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ABSTRACT : The present study was conducted to investigate the effects of Korean red ginseng water
extract (KRGWE) on developmental toxicity caused by the environmental estrogen bisphenol A (BPA) in
Sprague-Dawley rats. Fifty females successfully mated were randomly assigned to five experimental
groups, Le., group I (vehicle control), group II (BPA 1000 mg/kg), group IIl (KRGWE 400 mg/kg), group IV
(BPA 1000 mg/kg & KRGWE 200 mg/kg), and group V (BPA 1000 mg/kg & KRGWE 400 mg/kg). The test
articles were administered by gavage to mated females_from gestational days (GD) 1 through 20 (sperm
vaginal lavage = day 0). All females were subjected to caesarean section on GD 21 and their fetuses were
examined for external, visceral, and skeletal abnormalities. In the group II, significant maternal toxic
effects including suppressed body weight, decreased body weight gain during pregnancy, and reduced
_food consumption were observed in pregnant rats. The minimal developmental toxicity including fetal ossi-
fication delay was also found in fetuses. In addition, a tendency for increased pregnancy failure, increased
pre- and postimplantation loss, and decreased fetal body weight was observed. However, no fetal morpho-
logical abnormalities were seen in surviving fetuses at a dose level of 1000 mg BPA/kg. On the other hand,
the maternal toxicity and developmental toxicity found in the groups IV and V were comparable to those of
the group II. There were no adverse signs of either maternal toxicity or developmental toxicity in the group
III. These results showed that administration of BPA at a dose level of 1000 mg/kg to pregnant rats resulted
in significant maternal toxicity and minimal developmental toxicity, and that no protective effects on BPA-
induced maternal toxicity and developmental toxicity were found by concomitant gavage dosing of
KRGWE.

Key Words : Environmental disrupting chemical, Bisphenol A, Developmental toxicity, Korean red gin-
seng, Pregnancy, Rats
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(Jones®} Hajek, 1995). AAZ, B2 2] 343)stEAE
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1993; Colerange®} Roy, 1997). §3], BPAE {158l A
2SS el a1(Ashby2} Tinwell, 1998; Steinmetz
%, 1998; Papaconstantinou &, 2000), YA EolME &
=] (maternal toxicity)?} A=A (developmental toxic-
ityye k= ZAe] E<l® ¥ glvi(Hardin 5, 1981;
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2001b).
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< d7ERe wEA ZYFeA I3 EFEE
(Korean red ginseng water extract, ©|3} ¥AMFEE)0]
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B AR &% 2343°C, AUFE 50£10%, ]34
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(St. Louis, MO, USA)ZHE] Fsle] AM-31$13, comn
oil(Sigma Chemical Co.)ol| dEgZA|sle] Foidlct. 1L
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Table 1. Effects on body weights of pregnant rats treated with bisphenol A (BPA) and Korean red ginseng water extract (KRGWE) during
gestational days (GD) 1 through 20

Group

Parameter I I I v A"

No. of pregnant rats 10 7 10 7 10°
GDO 234.6+13.6 239.5+17.1 238.6+14.5 242.0+19.1 239.0+17.6
GD3 250.9+16.3 241.4+23.2 251.9+11.5 249.7+25.5 244.6+13.5
GD7 263.8+16.0 241.9+21.1 263.1x12.0 242.8+28.3 238.6+11.0
GD 10 276.1+15.7 253.2+26.8 288.2+29.2 252.3+26.3 250.2+11.9
GD 14 296.9+17.4 268.4+29.9 298.7+14.7 270.4+29.8 266.3+13.2
GD 17 327.0+18.5 288.0+23.8 330.3+17.9 290.6+25.9 280.7+17.1*
GD 21 387.1+28.5 315.6+44.2* 389.9+40.8 311.4+28.5%* 312.6+34.3*

Body weight gain® 152.5423.0 76.0£30.2%* 151.4+36.0 69.5427.1** 76.4+43.4%*

Corrected body weight* 293.5+19.4 249.3+£35.6* 292.1+20.7 276.1£25.5 264.8+16.1

Group I, vehicle control; group II, BPA 1000 mg/kg & KRGWE 0 mg/kg; group III, BPA 0 mg/kg & KRGWE 400 mg/kg; group IV, BPA 1000 mg/

kg & KRGWE 200 mg/kg; group V, BPA 1000 mg/kg & KRGWE 400 mg/kg.

Values are means+S.D. (g).

*One female in the group died on GD 7 due to the severe toxicity.

*Body weight gain = body weight on GD 21 - body weight on GD 0.
“Corrected body weight = body weight on GD 21 - gravid uterine weight.

* and ** indicate significant difference at p < 0.05 and p < 0.01 levels, respectively, when compared with the group I.

TAHEY ML sAS TS o]g3d ML,
H W= REE == SRA((itter) 2 31}, 559
A ARRAHF, S 8 24l ARE 9
Wi AEAHEA (one-way ANOVAYS: & o5 #9jAdo] 2
Ad 3=l HefAE Duncan’s multiple comparison test
2 7 A R AR SRl A,
AE Y AR, A4 9 A RS 59
H) 251 2k8E Kruskal-Wallis ANOVAE & o3 2]
Aol 1A E 35l HajA= Mann-Whitney U test= 2}
7] FAE EAEAT 713E 7 eiAke) 713 H
A 7 5 Y ESE JeE AEE chi-
square tests ML, H.QA] Fisher's exact probability
test2 7} AlEEZHE] FOJAE 2ARRIAY. 7 e B
A foAFEE 5% 2 1%ANA AA3I

m. 4 o}
1. RS20 CHet P&
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279 [ ¥ TAFEE D5 T IR E o
g oA E WAER] Yok} BPAE ©E = 34
FZEI HE5FHG3 I, IVE 2 V&A= A9 28
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Ap-$-% *&}(decreased locomotor activity), S (soft

stool), A A}(diarrhea), &% 2.4 (perineal soiling) 52
SAAL7E VeI

2717 F BEES] ASHI= Table 15 29 -
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IVZ 2 VZellAE 94 179 == 21949] A|So] 3
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Fo) QA Zpaslget. FFAL 5B Sl dalAt
39 FHE W RAFFE ITolAMe Ayt 129 A
ol vls) FolAAl woket. whd, 35S W45
g Ve VollAe] ¥AFeRe 9] Aol vl oha
7hAslg] 2} BPA ©HEFodel Il vlsiME ok 5
718 Aoz vepgkeor 7t AlfE7ke] BAT oA
2 JAHA AU

G717 F ABRAAAFS ST 2 Table 2914 X
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Table 3¢l S9Fsldet. 7k A7 A& 12, I, 1
&, IVE 2 V2] £33 100%, 70%, 100%, 70% 2
100%2 el o, 413l (pregnancy failure)s IR-
2 IVEZlA 2} 30%E B4 2 FAE vehdloy
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Table 2. Effects on food consumption of pregnant rats treated with bisphenol A (BPA) and Korean red ginseng water extract (KRGWE) during

gestational days (GD) 1 through 20

Group
Parameter
I I I v v
No. of pregnant rats 10 7 10 7 10°
GD 1 19.442.21 18.7£2.12 22.0+6.50 18.3+3.04 20.0£2.76
GD4 16.0£2.20 6.4+£1.91+* 16.4+2.94 7.5+£2.35%* 7.0£4.03%*
GD 8 15.6+2.23 15.549.51 18.1+£3.14 10.4+4.16 14.1+6.88
GD 11 22.5+£10.47 13.747.14 16.8+4.37 18.3+6.75 19.4+6.89
GD 15 18.6+4.07 19.2+9.02 19.2+4.64 20.3£8.42 19.749.55
GD 18 21.743.15 17.9+4.48 22.243.10 17.6+2.35 18.2+3.79
GD 21 19.1+4.71 16.5+7.49 18.2+5.20 16.5+5.66 14.1+4.60

Group I, vehicle control; group II, BPA 1000 mg/kg & KRGWE 0 mg/kg; group III, BPA 0 mg/kg & KRGWE 400 mg/kg; group IV, BPA 1000 mg/
kg & KRGWE 200 mg/kg; group V, BPA 1000 mg/kg & KRGWE 400 mg/kg.

Values are means+S.D. (g).
*One female in the group died on GD 7.

** indicates significant difference at p < 0.01 level when compared with the group L

Table 3. Effects on reproductive parameters of pregnant rats treated with bisphenol A (BPA) and Korean red ginseng water extract (KRGWE)

during gestational days 1 through 20

Group
Parameter
I I 1L v v
No. of mated females 10 10 10 10 10
No. of pregnant females 10 7 10 7 10
No. of dead females 0 0 0 0 1
No. of litters examined 10 7 10 7 9
No. of corpora lutea 16.9+2.8% 16.4+1.8 17.2£2.7 15.0+£3.9 14.0+£3.2
No. of implantations 14.243.4 14.6+3.8 15.1£3.9 8.90+3.2* 9.70£5.5
Preimplantation loss (%)° 15.8+17.6 12.3+17.3 12.8+17.5 37.4426.3 3344289
No. of fetal deaths 4 16 10 23 18
Resorptions: Early 4 15 10 19 16
Late 0 0 0 3 2
Dead fetuses 0 1 0 1 0
Postimplantation loss (%) 2.816.1 19.6+24.0 7.3+10.0 34.6+33.0** 12.2+11.6
No. of litters totally resorbed 0 0 0 1 1
No. of litters with live fetuses 10 7 10 6 8
Litter size 13.8+£3.5 12.3+4.6 14.1+4.1 5.6+4.6%* 7.7+5.8
Sexratio (/%) 1.12(73/65) 0.59(33/53)* 1.47(84/57) 0.95(19/20) 0.92(33/36)
Fetal body weight (g)
Male 49403 3.4+].8%* 5.1+0.3 4.7+0.7 4.3+£0.6
Female 4702 3.2£].7%* 4804 4.4+0.8 4.0+£0.6
Placental weight (g) 0.6+0.1 0.5+0.1 0.6+0.1 0.7+0.1 0.6+0.2
Anogenital distance (mm)
Male 3.2+0.2 2.740.4%* 3.1+0.2 3.0£0.3 2.8+0.2
Female 1.7£0.2 1.5+£0.2 1.7£0.1 1.7+£0.2 1.7+0.5

Group I, vehicle control; group IT, BPA 1000 mg/kg & KRGWE 0 mg/kg; group III, BPA 0 mg/kg & KRGWE 400 mg/kg; group I'V, BPA 1000 mg/
kg & KRGWE 200 mg/kg; group V, BPA 1000 mg/kg & KRGWE 400 mg/kg.

*Values are means+SD.

®Preimplantation loss (%) = [(no. of corpora lutea - no. of implantation sites)/no. of corpora lutea]x100.
“Postimplantation loss (%) = [(no. of implantation sites - no. of live fetuses)/no. of implantation sites]x100.
* and ** indicate significant difference at p < 0.05 and p <0.01 levels, respectively, when compared with the group L.

2 R ER BARA $2ke AAEA Qe WA
A5 glolAs RE AN FARE ABE B
Zgic}. wha, IVEe) HASE AT ET) H]s) B
ez o)Al sk, Vel FSE 4%
A ol QHEA QobARt FAETel W) i

AAgE Ao Jepgen, o2 <3l A SAE
(preimplantation loss rate)e] w4 F718F A o2 el
AR 7% BPAE B = WEFAS I, IV
29 Vel Asb} el vl o bslgion], 53
IVilME o2 Qlsle] AAF A& (postimplantation
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loss rate)e] [F-2] Axte] s FAHo 2§42
F7RIRL SEATE FRlAUA AAsdide Ivest v
79 A% s TE wizlr) APt SBal= 2zt 19
WEF T AE A ARG A A 129
A7} XA 270 Al vls) BAFHoE FoA
QA st o, 2 9)9) AelMe PN
FroAdlE zkel7t AAFHA At AT AL
A3 A7 I2elM e et Age] FAf 272
Azt wle] BATH L FAASIA Fasa, 1 9

2] Al M= FAAUE Apol7 JAEA gkt ekl
FFe| AF ZE AT AR 2SS 3T 59l
dom, gizke] sNEAI7 7 Aol IS ARk A
7t Fe] Al vl Al g Ao eyt

AEeN AR 2 FF AL A Table 40lM B v} 2F
o] A FA "k (lordosis), 737 (domed head), SH=%
(exophthalmos), F312}5-(agnathia), TF=(club foot), &
Aul(thread-like tail) 3HF|#(anal atresia), HAEN=}
(small fetus) 52] 71847do] 7+ AlglFol APEx o2 2

Table 4. External alterations in fetuses from pregnant rats treated with bisphenol A (BPA) and Korean red ginseng water extract (KRGWE)

during gestational days 1 through 20

Group
Parameter -
1 u 111 v A"
Fetuses examined 138 86 141 39 69
Litters examined 10 7 10 6 8
Fetuses with malformations (%)” 1(0.7) 2(2.3) 1(0.7) 12.2) 229
Litters affected (%)° 1(10.0) 1(14.3) 1(10.0) 1(16.7) 2 (25.0)
Lordosis . 0 0 0 1 1
Domed head 0 0 0 0 1
Exophthalmos 0 0 1 0 0
Agnathia 0 0 1 0 0
Club foot 0 0 0 0 1
Thread-like tail 1 0 0 0 1
Anal atresia 0 . 0 0 0 1
Small fetuses® 0 2 0 0 0

Group 1, vehicle control; group I, BPA 1000 mg/kg & KRGWE 0 mg/kg; group III, BPA 0 mg/kg & KRGWE 400 mg/kg; group IV, BPA 1000 mg/
kg & KRGWE 200 mg/kg; group V, BPA 1000 mg/kg & KRGWE 400 mg/kg.

°A single fetus may be represented more than once in listing individual defects.

®Includes litters with one or more affected fetuses.

“Less than 20% of the control fetal body weight.

Table 5. Visceral alterations in fetuses from pregnant rats treated with bisphenol A (BPA) and Korean red ginseng water extract (KRGWE)
during gestational days 1 through 20

Group
Parameter
I I juli v \'
Fetuses examined 66 41 67 18 32
Litters examined 10 6 10 5° 7°
Fetuses with malformations (%)° 1(1.5) 0 0 0 1(3.1)
Litters affected (%) 1(10.0) 0 0 0 1(14.3)
Dilated cerebral ventricle 1 0 0 0 0
Small lung 0 0 0 0 1
Diaphragmatic hernia 0 0 0 0 1
Malpositioned kidney 0 0 0 0 1
Absent kidney 0 0 0 0 1
Fetuses with variations (%)° 18 (27.3) 6 (14.6) 20(29.9) 6(33.3) 4(12.5)
Litters affected (%)" 9(90.0) 3 (50.0) 7 (70.0) 4 (80.0) 3(42.9)
Dilated renal pelvis 8 0 7 3 0
Dilated ureter 13 1 14 4 3
Misshapen thymus 2 5 6 0 1

Group I, vehicle control; group II, BPA 1000 mg/kg & KRGWE 0 mg/kg; group III, BPA 0 mg/kg & KRGWE 400 mg/kg; group IV, BPA 1000 mg/
kg & KRGWE 200 mg/kg; group V, BPA 1000 mg/kg & KRGWE 400 mg/kg.

*One litter with a single fetus was excluded because of the severe growth retardation.

*One litter with a single fetus was excluded because of the skeletal examination.

°A single fetus may be represented more than once in listing individual defects.

“Includes litters with one or more affected fetuses.
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Table 6. Skeletal alterations in fetuses from pregnant rats treated with bisphenol A (BPA) and Korean red ginseng water extract (KRGWE)

during gestational days 1 through 20

. Group
Parameter
I I I v v
Fetuses examined 72 43 74 21 37
Litters examined 10 6 10 6 8
Fetuses with malformations (%)° 1(14) 0 0 0 12.7)
Litters affected (%)° 1(10.0) 0 0 0 1(12.5)
Absent rib 1 0 0 0 0
Absent thoracic centrum 1 0 0 0 0
Absent supraoccipital 0 0 0 0 1
Discontinuous rib 0 0 0 0 1
Fused rib 1 0 0 0 0
Fused sternebra 1 0 0 0 0
Fetuses with variations (%)° 10 (13.9) 6 (13.6) 21 (284) 5(23.8) 12 (32.4)
Litters affected (%)° 7 (70.0) 5(83.3) 7 (70.0) 4 (66.7) 7 (87.5)
Bipartite ossification of sternebra 1 0 0 0 0
Bipartite ossification of thoracic centrum 1 0 0 0 0
Cervical rib 1 1 0 0 1
Dumbbell ossification of thoracic centrum 9 1 21 4 6
Enlarged fontanel 0 0 0 0 1
Hemicentric thoracic centrum 1 0 0 0 0
Incomplete ossification of interparietal 0 0 0 0 1
Incomplete ossification of parictal 0 0 0 0 1
Incomplete ossification of pubis 0 3 0 0 0
Incomplete ossification of supraoccipital 0 0 0 0 1
Misshapen sternebra 1 0 0 0 0
Short 13th rib 2 0 0 0 0
Full supernumerary rib 0 1 0 0 0
Short supernumerary rib 0 0 1 2 3
Wavy rib 1 0 0 0 1
No. of ossification centers (mean+SD)
Cervical vertebra 2.5+1.61 1.842.14 1.7+0.76 1.9+1.39 0.6+0.81
Sternebra 6.0+0.09 4.7£1.74* 6.0+0.00 5.7+0.82 5.9+0.19
Metacarpals in both forelimbs 8.0+0.09 7.0+£1.23 8.0+0.00 7.7£0.82 7.8+£0.30
Metatarsals in both hindlimbs 8.8+£0.40 7.9£1.28 8.6x0.58 8.4+0.43 8.1+0.27
Sacral and caudal vertebra 9.8+0.81 7.6£2.50 10.1+0.79 8.9+1.62 8.4+0.84

Group I, vehicle control; group I1, BPA 1000 mg/kg & KRGWE 0 mg/kg; group IIT, BPA 0 mg/kg & KRGWE 400 mg/kg; group IV, BPA 1000 mg/
kg & KRGWE 200 mg/kg; group V, BPA 1000 mg/kg & KRGWE 400 mg/kg.

*One litter with a single fetus was excluded because of the severe growth retardation.

®A single fetus may be represented more than once in listing individual defects.

“Includes litters with one or more affected fetuses.

* indicates significant difference at p < 0.05 level when compared with the group 1.

ZE gl ot A FTe “r’r-/] A Aol ’14_"%5]7‘] &%
2w, BPA2] Fodel] 711l 2

eiAke] WA 7]33 Ho| 2] t"—l"ﬂ‘ﬂ‘li 2 Peie
Table 5¢f “ehfaict. ‘41—7—78}7]7]%333*‘]{; FA =
2] 1394 &) #A(dilated cerebral ventricle)o] T+
AR, v 1EelA 9] 34354 (small lung)?t 3
7}t ekak(diaphragmatic hernia), 2132} $1%] )4} (malpo-
sitioned kidney) ¥ A1 <4=(absent kidney)o| ZZ=]%] S
v 7 A7k Al R fofart A=A kst
Y 5E-A7 Mol 2 A= Al9-8k(dilated renal pelvis), S
3F#k(dilated ureter) W FX1 el o] Al (misshapen thymus)
o] Z+ AldeelM fAksl wlx=s AAFHH.

AEe ko] FAXES A3 HI= Table 604 H=
ute} et %747]”3-i*1% FEANEEY 1= &
F7<=(absent rib), §-3-A 2 <=(absent thoracic centrum),
532 (fused rib) ¥ FFEAF-2(fused sternebra)®]
2=, v 18eA 5FE-<(discontinuous rib)
2 53] FFERA 4 AlPEzel] AT A
ol QA gskch, FAMIE AR Aah, 0| ¥-FE
B4 (bipartite ossification of sternebra), o[ FFFA|
(bipartite ossification of thoracic centrum), 7d=(cervical
rib), ¢33 F33FA|(dumbbell ossification of thoracic
centrum), AF2(enlarged fontanel), H3A FFFA)
(hemicentric thoracic centrum), FAZRF] Bebd-F3
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(incomplete ossification of interparietal), 77 (parietal)
2] B-9bd-F3} X F(pubis)e] E-9b1F3}, AFEF(sup-
raoccipital)®] E-sbHF3}, FFHE2] el o)A (misshapen
sternebra), W5FtA(short 13th rib), AR5 (full super-
numerary rib), ¥85(short supernumerary rib) ¥ IS
F(wavy rib)e] ZF Al@FlA frAlgE MIER FHEFHL
o], BPAS] Foiol] 3t EAA Q] o] 7L JAHA &
o FEAEE Frsl] A T8 FAT9e F3
5 ASd A M FFERSYE Y Zael v
3 EAE o2 fAMUA FHaslgen, 1 9je Z3}
Apell gloiM= 7 A2l FAUE Aeole IA
HA] skt

Iv. 1 &

B A S AEZAA E44 BPAE H=d o
Al A 7)17F5et uHE-Fodsle] Al ANAle} A L ul-
ez} WhAlol] vl o3-S sl olof it A4S
ZE0] who] w3 AAEAE 78] Bz s 22
ol At M-S T4 F AA, SR
o] EAF, 254 ST, HE 719 e 5t
F-F, A o) 2] FU1R-TFl Wl )i

A 847 A=) BPA 1000 mgkgd] BIMHE-Fo:=
AFZ7H A, QA7 A Aa, AARAFHEF
o] zba, giate] e AE fEsiel e, TAEFEEe
W85 BPAY 713 B5A o BAEAE QA =
= Wl alFAe E3the S o] F5d B AIgAEH
oM F23 AAF] shis YoM il A 7)1zt
2R MESHE oudt 254 2 ISAE
sl devhe Aelth

BPAS o5 E:x ZAEEEY W8T AEEe
BEEA kg S, ApEe-g A3, 9, AdAL,
2 o9 o] BAHIAEL BPAS Foidhx] o AlHTE
e FEAER & A2 Hol BPAY] Foiof of&) 1}
ehd Aoz A AR BAALRAEF dist Arls
BPA2] T2 ol oyl ATEAS g A¥z At
=, o|Z elale] APE-FA3} P FHofe] FHHE o=
AlE =) BPAS} FAEEE 400 mgkgs HEF3 V
FolA 9Al 7dAe] FAR AR 18 A S
22 elsl] Jehkon, B Aljle] 444 A8 4] BPA
1200 mg/kg SllA 685 3#7} AP Ao v)F
o] Ho} BPAY F<7} 2A A ARl2E Acksg 2
o] AFZ7IAAIe JA717E SAE] A 9 AR
Ak 744z vehd 843 284 A5 BPAE
3 == SARRSES HEFe3 BE APFIA &
A a, =3 BT 9 2] AxT fAlsle 34t

F2E0] W8Tl 93t A A =x Gk A
A 49ket. BPAE ©EF8 IRolAM #2s 25+
o] AAAF BAFF 14 BPAY Fodl 93
Uy ez Adsld. 3, 345558 BPAY HEF
o3 Ve ViolMe] AT 18] Al v
ok & A3ke] JAFA e, o) FAFEES] 7
Skl vojEA 02 veldy] Wil FAFEER] W
A2 o) 28} A= opd Ao F AGREW Table 3014
Hi= vle} 7o) FEAPY AR Qs EAAFS AL
7} JAE Aoz A2} GAFEY ¢ 2A A
7 HEL2 Qlsle] o Y FARY et |of] W WFo] F
1 T(Kim 5, 2000b), 3t o] & X5 SARSl
o9 217k Hkg-El] vl m5Ae] Syl f-8-3)
Al o] 8E & itk 28 £ AloME ol AR ol E
A sbs ] Wshe EAsR] Z3lsth
2EE AN I H IVElA o 32l
(A7 30%)2 s dalgels RPA T 2 FA
ERAFoME BE FEo] YJAlg A oF Hol BPAY
Fodoll 7]Ql® Ao dgkElch wbd, FASFEE 400
mg/kgs WEF3 VEolE A FEe] dAlst Aew
el BPA ©hE-Fol7ol| Bls)] dalgo] v w4 e
o, $A5EE 200 mgkgs ¥4 VIEIAS
A FAAIA AT AeE veigs A7) &4
T2 kR 2Rl W Fodo] o3t ST 0] QA H
A ek, Fabds A WAt 59 #3AE
2] AAE FAFEES] T4 vjeEH o2 eht
ZAFEE0) W4Fodo] ) et &2 opd AL
2 #55d. ueba, BPAS 95 = 3ASEES ¥
257 A ZeA vehd dalAel g Y FAdee] A}
ol E Ao ALL3 BPAL] Fof-fako] Uil S
fishe oA (threshold level)el]l 2437 ool s
A2 FAHG P 9 2AE wlZAFEES I, IV
T 2 VoA AbE ez 27} =t FI1AE ER
31, 0|2 Qe IVE I V9] FEAGT) A e 7
27 B, ol &7 E3F BPAS] Foio 23t
Ao B R)gt TAFEEL] W E-Feo) 7]ei=l M3}
= oopd 7o Wdrh BPAS DHOE Foigl 7l
A FAREAEY AR sl AulY] fAsle #
A7) FEEZ o} B AR M= T 27A
ol ym BPAS] Foiof| 7]Q1E A7UA] HE3| 72
E 4%k EAFEES HEFAT IV F VelA 9]
B2 FS BPA DEFHEY] HARAFER ok ¥
2% Yehled, o] A= FAEES] Wa-Fool
o] 7k Aol opEl FEAE] Fiel o EEE
9] oJekgFo| K} 983l Aol 71" A 2E durd.
A F] A SExgoll vl gEH o2 Aelrt <l




e A B A7 7ERiEdAE 2 et gld
(Kim %, 2001a). IT)A 3" Fe)Rke] A7)
7t Aol9] kAt BPAY S AERA 2802 AYaly] wh
$o] XdEe] vehd o] ope} ejzle] A|Fo] Ak
ALz v|Fo] £ o) gjxpiSo] AP 22A o] Fut
o viepd Zleolglem eixpdA Aol 3 A7)
7re] A Aol AR ke AoZ wggch

eizle] o, W57 9 FAZAA A 9g v)ge) W
o] Ee] BE AT 2 wlEE FAFEH,
o] 5 Sprague-Dawley #EoA &3] #A=E= zd
v el A 2 (Morita &, 1987; MARTA, 1997;
Nakasuka 5, 1997), ¥ d7-49] 7|1ZA22 FAPEIAY
ol £3+=: WA Kim 5, 2001a). HepA], BPA: 4
7 REAS YehiE 1000 mgkg S E =)
He A o) ikS HrEelA] dsker, TAFEES] ¥HeF
oJof] o3t Wiste QAR eisich. FAZAIA] Tl A
HEE FFEAS] BATH 28 3R BPAY F
oJol] 25t gjzfe] WSA el 7)Y AL ZA EAAF
o] g E A& AXZ) IVE I VigollAle] FFE
A3 AF, FAE 2 A -3 F3ReE 1179 2
ol wls] A F)AL AdixE i o4 A¥
S vepde. ey o] &S FYE HAASY &
7v A IR 2 3SR HE-Fo o) F
7H Hlo] ohe} FEALPe] Zhael] o8| efxpESo] &
AL Aol F2 Aoz s}

AEH o2 Yo FHJAEZAQ BPAS 1000 mg/
kge 2 Al A 7|7HE}t HhE-Feshd AE5Er1e] A,
H2717b5 A A, AlRAFHEE] 12 2 Ay
LER o] FEE, FAFEE 200 E 400 mgkes
BPA 1000 mg/kg -8} H-8-FJ5}H BPAS] 254 1l
WAEAE ol m HolslFe Bl Ao e
o} gk P FARREE 400 mgkeS U4 A 7|z
U MRS 24 2 "R}l oJufd FalEE
W] o= A2 FelHgid)
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