S
EFx0E I 5 2L 4

: 916 % 452 ) 2021 4F 4 A
Eco-Environmental . .
Knowledge Web Asian Journal of Ecotoxicology Vol. 16, No.2 Apr. 2021

DOI: 10.7524/AJE.1673-5897.20200302003

FHETE, FECHR, ZEFAE, S AR P IR BE(BDE-99) T4 Dio3 S0 EBE D 40 FUR IR SHAETE A5 [0). 242 BFEFRAEIR 2021, 16(2): 219-226
Yin X Y, Dong W J, Li J W, et al. BDE-99 from indoor dust interferes with Dio3 and affects thyroid function regulation in zebrafish [J]. Asian Journal
of Ecotoxicology, 2021, 16(2): 219-226 (in Chinese)

ERKLELHFERBEAE ( BDE-9) it Dio3 &IN5
& RRBRIEE IR T

FUF, EXH, FAH, R, TARH, HEE, EX

NEFEREAFDIWAERAZER AFFEEREPREERFEFE L L E,#T 028000
¥ #8 B H5 :2020-03-02 5 F H#A:2020-05-13

WE . 2R (PBDESs) & —FRALBHIAR , eI A B M FBEN KA Th A ke . PBDEs 23X 4 43t i T4t , 5% )
ARIRFLR AT TIRE i FHBRED RGN sh R TP A 5 M R BE KR ZE Y L) I BDE-99 X B T R JIG (52 i, 45
BR, KAFEI) FN BDE-99 [AlF: S BT 5 10 AR (L R FR K, GC-MS #5: %& #1 K 2 &7 BDE-99 1 BDE-47, H. BDE-99 % i
W57 T BDE-47 38 33 174 BDE-99 £+ 5t D {A P A ST FROPR B8 22 e L T (Dio3) Rk W2 , k& IR Dio3 £ 5 T i ik iy
JRE TR R 0A , H ek i i G 0, 72 hpf BEE 40 10 iR Y BRI 2 i 2 RRAR, DR 3B, BDE-99 X 5 5 iR Jif L4
Dio3 WTEMA THAEH , I FECF AR R & B %A%, btk n] 20, B8 iR G (60 AL 1 Dio3 mRNA #3544 1l igfF & PBDEs
AW =N 1T

X817 ;. PBDEs; JK4; B D it iy ; Dio3; BDE-99

MERS: 1673-5897(2021)2-219-08 RESES: X1715 XEARIRAEG . A

BDE-99 from Indoor Dust Interferes with Dio3 and Affects Thyroid Func-
tion Regulation in Zebrafish

Yin Xiaoyu, Dong Wenjing, Li Jiawei, Qi Chelimuge, Yu Yongli, Yang Jingfeng, Dong Wu"

College of Animal Science and Technology, Inner Mongolia University for Nationalities, Inner Mongolia Key Laboratory of Toxicant
Monitoring and Toxicology, Tongliao 028000, China

Received 2 March 2020 accepted 13 May 2020

Abstract: PBDEs are brominated flame retardants that have been detected in dust in offices and homes. PBDEs
can cause endocrine disruption by mainly affecting the regulation of thyroid hormones. This study used zebrafish
embryos as a test species to evaluate the effects of the extracts of office and household dust and BDE-99 on ze-
brafish embryos. The results showed that dust extracts and BDE-99 both caused a decrease in the pigmentation of
the zebrafish eyes. GC-MS analysis found that BDE-99 and BDE-47 were contained in the dust and the content of
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BDE-99 was much higher than BDE-47. By evaluating the effects of BDE-99 on zebrafish metabolism and the ex-
pression of the thyroid hormone deiodinase Il (Dio3), it was found that the expression of Dio3 was significantly

enhanced in the protorenal duct of the zebrafish embryo. The thyroid hormone content in the 72 hpf zebrafish em-

bryo was significantly reduced. The above results show that BDE-99 interferes with the activity of Dio3 in ze-

brafish embryos and leads to a decrease in thyroxine content. This study indicates that alterations in pigment of the

zebrafish embryo and Dio3 mRNA expression may be used as biological indicators of PBDEs.
Keywords: PBDEs; dust; zebrafish embryos; Dio3; BDE-99

ZIREX 2K it (polybrominated diphenyl ethers, PB-
DEs) &R AL BHIA I (BRE)ZE ik 2= 5, i T Ho bk
A A R AR B B B, B A TS 1 ol T
JZ R Z — B AR DY A AL
B, IR TF A6 R ER R B A 8 A B AN
[i],PBDEs A 434 209 Fi[a] 43 S #4440 B4R PB-
DEs 1y BELA T it I AR B, (B i T B T 7E R B
WG RS, HLELA 358 i 1 AR W SRR ) DL B e
BEME, FECEATHUE 20 B A AR AT PTG G
WP W5 % P, PBDEs 1E S8 KE JK A2 v | fa A o Al
e K E L, H PBDEs 15 AR N E R, W AES
FEUIG LRI A1 AR BREh 25 4 . Johnson-Restrepo
1 Kannan®' FL 38 T 2 N K A FER A &9 0 A PB-
DEs # &, IA S~ %= N JK 2 j& PBDEs % #5 1) £ 21i%
1%, Smielowska Fll Zabiegala™ & ¥, PBDEs Il f17E
1 5 7T VR I e A R 2R (R R IR R ) I
I, ¥y 2b & PBDEs (1) E ZAEHIABE AR IR . Bu 5P
WF5% % ¥, BDE-209 . BDE-47 Fll BDE-99 &% N iT
B FE A, Zho F9 B LB, EN
JKZ2 % PBDEs 15 4%, I H i [E 4 b X () PBDEs
WP T PSS X, kT Hb X Y PBDEs ¥ ¥ R T4
FHILIX X R 41 & 28 55 & JE X PBDEs 15 447K -
HAAFRE KW, 42+ 7 #) PBDEs 1R e[ M, K It
DI A [ BR8] B (UNEP) A 4 18 Tl IF & 21
ZY(UNIDO)S| Ky £ AL A #ILT5 44 9 (POPs) , 1 4 4
POP-PBDEs", H.2&> + #f#) PBDEs %) # 4= %) F| FH Jt:
HA LY, 284 H iy PBDEs Al i W% A
i, WA T 328 A ML ARG A% , 6o e e i Bl — S %) S
JeHIp NI PBDEs (22, 1l fig S 2 EHEA
#E3Z PBDEs HY/™ i 35

AR OR Tk 1) B PEDLEE, W] g 5 228 1MV
o ) R BRI R K7 532 464 3G, PBDESs X HUIR
R I RE RS2 | 3250 2 BAE 52 00 IR IR R AR 1ML 3 h
A ZKF-1O Bl FBR i 2 0 4 AH O B 3 R 3R G8 L Ark-
oosh ZEM & P fef £t vh BDE-99 By 45 A 2 B AR Il 7k

FEER F DU T FFODR 5 ZUR (T4) R = T LR U i R
(T3 B . Qian Z51 & BHL, /)N BRUZE 4T iR AR i 2L 401
Z& % T BDE-209 , HCHUR IR 22 I LG 1) mRNA 3Rk
MR IRZ 2w, J5 A i BRI R
(THs)ZKF-#E 1 3z 2R , i Al e 2505 18/ U
MATIREZ A, Han SR B, BEE fa R A B #E T
BDE-209, 2% F1 0774 & B #E, IR E A0
HUIRBR NI R 5

BE I a4 Sl SEBG sh AR RS | PR ELA BRI E BH |
KA E TSR 25 i U m] )
PG IR L5 S5 208 e iz v, i
BEh 0 IR JIGTEH PBDEs B3k S HAE AL, B
MEFIEFA . FEARBEGE BT X FREE IV IR A )
PBDEs & 47 T A, A8l &4t %t BDE-99 #4751
I, PP T B 2 A A A R AR 5 H R I 2 2 HIR
[ 2 BT Dio3) 52 M, #81°) T BDE-99 X HtR:
JRIIRERISZR , J94 5% PBDEs HIBFFE#e it T5%
BDE-99 1 BDE-47 L& W45 anE 1 fis

EAVIS NS FAR AR IR
PBDEs Thyroid hormones
Br Br 1
Br Br HO I OH
Br 1 O
BDE-99 T4
Br Br !
fog sHprEep S
A OH
Br Br | HO 1 !
BDE-47 T3

1 %i2ELXEE( PBDEs) ff BDE-99 #1 BDE-47
MR R ER = AR R R S8 ( T3) 0
a7 FROIK B PR = BR (T4 ) BRI L 22 4540 5K
Fig. 1 The chemical structural formulas of BDE-99 and BDE-47
of polybrominated diphenyl ethers and T3 (triiodothyronine) and
T4 (tetraiodothyronine) of thyroid hormones
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1 ##l57 % (Materials and methods)
1.1 BEfafRRUcsE

W4E AB &R BT ffi( Danio rerio) , TE 4G ¥ 7K £ 51
RGP AT EH A B A B & R A, i fa
IR AR 14 h 210 h G KA, FRFEIRE
(28+1) °C ,pH 53515 7.0 ~7.6 ZJa], M 5 HRARH7E
440 ~ 640 WS Z[H), SEE APk O B B ) P A
BT fa i R S A 122 19 R ) A SE BE ST
HOREER 2 KRR L TFAT, BE S fa WO S TR LG = B0,
WO RGN B S5 40 3% 572 W0 (ZR W), I E T
28 ClHIREFRA HIFL
1.2 MR be i sE 5 Ak

£ 2018 47 5—10 H WA I Ak B4 Mk I 24 % (s
i85 22 ) I ZR B (AT FU B T 4 A3 s (I 28 LT
IS M TET | 57 J6E 5 T RN 5 J6E ML TAD ) Y 28 PN IR 2 R
a(n=80), 3 H KA MUE LR REE P R
HURE b SN R) A, A B S5 PR3 O — 3, FES
1 % 500 pm LAR, I AFAE-20 C, =& H
FEFICBE(V © V=50:50)Z 82T 100 mg 1 k34,
PN AU AR T4, — 2 AR UG
it GC/MS %7 BHIARI s 55— 28 T 100 pL —
AN (DMSO) (AL E A 99.5% , VEA% F )V fiff 7 725
THHF5  DMSO AWk FE<0.1%
1.3  GC-MS ¥

2% Fulton 55" 19 753k, il | GC-MS # I K
22t BDE-99 Hl BDE-47 B & i , B A= MK IE
2 AN R IR AR HEA TGN 24 2K B
F 100 mL ki, J-U I BDE-47 fil BDE-99 1E
S [T 3 000 2 A fE i, (TG HP-5MS 835
(30 mx0.25 mmx0.25 mm) ) Agilent 6850 GC #i
Agilent 5975C MS HEATRESL AT, S SNE N
L PAKHOR A A R 1 mL BEAL , FPDRE GC
FEAR B M 80 °C, LA 20 °C - min™' fY 3 T+ E 100
C,PFE2 min, SR)5KFEFILL 30 °C -min™ {453
JNERE] 220 C, PR HRFEALS] 1 °C -min™' | HER
JEIRF) 225 °C JFEH P RFF 5 min, RSFLLS C-
min”" YRR T 22 280 °C, I HLLA 20 °C +min”™’
AR IEF] 300 C, Mo Ry B 2B, -4 3 min,
AFREE R 260 °C, B U5 A1 & 251 i 8ol
150 °C, 2 i (g B o b i A 450
1.4 BEH

T R VIR FH A0 28 R FH 2R Ge KRB TR B3
19, A FRHH R G K N2 X R, W B 100

nmol- L™ 1] BDE-99 14 FH X HEZH 4 AN [A] b 5
R ASAE OB S 21, % i 1 36 76 7S fL AR rh
17, B LA IE % B 5 fa IR JIG 10 k7, JF5 T 28 C1H
155 #7468 (Heratherm 1GS180, Thermo Fisher Scientif-
io) P 3% AT S KA R EE G, RN
[8] k1 4 ~ 36 hpf, M2 BE T iR fif HIS 50 €0 3% 5 )3 AR
&, 1] Tmagel X HR AR K GTE KT #4181k
1.5 BDE-99 7£5E-Lh {4 P 4 AL sl

WeAEZS 100 nmol-L ™' BDE-99 %52 5 i B £ f11
R Jif (&) ) T 22 2 5 I 1) 4901 0 B 1 Bl AT L it 1)
HUHE BGAF 41 I, A1) GC-MS #6:3 24 hpf 48 hpf,
96 hpf 1 10 dpf BE L £a i JIf (4 1) AR £ ) 1
N ) BDE-99 £l BDE-47 &,
1.6 HERIFAI AL

B £ VR fif 1K 2 S0 BT G B R B BB, B
HEETE S 4% (w/V) 2 R W (5 B ki, 2682 ok
98.5% , Hm AL )W IRER 52 vh i W (PBS) T (pH 7 4)
1, ZJ5 FH PBS 15 VR 12 LT 100% e, 7 ik
BT 20 COKFEH i, B EAL 2258 (WISH) 2 %
18 Dong 5" I ik HEAT Y, AR T R BE 5 0 IR i
55 809 ANHRIE X Y BE £ Dio3 1 L ARAZHELE A
SRIGHE LA 5 | kA7 va B IF HA Dio3 #4841 (1E 1]
514 5’ -TAGACGTGCAGCACCGCGGA-3" ; J2 [1] 5]
¥ 5’ -CGCTCCAGCCAGTCTCTGAG-3"), 7F 64 °C 24
St I, R B 2 xSSC (300 mmol - L™ NaCl, 30
mmol - L™ ¥R 4, pH 7.0)%k 3 IR, #XJ5 FH 0.2xSSC
PE3 I, BFIR 30 min, 42 T RMIEIGIEH 2% £ ]
F £ (Roche A F], FEE), SRIGTE 4 CH 3 000 <7
R DIG Hik St ERERR RHEER (Roche 2\ H) 7))
5,5 BM-Purple ik (Roche 23 F , {8 [E) A& {4,
1.7 4 RNA $2HU cDNA 4 M58 & & PCR

fifi 11 TRIzol 1257 4b 2 56 B2 IR JIG , DA R B
111 IR G R HURL RNA | f# F Nano Drop2000 il 5 42
B L RNA W B2, 4B4EhY 8 RNA SZEPH T cDNA
A, cDNA 17 455t cDNA S st &
(Applied Biosystems Inc.)5¢ B, SO J7 4% BT 200
WI45317, cDNA FEAfd IR HARKEFE-20 C ¥
R, M8 TaqMan #5473 PR 3k I 2 03t R 3655 49
Hr(Applied Biosystems Inc.;4331182), S #4 M A
0.2 ng ¢cDNA J5# 172 ¥ , 5 TagMan Universal PCR
Master Mix 1B &, I JH] 52 i 9 5 %€ & PCR X
(7900HT, Applied Biosystems , 3% [E])i#£1T PCR £l ,
H Sequence Detection System 2.0 {43 #7 , SZ4 Ty
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HSAEIEAE Dong FH" AR M AIE], A5
Dio3 3 W (IF 1] 51 ¥ 5’ -AGATGTTCACGCTG-
GAGTCG-3" , & In 51 ¥ 5’ -CGAAGTTGAGGAT-
CAGCGGT-3" )R AE i ] 18s RNA 1N 24k
(IEm 514 5° -TCGCTAGTTGGCATCGTTTATG-
30, KI5 5 -CGGAGGTTCGAAGACGATCA-
37, RAMEAENC NG Z (B RNA &1 e S0
1.8 ELISA JEAG TT3 1 TT4 /K-F

Phik th 4 hpf 19 BE 5 iR G, 22K TR e R 1Y
BDE-99 %% & 72 hpf, Y4 0 (X&) 1.10.,50 Al
100 nmol- L™ ¥k FEZAIRIG 2 10 i, B3>k BE 4L 1257
3ANEE ., HEEFKIEGE, SRR E, R E,
PR 0 Y R B 5 PBS(pH =7.2)RFLEL y 1:20
B EC, A PBS, 7E 0 °C F k172503, ) 3 e 1E
10 000 r-min~" 4 °C B.0> 5 min, B35, JH Elisa i
F G (IS AR WIBOARAT B2 F R U EE 2 £ A P A
T3(total T3, TT3)HLi T4(total T4, TT4)K) &,
1.9 HEitsrth

JIT A 2% 3R B HE 3 3R R 7 24 {H + SEM, fifi
GraphPad Prism software #1748 115381, 2R 0%
PRSI R T 225011, P <0.05 [ 6L T 8
o ¥ EMESBE,

2 Z55 (Results)
2.1 VA K FKE KA PBDEs k2= kil
BDE-99 Fl BDE-47 [k i R #E /2 100% , {H A
IR EE VO 4 K, BDE-99 7E A 28 Fl 5 BE A A6
YR RE /1R 0.01 ~159.32 ng- g™ #1 0.06 ~49.32
ng-g™ HIRMEHE /300 6275 ng- g™ F11.835 ng-
g~ ,BDE-47 FEIN B G BE RS Hh ok B 53l R
001 ~148.32 ng-g™' M1 0.04 ~49.21 ng-g™", H1[E{H
e BE 43 )2 2.090 ng- g™ A1 1.860 ng-g™', ZEHRFER
#1,BDE-99 [t BDE-47 5 & IR R B, v A=
FE R BEA B = AR 2), BRI RE R AR
1) FL 7 i LU R BE I 22, i BT B 22 (R BRI R B 7
2.2 K42+ PBDEs BEPERN B0 AL 2 AN
BRI IR A5 R RN SRR IR AR AR A 1T
WrB9FRAERT , BDE-99 REWS 512 36 hpf B L 4 IR i
RO R A AR, R RE b, (K b 3 B 26
100> B o, BE 5 IG5 T KL 5
BDE-99 [H Xy R AH L, 75 5 5 IR JiG % & 2 36
hpf B, B 2 £ i B €6 38 1 T 35 1 35 B AR (%1 3
(OF13(g)), X VLA, fifi A= ¥ J7 3 T LUk 4T PB-
DEs [1)4] 4] = 18 1t 0 1k

180

160F ©
_l40F °
o~ 120+
o0 'y [
é, & 100 o "
® 2 T
D 2 30p
m
e ogo0b
N
101
8 2 0] & A A
BDE-99 BDE-47 BDE-99  BDE-47
IVAE KBz
Office Home

2 BDE-99 7 BDE-47 FE /A EM K BER IR & AR E
Fig.2 BDE-99 and BDE-47 concentrations in

offices and homes dust

2.3 BDE-99 7EBE 5 ff{k P 51k

PBDEs 7 3l ¥ 1A N 2 {Xi8f, BDE-99 £ JK 22
Hr G HH 35K 100% |, T BDE-99 7E S N 285 i
TRAVEF = 2 % % 4 BDE-472, i il GC-MS £ il
T BDE-99 7EA[F & & M BB B fh 14 o 1) 43 A A it
TEOL . R4 SIAS T T 24 hpf 48 hpf 96 hpf 1 10
dpf BELh fa iR it (4 £6) A1 AF £ A BDE-99 YR
fil 00, 25 W] 24 hpf #1148 hpf I, TCEH WA
BDE-47 13 B W W AG I 21 (P 4), 3 i, B 5 £
WRRGAE LA 01 %) BDE-99 JL-F- JCR& M . ki 4
IR AR ZEBOR X 36 hpf BE 40 IR i {0 K i AR AR
FHTT e % H BDE-99 53, ifiidl: BDE-47
2.4 BDE-99 X} Dio3 KPR 5A B0

75 %% BDE-99 X Bt (iR i Dio3 B2, Kt
4 hpf B f0 IR i 52 #5 T BDE-99 & W H 20
KB %22 hpf F172 hpf, K WISH 1 RT-PCR J7
A T Dio3 mRNA B33k, WISH Ji i iy ke il
ZEREN] T 28 T 1,10 .50 1 100 nmol - L™" BDE-
99 [BE DM IRfiR , H Dio3 mRNA FikA B s,
TR E FEA T UE B ERRALE 5(a) ~5(e)). RT-
PCR & w25 S E B, Dio3 mRNA 33k KE BDE-
99 F i W BE 1Y 14 i I = (1,10,50 #1100 nmol -
L"), 22 hpf i}, BDE-99 % A% S Dio3 mRNA
kML= (E 6(a)), & #E T 10,50 1100 nmol - L™
BDE-99 5 (5 & iR i , Dio3 mRNA AT+
T 247 f5LA F(P<0.05), 72 hpf i}, % &% T BDE-99
(RIBE D, 1 IR )G |, Dio3 mRNA Fik B & W EEEAnA
1050 A1 100 nmol - L™ ")¥ 7+ T 1.64 £5L4 L (& 6
(b)) MHFEGE 22 F 25 R 3 (P>0.05) .,
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(8 400 000
300 000
200 000

100 000

Average melanin
integrated density

S AR A R

OControl BDE-99 | 2 3 4

JRAE/(x100)
Dust/(x100)

3 RERBYBERRDERECENEEE
NG 28 T KA SR B A BDE-99 (4 ~36 hpf); ] Imaged X HRNE (0 5 YL K V24T HAL ; ()% IR4H, (d) BDE-99 FIHE R4, (b) (c) . (e)F
(ORA B B Fa 2, o, (b) I (e) 73331 58 Hh 4 T 58 T P9 R A SR M) B B 201, ()1 (E) 53] Ay 7 2 3 AT R 5 T M A3 ) P90 B 212 e B
YRTEH (@R AR I BEARIRIFI (R 20 DMIRR), * Fos 5% FRZEA 35 22 5:(P<0.05), LW R 100 wm, x100 A Hi R 100 7%,
Fig. 3 Dust extract reduces eye pigmentation intensity of zebrafish
Note: The embryo was exposed to dust extract and BDE-99 (4 ~36 hpf); Image] was used to quantify the level of eye pigmentation; (a) control
group; (d) BDE-99 positive exposure group; (b), (¢), (¢) and (f) dust extract exposure group, where (b) and (c) are the ground and desktop
dust extract exposure group in the family, (e) and (f) are respectively exposure group of dust extracts on office floor and desktop
(near computer); (g) is the histogram of the pigment intensity of embryos (20 embryos per group);

* indicates a significant difference from the control group (P<0.05); the scale bar is 100 wm; x100 means 100 times dilution.

8 (@ . T ) b
a
L= T il
L &
= =
& 4r b Ioor
m
2 2
2k g . 1+
a 2 a a
Lo ' 6 T 0
T LA T
24hpf 48 hpf 96 hpf 10dpf /ot 24hpf  48hpf  96hpf 10dpf o S

4 WEEMER (4 &) MM EEFIES BDE-99 HIEfF
FE MR % B RHYIQ24 hpf 48 hpf 96 hpf 1 10 dpfEETh ffs (i 3 AR £ T IE) il 5T 3%
FRPUABHAS 12 H T BDE-99 , SR J5f# ] GC-MS 5:il] BDE-99 I BDE-47 HY £ 1 ; A [ 7Bk 3671 25 7 i 2 (P<0.05),,
Fig. 4 Zebrafish embryo (juvenile fish) and adult fish liver degrading BDE-99
Note: Zebrafish at different developmental stages (24 hpf, 48 hpf, 96 hpf and 10 dpf) or adult fish liver are made
into a homogenate, and lysosomes are extracted and then applied to BDE-99;

the content of BDE-47 and BDE-99 are detected by GC-MS; the different letters indicate significant difference (P<0.05).

(@) Control (b) BDE-99 (¢) BDE-99 (d) BDE-99 (¢) BDE-99
50 nmol-L-" 100 nmol-L!

1 nmol-L! 10 nmol-L-!
- ( T ———— ( ~ - (\ - 7 —
w\ ~

5 Dio3 BEERAERD EMREREERRL
T WRIGTE 4 ~ 22 hpf 555 T BDE-99; # (A AL Dio3 ik MAr; LLBIR A 100 pm,
Fig. 5 Dio3 gene is expressed in the protorenal duct of the zebrafish embryo
Note: Embryos were exposed to BDE-99 from 4 to 22 hpf; the blue part is the Dio3 gene expression part; bar=100 wm.



224

==
b8

S I

iz

816 &

2.5 BDE-99 X} HUIR IR Z A 52
BE D fa RG220t 1,10 50 A1 100 nmol - L' ¥
JE (%) BDE-99 4bFJ5 | 78 72 hpf $EAT HUR AR K TT3

Dio3 mRNA #ik/(/18s)
Dio3 mRNA expression/(/18s)

I TT4 BRI, S5XFRRAAH L, TT3 & & A7E 10,50

= 22 hpf

'@ )
b
5L b
ab
2 -
a

1 L ——
0 1

Control 1 10 50 100

BDE-99/(nmol-L)

6 BDE-99 LiF 7B D RRRA Dio3 mRNA K3k

1100 nmol - L™ ¥ J& 20 #3045 & FRAIC, o0 i R AR =
1) 81% 79% H173% (P<0.05) (&l 7(a)), TT4
£y HEE7E 50 nmol- L™ A1 100 nmol - L' ¥ Ji 4 #f i 35
REAR, 73 S PR AT 25 5 R 84% i1 85% (&1 7(b)).

X HR2H

Dio3 mRNA 2 i5/(/18s)
Dio3 mRNA expression/(/18s)

ESN

[ (b)

0 Control

1

72 hpf

10 50 100

BDE-99/(nmol-L")

B IR 2 75 T 0K R) (1,10 .50 1100 nmol-L™" 1Y) BDE-99, 24 iR i & & % 22 hpf A1 72 hpf Bf, {# ] RT-PCR #&ill Dio3 mRNA ik ;
BT 10 IRHG, B4 3 NEE AR TREER i35 22 F (CFHH£SEM, P<0.05),
Fig. 6 BDE-99 up-regulated the expression of Dio3 mRNA in zebrafish embryos

Note: Zebrafish embryos were exposed to BDE-99 at 0 (control), 1, 10, 50 and 100 nmol-L™"; when the embryos reached 22 hpf and 72 hpf,

TT3/(nmol-L")

RT-PCR was used to detect Dio3 mRNA expression; each group contains 10 embryos,

with 3 replicates in each group; different letters indicate significant differences (mean+SEM, P<0.05).

25-(a)
208 - a
15F . : b
10F
5
.
Control 1 10 50 100

BDE-99/(nmol-L")

300

200

100

TT4/(nmol-L™)

(b)
a

Control

10 50

100

BDE-99/(nmol-L-")

7 BDE-99 [REX D &GRS =M FRIRRSE(TT3) MENBPRRESR(TM) S8

TE B R 5 T 0( 1) 1,10 ,50 F1 100 nmol -L™" ) BDE-99 ; fifi Fi] Elisa #4672 hpf BE-Lh £ i ey AR IR 2 & 45
B 10 MRS, 4 3 ANEE  RFR I FHRR 8% 2257 (¥ {E+SEM; P<0.05),

Fig. 7 BDE-99 reduces the content of total triiodothyronine (TT3) and total tetraiodothyronine (TT4) in zebrafish

Note: Zebrafish embryos were exposed to BDE-99 at 0 (control), 1, 10, 50, and 100 nmol-L™"; the thyroxine content of 72 hpf zebrafish embryos

was measured using the Elisa method; each group contains 10 embryos,

with 3 replicates in each group; different letters indicate significant differences (mean+SEM; P<0.05).

3 1118 ( Discussion)

A IR R W], FE K2 &4 BDE-99 Fil
BDE-47, H BDE-99 )% &t K T BDE-47, HIp A=
JRZ2rh i BDE-99 Fl BDE-47 & ft bR REH £ Al
REAE HH T I S0 LU = o EL R B AR 2

i i 30 23 B8 ik OF 22 1 BDE-99 F1 BDE-47, 4 BF 1

iR fif 5% B

TIVA B GRE IR A, =T

DA IR A K DUE /D, 5 BDE-99 A & AH
MPL 4, © 1 BDE-99 1E 3l ¥ 1K 1N BE % % fit N
BDE-47 , GC-MS K 2% 5 & B | B 5 £ 18 G 9 1)
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FHEE S 38 N R v VIR BE(BDE-99) T4t Dio3 5% Bt 2 f0 R IR T R I 35 225

BDE-99 7 24 hpf F1 48 hpf 575 Jg 5 i , o 1% A5 W]
KGN 2 BDE-47 , #E— 25 B K2R ZEBOR GT 36 hpf
BEE £ IR i €0 3 () BE AR 1] £ 252 BDE-99 5l
W, BBED fa iR iG 2% #8 T BDE-99, 45 5 /R, Dio3
FakE T, TT3 A TT4 & 2K, X %1, BDE-99
M58 Dio3 161, Dio3 2395 HUR BRI R B 05,
Dio3 mRNA ikt FEH AR IR R 0 Wb,
XPHLAARAR I 1 AR

Wang 257 90% 1Y 53 @ Ay 4x v, K: i %] BDE-
47 .BDE-99 . BDE-153 . BDE-18 #l BDE-209, H: 1,
BDE-209 J& % , AF5E L 7E K 4> Hp A 51 T BDE-
47 F1 BDE-99, Li SP EpEse 42 2, IH TS LA
BT HT AN SR E £ 1) PBDEs, Zheng Z5%'1E
FHURA A THELR 1w KD 21 BDE-209, Lee 467
() S LU A AT 45 R S 7 E AR R i 8 s g oh
A KEN PBDEs, XFRM, B MmaRilEL
i) PBDEs , AW 53 A UESE T 3X— i,

TR UURIBEAT S F R BRI WA — 2
e AW 45 B E 52 T BDE-99 23 i, Dio3 mR-
NA ik iy FH 7, X AT e 2 AR 3B U5 PR AR
JRRZ— . YAEPIE 2 #2 T C-BDE-99 (hf & L4
4 49 Ci, Bl 1 813 GBq-(mol-L™")™" 5 BDE-99),1.5
d JETEAL M SR A R 2 rh R 3 T U B, 2R
IRAFIX B E 224 BDE-99 R, S8 K ULHE 1 Ik
iK%, Yoo “FP RS S5 R R, AR PRI R E i
O30 FA AN R 2R (MSH) 2 5 A0 R (1A A,
YIS I IR AR SNE R AR IR bR E
FEEMEH, ORVIE PR R BT HR
R4 2 . Dong 5% M#i H 6-F8 5 PUIR I 25 ik (6-OH-
BDE-47 )X 5t &y 1 i 17 Y4 5 , &< B 6-OH-BDE-47 2%
P5'# Dio3 mRNA FRik T+, Wang 555 i B 53 45
RIKW],BDE-47 W EE NN T Diol Ml Dio3 13Kk,
JFFE T4 1 T3 (KRR, W Diol 1 Dio3 1
BDE-47 5 5 1) R AR v = AR b B AR H
TEAMGEH , BDE-99 it BUBE 5 0 R JIG 1A N Dio3
INETHE, TT3 Fl TT4 & #FEAIC, #6153 BDE-99
XIHUARAR = A g, Wit — 2 UESE T Dio3 SHLK
R Z AR R .

i LTk, =N KA %A BDE-99 1 BDE-
47, T HL 7= i 23 77 A2 B8 2 1) BDE-99 1 BDE-47,
7% T BDE-99 £ it & fa ik G oF Dio3 mRNA
FRRTHE PR TT3 1 TT4 & B, X Al fE
J& T BDE-9 X Dio3 A5 FAEH 50 Dio3 1%,

AT 8 HOIR R D RE 4955 2L, Sma AL A Qs

BIEEE N T R1969—), F , 4+, 43 T2 FT @
RS2 Sk
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