Relative ratic

Relative ratio

Relative ratio

Fig. 3.

i

Control  0.02 2 200 20,000 Control 0.02 2 200 20,000

(ng/kg) (ng/kg)
Doses of bisphenol A

Changes in expression levels of RXRo mRNA in the cerebra (A and B), cerebebella (C and D),
and gonads (testes and ovaries: E and F, respectively) of 14.5- (A, C, and E) and 18.5-dpc-
embryos (B, D, and F). Open and closed bars represent males and females, respectively. Each
value is the mean + SEM. * and **: P<0.05 and 0.01, respectively, vs each male vehicle control.

*and **: P<0.05 and 0.01, respectively, vs each female vehicle control.
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K4 Olsen CM, Meussen-Elholm ET, Hongslo JK, Stenersen d, Tollefsen KE
FMSCRE4  Estrogenic effects of environmental chemicals: An interspecies comparison.
Hi8#: Comp Biochem Physiol C Toxicol Pharmacol, 2005 Jul;141(3):267-74.
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. RFRIEE FHRBPEBPAIO® ~107° |

. BEIN-HEORELBE Relative binding affinity(RBA): 0.315/BPA, 100/E2 for

NSO W

w4 OF v b, () =vA, () A () EOfh__ & MCF-7, rainbow trout hepatocytes

human ER, 5.8x10°%/BPA, 100/E2 for rainbow trout ER, Relative estrogenic potency (REP):
2x107%/BPA, 100/E2 for cell growth MCF-7 cell 2.9x10°/BPA, 100/E2 for vitellogenin
production
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10. FBROEEHIC DWW TTIREE CF v 775,
GLP {Z #EfiL CO)y )iz 3aseHie TOLP Ly itk A
HA FTA ~DHEL ()i A RI A4 DA OOz
FROCOOBEEL .

4 FE¥HD in vitro screening methods [competitive binding to esterogen receptors ((Dhuman
breast cancer cell line MCF-7, @rainbow trout liver cells), @proliferation assay with
MCF-7 cells (E~SCREEN), @induction of vitellogeninl &V ., WA WMHEAVSWE DR E%-
A, AIp R a4 (B2, DES, zearalenone) (23619 ARREEIL E-SCREEN>hER=rtER=rtVtg ¢
HoTr, 4nNP & BPA (ZDOVYCIE hER & @ affinity 23887025 723, 4-t-BP, 4-n-BP I rtER & @
affinity 23D o7z, Zearalenone & Pzt A hu P W& Céh D 4-t-butylhexanol 1 r tVtg

"X E-SCREEN "C3&V VA1 U7z, Alkylphenols P72/t X b u AU EWE Ch 3

4-t-nitrobenzene [TADIFIZIA IR E R LTz, 4RBBIECOWTHBMIWTI 2T o TR = A
AR TR (BRI & & b BISEHlE) 203580 Dz, T OZEINDUMEEA L E O ER
& DEUSEDSHIIBE TR S Z LICERT 3 LB 2 bz, L L, BR~OFEHEIC YW 2 #E
G LR R AR LT,

RTEE
Table 1
DA |

In vitro DAY V== 7 %475 L, BICHET A0 EORBRME AT Sl
B HEPNC BR SO B2 LHEEGTHEAE (ERT A FESERS) BIEETINECLYD
TR N ARORERINR D RN R R LIRS0 THh B, (LB OREL R L oML H D
DT PFIHEIED A 7 Y — = TITETE B2 < OBOMI, FEE2 AV TREMICT
A P AEOPREEITHINRETHDEZEFEIETHRN,
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Table 1
Reletive Ringding Affnity (RBA) ko o sangse «f vonsposnds W the heman snd minbo fout esnagen moeptor (BR) and tiew salalive estrogende posatial (REP)
n bumar breass eancer eells (cell growth of MCF-7) end rasnbowe teoud hepaancyies {visellogenm production)

Tewt commgiored Sypol Humas ER Rainfow moyt BR Cell growsit MUF-7 coll Vaatingenn raodusiing
ICo (Y BEA® 15y (04)° RBA® ECy (M) REF e, (M) REP
1?-estradiol E2 Lix1e° 180 asx10 " 198 slzid " 100 10x167"° 108
Diethylsitisesiro) DES Sv19'"  gap 2w 398 18x30" 338 Lexi? Gl
Fasralenome ZEN e’ 4 21077 2.8 a1x107'" 149 £2%10 7 Lexie?
Bisphenal 4 BeA LAWY 0315 84107 &Bx10° 3xi0’ RS i 3S5x 167 29xip ?
4-t-ootylphent Céh IBx107Y 646 BExI10™' e M0Y Swx10°° 12x067° 1= daxie™?
do-ponyiphenal Ca 13280 % 2800077 36x107° @dxip? wit - 80xi0 ¢ 2Ex167°
4-r-hugylphenol Ch BYx10 ® Zhw18 ' 06«10 P 46xM" 12r10°° 29x00°° 1MW ¥ SEwpg ¢
4-at-bugrylphesol Cén Zix®  LEIx06°F 1ExW0% 33x10 % 4xi0 ® 18x087" 351 RPwgE
dr-biayl cyctabensno)  C4Lvelo 19% 807" 84x 00 % Wb - L Wy Gixi0* -
4o butyl chhobenene  C4-€1 41wilo* 3Iwi0 ¥ wi wit - ac” -
4-r-hugyd nitrcherpene C4-N0,  wh - wh® - wip - 1721077 27=10
&n-bugyl andline CA-NH, 12x30°" 14x18"° 74x10°* @B~10 * o -

*fiqunlshenen inhibitory concestration (3Csn) wes caloulsted nx die concenirsting causlag $%6 tnhauton of "H1 7p-cstradiol binding.
“Relmiive hindinyg sffinty (RBA) wis caleulsted as 100 x the atio between the binding affinity (Wsy) of | 7jtenradul s te st congeound.
ul wesk binding (< 0% mbitdtinn of B} Pletmdiol binding).

“b: no binding under conditions arployed.

“The $0% effect conseteation (BC) wes calcubmed o5 tie cracenvation ceusing 0% effect (call growth or viteflogisen production),
Relative estrogenic potency (REPY 1 the ratio between 1 7R-cstradiol snd EEROCHIOgEN conseniration needed to pomdure g, » MU,

Byri: wenl ipduser (<5034 indhucting of cell growth or viellogeon production)

Yo i effort under canditioas employed.
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EHA . Pfeiffer E, Metzler M.
L4 ;. Effect of bisphenol A on drug metabolising enzymes in rat hepatic microsomes and

precision—cut rat liver slices.
HiB8: Arch Toxicol. 2004 Jul;78(7):369-77. Epub 2004 Apr 28.

Fx v A"

1. %5184 Iy b, () <vx, () A, () 20

2. REOEMES () MR, () R, () &R, ) Foft_ JfTE
3. BEBomE () M. () Mk, () @k () Foft

4. ®wEHE () Bo. () HYAR, 2ot ,

5. BB () BJRR. () BES, () fHE®, () R@daEw, () M
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SR SC OB
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Mnic, TORER, TAPRTRID 2afLe 16afiOKEBILEZE L HE LR, 680HDVNLT
afLOKB{LIIMAE Loz, Tk, CYP DH AT, iz CYP2CIL IZBWCHERERHD Z L
AR L TCWD, ZOMEX, R0 BPA HE U2 FBY A T S, CYP OARF W E & /R
LT3, FBEA ICBOTKRERET X b 27 o B CRebIcERAR LN, BPADIFEETT
BEEIAERIZHEA Lz, L L, FRiZ BPA 203 L T LI b~DEE I ad o Tz, FFEIH & BPA
BHMdbHWIT A AT £ unbelliferone & DA VF aX—3 g 2k V., BPA HEIIAKEE
fbEnpniin s, REIEEIESR LN, LU, BPA ORGEPEENRBAIEH HB O
CYP DR AW E L LAz, fds e LT, BPA L., HARID CYP ORI O R AT R E % 5|
XL, moEHOBRAILEGET D,

RAEE
Figure 3, Figure 4, Figure 5, Figure 6
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RN H 0 | CYP DIEME BB > THIRT 2 MR D - oD T, BHIIR#W L oM 5 FHE2 %
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EH 4 : Reistad T, Mariussen E, Fonnum F.
SSCREA - The effect of a brominated flame retardant, tetrabromobisphenol-A, on free radical
formation in human neutrophil granulocytes: the involvement of the MAP kinase pathway and protein
kinase C.
Hi#t: Toxicol Sci. 2005 Jan;83(1):89-100. Epub 2004 Sep 29.
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FIG. 1. Relative fluorescence used as a measure for formation of ROS in human neutrophil
granulocytes after exposure to different concentrations of the brominated flame—retardants
TBBPA and its non—brominated analog Bisphenol-A. The cells were loaded with the
oxidative stress—sensitive dye DCFH-DA as described in Materials and Methods. The BFRs
were added to the wells and fluorescence was recorded in a Perkin Elmer LS50B
luminescence spectrometer for 60 min. All values are relative to the cell control (set to
100 %). Control value (AUC): 370 == 26 (SEM). Values are mean = SEM, 5~10 experiments
in triplicate. One—way ANOVA followed by Dunnett's 2—-sided post hoc test was performed
to indicate statistical significant differences between exposure groups with DMSO as
control (*p £0.05, *p =0.01, **p <0.001).
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FIG. 2. Chemiluminescence as a measure for formation of ROS in human neutrophil
granulocytes after exposure to 4 yM TBBPA in combination with ERK 1/2 inhibitor U0126
(10 uM), the tyrosine kinase inhibitor ERB (25 pM), the PKGC inhibitor BIM (0.25 uM), the
NADPH oxidase inhibitor DPI (4 uM), the Ca2* channel blocker verapamil (10 uM), Ca2" free
buffer with EGTA added, the superoxide dismutase inhibitor DDC (100 uM), and superoxide
dismutase(50 U/ml). Chemiluminescence was measured in a Labsystem Luminoskan
luminometer for 60 min. All values are presented as area under the curve (AUC). Control
value: 16 £ 4 (mean = SEM). Values are mean % SEM, 5-9 experiments in triplicate.
Two~way Student’s #test (paired, two tail distribution) was performed to indicate
statistical significant differences between each exposure group treated with or without the
indicated inhibitor (*p £0.05, ™p <0.01, ™ p <0.001).
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FIG. 4. Relative fluorescence used as a measure for formation of ROS in human neutrophil
granulocytes after exposure to 12 yM TBBPA in combination with ERK 1/2 inhibitor U0126
(10 uM), the tyrosine kinase inhibitor ERB (25 uM), the PKC inhibitor BIM (0.25 uM), the
NADPH oxidase inhibitor DPI (4 uM), the Ca® channel blocker verapamil (10 pM), Ca® free
buffer with EGTA added, and the superoxide dismutase inhibitor DDC (100 pM).
Fluorescence was recorded in a Perkin Elmer LS50B luminescence spectrometer for 60 min.
All values are relative to the cell control (set to 100%). Control value (AUC): 342 + 25
(mean &= SEM). Values are mean == SEM, 5-9 experiments in triplicate. Two—way Student’s
t-test (paired, two tail distribution) was performed to indicate statistical significant
differences between each exposure group treated with or without the indicated inhibitor (*p
<0.05, “p <0.01, ™p £0.001).
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FIG. 8. Pathways found to be involved in TBBPA induced ROS formation. The MAPKs are
major information pathways from the cell surface to the nucleus activated by e.g., growth
factors, inflammatory cytokines, and cellular stress. The MAPK pathway includes the
extracellular signal-regulated kinase 1 and 2 (ERK 1/2), as well as c~Jun N-terminal kinase
(JNK) and p38 MAPK cascade. TBBPA probably induce NADPH oxidase activation by two
different pathways, both important for p47°"°* phosphorylation: an ERK 1/2 pathway
independent of the p38 and Jun-kinase (UJNK), and a calcium dependent PKC pathway. In
addition we have found that tyrosine kinases, activated by growth factor receptors, might
be involved in the ROS formation acting in parallel to or downstream of the MAP kinase
cascade and PKC. Inhibitors of the different intracellular pathways are indicated in italic.
The DCF assay is primarily an indicator of intracellular formation of ROS, whereas lucigenin
assay primarily measures extracellular ROS.
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¥4 4 Satoh K, Ohyama K, Aoki N, Tida M, Nagai F
M CREA - Study on anti-androgenic effects of bisphenol a diglycidyl ether (BADGE),

bisphenol F diglycidyl ether (BFDGE) and their derivatives using cells
stably transfected with human androgen receptor, AR-EcoScreen.

Hi#: Food Chem Toxicol. 2004 Jun;42(6):983-93.
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Figure 5, Table 2.
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FHE 4 . Singleton DW, Feng Y, Chen Y, Busch SJ, Lee AV, Puga A, Khan SA.
M CRE4 : Bisphenol-A and estradiol exert novel gene regulation in human MCF-7 derived breast

cancer cells.
H 84 : Mol Cell Endocrinol. 221(1-2):47-55, 2004.
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Fig. 3. HOXCOb6 expression is repressed by BPA, ERx-HA cultures
were treated in triplicute with vehicle or 1 pd BPA for 3h prioer o the
harvesting of RNA and unalysis with quantitative RT-PCR. Ruative
expression wits compared to controls, which were assigned o value of 1.
Euach PCR wus normalized with a4 GAPDH internul control us
deseribed under Mauterials und methods.
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