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Hh A5 I &)y £ ) T EER B )1 X = VL3R5 ),
Iz B RKVLAKF= B8 AT (a0 & 7%, WA Ja Pk id 4 o
o AR 5) . O REIAMA T 5250, B 97
W IR 43 H LA IE K &)y 4kl CFHL B8 E1>30%, A RE
4%, FAF4E<10%, FHIK 73 <15%, 7K 53<13%) -1 5%
PR AEEAT IR EL8 2 FiiF & 24h. Bl AL 4
HR20 2 rh A {3 ) 6 4 £2 900 75 HAKR K (12.340.6) cm,
1A FE (41.843.6) go
1.2 R EH

& BT I ARS(C,,H,NaO-S, 73 75 342.26,
gy el [ 254 B AR A IR A R 2 E R
1000 mg/L 1A BER, Ti 8256 K 1F 2 S 56 B 77 B B AH
) S B R o R AE 37 BN A K R AR kAT (K
38 emx %23 cmx 526 cm), KA E RN Z SHUK R
I (YSI-ADV6600) 5 pH. iRE . EH. &
B SR KR S HOEAT I . S50 FH UK 94K
FACH S PR ALAB ERIK . BT A K G AR 7 S
5o IR 78 4 MRS, 78 OGN EAT . SEE A R A 4
K, AFEE, ARSI K AR B (22+£0.5)°C, pH
7.2—7.8, E E7.5—9.6 mg/L, ¥ (20+3) mg
CaCOs/L, S % %<0.01 mg/L.
1.3 ZEWHEE

DT E 2500 B IR LR B L, P S 56 1 E
0. 100, 300. 500, 700F11000 mg/LIL6 M4,
REANUR FE AH 801 2 2 HR AR (R R SR 4 £, L8224, i 2
AN GIRAET: ARS f KR FE FT100% S50 i &K
FE. PSLIbLs R, 0. 100, 200, 30041500 mg/L
WA RIPET R N0, 700 mg/Lik BT R N
16.7%, 1000 mg/LiKkFELHIFET-F N100%. 1ER
SIS LEO R ZH R B KT 52 Jo7 B T 2 TA) 4 S5 22 4
SR BEO6NARSFHEWEA, 7076 0. 100,
200, 300. 400 F1500 mg/L. & ¥KkJE4H %3/ FAT
M, BRI 0 Hh BRI 6E ) 1, 1202405,
TE -9 5 20 R 43 3] B AL 3 8 Hp A5 o i 4 £, 8
14200 mg/LMS-222 BRI f5 , T3 B HY AH S R i
8 AR R IR TONS mLEE R O T, B -20°C
UKFEDRAE, W58 A [7) AR B b B0 20 v 451 7 i &)y #81 AS
F41ZHHISOD. CAT. GSH-PxiE MDA & .
1.4 RLR5)IRATH & R BEE M RO E

FH T4 10 A 0 6 RS 25 Ik, BY 25 ISR T

Bt () 4 2 A 21, T3 BB AR 22 R TR K 43, FREUE
HRE S, TR B R A =110 N4 °C T 11 A #
K, FEUKI AT, AR B TSI . SR
FH VAR B O HLAE4000 r/min 250> 10min, B
#H.

FE &b E3E W& A S =R SR % S
W L 3%, SODM aE SR FH 35 S 4 S8 Ak vk ek (1) 77
h——F R, CATI E R — M e e gk,
GSH-Pxilll i2 K 5, 5'- WA 2E K IR (DTNB)
Lb 32z, T ZRE(MDA)I 2 K H TBAE, 55 &35
W P 5 AR ) TR T T, A 4% S B
BT, SODIE AT T SN2 T H L A /E] mL
S HT, SODHIH 2 32K B 50% ) BT % M. [f1 SOD
AT BAL(U); GSH-PxIE I 47 & B2
LA ZAER E, B e R R B SR AE F, A8 BB
1A 2 GSHIA FE PR 1 pmol/L oA 1/ Bl 1% 1 547, (U);
CATHRE M B 8 SO = v 212U A B0 4 i
HWRPE BT pumol FRTH, O, 1 B8 TANE M 5L AL (U) 6
1.5 HUREAIE

SEIG AT A H0HE 1 56 5% NExcel 2007 4%, SR 5
I SPSS 17.0%K 44T B IK 3R 77 % 43 M7 (one-way
ANOVA)FIDuncan% & LU (P<0.05F R £ 7 &
%Yo FHISPSS 17.084F1E &

2 #R
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AN TR R B 92 7 A 1) o 6 4 £r, I 20 23 R
SODJf A1 C AT 1 14 B 25 3= Y94 B2 1R 7t v S T
JalE(E 1. B 2), MARSHKE 400 mg/LI}, SOD
Fifg A1 C ATV PR35 1A 2 85 KA, 49 501 2H9(38.16+0.52)
F1(3.27£0.07) U, ERSR100 mg/LiKk 41 5 xR4T
25 2 5 B At AR P A TR 2 S e T
FRZ(P<0.05). F£100 mg/Lik F 2 GSH-Px % P
LR TC B 2 e A, HAIR A B T
XTHRZH (P<0.05), H I H Bl 5 12 10 B T+ = 1T 4
ST AE 3). SRS, ARSXT Fh AR ]
i 24y 1 ik 41 23SOD. CAT. GSH-Pxff i 1 2 i
FHFIER
2.2 ERARLIELERRYIEME

B AR SV (1) 7 15y, 820 21 SODRE I M e 34
RIS B E T = B PR &% (B 1), 2MARS
WP N300 mg/LINy, SODRE % M1k 21 5z KAE(11.30+
0.10) U, &3 7= -5 R 4H(8.6120.05) U (P<0.05), 100
H1500 mg/Lik & 41 e, SODEE I PE & K T % e 20
(P<0.05), RILAFIHIEH, FHAbK B4 ¥ SODE i



1174 KOE W R 40

1 AR B ARS TR IR 240 i v A6 (] B 4)) #1243 o
(HISODIFE %
Fig. 1 Effects of ARS on SOD activity in different tissues of

juvenile Spinibarbus sinensis

AN A A BER R Rl — H 2 B AH 1] 5 25 1k 22 57 (P<0.05); T IR
Different letter means significant difference between groups
(P<0.05); the same applies below

2 ANFEHRE ARSI IR 2405  He{5) H 1 4h £ -4 41
RICATIE

Fig. 2 Effects of ARS on CAT activity in different tissues of
juvenile Spinibarbus sinensis exposed

Kl 3 AR ARSIE IR I24h 5 o A 5] il 6 4)) £ -2 2
[HIGSH-Pxi&
Fig. 3 Effects of ARS on GSH-Px activity in different tissues of

juvenile Spinibarbus sinensis

P82 2 T IR 4H.(P<0.05), BN SFEH .
Y ZICATREE IS M B & ARSIR FE T+ s R BN e T =
JE BRI A (A 2). MARSHKEIA300 mg/Li,
CATHEEE M4 B i K AH (4.29+0.18) U, &2 & %4
1 2H.(2.44+0.05) U (P<0.05), 500 mg/Lik f& 41
CATRE Z KT X R (P<0.05), R I AN HI1E 41,

LA B 413 2 35 w5 T 0 B ZH(P<0.05), RIS
SYER . 841 ZIGSH-PxEHE P ORI 45 31 2R (-
3), 20011300 mg/Lik J& 20 & 2% i T X FE 41 (P<0.05),
LINESVER, 400 mg/L 55 B4 L B E =R
(P>0.05), T 100£1500 mg/LyA 5 20 i K T % B 41
(P<0.05), R F9HHIEH .
2.3 FFRRZELS M EILERRY A

ARSI FE X300 mg/Li, FFIE PN SOD IS 14
KB KA (110.39£0.90) U, 3 25 T4 HEZH(93.12+
1.50) U (P<0.05), 100F1500 mg/Li & 21 ] SOD
T AT X IR 2H(P<0.05), I N IHI/E T, 3
fli A< £ 20 SO D v7% P ¥ 25 v T X6 HELZH.(P<0.05) (]
1) FFAEZHZCATRE S M 5 ARSIR & T = R I
NPT R R R0 2). ARSI N300 mg/
LI, CATHEE P4 2 5 KA (86.00+0.34) U, &%
1 T R 2H(66.95+0.33) U (P<0.05), Br500 mg/Lifk
FELHCATE Z KT X B 4H(P<0.05), R I AN HI1E
F AL, FoAhk FE 20 35 5. 35 vy T X0 B 4H.(P<0.05), I
RN SAER . BT GSH-PxBF S AR Ak #a 34 T8
(B 3). 200, 300F1400 mg/Lik & ZHGSH-
PxPEE 1 2 2 i T 0 IR 4. (P<0.05), R NiF S1E
FH, T 1001500 mg/L ik 5 41 GSH-Px i i 4 6 i 3%
PEZE7(P>0.05).
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ANE)H FE ARSIR I240 5, v A (8] i ) £, A
[FZHZAMDA & & A an i 4FT7R: B ARSIKE
AW T =, Wi AMDA & 2 ARk k34 2 S BR AR 5
Fh7Er, 200, 3001400 mg/Lifk & 4H & Z KT % e 41
(P<0.05), 10081500 mg/LIK & A FIMDA & & 5
X RR2H T B M2 7 (P>0.05) . BRI MDA
ARSI =R 8L 7t 5, BR100 mg/Lik FE4H
5% B2 T 2 3 M 22 A (P>0.05), HiAthik B A
MDA 7 & #0552 5 T 5 2 (P<0.05) . FEZH 41
MDA & & B # = 1R 1 = 0k R RS B
100 mg/Lik & 2H B 2K T X 40, (P<0.05), 200
300 mg/Lf & 241 5 5% I8 241 76 5 3 M % 57 (P>0.05),
4001500 mg/Lik & 41 &5 2 v T % IR 41 (P<0.05)
3 it
3.1 ARSXIHiEFIFIEE 4 AEHEME IR
ez opA1

PSR A It 110 A2 A0 38 8 1 T VR BILAR 32 2 AR
IR %Y/E S A Sl RRI OIS e =PI (=AM ¢ R NS B
FEMPUAMRY KIETSOD. CATLL KL GSH-Px
GG, X L Ae 24 R A AT (0, )
At EU A(H,0,) K R Ra e
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Fig. 4 Effects of ARS on MDA content in different tissues of
juvenile Spinibarbus sinensis
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EFAHLA SR BN, EARI T, ARSIRIE
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TG PEAR AR T R B [, A8 2 T v R 1 AR 4k
T, I HE M S Hh A L I ) 4 28 ) R A
N AR . BIEIR ARSI HE LB L 5 SR,
ER I ARSKHT A LB AR . x5 L™
EHjﬁ’%[ls]ﬁ\%ﬂXﬂ?ﬁ?(Pamlichthys olivaceus)F1 i
(Carassius auratus) K HT AN ERRT FU 4 R — 3. B
AMPIAE, 100 mg/LA FE 2H 1 i I AN 68 - SOD Y PE it
FAT X IR, AT g8 2 o AR A T AL BOECIR S, AL
P AR B 5, 7 A A 2 U R AR, ML B B i RE—
5> SODK I 1L TG MR EAR N AR, 3{ESOD
R G HARSH RGN, T AN 2H 211
SODAMICATIHMEIF 4632 215 %, T 5. HYLE
IR FE T B HH B A 4 2 2 O AE TE 345 00 K
JRJSE, % Stebbing" R B AT RN, 500 mg/L
P 2 ) SR T FF I SOD AT C AT B 5. 32 213 1,
PP H BN . MR AP AN EECAT
FISODE M 2 45 K F, 500 mg/Lik IS, %)
R IE, BRAH 2R OS2 B0, T v 4 2R B R %
EEGET

GSH-PxSE MU N | V2 A7 1E (1) — Ff B 2 (1)1 41
WA o> s, 7ETH PR I A S T B AT 5 CAT
LRI RE /1N, 2 ARSIZIE, T 4 44 A0 i 2 41
GSH-Px i P Fifl 5 1% B 45 v B 0k 2 IS T v 5 PR
s, BRI w5 45
AR S P A AL BT 7T 45 3 — 8. 1 i 2L 41

GSH-Px i P B 45 & P 4 =y 2 I W A =i 3, ]
A A Mo ZH 20T AR SR 52 55 LG vy, AR I i 2 21
FIBIAE . 100 mg/Lik 41, 820 215 GSH-Pxif
PEAR T XFREZH, 7T RE 2 1T SODAEAL A H 25 A Bl
B2 (13 A O FE R K & (1) GSH-Px 85U H s Pk
BEAR . 11 ZH 2L GSH-Px i 4 7E300 mg/Lik J& 4H h
AR [FVE, 1T Re S I AE HPU A AGEE R SR AN )
AAGEE R AEE B BEARIAROC, S5 FEH CAT™
A e G VE F S 80, VR i A 2 i A 75 22
BB T A
3.2 ARSXIHAEEFRIGE 4 fa AN [E]2H 2R A8 BT |k
oA

N B (MDA) & —Ff s 36 1 1 i oo S Ak =
Wy, FLARRRUTE B 2 B0 A8 A B T A i o i SR A R
o5 PR B AR bR, AR T )4 B R BILAA O 1 R R
T FEARWFF P, MDA & B IE AR 4 A
BRKZER, WREVNMRKCOM . 88, I, X5
YV S T RE S AR B A SUBRAT R AR R Th A AR
WA G FEARRE T, FEAEARZH 2R FIMDA
B ARSHE T 3 R I e BRI T & 1)
s FR RAE T AR AL TR BE AL, HLARAS [
LT A RIBOIRES, BN R UG RS0
4R %2 SOD. CAT. GSH-PxPTA A EE I B2 A
H H 5, R IR U AR A, S EWLAMDAR &
EFK, MARSHKE I HLRRE K Z VG R 2 )5,
DIRESE P Spun ===z E - Yageouyii) )i =p i uk= R
3 7T {56 £ i B 4 440 R T BE T 57 B3R, MDA & &
R T, 3 e 0 4 5V A PRI
g5, BAZIF MDA E1E 100 mg/Lif 5
X REZH T B MR 2 S, (E Bl IRV IR P T v i Rk
T, 1K I 2H S BUBE, AR B A T W
SN B WK B (LOEC), A2t rb P . o, i
HZIMDAKILOEC/ 1l 2400, >50041200 mg/L .
3.3 ARSI HEAIRIELEZAIRICHNEERE

VE g M4 24 L i 4 T 25 T KT R PR IR
FE NI\ g & A ot s e it 52 e, i 1 IX
AN 52 AR, AH S B S PR T 4R PR A, 2 B
e R IRTIE . ol T AL VR S A R
AN, AR TR 4 £ 85 2H 2R PR it 52 A T AN AR AL
MRHEAHIT 7T 45 3, s BEATFFATZH 2 SODAICAT
T 1 THL RSN R ()9 B2 43 ) 29400 30041300 mg/L,
G SH-Px P 10 0 B 1R B 43 73 29>500 30071
200 mg/L, FHAMEE . B, 8R4 ZIMDAR
LOECHH ., 35 S (I BB ), 43R iR FE /N T
200 mg/LI, X A3 S8 A B 4R A0 i o ok 484 1)
SR/ o R BT e e S 2 0 A i A7 £ 9%



1176

KOEE W R

40 %

YRR RV FE AR (120 mg/L) PA M A 5T T 52 56 vh
SPFET: ZE I, HEFE 10 em /e A5 1 vp A 45 3] i &)
1015 FH 120—200 mg/L IR B 3E4T 4Lt bRic o

2 & Xk

(1]

Zhang Y, Xia J G, Cao Z D, et al. Acute toxic of Cu”’ on
juvenile qinggbo, Spinibarbus sinensis [J]. Journal of
Chonggqing Normal University (Natural Science), 2013,
30(4): 16—21 [3Kk1h, H4kNRI, 7R, . Hx) H aafa) )
i ) 8 1) PR SRR RN PR Y R 2 24l (SRR
fi0), 2013, 30(4): 16—21]

Li P, Wang B S. Spinibarbus sinensis [J]. Bulletin of Bio-
logy, 2008, 43(8): 17—18 [Z#, £ E A&, *HEME .
AW EEE IR, 2008, 43(8): 17—18]

Xu W, Qiao Y, Gong Y T. Changes of fish resources in
upper Yangtze River and its protection [J]. Yangtze River,
2012, 43(1): 67—71 [1R%k, Frie, 28 8 H. KIT ik
BIRARIE R AR PEHT. ARKIT, 2012, 43(1): 67—
71]

Vander Walt B, Faragher R A. Otolith marking of rain-
bow trout fry by immersion in low concentrations of ali-
zarin complex one [J]. North American Journal of Fishe-
ries Management, 2003, 23(1): 141—148

Silva A M M, Novelli E L B, Fascineli M L, et al. Impact
of an environmentally realistic intake of water contami-
nants and superoxide formation on tissues of rats [J]. En-
vironmental Pollution, 1999, 105(2): 243—249

Wei J J, Zhang F, Tian W J, et al. The effects of dietary
folic acid and vitamin B}, on the growth performance,
non-specific immunity and the disease resistance of ju-
venile Chinese mitten carb Eriocheir sinensis [J]. Acta
Hydrobiologica Sinica, 2015, 39(6): 1069—1075 [#1 %2
ZE, Gk, BT, S5 TR IR ATV, X AR gk
R B AR I S BT ISR KR
HEWEEAR, 2015, 39(6): 1069—1075]

Sun S H, Jiao C Z, Liu X L, et al. Effects of cadmium
(1) stress on xanthine oxidase and antionxidant enzyme
activities in hepatopancreas of oriental weatherfish Mis-
gumus anguillicaudatus [J]. Journal of Dalian Fisheries
University, 2009, 24(1): 52—56 [#MNBLLL, FE4EE, X1/
MR, & Cd (1138 k70 A Bl i 1 A i o A AL R B2
Wi K= 2 B 23R, 2009, 24(1): 52—56]

Da Silva A Z, Zanette J, Ferreira J F, et al. Effects of sa-
linity on biomarker responses in Crassostrea rhizopho-
rae (Mollusca, Bivalvia) exposed to diesel oil [J]. Ecoto-
xicology and Environmental Safety, 2005, 62(3):
376—382

Deng S P, Zhao Y T, Zhu C H, et al. Effect of cadmium
on the antioxidant enzyme activity and lipid peroxidation
in Sanguinolaria Acuta [J]. Acta Hydrobiologica Sinica,
2012, 36(4): 689—695 [MSIE-F-, X =¥, KRFE, .
X 9 B i U A B 1k IR B AL . KRR

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

YA, 2012, 36(4): 689—695]

Davies K J A. Oxidative stress: the paradox of aerobic life
[C]. Biochemical Society Symposia. Portland Press, Lon-
don. 1995, 1—32

Ferrante I, Ricci R, Aleo E, ef al. Can enzymatic antioxi-
dant defences in liver discriminate between wild and sea
cage-reared Bluefin Tuna quality [J]? Aquaculture, 2008,
279(1): 182—187

Mourente G, Diaz-Salvago E, Bell J G, et al. Increased
activities of hepatic antioxidant defence enzymes in ju-
venile gilthead sea bream (Sparus aurata L.) fed dietary
oxidised oil: attenuation by dietary vitamin E [J].
Aquaculture, 2002, 214(1): 343—361

Zhang K F, Zhang Z P, Chen Y, et al. Progress of the re-
search on the main antioxidant enzyme gene in the antio-
xidant system of animal [J]. Chinese Journal of Zoology,
2007, 42(2): 153—160 [Tk )&, ik 77, BRZs, & s
P R G0 h T E P A AR R B RO BT FUidt . shi ey
ki, 2007, 42(2): 153—160]

Wang F, Zhao Y F, Li J C, et al. Effects of copper to the
activity of CAT, SOD and GSH-Px in gram-negative [J].
Journal of Huazhong Agricultural University, 2008,
26(6): 836—838 [T, BAITA, B 5, &5, X 74 it
CAT, SODRIGSH-Pxiif ¥ 50 . A R ML K2 24k,
2008, 26(6): 836—838]

Hu R, Tang Z Y, Effects of cadmium to the activity of
CAT and SOD in liver pancreas for crucian carp [J].
Journal of Southwest Agricultural University, 2011,
33(8): 94—98 [WFE, B 1L (. X il T ECAT AN
SODVE M HIFEM . Ph B K4 H AR, 2011,
33(8): 94—98]

Stebbing A R D. Hormesis-the stimulation of growth by
low levels of inhibitors [J]. Science of the Total Environ-
ment, 1982, 22(3): 213—234

Dandapat J, Chainy G B N, Rao K J. Lipid peroxidation
and antioxidant defence status during larval development
and metamorphosis of giant prawn, Macrobrachium
rosenbergii [J]. Comparative Biochemistry and Physio-
logy Part C: Toxicology & Pharmacology, 2003, 135(3):
221—233

Zhao P, Yang H S, Wang X Y, et al. Marking sea cucum-
ber Apostichopus japonicus with calcein and its effects on
antioxidant system [J]. Journal of Fisheries of China,
2011, 35(3): 372—378 [, #4L/E, T, 45 #1558
SREFRICHN S R S ) 2 B A BES 7 IR 5.
IKFA2E4R, 2011, 35(3): 372—378]

Scandalios J G. Oxygen stress and superoxide dismutases
[J]. Plant Physiology, 1993, 101(1): 7

Meng F P, Yu T. Review on bioaccumulation and to-

xicity of polybrominated diphenyl ethers in marine orga-
nisms [J]. Journal of Tropical Oceanography, 2010,

29(5): 1—9 [FyuF, T, ZRBEREBER A F I



6 3 SRS WA B 2K LSS i A (8 B 4l £ AN [ 2 2 50 S8 A B A Al o SR A R 3 1177

AR RN R . AR, 2010, 29(5): tsinlingensis [J]. Freshwater Fisheries, 2011, 41(2):
1—9] 10—17 [Hridise, falefh, IMRSE, 55 WRE MR

[21] Jin T B, Wei Q W, Sun Q L, ef al. Alizarin marking of Fric 23 0% 4 i fik 2 IR O R A7 0 B oKkfoll, 2011,
otolith at eggs and larvae stages in Brachymystax lenok 41(2): 10—17]

PRELIMINARY STUDY OF THE ALIZARIN RED S EFFECT ON ANTIOXIDANT
ENZYMES ACTIVITY AND LIPID PEROXIDATION OF SPINIBARBUS
SINENSIS JUVENILES
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Abstract: To assess the physiological and biochemical effect of Alizarin red S (ARS) on Spinibarbus sinensis juve-
niles, antioxidant enzymes (SOD, CAT, GSH-Px) activity and malondialdehyde (MDA) content of liver, brain and gill
tissue were detected after 24h treatment in ARS. The results showed that brain GSH-Px activity increased continuously
with rising concentration of ARS, other antioxidant enzymes activities in brain and antioxidant enzymes activities in
both gill and liver were increased firstly and then decreased, which showed a parabolic dose-response relationship with
the ARS concentration. Antioxidant enzyme activity in liver, gills and brain reached to the maximum at the concentra-
tion of 300, 300 and 400 mg/L, respectively. The MDA content of brain and liver firstly decreased and then increased
with the rising concentration of ARS, but gill MDA content was increased continuously. These results suggest
120—200 mg/L of ARS for marking S. sinensis juveniles.
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