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1 M5 JrE

L1 SERRY

S5 6 FH 8 SR AT AR D5 44 T A AR 18 44 T
HONS e A B RIRER T2 0008, B E )V IR
T AIF T T o K 1 37 GE SE g B fS L 7R T AR
10 m® | BT mig K P 9IFR 14~ H A2 47,
109 1) 4 KA M2 (2 8:0001 F 4 18:00), 4kl Ky
i3 b J A £ 0y 5 AR 1 - IR A5 K8
BT AR PR, B E D AR WA
PR . PV WS W BEAR T A A L 9IE
6] 16 7K K S 7E (25.0 = 1.0) C 5 HEAKERE N
29~ 31, pHIH N7.9+0.2; SEIRFEWI A HRER
JAMA, 2929141 : 10D, FRFH IR B 1T
M R K RS, 104 K EAR B K 9 &
Kb R AL K L 3 B AR D AR R I R AR 4
VT FIKE o B35 K G FE FLAS 50 cm x 40 cm %
40 cm, JKARZ)}80 L. /KA — M LAPVCEE MK
ALK, PR Dy — M b5 e K AL o AR T
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8 AL 7K B ke 45 K G AR P I A A R i, O
T 38 B 4 K A N B A S i . iR T AR
T B EL Bk BR AE Jy e, PR O AR AN KRR A I HR
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i LA T A 14 50 ) £ TR0 S 38 5 T K A
#HAT MW 10dm Yt , RIEEE24 h, &
100 mg/LIMS-222fK i J ,  FHW /K 4R 3 1 7K

Y IE TR R AE AT 520, S50 10,00 46 AR 5T
IR, SCRBI3N AR S B, 5
B A S R B B (7.0 mg/L) . R — i A2k
AU S (E 5 (4.0 me/L) | ™ R AR 00 A
A (1.5 mg/L), 34 B Y U o 3 o) 4 T AE
800 mL/min. 1300 mL/min. > 2 000 mL/min,
K 7 LDOW A WM K R F s i A o e, 45
R 5 7R DO(mean + SE) /3 145 I 1E(1.66 + 0.41)
(4.35+0.53), (7.03+0.36)mg/ L, NI S25 b33
51 )RR A X N S RS S5 M IDO Y 6 s
IDO, 35, IDO; 30 B —AbHiR6ANEL, HLH
I8 IKTERE , AKTGAR I HES R FH 58 4 B HL 53 241X
i, BAKGEACE 2R, LRI Rrgk40 d, H
g — 10 dAARNE RS ELII, 5
30 d2h T A A B A AR O VR O 2 S AR RN
A 7.0 mg/LIYIKE 1.

AKRE  BIOKRKE—-UIHBHE10E,

RERBMEE AEARIBHEA ST
10RZE WG, AR HBR KR P E B Tk,
G3 I AR AR BB bR v i R S A I AE 7.2 5.0
20mg/L, B E24h, RIGMABTE N30 LE
A Y B S PRI 25 i 800 LI i (1K
A [ LA AT 4 A8 1 K 2R Ge A Ry 7K i 4 ol I 5 B 1)
TR BE (25.0 + 1.0) “CTH il & i )y £6. 7% 8 hiA A AR 4
KRR R, FIERBUKEE, H2.4 mol/LE fkiE
Fi P Ak 49 (NaOH 6.4 mol/LAIKI 1.8 mol/L)4%
1 mIJE A0 [ 78 7K A s i S e I, T i A R
FH A % 2 W 2, JFERS00 mL/K A A
1 mL = 58 H 6 [ 5 DR A7 2 A KR, 24 2R o
K UIR R A B AL TE I E o F— 0 HE 10
5, I E 3N AN ZS PO IR DA 2 K R FE
A, SLEMAAamFHIREENQ2T7.77 +
1.74) go TEV 5800 SR 52 28 02 30 AR RIS ot S

R REMIE R K E R R E I 8 K R E AR

Tab.1 Effect of hypoxia and recovery on the body weight of mullet g
I\ rl
UEEL W, Wio Wao Wi Wao
treatment
IDO, 46 22.35+0.11° 23.15+0.30° 27.86+£0.91° 32.65+0.63" 39.24 +0.88"
IDOy 35 22.41+0.12° 28.70 + 0.52° 37.44+1.08° 40.34 £ 0.65° 49.62 +2.34°
IDO;7 3 22.43 £0.13° 31.31+0.73° 40.02 +1.27° 4523 £1.61° 51.74 £3.28°

T Won Wige Wogn WagRIW, o/ MIARESIRTFIAHEOR . SB10K . H20K . HI0RFEEAORMEHATI B 1DO, 46. 1DO,35HIDO; o3 R ALFE
PRI R & 4 A 91,664 4.35F17.03 mg/L; [7]— 4 AN A/ EARBEA 2 ZEFEE, T

Notes:Wo, W o, Wy ,W3pand Wy, represent the initial and the 10th day, the 20th day, the 30th day, the 40th day of mullet’s body weight after the
beginning of the experiment, respectively. IDO, ¢, IDO, 35 and IDO; 3 represent the content of dissolved oxygen were 1.66, 4.35 and 7.03 mg/L. Values
with different superscript letters in the same row were significantly different from each other(P << 0.05).The same below
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7.0 mg/L 15 dJi, R [EAE 0 J5 vk D i 4)) £
() RE AR 8 b, b e S50 FH £ ) O 2 A R
}1(45.83 £2.09) go 1A 8 hfF A AL A9 7 B BUK
FER AN E S S AL i

BB Hh R RSN LR LI
20/, F100 mg/LAYMS-222 8k I i 351, B dg |
FFREFNLIN 450.5 g, 4% 1 : 9l A 0.9% 4 FiEh /K ,
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MO T INASO pnLIF R AP EER], #E65 CHt
124 h, RIERHEH, HE4 CHV I HPLEE
FIVE PE A T mL i G 2% MR # BB, B o
BRI ELETRSYS, RRFAEO CT
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FEORAEAF T o 2 8UA 3R 1 0 VORIl 3 v i) 4
bW B AL B (SOD) & J1 . bt A Ak fE J7 (T-
AOC)., MIHMAME FI§ J1(ASOR), N &
(MDA). ZLM2(LD). %i%i¥%(Glucose). M#MEH
JR(T-GSH). 48 LRI B H IK(GSSG) . ik s AL 4%
JoE H R (GSH) & 2t {1 FH gt a2 1 A= ) T RE A 52
{18370 6 I
1.3 HIELIE

52 AR A (SGRIH R IE AT -

SGR(%/d) = 100 x In(W,/W,)/t
A, W w53 5 R e — B B S 4 45 o R S
FRGI S A, AR SRS A I [E] (d)

FEECRIMITT R IIEI T

FE4A H (mg/g-h) = (O-O0p)xVIWIt
X, O Op53 ) R 52 55 FF i RS2 56 45 AR B (1Y
T S i (mg/L), VR il R AR R (6 S R
WABU(L), WRHSEK AR, SFEERN
FERFSLI E]

HEZCR Tk i r

HEE AR [mg/(g-h)] = (AN-AN)*VIWit
K, ANHAN G 5 Ry 5256 TF 46 F0 52 56 45 o i
KR E Y B (mg/L).

SRR TR TSI A T
UL = GREUH/16) (HE A%/ 14)
IR 5 TR X L LB A ] ] B
BIHERT T H S
14 BIEHH SR

XF A LB B AT TR O 2200, Ot
XA ] Ak B 18] i £ 4 517 T DuncanfG 2 & AR,
PLP< 0.051F R 25 5 1o 2 b o . Bl e it o
Hr ok I SPSS 11.08 AL i7F 47

2 HEHR

21 REMEXT L& S KIS

£ &y £ %) A B A S [ A R0 T FRAE 10 AR
ML S, HA A N 1.66 mg/LIk AL
i/, keSS EmAsTE 2020 IEM
Ko TEFTA AL BRI G B IE E W R RS (Y
7.03 mg/L)10 dJi, DO, 55kb B Ak fiff {4 57 2 5 B /)N
TXHBANFEIDO, o5, H - HHEZREARE ., &
PR30 dist, TDO, 54k B A il 14 i 2 5 % HE 2] 22
SO/, FREetMEEK, (HIDO, 4(ib 3
HIBEATR 51DO, 22 53 B3, KA AMEE K
(1),

AN [F) 5 it SR AL B 8] 34 A BE ) SGR 2 57 i
FIF SR A ST REEMSE, (HERE30 dAYK
BHhEKPBERRM N B EER, ALK N
AN[F AL R R () - Y SGRZE 5+ ., 1DO oAb B[
SGRZ F X T H A2 b #E (3 2),

2.2 RE B XT84 & RE 2RI R0

TEARFIF A0 df5, B4 & 7 (DO)XT
fifff 4y 0 ) FE R . HERCR A A L # A B E 5
M, 1DO; oAb PRI FE AR FIHEE R M i =, A
Fb B AR T AT AN AL B AR AR R I i 480 IR
215 dJi, IDO, A BRFE A R I & & T H A4k
B, HESCR A ECA LA OR R AL R RS B
7251 (#3)0

R REMERIERERBETENFEERENIM

Tab. 2 Effect of hypoxia and recovery on the specific growth rate of mullet %/d
b
i SGRg.08-10.18 SGRg.19-1028 SGRg.29-11.07 SGR1.08-11.17 SGRyg.19-11.17 SGRyg.08-11.17
treatment
IDO; ¢6 034+0.11° 1.91 £ 0.36" 1.05+0.27* 1.72+0.11° 1.79 +£0.18" 1.41 +£0.08"
IDO, 35 246+021° 2.60 +0.19" 1.08 £0.14" 2.12+0.27" 1.66 +£0.10" 1.99 £0.15°
IDO7 3 332+0.18° 244 +021° 1.18 +£0.25° 1.34+0.14° 1.65+0.72° 2.07£0.13°
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Tab.3 Effect of hypoxia and recovery on the energy metabolism of mullet

f A=
- HAEL
i GGy A/ [mg/(gh)] HE %/ (mg/(g'h)] . . .
. . . . ratio of atomic number between oxygen consumption rate
period treatment  oxygen consumption rate amonia-N excretion rate . .
and amonia-N excretion rate(O:N)
IDO, 66 0.384+0.015" 0.017 £ 0.001° 19.76 +0.99
AEEASLIL0 dF
IDO 438 +0.009™ .015+0.001° 25.55+1.79°
different DO for 10 d 4.35 0.438 + 0.009 0.015+0.00 5.55 79
IDO705  0.469 +0.033" 0.025 + 0.003" 16.42+0.38°
IDO, 66 0.491 £ 0.047° 0.013 £ 0.001° 38.32+1.78"
RIASEIRE 15
HFERKLLS IDO435  0.577+0.033° 0.014 £ 0.001° 37.54 + 1.46°
same DO for 15d
IDO703  0.419+0.031° 0.012 +0.002" 35.37 + 4.04°

2.3 REMIBE X b AN EH R P RIS
aEAlD

1M1 2% T-SOD 1 £ 52 56 Hi 7] i A7 7 1 3 22
5, TEAREE AL BRES HET PAIDO; oo BRI 5
S0 25 SR PATD O, o b BRI o Il 3¢ MDA &
RE [ S AL B TR LA IDO, o M B 7, 52
I 25 I PAIDO, 55 A BRI . 2K LD & = 75 A
IF] 75 S A B 25 TR IDO, o FTDO, 554 P i 3 7 T
IDO; oz A0 ¥R, B J5 X2 AL BRI LD & B 8 T
[, SZERZE R ATIDO, (M AL FILD & B Ak, I
SHE T 2 W A R A S ) oA R ) I 3
F(#).

ARG A S EA#I0 ds, WA PRT-
SODi HTEIDO, ¢ohb P b i 2 5 T H v 244k
M, EWRE EEERESEI0dE, T-SODIFEJ)
WA E R, AR S 09K 2 B BN 7 e
i E 2 (RS). T-AOCHZE &A™ S50 1] 1] &
P25 5 . ASORTEA R i AL #H10 dJF AR
B 2R, FEVKE 10 dEFIDO, 4 M11DO, 5540
PP % 5 TIDO, o /b R, 20 dIFIDO, oAb 3 i 2
T H AR FE, 75 5250 25 0 AS [a) b 27 ]S
FETE 3 2 5 . MDA S 78 AN [R] 75 fff 480 % i b
10 dfF FIK 20 dIf S AN fEAE B 25 5, (A7E
P10 dFI30 At A7 i 3 25 S5 0T HLEE 5 ikaa

T4 BEMEFUNHIERERBEMERMREIEPHEL

Tab. 4 Effect of hypoxia and recovery on the content of oxidative stress indicators in blood at different time

i [ /d pis:d ST AL B AGEE/(U/mL) 73 —B%/(nmol/L) FLER/(mmol/L) 1 %7 B/ (mmol/L)
time treatment T-SOD MDA LD glucose
IDO; 6 0.13 £ 0.03" 3.29 +0.38" 62.80 + 12.49° 27.63 +£2.49
10 IDO, 35 0.14 +0.03" 5.02 £0.87" 34.91 + 10.37% 31.21+1.79
IDO7,03 0.21£0.03 6.88 +0.69" 8.22 +0.93 27.89+1.18
IDO; 66 0.28 +0.05" 7.63 +£3.43 37.42+9.19 29.71 +1.82
20 IDOg 35 0.29 +0.02° 3.59+0.18 20.00 +2.18" 28.36+2.03
IDO7,03 0.16 + 0.04° 4.07+0.15 14.54 + 1.76" 30.03 +1.52
IDO; 66 0.17 £ 0.02° 3.62+0.98 15.00 £2.78 2624+ 1.17
30 DO, 35 0.19 + 0.03* 439 +0.47 11.38+1.75 25.34+2.01
IDO7,03 0.80+0.07° 3.14+0.15 12.03£2.25 29.03+2.18
IDO; 66 0.82 +0.04™ 3.85+0.15° 12.93 £ 0.63° 29.33 +1.74
40 IDOg 35 0.93+0.03" 277+0.17" 19.77+£1.19 31.05+2.36
IDO7,3 0.73 £ 0.05" 3.04+0.14° 18.73 +1.98° 28.88 + 1.71
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MrEemsmass 2T EML, T-GSHA
GSH & BEAEAS [ ¥ i 8 B i AL PR 10 dJ 3 i 2%
25, BLIDO, (JbBHEAR, I SHEMA S =R
PIEA R, BEJFIRE 10 dRI20 disF B AF7E S
RIS R, (H 056 25 )i R A7 78 B 3 2
5, HEARFEAMLIN LR, GSSGH & HAEWK
5220 dE SR B i 22 7. FLIR(LD) & | AEA R
KA EABI0FERMAEZES, HEALKH
SRR B ARG, TERE)S B By
BN EAAAE 3 22 R (RS).

JH W 9 T-SODTE 1 78 A [A) 5 fiff 48 7 1 Ak 38
10dEHREEXES, BB ISERETE2W
BAAAHK, 7EMKE 10 dBTIDO, ¢ 2 & T 4
2ANKLER, SCEGSE AR EAE W 25 R, IDO; g3kb
PRI S B AR (32 6). HFIET-AOCTE 7176 A [A] i fift
AoHi10dE R MEFEER, FEWE10 517
EW 2R, HIG 500 b Bs i A S 2
WEAH O, 7E S5 4 AR ) 5 B A fRRE G
ASORE 7] HAESLBG &5 A th Bl g & 22 57,
IDO; oz Ab 3 B AL T HAR A . MDA EEA
FmmasEAeMI0ds Lo E E2E R,
IDO; oz b 3 i FAK T HARKC B, FEBE S WK E By
BRI EZER, T-GSHE EMGSSGH = H
FEMRZ N0 dit i B B 35 25 5, & 5 e B BV
i S B R IR AR OC . GSHE /| H7E LI 25 R
I 22 5, IDO, oAb H B R T H A AL

., LDE EFEEAN LKW LB G EER
(#6),

B8 T-SODIG JIFEYK 510 dF120 disf i B 5
F25, HIDO, AP & FH AL, 7
i 36 235 SRR 52 56 45 SR I S A A B 3 22 5 (R 7)o
T-AOCTE FITEM A 45 RN IDO, ohb 3 i F K T H
AALFR, AEVK I 20 dIFIDO, o340 3 g 25 7 T Higy
AP, AR H AP TRERE A B E 2R
ASORIE 1 7 38 45 SR IF DO | g64b H 1 3 15 T H:
AALHR, PRI 10 dF120 A I IDO; o3 4b 31 . 25 5
T HAKE P, 7EVK 20 dIFIDO, ¢ FIIDO, 554k B
PO, ZE S 4 TR I R [R) A PR OS AR A B
#Z5 . MDAS BAEM A S5 Rt 55 E & s
PR B ARG, W10 A AETE 525, B
FEBE IS WK G B B SRR A R B 2
5, HIDO; o3 &I FH AL, T-GSH.
GSSG. GSHE HE7E Wil 25 it ¥ 7 7 i & 25 57
HIDO, gokb ¥ & i e fIK, Bl P 52 1A ][] — Ach 38
) BUE AT 55 RS Sl E A [R] A B 8] 4 B & 3 2%
5. LDERAEMA L ]I IDO ; oAb B & T
HAARFR, B AT B G 22 R (R

3 bk
3.1 EEMBEX L&A KRR
#M A= K (compensatory growth) /2 48 78 4= K i

®5 BAAEUNMERERAEMERMRESEFHEL

Tab. 5 Effect of hypoxia and recovery on the content of oxidative stress indicator in muscle at different time

W/ b BITEEN BhTEARE

YU B B F T Enmol/ = 23 e H ik

ALY H IR 38 SR AL Bt H Ik FLER/(mmol/g

time  treatment Wz/(Uimg prot)  /(U/mgprot)  /(U/gprot)  gprof) /(umol/g prot) /(umol/g prot)  /(umol/g prot)  prot)
T-SOD T-AOC ASOR MDA T-GSH GSSG GSH LD
DOy g6 11.18+2.07 0.35+0.07 24.50+4.01 0.32+£0.05 29.99+6.34° 1227 +4.65 5.45+ 1.94° 0.98+0.11%
10 IDO,35  6.45+0.73° 0.17 +0.04 34.10+4.58 0.16+0.01 36.82+0.81" 10.16+0.53 16.50+1.35"  0.52+0.03"
IDO7p3  6.07+0.67° 0.37+0.16 36.71+3.90 028+0.14 5726+1.78" 14.60 % 6.35 28.06+4.17°  1.15+0.46°
DOy g6 1581+ 1.44®  0.16+0.03 76.92+£7.91° 0.22+0.02" 48.62+1.35% 17.25+0.70 14.12+3.69°  0.87+0.13
20 IDO,35  16.75+0.97 0.10 £ 0.01 67.95+1.80° 0.27+0.06" 47.90+0.62" 16.34+0.47 1522+3.13*  0.76+0.04
IDO7p3  12.58+0.74° 0.18 +0.05 25.30+£2.38" 0.47+0.04" 56.25+0.33" 12.70+1.19 30.85+2.58"  0.93+0.08
IDO g 1243+ 1.44 0.12 £ 0.03 43.07+6.30° 0.13+0.03 73.59+038 2570+1.18"°  22.19+581  0.96+0.07
30 IDO, 35 14.14+1.07 0.09 £ 0.02 60.90+2.78" 0.17+£0.02 70.51+1.55" 14.61+1.46" 41.19+639  0.63+0.03
IDO;p;  13.13+0.82 0.07 £0.01 59.68+1.88" 0.15+0.02 87.82+1.83° 24.04+145"  39.74+1037 0.71+0.06
IDO g 12.64+1.68 0.25+0.15 87.13+13.78 0.13+0.03" 82.59£29.91* 21.16 +6.32 40.25+28.70°  0.85+0.09
40 IDO, 35 20.42+4.32 0.40 +0.10 118.17 £ 15.830.35 + 0.10" 340.40 £39.24" 25.63 +4.93 309.13 £95.04* 0.73+0.03
IDO;p;  13.68+1.82 0.51+0.14 96.84 1226 0.72+0.17° 162.20 +45.14°20.40 = 7.34 121.40 + 86.64™ 1.03 +0.21
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Tab. 6 Effect of hypoxia and recovery on the content of oxidative stress indicator in liver at different time

s 2 1 & , - W 4 2 B ; R Bk B s
W/ b SBITEAE STERE BTRBAEIE T Zﬁnmol/ MABHIK S IR R4 I H Ik FLER/(mmol/g
time treatment E§/(U/mg prot)  /(U/mgprot)  /(U/g prot) rot) & /(umol/g prot) /(umol/g prot)  /(umol/g prot)  prot)
T-SOD T-AOC ASOR p T-GSH GSSG GSH LD
MDA
IDO; 6 20.39 +2.84° 0.62+0.16 3520+8.21 0.53+0.08" 30.69+4.88  6.74+0.69 17.22+5.11 0.54 +0.06
10 IDO, 35 12.80 +1.70° 0.72+£0.24 36.19+545 0.62+0.14" 31.77£2.65 6.25+0.52 19.27 £2.67 0.67 +0.04
IDO 03 8.39 + 1.49° 0.22+0.16 31.25+4.19 0.18+0.03" 32.69+4.96 5.83+0.84 21.03 +£5.94 0.64 +0.04

IDO, g6 12.58 +1.07° 0.28+0.06°  7931+6.77 0.36+0.04 90.32+9.78" 20.37+2.99°  49.57+11.38  0.63+0.03
20 IDO43s  7.96 +0.88" 0.61£0.14°  66.01 £3.58 0.33+0.04 12120+ 7.70" 22.98£3.12°  7524+6.68  0.72+0.05

IDO7 03 9.37 +£0.94" 0.81+0.09° 48.65+7.66 0.28+0.05 163.92+18.89°53.79 +£10.87° 56.35+16.98  0.81+0.06

IDO 4 16.38 +1.60 0.26 + 0.06 107.02+£9.83 0.30+0.05 86.92+7.78  26.64+2.21 33.64+10.82 0.83+0.04
30 IDO, 35 14.69 + 1.09 0.30+0.11 87.06+6.44 0.22+0.04 9231+9.19 33.49+6.39 25.33 +8.63 1.02 +0.06

1IDO; o3 13.84 +0.83 0.12+0.02 101.12+5.21 0.23+0.02 87.30+9.48 33.29+6.03 20.72+9.37 0.95+0.04

IDO; g6 18.78+1.25®  0.27+0.07°  79.08+8.50° 0.57+0.12 99.16£48.55 24.04+7.40 51.08 +12.39°  0.97 £0.03
40 IDO435  24.31+4.84° 0.13+£0.04°  75.18+13.80" 0.64+0.13 106.68 +30.53 28.19+6.59 50.30+7.82° 1.01+0.03

IDO7 3 11.91 +0.73° 0.07 +0.01* 32.51+£10.27* 0.48£0.05 91.15+3.83  35.74+2.44 19.67 +3.89°  0.89+0.04

R7 BHRAMNBEGRERESEDENRETIETHEL

Tab.7 Effect of hypoxia and recovery on the content of oxidative stress indicator in gill at different time

o

S SRR PUBETE T BAMHIE  FARABHIE &AM H K FLER/(mmol/g

FEl/d AR /(nmol/
tijr—riej treatment fi#/(U/mg prot)  /(U/mg prot) /(U/g prot) (rnolgo g /(umol/g prot) /(pmol/g prot) /(umol/g prot)  prot)
T-SOD T-AOC ASOR P T-GSH GSSG GSH LD
MDA
IDO g 22.39+1.78 0.16 + 0.04° 55.67+5.15° 1.04+£0.05° 18.61+6.11" 4.29+1.33" 7.50 + 5.89° 0.70 +0.07*
10 IDO,435s 22.24+2.97 1.05+£0.30°  22.10+£7.87° 0.68+0.07" 85.47+19.55" 29.28+5.89"  2691+3.24"  0.85+0.08"
IDO7g; 15.25+2.71 0.80+0.14°  26.17+3.53" 0.48+0.07° 70.45+539" 27.03 +4.66° 1639 £2.46"  1.79+0.08"
IDO; 46 8.46+0.85" 0.16 +0.03 17.99£3.34° 0.95+0.11 21.85+2.12  6.36+1.32 9.13+3.26 0.83 +0.06
20 IDO435  6.70 +0.49° 0.23 +0.05 8.01+251° 0.87+0.09 2493+2.15 6.33+0.67 12.25+2.90 0.92 +0.08
IDO7¢; 13.14+1.17° 0.30 £ 0.06 3890+ 6.44° 0.71+0.04 29.06+1.55  6.69+0.47 15.68 + 1.84 1.21+0.11
IDOy6s 6.07 +1.20° 0.08 + 0.02° -3.88 4 12.09° 0.89 +0.05° 62.01£2.31  10.01+£0.36 41.99 +2.36 0.99+0.10
30 IDO435 7.32+0.84° 0.16£0.07*  -4.11+15.46" 0.57+0.09° 77.52+3.56 12.55+1.13 5242+2.19 0.82+0.12

IDO743 14.67 +£2.04° 0.70+0.16" 53.85+15.60° 0.39+0.03* 75.36+2.79 10.85+1.16 53.66 +3.69 1.13+£0.09

IDO, 66 10.01 +£2.09 0.17£0.08 47.09+4.87 0.28+0.04° 87.52+39.59 9.38+2.47 68.77 +39.51 1.05 +0.08
40 IDO435 16.44 +3.06 0.35+0.21 59.99+7.17 0.51+0.11° 103.15+36.98 23.11 +9.57 58.25+34.62  0.99+0.08
IDO;y; 17.54+2.96 0.18 +0.06 57.82+7.67 0.10+0.01" 124.22+40.60 10.68 +2.67 102.85+41.33 0.96+0.14

e, FRCEE RSN 2 aden A NERA AR AN | Wraa AR B AT E]
KZ BB, KRB RS2 B8 i IEw AR IR AR R A A R A5 . H AT E AT E 2
fik. MoK IE, fE—ErEA, MIFH  WEIR . IR M 8 A R IEAEH Fh 2R
WP AR EE S o RAGE MR AR AR, DL 8 38 SR BF 5 b R

http://www.scxuebao.cn



144 A 08, 45 AR AU 38 X 6 4 fr AR 4G L e PRI A B I e 2 i 79

KAV HIE . FEA SIS, B e (A SR 10
dfF A K EZ BN, IR EH IR 30 d)F
R ok il P 6 AR AT 8 e M AR G L A A ™ R
A AR O A B AR R B XTI, PR B
AAMEA KA RE S, MW o] AR R AN BE A SR A
AR R T B KK E A KA AR kAR
A K B 4 0 A BT — £ S i U B
B A AR AU 38 S R 2 AR KRR ) Al L RE 8
B[] Az 0 7 A R0 7K BRI AN 5 0 3 S AR TR
SRR, X RIS AR AR LT IR R
0 N AR

TEMLFNV il A R B BT . BRI SR E I
JoBE SN S AL R AR K BB, IRV AT £
MBI SIg , EIRY IR R, MR
PR ERZI IR AT, ARKEEU Y, AR
X il 4y fa B WF T A SRR T DL g e . ARBFSY
Hh Vs R K T o B 4 e s e AR K RS I R 3 (P <
0.05), Bl FUK - IIRRAG, R A K A i 3 1
I, WAV i Y 22 5 B4 R i R 0 R0 R
FUE W) 00 R IR0, U i SR i R
fiff &y £ 1 A= KT o RV TR AN R B B B 6 4
e E R RERB AR EER, HEEED
ST 30 [ g 7 o i AR AL B OF- 24 SGR I F AR T H:
A2MALFR, XL FIIDO, oo 2H A B 58 2 kb A
K25 A EDIE .

32 REMEX LS EER I

FE AR HE 3 1 /N ] DL e £ 2 A
SRS o W m T AR RN, FRER
PENAHE . AL . HEM R A T FE T T R AR
S, FEARRIE AL IR0 d)E, ™ B4
fif FE A R M HE R BB T AL B, XU
B F3E 108 A AR B A ) 0 5 SR R O AR I 43
B, RE SR M HE R IR i A O AT
RIEFERRI, X152 M 28 5Bk 52 45 R AT
AU FER A BRI 15 dfE R O A Y B
FEAACR L T HAR A b BE W] ab ik fif 4y 11
A RE . AR P, GE A TR AR R
U8

SO - N)BE S e £ 28 55 3l Wy 1A i 1Ll
JEDI AR, a] DU KA 3 s LR B I 4 o
RRIR . BERIRY P EA R ILHIB A, WO :
NAEBRAR , 1724 4 B L oK A 5 0 Tt
W, PO DN A Y AR S v A Bl SR

7 o 4 A T Y B 4 S LU (B R T R
SR PR, AT LA B A G ORISR AR T
PLaoK AL G P ke, 3E o 98 1 AR P 04 41k
AR PRE I, H 2 A U E 5 A R A 4T R
i (Liza haematocheila)%)] th 1) %0 & LA V4 22 88
R, I S PR SRy AN [ 28 I 4 %) R 1 i
Z AT,

3.3 REMIB X b A EH R f RN IR
oA

il U 30T B, 288 Sy R v I X AL TR
ST A B AL R T B 1,25 48 i i s B 4R
0Tt 1 0% 3 T AR A AR v A B0, n 4B [ B
(Cyprinus carpio)i%i . JFIEFNEE bt S 1 4 B AL Tl
SODIG 11 . 4R (Carassius auratus) T IE 13 E Ak
AWFCATING ITEEA RS IR, F4h,
A B DA SR & T BOpT A T S ) B
TNAR B 1 2% SODFICATIG 1 AEAR VIR A R 3
BEEARR 2, AR 52 56 75 3 45 o) i UL P AT U A -
SODIF /1. (I ASOR i 2 15 T HiAx b 3, i
3% H T-SODIE J1 . S B T-AOCTE J % & . %
IR T RRZE, 31X A] R R AR i SR B8 T 1Y Ak
JFE 7 R0 P U (ROS) R ) aod 8 A 1 S i 3% A
S8 v ) B AR AR T A T R AR, 2 W AN [ 2
210 XA S 38 4 BE AN TRD UL PR AR B ket
IR0 O BE ) i o f0 26 DA Bl UK A o
Hh A Bt B ) S A A T G S ) B
YIAE R R 3 AR L B AR s S B0 SR TR R T
PO TEMR R VA B, I P T-SODIE 1 . L
W 1 T-SODE 77 . ASORLL K AF JE H T-SOD{
1. ASORYEA[R] IsF ] & 2 3% i, 26 WY 6 7k 2
Vs i SR AUk I R N AR B

2 b H B GSHAR A= 4 1Ak N — i o 22 (1 it
AALR, BERSTERRIRN R H B, BeAh, FEAR
Ji R AR B H KRR S 5 AR AR R, JE ALK
WA B TG4 TTFE . MR [ i
T, BB GSHAE kb, A A 5 2 345
Yo TEERFCIRAET, MEEBHAFIE . B IEGSHE
5 IEH A A 2 RN, K E %
.14 hJ5 GSH s 48 0 28 1F % i S i 245 0 AR f
T, EAREME T, S ULRFEE R GSH i 1
R, Ul IR SO B 7 A — s AR R T
W FEPR s e A B, PR GSHR 3 im, JiF
JUE A o i B A0S R AQ - M R AR E , A
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AR AU X i ) 2R 0 | R A A SR A 9
A RFERW PRSP A R R
AR FRAER . AR E KT AL B,
TEWR S W BE, 2 e 4R 1O B AR 7 58 42 b A
Ko 7ESEME AR, 6 A [ 24 200 %)
S K Y S AR T BE AN, T 1) AR B
MR R IA

SE Mk :

[1] WuR S S. Hypoxia: From molecular responses to
ecosystem responses [J]. Marine Pollution Bulletin,
2002, 45(1-12): 35-45.

[2] Lushchak V L, Bagnyukova T V, Lushchak O V, et al.
Hypoxia and recovery perturb free radical processes and
antioxidant potential in common carp (Cyprinus carpio)
tissues [J]. The International Journal of Biochemistry &

Cell Biology, 2005, 37(6): 1319-1330.

http://www.scxuebao.cn

[31]

[7]

[10]

Whitfield A K, Panfili J, Durand J D. A global review of
the cosmopolitan flathead mullet Mugil cephalus
Linnaeus 1758 (Teleostei: Mugilidae), with emphasis on
the biology, genetics, ecology and fisheries aspects of
this apparent species complex [J]. Reviews in Fish
Biology and Fisheries, 2012, 22(3): 641-681.

Hotos G N, Vlahos N. Salinity tolerance of Mugil
cephalus and Chelon labrosus (Pisces: Mugilidae) fry in
experimental conditions [J]. Aquaculture, 1998,
167(3-4): 329-338.

L, Fade, XXE, & . ShEE R pHXT %)
MFEER . HFEAR LR E B AR ], KR
27,2014, 21(5): 954-962.

LiJE, Cao SH, Ou Y J, et al. Influence of temperature,
salinity, and pH on oxygen consumption rate, ammonia
excretion rate, and suffocation point in juvenile Mugil
cephalus [J]. Journal of Fishery Sciences of China, 2014,
21(5): 954-962(in Chinese).

FROMSE, AR, BRiEIE. DUHE DL K B8 75 73 350 VR ox fi ot
TAEAGTE BRI REIA[T]. 7K 7= 748, 2007, 28(1): 7-9.
Yin S W, Lin X Q, Chen J H. Effect of feed deprivation
and refeeding on their blood biochemical indices of
themullet (Mugil cephalus Linnaeus) [J]. Journal of
Aquaculture, 2007, 28(1): 7-9(in Chinese).

BB, MR, ARIAPE, A8 R S X IE R K
B R RS2 D). #8 K7, 2001, (3): 63-66.

Cai L H, Ye J C, Lin X Y, et al. Effects of temperature
and salinity on embryonic development and hatching of
Grey mullet, Mugil cephalus [J]. Journal of Fujian
Fisheries, 2001, (3): 63—66(in Chinese).

Nicieza A G, Metcalfe N B. Growth compensation in
juvenile Atlantic salmon: Responses to depressed
temperature and food availability [J]. Ecology, 1997,
78(8): 2385-2400.

WH/INZE, XS, T DL £ 2 A T A 2N 2 S R I
FUHERE[T]. KAE 244, 1998, 22(2): 181-188.

Xie X J, Deng L, Zhang B. Advances and studies on
ecophysiological effects of starvation on fish [J]. Acta
Hydrobiologica Sinica, 1998, 22(2): 181-188(in
Chinese).

Brito R, Chimal M E, Gaxiola G, et al. Growth,
metabolic rate, and digestive enzyme activity in the
white shrimp Litopenaeus setiferus early postlarvae fed

different diets [J]. Journal of Experimental Marine



14

A 08, 45 AR AU 38 X 6 4 fr AR 4G L e PRI A B I e 2 i 81

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Biology and Ecology, 2000, 255(1): 21-36.

Mgl B, K, S KT R B B HE £
B KRR ARSI [T]. Bk, 2010,
40(2): 24-29.

Yang K, Fan Q X, Zhang L, et al. Effects of dissolved
oxygen on feed intake, growth and respiratory
metabolism of juvenile Pelteobagrus fulvidraco R [J].
Freshwater Fisheries, 2010, 40(2): 24-29 (in Chinese).
RIME, R, 9248, . WA JEE T 2R R
TR S R gyt A AR B A AT S 0], ol AR
1k, 2012, 39(6): 33-39.

Song X F, Chen Y M, Peng L, et al. Effects of DO,
ammonia and nitrite on growth and metabolism of
juvenile turbot [J]. Fishery Modernization, 2012, 39(6):
33-39(in Chinese).

Papoutsoglou S E, Voutsinos G A. Influence of feeding
level on growth rate of Tilapia aureus (Steindachner)
reared in a closed circulated system [J]. Aquaculture
Research, 1988, 19(3): 291-298.

Thetmeyer H, Waller U, Black K D, et al. Growth of
European sea bass (Dicentrarchus labrax L.) under
hypoxic and oscillating oxygen conditions [J].
Aquaculture, 1999, 174(3—4): 355-367.

Jobling M. The influences of feeding on the metabolic
rate of fishes: A short review [J]. Journal of Fish
Biology, 1981, 18(4): 385-400.

Pichavant K, Person-Le-Ruyet J, Bayon N L, et al.
Effects of hypoxia on growth and metabolism of juvenile
turbot [J]. Aquaculture, 2000, 188(1-2): 103—114.
TR, SRR, M52, 4. FL0%) e 5 A BT
FL[I]. R EKFERNE, 1998, 5(4): 108-110.

Yu D X, Han A S, Liu X Z, et al. Study on energy
source substance of red seabream juvenile [J]. Journal of
Fishery Sciences of China, 1998, 5(4): 108-110(in
Chinese).

Mayzaud P, Conover R J. O: N atomic ratio as a tool to
describe zooplankton metabolism [J]. Marine Ecology
Progress Series, 1988,45(3): 289-302.

AR, BEIE R, G, L W EUK PR g R R
R 5 AR S [T]. T VRS, 2013, 20(4):
294-298.

Peng Y H, Huang G Q, Li J, ef al. Energy metabolism

and oxidative stress of juvenile Liza haematocheila as

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

dissolved oxygen decline [J]. Guangxi Sciences, 2013,
20(4): 294-298(in Chinese).

Lushchak V I, Bagnyukova T V. Effects of different
environmental oxygen levels on free radical processes in
fish [J]. Comparative Bioehemistry and Physiology-Part
B: Biochemistry and Molecular Biology, 2006, 144(3):
283-289.

Lushchak V I, Lushchak L P, Mota A A, et al. Oxidative
stress and antioxidant defenses in goldfish Carassius
auratus during anoxia and reoxygenation [J]. American
Journal of Physiology Regulatory, Integrative and
Comparative Physiology, 2001, 280(1): 100-107.

Vig E, Nemcsok J. The effects of hypoxia and paraquat
on the superoxide dismutase activity in different organs
of carp, Cyprinus carpio L [J]. Journal of Fish Biology,
1989, 35(1): 23-25.

Sun HJ, LiJ J, Tang L S, et al. Responses of crucian
carp Carassius auratus to long—term exposure to nitrite
and low dissolved oxygen levels [J]. Biochemical
Systematics and Ecology, 2012, 44: 224-232.

Bickler P E, Buck L T. Hypoxia tolerance in reptiles,
amphibians, and fishes: Life with variable oxygen
availability [J]. Annual Review of Physiology, 2007, 69:
145-170.

Rio D D, Stewart A J, Pellegrini N. A review of recent
studies on malondialdehyde as toxic molecule and
biological marker of oxidative stress [J]. Nutrition,
Metabolism and Cardiovascular Diseases, 2005, 15(4):
316-328.

Filho D W, Torres M A, Zaniboni—Filho E, et al. Effect
of different oxygen tensions on weight gain, feed
conversion, and antioxidant status in piapara, Leporinus
elongatus(Valenciennes, 1847) [J]. Aquaculture, 2005,
244(1-4): 349-357.

Vagner M, Lefrangois C, Ferrari R S, et al. The effect of
acute hypoxia on swimming stamina at optimal
swimming speed in flathead grey mullet Mugil cephalus
[J]. Marine Biology, 2008, 155(2): 183-190.

Yang K, Fan Q X, Zhang L, et al. Effect of dissolved
oxygen levels on growth performance, energy budget
and antioxidant responses of yellow catfish,
Pelteobagrus fulvidraco (Richardson) [J]. Aquaculture
Research, 2015, 46(8): 2025-2033.

http://www.scxuebao.cn



82 ko R 40 %

Effect of hypoxia on growth performance, energy metabolism and
oxidative stress of Mugil cephalus

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

Abstract: To investigate the effects of hypoxia exposure and subsequent normoxic recovery on growth
performance, energy metabolism and oxidative stress of juvenile Mugil cephalus, the dissolved oxygen content
(DO, mean+£SE) of the aquarium was controlled at hypoxia (1.66 + 0.41), moderate hypoxia (4.35 + 0.53),
saturation (7.03 £ 0.36) mg/L, respectively, for 10 days and then recovery to normoxic state 7.0 mg/L for 30 days.
Specific growth rate, oxygen consumption rate, ammonia excretion rate, O:N ratios and oxidative stress indicators,
including the content of T-AOC,SOD, ASOR, MDA, LD,T-GSH, GSSG, and GSH in the plasma, muscle, liver
and gill were measured. The results showed that hypoxia exposure for 10 days generally decreased the levels of
body weight, specific growth rate, oxygen consumption and ammonia excretion rate of juvenile fish. Fish
experienced moderate hypoxia would achieve completely compensatory growth in a short period with normal
dissolved oxygen content. But fish under hypoxia conditions had non-compensatory growth. Hypoxia and recovery
had a great influence on the oxidative stress indicators. Hypoxia stimulated increases in the activities of lactic acid
(LD) levels in blood, activities of superoxide dismutase (SOD) in muscle and liver, activities of anti-superoxide
anion (ASOR) in gill, which supported the idea that anticipatory preparation takes place in order to deal with the
oxidative stress that will occur during reoxygenation. Meanwhile the SOD activity in blood, muscle, liver and
activities of ASOR in muscle, liver increased at different phases during reoxygenation, indicating that the oxidative
stress during normoxic recovery was intense. GSH level in liver was elevated under recovery which appears to
trigger the protection mechanism. Hypoxia and reoxygenation also significantly increased MDA level in liver and

gill, and it seems that hypoxia may cause lipid peroxidation damage in liver and gill.
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