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ABSTRACT

Bisphenol A(BPA) was known as an endocrine disrupting chemical. This study was conducted to assess the effect of
BPA, weaker estrogen, on the preneoplastic and neoplastic lesions induced by diethylnitrosamine (DEN). One hundred
male F344 rats were divided into four groups which were treated with DEN followed by BPA. To make liver tumor
early, we conducted that DEN containing osmotic pump implanted into rat abdominal cavity. Then diet containing BPA
were fed to the rats. All animals were sacrificed at 10 and 18 weeks. Body weights were significantly decreased in
4000ppm at 18 weeks. Relative Liver weights of 4000 ppm BPA treated group were significantly increased compared
to that of DEN alone group at 18 weeks. There were no significant differences of liver tumor incidences. Sum area of
GST-P positive foci and BrdU labeling indices of BPA treated group were not significantly different compared to those
of control group. These results suggest that BPA have no effects in preneoplastic and neoplastic lesions on DEN-

induced hepatocarcinogenesis.
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ol# gt WA FNEZH FIAXZ bisphenol A
(4,4-isopropylidene-2-diphenol, BPA)= polycarbonate
Zajey, o|2A5A B ol AHEE B
A, B, BAFE, 78 52 S2E Z3A oA
LA BPAE vl ol2E2A Ads 7RI )
ow, olasadl $8Ad] Feake Ao WLHT
ALY in vitro AN, BPAT} meF3 ol ~2E2A
¥ A8 ekl 2o) ohizt deERA 44
(ERoyl| el A ohg E4e] 713E 7HZ 9l
T AL U, BPAL ERosl dlsle] olAE
273 AR o2 AFFSIH, progesterone G842 2
B frwske 2oz deA 0ew, MCF-7 human
breast cancer 9} &8 fEghctY

Estrogen AW thdst 4719] A2l st
3 9lom, 7k9kel promoter2# 2HEElnl, HHEL R W
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WAS 9 7 ] BN Holm oF 2-3u)
Aol o] mE Wk Miwe] AjolE vehdu}?
3 APFZOIM, AP MR 7Y TY
WAzl AP 7HERS SRS AlolE o
Al FA0] ET B iR wgsithy B0l
A glolty 7hek wale dskx oz Aol o)k o]
7t QAT glom, olald Aolol o] ARE 7
43l Uehhs A Heshl WA 9A) ot A
F2Ho| 719ke] WA Z2e ARAAE AL Y=
Ao AztsolR| L ok

Estrogen 28-S 714 BPAS] E4A8e] o]50i7)
Bop= AJAExo|n], BPAS] Fold] o]k ok AJ4]7)
o gt BRIt giRelth Hoe Ry
279 A%E g 40| YHAAWM U4, wix 2
gfolel] thet A7 T YTk

Ty} 293 APl 2o shgl 7hehakale] o)
3 BPAS] gl did BT Al FelE > Qr).
meh B A¥oA DENS olgsl setdos &
W) F3449] 7hagh AQkEA 2 EohiAgAlolA
BPA Z&3 1 7|AS Lolu v} 1Tt

IL X5 2 2y

1. HEHSE ¥ MY MS=d

3% F344 7 #WZ(Charles River Laboratory
Inc. Co., USA) 10075 T9i8ld, 473 ZEelE
AN AEFES Y2 4l Fo= Vel &
2} Aol el 2~3rk|d o] ARSI, AE7]
ZFEQ ARSRA L 2312°C, AIFE 55+ 10%5 #
Aslgel, AFZH (AT A5, 1247 2% slolA
ALSEl9 e, 7]2AE (Labdiet, Charles River Japan
Inc. Co., Tokyo, Japan)e} A= 23 F2|AIHT

2. BPA 50i

7¥ebabagol o3 EHA el #e-g w3}
7] 9% A1 ¥ EFE BPAFig. 1) (Aldrich, Cat No.
23965-8)2 AME-3El4ATE. BPAY) £ 400, 1000 2
4000 ppmo-E Ao, 7+ 5= BPA TTALE
2 Azat7] 23] BPAS E2AE(LabDiet, 5002,
USApl &5l Azsigin. A2kl 233 ol &
Ask= BPAY TE= G@LEE|0) o=l A%

AYH B FPY P e 9P 61
e
OH cl: OH
CH,

9 2 10 1B‘Wks

$(10) ¢(15)

DEN alone

$(30) ¥(45)

OEN + BPA

< DEN (carried by osmotic pump ML2002; 14days, 0.5564/1¥)
[ : 8PA pefiet reatment (400ppm, 1000npm, 4000ppmM)
¥(No.) of rats

Fig. 2. Experimental design.

gion, EAEE FEA BHH7 A )
Greenpia Technology Incol4 gamma A} H#3lod
ARESISITE AlEARHE g ST

3. s}8ry zhdet ad(Fig, 2)

7ZHb S SA 7] 7] 8] diethylnitrosomine
(DEN; NO756, Sigma, USA)S 1 23}%t}. DENS
dimethylsulphoxide(DMS0Q)*] -8-33}<] mini-osmotic
pump (Alzet, ML2002; 14 day, 0.5 w/hour, reservoir
volume 200 wl; ALZA Scientific Product, Palo Alto,
CAYl| 47.5 mg/pump o7 A &, TE 9
AHFE B Aoz AYUFAT. Osmoitce
pumps= 25:7F aHEqte] o8] A&H oz FAE wet
E4S AR HEAA, ojxe] wdRddMAE o
£ promotert} initiatorE HR 2 A L, aFEHO
2 7hobE doint o

4. HE A 7| FAH HAl

DEN o] % 1057, 1850 Zt ol 27 59

=8 cErbele] HAsd et Mt A s
bromodeoxyuridine(BrdU; Sigma B9285)& 100 mg/
kg/10 ml SO = @3] B EAledo).

AN AT AFE sk 1, 18, Ay, A
Y2 S, B, HrA g HEsl ARAE
A5 10% 548 TEgd ZAHAZD F ethyl
alcoholol] @A o2 e 9 Boisl AMelg AA o
2hel] 2ok ¥ 3~4 ume] A% WS Ak
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6. MR S|51x Z{At

7P Ale] BPAC ot MEFH FEE HAs)
71 913 BrdU ¥ 7ZHIERIEZ AMEE= Glutathione
S Transferase Placental Form (GST-P)el] tigh Az
23y A AAsGh HEA dEE g4
& 3% AR YRl EX)EE peroxidase
848 AAstE ZAHHAL 0.01M citrate buffer
(pH 6.0)3t0) ¥ microwave oA 1087 2o
F4& =2 A FHE 27 F blocking serum
o2 A7 WHSAIZ O™, BrdU(sc-7207, Santa Cruz
Biotechnology, USA) % GST-P(311-H, Medical &
Biological Laboratories Co. LTD., Japan)E 0.1%
bovine serum albumin®l] 1:4002.% 3]43}e] Az}g}A|
2 AMEIE D, o]AldAe} dale]e ABC Staining
System(sc-2018, Santa Cruz Biotechnology, USA)S
A3 BrdU dAl 2] SAWEe #ul7d sl
A e} 1000712 A E 7 FIMES HeS
Yre2 st SR S SHHEAY
(VideoTesT-4.0, IMTechnology. Co., USAYE ©|-&3}
of ZA8I3t}. GST-P 3 44| WA= duz
Fem?) WS4 40 WA (mm?)E BrdU9 4% 3}
‘715 o8-8t S43IsTh

7. feld HA

£ Aol AR tigk EATY B4 TAA
2Tl SAS(Statistical Analysis System)& 7[&
O 2 3= IMP-4(Version: 4.0.2, SAS Institute Inc,
USAYE o]&3}a], 7o) WAl thslA| Chi-
Square test® o83l FAFALh AF 2 WISH
=4z dig FATE AL Dunnett's test 2
student's t-test2 AAISIAT} /3 P valueZ} 0.05
olsld uf FelXde] e Aoz ATt

m. 2

1. BPA EBIAIE & BPA 5EE24

AF717+ 5 BPA AA= AREDS st A=
g AFRE AR2le] AZch Az BPA EAEE
G ZEoo) 23l A3 BPA EfE=E 4
Z39t. 2 v AEE gl A dyg
431 237}, BPA400 ppm, BPA1000 ppm BPA4000
ppme] ALEU] BPA THE== HAl 443.99 ppm,

oEs

Table 1. BPA concentration in mixed pellet

Pellet sample BPA concentration (mg/l)

BPA 400 ppm 443.99501
BPA 1000 ppm 1140.81127
BPA 4000 ppm 4050.95717

400

30 =

300 =t

body weight (g}
Ny
8

8

—— DEN alone
-0+ DEN+BPA 400

—&— DEN+BPA 1000
~-e-- DEN+BPA 4000

12 3 4 56 6 7 8 9 10 11 12 13 14 15 16 17 18
weeks

Fig. 3. Body changes of rat during experimental periods.

1140.81 ppm TE| T 4050.96 ppmo 2 414 44 FE
o] ok 10%9] ztelE JERHITHTable 1).

2. M3 HIIRA

AR B, FRIE AFe Aol waEA] o
ko) FZARE] BPA TFLEFATNN A4}
FAAUA FHEAHFig. 3). e AR AR SRS S
A o7t A F9d e Aole AFEA &
Rk},

AY 10579 1859 FH0A = AT L o
7) A% Table 20 VERAITE. 105 F24) A5
Hahs AR efgton], ThE F71e Adidr] F7
T f93<] wgle ZolE 4 gt 18F RAA
BPA 4000 ppm Fol-] #F-2 thzatel vlal] F24d
A= ZAE ey, 77 2 mgke] Aogr] 7
Ae tizzd gg o4 s SvbF SEEd
2 9] ] FARIM fo4 Sle wEle S
HA] &3kTH(Table 2).

3. =EH2 gy Fich W ZeUME

ZAe e Agtow BA3 Yo THELS
Table 39 WERNZITE DENSZ fukgl 7hakel o)
gt BPAS] Fojol] TR M ZAET THMEEE
A 2 F 7ok WA S0 Hoje TREHA] it
B Aol 7 E A1 (hepatocellular adenoma)?] &
A AL AT B I e A =
o A2 FAZE BA) TS B 9

WA 7ol tih BwAe AARS ket @

(o3

(<3
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Table 2. Body weight changes and relative organ weights of rats treated with BPA at 10 and 18 weeks

Treatment B.W. Liver Testes Pituitary G.  Adrenal G. Kidney  Ventral prostate

DEN alone 2789+64.5 3.117+0.268 1.08510.215 0.003£0.001 0.024=0.015 0.73620.062 0.1221+0.045
10 DEN+BPA400 28241142 2.67010.949 1.087+0.044 0.003=0.000 0.016=0.002 0.707%0.032 0.118+0.017
weeks DEN+BPA1000  291.6+11.6 2.854%0.168 1.0500.062 0.002£0.001 0.015+0.004 0.705+£0.016 0.135£0.021
DEN+BPA4000  269.6+12.8 3.063£0.250 1.0840.069 0.003+0.001 0.016%+0.002 0.749+0.034 0.112+0.022
DEN alone 346.6118.2 3.062%0.160 0.927=0.047 0.002£0.000 0.014 £0.001 0.676£0.043 0.320£0.046
18 DEN+BPA400 340.3+20.3 2.946+0.190 0.952+0.060 0.0020.000 0.0140.001 1.096£1.697 0.351£0.078
weeks DEN+BPAI000  3452+14.4 2.814£0.110 0.934+0.028 0.0021+0.000 0.014+0.001 0.685+0.101 0.309+0.048
DEN+BPA4000  304.1+12.9" 3.340+0.248" 1.013£0.045" 0.003£0.000 0.01520.003 0.698+0.056 0.274+0.081

*, Significantly different from control group with Dunnett's test (p<0.05)

ol

Table 3. Tumor incidences of BPA on DEN-induced A 2AE A sy AYET & AYe A
hepatocarcinogenesis s wwoEA ausow dloldh, ZAA AMe
Total LAl A AR Feke W] ge AEe TR

Fr

No. of

Treatment s HCAT HCC uf;nor 2ke M2 AdAol AojEe] oA A7 Bt
Hcicence tf, B AFA #HaE 74A| E LZE(hepatocellular
DEN alone 15 7(50.0)° 1(7.1) 8(57.1)

i o A7 A}
DEN+400ppm BPA 15 3(214) 5(35.7) 8(57.1) carcinoma)2 #|7°] L em?A] 10em 01’3 o]=7)7k

DEN+1000ppm BPA 15 535.7) 0(0.0)  5(35.7) ] 'A7 7} chkskn AR BT FHle
DEN+4000 ppm BPA 15 8(53.3) 3Q214) 11(714) ol 77 7S HRITh(Fig. 4A). Rl 1HRES
a. HCA: hepaotcellular adenoma, HCC: hepatocellular carcinoma 2 EZ3 49= yutgyoe] BEAlsi Faid g
b. Percentage of tumor incidence o] 2 92 AuUrks AL% ot #nAA AAL A

.oy,

. . L
PREPI < IS . A b - . —— PN B - - PR e d

Fig. 4. Histopathologic findings and immunohistochemical studies in rat liver treated with BPA on DEN-induced changes.
A: Hyperplastic nodule (X100, H&E), B: Hepatocellular carcinoma (X40, H&E), C: GST-P positive foci (X400, PAP
method), D: BrdU labeling cells (X400, PAP method).
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Table 4. BrdU labeling indices and area of GST-P positive foci in liver of rats treated with BPA at 10 and 18 weeks

BrdU labeling indices
(BrdU labeling cells per 1000 normal hepatocytes)

Area of GST-P positive foci
(mm¥cm? of liver tissues)

Treatment 10 weeks 18 weeks 10 weeks 18 weeks
DEN alone 1.81+0.828 426+1.99 35408 12.1+1.7
DEN+BPA250 191+1.012 5641243 33+1.0 15.0+2.4
DEN+BPA1000 1.90+0.867 539+ 1.54 26+038 129+15
DEN+BPA4000 1.89+1.371 4614257 34+14 119+25
0 BrdU labeling indices 4D). A1 X545 2 DNA 45 Yehis BrdU ¥
8,8} ggﬁ:fmpmsm - AME 4= BPASH DEN H§5eiio] DEN BE5
R O DEN+ 10000pm BPA ool Hisle {olA ' Ael7t UeRbA] #3e
S5 2| moenss000pmBPA o, GST-PA 2429 WA fo4 e Fo|7}
=2, AR it
SE3 i
250 T v.n &
" 0 " Gl goheae) 7t tie 7)5e Dojur)
weeks JaiA, ster oz Azl Zehia o] BPAS
Area of GST-P positive foci Fosle] 7kl gt 22 motsl J1AS ¢
o gfg | ODEN alone olr 77} BIgiTt. ]
%;16 - CIDEN* 400ppm BPA BPAE | &A], polycarbonate, 57X](resin)®] %20l
ERE =i AgEE AN, FAAY AFS o 4
50 2 FE7e THEAUE ARHT resin® Ik ow
23 of 2zYolu} Webl, $5% T e FHEAY X
SE 4 e Adled] AM-EH, A FAAM sealante] )|
32 [T B2 ARE/E B 84, A, 148 5o &
10 18 28 ¥AA| FolM 2AEY, BPAE EZ2HolY

weeks

Fig. 5. BrdU labeling indices and area of GST-P positive foci
of rats treated with BPA at 10 and 18 weeks.

Mol FFANE= ARDAEL B &3l A7
(trabecular pattern, Fig. 4B) 3= 2413 (glandular
pattern)© &2 BTk ] Z3YEH XU (solid pattern)
SEE #EE7|E Frt

4. HAYZZ 55N Z{A}

HazzAsed o BrdU XA ¥ 49 GST-
P WA 9 2447 Table 49 Fig. 501 YERAITH
GST-P =4 4= AR Mal olu])gl &S o
2 Ao AAEE T FAME Pt A BT
oA FgNke-E Holn #AAFH N 2-37e AZES}
FejAo] Uel7|% FokFig. 40). BrdU EAMZE 7F
Axe] ot PSS Holn *47%519\15}(1:%

polycarbonate 5olA S2]Eo FU=lo] Al F=
=H, A Al e FRAY T vheso] 77
o dFE F= &I v AR g ok
2 AMFEoM AEE RG] kST
2 L85 3 430) AR DENS 277 4450
Z WZ&3S mini-osmotic pumpE ©-&3%F AHog 7+
Alze] T A} F2& A0 2N 5 UA
oh10 IR oA AR DENS 7 ZHolE o
oA o] HolH 2o} YRyt FFom Fa)EA] R}l
AESH Ho] Z8A THoE sl FYo] TSk
Ao YeiA ek
BPA400, 1000 2 4000 ppm EFAISE DEN‘_)_i
5}6]-1—1 7}0}& ouL—G]. %H‘:°ﬂ7ﬂ oqg]. a_,,]. /\lz;]
FHAME 7 s AT 3 /“EHZW A9 Z}
ot e Bl el A8 18% HAdAe
BPA EE FoTe] HFo) tHZ?Loﬂ st freld
A ZHAson ol BPAS) 24 WebdAHA
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1000 ppm o Fowollx] AFzirt S Ao
frAsie, S 1859] 7g= ko] uiA] FA)
7t dlz2e) Bk foAd e v #aE ey
e Z71elMgY R = Uiy AL dHile
HEEA B3t

BrdUs 7&Ho 2 EFis} vismstd A2 PE=
DNAY| A2 &+ Jvh oA ZAF AZAEE
A BrdU - DNAE HEAMETH O R HEshe W
Hol wjokd AlZollA MEF7] parameterE Aol EH,
DNA $8]7]2t A3, 2dHelM b i
£ FAsh=]l ARSI o AtellA], BrdU
BEAMEE Ao a3y 7jdox HEFuk

8-& Yehiirh. DENE FoIg ojF 1059} 1852

o =
7z Ao BPATZFS] BrdU RXAESFE= tiz

o vjsle] tid Frtshe AERe FEE o) fof
e W3t R 2t Bimer 5 (2001)
BrdUE o]g3le] Axe] ZAEEE 238 Aol
BrdU7} W=7 25k AE2] DNAY ] A=)
ZAoB B, gz AdEH] 2HE

S W ¢ e o W oE AAEI oY B A

o} AsfollA eld ule} o] gElxom {7k

Wt dloA xenoestrogen! BPAS] Fof= 105+ 2

18574 A DAl e FEE mRA Reks A

o= AzbET 2 4F A7 BPARFE T2 74

g2 47 FAlE 18I BrdU SAME

o] F7tllE YEFE AR @= A= Hol BPATL

AEZ25He FasA UE o= A 5

7F AR Akt 992 AEE FoFe] AF

o] Zha d EAje] wE 7HH 2o Ad)E BAdAe
olgtal FE3RARE A 717 delA A gk
BrdUe 3Fdo] Holshz oA, Molsle= %
719] dahfolla] HAWIREE-S Hol7|% SAREY &

A= DENe )3t 7helayg Tdolmz E3
o= TEEA FUTh
2EY A gdo] Yo UE TEEEALE

ZA31=19 GST(Glutatione S-transferaseys= 24 F-=

/J8} ®4~(Phase I detoxification enzyme)® & -84

I AEe Aoz St A, Lerd 2 of
Ed B3 72 39e AQSSE ek e

2 Q3] A7 BAEY Y Mgvhdo) Jg g

t}. GST= 71AEold T ofn)xAt A Fo)| we} basic

hepatic form (class alpha), near neutral hepatic form

to df 2 rlo ox MU f

(class mu), placental form (class pi) A 7=
isoenzyme® 2 EA|3PH, Z1F placental formS GST-
Pl BN, widle] EAst Alge] 7k, A%

, Aol 2EEe Ao glEy ok GST-P
Gk Aol Z7te GHEFEZRE {28
W slo] 7423 FUT AR tumor marken)2A 14
3 1o, preneoplastic lesion®A] % FLEEo A
F 2eke] AgrddA A AMEe ASTEAE
FEARIA F Shtolt)8® B AFelx], DENSZ
e 7hAdeAle] gE 7ol GST-P Fdia
g BPAFIwo] izl vlsle fo4 de =}
o|7} #AHR] e¥tr}. o) Solt-Farber HH-S AM2-3}
o gk gz 7hetrde] GST-PR Zdd tig)
Liu 59 o] ¥tt4l £ estradioks F493F A-¢- GST-
P Wi AHAA 7 BAEHTIY B gt daje}
t2A JeRd ASR Hol estrdiolZs THE 7[R
Agate oz 23 ool U /AT e
@ Aoz AzkAd. Ax A% £ £A 2659
BPAS] 7iH FAETE BT F O] Ve @
PraoIEe Bt B FEske el ok A%
ghct,

o)fe] ZAzollr], DENEFEERY H83le] 10
b 185500 BEASE A F3d4 YP=9] 3kEkE 7Pt
AodetA 2 EokitA oA 2] BPA Fofof] whE
ke TEAEA] i)

o e

R o)

X oo (R

HAle| 2

rw
2
rr
4
2L
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