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FmSCREA : Novel progestogenic activity of environmental endocrine disruptors in
the upregulation of calbindin-D9k in an immature mouse model.
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FmE DAL b

IEPHTIISR LB TE 2REOURTH S,



e
e e o, e,
Ho { pd 3om Mo 4o

Bispivessr A {BPAY Pegdienw B3 (BPB3

HaG, £H; MO oMy

Yo, —
HO-{ g¢ {g O WO~ d{ o
ua(“, CH,

3,3 Dimothyl
bisplieniot A {MBPFA}

a3 5, - Tetmmethyle
bysphael A (TMBPA)

[ iy e
HO-{ r_'} CHy4_ #—OH

Bispheno! F (BI'F)
I
HO— oo d f‘OH

%

Bispeno! AD{BPAD)

Br, Br

CRE | 4 o
B B
3.30,5,5 Ty abronea-
Bisplencd A TROPA)

0

2,1-Diphoaylpropane
ey

3,35, Teumchiaro
busphenol & (TCHPA)

w0 OO

2-{& Hydroxyphieayi)-
2-phenyiprupenc Q1P
HO

) juacm - (f_o\?g,\ e
HO'\:} ;”{}"0’“ HO % o uo~-4‘J>~?-{‘rj—0H

1{4-Hydroxyphenyl).
{1 A-ditydeoxyphunyl)-

O~ -Gy}

4-Hydrowydiohenyl:

7 e
Lo

. Rig+{d- ooyl
Diphienytmathane 2. 2-Rig-{d-hydroaypheany 1)

2.2-Bu-(4 ; ¥ ¥
| 2:B13-(4 -hydmxyphenyt | propionic asid

(LM methase (HDOM) t-propanol {BPA of} (8P A-ciboylic acid) propane (P Acalectol)
F B .
) / s E =, Lt BVaun
w0t wOThw eihoo WG
] OF 3
1,1-Bie e -Bis (4-hydroxyphenyl)
Baiphenct 8 (BPS) Hisphenal AF (BPAF) {4-hydroxyghenyl) 1&-dilsoprapylbenzene

p-lsopropylphenal
(I cymohexsne (BFCH) (BPDB}

FIG. 1. Structures of bisphenol A and related componnds tested in this study,

TABLE 2
TABLE 1 Estrogenic Activity of Bisphenol Derivatives in Vivo
BC50 Values of Bisphenrol Derivatives in Group Uterusfbady weight (mg'kg) % ot cantrol
MOCIF-7 Betrogen Luciferase Reporter Assay
Contrel 435 ¢ 30 1ag
BCSO (M) Es
50 ppfkg 2157 2 $1840 496
TCHPA 0.02 Tf"’;g”‘ " S o
BPRAF 0.09 myeg x5 "
BP@F 007 100 mahkg SD4 2 67 137
P . 300 mgdkg 716 & 564 164
P 0.15 500 mplkg §38 + 83* 123
BPCH 22; TCBPA
HiM 3 20 mglkg §i4 = 84+ 118
DMBPA 0.42 100 mptkg SB2 & 52%% 134
BPA 0.63 300 mpfkg 76 % 562+ 164
ThiBPA 0.73 500 mglke 713 2 g2 ' 164
BPAD : 0.91 RPA
BPF 1.0 20 mgfky 640 & 4§>% 147
BRS i1 100 mgfkg 05 & 75 162
BPA acid 1] 00 mpky 806G 2 70%* 185
2 7 13j%
BPA catecol 18 500 mefks bl e
BPA of 11 Note, The wierctrophic assny of bisphenal derivatives. Weights of the utesi of
TBBPA 19 sats are shown, Ovariectomized fernule B6CIF] mice were treated with 17§-
P 36 estradiol (B2; 50 pgfkpfday). 2,3-bis(3,5-diwomo-4-hydroxyphenylpropans
Dep 1000 (IBBPA; 20, 100, 200, 500 pehgiday), 2,2-bis(3,5-dichlore-4-hydroayphe-

DPR = 1000 nyhpropane (TCREA) 20, 100, 30D, 500 mg/kgiday), ar 2.2-bis{4-hydroxyphe-
BPFD 1080 ayhpropane (BPA; 20, 100, 300, 500 mgkgiday) for theee days. Each proup
6 coomeisted of five animals. Uterus/body weight (mg/kg) indicates mean © SEM of
B, 86 x 10 five mice.
#én < 0.0, *p < (05 indicate significant differences from contiol (OVX
mice) experiments.




TABLE 3

TCS0 Values of Bispheno! Derivatives fer Androgen
Activity of Dihydrotestosterone in NIH3T3

Eucifernse Reporter Agsay

1050 {ub]y

ThiBPA Q.29
BYAP t.3
HPAD 1.4
BPFB (%)
DMBPA 2.0
HDM 19
HPP 42
RPA 43
iPp 6.2
BPCH 79
BPD 9
BPF 12
BPA catechol 14
BPS 17

| 1) ¢id 370
TCBPA 870
TBBPA >1000
DPEM > 1000
/PA ol >1000
BPA acid =~ 1000
Flutamide 25

Note, ECSO Tor DHT: 1.1 |x| 107"
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FaSCREA - Disposition of low doses of (14)C-bisphenol A inmale, female, pregnant,
fetal, and neonatal rats.

Hi#8: Arch Toxicol. 2005 May;79(5):243-52. Epub 2004 Nov 17.
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5. (100,500 1 g/kg) BTV, WHR, MBLaR43 A e A 0~z $72, 500 1 g/kg D'

CBPA ZIHRBEIOBA Ty MG L R IR BE IR L ~OBITE R~z BEOE
Radioluminograph (235 EERFE R 5, BPA ORI R E VI (35—82%) & H
BPA JRE MLV, 100 ug/kg DR OEREH HENICBITL, B<CHEEN DD, I, B, /D
ERNEY P 12 BB VA TR ED R D, T, R O E2REWiX BPA glucuronide
THBH, T free BPA B Th o7z, v To BPA RENIBITFER OB 5 25RRE
Niz, £l RE L-L 25, R 12, 15 B B TI3B{F~D BPA BATIIH
HENR»old, ik 18 B B TH# 5 24 Bef#%. BFOMIEE R L OB T
Hahi, A% 11 BOBFHEFEHLL TV AR LENEELELE Z A 24 5
EiglcB W TEHERD, B, HLBERNEY., BB BPA SR iz, E0%E
MEEMWICHTE S8 L ZAMILENEY TO R BPA B Shz,

ISR

Table4, 5, 6

FHEE D AV b

BPA IXAEBEAT T A E VI FRREIC OV TOWE TH D2, HRTH CIIBFBTIX
HER SN2 Do T BMEREHIC 2 A L SNz, T COFBIREHESICL 58
EICHET 5 L, (KABOROKRE BPA DGR ~DOBITIZA WA, RGNS
BETHD, bhEidnz, MIESRHICIZIBPAZR LI R5EELZLNLR, &
HTEBITBEBETA200T LA FMEREO SNV D a U BHE BPA THHH EEBERL T
W5, A& @ BPA REFIT glucuronide LIS DM 372 0 FE1ET % (23—41%),
BPA BRI CE DL D RIBECER I NS DY, =X b u o R st
MEN TP ESBLOBRETH D,



Table ¢ Tissee rudwoscovity distinbution in mule and female rats
aftes el adannistention of 100 pp kg ! PC-BPA

Tissue Radiogceivity concentration

{ng BPA equvalent g ' oc mi. '}

30 man 24b th
hfabe yabs
Adrenul glund 6.74+2.20 NQ NQ
Bloext 584 2 9.04 B3 2.68 NQ
Bone marrow 218+092 NG ND
Brun KRG WG ND
Brown Tut 1.33+0.54 NI R4
Eptdadyinis NQ ND ND
Ewvebsatl wQ NQ N
Hean Ng KNQ ND
Kulney corlex 1806 = 3.18 1R x2IB 1LM =154
Kidrey medulls 5082413361  005+6.5% NG
Liver Y106 13.40 22244432 19746064
Lung 445+0.20 NG NG
Mandibular ghand 105104 1) ND
Pitwitary gland 685 (a2 i ND
Prustate glsnd NQ ND [X18]
Skeleral muscie S64r0.1% his ND
Skisn 2.4 =057 NG WD
Testis §87=030 NG ND
Thyroid ghand 6l 199 NQ ND
Fomale rats
Adremal ghand 51208 NG ole]
Blood ; 6.57x 141 MO W)
Bone manvow NG RO ND
Hrain N Ny NI
Browan fat NQ MD ND
Eyeball Q@ ND N
Kidney corien 1283+4.66 407+ 0.86 149026
Kidney medutls 178721849 3732028 NG
Liver 43224102 13.25+3460 2682074
Lung 1945 1Y) NG
Mandibular gland  NQ ND Ny
Skeleral nndecle NG N ND
Skin 2352106 ®Q ND
Uherug 4.14 {n~2) WD MD

Diata are mcsns = S Fromw 3 sats
NG Nonguanhliable (below LOQIND  Not determned (mndis-

unguishable)

kidney 72 & afier oral administeation. Radicactivity in
some tissues of femnales was similar to those of males at
30 min, and became lower than the males at 24 and 72 h.

Teble § Tissue racionclivity in pregnant, fetal, and nuonatal eats after oral administrmion of 500 pg kg © “C-BPA to dams

Radiouctivily conceatsation (n@ BPAeq g~ or mL~Yy

Diam and fewnl tissues 12 days of gestation 18 days of gesistion 18 dayn of gestation

G sun” Mhb 30 min 24h 36 mn Mh
Amniogic fluid ND NI (0] KO NQ NGO
Bleod 4432 4.31 37.51. 183 0.9 16.79
Kidoey coriex ND? WD 45.42 17.04 34.41 ND?
Kuney madulla NDY ND® 27 80 wNOP 138,18 ND®
Liver 219.59 61.44 260.68 54.88 317.26 78.03
Lung 37.74 400 24.23 261 .41 4.59
Cvary 2184 186 130t wNQ 1547 .49
Placenia 15.43 MO 18.12 i d] a.9) 146
Skin 1.2 [¥14] R.8% NQ 11.89 NG
L tierus 22.68 NI NG NG 15.31 NQ
Fetus NQ N L[#] NG NG L)
Fetal membauane NG NOQ NQ NQ NQ 10.87
Yotk suc MNQ ND ND D NQ 54,14
Weonatul tissues Fmedistely after 24 b lnctation® 24 h after 24 h lactation”

Male Female Male Female
Gustric conlents 136 235 ND ND
Intestinad contents 45.83 .03 10.44 11.94
Urinary bladder 9.7 D WD ND

R)--Nonquantifiable (helow LOQ)
Wi N detenivned (ndistipguishable}
*Each time shows the sacrificz tme after oral administretion of
“C.BPA 10 each pregnant ras
“ND— Not detesmined because of fave effect due to Tugh rstha
sctivity af wlgstinal contents

— 34

“Put togethier with a baciating rac orally adminisiered '"C-BPA for
24 h fellowed by sucrifice

“Put together with a lactting sat osslly administered '*C-BPA for
24 b, then nursed by untreated rat for 24 h (ollowed by sacrilive



Table 6 Composition of metabxolites in plasma. urine, and fecal sasnples from male rats afier oral administeation of 300 ug kg™t MOC-BPA

Metnbohe Composition of vadinctavity (% of 1oal)
lirme Feces

6h M4 h Befoge hydeolysis After hydrnlysis” U-24 h
Origin L=l T2=37 1540 ab=10 20+0.5
P - HAxid 80=13 RYEX R
M2 59 3=132 V8.2 =76 W= L 18=013
) - - TE+ LA 40 1.6 1604
€l 2y 89< 15 -
Pl - -
u2 B T2y 69=
L3 - - o il= -
BPA 1.7=03 G105 Lox0.7 487 EEINI
M4 - - 4%z 5907
Others 299 =109 181zvd 13553 6= D34£2.1

Data are means = 50 from 1 rats

“Lorise samples (0-24 b) incubuied with f-gluecurcnidase from Helix pomatia
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EHEL . Markey CM, Wadia PR, Rubin BS, Sonnenschein C, Soto AM
M A4 : Long-term effects of fetal exposure to low doses of the xenoestrogen bisphenol-A in the

female mouse genital tract

i Biol Reprod. 2005 Jun;72(6):1344-51. Epub 2005 Feb 2
F =y JIEHH:
1. 584w (Vv ) D-1=wzx, () A, () 0
2. WEBOENES () mER. () R, 0 E%, () Tof_
3. WEoRE () Mk, © 8k () Bk, () 2o
4. BFEHE () &Koo () BYAL, TOM_HEA
5. BERH () BB-RIE. ) BEES, () H4Ae®%., 0 REEw, () Mk
6. IBEmyLE HEBRBM (25 ng BPA/ke/H, 250 ng BPA/kg/H)
7. BRINTREBORELBE .

(250 ng BPA/kg/ R ; IEDOHEX B O BEROWA, FENIENRIRE AR OWBAL)

C BIEREE () MR, (0 WA, () BFEH. (o REW
TR R EA~OBRL 0HY, ()L
. AROBEMIZOWTTRERTF =2 v 75,

GLP {Z ML )y, Vv FRSCHI TGLP (88l oo FHE
HARFGA L ~DHER ( TV A RFA4 - DAH . B Wning

A SO

FERE MR RE COREITHY T 2 LA B0 BPA BfE 2% T M8 2 Tk, DNA &5
CEERH DI, FERRNOWEAT oA FREKREReRT B S RT 0 L REDREBD
M, RIEEAEOBA . B~ U ADEEROEA 7 EBBE S, BPA ITAFERY
RIZBE D2 ER =Y b a— VBB FRIUCERE S LT\ D, 25 EHRKR TH— T E—
PRI R B 2 RAE L, BPARER 5, M0 R TRENBEIND,

RS s

Table 1, Table 2, Figure 2, Figure 3.
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Bht ORBBEBREMFRL TV, ZORETIE, 6, Al colkk
HIBRIIBERA L ERIREB HOPND L 2RR L TR Y, [EHAETOERABE LG XHt
&, BETOILOTHD,



*p sod sydiav. g sed weio iy dod wmago uny

= Arpend Tyt sou po soquures g cnsrwosdol U L0 v ) o0 dnodd jomgos A o wepiepd LSO ARUDGAE S o GaniEs LB ISR S0P BUSHE U LN IS Lpnd LIS D gRae Jje oy
A0 E 0 g Lo = gitn k) LUe = 6ato g PR i) & Whzigid 9 W =l g HYRINSE VY
TR ST T g Koo = IMD g Q00 S 2o g 6 * B b & W+ gl g 256 T (Tl g ByBu s Wid
SO0 S 000 4 S = ke 5 o= 140 i g5 =11 f ez Ll k] a3 kL 8 FAHCy
LR A ] Heaq » B ANA (] B 15240 SO5AYY u B, L] WONG) STsAYY u (e, ¢ STEDYY i IS ISR

sty ayilions Bimosgy

agilan gpog) o wgilian oAzl
1At 8 By Vg 400 Ao CEC] o8 e aragsad pasodis 23 i SRS plo-ows (U it FUE TUNN A o GV 5 T U Bl Seinfad pui om R ) | LY




TARE 2. sdorphemerric analesis of the ez from 3 mowcdd mice expored pednaadly s D30 conwoll or BRS inghg bnedayt s

tuminal Ghindular Lierine Cilandular Lamina

Treamen:, n epirhelium epithelium lurmen turnen prapria [Eja=a CaH T
Relytive area "4l

Comrol 3 [ I | &7 v .91 aad @ L1 130 = 20 1259 1 s

BPRA, 25 nply B 382 x 052 T R B 9313 2 148 193> 018 14.20 £ 052

BR&, 230 ngkg b 327 =0 g e R R ok P4 ad ML36 3 13X
Abraluee volume Irng!

Comrol 3 1046 238 1027 = 136 1253 0 206 1.22 4049 = 130

BPR 25 npky N ER! SR\ 933z Lis 833 » 233 107 1497« 397

BRA, 250 nglg? 3 195 = 243 10,45 = 112 R ek | 106 - 2438 » 0gre

‘Vgtaes f-:,ré::h group are expressed a5 mean  SEi: norepresenss nuraber of mice in each group: ngly bedine = nanogram per kilogeam per body
weight per dav.
 For all varinble: within each row an azerizk dencees thae mean values are sigrificaniy different relative 10 the conre group 1® & < Q031
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FIG. 2. Photomicragraph showing the expression of ER« in the uterus
of 3-ma-old mice exposed perinatally to (A) M5O (caontrali, (B 25 ng
BPA/Kg-BW per day, iCQ) 250 ng BPAKg-BW per day, and (0} negative
control. Note the increased expression of ERa in both the luminal epi-
thelium iLE} and subepithelial compartment of the lamina propria (LP1in
the BPA-treatad mice relative to the control. Bar = 5 um. & The per
centage of luminal epithelial cells showing low-intensity (diagonal bar
and high-intensity ishaded bar) staining for ER« in the uterus of 3-mo-old
mice exposed perinatally to DMSO (cantrol; n = 6}, 25 ng BPAkg-BW
per day in = 8}, and 250 ng BPAKkg-BW per day in = 6. The standard
errar is depicted for the percentage af cells stained positive iall intensities)
for ERee. Asterisks denate a statistically significant difference in the total
number of cells that stained pasitive for ERc in the BPA-treated groups
relative to the vehicle-treated contral (“F = 0.05, **F = D.OT1.
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FIG. 3. Photomicrograph showing the expression of PR in the uterus of
3-mo-old mice exposed perinatally to (AI DMSO icontroly, 1B 25 ng BPA/
kg-BW per day, 1) 250 ng BPAMKg-BW per day, and (1)) negative contral.
Note the increased expression of PR in hoth the luminal epithelium 1LE)
and suhepithelial compartment of the Iamma propria tLPY in the BPA-
treated mice relative to the control. Bar = 5 pm. B The percentage of
luminal epithelial cells showing low- mtensm wiagonal bari and high-
intensity ishaded bar} staining for PR in the utems of 3-mo-old mice ex-
pcnsecl perinatally ta DMSO tcontrol: n = 51 25 ng BPA/g-BW per day
in = &, and 250 ng BPAKg-BW per day tn = 51 The standard error is
depir ted for the percentage of cells that rstenned positivie 1all intensities)
for PR. Asterisks denute a statistically significant difference in the total
number of cells stained positive 'ror PR in the BPA-treatad groups relative
to the vehicle-treated control CHF - 0.01)
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S REA : Perinatal exposure to bisphenol-A alters peripubertal mammary gland

development in mice.

H B Endocrinology. 2005 Sep;146(9):4138-47. Epub 2005 May 26.

F v JIHH:
1. ®8:4EW ()b (x) =R, () A () Zof_( ) HEK
2. EBOEMESE () MR, () R, (x) £#R. () Toft
3. REoME () Mk, () M. (x) BEE. () 2o
4. BEFHE () 8o, (x) HDRAAR, £0O4
5. pER () BB-WRIR. (x) BE#H. () M4, () @E@Ew., () Mg
6. IRERE BB (25,50 ng/kg bw/H )
7. BEINREOMBE L RE
(25 ng/kg BW/H )
8. g () H4RT. (0 WE#®. 0 BEH. () RE
9. WMXPIEAEYE~OBL WHv., ( )L
10. REBROBHEEICOWTTFIREB CF= v 775,
GLP [ ¥ C v, )z fXPic T6LP I #EH) otk A &
HARGA~DHEW ( ) A FFA DL Oz
i SCOONE L
W% CD-1 = 7 R IZHIE 10 BRI 6 HER 4 B B0 T2 BPA % 25, 250 ng/kg bw THLDIAA
R AL VBB LT, FEMBEHE (25 ng/kg bw) BELY ., (FO 4 » ABOAE DI
DM 1 » ABROIMRIZIBIT 5 progesterone receptor X /37 BEOBINRLT R h—3 R
MR DB I ERBE SN,
&R
Figure 4, Figure 5.
EMFEDOa AL

< U ADEEHOBRIEAREREIC L 570 BENN L BENICR T LR~ E
ZNTE Y | EEOHD AN E E R AR T 2D EBOFEL BRI 2 HEN
HD,



o

3
!

1]
BT
B
g oa-
"

e ey BRA ZHang S04

Fig, 4. Detection of apopictic celle by the TLTNEL method in mam-
mary glands of mice treated perinatally with BPA or vehicle. 4,
Photomicrographa ghowing cells stained positive for apoptozis in ter-
minal end buds of 30-d-old mice treated perinatally with vehicle (g2
paneli and BPA irght panelt. The arrow indicates a cluster of apo-
ptotie bodies. B, Graph summarizing percentage of apoptotic cells in
TEB:z of control and treated mice (harg indicate mean = sgM). *, P«

0.05; ==, P« 0.01.
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Fia. 8. A. Hxstog::‘am representing th»a percentage of cells Et&JIlE'd. pos-
itive for PR in the epithelial compartmment of mammary glanda of 30-
d-old mice treated p@rhmtallv with vehicle. 26 and 260 ng BPA%kg bwrd
(¥ P 001 %, P« 0,051 (hars indicate mean = sEM). B, Photomcro-
graph. showing c:lusters rag indicated by the arrow of P'R-e*tpreeslng cella
in the mammeary gland ducts of BPAAvreated mice.



