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Abstract; Polybrominated diphenyl ethers (PBDEs) have become widespread environmental pollutants that exert
neurotoxicity in aquatic organisms. Retinoic acid (RA) plays essential roles in limb morphogenesis and develop-
ment of the central nervous system. The objectives, therefore, of the present study were to investigate the impacts
of exposure to PBDEs (BDE-47 or BDE-209) and/or RA on locomotor behavior in zebrafish. We found that 5
wmol - L™ BDE-47 or 3 wmol-L"' BDE-209 exposure independently cause hypoactivity in all light, all dark or dark-
light cycling stimulation conditions, while 2 nmol+-L" RA and PBDEs (5 wmol-L"' BDE-47 or 3 pwmol-L"' BDE-

209) combined exposure lead to increased swimming speed compared with single exposure. The results indicated
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that the abnormal locomotor behavior in zebrafish caused by PBDEs can be restored when RA exists, which proba-

bly works through the central nervous system or sensory system.

Keywords: retinoic acid; PBDEs; zebrafish; behavior
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H:RA ZFEIF A4 3 ~96 hpf (hours post fertilization); [ FH iz 28 B A [A] 20 min,
A FRIEIAM T 258 B Fom B 450 Tig8);n=120,* FR P<0.05,* * FR P<001,

Fig. 1

Effect on the swimming speed of 5 dpf (days post fertilization) zebrafish larvae after

exposure to retinoic acid (RA) at various concentrations

Note: In basic activity test RA exposure time is from 3 to 96 hpf (hours post fertilization); speed of free swimming test
time is 20 min. A. In the light condition; B. In the dark condition; n=120, * P<0.05, * * P<0.01.
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A —0—Control ~#—1nmol - L' RA —#=2nmol - L' RA 1 Control E31nmol - L"RA H 2 nmol - L' RA
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g E s E
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A w2 N vQ.

Bt B g
< <

10 20 30 40 50

[ [E]/min

Time/min

H5t ] /min

Time/min

B2 RN PARERE RA XS dpf 515 (7 &5 A #NE
T AL ORISR P 1 ~50 min A7 F5K0H , B. 10 min SEHEK 10 min BT 14 007 355k
FOSAEROL IR B O SRMER IR OO 450, n=120,* IR P<0.05,* ** IR P<0.001,
Fig.2 Effect on the swimming speed of 5 dpf zebrafish larvae after exposure to RA at various concentrations in light-dark stimulation test
Note: A. The average swimming speed of larvae between 1-50 min in light-dark stimulation test; B. The average swimming speed of 10 min intervals

for ach state (light or dark), respectively. Black and white bars at the X-axis signify dark and light condition; n=120, * P<0.05, *** P<0.001.

1 Control E3 2 nmol + L' RA HEl 2 nmol * L' RA+5 pwmol * L' BDE-47 HEE 5 pmol + L' BDE-47
* 1.2
A T B * +
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=z 157 * - *
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o = iy 2 0.6
B g B
W= 101 " =
LS N & |
EEZ 05 gz 03
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0.0 v T 0.0 T T
Control RA RA+BDE-47 BDE-47 Control RA RA+BDE-47 BDE-47
21 2l

Exposure treatment Exposure treatment

B3 RA 5/UREKKES(BDE-47) AEIREHXT 5 dpf BID & FEIEFHIR MM
i +378 5 pmol-L' BDE-47 Sl GRS RA BKS BRI R B W22 5 ¢ 0 % FORB D RERAMZE X A BB 25
BDE-47 B2 [H] 2 8 ~96 hpf; H iz 3l B u&ﬂfflﬁl 20 min, A. FARIEHELFT
B. R BB ST ;n=120,+FR P<0.05,* F/R P<0.05,%** R P<001,
Fig.3 Effect on the swimming speed of 5 dpf zebrafish larvae after exposure to RA and 22' 44' -tetrabromodiphenylether (BDE-47)
Note:+ indicates significant differences between 5 wmol-L"' BDE-47 exposure alone and co-exposure to RA at the same concentration of BDE-47; * ,
** indicate significant differences between exposure treatments and control. BDE-47 exposure time is from 8 to 96 hpf; speed of free

swimming test time is 20 min. A. In the light condition; B. In the dark condition; n=120, + P<0.05, * P<0.05, ** P<0.01.
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H A ARER R IR, BOSHER R OERE 4510, n=120 ,* * /R P<0.01,* * * F/R P<0.001,
Fig. 4 Effect on the swimming speed of 5 dpf zebrafish larvae after exposure to RA and BDE-47 in light-dark stimulation test
Note: A. The average swimming speed of larvae between 1-50 min in light-dark stimulation test; B. The average swimming speed of 10 min intervals

for each state (light or dark), respectively. Black and white bars at the X-axis signify dark and light condition; n=120, * * P<0.01, * ** P<0.001.
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BDE-209 %85 i [i] 2 8 ~96 hpf; [ f1 iz 2@ BT A] 20 min, A. RARGHGM T ;B FomBEE &M T
+3IR P<0.05,* FIR P<0.05,** FIR P<001,
Fig. 5 Effect on the swimming speed of 5 dpf zebrafish larvae after exposure to RA and 22’33’44’ 55,
6,6’ -decabromodiphenyl ether (BDE-209)
Note: + indicates significant differences between 3 wmol-L"' BDE-209 exposure alone and co-exposure to RA at the same concentration
of BDE-209; * |, ** indicate significant differences between exposure treatments and control. BDE-209 exposure time is from 8 to 96 hpf;
speed of free swimming test time is 20 min. A. In the light condition; B. In the dark condition; n=120, + P<0.05, * P<0.05, ** P<001.



52 1 TEARTTAR WL R A 22 TSUIBCR TRRIBG 15 2 55 X B 1 #1328 2 A7 A 1) 520 265
AP IS S LA IR T XS B4 RA BKG BDE-209 AR M REGCAIM N 15 5 5% T S 423 o O R, i
BRI ARIE SR SR IRARA—Z, RAKKE MW RGN IIEEIE 31", PBDEs g kA

BDE-209 % 7% J5 { A X G R AU E AR 58 | i Bl i
BEWRE , AT FEE AR Lol W 6 A Fll 6B,

3 iTit(Discussion)

WF9E M, FEFaE 16 B AR RS 244, RA 2
FEPE S0 5 dpf (- A Rz sh il B L J, 5
AL CERE FEHHE02 nmol - L' RA ZHAT£2 1935 33
R ETE . I, % 2 nmol - L™ RA B4 BDE-47
1 BDE-209 %85 , 73 W R Hi5 shAT N 52

PBDEs %t 7% B & fa {1 (1) i 55 % ], BDE-47 |
BDE-209 fii 5 dpf {1/ F H ik sh R BN T [
R AR Z WG G 2 B ) RIS R < i
J& FH7E PBDEs 2% , #l 2 S 30 & 1 ph 24k 22 U &
17 R 2 W2 R B AEAZ Bl R 0 DX A A8 A6 2
PBDEs 23X FRZS /) # £8 2 4t i LK AP i i 43 , 1
BE ZAT KRS CACRE RS s st os
FW AR RIG % B GBI, 7 88 TR & 1Y) PBDEs
[l &%), £43% PBDE-47 99 (153 F1 209 ¥JAE 5 B
ARSI REAS AT RS, 5 DR A R AT R, BB
BGEE Sl ) DU KAEAZRE ) TR, B B )
Jnal A BB ) PBDES [F] R YA Al
VUi & i 2 0 % A SR AR R, 61T 5 S 4R e A T
SOE T DEYUA R R R ae AL, Rl a

2 nmol * L' RA

—o— Control

-]

©
W

—2—2 nmol * L' RA+3 pwmol * L' BDE-
7 —+-3 pmol + L' BDE-209

N1 TP

S/ (mm - s7')
Average speed/(mm * s7!)

0 10 20 30 40 50
H5} 8] /min

Time/min

&6

209

R, IR S M e B AR A2 % R
FAUILH i BDE-209 /KRS PERR B kA2 T F1 F1%
htnizshfr ', 5 wmol-L"' BDE-47 13 wmol -
L' BDE-209 &5 & il i TP a8 A= 4 DL S
ZRIh 5% 1) W AR X AT f A 24T R BUE S dpf
frfaiz sk B R RES AR 5 R ZHWF R —2L,
BDE-47 #l BDE-209 i 7% & I, AT i1z 3 1% 7 W]
S REEAT B o 3 st 5 R s v AR B, BEURRPE TR
[, TEBLA Y PBDEs M4 T MBEEWF 5T, HhAX fh
LRSI FE LA, UNA IR E Wiz sh R4
W 512 sh 20 )y T B 98 R O EK , T A X R
BT A X A D

I 3 P s HE - DL e ] A0 1) 46 0 B ) AT
iz sz KA AR R g5 AR B &R 5%
M, Chen Z5"VRN Xu 25534 & BE B 5 4 JE i 76 H
WEBEWB R T BDE47(REH & 0.1.25.5 fl
20 pmol-LBEF A e B R A T iz ahiT A B
F A, BFSTUESE PBDEs %88 il Gl i 140 2%
P BN K155 715 3 28 1k, BDE-47 %k 5 4 nY 5
At HI S 0 5 37 A 4t )22 HE 910 256 L , L 4% At )2
JELE YA A — s BN, e A i R A A HIR R 2 7 A Ok
FepH ek |
= Control 23 2 nmol + L' RA

mm 2 nmol * L' RA+3 pmol - L' BDE-209
_mm3 pmol - L' BDE-209

Average speed/(mm * s7!)
O

SEHHEEE (mm - s7)

10 20 30 40 50
5 [E] /min

Time/min

JehlEit  RA 5 BDE-209 REREHXT 5 dpf EBEFEEZIHHFI

A OGBS 1 ~ 50 min 74P 29K, B 10 min YA 10 min J0ET A7 0P 5k 0k
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Fig. 6 Effect on the swimming speed of 5 dpf zebrafish larvae after exposure to RA and BDE-209 in light-dark stimulation test

Note: A. The average swimming speed of larvae between 1-50 min in light-dark stimulation test;

B. The average swimming speed of 10 min intervals for each state (light or dark), respectively.

Black and white bars at the X-axis signify dark and light condition. n=120, * P<0.05, * * P<0.01, * * * P<0.001.
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