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hpf, BF5EE5IRFM 7 FO X, EHDPP 2 #% i 2 [ (LA (A7 76 38 AR TT | A T #K (hepatosomatic index, HSI)FI M AR 5T
#(gonadosomatic index, GSI), #F—/3#7 & B, EHDPP i & FEAKMif1(10 pg-L™' EHDPP H#E4H)MMifi(1 pg-L™' EHDPP %
FEAD) L7 H H AR AR 2R (thyroxin, T4)K -, X Al RETE—E R LA A A A4 . M T4 AKSERRRPERE 5 12 15 LR I i e
T Z BE A (corticotropin-releasing hormone, crfr) i 314 T~ 8 A1 AR 1 7% 19 75 %85 W 19 12 4% 7% 1 3 (] (uridine diphosphate glucu-
ronosyl transferase, ugt!/ab)i &Pk L, HEAN, HUR IR 752 | (A 5 (transthyretin, #)7E 1 pg-L7' 1 10 pg L7 RERH 0%
R, 28] EHDPP W] E3E i T4t HR BRI R 5 W R IR I3 5492 28 11 (transthyretin, TTR)ZS & AT R2 0 HOIR BRI P-4, i fa
i HUIR IR 8 R 32 R A (thyroid receptor «, tra il thyroid receptor 8, #8) {35 T 1 2 WA /0 Aty FEIR IR B 2= K FEAE D i 4100 461 e
kK, 78 F1 A7t B R T 1 ng-L A1 10 pg-L™' EHDPP 435Il 530 = fllt R 5 51 202 (triiodothyronin, T3)F1 T4 7K
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Abstract: As an aryl organophosphorus flame retardant, 2-ethylhexyl diphenyl phosphate (EHDPP) has been wide-
ly detected in various aquatic environments and organisms. Previous in vitro studies have demonstrated that EHD-
PP can disturb the thyroid endocrine system by affecting the binding of thyroid hormone (TH) to transport proteins.
However, no in vivo studies have reported the thyroid endocrine disruption effects of EHDPP and the possible un-
derlying mechanisms remain unknown. In this study, zebrafish (Danio rerio) embryos (2 hpf) were exposed to envi-
ronmentally relevant concentrations (0, 1 and 10 pg-L™") of EHDPP for 120 d, and the F1 generation embryos
were then collected and cultured in clear water to 120 hpf. In the FO generation, exposure to EHDPP significantly
inhibited the survival rate, body weight, hepatosomatic index (HSI) and gonadosomatic index (GSI) in adult ze-
brafish. Further analysis revealed that 10 pg-L™" and 1 ug-L™' EHDPP decreased serum thyroxin (T4) levels of fe-
male and male zebrafish, respectively, which possibly contributed to the growth inhibition in adult zebrafish. The
decrease of T4 levels in females was accompanied by significant down-regulation of the corticotropin-releasing
hormone (crh) gene and up-regulation of the uridine diphosphate glucuronosyl transferase (ugt/ab) gene. In addi-
tion, the thyroid hormone transporter protein gene (transthyretin, tr) was significantly downregulated in the 1 pg-
L™ and 10 wg-L™" group, suggesting that EHDPP might affect the thyroid hormones through interfering the bind-
ing of TH to TTR. In male zebrafish, the thyroid hormone receptor genes (thyroid receptor «, tra and thyroid re-
ceptor B, ti3) were both downregulated, indicating less activities of TH, which could contribute to and resulte in the
body growth inhibition. In F1 larvae, parental exposure to 1 pg-L™" and 10 wg-L™' EHDPP resulted in significant-
ly decreased triiodothyronine (T3) and T4 levels in the descendants, respectively, suggesting a maternal transfer of
thyroid endocrine disrupting effects by EHDPP. The expressions of TH synthesis (thyroglobulin, £g) and early thy-
roid development (paired box 8, pax8) related genes were significantly downregulated, which might partially be re-
sponsible for the reduced TH levels. The expressions of deiodinase genes (deiodinase 1, diol and deiodinase 2,
dio2) were both significantly upregulated, which could possibly be a compensatory response to the decrease of T4
levels. In conclusion, we for the first time demonstrated the potential thyroid disruption effect of EHDPP at envi-
ronmentally relevant concentrations in vivo, which effect could be transferred to F1 larvae.
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2-4 3 O EE R TR — ORI (2-ethylhexyl diphenyl
phosphate, EHDPP)&—Fft B AT W2 ik - 55454 9 A7
BUBE RIS, B )72 T BRI | B A 70 i R
JEE R AL R S 25 Al i U VRS WS
7, EHDPP 577 i k2456, B A 7™ il i
R AL & B AR 25 5 B B A B
EHDPP 11 e 1 #E 5 1 55 IAH OGP b B ik, HAE 4%
FRERBEREAS v 30 £ 75, 9 anok | 28 <0 R4 TR
Yy CEMIAR W R 3R E AR A AR
VLA 3 % 7K o EHDPP ¥ ¥4 94 ng - L7 Liu
LU Xing 5N [ ORI B KR I & B
EHDPP £ 8 43 51 Ky 88% F1 100% , -2 9k & Ky
19 ng-L™'F12.8 ng-L™', W EILRRZTIRY H
EHDPP £t %8 100% , ¥k 335 ng- g~ (VAL

TR, BT % b X A 25 XU B9 3 5 5k
F . H A 4025 EHDPP ¥ J¥ 534 14 000 ng-
g (LA i ih)™ . IR EDL Rt 50 42100
W5 BRI 20 B AL 5 b EHDPP 6 33 31l 100%
5596% , I 55 18.0 ng- g (VABAA T B
T 44 4 ng- g (LS T BRI
BEHAF 5T W EHDPP % §8 2375 45 Fh A 44
oA R g R A e e AR A AR
ORI Bt R AMIFSE &% B EHDPP 1]
et TP AR BRI R 5 18 8 125 G 5 ma R AR
WERA, Zhao SFPMli 2 /3 11k &k B EHDPP
FHCR IR R ZEAA B S0C, N
8 340 nmol-L™"); 53 A AFFEERM 0.1 .1 F1 10 pmol -
L™' EHDPP & XS AT A0 36 h, HAR IR K i
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T F 5L [ (transthyretin, ¢r) 4% FE AR5 =28 i 25 F 90
WAL, FREE R 3R A v ) LA A HILBEREA R, gl
M2 = (1,3- 5 5% N 3&) B (tris (1,3 -dichloro-2-propyl)
phosphate, TDCPP)®? _ # /it = Z£ i (triphenyl phos-
phate, TPHP)® g —(2- T 5 & £ &) E (tris (2-bu-
toxyethyl) phosphate, TBOEP)™"  #iz — (2-F 7 3k)
fik(tris (1-chloro-2-propyl) phosphate, TCIPP)™! ¥
TESE 2SI BE 5t A TP R BRI R AR A, 5 1k
HURBR DI REZEAL , HA N oW TR0, {32 B Al
A EHDPP X HUR BRI AR 5T, 1
Hb, REFSTRIE T BEE ¥ EHDPP 268 22 S 80+
RAT M, WsEvE H A7 6 2 88 T 5k T
EHDPP(405 ng-L™'#l 1 161 ng-L™")J5, £ TALIRNG
eI L e TR LR RO S 40 2L EHD-
PP & JF H FAAUF IR E & 2P, Yan 5527
F5E % BRI = 10/ R W EHDPP(300 pg-kg™' -d™")
SRR A BT R R B e 2L AR TR T
T R ACIE B AHOCHE I T, SR, ORI D i
LR AT LU o AR EHDPP 2 85 #5821 5 A4
NG,

FHIR IR 38 2 (thyroid hormones, TH) 145 2 FhfE
2, HUR IR 2 (thyroxin, T4) LR A= 916 P 1) = it
HUIR B S &R (triiodothyronin, T3), &2 £ 4=
PR AR A OCHEER AR R T AR A AR
P COAETREMALUE G P, At RS0
AYAE B R AR 3 & (hyroid-stimulating hormone, TSH)
P POR R ER B 5 ARSI, TSH 28 T B il
TH AR B R B R B 3R (corticotropin-relea-
sing hormone, CRH) ¥ #! T~ - fInj-2 1A&-FH IR iR
(hypothalamic-pituitary-thyroid, HPT) % ) — L & %
FEAE R HRBR R 3 W B i iz ARG
IREO HUIR BRI 0 LR )6 1 T R A A AR R0
WARME T 7E TSH BRINECT , FHAR R U8 1 B 20 Ffd
JIEE I B AN B 5% 32 K (sodium/iodide symporter, NIS) M
LV S T, Ak Tk HE DR A 2k 48 A6 9 i (thyroid
peroxidase, TPO)% Ak i 16 Pl ; 76 HFOR B e v s v
I PERIL S HUIR PR IR 2R 1 (thyroglobulin, TG)S 2 R 5%
R G R ARG OV IE L T3 Fl T4 #F A IR Y
T3 1 T4 L HUR IR R iz 3 H iz ik ZAMH 4144
TESNE AL Z1 , T4 75 i (deiodinase 1, DIOT Al
deiodinase 2, DIO2)#h 35 it #l A T e i Jl o . 3
PERY T35 T3 5 HUR IR 3% 2 32 1K (hyroid receptor a,
TRa #11 thyroid receptor 8, TRB)ZE G, I i AH Wi it A=

W2E 3000 5 B B L AR A, FOR AR S Z 8 T
A PP v 3 3 R A A R T TR T e B e
AT BB i IR (2 hpH)ZE 120 d 5
& TGO 1 A1 10 wg-L™") EHDPP, i i
oI 5 AEE S £2.(FO) MM ¥ H TH /KF- A1 HPT 4 3 [A]
FIRTEBL, L& F1ARAF R N TH 7K SF- Fi1 HPT
FHOG L P R O, WI2B ¥R 98 T SR 855 ¥k & EHDPP
1% 5 0T g A0 R AR P8 3 8 T AR B A% 34 B
P, BFFEES 3N 2w il EHDPP 4 FIR AR P9 20 i
TP St T BEIS AKX A HLBE BEL R ) 5
R BRI R Z ALV R A S 5

1 ##57 % (Materials and methods)
1.1 SEEepPR

2-4F 0 TR EL TR IR (EHDPP) 21 >90%
W IR A 2 Al B Tl & R A BR A B (g, A D
FHFF B¢ A% 4 EHDPP (9 — H 3L W7 K (dimethyl
sulfoxide, DMSO)4{ & >99% , I | Sigma-Aldrich 23
A (5 78 B 25 B8 B 0, 5 ), Trizol i3] | Prime-
ScriPt® RT reagent i 7| & , SYBR® Real-Time PCR
Master I [ Takara 24 ml (K%, P, HARIRER(T4)
ARG 551 2 R = A PR R 5 2R (T3 ) i 5] 4 1)
H B = SRR FRA 7 (@RI, ), FE 5 1)
Wa A H AR T R, R D, SEAR U E
[ FREELL R B = 3258 Ay A BR 28 J R B, v D),
HoAt Al 273050 1 2R 3 e 2 9001
1.2 B H o hm) o K 2 18 5000

S AR A B 0 A BEALYE  He BT A B
PR R A TR MER R R R S BE S IR
(EPA R AB b R T E KBty BT 2T
ST ,5 we- L™ EHDPP 25 MAEBE & f4 21 d *F
AR A R Y R RR R B 1 g
-L"'YEy EHDPP R B FE Wk i, UL & IEH 1Y
GRZLIRAG Q2 hph), BEML A BCZE 4 0.1 A1 10 pg-
L™' EHDPP &8k (135 2 ML, &> ML E 100 A
WRRG BN R R 3 AN AT, T A & @ 41 DMSO
WSEHN 0.001% (VIV), R 5 SR ILE T IR 8 F7 46
H1,5 d SR i AT iR RS B 25 L R f BN, A
24 h A — IR R, JCIE A 14 h: 10
h, KIRASEE(28+0.5) °C , A H ML 2 R FAEH

#5120 d )5, BEALERE 4 a4 Rl L
1 1 I He R IR TE— & ™ 00 R & & 1R H IR IG
RSB EHAZ 90 mm AYIEFR LAY 55 NUBCE 50
MR RE 5K B 97 55 120 hpf, 4R35 HH B IR R 54
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PIERG , B3t 120 hpf £736 R, VR B REHLIZE L 30
AT 5I7E 72 hpf A1 120 hpf it 0 FFAK

) B Ao AR RS, B 0.03% [A] 2 S8 28 H
1% .5 F A IR 5 (0.03% MS-222)05 FL R e | b J2 B
0L, YT M35 A R R 3R 5 frp ) 0 S £ B 2 21
i O R B ), R 2 o i 3 53 M A 52 %X (brain
size index, BSI), JIF{A Ji7 # %X (hepatosomatic index,
HSI)FIA: Jif A4 57 % %5 (gonadosomatic index, GSI),
1.3 BCfa R AT fo FEODR R 2 A

BRES S W ALY LT 200 pL B4

W ERE S min J5 BT EOHL,5 000xg, B0 5 min,
[F—PE 5] 5 et ry i & 11 10 wL S — 4,
-80 CLRAF, WHE 200 RBATANE R —AFPATHEAR,
FAFEANNA 025 mL AR SRR BERUS FHALZL 503
WA A) 3 . vk FEE A BERE 5 min, BfiS 4 °C,5 000
xg, B> 10 min, B35 T -80 C & H., Bifal i
TV £ PAY R R 3R ARG I ™ s e Rt K e 5 W
PRS0 2 (ELISA) U6 - AT 484 . T3 1 T4 19K
RS54 50.5 pg-mL™" F1 1.29 ng-mL™", 40
H TA] A A25 S R IR T 10% F112%
1.4 SERF9EERE & PCR (QRT-PCR)

B ot 2 120 d J5 , W FO AR FAE i (4%
T E i A (R — 1k 51 3 A E iAo 1 R
A)VFI F1ARATF.(30 AR o — A FEA) I a2 i R 3%
KRR 3 AN EA, RNA HEHC 4lifk  cDNA &
B, SERF SO E B PCR LUK ST 915522550 &

UL Yu PV S B IR A L& 1,
1.5 Hdlabs S o4

Fi A s A & 3 AT Bl o3 i SPSS
Statistics 20.0 #{4:(IBM CorP., Armonk, NY, USA),
S RE 43 5 {d FH Kolmogorov-Smirnov £ Levene’ s
K96 I A AT IR A AR 90 RN 7 22 SR PERG S, i
AR ZE 7 243 HT (one-way analysis of variance, ANO-
VA) AR X B2 RN S 56 20 [R] 1) 2% 5%, R Tukey s
A o R 5, B0 22 R V- 29 £ 47 M 12 (Mean +
SEM), P<0.05 h i EEE 5,

2 452 (Results)
2.1 Fo fUM F1 fAEKE B L mif8tn

EHDPP #5% 120 d %} FO R AL R R 16 HR A
MRUNEE 2 Uras, SXFHE4AM L, 10 pg-L™' EHD-
PP R % ZH AL 3R 12 2 AL 8.84% (P<0.05), TE1 pg
-L7'F1 10 ng-L™" EHDPP 28 41 , £ A T X
HRZH 4351 Wi 5 MK 15.04% F1 19.91% (P<0.05, P<
0.01),

EHDPP X 5 I fa pf fa AR K & & B9 20 a0 4 3
Ji7s . S RELH AR Eb £ AR T B 25 AR R, 10 g -
L' EHDPP % & 21 i 1 /K K 2 35 % AIK 6.68% (P<
0.05); MEfa A i 7E 10 pg-L™' EHDPP %5540 b
TR 21.21% (P<0.05), MR EAE 1 wg-L™'F1 10
pg- L™ EHDPP % #& 41 73 %l &8 25 F&# X 20.59% Al
2647% (P<0.05,P<001), 7EMEarh  SXARAAMLL,

F1 TEM-EE-FIRER(HPT) A XEFNSIMFIER

Table 1 Primers sequences for tested genes along hypothalamic-pituitary-thyroid (HPT) axis
P 2R IEXEEFAIGE ~37) R SEEFHNG ~37) FERE RS
Gene name Sense strand (57 ~37) Antisense strand (5’ ~37) Gene 1D
gapdh CTGGTGACCCGTGCTGCTT TTTGCCGCCTTCTGCCTTA NM 001115114
tg CCAGCCGAAAGGATAGAGTTG ATACTGCCGTGGAATAGGA XM 001335283
nis GGTGGCATGAAGGCTGTAAT GATACGGGATCCATTGTTGG NM_001089391
crh TTCGGGAAGTAACCACAAGC CTGCACTCTATTCGCCTTCC NM_001007379
tshB GCAGATCCTCACTTCACCTACC GCACAGGTTTGGAGCATCTCA AY135147
nkx2.1 AGGACGGTAAACCGTGTCAG CACCATGCTGCTCGTGTACT NM_131589
pax8 GAAGATCGCGGAGTACAAGC CTGCACTTTAGTGCGGATGA AF072549
tro CTATGAACAGCACATCCGACAAGAG CACACCACACACGGCTCATC NM_131396
B TGGGAGATGATACGGGTTGT ATAGGTGCCGATCCAATGTC NM_131340
tr CGGGTGGAGTTTGACACTTT GCTCAGAAGGAGAGCCAGTA BC081488
diol GTTCAAACAGCTTGTCAAGGACT AGCAAGCCTCTCCTCCAAGTT BC076008
dio2 GCATAGGCAGTCGCTCATTT TGTGGTCTCTCATCCAACCA NM_212789
ugtl ab CCACCAAGTCTTTCCGTGTT GCAGTCCTTCACAGGCTTTC NM_213422
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BSI JC i % 7% 4k, HSI #1 GSI 7E 10 pg-L™' EHDPP
TR W K (20.00% F1 33.97%)(P<0.05, P<
001), fEMEf, S5XFBAAM L, BSIFE 1 wg-L™' Fl
10 wg-L™" EHDPP £ 7841 53l i Z [ A% 16.81% £l
18.14% (P<0.05,P<0.05),HSI 7E 1 pg-L™'Fl1 10 ng-
L™' EHDPP % #2413 51| . P MK 29.89% F1 38.04%
(P<0.05, P<0.05), GSI 7£ 1 wg-L7' f1 10 pg-L™
EHDPP 7 i 2H 73 71l 1 3 1K 37.39% Fi1 48.70% (P<
0.01,P<001),

EHDPP Xf F1 {UAFf A K & & RSN 4 FF
N, GRTERAAR L FL AT A0 38 (RORIA 7 T8

WEES,
2.2 FOfRAI F1 ARHUR AR R S22k

w3 s fizs , 16 FOARBE S fa | 55t R4 L,
W £ 113 S T4 JKSEAE 10 pg- L™ EHDPP #5241
B AR 22.30% (P<0.05), A £0 1L 75 v s T4 7K
f£1 pg- L™ EHDPP 2 &% 41 o & K% 34.31% (P<
0.05); I fr1 £ 0375 Ho R, T3 ZKSFEAR S T X BB 411y
TwEES ., FI i€, 10 pg-L™ EHDPP 4L
TR S T4 K5 0 BRZEL AR Lb S 2 FAK 37.52% (P
<0.05),1 wg-L™' EHDPP EfCEFEA M T3 KF 5
X HEZE A LE S 2 BRI 16.57 % (P<0.05),

£2 0110 pg-L" 2-ZECEBE % FE (EHDPP) R 120 d FO RBED &P RM7FER
Table 2 Hatching rate and survival rate in FO zebrafish exposed to 0, 1 and 10 pg-L™" 2-ethylhexyl
diphenyl phosphate (EHDPP) for 120 d

0 pg-L™! 1 pg-L! 10 pg-L™!
BEEFR(T2 h)/%
98.17+0.51 96.75+0.63 89.49+426*
Hatching rate (72 h)/%
FET /%
75.33+0.02 64.00+0.02* 60.33+0.01%*

Survival rate/%

T AANREE 3 AT, AT 100 BUAR 5 5250800 LSF- S48 A7 HE 12 327K (mean+ SEM) ; * FR/n 22 B8 241 5 % B4 2 R B b 3 PE 22 7 (* P<
0.05.** P<0.01),
Note: There were three replicates and each group contained 100 embryos; experimental data expressed as meanz+standard error of mean (mean+SEM); as-

terisk indicated significant difference between exposed group and control group (¥ P<0.05, * * P<0.01).

*3 EHDPP(0.1.10 pg-L™") R 120 d 3} FO RBEED & A FRIEHHEM
Table 3 Somatic indices in FO zebrafish after exposure to EHDPP (0, 1, 10 pg-L™") for 120 d

ifE £ Tt
Female Male
0 pg-L™! 1 pg-L! 10 ug-L™! 0 pg-L7! 1 pg-L™! 10 wg-L™!
PR+ fmm
26.55+049 25.79+092 2529+0.55 27.62+0.38 26.39+0.34 2589+0.67*
Body length/mm
Ipig=v}
MSJ\% & 033+0.02 031+0.01 026+0.02* 034+0.02 027+0.01* 025+0.02**
Body weight/g
i 5 K (BST)/ %
,MK,J %ﬁ( W 2.06+0.13 1.89+0.09 1.95+0.10 226+0.11 1.88+0.10* 1.85+0.17*
Brain size index (BSI)/%
A5 BU(HST)/ %
HHZ'KE%,%%&( W 3.60+0.16 3.04+0.29 2.88+0.16* 1.84+029 129+0.17* 1.14£0.01*
Hepatosomatic index (HSI)/%
PERR AT K (GST)/%
FERRIR R (GSD)/% 1204102 11524099 795:060**  230+0.14  1442006***  1.180.15%**

Gonadosomatic index (GSI)/%
T : BSI=100% x I B fak /14 B i, HST=100% x I 5 fak /1A B H , GST=100% x 1 B B ek /A B 0 3 45U BE 3 AT, B AT 20 10 AN 5
I LU Y R ME IR KR (mean=SEM) ; /R R 82 20 5 %) T2 2 ] A | 35 #: 25 53 (% P<0.05 ,* * P<0.01 . * * * P<0.001),
Note: BSI=100% Xbrain weight/body weight, HSI=100% xliver weight/body weight, GSI=100% xgonad weight/body weight; three replicates per con-

centration, with at least 10 data per replicates; experimental data expressed as meanzstandard error of mean (mean+SEM); asterisk indicated significant

difference between exposed group and control group (* P<0.05, ** P<0.01, * ** P<0.001).
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&4 HE% EHDPP(0.1.10 pg-L7") R5E 120 d 3t F1 RFELER FRKNEFEERNZM
Table 4 Heart rate, body length and survival rate in F1 larvae derived from
parental exposure to EHDPP (0, 1, 10 wg-L™") for 120 d

0 pg-L! 1 pg-L7! 10 wg-L™!
IR -5 s)™h)
4738+020 46.92+0.87 4713027
Heart rate/(brats- (15 s)™")
K /mm
3.86+0.01 3.81+0.04 3.83+0.04
Body length/mm
TFE 1%
84.67+0.03 88.00+0.03 78.00+0.02

Survival rate/%

T AR EE 3 AP AT DR S R EEAFAT 10 BAAKUEE , 7706 RE-PA73E 50 BAT 6 ; SCREE LF S AR B F R (mean+ SEM).,

Note: Three replicates per concentration, 10 larvae per replicate for heart rate and body length, and a total of 50 larvae per replicate for survival rate; ex-

perimental data expressed as meanzstandard error of mean (mean+SEM).

%5 EHDPP(0.1.10 pg-L™")BE 120 d X FO ERIEFMKEE F1 RiF&
BERIRE (T4) F =@ FRBRIE SR ( T3) K F R0
Table 5 Total thyroxine (T4) and triiodothyronin (T3) levels in FO adult zebrafish after exposed to
EHDPP (0, 1, 10 wg-L™") for 120 d and in the F1 larvae derived from parental zebrafish exposed to EHDPP

. \ -1
BETh HER BRIER (THY K PE5 EHDPP/(pg-L™")
Zebrafish Thyroid hormones (TH) levels Sex 0 1 10
Wit
11.74x1.16 9.39+0.39 9.12+0.04*
Female
T4
Ty
17.95+3.08 11.79+0.61* 13.60+2.73
Male
FO
WEfn
0.19+0.00 020+0.01 020+0.01
Female
T3
It
022+0.02 0.20+0.00 020+0.01
Male
T4 6247+8.86 48.52+2.73 39.00+£329*
F1(-EHDPP)
T3 027+0.01 023+0.01* 025+0.02

VE T4 A T3 KPS ng-mL™" 0 T RUAEBE D £, [R]— M5 5 R A LG o —AREAS AR 3 /P47 % T FL AU 4,200 BAF o —
A BEUREE 3 AT B REAE 2 DR ; SR LI E AR ME DR 7R (mean = SEM) ; * 7R B2 i 415 %0 IR 2 2 [A] BA 35 122
5 (* P<0.05),

Note: The T4 and T3 levels were expressed as ng-mL™"; for the adult zebrafish, serum samples from five individual fish were pooled and measured with 3
replicates; for the F1 generation, 200 larvae were measured with 3 replicates; two technique duplications were performed for each sample; experimental data

expressed as meanzstandard error of mean (mean+SEM); asterisk indicated significant difference between exposed group and control group (* P<0.05).

2.3 FO fUFN F1 X HPT #li 3[R %5 5

K 1@)Fr s, 1EME N T, SRR B, erh
FERTE 1 pg-L7' A1 10 wg-L™' EHDPP # g% 40 .
LA 3.77 451758 4% tshB FERLE 10 pg
-L™' EHDPP #5241 B 3% (233 £%), WK 1(b)ir
I, FEMES I orh SEDRL R tshB 3 DR 22 38 7K A 358
T AR EXES,

W ()i, 76 M T E rp 5 00 B A EL
ttr FAE 1 gL' A1 10 pwg-L™" EHDPP B F&4H 4

BT 1.27 4550 1.88 %5 diol FETE 10 ug-
L™ EHDPP 2 #5400 3 N M 1.39 %, dio2 JEH7E 1
pg-L™' EHDPP 2 FE 4 W2 N 1.75 £%; o FERFN
up FEHFA 8 TC B E A ugtlab FEHFE 1 pg L™
110 wg- L™ EHDPP % &% 20 43 &k 3 b 9 22 %) #e
1Y 5.04 F5H1 5.03 £%,

WE L), 7E e AT, 5% A B
ttr SE7E 10 pg- L' EHDPP 25240 i 3 F iH(2.97
%) diol FRIAE 1T pg-L ™' F110 wg-L™' EHDPP 2%
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W £ - T £ -
Female-Brain Male-Brain
g1
o @ ) ro ® -0 g L
[_BRTa o
1.5 -0 e L
# & 20 8 ug
e Flg
g 23S 10
b £ 1.0 s =
0.5
* %
* ok
0.0 0.0
00 i - A
- Female-Liver -0 gL
= 5" [__BETEg
4 & 1
S35 10 pgL-
®E
0.0
& &O\ 2>\oq’ \@' && \\,&0
¥
T 8- YU
(d) Female-Liver
3.0
O pg Lt
gl
= gn 10 pg L
>z
e
©
2.5 F1 larvae
O pg Lt
20 ¥ = . o * gl
= ?’;‘J 15 * 10 pg Lt
we
L3
n = 1.0 +
e .
0.5 *
0.0

& \%\& ¥ % S

“\ &0\ 6\’& '60‘ ’(,& '& \\‘bp

1 EHDPP(0.1.10 pg-L" ) &Z 120 d ¥ FO B EH D ATKREE F1 K7 & HPT #HER KL

T8 0 T AR BE S ) — P ) 3 AT — AR AR EE 3 44T 0T FI AP, 30 RBAT O — A BRI 3 41475

S HOHE DLV Y £ bR IR 2R (mean £+ SEM) ; * /R R FR 25 0 IR 2 o] HLA B 3 PE 22 (% P<0.05 % * P<O.01 . * * * P<0.001),
Fig. 1 Gene transcription of HPT axis in FO adult zebrafish after exposed to EHDPP (0, 1, 10 wg-L™")
for 120 d and in the F1 larvae derived from parental zebrafish exposed to EHDPP
Note: For the adult zebrafish, brain or liver from three individual fish were pooled and measured with 3 replicates;
for the F1 larvae, 30 larvae were measured with 3 replicates; experimental data expressed as meanzstandard error of mean (mean+SEM);

asterisk indicated significant difference between exposed group and control group (* P<0.05, * * P<0.01, * ** P<0.001).
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2430 53 T R 1.33 A5 3.91 %, dio2 F£HTE 10
pg-L™' EHDPP 224l 3% [ 2.02 £ oo SEH 7
10 pg-L™ EHDPP #8540 B3 T 221 1%, uB HE
161 pg-L7"A110 wg-L™' EHDPP #FEAY B E T
W(1.73 £ F1 3.46 1), ugtlab FENAE 10 pg- L™
EHDPP 7541 i % T4 8.07 fi5,

W 1(e)Fis, 76 F1 AUV 5 I,
crh FEFI tshB FEAE 10 wg-L™' EHDPP /0552
IR E LI 61 581 1.35 %) ; nis FEPILE 10 pg-
L™ EHDPP {0 FEAH B L 1.79 £5; tg FEH7E
1 pg-L™" EHDPP JE{CZR 20 W3 L 1.51 %, 78
10 pg-L™" EHDPP JEAC 5 5 41 1 35 N I 2.73 1i%;
pax8 FE[RTE T A EHDPP e QR R4 B % T,
A3 RN BRALY) 1.33 F5 0 1.24 6% ; nkx2.1 F5 R AHXT
TX IR TC 25 555 diol BE N 7E T 5 EHDPP Z:{X %%
B LT3 5 1.62 £5); dio2 F:HFE 10
pg-L™' EHDPP SEICEFEA W& LIH 1.64 £, trr 3
[K7E 10 wg-L™" EHDPP &0 FEL] 35 T =X R
14 2.05 1% ; ugtl ab i PEAHAS T X B TC 1 84k

3 1318 ( Discussion)

EHDPP {Eh—F R )1z A HLBEBRIA R , 76
TR REAS rp i A7 7E (RSP I2 50 3K ] EHDPP
$9, 5 AR AT XS JUAS T 4 L b R R 38 38 7 M D L PR
iRBY B H T R AR P SE 5 % W] EHDPP HATY
HOR MR T 40300, 6Ah, R 58 & 8 EHDPP H

S 1 B9 4% 156 5 M, L 0 EHDPP RE 9% 75 7 fiff
FAURNG & AU IR L F 50 5 B
/N Z 8 EHDPP 350 11X M 1 1A B 2 PR AR, 5 &k
BEREACI AL, 2B T 174 EHDPP 1438 321 RY
I, I, AN 506 3 5 IR I A R T IR B
& EHDPP 2 P il 24, #8598 T FO AR £ L K Fl
FR&h o IR BRI 2R A28 4k DL & HPT il 36 5 3R 1k 1
B, RGPl T 5 58 X 28 R H AR ) IR R
TR,

EHDPP 5% 5 , FO CRE L 1 £7 1 5 i 2 R AIG,
RN o 7 NS SN N e Al o s S |
EHDPP 288 4 Bt D p= A T B 3 A K R A #kE,
TR 22 R PSR 390 4 1F 5 &5 SR AR L, Wang 265 1F 5%
KIL, 2 hpf FFER#FE T 4 .20 A1 100 wg-L™" TD-
CPP 6 ™ H , B Ih A= K A7 31 i B4l 44 i 1
WA, P B AH O ¥k I 95 R — K K (diphenyl phos-
phate, DPhP) K 1}] 7% 55 5 o5 ff | i ff A B IR K i
FHIEARCY, Ak, ABF5E H  EHDPP X B 5 £0 14 £

K& B M R B (R BT R B L i £ HST GSI, I
£ BSI HSI F1 GSI 2 Bk B AH 1 i & Rk, i
52 Hi & F TDCPP HAF 58 45 5251 ,0.5 mg- L™
TDCPP % 5% 120 d 5 SOt 5t & 1 HSI A1 GSI
EIRALET,

EHDPP % 5% 5 S 15 £ I £ 00 £ 111 375 v A4
T4 7KV I ZEREAR, T3 7KF-J0 i 3484k, 1 IR AE TG 1A
S I Z AL A ) B I 1 IR AR TR0
7B BB BELAR 771 2% 3 85 288 PR R 3 3 AV AR 22 i
FIBFFE P ARG, 40 pg- L' BIR =Q-A L
FE)ME (tris (2-chloroethyl) phosphate, TCEP) & ' 7% &%
SEERMPLEE A T4 T3 BEFELCY, 100 pg-
L™ TDCPP ZE&HETh iR fify 180 d T Bk 4 iff {4
W T4 F1 T3 WEREARS AR50 5 T3 AL, 1K
. T4 %F T EHDPP 2 58 B8, Z A i b 52 4l
T 10 pg-L™' TBOEP %% 10 HIAHE D4 60 d,
T4 7KV REAR, T3 7KV & AR b, —
S PRy A3 DA T M A 2 ) o 2 8 A 2 JE X T4 KT (5%
M taze K F T3 oA AfF 9T 36 W] R 8 T LBk
BEAAFI 5 f126 TH 28 iR al s 5 Bk Skt g
fb, tean, BESh iy EE T 40 pg-L™' TPHP 7 d,
T4 F1 T3 KV EF &S, BAEBE S i B EE T 1
mg-L™" TDCPP 14 d, M £ i3 b T4 A1 T3 K5 &
FERRAR AR I b T4 F T3 KOF BE TS
I, TH W25 40 W] g 5 45 W 2 85 00 5 =X e ) v
FEFYAP A PE AT G HUR BRI R A 2R IE AR
KEBUREPREZELHEZEMNMEMN™, i, 2
# T 600 wg-L™' TDCPP Y & FEAKBE 1 T4 A1 T3
K I R HAE K R EFY 5 TDCPP HIHFSY
SERARRL, AT R B it I i AR K A B 2
FH, 7T 5 EHDPP i &AL T4 /KA %,

Ko & B, R B N 43 W 25 6L 5 HPT %
SR S R YA DG S #E5E EHDPP HIR
PR Pesn HLE, 4387 T BE S £ HPT il 5 5 3 R 3%
ML, BEE PR B4 WA Y CRH AT (A 73 4
1) TSH 845 % H AR B ug e xF TH & 5 Bk, 4]
ff, TH X CRH 1l TSH 45 25 © 5 5 6 15 ML =,
ARWFFE i orh SER 63K B N IR AT BE(E T4 4
WZ BN R 1 A T4 KSF TR, Mifa tshB JE A
Tk VRN AR T4 K MRAR AT = A 1Y B 15
JHT SERT RS K I T4 K FRARPEBE % tshB it
KR8 EIA™ FEmEta T4 JKF-REAR, crh F1 tshB
SERVEA W AR, K578 EHDPP A FH T i 1 F R
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BRI G3H6 R GE ) 4> F AL T B S MR TR] . TTR  RARSR/KOF B3 NI, AT REJE o I 63 FEPRIKOF- L

VER—F FE R s i, AT A4S G TH JF# H 5%
FE IR AL 21, % ZE 5 ¥ 4L 21 rp TH - i i 56 4 1
FHBY ) AHF5E o, EHDPP 5 75 410 i M £ cer FE PR 36
ik, XIS AE AL B AR A B4 50 pg -
L7224 4-H{RBEPK# (2,2 ,4,4 -pentabromodi-
phenyl ether, BDE-99) % % 4 H ¢ B¢ & fa 5 EUHf 1
T4 KV B EREAR, er FER TR B2 TS 528
e FERFRIN TN AT RS TR S T4 45610 ar
B> T S BOE Z 1R 45 A 1) T4, X SR 2
4 T4 7] e 5T 25 5 4 W 43 AR, DA 36 i 36 5
f Py T4 300, Ht, EHDPP 7] figil i T ar
Bk HREL T4 55 TTR B945 4 AT S B0 T4
KRR, SR, eor JE TR 23 PR I 0% A if £
T4 K, FTRE AU IR K 5 TH ZKSF- A H, 56 R 5% 5
XIS T O AR 25 4RLY,0.08 mg- L 1 0.38
mg- L™ + 7% — 7% fif (decabrominated diphenyl ethers,
BDE-209)% #& 5 & fa iR /A1 0 14 d J5 ar JEH B 3%
TR, T4 JKOFTE B AR BT | diol
PRI T 4 AR S0 PR AR R 9 3R ) I e A e 2 ) 52
dio2 &AL T4 S 3R B0 AE B2 40 76 M o s 1
T3P, ARTHFE Y, diol JE K 7F MEAfE £ b 338
], dio2 BEIR ek A ik £ v S 35T VAT AE A A h iR
LW, diol FEFRIE T W B mlfa b T T4 &
SEFEARAT IS S I LS 8 i s BRI  R
Ref e ok sl O FL 7 i — 2B RRAIR . JSBUIY, Zhao S P
MIRFTE R0, 288 T 2,27 47 4-DUTR K k(2,27 4,
4’ -tetrabromodiphenyl ether, BDE-47) J5 ¥t & ffi. diol
FERRIRT U, T4 AKPRRAR, F55 b, R THE
1YYy Ie BT o AL L R R 0k 5 IR AR R &
WIEHCRARKES, B, X TR @R
B 7, 3 0 B (mono-(2-ethylhexyl) phthalate, MEHP)
(IRIFSE 25 2B, diol F1 dio2 K i, T4 KPP
iKE, HAh—I5 2 000 wg-L™" TBOEP XJ 5 & £ 1)
REBUR RN, diol T dio2 3EH B35 T, T4 K
2Tt DRt AR R HOIR R R 2 ] AR
MXRBTEN W58, TH @5 RREER
ZAR(TRs) A5 & KA FH AWM, TRs A 2 Fhaz ik iF
B oo 1 0B, AR EE 7R 1 wg-L™" EHDPP
TR EME T4 &5 0 E L, a8 KL 2 T
tro FE R FRIBIKT-TC I S o AR R W M B JE DAL L
troc FE DK T A S0 Y TH 25 B 7484k, 10 pg - L™
EHDPP %55 ) , i ti TH JC 8 & 781k, e I 0B 3

M FE KV X EHDPP % 58 1 8 U8, iX 5 100 pg -
L' 2,4,6-= 1R %M (2,4,6-tribromophel, TBP) 2 1 2
N BE D AT roc A1 6B FEF A RZ I — B Tra
Al uB FE T AT RE S 2 TH JCLZE A, i R liF g Bk
SN BRI, B/ 1) TH BE 2% 4% A FR 0E 1 41 o) I
R, WESEER A, PR 0l IR 7 2 W 1 PR e 75
fiff (uridine diphosphate glucuronosyl transferase,
UGTSs) 7] A i o 35 i 40 2= MRV HEME, fi 1k T4 4
HPHERE R AL, DT 23 i B T4 A By BEARS 48
238 ,200 pg-L™' TCEP %% FHIE D fh T4 520
LR ugtlab FEPR LR IRCY 5 22000 HE
— B AR AR MEL B M0 ugtlab FENFIk B3 I
JA X AT e S Ak T4 AR RS R Ak, 53K T4 KF
TR, TR ugt] ab FE R S i e 4H I 3 T
fi%, TH ol #E284k, DARTHAF R R I 3SR 75 2 XF
ugtlab FATINHEXE RE , AW E HAE BE £ TH AR
TR T A AR R R, AR BE £ b O 5% S
ugtl ab FIR A TH 5 1 2 0] 1) SCIRAIL ] 75 2276 AR R
IBEFE LA B

BEE M0 IR R AR AR RSN Z KRR E B AE
suniN g 2230 JERNRUNOILIDING 6 S 2 A 1
TR B WO, X — i FRAE 120 dpf RTS8, AT £
M 72 hpf FFIR B FHFEEG T AR IREER | R vk Bk
TEAPEHUR BRI 1 ARaRgE T, 5ok A 4R
H R A AR T, ok B K 9122 B8 T EHDPP S fa
() F1 fffarh T4 A1 T3 & &3 0 E R, RV 1A
FOIR IR 9 43 2R 4 37 31 T4, iX 7T BB 5 EHDPP %
a5 R B HR B N 43 0 25 LA G, B2 W T AT
AR IR I RE . BOR B2 W BIF9EAIE 52 4% 3 T
ATREACK AR 1 T5 4, 5 — S A4 BRI BRI
A G, I HOIR AR BR 0 A HLBEBELA R 5 |
R TH 3280 2 B AU HUR R 8 20 W 25 LY
WG i . Wang 257 % #1100 wg-L™" TDCPP
BRARZREE 3 A FO ARMEMESE S 0 T4 AL, K
5% F1 AU T4 ACERER . FREEARDCHR B2 TCEP
FRERPE R fiG 120 d S EOL M FAR MY A7
T4 KF 2 2R, 2R, B dle 1 — TR 53 4
KIL,30 pg-L™' TBP ZEEBHE S MNG 60 d F3Ul
S FARAT A0 HUR BRI K B T =, AR
FERMERIE D T4 KF-F1 F1 ARAT T4 A1 T3
K BEER, LA UL EARGE , 2 #ED EHDPP
TR R B FR R 9 4 W 25 8L, T T4 F1 AR
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AP A BIR AR Y 30 R 5

KA WFFE R, B TS Y ) 2 7 BB f6 7
FRHR BRI R K, IF i As HPT Sl 36D 63k, 46
HPT % J X 32 35 AT LAV 7E Hb T 9F Al 15 e 0 %+
& THs shAMs2m ™7 B bE, ASBFSE hAG I T F
FRAT-f0 HPT AR CIEH (I FBTE DL . crh A1 tshB &
[R5 LR AT BB T4 /KFF REXT N B i A2 4 7
TR, MCHT LA HiRAE K, 300 nmol - L™' BDE-209
FEAREE SR P T4 K-, LA crh A1 tshB FE R 3R
KU nis 78 tsh 3T 8 23 3 ShE ks i i )
LS T2 7% 3 HUIR AR 8 e 4 i ™, A58 b tshB
LR VR AT RERBE T nis ZE R 25 1R, DURMZ: T4
T3 MFEK, TG 2&HURIRE W& A AT, 76
HUIR IR R & s e b L EZAE R, FL AT fa
tg SRR T 4R 7 AT HOR IR 3R & i v] BB 22
BT IE B T4 Wk D, XPHORIRE F (nkx2. 1 1
pax8)FE VNI IEAT THEI, paxs N Rk 7E
F1 A AT v bl 25 A, B HR IR %) & & AT B4
il 3 T4 F1 T3 AKFREK, 78 F1 AU i g2 3
diol 1 dio2 FERFRIk 3% F i X 5 Z A iyl —
3, B diol F dio2 HE R F IR 1G5 5 By fo A £0 HHAR
HRIEE 0GR A LT, dio2 FER FR ik EEMEL T
T4 [1] T3 #4k, FEC T4 KFFEAK, 3N diol &
KA REA BY T FRARIE A T3 /K, Besh, 5 At
SO AL R —B, F1 A7 o FE IR H] , X
AIRE SR XS K454 TH %R, ini 52011
fu iy TH KF TR,

25 bk RS ¥ EHDPP KW 28 B
FERE BT, R AT R AR E HSI A
GSI ¥ B EHE T, i —L 50 &I, EHDPP F&1I%
A T4 /K-, 8] EHDPP K HH 52 52 % i 87 A= |
ARAR A3 I TP, 3% T BEAE — i R B L4 il ok
AR, AN, F1 AT T3 M T4 K7 8 35 K,
UL EEE M EHDPP 2 8% 1l 5 201 0 HR AR 9 43
AL, LA ARG E % . EHDPP X Al i S AT iy
IR AR P9 4300 TP 3400 AT B 5 HPT Bh LN 55 &
KA, WA FUR BRI 3 AH G ] (erh) 1835 T
PE AR IE ] (ugtl ab) 2. 3% [, $&7R EHDPP 1] GE41)
il T4 430 AL T4 H%MEE IR AL , R AIRHE €2 T4 K
-5 HUBR MR 9% 3R B ds AH DG BE TR (err) 8 25 R 3R B
EHDPP n]figi#iif T4 T4 5 TTR 455 F 3 T4 [
ik, Mt FARIRBCR Z 1A (o F1 6B) B3 T4, 329
EHDPP ] BRI AR AR 2 AR 16 1, 5/ 1 FHR

PRVEER RB4AS G 52 AR R HEAE NI 41 i e £ A= K 5 FL
AT HUR BRI AR AT REA AU DRI R &
A G HE L] () R L0 HCR B & B 3 A (pax8) b & T
VA, JIbd At il B [H] (deiodinase 1, diol F1 deiodinase 2,
dio2)FRik 35 IR e mT e 5 2R H R AR
SRR HHERR . AR ERAEE R 3R
] EHDPP HA b 25 i HUR AR T P800, Je M E15
HEERE, K2 T EHDPP & X% k& #8510
A FURBR N 43 08T PRS0, B 95 45 S % fin 5 EHDPP
BRI DGR L T Bl A e, 7RIS S s, 3K
AT AR5 1% 2% £ B2 I A R R b2 A 338 A 2
RA$E S BEJEE EHDPP 2 82 X% T8 HUR B T 1
B

BEEEEN A TR, &, i+ 8l #, T 2HT
FEhERERSE,

HRBEEEENRBH8—), 5 W+ LR, 2%
R F B A KAESERE,
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