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o ARV IET B IR AR G T WA 1 5 9OE R EFIEE Y pBIND-hPXR 23K JJUkL, B H 54 A Lo 7 51 ot R
BT 5 5 5 BTORE GALA-UAS-Luc 246 4L 28 HEK 293T 4L, e & g sr 1 —Fbal i A Ak 2 i N2t X 2R sh s /e
PR N 3% AT S PRGN vk, 20y vk B SRR e G TG L A S MR A e e, i — 204G T 9 i L B0 BB AR TR
(organophosphate esters, OPEs)BHJA I ) hPXR JIG RN , 455 2B J5 352¢ OPEs WY i o T A A b 53¢ OPEs, Ho i
= HIZETR(TCP) Y 20% F5e KRN I B2 (= T BRI X R B i UG 20z {1 R 2L 60 B9 hPXR SRS A R AR P A 2 . Ak IR OR
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Abstract; Pregnane X receptor (PXR) is a nuclear receptor that regulates the metabolism of heterologous/endoge-
nous substances in organisms. Environmental pollutants can alter metabolic homeostasis in humans by PXR-media-
ted pathways and thus increase the risks of common metabolic diseases, but there is lack of sensitive and stable in
vitro assays to detect PXR binding activity of chemicals. In this study, the pPBIND-hPXR expression plasmid contai-
ning a renilla luciferase reporter gene was constructed based on the recombinant DNA technology, and then co-
transfected with a firefly luciferase reporter gene plasmid GAL4-UAS-Luc inserted with the upstream activation se-
quence into HEK 293T cells. The established dual luciferase reporter gene assay exhibited high sensitivity, broad
applicability and good reproducibility when screening chemicals for agonistic/antagonistic activities of human preg-
nane X receptor (hPXR). The assay was further applied to investigate the hPXR binding activities of nine typical
organophosphate esters (OPEs), and the results showed that aryl-substituted OPEs in general exerted stronger ago-
nistic activities than those of chlorinated and alkyl-substituted OPEs. Among these OPE:s, tricresyl phosphate (TCP)
exhibited the strongest agonistic activity, as exemplified by the comparable values of 20% maximal effective con-
centration and maximum activity with those of rifampicin, a known strong hPXR agonist. For the first time, 2-eth-
ylhexyl diphenyl phosphate (EHDPP) was found to exhibit significant hPXR agonistic activity at a concentration of
3162 nmol - L™", which was only slightly higher than the reported maximum detectable concentration in human
blood samples (80 nmol-L™") from a Chinese population. Overall, this assay could facilitate studying the impact of
chemical exposure on the PXR signaling pathway and provide a scientific basis for health risk assessment of OPE:s.
Keywords: organophosphate flame retardant; pregnane X receptor; reporter gene test; chemical health risk
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GERIE Y, X e Ts el ELE A R T2 R
K i) i e R 7 A s AR T R g Bt AR
WEAL A RFREEEEMERAaE, Eh
sz B Z 5 T Y E AL, 22 %5E X 3% 1K (pregnane
X receptor, PXR)7E N AMEY) i SAAR i FR s
RIEA CEER, H R B SRRTAENE /N (8 VB IE
S AR E P, PXR 25 434 DR IER 4
i, EEINREIX AHG DNA 454 X (LR AR I 41 ~
107)FIBLARZE & X (ZHEIR IR AL 141 ~434), PXR Ny
Il B2 AT AE A A% N S 4 R X Z K (RXR)
TS RARD S B RS, A I 4 R T 3L R ()
NN 25 i PASO AT I H RFE A% ™ 45 S AL
T R B SRS PRk, SRR W] PXR FLARSS
G BN Z Fh 450 & S sk PR G W, B
RIS PSR 25260 E W A ORI S I 2R A
EFAEY) FAREE FE A2 PXR G RO, R Ik PXR
WA A S — ] W I PR 85E 52 5 ¥ G i A ) 1% Ik
Y BOH BB 5T 45 Y, A AL S IR IR (organophos-
phate esters, OPEs)FH&A7 #5i2 = B 7K (tricresyl phos-

i PXR 38 - S 8O /N EIN S 28 B 2
ReSt i, U — 4 T HAT PXRIGHEM A EE 15 )
SRR R 107 S0 Bl koo e R AL T 45 22 AR
PP K A PTG, PRtk P& AT A PXR 52
AT 1 B S 56 X T BRI 5 e W R Ak 2 it A
AU Al HAT B2

TEBUA AL TR B VAL vk iR & b, s 3
PRS2 56 P 2 AR5 P 431 4 9 (EDCs) 5 4% 52 AR A
FHA T 0 PG 3 PR R 3k AR AR IR 100, 0 55 I A B A%
Pr)ey 36 [ E 58 BA 9 i S 427 S T8 0 08 T 4 2%
N AR ETR vk =z —M, BT, BN E O
SEAT T PXR SZ AR S FE RSN I ik | X6 8 58 15 Y
) PXR BLIERONTFIE T0F5E . 640, Kojima 4503
LT COS-7 LAY PXR RSN 0 A 45 45 2 A
245 %200 A 25 B PXR 454 1% M AT 0 4, 9
% B HLBEAR 25 A LU A RE AR AL & ) HA T
Z ARG E BN, Delfosse 507" I F 0l £ & ik
GAL4-PXR-LBD ] HeLa 4iiJfi & , & ¥ 1T =58
RAJAFA VAR W] 5N 178-#E — FE



42

Fe— JUAE  Zfle X BRI 3R WA A S A 05 vk A S S A WU R TR FELASA R 1) 32 A s S8 L T 5 35

Al hPXR JF 5 TR 33k, Creusot 45
FyE T HGSLN-hPXR FORIMI & LN R 5T, K BLER
SRR S RN R ) 4 B 5 o 2 A B 5R 1Y
PXR WIE A, IF H H A & 81 # PXR sl 7L g
FEREAE] 1% AR YE, LR O A ik @S fe
BT K MY R MEEL B-2F FUWH 1 I 2 35 1Y H 4
e LS i N S A o i S N
A SZARBCAARSS G B0 Bl A 25 1) RS2 A4 SR T A 1Y
2 TR, R 255 SR A A7 30 4 B A G ORAR L 22
BEPESFR R AR WS o e Y N S
PR TR, TR AN [] A L ) 400 B 230 S Bt e it
FRATRLIE I A SRR I 45 R R gk 2, B
SRR B PXR A2 4 XU 45 L A S92 96 75 W) s 5 % 3
TR, X 240 R G i) S S R A K TR AR E 3R 3R
RS2 S AN A UG PXR Z A
T IS PR ARSI T ke = AT [R] B AN [ 285 G 1% M
TEQEOE F5BT R BRI S kel =B, Bk, A
WL — 25T A e R B R E Y AE YT Y
PXR B¢ 2= Bl 5 L R A 7

FEF I, A SCR B AL AR M H T —
B N A Bt X 32 4K (human pregnane X receptor,
hPXR) X' 28 il 4 2 2 R A I 7 3, IR 1 9
PR OPEs PHIAT Y hPXR ZIRG5 GGk, A
IR R IR 15 Y I 1Y hPXR A2 R TH 3000 i 25 A
A2 i A R XSS A B HEAIF 5 T BeFIRL = ARHE .

1 ##l57 % (Materials and methods)
11 s ok

AR 4 HEK 293 T Y5 [ i ERNF# e A
A REIF BRI L, E. coli DHS5 o 852 25 2 Jfd
W F LA T AR TR AR IR 55 A BRA Rl (LA T A
PR AT, XU TR B A5 25 Rl 2 A Sk, A0 4
T 9O R BHR & 3£ pFN26A (BIND) hRluc-neo
Flexi Fl7 K R B 5 5L pGL4 35 [luc2P/9 %
GAL4UAS/Hygro] (LA F &% GAL4-UAS-Luc), ¥
T2 [E Promega A,
1.2 RS

HRR-EHRRW 2R VI DMEM & ik
23 BG4 1L (fetal bovine serum, FBS) PBS 2% it
WX L 2 SR e 0y A R A R (DL T i AR 1
F %30, B 2R 1 WE-EDTA ¥ W W T 25 [ Sigma-
Aldrich 23], PEI 40K %% G150 W8 - b A2k e A= )
FHE A PR A, To N F Bk 4 B0 & T
FAAALRHE A BR A &, — FF 3LV i (DMSO) AL 7¢

R il i J PR 370 B T i 3 5 R A W
ARABRAF, A PXR Z AR 557 48T (>98% ) Fl
SR-12813(98% )3 514 T~ - 1 2 H A 136 By AR A 9
BHEABRAH], PXR A2 A5 55 B FE 1k (>98 % ) 1 T
R A RHEA R A E . AR5 T PXR 3%
ARG A 16 1 03 ) Gl A o A B X S
(>98% , Dr. Ehrenstorfer) ,178-#ff —[%(99.5% , Target-
Mol) 9 ' OPEs tu$5#§M2 — T Fea(TBP)  #E#R —(2-4
23 (TCEP) | B = (1-58-2-74 3%) i (TCIPP) ,
ik =(1,3- " 5-2-N 5 BE(TDCIPP) iR —=(2-2 %8
JL)ER(TEHP) W fR —(2- T %83k £ 3%)fig (TBOEP) , fik
i = % fig (TPHP), W 2 = W' % Mg (TCP) 4li Ji
15>99% , ¥4l F Dr. Ehrenstorfer;2-Z, 3 ) Bk Rk
MR ER(EHDPP), 45 >98% , W T M, Frd ff
B4 100 mmol - L' Y DMSO fif £ 15K, 1%
FET =20 C PRI AR H] . A58 T2 Y 222
IR AL G R i A G T T RN 22 T RE R AR, 4371
) § € [E Thermo Scientific 2\ F] (!5 . NanoDrop
2000C)F13E [H BioTek /A (%5 ; Synergy H4),
1.3 fidh JE DR ok i

NZEE X 32 R BE AR 45 & 45 74 3 (hPXR-LBD,
Genbank %5 NM_003889.4 , %f v 42 5 /1% ¢ 4] 1 Fl
108-434) LK iy il A T 5 b, F E i o 2 TR kL
B, B 6 #E hPXR-LBD A9 57 i1 37 3 43 51 i AL BR il
PEN VI Sgfl A1 Pmel BB 1, 2R 5 7E 28 Sgfl/
Pmel Ff#7H LA FEY) pFN26A (BIND) hRIuc-neo Flexi
B SR A4l A H B9 3L P, e &AM v Kk
GAL4 1 DNA 254 45438 (GAL4-DBD)#1 hPXR-
LBD 20 i (1) il % 11 pBIND-hPXR H2H i ki, %
JRL A B U B A ][] B 3 3K 1 B 2 % 3R
(hRluc) A9 5 A [ Bt # pBIND-hPXR F1 GAL4-
UAS-Luc 73 346 % E. coli DH5 o JEZ 2540 i AT
JoRi g 1G4 25 N 75 2 BUR DNA il B2 15 & 4
YRR 380 Ao R sl 43 06 1 B I e o e ) 4
W, R FHBIR P Y VD (S gfl/Pmel )Xt 9 188 A 7 21
JGiki pBIND-hPXR #4711 AL AL 3, f5 28 B R 5 HE
LUK 96 IE A BE K B, Al A, X3 pBIND-hPXR i 47
DNA FH50 A (LA T, S6E Bk 2 75 i
1.4 B BRGS0

fdfi FH & B DMEM 15325 A11 10% FBS, ¥ FaE
FEAR>3 YRR 293 T AHABLL 2x10* 4>« L Y 25 B e b
T 96 fLAR T, 535 24 h J5, TR 40 ik 3 60% ~
80% HYILA BERT {81 F PEI 40K ¥ pBIND-hPXR Fil
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GALA-UAS-Luc Fikif% e 2 293T N, 5545
EOJE URSEE R 24 h K BRI N 5 H DMSO
BRI S AR 4 T (9 Bl OPEs 45) ) 37 fef 4 57
(DMSO AW EE 1 0.1%), HKE05H 24 h, B4
2= 5T AN () o B 0 B 180 8 3 AR W 2 AT
M, FREEERSE  MRE A 2R Bl A 2 R A Tk
F G BB AE UL IR, X B LR B K U R
(Luc) I 5 9% 2 i (hRlue )55 AT & |, 1845
FLEES Luc 5 hRluc (55 09 e, X F 87K 96 L
B szm: B A S LB Luc/hRluc 15 5 (8 A0 %5 T B 1
X} HE(DMSO)FL 5 S E A THr IE , 25 FH T 3R AE b
22 TS hPXR Z ARG PR3 55, >R A Prism
(3£ Graphpad 22 7], AT 8.0.2) % 45 Fh 37 1k
PR hPXR 32 A ST A 0 06 %) 790 -3 1l &
PEATLA , TR B Hill Jr AR AR R B A RN eah &
AE2E S logK,, HY 5 F EPA (1) EPL #4111
RS

T AR R AL SE 5 v, 2 Fh o K il (Luc A
hRIuc) {5 5 (4 4 X 57 30 40 M 2 el 6 T B A
T RIS Pl S0 A5 A i s ), PR I AR BIF 1 i
A 96 FLIRSZERYIEEE T 10 wmol - L (48 FH 1
X IAL(n=3), ¥ HAF S EHB N 100% . Jy T HEK
ANTRIHE R SE 56 TS [ Ak 2240 5 1) hPXR 2 AR B0E 3L
NEfETT, TR A [ e B T AR T BE A o
ATEPEAEL(LA B 23 BEoR) o 38 50 s -5 it 245
A 5k 0 BH X R RN LY 20% B4 % o7 ¥k
J#(20% relative effective concentration, REC,, ), {K#i A
[F#1 5 REC,, {E MK/ hPXR #4G E

AN XX ' R b A5 S5 R 5 36 Y o 52 P
FIRAE, X T 10 wmol - L™ B A HEF 15 [F]— 96 FL
B AN [) B LD AS ) v 52 56 o) AIAS ) % 4R vk
Y 293 T AHMIFEA T SL 85 H] (5 185 20 48)) hPXR
ZARPIIERN . R T5 25 50 Bk 30 AS [R5, A [
TGRS 5B XS B (DMSO 2H) 1% hPXR A7 /K8 1%
BN 25 57 1 B 2 I AR IR G IR G o 3 KR
E R P<005,

2 ZR 517 (Results and discussion)
2.1 AL Ok 56 IR

B 5E # 2 #Y pBIND-hPXR 1 45 3t P i kir 14
REANIE 1(a)fT7R , pBIND-hPXR A4 B8 DNA G 5L %
57 692 bp, Hi hPXR-LBD % #% GAL4-DBD #4 i,
IR AR A PN T T7 BEh TR, ZEAS
GAL4-UAS-Luc ki f) UAS X454, M5 S Luc

WNR M 235, pBIND-hPXR Jihi % it
T2 [R] A 34 hRLuc, At hRLuc 2¢ )6 2 B ] 7E Ry
B ARG FE D 5230 1Y Luc 5 S E TR IE, DL
IR A4t L £ | 48 bR A A LAt PR X Rl R A
Luc s Fakmsgm

i FH BR 0 P VT Sgfl/Pmel T4 1k B 20 ok, 4%
Je PEAT B B WE G I B R 86, A 1(b) T, Ykl
L1 A L2 435I % iy ok 5 20 ki Je 28 Sgfl/Pmel
RS =g 2k . Hoh L1 8 T — & A0E T4
ki DNA IR HESS ) s A5 5 7%l . L2 B
ot BT 758 ks R R AR A B By R Y 2k
JFki &% hPXR-LBD A DNA 28 M4k H- B, H &
B SN TAS R DNA BRELCH%R(4 51k 6 701
A1991)—F, #E— 4 %} 5§ 41 i ki pBIND-hPXR i
PNy %5, 25 51 i 7 5 B AR 2 1 7 21 DC BC
100%

2.2 RHSCREHR A SR ik i g sr
2.2.1 LRI AR L

2 PRSI 6 11 e R A 5 52 SR Y 451
(AR | ARSI 565 7™ Ak 4% REFG YL 3070 PEL 40K 114 136 B
ABRIAT R T SRR AR i Y ok i 1R gk
FI R R AR BB (1.0 mg-L ™ )JEHE M,
ST 5T 17 48 hin pBIND-hPXR 5 GAL4-UAS-Luc
M5 Je i 293 T 4™ A i hPXR G RN (5 5
SR EE R 2(a) ml 0, 78 BT A R VR B AR A%
£+, 24 pBIND-hPXR Fl GAL4-UAS-Luc Y Fb
14 BF,293T 4 52 B i i 89 hPXR 75 3 1
P DRH AR A L R S vp 2 b 7 140 9 B 0 S 18
902 mg-L"'F108 mg-L™",

S 60 ) 473 2R B R s e B T AR SME SR I A )
TEPER I A B 2 25 51 WU R 2 Y hRlue
WNAFSHBR T TR IE A e yesioR iRk
AR Z X Lue 55 09 THE4N, i vl H T8 7R 323K
Py I R S A L AR B A T AR 43 )
D3 2 AP e AN 5E hPXR 375 SR12813 FIAI4EF-7E
AN e B TS P9 (0.001 ~ 10 wmol - L™ #10.001 ~ 100
pmol-L™") Luc 1 hRluc {5 551 B Y8 fb a3 45
WE 2(b) 7, 24 SRI2813 Wik F] 3.16 wmol -
L™, FIAE T 53] 100 wmol - L' IF,293T 4 L 4
hRIuc 15573 7 BIPE X B (DMSO)Z FEAIX 49.7% F1I
32.6% . FESALIAY LA JE R 5L 56 R R hRlue
T AR I X B 5 (A R AR 20% DL b Ul B A7
TEAN M FEPED 1 P SR12813(10 mol - L") K2 F)
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V(100 pmol- L™ HAT W NI RV T, 31X A SR AR B K422 . TR, A 5k ) A A
855 SCHk A 38 Y SR12813 AR 4 - X LS174T A1 BR K SZ 3 ot A9 23 P 1 FH 3 A A7 15 SR A1 a2k
Ja"(5.5 wmol-L™") & HepG2 (50 wmol-L™)"™  WiTHIEIE 5 AL AR

(a) (b) DL 10 000 marker

o= o, DNA10 000f#icH
Cer region 044 /1./- " — 10 000 b
: ek ”/jfrrﬁ —_— 8000 bpp
. S
¢ 7 omg, — 6000 bp
Fray ter — 5000 bp
o ) m— 4 000 bp
GAL4 DNA binding domain
GAL4 DNAZS 238, = 3000bp
— 2500 bp
— 2000bp
PFN26A-hPXR-hRluc — | 500 b
7692bp xR ligand binding domain P
hPXRC{ALS {34
AmpR promoter
AmpR 51 e | 000 bp
— 750 bp
—— 500 bp
SV4Q, or% . SV40 pl‘O‘?ﬂOlQ
SV40 & il e i SV40 £ L;j]{_@Q
3 — 250 bp

E1 4% 4 pBIND-hPXR Gl Bt & H 4 1581E
{E: (a) pBIND-hPXR JSURIZEF ] 5 (b) TE4LSORL M H2E Sgfl/Pmel 15465771 (14 K 45 8 1 ; M T DL 24 10 000 bp ) DNA Friciir,
L1 S 20 Uk pBIND-hPXR F) L PR £ 2R , 12y dE 4 JSoRi i 167 1) (¥ He B 2528
Fig. 1 Map of the constructed plasmid pBIND-hPXR and its structural validation
Note: (a) The plasmid structure of pBIND-hPXR; (b) Electrophoresis results of the recombinant plasmid and its product digested by Sgfl/Pmel;
M and DL represents 10 000 bp DNA marker, L1 represents the electrophoretic result of the recombinant plasmid pBIND-hPXR,

and L2 represents the electrophoretic result of the digested recombinant plasmid.

r S
@ I o 100 [y A I 2 e Riuc) 1 RifampicinRiuc 4000 =
1l = -#- SR12813i# ¥ & Jt(Rluc) [ i1 SR12813-Rluc 3
~ 30F S 40| ——Flipaic Josh Jf(Fluo) (i i Rifmpicin-Flu 13500 &=
~9 = o= SR12813%2 J th 3 (Fluc) (5 i SRI813-Flu = 2
o2 55| S5 120f % 3 13000 5 =
‘g% S 3 100 T — _250()@3
g S 20t I g o = %
=< I 22 sof 2000 3 2
Sz 15} R 9 R &
& e RE 60f {1500 £
=8 10} = E z 2
L3 ®Z 4or {1000 2
= é S5t = 2 =
= E 20f 4500 7
[}
R N I R " o ‘ ' : g
) i ' ' : IE-4 0001 001 0.1 1 10 100 1000
LIS I RBORL FL 151 (pGL4.35/pFN26A) ey L
Ratio of dual luciferase reporter plasmids AL/ (umo b )
(pGL4.35/pFN26A) ¢/(umol-L™)

B2 HMEEERLEREFHRL
T (a) NI BURLHE L 254 T 19 hPXR SZ ORI P75 A5 55 (b) AN RV B2 B4R - R SR12813 755 AR P R K HUAH XRS5
DMSO #78 AL,
Fig.2 Optimization of the reporter gene assay conditions
Note: (a) Fold induction of hPXR agonistic activity at different plasmid concentrations; (b) Relative signal values of renilla and firefly luciferase

induced by different concentrations of rifampicin and SR12813; DMSO stands for dimethyl sulfoxide.
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PRI 1 B 58 hPXR A2 1A 38 20 57 A1 48 5 i1
SR12813 , 73 7l 75 A 4 it 25 1 e 2 3 Bl PN (R AT
0.001 ~31.6 pmol-L™",SR12813:0.001 ~3.16 pmol-
L Y uEA T kAR . IR 3(a) AL RS
SR12813 HJBLHLRIfY S RIFIHE -V 56 &, H EC,,
{H 5394 3.27 pmol- L™ F1 0.18 pmol - L™, LBLAHT,
Svecova S HH T 3 F GAL4-PXR-LBD #il VP16-
SRC-1-receptor-interacting it k7 5% ¢ CV-1 41 g (1)
hPXR I 250, AR R H-F-19 EC,, {5 5.6 pmol -
L7 Xue 5P #@ ST T 3T CV-1 L5 e = K
hPXR Fll CYP3A4-LUC Johr i) iz 5 i X 7 i, 45
R0 ECy, {50 12 wmol-L ™" ; Creusot 252V i it
FEAER WOR, N CE BUE 41 M R HGSLN B b &K
hPXR 1 CYP3A4-LUC Jkif5 , SR12813 1) EC, A
4 0.16 wmol - L' ; 1fii Toporova 2% W 5% 45 i,
HGSLN 41 its % Y % GALA-PXR-LBD flt & & 1119
Uk J5 , SR12813 HJ ECy, {H 4 0.15 wmol -L™', 45
b RSB ST A hPXR 454 6 PR ARG I O 2k ) R
JE 55 TR A A iR S S R i A — 2

TEHEL AN hPXR 5470570 i FfE s ofe 5610 77 v H
TR hPXR FEHUAE IS A, # 1 pmol - L™ |

S FIUAS ] v B2 A TR SR8 (0.1 ~ 10 umol - L") F 5%
HE TR YIS 09 293T M, £ 24 h, 4R 5
B 115 T 5 1 R B8 5 A o 10 435 0 79 -3k
MK F (K 3(b)), IC,, {5 3.69 pmol - L™, LA,
Das %% % H JEF HepG2 41 % Yk 4= K hPXR FI
CYP3 A4-LUC JFUREL A2 4 J5 PRAS I 77 2, 100 45 )
W 1) 4 SF- (10 wmol - L) B8 45 5T 4E 1 1C,, 14K
18.73 wmol - L™, W& = T AT L MRS 45 . X vf
e 2 T0UAIF 9T H R A 3 3h 700 0 0 Tk S TR A
FPI AN AR Das 25 P FE RO 40 RR 2
BEFRIA Sy B e 1) Jhr Rk 3 45 S 0 45 b v i
Xy R 22 S U R, BBk, 5 Das P
(1) B A 3 DR 5 A B, AR D7 AR 1 Y B U
B 96 G Z BERE A A hPXR 638 JFORL, 7] X AS [l B b
AL 0 RS R e Y R AT R IE /0 40 i A Y
RN 2 AR R A DR R X AG I 45 S 4 B | AR
R 25 ) R GiR 2%

Xue FPFGE R Y], T hPXR-LBD H A #
KA ELE5FRRER I LA 45 A S5 M 35, R i v R [ e
FYRZFN/NGTFBCAR , 3K — w5 A B 1) P 43 0
THRAZZ At R 3Z A& (ER) T X Z A4 (LXR) %
i LBD X . 6], Delfosse 25 BT 9E 3k — 45

140  (a) 120 - (b) .. 1001 (c)
—'—ﬁHLL\F Rifam iei = M"”}Eﬂﬂé Ketoconazole —v—liff SAPHIET CCHE, test
120 L —‘—SRi”2813 = a- UPHIE I CCHE, theoretical sum
100 80f
X 100 F X X
25 25 25
2= g0} @s 80F mE o0
=2 Gl S
i i o
£ 60F =2 60l Z 2 4o
> = > = > =
m S m & m S
= = 40 = © = g
40 20¢
20
0* L ul J 20 L L L J 0 L )
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ARSI PEAE) ; * 278 P<0.05,* * 32/R P<0.01,* * * F/R P<0.001,

Fig. 3 Validation of the reporter gene assay

Note: (a) hPXR agonistic activity dose-response curves for rifampicin and SR12813 (in relative to the activity of 10 wmol-L™" rifampicin); (b) hPXR

antagonistic activity dose-response curve for ketoconazole (in relative to the activity of 1 wmol-L™" rifampicin); (c) hPXR dose-response curves for

co-exposure of estradiol and cis-chlordane (in relative to the activity of 10 wmol-L™! rifampicin), the blue dashed line represented the theoretical

additive activation curves calculated using the Bliss independent model; * represents P<0.05, * * represents P<0.01, * * * represents P<0.001.
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H, — B LG A 24 491 an it =X 52 P} (cis-chlordane,
CC) . HiF}H(endosulfan, END)F1-t &3 48 1L ¥ (hepta-
chlor endoepoxide, HEP) 5% 1] 55 Py Y ¥ 178-Mf — i
(17B-estradiol, E,) 7T Wp[a] 3% hPXR A2 /43 i 4
CYP3A4 B FRik, AL T 0.1 ~ 10
wmol - L™ ¥k B {E I N Ay CC A1 B, LB &&=y
hPXR SZARTEPEVE . HI & 3(c) AT 0,293 T 4 it 7]
BF 28 T CC Ml E, 52 2] 2 3 19 hPXR P [F3#0E
YEHL, Blan 4 CC 1 B, MREEIAE] 10 wmol - L' B,
2 Ty I %) AFDOE TS 05 1 {F R Bliss 2 37 B A
BRI TS S 0 6.2 155, P, AR 7 i i
FHF R Z2 FhAS [F] /N3 F- BT hPXR B Hp ]300
YEHT, BEAh, HHL T Delfosse %" BTN 5 5 E R
8 (5 XGALA) Y RF GALA/UAS 2450, A7 4
) 9XGAL4 Z G0 R BT 5y, i1 3(a) Al 1, ASBIFSY
1 SR12813 7E 10 nmol - L' ¥} i 3 A hPXR
TGS, T Delfosse 251 B FH 7 12 1) 5 fIRRQOR ¥k
J£°4 30 nmol - L™, W& = T ARWFT .
2.2.3 EEEMESN

DI 1 wmol-L™' #1110 pmol - L™" () FI 4543 551
WAL EMELZ M, H [[l—3e96 fLik iy 3 4~
RALIE SEAE R R B 9.57% F18.95% . It
AT 3 URAS [R] 52 35 4 (] v B2 R4 7 79 hPXR
BG5S ,1 wmol-L™' A1 10 wmol - L™ FI4E A5 518
BB 8] A8 5 R B4 50 13.97% F110.31% , (R,

AT SR R G IR RN MRS R . eoh,
ST AR R B 293 T 45 18 5 20 1) &
FAE - 22 82 5 1A 5w 0 RAORE , &5 SR s AL 5
AR 5 20 AR 20 B I T 45 () 1 48 SF- REC,, 43518
(1.19+0.12) pmol-L™' F1(1.31+0.22) wmol-L™", —3%
TC B 22 5 (P>0.05), Ui B JE F AN R IR 293 T 4 fifd
IR A R B A B Rl B, 5598, 5 Kojima
SR i A Y 3 o TORE (L FE PN 2 JT0RL) 14 3
HRPFITEM LG, AT R T W RE GAL4/UAS 258
i A A T N 2 il PR S TR A LR R 4, A
PR B R TR e 1 AR M B LA
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TCIPP il TDCIPP) .3 Fi 55 % OPEs (TPHP , EHDPP
# TCP)iY hPXR ZARZE &%, b T HEER Z 1Y)
V18 240 6 25 e T R 0 A K 25 R 1) 5, AR 4 hRlue
S BRI T 1 %55 B (DMSO) 15 518 114 %2 Ul 5 J32 1
FE AN A SZ AR 0 A 500 3 (2 U <20 % ) ¥k B Y T
FH L 4 AT FEMv BEYE R A, Bk TCEP 20 At
8 Fl OPEs ¥y~ A= AN [RIFR A A hPXR AZ AR 30 .
Horpr 3 FpI5 3k OPEs 7RI (<1 pmol -
LY A4 35 19 hPXR 800 16 M, HL e K30 #5007
BRI EHENT 10 pmol - L™ A - 7 A 1 800 M1
HE—2E X L 9 Flr OPEs Y hPXR 41 8 /7 , AR 48 71l
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TE:(a) 3 FPJF 3k OPEs 1y hPXR i 1455 -8R 12K 5 (b) 3 Fiid £ OPEs ) hPXR 1 P71 B 24 R il 2k 5
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ARG PEE AR 10 pmol - L™ BTG PE {34 2. 25 F R (P<0.05) , PR L) 50 7 it 28 4014 Pk AS 0 5 0k B P 00
Fig. 4 Dose-response curves for hPXR agonistic activities of nine typical organic phosphate esters (OPEs)
Note: (a) Three aryl OPEs, (b) Three halogenated OPEs and (c) three alkyl OPEs; the relative activity values of EHDPP and TDCIPP
at 31.6 pmol-L™" were significantly lower (P<0.05) than their corresponding activity values at 10 pmol-L™", so the data at this

concentration point were excluded from the dose-effect curve fitting.
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1 iR, #& REC,, HRE] & HEF KK A TCP  EHD-
PP, TDCIPP . TEHP , TPhP , TBOEP . TCIPP . TBP, H:
H1, TCP(REC,, 4(0.92+0.11) wmol-L™")F B LA
FEF-(REC,, H(1.19£0.12) wmol - L") 5 5 11 52 1438
G E(P<0.05),

ULHT, Kojima 261" R FH 4R 35 JE H 7 ik X 11 F
W, OPEs (£ & A ®F 52 MK % 8 F4 i TCP, TD-
CIPP . TEHP . TPhP . TBOEP - TCIPP -TBP F1 TECP)f#
hPXR G O #4717 R0, % 38 TECP A RE ™ A=
hPXR 3 iE 50, i HAth 7 F OPEs 43 81 Hi AS A 2

JE hPXR Z A BE TGP , 5 A T e 4 R — 2
AR, A BF 58 A Kojima ZE1 0 15 1 7 Fh 9y 5 1Y
REC,, fH2 B F LM IEH KK R (r=0.92, P<0.05),
LR EUE T AT WL R SEE, HE— 2Rt &
P, Kojima 2" 42 i i) TCIPP . TBP fJ REC,, {E I
TAMHGE )7 V5 WX B EUE , T TEHP () REC,, A%
T ARIE A, T Kojima 2" A )5 v 43
R0 1 20 L 22 COS-7 F1 AR ' 41 g & HEK
293T HEATHE Y FIILASTR] OPEs %35 2 F 41 it i 2F
AMHESRPREASSHRE N TR HELER, 5
A1 ,2 BB F T 4K hPXR/CYP3A4 A i

x1 BUBREESYRNEFE-KSERBEEES hPXR 74 20% R KKK EE (REC,)

Table 1

Octanol-water partition coefficients and 20% relative effective concentration (REC,,)

values of the organophosphates

Ey

REC,,/(jumol-L™")

logK,,, EN I Kojima 2013
Compound
This study Kojima et all'*
1] 5 S Ri
_*Hmf( lﬂ_ 424 1.19+0.12 031+0.05
Rifampicin (Rif)
JEIR = H E(TMP
| RRETRIMP) -0.60 - NE.?
Trimethyl phosphate (TMP)
Jili2 = L IR(TEP
D= LA(TER) 087 - N.E.
Triethyl phosphate (TEP)
W2 = NBR(TPP
- I = N R (TPrP) 235 - N.E
Tripropyl phosphate (TPrP)
PR — T BE(TBP
. BB = T RR(TEP) 382 1526+1.17 940+0.50
Tri-n-butyl phosphate (TBP)
Wile =T L Z i (TBOEP
. i LB ) 3.00 496+0.72 3.10+0.30
Tributoxyethyl phosphate (TBOEP)
WIR = (2- L FE 2 22)BH(TEHP
. ' ( R ) 949 2.99+0.09 470020
Tris(2-ethylhexyl) phosphate (TEHP)
MR —(2-5 £ )R (TCEP
| B =Q-R L ARH(TCED) 163 N.E. N.E
Tris(2-chloroethyl) phosphate (TCEP)
FEIR = (1-5(-2- TN k)& (TCIPP
. B = (13 2- I EE) B C ) 2.89 10.02+0.39 490+0.20
Tris(1 -chloro-2-propyl) phosphate (TCIPP)
JR =(1,3-—%-2-N 54)R(TDCIPP
. @mﬁ. ( A2 WIE( ) 3.65 1.60+0.53 140+0.50
Tris(1,3-dichloro-2-propyl) phosphate (TDCIPP)
J 2 — R BE(TPHP
. e =R ( ) 470 4571030 2.80+0.50
Triphenyl phosphate (TPHP)
2-2 50 H T ORI TR N (EHDPP
B A MAN( ) 6.30 188033 -
Ethylhexyl diphenyl phosphate (EHDPP)
JimR — H 2R HR(TCP
e = FIFEH(TCP) 634 0.92+0.10 120+040

Tricresyl phosphate (TCP)

T TCHMI(N.E.),REC,,>31.6 wmol-L™',
Note: * No effect (N.E.), REC,,>31.6 wmol-L™".
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B A ST Kojima &R I8 45 540 B ol i, — 2
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o H 5 27 Rk 8 [ 0 A B AR P, AN, Zhang
PSR SE T AN A4 K B PECAs 5 PPARy HY 3 Al
71, RIS ERREON 4 34InE] 11,95 5 PPARy (1)
SRR 32 T 1, AFL B 2 o iR - B Ak 223G 0, PF-
CAs 5 PPARy & [ W 25 Al 71 3% 7 B IR, B4R
hPXR LB A Ry il = 254 4 S 1k (ER A B 5 vh
()5 B4k A W L e AR e 36 B0 ) OPEs HA B
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(SR BT /K M 55 A2 08 5 A0 U5 TE AR 5 IR 45 A 1Y
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FURESEAH A A —Fh 12 0 55 SRR 2K 9
Jii ,EHDPP £ JK4A> £l 25 SRR K 55 2 FhoR b
AR P AT ST $E ), EHDPP B
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RS S AR, 175 S 430 7 0 A0 M I [R) 4P i
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TR e FE 7K F- (316 nmol - L) B Al 7= A= 1 35 19
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Fig. 5 Correlation of octanol-water partition coefficients
of OPEs with 1ogREC,,
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