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X, WhRE, TBA, XKZ

(FRILERA RSP AR RS , R IEIL IR/RE  150030)

MEHERREEWARNTIOR, AW & F £ BT 8K A AR IR 5 8 75 R0
AT RAERI AT TR SRR, XA 2 Bk vk (SCGE) 7 %A W 7 A | R
ERERRR WD &I RAE BB 4 4R KM T 48 DNA W7 I o S A £ KW
AL 2 7 B A B FHR AR B Ao (GB3838 —2002) Bf (0.017 mg/L) , 3t 38 & & AT R Bk .
Ji A K ¥ 48 DNA v 45 X B, 251 % 30% 33% A1 44% , 5t RAM L EZR T R (P>
0.05); ERMMHRET B 4FREHNMDONA ZTHRENFHE 9%, YHERKKESTERH
FAFFERERER, M5 RIS & R B 8 4R Xl 74 8 DNA th ZE R 1o
A EFER 0.106 mg/L i, HZHE 5 F K 48% .62% 61% .82% ;0.213 mg/L B 47 K
42% 87% 76% .56% ; % 0. 425 mg/L B 45 % 52% .87% 75% . 75% ;% 0. 850 mg/L B 4
#h 58% 95% 93% 85% ;% 1.700 mg/L it 45| % 62% 90% 99% 83% , A L A A4 FEH 5
FEMBHWEREF(P<0.05), LBLERFN, I AR FHERNRERT EH R A&
ARFREFEN L &N RB AR TERR A RN EEER  HERNRER TE
FHFAREREFEE, AL & hm il T AR A RE N #F1EA, Ha Ml DNA i
RREMAEHERAN BN TR, 2R WA ERG RS B, & AR
EXWRES NG TERARARERERE

REEW 3T & R 3K DNA R47 5 28 40 B AR L ik

hESHS X 592; S 917

T R (nitrobenzene, NB) 2 H E ¥ A& 1k
TR, AR AEES W, B—FREANY,
BB MRS, %X CH;NO, . 4
m VPR RE AR AR SHR Bk, A
TOK, TN T E B B G EEE R AR 25 T
W, EEARPRAMERNGFLE, BT ALY
Az 7 FIAE TE R T RR B R K R R IR SR R 5 B R
RE#ERIHMR BT K PR A LG 3
Yo BTRERNE LKA RY, RESET
T #FRIK I i 8 4w fE (GB3838 —2002) (0. 017
mg/L) , 15K&A HEBUbR E (GB8978 —1996) (—
FK2.0mg/L, "% % 3.0 mg/L,=%K5.0
mg/L), BEK=FENFDHRY, HES %
FURSEAR TS YL v K B ¥ SR 8 ST A O B AR v

15 %8 H HA :2008-09-03 {&[51 H #A :2009-02-09
HRIGA : EZHRP BRI H (2006BA618A-22)
JEIRAEE  F5IKE , E-mail; fanzhaoting9999 @ yahoo. com. cn

MEKERIRAD A

BE T # ( Danio rerio) B FLHEHG FO4h £ 3476 &
YT AR B B, EBRARE4LR (1S0) M B T £ 3
R T K 2 0 X 0 £ R 3R 3 E T M T B AR
(1SO07346 ) , I FBE I 8 1 Ay 30 3 4 ) 7k 1
E N E, B Ry — M. W
Hallare 251 | FEF A BIBE T 5, K0 T SER
Laguna ¥ R 7] X 48 ) 7K J& 75 Y2 2 8, Carvan
P e TR DA, B2 g
ZHE GAEESF FREREELEETH
BOE M NS ETONE AR R, i m
TO75 Y v B H P A T 3% 1 55 T LI B9 9%,
TR A E B R SS kA ., RE
ERDEAFENTRCHE T EEW G L, EHE
MBS T O R T S, nERE
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20 PR T 8 8 55 0 B AR A I K IR TE e s i B 2R
PR T S 2 B 3 BE T £ R G AT R B0 B
o

B4 e B B B 3k ( single cell gel
electrophoresis, SCGE) X # N & Bid ke, B4
i KFA ) DNA S48 —R 5k, X kR
FEAERERE, T EZAA RO RBERFNL
FOUTHT &S DNA S 306 LR, A
FH B0 2 58 FC m Uk A 00 R X B D A 4
DNA W A1ER , T T RN B ML 4
R, D\ BAL 20 Ffd 7K S BIF R R R 2R XK A A M 3R
TR LI, X 2 S AE L A T K B v
FMNIRA F B ERIKELEY EERGE
EHEN, BHIMR LA HER X DA
DNA {5 5 E P RAGE .

1 MRSk

1.1 HKEe#E5EH

WO aEFH/RETEIXIEEATS, 4
R, K3 ~4 om, R, BHRTRILRIL K
KRB ARREE, FEKR(25+1) C;pH
6.5 ~6.8; 1 RE=6.0 mg/L, KA RIXK
HRERRE LA s, R —R,

HAL & EDTA (0. 02% ) 1 £ & H g
(0.25% ) ,1:1 185,

4a iR % f## % (100 mL) NaCl 14. 625 g,
Na,EDTA 3.724 g, + "4z IS BR4N 1 g, pH
% 10, [ FEBT N A 1 mL Triton X-100, 10 mL
DMSO,

wR&ZR(1 L)
Na,EDTA ,pH >13,

B &% 15% (w/v) =& L8R ;5% (w/v)
BRERSE;5% H,

#¢,5% (100 mL) 34 mL B % [0. 2%
(w/v) iElE4,0.2% (w/v) i BR4R ,0. 5% (w/v)
RESTR, 0.15% (v/v) R ,5% (w/v) Bk ER4N 1 18]
AF 66 mL A (5% BKIRM) , B,

1.2 ByRBRFESLEE

T T £ W BB JR A B R BB 4, B
HEMEA R B T, % T B R 2 B B #, 7
37.5 CHMAHALK FIE 4L 20 min, & 3 434045

300 mmol NaOH,10 mmol

R—W. HABMAILEA M, F 300 BEAS
BT L8 , B30 (1 000 r/min) 10 min J5 2% EF
W, VARG N 10° ~ 107 ind/mL, 2 & B K
HERERE 4R L, AR EERMAKT
95% ,4 CIfFE4 .

BB R T AEHEA(FKL), 784 CTHEL
h, FEEEAR R JOKTERE Vs % A 34 mg/L B R,
SR )5 T AL AR DV B o
1.3 BZEERzE & (SCGE)

¥ 0. 65% IE H 45 & B9 BEARBE I st 4k, B
300 pL BEEFLERBE A £ RENBE R A,
BRSO, R TEESESE A BT, B 10 pL
HHIBHE S 90 uL 0. 5% 4 BB SR E,
mIE—ERZ b, % EEHA R TRERT,

W 1 B A 40 BB R A B R A BT B 4 C
T4 K IR SER P, R SE 1 h, NSUER P
BB  AEE TR T, B TKF
LKA o KR A B il ) e OB S B A L A
o R TR 2.5 mm 24, BB EE
20 min, R/FIRBHEKBBENEE, BE20V,
HLf AR ETE 300 mA, = EBEAMF T sk 20 min,

R Nadin 257 (48 ek JemE Mk o , LK
EWERIE R EERTET 1 h 5 AE R EE
10 min, R/5AEBEFKEE3 B, 7EZE THT 2
h, PfapiEEE /KR 5 min, iR FAEK
VEHE IR o AR RRAR YL Y 5 20 min, FEERE I A
FRENIE, PSAEE T2 ~3 B, 5K
A 1% W BERRYS W 5 min fF1E Y6, BE B
EEFKE2 B, MeERERTHR. FFERYE
R B4R IS A 50% RS BRAG R, I ks
MEBFKIELE,

Yufa S5 B BERCTE T 72 Motic BIMUBE AAET
BRI, ARG B R R EEPLYk % 100 440
FE 40 B B B A . #2 MR Kamer 45 i) 20 g
WG EAE, BIBEENBEBRGH 5 K-
0 X (MEERE, LER) .1 ZR(WEEE BKA
FEE 10 pm) . 2 K (MEEZERE, BK7E 10 ~30
pm) 3 & (K7 30 ~40 pm) 4 K (WESE
BARER Sy, Bkt 40 pm),

R HTAA R EEE A SPSS 13. 0 #4744
Mo



53 BRh2%, % AR B DM 40 DNA Y4565 867

x1 FTEAREHHEXINRDEHAMIE DNA iR
Tab.1 DNA injury of histiocyte by NB

5 R E R MEHH TR =R HE
treatment (me/L) histi:)cyte grade of damage (m)
concentration 0 1 2 3 4 length

control 0. 000 JFIBEIE liver and panereas 73 17 9 1 0 4.72 +8.98

B kidney 75 23 2 0 0 4.16 £7.76

& fin 69 9 18 4 0 8.44 +11.76

FEF sperm 78 12 9 1 0 4.51 £10.43

A 0.017 JFIBEIE liver and panereas 70 18 10 2 0 3.29 +6.68
B kidney 67 18 13 2 0 10.85 +£13.42°

& fin 31 54 12 3 0 8.24 +10.91

FEF sperm 56 24 16 4 0 7.15 +£9.96

B 0. 106 JFIBEIE liver and panereas 52 19 22 7 0 8.93+12.41°
B kidney 39 25 26 9 1 14.61 £14.36*
#&FE Y fin 18 38 40 5 1 15.97+12.87*
FEF sperm 38 31 25 6 0 11.94 +11.78°
C 0.213 JFIBEIE liver and panereas 58 8 23 10 1 12.74 +16.53 ¢
B kidney 13 17 40 29 1 25.23 £13.76*
& fin 24 26 27 27 6 24.42 £20.00
FEF sperm 44 37 14 5 0 10.84 £12.12°
D 0.425 JFIBEIE liver and panereas 48 22 21 8 1 10.91 +12.90 ¢
B kidney 13 25 48 24 0 17.56 £12.35°*
& fin 25 23 22 20 10 23.13 £22.86 %
T sperm 25 51 22 1 1 10.08 £9.88*

P
E 0.850 JFIBEIE liver and panereas 42 25 26 6 1 11.26 £14.20*
B kidney 5 19 52 22 2 26.47 £14.03
& fin 7 14 37 31 11 29.84 +£17.12°
T sperm 15 25 28 32 0 24.98 £17.02 %
P

F 1.700 JFIBEIE liver and panereas 38 16 35 10 1 14.01 £14.62 *
B kidney 10 6 57 27 0 28.38 £13.79 %
& fin 1 11 42 38 8 33.12£15.58*%
FEF sperm 17 36 44 13 0 17.40 £12.97°

I : £ SPSS 13.0 LSD #%, SXIRALE:, » rEFBE(P <0.05)
Notes; Analysis by SPSS 13.0 LSD, compare to control, “ = ", P <0.05

E 4 FHZMBFH N2 M3 4 7
9 LEELEN gﬁjﬁ*ﬂ HAZ A 1.2 A3 Gid 4 fu gk
2.1 WHEXIHD SR DNA §R0m

IE/% 0.017 mg/L ﬁtﬂﬁl‘, %’/l\ﬁigﬁgﬂgﬁ:\'z —~JTfEE liver and pancreas ='FJFf kidney

BE 53 AR 22 5 B (P <0.05) , HAHEEH e Lol i THT sporn

FoWBERT T GB3838 —2002 MEMBMATEIERE 55 80

o PRI DNA i (R D). o BAS 557 o0

D.E{XFABH(P>0.05), St nsr® 20 0
(P<0.05);ifi C 415 D.E.\F £ RABH(P > 2° “onro A B C D E F
0.05) , 5 AL 2 5 B3 (P <0.05) . BEHEWKE

F 00, FF J A 40 M9 % B # 140 4 i DNA 323 M1 WEK5ARAHEDNA BREMER
=(E 1) FfZE B E (A2 maE) (B Fig.1 The relationship between NB and

2) IR, HER4INE DNA &R G%RTLE DNA damage rate of bistiocyte
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Fig.2 The relationship between NB and
the comet tail length of histiocyte

2.2 WHEXRVD &AM DNA §IR0T

B 0.017 mg/L 4b, F~ ik Iw 4 & BV ¥1{H
SXMEHE R B (P <0.05) , HiH KR
ERT GB3838 —2002 MER B W5 EF DA
B MEZHNE DNA #if5, P B A5 D HAERAD
Z(P>0.05), S HMAMEBERBE (P <
0.05);M CHSE.FHEFARE(P>0.05),
SHMHAZFBE (P <0.05), FEEZAREH
B, B AEAE MR 40 i DNA Z R ME 2
FIIE (R BARE) B3R, WEART 0.213
mg/L i, ZH BB T FR, 4 F 87% ~95%
WRIEZNE DNA e RE W LA H, B B A4,
KRR AR RR T B, 2R 1.2 F1 3 B 40
MEECZEHTHE N, 3 AR A ARy | AR B
2.3 WEXRIRDEEFREYM DNA FIRIE

AR ES R LR B E
(P<0.05) , BRI E BT GB3838 —2002
HLRE B B I 7] 5| 2 B8 Ak B 40 s DNA 9845
HPBHSDHERARE(P>0.05), 1 5H
fe i b2 B (P <0.05);CHS5 D.EA
EZRABZE(P>0.05) , SHMHAZRBE (P <
0.05) . FEEZAMERINEN, 414 DNA 2%
TS B E (2B R) 238 k. 3
T 8 R 3% B AR M TE R ZEOR W B0 0. 017 mg/L
i}, 2 il DNA 241 %8 Bl ik 69% o 1R 45 40 g DNA
FRBBERTUEBH A HEZHRAREERE , K
FERE 1 BN, R EE R R E
THe, W BRI, (BRZHER ; GIRE KR
F0.017 mg/L i}, AL B H 2 5 3 G ANHISOH
hn, 48 a3 BB HTINE
2.4 WHEXRPDEFETLHE DNA BRI

B 0.017 mg/L 4b, F~ ik Iw 4 & BV ¥1{H
SxM L ESR B8 (P <0.05), /T 0.017

mg/L Bt B 5| d2 BE 5 #4641 /s DNA #ifh, H
T BHS C.DHZERARBE(P>0.05),MM5H
fdH AR b S B 3% (P <0.05) ;E.F 53t
A HEREFBE (P <0.05), FEEZAREH
Wi, 451240 s DNA Zi R4 RE RV ¥E
(4 Z BRI ) B2 KEE . RIZ4HH DNA
BRBGERTLUE N, A HEZHRBERA;EE
HERWE N TR, Z A E S, B#ifh
G BB o

3 it

DU B AL R , A St KT EAL ThRE,
BT 5 B TS A 1, BEL AR X AL A 7= A e — 2B B
SMBOBIER . BXFhE SR B AR
A — 5 PRI B, 43 PR B o g 15 Pl 4 D 1
W, WA BITRN, WL R RETIRE
290.5 mg/L.1.0 mg/L 110 mg/L HIREEESE,
JFRBREE v Y 8 8.4k 49y 15 AL g ( SOD ) Sty il 5
WiFET, AR BE (CAT) | 4 BE H Bk 5% 5 B
(GST) BB F BB, AT — P S sh BAE
o S BRE . RINT, S E B RE I
SAPTH ARG R AT, T R E
FRANEREREZ —. X— WA 5 Ignacio
U AN, IR EA LS YT EL BT RE
H R A=A, HE T 5 A i R o LAk S 5 B 2 i
AR, AR ERBR, HHERHE
&R T GB3838 — 2002 RLiE BRI, T BRI 40 A
HE B FRE M40/ DNA K32 R AR REE il 2
5B B T 38 00, BV SRR T 5| R AR A 4
Jfd DNA i 455, 3 2 8l — =& B9 51 & — B AR
BRI A E 1 7 mg/L i, T A 20 g
DNA 5% 14 62% , I BAKT HAMH R A,
T BB TR AR 4 M A 25 BB ) AR (IS T A LR E
T, 410 B R 4 i O ™ A G SR A R FEE SR
THEEZR T 40 DNA §6 455 o

D7 LABR A" B T R B AL A 7 bk
PR 72 h 53 KB A i DNA 59554,
R 3 MAREBRU Y RTEA FREER
DNA 5475 , Fe35 07 S5 Bl & o 3 b v 3 o 7R
JRIE " B R B, B B RO RS 22 (105 me/kg)
5| Ak B B A R T A R 4R, XY
WL R KR T AR B R, AXRAER
BN HEREFNEBHE R FESX R



58 Bribd, % iYL IR B O #4240l DNA FO3R 65 869

BRBE(P<0.05), MYMERKIKEST
GB3838 —2002 #L5E I 8 71 5| i B T a5 Ak 20 g
DNA #i5, FE%H R 2R 8 53 00, 5 40 i
DNA 245 Z& Qi AE B3

ERAXBEENEHNE, SAREERE
il BRSBTS YLt 0 22 R A RO S MR A B O EL
., BETREA X TIETS eyt 6% 2 5 20 i
DNA HGHIBISRE ., AR A, iR
R HE A% B2 40 DNA B9 3457 , 4 o e AT s e &
B AT B, 5 8 7% B2 40 S 9 DNA S R B2 5
R, TEALTRVESE > 0. 017 mg/L B, H AN 2
BRI 69% , T AT A A 3 B AR e M vk 38 A B 2
F 20 B2 B 2 43 B 30% 1 33% o XA
TR R T AR R0 AR 2 B A Ak T AR KORAS, 48
Ak TR R R o, T DNA B g 5
ZIERYR IR B4 L AR AL
BB/, WY 7K PE A 20 S B £ ¥ B, DNA ]
fio

BT RAKET SR EM, RE 6K 2
B RE R RS e R, B, RAKI LS
BRI 5 R 3 T 40 g DNA 45 45 33 ¢
BYRIEPERNTREETAEER Y, B2
B, SRR (TNT) 2,4 - —5H
FHI% (DNT) #1 TNT-DNT JB-& #3883 12/ B,
BTEE, T ERWER T LR, ULE . TEH
MEER hE, EH PV ERRT RN, BELE
WEH (PCNB) e 7 B0 &/ B THiTE
ZIE, KiEg MR R, BB EREN
LIS AR T DNA Wi, 5188 T4 1
DNA 15, AR 45 R BR w5 Wk B R 228 ]
B DA T4 DNA #45, MERERE N
TNT.DNT F1 TNT-DNT jR 4% & PCNB 0] § 3
PET, RS TR , A 1B . B 2414 DNA
ZH RS EE TR, BTl YD a K T
MRS Y K, 5228 W R S 306 T4 2
B BT, 3 Xt AT e R BRI E R
M

FRBIEH , —E R B MEETERD
AR TR ARG . ST R Rl ok
R Bt S REE TR 8 & SR T3, A B
PR RE Ml 7K P o S B R A v, LA B I
WA TS Y SR A AR SRR 4
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DNA damage induced by nitrobenzene in histiocyte
of zebrafish( Danio rerio)

CHEN Wei-xing, FAN Zhao-ting, FANG Jing-jie, GUAN Qing-zhi
(College of Animal Science and Technology ,Northeast Agriculture University ,Harbin 150030)

Abstract ; Nitrobenzene is an important chemical raw material. Owing to human activities of production and
living, it may become the pollution source of the water and the environment. In order to understand the
possible toxicity of nitrobenzene to aquatic animals, the DNA damage of the nitrobenzene was studied at
different concentrations to the liver and pancreas, kidney, fin, sperm cell of zebrafish by single-cell gel
electrophoresis technique. When the treatment dose of nitrobenzene was at the national standard for surface
water environmental quality ( GB3838 —2002, 0.017 mg/L), the DNA damage of the liver and pancreas,
kidney and sperm cell was not obvious, being 30% , 33% and 44% respectively. The results were no
significant difference compared with the control group ( P >0.05). In the same concentration, the DNA
damage rate was as high as 69% for epidermal cells of fins. When the concentration of nitrobenzene was
higher than the national standard, it caused the serious DNA damage to the liver and pancreas, kidney and
sperm cell. When the concentration of nitrobenzene was 0. 106, the damage rates were 48% ,62% ,61% ,
82% ;at 0.213 mg/L those were 42% ,87% ,76% ,56% ; those were 52% ,87% ,75% ,75% at 0.425 mg/
L; those were 58% ,95% ,93% ,85% at 0.850 mg/L; those were 62% ,90% ,99% ,83% at 1. 700 mg/L
respectively. All the treatments concentration above the national standard were significant differences
compared with the control group (P <0.05). The result showed that the nitrobenzene had no obvious
toxicity to the somatic cells and the sperm cells of the zebrafish when the concentration of nitrobenzene in
the water environment was lower than the national standard. When the concentration of nitrobenzene was
higher than the national standard, the nitrobenzene had stronger toxic effect on the somatic cells and the
sperm cells of the zebrafish, and the DNA damage rate rose with the nitrobenzene dose increasing, and it
presented the specific dose of the damage effect. So the concentration of nitrobenzene in fishery water
standard should not be higher than the national standard.

Key words ; zebrafish ( Danio rerio) ; nitrobenzene; DNA damage; single cell gel electrophoresis ( SCGE)



