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ABSTRACT Experiments were done to investigate the effect of low salinity stress on the di-
gestive enzymes, anti-stress enzymes and the survival rate of juvenile Epinephelus malabaricus.
The larvae were reared in seawater and the salinity was reduced from 28. 23 to 22. 56, 17.57,
12. 67 and 7. 71 succesively in every three days. The digestive enzymes, anti-stress enzymes and
the survival status were determined. The results showed that the protease and amylase activities
in both stomach and intestines of the fish reduced significantly with the decrease of the salinity
(P<<C0.05). The activity of SOD increased, while CAT and GSH-Px in liver, muscle and kid-
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ney declined with the decrease of the salinity. In addition, mortality appeared when salinity was
12. 67, and all the juvenile fish died within 12 hours when the salinity was 7. 71. Hence, the di-
gestive enzymes and anti-stress system of juvenile E. malabaricus were affected seriously by
low salinity stress and would ultimately affect the healthy growth of juvenile fish,
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R AP Epinephelus malabaricus TEWGRE B . ANERSEHBR“FR”, LA X IF K E MR
REHENNMERERSRREAEESEENEKRENS. REAURANGRAFREAEXTERR
BMAEREE, ZEETAEEWSELRBRERFEEEZ N, REKEHEEEELTEIRE., ARAFEHR
WA —REMER  SENPRERERE, NEEN BN LLRAENRAE. Bl ARBENARERE
HEn, EREFEBEEAT (BEARHALEZA) ( Galat ezal.  1998; Allan eral.  1992) (&
BWOERBES 1999 FEEEERE 20020 MEHMESHE (Chen ezal. 1995, T XL FIHT & fLBE S
FIBFST, B RTEE A iR0E . AU K 0 Z 5 K3 B A B O X B s b B e X A A S B AT AL AL &
AN BREA AR ELENHZEE . ASEARAT A RANELRET AR, UL RIHERT
J A ST A B R AT S A S AR

1 HRER*

1.1 L&

S0 i B AR KW R B S BT e B 0 AU B ML, 44853 B ZEE ISR 10 d,Ki 25. 0
+£0.5°C,4hF 28.5 £, pH FEEEEE L R 7. 7~8. 2, ke R TR I 4h £ (20 2. 32 )40 B, FEPLE T K
A (60 cmX 55 em) 4,24 h AR, WARBEEAKRT 5 mg/L, Yi4LEEH 8 < 00 A1 16 : 00 HMFHK (10
~15 g Mgk /Nt I RE R B R, R 520 . LB AK MBS A RK 5K BES TR, Z5 AR LR RFE
Rk BE K, B4k 3 18] - 38 48 K K IR, Bk ek 1/3.

1.2 Eigit

RARHRELBRRI . B4@aiUCEELRMKRERET, B8R 3 BMARK, SRAREBKEEAS £
£(28.23,22.56,17.57,12. 67 M 7. 7)) , EE B LHWILT- M1k, LW PE WM KK, KR 25.0+0.5 C, &
BE 28. 5, ERT 5 mg/L. BATEAMA 0. 75 mg/L, BREERMS, Rk IR EFRFEAZ,. B H
16 : 008/E 1 K. BB (7. 71 BRSO ER 3 B2 4 JF JE . ' JE A0 A Q0 UL BN 3R ¢, A7 7 4k B A0 0 B SR 3
FIWE

1.3 HEEEH &

BRBREBRFHSTARAEITE . SRAKMULE 0.5 g, A 15 R AERKNBEMME R (pH 7. 4,
50 mmol/L), B AR BMKB K, RESHESEL (4 °C,10 000 r/min, 15 min), FEHREHG #%
2007),

1.4 ERFEHHNRE

BEPEAMERRANE N - BEFABR ST CHEOM A BEAAER 1 pg EERMAT 1 M EFE 2
B o J il rUE R B R R AR BT R Lt Bk, B0 E O 100 ml M Y AMS, 7E 37 C 5R¥EM 30
min, K# 10 mg MR 1 MEA . o E ALY L (LB (SOD) I 5 U & R A 8 B e L B8 15 , SOD B4 & X
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BREEHRAEATR 1 ml KNI+ SOD M #iX% 50 0 BBt 5 89 SOD & —4~ SOD 1 f A (U) . &k
M CADEREMNE A B RAREA P L ENEBER 0B BEER 0.50~0. 55 HRY T E ik
SAXER 1 S AN BRE S RA. AMEH KT ALY EE(GSH-Px) BHRENEXNEEREAR, B
S IBRAEBE R R E R R NIRRT GSH MR BEREMR 1 pg/L R 1 NG JT A, %Eﬁ?ﬁ?ﬂl%%ﬂiﬁ?ﬁl/”(%
AR ERAEWTRID.

1.5 EHaRMAE

BRRTE (1A O R I T 2 e, S DO 22 7 1 BN & (SRR TR W,
HHE4ME AR (BSAIRHEMEK.

1.6 HiELE

BIEH SPSS13. 0 k4 4i it HR I FH E MM Duncan’s EELUBRFETEREERRE . SRALY
H IR lEERR.

2 RRER

2.1 REEHaYaEREEMETHENERAMFERIOAE

AP E L AR B KRR RE N B R AR S R e K. ZKIRELE N 17. 57 B, Sh B BTG Bh RE 1 FF
TR, EERAAY AL HEMNLR, WahBR, BREAE, REEZFHBELD . SKEHRERN 12. 67 Mha A
BRE A4 BT, HEEN .71, ARASALTHIET, BERFRRLE L,

£1 FRARERETREREHERHMNETHORE

Table 1 Activities of juvenile Epinephelus malabaricus at different salinities
HEE T SR FERA FTRE T8t
Salinity Activity Feeding Mortality Time of 100% mortality
28,23 WL wE EFE T B
! Normal Feeding actively No mortality
9956 WHEHR BERE .o .
' s Normal Feeding slowly No mortality
i Wi B S A EFE L _
: Slow movement Feeding slowly with uneaten feed No mortality
12. 67 RERGRRE AER 4 BB 72 /NETRY
: Slow movement and loss of balance No feeding Death of four fish Within 72h
7.71 — _ Ex: A 12 /B R
: Death of all fish Within 12h

2.2 FRSESBETRATOHEaY)EHABHEL

AN OHaEHELEEESANERNE 2, SAEEERN 28. 23 Ak, ARasiaEEAMKBE
HHEAKEE TREBREEEREE(P<0.05);HiERBEHOBEKALEE THRERIFEZREE (P
0.05), HikikEhE N 22.56 ML, Mk kEbBE R 17. 57 #1 12. 67 B, § & O B 7 15 M 5 i 8 B 15 (2 35 MK
(P<<0.05); I EEBEEAERE N 12. 67 B THEEE(P<0.05 ., HPEHEHBEREND .

2.3 FRAEESBETAFANEH BN T HNHRHOTL
WG DT Y BB B A TR LSS R R 3. S5KEILE R 28. 23 ML, A PR MR 4h B T RE
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SOD iEHMtE THRASHFAEREE(P<0.05);; A ashaifiEd CAT FHMEETHRMEEKIFEER
BEP<0.05) ;A Mmsha TS GSH-Px H W B FTHREMKITEE R BE (P<0.05),

£2 ARAHERETATCHRAYEFARNEREILES

Table 2 Activities of protease and amylase of juvenile Epinephelus malabaricus at different salinities

g Stomach B Intestine
HhE
Salinity EHHEE (U B (u/dD 4=). Q8)) M (u/dD
Protease Amylase Protease Amylase
28.23 153. 77+6. 622 ND 11. 66+ 1. 142 1.6940, 032
22,56 138.47+7.78% ND 7.88+0. 99b 0. 9440, 08>
17.57 125. 69+4, 96t ND 7.004£1. 09® 0.50740, 08¢
12, 67 91. 81410, 39¢ ND 3.62+£0. 24¢ 0.26+0.01¢

ERAFONEFEPFREFEAMFAE LR B E (P<0.05), HEAEZERRZEP>0.05)

£3 TRAREHETIHERALAES CAT.SOD f1 GPX-Px k& /1
Table 3 Activities of CAT, SOD and GPX-Px of juvenile Epinephelus malabaricus in liver at different salinities

FFRE Liver

HE
Salinity SOD CAT GSH-Px

(U/mgprot) (U/mgprot) (units/ml)
28.23 323.60%3. 492 171.39+7. 19 199, 47+0. 66
22.56 336. 90413, 392 140, 52417, 87 148. 91+£20. 83b
17.57 350, 21415, 12b¢ 142. 4044, 26b 129. 6412, 35°
12.67 369.2947,.77¢ 87.9443. 95¢ 127.98+13. 88

E:FICNEFR) P RIE TR A MEE £ 5 B E(P<0.05) , A #ER AR BE(P>0.05)

AR EANTINEEEETINE RN E 4. SAKIEIELFE N 28. 23 f1 22.56 Mt , Yk kb
e 17.57 #1112, 67 B LA & SOD &4 B ZF 5 (P<0.05) ,, A ML A LA GSH-Px G HEFEh R T
M3t H2ZR B (P<0.05), MULA H CAT & 1 JLFE XK, ’

£4 FTARERETAHFRRLSHENA S CAT.SOD 1 GPX-Px (biE N
Table 4 Activities of CAT, SOD and GPX-Px in muscle of juvenile Epinephelus malabaricus at different salinities

WL Muscle
N 3
Salinity SOD CAT GSH-Px
(U/mgprot) (U/mgprot) (units/ml)

28.23 63.67+9.102 ND 129.32411.85°
22.56 61.08+7. 24 ND 103. 7848, 43P
17.57 81, 8714, 50 ND 79. 84123, 94°
12.67 94, 00114, 420 ND 54,94+ 4.47¢

BRI MBI E R RS, ARAHAEERE T SOD EHBEEETHRASHELEREE(P<
0.05); 5KAREE By 28. 23 1 22. 56 ML, MK REEEE R 17. 57 F1 12. 67 FHES CAT M GSH-Px WEHH B
EREAE (P<C0. 05),
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£5 TRBRBEHETRATANREL S EHEP CAT.SOD 1 GPX-Px k& A
Table 5 Activities of CAT, SOD and GPX-Px of juvenile Epinephelus malabaricus in kidney under different salinity

B ¥ Kidney
#HE
Salinity SOD CAT GSH-Px
(U/mgprot) (U/mgprot) (units/ml)

28.23 79.6+£5.87¢ 1.350 £0.1712 60. 370 *£15. 4°
22.56 105.13+8. 38° 1.39740. 1252 67.37+6. 38
17.57 108. 791+ 13. 94b 0.98740. 069> 25.02%8.73b

12. 67 135.54+12. 92¢ 0.4731%0. 147¢ 21.6844.93b

E R CNEFE) P RBFHAHAE £ 57 8% (P<0. 05, MEEEZ R RREP>0.05)

3 S5t

3.1 FRAEENSHEAREFERNRW

BICFHAHIE M R ARARAT EMKIEER 11~41, 7 E 11 £/, MERHEX - MREAEREX
BilsFEERE., AL, SRR 7. 71 5, A 2T T;ELER 12. 67 B, EFGBILTHHELR; &
BEON 17. 57 B, 4 5 BE th B 2 BRI U B 4 B (K 2R X e S 2R BEAE 8~ 13 Z A, #h BE 15 LT, —2e 4k i
HBARKI S BB BB AF TS , R TESC PR IR B B o, B BEE A BB B Bl K, REARFRAE 20 LA b, 76 WK 22 % £ 9 19
ERFERFEM.

3.2 FEREMSEAHAHLBHYRYE

RFHEX AR R EAAGHEEYH B EENERREES, RERRERL  EFEREIR R4
HRE, MBEEAET R EEABEEERESE 20060, AXRERER.IWEFEHRREANELES,
BREKS s IR R VAT ERREBHERS , i E KK S (Bindu ezal.  2002), EXMHBEEE
HEFLIBRP AP RBEK GENMERERENSE5WEHXE 2000, ARTFENRERENEER, HILE
FITFRE. BERBZEF2003DME  FEWKEEBE N 20~32 MBI N, tiAafFat K E®, Kb F 25~27 474
AREOEE . RERT 2, MHELEEARFAEKBE, MELEMKT 20, WEhFREFAEKEEBE.
BEEEANEH B FREABAOMERASMHA, EXAREET . BETHEHEELAR(EFES
2006) . ZX " E JFE W, AR 0 T AL RE 7 2 B 2 (AR B A I B T R B BRI . A LR S R AR T X —
SO ENEAMB O MG EARBIEE IRELENEETEM TR, EEFHRERBE I IT. B —
S D D VT B R R S vl 8 o R g TR 430 B T R A O AL T B, A e R 2K B B A Pt VT DL PR A
MEERARES 200D, B HRMEHELLD.,

3.3 FRE:EXN SRS 5N

oG A T T i O T S — B3 M A BT T . AR SO R UL Y S5 AR o R 3 R TR O & 0N, BUI YR A
Mo HEHERTEHEE AN, HEBE SAKNBEAREMSREE ARV ELIZEREBHE, TR
ESIE AR A B THEBR X Lo B phy 2, R4 A N 40 0 4 52 B AL B2 455 (Filho ez al.  1993) . E BN (2005)
X} B i B9 BF 5T 3R B L 34 ERF i i VR AP R AL B AL B (SOD) it AL S8 (CAT) Hy EL TR g B g /K 0 JE 1%
REZH EA#EYE. Vig FQBOBIFR T B EMAMG AL L —F 3L R, & B8 A ik A48 5 SOD
B, AFRBBARLILER., KL SOD B—-MEREERBA A HENTENRME, TEAFIE/L
FIMETE G R A ARG EAF/ER. SOD S BB, HNARFEROBEAAHERS. RKPKKE
e SBERNTEREERAHBEE B THAMBILE KT . SOD AIER O a4 H.0:, &
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LS GPX BT E R H, O, , X HLRE BIRIP/ER . 3 #hBE T 41 UM BRI B B . Mather-Mihaiehan
FAODHR T ERKS BB KBS BRI R, &I CAT & 53 K B B 408 T 7 & Fet [, (21
fib B JLR BT EALHEFE 45 40 SOD 1 GPX S BB (E I A — B, X th 5 AL R AHRT B, SOD #Y 18 % 3¢ 4 6 Bl 2%
HhEMmEsIEARASAMNIERL, AT KEAHE, ANERTAKARENBBZANHEEER, &
KRESH B, MEFET . BHIERLBPIA CAT HHWURERILFARERES, XTERILA &1
MRS EX,

4 hNGE

HEREmARERNEESETBERNEZ —. AXBAARLEHOELEAFARASIAERNEHE
FOBHZEEL , D B3R, AL B IS R, MR R A R AR K . BN R B A 7 v O 3B R 3R K AR R B K
g8 R PR A
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