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209) &5 )5 , @ AN DNA Hifh7-4) 82 A S H (8-OHdG) & 1 & p53 EH /K. Z55RH, RAIWEE X 0.10~5.00 mg-
L ¥ PBDE-47 #1 10.0~50.0 mg-L* i) PBDE-209 4h¥{l#4 20 d,B& T 0.10 mg- L PBDE-47 1 10.0 mg- L PBDE-209 ¥k EF 41 i) 8-
OHAG F1 p53 2 H & 75X B AR L T 8.2 2257 (P>0.05) , HAR 5 ¥R BE 2 9 8-OHdG il p53 2 1 & &4 PBDE-47 #1 PBDE-209
RSN Z T E T, 2 B E ML R (P<0.01), H 8-OHAG 1 p53 HH Z Mt 2 BE M IFEAHSE, 187 PBDE-47 #il PBDE-209
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Effects of Polybrominated Diphenyl Ethers on DNA Damage and p53 Protein Expression in Carassius auratus
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Abstract: Persistent organic pollutants(POPs ) has a long—term threat to different biota, including aquatic animals, mammals, especially hu—
mans, due to their biomagnified effect in food chain, the study on the toxic effect of POPs to aquatic animals was evidently important and con—
cerned. This paper discussed the variation of DNA—damage product 8—Hydroxy—desoxyguanosine (8—OHdG ) and p53 protein to Carassius
auratus in exposed to poly —brominated diphenyl ethers (PBDE-47 and PBDE-209 ), where the exposed dose of PBDE-47 and PBDE—
209 ranged from 0.10 to 5.00 mg* L and 10.0 to 50.0 mg- L™, respectively. The results showed that, DNA-damage product 8—OHdG and p53
protein were generated extraordinary in all treatment lasted for 20 days, expect the 0.1 mg+L™ in PBDE-47 and 10.0 mg-L™ in PBDE-209.
The variation of 8—OHdG and p53 protein to Carassius auratus when exposed to PBDE-47 and PBDE-209 were significantly dose—depend
(P<0.01), respectively, and the variation of 8—~OHdG was significantly correlated with the variation of p53 protein as well. The results indicat—
ed that, the genotoxic effect, characterized by DNA—damage product, such as 8-OHdG and p53 protein in Carassius auratus when exposed to
PBDE-47 and PBDE-209 were produced. The paper provided more scientific details to the research on the toxic effect, especially genotoxic
effect of POPs to aquatic animals, with a result to recognize, control and eliminate POPs in different environmental medium.
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i XA MAREE RN SRR F R Z
—19 i IR B (PBDE-209 ) /2 H F E N P S A K
S TR BRI . B AT E NAMEAR TR AR T ENE
TRIOREE TR F R P TEFLY >, B
TR X 2 B 5% (R PR AE 2H 15 B8 5 TP,
XF 7K A 3l 2 2 DNA $5 45 1549 5 i S el T 51 2% 1Y
p53 FHHRRIE MR IR, A B FATX 7 T
B

Y 2 B A B E AN R AL G 1 E
NG Z —, R HE TR A, 455k DNA
A B R A A AT R R SCHE, BT DNA £
Yl H A T R R A E (S B E R, A A
P P I ARG . DNA AL AR
Vs B Y@ E iy DNA a4, 7EC KILHY 20 ZFh
DNA &4 fainays , 8-FEMASH (Bl 8-hy-
droxy-2—-deoxyguanosine, 8-OHdG ) &% KiF, B
DNA A S H 4R B B EE(-OH)#EUCH C-8 {if
TE R, EAEMLAR N AR B R AR A, FEE i HAR
FE,AZEYIRW , B8 RBUEBE M ER I,
I 2 24> DNA S ALB AT 58 B0, T p53
HETEAEF A E AR B iR E
MIFERT . p53 FERI B 220 e 42 ZE R i S B 1, G SRA:
W3] DNA 32451, p53 3T o sk K ¥ ) 4t & 3
RELH , 45 1L 40 B 5324, 3 DNA 132 E W, 53k 1
EMMEERIET . 2 pS3 ARESATILINRERT , AR Rk
SENME KRR, 24 DNA 3233450 7T R i
Wk p53 B RFRE, T R4 N EFAE R p53 EEH
FekBEM, A3 L) 8-OHAG #1 p53 B FAAE A Wibw
B, HREARSTEZIREKEREXEH DNA [
TARTER , A — 2R IRk 1) 43T 2 B
PRALIRSE .

1 #BE57FE

L1 Re A8

R & (Carassius auratus Linn. ) B 1 [E 7K 7=
BB BEIR K HlL B ST Hh O IR g 343, SF 3 iR K
H(15.32+0.63 )em, IR E K (310.60+5.69 ) g, X4
ARG P 10d DL E, BRI R
T 5%, IzE R4 H 2 i 4 A §l Bk E R, it
KBRS 3 d JSERSE M B kK, pH R 7.05~
7.20, SEERE Ry 8.10~8.15 (PR ), K i A2 R F
TES5mg L' A b, /KFE Zn 0.02 mg+ L7, Fe 0.05 mg*
L, Pb.Cu Fil Cd At o /KB COD {5 &H 2.20~2.54

% A F OB OB ¥ % W 1837
mg L7, KRR (22+1)°C, REHT 1 d FFIRZE S, %8
15 sh MRS ) R RR A A R iR A
1.2 B 5ikHF

2,2",4,4'-P9IRER 2K Bt (PBDE-47, 73 F X R
C.HeBr,0 ) 1 R BX %% it (PBDE -209, 43 + X &
C1,Br0 ) , SIGMA —ALDRICH /A & 7= [ ; 8 -OHdG
ELISA &5 &F1 p53 & ELISA il{# &, £ H Adlit-
teram Diagnostic Laboratories Inc.;= i ; — FF \F.AR (DM-
SO) A =B S HoAF Ry A 2k, g Absan
P

BT Y354 BioTek EIx808 fiif71% , BioTek Elx50
PEMRHL, SANYO MIR153 35344 , SIGMA 2-16 K {5
BERE L, 721 4656 EEH , HH.W21.Cu600 Hi 3t
EAKIRAR , 802 BI.LUTIERS , LIS LS KA, KK
%

1.3 REigit
1.3.1 PBDE-47 1 PBDE-209 YLk & (1) 35 %

HRYE SCHR[151/%) 77 :3£47 T PBDE-47 F1 PBDE-
209 XY 96 h SRS, 75%] PBDE-47 il
PBDE-209 Xi#fl#i 96 hLCs, {E43 514 10.0 mg L™ Fl
100.0 mg- L, %4 1/2 96 hLCso [E I LA MR BE Fp 4
B (DARIER T A (0] 28 B A 7Y% ), B PBDE-
47 43514 0.10,1.00,2.50.5.00 mg-L"; PBDE-209 43
H14 10.0,20.0.30.0.50.0 mg-L™,

1.3.2 a2

I e E Oy SOR AR K Bl e 5 . FE KR
FEHAGRIRWE 250 L, e Bttt i 52184 20 B
HOA o RIS AN IR 14 GRIGH A 4 1,
4% 2 AT, [ PBDE-47 1 PBDE-209 MK
Y, R A W (DMSO):W (7 =% )=70:30 A5 HLY
WAE RTINS R AR R 17, e
)48 B %5 I3 RO 10%, 4> BITETEE /Y 0.
5.10.20 d Bk, 43 Hriffa 37 B E R 8-OHAG A3
B EHAR pS3 EENE &,

1.3.3 #2035 FZH SURE Y SR AR B R AL 3

REDLAM BRI f 3 4, MY miETHEw
J& , FATCR [ S AR 72 H R KR I, I 28 5 0 V2 K
JEIRISIMIE . [FIEHER BRI (S8R A
BUHZRE (Y 6 g)7E 4 CHYAE B K PP gk, B 2= 1M
W, AR TR FRE, A 5~10 mL B4R, S RS
WAEBUSE 2/3 T (4 CORSEA (A 0.01
mol -L #E¥E ,0.01 mol -L™" Tris—HCI,0.000 1 mol -L™*
Na;EDTA ,0.14 mol - L NaCL, pH7.4 ; {AFH i & 1 2 41



1838 R 5% SEBPERBE £ 2H 2R DNA #8145 % p53 HHERIBHRR

201149 A

LERM 915 Fhebrd, AIRR BT IRy rEd A,
BIASR AR FRRIAT I 1/3 534 R ik sk BB e
B AL, I B AR TENOKIB TR
SHAFES , A 10% 2028 513880 o
1.3.4 200 75 S 42 H 8-0HdG LUK F B A
H p53 A& ENE

SR F ELISA 325 S0l e 6 £ if 7 7S I 2 22
8-OHdG W EEUKITFEHR S p53 EANEE
(pS3 EHEST RN S3KD MEH, EMILHTH
p33 EEFEFL A —A4F , ERRES: 5 40 M 7E T X 5
DRI 3 1 17 985 2 1o B T PR Tk 48 . R ALY p53 2R
R & M B, BIAR BRI &), i 3
¥ 96 Sl Lk, BRI R 450 nm (#R4F
Al Ut B B AT ). M¥EH 8-OHAG Ky ALK
ng-mL?, BAEKHFEHR 0.5 ng-mL?Y; 'BFiE4H L 8-
OHAG W54 K ng g™, BARKHFR A 5 ng-g”s p53
BEEHBBALY pgeg”, Bl B R K 10 pg- g0 i I 4,
SRAF A SPSS B T2 R WS (TR, P<
0.05 REAFA 55 AXT A =7 B3 ,P<0.01 £
B AL BRZH 25 [T IR 22 Al B 3

2 HREWE

21 AEASFESRBEFEIERTH & NFMNSH
f 8-OHdIG WEETH

Sy AR IR S A9 0.5.10,20 d 45 4H ik
0 £ A P SR B T K L YRR B PR 2L R, 43T I 375 R
i 8-OHdG (&8, T % PBDE-47 # PBDE-209 X}
it DNA #5005, 255313 1,

HZ 1 AT, 7EIR IR AY 20 d PN, 25 % PR 4E s

3] %ot B 2 ) 21 1 375 P A 8-OHdG 433 4B 45 7E 0.651~
0.670 ng-mL™" F1 0.692~0.701 ng-mL" F7E P4 ; T 15
LR H ) 8-OHAG 43 5| 4EFF7E 8.52~8.62 ng-g™* #ll
8.96~9.25 ng-g™ MVEE N . FITE— & AT 55 14
T, S I 5 VS Y 8-OHAG FEA e s, ik
I BT R AT I 8-OHdG o, £ 1 ¥k Bs, 78
20d fIREe T, BRT 0.10 mg-L'PBDE-47 X162 Fl
10.0 mg-L"'PBDE-209 AT 5= AX T E R (P>
0.05) 41, FoAt - 120T0 2 S8 1 Y5 F0'EF ik H A9 8-OHAG
TREWNEN L& E PBDE-47 fERT , 804 1M
TH A Ik 8-OHdG 148 B BE % 1 A B 18] 49 SE 2 1
20 d B S B R o DR A I v N R A
8-OHdG 433 EF+ T 113%~327%F1 178%~360% , &
BB ERRN BN KR, #AIMEF 8-OHIG & &
5 PBDE-47 W I MK T FE N «

y1=0.458 0x,+0.825 0,r,=0.954 6(n=>5)

Bk A RN -

y,=0.684 2x,+7.480,r,=0.965 4(n=5)

Ky 24 8-OHAG & & ,x HZIAMEE ,.n WS HS
THPERSIEAS T,

B B ik 8—OHAG Y w55 W B A I v Hh A s
53200k B A AR S HL M VA R AT, 3X T RE 5 8-OHAG
B 5AEAE % . 8-OHdG &M H B A (ROS)
72 DNA Atz —, HAERURRRZ,
FERH B RS A2 B A INE 1 B 4 T R
MR R e AR R ROS B3I DNA Ay 2 12
14 (dG), f# B 48 2 H & Ak i A= A 8-OHdG, 8-OHdG
T SO EL N AP, B R p53 EEE A
ras [ Ak R 4 L R A XE LU B &2 ) DNA G—T

® 1 2 WS REFEERTHEMNFN SRS 8-OHIC HEETH *
Table 1 Effects of two PBDEs on the content of 8—OHdG in blood serum and kidney of Carassius auratus

= Hepis/ M1+ 8-OHAG & & /ng mL™! 1% 8—0HdG & &/ng g™
- mg-L" 0d 5d 104d 20 d 0d 54 104d 20 d
PBDE—47 0.10 0.658 0.662 0.658 0.677 8.58 8.64 8.72 9.17
1.00 0.651 0.839 1.125° 1.428° 8.62 10.17 16.85" 23,95
250 0.664 0.936 1.530° 2,428 8.60 10.84 20.68" 31.08"
5.00 0.680 1.254° 2.384" 2.861" 8.58 14.36° 29.78" 39.64"
PBDE-209 10.0 0.682 0.732 0.770 0.782 8.62 8.68 8.74 9.26
20.0 0.700 0.928 1.384° 1.846" 8.68 11.82° 15.43" 20.51%
30.0 0.668 1.405° 2.768" 3.051° 8.58 13.81° 23.60" 36.72"
50.0 0.694 1.845" 3.026" 3282 8.70 16.76" 32.88" 43.90°
25 [0 CK, 0 0.651 0.668 0.658 0.670 8.62 8.52 8.58 8.62
VARIGHIE CK, 10 000 0.701 0.692 0.698 0.700 9.23 8.96 9.20 9.25

* R B LA P EFOR , Hop 2:P<0.05;b:P<0.01, T,
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A—C LRI , S8 DNA 3=3%, P A 28748, N5 3l
IR AR I FE . 8—OHdG F=A J5 MY HCHaE , FI HH
LA MW, 55 J 8 0 B I A A\ PRVHE S o R e
HH &R R — B & &, e & &
HE-TREEREGE, MANES TP 8-
OHAG & B AA7E R IFAIAE M , 20 d B A C 5 72
K

C yy=16.52C y5+1.25,r,=0.973 0(n=4)

IR IE H 2, BARIAT T 20 d Bf 8-OHAG
A B e, {H O sk R A B B B R E IR S Y
5~10d, L) 5.00 mg-L'PBDE-47 X120 451, 7€ 0~5.
5~10 d 1 10~20 d [7] , B 6 [fi 3 8—OHAG FyHE s 2=
433134 0.114 8.0.226 0 ng-mL"-d 1 0.047 7 ng-
mL™-d™; T AR 8-OHAG (1 3 fin 3 28 4 71
1.156.3.084 ng-g™+d™ #1 0.986 0 ng-g*-d', HyILA] .
PBDE-47 x4l f5 DNA E4b$i 45 7= 4k 8-0HdG F &
HEAEN 5~10d, BTFUSHFHEM. HHE 8-
OHAG FEHAR A E , A5 52 HAWY BT , i
HAEMETEEMZ H G5 2100k E 250 AR
.

PBDE -209 % #l#4 DNA $i {5 7= 4£ 8-OHdIG 5
PBDE-47 Fy1E FIM A AL 406 I 375 A e 8-
OHAG HI&BAE 20 d A ey , IHHsH ) £ g 37 7 B ik o
(1) 8—OHdG 433 EF+ T 176%~390%F1 138%~409%,
SEUBE T E-RNER . B I 3957
RN RE R r=0.900 1(n=5)F1 r,=0.959 6
(n=5),

* 1 85185, —E W PBDE-47 1 PBDE-
209 ELLRTE, TI{HZIRE 42 DNA $if7=4 8-

OHdG, {HZL{s il 20 417= A4 [FFE & & /Y 8-OHdG,
PBDE-209 W/ FHHk B JL %42 PBDE-47 (1) 10 1%, %
] PBDE & /3 FREAIER, HXF2 DNA 15l
YERI T /%, &P# PBDE {5 DNA M EARVE & RE
A i — PSR
22 RE4SFE S RBFBE T 6 & B i 0 'SR
i p53 EANESETNL

A AEIR IS I IR )5 19 0.5.10.20 d A& 4150
0 £ A P SR PR O , 3BT B L p53 B
W&, T ## PBDE-47 F1 PBDE-209 X}#l£s DNA #i
trgsem, 25 R W3k 2,

f% 2 AT 40, ZEIR IR A9 20 d 1, 25 % R ZH A
IR % BE 2H A £ JHFJUE R Y pS3 A& B R
32.85~32.92 pg-g™ Fl 34.48~34.65 pg-g™ ML A ;
B IR R i) pS3 HH & & 555 4R 7 34.48~
34.55 pg- g™ F136.02~36.12 pg- g TN, RATE
—E MR AT, S R I P53 EE S
EEARGEFAARA I A FIX p53 EEHS R
P, R2HEIEER, 204 RB T, BT 0.10
mg - L'PBDE-47 i % 41 A1 10.0 mg - L'PBDE-209 i,
40 525 XTI IC 22 7 (P>0.05) A, Hofh 4356 20 £
RS PR p53 EHEE2 W B EFHEHE
TE PBDE-47 {EHT, 804 JHFEAE S P53 EES
A 1E BT ] A RT3 3G , 20 d B A & B o
I B 0 £ AR A P ) pS3 SRR AR BT
39.75%~78.86% Fll 17.95%~42.55% , 23R B 3 5]
B-HNKR SEITED p53 HH S 7S PBDE-47
W EERIAHIR TN «

ys=4.84Tx5+36.43,r5=0.951 6(n=5)

R 2 2HEREFEERATHERENSHES p53 BEANSETN
Table 2 Effects of two PBDEs on the content of p53 in liver and kidney of Carassius auratus

Sty %ﬁlﬁ{l JFFlE R p53 B H/pg- g B R pS3 A B/pg g

mg-L 0d 5d 10d 20d 0d 5d 10d 20 d

PBDE-47 0.10 32.85 33.04 34.28 35.76 34.53 34.60 34.82 35.12
1.00 32.90 33.60 38.72° 45.95" 34.62 35.02 37.46 40.75"

2.50 32.82 34.78 40.27° 50.43" 34.58 36.85 40.24° 45.07

5.00 32.78 36.89 44210 58.81° 34.65 38.19 4357 4925

PBDE-209 10.0 32.90 33.25 34.81 36.02 34.62 34.88 35.63 37.05
20.0 32.92 33.78 37.45° 48.76" 34.60 36.28 40.65° 44.86°

30.0 32.85 35.88 43.08" 54.76" 34.55 36.89 43.17" 4835

50.0 32.80 37.24° 50.18" 63.15" 34.65 38.05 45.26" 53.64"

23 %R CKo 0 32.85 32.90 32.92 32.88 34.53 34.50 34.48 34.55
HRIXTHE CK, 10 000 34.62 34.48 34.55 34.65 36.02 36.12 36.10 36.12




1840 R % SRR A 4 5 DNA 314 & pS3 (AR B I 20114£ 9
B HEE B AR T R A - ST RETR 22 T 8-OHdG 7E ik i BB E 1,

5=0.322 Oxs+33.86,7=0.976 7(n=5)

Kby B pS3 BEASE,« WZIRAYKE, TH.

B B pS53 B A IR R R T AR, B S
2R B A S L T R 4. DRS4S SRR, P53
FEH7E PBDE-47 (iR TRIAE L, S HHARMT
. S ERE PBDE-47 339 DNA i {h3dE
T p53 Wik, AT 5| SR 40 ML A B2 iS5
T=. p53 F#EZ 5% DNA EHlfBRE , R MTE
BEAA RSy, FIEE DNA G455 2 DNA 4
1, N> B & L= 35 519 DNA #5345 , vl s
SRR B AGMHI AR RS . p53
9 1E D RE R M4 4 5 4R DNA I ], s
2] DNA 5245, p53 #i 5 5T s 1L 4 5324, 2
DNA 1B38& R ; i A4 pEE mFET-", X4 p53 A
REHTIL TN RERT A S B E A, BRIE
PR A AE p53 ZERI S0 ik, HogU vl R A R0 AR
FRIAB B, I ILIE A4 21 B B R B 2
Y, B35 78] PBDE-47 F] 5] #2 4 41t DNA (4357}
¥, T DNA 32245 458 ] S st ihg & p53 2R Y
Fik, Sl EF AR p53 EH KRB, 2
p53 7£ PBDE-47 S 34 4141 il DNA i /51& 5
HIFE FRLEIE A FRiE— T

PBDE-209 X il fa I B 248 p53 A& EM
MRS PBDE-47 A, 8 fFE+ p53 AW
SRIE20dIESE, SR EFT 48.30%~92.06%F1
29.84%~55.25% , 2L B E RN BN KR, KR
BT BIR r=0.976 3(n=5)F1 r;=0.977 6(n=5),
2.3 AESFESREFEMEATHE EEH 8-0HIG
M p53 EASEMNHEXYE

WRIER 1 MR 2 MR EE , X 2 IRBOREAE R
T R 2 8-OHdG 1 p53 B [ & B AR
PEFHAT T 43#T. 24 PBDE-47 ByHREH 0.1~5.0 mg- L
B, 235 20 d, HE P Y 8-OHdG 1 p53 FEH &
HEIFMR, HIR RN 0.823 8~0.997 3, HAtH5M:
AP 2.50 mg- L™ AT ; X4 PBDE-209 FVRE K
10.0~50.0 mg- L™ A, 23875 20 d, KBS A9 8-OHAG
M ps3 HAGRUBEIEHR, MEREH 0.908 8~
0.947 0, HH AR 20.0 mg- L™ R4
LR BN, R A R — AN PRz 2R
R Bk A FH 7= 45 9 DNA $ 455 7= 9 5 AL R HR A X
Fp T ZRIA 19 p53 B E M B 254 A M, 8-
OHdG #1 p53 EHEA —EMBshtE, KL

Z T HARE A B4 F 5 R ABLGE A 52— BB 5T

3 #ig

(1)—E U E K PBDE-47 #1 PBDE-209 {4 3% &k
R, 7R 2 21 DNA 473 7=4E 8-OHdG, iX
Fift DNA 451407 1y v ZE 880 421 A4 I 335 AN AH G R 3
2B ERNF RN KR,

(2)—E U E K PBDE-47 #1 PBDE-209 3% &
BE, 2R aAL T ps3 BAMNRE FRIX,
p33 BAMS ESZIRYIKE R BE FHX,

(3)TEZ IRt AR, TR 37 IR IR Bk AR
F=A: ) DNA #4574 8-OHAG SHLIA R HLA X FH
YT 2R pS3 & A& B A 2 — R BB
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