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HE

H A {5 il 61 (Spinibarbus sinensis) )& T #EJZ H (Cypriniformes) . 5}
(Cyprinidae) . fLIVE} (Barbinae) . fEI4IlfilJ& (Spinibarbus) , KRR —Fi&&bx
TR B SR 1) 7 90 e o FLEAT BRI 0 DA S P Al N TG TE ORI AR I B R4, H
AT S TAFHE AR AR B AR I A 2O s bRid, EEANAHRHE R, KZ
AL STE HR EE (R 8, IR 18] — MRS E7E 24 h, IF AU G ICR Sk e
KR, R KR I TR bric i I 1 18 B 3 SR FE S e ioxt
ANFNR B B B AR R /NG ) . ASHIF T AN T (1 Hp A ) i 4 £ A
NSEIAE, SRR ST ERAGG AT TR R AL S X rh AR e gl 1 B, JfES:
WSV 24 hJ5, DAREENEKEFRS d, 10 d 5 EAFAL AR RS L) M
WAAARAR IR, VP VEN 8 R AL S X Hp AR R 4y B PR AR S5, Ui L BOR
R et FINIRAH R S X HAR AL R BB B, 1 i 4  3
HEAGIIRE I, BRAGGHA, B B0 G (R AR i AR 6 4 ) G
IR . H BILE TR R s S (3 6 &)y 8 22 41 A B A E AR IE J7E, R JE SRR
Hh (IR 21t i) N TG TE SO bR iC T R R R 2 2

ARWFFC B FEE R AT

1. PEERL S Guipos A A3l R 4 £ 1 LCso (24) . LCsp (48) . LCsp (72) .
LCso (96) AR Z4REE (SC) WIS EIKRE /17y 788.3. 7445, 653.5. 595.6
59.56 mg/L, UiHH ARS X FR AR 6E L f ) FEE IR T, & & H 4 mbRid iR .

2. PR S IR EIRARMCAE DO RS N 2400, I BAESR OB T %
BURE AL FAMEE S MR R SR ERE ARS WKEA S AN . B 100
mo/L WKFZA AN, HARKEHH A PRI ZIEF] 91.7%. 100 mg/L, 200 mg/L ¥ FEH +
IFRIC AR AR 117 =300 mo/L ¥ FE 4B A MM E A AR = RIE (n=2) 1)
B4 bt 95.9%F1 84.5%, FRiCRCAERAR . [F)I LS b (1) Gy o 5 R K I
HREHRARCBER AT, EHAREHERE (n=22) RTHEA, Ba
et R T %
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3. MBAALTEARIIBT LR . WEL SR 24h 5, 4t TP, GLB.
CRE [i% ARS WEHITHE 5, 24 ARS WKEZ =300 mo/L I, SZE64H 5 %t e 4 77
R ZEZR (p<0.01) , ALB. ALP. GLU Bi# ARS WKJE KT ERI LTS
J5 B, Zr3I7E 300 mg/L. 200 mg/L. 300 mg/L W& F|Ig(; AST. ALT fE#E
ARS I B [Tt E S B IS 1, 976 100 mg/L V& B 4H5A B /M

#3:5d )5, ghfai¥dh TP, ALB, GLB, T-CHO, ALP, CRE [J7A5{bia#dt
A—3, ARSKEE =300 mg/L B, 6 ANMFEFRBEWRE T ST FEE, JFH 400 mg/L,
500 mg/L ¥ 4 B BUE B E LT AR (p<<0.05) ; A 500 mg/L W4 GLU &
FIRT A4 ALT, AST BIR—E 24 ARS ¥KJE =300 mg/L ), % it H
W RE T AW T, H 400 mg/L, 500 mo/L kB4 B i 2 25 T B 41 (p<<0.05).
#9710 d J5, FR 500 mo/L W JZH AR SXTIRAA B 2RI (p<<0.05) , H
CIRFEH & NI S IRAT R EZER . 46 3 IR AEIEAR L& AT T 15
ARS K <<200 mg/L i, Xtahfalbiic4s;  ARS W#E =300 mg/L i, #hfaBAS
BB, (ERTEE . N B IE S A 238 B S id il — E AR 45i4%5, 300 mg/L, 400 mg/L
W IR 5 H L2 BRI AG AR 8 9% 5 d J5 AT 7E 5 RV A3 LUK R ; 1Mi 500
mg/L ¥R JE FTiE BB 4 10 d BFRAIARWKE, BT LU AR5 R %) £ 30 4T b
1O HIK AR RERE LT 400 mg/L.

4., JEISHFEA FARFE B R AL S M HAFH A ALl (SOD. CAT. GSH-Px)
TEPEAITN ZE (MDA) E& AR, TR ZRLL S X rh A3 6 )t A= B AE AL 52
Wi, 25K ANFEREEFHZRL S ia T, BRINAZ GSH-Px BE& #2340 S WE
T AW T A, HEIE S SR 2 23 B0 S Bl v 1 350 2 I A AR B2 A8 5 3 T s VA S
ZANHIREE, SRS WKE RIMMBF RN R S, 68, BB
A TS A 31 i K AR T ok I R 49 51l 2% 300 mg/L. 300 mg/L. 400 mg/L. # 35 d
Ja, BEFE ARS IKEHITHE, INAHZ 3 At Ll (SOD, CAT, GSH-Px) &K
RBRINAM T = ss s MNE . S8RPGSBS T m e %, JF
H. 400 mg/L B 2H Ho A A B )35 14 B =i, 500 mg/L R B A B A AL B 1 B i - 77
10d J5, R 500 mg/L iKFEEHAFIHLR A SX A A & ZR (p<0.05) .
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R 24n 5, FRELE MDA & BHE R4 S IREFm AW msh, Wifl T
Y41 MDA & RFEE R4 S IR T m 2IERCE FI&%. B9t 5d)E, W
21 MDA & EFEH ARS IKFEFH =56 T B 5 7 E, 400 mg/L K EZH MDA & & 511K (p
<0.05) , 500 mg/L WA & ERE (p<<0.05) ; #4141 MDA & EFi#E ARS WK
THE AW THR, =300 mg/L %40 MDA & & 53 @ T xf A (p<0.05) ; FFFd
21 MDA & &0l ARS WK FEFH s AR5 s, 500 mo/L WK FE4L MDA & &,
EME TR (p<0.05) o # 7% 10d Ji&, X 500 mg/L <26, JHFAE4HZ: MDA
TEREERTHEA (p<0.05) . HIFAKY]: ARHALGENE RGN PRI S 1)
it B H S R, ARS MR I w4t R R R St i AL A5 o B4 2%

REE: RS ARG, JLONOR: AR, PUACEE T
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ABSTRACT

Spinibarbus sinensis belongs to Spinibarbus, Barbinae, Cyprinidae, Cypriniformes.

To explore a method which is suitable for the releasing fish is is an important prerequisite
about the effect of monitoring and evaluation of artificial enhancement. At present,
immersing fish in fluorescent dyes is the most prefectest method. Now domestic studies
on immersing fish with fluorescent dyes are focusing on the choice of fluorescent
pigments and immersion concentrations, and immersion time is always set at 24 h.
However, there is little known about the effect of marking with different immersion
concentrations, different size of fish and the impact degree caused by the stress when
immersing fish in fluorescent dyes. In present study, we used the juvenile Spinibarbus
sinensis as experiment model to research the toxicity of alizarin red S to the juvenile
Spinibarbus sinensis. Then the antioxidant enzymes and blood biochemical index were
studied after immersing 24 h, transferring into freshwater 5 d, 10 d to assess the toxicity
of alizarin red S to the juvenile Spinibarbus sinensis and to test its security. At the same
time, exploring the resistance-responsive caused by alizarin red S to know the effect of
the physiology and biochemistry. Then based on the dyeing effect of olotith and scales to
find out the suitable marking concentration and immersion time for juvenile Spinibarbus
sinensis. These results could provide theoretical basis and reference for marking

techniques in living aquatic resources enhancement. The main results were as follows:

1. The results showed that the 24 h,48 h,72 h,96 h median lethal dose and safe dose
of alizarin red S for juvenile Spinibarbus sinensis were 788.3. 744.5. 653.5. 595.6 and
59.56 mg/L, it showed that the toxicity of alizarin red S were low for juvenile Spinibarbus

sinensis, and it were feasible to mark releasing activity.

2. The stained mark were red which soaked in alizarin red S, and the best results
should be observed under green excitation light. The mark efficiency and quality of
otoliths and scales increased with alizarin red S concentration rising. In addition to 100
mg/L concentration group, other concentrations otolith mark rate reached 91.7%. The
effect of marking were not ideal in 100 mg/L, 200 mg/L concentration group; when
alizarin red S concentrations were more than 300 mg/L, good quality mark (n=2)
percentage of asteriscus and lapillus were respectively over 95.9% and 84.5%, the effect
of marking were ideal. Meanwhile observeing the dyeing effect of scales found: the effect
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of marking were not ideal in all of concentration groups. The dyeing quality of asteriscus

were better than lapillus, the dyeing quality of otolith were better than scales.

3. The research of blood biochemical parameters showed that: after alizarin red S
soaking 24h, the levels of TP, GLB, CRE in plasma increased with the alizarin red S
concentration riseing, when concentration of alizarin red S were more than 300 mg/L,
there was extremely significant difference (p < 0.01) between experimental group and
control group. With the alizarin red S increaseing the concentration of ALB, ALP, GLU
showed increased firstly and then decreased, the peak valuer were in 300 mg/L, 200 mg/L,
300 mg/L espectively, the concentration of AST, ALT increased firstly and then
decreased with ARS concentration increaseing, the minimum were both in the 100 mg/L

concentration group.

Temporary culture 5 d later, The change trend of TP, ALB, GLB, T-CHO, ALP,
CRE in juvenile plasma were basically consistent, when concentration of alizarin red S
were more than 300 mg/L, the 6 indicators decreased with concentration of alizarin red S
increasing, and the value in 400 mg/L, 500 mg/L experimental group were significantly
lower than the control group (p < 0.05); only the value of GLU in 500 mg/L concentration
group was significantly lower than the control group; The change trend of AST, ALT in
juvenile plasma were consistent, when concentration of alizarin red S were more than 300
mg/L, the value of transaminase increased constantly with concentration of alizarin red S
increasing, the value of transaminase in 400 mg/L, 500 mg/L concentration groups was
significantly higher than the control group (p < 0.05). Temporary culture 10 days later, in
addition to the biochemical index in 500mg/L concentration group were significant
differences with control group (p < 0.05), there were no difference between other
concentrations with control group.The result combined with 3 times data of blood
biochemical parameters showed: when the dyeing concentration of alizarin red S were
lower than 200 mg/L, it was safe for juvenile S. sinensis; when the dyeing concentration
of alizarin red S were equal to and higher than 300 mg/L, although juvenile S. sinensis
can not be dead, but it would cause damage to gill, liver, kidneys and other organs in a
certain degree. The tissue damage which were coused in 300 mg/L, 400 mg/L
concentration can be restored after temporary culture of 5 d; The tissue damage which
were coused in 500 mg/L concentration can not be restored after temporary culture of 10
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d, so the concentration of alizarin red S can not exceed 400 mg/L during soaking juvenile

S. sinensis.

4. Through researching the activity of antioxidant enzymes (CAT, SOD, GSH-Px) of
different tissues and change of malondialdehyde (MDA) content in different
concentration of alizarin red S, it can be evaluation the effect of alizarin red S on he
physiological and biochemical for juvenile spinibarbus sinensis. The results showed that
under the stress of different concentration of alizarin red S, in addition to GSH-Px activity
of brain tissue increased with concentration of alizarin red S rising, antioxidant enzyme
activity of brain, liver and gill in the test groups present the same rule that low
concentrations were induced and high concentration of inhibition. It present a dose effect
of parabolic type relationship between antioxidant enzyme activity and concentration of
alizarin red S. The concentration which liver, gill, brain reached the maximum of
antioxidant enzyme activity corresponded respectively were 300 mg/L, 300 mg/L, 400
mg/L. After temporary culture 5 d, 3 kinds of antioxidase activity of the brain tissue still
showed a rising trend with the increasing of alizarin red S concentration; but 3 kinds of
antioxidase activity of liver and gill tissue were firstly increased and then decreased,
antioxidant enzyme activity in 400 mg/L concentration group was the highest and
antioxidant enzyme activity in 500 mg/L group was the lowest. Temporary culture 10 d
later, only antioxidant enzymes of different tissues in 500 mg/L concentration group had

significant difference with control group (p < 0.05).

After 24 h immersion, except that the MDA content of the gills were continuously
rising with alizarin red S concentration increasing. the MDA content of the brain and liver
tissue decreased firstly and then increased with alizarin red S concentration increasing,
After temporary culture 5 d, The content of MDA in brain tissue firstly decreased and
then increased with the increasing of alizarin red S concentration, The MDA content of
400 mg/L concentration was the lowest (p < 0.05), The MDA content of 500 mg/L
concentration was the highest (p < 0.05); The content of MDA in gill constantly creased
with increasing of alizarin red S concentration, The content of MDA in more than 300
mg/L concentration groups was significant higher than control group (p < 0.05); The
content of MDA in liver tissue firstly decreased and then increased with increasing of
alizarin red S concentration, The content of MDA in 500 mg/L concentration group was

the highest, significantly higher than the control group (p < 0.05). Temporary culture 10 d

Vi
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later, only the content of MDA in 500 mg/L concentrations group in liver and gill tissue
were significantly higher than control group (p < 0.05). Research showed that: the
antioxidant enzyme system in different tissues had tissue specificity to alizarin red S
stress, Alizarin red S in too high concentrations can cause oxidative damage in different
tissues of juvenile spinibarbus sinensis. The gill tissue were the highest sensitivity to
alizarin red S stress. So we should consider the sensitivity of gill tissue in the process of
fluorescence soaking and to maintain adequate oxygen.when we selected the appropriate

concentration of alizarin red S to dye.

Keywords: alizarinred S; Spinibarbus sinensis; dyeing effect; biochemical indexes;

antioxidant enzyme; MDA

vii
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1.1.1 paefFR) &0 &1

HAE(EfIl6E (Spinibarbus sinensis Bleeker) , @ T H (Cypriniformes) .
i F} (Cyprinidae) . #EW A} (Barbinae) . fRIHIALJE (Spinibarbus) o BFRTE I .
Bk, HA, SRIREHIT B RIEKAR MO SR K ST R . BRI, &
AEEIAMOEIIR, DENHEN, R “BZH8RFERFTR” , FEN A
B ARV TR OREERCR , R1S RIS S NREBR 2, AMACIEA, AR PR,
BYIRIE 2z, NTAEREEAR R, SIEAE: EH1E G 4 E A& e i s
WAL JKPE . SELME T 5 (ARESC 2004) » FEZeRcsk, HIFENATREKIT
WK &R BRI R 2000: BR/NE 2013) , SIAMNIL (52K 1986) .
WL TREEW GEIALA KA AV 5T 2R A % 1976) SE VL i it /K380 Al vm
AR —E FOMREECE (I 1D .

]
w t N J/f \y
| TRed  f
0 250 500 1000/
I

B 1.1 AR ) 23 A7 ]

Figl.1 Ranges of Spinibarbus sinensis

1
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1.1.2 FASHFE

g iv-8; FEHE iii-5; WEE i-15-17; JE6E i-9-10. Wik 317, 2.3.5-5-3-2; 2
— 5 AN 11-12, AUEEH 17-18; AMER 34-37: RKAMAEN 2.7-3.4 15, N
KK H 3.9-4.8 1%, NI 5.9-7.4 1%, NS 6.7-8.7 £ . L K AWK 3.0-3.6
t, NHRAEHY 4.1-5.2 fF, J9HR[AIFERY 2.0-2.8 1.

PRBSGERT M I 7, TS BRI . O R AL, BRI AR o
%o ETFWEHRE, QETAESMURKT, T HMAMHEE, BEEHE. 202X,
B, Wik RS ET, HACEEA RN T HA 2, T A 2R S AT K A R S i .
MZese 4, Hurmmmn TR E B ERER R HIESMEMIY, AR —
SPEMGEIRIBEIE T R, R B S smIER, S Sca angR v . IR R i i
ANIKIEEEE i . JEEEA, T EE S RN 5 0T, R AN KB B . B EE AN IMT
HoRun 5 REEH R, gy X, RUEEIA MBI, S/ oM. 8 2
=, BEKTWE (BIGBHES 2003; 294 2000 (WK 1.2).

1.1.3 EFEIM

TRy RS, S A HAEFIIRE RN 0 C~36 C, HIERER
KRR 22 'C~28 °C, 47KIE <10 CHE{>30 CHf, HAEEMZEA /N, KiE>34C
AL T AR, REAKEEEL= 4mg/L, pH{ERE 6.5~85, HHLY
FEAE <85 mg/L, BE<0.4 mg/L, TAHMREE<0.8 mg/L, H/KMKHIEEE A 2.5
mg/L i, KIRTT AT IER 1S3, (HIEE — H <1 mg/L B34 HILER T LI &,
0.18 mg/L I FFAE HHIAET: (R5EHISE 2008)

H A ] R A AR AR R SO BRI B A B KL B AR R R, AR
RS TURAK Y, BTIREGE. BFER 11-12 A4, aeamseiE A K
SN R W [sSR=il S S AR R R vi Xy S o s o212 [ S e s /N Y W S RE SR VIR /B 7
SERHEFKALEEKE, M ASTRAEKMESE (AESC 2004) .
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K 1.2 e fE R aE A h s 25 1

Fig.1.2 The morphology of Spinibarbus sinensis
1.1.4 HEFIRISERM TR

H AR BRI B R AT OK R, HRERAFSE (1988) F K ARIE i AR Rl A\
TEIEBARVK, ARG N AE LT W TS, REVF 20
X HEAT T RESCIRAT T, XL J B T ARV S BEARRHIE . IRAR R B R A
vy FHH S 5 A UL R S T [

RERAFSE (1988) 35— YW HORMEAT N LIRSS, S RIS 5 3tT
NTAEP, SEOe NTEGE, S dF st 7 HRBRIRE TR, R, X
AR R BE ) S RGNS . IRRA A AN I SUIAAE £ A1 SR AE A AL 3R AT 32— 25 4
BRFIEE: BHESE (1998) Xt HAEMREHAT AR IT, EERK E DN 6
ANBTBG TE B FETEIN IR MERRESR AR AN EAFAEIR K ZE S, MERLANR U 2 I
KB, ML RE” ; MEMEAMEEC T RO, EEMAKIZE, AT .
WeAamsE (2002) fERIFE RS RTREAT 1 IRME LS, BB RS SRR AR 4 1
IR S, LN ECSGARERYItL, TRE TR, WRIFINESEIIH .

BAAMESE (2003) , TEULTT (2009) 43 A AR AR Bl S A A W 2R R AE, AR
FAFHEf A2 KR B DL S AR E ST EAT T VR 98 . Eot4E (2010) , 9K CRL (2008)

3
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K e BRI BE £ 1 155 1R DL AE H A SR BB HE ) AT T R BB 7T
AR B MATFIR AT, BTt il FRiE s, S amiir &R, A95
BRI RS, BIF% (2009) X H IR WL KL B VA iR AT T A
FWPFL. E5t9e (2007) XFHEFRFHRIT IV E&8haf K& e
Hh 85 (5 LIl 33.79%~35.85%,  fiR i EL I A 4%~6%

DI IRE IR 1IZ IR, N LEE BRI H 583, ORI H A5 SR 10+
B, A EX AT L TAE, Oyt N E L § RO KR
BT e NYP 2R B B2 DN s Zh ve B ok (FERZR 20065 24t 2006) -
RAbRAFE (2006) FIH RAPD $5 AN 3 R BRI GLEEAT 170 Tt bric, 2R BLE
BT e (] ) B 0% 505 2 LI

AR, BT R WS HRIR . KI5 P B AR R B, Hh ) ) i
AVIRH m i, BAEREESCE DA KA IET (B/hERSE 2010) o B2, AR
R T SO 2 LA g, 9 RE 2R 2 1 2 AT RGP A

1.2 IEEBURPHIPRICEAR

KAAEYIFRICH A (marking techniques) FEHFFT KA AEWIBEANETE & (ME S
BRI AE KR G0 FOBFER A S MR AT AIPEAh B A R
o LS B T AR T AR AW A e, bRICBIR B 2 IR IR R K e
(Delgado et al 2003) . FIHE B FIksic 77 mT DURTE 2 FwF 0 A A s s, BT
N A% A BRAR AV AFAE (Garcia et al 2005) , X F-HEPFiim &, KIEN TR Z )5,
X FeBEAT AR IC R T DU SO e, AT R R A A, IS M B A A s A AR
., PPN O Y L %5 (Masuda et al 1998; Bell et al 2008) .

T HETETEOR FIARICHOR [FFE I T 1028, W] H T8I 50t S A B Bh A
AR [ 47t 1t 5 REARE IR B 2R s A 7 1) o BR 2k, YOI AUE . A& [l 4 A
Mgt MREMER TR, I O AL B A A AN MR S, BETT AR
e W A T R BOR (BRA 55 2005) o H ATARIC AN [l 45 5 58 HOAR S PR 86 880 I H
HHOP TS G R MORE P ) EE EEAH 4 (Lorenzen et al 2010)
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1.2.1 IKEEYHFFIERAR T E

T IR E BRI RANHAR H M RANE, bR EEARE AN 70 2L 75
A 1 RFR G AR RS 8 b K2E: 1. AhEBbRic (External mark) ; 2. A#BkRid
CInternal mark) ; 3. tLFric (Chemical mark) ; 4. A#kric (Biological mark) ;
5. 4> FHric (Genetic mark)

1.2.1.1 SERFRICHEAR

ANEFRIC AR AR e DR i R4 48 B985 6 7772 (Bergman et al 1992) , H i
H Oz 88 B 2 Fh o bR BR0R B UE o, B ATE HE SRl s
1. VIBRbRiC, GInvIsk ik iEeg, BiEss (/855 2007; Dietrich et al 2006)
VIR S e IRWE. JEH3%% (Leafd et al 2006); 2. J&ENFRIC (Bryant et al
1990; Knight et al 1990) .

1.2.1.2 REBFRICHEAR

WHEFR L EEFR AT AR D, HFEE R A AR HEe KR, AT
T I A B AR KA TR T B Y, Bl i A 1 B AR KR8 2 T g iy . PRl
XF SR ORISR O 28T 5, I A\ D9 LA S IR B, ATk BIAE 1%
Pt R H A I B A (B A S0bRd, X fE 2 B iR AR D (Volk et al 1999) . H
A 2 560 E AT PLBEAT B IR AR D A R PE Pt (Salmo salar) . 4 f K S
(Oncorhynchus — gorbuscha) . i i (Salvelinus namaycush ) A1 ig i (Myxocyprinus
asiaticus) (Brothers et al 1985; Bergstedt et al 1990; Hagen et al 1995; Song et al 2008) .

1.2.1.3 {LEFRICHEAR

WAEFRCH AR (Chemical mark) &R ALY R E H KA AR 9 T E
i B AT ARIe, BTk a2 gkt s L i RAME A
BURTERITEER) 5. 5 GRLZ DU B s W A SR AT AR A 5, 564
iR EASE: FIUHER (OTC) . #HhRMUHME (TC) . #hmst®R (CAL) . HERL
S (ARS) LAR#RE SRR (ALC) 4§, XEEROSGMR CARE I il LAZE YA A
FOAS R 454 T R hd B B Ric . AN, HhShRic iR S R AR
PEM A KR BB A8 LS LA A3 S AR IR A

5
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1.2.1.4 £FRIEZHEAR

APIbrid AR (Biological mark) AT f EE R MARAK, HEEATFERA, HiiE
JEI TR ol A 4 AN R D 194 26 40 25 22 S PR SR A B R AP I — P 7325, T 453
1. HERAbRIC, JEIRER AR B B B A RHE, K R 23— N A I
AR, H RS R A R EEbRIE, 1078 (Rhopilema esculentum
Kishinouye) FriE R ERbRIC (EARNNEE, 1994); 2. JE&FRd, L2 =
K A A= AN TR AP IR] SR 25 2 XOSRAE 9 AR bR, ikt 257, SR TR ZE R,
BRLLB) 2 74 (Schweigert 19900 ; 3. A dbric, HAIFEEF LN A K
SETE R AGVE B R AE R AE NARIE s 4y IREBICEIG, R LR RS &
ARKIEFRFIRE TR NRAR L, RERECREARAN, FHAEA L
A5 2.

1.2.15 o FHricHEAR

I TAREER (Genetic mark) A2BEH 735 184% 5 5 70 T AV A BOR B R JE T 7
A4, BAKRARLE DNA 701 7KF R PRIk R 4R bn i« iRIEFIHTH) DNA 737
PR B HRIANE], R I N RARFE S X DNAL 7r Fhrid 5 LA DNA 70§
e H TR )R IS 7 78R 18 BOR K A A ) AL HE 5 5 6% (Paralichthys
olivaceus) . #17V# % (Scylla paramamosain) . ZE#H (Acanthopagrus schlegeli) %

(Sekino 2005; Obata 2006; Gonzalez et al 2008) .

1.2.2 FEHFAREAFRICREAR

DUKAEAEA G A ARC RSSO B 22 7 28 1, 2 R iR 2%
FIARICRICR o BT LLERRIE & AL EOR S & O LT 1 BRic X SET- 3R A2 5
2+ PRCRBEEIEAR: 3. bRidBeE IRAF I A 4. bRiC TR B A ; 5. [l
RCR . B0k, ASORIEIT LT E A SMIbRIC S8, A9 AR ICEORILR R (R
1-1 , CHIRENS JE R E AR L BRI R MEN 2% .

123 &RUFYFURBIRICRIA IR
PR IPRCIE TAEbRL . B TARCHA 2R, W4 AhHbsid 5 i b
ide HITERMSHARCRE BTG, MR, TREKM IR, R, i

6
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PR IC R VR G RV RS 45 20 LA SRR M 1 T 1 Ty SATE g b
Hbric, ARG AR EH. A AEs b RO, I B AT URAF AR A A]
H FrECHE 3 K5Ol SR VUIA 2 (oxytetracycline) . 455 (calein)  #i&
“%&Fa7~ 7 (alizarin complexone) « #6240 S (alizarin red S) . OTC J& THiAE#R, 1F
NWFFOCGURHE AR AL AEY) O 50 247, KRB @& A TR R I 50 hrid,
{HER 2= RBUKAEEYE 19855, #1515 (Monaghan et al 1993) , 520 7K = i %
AR . B R BAAR AR PO AL, AR A WG E L. ST RS ST
ANFIAFE R AL S Fe b sabric Al I B A B I A O 2ot PR gl i B Al vl
MR S fEiE %, B DL B A 23 R i 52 e A5id (Baer et al 2008) , I H.'&
ITSE BT, & R RFRIC.

SHEMPRMCINEME, fesERibs it s LU 1. N e R4, 6
FEPS AR IR, SKBURIERIC . 2. B LBl 5, Al K IR B s A
NEFER R C G . 3. FUBREZ <400 mg/L, JFHAE 24 hZH, Rill
AR PR MR 4y ANSZREON, A7 HE R pl & AN R BOEl 2 rTAT B, [RINARad
RMARAEFE S HE S mA LT LA 10 RegdHT i ibrid, AReX o BRI Mk
AT 20 IEEBOEIRCI — B EAF B O B 3. XIS R ehrid .
B OO R Y, &EMH LA E TIOCRME TS, B,

BEAI AT R IR IEARE 26 AF I A5 JE AR P 2 I, BB, bRidh
RS RZR, (HA R SaW o e R s3I oy T IR AR D, ARG EE &
B g I 38 RAEAET Ay —MT R AR e, AT RIS OGO 2R3 R
P L LA e 5 o it ARG gt g, X SE P Z T R PR id e R 70, &
X DU PR (B 438G O, e A5 BTl

1.3 BENHEIF
1.3.1 & RN

iR (stress) fx -2 INEE R B AE 3 22 58 Hans Selye T 1936 “E3& K, L0k
3AAFEIRHA, 4324 (alarm) o HK37T (resistance) « %235 (exhaustion) . N E A
VIR HAEAE IR (AT BRARBERAL (0D w8 Fh S5 T 7= A 1) AR S

7
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B ST, S A N BRI, [t AR P DA A A7 A0 R B iE A it GRX
HAESE 2011) o HSRHINIHUR L (stress response) A2 45 H T Ak A 85 A i) 25 Fir AL
A1 PR RO 7 A P — P AR S P A S R o 0 PR AN 5 I 98 ) o 1 ST i
B2, AR B HLRERE 55, AT 52 = 5 U7 K AR B RE, (IR B NANME &
SN 1 SR A BHLRE , 3 2 2 B, ™ BN R R B SRAET (X/NES 2007)

132 BERMEXNFHIR

FERME N K IR R, K B RIS R AR 2, KRB 0 AL T
JURh: 1. FREEMEETTIH OKBUEAL. 7K. W8, PHL BhEESE) o 20 WRGREHTT
M CFREE TR AR, FRIES L. 9IS 5 3. JWIERUEY I (4w
P AR o AFEEENMES BRI EMBRSERKKE, MENR
SETH MM N, R, R

B RN NI N 70 g3 AR AT 1, 2 ks B 5 e ] BLE BN AR
I, IR A AR A AR I B Rl AT RS B 2 NLRRE H f SR e g 7K
SRR, At HAR R ORIE , AR FE VNS N o Fr DA S PR A5 35 1k
IR G INATI: ey 115 22 SRR (A = i 7

133 NHS&EEMBEER N

A T IR AR A 70 R AR S O A AR AL RE R R I — N SR, 4
MV A TR PR AN AR A . & FRIG LA S BIR I R A B R, — BALR
B HPER AL 5 0 117 H I AE B BE_E AR A, oy SN AR MR AR A R A AR Y
K (HLESE 2004) .

T FH BRI I 85 1 A PR A o A A FR bR AR X g T, [ A AMRAR 2 3 A
TREWI. BT AR T A B AR, I K AE R A
SR T AR =K, T A T AR A A B gz e, BT R R A D A A B
S NIEURAR b, 1T IR TR A SO S BR (Hsieh et al 2003) o i L
[ E B E A TR LR R IR AR B E A pH (B, A Ehk. B, %%,
HLRESEThRE, WIESNZEZE. RELRIE 2 H B e hr (I ESE 200D) .



WGBTS o A R B ) 6 SR L Tt S W L) ey

L AN [ P S 11 5t ] DL S Bt PR ot B SR (2, 3 ALT,
AST. LDH. ALP %. ALT FEAF/EMFALMMME . RS2 20 808 st
B, HRWOR G N I b, R MR &&= T m, AST FEAAECIHSA S, 1
OIFHLAZ G, FFESPRBGEN RS, SR EER S, Fibmi
HH PR G B T T T A G2 AR b R, (RIS R S Bt SRR R BEAR DG (TR AR
&% 2007; Agrahari et al 2007) .

ML TEH LRy 5 B (AR E 2 W PR BERR S I L BARILES 73, & AR AF IR B AR 3))
WA, RRASERBIR, P DU & 88 7R AR A A A e Bl f1 SEATLAAR AR AT REBECIR
Do (RPN AEAR AT DIF- PR, S fh . KPGvedE, iR, 5l
KM T K\ Na's CIFI Ca™ & B TR FE AL (F £HM%F 2006: Handeland et
al 2000) -

134 NS &XMENE]

AR (oxidative stress) S 45 AR FETE 52 2 & A7 FRIBON, HLAAR P88 A
ZHNETERE 3, IR TUS E AR A A BE W IS BRI BE VE I, A E
PR R R E T, A FEWUAZ B S H .

1341 S BHE

A RZHUAE R H E AR T T ), AHAEREAT AT AR I 27 A 3 P 48R
=4 (reactive oxygen mctabolites, ROM) , H g B Z M —K 2 5 H AR, FHH
ANELXS B F R H B, WL % H HJE (oxygen free redicals, OFR) 53 i M 4
(reaetive oxygenspeeies, ROS) . % H Hi2& = ZAH 2 5 t 2 (hydroxyl radieal, HO J . i
4B = 1 (superoxide anion, Oy) . i % L& (peroxide, H,0,) « A ML ALY H &
(peroxide, free radieals,RO~ ROO ). H.ZEZA&4H (single toxygen, O,) FIEIL A
(hydrogen peroxide, ROOH) %5, H.#1 HO 17 PE 5% (Gebieiki et al 2000)

FEIEE AR ES R, HUAE AR ddk, HEN S PP I TE R,
FEASHLA T A B A 2] FMRKT PR, A bURE g, EaR
SRR OL T, ARSI B A S AR & L kA S LA AR 2 AR
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H %L, YA N KA B B LN PO ER, HUATSE B Rk 5T, R
PSR 0, JCIHARXEI R T (DNAL EHEFAIER KT o

1.3.4.2 XA NWHHERS

AERIT IR SR B AR ISR, MEEN R, HSES AR
R 8 T BEAL A ol 2 1 E R T B | R 5B H RS (Cossu et al
1997) , HIEM RS, T2 ARG SEERPI K. R R E. 4
R CyBAMHIREL K p-#A% b3R5, MR BANE Ll (SOD), T4 ba
fiF (CAT) A4Sk H L ALY (GSH-Px) 45 . HLIRTETBRA A &m0+, soD
kA R EEIRIE B TE R H0, F1 Og, SAJE Ho0, FF4 CAT Hil GSH-Px fHEALAE
FZE 9 Ha0 F1 Og0 FTLA 3 Pl B A WG BRIG TSR, PRIPHUAAZE M H145 1 Th R

HEAY)EALEE (SOD)

HHSE A7 A AN RIS, SOD 5 i 2R 1 3R AN s e B A _E 45 4 i
SlERETIRFERE, MHRESEE. 2R Mn-SOD. Fe-SOD. CuZn-SOD —=#f.
ZHEHTT LA O B Ho0, F1 O, (O R/ ILE AL H O M —HH=1) o £
WK R4 B R N AR BTE B, U 3t ) L P AN e = AR B PR SE SR 1 OH, 31X
SN R 2 OCE 2E, [RIRT B2 SOD B BEMFTE, H 5 /MAThEe & ik
I Bl 52 R A R R I A T R0

HEMAERF (CAT)

CAT WIS, AT HoO WREE MR, ANZ ik FoAth (1 1A% 3o Ak B ks
H.0, Bt O, Al HLO, i 5 O, s MiAE A EEME TR 3 OH. CAT 7E4HAL P
A AR (0 SRAFAE , 4RI P 1 HoO, 383 B s 2 R iot A2 1 Ak 45 2 AT
7EK: (Lledyas et al 1998)

BHEH BRI A A8 (GSH-PX)

PR TRREIRBL TS, S H B FHRARIGE A, A X YRS i
13, T H 2B 8 B ARG AR, 3& A 2R At . GSH-Px FELAA i i 32 22

10
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MHRRE RIE PR R Ay, WA . thah, A CAT & ERIKE &
R FIE R HoO, 1 fd 7540 B AN 52 21145147 (Lledyas et al 1998) .

SEAC NS N A LR AT 8 WL, H AT S LAl R il 2 SRS
IPLAAL R GEAT T ELRGER N, (ER B X MR8 S i DR 5ot fr M 257K 2R AR LS 2%
LR 5 T 7 B — eI, (I Im i a RE Y. BT LAt BIRN T KA
EHRAC R GE A FHALER LR RS L (K A5G DR 78 SE B A2 77 AT K96 5
X

11
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R 1-1 WFE O A A FIAR S SR LR

Table 1-1 Advantages and disadvantages of different marking techniques in stock enhancement

AFEFRERAR PE A B
Different marking techniques Advantages Disadvantages
SRR EAARICEA SMERREEN 1, sAAIRMENG 2, AEELIIRINRE: 3, HTWRIL 1 (SUEHEEAEAAE; 2, SRR RNk 3, HHr&
External tag and mark External tag BHHRTEFHIALE; 4, TR REAEFEAR o GWEKAT AR, s = AR K

SRERRICEOR 1, dfERRE, 2, RAEREATERA; 3, TRAAR 1, FEATEEAMERBIOBH: 2, SubRioxt Lmss, &k
External mark [F] B A4 HAB T A 3, bRic AR i A A

PR S AR LB WERPREEEAR 1, bl RIIAEN: 2, BAIOCERIE, PRERIBME 1, WREPTHREMHES 2, RSB, BERTR, AH T EH

Internal tag and mark Internal tag s 3, EHITERE)T, XEREX R RN RS 4, A, 3, Fnd RSN BEUESAR BT R R0
A XA AR, HZ X AN [F AN

WHFRCEAR 1, A, BRfERIRORE, ATk MEbRD— AN B, 2, % 1, BRiREUh, KA g, AR R A, 2, bRionaE

Internal mark R A RAGE, Fric AR TR K FACRRICKT G, 3, EHAMREERAE, HAEHTFEME R
R BAR 1, BAMGEE, T REEARD —ANEEE, 2, RO S EM 1, RERNEMARRIS, TEEAMEIRE: 2, FRCEUNRIIR, iR
Chemical mark BN 3, BRIC AR R K TER S BRI B %, AR T REEE: 3, e ihestk
HEIRIT AR 1, WAMREE, HEERTERA: 2, WMo RLGE 1, EFEERA, DUERTARR 2, RAalENEE, fbid, A
Biological mark REREAT A4 IR 5
T RRER 1, MR R TEGE: 2, EMGHET: 3, FCKEMRE: 4, 1, W E I RAR S, AFT R RS 2, HalfE ARk
Genetic mark FRin R, B B S EI AT, R S kR ST e, ARREFEATAMA B

12
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1.4 REBMEENX

Hh AR BRI B KT B EE e sr s, AR SHEER H ol JTE
N GG ORI B8 AE AT, O AT R Al N B G A R L 2 A S
AR BT, 3 I A< 5 9 AR BT 126 3 & h S BRI B 4 1 SO GIR IR U S EE IR
FIRREDOCHE O SR ICANT i, Dy KA h e (] S gt N TR SR SR I
Pric TARSRPEBORSIRE,  IF MR E PP AR B0 2Lt

RIPE AL S Mahtasy —Eatt, wieRtdfErd, Mk G am
A AR B o T8I R AEAN R FE ARS JUliRE 24 h DU 37 G f AR AN [R] 20 41
PUANEE RGP P EACER I E, T ## ARS XA BRI AR L)t (Y F R R ES, BT S
0 ARS G E R 32 A8, BT ARS GO0 v H6 (5] i 4 1 AN [R) 41 23 ) S8 AL
o B, JF MR A BAE A B E S SR EIRIE, TS MM G R
A5 H R G L ARG B, AR EL IR IR B B0 58 B P SR BRI B 4 £ (R Y R T

13
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BE WERLAS R EFRESENIMSYE
2.1 BIS
I ] DURIAS 2H 230 AT 26 97 T i B AR 10 [ 2 AR 1d 77 ik rT R A AR K
B A, F BRI R S, Ak, SOGPRICRES IREFIR I 1], A
SR (van der Walt & Faragher 2003) , Huj&Ihiz H T #&f (Plecoglossus

altivelis) J% HiH B £8 25 0 N TR AR BEAE 2520 /5 (Tsukamoto 1988; Jones et al
1999) .

ERIR VUM 22 R RO T AL R e bmic Ml 2 —, (HE Py oM 7R S0 1 f e
RIFER B RAATEIR R, IR R G e AE T CRIFMAE 1999; KR FH
25 1999) . BEUiSE (2011) TERETTIE R4 AN RIS At oA bric i e &
Bl: ROV BARFRICRCR AR, (Ha iy, (FAm mBl s st
K, FIEHE (2015) fEMSCHEFU Rt &I 100 mo/L 3 2 45 G v e X FE fa AT
HEA AT IR G, X PR R BOEEEE, FET-RIE 80%; [fi%hfifE 150
mo/L FIIREEIRIEET, ZET-REIA 44%; 7F 200 mo/L 75 XSSV A, Rfdt
o3I 100%; fRK5%5 (2012) ERF AR, R GYIEG X H i mHARK
Wehrid, HEERERRSEMAIE G, A8 @G, 28— B RH4E
I R IBET 3, Y10 B3t R4 Gt A #8478 — 2 (M B0 .

RESEIUESE: SOt Yebb —F YR, =ik FE 2 R 0 H R X
TR BAT R AR B . IR, R R K 2 B0 A T R R Y
I GRAIEASSE 2013; #82%%% 2012; LiuQetal 2009) , T LM FAL 258 e bric i,
Hoaz A B . DRSO % 5 6 490 I it 52 1 A BIURR B 5 LRk, R/NSE T T
BHEVIRFR, HEARKAD, FERR AR ERAAFEEES. ERIFIHRD
S R AR I BE ) £ () CEARIC IR AT, A ZRSEHEAT P ZR AL S S AR (R SR )
PEFEESELG, WHBIPE R S X P e @I en g fa s thomsy, MM A Re Rl %, HiE
TR 096 AL S X AR BRI SR 4N (1 I Qe (R . B R AL S IR ARIC i A (5] )
&)y €0 1 550E B AR R PR AR A — S OB SO, S B R AR 6 &) £ ) KU AR
TR ARIE T R — R S

14
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22 MRSk

2.2.1 LR

W AR EIAE 4 T KA )X =LA T3, & 2 KITKR7 5T DO
BIE, W EHOE AR ARSI RE AR T 525, B IR H
DL TE K & Gl B 245 1 U ZEHEAT IESUSE 00 2 AT 6 24 he BEALHIEY 20 2+
EBIRIN AR 4 S AR K (12.320.6) cm, {KE (41.843.6) g.

2.2.2 SEIGZH M KA REL

SEIG TR S (ARS)  (CuH/NaO;S) J4rkral (H 2548 ik kG
BRATD , 4 TF&E: 34226, £/ HS: F20111123. 2562 FiSGHC A 1000 mg/L )
BEVR,  TOUSEZE6 B 1F 3 S 00 B A5 B8 A 92 1 o A

2.2.3 LG

SEIG AR ZE K 38emxii 23cmxis; 26em 3% BIANAL B B /K e fE R gk AT, 7EIE R
SIS TR I BERE 8 h HE X2 280K /X (YSI-ADV6600) Xf pH E. 7 )E
WL EE BESKESEATIRN, ST 4 R SERR KON EK AR AL B S T
BES 1 d MESRK, SEEGATH RIER IEK 082 F LA /Na &1k, Brd 17K
FATE LI A S, TEASOETHT. SRR AR, ARE, ALK
&R (2240.5) C, pH( 7.2~7.8), #*A&E>7.5mg/L, #E (2043) mg/CaCOs/L,
M %.<0.01 mg/L.

2.2.4 LA

DR R G R P OREVE L, TSR ¥ 200 mg/L. 400 mg/L. 800 mg/L.
1000 mg/L 3% 4 NMRFEH, FMNREAR 12 B EERaeg @, e 24h, HEk
SET-RABLHT ARS B K EEFT 100%BAL 5 Sk 2 . 1E TSI 1 B KT 52 5t 29K 5 AT
100%F AL B ik B 2 [ 4% 5 2 0 B 1 A2 IR IRALA 6 MR, s R4
S HIMEE4> B N: 0mg/L. 400 mg/L. 500 mg/L. 600 mg/L. 700 mg/L. 800 mg/L.
900 mg/L, FIRFEAE 3 UCF4T, FHKRIEYL 12 BrhAepRleng)fh, 78 S2K g

15
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TR ERAEAR . 220 2 VORI BT S MU A B N AETS, R SE T i A {8l R <)y 42 57 1
FFCFAETH L K SET IR ]

2.25 BiRFEIT 59t

S B AR 08 F 348 + FRrvE 2 (Mean3SD) E . SEEHdR @k SPSS 17.0 i
PERLER, 34T HK K TT 290 #T (one-way ANOVA) Al Duncan £ L. p<0.05 F7R
E=REF, p<0.0l LFREFWEE.

KA Bilss 7yt S80I, 15 24 h, 48 h. 72 h. 96 h [#] LCs A1 log LCs
] 95% PSPt o A5 FE T2 Fe 3 Ak BB BT, i o Bk P S e PR B B, SR BT
ToFE MR AL QeI BIR BEXT B B 7 A2, R AR 2RI (SC)
=0.1x.Csy (96h)

23 ZER505

2.3.1 pAEfRRIEEL) & hFIER

HAEA R T RIKE ARS R R H A [ FEFE sh 8RR, 7E KT 700 mg/L &
WREEA, rhARBIRIENERE 6~10 h 5 A LT H SN, B IR P,
SRWFPKAE ST, HREEIKARARY, HEMHBIPGE NS, R B sk mIEL e, fEs
FERARE WK BRI, R, FREE, 2 SO agRy, REi
RN, RGNS, RAKZEHIRT), MEMLK. PP TAME
SOOI AN OB, ALTIL0M s ARRIZEANMA, R AR e . it s
AHFEMPIK . AW . EARIREEA, s 60~72 h j5 I EREIR, HIEIR
an b prik .

16



PR L S 0 F AR RIS 4 i G R LA RO HL I Bl AL 1) T F 7

201 ARSI B 4H 1 1) 2k BV 56T

Tab. 2-1 Acute toxicity of ARS to juvenile Spinibarbus sinensis%

JREWRE! (mg/ L)

J= VBT [E]/h Soaking tine

Concentration 24h 48h 72h 96h
400 0 0 0 8.33%
500 0 0 0 16.7%
600 0 0 8.33% 25.0%
700 8.33% 33.3% 75.0% 100%
800 50.0% 75.0% 100% —
900 100% — — _
0 0 0 0 0
e 7 MR B AT
Note: “—” denotes all of juvenile were died

2.32 BRI S MR EFREYBRRESS

AFIVRE ARS 12 A E IR g R R R fS, HAETIE B LR 2-1. (RIKRE
44 (400 mg/L. 500 mg/L) £ 0~72h BA[EIR HIAET:, EHZ 72~96 h 4 AT,
HHIET- R T 20%; fEH R E4]L (600 mg/L. 700 mg/L) 77, 600 mg/L W 411
0~48 h W[a)JGAET:, fE 48~72 h MIEJF4a HBIAET, 1 72~96 h MR HISET Zik
25%, 1 700 mg/L & FELALERIEIT IR s bl 22 R BIAET:, 96 h e st mikfEdH
(800 mg/L, 900 mg/L) 24 h JG3ET i}, 900 mg/L #KEH 24 h 2 NAHHET S

TFEH ARS i 8 NS AR EE 4t (AR T R IR ME mA TR, SR
24 h, 48 h, 72 h, 96 h [fJ LCso {H LA S 95% & Z X [A] . L AT 96h LCsp>0.1 it
24k E (SC) A 59.56 mg/L, DL 455 W% 2-2,

17
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F62-2 PG ZLLSXT AR B 4y £ FE T ZE MR 2R 1k (5] A o

Tab. 2-2 Linear regression analysis of ARS toxicity on juvenile Spinibarbus sinensis

tealalin) (Bl )3 775 R A LC50/  95%EAEXIH/  ZaEK

7] : ¥R>  (mg/L) (mg/L) £/ (mg/L)
Regression
) . 95%confidence Safe
Soakmg equatlon ) )
i interval concentration
ine

24h Y=21.778X-58.08 0.978121 788.3 744.4~834.9

48h Y=19.697X-51.570 0.984064 744.5 704.8~786.5

72h Y=26.548X-69.775 0.994009 653.5 618.1~690.9

96h Y=11.158X-26.032 0.896809 595.6 548.4~646.8 59.56

T Y: SETRBER AL X IREXEL

Note: “Y”signifies probit of mortality; “X”signifies logarithm of copper ion concentration

2.4 g

I 7T ARSKT A AR {E ] 0 gy £ () Sk ARG, B FLAE24 0, 48 h. 72h,
96 hIf) B0 BE L R e 2k B, ARAE A B B 2R I EE M AR v (TR AN
1991) , FIHWTARSX Hh A3 G )t Jg TAREEE, 1l DTARS H AL 3] ) 6 )y £ Bk
TR AT AT YERNIE FI M, D DA S 6 1E Y G IR B AT SO AR IR it 25 .
BRPBHXREE (1999) £E %G BUIR AR IC AT il SR 52 Bl AL f0 FR) BIT 9 vh B
£ 150~250 mo/L #) #h B2 VUM R IR A A il 12 h)s, 27 I100%4E T2 %, i [
PR IR 2 B AR [RI B TR, IS 255 1000% .« AT WL GR350 K/ 5 fa b2,
RN I o BT LA SEEG 19 B 45 S T e U@ FH T R AR Bl e 4 f, )
FHEATE], BURSASTE, FBAHX R EGEIRE, B, & R IR B
fHAR L 1 %2
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2.5 Z5ip

7 I S 6y o 53 ) 5 2 TS24 VIR 3 R 50 T 7w e A5 ) i g i o 2
JBTARFRENE, &S BI04 R0 . MR REIR BT A IRV RS
WL, ARe sl Rl B AL RS N, JE IR 4t A R AR s
FJ5 R DL IE, Pt % ™ S 450007, T DAV IR B 3o v 4 00 5 40 6 ) S R
VAR R R T AL, DR L SO IRV AR IR 28R, IR FIE A I8 IR BE A
IN 2517 18 B2 75 2o AT AL 1 A IS R 17
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F=FH FHELLS HhEFRIESENEEHR
3.1 BIS
4 FRFAT TR 8 MR R B 2 5 A T % 8 (o fa bk b i hic 2
JETRIAT SRR, HHRATAC fh KB D % [ 37, T VA 0 2K B A Fh SRRk,

TRREMBEAKAIC A S, B A AR . R SRS EE HE W H L
B2, JOEEDAAEESE (Nielsen et al 1992) .

PRk, [N AME - BAMC T AR AR B BTERRICVE . R EITAR LS
WA RARICE . Beldbn bk, AMEN bR EESE (FREMSE 2003) , . D76,
W& ENEEFRICIEAMBE 20 RIS i, T BAMEAR G ik . THIR, B TR
HES = AR KR ZE o ML 2ORR L 7V 5 B R IC A LU A DU LML 1. R4
NSO AR I 20 ARIRA) —, B/, ARG 3. EH TSR R
MSZHE IR 2 AN R 2RS4 AR RSP TG (Yamada et al 1987 ; Wilson et al
1987) o HWHMLZ TGRS SIRIU R, MK, HREEY. HRL S,

SRR, SERE THAERE, S EHmE™ R RN, &R
RS, TR, I HEmKE A, B BV ARIESE I, 2R,
K96 R AL S M RES WL RE A, W F KR 5 A H BT K APETOGhR
i, BRI, JF B ARER, B AT CROY KIUBAL 2 AR 10 1 1 % (Baer et al 2008) .

WA ehric AR A AR A R AT St ) V2 T TR R AR 73
VA AT I B 2R ) 7 IR A, N 3 DA S % e £ 25 1Y) B 4 i ( Grahl-Nielsen O et al 1990;
Coutant 1988) , FJ AR FI/E 288G 8 T B U vEAL L (Yamada et al 1987) . 4
RIPERE FAL 22O PR ICIR BRI, FERVE T OO PR B e+, IR ]
KECERHLE Y 24 h.

ARSI B AE R R AL S R bR iC P BRI AR 2t R IR, O R
RIERRIC T AR MR SIRE, a8 rh (B R e <)y 0 B A8 B s 50 & b A ROl
BEFE R ACR IR ST, DIRE 2 Bl A SR e 1R
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32 MRS

3.2.1 KEMRS &M

HrAEEIEE 4, HARK 12.320.6 cm, {AHE 41.843.6 g, T HKA)IX =L
ANTHiY, BEKITKEHAT RO , ERAESEN 2m® FEFKES 14 d,
PR 0.8 /L. B 3R IA14AE H DAIE K4 dalRh i & 1508 1 7k, BRI ik,
7 7% B ) AR 7 K IR (2240.5) °C, pH(7.2~7.8), WS &= >7.5 mg/L, 5 ZF (2043)
mg/CaCOs/L, 2 & <<0.01 mg/L. % H#KZF &I KIAE 15%.

3.2.2 LA

B ZRTEKEC B ARS #KJE N 1000 mg/L [R5 &, ARS Ytk ERE N 0
mg/L. 100 mg/L. 200 mg/L. 300 mg/L. 400 mg/L. 500 mg/L, #LffSzik7EK: 38cmx
T 23cm><s; 26cm 137 B B BB /KORAE TR b T, IR ARON 14 LRk, Be il
e B U 5 7 o B, SRR IR VEAR IS T AT 6 24 he BMAC R BENIPkIE 12 )2 AR (5]
R BT IR YL 24 h, IZIRFEL) 1 RIL, 3 CPAT, Hob ARS W5 H 0 mg/L
WA A IR RYLEHG, G K e p e e g fa 5 5 e, K5
STE T 5 ANBEEAEL T, AU BRI 3 he BJE, 5 NALBRA AR 4)) f F
S ET 556 5 AN A AR R B 8K Y BB T 7R

3.2.3 HEmRE| 5K Serric W

#Ir15d J5, MG A ARS Qetebric gl H Ay, SRS Ab SRR 24 )2,
WEER I AR ES s Fr e t, DU B S R0 Fr s[RI AE 2R B A 4
IR E 2 FE RN 10 AN, LR DA B A G i BRI Sz M bR AL
B PTERE S BB TR S5 AR B F (Champigneulle et al 2003) , fif 8 AR T BEGARAE
B 158 G HE R

KGR (Olympus BX51) RS AR (Olympus DP70 1200 /514
), WH 4 B ERIOARIC R R . FRICFEOE AN 5 g CUn I ATR) < 0 4L,
RNREMEFRCA T I 1%, ROLRMBEMEAMLB, & 249, W"tE
WERIR A S M RbR L : 3K, FYOLBMBWERICHR: 4%, " IJa2k Thrid
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HRAS s 5 2%, I WG ARG IR WS E M. B0 i W g 4l f i) — % A
HA, WA BEEREE A KA s AP SO GARICAE A RO I G i o R P r
I N B SRAR G TR, W A (22 ) 58 = A0 N e . ARskgdr,
RIriciE= 2, IWNPRCiE R4 (Taylor et al 2005)

3.3 £BHER

fEFI AN RIR BE ARS 1= G 1) b A 5l i 4 ¢ HoR A S, K L E T
FOCRMEER 3 MOLIE CRAMNEOL, WEBAOEME RO TG
BOR o BERRDL: AERIMDCME ORI, B ARS B A IR AL SOt Aric A
W, RS EEIOLT, B ARS RIEHELA G hrc LA R, U A%
P RAE 5 Sl Al (0 a C RO N MR L SR A St 5 2R

TESOC A PRSP B R, Wk 3-1 Fon. EARIEE T brid 55
CFUEREHE ARS WK T = AW TR . % 100 mo/L dKEEALAN, HAbIR A H A
PRiCERIE ] 91.7%0LL | 100 mo/L iR FEEA R B AR E Atrid iR R (n=2)
[RE 53 Le 2 R 33.3%F0 25%, ARic R ANEAR; 200 mo/L ¥ 4H B B A B
ArRCRE R (=21 5 2 51 h 54.6 A1 37.2, brid ZUR AN AR ; 1 =300 mg/L
P 5 P 4 B E I b e i R A (n=2) 1 F 43 be 43 il i 95.9% 71 84.5%,
PR RORBRAE . [ U gE s Fr G 3R & B: 100 mg/L, 200 mg/L K A bRid R <
33.3%, JEHARCHERM (n<1) , FRdRORAEAE, MH e EHR LR EL
50%, {HEEAIRICHE R (n=2) W H &L 66.6%, FRiCICRAEAE.

GbRIL: BEHARGNERE (n=2) RTHEA, 55 L3l me
FRIC R R A FRAR
3.4 7Hig

3.4.1 WEERL S X EFIRIEE L& RIR B IR

kiR /KA AR, —BRAEREE R OE T A ekl 2l hnid ¢ 6, (2
LM (2003) . AR (2008) . RRFHMEE (1999) FH % HW)i bric b 25T,
HEA 5 EhRCE T WG N HAEHIR A . ASHE 78K Fh AR 60 4 t0 B4 i) o &
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TRIE T AR R C, X EVFFIEESE (2009) 5T ERMR VUM Z N B 5
HAMPAAORMIRE R, WOt RS RO A A Kad R 5 R
JRALZVEE S TR, i BA Eckman (2003) A BCkRAT A 55 0 £ 2K 1R AR 6 it i A
BERR, ARG TAREEERAERKE B, HERRC SRR T A5
H AR AR At RS B 1 S, FTREE AL AR IO R AR, A TR IR I
TP, AR 5 B AR REIA BT I T B B I ORI AR . R S AR i i,
RIVESMHERTE GO TG BIBORIRANEAR, MESaR T, MER B 5Ot
Pt R, REFIER (2015) . &MY (2003) 4R —8, XAlfts
PRICXT R, ARICAT SR IRHE —E R R

ARSEg T, BIREEHREA MO BCRE T A, X 2B R A EImE Y,
BA ARSI R s TR A R, X5 FIER (2015) 0Tl ER% &)
H A Qe g I — 8, Mk ERARIe SR I A A PR RCR AR, IF HAR
A, [R5y A ) 5 A [E] B RR 10 R 2 R IO YR B S . TR
R R AR b B AR T AR R B v T (R OB SR BE P i B . 31X 5 1 B AR
(2009) KT ¥ 241 S X4 o BFHIbRIC 45 R0 — 5.

3.4.2 EETRLFRCHIRE . BFE LK & KM BT R IR R

WAEBOGRIARRIC AR, BEEEFIEMA . WE S, EE. T RETy
il (Taylor et al 2005) , fEZAIRETOHIA, RIGIRIKRES, Fric OB
FEARSZIG AT BSIE . Secor &5 (1991) f8H, ARicURMZ RS MR EHHEE
WY, QR R R TR, 5 POthRid. &M (2003) fEWF 7T
v 3R 25 B YN T e A SRR IC SER IR SE . MU R D, R SRR
WIS EARIE . MIFRERIZIET, 20 HEMT A MARC R T 90 H s ffE .
BT CAEAT 5 EARICHT, S0 AN R A KB Bk #1E & AR ic ik BE AR I |], 28
WA, TR ERNE S TOCRIIKRE RS, KA. FIERS (2015) , Bk
S (2011) EMSRIOG bR ic B 70 b n] DAUE B WL Ao i DAY R H 2 b 1 i 75
LR PO A KR AT ARG, EA R AR S I RTIR T, AT DUE M KR
YRR ] SR BRI PRI 51 B2 AN A2 38 RROPR 10 5T AN AR AR

23



Herprfol K2 2015 J i B T4 22 A8 ST

% 3-1 ANFEREE AL S 1R AR AR 4 £ (1 B 10 5UR
Tab 3-1 dyeing effect of Juvenile Spinibarbus sinensis after immersion of different concentration
of alizarinred S

R ARidE R ksl Pic o
W fir BHoOF 0 1% 2% 3% 4 (%) 5 (%)
(n) (%)

0 MHAL 24 0 100 0 0 0 0 0
BEHfL 24 0 100 0 0 0 0 0
i 24 0 100 0 0 0 0 0

100 wHLG 24 667 333 417 25 0 0 0
EHf 24 833 167 50 333 0 0 0
fih 24 83 917 8.3 0 0 0 0

200 wHLG 24 917 83 541 376 0 0 0
EHf 24 100 0 458 542 0 0 0
fih 24 333 66.7 333 0 0 0 0

300 WHA 24 100 0 155 512 333 0 0
EHAG 24 100 0 4.1 542 417 0 0
i 24 542 458 459 83 0 0 0

400 fwHLG 24 100 0 4.1 319 640 0 0
EHAG 24 100 0 0 292 708 0 0

fih 24 625 375 4.2 16.7 33.3 8.3 0

500 wWHEA 24 100 0 0 16.7 83.3 0 0
2HA 24 100 0 0 8.3 91.7 0 0
figk 24 75 25 8.3 12.5 33.3 20.8

E: “07 RERARMERDOEIRIL

Note: “0” represents fluorescent marker was not observed.
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3.5 Z5ip

PR AL S 7 B BT 4t 8 BT 23 BRI AR G & S AR SR CUBUR R R
T IMEE, FAEREBAERIGARE, I HARRE 24 h i, BAT LB 5 IR R
Jebrid, Hi 2R AROHCREEN THE A, B 20X B FEFENARC R ERCR
FH R R
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BUE WHEL S WY& MRE NIRRT

4.1 BIS

INEE NBORT 51 ALK SR N — R B R AE B N, R BT A N
UERFAEFLSFAT, HUBRERTE R T — R E L] (Weber et al 2005) o 57
SIEMA SN W R G RIR, YA 2 A IS fUG S DRI SR =
R, AL EACTRIER COME RS, el KA. Gk
ARG, WRARS) (XN 2007)

WO CGRRRI, fEEREA, ERFEMFUAN LIRS EIRCC RN TR
AR B RIAS A SR PR J0TS. #h7E. KSR, SMEMEE. IR,
I A3 A SERIE T N 2 e T 7 (Wilson et al 1987; Fischer et al 2010) . #ig
P55 (2011) FEBF T 22 26 5 U0 ZR U0 2 i ek EL Ay R e B b IR s i o IR FE S8
HROP . AFHER ™A RSN, ST, #RR%E (2012) ESE: W miRkEH RES
Yo 5 e H 88T SR mAE T . FE MR, ARS. ALCEE T YUklik it &
R R SRR AR SE T R BN GRAEMBAE 2013; Liu Q et al 2009;
Stefan et al 2012) HyLW] W, ZOGIRIS R b 2 x) s iy, 500t S Felk
B, BEMBEACBOR R OS2 . V2 23 HOGHEREX 287 AL Rbrid i et
WP IR HE b, AR SRR WA 75 2 0F F AR At 40 DA Sk e A 3 A A% R 75
RS L

M A N — P AN]SR 1 S R R 7y, A SR IR IR A LA AR, &
T LSRRI K A G AR R R, 4 AR R AN BB 855 5 00 i A A 38 B 2 AR
iy, X SR AE AR MR AE AR bR b S ok, DRI, I ) A A FR B 4 B
TR E @ Bk, B IR SO EE N vEAG b, RSB AR, REAEE
Abr () 55 2001; sEHIRSE 1992; [ JL5E 2005) .

AR SEG M ER24 g, BFR5 d, 10 dfiS AR Iee 4 f il A e Ak
PR v R ZLSx e AR BRI e g AR B AR AR RO, DI E A RIRIIRE S . I
xR 5 B RS — DR
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42 RIS

421 LWGH&E

A | 221

4.2.2 SLIGEH

] I 2.2.3

4.2.3 LW

RIE ARS X He R S 1) 1 1) 22 4 E 6 N IESERIREA, 72502 0
mg/L (XJHEZH) . 100 mg/L. 200 mg/L. 300 mg/L. 400 mg/L. 500 mg/L, %&EZH%
N 12 RRHATSER, RATAT 3R, IR 24 h 25, BEHIERIRZAHE 3 B
BIRIES) f, 285 200 mg/L 1) MS-222 R 5, 25 B 7KK AR R g 15 51
1.5 mL yEGH 88 T R E kb i, B 5 mL FIPuEE b (I RPTED). okt
1E A°CAF R PUE BN Eppendorf 5810R &5.CoHLH, 3000 r/min 20> 10 min, H &%
Boeds, RBBE EEEEIREN EP &, JHE 4CT&M, HEREMmEELR,
FEAFEMFATIN 2 K.

WSBIMAE 2 Ja,  HE5 A rh AR AR ) £ 5 7 N2 5 2 100 mg/L. 200 mg/L.
300 mg/L. 400 mg/L. 500 mg/L HJEFRMHE IR, HAES5d. 10d 2 J5 R
VEIEAT BURE I 2 L 2R AL TR A5 o

MR A AR BRI 2 . SR IRYIE S AR P BT F 1 et PR ] A2 7= 1 i s X
FF, £ BS-200 4 HANAEM I EFEATIE R A BEE BAL 10 € A 37°C A
T, B e AL Lpmol/L SR HIEE Ry 1 MBS B, RN 1UIL) o IiE AR AL HT
EbrEds: BEATP) . AEA (ALB) . BREA (GLB) . I (GLU) « & iH & §7
(T-CHO) . it (CRE) \ 7+ B4 2 i (AST)  &F N 2 (ALT) « BB IR G CALP) .
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4.2.4 RS

SEAG AT F T 3 [ bR 2 (Mean3SD) KR . SEI AR @I SPSS 17.08 14
AEFR, HEAT BRI R T 2 (one-way ANOVA) AllDuncan# L. p<0.05% 7R 2%
FRE, p<0.01RREFNEE.

4.3 SLIGLER

4.3.1 BHHEL SRE 24 h F4h& %S (Lisrs

AN TR B ARS T Hh A 51 50l B 4 1 115 A AL FR AR IR A 25 TR R 4-1 T - AR 4-1
HE] DUE H: TP GLB. CRE#RRE 25 S4B T+ = i AW Ft- 755 » BR100 mg/L 200 mg/L
TP, CREG & SX AL EFE 2R (p<<0.01) 4, HAKEHTP, CRESES
SR E R R E 2R (p<0.01) , & MKEAGLBE &5 % AL A )k 2 2% 57
(p<<0.01) , [AJBF S IR B LR B (R AFAEAR 35 25 % (p<<0.01) : ALB. ALP.
GLU. T-CHO#KE R Gk BE i T 5 S e o B IR Ea 35, - 300 mg/Lik 2 41
ALBE EIA P, Xt E13.4% (p<<0.05) , 500 mg/LikZHALBE ERIL,
bt R ZH A 33.4% (p<<0.05) , HoAth i i 41 5 0 B 4H 6 5. 2% %2 = (p>>0.05) ; 100 mg/L
WEHALP S Bk R, Hex I E7.8% (p<<0.01), 200 mg/LikEHALPH & T
XHHEZH (p<<0.05) 5 300 mg/Lik EHALPE X fZH$%3E (p>0.05) , 400 mg/L. 500
mo/LiK FEZHALPY)/NFAFIELZ] (p<<0.01) ; 300 mg/LikFHGLUS Eis P&,
XA ZH 75 78.6% (p<<0.01) , HAhIKkEFHGLU & T X HEZH (p<<0.05) , 4100 mg/L
WRBELLAN, HAd Rk B2 438 50 IR AL 25 22 57 (p<<0.01) ; 400 mg/Lik E41T-CHO
SEIABE(E, LR E61.7% (p<<0.01) , HAMKEHAT-CHOS &L mE T4
., 100 mo/LKFEELH AN, HARKEEH L SR AAWMEE %R (p<0.01) ; ALT.
ASTHR I 5 50 GO FE 1) T e B 5 T sy, 100 mo/Lik BEAHALT & &l B4
Eb X R ZH A5 30.8% (p<<0.01) , BR200 mg/Lik FEAHALT & &K T R4 (p<<0.05)4F,
HoAbR A S T B4, 3 H400 mg/L. 500 mg/LikJEHALT S & 5 X B 41AH
AWEEZER (p<0.01) ; 100 mg/LIRFHAST S EIAFMLS, HXTHZH1K19.6%
(p<<0.01) , BR200 mg/LikJZHAST & EIRAL T X MEA AL (p>0.05) , HAmH A
Bim TR, HSRAAHREEZR (p<0.0D) .
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432 &5 5d FEHBENIMKRE KIEFR

BIR5d )G, SMENIRbRRA-2FR: BEA, AHEA, REAMNEEAR
—3, HARSHKSE =300 mg/LiF, 3ANFE AR b A FE 1) i FEAIS,  JF H.400 mg/L, 500
mg/ Lk 4 B B8 B TR IR 4L (p<<0.05) 5 B500 mg/ LI Ji 2H & 4 S (K T
ST AL, HADIKREEH SXT TG REZ R BIREEE, SRy, DU
BB —, MARSIKIE =300 mg/LEF, 348 bnkEE ARSH T & i B, I H.400
mg/L, 500 mg/Li 20 Bl B R TR (p<<0.05) ;5 BNFAN, BHEEANE
AR —3, HARSIKIE =300 mo/Li, ez Bkl Hk T am A, I 400
mg/L, 500 mg/Lik & 2H {5 2 v T ot R4 (p<<0.05) &

4.3.3 E 7 10 d E4h& R MmikE Lists
#7710 dfe, SAEALTRIR AN3R4-3T R - W ] & H BRE00 mo/Lik BEAH i) i H
HEH, REQ, WA, SRE R, s S E KT A (p<<0.05) , ML
s BN, BRI E T XRAS (p<0.05) , HARMKEEH SR
B 5x A BB R

4.4 +ig

4.4.1 TEHRL SIEB 24 h FX4hEIRER RSN

MmiEEEA (TP FEAFEAEN (ALB) MEREA (GLB) . kAT AR
fREEThRE, A LS AR EERE G, FFHE A R AR ThRe & KA
fEfG, TheeREs, MAMEPSEA&KAEASERD (FR5% 2009) o [ MK
FUE R A A R RS FRARSRIRES IR R IR — e R
XU GRS BTRem (XIZ0R%E 2009) , L& FH TP & th 2 IR PR R 40 i
MAZAL, WTPAR A AT 1] 452 S il JH-2H 23 JH- W% J57 1) i 4% e ) ( Harikrishnan et al 2003). £
A, Ril24hf5, TP. GLBREEARSIKE =TT E, X5 MHEMKEE (2007)
BT LA TP & & HE /KR E A Mg i g R —3, AR EARSIRIEE R, e
RIBE L AL AL T REECRAS , MURIE IR = GLB & i kil m [ & S AE 1 SRALGIA
i . MALBREEARSIKEESe T f5 T, W RE= R NARSHE N A 5 22 ALK
FCa* Hity, FMMKIERIBEE, PRSNGSR, RWr-iE 2, e
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WP TR, AR AR IR & i 2 ALBRYEFF A N E 14, RIS e
FEACH P HE AR SN, HARSIREZIE— D8RI, B AR T I B RE 1A 5 1 KT
BEAGHTAE A 8 A G, HEAREFNEE 20D 7T, DL E3RE A% #
YL IR ARSI T AE 2 il — e i, 1y AR DR LA BE T R SR AR 5 22
SGEBNR ZE Py i 2T W

ARS 2 24 h J&, HNE/KIBHEIESd f5, 400 mg/L, 500 mg/L ¥k E4LH1E
EiREn gy R e, REA, AEARERTXRH, WHEKE ARS RG4S
G A — e 4507, AT AR B S T Bt IREAS, S Re It B — g e,
X540 (1993) ST A £ 33 I FEAT LI G0 2 I (TP) S A I (ALB) A1
SRR T T B AT e 3 BUE A A RS T AU R B R 10d 5,
HA 500 mo/L WK EEAL BB, BREH, AEARET A, HAkEH 5
IR EZR, W2 10d 295, 400 mg/L I8 20 b IR s A 15 21— 2 1
YK, 15 500 mg/L & BE AL FFIEE e A A, 9 BRI R 2> s mil HAE P s AR
W ThRE, FRARILETAMABE M AR AP RE S, 0] R AR e 453 13 08 75 10— 2043

4.4.2 BEERLL S i®IA 24 h x4 iR E EHEF1 5 BB Bl BZ A9 520

HEBE (GLU) 2 AT & R IEHE 30 J7 76 B B (0 R B Bk, Il By
J WA B (ROREA AT A I D B, b T 0 T DT DR SRR T s WM T A
T5ett, RN T4 f oo BRELRIS R T m Sifgbr GRTTMGSE 2002) .

224 hARSIEILSE, FR500 mo/LIKEEALSL, BEAEARSIKEET i, IBEIK B tiAH
MNBEZ $E, XA (Ictalurus nebulosus) , L% (Salmo gairdneri) % & ££ 4 & F
AT P IR 2 B HE R A s 4 o ) 45 B —380 (Christensen et al 1972; Nemcsok et al
1988) , ARSIKJEEIIA00 mo/L & MM L/ IME IR vE , W] R RS KD ik B
ARSIZ IS i A I 2H 2 Bedi A0, S R S5 i) 20 il

JE[ERE (T-CHO) M4 DRt e B . 3% i 70% 1) s JE[E ¥ (T-CHO)
FEAE TR & T IAY, B S BB B MR H 2 5 &M EER G B 240 R A
AR Sy, S S YRR IE F AR B AL TR (TR ARSE 2003) , KHFEARE
F (LDH) ZWE e I HIbr WL —, IF B2MEme i) — 2 mif ( Hammeren et
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FRA-1 1231924 h)is ARSKT i A (BRI SE 4 #8110 35 A AR FR R 2

Table 4-1 Effects of ARS on serum biochemical indices of juvenile Spinibarbus sinensis after 24h

i SEH HEH HREH Gk SAHEEE AR JULTEF HNEEN RN
Items TP ALB GLB GLU TCHO ALP CRE ALT AST
ARS (g/L) (g/L) (g/L) (m mol/L) (UL (UL (pwmol/L) (U/L (U/L)
(mg/L)
0 20.00.00” 5.0240.00°*®  15.00+1.00* 3.7440.11%  6.7140.10 140.3+.53® 211.343.51"" 69.3#4.16°C 224.346.50°°

100 23.3#1.53"8  50+41.000c"® 18.33#0.58"®  4.0640.08°®  6.7940.17%* 151.345.69°C 21742.64°°"  48.0+1.00*  180.3#4.16*

200 22.742.08®" 5041.00bc™® 17.67+.15"® 4.5040.21®  7.7420.10"®  148.743.1%8C 222.346.02** 59.745.03"*® 213.3+10.5"

300 27.042.00® 5674058 21.33#1.53°C 6.9540.21°°  9.8740.05° 141.042.65® 266.044.58® 74.3243.21°C  269.346.11°
400 36.3#1.53%¢ 367457 32.67+1.15°° 6.6840.15°° 10.8540.17°° 124.342.08" 283.742.52%C 80.6744.04°C 285.046.55
500 39.04#1.00°  3.33#0.57" 35.674).58°¢ 6.0740.18°C  9.7340.15°  117.3#4.73* 323.049.54°° 222.048.54°° 507.7414.1°°

e RSB JE A RN FREE RN ZE R B3 (p<<0.05),  [RIZIEE Ja b AN R K S F 81 # Ron 2 7l 2 25 (p<<0.01) .

Note: Different lowercase letters indicates difference is significant at the 0.05 level between groups, Different upercase letters indicates difference is

significant at the 0.01 level between groups.
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FA4-2 H 5 A Ja ARSK Hh HEAR] B8 4y 8 I35 AR A TR bR O B2

Table 4-2 Effects of ARS on serum biochemical indices of juvenile Spinibarbus sinensis after 5 d

i H HREH HEH REH ] 5] B SIEE S ARl i R JILET BN ERN DR
Items TP ALB GLB GLU TCHO ALP CRE ALT AST
ARS (g/L) (g/L) (g/L) (m mol/L) (UL (UL (pwmol/L) (U/L (U/L)
(mg/L)
0 22.934+0.27° 5.37+0.18° 17.56+0.09° 4.78+0.71° 7.43+0.85° 143.7+1.05° 22857+4.2° 73.06+3.19° 243.7+4.95°
100 2324025 5384+0.16° 17.784+0.41° 4.87+0.53° 7.444+0.18° 143.3+2.35° 229.6+527%° 73.4+214° 245.5+3.64°
200 2324028  5404+0.16° 17.81+0.3° 4.79+0.12° 7.56+0.35° 143.9+226° 228.3+451%° 74.39+3.11% 245.8+5.41°
300 23.45+0.20° 5594+0.89° 17.86+0.24° 4.91+05°  7.61+0.14° 144.3+229° 2298+3.24%° 73.16+2.32% 249.9+5.32°
400 21.39+0.28" 4.944+08° 16.44+0.29° 474401 6.66+0.17° 12824153 24854556 94.42+3.74° 279.3+4.29"
500 19.694+0.32°  4.64+0.1° 155+0.42° 4.23+0.09° 6.08+0.19° 123.2+1.47* 314.77+53° 150.7+5.32° 416.7+8.12°

TE: FZESE G bR A RS TR R oR 2 5 5.7 (p<0.05) -

Note: Different lowercase letters indicates difference is significant at the 0.05 level between groups.
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#4-3 B F710 dZ )5 ARSX i SR S 4y 1 i 5 R AL SR AR (52 )

Table 4-3 Effects of ARS on serum biochemical indices of juvenile Spinibarbus sinensis after 10 d

T H BEA HEA BREE A Gl SHERE R JULEF BHEEN BEEENE
ltems TP ALB GLB GLU TCHO ALP CRE ALT AST
ARS (g/L) (g/L) (g/L) (m mol/L) (UL (UL (pwmol/L) (U/L (U/L)
(mg/L)
0 2292+  531+026° 17.6+0.21° 467+0.71° 753+0.39° 146.7+1.8° 2215+3.8 7414225 25284270
0.22°
100 2291+  535+0.62° 17.6+0.49° 4.69+0.12° 7.64+027° 146.4+26° 2208+4.3% 7424133 251.9+4.3°
0.54°
200 23.07+  538+0.25° 17.7+0.38° 4.754+0.08° 7.67+0.45° 147.1+35° 222.6+2.1%° 7424245 252.1+6.6°
0.37°
300 2354+  541+051° 1814+02° 4.81+0.12° 7.69+0.41° 147.4+33° 2216+53% 7434325 253.1+4.3°
0.26°
400 22890+  528+0.36° 17.6+0.31° 4.75+0.09° 7.53+0.08" 147.9+4.7° 223.4+4.4% 7474215 2529+3.1°
0.29°
500 19.67+  4.69+0.15% 14.9+043% 4244011 6.71+0.18° 128.9+26° 285.8+50° 1354+56° 413.7+8.4°
0.31%

T FSEEE R b A RN 7B 5 R s 22 7 B2 (p<<0.05)

Note: Different lowercase letters indicates difference is significant at the 0.05 level between groups.
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al 1992) . Z=Z W55 (2008) fith: LDH:ZE ) BE 2 A JIH [F 5 A JHF FER I % 3 2 ) ] )
g R, JEEL R RO B T, A SiE s A R R, nRES s ik
fEA . fa A it S P BE [ i B N, > BBl KA AL AE. (Farrell et al 1983)

ASEEHIR 24 g, BR500 mg/LiREEHAL, T-CHORE £ ARSI FE I Ft sy i 7+
B, X SE TS (2011) ST Cu kA g fh fE [ A 8 RS (K TR
. BARSIKIZIAFI500 mo/LiN Al #e AT A JE A0, i3 hT-CHO & & %
1%, FLEARME AL & 2t — i 7

#1F%5 dJ5, 400 mg/L, 500 mg/Lik 20 ) L0 [ 5 38 25 T X R 2, [H) R 500
Mo/ LA 5 2E 701 20 A T R, Atk B S IR TE 38 2 . T DAk B
21 %60 0 B PG P S BT v R R B2 B0 05 05, s JFP R S PR 1 55 0 e o A O ]
BEAR ISR IR — AR I Z 8805, BRI & B [ B R 8 T, 54— AN S DR AR
TR AIC T SO B R B (A s, ANRE S MR IR A o 495 7 JE ] 523 N 857 o
BHSERK. ME 10 dF, HA500 mo/Lik Mk, @ iHE S &5 E KT
XTREZH, 400 mo/LikZAH MpE, SARMEERES B S RALZER, 7TH, ®iKEARS
7 E S 4 R T 8, 400 mo/LIRE 4B FR a3 2R, 1500 mo/Lik &
N E, RAEEaEmE.

4.4.3 ARS 2l 24 h Iaxt4h & [ ik % S MR 2

IEHAEFLROUT, A0 A S M O 1R > — B R RGN L, B
DLIE 47 00 I P G i o B AR /D — LI U573 S 0 40 L 1308 8 e
I, LR o s R 2 B BRSO N I, 1R b R e T e . R,
o I 3 R R T T R T A 22 BB, JFF 48 0 2 (3R Ak 3545 1994,
JRIRE K 1982) , 3% ARG T D) g B I IR 24645 (Jyothi etal 1997) .
ALT EE A fERT A f, AST E B A fE TR K 2 A rf (L1Y et al 2008) .
ASLISH SO I : ARIKFEARSIZ 24 hiG, HAEIfilee g i+ AST. ALT & &R
30 FF FTUEA 0 946 FE T 8  84 I EB  1 2K B p, R AR BB K, Al
BATIEAST, ALTE S MK, BlE) Mg b b, SR b 2 e & 2,
BEHARSIKE TR, MR S BT, B T C 2 B e R
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X5 PRE LA (2005) FRAE B 0% 5 MHAST . ALTEES LT, R #ARAT

ELH RN 2518 — 20

#1755 dJ5, 400 mg/L, 500 mg/Lik 5 2H % o B 14 5 35 v T X R4, TR 7710 d
J5400 mo/LKFEEH A COIE, SXRATEZEZS, 1500 mo/LkEHLAN
W T R AL, R IR ARSH G R T 4T 52 B — e R 3RS, (H A
WA, HMMZ AR B2 5. 400 mo/Lik 4L Al 5852 36 R 545 ,
M R ORAE e 8, B19R10 dimidid B & AR RE IS . 117500 mg/Lifk fE
ZH T PRS2 AR R B LA ™ o, R B B b A 3 7 EE A, TR B B AR T K
SEH, FTLAE 7710 df5 5 2B s KSR i 2 i Tt R A .

4.4.4 ARS 278 24 h a3t 4t % A ET A a4 B ER B A0 22 1

MIRBPEBE RS (ALP) FZER AT B %, & DA IR A0 A 7E T AT 4t
i, e SRR 2 AR R (RIS BT B GEE) (R4ERR
%5 2001), ALPYEfafdrh o BH:ZS INBEIR B: B I E B S A DGR R B, BT LAHTEY)
JRAR S G (R THIAT EEAE R (X SURAE 2011) , BlMEBEIRR IS TEFEIC R I &
AR S A8 T B X AL AR B2 7038 BN SR . ALP RS B FH Sk i 7 JHF T e R 45 £
(Richard et al 1987) . i2ifl 24 h)5, ARSYSEIKIERICET, MU TRBECRE, B
BRAQ o B A v, HTREACISTHE B, DRI 0 90 2 7= A 55 22 ALP SR 35 B AL AR J9 3 ol
AEFRRIECIRAS o B ARSI IR, SIEREN R, M T HUARETIRE S, ALP
AR, FRBUMBH S E TR, RIS 3L T 5 ARSIRZ I N AL T 32 2
—ERESM, XE5ERBZE (2010) BT 1.6 mg/L Pty b vl R AR T
A4y (AR EE RIS, G R RS R A SR BT L — 3

ME 7% 5 dj5, 400 mg/L, 500 mg/Lik & 2H B P s ik g 2 2K T X R4, W&
tH IR EARSIR N HL IS B 1 45493, (45 JH I 41235 s B IR e £ BE 0 T B
[ B 2 X6 &y G RGUIE AR . B TR 10 dJ5, 400 mg/ Lk B 20 LT AR s 1 1ol R T
BFRE H & FHSREER T 2ARIKE, 111 500 mo/ Lk B 2H 4/ I 52 451 5 ok
W
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WUEF (CRE) J2fafkizsh it LA L= AW =Y, &5 oS BEHEH o
13 HCRE% e, RURIFAT TR (A A% 2002) o [AJEHYLEF SR AR
1 Jz Bk fE1 AR R AL R 1) BB B AR A HE AR, L R T Al 5 W TR 2 A
B K EHLAEZKEL (Burtis et al 1996) o RIFAKE (1982) YCNBEHLEE— H kA&
BERG, MG LS R ATREIE K. LARSIZIE24 hfF, (L2 H CRERE#H ARS YRk &
T BOLR BT . UL RS ARSI FEZ M i, 4 SR JOE 20 23 47 40 A
INEE, T VR ARS YRR AT BE o Hh L 3] SR 0 4H £ ) SRR s ) — e B, X RN
S5 (2005) WL R BT B AR R )G, Hi A B B AMCREY & Xt
RRZE, 0 249 O R R B AT 3 B T 45003 P 5 18— B

#17E5dJ5, 400 mg/L, 500 mo/Lik FE A WLET &5 25 Mk T IR AL, HAhIR A S
IR T B 2 25 o Ul A I AR B ARS 2 6o 4 BRI s A%, B AR
R, EHThEEHBIEEL. 5X RS (2014) ¢ TREU G X N AR 65 2E AL,
FEARHIRE TS SR —2. #3710 df5, 400 mg/LiRZEALEF & & 5X AT EE Z R,
IR B AL ThEE, BIRRESA A OS] — & RERWE, 500 mg/L
R A LT S 25 v TR R 4, DRS00 mig/ Lk i 4H &)t i R0 B T 2 2132 45 i To ik

A B SR FE T A BT T R AR 124 h)E 2h a5 AR AL FR bR B AR T T
MM, HARSYR K E <200 mg/Lint, Xifrh @il br sl th s 224 24ARS
DL =300 mo/LIF, A fal il GE &) EBARAN s AR TS, (H AT RES X, FFIE |
U S O A s AR R AR A

R4 hfE, HBKILIRAEASE R R LG 7 i AT 43 42300 mg/L, 400 mg/Lik
J 2030 I i 4 f 2 B A SABUA TE BT 975 dJi5 7T ATE 3 B AR AR F T 13
DIV, 171500 mg/Lik A AmG i A5 225310 dEF IR ARG EMKE, AT LUK
Hh AR BE &)y £ 3304 T P8 2R 4T ST I ARTC IR AR P AN BB 1 400 mg/L.
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FHE BRI SHNBEARELMEHNERENFEI
51 BIS

TEK IR, TR S Ok 1 SR EL PR K38 I T B — R BT
BB G AR A b 1 E R TR AL R i o 02552 BUSMIR R TRbE R, 2
TENUA R KR4 E BIE (ROS) , ROS &AWk o 53 LI B e, —H/E
i % S LS AL, B REGUR LA, LR R (MDA)
B T ) S A AR L B R . TR BT B 2R G T A A L
AL I AR 3 . R fE A 4 A T 5 4 e T 4 A T A R A A Bl
(SOD) . A AR (CAT) MR H kL EALEE (GPH-PX) & (244 2000;
FENIZE 2002) .

ITHEAE, AP ehric ) 2 N T KA AR BOR TAE +, HAERE
ARV, MORERTE R U 2 DL AR B X0 5 25 58 55 07 TS 1 AR K
% (Oliveira et al 1996; Stewart et al 1996) . KL 9 IR bric 2, w Llg/b
RS B R0T, FEARAETCE, #RAERER, bRiciysy, CRAFISTAC, w) AT A SEI
KINBFR IR B T2 (Szedlmayer et al 1995) . HET, E ML Z 5 6ARIC )
WA AR BRTEARIC AR . N TR ORI R 2. A KAehr . AR I+
OANE b MZOEP o R B s RV A KA 2o bRl B2 AR F e, AT
Wi FAEFRDRE o AR T 22 R YR I, MR b T RIS, AL 42
4 RS LA B0 (Silvaetal 1999) o 16 TR I FE 4k 225
W5 e 15 4 %0 TROUAL B ARG A 473 LA S 452 473 HO R AN 4] S5 AH SR Fe i 2 220 . 2L
IRAE T REECIRAS I, HURRIPTSAEE R St B AR S BAG BREE B Hi 3k DU LA
T2 BN AR o e e 2 AT AR Ve T DA — e R B b T R AAATER
HORLRE P i 32 B 4545

ARG R AN RV L 96 221 S o AR {B R E gy £ BEATIR I et R RIR I 24
h, 7% 5d, 10d 5 NFAHRGUEAEERITEYE, X R4 S #hAT 220l JFRHm
v R0 S M HAFHL AR, DI SOCRIEARCIEN Z &R IR S
I o
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52 M5 7E

5.2.1 SLIGH®&A

[F] | 2.2.1

5.2.2 SLUG &

[6 F 223

5.2.3 KW HIE

MRS SRR IO 45 B, IE RS AE 0 mo/L (55 RVZEL RN B KT 52 Jo B A P& 2 (1]
FE RN E 6 > ARS FIEIRAEA, 40514: 0mg/L. 100 mg/L. 200 mg/L. 300
mg/L. 400 mg/L. 500 mg/L. SiREHE 3 AFAT, FFAEIRERL 12 2 45 fl4e
ghtn, R 24h 5, FERIREHF 7 HIEHLE 3 B i), 25d 200 mg/L
MS-222 R e, SRGERBCH AR IR . B8 IR SURBON 5 mL BELE OB, B
-20°C UKFEORAF > I T8 AN [F] A 52 Ak 24 2 v e {5 ) 0 &)y f1 AN [R] 0 24 f1) SOD. CAT.
GSH-Px J&PEA MDA & &

HUERE G, 4 v AR SR 4 53 0 N9 5 4 100 mg/L. 200 mg/L. 300
mg/L. 400 mg/L. 500 mg/L HJEFRIbH &%, FH4E 5 dv 10 d Z 51 M [RIFE 7%
AT BRI B L P AL B IS A A R

5.2.4 LHER 5 IR AV I 8 KBRS RN E

FH TP B A2 R R K e 25 I, B9 22 SR T B & B S5 4R 402, FHIEAR 2%
KRSy, FRECEEMFES, i AB=1 10 I 4CHARIER K, 7Rk
BT, HEBAEBEETERK . SRR R ES O 4000 r/min FES.C 10 min,
B EiE A H

FES BB R S B RIE R % D iE b ek, SOD Wil iE K H #E MRS 4
WL T 15— i, CAT e R A — 7 6ot %, GSH-Px MlsE K H 5, 57
~ ISR R (DTNB) by, 7 (MDA) llE K H TBA %, Wlifl&E
Ty e A A AR P, SRR & U R AT . SOD WS I BAL E R
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wHLEBAE 1 mL NI, SOD ] #2542 50%I Bt B i) SOD &4 1 ANFE 1%
FAL (U 3 GSH-Px V& TE AL & SCAR R ALV, & B HBR AR RGOS 1R
fi s MR R GSH WRFERRAK 1 umol/L 2 1 ANER g AL (UD 5 CAT BEEPE AL
5E SUNBEEE 7 SR (ARSI P PR 1 umol () H0, ISR 1 ANEHEAAL(UD

5.2.5 BiES T

SIS BT AR EHE B SE3ME + 57 iR (MeanaSD) 7k . SLa it @ 1 SPSS 17.04% 14
AEFR, AT R T 2504 (one-way ANOVA) FllDuncan% L. p<<0.05% 7R %
FRE, p<O001FRZERWMEE. SOD. CATHGSH-PxiE N HIMEIX, SHTH
W EE AL BEAH S50 B2 1) 22 7 35 % . FHExcel 2007 iR I

5.3 SLIGLER

5.3.1 PHERL SIEif 24 h FRALMEHEEEMN

FERRE ARS YiZ i 24 h G, M2 SOD Higis M2kt 34 an B 5-1 FioR:
b5 ARS WA R, SOD EgvdEvEsL e N, 24 ARS #4400 mg/L K,
SOD g MIAE i KME (21.74+0.54) , B & T X4 (13.03+£0.62) (p<0.05),
B 100 mg/L ¥4 SOD & F 4t (p>0.05) , HAhik 4 SOD &3 i 1% i
H (p<<0.05) , ARS XI/ixiZH2: SOD B ik R INFE FMEH . 428 CAT B L3R
fita%h 5 SOD WA HIA (Ank 5-2) , 400 mg/L iR 4R IA R Bk (2.914+0.27) ,
BERHTXIEA (2.08+0.14) (p<<0.05) , #ARINFEFEM. MEE ARS K
JEANT T 15, GSH-Px BgiE AR S N A T (W& 5-3) o B2, ARS Xk
LA R BRI FIEH .

5.3.2 FEL SR 24 h FEEBLI A LEEE M

b ARS MBI R, BBZ1 2 SOD s MR A Ja B IG5 TH i P PR (¥ k34
5-1) , 4 ARS ¥y 300 mg/L I, SOD figiF ik #H Al (11.38+£0.51) ,
S T X R4 (8.524+0.34) (p<<0.05), 100 mg/L, 500 mg/L ¥KJZE4H 1, SOD fiff
TR EICT XA (p<<0.05) , RIUCAIMGIER, HARKELA SOD BewE M B3
AR (p<0.05) , RIAIFEFIEH . #EZHL GSH-Px BG4 1biEa# 5 SOD
fig—3, Wk 5-3 fffn: 200 mg/L, 300 mg/L, 400 mg/L ¥ JE 4 GSH-Px Fgi 14 i
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EEHAEE S TARA, RINFEFIEH, 1M 100 mg/L, 500 mg/L K E4H GSH-Px
BRI PR 2 IS T X A (p<<0.05) , RILHIHIER . B4121 CAT BgiGEREE ARS
WREE TR R BN T 5 AR ka3 (Ui 5-2) . 24 ARS ¥Rk IA 300 mg/L i, CAT
Bl Ak B i K{E (4.28+£0.18) , W& TXTHE4 (2.43+£0.05) (p<<0.05), % 500
mg/L W E 4 CAT BB T IRA (p<<0.05) , X NIMHIVEISN, Ak EEHY
BEETXEA (p<0.05) , RICAHIFESIEM.

50 1 140
45
120

S 40
53,55 35 100 )
E-; 25 m f§
& T 20| 60 & prpr
S ® 15 r 40
v 10 r

5 20

0 0

0 100 200 300 400 500
ARSHRJE/ (mg/L) concentration of ARS

Kl 5-1 ANFIWKIE ARS Jiha 24h J5, SAREIRIGEL) A FRIZHZ! SOD W TEFEm, ANFF£)
FonFE—HAMAN A REEES (p<0.05) , FFEEIE LAY, TH.
Fig. 5-1 Effects of ARS stress 24h on activity of SOD of different organization in Spinibarbus

sinensis ,different letters mean significant difference with control (P<0.05) . data of the live

according to light ordinate ,the same as the following

5.3.3 TR SR 24 h FRFAELA LI EHEEE M

B ARS WEETHE, FFAFZAZY SOD s MR A S FAIC 5 TH i PR ¥ e 34
(P 5-1), 24 ARS K Ei% 300 mg/L B, SOD Bk ik 3 % K {E (110.3940.89) ,
BEET A4 (93.124+0.76) (p<<0.05) , 100 mg/L, 500 mg/L ¥4+, SOD
BE P BE TR (p<<0.05) , RIUAMMIIEM, HAhkEE4 SOD FEmik &
Frn TREA (p<0.05) , RINFHEFIEH . FIEHZ CAT BHEMERES ARS KK
TrE RPN LT & G IR Y (8 5-2) . 24 ARS WKE 2 300 mg/L I, CAT [
T EIR B KA (86.34+0.18) , W E T4 (66.95+0.33) (p<<0.05), Fk 100
mg/L, 500 mg/L K4 CAT BELTX A (p<<0.05) , RILNIMHIEHSL, H

&
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bR FE L35 B T IR AL (p<<0.05) , RIUNIFFIER . FFATALZ! GSH-Px BG
PEARAb B BN B, Wi 5-3 FiTzs . 200 mg/L, 300 mg/L, 400 mg/L ¥ & 4H GSH-Px
Bl 2 TR (p<<0.05) , RIUAE SAEM, 1 100 mg/L, 500 mg/L #JE
2H GSH-Px i iif M il 2 sl AN B R T HR 2L, R AE

6 r 7 100
190
: T !C!l: :(:j: 1 80
2, dFH d dE 70 N
e b T TEH 60 K
s £ 555 50  mhg
2%, i 10 o i
= ®© =mn nmm 30
=
S L H £ 20
i 10
0 1 1 = 1 oo O
0 100 200 300 400

ARSI / (mg/L) concentration of ARS
K] 5-2 AIEWKEE ARS Wil 24h J5, "HAREIEEL) AR L CAT s, ANFE &
FondEEBEENEER (p<<0.05) .

Fig. 5-2 Effects of ARS stress 24h on activity of CAT of different organization in Spinibarbus

sinensis ,different letters mean significant difference with control (P<0.05) .

L35 . 8
[al
. T Z
22 2.5 HH
“H_—E E s 4 me
§ | £ 3 @
- it 2
z 00 1

0 0

0 100 200 300 400 500

ARSI/ (mg/L) concentration of ARS

K 5-3 AN[EKEE ARS JikiE 24h 5, AEERIGES) AN R ZH 28 GSH-Px & P2, AN
BERIRA A BEEZR (p<0.05) .
Fig. 5-3 Effects of ARS stress 24h on activity of GSH-Px of different organization in Spinibarbus
sinensis ,different letters mean significant difference with control (P<0.05) .
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5.3.4 THEL SRB24h FARALAR_BHESE

AFHREE ARS #2324 h J5, HhAEERIGEA) A [F2HZ MDA & &3 an &
5-4 fiiR: Al LG HAFIZHZ MDA &2 S, WEBMRkocy: FEE, 68, .

Bt S A RIHGUT AR I EBEHLREA 0% BEE ARS IR EEAKI &1, i ZH 28 MDA

S BAT AR S RS THE, 7 300 mo/L IR Ik B RARAE, BT 0 IR
(p<<0.05) , Tfii 400 mg/L. 500 mg/L ¥#KZ4H MDA & & 8.3 & T X 4 (p<<0.05) .
i 2021 MDA & &2 ARS W B =AW =, B 100 mo/L W FEZH MDA 2 2R IK
FXHEASN (p>0.05) , HARMKEZLH MDA S EHEZEE TAEA (p<<0.05) . AF
JEZH 2% MDA & =B ARS ¥R FE IR i S FEAIG 5 T - 100 mo/L ik FE 40 38R T4
HZH (p<<0.05) , 200 mg/L. 300 mg/L & ZZH AT X HZH (p>0.05) , 400 mg/L.
500 mg/L 54 5 2w T ZH (p<<0.05)

9 r d
= 87 %
2 A
= 7k |-
| 1 —
~ = — .. B X
ggi i L || o

e B A .
S g |d ] e | LCEEE
oot - @e 3:
[am) i .
= 1 -

0 [T J A

0 100 200 300 400 500
ARSI JE / (mg/L) concentration of ARS

K] 5-4 ANFEIVREE ARS B 24h J5, FAEEEEEL) AR HRN BN & E, AERFREERR
HimFEEEZES (p<0.05) .

Fig 5-4 content of ARS stress 24h on MDA of different organizations in Spinibarbus sinensis,

different letters mean significant difference with control (P<0.05)

5.3.5 EFEMELINFHCEEMHRRE
7 5d 5, WK 5-5. 5-6. 5-7 fiz~: Bf%E ARS WRE R &, IWdLZir) SOD,
CAT, GSH-Px 3 Fh$ii EALBE 3G PE K SRR BN AW T+ i a 3A . [R] B &k B2 SOD
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TR R TR (P<<0.05) ; =300 mg/L IR 4L CAT W1 B3 = 10t
HEZH (P<<0.05) ; =400 mg/L KR EH A GSH-Px & VE & & T X B ZH (P<<0.05) .

#7510 d J5, W 5-8. 5-9. 5-10 Fyn: W42 3 Fhisa fL g% 500 mg/L
WIE4H SOD iEME R E E TXHRA S (P<<0.05) , HiAdufk B 4H i 8 Ak g v 1 5 0 A
HIC W EMEZER

5.3.6 EFrEERAAmELEEMRNRE

i 5-5. 5-6. 5-7 fros: FEE ARS WK KT, 12041 SOD, CAT, GSH-Px3
Pt AL ES M R BN e TR G R R, B 100 mo/L ¥k FE A HT A LB S o 5 0 IR A8
BEMEZES (P>0.05) , HALMK A E XA A B2 127 (P<0.05) , 400 mg/L
WS PR AL B S PE s (P<<0.05) , 500 mg/L K A Bt ALl iE PE i Ak, H&
FRF XA (P<0.05) .

250 1 1 120
S 45
C .

g 3 HH EE HH 4]0 —
830 | HH s ¢ HE & i
52 Hf B . 60 |m
£ 20 st =t o I
2 15 | J P EH o B 7 40
210 Ny EH TEH
Z NTTEE EE 4 20
= 5 HH HH
% O == ] 1 1 1 e O

0 100 200 300 400 500

ARSIRJE /mg/L. concentration of ARS
K 5-5 2 24h 2 J5, 3% 5d A AEEDREE L) AR AN R 412 SOD AR L, ANFEFRER
N BEEEZER (p<<0.05) , AFAEEE WA LR .

Fig.5-5 Effects of ARS on activity of SOD of different organization in Spinibarbus sinensis
after temporary support for 5d ,different letters mean significant difference with control (P<0.05).

data of the live according to light ordinate ,the same as the following
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Fig. 5-6 Effects of ARS on activity of CAT of different organization in Spinibarbus sinensis
after temporary support for 5d ,different letters mean significant difference with control (P<0.05).

data of the live according to light ordinate ,the same as the following
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K 5-7 12 24 h 5, 3% 5d J5 AR T2 AR [ 4128 GSH-Px VE AR 4L, AS[FEEE
KRB REENEZESR (p<0.05) .

Fig. 5-7 Effects of ARS on activity of GSH-Px of different organization in Spinibarbus sinensis
after temporary support for 5d ,different letters mean significant difference with control (P<0.05).

data of the live according to light ordinate ,the same as the following

#7%10d J5, Wk 5-8. 5-9. 5-10 fizr: #2141 SOD, CAT & 500 mg/L ik
JE A G 3 T R AN (p<<0.05) , HAIR ARG SXTRRA LR EEER (p

&
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>0.05) ; 1M 400 mg/L 82021 GSH-Px i o 2 = T4 4 (p<<0.05) , 500 mg/L
R 2H 21 GSH-Px F i KT X A (p<<0.05) .

537 EREFRALRELEEEENRE

#7:5dJ5, WK 5-5. 5-6. 5-7 fian: B ARS K THE HFIE4124H) SOD,
CAT, GSH-Px 3 Fifit ALl TER B NSETH R Ja h B, 400 mo/L iR HPTA
B S M e = (P<<0.05) , 500 mg/L ik 5 2H fi A A g v 1k e 1K, HL 2 IR T X 1
21 (P<<0.05) .

#7%10d J5, Wik 5-8. 5-9. 5-10 fizr: AFAEALZ A 3 FhirA L EERR 500 mg/L
W4 SOD, CAT, GSH-Px By B K T X R4 (p<0.05) , HAthikFEEA ST
FALEEE M S0 R T B M .
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K 5-8 Rl 24 h 2 )5, #F 10d J5HEE IR L) AN R4 SOD ARk, ANFhE
ForAA EEEZR (p<0.05) .

Fig. 5-8 Effects of ARS on activity of SOD of different organization in Spinibarbus sinensis
after temporary support for 10d ,different letters mean significant difference with control

(P<0.05) . data of the live according to light ordinate ,the same as the following
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FonHmEREENEZESR (p<0.05) .

Fig. 5-9 Effects of ARS on activity of CATof different organization in Spinibarbus sinensis
after temporary support for 10d ,different letters mean significant difference with control

(P<0.05) . data of the live according to light ordinate ,the same as the following
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RFRAA REEER (p<0.05) .

Fig. 5-10 Effects of ARS on activity of GSH-Px of different organization in Spinibarbus
sinensis after temporary support for 10d ,different letters mean significant difference with control

(P<0.05) . data of the live according to light ordinate ,the same as the following
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5.3.8 FEARHLAR_BEEENTNK

#75d 5, W 5-11 Fin: M2 MDA & &R ARS WKFE T o T %
JE i, 100 mg/L 5 4H MDA & ERSAIK T X4 (p>0.05) , HAthikE 4+ MDA

SE SR A B2 R (p<<0.05), 400 mg/L W4 MDA & & & 1% (p<<0.05),

500 mo/L WREH G EimE (p<0.05) ; fEZH4Id MDA & &% ARS WK E T &
AR, =300 mg/lL K4 MDA SEEERTXHERA (p<0.05) ; AFAFHL
MDA ¥ fEFE ARS WK T = e bR 5 7=, 100 mo/L WK JE4H MDA &&=k,
FILT XA (p<<0.05) , 500 mg/L WKJELH MDA & &Efm, W& m TAA (p
<0.05) .

#9%10d J5, ik 5-12 fros: SIREANKA L MDA & & 5x AT R &%=
5 (p>0.05) ; Bk 500 mg/L Kk ZAHEIAZ, AT ZIH MDA & & 5 F KT A
Hb (p<<0.05) , HAhZKZHEIHAL, HIEHL T MDA & & 5% A TG B E %=
F (p>0.05) .
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K 5-11 ANFEIREE ARS il 24 h, 32 5d )5, E@Blen)a AR RHAR —BrRSE,
7 RERoR A B E LS (p<0.05) .

>

Fig 5-11 Content of ARS on MDA of different organizations in Spinibarbus sinensis after

temporary support for 5d, different letters mean significant difference with control (P<0.05)
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Fig 5-11 Content of ARS on MDA of different organizations in Spinibarbus sinensis after

temporary support for 10d, different letters mean significant difference with control (P<0.05)
5.4 1ig

5.4.1 ¥R SR 24 h FXAEBER A LB

WEFCR B SNEVEA WL R RN LR £ 2R IR T A 2 14 B 3 (ROS),
ROS AT miFEVETE, XA i& ettty LEis, HUANIPTEALEE R ST in
KIEPURA IR, BRIUAT 2RI ROS, WAENARTZEH (Di Giulio et al
1989) .

SOD Fl CAT RIHFRHUA P8 ik fy - 2 R R B2 S A By, X7 b LA
2R S A0 R A I R R e ) 7 T SR B B DR . — R, ETE BRI
PR FEH, SOD FF¥ Oy « Hifk A H0, fl H,O, CAT TRk H.02 LA H0
N O MITTIERBINUARETEE ] GGRFUIESE 2007) , ABEFCH, 7E ARS IZIEMHE T,
AR R R4 T . 6. 4143 SOD. CAT i A (b ash Je A — 5, #F2BSETH
i PR AR, SR BRI 2 vh B i R ) 2 R S e R, R FE
ARS X AR H LA IR FIEM, 1 mREE ARS X A BT A AL B A0 1R -
VIS HEMIBEE ARS IR EEAWT Ty, ARIR B2 5 k= AR A 2 5 E R, B80S T HL
RPTEABT RS, 5594 T £ SOD, CAT SHiALEERIER AN £ KA H
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HEE, BrIEdUASZ 218605, 2 ARS IREERE— BT, AR A G v 2A ek
I S PUEA RGN RE T, PR 2 UAR A L AR AN AT ) a4, AR
LS5, A BT BEE VE BT T, ST XA . X5 £ LA (2008) |
BAZEAE (2011) 43 A% 6T (Paralichthys olivaceus) A1l (Carassius auratus) 5t 2 14 /i
(R e 25 R — 5L

7 100 mg/L ¥R AL, FTHEALSURIGEA14 SOD 2 E I T RAL 7 A RAE 100
mg/L WK ARS e R, b TR BORA, PRSI RE, PR IE A,
HUARIE I TEAE — 4> SOD KRBy ILvETEATEA N R, BUE SOD & & Bk K. 4
ARS #J%<300 mg/L i}, FFIERIEEZAZR SOD Fl CAT i 132 25T, iG 123 T,
XAk B AR AEARIR B i AR IO E R L N BRI B, AR

“CEMINATRN” o 1T 500 mo/L HKE 4L SOD Al CAT WA E 223k, HEL “FH
HIZER” o MR ALANA14! SOD F1 CAT i AR S = TXHRAL, HHm “#&%
PIAR RN o MWANRIASUHTE RS CAT 1 SOD JEIERIAS L A% i 500 mg/L
WL, ghea fEmE, SRAZIC 2 BB, i L SV N AR A2 B

GSH-PX &ML N |2 A7 1E I —Fh 8 B A 3 A e, 7E T PR Al i S
I EA S CAT MLIAE S (Dandapat J et al 2003) . £ ARS 24 hiZ¥ )5, HFHE
ZH R ZH 2 GSH-Px ity 14 il 5 R P 4 v 2 Ak SR IS T 5 PR a3, Bl “AIK
femdh” M. HBESE (2011) X TH5 34 2 S hi AT AU 45 R — 5. 1M
M2 23 GSH-Px i it vk F 4 v S DL a3, T BB MZH 4% ARS i 52
B bR, AR RS B . 100 mo/L WJE L, I ZH 2R ZH 40 GSH-Px
AR T RR2H, AT RS HH T SOD AL 4R B 3 AR U 2 1 i S AL ST AR B K R )
GSH-Px Z i HyF 1k FEA% . 1T AT 412 GSH-Px 3 M 7E 300 mg/L ¥4 i 41w A5 /)i [
V& R AE BT AL R Gt A (R S Bl R AR F R BOAS [T DG, S5 Tk CAT
FRA— B TR SHE SN, VR B R TR P R A

EF X} SOD. CAT Al GSH-Px {1324k S I PP 26 A5 5 AR 06 2, 1B 4 (2006)
SEE H A R T P IR PR VA E T S AR A n S e B 2 B, — B
b 2 BAE, AHREE R T AR T R, X R SRR AR R B AT IR (R
55 2008) o ASIGEERKRM: . SEAUHIEALZE) SOD, CAT & EXfHIM 32 BI{H
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SAHMIE, 4 H)JE 400 mg/L , 300 mg/L, 300 mg/L, wWifki, fE, AFAFZHZY GSH-Px
FRy T 52 4B 23 4. =500 mg/L , 300 mg/L , 400 mg/L, iXA]RE T4 EZ4H 2L
T REA R R RS R, RN Ul UL EE R ST 52 B B A AR 5y

Sk

5.42 THRL SiRiE 24 h BXIAEIZELRAE g S RIS

Pl (MDA =2 — g itid A AR ™, 5 &4 Bk g S s o i 48
AREEE, [t T )42 e B 1 LA ROS 5B . MDA 5 % Hi A AL BE A (b HI 45 4
JL IR S Wt Ak Fr 32 2 i AL B (Scandalios et al, 1993) . A MDA & & fI%uE LT
B HARHAL S EZRRKR, WRBVMRUCHIFIE. . 88 JrEERE LR MDA
GRMHSRE RN, TR A FH AR BT AR E T e LU AR KA R, ARSE
Bep, FFAE. . BEZ1Z1 MDA & &R ARS KRBT 8RB S BT R
B, ARIREE, TR, HUARFEALUMFAUSBORE, N ERZ A
H 2, FREHUATTEEE R G4 2% SOD. CAT. GSH-Px HUE AR b
SH A, EERIEENER, FEWE MDA & &K, ENETTEACEE BT
AACRE T RA R, 2 ARS IR IR e A Z Va2 5, WA EAE
S = A, AL IR B SRR B — D R, 1T 2 A A S e 5 R AN Ty
BT BRI AR5, S MDA SRR BT, RAEANLAR A A AR R A
pEf, FEAEIET. R ARIEE” AN S AESE (2005) RAAER . AT
MDA Hffili s, RoRMLUZREE ™ H, ERFEE T, — MR SR nT Ak
JREMREE (LOEC) B K J Bl f AR5 e WU BIURE BE o A Sl P FAE L i i ZH 21
MDA f#) LOEC %%+ 400 mg/L, 500 mg/L, 200 mg/L. W] WLEEEE 76 K40 S 12
AR I 5

5.43 EFEaAFEHPMFIEELEIRE

Winstun® (1991) W\ 942 BSNERIBUS, 25l 2 A E HEE,
E T 5 f0 P B SR AR o S o T USRI R e 1 R DO T SR
BRROS, i IEHLiA 52 AL -

ITAER, WTF ARG Je i, PLE KA TR =) 5 5 AL AR PRI B
FIszmm H 76 ™ 8, Rk a7t H st £, i SOD. CAT F1 GSH-Px FIMDA
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AR NSRRI S KA R EF T Z A (Rodriguez et
al,1993) . ALIH, BIRE dZ S5, &AL N ZH 24 SOD Mg i 1tk Sl 2 v T 0 A,
=300 mg/LiKEHCAT S EEE & TX R4, =400 mg/LikZHGSH-Px & & B &5
FPRRLL, ARG B IR dJE, HITARSHGRMNA, FPEAFAE KRR A ARl
A AEE R G BR, T DOV LAA IR 52 i SODRE i MK VH [k B B 6 WL 1 45 3
IR EZH (100 mg/L, 200 mg/L) 7E# 775 dJ5 H:CAT, GSH-PxFEEIE 1%k 52 1%} 40
Ko TRTEBR IR LR A I 2 B R EE, MUARIEET A EE R 4o AR 3 2 1 CAT,
GSH-PxRiHFRAH 2L 710 d2 5, BR500 mo/Lik s 2H SOD G . % =1 T X
AL, AR B 21 ok 2 20 1 3Fh bt S A Bl 7 M #0850t B A T W 3 v 2 . U W A 4
SUELIT10 d ] 7%,  ARSIERUIMEB G F G 1, FEARIKE IEH .

85 B A H SR T A B IE MR B 775 d, 10 dIE AR fL AR —3. B FR5 d)5,
B A HUE A IS TEFE ARSI FE BT S5 T i Ja BRI, JFAE400 mg/ Lk 2 I 74 2]
B, 1500 mg/Lifk AR A B AR, JFH #7210 djE, BR500 mo/Lik i 2H i E AL i
TEPE R EACT R AR AL, Fopth %9k T H e A B Ve 2 A2 B RRZH K. R
ARSIZIJG, BUAF=EKEEE AL, PR B A B, KA LU B
LR E 3. (RIREEH PR EEZITS A8 78 ek E 0 IZEKF, #7710 d
J&, <400 mg/Lik L AL BREMERR R E 20 A K, X5 VR (2009)
BIF 8 2K 2 e b B T f R e A (0 80 B FUKE 0 S A TR 0 5 ) AT 9 45 SR —
. M500 mo/LikFEHPTEAERGEZ10 dIfRTFE, BEVE M 3 A T 6 I,
X AT R 2 N ARSI FE I i it LA = A R B S e B, B T AL E & IS R
BeJ), SRS A BBEEARNRERER, SHEAS RIS, WHRAGEE R
Gt T4, FRAK T HEBUA G & BURE /) DA T i B 2 B S A A A
X EE A (2011) 5T A S o 1 1 o 51 FH O sk A A P A Bl A id 81 S Bl v
PER S I SE M 45 5 — 3

544 EFRENENEAAERIEUXNTN

MDA A g 5 it AL R4, "I DL AR LR B A i al &, i A
JlAR T, e B R] DUS LA i o o S A AR EEATRE S (AMZLSE 2009) » 223d
5d8 7%, Sk AN MDA BHf#H ARSI B Tt 1M 56 T B& 5 P+, 500 mg/Lik
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JEHMDA S & B3 i T IR, HAWKZAMDAS B IFK, 2 T ARSHPra il i
WU DTSR RS R RO T, BRI R B S LA I B I BT i A S, 3
PEACHLIA MDA & . 11500 mg/LK FE A MDAT & F] RE R ARSIK FEF &, S EWLA
AR H B2 2 O HER, I AL S i AL IR, MDA BT, HE79R10
dJi SR EANAAMDAS BB IEF, B HI500 mo/Lik AR i ik R HT Ak
R /v, @ SRR K R R HEIRES

25 dE R, HALMDAY EMARSH E AW &, MHIEAHAMDAR &iE
ARSTHE 56 AR5 THE, 100 mg/L, 200 mg/Lik 20 AT 4H ZAMDA & B AR T X HE 41,
UM IE R A N I B A, WS THUABTUAACEE RSt DU LRe Joasm, B
I8 T HE RS EAGFERE, (EAFMDAR MK T X824, =300 mo/LkFEZH AR, JFIEZH 2R
TR, Ul S R X A A R — s B, #9710 dJS, X500 mgl/L
LA RIS, ATIEH MDA B8 & = TXH A, B ARSI 9500 mg/L
I, AU AR IR A R T LA BT RIS R YE L, AR LA P L K AR
SR, AT R SR T I B A, B T O LA B S A TS A AT Tl 5 1 3
WA, 30 S EBUANEEE M RAC, SRS A, ERMDAE BT .
11300 mg/L, 400 mg/LyK ¥ 2H AR B A2 2404, JEId ) S AR Thag it v 15 Rk
oA . AHR MR Z ARSIRFERLIRE S R A PR, — FIREN s, AU
PAVRE, FEais sl = AL RIZE L

5.5 Z5if
1. (IR L) ta AN [R 41406 ARS 12900 (I RURTE AT AU Febk . 333 24 h
J5, BENE. SR P EALEEE L “ eI LR,

2. AR g A RN ARS e B A AR L R BUSPE MR B/ MK R
B8O, %

3. GiEPiEEEETEATA RS A A . BRS04
300 mg/L. 300 mg/L. 400 mg/L i tHILF EEHTIR, 437 4E 400 mg/L, 200 mg/L, 500
mo/L B ZH 2 L IR o i S A i s, B 40 ARS B fiUR
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4, Sf AR SR 2 BEAT DO QL CUARIT N, N4 o A £ ) A 4y R B A 2%
ARS [T 52 5 B HARC SR SR & %5 e ARS WKIE, H RV FE b M ARFRA E 2

5. X ARS RFETE 0~200 mg/L B, S AefE Il 6E 4 fa 0 23U 208 ilidiifs, 4
IR 200 mg/L B, ARS il o 10X A AN EE 2H 2058 Bl — e i . 1 300~400
mg/L ARS 2T HLUE BRI E R 7% 10 d J5, @ HE SREMEE R I E IE
H 500 mg/L A< I ik B P A 475 2 AR o
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BRE GIEESRARBIRICEY
Lo ik S E R A 6 K ALS R AR B ) 0 B PR T b, S8
SRRyt BRI

2. LZEFHIERLIARSIRIL24 h, HNIFH/KEFRSd, 10df5, 3RS ENE
Febr 5 A A H GG A BB A 7 T AT P R, MARSHIRIA <200 mg/LET, X
H AR A f L e 4, 4 ARSHLRIRE =300 mg/Li, A A{5) il e %) fa BARR
SHIGET:, (HaRE 0. FHE . B IS ds B R E R, RN 300 mg/L
Wi R AR 2005 d BT IR AT IR A, 400 mg/Lik i i I A AP0 425 10 d B 97
AR, ARSI 400 mg/Li, X4 25 i r s 4 o] B e DL R .

3v [AIFER SR, HoR P ROREE Fr, X Shric Rl & Ik o,
AW FEH B AR200 mo/ LK BE4H B A AR 2 ik 91. 7% (H ik B A bR i & R I B A
SRS, ARICRORA AR, g5 &4 B A DL RPTEM BRI SR A5 58, B U H
AR &t HEAT 52 ARICHT, ARSI B AERRIC IR E 300 mg/L.

4, WRAFKE G P DOCREFRIC TR GRIBIRFERIR D B, ZLREH B L
Jith, et SOCHERIRNSE, MK HNE, mE, WEAEE. B ARG
BERAS 7] #2158 LUK [F) D #81 SEAAN [F) A 8 B B s PR AN R, BT AE S (290
QERHKEERT, ALEFERIRIRE, B3, IRIEARICHARIA F R BORIE K
HRIE TR, AbTHREA R FIIbR L mE, IR, RN EE gk, B
GO ROR T E, AL TARPGEAE KIIRARC s, AR 221, AR Dibrd
AL PIHTIR T, WRTEROBCRERK bR ICR ], H A #id24h, Hik, Sricp s
HANERRGE T IOCIM T, MOOCTMR B, AR, AR 782 i
B wa, EIATHOCARC, WEE MR R, SRIEEE SR E B AR
W, BEIMHR mARIC R -
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e b ok 2 2015 Ja il LB 52 AR 24 18 S

K1-1, 1-2, 1-3, 1-4, 1-5, 1-657 7Rl x84, 0%, 1%, 2%, 3%, 4K
PR i S AR o

Fig 1-1, 1-2, 1-3, 1-4, 1-5, 1-6 represents respectively the standard of marking quality for
control group, Level 0, Level 1, Level 2, Level 3, Level 4 in scale.

EIZ'].’ 2‘2’ 2'3s 2‘49 Z‘Sﬁ%ljiéﬁﬁ%ﬂﬂ:ﬁxﬂ‘ﬁﬁéﬂy Oé&’ 12&’ 22&’ 32&E/\J*i_“ia)_ﬁ
iRk

Fig 2-1, 2-2, 2-3, 2-4, 2-5 represents respectively the standard of marking quality for
control group, Level 0, Level 1, Level 2, Level 3 in lapillus.

K3-1, 3-2, 3-3, 3-4, 35 RIFRMEANIEA, 0%, 12k, 22%, 3ZItnid)H
%*ﬂf\){ﬁc

Fig 3-1, 3-2, 3-3, 3-4, 3-5 represents respectively the standard of marking quality for
control group, Level 0, Level 1, Level 2, Level 3 in asteriscus.
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