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— Abstract —

Effects of Cadmium on Placental Function and Reproduction in Rats

Jn-Hong Ahn, Kwang-Soo Ka?, Chae-Kwan Lee, Deog-Hwan Moon, Byung-Chul Son, Dae-Hwan Kim,
Chang-Hee Lee, Hwi-Dong Kim, Jung-Won Kim, Jong-Eun Kim, Jin-Ho Chur?, Chae-Un Lee

Ingtitute of Industrial Medicine & Department of Occupational and Environmental Medicine,
Busan Paik Hospital, Inje University: Health Care Office, DaeWoo Shipbuilding Marine Engineering”
Department of Preventive Medicine, College of Medicine, Inje University?

Objectives: This study investigated the toxic effects of cadmium on placental function and
reproduction in rats. For this study, the mRNA levels of the placenta prolactin-growth hormone
(PRL-GH) gene family, placental trophoblast cell frequemcy and reproductive data were ana
lyzed.

Methods: Pregnant F344 Fisher rats (200 g+ 23 g) were intraperitoneally injected with O,
0.5, and 5.0 mg/kg B.W/day of cadmium (CdCl2) dissolved in saline from days 7-11 or 16-20
of pregnancy, and were sacrificed at days 11 or 20, respectively. The mRNA levels were ana-
lyzed by Northern blot hybridization and reverse transcription-polymerase chain reaction. The
hormone concentration was analyzed by radioimmunoassay and the frequemcy of the placental
trophoblast cells was observed by histochemical study. Reproductive data were surveyed at day
20 of the pregnancy and after the births. Statistical analysis was carried out using the SAS pro-
gram (version 8.1).

Results: The mRNA levels of the PRL-GH gene family were reduced dose dependently by
cadmium. The mRNA levels of Pit-1laand -b isotype genes were also reduced by cadmium. The
hormone concentration of PL-Iv and -1 was decreased by cadmium. During the second half of
pregnancy (days 11-21), a high dose of cadmium exposure significantly reduced the frequency
of spongiotrophoblast and trophoblast giant cells that secrete the PRL-GH hormones. In the last
stage of pregnancy (day 20), a high dose of cadmium exposure induced the apoptosis of spon-
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giotrophoblast cells in the junctional zone of the placenta. Reproductive data such as placental
and infant weight, number of live fetuses were decreased, and number of resorptions and dead
fetuses, post-implantation loss were increased significantly in the cadmium exposed group com-

pared with the control.

Conclusions: Cadmium disrupts the functions of the placenta and these effects leads to repro-

ductive disordersin rats.

Key Words: Cadmium, Placenta, PRL-GH family gene, Pit-1, Reproduction
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gooo oo, oo@o), 00 oo oo gog
00 D000 0000 D0O0oo0Oo ooo oo
00 000 OO0 ooo oo o,00,000 0
00 00D 0O0OO00. 0000 0obo ogoo
intestinal tube OO O 0000, O0OO0O0O0O O
000 (Gazdzik, 1984; TamO Liu, 1985), O
0O 0000000 OO(Laskeyl Phelps, 1991)
0O 000 00 000 0000 (Gazdzik, 1984;
Gouveia, 1988). 000 O OOOODO OOO O
OO0 0OD0OO0O OO0 ODOoooOo oooo
(Waalkes 0, 1988), OO0 OO0 OOOOO
apoptosisl OO0 0000 (Yamada O, 1981;
Tanimoto O, 1993; Fujimaki O, 2000). 00O
0O 0000 D000 OO0 OO0 Ooogo oo
oo,0,0,00 0OD00O OO O0OO DOOO
(Kaufmanfl Hopker, 1984; Baker [0 2001).

ooo oogbob bbOb 00odg obobdo
00 000 D000 00 00 ooog ogo
00 OO0 0O 00O, O 0000 (Junctional zone)
0 0O000dabyrinth zone) O OOOOO. O
0 OO OO OO oooo, syncytial, spon-
giotrophoblast(0 ST), trophoblast giant((
0O TG) U0 0O 4000 ODOOO.DOO00OO0 DO
OO0 OO0 STO TGOOOOO placental lacto-
genC O PL)-I, Iv(l variant), Il(Duckworth
0, 1986a; Deb O, 1991a; Robertson O,
1994)1 prolactin like protein(0 O PLP)-A,
B, C, Cr Cv, D(Duckworth 0O, 1986b; Croze
0, 1990; Deb 0O, 1991b; Dai O, 1996;
lwatsuki 0, 1996)00 OO0 O0OOO 0DOOO

0 OD0OOdO, 00 0000 decidual prolactin-
related protein(Cl 0 dPRP)(Roby O, 1993)0
O000. 0 00000 OooOoo 00 oog o
OO0 00,0000 0000 O 0O0O0 000 o
OO0 0O0O.D0O 00 0O0DO0Ob0 oopoo ooo
0000000000000 O0O0,00000
O 0000000 000 0o ooo ogogdo
000 U000 OO0 Dooo-ooooo@o
PRL-GH)O OO 0O0O0O(Niall O, 1971;
Forsyth, 1997). Pit-1 0000 OOOOOO O
0 OO0 transacting factorD O (Ingraham
0, 1988; Karin O, 1990) Pit-1a, b, TO 3 O
O isotyped O0O0O0O OO ODOOOO lac-
totroph OO0 0000, somatotroph OO0 O
ooog, thyrotroph OO0 000000 OOO
OO(TsH) 00O 000 000 oogo(Bodner
0 Karin, 1987; Li O, 1990; Haugen O,
1993; RuvkunO Finney, 1991). Bamberger
01995y Lee O(1996)Y] OO0 OOO Pit-
la, bisotype 0000 OO0 OOO ODOOOO
o000, PRL-GHO OO0 OOO0OOO oOOO
000 0000 (Lee O, 1998; 1999).

00 0 0000 ooo 0ooo ooooo oo
O e0000 0OCO 0O0ODOOO UoOooo ood
000 0 0Doo@ o Oo,2004) 0 0O0OOO
Oo0oo0Q0 000 Uo0ooo oooo oo o
0000 OO0 000 000 ODooOoo ooo.
0000 OO0 000 00000 oooooo
OO0 0000 OoOooooo ooo ooo oo
000,00 ODODO0O0O OO0 Ubooo ooo
O (Lafuente O, 1997; 1999; 2000a; Esquifino
0, 2001). 000 OOODO OO OoOOoO oo
0O 000 OD00O0O0O D000 U000 oooo
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PRL-GH] 000 0O0O0O OO0 ODO0OO OO O
0000000 DOoo0.0doooooogo
0 000 000 OO0 OO0 0ooO0 metak
lothionein (MT)O OO OOO0OOO(Fleet O,
1990; Solis-Heredia 0, 2000),0000 MTO
0000 oo ooo sT, TGOO O PRL-GHI
0000 000D 000D OO0O0Oo(Goyer O,
1992). OO0 OO0ODOO OO0 OO0 o000
000 PRL-GHI] 0O0O0O0O O0OD OO DOOO
000 00 0000 0O00oDO 000 PRL-GH
0 000 000 000 OO0 OO ogo od
00 00O 000 0U0000 oo 0o oo o
000 00 oogd.

gbo 0o Dod

1. 0000 00 0 boOoobd

1) 00 0000

00000 15000 F344 fisher OO0 OOO
000,000 00@4o—260)0 ooo@o 14
oo, 00 1000)o0 DOoOoD. 000 Oogo
OO0 000 OO0 000 oo@:1ypo ogo
000 O copulatory plug 00 000 OO0
(vaginal smear)00 OO0 OOO OO OO O
OO0 00oO0o0o.0o0o0og oogodo gogo
O 00000 00 ooooo.

2) 000 OO

000 (CdCl2, Sigma)ll 000000 OO O
0000 O000 Oooo o.smid ODOOOO
0 000O0O0. 0000 DOoO0O ooo ooo
000 OO0 00 oood(kiu O, 2001;
Brzoska [0 2003)] 0O0O0O OOO, 0.5 mg/kg
body weight (BW) O OO, 5.0 mg/kg BW 0O
gpgoo 0obob bbb 0D 7000 11000,
O0OC0 001600020000 00000.

)00 00000

gbooooob 0O PL-1000 OO OO0 O
o0 0000030000 0bo o0 1200
oooooom=*3=9), 00O OO OO, OO
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O0C o0 DOOoOoooOoo oo, apoptosis, 00O
U0 000 00 oooobo 0bob 0000 ooo
gooo ob b obbo o vobooo ooo o
0O 2000 0OOO0OO0OO(M=%3=21). OO0 OOO
go, ooooo boobo oo 0O oo0o0 O 10
O00Mm=1x 3=30) OO0OO0O. 00,00 O O
oo0o, 000 00, 00000 Fig. D OO

2. 00 00O

1)) 000 oo oo

gooooo oo o0oouoogoo.oo, d
00000 00pooo oo 3MOOOo oOoo
000D 0O000D0. 00 O HNOY HCL,(6:4)
000 0oU0oo ooo0 opoUo oo obgoog o
O000. 0 0000 0000 0.1 N HNO; O
00 00O 0O 0000000 (Automic absorption
spectrometerf) 0O0O000O0.

2) RNA OO

go0d OO0 Tri-Reagent (Sigma, 1.0
ml/0.1 g tissue) OO O homogenizer
(Ingenieurburo Co.)O O0O0OO OO0 OOOO
00 000 0 3000 DOpoUoo.oooo oo
0000 000 chloroforrdl OO O0O0O0O 150

mpiwririnr Fldoler s ] * Erwsa ol
gl fala
LITEN l
. ] [
[— | I L ]
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Fig. 1. Schematic representation showing the sequence
of experiment. White and black bar indicate the
period from mating to 4 weeks after birth.
aPregnant day. PAnalysis of cadmium concentra-
tion and northern blot hybridization (PL-I).
CAnalysis of cadmium concentration, Northern
blot hybridization (PL-1v, 1, PLP-A, B, C, Cv,
D, dPRP), RT-PCR, radioimmunoassay (PL-lv,
I1), Histochemical study and survey of reproduc-
tive data. 9Measurement infant body weight.
Black areas indicate the period of cadmium
injection.



0oooao, 40, 13,500 rpom0d0d 1500 00O O
O0000. 0000 O 0000 00 0O ooo
isopropandl OO 0OOO0O 1000 OO 0O, O
0 40, 13,500 rpmO0 1000 OO O0OOOO.
00 00 0O 0000 D000 o000 oooo
75% 0000 20 000 O O0OO0O 100 OO
O0O0Odgd diethyl pyrocarbonate OO0 0000
O0o00. 000 total RNAO 260 nmO 280 nm
00 0D00O0O 000D oooog, 280 nmO O
0O 260 nm 0000 OO0 1.6—~2.00 0OOO
reverse transcription-polymerase chain reac-
tion(RT-PCR) O Northern blot hybridization
O 0oooo.

3) RT-PCR

Pit-1a, b isotype 0000 OO0 0O0O0OO O
00 Pit-1a, bisotypedl OO0 OO0 O OO
primefd OO0 OO OOODODO. Sense primer
5’ -tgtagttgccaacctttcacctcgg-3, antisense
primer 5 -ccagcagaggttggtgcagd-30 00 O
00 total RNAO O(0.1 yg, 0.5 pg, 1.0 pg)d
00 00 oo@ss, 200, 250, 300)0 0O O
O 0o@.5w, 250 O00)o OO0OO0O. 00O
total RNA 0.5 ygO 200 unitO
murine leukemia virus (MMLV) reverse
transcriptasél 37000 100 OO OO0OO
complementary DNA (cDNA)O 0O00O00O. O
00 cDNAO 10 unitsD Taq DNA polymerase
(Perkin-Elmer Cetus)d OO0 primer O
dNTP OO OO0 O 25 0 O0O(95 10, 550
10, 720 10)000O. 000 cDNA OOOO
fmol PCR sequencing system (Promega)C 0O
000 00 000 Doooo.oooo ooo
1% agarose gell 00 OO0 O Kodak Digital
Camera(Eastman Kodak Co.)O ID Image
Analysis program(Eastman Kodak Co.)00 0O
oooooooo.

Moloney

4) Northern blot hybridization

Total RNAO 1% agarose/2.2 M formalde-
hyde gelO0 50 vO 300 OO0 0O0O0O0O OO
0. 0000 O total RNAO transfer kit

000 0O- D000 000 00 000 000 000 00

(Trans VVac, Hoefer Co.)0 O00OOO nylon
paper (Schleicher O Schull) OO O, vacu-
um ovend O 8000 200 OO ODOODDO.
Total RNAO 000 nylon membranel

hybridization bufferd 60000 200 0O0O
prehybridizatian 0 OO0 cDNA probe (1x

109 com/mi)0 OOOO 60000 1800 OO
hybridizatiol 0 O . Hybridization bufferD
000 50% deionized formamide, 5X SSC
(1XSSC: 0.15 M NaCl and 0.015 M sodium
citrate), 5X Denhardt’' s solution (1X
Denhardt’' s solution: 0.01% polyvinyl
pyrrolidone, 0.01% Ficoll and 0.01% BSA),
0.1% SDS, 2 mg/ml salmon sperm DNA O
O. Hybridization 0 00000 OOQO OOOO
000 nylon membraned 0.1X SSC, 0.1%
SDS 0000 55000 30 00O O X-ray
film (Kodak XO Mat)OO 1—400 OOOO
O. 000 probél RT-PCR] OO0 O OOOO
0O 000 0O 0Oooo ooo gooo

Oligolabelling Kit (Pharmacia Co.)O [o-32P]
dCTP (Amersham)0 0000 OO0O0OO. OO
O cDNA probed Nick column (Pharmacia
Co.YJO ODOOO, SET buffer (0.1% SDS, 1
mM EDTA, 10 mM Tris, 10 mM dithiothre-
itolY] ODOOOO. cDNA probel OO0 1x

109 com/0 OOOO OOO. 000 OOO X-
ray 00 00 O0O(RGI, Fuji Co.)O OO0
0 000 0O Kodak Digital Camerad ID
Image Analysis program O0O0O0O ODO00ODOO.

5 00,00,00000FPL-Iv, OO OO

000 OD0ODO DOMm=30)y 0O O OO0Odd
000 00000 OO0 00@200 rpm, clinical
table-top)l 0 OOOOO. OO0 OOOO OO
000 oodod oo 100 oo ob ooo oo
ggoo, o0 oooo oodg ogboog -7ad
O ooooo, PL-ivO PL-1IO OO0 OO0O O
0000 (radioimmunoassay) O00000.

6) 0000 OO
00 2000 OO0 OO0 000 15 mi0 per
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fusion buffer (phosphate- buffered saline,
4% paraformaldehyde)d] 4000 200 OO0
0 000 0000 Ooooooo.ooo ogd
820 Histocut Rotary Microtomell OOOO 6 u
m 000 000 O Digital Tissue Floatd 00O
00 00O OO0 Slidewarmer OO0 OO OO
000 00000.0 000 000d Coplin jar
0 000000 OO0 methylene bluel 0000
0.000 00O 0OO00O0 Oooboooo oo
0O 00 ooogo.

7) 000 (Chromosomal DNA) O 0

000 OO0 OO0 0.2 mld homogenization

buffer (0.1 M sodium chloride, 0.01 M
EDTA (pH 8.0), 0.3 M Tris-Hcl (pH 8.0),
0.2 Msucrose)] OO0 OOOO OOOODO. O
000 10% SDS 12.5 d OO0 OO O O 65
000 3000 OooooO, 8 M potassium acetate
3500 00 0 000 ODOpOoo. 100 oo
0040, 14000 rpm)0 O OOOO0 OO OOO
0 OO0 O OO0 phenol: chloroform: isoamy-
lalcohol (25:24:1, V:Vv:\)O 0000 OO0OO
O OO0 0000 Oooogo oo g 2.5 vol.O
100% 0000 OO0 OO0 ODO0OO OOOOd 50
pId 1X TE buffer (10 mM Tris-Hcl, 1 mM
EDTA (pH 8.0)0 OO0O. 1 O DNase free
RNase (500 yg/mliY] 0000 37000 6000
00 0OoO. ooo phenol: chloroform:
isoamylalcohdlO0O0O OO0 O OO0 O OO
00 0.1 Vol.O 3 M sodium acetatel 2.5
VolO OO0 100% COOOO OOO -vodCO
00 600 OO OOOOO. 40, 12,000 rpmd 0O
450 0 00O 00 DNADO 0000 70% 0000
OO0 0O 0O0oOoo 250 ODOOO OOO. Uv-
spectrophotomer (260 nm) OOO0O0 OO0OO
000 0O O 3 g0 2% agarose geld 0 60 VO
o000 00000 O ethidium bromided 00O
0 Kodak Digital Camerall 00 O0O00O0O0O.

8) 0OODO OO (Reproductive data)
ooo oo, 000 0,000 O0OODO O, 0
0O 00ooooooo,odoooo g,oo

240

0. 00 000 000 OO0 oog oo 2000
0 OOO0O 7000 O0O0O0(cesarean section)
00 000000, 00000 OO0 0O OO O O
00 (vaginal smear)D0 OO0 OO0 OO O
000 0000 0 0O0oD0 oD 10000 oogo
0.000 0b00 00bo b 1000 00 gd
O 0oo0O0ooog,do 100,00 4000
00 0000 0000 DooOoo.0oobo oo
0O 000 0@986)Y Ema O0(20000] OO0 O
00O littedd OO0 OUO0OODO.

3. 00 00

OO0 000 SAS O0O0O0O(version 8.1)0 OO
00 00000 O OO0 000 Mann-Whitney
(U testd, 0 O OO0 O OO0 Kruskall-
Wallis testd OOO0O0O.

g O

1.00,00,00 00000000

OO0 00000 0ooo oo, 00 ooo og
000 000 00 1100 00 0000 0.031
g/g, 0.001 /g, 0.021 w/ml, 0.5 mg OO OO
6.32 w/g, 0.21 w/g, 3.28 w/ml, 5.0 mg OO
00 24.21 w/g, 0.56 pg/g, 18.42 wg/ml OO
0000 0000 0oo0o oooo ooooo
(p<0.05). OO 2000 OUOOO OO 1100 OO
000 000 0000 000 ooooo. oo
ooo Oooo oo, 0D oo, 0D Cooo
(Table 1).

2. PRL-GHO O Pit-la,b isotype OO0 OO

PL-1 0000 OO0 O0O0O0 OO0 oOodg
0.5mg O0O0O0O0O 14%, 5.0 mg OOOOODO
1691 0O0O0O0OO. PL-IvOOOO DOOO 0.5
mg 0D00000 8%, 5.0 mg 000000 18%
goooo. pPL-n 0000 OO0 OOOO OO
00 0.5mg 00000 5%, 5.0 mg O0O0O0OO
48% JUODOO0ODO 5mg UDO0O0O ODOOODO OO



000 (p<0.05)(Fig. 2). PLP-A 0000 000
0000 0000 000 00000 0000 O
000 0.5mg 000000 11%, 5.0 mg 00O
0000 15% 00000. PLP-B 0000 OO
0 0000 0000 0.5mg 00000 8%, 5.0

A B
G o
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E

E- - Py =

»

H

—
LT T ISR

000 O- 0000 000 00 000 000 000 o0

mg U000 47% 000000 5mg 0000
000 00000 00000 (p<0.05). PLP-C O
o0 o000 o.5mgO0O0O000 24 %, 5.0 mg
ooooo 28% 0000, PLP-Cv OOODO OO
O 05mgQO0000 18%, 5.0 mgOOoOoog

mF.-| ODPF. n='|_.|||

Contr

{15 mgkoB W

SIoup

5.0 mgkgB.W

Fig. 2. Effects of cadmium on expression of PL-I, lv, Il genesin the rat placenta. (A) Northern blot analysis of PL-I,

Iv and PL-1I genes. Total RNAs (15 pg) were fractionated on an 1% formaldehyde agarose gel, transferred to
nylon paper and hybridized with #P-labeled PL-I or Iv or 1| cDNA probe. B-actin was hybridized to certified
the equal loading of total RNA. Arabic numbers on the lanes indicate the dose of cadmium injection. C: con-
trol. (B) Northern signals were quantified by 1D Image Analysis program. PL-I, lv, || signals were normalized
by B-actin and expressed the relative unit of C value as 1.0. Experiments were repeated three times and indi-
vidual values were expressed mean + S.D. Star (*) on the bar indicates the significantly difference (p<0.05)
compared with control.

Table 1. Mean cadmium concentration in rat placenta, fetus, materna blood according to the cadmium exposure sta-

tus meant S.D.
Parameter Control 0.5 mg/kg BW 5.0 mg/kg BW
PD* 11 PD 19 PD 11 PD 19 PD 11 PD 19
Placenta 0.031+ 0.004 0.033+ 0.004 '6.32+£ 056 '9.75+£ 097 '*24.21+ 2.86 '*67.62+ 8.20
(ba/9)
Fetus 0.001+ 0.001 0.001+ 0.001 '0.21+ 0.03 '0.42+ 0.05 '#0.56+ 0.61 '#0.62+ 0.07
(Velle);
Maternal blood 0.021+ 0.003 0.021+ 0.003 '3.28+ 046 16.02+ 0.62 '*18.42+ 2.05 '*35.25+ 4.32
(Hg/ml)
* Pregnant day

The values of PD11 and PD20 originated from 3 and 7 pregnant rats in each group.
" and* indicate the significantly difference (p<0.05) compared with control and 5.0 mg exposed groups.
p value was calculated by Mann-Whitney(U) test.
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19% 00000. PLP-D 0000 000 0.5mg 7%, 5.0 mg 00000 53% 000000 5 mg
00000 8%, 5.0mg 00000 22% 0000 OO0OO00 00O 00000 00000
O.dPRP 0000 000 0.5mg 00000  (p<0.05)(Fig. 3). PRL-GHO 000 0000

B

C o
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e T

Fig. 3. Effects of cadmium on expression of PLP-A, B, C, Cv, D and dPRP genes in the rat placenta. (A) Northern

blot analysis of PLP-A, B, C, Cv, D and dPRP genes. Total RNAs (15 pg) were fractionated on an 1%
formaldehyde agarose gel, transferred to nylon paper and hybridized with *P-labeled PLP-A or B or C or Cv
or D or dPRP probe. B-actin was hybridized to certified the equal loading of total RNA. Arabic numbers on
the lanes indicate the dose of cadmium injection. C: control. (B) Northern signals were quantified by 1D Image
Analysis program. PLP-A, B, C, Cv, D, dPRP signals were normalized by (-actin and expressed the relative
unit of C value as 1.0. Experiments were repeated three times and individual values were expressed mean +
S.D. Stars (*) on the bar indicate the significantly difference (p<0.05) compared with control.
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Fig. 4. Effects of cadmium on expression of Pit-1aand b isotype genein therat placenta. (A) Reverse transcribed and
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amplified Pit-1a, b cDNAs were fractionated on an 1% agarose gel and stained with ethidium bromide. Arabic
numbers on the lanes indicate the dose of cadmium injection. C: control. (B) Signals were quantified by 1D
Image Analysis program. Pit-1a, b signals were normalized by B-actin and expressed the relative unit of C
value as 1.0. Experiments were repeated three times and individual values are expressed mean + S.D. Stars
(*) on the bar indicate the significantly difference (p<0.05) compared with control.



0000000 000 Pit-1a, b isotype 000
0 00000000000 0000 0.5mg 0
00000 OO0 15%0 10%, 000 5.0 mg O
0000 00 24%0 30% 000000 5.0 mg
0000 00000 00000 (p<0.05)(Fig. 4).

3.00,00000000PL-Iv, OO

00 2000 000 000 00 000 000
00 OO0 PL-I 000 OO0 0OOOO0 0000
0000 000000 5.0mg 0000 0000
0 00000 (P<0.05). PL-IvD 5.0 mg 000
00 0000 OO0 000000 000 0000
000.000 00 PL-ID 000 0000 OO
00 0000 000000 (p<0.05), PL-IvD 5.0
mg 00000 000 0000 00O000. 00

000 O- 0000 000 00 000 000 000 o0

000 00 PL-ID 000 000000 Pl-\
000 000 OO0 (Table 2).

4. 000 oooo oo

000 0.5mg 0000 00 00000 00O
00 0000 000 000 O 0000 5.0 mg
000000 000 00 OO0 000 000 00
0 000.000000 PRL-GHI 0000 O
000 00 OO0 00 OO0 STOOOD 000 00
0 (Fig. 5A)0 0000 00O0(Fig. 58)00 O
00 000000, 00000 00000 00
TGO OO 000 00000 0O000O0. 000
00000 apoptosi€ 00 000 000 00O
0 00 000 (Fig. 5C).

Fig. 5. Effect of cadmium on the histochemical feature
of developing rat placenta. Perfused placental tis-
sues with Bouin’ sfix solution were embedded in
paraffin, sectioned at 6 um and counter-stained
with methyl blue. (A) Microphotographs (X 400
reproduced at 70%) of control group, (B) cadmi-
um 5.0 mg exposed group. (C) Apoptotic cells of
spongiotrophoblast cell boxed in (B) (X 1000
reproduced 95%). J: junctional zone, L: labyrinth
zone, U: uterus, ST: nucleus of methyl blue
stained spongiotrophoblast cell; TG: nucleus of
methyl blue stained trophoblast giant cell.

Table 2. Mean serum PL-Iv and PL-II levelsin rat placental, fetal and maternal blood according to the cadmium

exposure status meant S.D.
Parameter Control 0.5 mg/kg BW 5.0 mg/kg BW
Placenta (ug/g) PL-Iv 1358.8+ 369.4 1385.8+ 132.8 1198.5+ 226.2

PL-II 318.6+ 49.1 296.2+ 25.6 *1202.6+ 27.8
Fetus PL-Iv 33.9+ 44 20.7+ 34 *27.4+ 4.3

PL-II 320.5+ 28.7 *287.2+ 25.2 *1208.5+ 52.3
Maternalblood (pg/ml) PL-lv 1103.6+ 180.3 1024.2+ 124.8 989.5+ 82.8

PL-11 2258+ 252 *185.4+ 23.2 *1139.1+ 17.8

These values originated from 7 pregnant rats in each group.

* and ' indicate the significantly difference (p<0.05) compared with control and 5.0 mg exposed groups.

p value was calculated by Mann-Whitney (U) test.
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5. 000 000 00 OO0 apoptosigl 00
g oo

OO0 1900 0000 apoptosisl OOOO OO
0000 OO0 0O DNA OO 0O.00 ooo O
0 0.5mg 00000 20 kb-4.2 kb OO0
DNA OO0 O00O0O0. 000 5.0mgOO0O0O
00 apoptosiel 00 O00O0O0O0 4.0kb 000 O
OO0 DNAOOODO oOooOoo.ooo ogo o
0O 0000000000 000 apoptosisl O
o000 (Fig. 6).

6. 0000 OO

000 00 000 00 000 OO0 000 O
00 0.64 g, 0.5mg 000 0.55g, 5.0 mg O
00 051900 0000 000 0000 OO0
0 00000 0000 O00000(p<0.05). 00
00, 00 10 O, OO0 40 OO0 000 00O
00 000 00 0000 00000 0000 O
000 0000 000000 (P<0.05) 00 10
0,00 40 000 0000 0000 000 O
00 000.000 0, 000 0000 0,00

Table 3. Reproductive data according to the cadmium exposure status

0 0000 OO O Od(pre-implantation loss)
0 0ootbb b0 oob Oob boo oobo. o
00 00 0 00O OO0 OO0 000 d(No. of
resorptions and dead fetuses)[] 00O OO OO

Fig 6. Effect of cadmium on the apoptotic DNA frag-
mentation in the rat placenta. Electrophoretic
analysis showing the fragmentation pattern of
genomic DNA isolated from cadmium exposed
rat placenta. Arabic numbers on the lanes indicate
the dose of cadmium exposure. C: control, SM:

size marker.

meant S.D.

Parameter Control

0.5 mg/kg BW 5.0 mg/kg BW

Placental weight (GD20, g)

0.64+ 0.07 (n=94)

*0.55¢ 010 (n=58)  *0.51+ 0.11 (n=36)

Afterbirth (A.B) 3.15+ 0.34 (n=135) *2.52+ 0.43 (n=80) *2.43+ 0.42 (n=50)
Infant weight (g) 1week A.B 8.96+ 0.73 (n=127) 8.67+ 0.82 (n=76) 8.45+ 0.95 (n=44)

4 weeks A.B 86.31+ 9.01 (n=112) 86.25+ 11.21 (n=65)  83.88% 11.55 (n=37)
No. corpora lutea 14.42+ 3.62 14.74+ 3.70 14.61+ 3.65
No. of implantations 14.10+ 3.36 14.21+ 3.32 14.17+ 3.34
No. resorptions & dead fetuses 0.69+ 0.24 *5.97+ 3.03 *0.05+ 4.17
No. of live fetuses 13.41+ 331 *8.24+ 2.62 *15.12+ 1.28
Pre-implantiation loss (%) 222 3.60 3.01
Post-implantation 10ss (%) 4.89 *42.01 *163.86
Pregnancy period(day) 21.05+ 0.72 21.22+ 0.93 21.45+ 1.21

Statistical analysis of reproductive data was carried out by
weight.

using the litter as a unit except the placental and infant

Pregnancy period originated from 10 litters and other values originated from 7 litters in each group.
* and ' indicate the significantly difference (p<0.05) compared with control and 5.0 mg exposed groups.

p value was calculated by Mann-Whitney (U) test.
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0 00 (post-implantation loss)l O0O00O0O OO
000 D0OD0ODDOO OODODO O00000(p<0.05),
000 0oo oo oob 000 booo ogao
0O 00000 (@e<0.05). 000 OO OO0 OO
00 Ooboobo ooob oboo ooboooboo
000 0000 000 (Table 3).

O a

0 0bdbO Oob0oo bbb ooo ooo god
gooag, litter sizeD OO0OO000O OO0 OOO
000 0000 0oooo(Eklund O, 2001).
0 0odobo oo bbb oo ooo oooa
0 000 00 bOob0OOo 0ooo oboboo oo o
000 000 oO0bO boOoo PRL-GHI OOO
0 000 ooooboo booo ooooo. od
000 000 0ooo PL-I, PLP-B, dPRP 0O
000 oobo 0obob Oobob obooog oo
ogoooo oobO boooo. oo ooo oo
o0 ooo oboo PL-d 11D DDOD DO
Oooo. 00 oooo oo bbb ObooO PL-1O
000000 000 0000 (Forsyth, 1994;
Galosyl Talamantes 1995; Thordarson O,
1997), OO0OOO OO0 o, OOODO ODODO O
O (Telleria, 1998)00 0 OO0O0OO ODOO OO
0 doob.odb oob oo ooo oooda
(Galosy]l Talamantes 1995). PLP-BO dPRP
ogoo0d 0obob0oo oDUob bobo oo bo
0 0000 (Cohick O, 1997; Orwig O, 1997).
0 0 PRL-GH] O00O0O0O0O O0ODO OO O OO
g oo ooo ooob. oo oo oood
0d ooobo 0o 0o ooo oobo oo o
00 00 OO0 boboobo bobo ooo oo o
o0 oobo, bob0ob Db boo ogo
0 000 00 0 ooo bobo oobo oooa
0 0oodd boo obo. b oboobo oodg o
0o 0oob0 0 ooo boboo ooo, 0o og
0 o,dbdo odoo 0,000 ooo ogo
g 0obo bobob 0o0o boo.boog
oo oo oo ooo o, boo ooo oo,
00 0d oobo ooboo o, 00 0 ooo oo
J0odb 00 000 bobob oo ogog o

000 O- 0000 000 00 000 000 000 o0

Jo0o000 000 ooboDb 0o oooo oogo
0.000 0DO00do 0od PL-I, PLP-B, dPRP
00 PRL-GHI 000 OO OO0 OO OOO
0O 00000 000. PLP-BO dPRP OODOO
000000 OO0 0000 OO ooo oo o
00 oddo oo 0o ooo oboooboo ooo
00 000000 00000 ooo. oD ooo
000 0000000 oOooo oooo ooo
O00d (Pashenl Allen, 1979; Spencerd
Bazer, 2002; Henson, 1998; Albrecht O,
2000), OOO0O OO PL-IOOOOO ODOOO
0 000 000 0000 00 00 odo oo
0000,000 0000000000000
00 00d.00do 00 ooooo ooo o
000000000 00 000 LbL OOOogo
ooooo, 0000 000 sSTOO0O0 LbLaOo
0O 0obo Oob0o oboobo oobooobo oo
00000 OO0 ODhODO(Piasekd Laskey,
1994; Jolibois 0, 1999). 000000 Pit-1 O
000 00 000000 DOoooo Pit-D0O0d
O00 000000 oDooO00 (Lee O, 1996).
000 0000 OO0 ODOO00O0 ooooo Pit-1
0 PRL-GH 000 0O0UO0OO DOOD DOOOO
PTL-GH 000 OO0 D000 OOO.
gooodo ooo ooo obboo ooood
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(Ingraham 0O, 1988; Elsholtz O, 1991; Lee
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000 0000 D000 000 OO0 oooo
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1991; Lafuente 0O, 1997; Lafuentel
Esquifino, 1999; Lafuente O, 2000a; 2000b;
Esquifino O, 2001). 00000 OO0 OOO
000 00000 o000 (Kim O, 1997; Kim
0 2001) 0000 OO OOOO Pit-1 0000
000 00000 00 (Lee O, 1998; 1999)0 0O
00 0000 00 00obO o0 oo oo oo g
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0 000 0000 00000 000 PRL-GHI
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