)
EF %05 5 2L 4

Eco-Environmental . .
Knowledge Web Asian Journal of Ecotoxicology

5154 455 1 2020 4E 10 A
Vol. 15, No.5 Oct. 2020

DOI: 10.7524/AJE.1673-5897.20190822001

s, i, Tl MERR T IR S TRVERT TS B ]. A2 ASTE AR 2020, 15(5): 18-27

Yang R, Ma M, Wang Z J. Recent research advances in joint toxicity of estrogenic disruptors [J]. Asian Journal of Ecotoxicology, 2020, 15(5): 18-27
(in Chinese)

EMETHYNEKSSEARER

R, LS, 2T

1. Jb 7 B9 K AL 8 AR B G JE I 100093

2. PERFRASHEAL T, PERFRIAABELERAE X ERE, LI 100085
3. FEBFREKXFRE LTI FR, LT 100190

%5 H H#3:2019-08-22 FF BH:2019-08-31

FEE . AW iAox WiV 2% v AR SR P ) R TR vT AR M R TP 9 TR M R ) IE H T RE , S B R TR A
B AE RS IR I R 2 — . T W3 R T A SRS e b, Z2 R0 T SR Rl A 78 7= A TR & R0
BN AZENOCH: S TR PR BT 3 TR R BN, V2 TS AR A5 5l B A A D T AR S T I
JNRARE AR SCERIR T MERER 15 Y W TR A A IR & B T AR B 1) 2 R FNBLAT (R R, R T 0 AR i R R AT TR B
SRR MEE T IR G A VR IR 4 FIAIL I

XEHS: 1673-5897(2020)5-018-10 RESES: X1715 XHERIRE: A

Recent Research Advances in Joint Toxicity of Estrogenic Disruptors

Yang Rong', Ma Mei*"", Wang Zijian’

1. Beijing Water Quality Monitoring Center for South-to-North Water Diversion, Beijing 100093, China

2. Key Laboratory of Drinking Water Science and Technology, Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences, Beijing 100085, China

3. College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100190, China

Received 22 August 2019 accepted 31 August 2019

Abstract; Organisms are highly sensitive to estrogens. Due to their ability of interfering with normal function of
endogenous estrogen at very low concentration, they have been a research hotspot of environmental science for
decades. Different from the toxicity test conducted under strictly controlled conditions, in reality all organisms are
exposed to complex environmental pollutants, leading to particular concern on the mixture effects produced by the
co-existence of estrogenic disruptors. In order to predict and evaluate the joint action of environmental estrogenic
disruptors, mathematical models and signal pathway analysis have been developed and applied. This paper summa-
rizes the traditional and recent prediction methods in this field, and discusses the future research directions for com-
bined toxicity of estrogenic disruptors.
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WA MR T A& RIS OE 19

FORBCHER & U RS Y T A iR
N3 ZR 83X — ) R 2 26 A7 B RO 8 22 1 O 0, A
BT IR A 4 R RIS B AT 1) 15 G HE S A, 38 B
T KK B BE 4 43 W T 4 W (endocrine disrupting
chemicals, EDCs) A4 £ H 5 RS H e 8 b fe e i 0
Iz B UESE R B EDCs X HP A A T B NS B AH
FUER TR RN, 1A DR TE AW B (ng - L)
() EDCs KA R 58 i 52 B W 2 i 1822 1P

Bt ZE TP W) (estrogenic disruptors, EEs) &)
P FE A —28 EDCs,  H T AR W44 A 5B O3 3= v
JEE RO WE VR R AR AR B R BV W] R 4R, Lt
WEEH i) EEs Al DATEAIR MR B2 T B TP M R
Y IEH DIRe A A B A8 NI TR0 R4 M &R
A IE R G IIRE . EEs SRR AR R G0
JeE A AR S AL FHE AL K AR SRR AR AT
JIRNGE I T BRAR B 5 | RS B2 BRI AR Y DG
TRZ 248 A2y | Tl ™ St AR = 5 # 0k uk B 2 A
PR TR0, 46 AR Ay ik 2 2) 32 B 150 1Y) & Bk
SHE R O 55 T R AR A ER E P A AT A i 1 UK
SR = LK (DDT)™ ) R & B XU
AU RV H R R W 0 2 SRR AL A )
%, MEESM Az, BEs 1L AL B 7E
B GRS R SRl s i

H—AE Y T HAE PR ST PR A R B AL
I 7K A AT 22405 R B %) A 15 R e AU 5 4%
1M, EEs 38 H AN 23 75 PR h BMUAEAE | T2 FAS [A] ok

IR Z Ry A7 35k BE R R 7T RE X A 3 5 R
MAER 58 2 A 6] A B A 35 1, 38 9T 18 1Y “ some-
thing from nothing (JoH'4:4)” F1“a lot from a little
(B Z)” B4, L, WA P-4 B EEs 1Y
S SO o 00— s L LY 5 2 By 1) VA R
A, 5 BBk 1% Gt W B P A 53 0 B A AR
%, B AATE MR A 8800 1Y) A BE B R R BTG G )
M, AR 1T X EEs IRG W E M, Bl FN
B A A S A BT R T RIS, B g
PR T X — G R AL i JF B T Rk
(1) % RT3 1]

1 EEs 5/n#1#& 2! ( EEs and additional models)
XTPRE ) EEs $E4T W5 00 A1 PEA | £k 2 73 Hr Al
AR B . AsE o BT e s v H
FrAb G WA T I G e, B AR A P — R XA
s R T IRGHEI 0 i L R A A RO TR, T
P i — e TRt &9 5 A IR TE & 4% 1F
A EAE MG R . R, fesi i A AE ikl A
() A A Iy 12 22 [R) i A B 455 I H R AR ST,
X IR RN R R 2 B2 A .
1.1 H A BEs BkG RN ST J5 15 R AR A
HHT, % T EEs BB UMY, B4 (in vitro)Fll
TR vivoy T RIS ] (GR 1), X SEFSEaE o L
BAUFHIN A A0 R S 500 22 ARA TR S 800, DA
TSI R I, 2 R i BEAS TR A3 A Y

R1 WHRSXEHEREANHHAR

Table 1 Published researches on combined effects of estrogenic agonists
ZikEY ZAXAW) IR 45 S 3CHk
Test chemicals Test organism Endpoint Result Reference
2-QEHHE)2-(4- )11 1- = 2 8 (0,p” -DDT)
JURLAR B 4-1ETF- 5L 0 S 5L el B WA n
2-(2-chlorophenyl)-2-(4-chlorophenyl)-1,1,1 -trichloroethane Recombined yeast Enzyme activity Concentration addition

(o,p’ -DDT), genistein, 4-nonylphenol, 4-n-octylphenol

FREEZ GOR X FEAR T BR i R PR |
XU A GRS
Hydroxylated polychlorinated biphenyls, parabenes,

benzophenones, bisphenol A, genistein

el

Recombined yeast

it T
Enzyme activity

e finFn

Concentration addition

(2]

173-ME T MEER M =0 17 - £ BROE B2
CORRHER | IR ME — s R R 4-1ET- 56 M W A
17B-estradiol, estrone, estriol, 17a-ethinylestradiol,
diethylstilbestrol, estradiol valerate, 4-tert-octylphenol,

4-nonylphenol, bisphenol A

o 2H 1)

Recombined yeast

g5 1

Enzyme activity

e hnFn

Concentration addition

(3]




20 A5 #F O ¥ F15 &
2kl
ZREY ZiXAEY) =2 (R 27 3CHik
Test chemicals Test organism Endpoint Result Reference
o,p’ -DDT 2 2-XW@&-F AR HE)-1,1,1- =5 2% (p,p’ -DDT)
22-XW@-FAAHE)-1,1- A L Hi(p,p’ -DDE) 757575 (B-HCH) , )
‘ ’ , AT A AN LA VI
o,p’ -DDT, 2 2-bis(p-chlorophenyl)-1,1,1 -trichloroethane [14]
MCF-7 cell Proliferation Concentration addition
(p,p’ -DDT), 2 2-bis(p-chlorophenyl) -1,1-dichloroethylene
(p,p’ -DDE), B-hexachlorobenzene (8-HCH)
173- M 0 ERR DU A AR R T AR
U B \ Bl B, S
LB NG L E RN R eI Y ) NN gl O ) .
Synergism, addition, [15]
17B-estradiol, estrone, bisphenol A, butylbenzyl phthalate, MCEF-7 cell Proliferation .
weak antagonism
endosulfan, methoxychlor, pentachlorophenol
178-Uf — B 17 - M 1 YR A B | .
\ \ 4 e ke = - ?ﬁ?ﬂ,ﬂnguﬂ
XU A A-1ETFFEW SRR SEOR N FLIRSe 40 IR 5E i
) . . o ) ] Antagonism and [16]
17B-estradiol, 17 a-ethinylestradiol, genistein, MCF-7 cell Proliferation . i
concentration addition
bisphenol A, 4-nonylphenol, 4-tert-octylphenol
PRI RN T 5 PG 2R (M 1 A = e |
CHRME A AR R 2 Al s R B - e EE I, S5
R AL A ST
Endogenous and synthetic steroidal hormones Concentration addition [17]
MCEF-7 cell Proliferation
(estradiol, estrone, estriol, ethinylestradiol, etc.), and weak antagonism
phytoestrogens, pesticides, cosmetic additives
NS S ) I | H 2 P G R .
O MER | 2R TR TSR ) ) ) B A
. . . Rainbow trout and Vitellogenin and . » [18]
Estradiol, estrone, ethinylestradiol, nonylphenol Concentration addition
recombined yeast enzyme activity
17B-ME —FE 4-TE T- 560 3% A H A7 BB AN 1191
17B-estradiol, 4-nonylphenol, bisphenol A, Japanese medaka Vitellogenin Concentration addition
ZIJLHE— I YR BER 0L A BB AR mRNA %3k VR IEE Al 20]
Ethinylestradiol, genistein, bisphenol A Nile tilapia mRNA expression Concentration addition
e S fe,, A R PESEE  BEE DpIR] , e B A
= .
) ) Turtle and Sex-reversal and Synergism and [21]
Estradiol, estrone, estriol
recombined yeast enzyme activity concentration addition
B} T ot AT
R TR,
17B8-ME i Ik 2 e R BN I 240 M, o 2] P R o )
i Uterine weight, LT
17B-estradiol, hydroxylated B6C3F1 mouse, MCF-7 cell, ) ) ) i [22]
] ) proliferation, Concentration addition
polychlorinated biphenyls HepG2 cell,
bioluminescence and
recombined yeast o
enzyme activity
WE T LME T AR R AR S,
FIEm AU A 4R T R /N THEER H 23]
Estradiol, diethylstilbestrol,diethylstilbestrol, Mouse Uterine weight Antagonism
genistein, nonylphenol, bisphenol A, methoxychlor
173-ME 15 MEER M =85 17 - £ BROME 85
4-TETIEWY XTRREFER D XU A NFLIRIE AN 20 a5 B A 241
17B-estradiol, estrone, estriol, 17a-ethinylestradiol, MCEF-7 cell Proliferation Response addition

diethylstilbestrol, estradiol valerate,

4-nonylphenol, 4-tert-octylphenol, bisphenol A
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MR 1 A, BARHRTC A F 2R M EA/ER
(7 R T e FNRGE  (H S R 7 0 V3 3R R 21 i
RECGE AT SE | BRI 2 FH B 28 B ) ¥ B2
Fl(concentration addition, CA)#E I #E171R & W5 P
ik, IRZWEFSIEN , EEs BB A 200 75 & CA HE
AU 3K — w5 00 % 1 1) 2 S T R A Y B
BOA 2R R R S B R UL, SR
RAE CA BAEIR GBI R T2 N, B
ANEMT AN, SV SR L ZMER 7
#(mode of action, MoA)H} , {5 41 A 4 fifd 84 5 4 5]
e T E B AR i & s IR A &R AE
JnFIEL S (non-additivity ), BEATH CA 557 i B¢
RO 2 7 At R 22, FLAwG 25 7 1) (P RV T 85
YEHD) S Z RS A A C

fan , A oE e B FHMER R B 2s AR I
FRTE AN AT AL S AR 25 4 L) s iR & W Bk & 4L i
MCF-7 4HAfHT , #f — BR3 A HAT B (4 Py [l R
HH i HA 8 ARG B 55 PR R] AR g4t
YERM™ 55— % KSR MESL R | & BUHE V3R Fn i
KA E WG T MEMFSE R MCF-7 41 i AE L
WE | b Tl R B R A XU A B =0T
MIUTCIR &Y 2% 5% T R3S FEAT & CA BIAL (H SR
TNT T 5 13 R = i B, UL 1 B AR U
PRI, e R MR 2050 07 2 05T R 2R ) D, 7 — o 2
JE BdoE 7RISR IE ], 75 2 H MoA B 4L
T, TR CA BERUAE Sy 56 o 2 W7 AH B4 H 7
{EY B 5 5 SR A 800 U, XF CA i
M

AN, CA BEAMRIRTE SR A L rp A5 31 T
S Z BN B R A Ak B R X 7 B i HL
STE— B AR ECES VR, A R T 175 KU 1Y
TR | 32 S R R A4 T 2ok 2 v i R AR LA
ARG, TR BRI G B P T R A0 1 B A o
R St Z2 W R0W 28 5 T MoA B 4%, BT
FEARTR TS0 50 2 AT, IS i R S B 1) i A R
1B EE
1.2 CA ARy ek ik

FER A B SZER R H  BF 58N G 7R AR A S B
T 2R CA AT IE . (E 58 CA BARY S H AT
A HH ) HE 5 24 B (estradiol equivalent, EEQ)¥: & 7.
E—HRIE T R A WA A S B — 0 E R A
(target of action, ToA)&ZA=AEH , i ¥ ot B9 591 & -3%
o7 it 2 2R AR ] 0 5 KA RO ARER U x e

AT AR TR SR B T 50 R AR 15
FIN [ 2H 43 02550800 e ¥ (half-effective concentra-
tion, ECy,), B Al 1t T =3 F A0 3 k0n BT
EEQ= 3 (o x 2
i=1 Efo

Ko, RS 1AL WAERA 1E BT i v B,
EC,p, 1 EC,; 0l QR N bn v ME TR 4 1781 —
BE(E)HES 1 AN TE ™ A x% 00 I ¥R BE | 1 Ak
— A ECy, .

X —FIHAESE A T W) (AR B R) b Jgid
FHIR o BRI I AEAE KR R 5 S (i 28106
V), EATEAR AT BT AR IA AN B 58 25 F W e kK
RO, 3% KA RO 1 2% 57 58 2 AN TE CA #5E
RMZRZN, BN S R A2, A X
ANTA)EL, ) SO BE RIS 78 (generalized concentration
addition, GCA )R KAE HZ I Bl A% &, fifi o] o
PG M TN 5 A 5B 35 W R B D EOR B  Y
RN AT FRIR N

XL E,, RRIRE WG BN, ;. a;
EC,,,; 73 R n g5y 1 0288 W | e RAE IO
EC,, {H®,

TENEFE At [ o P — 25 i J& 52 4 Logistic 155 54
(full logistic model, FLM), ‘& ¥ 01 & -24 )i it 26 JL 1
F A -G S8 (R AR IR G W 4 53 1Y fs R A /ME
RIT ECy, B R REHG Hrh, AIMix se 240 &
ANHATE], FLM 8 BE S A0 R i B 45 2R 5 . =
LTV R

n Min,-Max, ¢,/ECy;
By = 3 [(Max, )
1HS 2 P no
*7Ec,) *Ec,

X B, R IRE YIRS T 200, Max,  Min, |
¢; \ECy, Ml p, 73 /R 453 1 W KA AL #w
IMERIZICT) B ER W VBC,, (H AT ZE AR, FLM
Fo 3 ] U R AR R A s S RIS PiX —
VERIRHE DTN — R R N S HT ) = 38 0 5
SRR S 5 DL (B KA AR %), A RESS & %
Tk HTEH: A Bl 5 2 E il A

Schlotz “ 5 FH 32 125 & 1 | 290 0 43 58 X 6 A



22 s #F

PLINN O %155

AP LA T CA  GCA Hl FLM % 3 Fhr 1y
TIRE Ty, 455 R, CA BT T3 A 000 2 4 ik
(ECs,), GCA TE T f5c RAE HIZL ) b SEA PL#, i
FLM FETH AU & 2 1k 7 1 R0 R 47, HAR
A1 CA Fl GCA s, FRATE T CA HiAY
()3 PR 3 P L i 0] R R e 55 O B B 3 1Y)
BERL AT — A Rk B RE IE CA, ik
ANTESEUT 100 457 4 H B RLE N O £ 19 SEPR1E
O, AW A TG ) Xt AT R AR X,

2 EEs BEYWERETHEYILTE (Action mecha-
nisms under exposure to EEs mixture)

Zerd B AR B N, CA BB 7E A 355 58 B £
JE At e T IR A 4 DAV 5000 R DAk (4 41 22 R 552 (1)
SR B — N BE R CA B LA XA P ik
MY IR TR . A TE HAHESR N Ho2—N B4,
CA BRI ST /E H— MoA HUBIE P45 HITHAZE R,

NRE YRR S — 20 Kk R LA TeIE ST
XY R AVE S B R TR R . R T A
IR v A 20 A A 0 A PN 2 Qe 52 e 3 JE%
AR Wl S 1 SR T RS AR ) R o IR BE KT e
LS N ZE s

W L EEs ol LLd i LU JLAME I 5 C7E
AR VR

(1) 5 M2 32 1K (estrogen receptor, ER) i $£4%
A AT B R SR E 5 ER M EAER B2 K15 S
Wy, FR R R 2R s I R Y

Q) S RAMER T 4G Z K. [ ER A £
T NG5G ZARE A AT R B A i A G R o
A W S 52 0 9 SZ RS 0 TR BOER R Y

(3) MR B . S L EEs(AN M K165 )
MIAFTES: TR ER BG5S o AR, i & 8032
PRAR IKF (Y BlAE B

(&) SEMEER 1A -4 A -k L (absorption-
distribution-metabolism-excretion, ADME)id 2 . AN 5%
IR, MR THAE S IR TG L
R B AR R IR A I RS I N S M 2R

(5) M N 3 b R G0 5 HoAh R G AR - Al
MAERG SRS EZENE, TR L FIR,
51 & PEREE M BUE T, XA A DI RE 1% 8RR AN
PRI R, R EUM A ZUB S R A AP

WA A Y R B B A Ly T AV AL H
KRBT Z AL E A, XA
AFEFHTE NG 2% A PR O 255 IR AN 26 55, nk

FER AR | S ORI Nk R AN TR I 45 SR MEE
2.1 PUMEM R MBS AR

PO ZE AT LT s BT R AR R e R 5 A=
YR FROVE L A, I e 2R 00, RSy
FER A8 B PUMERR M RR I Se s & 2 AR,
I ELA 33 0 A 3800, B AR T N TR I R 94
FHPY DRI, o 98 3 RN 2 M 9 R A < AT M TR Y
MoA Fl ToA” B 43 FAEZL T & F 7] — 284 T, it
MEREE T —2K5 ) Wk, 48 K& 5 EEs BRG1E
FADESE 32 R AR R R RN 2RI R SRR
F2s EEs(Un#Ed4 2 Fbo M3 2 BT A s iR & 9 i
i,

53V BT R G AR FH AR 5 1 AR
VB () VR RN R A i AL R R R . R
EEs 1R & 0% B Ih f8 iR it B¢ 7 75 M 0 4l b, I
FHEET A R 2SI R 2-2- SR IE)-2-(4-
HHE)-1,1,1- =5 2 KE(o,p” -DDT)FI 3 AN He B 6 i 4t
P T 2 A R P D R B S A R I R I ) 99 Ak
R AL B R] BB 2R A OG 3 B #E S K 19 AR
BB 55— TG R T AR SE 85T T, 32 iAW 2
[ JEE F10 E —JR 3 R A B 4 >F e ol it B
HINRA Y, BN 24 S TE B AT B ik 3 ik
A Ti) 5300 EE | i 2% B9 8 2 11 D (vitellogenin, VTG)¥E
JERN vigl FEPI R H

T3 2R U B AR AN A B S B R T R S T
WS FIITAG 25550, F 3R BT M 2R 25 0 ol B AR 2R 9
R E R KT, 44 0 % 5 T AR,
SEBR b T AT B EE G SO A B
B SEBREREE G OL R IN AR 4%, B R UL 2 Bl A A
a4 FNAR B , EEs TR G W) 10 45 41 003 v 2 () L 1) 2%
fb, TEXFPSEEGBETT T, 54 3 PR X% 58 B 3K
SERUEI  HUMEL IR A A7 A 23 i I 5 2R Y ) o
ARON FHT 28, 24 L 5 9 2k B RS — L 49 B B 5T 4
WCHE 2R A VE R BRI, AN (SR 2 5 XU i A 2
faERE , WIS W AN A B A 2R, ST ME R B
BN P8 VA . 7 B A7 B G

kA, SO FLM 5 i WBE B 45
BT RN A B R T SR . MESCR FIBUMER R A
EWERN B R A S ER, B IR R R A
WA, HEXBIETE S B2 IRE A YRR
(R 2855 AV 1 T S AN () 1% 2 B 9 4 TR 7, 52 i 98
PRI 2 S RN 351, Ml ER RIS 19 &=
BT R S BUME R ER AL B 1 2
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EYIN AT SR A A S AR AN A A AL
J172 AN HEEHEE BEs, AR R W 1 Frs, bt
MRS BB AR AR 28 MR, 55 E TR
U] AT " #2800 RS2 AR 25 AP IS AR ) fE 35
RN 2 TSI T M T, DL AR P A
R —EFEPIRE 1" 1 2 A B Z B 4, 22

it FLM AR SR BEA T B0 A PEA
WEM R
[ER full agonist:

YERIR
Potency

ER partial agonists

L ES

ER antagonists

SRR

Receptor binding affinity
1 R SESERMERENXR

Fig. 1 Relationship between estrogen,

weak estrogen and anti-estrogen

B RAR UM R IR R R o B R 2
YER EFESEURTT . Bln, 5 R — i 5e 32 AR 1
BT SFAN ] Sk i e o] A A R 410 o) S5 )
AYFEAL 5 I e V3 3R ok B2 K s o TR R
ADME 3 72 5 A2 M R 8 1 25 AL5, X R A Y
FEPUH FLM 2 Jo ik ab 3
2.2 EWIRINE I DL MCF-7 4 1

MCF-7 20 {38 5 12 56 2 — 1 00) 0 i 3% 0 1
Wy Jo 1) 1T AR R 7V, T 2 T A R LS )
A 2007 AT AR A o 1 IR TE AR BT
ATTEARIE K - e B EEs BIFEH ., BHRTC AR Z
WF5E e MR R 15 S MCF-7 4 i s FE i HLEE , K2
B IEE AR E HE R R 455 40 A% P Y ERa,
183 M 3% & 2 NV JT 14 (estrogen response element,
ERE)S DNA %54, 75 55 40 g Ji 45 i A G 0 5¢
SHBLLA, DN B0 M358 . BRI A A 4i0E
TR AR KL 13 fedk ER W S ih A5
ERE JiBt, W] ER i i 3 il AL 2 R 55 Ak P 3
R BB A USUEN] MERCER T DO B A7

R DNA & #5840 2 30 ok 410 7] — 22 30 42 4
PAT- B AR G PR (I MLK3 Fil NFxB) S 0 41 it 25
BEAERE

HEFEAR G 2 MoA AT 43 F AR 3 28.(1) ER
ik ERE 5 DNA BH#454 ;(2) ER 5 DNA i 5%
%A F(transcription factor, TF)[H] 4454, ol 5 A&
B RIERAAE ; 3) AREE AR, e R B A
ZIRE A YA MM SME T — R I R O Y AR
b, FEAEIGTES . J5 2 1~ MoA ¥t T4 b Xt
ER /) MoA A1 5 DNA [R5 45 & i & 30 Ui B
AN ERE BYFER AT 57 8] ER 97, i — K502
55 2 R A A 1) R R R AN FRATT A S I iR
FEPRAAVE UL ER FIRCIR ) 525 W EL 2 R 75 25
A4 A% 5 DNA VR, 57T 76 240 i Jog B o 422 0 4
A G R BEIR fL RN S R A, DR Utl , At R 3 G
B B 032 0 G AL R AE BCAR A7 A T AH BLAE
FHZRE SR X IR T 4 Hr M Bl EEs 184 W75
2N LS TR PGB R R B ME S TR B IR R A
A BRI IMERE

AR HE %5 T EEs BN 2R AR 2R
S PI3K/AKT 3 [H AH OC 5 R 3R ik s e, & LA
173- Mt 1t Sy A 3R 190 I U 3R 32 8 5 3 R Y A 32 AR
ER ZAEVER, 1 AU A SRR BB 21k &9 3
BOE AR R N AR G B B2 K 30(G
protein-coupled receptor 30, GPR30) /=A% v , 24—
B A RTN IRA YT PIBK/AKT i J 19 504 3k
PRI S 7 HE S 23 TR 8 3 S5 A5 O3 4 0 A O 2R
el , S SO LG FE B 25 R 25 T CA | T 08 il A
RURETE 47 i i R L 45 LY (B2 gl i 52 5 2 178-
M RN XU A X MCF-7 F 388 5 558 07 1 5, X
PI3K/AKT 3 % (4 508 1 AN 0% | 5 28 2 5) 2 1) B s
HRILIEANE | PR A K 28 R B D
2.3 FONEMER

WEEh 1Y) EEs B AR 2, A Wit g ) | ok
FIFI S5 2 Fp ik e 28 o o FRATIC R A 1Y)
YA G B 58 TR A W B B JR R A
AR EMIREGY L, T A iEm ki =
KRR RN T MoA S5 3ERtwe R, Arlk,
FA T ERe SR At B 215 BT L5 G AL PRk 2645 B iy 52
R T H

FEX B Ik, AN 0y 2 e Ay 2
H2F (B S 2 B RN 2H) A 148 250OC
% (quantitative structure-activity relationship, QSAR)
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SEHR AT LARb TR = AR G ) 2 R R B I 1Y) B HE Y
B, XEAE B PLR G B F 45 R K AR (adverse out-
come pathway, AOP)HIWFFTHEZE N , NN A P4l
0943 F i 4R 35 F (molecular initiating event, MIE)
TG, il — R KA (key event, KB)S: 1] A 3%

4t Ry (adverse outcome, AO) (& 2)P, X Fh a4
AT LG )RR 5 B AO FRA 30N A5 )
205y, FREVECE = (67 B, IR 2Z 5 I
K WATHTEET MoA ML &Y mdl, X RIRG
AU PEH e ) — A B AP IR

QSAR

l

IRE YT |
Mixture 4431 [ ]
crpoee Component 1|\ 4 Fitet ik | | SHURRL L X || e | s ||
MIE KE KE 3 KE 4 AO
20432
Component 2\ oy rwrr || xcamert | | semnma | | e | canina | [ awsm
/‘ MIE KE 1 KE 2 KE 3 KE 4 AO
i 413
#8117 || | Component 3
Toxicokinetics SYFRIAGE | SR | REERPR2 || S
4144 /‘ MIE KE 1 KE 2 KE 3
Component 4
PRI | REdRL KRR || 3 KHF 4 || AESR
Has | MIE KE 1 KE 2 KE3 KE 4 AO
Component 5
H4r6 /,ﬁ;%%ﬁ%#_, j&%%—iﬁl
L{ Component 6

BRI, 42
In vitro tests, omics

2 AELBEREZ(AOP)ERESE—LEWHNERER

Fig. 2 Toxicity information of mixture components under the adverse outcome pathway (AOP) framework

Note: MIE stands for molecular initiating event; KE stands for key event; AO stands for adverse outcome;

QSAR stands for quantitative structure-activity relationship.

H A, 40 L AOP Fl QSAR 455 Lk K fq
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