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BE: N TS AR (Epinephelus fuscoguttatus, Q)5 W5 KRIEABA(E. tukula, )38 JEAR(FRIFR4G 18 A BT
)RR A1 B0 AR AU 32 B8 0, R FH 3t DT e 0 5 D0 s i R 0 N 4 A BE A 4l f AR R S 2 U, TEIE
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W FOKF 3 h 5, SRR a5 AT B 4 P A B £ 40 £ 0 I 2 28, 0 L e B A e 5 i R 1 A G FR
bro WEITESH R, TEKIR(31.18+0.38) ‘CHY 4 ff A B M4 fFERZEN 0.16 mg/(g-h), 3 m T HBAKE 5 A B
0.4 0(P<0.05); a4 BE 10 5 43 JR A B 4 £ (19 22 BS540 3008 0.22 mg/L. 0.24 mg/L, —35 27 A B3 (P>0.05);
VA SR U T R RN A SR A R, A a5 A B i 4y 0 O v R SR Ak 7 AL (superoxide dismutase, SOD) 45 bk H ik
i1 L W (glutathione peroxidase, GSH-Px). FLMRJI & i (lactate dehydrogenase, LDH)#i 4 A FLEZ (lactic acid, LD)
RS RARE MY EAFET SOD | id %At S i (catalase, CAT) .GSH-Px , 4T & fLHE /] (total antioxidant capacity,
T-AOC) . LDH i 1428 b i 2 (P<0.05), {HASS A BEANFIES T-AOC 1 CAT 1 M4 58 A B JiF ik LD % #7484k
R FEP>0.05); HA 3 hJ5, kAR SOD W& P THES 16.7%, GSH-Px IGPETF & 42.5%, LD & ThE
2.8%, 8 EETH AN AR (P<0.05), M4 RAMAEK GSH-Px 1M A WK BN K FE4h(P<0.05), H4x
FEhRI 5% PR T i 3 25 5 (P>0.05); TR R syl 2, & A BE/iFiE SOD. GSH-Px. CAT LI K T-AOC
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A, [l EA R E A 2 HE 2020 4
Hh D Y GE T AR S AR OGRS B, 2019 4RIEK A
e Rk H) 183127 t, HHEL 2018 4FEHEK
14.76%, BLE K JE R 0y 3 I g AL I 3% 58 19— A AL
J 44 S £ 26 P A5 a5 7 BE f (Epinephelus  fusco-
guttatus) B R EFEBE, REIREM A, HAKH
Eg, AKABREK, HEH TELEHEENA
Sy A R PL B R, Jf Hbtwere i, al LIEN

FRAS 55 A A1 B fr B 40 2% 58 LARATHOL B SR AH i Aol

MBI AR (E. fuscoguttatusQ¥E. lanceo-
latus3)E KB FFHP, W B KRIEA B M(E. wkula)
182 4 BB, IRFIRIKW , 4 B A7 B K i Bk
WO, 2Afarhry REFEZ — BAR
R A DG | AR R PR A R A, Ry —
ik 2 0 a2k

Fog a5 B 5 B R B A B R TR T
T 1 DX ) BB SR s, B E AR B M A
KR H B3 55 D T AT — 8 R 0 A 5
BB, 25 KA N T2 se 35 B T HEARMERE .
FET 7 Pk 25 V7 [ PR A0 i VR P R AT T V8 AR ARAT 1Y)
Tk T W B R B B RS TR R, IEA]

FHHVE VRS T S5 A0 B A0 B AT 28 58 b 52 5,
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A A R A I A i 2 52 AR (LA TR AR 42 52 A B
), SEflR T PR EATE N T 9H A AR ES . H
HIEXS 45 P A0 BEA O 2 B AR R A 5 R A RIE S
SAHT AR E T TR a1k
BRI L B itk A 2 R T 4 Oy 1, %
G R AT BEATIE R AR SCAT ST Ak R WLAIRGE
AATEKAESIN AR T P REE T+
Sy EE MY, SRR FR A AR, K
B AR R S 2 PR . W E SR KR
o RIBKGWZKI L, BRI K
IR AR R s O K
AR i SR 2 SR I AR AR AR 22 5 1 £ S S A Uk
A ERBUE S | EFE TR SRR IR
SERRIGMR A, TEREE R R T
028 IR 52 BE ) AN PO BT PRI I 2 S
%, I PP N SRAE R B A
I RS A1 Sl 3 o 42288 (R A 5 3 24 PR AE IR I

R, 4180 . ReRkfRsE, AR %y
T, A BEAA S, TR AT A 24 5 el A
4 PR A BRE AR R HLRR AR A0 B 0 1 IR SR T 5
AR DL ARGE

ABIEFE A R R A A T (9 2% 52 4 B2 A BE AR
5 AR A RO BT XTSRRI SE T
F i A FE SR S 2 B R DL R A8 R s A
Mty FLIRIBE UM 1 L) e FLIR & =2 AL, T
At A BREARR 485 PR A0 B0 4)) £ A TR SECRE T, LA
Bou R A B sk . IR A AR Y
Vi SRR R SR 2 B R E SR LB 2 2% (W]
N AT BE AR 2 A R A A B AR

1 #MEEFE

1.1 SRIeH R

ALY I FA AR 55 A0 B 5 4 58 A B i
RAE G TSR M BT K ™ w] R AR B Rt
TESC I T AR PR e AR B i e . Jois Joth . Fidk—
Bk S AR S &R AR, VG ARE SR
(33.06+4.66) g . (34.26+3.85) g, &K %N
(11.63+£0.97) cm. (13.06+0.78) cm, %f H#EAT K
14 d (8 32 Ok Al O B SE 30 S A58 . BRI )
VR N (5.62+0.31) mg/L, JEJ%#(29.97+0.84) C,
BRPEBEARE 1K, RRHGHK 1 0O 4
S AR ROR B, H K B A IR R K AR R
TRALT) 273,
1.2 ZWigit
1.2.1 FEERPUELH SHAEMHEER
Wbt Uit g, SICERLR 5 L A SE R e ff
WA E(31.18+0.38) C KRR 43 B E
FEARAS SR ARAMNFERAR, fFEEIRLE
AR PR EOIAS — SR DRSS A B AR 4 R A
BEfgs 4 RSB A HF s, A
W i F AR, RSN 1 h JE AL AT
RSB IR TG o AT % T S 18 R K 5 R
FH R 6 RS2 38, 17O ) P 325 B R o 61 9 55 4 6 o
N, Do ORI 0w B R AE, IR E T
IR R KM oK, R 5 IR AR A
DI R VR BB — A2 AR RR AL, T IR 5L 56
ISV A MR B . SRSk 2 h, 7ESLE T
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122 EEAMNELR E8 LR/ EE
PLEEBUAE A KA 22 AR KGR 1R HE s A B Al
e R Aasns 18 B, milZgE T 6 MRS
L WP, BN IP Rl Fpfa 6 2, frfaiiny 1
h A FHAPREF R IR, HEBRER 1.2.1,
T S 56 T4 iR R A, PR [ 5 O 52
VST, L 50% I £ 58 T I 1) V8 At 48U
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*1 EWFARESAREaE5&EERHAILLR
Tab. 1 Records of Epinephelus fuscoguttatus (9) x

Epinephelus tukula (&) hybrids and Epinephelus fuscogut-
tatus used in the experiment

44 species K H/g 2K/cm  HE/E Hik
body weight total length number usage
ft R A B 38.31£5.43 12.86£0.53 12 1.2.1

E. fuscoguttatus 49.13+6.26 14.07+0.87 9 122

32.13£5.94 12.1740.90 70  1.2.3
SO 40.07+3.47 14.00+0.49 12 1.2.1
E. fuscoguttatus () X 49.19+4.59 15.13+0.58 9 122
E. tukula (3)

34.03+4.41 13.17£0.72 70 1.3

123 REMEBXE AR RLE, Phikik
J R Y 4 B A BE L SR S A B (R DI AL
5, 4 PR B SR S A B A 70 B Al A 3R
T 4 A HEFAE A L5 7K #(d=60 cm, h=45 cm,
SEPRZEK 120 Ly, PR AL EFAEAT, B4
AT R G 35 8 o SEE T IR TTAE B AT 45 L
3 RAAE X IRARAE, JFFRidh C 4. 0 h RAE
S5 37 20 1] 45 7K s A RUSUHTA R E7E 10 min
PR 8 0 (L (PR 1), el a4 7K 3L /Ml 3 i
AGEREDUEE 1 h JFEA-PATAH 3 BACRAE,
0N HI 4. BJS 14K gk 2258 /S RRAGE A,
IR K AE TS R A AR 1 h JoREE, BAFAT
REAH) A3 BB, MRYKid o H2. H3. H4.
HS 41, A MHE B B S R G, R IEH K fi e
R, AP E 2= 5.5 mg/L UL L, fEVKE 3 h
JE PR BURE, 12 R 4138452 5530 (A1 45 F 10 min

FH 3758 H %5 %4 (OxyGuard Handy Polaris){ll i Jf:
TE SRl B BT VR
7 -

6FC R

Hl
H2

H3

dissolved oxygen

AR/ (mg/L)

H4
H5

140 210 280 350 420 490 560
fivf ] /min time

0 70

K1 SRk B i A gl g
C: WA BMA[(5.71£0.31) mg/L]; H1: ¥EEMEE 4.0 mg/L
FAEHF 1 hy H2: FMAEFEE 3.0 mg/L 4645 1 h; H3: 5
FAMEE 2.0 mg/L F4EHS 1 h; Ha: MRS 1.0 mg/L 4
1 h; HS: WA BAREE 0.4 mg/L IF4ERS | h; R WRE H 40K
F(>5.5mg/L) 3 h.
Fig. 1 Records about changes in dissolved oxygen in the
experimental groups

C: normal oxygen control group [(5.71+£0.31) mg/L]; HI: Dis-
solved oxygen decreased to 4.0 mg/L and maintained for 1 h;
H2: Dissolved oxygen decreased to 3.0 mg/L and maintained for
1 h; H3: Dissolved oxygen decreased to 2.0 mg/L and maintained
for 1 h; H4: Dissolved oxygen decreased to 1.0 mg/L and
maintained for 1 h; H5: Dissolved oxygen decreased to 0.4
mg/L and maintained for 1 h; R: Dissolved oxygen recovered to
normal level (>5.5 mg/L) for 3 h.

1.3 MEERSFE
131 BB@EKREWHE FEERMELAPER
SRR R A P R R R, R A s UnR

_Oxpx8

A x1000

0

K, A RS B R BT R B, BR: mg/L;
C M Wl B AR R BN MR B, 52457 mol/L;
VR R R S s BRA R RR AN A AR, B mL;
Vo R 78 B S PR KA AR AR, BA67: mL,

1.3.2 #&EXRITE RKEFETFIANITEREMAR
AEEF] . B A 1) A X RE AR %
VX4~ 4 +AA)

WxT

X, Qo AHIRTAEAR, N7 mg/(g-h); ¥ NIEIK
FISLPRAERL, BN mg/L; A, ASEE R =
MK PV i SR B VR B, B0 mg/L; Ar HR R

(o)
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B A Ay A BEAL( Q)< B R BEA BE (D)

238 e AU B A0 B AR R 52 BE 10020 T 58 223

WP W2 = v Vg 7K i A AR R VR B, PR mg/L;
AA R ST R FE 1R AE R W Al A AR,
AN g TSI RS2 a], B ho
1.3.3 FFEEEEEMMNE 7 1.2.3 1, KIEK
JE U (R IS [ 50RE #8F 5 A HTRR B MS-222
(VRS W T RR I, B e TR A, A S I O
T 2 mL RAAE TR RS TRA TR, raeif
WAz . HIESPUE AL RE J] (total antioxidant
capacity, T-AOC) . # % 1k ¥ I L Jif§ (superoxide
dismutase, SOD){f 1 . i %A fb & i (catalase, CAT)
T A b H K AL P (glutathione peroxidase,
GSH-Px)if 1t . FLBR i i (lactate dehydrogenase,
LDH) %P LA M FLFR (lactic acid, LD) & 2 A4l & 1
K RS 5 i A= W T AR 9T B i &, AR Ak
R G0 A5 7 4% AL BRARAE I E
1.4 HiESH

SIS B Y5 TV YRR i 22 (X £SDY R KR,

FIH Excel 2010 F/F Xt 47 H B S, A
FHl IBM SPSS Statistics 23.0 #K{FHEAT ST REAR T
K% (independent-sample ¢-test), I%4: 7 22 [A] o4
R 30 J5 AT 5 2 U7 22 53 BT (one-way  ANOVA),
K LSD v #4745 Ab BV 2580 2 [B] 1 22 5 5 vk
Fods, B EKFEHE P<0.05, YERI KA Origin
2018 Btk

2 HBRESH

21 FERANAaESEANGaHENERES
=S

WL R (ER 2), 7E/KIE M (31.18+0.38) C
i 4 8 A1 BE (4l 0 I FE AR R 0.16 mg/(g-h), i
T HBEARR S A B 4 AR AR 0.14 mg/(g-h)
(P<0.05), Frmi AT S 4 AR n g h s 5
4351 0.22 mg/L. 0.24 mg/L, " HLRARE
(P>0.05).

*2 EXKETHEAAREASEEAHEHEZEESMERARILE
Tab.2 Comparison of suffocation points and oxygen consumption rates of juvenile Epinephelus fuscoguttatus (¥) x
Epinephelus tukula (3) hybrids and Epinephelus fuscoguttatus in the same water temperature

L 25 K AR .
44 species K/ C f‘b‘m'/(mg/L_) FEH %/[mg/(g h)]
temperature suffocation point oxygen consumption rate
KA B E. fuscoguttatus 31.18+0.38 0.22+0.02 0.14+0.01
LB E. fuscoguttatus(Q) X E. tukula(3) 31.18+0.38 0.24+0.04 0.16+0.00"

s *3RR R B a2 ) 25 57 B 5 (P<0.05).

Notes: * indicates significant difference between two groupers (P<0.05).

22 RETHMESTHHRBEEMIBSE
R

Xof P A Ao S IE b T 4 AR S  LDH 3G DL K LD
it 6 FEEbR A BIHE TS, 15 AR T IR AR
SEkr S A B 5 4 R AR SOD 1443k
447~600 U/mg prot . 464~613 U/mg prot, CAT i1
435K 24~33 U/mg., 18~33 U/mg, GSH-Px 1% 143
W 210~414, 174~344 U, T-AOC 351454
0.7~1.2 U/mg prot, 0.5~1.0 U/mg prot, LD & =437
A 0.4~0.6 mmol/g prot, 0.2~0.4 mmol/g prot, LDH i
P43 5K 763~1496 U/g prot. 789~1199 U/g prot.
Z R K T 225011 (one-way ANOVA), BRriE & A
BEfh T-AOC Hl CAT {1k Je 4 R A BEf LD &
it AR AZ I AR S R AN B A, ARt bR Az

Vs 48R Bl ) 5 e 34 4 3 (P<0.05) (3R 3).

221 FrREEREKENFRESLEETENTH
ME 2 FNE 3 W LAE ), eSS RN R R, e
A1 BEA R 43 pE A BE A IFIE T SOD #i CAT i 1Y
RS L THE TR B a5 B 4 08 A B
fFE T SOD 1 P43 Wil AE H3 . H2 Ik 3 5ok
B, AH X REZH i 2 2 5 28.2% (P<0.05). 29.1%
(P<0.05), BESHINEAH TRE, I H4E 3 h )5, &5
SABEAFET SOD WML 16.7%, -5 %]
4 2% 5 10 2 (P<0.05), &R A BEAFNET SOD i
PEIFRAR 1.7%, 58008 2% 22 % (P>0.05), 10
MRS 2 8 SR o 76 H2 ZHIN, 4 58 A B fa T
SOD {40 FRZ 1 2 7 29.1% (P<0.05), A
FR AR S A B TR SOD 1 HE(P<0.05); ki
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*3 BRETINIESAHREMEEAMEEREW
. LDH EMUR LD 22X MHATESHER
Tab.3 Variance analysis result for liver antioxidant en-
zyme, LDH activity and LD content of Epinephelus fusco-
guttatus (Q) x Epinephelus tukula (&) hybrids and Epine-
phelus fuscoguttatus affected by dissolved oxygen changes

14 species

Tt s A B £
E. fuscoguttatus

FE8 45 index P
LW B AL RS SOD 0.0039
i F AL E i CAT 0.1873
2 I H MR AL GSH-Px  <0.0001

BHiEEE ) T-AOC 0.1122

#L#: LD 0.0007

FLER M SR LDH 0.0156
&R A B B E Y AL SOD 0.0004
E. fuscoguttatusQ X 344k S CAT 0.0096
E. tukulad

B H KT ALY GSH-Px  <0.0001

BYUELEES T-AOC 0.0014
FL#g LD 0.3363
FLER M & A LDH 0.0476

A B A0 4 PR A BEAOE h CAT 3 M43 31 7E Ha |
H2 HIHE B 35.7% (P<0.05). 42.4% (P<0.05), ik
i KA MK 3 h e, A A B 4 R A B
JHFWEH CAT 36 M4 HS 450 51T T 5.0%.20.5%,
H =% 5% R0 W 3 22 7(P>0.05), 7E H3,
H4 410, SXHRAIAHLE, &% A Bl CAT
WHETIHET 6.9%. 20.7%, 38 T4 50 5K
fafiFHE R CAT 1% (P<0.05),

W 4 Fr7R, A8 A BE T GSH-Px 36 P
BV e SR P TS R A A 2 B AR R R 3, 7 H4
ZH IR RN AR, H3 . H4. HS 03050 B2 7 )
i Z P& 26.9% (P<0.05). 46.9% (P<0.05) . 46.9%
(P<0.05); 4% 5E R GSH-Px i P BE i i
SR BT B S I ST RS TR R AR AL
B M T A H3 AR EEIET 39.5%
(P<0.05), TFEH T RIKE, HEERTHEAA
B 01 (P<0.05), BfEA T LT WE WA 3 h )5,
o 15 B A0 I GSH-Px 1 PRI 4 HS 4 B i
FETHE T 42.5% (P<0.05), 48 Bl g T
M T 443% (P<0.05), H - #HzZHER D F
(P<0.05), 5% 005 I8 2 AH HE A A5 40 BE 1 7 42 5
A BEATFE GSH-Px 3 14 43 il i & B AR 24.3%
(P<0.05). 40.4% (P<0.05).

%294%
C %S AR E. fuscoguttatus
00 - BN RA R E. fuscoguttatus(R)XE. tukula(3)
F * _
=84; %SD

700 [ A . n
B 600 B be b
So c |c He
gEs0p §C G ¢
S84
)
=3 30|
g 200}

100

H1 H2 H3 H4 H5 R
205 group

P2 W4 IR AR S0 At A R R 4 % T £
JHHE A SOD i P 14 52 i
[F)— 7 £t bR AN 7] Rk 3R AN [ 20 1) 22 7 Wb 3 (P<0.05); *3R
7 5] — 21 7 b £ 22 57 3K (P<0.05). C: W AN IBAH[(5.71=
0.31) mg/L]; H1: ##EMZE 4.0 mg/L H4E3F 1 h; H2: %R
FREE 3.0 mg/L IE4ERE 1 h; H3: WA MEE 2.0 mg/L 4
1 h; Ha: WSS 1.0 mg/L 24 1 h; HS: WA RE
0.4 mg/L 3-4E3% 1 h; R: WE #4EKF 3 h
Fig. 2 Effects of decreased dissolved oxygen and
reoxygenation on SOD activity in the livers of Epinephelus
fuscoguttatus () X Epinephelus tukula (3) hybrids and
Epinephelus fuscoguttatus
Different letters in the same fish indicate significant difference
among different groups (P<0.05). * means significant differ-
ence between the two fishes in the same group (P<0.05). C:
normal oxygen control group [(5.71£0.31) mg/L]; HI: Diss-
olved oxygen decreased to 4.0 mg/L and maintained for 1 h; H2:
Dissolved oxygen decreased to 3.0 mg/L and maintained for 1 h;
H3: Dissolved oxygen decreased to 2.0 mg/L and maintained
for 1 h; H4: Dissolved oxygen decreased to 1.0 mg/L and
maintained for 1 h; H5: Dissolved oxygen decreased to 0.4
mg/L and maintained for 1 h; R: Dissolved oxygen recovered to
normal level for 3 h.

WE S i, B BRI T-AOC 16
ZARE A AR A B 2, BB R
TH AR P sh, BAE H2, H3 A B E ST
S RARAATNET T-AOC 1HM:(P<0.05); &84
BEFAFFHEH T-AOC {6 1 H4 LI T+ 5 76.0%
(P<0.05), ik %) W {F J Fifl 1 Mt 2010 PR AR 2 T R
P R BT AN A ARk, HEFARE
(P>0.05), ME® 3 h J5, tsa Rl h
T-AOC V& PETF & 22.0%, 1M 4 B2 A7 B £ T i vp
T-AOC TR VEEAL 12.3%, W EA% T h 5 4 B fa
(P<0.05), H = H B 5 AN MA TR FHER
(P>0.05).
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LR A B E. fuscoguttatus C %S A B E. fuscoguttatus
45 - I & B H B E. fuscoguttatus(Q)XE. tukula(3) 500 - IR & RAPEA E. fuscoguttatus(Q)¥E. tukula(3)
B *
401 4 _* _ n=84;xSD [ a a n=84; x:SD
2 35f 400 - A a2
= r * A
; 2 * B 2 E Il |A b c b *
EE B B #E 3001
o f BT ¥ %
% < T 200 B B
c© 58
<
o 100}
ol H2 H3 H4 H5 R 0 HI H2 H3 H4 H5 R
21 51| group #H 5 group
K3 BWRTEMESEXMNEHARANEEAMA B 4 T BN SR a5 B A0 RN 4 1R A B

JFNE T CAT 35 P 5% 1

[f] — i £ b AR R 7 B 3R R AN (R 4 ) 22 57 | 35 (P<0.05); *3%
N R — 2 W R R 22 S B 3 (P<0.05). C: W X B4
[(5.71£0.31) mg/L]; H1: AR 4.0 mg/L JH4ERE 1 h;
H2: #WRAMER 3.0 mg/L 48 1 h; H3: BMEKE 2.0
mg/L 4EFE 1 h; H4: EMEMEZE 1.0 mg/L I14EEF 1 h; HS:
AR R 0.4 mg/L FF4E4F 1 h; R: PRI W EUKF 3 he

Fig. 3 Effects of decreased dissolved oxygen and

reoxygenation on CAT activity in the livers of Epinephelus
Sfuscoguttatus () X Epinephelus tukula (3) hybrids and

Epinephelus fuscoguttatus

Different letters in the same fish indicate significant difference
among different groups (P<0.05). * means significant differ-
ence between the two fishes in the same group (P<0.05). C:
normal oxygen control group [(5.71+0.31) mg/L]; H1: Dis-
solved oxygen decreased to 4.0 mg/L and maintained for 1 h;
H2: Dissolved oxygen decreased to 3.0 mg/L and maintained
for 1 h; H3: Dissolved oxygen decreased to 2.0 mg/L and
maintained for 1 h; H4: Dissolved oxygen decreased to 1.0
mg/L and maintained for 1 h; H5: Dissolved oxygen decreased
to 0.4 mg/L and maintained for 1 h; R: Dissolved oxygen re-
covered to normal level for 3 h.

222 M EMIAMBSEEENTWK
ML 6 AT LIS, o st A B £ R 4 B A B4 £ JHEE
W LD 5 AV i AR R R e TR R
WA sk, HAE H2, H3 dnf —FmEs
B3 (P<0.05), RS A BEAFNEH LD & &1 Hl
H2. H3. H4 45 B2 430 8 35 51 10.0% .
53.3%. 34.5%. 65.9% (P<0.05), J:7F H4 ZHm} ik
B KAE, B8 W2 TR T 26.1% (P<0.05), H
55 %F B2 0 1.3 25 F(P>0.05), TEVKE H 4 3 h
&, A ARAATIES LD &8 ET 2.8%, B3
ETX R4 26.0% (P<0.05); 4 5% B Tk A
LD &8N T 35.9%, 55 AN R4 T0 B %2
5(P>0.05), HZER TS AsEafFEd LD &

JFHE S GSH-Px {5 5 () 5% 0

[F)— o £t b AR AN 7] Bk 3R AN [ 2 1) 22 57 Wb 3 (P<0.05); *3R
7~ 6] — 241 W OFR 8 25 7 8 3% (P<0.05). C: F 4A X 4l
[(5.71£0.31) mg/L]; H1: % ff%AFEE 4.0 mg/L H4EHF 1 b
H2: AT 3.0 mg/L JF4E5E 1 h; H3: WHERE 2.0
mg/L F4EFE 1 h; H4: BMAMEZE 1.0 mg/L H4EEE 1 h; HS:
R 2 0.4 mg/L IFAERF 1 by R BRI A UK T 3 h,

Fig. 4 Effects of decreased dissolved oxygen and

reoxygenation on GSH-Px activity in the livers of and Epine-

phelus fuscoguttatus () X Epinephelus tukula (3) hybrids and

Epinephelus fuscoguttatus

Different letters in the same fish indicate significant difference
among different groups (P<0.05). * means significant differ-
ence between the two fishes in the same group (P<0.05). C:
normal oxygen control group [(5.71+0.31) mg/L]; H1: Dis-
solved oxygen decreased to 4.0 mg/L and maintained for 1 h;
H2: Dissolved oxygen decreased to 3.0 mg/L and maintained
for 1 h; H3: Dissolved oxygen decreased to 2.0 mg/L and
maintained for 1 h; H4: Dissolved oxygen decreased to 1.0
mg/L and maintained for 1 h; H5: Dissolved oxygen decreased
to 0.4 mg/L and maintained for 1 h; R: Dissolved oxygen re-
covered to normal level for 3 h.

17 (P<0.05),

P& 7 37 H A A B A0 A R LDH 35 P Rt
Vs A AU BE T T R T R S T R R R, A
H3 411 LDH 6 PR 45 B4 = 72.2%, 5 HA4]
25 B (P<0.05), HE E® Ta& R AaMMA
(P<0.05); & JEABRMAFiidt LDH i&PE7E H1 .
H3 . H4 4iF, M T X B8 o0 50 B 2 AR T
34.2% (P<0.05). 33.8% (P<0.05). 34.1% (P<0.05),
{A7E HS 44K LDH {G PEF B Tt 35.7%, 5
WA IR TG 3 22 5 (P>0.05), fEE %A 3 h A,
AR S 4 R AR aF R LDH 3575 5
THE T 40.7%. 8.7%, HI5%H E x4 B %
£ 5 (P>0.05),
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1.6 [ & B A5 E. fuscoguttatus(R)¥E. tukula(3) 07c D & AP E. fuscoguttatus(Q)XE. tukula(3)
14} _* 84 25D ' . 3 ;=84; xSD
) i e 06 b cd
a 121 A S~ | *
wd T 8 b *
£3 10 . x 205 c S
2 § I = g 0.4 od
= o 2 0.
5608 B B B 5 2
e = B & o
52 06 =203
o =~ F mﬂ | L
2 04 € 02
= a :
0.2 H ol
0 L
C H1 H2 H3 H4 H5 R 0

215 group

S W 40N IR SR 00 At A B AR 4 % BRE £
JHEHE T T-AOC ¥ P 1 5 il
[F]— £t b AR AN [ Bk 3R AN [ 20 1) 22 7 W 35 (P<<0.05); *3R
7~ Al — 21 W OFR 25 R 3K (P<0.05). C: WA X A
[(5.71£0.31) mg/L]; HI: A E 4.0 mg/L H4EHF 1 b
H2: VAR 3.0 mg/L JR4ERF 1| hy H3: WRERFE 2.0
mg/L JF4ERE 1 h; H4: W40 ZE 1.0 mg/L JF4EHF | h; HS:
RS R 0.4 mg/L IR4ESRF 1 h; R: KE # %0UKF- 3 he
Fig. 5 Effects of decreased dissolved oxygen and
reoxygenation on T-AOC activity in the liver of Epinephelus
fuscoguttatus () X Epinephelus tukula (3) hybrids and
Epinephelus fuscoguttatus

Different letters in the same fish indicate significant difference
among different groups (P<0.05). * means significant differ-
ence between the two fishes in the same group (P<0.05). C:
normal oxygen control group [(5.71£0.31) mg/L]; H1: Dis-
solved oxygen decreased to 4.0 mg/L and maintained for 1 h;
H2: Dissolved oxygen decreased to 3.0 mg/L and maintained
for 1 h; H3: Dissolved oxygen decreased to 2.0 mg/L and main-
tained for 1 h; H4: Dissolved oxygen decreased to 1.0 mg/L and
maintained for 1 h; H5: Dissolved oxygen decreased to 0.4
mg/L and maintained for 1 h; R: Dissolved oxygen recovered to
normal level for 3 h.

3 itig
30 BEAHNASeERAHEYEREEENE
ISY=4: 00745

PRUEFE AR R AR e AR & . R L
ARSI IIFEECR, OIS HE o T i+
fi kA Ay A RE RN RE, WA IEATICROR A K, BT
A2 H T R R i br e A2 A seie 7
1 RZE 6 24 h 5 B T8 5 PP 2 v I e A
AR, 5 RITE KN (31.18+0.38) C I 4 FE 41 BiE
AFEACR W & TS A B, AT REE &R
A B A R s iy g A 2 b AR AT B
PR FE AR S T Be U R B TR Sk g . Be 0
58 1o D BT A I e s 2

H1 H2 H3 H4 HS R
#1 % group
P67 BRSSO A A B RN 42 PR A BE
JFRAEH LD 75 5 B 5200

[f] — i f1_F- AN ) A 3R A [ 4 ) 22 57 . 3 (P<0.05); *3%
7~ R — 41 Rt 25 S 3 (P<0.05). C: A X IR 4
[(5.71£0.31) mg/L]; H1: #F%EIESE 4.0 mg/L JfF4EHF 1 h;
H2: AT 3.0 mg/L JF4E5E 1 h; H3: WHERE 2.0
mg/L JF4EFE | h; H4: W% = 1.0 mg/L 445 1 h; HS:
WARESE 0.4 mg/L JF4ERF 1 h; R: KE # %A KTF 3 h
Fig. 6 Effects of decreased dissolved oxygen and reoxygenation
on LD content in the livers of Epinephelus fuscoguttatus () X

Epinephelus tukula (3) hybrids and Epinephelus fuscoguttatus
Different letters in the same fish indicate significant difference
among different groups (P<0.05). * means significant differ-
ence between the two fishes in the same group (P<0.05). C:
normal oxygen control group [(5.71£0.31) mg/L]; HI1: Dis-
solved oxygen decreased to 4.0 mg/L and maintained for 1 h;
H2: Dissolved oxygen decreased to 3.0 mg/L and maintained
for 1 h; H3: Dissolved oxygen decreased to 2.0 mg/L and
maintained for 1 h; H4: Dissolved oxygen decreased to 1.0
mg/L and maintained for 1 h; HS: Dissolved oxygen decreased
to 0.4 mg/L and maintained for 1 h; R: Dissolved oxygen re-
covered to normal level for 3 h.

e aE B AR T H AR A R FRTE 47,
2R, AR S Y AZ Ak iR P, A
TS MG AEK IR (31.18+0.38) "CHY, F w41 K10
HE AR E R 0.22 mg/L . 0.24 mg/L,
UK T IR S A BE(E. akaara)'™ . B¥EIRA
BEf(E. fuscoguttatus X E. lanceolatus3)'™ . # 41
PEAA(E. awoara)” V5% WARTH AT BEA RIS (R 4),
M H WA F 58 75 65 (Cromileptes altivelis, 1.00~
1.21 mg/L)!'® | S8 ki (Plectropomus leopardus,
0.75~0.97 mg/L)"™) | 218 H i Cynoglossus semilaevis,
0.834~1.113 mg/L)*" | K # i (Pseudosciaena
crocea, 1.42~2.27 mg/L)*Y | &A1 6§(Oplegnathus
fasciatus, 1.60~2.95 mg/L)[ZS]\ HE4](Pagrus major,



552 4

B R A Ay A BE AL Q)< B KRB BE (D)

238 e AU B A0 B AR R 52 BE 10020 T 58 227

1.55~1.65 mg/L)P20% 3k 58 40 2%, [m i Lt
i (Ctenopharyngodon idellus, 0.39 mg/L)*>%)

8% (Aristichthys nobilis, 0.46 mg/L)** . i (Hypo-
phthalmichthys molitrix, 0.51 mg/L)?2 | B 5 X

il (Ictalurus punetaus, 0.27 mg/L)*¥ | & #i fa

(Pelteobagrus fulvidraco, 0.36 mg/L)* 143k 7k 3%
B I, AR R DALY 4 PR A TR A Y TR
SERE B, AT RAEAT RS s B 3R . IRT
M, ARSLE AR TR B R AR AR 5K Z ]
IR FR .

x4 M EHREREXMNEE LR

Tab.4 Comparison of oxygen consumption rate and suffocation point of some groupers

F4 specics /g Kilk/C FEHR/ [me(eh)] ERA(mgL)  ZE
weight temperature oxygen consumption rate suffocation point reference
T BiAn 69.3+6.8 25 0.14+0.01 0.54+0.02 [18]
Epinephelus akaara 30 0.20+0.01 0.66+0.04 [18]
B A B 74.2+5.4 25 0.14+0.01 0.28+0.02 [18]
E. fuscoguttatus 30 0.20+0.01 0.39+0.02 [18]
69.7+6.4 25 0.15+0.00 0.24+0.01 [18]
BB e REAT B £ 30 0.16=0.02 0.25+0.02 [18]
E. fuscoguttatus(Q) X E. lanceolatus(3) 98.8 25 0.216+0.013 - [27]
30 0.2180.007 - [27]
6.15+0.04 27 0.2076 - [28]
S B
afedi 30 0.2094 - [28]
E. moara(Q) X E. lanceolatus(3)
33 0.246 - [28]
HAPL E. awoara 55.0-79.4 22-23 0.1038 0.8160 [23]
23.67+£2.17 27 0.158+0.007 - [29]
Frf IR 30 0.173+0.007 - [29]
E. coioides
33 0.193+0.006 - [29]
25.625 27.1 0.235 - [30]
7
@imﬁ%ﬁ 30.5 0.347 - [30]
E. fario
334 0.434 - [30]
32 BRAas5esRAManELENRLER Bt L RE

0 BB A AN S R M ATy o AR A BR
BB R A S EUE MR (ROS) LR
T B AR ROS 72 A RN 4k (14 2h 245 F
i, AL TR RSP o TR R sk
4 ROS 5l &4k S i M T % ML AR 1 1l ik
AL, 2SR PT R 1 R g & HE 0T BRI
P = BT AR E W D E 2, IR G
YA ALEFHSOD . CAT. GSH-Px Z5)FI/NyTHi AL
R R S 2808 N 54,
—fA N, SOD ., CAT. GSH-Px Fll T-AOC M4
1 250 AL RE J AT EAE AR T R 1 2
KR, B ST R 2 T,
L PRI T AL BN A 22 iy e A U258 i LA B
FERERER AR PPN A s A B f0 5 4 p8 A B £

SOD fiz i 1E ROS WY BRI FE R AEAE T, &
Iee e T P S Y R EE — T B 2k, DR R B
T A WAL Hy0,, A5t CAT ¥ H,O, i
K FER, T IR B D AL 5 . OR3P 40 i
G FE R H D40 IR, B
fiff SEL R E T R, R oS B £ 4 A R £ T
Hh SOD Fil CAT {if PR A A1 BE £ v Je ST I T B,
PR 75 A SR R A A 0 A 4 PR A BRI
JIE 7 A it Y ROS 1AL T AR HOIR S o 2B
BRE5(Trachinotus ovatus)'™ . &3l (Pelteobagrus
Sulvidraco)®" . SRR (Siniperca chuatsi)P (FIHF5E
134 SOD Fil CAT il R UG H M s . 1EiE
SECTFER] 3 mg/L i, & A SEAATIET SOD 1%
PE5 X B AR LS8R 1B 35 T, OF B BOE FE
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o oy g;}’gjgggé;;;l;;@w_ whla() SOD i CL 15 A IRAL 5, T 1.5 6

: 3 g 55D FFIE f SOD i 44 8 3 85 % HEAL AT, W

= AB b amc AREAAESLE 3 bR AEA PR, Bt

Zz b JA IR B A S B R AN 5 B 0 B £
%: . C e s BT T .

£3 GSH-Px 110 75 — H 2L AL A HAT 35 R 4N

3 TPY 2 A% HaO, IRFE I, 3H8 3 LA I HE AR i

C H1 H2 H3 H4 HS5 R
4151 group
P77 S0 BRI O SO0 A 5 A B R 42 R A B
T B LDH $5 (5% 1
[ — AL Ar AN [ Bk 3R AN [ 20 1] 25 7 38 (P<0.05); *3R
7~ Al — 21 B OFh £ 25 R B 3K (P<0.05). C: # A X A
[(5.71+0.31) mg/L]; H1: R4S 4.0 mg/L - 4EHF 1 h; H2:
FEIEZE 3.0 mg/L IE4EHE 1 h; H3: WA ZE 2.0 mg/L
FEYEF | h; HA: R E IR ZE 1.0 mg/L H 4655 1 h; HS: B4
F % 0.4 mg/L 3465 1 h; R: KRB H &K 3 h.

Fig. 7 Effects of decreased dissolved oxygen and reoxygenation
on LDH activity in the livers of Epinephelus fuscoguttatus and
Epinephelus fuscoguttatus () X Epinephelus tukula (&) hybrids

Different letters in the same fish indicate significant difference
among different groups (P<0.05). * means significant differ-
ence between the two fishes in the same group (P<0.05). C:
normal oxygen control group [(5.71£0.31) mg/L]; HI: Dis-
solved oxygen decreased to 4.0 mg/L and maintained for 1 h;
H2: Dissolved oxygen decreased to 3.0 mg/L and maintained
for 1 h; H3: Dissolved oxygen decreased to 2.0 mg/L and
maintained for 1 h; H4: Dissolved oxygen decreased to 1.0
mg/L and maintained for 1 h; H5: Dissolved oxygen decreased
to 0.4 mg/L and maintained for 1 h; R: Dissolved oxygen re-
covered to normal level for 3 h.

B TR AR, RS AR TR
PS5 110 A 7 I AR P S g A R TR, 4 R A B £
S A s aFES SOD 1 4 WA B i kAl
Jo X R R, DN AT BE S R A AR R S N
fift S A T 2 AT A 3, SOD 7R bR
TR E R S 23T R TR RE

JHEE T CAT 16 2 SIFERR A BE a5 4 e
BEOAFIE R SOD IEMEA B RMEZ 5 A AT
R, 3 T A PR I rh s 3 M 1) SOD v B 1
AH BB T RER Hy0,, sk $2 5
CAT {& PRI BR Ho0,, MIMTkESR HyO, 5 Oy SN
A I PETE KA HAL ROS, 31X 5 7 0T 606 1 A S g
hy 1 DL R 4% A R 4 0 0Tz kB T 3 5 0 A8 Ak
BEHUARARL , FEVR V4 3 h IS, 408 A B JIF b

RAEWCTIRE, [RS8 B B ok 48 Ak 9 A e
A B A SR HEAE R, DA (8] 422 M DR 47 20 i A 235
RN RE R SE RS ARSI, e B
i E GSH-Px 6 MR 32 BRI A 5 2 58/
IR B T R TR R, 5 CAT ik
SR, W HES GSH-Px Al CAT Z ] HpR]E ik HL0,
(VRIS IEAEAR BB (Pampus argenteus)®™
T 1] 75 Y568 (Odontobutis potamophilus)P* 45 14 1
g P A R, £ GSH-Px 5 CAT ZIAIfEAE
W HAMEN . (BRI RS 0.4 mg/L Y,
SRAWAANTIET GSH-Px (%MW & T E,
A AT AT R 4 P2 A B A T AL Z IR i
HEEAY; M AR AR GSH-Px {HPE
RS, FEHRE 1 mg/LY 0.4 mg/L BET
W 2 e AR, PIRE M TARAEIAE 7 AR T K iy id 4
16¥, B I L T AR RSz L, R P
T GSH-Px i VA 8

T-AOC Z AL NPT E LB A R AT A e ik
RPUAALRE I W R, 2T DA T E LR
RGN RERBL I —Fh LR G PEde bR, HIEPEE
MHLAPLEALRE T E B S8, R RS e
FARE N8 XF B (Pagrosomus major, Q)5 26
(Sparus macrocephlus, 3)%%38F—AK N B§IE 71
52 m vh kB, AR 4(1.83 mg/L) 38 J5 T JUE
T-AOC T VEAERLIN [F] N G# T 54.1%, {HEEE
6 B[] 7 A 4 2 22 B AIE - T-AOC 1 143
TRE, IHRT X BRA A, X 5ABE S RALL .
ARSI, AR A BE A T-AOC 16 PRI 2
JEH 15.9%~32.4%, H. 523 fift S8 72 3 B 52 i 22 S5+
AN 4 A B T-AOC 16 PR3 72
JEH 2.8%~76.0%, WRm TAmanEf, RUG
JR A B0 £ 50 A a5 Ay BAE £ R e 00 0T A2
A2 SRR T R AR AT R 2 Ak B ROS, AT A
Xof o T ok A T o
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33 BERAaas5sEaARaxtaNiggEIn
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TCAEARI e 3R A O 3R il e ) filg i SR 11024300,
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AR, DN 78 S DR AR R X HLR (L R, 3X
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AU B 98 AP IR U 30 (2.64 mg/L) X % £
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Hrf A BE £ LDH {5 PR A5 16 5 AR A W5
P A BEA TR AT B3] 2 mg/L B H T E A
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DLBEBLAAR B 5 DR A A L 2R IR A A B, X
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Abstract: Hypoxia is a common stress phenomenon in aquaculture. Hypoxia tolerance of fish is an important in-
dicator of fish resistance. To study the hypoxia tolerance of juveniles of tiger groupers (Epinephelus fuscoguttatus)
and the hybrids, named jinhu groupers (E. fuscoguttatusQ X E. tukulad), a closed breathing chamber was used to
measure the oxygen consumption rate and suffocation point. In addition, the gradual hypoxia method was used to
measure indicators of antioxidant enzyme activity and energy utilization in the liver by sampling the liver tissues
of the individuals after 1 h at various dissolved oxygen levels [normal (5.714+0.31) mg/L, 4 mg/L, 3 mg/L, 2 mg/L,
1 mg/L, and 0.4 mg/L] and after 3 h at a normoxic level. The experimental results showed that when the water
temperature was at (31.18+0.38) C, the oxygen consumption rate of jinhu grouper juveniles was 0.16 mg/(g-h),
which was significantly higher than that of the female tiger grouper juveniles (P<0.05). The suffocation points of
tiger grouper and jinhu grouper juveniles were 0.22 mg/L and 0.24 mg/L, respectively, and the difference between
the two species was not significant. During the process of decreasing dissolved oxygen concentration and return-
ing to normal dissolved oxygen, there was a significant difference (P<0.05) between superoxide dismutase (SOD),
glutathione peroxidase (GSH-Px), and lactate dehydrogenase (LDH) enzyme activities and lactic acid (LD) content
in the liver of tiger grouper juveniles, as well as SOD, catalase (CAT), GSH-Px, total antioxidant capacity
(T-AOC), LDH enzyme activities in the liver of jinhu grouper juveniles. However, the activity change of T-AOC
and CAT in the liver of tiger grouper juveniles and the content of LD in the liver of jinhu grouper juveniles were
not significant. After 3 h of reoxygenation, the activity of SOD in the liver of tiger groupers increased by 16.7%
and that of GSH-Px increased by 42.5%, while the content of LD increased by 2.8%. There were significant dif-
ferences in these indicators between the reoxygnation group and the normoxic group (P<0.05). However, there
were no significant differences in the indicators of jinhu grouper juveniles compared with the normoxic group,
except for the activity of GSH-Px (P<0.05). During the change in dissolved oxygen level, the activation levels of
SOD, GSH-Px, CAT, and T-AOC in the liver of jinhu groupers reached 29.1%, 17.9%, 42.4%, and 76.0%, respec-
tively, which were higher than the maximum activation levels of corresponding antioxidant enzymes in tiger
grouper livers. The experimental results showed that jinhu groupers had a slightly higher oxygen consumption rate
than tiger groupers and that their hypoxia tolerance was higher. Thus, jinhu groupers can be cultured on a large
scale and in high density. After being subjected to hypoxia stress, compared with tiger groupers, jinhu groupers
could efficiently activate the antioxidant defense system to protect the body from oxidative damage and had a
faster recovery ability after hypoxia.

Key words: Epinephelus fuscoguttatus; Epinephelus tukula; hybrid; oxygen consumption rate; suffocation point;
hypoxia tolerance
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