 24h culture

Normal Embryos

Abnormal Embryos

Group Total No.
1-cell 2-cell Degenerated Embryos Fragmented Embryos
Control 46 4( 88%1.3) 37(80.4£2.1) 2(4.310.5) 3(65%12)
PCB(37.5 ug/ml) 60 21(35.0£2.7)* 3( 5.0x1.8)* 3(5.0x2.5) 33(55.0%3.0)*
BPA(62.5 pg/ml) 71 16(22.5+2.8)* 11(15.5+3.0)* 6(8.512.4) 38(53.5£3.1)*
* Significantly different from control(P<0.05).
120 1 cell 2 celi M
w Wl Normal
CJAbnormal .
1007 o cC B C B C B
% 807 Bck2
[
E) 60+
o] * W omei i S —
= 407 Bad —
207 ﬂ
04 | : ND B} Bax
CON PCB BPA DDT
Fig. 2. Effects of PCB, BPA and DDT on the development of .
B-actin

mouse morula stage embryos after 24 h culture. Four to six-week
-old female ICR mice were superovulated by an intra peritoneal
injection of 5 1.U. pregnent mare's serum gonadotropin, followed by
5 1.U. human chorionic gonadotropin 48 h later, and subsequently
mated with males of the same strain. The morulas were collected by
oviduct-flushing and then cultured for 24hrs in culture media with
PCB(10 pg/ml), BPA(46 pg/l) and DDT(7.5 zg/ml) ND, No Detection.
CON, Control.

oA 5543, 53432 tjZFol ulal FoatA =UTHP<
0.05)(Table 2).

PCB(10 pg/ml), BPA(46 pg/ml), DDT(7.5 pg/ml)2] Ham's
F-10(0.4% BSA) s N ol A el 5 ZHzt 24A17F il ot od
ok v A B EL A Fo] gzl vlE mkou, 5
A f94> PCBS DDT A 2|2ol A Lrekkoh(P<0.05)(Fig.
2).

3. BPAN| M2l EAIZI
bax FHXH &2 H|W

1A 27], - 271, 234 72 BPA@M6 pg/ml)7} &
¥ Ham’s F-10(0.4% BSA) i ckoio] 24A17F ujokA| 7l & 7}
A8 7| A total RNAE %3} 7 RT-PCRE o] 23} bel-2,
bad, bax F3 2 A& ¥l stAth bel-2 FHAE A 27]
o 2-M27] mE T t gl vEl 2 wE S HeRy

SHHCIAE HHOFR| bal-2, bad,

Fig. 3. Amplification of Bcl-2, Bad and Bax transcripts by RT-
PCR after in vitro exposure of mouse embryos to BPA(46 1 g/ml)
for 24 h. Amplified patterns of bcl-2, bad and bax cDNA products
were analyzed on 2% agarose electrophoresis. [-actin ¢cDNA was
amplified to certify the aberation of amplified total RNA. M, Morula;
C, Control; B, BPA.
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#rhLee & Yoon, 2001). Y2 A HefEF 9] A LZ(in
vivo) 49 23} Y] g FARE A AH 27 )
ofell XAl s AN 53], 1243 A
BPAS} DDTo| w28 AF4auf o) & v SN EL o] A
719 2143t &K compaction)o] Lol FAA T At
oAlM A8 =57 (gap junction)o] o] Fo|A & Al7]¢]
B 2 (Ziomek & Johnson, 1981) 1 dgke] ©f ATty A zH3ict
(Fig. 1). =922 34 Ax9 443 £3h8 24838 A
of #dsts AR 4 A rhBager et al,, 1994). Lindenau
(1996)= 2~4A X 71¢] AF wjolrt v $7 9] wWsle] 7}
2 RIS e R WA TS PCB 59 32 7MY wol 2=t
T 3} th(Lindenau & Fischer, 1996). 24 A A% Z7)8j o}
of thgh A8 =& A HEHA ZolEdo] TS A3
e SR A5 FS AT J A4 F Ade
WHlolth Aske DDTY| AFvjols =EA7 74 st
71N 8] WA Eol AA A= wjol ¢ MG Ha AE
2% 290 By7h 9tHAme et al, 1999). Kholkute <
(1994l ofste wjFed W Aroclor-12549] 557 Eold 4
5 2-A E7]ol A 4-A 7|2 A o] A3EE AL, 4-A L 7] wY
oo A wiRtZ 772 ] AT FAE A AT St
(Kholkute, 1994). T, Takai S(2000)e] &J&}™ @& %9
BPA(13 nM)&= 2-Al 7] A3 vfo}e] o-F wintx7]71=] 9]
HAES F7HI713, v F 9 BPA(100 pM)= S &
S GA8 FAATI B8 o]He HIEL B 4
ol A kZ(in vitro) 4% AT} AEATE Alm T
(1996)ll 213}H 29 pg/mle] DDTO| A 8-A £7]9] BE ufjo}
7} §388t97, 14.5 pg/mle] DDTO M= 57.5%7} 53-8 njjuk
L7 AT, 725 pgmle] DDTAME 85.9%7} A&
vk 7|74 WA skiTh T B Ao A 7.5 ug/mle)
DDTel| X 244]7F v A7) A th 522 wjopr}p dajo] A
A= AY E3t5 s A3E B thFig 2). Kholkute 5(1994)
& PCB(A-1254)= A5 ] A 9] 83 7] wjol HA o <]
s G MY By ol#d Ay 2 A
A 45A AL U STHTable 2).

Hjobe] 27 WA Y F HARHE FA WA BAA
% Z syt A2 & g¥ o) tJuriscova et al.,, 1998;
Exley et al., 1999). ufo}e] & mt#o] dojib= FSF apo-
ptosisol] ZAIEHE FHAe] ddHo] WalE=H apoptosisel
FAHE FAAQ MA3, P53, bad, baxe] W& Z7lsl=
ghA, A Zof AEol A gt FAAQ bel-29] AL A
glth 7 39 tHExley et al., 1999; Warner et al., 1998). o] & 2
AR 2 AFoM HERA Ao =do 2E3AA &5 3

N34S QY

&

o

Hir
o

e

o,

tlo

N

Effects of Endocrine Disruptors on Mouse Embryos 29

% 587k doid Aol 4l vjoZ Y RTPCRE E3)
o AEA] BAR FA%S] BHY WekE BEE HE
S2A Bsieh. Fig. 304 B shoh 2ol EuIA Ao
2o =2 AR Hoke] bade] WAL 22T 2 Aol7t
L, baxs D220 Hlsh Z7hsheich WL, bel2 WA S
Bz 53] R AYE BTk B bel2sh baxs] B
W go] AEY T 3¥E AAAETT S hNegrini e
al., 1987; Oltvai et al., 1993). 2 A% A3} apoptosisE 2
sk FAATE A% A 2ot AE Vs ARE HE
&8 ¢ Ade NEE AHEE F e A of9} 7
< AY A HFo & W, WEHA FeEAES LA
FEFE T3 AEY FeiEnk ol mRNA &
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