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Abstract; Bisphenols (BPs) are widely used as the primary raw materials for synthesizing polyester carbonate, ep-
oxy resin, and polyacrylate to manufacture high molecular polymers. After being excessively discharged, BPs pol-
lute the environment and accumulate in animals and humans bodies via the biomagnification of the food chain. So
far, various BPs have been detected in water, sediment, indoor dust, food, as well as theanimal and human body, in-
cluding bisphenol A (BPA) and its multiple substitutes and derivatives. It has been reported that BPs interfere with
gonadal hormone endocrine, thyroxine endocrine, and neuroendocrine, which can further affect reproductive func-
tion, gonadal development, neurobehavior, and hormone-dependent diseases. Therefore, BPs have become risk fac-
tors that endanger human health. The endocrine-disrupting effects of BPA substitutes are even more potent than that
of BPA, and comprehensive endocrine-disrupting effects and underlying mechanisms require to be further studied.
Here we summarize the state of the current knowledge about the sources, pollution status, and endocrine-disrupting
effects of BPs.
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R385 N 43 b T3 W) (endocrine-disrupting chemi-
cals,EDCs) 45 AE A% T 0 A= WA IR ER 19 & B RE
s A5G VRSO, TS i HLIA B N 2R 5E
FE AR KRB BAT AR T, E AR AN
PR S HER RS T A AL et B
HT, M5 A A7 AE RS EDCs AL A M, EEAFEA
T AR A YN L5 R %)L
R Al Tl Az 7 v (i FH i) A2 40 JoT sl R e i = 4
(A HLEAR 2 PR A g 4P R — W R g, g
g ZEIAR WK EWE), WA Y (bi-
sphenols,BPs) 3 % FH T & Bk iR SR s L I S8 B 1
TR RS I /RTS8 PR TR T 458 15 0 SR 5 MR, 53 vy
F 2R Tolb ™= 5 of H A2 36 TH 2P, BPs 2L
HEAFRIE AN BT, V5 G P 174 (] B s 38 ok 68 0 B 1) i
KAERTFESI AR E T, HET, © 275K K
Ye LA K S0 A8 ) F N AR PR A 00 381 22 For XL 26 Ak
PP Xy A(bisphenol A,BPA)YE Ay 5 i 71 H W FH
)1 BPs, LA 20 tiE 42 30 ARAR, kA AT R B
BPA HA {2 dE MM/ AR TH R 40 & B R0, 230
MRS, 2 E E A A H AR
BPA fighigsZ i i )L 22 )LLL XL B K A B AT
JARTFIR B, FIE,2008 4 IS RN 5 —
AFEHEFE R 2 1 BPA T2 L& A 48 1Y
K btfa, R M DL S b A Ak SR EE L,
2 0F BPA H T2 LI & HAh )L #E & A,
P BPA AR 2 0 T Tl A7, iy B
(bisphenol B,BPB) XL S(bisphenol S,BPS) XL fy F
(bisphenol F,BPF)FIXX [ AF(bisphenol AF,BPAF)%%
X4 BPs [F]HEHA — 5 1Y N 43 WA T LRI R At
BEPEAEH , O 28 iR i i) B 55 R i BREXURS: [, 9%
I B JE 53k N £ T 2014 437 364K 1F BPA AR 4 1
F R IEATRE T HEALAA 9 9 4306 32 G2 A TR B0
R A BEME R JEE DA R e 1 EE AR
Y, BPs /BRI A SE R X 3l W B N AA A e A7
TEWSTE A , R P 43 AT P AR A 8 T i 22—
ARLFEANGR T BPs e SRUEATE YL IR I iR
HZ TP N ST S ABCAE FHBLE, Rtk — 20
JE& BPs AU Tk R a5 B0 5% SRAAL PR LA

1 BPs B9 2K£F057 A ( Types and applications of
BPs)

BPs & —RKoFH&A2~4 MHENLED
(1), EEAHE BPA KILKRIY), BPA JE ik i
flj—Fh BPs, XFR N 2-(4,4" - R BR) b 2,2-—

@FRFFYVABE 2,2- R ALE, 0 T XK
C,sH,,0,,7rF ity 228.28 , BPA XA T/K, 5 ¥
TR TE IR SR T A R A (p KL 9.6 ~
102, ZEB A s R B TR =™ BPA T2 AR AR
FERRTR R T IS g LA B BELJR 70) 0 HLAth R 0K 7= iy
(1) ()6 T, 22 i A 3 FH O G kG B 791 Sk P
Ml A5 T N3 F A B R R R SR A
BPA, A i, ¥ 3 A #F JL°F JC B TG 21 # A £z ik
BPA", i BPA 1% 25 ], BPS . BPF , BPAF il
BPB % £ fil BPs & #:1C BPA FF Tl il 1"
BPB J& BPA HC i Ji 7 1 i — A F 3Lk 20 b
SR U2 , TR BPA TR iR
LEREWRHIE" . BT BPA BYZEH  BPB 77 i
AR, AE Tl AN A 16 R o %) 07 FH e A ek
2, CATERES B UORE R | 5 B PO LA, 2L
A DI A W5 55 £ oAt R PR R v
BTG Y BPS & 2 NI — R i
FE BB HLAL G W, LR 1 v T A U 25 Ak 5
Yy, IE B 7K 53 e 22 BUK T oAt BPs, SR K 3 5y,
A e R, ELELA T e TR RN IR G R A R
BPS F 1869 5 A ., 32 F A4 7 4Lk}, 2000
AR AVER BPA B AR T 6 BUPR SR s 4
SrFREY ., BAT,BPS {28 BPA MY 2 H
FA PR AC R R sl LR, BRI B A A
B3k A BPS 353 1000 ~ 10000 t"* ) BPF & 2 7%
KA EEHIE &9, H 454 5 BPA A1,
i T BPF HA L BPA FRGEM I AR A 2t 1 0 o 5 1)
i S0 SE MR 2, R e A R
1, B BPA EZ A Z —P", BPAF J& BPA
AT AEY) , EEAWERAR I Tl 38R, )t
4b ,BPAF L e A E M i k2 SR MR AR B S5 R G )
A A, Tz N TR T REW &
TR/ N o B /U B W Y i B
AR, WUy C(bisphenol C, BPC) XL E(bisphenol E,
BPE) X} G(bisphenol G, BPG) AL} P(bisphenol P,
BPP) X% AP(bisphenol AP,BPAP) X[} Z(bisphenol
Z, BPZ) Wi M(bisphenol M, BPM) X% (fluorene-
9-bisphenol, BHPF) AL/ BP(bisphenol BP, BPBP) XX
fiy TMC(bisphenol TMC, BPTMC) I3} PH(bisphenol
PH, BPPH)%5 BPs tH7E Tl A= 7= i B — 32 O
FHEARDX D AR ) B0 5 55 v 1Y 1F S BE-7K 53
e R EA A S R KA PR A, IR R, B
G PIIRNE R, ATRE &7 A R 0 B A5O0
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Table 1 The properties and molecular structures of bisphenols (BPs)
P Ir i/ IE K EYEE
T — y
£ (g-moL™") AN Y A5 et ]
Molecular
Name Molecular mass/ n-octanol-water Bioconcentration Molecular structure
formula
(g-moL’l) partition coefficient factor
XL A(BPA
(BPA) C,sH,40, 228286 332 7185 HO O O o
Bisphenol A (BPA)
WLy B(BPB)
Bisphenol B CsHy;s0, 242313 413 3043 O O
(BPB) HO OH
=
XL F(BPF
(BF) Ci3H;, 0, 200233 291 3473
Bisphenol F(BPF)
OH
HO
\
MR S(BPS) OH
Bisphenol S Cp,Hp048 250270 165 3.697 /©/
(BPS) s
[ORG} o
XL AF(BPAF)
Bisphenol AF C]5 H]o F502 336.229 447 556.3
(BPAF)
WEY C(BPC)
Bisphenol C Cy;H, 0, 256340 474 887.1
(BPC)
W E(BPE)
Bisphenol E C,H,,0, 214260 319 57.01 O O
(BPE) HO OH
OH
W G(BPG) O
Bisphenol G C, Hy O, 312446 6.55 2225e+004
(BPG) O
OH
OH
XL P(BPP)
Bisphenol P Cy,Hy 0, 346 462 625 1.304e+004 O
(BPP)

<14
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2k1
P SR E -k CR T
T\ - .
HK (g-moL™") PNER 4T e
Molecular
Name Molecular mass/ n-octanol-water Bioconcentration Molecular structure
formula
(g- moL ! ) partition coefficient factor
OH
X AP(BPAP)
Bisphenol AP CyH; O, 290356 486 1101 O
Rasty
OH
W M(BPM)
Bisphenol M C,,H,, 0, 346462 625 1.304e+004
(BPM) O
HO O
X Z(BPZ) .
Bisphenol Z CgH,,0, 268.350 5.00 1422 \@
. S
OH
HO
Wl TMC
(BPTMC) O Ok
C, Hy O, 310430 629 1.397e+004
Bisphenol TMC
(BPTMC) ‘
HO OH
A1 %i (BHPF) O o
Fluorene-9-bisphenol C,sH;40, 350409 6.08 9524
o0
OH
LT BP(BPBP) O
Bisphenol BP C,sH,,0, 352425 6.08 9524 O Q
(BPBP) O
OH
HO
W PH(BPPH) O O
Bisphenol PH C,,H,,0, 380478 7.17 3.765e+004
(BPPH)

o
X

2  BPs i3I ( Pollution status of BPs)

BPs &£ F

BAR TG YRGB, i B )

TESPI AR 4R U AR . R4S BPA
LA RRIEHEINES L T2 4L ah 2 de, B

= (T
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A A AR S5 AR T L BT AR A
{545 KA AESE ] BPA £ m 0 TR AW, 1
Giit, EEREAE K LA 500 J7 t i) BPA T Tl 4
B 31 H O 2013 4E % 2019 4E 4], BPA 775K B
EHIRK IR E] 4.6% Y, 1AM, BPA L5 U0 BPS,
BPF #il BPAF 75 K i B4R in, B, C 47
KA TR 2 K R S R B A T, W Sk £
K OKE B F B WS, NI BEFL A
WO H 2 b BPs®!, BPs B 48 M B A A fd B
A= i 22 4 i B XU IR
2.1 ARG

BPs F= 8 78 A 7= il AR v 2 HE TS e IR B Ay
[T, A dE K U ke I ANRRAF (R 2), Jin
N Zha™ 7E T [ 37 ] 3 B Y 22 K R Y 22 Fil
BPs, H. "7 A BPA #il BPS & 3 ; Wan 259 B F [
TLHI R 120 37K AR, SR ) BPS 5 Si P 7E IR =
JCB KRR UK FE , #0U H BPA | BPF \BPS |
BPAF FIPUIR XL} A (tetrabromobisphenol A, TBBPA)
4 5 ff BPs, H:th', BPA . BPS . BPAF #1 BPF [ #4 i!
AL ; Zhang S5 PR A 43 B I Y 20 4b ok
IKARFET 5 K K AR FH 7K o BPs 119 340 il 5 o, 4
¥ 6 Fh BPs, 43 %] J& BPA BPAF  BPB, BPE  BPF
A1 BPS, ¥ Hi 3% 5% =5 i /& BPA  BPS #il BPAF; Liu
LD I A R B, 2016 4E(200 ~ 950 ng- L) A [E
KR 2K b BPs 9 5 52 K F 8.3 = T 2013
4E(54 ~87 ng-L™"),{HIJ L BPA BPAF il BPF 4 &
BRFLAEY, Il BPA BPS BPAF £l BPF
RIS A B i R B BPs 2R EE W), 7R IR bR
B R KB T m . BRRMET , KRR
PR AN B 70k ) (suspended particulate matter, SPM)7E
IR TCANANTE , A1 3 50% 9 BPs FERJZ/K
()0 A5 5 RARAARAT B, BPs FE/K H R 20 A AS i
JRIBR T AR A A A SPM R T L2 L2
JTA5% B . Zheng % PSR TR [ g 5 b XK VI B
H R ZKRE , A 3853 B RTVS AAH | TR A A T AR
AL FEIX 3 BB K H BPA . BPS . BPF . BPAF
1 BPE 45 5 #i BPs, {HAN R AHh BPs 1Y AF KP4
], BPA 1 BPS fill [m] W77 T %5 fi#% AH 1 | 1l BPAF 51
4758 T SPM | Si 2571 % 3, BPAF T2 1%
ETFRFER R AAR Y, HoAth BPs ) 0T £ 2 A7 AE T
fE AR, H e RT O A AR AT SPM. 23 i — 20 5
BPs 7EXE T ) A R R AL

BPs {504 22 R4 1, Yu PN T £

35 N 74 AT KARBERT R 76 1 IR K IG JEAE A K
I 4 BPA . BPS . BPF . BPAF . BPP  BPB #il BPZ 4%
BPs, BPA . BPS, BPF fll BPAF Ay £ tH % 4% &,
Yamazaki 26524351 N H A< i [ | e [ RTED B R 4R
TORIRNRT I B R JZ KRR R & B0 H A 5 [ Fnep
[ (R i 2 2K RE b BPF RS ERK, HER
T BPA MY2FE 5 1 8% ~2 A%, 107 ER BE RN 1 6 20K
B BPA Fil BPS Y282 /K F-H 15, Schmidt 451
TE: E B g 2K A T BPS, Liao %P0 #r
5 [ E A H AR S [ I IR JE TP BPs 1Y 2 BE
B, EE T R i = I AL & BPs 19 2 58 KO Al
i H 48y I8 2 v T DA S A B AR A 1) IS VR A A
Jf#e th 2 Fh BPA AR i JL L J& BPF #l BPS, T 7E
EWTLA RE MDA Y BPAF 1) 2 5% i W 3
15T BPA FIHA BPs™, AN[m] [E 5 4E 7 Fififi ] BPs
A AR —E, AT RE & S 2L BPs 7E A BT A I P 0 22
EEFEIE 22 S R R 22—, —2E BPA B4R AN
BPF .BPS fil BPAF % B 4 i M1 £ B R IR 554 i
H R LR KT ), R R LAY, b,
BPs it g i & 7 K 42 Uk & i s Je K<, B
HI, O e KA R 2 Fl BPs, Wang %P°%
£ 12 ANEZEE NI, B H BPA (BPS,
BPF .BPAF .BPP .BPB BPZ #l BPAP % BPs, BPA ,
BPF BPS fll BPAF J&:f & LAY simk BiA, w38
RN H AR 85 [ 58 28 R 2R FE v BPs B 2% 5% 1
TG, A E R P KA S b BPS B2 8
2 PR,
2.2 ANRRERFBHEH

A BPs 1Y HE B S al Tl I AR AE,
NS ful R el O S T P R AR R B TR
TR A, BPA J L 2 Rl 2 485 v #E AR A (4n
PR & FIBEFL) A i, 26 3 I T % BPs 1E
N P B R EE KT, Ye 5PN IRCAE Y 2000—
2014 4 H) 38 [ B A R AR alviE 1T BPs 22 88 73 Bt
KB, BPA 1) 7 88 /K V- 2 3R B #, 1 BPS Al
BPF N2 s, £x 2B 7 N E R AR
PRYG T BPS 5 1F G0 A RIAT % | H AR 1 5 [ 45 [
FNFER W H BPS 1) % i3 1t 8 HoAth [ ¢ 00 &P,
Liu S 90 2 v [ B 5T i V2 DX 2 1 i L 3 PRI
W54 5 1) % i, K1 2] BPA | BPF . BPS #il BPAF
X 4 FOSUERZEY T, L BPA Fl BPS F 46 H S8 A6
WEEJR R, Xue SFMIWAEENEELE IR PRt T
BPA Fil BPS, Z& 5 W B 25 = T B L 2 IR BPA



(n=13)

51 BER0AE XA G 075 YL TR P 430 T4 800 o 0 i 65
F2 BPs ERENRHRTRER
Table 2 The contamination of BPs in environmental compartments
R i) Ay X BPs fli¢ Fer i e i LA T /% EZ BN
Samples (number) Year Region Types of BPs Concentration Unit Detection frequency/% References
BPA 44 ~141 100
L BPS 022 ~52 100
H R
I BPAF 050 ~11 100
Source water 2013 ng-L7! [25]
China BPAP ND ~0.045
(n=23)
BPZ ND ~0.7
BPFL ND ~0.069 8
H R SR
2015 ) BPS 0.98(0.18 ~14.9) ng-L™! 100 [26]
Source water (n=120) China
H 2Rk 196(47 .8 ~633)
Source water 56.1(6.56 ~293)
NG 5.82(048 ~36.7
HEAA BPA ( ) 100
Soluble phase 143(0.05 ~821)
BPF 95
(n=38) 2016 LRt BPS 255(030 ~6.10) - 100 271
T T ng-
Ak R Wauxi,China 212(1.08 ~656) g
BPAF 100
Source water 446(0.08 ~25.7)
N TBBPA 16
LN 127(0.05 ~557)
Colloidal phase 131(0.07 ~949)
(n=38) 0.94(040 ~ 1.53)
12.8(ND ~349) 80
. 3.0(ND ~10.8) 50
A SRR
1.1(ND~52) 60
Source
BPA 2.18(ND ~12.6) 35
water (n=20)
BPAF 098(ND ~6.18) 35
r BPS 1.0(ND ~ 14 3) 10
2017 ng-L7! [28]
China BPF 1.6(ND ~6.5) 40
BPE 04(ND ~4.7) 30
7K
BPB 0.1(ND~16) 25
Drinking water
0.04(ND ~0.86) 5
(n=20)
0.03(ND~0.61) 5
02(ND~32) 10
A SRk 253(120 ~554) 100
Source water 392224 ~733) 100
Al s A A 5.10(1.50 ~16.2) 100
Soluble phase 2.20(0.00 ~4.76) 61.5
(n=13) 0.83(0.00 ~2.12) 538
SRIKA 274454 ~66.7 100
FIAAKRE _ ( )
Source water BPS 4210.14 ~102) 100
5 o g 1.12(0.12 ~2.47 100
Bef 2018 - ) BPAF ( ) ng-L™! B1]
Colloidal phase Nanjing,China BPE 0.35(0.00 ~0.82) 692
(n=13) 025(0.00 ~1.11) 538
g BPE
HRAKEE
38.8(282 ~89.8) 100
Source water
\, 126(2.78 ~19.0) 100
BTEUR Y (SPM)
) 46.7(28.2 ~89.8) 100
Suspendedpartic
2.10(0.00 ~17.3) 23.1
ulatematter(SPM)
0.00(0.00 ~0.00) 0
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)
T fi () LAy Hi X BPs Fizk ] v Jig L<¥ive K th /% 27 30k
Samples (number) Year Region Types of BPs Concentration Unit Detection frequency/% References
BPA 6.5 ~4700 100
BPS 1.79 ~1480 84
B T5 e £ BPF 179 ~242 68
Wastewater sludge ~ 2006—2007 ) BPAF 179 ~722 ng-g! 46 23]
United States
(n=74) BPP 179 ~642 <5
BPB 1.79 ~5.60 <5
BPZ 1.79 ~66.7 <5
RIZK ND ~431 56
HA
Surface water ND ~ 15 67
Japan
(n=18) ND ~2850 94
=K " 1~272 100
|
Surface water ND ~42 20
SouthKorea BPA
(n=18) ND ~ 1300 40
2013—2014 BPS ng-L7! 32]
=y ND ~98 50
Rk . -
Surface water ND ~135 17
China
(n=18) ND ~1110 83
EIRVIN ND ~ 1950 79
BN
Surface water ND ~7200 71
India
(n=18) ND ~289 29
LKIEK b7 S|
2017—2018 BPS 10(4 ~21) ng-L7! [33]
Surface water (n=22) France
5.14(ND ~ 106) 74 4
0.00 0
e 0.00 0
UL
ES 0.00 0
Sediment 1998—2012
United States 324(ND ~27.5) 58.5
(n=82)
0.00 0
021(ND ~4.65) 159
0.00 0
BPA 567(ND ~13370) 853
BPAF 023(ND ~423) 20.6
o BPAP 8.63(ND ~252) 382
TR
) wh[E BPB 031(ND ~10.6) 29
Sediment 2008 ng-g”' dw [34]
(n=34) SouthKorea BPF 338(ND ~9650) 26.5
n=
BPP 0.00 0
BPS 614(ND ~1970) 294
BPZ 1.86(ND ~63.3) 29
8.17(1.88 ~23.0) 100
0.00 0
o 0.00 0
UL
HA 0.00 0
Sediment 2012
Japan 394(ND ~9.11) 893
(n=56)
0.00 0
042(ND ~446) 46 4
0.00 0
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R i) Ay X BPs fi2¢ Lioalll7i35 3 LA K 3 /% 275 3k
Samples (number) Year Region Types of BPs Concentration Unit Detection frequency/% References
BPA 137 ~42.76 100
BPAF 0.18 ~2009.8 100
TR o BPF ND ~30.16 60
, T
Sediment 2012 . ) BPS 0.07 ~022 ng-g” dw 60 [35]
Zhejiang,China
(n=5) BPB ND 0
TCBPA ND ~0.58 20
TBBPA ND ~5.08 40
T3
<LOD ~331
Soil (n1=68)
JUR e
. H T )
Sediment BPAF 0.520 ~2000 ng-g! dw [37]
Zhejiang,China
(n=12)
EN KA
7.82 ~739
Indoor dust (n=17)
Z WK Indoor dust ]
690(43 ~4400)
(n=34) China
% P KL Indoor dust FHE LR
) 500(42 ~2300)
(n=42) Colombia
% K2 Indoor dust T s
8800(510 ~ 110 000)
(n=28) Greece
2 P K4 Indoor dust EpBE
) 410(40 ~6200)
(n=35) India S BPs(BPA,
% WKL Indoor dust [E:N
- BPAF, 3900(360 ~ 12 000)
(n=14) Japan BPAP,
%= N K4 Indoor dust CHE| BPB,
2400(540 ~6100)
(n=16) South Korea BPE,
-  2012—2014 —— —— ng-g” dw 100 [36]
KL Indoor dust Bl E BPF,
. 520(61 ~1400)
(n=17) Kuwait BPP,
ZE N K2 Indoor dust RS 15 E| BPS, 17023 ~860)
(n=22) Pakistan BPZ)
% PN K4 Indoor dust % Je
110037 ~6000)
(n=23) Romania
% KL Indoor dust e TEDA(S]

(n=19) Saudi Arabia
SR Indoor dust T

(n=22) UnitedStates
44 )2k Indoor dust o mm

(n=12) Vietnam

1400(130 ~3200)

8300(550 ~89 000)

560(66 ~1600)

1 ND Fn RA H, LOD Frm AR, dw e 5 H 5 40 00 3 2 45 5 4 7S SRy 1 349 {0 RS T 3k 38 91 i) ; BPA 7R WL A, BPS /R XL} S, BPAF
R AF , BPAP /R WU AP, BPZ /s XU} Z, BPFL /8 XU %5 , BPF £ /8 X F, BPE /R A E, BPB /R X B, BPP /R ME; P,

TCBPA /R U5 A, TBBPA /R U} A,

Note: ND means not detected; LOD means limit of detection; dw means dry weight; the result of concentrations were shown as mean (the range of detec-
tion concentration); BPAstands for bisphenol A; BPS stands for bisphenol S; BPAF stands forbisphenol AF; BPAP stands for bisphenol AP; BPZ stands
forbisphenol Z; BPFL stands forfluorene-9-bisphenol; BPF stands forbisphenol F; BPE stands for bisphenol E;BPB stands for bisphenol B; BPP stands for
bisphenol P; TCBPA stands for tetrachlorobisphenol A; TBBPA stands for tetrabromobisphenol A.
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Table 3 The concentration of BPs in human body fluid
B S (B Kt BPs Ffi2s . T /%
, HIX A - K A(ng -mL ") 7 %30k
Population/Samples ) Types of Detection
Region Year Concentration/(ng-mL™") References
(number) detected BPs frequency/%
N 134(0.17 ~10.70) 97
AR N
034025 ~045) 84
Adults/Urine 2000
NC 25
(n=79)
NC 0
. . 1.34(<LOQ ~20.89) 98
AN
_ 0.54(039 ~0.75) 75
Adults/Urine 2009
BPA 0.18(<LOQ ~1.16) 73
(n=122)
XH BPF NC 2 -
. . United States BPS 096(0.15 ~6.11) 99
B NP
BPAF 0.15(0.12 ~0.20) 42
Adults/Urine 2011
0.17(<LOQ ~138) 63
(n=95)
NC 1
. . 036(<LOQ ~521) 74
BUAE N PR
041(028 ~0.61) 88
Adults/Urine 2014
025(<LOQ ~3.06) 74
(n=42)
NC 0
JR# Urine (n=31) 2%[F United States 1.12(<LOQ ~21.0) 97
PR Urine(n=89) #1E China 0.525(<LOQ ~3.16) 82
SR Urine(n=116) EI B India 0.171(<LOQ ~0.881) 76
SR Urine(n=89) HZS Japan 227(0.147 ~9.57) 100
— 2010—2011 BPS [39]
PR Urine(n=33)  #[E South Korea 0.099(<LOQ ~1.98) 42
JR¥& Urine(n=30) BB Kuwait 0.785(<LOQ ~12.1) 70
JRW Urine(n=29) L2k P IV Malaysia 0.128(<LOQ ~0.922) 76
SR Urine(n=29) R Vietnam 0.198(0.037 ~0.932) 100
JLE /IR E1)5° BPA 508(0.07 ~414) 99
) . _ 2012—2013 [“1]
Children/Urine (n=76) India BPS 0.04(001 ~12.2) 70
o BPA 0.61(ND ~3.036) 97.5
2EET L/ R N
) LRI BPS 0.028(ND ~0.238) 98.8
Preschool students/Urine B . 2016 [40]
(1=80) Nanjing,China BPF 0.0069(ND ~0.078) 212
n=
BPAF 0.0034(ND ~0.088) 462
BPA 57103 ~177) 86
BPS 133(0.077 ~630) 100
3 AR YRR R A 7 i BPF 2.04(0.72 ~4.56) 9
General population/Urine  Jeddah, Saudi 2014 BPB 0.16(0.089 ~044) 32 [42]
(n=130) Arabia BPP 0.18(0.091 ~0.45) 51
BPAF 1.52(048 ~3.39) 3
BPAP 043(0.063 ~12.6) 70
BPA 3.57(<LOQ ~904) 99
BPS 024(<LOQ ~543) 88
K2R . BPF 0.16(<LOQ ~128) 80
) =
Undergraduates/Urine 2018 BPAF 0.03(<LOQ ~2.04) 85 [54]
Jinan,China
(n=160) BPP <LOQ(<LOQ ~0.72) 34
BPAP 0.12(<LOQ ~1.38) 83
BPZ 0.11(<LOQ ~1.36) 68
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493
NBERE T () K iy BPs Ff2 N A HH /% )
. HIX AE By KWV (ng -mL ™) o 22 3CHk
Population/Samples ) Types of Detection
Region Year Concentration/(ng-mL ") References
(number) detected BPs frequency/%
6 LT B B O A BPA 0.56 ~32 100
B AR N/ BPAF ND ~0.043 76
Elder population living HE A 2015 BPF ND ~0.35 66 571
near e-waste dismantling  Yunnan, China BPS ND ~0.1 20
area/Serum BPAP ND ~0.12 11
(n=119) BPP ND ~0.11 3
A T
BPA <LOD ~1.65 48
Incinerator worker/Serum
PEBEF BPB <LOD ~2.69 3
(n=29)
- — ML e [56]
B TR . .
Catalonia, Spain
Incinerator worker/Urine BPA <LOD ~0.59 45
(n=29)
LA BPA ND ~1.16 pg-kg™ 87
) [ France 2009 netke [43]
Female/Breast milk (n=30) BPS 023 ug-kg™! 3

I : <LOQ KRR T fLFR I ;NC Fam AT,

Note; <LOQ means the values belowlimit of quantification; NC means not calculated.

F1 BPS 7% &% i, AL, i RETE JR W K i BPB,
BPP , BPZ . BPAF #il BPAP % BPs™!, Deceuninck
AEWL 7e R FP K ) BPA Fil BPS X 2 ff BPs, if
5T KB BPA BYfCI ) A1 BPS RE % o i 4% bt
MCBEARHEABIG LB I I, BAEH BPs 7] g 2338
b BE AL S I B G LA™

RERANSRREE BPs Wik EE iR, —HH,
SARL 7 A FIE S 25 4 P BE VR 22 T I AU 25 ) I fig i
AR B S A R 3 N AT GR A .
ORGP AR TE 4 RN 5 @ H F 8 b 2 il 1R
PEY) Tl 2Rt W VR AR S A ; QR KT %
AR RIZUE S B A YR R S MR
RSt s DR ARG B SR B BPs T RS &
AETE LA PR RN B A A 0 HORAE B o T
i A7 AL B, Zhou SEMIF ST e B, — PR B R
e Y BPs e 2 5 Ll K KV
FRECE IR AR 12 B % A B Ik 1] 9 42 1 BPs 1Y
%, SR e BPs BB 2R, 4K
Fi ] F) SRR T Jl ol 2 A R AR .
TF5T 2 A, 5 [ AR — 26 1 R AR R BPA 1
TR SIS S T P B B A 1) A D
TEMNE R —IUR B s, #E Sk & 5 rf BPA
()2 18 O e B S TR L AR i B Y A 1
P E Sk B N 2 TG B 5 BPA 1Y ZR EE A SRBRPERY

Hartle 557 3¢ [ filt A8 2K A A 01 H v pEAh
THES B A T 5 2 PR BPA VR BE 9 AR G
PR, & FHE L g s IR Sk R KR T A Sk 7 5 o
BHIA L, PR H BPA R 73 il 55 41% . 70% Fi
229% , ES B S PRI BPA Wk A W E ARG
P T AL Sk f 2 2 BPs 3T B8 2 £ 1 B
B WEAKREET BPs gz —, B—m,
BPs Xf 7K | 48R KA IR 175 G it — 2B A5 A
(AR KRB &7 42 8 BPs 1544, L4
A UM AR 7= i o e 22 4 5 KUK PR, Zhou 2689
TEH EHTTA 2017—2018 4F B4R 7 il XU W I 131 [
ORI TR F 12 RERA Y 379 A SEBRAE &
P BPA J 2 #8 /K - F i B XU 2640 3, HAR 2 BPS |
BPF F1 BPB, Xiong % 7E 1 [E =2 JH i R 4E (1) 4= 15
FESPIREH T 9 F BPs, Cunha 5™ 7E £ i 351
I FEZEIRRRE = 5 G Y BPA e HiAH 4= %) TBBPA
W2 N R A2 FR A 2 il & BPs 1991 2% &

JE N BPs ZEEINEZLIRIE, Zhang 5P A
2R PRV B L b 28 K2 v BPs (1975 1,
25 7 BPA I BPS J& ik 32219 BPs Z#&W, If
HIRW  BPs 1Y 2 i Wit 5 = K42 BPs [ 2
#Ea I A, R R B R BB FEOAEK
Jh78 BPs ke 2z — WA BPs [ P KAl
AE2E BPs 7E AR E B, Thayer 5058 &3,
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WSO B3 {6l FH A B 4R A 2 5 BN K 2% 5% T BPs (N
BPA F1 BPS)H RV Z — | BT 76 H & TAE H 4% i 44
BRI TAE N URR A 2 58 T XU 25 A0 5 10 XU
Ak, Gonzalez SEP7E NG I 2 M) 58 A0 TAE Y
T ML K H T BPA 1 BPB, BPA 142 5 2 Flf:
WIS Song A8 TR A T HL - s 35 TR
B BT A & AR LTS AR i BPs iR & &, 55
5 W NHE IS T BPA AH LU, Ja A - 3% ol
W BT B2 AR N BPA 45 e B0 i HE B %
Hi L, UREH AR T BPA ()22 @t 5 o - 4 3R PR 1T
S —E W EEYE  {H BPAF 1 BPF 45 HoAh K %
B U AR R IR AE DG . BPS \BPF #il BPAF
S H R 0T BPA 1Y BPs, R 2 52 /K Fik
LIS T BPA (B B & A= 7 R F = 09 AN I 38, 2%
BB LT

3 BPs By N 4 iih F # 5 ( Endocrine-disrupting
effects of BPs)

BPA JZ—F 3L 7Y i) BRI VAR W T, AEAR Y 4b
X Z A A LR AL 5 7K A 3h ) | Wk v 218 3l 4 R L
S EAA S W N o i PR B, R i, BPA
AL At EL A A 0L B AR R R L A (AL Y BPs
BAR, SR, MOk 2 9 0F 58 £, BPA AR 5 A
FEEAT S 1 0 P 43 W T 4R80T, #4528 L BPA o,
AR G B 530, W RE BAEEH TR
ZARM R FEFE RN, FECEW IR Z RN W R 5%
FELIEE— L bR E B DI RE MR E BT
LA B3R AR 1 5 s G L AR 1 R A
3.1 BPs BBEMER M- TR0

WMERAE M B T 2 AW s S R R
FELL 178-ME —FE(E2)  MEZR R (E1) | By 45 12 iAT
TE, B2 ZAEWIR N B R T T A A HED R
HACEZZALK TR B BRI 2 e iR & B 59
R B VI AR G, Bk B 2 R R, AR
4 BPA #:4L i £ Fh BPs, 41 BPS .BPAF .BPB . BPF
1 BHPF 45 %t sl AL i 18 43 06 T4 2000 [ BPA
Wk, RS T2 RS B 5 K R B/
B P 2 [T Pt 38 3R 5 A 5 B O B R P 1Y R
ik, NTTSE A E2 153 MK o IE Ak, 4 g B 42 52
K& TR A FE SR A 50 N 7 W R B, 5
GREL AR R B AR RER A HE . R 4 B TR
] BPs 7E4A P 4052 58 vt A [6] F U ol 9 e 3 =
ST RGN

ZF BPs RENS 5 i M % 2 32 1 (estrogen recep-

tor, ER){G P, L HEMER R TPk . ER J& TR
ZIRFE 45 ERa F1 ERB X 2 FfF Y . ER 414
LRGSR 2 AR B S AR R T A
AR B A5 , 2 2 2 5 ME AL & P HoAth
B R Z R, B 24 K N AR K IE B BPs
HA 524 M/si 590 ERa FI/EL ERB RN , $E =4
T ERa TP AN AR FE F U0 42980 25 32 AR (progesteron-
ereceptor,PR) . pS2 . GREBI . SPUVE . WISP2 1 SDEF-
1R ik e I DR 55 8 38 A0 1 s n 7L AR I
GEYIME, BPs 5 2RSS & M FEME = 24k
BB AE N 53U T HEA508 I 52w A A LA At A 3
UIte m) EAEAE FBLE . B, 732 43 FLEAY BPs
(RT3 2 AT P I AR5 L PR 0 AT BR800 ) i 2 A
W, BT, T NIEMERIRSEH ER DTSR
it A DR 7 240 RS B AL S T 2 R ANIR AL S Y
ER 1M A 777, W5 W, BPs 5 ERa Fll ERB
MZEBRFAEZE S P AW R, Li 7
FIFH N B 20098 41 (HeLa) 8 41 (HepG2) FILA
T PN BRE 21 it (Ishikawa) 730 7 T BPA 1 BPAF f4
WD 2R 8500, B 5 R IR MR B (< 10 nmol - L)
BPA 7l BPAF % ERa #l ERG HAFEHI/EM , %
e (=10 nmol-L™")BPA il BPAF #%} ERa il ERS
HA R AR, HAACHERIE, 2R RSN E
ZH 240 Jf 455 50 46 0 % I BPAF . BPC . BPB #il BPZ (1
ER 354+ 25 458 B L BPA T 57 I 7% ) T 9 10
WP, 2% 5 512 T ZRARSMTAL BPs
PR TRV W S BT . BARIRIN b &
YR Z RIS 7 B B — 3, L4 il
SR PR | T A (AR SRS T 25 BTSSR 5 AR
YEFIBET 2 AETE 22 5 . PRI, B T 05 A L il
B A sh 436 PR B a1 F 2 R A NIR AL & 9
WRZIRE W IR R T2 N, &Ll B
S0 A KA B b 4 4 R U T, o
3L cyp19alb T 28 B R 48 7 SN IR VE AL G 1) ME T
KRG EM AR B4 77, Moreman 255 F| ] # 77
cypl9al b Hk K FME R [ W TC 1+ (estrogen response
element, ERE) I #2 £ (4,2 Y6 25 11 A0 %% 6 R B 5 £r iR
6734 T BPA .BPAF . BPF Hil BPS 1) i i % 1%
45 R R 4 Fp BPs YREIRHE cypl9al b KRk,
WP ZE N K /N2 BPAF>BPA=BPF>BPS, {4 N5k
it —2 R B LL BPAF MR BPA B AR i Al A
FA MR T80, B % e BPA B R Z iR+
PLimPETT o
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R4 BPs MEHE AT RFEHIHNE (FASERE)
Table 4 Effects and outcomes of BPs on estrogen endocrine system in vivo and in vitro
RER /AN Tz A1) TR MR TR -
BPs Exposed Exposure Exposure Endocrine disrupting =
References
animals/cells times concentrations effects
DT £ 11 S ME — B (B2) 7K 5 1 U
- TEBOH BB R AR, 7~ UBE S fh R R 484
e BB e TR o
Disruption in male and female zebrafish plasma
Female and 21d 0.5,5,50 wg-L™! i o [61]
estradiol (E2) levels;decreased sexual maturity in-
male zebrafish . .
dex and egg production, and the increased malfor-
mation rate of progeny zebrafish
CF-1 Mol 1N e I RURME 1 E2 KB
Female and male 12 h 1,3,9 mg-g™! Reduced levels of E2 in the urine of male and fe- [62]
CF-1 mice male mice
Ot O SR ASURE 20 B rf E2 S5 A 5 40 1) 40 Y 3
B, IO A AL A — AL R A A, T 4 AR
5 e HIRE
BPS 145 LR 40 Lo o .
i 48 h 0.1,1, 10 pmol-L Inhibition of E2 secretion in cultured swine granu- [63]
Swine granulosa cells e . . .
losa cells; inhibition of cell proliferation, stimula-
tion of superoxide and nitric oxide production, and
interference with cellular metabolism
A B S ORL 40 D ; ,
; o THOBURL AR L B2 AR A
BT 6L 5S40 [ 1 fmol-L™" ~ L o .
. 6d Stimulation of E2 production in bovine granulosa [64]
Bovine granulosa 100 wmol-L™!
cells
and theca cells
LN RN T WD RERE A RIS B R R 5 5
LR L mBkiE
GD30 ~ GD100 0.5 mg-kg i ) [65]
Pregnant sheep Endocrine dysfunction of sheep placenta and dys-
regulation of fusion trophoblast signaling pathway
T [ B R AR W UM DG B DA 1) Rk
PEBE S 0 B2 43 WAZK P-4 5 40 B BREAR 09
- MCFEFAETEG SR FRAR, B 0 AR FE D REZ 40
HEHEBE T - NI
0.001, 0.01, Interference with the expression of steroidogenic
BPB Female and 21 d . . [66]
01,1 mg-L™! genes; increased E2 secretion of male zebrafish;
male zebrafish .
reduced numbers of eggs, decreasedhatching rate
and survival rate, and the damage on the repro-
ductive function of zebrafish
SRR KPR, B2 KT (MEEBE S 1) ; 52
e Xt £ SRR T (R B 2 £
BPAF Female and 28 d 0.05,025,1 mg-L™" Decreased testosterone levels and increased E2 [67]
male zebrafish levels (male zebrafish); increased testosterone se-
cretion (female zebrafish)
T B 522 [ R A AR 5 3l T AR R R
PRI 27K WA, DA 5 B 9 i 19 s BPAF
RN Fe BPA SEREAREE/IN BT PR RS (L9 1) O
INRCT B B o o .
BPAF L Interference with the expression of steroidogenic
Mouse(endometriosis) 6 weeks 3, 30,90 mg-kg™! . [68]
BPA genes in the ovary; decreased progesterone levels

and increased number of atretic follicles; BPAF
promotes the development of endometriosis in

mice more than BPA
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5 S/ g TR MR TR -
BPs Exposed Exposure Exposure Endocrine disrupting g
. R . References
animals/cells times concentrations effects
TE TR FEA 5 M ZR L8 A R HE AL sprr2a Fl
£ BHPF HURSEK  sprm2b F3k B3 T
10d Plastic bottled water ~ Decreased uterine weight; the down-regulation in
JNEL containing BHPF the expression of estrogen response-related genes
Mice sprr2a and spri2b [69]
4. 10. 50 TE B TR N R s HUMECR R0
PND24 ~ PND60 T Reduced uterine weight; endometrial atrophy; an-
mg-kg™! . .
tiestrogenic effects
BHPF
GUERANMIEE 1| HLAREROR D ; SRR
ZWRRRIR T (ATPYKPREAR  IG M (ROS) R 2
5 BIRE A0 A SO T I RR A AL
AR i) Decreased oocyte first body release; abnormal
i 42 ~44 h 25,50, 75 pwmol-L™! ) ) . [70]
Porcine oocyte spindle assembly, reduced adenosine triphosphate
(ATP) levels, accumulation of reactive oxygen
species (ROS), induction of early oocyte apopto-
sis; disordered oocyte maturation
{E : GD SRR LRI ; PND 3575 il 78] ; BHPF 7R XU 25
Note:GD means gestational day; PND means perinatal period; BHPF means fluorene-9-bisphenol
®S5 KIMTA BPs MR ZAE Y A&
Table 5 Animal cell models for in vitro evaluating estrogenreceptor activities of BPs
20 A JH For i 45 2 27 3CHk
Cell models Principle Detecting results References
. B o ) BPA>BPAF(ERa)
FTOLRBERL LK Fl ERa 8% E % Y % HeLa 4
HeLa B TR M RIuc) & 5 HF ERa 81 ERB 43 5| %% Y = HeLa 4 ff BPAF>BPA(ERS)
8% HepG2 41
) ) BPAF>BPA(<10 nmol-L"! ,ERa) [72]
The luciferase (Rluc) reporter gene and ERa/ERB were transfected in- 1
= L™
HepG2 to HeLa cells or HepG2 cells, respectively BPA>BPAF(>10 nmol-L™", ERa)
BPAF>BPA(ERB)
KGR B (Luc)fe Je 2 54 N TR 3R 32 K (BR) I L AR o BPC>BPAF>BPA>BPS (73]
HHfL(T47D), #E T47D-KBluc 4 A5 5!
T47D-KBluc The luciferase (Luc) was transfected into human breast cancer cells BPAF>BPB>BPZ~BPA> 4
7
(T47D) containing endogenous estrogen receptor (ER) to construct a BPF =~ BPAP>BPS 4]
T47D-KBluc cell model
W TR AP fluc )35 5 D FIMERCR S oo IR i AR ER 5% 2%
Z A BN SLAfL(CHO) , #9408 CHO-K1 4t A A BPAF>BPB>BPZ
CHO-K1 Human ERregulated by luciferase (Ffluc) reporter gene and estrogen >BPA =~ BPE =~ BPF>BPS> [75]
response element was transfected into Chinese hamster ovary cells BPAP>BPP
(CHO) to construct CHO-K1 cell model
WD G F A (Lue) I BE D £0 M 38 3% 52 A e e 2 JFC O U 40 il 3%
(ZFL), ##d ZELH-zfERs 4 Jfi A58 BPA>BPS>BPF(ZELH-zfER)
ZELH-zfERs [76]

The luciferase (Luc) and zebrafish estrogen receptor were transfected

into its liver cell line (ZFL) to construct ZELH-zfERs cell model

BPS ~ BPF>BPA(ZELH-zfERB)
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SRS
2 A Ji 3 GRIIEER S 275 3CHik
Cell models Principle Detecting results References
WD ZR R (F fluc Tt 5 2 PR FHME S 3R R L I 9 42 9 AR ER e
YEZE HeLa 2, ¥97 HELN 48 ffafsin
HELN Human ER regulated by luciferase (Ffluc) reporter gene and estrogen BPA>BPF>BPS
response element were transfected into HeLa cells to construct a
HELN cell model [77]
PO R MH(Fluc)fe Y 2 & 4 P IEYE ER A9 LR 40 L (MCF-
7), % MELN 4l f 4550
MELN BPA>BPF>BPS
Transfection of luciferase (Ffluc) into human breast cancer cells
(MCF-7) containing endogenous ER to construct MELN cell model
PO RBHR S B (Filue) | 51 8 25 11 8 307 7 91 F0 4 Bl
W SR GRS e & MCF-7 411, 9 2 MVLN 415
MVLN The luciferase reporter gene (Ffluc), the promoter sequence of vitello- BPA>BPS [78]

genin and the 4-segment estrogen response element were stably trans-

fected into MCF-7 cells to construct the MVLN cell model

{E: BPC £/ XU C.,
Note: BPC means bisphenol C.

3.2 BPs MRESE TR0

TP R R T F SR L RN A A P — P J [
&, 5 1E R % K (androgen receptor, AR)%Z: &, 7
HeR5 IR IR & B AR D BE ) AR B B R 4
SR, BF9T I, BPs fig B 4% 5 0 S B 09 AR 0
BRI R FELAUAR N 1 2R K F . Feng 450" & 31
FE Vi B BPAF I 2 g K U J8 T4 52 A A= )
B LA AR T e DR R, P 19%) 2305 T A0 o 2 1) 75
FNG U, 0 25 R MLV ST 25 i 5 /) BRUTE S R 91 R
IR FL I %2 5% BPAF Ji7 , BPAF figfi% i i i i sl it
MBEREERS 2= PRS2 AL S0 TR S L S2 R
(14) 40 b S BN (RS2 U £ B K E B R
W, SBALIMEIZE B R M v A RS BE ) i 4 1
f85, $ 7~ BPAF 2 &% BE 401 40 I Pk TR 19 A= 5 Ty
et Ullah % 055 & 3 BPA JH X BPF,
BPS Fl BPB % 5% /)Nl 28d Ji7 ik 5 B A% 52 AL ZH 4L A
I A SR i TR T R S LR BT A
B E MRS b g B A SR LRI S2 Y ZHEUE S
4544, Ak, Ullah 455908 FF R T R BRI 4t 4 01 2
#% BPF .BPS .BPB I BPA Bl , 2 48 ROk iR
Jo WU TR BRER AL 2454, 40 52 i 1 AR A 4y
Wh S MAS A R B R BRI AT R S

{RAMGERE T BT, BPA o HLB R 5 3858 i
Pt AR RFEMEER TR, AR BPs X} AR 1Y
UG TERA B 3% 22 5 . Hh BPAF #il BPA 7] L)

SEATEPUEGE 5 AR 454, i BPS (L EA (455
45T P, BPE,BPAF 1 BPB Xf AR W45 Bk
It BPA W3, il RE St — 4 T4 AR A 115 5l
H, 6 FIH T RIMEAS BPs (9 AR TEPERI 440
g iU
3.3 BPs BUHVIRIRZR TH00W

FEODR B U 2% 2 F R AR o3 1 1) — P R IR AT A
Yy, 5 HARAR K 3Z K a(thyroid hormone receptor a,
THRa)5¥, B(thyroid hormonereceptor 8, THRB)%E & %
PRV AR R AAEFE AR R B S 2 AR )6E
BPs fig 520 gl P AL b FECR R 3 38 K P & HE N 43
WYL, BPAF(50 pg-L™)JE M 752 (168 h) Bk
A0 R 1 FEARHUIR IR R 097K RS2 725
PR B -3 {4 - HOR R (hy pothalamic-pituitary -thy-
roid, HPT) 4l o AH 56 3 P 4n 412 HOIR BRI R B HUR IR
BREN HRIRRKizE A thro B thi 5
FESRTE Bl , B 3 A HOR AR P 43 I PR B PR
Kwon %51 % 3 BPAF(24.5 pg- L™ )RFIHK 2
(21 BEE M0 G 2 N HPT Flh 3L A ah Fi
tsh HYF IR AR K N FOIR I 25 40 14, 45 7R BPAF
It TP HPT il A £ 5 45t 98 4 BL 1 T 52 o FEER A
R, PEAELALIA R IR i EFa S, 4k, BPF
(200 g L)% 1A 5% 8 o B TP B4 5 £ 44 oy — it
PRI D 2 . IR R R R BRI B 3R (thyroid-
stimulating hormone, TSH) (1) A= 1%, A1 3 W4, 3= 238 1
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W FEN crh . nis. tg. tr, dio2 1 ugtl ab ) 335 1] 5%
PR, 33K BEHE PR 2 5 4 R IR 6 i o s A
PSRBS54 T (AR R AR, AN TR 2 A
FhEEIT A 23 MUAE BPs X S HLIA 9 40 I R e 4
SOOI A ) R R A AR R i O TE Y B
PEROV PR

WA B, BPA B HA AR At X HUIR BRI 32 14
(thyroid hormonereceptor, THR) H. 4 7% 4+ 4% & Fl/ok,
FEPLRE M R RS W AEAS R ) 2R B T HA
AR THR 36, TEDOUME 5 w456l
BPA \BPS il BPF 1] DL 5 4+ ¥ 1 FH AR IR 3% 22 14k
THRa 11 THRB, 454 fiE 1 K/NJ& BPA>BPF>BPS,
IF HAHE L5 R A LR 50 1 UE W 3 22 BPs fig
5 THR 454G, H2, FIHE 40 GH3 4 L Al
% #L,BPA 1 BPF £ 5 ~50 pmol - L™ ¥ B 13 Fil 4
AR k- [ AR 14 7 Q306 THR, {H BPS 25 2 B
U RISV R R, BE THR B0V 559, HAE 50
pmol - L™ ¥k &~ HA #5491 THR MFEA™, Lu 5
L BERE ARG [R) R A& B BPS M yRALAT A= Wy DU
LIy S (tetrabromobisphenol S, TBBPS)7E ¥ 45 %% % AH
KWREE N REs bt Bt THRB, I H.HE i 3
fafiRfiG T THRB mRNA (335, BA — & iHt AR AR
PR, A, GH3 20 il 2 PP 1 Gy sl b2
s FECUR R PR 43 W 5 PR 1) R A58 | S 28d i R

=6

PR A L B S R SR AT i, Lee 455V I A2 40 i
BRI ST & BE, B0 % 2% A ) BPs Y68 LA -1 ]
WA AR 2 GH3 A0 s i, (043 3] 5 — LR
Ji R (T3 )L [ B2 85 15, T BPs 42K 5 T3 15
I 40 4 B0 5 Y BE (10 mol - L) Y BPAF |
BPA .BPB BPF BPS Fll BPZ JZ lli#5 4/ T3 753 Ay 40
SRR N . BT & , BPAF . BPF .BPC #il BPS [¥)
THR i PERIH BPA 5, 38 7 5112 T 1RGNl BPs
AR ZARTE R T
3.4 BPs (#2950 TR0

IR, ZFh BPs 2 2 A6 52 A 28 P9 20 9 3R
Gt SRS AL S P 2647 3K AL, ARG
B EE I AR LSS 55 L 2 5 A PRE A2 e
H—EAMIME . BPs X #2241 MR, 1 fE S
WAL LIT MR GEA K, MO, AN WRRES
PEFLE AN IR MR8 23 5 T B -2 MR- R (hypo-
thalamic-pituitary-gonad, HPG) il fl HPT %l % 1] B
F, T Fe R A A2 2 B 8 38 B & (gonadotro-
pin-releasing hormone, GnRHs) 1 B R AR i3 25 B ik
¥ & (thyrotropin releasing hormone, TRH)HE iE — £ ]
AN T AR 43 1 12 M R 9% &R (gonadotropins, GtHs) Fl
TSH, GtHs F1 TSH 42 P4 i b PR IR DL HUIR R o
FRCR R0 28 11 & BRI 0 0 T 98 2R R BRI 0 R
ORI DA it R i L 4% GnRHs GtHs \ TRH F

R SMTAE BPs HE# 3R 2 0E 1 H 30 1 ZE B AR B

Table 6 Animal cell models for in vitro evaluating androgenreceptor activitiesof BPs

i A A
Cell models

kil

Principle

27 3k

References

LRUIESE N

Detecting results

PALM

A DR (P fluc) 41 15 56 PR FUERL R ST RL T 4 428 14 I IR 32 AR (AR B
e 25 ARSI AR ANML(PC3), FIHE PALM 4 Hu ki

The luciferase (Ffluc) reporter gene and androgen receptor (AR) regulated by
androgen response element were transfected into human prostate cancer cells

(PC3) to construct a PALM cell model

BPA>BPF

[77]

CVl1

He AR Rk ok B POE R MY/ BLFL D IR HE(MMTV) 1 Rlue 42
RN SERE e AR SR P AN AR(C V) IR E LAY CVI 2 e

AR expression plasmid, mouse mammary tumor virus (MMTV) carrying lucif-
erase and Rluc reporter gene were co-transfected into African green monkey

kidney cells (CV1) to construct a recombinant CV1 cell model

BPAF>BPA

[84]

CHO-K1

A5G ER G(F fluc) 4 5 B PR 3R SR Te A I 19 AR e 2 25 b [543
RO 5L 40 il (CHO) , A4 CHO-K1 4 A5 75

A luciferase (Ffluc) reporter gene and AR regulated by the androgen response
element were transfected into Chinese hamster ovary cells (CHO) to construct

a CHO-K1 cell model

BPE>BPF>BPB>BPA

[85]

BPE>BPB ~ BPA>BPF>BPZ ~
BPP ~BPAP>BPAF
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Table 7 Methods for in vitro evaluating thyroidreceptor activitiesof BPs
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GH3

R BT (AR A AE(GH3 ) H AT = AR 0 B 0 (T3 ) A0 ot 4 48 4 170 4
LA T3 S B R LB A A 0 T3 % GH3 40 i 14 7 s 200 A Py R
PR B dio2 W2, LATEAN A& Py % R IR 3R 52 1 (THR) 1) ¥ 3
E R/ RS

Rat pituitary tumor cells (GH3) have the characteristics of triilodothyronine
(T3)-dependent proliferation. By using T3 as a positive control, compare the
effects of compounds and T3 on GH3 cell proliferation or intracellular thyroid
hormone or dio2 to evaluate the agonistic or antagonistic activity of com-

pounds onthyroid hormone receptor(THR)

BPAF>BPF>BPC>
BPS>BPA>BPB>
BPZ>BPAP>BPM>BPP

[39]

H4 GH3
Recombinant GH3

K FHR M8 R BSOS TC A (TRE) VA 9 %€ 't 28 i (RIuc) 4l 7 JE [ 4% e 22 GH3
i A T ALY GH3 4H A Y

The luciferase (Rluc) reporter gene regulated by thyroid hormone response ele-
ment (TRE) was transfected into GH3 cells to construct a recombinant GH3

cell model

BPF>BPA>BPS

[89]

RERERUR A
E
Yeast two-hybrid

system

H% THR A 517 DNA S5 G4 BRI, TRE 56 R g [0 28 15 e St 0 25
Pl JSoRE T K L 2 b SO [] I 5 Qe A AT i B PR JacZ 1) B
BRI A, A AT P75 57 s ZR T 5 e 1 T

The plasmid carrying DNA binding domain inserted with THR and another
plasmid containing transcriptional activation domain inserted with TRE were
co-transfected into the yeast strain containing reporter gene /acZ and then

screened in the corresponding auxotrophic medium

BPAF>BPC>BPA>BPE

O1]

. BPM £ A M,

Note: BPM means bisphenol M.
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