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& O NIRSANE-E A WA B IR M ARG AR A 1 52, 43 5K 2 BT MR AT R
ff AR R 1.0 1. 281 1. 4 mg/L B7KAR AT TR0, T 2 JFA 58 W30 FF IR 5 55 4.8 112,24 48 FI 72 /NI A7
BRRLEBCRE (LC,,) ; B J5 K 2 QTR MR A0 S BT A i S M B2 A 2. 2 mg/L (9 /K AR P fE A TS 38 72 h
Joi s PR ARV A S e BEAE 4 h IR A 22 6. 0 mg/L 12 h VIR 2 8. 4 mg/L, I E R AA%5 0.4 .8.12.24 48,
72 /NEE DL RS A A 5 B 4 12 /INE B R R e L IR ZH 2 rh B S AR s (SOD L CAT . GSH-PX) | T8 1% 7K i it
(AKP ACP){ 71 ST S (MDA) % 8 . S5 3R 0T, B [ MR 7E 3 R R A e 2 e R AE T3 1 LG, [ 3
B I ) A T L T, HAR SO R 56 12 .24 /N PR T 3R i 3 1 T4 4 . 8 /NI AET- R (P<0. 05) . 781K
AMiE 02 72 hi], & [CIH MR AT HR AR R AR AL IA 41 20 SOD L CAT Fll GSH-PX 1 J1 R #AE L TG 38 B A%
(P<0.05) EE M5 X B3 LIRS AE R34 (P<0. 05) s FEARSEM I 72 b5 - S i i, BT IR AKP (ACP
TEPE I 2 v TR LR A2, HAKP  ACP 16 733 2 SR AU 8 B 56 i 38 BT (P<0. 05) 5 B A0 BRI R UG 6
FAARGRE | T 728 Al gt L JFTJB B AN UL A P 2H 40 MDA & f 52 026 B TR 5 AR IR AIG B %8 8 4605 v mL o
FEAR AU G 12~24 Wi, S8 BF AR LI ZH 4R SOD L CAT il GSH-PX i J i b Fh I T B & & A8 4k
(P<0.05) o & Bk AR A B AR A - U ia S5 52 0 T 2 QTR MM IR AATG A AR A8 7, ELAR AU J5 26 12~
24 /NI Sy B T T WA MR IO SR 97 S BT ) 3, R 45 A S 8 78 8 G VR MR 4R S AR 4R - 2 8 a0 F AR B AR
A i ML P LI R B 25

KR B IRIEAMFUR ;s AR A0 PrA e+

FESES: S917. 4 XERFRERD: A

UTAEK , Rk AR AR B R EORRE F T,
W ARG F AR KR BE T, S0fF B DR KA
%48 (Dissolved oxygen, DO) KRR, HH 5%
YA IRE DK LT IR G, KR o4
A AR TR AR K T Vit SR S T HL AR A 1) G B AR
PR, 70 1 A I A SR IR R T iy L AR
K AR i i 7, 3 A1 AR 3 A ALK - DR A
HAE A PR S 5K W S R A AR |
PridivE TR, R R HA T SRR
H TR N TR A Y 2205 5 M Sk A i T4
FRE IS, PRI B By 32 3] 4 3R <A A2 I T 5 UK AR
VA AT BRI b A 7 e B v 22 5k i
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X o B AU R A5 AR W) R 1 BAT 0 A
F L B E PR A AR HLREBUE B AR A b ia
J5 X AR AR T R R WSS B M AE 2
{10 =R =7 S 1= 1 N IR NG P 2 o 111 = P e e -2
AR AN ST T I P e L S N DB A
5P (ROS) A [ B X A MU I #1057, A0 4
ﬁﬁ’fh%lﬁﬂﬁﬁ(Superoxide dismutase, SOD) .1

HEWB : 7THE TS AITRI(BE2022358) 5 7T 7044 Finlk R 2448 54 i1 5 (JBGS[2021)121)
EERI: & F(1999—), I BHWF 5 A, WF5E 05 1) okl S 5 S AP TR . E-mail: 550173987@qq.com

EIEEE WHEM, E-mail: jhfeng@shou.edu.cn

AT © (LA R 222 ARO) 4 (CC BY-NC-ND 4. 0)
Copyright © Editorial Office of Journal of Shanghai Ocean University (CC BY-NC-ND 4. 0)

http://www.shhydxxb.com



1314 SR C S N S SO 33 %

A AL AU (Catalase, CAT) FIA e H ik ik %4k )
fiff ( Glutathione peroxidas, GPX)Z§"™" i 1 i Fix iy
(Acid phosphatase, ACP) F08E 35 R i ( Alkaline
phosphatase, AKP){F Ay A4 5 1 fo 22 AH OC il , 7T
PATERLAAR 52 30 S A 450 0 i) S [ 4 HITE il gl 2 7k
fifk g R 2, 0 LA RS B O B 4E Y N E
(Malondialdehyde, MDA ) J& 40 Jitd 48 £k A 5= 97
He B2 /0 n] LAATE O fll B 240 i S A 458 0 7 S22
bR

B AR UF (Macrobrachium rosenbergii) H 9% 53
AT T BN ORI DX RS AR AT 1 DX IR
KB RIR A K IR  FRE T 1976 4R TR ALY
IRVR MR IF AT FR 90, BLE 1 o A IR K 48
TRERZEN . M IR A T 2 QR AR Y S
B 07 =X, B T R AT B 3 R B 14 A 3 7K
TR JZ TN 57 L L 3 7K AR V8 A S AP TR R
Z PG 2 1) 7L T I RSV P A 4L
(R IE O, T B0 I rh 2 DGR R DRV A S 2 T
RISk B AL B T A 7 v fulf T 40 ot
FI ) TR S T A A e 4 ik R 2 figk K AR 145 i
S R I K ARG S22 At S T AL ] P e
A R 2 T AR B 1] 2 8 T A e A A
AR, FTREXS %7 [ IR MR B AT 18 A2 AR 8 P
Ui A 5

VAR A AP I TR A SR A -5 Sy
I, A SR A A U U E 245 H
AR AE X UF (Marsupenaeus japonicus ) B4 - [ iz 1 2
MG, 2 A e — L IR PR IR 254 o I
AR~ 52 S 30 G T 3 v [ BB MR (Procambarus
clarkii) AR 7 , SO TR 20 L 2ok A
B W R4 2, 400 b i B RCR B Rasi
H i A AR AR -5 U e X 2 [ TR R e 4801 i i
TEPERIBIET , B & BRI 36 a] 4 il 22 FG Vi AR i
RN el A3 D REEE N (T S I X (AR =R =R =W 1) S £
Xof & I TR MR A T K A A BT S i A T 5 oK L
FHOCHE . AP E T % IR M IR e 2
AR A T AL TR LA S SIS - 52 U T A7
IR TR AR ULEA 3 B 20 2L (B S8 AL (CAT
SOD . GSH-PX) i [ /I fift g (ACP  AKP) Tif 73 K
N (MDA) & 5, DLRTHIR A B IR SR AR
PG B0 , DL R AR A - 52 S i vh 2 TG B AT
SRR R 57 AR A2, DU 8 75 2 G T AR
IR AR AT B - 52 AU T A A Al i 17 AL ) 4 3
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1.1 #RskE

RIS i % [V IR AT AR5k B T 795 4 A
KR e A R W) 1 A A 7 B B AL B
fat B2 (19 %[GR AR IR [P 24484 (2.120.1) em
IR B (0.13+0.01) g 1300 & , 50 98 37 F 34>
FAR A 1T m K30 em B3R 20 [BIRE N , 3758 2%
FEZ) 127 B, B3R, KR DR EETE 25 °C,
H 2 Ul A B R 0] & (SR, ) ) Ko
P VA AU S AL (7 ik AZ-8413, v [ ) % 35 48 7k
BEAT A ARSI, WA pH AR5 7E 7.9 22 47, R i 4R
HEFFLE 8.4 mg/L LA I B RAR MR B4 T £ 2% 1)
LA PR, L0 AP 1R AR LR
3:7, ML 3 h 5 M WHIF BR AR 1 S 26 ; &) 24 h#fe
K130 FEf G —RBEME 12 h 5 BIE N 72 h 5
AT IR SR .
1.2 RKEFHE
1.2.1 2 B AU 28 e

PEHCE 24K 0 (2.140.1) em B9 2 IR BF AT
TR0 R T 3N EAEN 1 mI R ZIEEMN . 25
72 h 5, BEALEEL 30 B A1 MR A 3 /> 20 L 3758
H, FE X 7K AR P AN, B2 509% SZ R HR T
T B AN Bl I s 3 i S vde B R s i ARl B
S o P A8 S AR A5 25 CTR 1 %
TR MR S 2 B S R 0.89 mg/Lo

HR A A5 A I DO 22 B 0.89 me/L itk
3, % 1.0.1.2. 1.4 mg/L 3DV B | 45
AMEREE U E 3T, B TATHENLE 30 B2 G
THUF AR 20 LFRFAAR , 38 A N, 747 a0 DL
FPPEOE M B (LC,,) 5250, SRR FRAS B AL
S U0 U I A8 A N (o I AR R A A B
K, IEAr BIAESS 48,1224 .48 F1 72 /N i 57
FAEZ A FET N RE B TR A
BAFER AL BT TR 45 A B[R] s A7 Y 5
T2, fifi ] Karber ¥ 313541 MR 9 LC,, {8, LC,,
(mg/L) TTHE A

LC,=log ' [X,-i(3 P-0.5)] (1)

s X, Ry SR IV A G2 s ot S A G U0 5 4 R
A1 T Vs i SR AL BB 22 22 5 P o 45 AT IR B BE T
S P RS AFIRIET AL,
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1.2.2 2VRE-E A

B 72 hm, 55 1% 90 B % VR IMF R ik T 3
TSR B 1 m KR 30 em (95 2 M5 15
A 452 1B 6 R B AT PN K AR A S SRR K TR R
SEFENALN,, 76 4 h PURE K AR V5 fi 80 P o 28 01
FaSEAE 2.2 mg/L, 545 72 h F 2R E0a0 s Bl S 15
138 AN, I 1R 78 A Sl A7 2 AU R A
AWEEAhNIKE E 6.0 mg/L, 12 h NIk E =
8.4 mg/L. Jiricl &b 3 I ] 28 A 4E 7 7E 0.6 mg/L LA
T IR RRAE 25 °C, ANHEME R

O3 AR ARS8 55 0 (X R4 ) (4.8.12.24
48 72 /INEF K AT AR B 4 12 /N8 D 3 S SR A
DBk 9 FE AT Bl 6 AR G 55 AT I P A )
FERAEEE AT BEAR UL ZH 2, A 3 R AR A A R 41
SURABAETLT 1.5 mL O K& R A 4140
ME.OE B TWAERE, G EER R
-80 “CUKF A TR AR AE , FH TS 7D E -
1.2.3  PréafbH e

WEBHFR IR FCTH AR S T f A A JUL P 52
H TR ARFEE 1:9 A LB A 0.9% A PEER
K, ALV IR ML VKoK TG 451 F 720 21 3%
1 min, F J5 76 4 °C .2 500 r/min 19 5514 F &5 O
10 min Jf- B V5, A FH R o i A= 9 TR 5T
JIT A= 7 AR DGR G e R B A3 4 Bl AR X
(BIOTEK Synergy H1, 3& [ ) #F 17 1 44 1k & ¥
(CAT) B ALY RE (SOD) A b H ikt Ak
Y (GSH-PX) | R P B2 i (ACP) B 1 5 1R ity
(AKP) B35 1 B N (MDA) B & B0 5E |, Ir A
A A e B3 A E Y A

1.2.4 Hdageit5or

it 1 Excel 5 A4 #E AT 11250 545 1) s A R4k
B KGN 25 5 LS Y {E AR E TR (Mean+SE ) £ 7 o
{11 SPSS 25.0 X 471 L A7t 48 AL K 17K F- 52 3 %X
P 517 5. 2 T 22 790 FF (One-way ANOVA) |, LU
LSD 5% 2 PN B 2H 1) 2 S A H0s A7 22 o LA, i
B35 KOF P<0.051 . fif ] Prism 9 TR,
XA IR T K AT b

2 AR50

2.1 AMEELEXNT KBIMAIFNESZI

SR AL BE G HE  EGTH IRAT R AN [R) 72
FIFET  FET-RG I EE AN | R , 76 1 il ek
£ R 1.0 mg/L s}, % FC VWA R A7 15 SR ARG S8 M)
8 0~72 h i B 7 Pl 36 isF [) 1 S 4 5 R G 1
() Ra B, 78 72 h BB T3R8 B f 8 5 2 0 il SV
4 1.2 mg/L, & [V WF AT HRIG 420038 HiT 48 h (N FE
TR I, 2 REMHE R = 72 h b T 3
EFH(P<0.05) s MU 1.4 mg/LE, & [GIH AR
FPEMIC 3 24~72 h AR RS0 4 ~12 h BT
3 EFH(P<0.05) s A AR AU 8 4 b, ASTW) i i
A BIFET R 22 5 A 835 (P>0.05) . % [RIHER
FF R AR AR 38 8~12 h, W5 f# S2 M 1.0 mg/L A BT
R TN 1.2.1.4 mg/L I (P<0.05) ;
FF IR A 30 24~72 b, FE TR Al TH i, HE
i 480 1.0 . 1.2 mg/L I I 35 /& T 4 1.4 mg/L I}
(P<0.05) . Fh AT D, , Fifi 25 Foih 360 BsF ) 1) 2B G, %5
fiff SEUM A VAR B BRAIR , AT TR b TR I

®1 FRABMFEESHRSSERNE TR

Tab.1 Mortality of M. rosenbergii larvae during acute hypoxic treatment

I ] FET=3 Mortality/% BT
Time point/h 1.0 mg/L 1.2 mg/L 1.4 mg/L LCy,/(mg/L)

4 0.02+0.01° 0.00£0.00° 0.00+0.00" 0.472

8 0.12+0.02" 0.01+0.01"* 0.00£0.00" 0.735

12 0.19+0.02" 0.04+0.03"%" 0.01+0.01" 0.813

24 0.42+0.024" 0.08+0.034" 0.07+0.02" 0.938

48 0.63+0.10*" 0.09+0.02*" 0.07+0.02" 1.036

72 0.77+0.10* 0.22+0.014 0.08+0.01" 1.101

T+ At TR I AR [R) S A28 R (] — I [ P 4520 T 11 25 5 10 35 (P<0.05) , AN [l /ING FRE 7 [l — A S 30 21 77 AN ) I [0] 551 10 2 5 0 3%

(P<0.05).

Notes: The different uppercase letters in the table indicate significant differences between groups at the same time point (P<0.05) , while

different lowercase letters indicate significant differences in the same experimental group at different time points (P<0.05).
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PG 1.0, 1.2, 1.4 mg/L T 4% B 8] 25 04 2 1R
WM IR BE TR R A B VR IR AT 4.8 ,12.24
48 F1 72 h 19 LCy, fH 43 51~ 0.472.0.735.0.813,
0.938.1.036.1.101 1 1.134 mg/L. % P 2F AL 1k
I I AU B g 38 T AN W T s, ELARAR
JHlr3 8 h LC. fELARXT ipifs 4 h i 28 T 5, AR E i
8~72 h LCs, (HZZ 1238 T .

2.2 RE-ESHEXNT KBINMFIRENLE
LAl

U R N o (S N 9 1 S E A
CAT .GSH-PX .SOD (i 1 7E I 58 - 52 AU
EHE TR ARE M 12~24 h N B3 R (P<
0.05) , Fifi J5 1% T3 ANWT T B, 52 AU e B B X Tt
Z 0 FRZH T 17K (P>0.05) By #a 3y, HE F1 784k
AR LA 1, B IR R R AR 22T CAT 6 J17E
I AU 36 I B A B ) AR A R TR LS
Th R R EE R TR AR T SOD |
GSH-PX {if IR M8 J5 25 A E TR 2
W ERE A P ) N Y <R PR G (i =N 7 SIS =
21 CAT 1% JI AW T B, 1 SOD . GSH-PX 7% Sy AN
b RS 8 h, HEZH S CAT I /1 3% T %
(P<0.05) , 1fii SOD . GSH-PX i /1 & % - J} (P<
0.05) ; IR 4 W38 24 b, B840 21 CAT A fr L7+, 1
SOD .GSH-PX JF 4 ' % ; Bl J5 DA 48 h FL 2 IR 42U
3872 h, #5240 20 SOD . GSH-PX 1% ) W F B -1
72 hik A 4, CAT I J17E 48 h FR#(HAE T2 h
T 5 52 A0 4 h S CAT I 1% 5 2 4}
W& 20 1 i S8 K SF- (P>0.05) , i SOD . GSH-PX i
2 LIH(P<0.05), HEIE 5 Whib 12 hF A RE
FIEHEUKFE(P>0.05) .

%[GR AR AT AR AR AW 38 IS, BB AR CAT .
SOD . GSH-PX AH X} 8 Kz {JL A 41 21 v 4= B A 3% )
o TR EMNE G, 2 FCIR MR AT AR A
CAT.SOD .GSH-PX i J1 &% I T}, H.rf GSH-PX
FEAR S IE 12 h i 7 3 L (P<0.05) ;24 h D)
J&i  CAT .SOD GSH-PX 7 J1 76 JIF AR H I 4 14 7
B IETET2 h T REE IR EE a4 h

http://www.shhydxxb.com

J&i , CAT .SOD ,GSH-PX £ JF AR 7 A4 16 Sk &2 &
X} BB 2] 7K SF- (P<0.05) , H CAT.SOD ., GSH-PX 7£
SZAMNA 12 W& IR R A B E KR,

% [ AR ER AL PR 41 21 SOD . GSH-PX i 77
AEHRREIE LTS TR 2 RE e LR
R a3 T CAT 16 I PEAR AU IE 5 R 2 T R 2
AR, B AU IR BT R E A iR )
4 h LA AL CAT 1% J) 3 F % (P<0.05) , B 5
FRE TR EL 2 72 hak 806 e lKKF . il
ZH 21 SOD .GSH-PX {if Sy #EARAUIE 5 & 2 17,
fE 8 h A A W )18 3% L Ft(P<0.05) , #£ 24 h LA
Z1S0D . GSH-PX i J1 - Uf N RE, BlJS Lk T
R E % 72 hik 36 Ty oK. A s L
WAL CAT I J13% 8 B TF 7252 Wil 12 hilk =2
2 B4 7K F (P>0.05) , GSH-PX ,SOD i J1 56 I
FFiE F W, Horh GSH-PX & e A a4 h i 3
T (P<0.05) , Z A M iA 12 h T [ 2 X3 B8 20 K F
(P>0.05) .

2.3 RE-EKMHEX T KBIMFEBEEREEF
IR

B B UM UF Fp ACP . AKP 375 7 78 JT JBE I
5 LR S ) SR AR Ea B RS T SR
W, A2 a5 5 T R R B T AR Ak A g )
ASAL TR LI 2. AKP . ACP 7EATHR 4% 20 2 v i i
P A5 3% 7 f5e e HLAR i 3, AR AR LA
TG 10 AR a8 UL ACP 36 AR k5%
M) AN 5 2 (P>0.05) o RSB 8 iR e, AR
i LA ACP AKP 3 J7 48 52 a3 IFFEAR
SUPNA 12 hik 20T I e e, P PR i AKP
ACP 3% FIEWM0 12 h i3 1T+ (P<0.05) ; 7E{R A
JoiiE 24 h 5 AR (B8 UL TR AKP L ACP i ) JF
R 2 T R, G PR R R ACP 3 g 7R IG R aa
72 WA FT T {E AR AKP 3G J1 AW T R 5 & 4R
38 4 h 5 BT AKP ACP 1% S8R & A4 TR, B
AKP % /1 2 FFE(P<0.05) , 52 E 1Ml 12 h AKP
ACP I J1 IR LT IF IR B 2 X B Ad 7K (P>
0.05).
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L IR] ) 22 5 1. 35 (P<0. 05)
Different superscripts at the same time point indicate significant differences between groups (P<0. 05).

FRERIR

7

[Fi)— s 6] 5 A AN TR] =

& ST E

i

BURMFERER AT RRAR & AL A CAT.SOD.GSH-PX

3
1

1 RE-ESMENTEK

Fig.1 Effects of hypoxia—reoxygenation stress on CAT,SOD, GSH-PX activity in gills, hepatopancreas and muscles

of M. rosenbergii larvae
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30 - = ARVETRIRNG ACP (3 GRIERE ARG AKP

a
a a
a a
L a
a
a
a
0 1 1 1 1 1 1 1 1 1
0 4 8 12 24 48 72 76 84

i fE] Time/h
(a) 8 Gill

B [RPERRE ACP 0 TRIEBRRE AKP

8]
(=}

fif#% 71 Enzyme activity/(U/mg)
=

250
a
g a
£ 200} be
3 abab d bcbc
z cd € be be
E 1s0f b be o
Q e C
> el If
£
& 100 |
(=}
i
R
HO50 F
&
0 1 1
0 4 8 12 24 48 72 76 84

HFH] Time/h
(b) JIFFEIF Hepatopancreas

15 - B FRPERSTRE ACP 0 TRIERSTRRE AKP

a
a
a a a a a
I a
a
b ME N OBE OB b
0 : = :
0 4 8 12 24 48 72 76 84

At i) Time/h
(c) WLA Muscle

—
=)

M5 71 Enzyme activity/(U/mg)
W

[7] — A1) 5 N AN [ b BER R AR Y 22 57 .2 (P<0. 05) .

Different superscripts at the same time point indicate significant differences between groups (P<0. 05).
2 RE-ESPNEN F KRBTGS  ATREIR R ALA tf ACP AKP & /1% 1
Fig. 2 Effect of hypoxia and reoxygenation on ACP, AKP activity in in gills, hepatopancreas and muscles of
M. rosenbergii larvae

2.4 RE-EFHEXNFRBMMFIERES  IrilJh REMNE 12~24 hifF, MDA 7E R Th iy
E R F N TEE B G R B R R 3 s iR

MDA 768 JFBRAR LA h i & EAEAFIrZ ARaIreR ), 68 AR LA th MDA & &% b
ZAREME S BRI RE R A EA JE, H A F AR MDA & R 7R AU 12 h B3
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L F(P<0.05) , ZEAR A0 24 h ik 8 e i KT
il vt MDA 7 232 W b IF AR P8 24 hik 3]
B = KO, WL b MDA & 578 R B % (P>
0.05) ; Fl J&5 7EAR4EUM 38 48 h 5, 68 FFIRAR LA
MDA & i FF 4532 8 T [, JF7E A 72 hik B0 77

o w EE 9]
T T T 1

Mt i MDA content/(nmol/mg)

[

8 12

(5] — I ] 5 AN TR L P B s AL I 22 57 2.3 (P<0. 05)

B . A NE 4 hE, 88 LA MDA
i IR E 2R K (P>0.05) , JEAE R
A e 12 h 5 BT R B H K R B3 (P>
0.05)

mm il Gill
1 JFJPER Hepatopancreas
JILIA Muscle

24 48 72 76 84
Fs 18] Time/h

Different superscripts at the same time point indicate significant differences between groups (P<0. 05).
B3 RE-E8MEXT KBIHMFIRSHLA S MDA 220

Fig. 3 Effect of hypoxia and reoxygenation on MDA content in different tissues of M. rosenbergii larvae

3 e
3.1 RERS-ZESMEX S KBMMFEER
B2

F 52 Bl ) vh AR ST 52 BB T R A e, HG
FRR S A iR PR AU RE T — MBI T8 2, AR 448
1 (Eriocheir sinensis) F1%% 2 75 % (Scylla serrata)
SRR S B S50 0.21 F10.17 mg/L, Tiii
B Xt MR (Penaeus chinensis) . FL 4 1% X} HR
(Litopenaeus vannamei ) {IKE ZE B S0 70 0.74 F1
1.27 mg/L7 P MRS AE R I Ak i A 32 2R
[Fi) 5 A Sk BE AR | A SR e, PR RIS T
T AR AR WA A [R], 3X S 3 T A [ R 26
AR A2 1Y) 22 S P o TG I B AR A A 10 3 e 4
2= N 049 mg/L'7, BE Y X R (Penaeus
monodon ) A IF 25 B 454 0.58 mg/L" 5 H A H IR
(Macrobrachium  nipponense) 1 75 Wl FH HF
(Exopalaemon modestus) 1 28 2, 15,43 5l 2 2.05 Fll
2.36 mg/L'" . AT R WoR , B ICTHEF IR S
B 0.89 mg/L, X 5% IR IR IR C A 2 2
FELE L (0.96 mg/L) AL, By UL AT UL, B [GH AF
A B ARG ST 52 B ) A TR 7K R 288 v 1 vh 5 0K
o

AT 5T S BRAR S 360 B[] 28 KR BB T 3%
FEEE R 3, 3 T eSS AR X O, BAR R B LA B
MREIEE N A AR A 56 . SR L T
I UM AE RS I, 20 R g | R B A S
Vit RS2 BIRR ], BN i ) e 2 P = A0
PO FEARSE A R A7 HF AT BE IR BE 4R —
SE M AEAFRE A1, BB B[] A9 B Tl 07 46 455
S B, I T REAEAE — I UM 36 15 i [
RLBUERET R R EFH(P<0.05) . AR A
8 h X} 4 h LCy fH 2 3 42 55 (P<0.05) , L )5 LC,,
(L2712 38 0, L [RIBEBE A T 2 GV R0 14 2 2
B B A7 AE — A~ A (A AR SN AT ] a5, B
% IR A G 12~24 h, AS [R5 i S04 N % 40 1)
MIFET RS & A T B3 44k (P<0.05) , itk af
UL ARS8 8 h 2 B [ VH MR I ) 2 SO i
SRS R] 5 AT IR PR E 12~24 b A] B AT R AR
SR ROR O A FHLARL IO A SRS 7] 8 o
3.2 AMKE-ESHEXNT KBIMMFIERS
W EFHEm

H 52 s W7 32 SRR sl 52 S 3 i), o 38 2ot
Ja sh ik Bt A AL AR 2 (CAT.SOD .GSH-PX 4%)
A AR B LD A S R TE AR
(ROS) &b T 5y 25 V- Al LA DS 42 By 2 383 4557222 5 AR fF
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FELER R, B TR M R AR AR U8 S50 TF 1R
Bf, 8 BERR LA H CAT .SOD F1 GSH-PX Y%
FITEAR A B T 45 B SRR IR b Tt AT Re 2 ik
] 2R JE s T SOD LAHE AR L AR L F i 7= A i
ROS 1 Ji 9 AL 40 , B 120 4 K30 CAT 5
GSH-PX {if J1 AL M AE R MR NPT B AL R G 3
A, LB BER FCTR UM IR 32 B A9 IR E a8
IO A 493 AT BEAS ™ 5 B S CAT. SOD . GSH-PX
FE 12~24 h N & 4B 35T B (P<0.05) , 78 LB Bt
SOD A7 KAk S g 77 A 1 3k 2 5 SR AL & 6T
PUARE B T #3405, R RE B T CAT \GSH-PX i
10T B ATRE T P a A R GE 0 sh 28, s
L SOD i J Rl =2 T B 1 O 5 AR X A o Bt
AR B AL SR CAT 1936 J1 R BLE T R 7E
24 h AT JIr L T A 5, 3 1T BE SR PR R SR 4L rf
SOD 1% 77 78 iyt 22 490 I T+ &k 3 (P<0.05) U fifi 42
HXT R 2 2P AR A R e T 0 5 RS AP 8
24~48 h & 72 h, CAT .SOD ,GSH-PX F [# & it ik
IRV, & TG 1 BT AR AR R K R
AUMNE 12 h 5 AR A IS ) PR 5 28 %)
HEZH 7K, i B L 48 A AT Bk A5 2137l HLA
PR 52 S ™ A SR A N s, T TGV AR AT
IR 2L & AR AU 32 K ikt i 48 Ak 0 40 1Y) 3 1 AL
il 254G 3.0 IR AL 12~24 h R[]
fif S ALY B LRI PR T R & A T B 35 A8k (P<
0.05) , #EWT 12~24 h 1] G822 [ IR AR HRAE 1A S
e PE R 2.2 mg/L 3 R () SCHERT ] 5, BDZE 12 h
ZHT, IV MR AT T 38 o BT A A AR R R AL
1A 32 B — 5 43 A 480 30 1 A 0 5 BB i 24 h
Jii , 2PERE N 38 X G TR MR AT ERALAA = A i 46
i RSN, HAE PR 52 ma 5 ko

ACP 2 AKP EA 7E LA i 4k 25 5 i Ak
G WK A B N A BRA AL DI RE O B R T
SCENWI N IR FEAR R TEH S sh W AR R v A
REN G Th R IREG EEAERY . AR R MAES
Z AR A G, P R AR AT AR 3 R4l 4
ACP J¢ AKP W% S8 2 85 LI E R RER S,
B J5 75 52 485 38 4~12 h 5 [ 20 B4 KO
A R RE T S T B 0 AR Ak v T
WU H 35 T3 S A8 Ak B, 33X 55 FLAN TR X IR AE A7 2]
RS2 60 T B 1R ik 0% ) 1 A A R B R R — BT
Tt I AR Ry 2 B T TR A 0 1) o A 2 e I
TR, SR BRI K A AR 2R 047 A AL S 0 Y
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BT, BLAh, 5T K BUAT IR IR i ACP %
AKP i 178 A0 4 h G R4 B, IF 18
PR B A 12 h 5 A [ T =X R ALK, B
A4 hJe, B ITE AR R g R v i B 1R K A il
T 2R PR RS T BTG DA VL i R R TR Y KBRS
Be, RN TR MR AT B 0 FE 55 S M e e ML A 32
B SR AU 30 TR IR S TR 2 4 h DL IR
fIE], H 4~12 h (& E AR X B FCTR UM R 7= A 4R
5140 5 RIS AR MG 12 h ACP K AKP i 1 4]
XFxf BR4H 3% b TF(P<0.05) , HARXF MG 24 h
Z FFE(P<0.05) , WA LA 2.2 mg/L 36 % (G H IR
FFURES, B0 12~24 h A A7 BF B R 7K A B 3R 19
Z BN IR B AR, X 5 3.2 1 TP B A AL g
AR 1Y S BH AR AR ] A (12~24 h) PR — 3

1 5 3l W £ A2 B AU 38 B 2H 2 40 i
PN B I 4 A ek A8 A A B MDA MDA 57 5 i) 4
Sk — A~ i AR bR LA e ARG R . AR
¥ L QTR MR AT R 6 K% i vh MDA 19 & 5 F i
18 24 h AHX G REZH B 3 B (P<0.05) , B 5 T
10 48 h X g T [ (P<0.05) . 33X i3t BH 7 1K 48
TR R T ROS AR SR, A7 ) S8 R e A 45 4
U (1) R ot A A R B 2 A B I O 8 B e
A X—d W, CAT . GSH-PX 1 SOD %4 A 1k
il 2 %F ROS PEAT I B3 , LA 7 40 B e 32 3 005 , it
I A8, K T FE R P g o ) ok S A R R R 3 e s
NTREE (A=W SRR A di N A I PUR N k2R A 22 Nl
Al 2 DRI B [ (19 2o B8 70 47 17 % A0 3K, LA Pl
ROS B 28 FF ff T 12 % R 41 A IS R0 240 i P i) oA
25y, MDA %5 ig Bt i A 7= i & T bR R
RV B e TR AT SRR PRK PR R 4R PR AR
T3 MDA &l - Fh, B 12 h A i
B, U6 52 EUd R T Be 2 AR K R 4
B3 ] p S s HE— 25 R 4 A R 7 i T 4R
b, FBOMDA £ bl TS5 AT R LA
MDA (1) 5 i ZEAR EU a8 K 2 SR 3 2 5 0 Bt 2]
25N W3 (P>0.05) , FL7EMrE 12 h ik 3l & ok
1B, 5T 68 SRR 2 40 b MDA 9 b T8, 3 mf
A5 AR EU 0 R A7 AR LA DR S il s A
Xof JHF P | BB 2 A T 0 T e O

4 45t

B MR R U B SR B 2 12~24 /)
IFNAET 2B 2 T (P<0.05) H¥t A4k 7K
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AR AR LA A 2 AR (P<0.05) , 1 B
12~24 h A] G2 % [CH MR AT IR PR S0 38 07 A% G
SRR A1) 0 5 2 S0 B B, & EVR R AT R A JHF R
N N R I P o R N 2 i 2 | S 2
12 h ¥k &2 25t ALK (P>0.05) , i 2tk 52 4
JBip 36 25 FE A9 3 X6 2 EG R MR AF R = A — 5 S A 4
B AR B AT HRIE I T R A A . T I
AR S R I B - 5 AU 2 S 25 T ok 27 [ VR R A4
P70 ST A ACRE s s . AR 5T 4 SR o 1
7% TR M AR SRR -2 AUaE T iy AR B A b
M 1 AL S A SR B 55
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Effect of hypoxia-reoxygenation on the survival and antioxidant factors of
Macrobrachium rosenbergii juvenile

CAO Lei', LIANG Yaorui', TAO Xianji'*, FENG Jianbin'?, GONG Jinhua’, FENG Bingbing*, ZHANG
Min*

(1. Key Laboratory of Freshwater Aquatic Germplasm Resources, Ministry of Agriculture and Rural Affairs, Shanghai Ocean
University, Shanghat 201306, China; 2. National Experimental Teaching Demonstration Center for Aquatic Science, Shanghai
Ocean University , Shanghai 201306, China; 3. Jiangsu Dinghe Aquatic Technology Development Co. , Lid. , Taizhou 225311,
Jiangsu,China; 4. Jiangsu Fisheries Technology Promotion Center, Nanjing 210036, Jiangsu, China)

Abstract: To investigate the effects of hypoxia-reoxygenation stress on the survival and antioxidant factors of
Macrobrachium rosenbergii larvae, this study subjected them to stress in water with dissolved oxygen
concentrations of 1.0, 1.2, and 1. 4 mg/L.. The survival rates and half lethal concentrations (LC,,) at 4, 8,
12, 24, 48, and 72 hours after the onset of siress were measured and estimated ; Subsequently, the juvenile
M. rosenbergii was replaced in water with a dissolved oxygen concentration of 2. 2 mg/L for 72 hours of hypoxia
stress. The dissolved oxygen concentration was restored to 6. 0 mg/L, within 4 hours and 8. 4 mg/L. within 12
hours. The activity of antioxidant enzymes (SOD, CAT, GSH-PX), phosphate hydrolases (AKP, ACP) ,
and malondialdehyde (MDA) content in gills, hepatopancreas, and muscle tissues were measured at 0, 4,
8, 12, 24, 48, and 72 hours of hypoxia stress, as well as at 4 and 12 hours after reoxygenation stress. The
results showed that the mortality rate and LCy, value of juvenile M. rosenbergii under three types of hypoxia
concentration stress gradually increased with the prolongation of stress time, and the mortality rate was
significantly higher at the 12th and 24th hours after hypoxia stress than that at the 4th and 8th hours (P<
0.05). Within 0-72 hours of hypoxia stress, the activities of SOD, CAT, and GSH-PX in the gills,
hepatopancreas, and muscle tissues of M. rosenbergii larvae showed a trend of first increasing and then
significantly decreasing (P<0.05) , and then significantly increasing again after reoxygenation stress (P<
0.05) ; After 72 hours of hypoxia stress followed by reoxygenation stress, the activities of AKP and ACP in
the liver and pancreas were significantly higher than those in gill and muscle tissues, and the activities of
AKP and ACP showed a trend of first significant increase (P<0.05) and then gradually decreasing, and then
decreasing and then increasing after reoxygenation; The MDA content in the tissues of gills, hepatopancreas,
and muscles showed an initial increase followed by a continuous decrease until it rebounded after
reoxygenation; At 12-24 hours of hypoxia stress, significant changes were observed in the activities of SOD,
CAT, and GSH-PX in gills, hepatopancreas, and muscle tissues (P<0.05). In summary, this study
preliminarily indicates that both hypoxia and hypoxia reoxygenation stress affect the survival and antioxidant
capacity of M. rosenbergii larvae. It was found that the 12-24 hours after hypoxia stress are the key time
points for the stress response of M. rosenbergii larvae. The research results will provide a basic theoretical
reference for revealing the physiological and biochemical response mechanisms of M. rosenbergii under
hypoxia-reoxygenation stress.

Key words: Macrobrachium rosenbergii; hypoxia reoxygenation ; survival; antioxidant factors
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