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Xk, FEERT, YRE

O P RO T T AR M R E R S IE,)P JEi 536000)

WE: AMAAFAFEL A AGHEK RERMPVACE KNP H, TREITS HEA
RAERX, AN —EEAFEFEANLE (7.0 mg/L) E¥HA - RALZ N-L4H
(7.0-1.5 mg/L) BigfmiE R - EFERLH S-NALE(14.0-1.5 mg/L) 4 L 7 &
- EWERA -MWRAL 2 S-N-LAHE(14.0-7.01.5 mg/L) fn — B 4 5 8 48 fn 5 A S 4L
(14.0 mg/L) . 528 2 & 47 4 K J & 4 (16.07 0. 11) g oy & , 7 16 31 K % & o Jx 74 56 d,
REMER R ERE MK AW AFREMELRANALR(LD) & E LA 88
(SOD) & 71 (B AL L ik & (T-AOC) 44 A A & F 7% /1 (ASOR) |/ — B (MDA) & & | &
B REH K (T-GSH) (A A & Bt # IR (CSSG) ik B A A At ey & &, M A REKRE
A(3LAT 1. 4)g MR AR HEAEMEAAk., FRET S HEAR IS £ K
WL E NSHSNAEGMHETERKFEFEH T N-L AW SN-LAE, S4EHHHER
EREAWEFT THMAE, SHAFALIBRAANGANLERBEREEY R F. #
REN FEREZANEHKBEE. EFRAL AN GH RAXEXTHR, AR FZHHA
BEWHRA R ES S AL ATERKIRREFRKBAIO AT S HEKRERTH,
TGSHRELHAUMEAE AR ERAKAMBHUMEASENACESFREZRY

1 H o

KGR M AL BRI ALEH

hESES: S917.3

VAR S R R 2 A K AR B A T 0 S ) R
2 U WA S AR B KRR
FURJZ KA 0 BRI, 32 & 8 S b KR 9 1 B 5
J2 BRI E P R A L O 0 R A 4
ZREZER T 78 RGR /N RO 3R
KPR e VAR A e B R B, W bl T
A BT o3 i AR R R AR R B R AIG, FEE
WA 1 ARk B 22 5 6 IR 7
W H RURBE B R AR, 5 R 2
S FREE KRR, AR AT 1.5 mg/L E T
B 20 mg/L HEH Y, T I G A R A
GBI B, T8 Bk S S 3 A A SR K R R
S i 2 1 A R AR B AR R R, 5 ORI T
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XHERIR RS A

AR AL TE J7 o (8B VA B S F R P AR i
%% 3E (ROS) £ Tl 26 W 40 i vb 26 141 iR
U IR R 25 400 i 45 4 I 2R 40, SR B
T 7 AU SR A I, T 5 0 2 IR S A, AR A
— BRI PR B A LR R O L R B
o7 X A I I, A A A K B0 A S i A o
T B H AR AT B TR AR B B A AL
Z, LA B0 P9 22 4% 100 395 P R 1 ol 3, L 9 0
LB/ A3 T3 490 0 2k A 25 00 J5 780 48 it
s ) DRIk e 2 o o B R A K R R AR AL
1A 2 B0 56 28 B 0 28 A T A K R I V4 B
855 114 7 )
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BRI — WRRRAPIT LI IR T, B
AR G I R RO A IR L B B A
ZLAAS IR, T DU B oK BRI BOR | X 4 R
B K B0 25 AL A PR B ke 2 i B . H Al
) A X T 6l A BT 9T R A R T R A Y VB
PR ISR B SR Sy TV SRR Bl
A 35 M A L R A B SR AL D R R Y B T
TEE AR ILARGE o DG, $R AN A 9 4822 s
0T B A L R A O 0 4 D 98 Y B2 i, ]
Ohy i 35 IO 9 AL AL 2l A AL A R SR s S I EE i B %
TR

I R RS DR

1.1 EIe##

S R 2013 4F 4 H T AR % 44 U T A AR
MR 2 g 24 W KRR, s s 2 ) 05 it
TE N 5T T U K B 3R A 0 AL ), AE T R
10 m* SRR 1 m KR P INIFE 1 AHESL,
9 1) B R B A 2 YR (8:00 F1 18:00) , v L it 5 61
Kyl KRR 10 1 IR A9 J5 n /K I8 F0 BT A1 AR 1R
Sy LR M A5 DL R 1 h 5 A D
TERE . B 1 h v B AR R ZEAE . 9 5F 0 1)
g KK (25.0 £1.0) C 5 Mg KER R 29 ~ 31,
pH H (7.9 £0.2) ;56 BRIy 8 4K O B 1)
(14 L:10 D),

1.2 XIigHE

FRH A B O BT T8N R AR A AR ) 5
WEAM, EEA 1 m KER 1 m, FRAY R
800 L, Hh T Bk BRfiE Jy #ak , B otk g A 15 A FH AL
o 1 em (14 ) R o DA B 1R EER I o

SEI R Gk K RS0, T R s
A 2 R R A T R R KO AR T
LU R Y S R TSR s R =Ners = S T Y

AR s A =200 30 LAY 1 @ ikl
AR A 00 2 RE A 2 B 25 e, D AT 5 IR 2R
IKFRGEAE S K i 45 D I R B (25,0
1.0) C ¥ 1 R i A 25 522 800 L i K £
KA UG FRK ) Holl e AR R AHE R
1.3 =ZWigit

A K S 22 AR K SRR S B 5 R K A i
AR E L, AR 5 DI R E S AR g
A Ab .

N—I 4 B il o 7 2 70 &5 R R A 2 a1

L:‘\‘
E\

F7KF 7.0 mg/L;

S—FE A UMK PRI S & IR 4k T B A A
IRE(>14.0 mg/L)

N-L—#F A & & 1E 06:00 i@ of 725 & 09
00 FJhZ @A AKF- (7.0 mg/L) FE4EHF % 18
00, M 7E7Z Al 45 1L 2 X AR P REEIR H & /R 06
00 FAK (1.5 mg/L) Ay IFHF

S-N—I#F% & &= 7E 06:00 j@ i 78 & (2 09:
00 - 7138 1 F1 K- ( > 14.0 mg/L) I 4k £ &
1500 45 1k 780, 7€ 18:00 IR H 06:00 FF£: 7
SARYEFF AR T A K 7.0 mg/L Y K
a5

S-N-L—%: K 06:00 i@ & 7825 < & 08:00 |-
TR AR (7.0 mg/L) , SR J5 58 A AE 09
00 A EE AR ( >14.0 meg/L) Ff4E 5 2 15
00, 8K J5 45 1k 78 40 AT f 50 &5 AU 0 i el B B2 0
BN, &2 18:00 4% [ S LA FF 2R AR R
06:00 f) = B R

b PRV 3 AT LA 15 AR, B AR
HHES R FH 58 4 BE AL AL X AL 833t B0 (8 A i fA
30 2, S IR REEE 56 d. S I il A K Ut e B4k 1
A FG L PRIt f e HLAR 5T i 2 A 1 B E T g
B4 47 o 1 10 d B934k, 25 & 24 h, £ 100
mg/L 1) MS-222 iR 5, FW K 400 T f 4R 35 1
IK 3 JE TEON S 36y (B A v AT S 30, S5 00 6l ) 1R o1
Pk (16.07 0. 11) g(£ 1),

AE B A S g0 ok SR A AR IR T i e o i
LA 7K A, 38 ) 78 25 S 5 TR R AR I R A i
WA K AR o MR AR S A5 AR BT, A B E T
SAEMATEHHEEAXT 09:.00 ~15:00,15:00 ~
18:00.18:00 ~00:00.00:00 ~6.00 4 4~} [6] Bt N
fif g A e bR . B —0HiRE 10 MELE IR
B3 AT 23 0 BE DA e K AR RE A 5K
o 8l 1 P AR BT B A (31.47 £1.44) g,

1.4 FEEHE

FE 5 I 18] 55 55 56 i v b R AR, R R AR 5 5K
SRR AR . RFK 18:00 ML 1 h J5 35 #L 2%
fEFR T IF I e s 1/3 /K3, SR 5 #b S AH A A K 22
1.5 #HmRERTALE

AR S0 2H R S - S 0 B g A SUBCRE 20
F, 11 100 mg/L () MS-222 Jif B 5 fi# & , 53 1
B OFFEFIILN 45 0.5 g a4y, 4% 129 flm A
0.09% A= FLER 7K , 75 VKoK it v ] IKA 5] L5 9%

http : // www. scxuebao. cn



5 XA, 25 < A [a] 9 S A Sl A O i A 4 L RE S A A0 410 157 980 ) 52 i) 681

10 min, 4R J57E 0 CF 10 000 r/min &.(» 10 min,
W EWBE T -30 COKARER .

MLEAE G R B AE B 1.5 mL B0 b
A 50 pL JFZRBBUEEN 75 65 THET 24 h, % 4]
. KSR A 100 mg/L MS-222 R )5,
% 4 CHR I HPUEEFIE YRR 1 mL 7 525 A
JR& v I B, BB o v A A% B B0 TR R AL T
0 CF 10 000 r/min B.0» 10 min, Bl EER E T
-30 CUKFEPRAER I .

B AR U2 0 7 1 4 5250 55 SR 46 0 25
24 b, BRJE O B SR [R) I SR SR KA 2. 4
mol/L G Ak &5 F1 5 P it 4k 47 ( NaOH 6. 4 mol/L
A KI 1.8 mol/L) 45 1 mL 8 5] [& & 7K {4 o % i
SAAFIN, IF I 500 mL K AR A 1 mL = 500 H b
(CHCL, ) & % PR A7 2 BOKFERF I . 3HiF 8 h 5 H]
[F)AF 11) 7 vk BROK AR DR AT
1.6 HmaHm5lik

SIS TP Y B R ) B Ak
fit; (SOD) 1% J1 . B Hi %A AL BE 1 (T-AOC) \H1 H A
e 3% 71 (ASOR) | N — % (MDA ) | . &
(LD) % #¥% ( Glucose ) \ &1 4 e H ik (T-GSH) |
SEALTL A BE H K (GSSG) K id I Y 4% B H K
(GSH) & & 73 il 88 FH W A v ut e Al AR ) 72
FE I R & E

KA P A ok B T E D, AL
R R R A A
1.7 HEHE

FiE A KA (SGR) iR A XN T -

SGR(% /d) =100 x Ln( WE/WI) /56
o, WE H W3 531 Sy S5 56 25 o) RS2 36 T iy o
MR I (g) ,56 o SE g HF 2L I I ) O 56 d.

FER R IR AKX T

FHEHE[mg/(g-h)] =(0I-0F) xV/W/t
U Hr, O1 1 OF 435l S 52 50 T ify 01 52 16 45 oI £
RS R (mg/L) , Vgl E FE R R E 65k
WA(L) W L iR & (g) ,t A FE AR
W 5E Rk it | (h) o

Hra = mitE AT .

He#= % [mg/(g - h) ] = (ANF - ANI) x V/
W/t
A, ANF I ANT 43 J51] Sy 55 56 - 4y 152 50 285 R i
K M 2 A i (mg/L) , Wy S 5 il 14 5T
(g) .t FHEE AN E R ZEmb ] (h) .

AAE PR R A .

AR = (FERF/16)/(HFEF/14)
1.8 HEHItHH

K SPSS 1.0 84 Xf fir A7 5% 3 B 46 147 .
775 22 53 Hr (One-Way ANOVA) , XJ A [a] 4b #
[E] (9 84 2647 T Duncan [C 2 5 AL, 3 X 58— Ak
P [F] if 1a] 1) B4k #£ 47 1 Duncan [G 2 8 L #E, DA
P <0.05 ffh 22 5 5 3 AR

2 4

2.1 AEABRSEHEANHLYEERKHZM

N [ 5 fife S A st AR 2O 6 )y £ 1) A K R )
F,H &R 2 PR I Be N-L F1 S-N-L 4b 3 i1
{7 S 36 248 SRR A B o dk /N T A AR B, NS
N FIS Ab 38 [ fif (A o i 22 S AN B 2 . AR K SR 45
W5 R 2 R KA (SGR) WA AR ALY 45 2, BR
WZAh, IR AN 5 FE AL S 2
i) SGR £ R WE(F 1),

F1 FRBEEFHEN 8 &K B0

Tab.1 Effect of variation of dissolved oxygen on

the growth of mullet

e MR A/g AR/ g FredERKE/ (%/d)

initial body final body specific growth
treatments . .
weight weight rate

N 16.04 £0.20" 35.81 20.65° 1.54 £0.03°
N-L 15.94 £0.13"  30.91 +0.46" 1.21 £0.02°
S-N-L  16.00 +0.16* 30.84 +0.87" 1.19 £0.04"
S-N 16.19 £0.06* 37.37 +0.95° 1.52 £0.04%
S 16.19 £0.06* 35.04 +0.38"° 1.41 £0.02°

T — S P AN A 78 EAR SRR EZE R B (P <0.05) , N [A
Notes: Values with different letters in the same list were significantly

different from each other( P <0.05). The same as the following

22 AEBRETHEANH S A= RGEH
A

AN [} 5 S0 728 2y A 3K S P 2 RE U3 5 T
L, HAP N-L b H &5 T S-N A (P <0.05),
HAth AL ) 22 AN 3 (P >0.05) . S AL FR Y HE
AR EM T AL (P <0.05) , H A4 4b 2 [\]

FREAREE(P>0.05), I S AL AR L ES
FIHABAL I (P <0.05) , H A AL 2 (0] T 1 3% 2
H(P>0.05)(#£2),

i S AbH AR, A A BEAS W] sf ] Bt =2 [ £ i
ARYFEERFE2ZR (P <0.05), & R4H S-
N-L 4bFHAE 15:00 ~ 1800 B [0] B (1) FE 508 0 & =
THAh E B (P <0.05) , HH S-N-L &b B 48 44
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e THAMT AR (ESI) .

A T 1 A2 Bl O B R R B B R
S-N 4b B AN, Ho Al Ak B AE AN [7] 15 0] B 18] 2 47 76 &
%952 (P<0.05), H 09:00 ~15.00 f1 15:00 ~
18 :00 B[] Bz 114 H 2 28 J A 3 iy 1 At i i) B2
AR AL HEAE 09:00 ~ 1500 B [a] Bt , L S-N &b B 5%
fiX, SIEHEE N A2 B E, 7F15:00 ~ 18
00 Hif [A] B , 75 A BB AR AV U 3 - b 1 1B 2K
FHAALFR . #E 18.00 ~00:00 A [A] B, S-N 4b #
3 T AL,

AR LA () — A BHEAS ] Bsf i) B () 349 47 7 8 3
225¢ (P <0.05), [A]— i ] Bt AS [] &b 2 8] B 09
00 ~15:00 &}, FoAx b B ] 25 5 B & (P <0.05)

K2 ARAREEHEAXNEHFH
A=Atk
Tab.2 Effect of variation of dissolved oxygen on

the energy metabolism of mullet

Vol
AR
AR/ Hed %/ . .
(mg/ ] (mg/ b ] ratio of atomic number
Kb FR me/ (g - h) me/ (g between oxygen
oxygen amonia-N .
treatments . N consumptlon rate and
consumptlon excretion . .
Amonia-N excretion
rate rate
rate(O:N)
N 0.294 +0.031™  0.014 £0.001° 29.64 +2.80°
N-L  0.375+0.038°  0.013 +0.001° 28.38 +2.32°
S-N-L  0.337 £0.032**  0.012 £0.002" 27.01 +3.17°
S-N  0.235£0.015°  0.012 +£0.001° 18.88 +1.34°
S 0.336 £0.043™  0.008 £0.001* 44.61 +4.13°

F3 TRBETIHEKXTE R E ER 82 55T 20

Tab.3 Effect of variation of dissolved oxygen on the energy metabolism of mullet during different periods

eI Qb PR i} 6] Bt periods
indicators treatments 09:00 ~ 15 ;00 15:00 ~ 18:00 18:00 ~00:00 00:00 ~07:00
N 0.291 £0.036**8 0.385 £0.031® 0.315 £0.056"8 0.236 +0.021°*
N-L 0.413 £0.050**8 0.519 £0.072" 0.324 £0.032" 0.225 +0.036**
R/ [me/(g - 1) ] S-N 0.321 £0.031°® 0.235£0.063"*®  0.105 +0.005 0.232 £0.017%°
oxygen COI‘lSllIIlpthn rate
S-N-L 0.307 £0.042°® 0.632 +0.074¢ 0.277 +0.018"8 0.179 £0.021**
S 0.392 £0.053* 0.279 +0.032° 0.326 £0.052% 0.289 +0.049*
N 0.024 £0.005"8 0.023 +0.004"® 0.006 +0.001°* 0.008 £0.002*
N-L 0.015 £0.001*® 0.023 £0.001°¢ 0.009 +0.001°* 0.008 £0.001*
ﬂpﬁ%/[mg/(gi "] S-N 0.013 £0.001* 0.011 £0.001* 0.015 £0.002** 0.010 £0.001*
amonia-N excretion rate
S-N-L 0.023 £0.002"® 0.013 £0.002* 0.008 +0.001** 0.008 +0.001**
S 0.015 +£0.001*® 0.006 +0.001** 0.005 +0.001** 0.006 +0.002**
oy N 19.72 +6.52% 19.33 +4.32% 50.06 +7.80°8 26.24 +3.01"
ratio of atomic number between N-L 25.16 £3.76*P 19.86 +2.42% 31.97 +2.57%8 26.39 +2.96%B
oxygen consumption rate and S-N 22.39 +2.11%8 21.42 +6.00"P 8.08 +1.45 21.61 +1.70"8
Amonia-N excretion rate ( O: S-N-L 12.59 +2.48% 46.66 +6.71°¢ 29.42 +4.30" 21.74 £1.38%®
N) S 24.56 £3.54 46.26 +6.41°8 54.09 £5.55® 55.81 +4. 92"

T8 <[] — 5 AN [/ B b bR B B B 2 () 2% 55 4 2 5 (] — A7 o AN ) RS 7 B b b B BB R B 2 ) 22 5 3, R ]

Notes: Values with different lowercase letters in the same lines and different capital letters in the same list were significantly different from each

other( P <0.05). The same as the following

2.3 AEABRETHEANKEARKLEHIE
R B 2 e

5 IE R WA N AL BEAR L, 6 1 3% b N-L &b
H T-SOD & 5 76 % 42 by Bt i A%, % A K & IE
WG A T 5 S-N R S-N-L 4b 34 75 38 1 1 V% 4
I S T L S A B R B R T
R BG4 I I 2 % IG SR RN R AR R i AR R
(4 7 359 A8 HE 404k B 38 ) v . N-LO 1S 4b B
MDA % & 7E 06 :00 1 09 :00 & 2 &5 F H 4y 4b 5
(F4)., ZPREB B N-L il S-N-L &b # 1fi

HKrh Glu &5 i B M fi 16, DR S0 T, i 2
FH L 3% R Sy 4 G R e i 2R AT L RE . I 3K
LD 55 Ath b BEAR L, S-N-L Ab B8 f S I, 46 W]
Ji S0 A A D L I R SR B ST A A Sl R A
& SR T AR R B R X BT A A TR T, [ IR
PRAAACHE™ A2 ) LD A7 PR e iy o 20 B R W,
i 3K i a5 T A AL A T-SOD 5 R i X
SR B A T T TR I AR AL P A R R AR
S iE N-L F04EFG B AG R S Ab BE X i ifn 3% 5 A
TRREAAET],
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F4 FRABRELEHEAMNFENEENEFEUEIIEFLENH M

Tab.4 Effect of variation of dissolved oxygen on the content of oxidative stress indicators in plasma at different time

fBbR o = fif i time
contents of indicator 06 :00 09:00 15:00 18:00

N 0.52 +0.06"" 0.21 +0.06* 0.24 +0.04* 0.41 £0.068

bA bA bA A

B S M L/ (U/mL) N-L 0.43 +0.04" 0.37 £0.07" 0.26 £0.03" 0.41 £0.05*
total superoxide dismutase S-N 0.54 +0.02"8 0.45 +0.04"P 0.36 +0.05%* 0.38 +0.05™
T-SOD S-N-L 0.51 £0.03% 0.36 £0.07%A 0.43 £0.04%A 0.41 £0.04%
S 0.27 £0.05* 0.21 +0.03** 0.52 £0.04°" 0.48 +0.06°

N 3.28 £0.47% 3.03 £0.28% 12.77 £2.86%8 19.25 +1.49°C

N =%/ (nmol/L) N-L 14.66 +1.43% 17.59 +2.11° 20.89 +2.63% 18.06 +3.23%
malondialdehyde S-N 4.74 +1.82% 2.39 +0.23" 2.94 +0.13* 2.88 +0.26™
MDA S-N-L 2.41 £0.23% 3.69 +0. 42 3.73 £0.50% 2.40 +0.30%
S 19.63 +2.58% 20.28 £1.93% 17.86 +1.64% 21.67 £1.13"

N 11.36 +1.27%8 12.83 +0.48% 12.88 +0.66"® 8.26 +0.71%

ZLf/ (mmol/L) N-L 9.57 +1.44%° 10.18 +0.70* 11.34 £1.15° 9.84 +0.81%
lactic acid S-N 8.90 +0.64" 11.87 £0.80F 7.27 £0.87* 6.55 +1.15
LD S-N-L 3.70 £0. 61 10.14 £0.97°® 7.18 £1.37B 9.38 +1.48%
S 12.35 +0.61% 10.58 £0.84* 12.13 £1.13% 14.21 £1.42%
N 31.49 +3. 178 47.91 £2.14°C 30.59 £2.99%A 40.83 +1.69°EC
A%/ (mmol/L) N-L 26.33 +1.78% 28.30 +1.11* 33.90 +2.61%A 32.36 +2.58%A

(=1

glucose S-N 33.42 +1.01** 31.99 +1.59™4 34.71 +1.73% 34.89 +£2.04°
GLU S-N-L 34.02 +1.49°® 29.36 +1.00%® 23.71 +0.74% 29.75 +1.81°%®
S 33.58 +2.06 38.57 £3.12% 34.11 £2.20% 37.80 £2.24A

HIEHHEA N L, 6L N-L b2
T-SOD & f ;S b FRAH A T-AOC & & if % Tt
i s N-L AR PRAE 775 4 MK &2 09:00 [f ASOR & & {2
FEFEAL, S-N-L &b B i 4 i) [7] &5 ASOR & 71 &g
FMTIEHHANLM(ES), S-N.S-N-L #1 S
JE3 MDA 5 i 76 A 7] B ] 2Z (8] 35 7 7 Wk 3% 2%
5o N-L b3 A A% A MK &2 B Bt . S-N 5 S-N-L
R AV S AL BRI B AT S AR FE 15.00 B} GSH &
T R, U0 TR SRR A N AR 2 = B
GSH & it T B, % Fe i fif§ L ) 1 i 1 44k &
J1, H UL LA o GSH ] ] X B Ak A T
B R o ack 48 A0 ) 7 W, sk S 6T LA B9 42 4 . GSH
P A AT P ) GSSG LL S Ak B s A T-
GSH Fafkim ., 5IEHEALIA L, N-L &
R LD &R, LR B — i IR
AAIEE T, B IR AR R S LIRS RE 5, A
I v 5 7 AR R A BE A BE ) o DA UL 1A e
Eel e PUBL Y SR DE IR =R N VAT € (R i K= S Y7/ T D
Sl LA Pl £ 8 T-SOD 5 6 5 i X IE ¥
A - B TAIR SEU 706 B 72 3l N-L A BRI 40 38 7l ok

P AL R T, 1 GSH B 5 A I %HIG 480 8 1 s
AR BRI TG H (R S) .

JEEH ) T-SOD 5 1E 8 % 44 N 4 BAH L,
N-L Al S-N b # & 2 T [, S-N-L f1 S Zb ¥ TG 2
FXES ., N-LAb# ASOR & it i fi, S b e i o
4 ANVEEAS S AL FE T-AOC MDA F1 LD 4 & B i,
FEAIK, H S-N b3 MDA & & F e W] i, X
JIE 2 = 0 AR I R R, R AT R A A A
FE 8™ A= 10 i B 8 AL 7 ) AR ™ 9 . N-L 4k
FRAG S B B 06:00 B, S-N Ab #3484 v S8 By B
15:00 B S-N-L 4 #IL & B B2 06:00 B A1 S 4h 3
06:00 I} GSH & 4R Bl TR A , Ui DK%
FUEB M VA E A2 S50 GSH 4 & T %, HAthia &
IEH I [R] Bt T E K, S A B R R A
Kol S ALFEH A I ] Be GSH % & 2.2 F+ &, i
WY — L 4 4 A R SR T R 7 AR R SR
73, RS o S 3 T e GSH 5 6 ok BRUAR W % T
TH B R AN ™ A 1 B B 8. S-NS-N-L #l
S 4b# T-GSH F1 GSSG & & £ Bl K Ik It = 4
P(F6), SRR, NP T-SOD & & F %4
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JEX S-N-L #I S 4k 87~ A= S Ak s J1 , 117 GSH A A i) GSH 7 [ Xt I 4 A1 16 A1 i 28022 2l if 42 i B
HERBI A A S A B ™= A i R A i 2, [/ TR

RS ARARETHEAFEAH BN AT EXEIIFBRSENRZ MW

Tab.5 Effect of variation of dissolved oxygen on the content of oxidative stress indicator in muscle at different time

LA T if ] time
content of indicator 06 .00 09 .00 15.00 18.00
N 21.98 +2.18" 18.55 +2.41° 18.00 +2.06°* 17.50 +1.67°*
B A B AL R/ N-L 17.91 £3. 05 24.64 £2.55% 23.75 £2. 124 23.37 £1.38%¢
(U/mg prot) S-N 4.81 £1.25% 3.76 £1.46* 5.18 £0.75* 6.16 £0.76*

total superoxide dismutase

T-SOD S-N-L 4.82 £1.54% 4.56 £0.94% 5.24 £1.13* 5.06 £0.85*
S 8.32+£0.76" 10.22 £1.12* 12.81 +1.81" 12.31 £2.05"
N 0.28 £0.12** 0.17 £0.06"* 0.08 £0.01** 0.12 £0.03*
aA aA aAB aB
total antioxidative capacity S-N 0.25 £0.15* 0.05 +0.01** 0.07 +0.01** 0.09 +0.01**
T-AOC S-N-L 0.05 +0.02" 0.04 +0.01 0.11£0.03 0.05 +0.02
S 2.37 £0.33% 2.11 £0.35% 2.22 £0.33% 2.76 £0.37°*
N 63.06 +6.78" 68.90 +10.31" 71.82 +6.42" 55.81 +16.18*"
bAB aA bB bB
Si A T/ (U/g prot) N-L 67.68 +10.20 11.05 £5.30 78.61 +15.34 80.36 £12.83
antisuperoxide anion resistance S-N 28.77 +4.42°* 11.88 +0.60** 24.81 +9.20** 31.01 £10.10**
ASOR S-N-L 74.68 +8.23 98.26 £9.54°® 86.86 +3.46"° 50.52 £3. 124
S 82.41 +5.12% 83.76 +4.90" 87.38 +4.83" 85.95+7.10
N 0.17 £0.03** 0.16 £0.02%* 0.16 £0.03* 0.14 £0.03*
aA bA aA aA
% — i/ (nmol/g prot) N-L 0.21 £0.03 0.24 £0.02 0.16 £0.03 0.19 £0.03
malondialdehyde S-N 0.13 £0.04** 0.06 +0.02** 0.08 +0.03** 0.50 £0.06°®
MDA S-N-L 0.10 +0. 02 0.37 +0.08® 0.29 £0.09"B 0.07 +0.02%
S 0.15 £0.02%B 0.18 £0.02"® 0.11 £0.01** 0.10 £0.01™
N 56.26 +1.61% 49.38 +3.22%" 61.09 £6.19 55.96 £4.78%*
abA abA aA aA
B2 BEH Rk (wmol/g prot) N-L 53.24 +3.69 45.37 £2.19 42.38 +3.91 39.28 +3.36
total glutathione S-N 49.11 £0.60* 39.38 £1.11% 58.04 +0.80* 73.81 £0.50"8
T-GSH S-N-L 69.73 £5.34%4 61.52 +3.31 58.73 +1.39% 63.33 +3.83%
S 76.45 £12. 12 77.67 £17.25 50.15 £7.28%* 105.17 +18.19°*
N 15.13 £5.35%4 11.39 £2.31% 14.39 £1.53% 17.02 £3.18%*
S E H ik N-L 17.72 £2.39%A 17.19 +2, 234 15.97 +1.85% 16.54 +1.86™
mol/g prot
(‘f ) &P )A S-N 13.19 +2.10%* 11.65 £2.01% 12.79 £2.47% 23.88 £2.57%8
oxidized glutathione
GSSG S-N-L 19.65 +3.37%* 23.69 £2.77% 21.02 £3.28 18.83 +1.49**
S 25.48 £6.06" 20.05 +8.94% 19.35 £9.23%4 29.32 £5.31%
N 26.00 £5.35%A 26.60 +£3.63%* 32.31 +4. 12" 21.92 +2.17°
I R I H R/ N-L 17.80 +3.91° 10.99 = 1,338 10.44 +0.82*B 6.20 £1.15"
mol/g prot
(n &p ), S-N 22.73 £0.22%4B 16.08 +1.39*4 32.46 +1.83% 26.05 +1.39"B
reduced glutathione
GSH S-N-L 30.43 £2.32" 14.14 +2.31* 16.69 +2.15™" 25.67 £3.58"°
S 25.49 +7.83"A" 37.57+9.31"° 11.45 +4.39™ 26.53 +12.527°
N 3.04 £0.09" 2.90 £0.12°* 3.09 £0.13" 3.09£0.16"
bA dAB cB cAB
LA/ (mmol/g prot) N-L 3.44 +0.23 3.69 +£0.20 4.65 £0.37 3.92 £0.29
lactic acid S-N 1.40 £0.77* 0.58 £0.13* 0.59 £0.05* 0.50 £0.05*
LD S-N-L 0.51+0.07 0.81 +0.04 0.73 +0. 15 0.85 +0.24%
S 2.98 £0.19%8 2.19 0. 12" 2.93 +0.24"8 2.48 £0.16"8
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Tab.6 Effect of variation of dissolved oxygen on the content of oxidative stress indicator in liver at different time

S bR o 1] time
contents of indicator 06.00 09 .00 15.00 18.00

N 20.00 +2.84°A 22.53 +2.16° 20.74 +1.83% 18.53 +1.65%

P4 4 i

B A AL g/ N-L 9.17 £ 1.33%A 9.09 +1.93% 8.02 £2.07% 18.31 = 1.75%

U/mg prot

(U/mg prot) S-N 5.29 £0.45% 5.12+1.03% 7.32 £0.75% 10.36 +1.12%

total superoxide dismutase

T S-N-L 17.70 £2.33%A 17.95 +2.65% 18.33 +2.04% 13.92 +1.66™*

-SOD
S 25.27 +3.81* 19.43 +1.32° 14.95 +0.93% 19.57 +2. 12
N 1.59 £0.10% 1.63 £0.13°4 1.39 £0.06" 1.71 £0.14%

MPUEALAE 1/ (U/mg prot) N-L 0.44 £0.08* 0.15 £0.05* 0.14 £0.02* 0.16 £0.03**

total antioxidative capacity S-N 0.27 +0.07* 0.33 £0.08* 0.60 £0.24* 0.25 £0.08*

T-AOC S-N-L 0.33 +0.09% 0.93 +0. 16" 0.33 £0.09% 0.40 £0.02%
S 0.47 £0.08* 0.48 +0.07* 0.40 +0.03™ 1.01 £0.42%*
N 82.17 +23.69%* 74.07 £15.92°A 58.00 +7.80%A 43.81 +11.48™*

PR A B F/ (U/g prot) N-L 16.58 +2.82%* 22.01 +2.34* 20.01 +2.27* 29.84 +4.04°*

antisuperoxide anion resistance S-N 48.99 +3.83%4 46.43 £3.94%4 30.85 +4.60%* 68.21 +7.32%A

ASOR S-N-L 72.26 £7. 670 53.92 +7.88%A 70.63 +8.69°4 63.93 +3.07%*
S 112.41 £17.17* 89.76 +7.41°* 74.90 £7.22°A 80.61 +4.45%
N 0.54 +0.05 0.62 +0.08" 0.45 +0.06* 0.74 +0.05

7 %/ (nmol/g prot) N-L 0.29 £0.03%* 0.43 £0.05" 0.46 £0.05* 0.44 £0.09"*

malondialdehyde S-N 0.19 +0.02% 0.16 +0.02™ 0.37 +0.04™ 0.22 +0.04™

MDA S-N-L 0.37 £0.04" 0.26 +0.03%* 0.36 +0.09* 0.33 £0.05%*
S 0.40 +0.06A 0.35 +0.04%4 0.30 +0.04™ 0.54 +0.06"
N 33.27 £2.71* 36.39 +1.86 30.17 £1.59* 34.19 £3.32%

BB BT K/ ((wmol/g prot) N-L 29.39 £0.88* 31.32 £2.29% 35.78 +3.23* 34.77 £3.36*

total glutathione S-N 47.68 +5.01** 58.56 +5.92 62.51 +10.38" 54.89 +6.72"

T-GSH S-N-L 62.55 £4.32%A 92.87 +7.85A 70.02 +14.03%4 84.20 +12.81%
S 99.89 £10.52¢ 111.10 £11.35% 111.60 +9.88¢ 171.83 £17. 69
N 6.38 £1.17* 7.28 £0.93% 6.69 +2.94% 5.79 £0.89%

= N A

AT T R/ N-L 7.37 £0.96% 8.52 £ 1,74% 7.93 £1.25% 7.13 £3.31%

mol/g prot

(’f i &P ), S-N 13.50 +1.32 13.34 +1.22" 25.61 +8.71" 16.60 +1.68%4

oxidized glutathione

GSSG S-N-L 25.80 +3.41%A 35.49 +6.58% 27.44 £4.59% 24.71 £3.41%A
S 45.38 £9.01°A 34.38 +5.49 25.29 +1.93% 38.54 +6.99°*
N 20.51 +2.38%* 21.83 +1.77° 16.79 £2.22% 22.61 +1.81%

i R N-L 14.65 +2.93%4 14.28 £1.13% 19.92 +3.22% 20.51 £2.29*

mol/ rot

(wmol/g prot) S-N 36.25 £3.76° 31.92 +5.81°P 11.28 +4.89% 21.18 £4.318

reduced glutathione

GSH S-N-L 10.96 +4.02** 21.05 +7.54%AB 15.14 £5.16*8 34.79 +7.20*®
S 9.14 +5.32% 42.33 +4.06°8 61.02 +10.47°¢ 94.75 +17.11°
N 0.87 +0.06°* 1.06 +0.09°* 1.70 £0.17°* 0.98 +0.07°*

FLE2/ (mmol/g prot) N-L 0.12 £0.05* 0.34 £0.09" 0.37 £0.09" 0.23 £0.05"*

lactic acid S-N 0.31 £0.04% 0.34 £0.10* 0.24 £0.04* 0.19 £0.03%4

LD S-N-L 0.10 £0.01** 0.24 £0.05 0.09 +0.06" 0.05 +0.03%
S 0.21 £0.03"4 0.26 +0.02% 0.33 +0.04% 0.41 +0.06"

HIEHHE AL N AL AL PN N-LA SR 5IEWEA N B A BT R, L
FAE 06:00 F1 09:00 if 5 S &b ¥ i B A7 1 (] Bt S-N-L T K fie W] 2, S 4k PR AIK &c 20>, ) if MDA
T-SOD & & W& b, 4 DAL T-  SEEAE T UL FATIE, 4558 2R, 6505 % A ik
AOC & I %% T [, S-N F1 S-N-L 4 ¥y NIEAIRE S Be2s , 202 il T 6 AE J R 0 48 1 /9
ASOR & % i f iy o 4 IF A2 S AL MDA i, N-L ARBHR) LD & #fe s, ZJa 818 TR,
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oAt A PR LD 55 o B A A, 158 BH 8 R LOKE 4
PRARIS 7 Py Pt Ay it o B A IR EUBY BE g N-L
S-N-L 4k B f#y T-GSH #1 GSSG & & i F K T H
f b B, N-L S-N &b H 8 4 % ff Aok &2 B B
S-N-L /b H % 4 B B A 16 #0 B Be A S Ak B GSH
T R, Ul B SRR R AR S K

GSH &R FFEM (R T) . B AR EE &
SAAE By L B W S 4 2R Y AR AR T A
g i) T-SOD F= 2L % N-L Ab BRAK 38 A1 S
Ak B 2 R AR A SR AR R R T o S T E A
JULPA 2L 20 —FF , b GSH 5 7 1% S0 I 1 71 2%
PER BT R

R7T FARABRELEHEAFTEH BB AU B RSENH N

Tab.7 Effect of variation of dissolved oxygen on the content of oxidative stress indicator in gill at different time

fBtR o = A ] time
contents of indicator 06 .00 09 .00 15.00 18.00
N 14.23 £3.52%A 5.00 £2.02% 8.37 +2.77* 10.50 +3.95%
B4 e fifs
R AL AL/ N-L 21.45+1.87%® 13.22 £2.59%A 6.55 £1.65% 10.38 £2.06*
U/mg prot
(U/mg prot) S-N 8.01 +1.16" 7.13 £ 1.39%A 6.67 +1.12% 8.59 £1.50%
total superoxide dismutase
S-N-L 9.46 +2.25 8.54 £2.16™* 10.45 +2.09% 9.07 +0.87*
T-SOD
S 18.88 +2.17% 20.21 +1.38%% 17.74 £1.07°* 21.69 +1.85%
N 2.41 £0. 14 2.55+0.15 2.82 +0.27% 2.32 +0.26%
BHUAALEE 1/ (U/mg prot) N-L 0.27 £0.03* 0.33 £0.03* 0.30 £0.05 0.28 £0.03*
total antioxidative capacity S-N 0.11 £0.02°8¢ 0.15 +0.03* 0.05 £0.01*8 0.02 +0.01**
T-AOC S-N-L 0.17 £0.05* 0.06 +0.03** 0.07 +0.04* 0.09 +0.03*
S 0.23 +0.02** 0.29 +0.03** 0.27 +0.03** 0.21 +0.02%
N 104.05 +22.52% 70.36 £19.31* 56.94 £13.13* 111.30 £10. 66
BB T/ (U/g prot) N-L 105.23 +8.32% 61.60 +11.10* 20.81 £3.32* 20.88 £2.07*
antisuperoxide anion resistance S-N 116.74 +10.43* 158.95 +12.23° 136.00 +8.95%AB 133.09 +10.21°8
ASOR S-N-L 185.61 +9.52% 116.04 +18.21%* 163.99 +15.43°A 140.46 +12.40*
S 75.38 £8.61% 75.41 £9.63% 82.13 +11.39%* 74.54 +7.88%
N 1.78 £+0.07% 1.62 £0.08 1.17 £0.06% 1.13 £0.08°
7§ %/ (nmol/g prot) N-L 0.85 +0.02<® 0.81 +0.02B 0.66 +0.02% 0.78 +0.03"®
malondialdehyde S-N 0.52 +0.05°* 0.59 +0.06°* 0.49 +0.06°* 0.38 £0.09%
MDA S-N-L 0.20 £0.03¢ 0.04 £0.01* 0.10 +0.03™8 0.15 +0.03°8¢
S 1.03 £0.078 1.10 £0.15® 0.90 +0.04AB 0.77 +0.03*
N 68.82 +3.220 73.19 +1.79%AB 83.55 +3.72% 77.79 £1. 54948
A B/ ((wmol/g prot) N-L 23.26 +1.83* 29.71 £1.92* 25.36 +1.17* 24.43 +1.09*
total glutathione S-N 66.86 +1.20" 68.99 £1.20" 68.31 =0.78* 70.11 £1.09°*
T-GSH S-N-L 19.79 £2.31% 32.57 +1.39%* 40.32 £2.76"® 42.13 £3.56%
S 67.20 +5.38% 70.33 £3.00 76.88 £2.83°A 80.38 +2.18%%
N 23.26 +1.75% 25.82 £2.31" 30.71 £3.39% 27.74 £1.39%
L= 1) 2 [l
AT RE K/ N-L 7.49 £1.29* 8.23 +2.02% 9.64 +2.51% 7.95 +1.57%
mol/g prot
(wmol/g prot) S-N 27.31 £1.73%4 20.26 £2.71% 28.89 £2.01% 33.59 £3. 18"
oxidized glutathione
GSSG S-N-L 6.44 +0.85% 8.92 +1.78% 10.33 £2.29% 9.91 +1.86%
S 31.86 +4.77°* 31.45 +10.29 29.96 +7.17° 33.39 +6.71%
N 22.30 +2.13% 21.55 +1.71* 22.13 +2.24¢* 22.31 +3.31*
e T 2 B
SRR BT R/ N-L 8.28 £0.97% B 13.25 +1.08%® 6.08 +0.85% 8.53 +1.09%8
mol/g prot
(wmol/g prot) SN 22.24 £2.22°C 10.47 +1. 17" 10.53 2,238 2.93 £0.76%
reduced glutathione
GSH S-N-L 6.91 +0.81%* 14.73 £1.03% 19.66 +1.52°8¢ 22.31 +1.78°
S 3.48 £0.93% 7.43 £1.08% 16.96 +1.94°8 13.60 +2.23%
N 1.25 +0.06" 2.02 +0.28" 1.48 £0.17%8 1.47 £0.14%8
L2/ (mmol/g prot) N-L 2.11+0.07® 1.49 +0.37%8 0.19 +0.04™ 0.24 +0.05™
lactic acid S-N 0.06 +0.01% 0.06 +0.01* 0.17 +0.03*® 0.15 +0.03®
LD S-N-L 0.19 +0.05* 0.23 +0.02* 0.20 +0.08* 0.10 £0.04%
S 0.24 £0.05* 0.34 +0.04% 0.37 £0.05* 0.41 £0.04*
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3.1 AEBRETHXEEERKHNE M
AWFFELE R B, S g A2 S U 4
U RS A 3 1) 6 &0y £ 7 At /K BT 4 A 25 JC B W 2%
S B ST i R A TR R RS i 40 £ 2R A
AR E KR (SGR) BRI %22 57, b A
FAREE F & P17 N-L Fl S-N-L &b P (1 fif§ 44 57 5
F1 SGR I 25 I T Hith &b 3, 3% 5 %k 4. ( Tilapia
aureus) "> FI7E 15 6% ( Dicentrarchus labrax) "' 1)
SAS I 5 R HA e R B T 28 D0 AV I A P B8 1 o 2
KAMTRE AT REM ., RS N-L
Al S-N-L 2 DA 22 3 A 07 18:00 ~ 06:00 [i]
L AN 7.0 mg/L HAATRER 1.5 mg/
L A S0 B B M6 1) e 40 o A0 AR I 236 AR, 2 1 o A
JI J5t % 8 SR ) o e Ak o 2B K R I RE ) e 55 L HE T
51 A DY B A7 1 A S RE REREAR T BRI 2 4,
N-L FI S-N-L i 40888 22 1 3 i 4L IR SO
F S B A A 8 2 B A (H 22 07 %0 1K 4R S
TR0 N 46 A 1 4B AR T g, 3 S Dy I R IS AR A
Ja B EALE ol g R AR T 2 )
Jr AR R, PR O A 2 T BUAOR IR T = AR E AR K
R EREA T — BE4E R AN S Ak i fif
SGR 5 IE# ¥4 N Ab 3 A 22 5 5 35, i R O il 78
AT E B e AU R R R, R
R AR B A R T T R —
JE 1) 5T AN RE 1 F T X B Ak R T, DT B AR
KRE A s 4R
3.2 A[EEE T h T s 2 5 RY &2
5L BT, S B S8 28 B Al H P 244 4R
FHA N-L(dm) M S-N (i fik) b B 8] A7 7 i
FES. i %A AL 3 N-L Al N-S-L 4k B 1)
fiff #E S AE 15:00 ~ 1800 [1] & 2 /&5 T FLAth i ]
B, U B AR 260 2 I, R LA Ao 4 o AR AR, TR
W v BT B MO 7%, BRI Ot H P S8 R AR R
1M S-N Ab 3D 1 F1 i 48 3 78 25 A 4E +F 1FE 8 I
RGBT A T B, FE AR TR G AR, 75 18
00 ~00:00 i ] B f ik, 7 2 H - S FE S R HAK
AHE5E AR, 7R HAR A R BT, 8 ( Carassius
auratus ) 1) JFF 2 Jfa AT LA PR B IR RE SR, PR O
81 2T LLTE Ao e A A I8 T | e i RO U I 3
R g i AT AR B 1R 55— R A 1Y AR B Bl ok
T AR R

A AT SR K AR A Y SERE AR 2 — AR
SRR 256 T LA A A A5 0 1 28 35 R AR 1
EPE AR, AR B (O N) 2 L RE AR
T fo 2 e A K4l i F5 45 . O:N Lk
{ELAAIG , U8 BH AR 5 A S AR IR 4, T B A
L R E A R R B OK S T . S
Ak FE ) i O 2 HE SRR B, AR R, SR T
I 1F1) B 4 2% R4 L L 1) 26 B A A — B,
WS Ab i Gl 7 4 2B 1 A AR A
B S Y R il B A K T B R A K T B
AR R G A N AR S 8, BIL AR T I 4
AR IE 1T AR 2 i B 1 9 4 g
EACHHR Y, BAE AR A SR AR R UE PR AR
I X A AR ER A S T
AL A 2 R 0 RN R SR i 4 DL R
F1 I N RE TR B4 EL 91 728 347 0 2, %k i 7 sk 7K fk
0 19 R PR AR S 396, DA T S 350CHE SR R B R
TR
3.3 AEBETHWNEARAR P RIS
FEETHH I

DO J& 52 M 1208 45 7K A48 AR 9 1E AR K AR Y
PR P A0 AR B A R A AR s 5 ) £
KPR BT AR R o R B 28R (U
X5 il S 10 37 B i ke 19 2 3L 38 3 2 SRy g %
WAl AR 25 1R 484k ) M 45 . Hermes-Lima
SERFTC SR S I U Bl T LR R I B
B S IR BT TR R (IR B IR AR )
PraALBE J1 5k & A I s, ok B X 1 4 e ik 2
PR R R Ty . TEARE SRR, 4 T IE
AL AT CAT (935 Jy3g ™ o [ RE 7 AR 42035 5%
T8 [ e 8 ( Cyprinus carpio) 1V IE | o 1 6 v
ALY B AL SOD 3% 7t Ik b i A AL
fiff CAT R4 bk H kot A4k 4 i GPx & 77 th 2 7
B BRI AN, L AR S R R K A2 ]
PAE ALY & T 2 R AR H T IS0k
BRI 1 FE S O UL P AR e N-L b
PR S8RV VR 5 [ B T-SOD % 8 4 IE W 1 46
Ak B A i =5 1 I T T-SOD #) i 25 R R, H
A WLA A T-AOC il ASOR 5 i 76 % & 1 1] 5 1E
HUR RN AR 2 R K, A I SRR 0 T i B %
Wi T AR A DR A S ) 4L R X IR R - R R
18 A2 Sl 30 B RE 1 2 BUASTR], HL L AL I8 3o 8% 4%
iy 30 1) 6 0 R
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o 39 %

TE 75 ik S o 1) BR A5 v, £ 28— T T S o
A KR BRIE PR R K R A K RO
AR 2351 6 AR P9I 1 S A B3, AL A T IR A
A TR A AR I K R
( Oncorhynchus mykiss) SOD ¥ Jj .33 & 4k & B Fl
2 I H ke Sk W B GPx 3% 1 B 140% ~
150% 8 1 F % S8 A 38 80, K PG ¥ & ( Salmo
salar) fFJIEH ) SOD Flid &4k UG 14 7% 1 7 &
03 A A JE 36 ST 86 T Y L AR v i i
A RS @A A S 43 T-SOD & &# 5 IE
BV EURE LA T, S-N Y 407 B A 3L I % RN
fiff T-SOD 5 gt AL AN BH i, S-N-L ¥ %A 7% 2y 4b 21
JIFIEFN LK T-SOD & £ 5 1F ¥ 040 BEAH 22 A
Wi, R R TR DR | i 2%
34 AT S 5 R B R — 2 DAL B R Y
X R 4R SRR T

FESRR} ) Z2 i i fa ] DL I oA A B &S
O 184 T WP R 1 2 TR, DR 2 R Kk I8 B 2
ZBERN AL BR B R SR R L 4 AN
AR b B ST, 6 IR S OE E W A L,
MDA Fl1 LD & it ¥4 i 3 5 B, U6 B 8T I X5 T 45
b7 Wy H A 55 0 T R BE T, ok e S A 1 R AR
S PRI DR I U R A A R G R A
NEESE o

A WEH Ik (GSH) 2 — 26/ 73 7 Bt 8 AL )
Z 5 — R 2 50 0 R B A B B e 60 45 T BR
OB o3 R R AR, RS - G Y P A
G5 56 555 76 2 0 A Ry vl 3R 8 &
FRVER, 24 AL S i 28 KA A B
BOTER . A AL A e H K A9 39 (GSSG) AT L)
A A S8 A D7 3858 B 1 — b R A AR AR R R
Y GSH/GSSG H 44 i , (HAE s 3L AE AL R )
60T GSH 77 k3 25 T W%, GSSG &k,
B B b & A 8 R K B9 GSH, DL JIE H
w Y EZ 8 h B S B UE R GSH it
TREUIR  MAER UK 14 h 5 Th i 2O R A
AR KO o il B B A SR RS i
WUA TS IE GSH 5 i 5 1E 7 7% A4 B AH H 22 5
AR T AEH F AR 14 h J5 e A E H GSH
RN E R A WA WA I K
J& P A B AR R ) A S £ 1) GSH,

TR VH Y B A R T N AR % T X I 3 A —
FEMRALE T, 5IE# S I, GSH & & 4

BT K (H K 5% B8 23 20 GSH 3 Jin, GSSG #I
OSI( oxidative stress index ) A , 2 BH Jy FRAR L %
CRIASIE RN =R R R AN R Sr
T 14 d Fp8E I FIE A AT I8 A N 1) GSH
BB AN QB R - TE R AR P SN B
WL . 75 )5 1% 00 b, GSH #1 T-GSH 1 Jin i
GSSG # it PR i GSH 4 i F 4 i, fa 4
X Jo 9 VS A B 7 A 1 AR T A R R
Wil N o EAS IS il TR AL PN RN B 2 21 7 S-N
FIS-N-L 4b B vy IR 40 K% i 0 77 4608 5 BUA I
R GSH 5 51 R, 1 BRGS0 D 0 78 20 AR 25 0
fiff 77— E WAL E ), GSH i SRR T &
BUAH O, 5 L S Xof A R — R A S 4
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Effect of variation of different dissolved oxygen on the growth,
energy metabolism and oxidative stress of Mugil cephalus

LIU Xujia, HUANG Guogiang * , PENG Yinhui
(Key Laboratory of Marine Biotechnology ,Guangxi Institute of Oceanology ,Beihai 536000, China)

Abstract. Dissolved oxygen is one of the most important factors affecting the fish growth and metabolism.
Some fish exposition to hypoxia and super-saturated dissolved oxygen may result in oxidative stress
evidenced by variation in activities of antioxidant enzymes. Mugil cephalus has higher economic value,and it
has not been reported that there are the effects of different dissolved oxygen variation on the growth,energy
metabolism and oxidative stress. In order to find the relationship and consequences,experiments were carried
out according to experimental ecology, bioenergetics and physiology methods. The experiments were
conducted under five modes of variation of different dissolved oxygen,i.e. N(7.0 mg/L) ,N-L(7.0—1.5
mg/L),S-N(14.0—1.5 mg/L),S-N-L(14.0—-7.0—1.5 mg/L),and S (14. 0 mg/L) treatments,
respectively. The healthful individuals (16.07 £0. 11 ) g in mean initial total weight were cultivated for 56
days in the cycling water installation. The specific growth rate, oxidative stress indicators were measured
including the content of LD, SOD,T-AOC, ASOR,MDA,T-GSH, GSSG, and GSH in the plasma, muscle,
liver and gill. Then the healthful individuals(31.47 +1.44) g in mean final total weight were selected and
the oxygen consumption rate, ammonia excretion rate, O:N ratios were measured. The results showed that
five modes of variation of different dissolved oxygen had a significant effect on the growth of mullet. The
SGR of mullet in the N,S and S-N treatments were significantly higher than in N-L and S-N-L treatments.
The ammonia excretion rate and O:N ratios in S treatment was the highest compared to the other treatments.
Five modes had a great influence on the oxidative stress indicators. The study found out that liver was the
most important organ to respond to the oxidative stress. The metabolic rate decreased in the modes containing
the hypoxia stage , moreover,the mullets need to consume more material and energy involved in the oxidative
stress which caused decline of the growth rate. The content of T-GSH was negative correlation to the
oxidative stress,and it seems that the glutathione system plays an important adaptive role.
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