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ABSTRACTS

This study was performed to evaluate developmental and estrogenic activity of bisphenol A (BPA) and butyl benzyl
phthalate (BBP) to the second generation of Sprague-Dawley rats ingested during gestational or lactational periods. Rats
were given BPA 20 ug/kg BBP 100 mg/kg of pregnancy or lactation periods. Maternal body weight and neonatal body
weight were recorded. The rats were sacrificed on day 21 after birth. Reproductive organs of dam and neonate were uti-
lized for receptor binding assay. The plasma concentrations of BPA and MBeP, one of the major metabolites of BBP
were analyzed with HPLC. The co-administration of BPA and BBP induced slow weight gain compared with single
administration in dams. Also, such mixture induced low neonatal body weights in next generation. The dams treated
with BPA and BBP during lactational periods showed significant organ weight changes in liver and spleen. The dams
exposed during lactational periods showed significant organ weight changes not only in liver and spleen but also in kid-
ney, uterus and ovary. The F1 female rats exposed during lactation periods showed significant organ weight changes in
liver, spleen, ovary. The F1 male rats showed significant organ weight changes in liver, kidney, epididymis, vesicular
glands, prostate. However, no clear synergistic effects of BPA and BBP were noted. There was no significantly different
ERa expression pattern between control and treated groups. However, ERo. expression were increased in F1 male testis
and female uterus. F1 male showed distinct ERot expression, especially in the group of lactational combined exposure.
Synergistic ERa. expression was found by combined treatment of BPA and BBP. We could not find any evidences of
synergistic effects on BPA and/or BBP combined administration on dams and their fetuses, except in ERo expression
of F1 male.
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Fig. 1. Body weight changes in dams treated with BPA+BBP
during gestation and lactation period.

o] AR = ATHp<0.05).
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4 control M BHA20 ¥ BBP100 ¢ BHA+BE
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Male{Days)
@ control & BHA20 ¥ BBP100 ¢ BHA+BE

Fig. 2. Body weight changes in F1 female and male rats treated
with BPA+BBP during gestation period.
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AF 2199 AFL EFFAZEG i Wit

7717t <t BPA 20 ug?t BBP 100mgs A0l
o3t m29] FI 93 39 ASHs= Fg. 3%
2t} 3R] AT E8A) v Wekew, BBP
100 mg FAF9] A5 FWARE FXX2rct o
& FHoU HAR 0] Zasted EFFAZH
H|S5 A Z7kslih.

Fl 78] A¢, TPFAFL 74 olF FAXNZR
o} AFol FAsA EHOH (p<0.05), BBP 100mg
Foze] AFE SWNPE EFFRATEYG O =

Body weight (g)

Female(Days)

4= control & BHA2G “¥- BBP100 =% BHA+BE
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Fig. 3. Body weight changes in F1 female and male rats treated
with BPA+BBP during lactation period.
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(p<0.05) HIgIA FoJslA ko, die 5 2
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A%k BBP 100 mg @5FAFHTR= fo)3A] @& 7
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(p<0.01) 72| E2g v FoF ZA¢Et 93t
A EAe 4t APEAE FAAE 4 BBP
100 mg GEFATRT o8 E3(p<0.01) 7
2 FAXEH S AY ga Taths S B3
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T8N BEAE B3 =29 FL 93 F5 ¢
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3) 2AY] SH{F _
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£ #F3 A3} BPA 20 ug FATZOME B A7}

Table 1. Estrus cycle of dams treated with BPA and BBP
during gestation period

Group Proestrus Estrus Diestrus  Total
Control - - 9 9
BPA 20 - - 9 9
BBP 100 2 0 6 8
BPA 20+BBP 100 1 6 8

BPA 20=group treated with 20 ug BPA.

BBP 100=group treated with 100 ig BBP.
BPA20+BBP100=group treated with both 20 ug BPA and
100 pg BBP.

"No. of rats.

Table 2. Estrus cycle of dams treated with BPA and BBP
during lactation period

Group Proestrus Estrus Diestrus  Total
Control - - 9 9
BPA 20 - - 8 8
BBP 100 3 - 6 9
BPA 20+BBP 100 1 - 7 8

BPA 20=group treated with 20 ug BPA.

BBP 100=group treated with 100 mg BBP.

BPA 20+BBP 100=group treated with both 20 pg BPA and
100 mg BBP.

"No. of rats.

Table 3. Concentration of BPA, MBeP in dams & F1 serum
sample treated with BPA and BBP during gestation
period (unit : pg/ml)

BPA+BBP
Control BPA 20 BBP 100
BPA  MBeP
Dam ND ND 3.290 ND  0.625

Female (F1) ND ND 1.076 ND  0.357
Male (F1) ND ND 0.507 ND - 0.332

BPA 20=group treated with 20 pg BPA.

BBP 100=group treated with 100 mg BBP.

BPA 20+BBP 100=group treated with both 20 ug BPA and
100 mg BBP.

ND=Not Detected.

i

719} BA7} AR UGk BBP 100 mg 7ol
= WA 2nlert 2EEAY. EFFARME
W] 1, 9R7) 1etelrt AEE A

F57] BET BA BRF7E #Egh A=), BPA
20 pg BAZANME 2R E 2A7F RaE st
3. BBP 100 mg Fo2ollM= 2971710 BH 7t 30}
g eASQ EgFFME WA 1elist B
Z= k.

4) 84 74 Fz

QA7) F<F BPASH BBPE FAld] T3t mA9)
F1o] o FE2 0] gL Table 35} 2t ¥
223 BPA 20 pg Tl e FoEde] A&gR
%332 BBP 100 mg FHZoM = mAljollA 3.290 pg/
ml, F1 &3elAe 1.076 ug/ml, FI FRNA 0507
ug/mi®] MBePRHR7F FAHATE EFFAFL] EA
X BPAZt HEHA ¥4I MBeP= ZA| A
0.625 pg/ml, Ft 4ANME 0357 ug/ml, F1 $300A
0.332 pg/mi®] MBeP<HR7}+ A=), BBPIHS: T
oF Foe AGHTE Al B3NS o) o3y
FHE ¥l FA JeRst

2
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Table 4. Concentration of BPA, MBeP in dams and F1 serum
sample treated with BPA and BBP during lactation
period (unit : pg/mf)

Table 5. Frequencies of F1 fetuses with axial skeleton variation/
abnormality, after treated with BPA and BBP during
their gestation periods

BPA+BBP
Control BPA20 BBP 100 —————
BPA MBeP
Dam ND 3.740 ND 3.252 3310

Female (F1) ND =~ 1.846 ND 1.853 0.954
Male (F1) ND 1.953 1347  1.694 0.668

BPA 20=group treated with 20 pg BPA.

BBP 100=group treated with 100 mg BBP.

BPA 20+BBP 100=group treated with both 20 ng BPA and
100 mg BBP.

ND=Not Detected.

571 =2t BPAS} BBPE FAl| Fo3k mA|g}
F19] U FoE20] TR Table 491 2T} ¥4
AT E FAEZ] AEHA Y%L BPA 20pg
B ZoMe BA A 3740 pg/mi, F1 E3A
1.846 pg/ml, F1 52904 1953 pg/mie] BPAZ}F %A
HAZ BBP 100 mg S ZolM= 231} 7004
1.347 pg/mi®] MBePZHR7F 2=t E3HFo2e
dAojlM= BPAZF 2AOIA 3252 ug/ml, F1 G300
1.853 ug/ml, F1 3914 1.694 pg/mie] BPAZL 27
AT MBePE EAolM 3310 ng/ml, F1 ¢FM =
0954 pg/ml, F1 3004 0.668 ng/mi] MBeP 5
7t AZHAJ). BBPVF AUE FA=E Fof AT ¥
o} 16%+= MBeP(Mono Benzyl Phthalate)Z, 44%%
MBuP(Mono Butyl Phthalate)® $F338] thAPVEE A
£ 7&3197] #Eolth.

5y ez} 1FHAL

EFEAF A Ui 718AAE AAE Zae
Table 59} 7t}

A vehls 71382 712 AAE BPA 200 pg
+BBP 1000 mg FoA aneurysm, fused rib,
short hind limbo] ZHzt 34, 237, 27} 2] 7]
Be Fasle 838 2% A0 HAAY FFE
g 5363 2L 9 Wolx oy #AFHUL
F594 dumb-bell 3L BPA 20 ug+BBP 100 mg
Eazol 837%, BPA 200 ug+BBP 1000 mg 53
FANE 100%7F 718E BEolil butterfly ¥-2 Z+z}
95.3%%F 100%=2 VeI bipartite®-2 2z} 81.4%<}
100%2 Z47180] AFER 445 F7kske ALz
el

6) TH71 FAF ALEAF estrogen receptor assay

FH710 BAG AR 4] AgelA ERo 2@
ALE A3 Z3E Fig 49 2 tizzol v)sle]

BPA 20+ BPA200+

Control ppp 100 BBP 1000
No. of dams examined 6 7 7
No. of fetus examined 42 43 6
No. of fetus malformed 0 0 3(50.0)
aneurysm 0 0 3(50.0)
fused rib 0 0 2(33.3)
short hind limb 0 0 2(33.3)

Thoracic vertebra centrum

dumb-bell 58(83.3) 53(83.7) 12(100)
butterfly 65(83.3) 65(95.3) 14(100)
bipartite 11(26.2) 43(81.4) 8(100)
Lumbar vertebra centrum
dumb-bell 3(7.1) 14(302) 11(100)
butterfly 0(0.0) 21419 10(100)
Sternebrae
bipartite ©3(7.1)  25(55.8)  9(100)
dumb-bell 2(4.8) 16(349) 7(83.3)
asymmetry 47.1) 18(37.2) 8(100)
No. of ossification retardation 7(16.7) 32(48.8) 12(100)
petfect retardation 5(11.9) 17(39.5) 7(100)
butterfly 3(7.1) 16(349) 6(100)

BPA 20+BBP 100=group treated with both 20 pg BPA and
100 mg BBP.

BPA 200+BBP 1000=group treated with both 200 pg BPA
and 1000 mg BBP.

Numbers in parentheses are % of fetus examined.

1 2 3 4 5 6

Fig. 4. Representative immunoblots analysis of ER¢ induction
in second generation's uterus treated with BPA and BBP
to the dams on gestation. Lane 1=Control; 2=BPA 20
mg; 3=BPA 200 mg; 4=BBP 100 mg; 5=BBP 1000 mg;
6=BPA 20 mg+BBP 100 mg.

BPA 20 pg £o42# 200 ug o2& ERod) 29
o] 713, BBP 100 mg FoZAME F7HeHe
E 4 itk BPA 20 g BBP 100mg -85
T(BPA 20+BBP 100y ©E54Ael fAIGE ERa &
g =9 ¥hd BPA 200 ugs} BBP 1000 mg *8-8F
o2 (BPA 200+BBP 100014 ERo, @&o] - =
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1 2 3 4 5 6 7

Fig. 5. Representative immunoblots analysis of ERa. induction
in second generation's uterus treated with BPA and BBP
to the dams on post-parturition. Lane 1=Control; 2=
BPA 20 nug; 3=BPA 200 ug; 4=BBP 100 mg; 5=BBP
1000 mg; 6=BPA 20 ug +BBP 100 mg; 7=BPA 200 pg
+ BBP 1000 mg.

A Uept @37 2y

F77] Fo oJgt AR} 7] agelM 2] ERa
THEACE AAS A Fig 59 2th BPA 20pg
Ea7¢ FRogde tizF FFo|glert BPA
200 ug, BBP 100mg = BBP 1000ug o aolA
WAHo] STRINH M FdTdMe dsiHt By
A=z 2go] FUhslg=vl BPA 204BBP 1003
BPA 200+BBP 1000°14& ERo) 2&o} Z7k3le £
F& 5% F1¢ F3o] dARbg= RN A Y
g 4 4 Ao

IVE ¢

Fl 950l 39 ke +4710) =28 29
B71F A mAlE FPe] & Aoz BeZn, R
TR 7T G Eol g Jo] Rt
7 7P, A, 28, A4, dgAlels FARTE
3 freld AolE BAth. EFAR A 7RI
vebtEe} ZTHERE A71FACAN 54713 FA
o) Z7h} AR BUHY W), EPRAR AT Eoke

o] Ae 747kl Rol2 Qg axtuth wiviE =]
2= AoZ JENET Gould 590 estradiol?} BPA
& BAlol FARE o estradiole] Z7H42] peroxidase
activityS BPA 100~150 mge] & 43% AA|A]7|H
prolactin level= #H™ 55% JAAZIcky B3k Rz
2 Ao Al A3k Ao Holn 271R] o)
9] oestrogenS FAFE H9- A EI}t dold 7k
gol sle Aoz wilnh

EFF T 27 dalr1RoFe] 74 BBP
HERAEH FARE FEOINL FR7I1FAES o5
o O AA HEEH ERFATAE & F YT |
o EZo] FAEAH= BPAY BBPE BS54
ARG EFFAA] AREE o] 23H AA g
U, ERFAR A8 g BoiEde AREEE 2
gl AasE A" Hozl

BPA 200 ug+BBP 1000 mg SoiZolyE, BE &

oA YA 2 aneurysm(F-015), fused rib(Z
v g3, short hind limb(@F)e] LHARL F2§
3 5358 22 279 do|x ug AEFHIYLL
Butyl benzyl phthalateo] ™3 F¥AFEU)
Tolerable Daily Intake(TDI)x= 0.1 mg/kgbw'Polr vl
=] National Toxicology Program(NTP)ol W= 4|
oldFHF9] HUF2EH(No Observed Adverse Effect
Level, NOAEL)Z 05%°]3L A 2§ ZFH(Lowest
Observed Adverse Effect Level, LOAELY 1.25%9)
et
Estrogen receptor(ER)E AW estrogen®|} 9] %-2]
estrogen FAFEA Y] MZIWZ FYUERES o o9k 2
3l Z2E ATo| YeplA dhe ThiEEA,
ERo= 17He] Al 2] B3R MCF-7 Al ¥olA
UAATS 2z WAE ERB= ERo®l isoform
o2 MAA, AP, HAA|, L84, A3} Ha F
o] Ao FIF 3= wE Agols ERovt
ERBRTI X Ho] EAlshs Aoz dA U
Gould ¢ o] W29 BPAX ERacl ©f3]
estogenicityS WEME® in vivooll4] estradiol®] ERo
g WA= FEHel BPAY B3 26vu} AT
estradiol®] estrogen activityS A 3MA7]e ROZ Kol
oFs}t o AEZA EFHERF FEiHY BPAZE AW
A g8 88 rFedol dag H9FA
2 dFdxe A =28 BAYME ERodl
o] izl vial FA F7lelAl ¥kt ole AFA|
W A" A estrogen®] WO R FAF37} A
Hog ZojE9ly] WlFow Helrh whd ZAMtheA
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