B20%H 64
20114114

bW HE REER

JOURNAL OF SHANGHAI OCEAN UNIVERSITY

Vol.20, No.6
Nov.,2011

XEHS: 1674 -5566(2011)06 —0808 — 06

REMSEXNAEHAYEAIMPRREREUREL FEHHZ MW
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ZAERET, L OB, EEF,

XEH, ZRE, KAL, KBEE

(1. FEBEBEEERTICNT, IR F & 26607152, fpERMABE BTFEARe, JLat  100039;3. F HRHERE W IT2BE, 1L

R HE 266042)

 E: PR TRMKE(0.2.1.0.2.0 mg/L) fIK4(3.0.5.0 mg/L) #
H4.(11.0.14.0 mg/L) kb3 28 d #A[a] , K3Z8T4) 51 i 21 40 fa i =
B UL I E A A I AL (SOD ) |5t Ak & ( CAT) T J FFRE S
ZEE(MDA) FBEFEMMENTET BN EL, SRER, RIKE
T ,0.2.1.0 F12.0 mg/L HA LI A3 HIFEAIE2 h 1 dF2d
ST, HRFHNEA IR THE ., BHRE(DO) X KEFZ R
B AL RE S S S R R SR 2R B B S A e ) AN R A R AR
3|28 d B} A7E5.0.14.0 mg/L HANST B H (IEH TR, 4 7.0 mg/L)
MERNHEASE . IR IEFTE 14 dJ5, SEA M BAH A Bz
W HH, 2 h BHRAREL SOD 1% S8, Hofth & b3 A (8] B, SOD
EHESHZREREE, K4 CAT I 72 h itk EAEH Bk,
728 142 dEFERBE(P<0.05) , RAKRELHKZEEFFHE MDA &
B IR AN L4 MDA 2 it 24 Bl oAb 3 B[] P S8 < 32 7 R A1
PR JE R4 MDA &R BEFHR (P <0.05), BIREKRI, M 4K
PSRBT EARIMEER, 5. 0 mg/L 4K B8R ¥ RAPT

MRRR: 5N IRIREE]
B AU TR AR BV AR T
4y 8 LT A LA S H I AR AR AT
TR, % & S L8P
BOAE ST A 9 I 2 , 42 T 40 #
TARBEEFM T REHH A
et EAL- AR S A A Ak
BrlB Ll , o K 2= BT B 57 7l P B
I SR BRI E R T 2R
WA

KEW: KEH&E; BR
S ALY AES;
WEERE; N
hESES: ST
XEFREE: A

FAIE AR SR A R R R A B B AR A

KR A (DO) W BE R IR B 2
RIBRMIA 72— BEEME T LFREME
J& RIS B W R, AN R REEAR
BT R IRAH I P R 2L, (X s fa Ak
THREMRS . HIRE T IR bl
FEALERIEF K P ) DO, X AR T W 2R
FEK VAR ) DO YR EEK B AR TE o BFgE R
B, A5 S R AN AT R B R AT A
PR A, i A AL i AL (SOD) Al AL R
Bl (CAT) 26 0 48,1 i A 470 48 A 570 4 B T 4 A
RGN I 251 R g S A5, B B
P [ (MDA ) 24006 7=4 ; 3 A DNA 145,
HEMZMZREERALHAY . BATRES

R E A : 2011-04-03 &5 B 2011-09-12
EEME : EEPH SR H (2011BAD13B04)

S8 TR R R 2 R I Y T 32 B AR TR AR PR IR L 5%
B KRS E. 1% DO WET , KK
#ifi ( Dicentrarchus labrax ) B 1% & W /. 4 K K
18 # R 0 A B (Leiostomus xanthurus )
R A ALY I AL S TE S AR R FL
BRI S B IE S BT . REE, A
DO PR K PE 8L (Salmo salar) HIFERATIAR , i
O A BRBROT- A & A L M8 4 8 ( Carassius
auratus) JIFE S H A H IR R AW & & H
B YR E RE B | AL AT 88 ( Oncorhynchus mykiss ) 8
MR & B . B IE, X FERE
THOLT B2 ST 0 AP A AL P45 728 1k 1
FEIR D I DO X} AL FIAL S B
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KZEHF ( Scophthalmus maximus) B EEE
WK IR A, Z R A L) 3R i 07 AT
R B, TEH SR A AR L B B B T4
EMEIEL, HETHCHIE EZ L P LE DO Xt
REEHEIP I M A KRS & .
AR MR BEF DO R K B4 A BT 8 AT LA S 4
ML 2 M B 5T 1R R AR IE . A< SCE i
WFFE R 22 BF &)y £8 21 20 I 2% 53 LA 2 1fiL 7 SOD
CAT 7% J M E MDA & B7EMRAR AT DO ¥
BRI, RGEVERE DO X A3 6F 1 A Ak #5145
EADTEA - ET 20, U O K32 6F 3% 7E
BodE DO W E R E RIS %

U RPR

1.1 XBMH5IEE

REEH @G B EE B/ AR FREAR, S
It 7 d JEIF IR, M AR AT H (16.2 £2.6) g,
AL A A, SR A B AROE IR, KR pH FEE B
AEIR17 ~20 C,7.4 ~7.8 F1 35, BRFEE
H R ZEEPERE (LR TR e AR 5T o ) 2
KR K% 2 Ko
1.2 SEWigit

LKL 0.2,1.0.2. 0 mg/L 3 MRAKEALH,
3.0.5.0 mg/L 2 PMEEHM 11.0,14. 0 mg/L 2
MaAA, FHELRKPRALA(RELH)
HAS (RRAMRAL) {5 DO ¥ Bk B Fiix
fHo XFHBZHMIEHR 7854 (DO WETE 7.0 mg/L
ER) R ERARMBALRET 1 ~MEE,
f4H 21 B, R 1E 80 L KR KKk, 52
Bfrsk 28 d J5, #4714 d BRE L (IEH 7
) o BHLR PR DO WEREIE 1,

1.3 1% R AT REH R 5

TESEE IS 2 /NI B 56 7,28 (42 K, 4B
VUL 3 ok, TG, #17 B# ik
FelfiLo SRIMLE R FIBUFIEA L, -80 CILRRFFA
o
1.4 Mk MERFEER &

MR« BUD VR LR T R S8 5 IR TE TS
FREI A B FRILBRA BART 12 h 5,4
oK 2 BE [E %€ 30 min, 5% Giemsa 4t ¥ 4L 8, 20
min , ZE1 7K e, BT .

L3 : FAR MR, B 1.5 mL B0 4 C

#'E 6 h,3 000 r/min B.L» 5 min J5, B _F i
-20 CHRAFE .

*1 BEXWARNRARBERE
Tab.1 The dissolved oxygen concentration in

experiment and control groups

DO ¥/ (mg/L)
DO A : SR S

BEOKEE i) (st

0.2 0.19 £0.01 N

AR 1.0 1.12+0.14 -

2.0 2.03£0.17 -
o 3.0 2.9520.21  7.0120.15
: 5.0 5.27%0.35  6.85%0.17
Xof i E#HRER 6.96+0.36  7.13 +£0.21
- 11.0 11.3320.47  7.0520.17
R 14.0 14.30 £0.41  6.98 £0.23

- HdiA « 8D, T

JFREE < 5 JFRIEZEL 27 0. 9% HEFRER K whvde Uk
PR T S5 HATRRE, ARG R T IR AN AR B R K R &
L 1:9 fMA 0.9% WA 3 E K, BB S K 4 oF
FEH 2 10% FFRESI 3,4 C ¥ VRE L (3 000 1t/
min) 10 min, BL_EIEWAA 0. 9% F A4 3 b 7K it
B 1% B ARSI 3 AE 5, SERV T34
1.5 MméAEZRESH

B BT Leica B85 %% (10 x 100)
T, BRAE 1 000 LM, 435 %
AL 35 BB, 2140 B Je 40 AT S IE
w5 KA K2 BB JIRAUNGKOORSKUL 4 i 5
U IEE LA AR IR R, B A A R
g, N RTE SR TE, ER/DNT £
B 173 4% 53 8 AL 45 A% B A0 o A B P M A SUAX
%, Gtz SR A (RIS 4
Jil) I ARREE B , R AT 73 (%0) T o
1.6 @& MDA SE/&7

KA B e 5t 2 B AE A A R T &
X} IfL3E A SOD F1 CAT 3% J3 APk MDA & &
HATIE . #% BRI &P B3, LYE SOD 1% /)
A A8 2 2R B R A AL B I , IR CAT 1% )22
FHARPR & o pE I 2 , T I 2% MDA & & W F 6%
R HEZ BRI AE , AH N A 25 R 2 B &
.

1.7 HiEgsit

NiFH SPSS 15.0 4T BRI R J7 2= 047, Ik
FH Duncan £ AL ML IR ) 22 7 B 3
PE(P <0.05) o BdE LIFHIME + bRifEZERER
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810 kBB E K ¥ ¥ #K 20 %
o4& £ . 0. 2mg/L
2 AR § 1. Omg/1.
= 2.0mg/L
2.1 7 DO kTR KBS LK FE WM = ot
Y BARFAA T 0.2.1.0.2.0 /L & o
AAPBIE2 b 42 d WEHTEL AR KRl = 1L 11 1 ] e
SRR AL I RS ST R ISR T IS , HE K 5 S
SR R AR B R KESLTAME B R

2.2 A DO K F 3t K E=EF 5N E M 41 40 4% 5%
R

LLAMME LI A B RO AR (1B 1) &
B, AR A B A MR TE 2 h B AR T 0
MR 5 T ISR 7R S B 0 1) 5 %o FR 2 9 B 8
EFERWAE 14 dJ5,5.0 mg/L 41528 d BfAHEL
WA BT, RARASERERIE2 h M T Kt
SXHRA TR # 2 5, MRS 28 Kb T3 M
H,Hp 14.0 my/LAGXRHAZREBE (P <
0.05) ;#k2 14 d J5 , & LL4H B T K, (B0 5 T
Xt B

Fig.1 Frequencies of total nucleus anomalies in
Scophthalmus maximus of experiment
and control groups

1. [F)—Ab PR (AR R RN EFARE (P >0.05) , A

FlERRRERBE(P<0.05); 2. 2h.7 d.28 d HEHEE

BRI AR [ AL BEA ] 542 d 4% AL BE 28 d J5, IR IEH

FRAMGE 14 d, A, T

B L R AL PR AESR 2 /N ISR 7 R

BIARMEZBIMEIS . LIRS 28 KB, A%
HEATES. 0,14. 0 mg/L 20 Fe 3t FR2H o g WL 22
B, KA 14 d J5 , 1ER A Ko A g 3
WAEIG . (HAERBA LKA, & 4 R3S 6FLL 4
MR Z AR EER(K2) .

F2 AFEAERE & KB AN REKXET I AR ARR

Tab.2 Frequencies of micronucleus in erythrocytes of S. maximus in experiment control groups %00
. 4k PRI 8]
DO / L
o B/ (me/L) 2h 7d 284 42d
0.2 0 - - -
BAREA 1.0 0 - -
2.0 0 - - -
3.0 0 0 0 0
-
e 5.0 0 0 0.40 £0.55 0
i B EERR 0 0 0.60 +0.55 0.20 +£0.45
11.0 0 0 0 0.25 +0.50
[E=
14.0 0 0 1.60 £1.52 0.60 +0.55

T “0” R R BRI — ” S A AL AL BRI (R N BT, B AT AR

2.3 AEDOKEXNAZHMEANEBEEAIUR
MDA & £/ %M

LA fLEG SOD F1 CAT [y7% J7 ) MDA & &
HIR I 25 5 LI 2, ARAAELZ SOD V& J17E 2 h B
WERTXA(P <0.05), 1 CAT §% J 5% #d
HIEBEES, IREH SOD IF 175 2 h F%E 7
REFEX AT B E 2R, 7€ 28 d B & F X
H,HEPS. 0 mgy/LAGHBAERBE (P <
0.05) ,¥%%& 14 d J5 SOD & J1 XA Fi T F&; KR
20 CAT 35 J17E 28 d fo &b 2 3 18] TG B 2 48 1k, Pk
K14 dJGHEE TR, =444 SOD 3% 72 h fl
28 KT SXMALEEER, 7 XAf14.0
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mg/L 2 SOD % /) @ ZE K T X H4H (P <0.05) ;
A4 CAT 15 f17E55 7 Rt B T, 356 28
Kif T BB IR K, K Z 14 d J5,14.0 mg/L
4 CAT IFE S XEFT L. XF T RZ6FHFIE MDA
TR RALEHTE 2 h B FRAKE, Hd 0.2
1.0 mg/L 41 MDA & & B R T X A (P <
0.05), K% 4 MDA &7 7 Rt BEMKT
XTI E 14 d G N BEHAR(P<0.05), &
A4 ,11.0 mg/L 4] MDA & E7ESH 7 Rt B%E
T4 (P <0.05), MkE 14 d j5,14.0
mg/L4 MDA S EHEET FTXRBH (P <
0.05) . fERHEREME, X R4 CAT 3§ I ALK
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WA — Lo gh, 758 7 RAPEE BT (P <
0.05) ; Ti%f AR 20 MDA & B 753 d] th & A — 27
6,55 28 KPR 14 d i 5 2 h 25 7 REFHHLEL
#A BEFEK(P <0.05),

2 80 0. 2mg/L
= 1.0mg/L
N ) 2. Omg /L.
IR 3. Omg/L
By 4 5. Omg/L
BHg » X HEAHL
X % 11.0mg/L
K o20l ‘ - = 14.0mg/L
%h 7d 28d 42d
LhERE

A RHT S/ (U/ul)
2 et DND CAZ b TN Y =3 OO

T 1 8d | 42d
Pzt

0.90 (b ?0‘2"’5!‘
<0 1. Omg/L.
3 0.70
E 0.60 2. Ong/1.
= 050 3. Omg/1.
g 0.40} u 5. Omg/L
& 030 < IR
& o 2 11.0mg/L
= 2h 7d 28d 42d

KEBHINHE)
©

2 DO ¥ KZE&4 & MiE SOD(a) ,CAT(b)iEH
R BFAE MDA (c) 2 EHIF N
Fig.2 Effects of DO on SOD (a) and CAT (b)
activities in serum and MDA (c¢) in liver
of juvenile turbot (S. maximus)

3 g

3.1 A [E DO KEXNAZETZEE NN
WS FERH F -5 YR E
LRSI R E RERY )G SRR A
RELBWT R A 1 o 0 AT A R AT
YA R LS , B O R 5 bl
PP v R 0 e 5 ) 30 i 8 pn . B YR
SRR B (] £ Ak R £ o 5 VT 4 T A4 O A 2R
MR ER BT X d it o PR &
YR S A% S 15 e EL AR I [ AR5 B 2R AR
BN, 2440 P B R AR BE R ) — B R fE , X
A SR . AR, YA AT E] X
228 d B, AR A FERAL TR 5.0 mg/L
BRI 14.0 mg/L 4 FXF BB 4 B,

HHZAZRRE DO WEMA S Mg, RE
11.0 mg/L AR RIAMEIRE, (HEZRHEH
GER WREYREE DO(11.0 1 14.0 mg/L) KB [A]
FIALFE (28 d) 145 % K38 6 21 40 i % DNA 3 i
Pt Fit, MEMSEALSBERYRESRE
—FEFEAEH AR E AR, I X FEm
[ 2 B ) B ) R RO . 5 IR Ab 3 14
djG, BAHAEFE R S5X BAT D E
Z5 XU WKE DO 5 KEMZTH
BEINRETT AR B 5. % T AR AR SR 4L R3S ok
U, T T B A B e e R SR T, T AR
U BE DO X K25 8T A% 5 8 32 W 1o R R B
*o
3.2 7@ DO KFExtAZESEE SOD,CAT ;&AL
% MDA £EK#m
AWFFEH ,SOD FI CAT I 1 7E 35256 35 7]
WAL R F I B B, 2 h B, K 50K 4
Fxf B4R SOD IE A BEER , MIKEA R
EE TN (P <0.05) o &S24 Fst B4
) CAT 35 J17E 2 h B 9F ok & A A AR 4k, 3156 7
REA BB EZF (P <0.05) . XULHIKZE6
SOD FiIl CAT 3 J1%F DO A5 fk fy i i 7 7€ 2% 5,
SOD EbEHEE, T CAT WA —%E M J5 . SOD.
CAT 1N S AT AL T4 i S b il , H0E I 1
FAEERERE A2 R T AR E X
e —BREHTFRASEZHEEHESTH
1 . E, SOD Fl CAT 3% 3 4 R Rk BE DO i
MR Z R RS RN E B B EMR SR
AHK:SOD ZAEYEAME—LL B B3 ARY
i, AL B A B B & AR LR B, 7 75 y H,0,
10,2 BfiJ5 B CAT {4k H,0, 5@k H,0 Fi
0,'™ . B EI, IS YRR SES
Kok =i &M A f 5, X E hRE
3 d PYBE & Pk I IE SOD 1 7 B 3 3 i
(P <0.05),Tixt CAT 3& G B m™ , x5
AR+, MDA 2 B B3 BH A
TR ER B =1 , o2 B BB I B 4 i 372 25 41
BRGRIFREE . X REEHFFIE MDA & 240 &
B, AR ST MDA (& & TR, k23
AL R E R R. X RER B TARIRE S
f°F SOD & b FHE K, HR T —Ha4%E 8
B, A IR i AL IR R, R R A
T Xt HB 4 i MDA 4875 2 h B T4 K, b
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812 + B B ¥ K %

|

20 %

AL BH I E] B RE S, X L6 ) MDA & B BT
WEo SASCEE R, R AR 5 ) Ml i MDA
EREWMAPTTH FIFEZBL,0. 118 mg/L B R4
A PEEAKN AT B A 2, X8 b
F AT A MR MDA SR BET R (P <
0.05) . M fl% b HH [A] Y FE <, MDA £ 8 3Cf
T R o ARZEFN Ty A a2 x4 e Ik vk BE AN
A EH o A AL BT PR BTFEIN N, MDA 5 &
I Ak JER 6] S2E T T AT BB Fh TR AR R B
HEEAHEET THRNNTELRE R ESS

A, RS T AR R A AL RR BT B
3 3 AREHFEHERE DO SEE AR

(EASTE T R 0 R 2H K 22 6F o & HH B
PG, CAT 35 I1ESE 7 REF b FRR AP i
b M5 S. 0 mg/L HIREBNIE#H 8 (7.0 mg/
L) 14 d J&, B85 % & MDA & B4 B 7t
5, X UEHA 7.0 mg/L W) DO A] AR & K32
By Z 2 A A EE R . HHBORE, 4
DO ¥ 5.0 mg/L B, Bk 28 d H]‘ﬁ#&ﬁtﬂf'jl
bb, B #H SOD | CAT i Jj LA K MDA &
TEBEA A0 BRI 1] 2R % A B B AR A EIJH:,XM(
PR UL, 16 H A DO ¥ EEAT BETE 5. 0 mg/L 72
A, A RE AN EERTRE. XHRiFsS
REGFE S B/ AR IRNIRN A E TR
KU AT B I G RAR AR , 1 K EE BT A 7
DO ¥ B2 f3E 24 WA AT BE 2088 K32 67 1 AL IR
J1, A M T REEGEHRFEIRE A, WA
FERY, W) DO ¥BE(9.0 ~12.0 mg/L) &
RSO A A B R EDRER AR 3 17+, DO
YA BE AR 0 2 B 18 RS2 7 1 A R B, 23
ZAEUT S At e rp A B o BT, WL
REZEFFRIARIEH DO WEERE T ELGE S /7
T )5 58, 2 — 2B PSR o
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The effects of hypoxia and hyperoxia on nucleus anomaly, SOD, CAT
activities and MDA content in juvenile turbot Scophthalmus maximus

WU Zhi-hao"?, YOU Feng', WANG Ying-fang’, WEN Ai-yun"?, MA De-you"?, XU Yong-li', ZHANG
Pei-jun'

(1. Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, Shandong, China; 2. Graduate University,
Chinese Academy of Sciences, Beijing 100039, China; 3. College of Chemical Engineering, Qingdao University of Science and
Technology, Qingdao 266042, Shandong, China)

Abstract: The effects of different dissolved oxygen (DO) concentrations, including severe hypoxia (0. 2,
1.0, 2.0 mg/L), hypoxia(3.0, 5.0 mg/L) , normoxia( normal aeration as control, about 7.0 mg/L) and
hyperoxia(11.0, 14.0 mg/L), on nucleus anomaly in erythrocytes, superoxide dismutase( SOD), catalase
(CAT) activities in serum and malondialdehyde( MDA ) concentration in liver were studied in juvenile turbot
Scophthalmus maximus. Fish mortality was only observed in the 0.2, 1.0 and 2.0 mg/L groups, in which all
fish died in 2 h, 24 h and 48 h, respectively. The effects of DO on nucleus anomalies were shown with
obvious time-cumulative effects and dose-cumulative effects in the 28-day experiment. The micronuclei were
first observed in the 5.0, 14.0 mg/L and control groups on day 28. They were still found in hyperoxia and
control groups after recovery for 14 days. The SOD activities in different groups showed significant difference
at each sampling time (P <0.05). The difference in CAT activities among experiment groups was significant
only after 7-day exposure (P <0.05). The MDA concentration increased with the increasing concentration at
2 h. The MDA concentration in hypoxia and hyperoxia groups decreased with time duration. After 14-day
recovery, the MDA concentration in hypoxia groups was significantly higher compared with those in control
groups (P <0.05). Additionally, the oxidative stresses were also found in control groups. No obvious
changes on the total nucleus anomalies and other anti-oxidative index were found in 5.0 mg/L groups.

Key words: juvenile turbot Scophthalmus maximus ; dissolved oxygen; nucleus anomaly; superxide dismutase

activities; catalase activities; malondialdehyde content
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