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WE UREIRRE-FE0ERA, HFETRANNEA, T0.1.2. 4, ShXE4A 1. 4.
8 h M I T T KA A E(DO)F A & & 4T (Exopalaemon carinicauda)#l 27 = Z o X 4 K 4 &
wEEE S, HRET, MERBENEK, L4 DO FHHEK, HBZKT 8 4(P<0.05), &&
BTN AR AT AR o LA 2 & C A LBE(CCO) . 953 B it 2 8 (SDH) & #7 41K ; SLEL /it £, 88 (LDH)
#E ¥ K BR iF JE B (FRD)VE /7 7%, SDH/FRD {E 51k, 4 )5, 3 #7414 SDH, LDH #¢ FRD & 77 1%
G EXEYH, LA CCOJE N, EEA S h B KT xt 4 (P<0.05); SDH/FRD 75 . K&
BBy HE K, 3 A4 A AN A B L EE(SOD), it A LA B (CAT). A5t H kit £ b 4 B8 (GPX) A 4 it
HIk S B (GST)E h ¥k B I, AR NI A A B (POD)E /1 (K, TEHEFALA+FE
WE MR, BAJE, 344 SOD. CAT. GPX #1 GST & 4 ¥k & £t BB 4K F, ([E8FALA
ty POD 72 & 4. 8 h B ¥ T 4t P8 41(P<0.05). AR %W, & DO WIEIK, & & A4 H AR HE &
Bk, TERBZEH AT, 45, FEARHEN XZHKE ., LR TEA NI T 6 AS R G ¥ 5
RE-ZEFFENENMRBREEEEZEA.
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WAH LD, A BT RES T RS AR P A0 A BN R DA
T, TGS, XK FR5H i E R . 4F A
Q0045 R, FEMFEFRFHLFET, DO &
EAMET 3 mg/Lo R AR, SXTERAATEI | X
WAL E LB 1 55 7 7 AE SR . Richard 55(1996)
WroR £, J8 J1/N K8 IR (Palaemonetes pugio) 1Y #E %
Bl A T I REAR B 3 R %6 . Marion %5(2016)
R, ERIURESSET , db)r K AR (Pandalus
borealis) L A 41 21 FL & i S BF (LDH) 6 7 35 PRI

Ak, Li % Q016)F5REM, TEIRASIET, g
Xif iR (Litopenaeus vannamei )i . AR | Ik EL4H 20
) 6 28 AL B AL il (SOD) AL e H It S8 AL 9 i (G PX)
& s,

# FE 1 ¥ (Exopalaemon carinicauda)) 72 54 T
KEVER, WHEAARKN ., BoHGe 5w . IR 6
£ HEFMESE L, © IR E K I 5256
() AR A (E R A, 2017, S5, 2019),
A B IR A R R e, LR E i
W, HHEESE T BT, X T DO X R H AR
e 5 T A SR AR 85 20, AN AR 2 5 (1992) B 58 T
IR 2 B S RFEA R, ERISEQOI)IIE T T
Jip 360 %5 1 R HSP70 i ferritin 3 K 38 15 B 5200 5
A (2016)WF 5 1 T 88 W0 X 4 B2 11 AR I 1z 4G 35
AH R ARSI F B2 . i R DL X R R
HEAT W7 A A AP 38 I 43 A A B 1 A 5 . T
W, AR S KA, 38 I R T A R T
FEZ W= AEAR A A EE , B F SR IAEE T AR AR A1)
TR, WFFEAR S -2 AR R R e AR At
AALBEJIMsE e, Ay AT HAE BFR bR AR fbka #, DU
90 B I R R A R AIG AR R A R A
FERHFORE

1 #EEH®
1.1 LI

SIS A RHE VI8 AR T K 5 BT AN AR K
WREBIF LM, FEALPE LA K M (5.120.2) cm, AT
9(2.38+0.19) g, fl5E . 16 14 B9 R HEF, F 1000 L
SHRLEAR R R 7 do BRI, WOKERESN 25, K
TR 20C~21°C, FReksf . B KRB MEE 5 A
Bh, SCRHET 1 d IR, RERIROK 1R, oK EEY
B oK AR 1/3,

12 SRR
SRR EE Y 25 WEE 20°C~21 C AT T

TSI A5, BEDLKEE R IR 73 0B 5 L iKY
=Sk, S48, B 10 B, &3 1 A4,
FARE 0.5 hG, KA =Mk, A
WAEBKSENRIRESE, iR, fFS5ha,

FTFFAR I 2E , FFUG XTI H 4 B oI s X BRd]— B
PRIFF M

1.3 HMHXRESNE

1.3.1 RAFFALEKE MG RS g 25 5, 530 T
SIETFRR 0. 1, 2, 4. 5 hFI%E 1. 4. 8 h, BK
FERSE ZRFE A, FHARPEUALAR AT MnCl [ 52 W 1%
7, T )52 DO WIZE 5 [FRY, 7ER4UKAEIRGE )T ,
SERIFTH AR ZE , A BERLE IR 6 TR I, HoeiE
G FFEERRRILA AL, ARG T A—80°C vk A
PRAF, FT )5 S2/EE 1 i .

1.3.2 mEMEmME FPKEEREE 1 h EOUETES),
e BE V7K W HLYE (GB 17378.4-2007) K1 %€ 14 7 ¥ 1E
17 DO I 5E o

1.3.3 EEHm e 19 prariAfR, TR
il FFIBE AR AL ZH 2R LA 0.86% NaCl %,
VK T IR 10% A5 00, B, sy
X5 T Pu AL EEA LDH 35 i s TLE g% A0
Jo R R R R AR S S, T A
# C HALH(CCO). JEIAMRIN S 1 (SDH) FILE ] K R
b S (FRD)IG J1 52 . CCO I i 72 2% FH a1 4l
YRR RA AR & b kRS . LDH Fl SDH
T 7 VA BB P o D 24Ok e e A A ) T AR
FEPTRGR & s FRD 36 7l 2 /8 Xiao 45(1993) /7
fiff 1% J1 B4 L) U/mg prot Fm, RERZ AL TH
1 T 1 B

14 HIESW

K1 SPSS Geit Bk At AT B ds o b, I S 4
SR S {E PR 1 25 (Mean=SD) £ 78 o A ] 4[]
— B[] A B S R Dt R b, Rl — 2 A [ ]
PR RS 4 SR FH 5 PR 2 7 22 43 Bt (one-way  ANOVA)HEAT
H#s, L P<0.05 fE28 B bRk,

2 HERE5HH

21 BBMEREZELSN

X HRZH 5 580 4 DO W EE R AR fR i Ze LR 1. A
B 1 ATLAE H, B s PP IRE A ) R, S0 4H
JKAEH DO EREAMIFEAL, FEMFIFESA 2 h B, DO &
oA 3.70 mg/L; 5 h i, DO & B £ 1) 7.92 mg/L
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F$Z 1.10 mg/L, 1MiXf R4 DO & & — AR FrHIXT 2
FE o SR LA A] 4 DO B 5 R LA LY 22 2
F(P<0.05), HAJG, LI DO Fa ik & 2t
MR K-, ELBEE 52 40 ] S 4 i — B FRRRRE o

22 RE-EE8XEE BT RAEHEEHHm

221 HEGNFER. FRgfAmieé it C Ak
B & 1 8 AL M 2 aTLIE Y, A §EE PR
SR A IR , SCIGZHA R RS TR AL 4121
CCO I S ¥ 2B HARA S, FENFIRAES S h i), i
TGN RERARE, B TFET 80.2%. 48.7%. 80.1%.
EEFTAILN ZH 2SI AEVE AR | h B, 33 58 A0
Xof HRZH AH L 22 57 .35 (P<0.05) 5 T JHT I i 2H St I 7
WPIAESE 4 h B 550 BRZH W] A7 il 35 25 7:(P<0.05) . fifl
FULR AL S 7 53 AENE I FE A 2, 4. ShFl4, 5
h Bf B R TR, (225 R EP>0.05). E4)5, 3
FRZHEZL CCO I 1B Wi Tt , 3 PRl 8ifE 2% 4 h B
54 A B9XT R H YOG i 3 22 5 (P>0.05), {HLA 4
BTSN A 8 h i, B (KT X R 4 (P<0.05).

—
N

B %} {841 Control group
CI5CE4H Experimental group

#ICCOWEHy
CCO activity in gill/(U-mg™ prot)
JFBEIRCCOTE 71
CCO activity in
hepatopancreas/(U-mg™" prot)

5} jE] Time/h
2

0.6 % 4 Control group
CI5EEG4H Experimental group

B} [a] Time/h
B AR . BB AN CCO 7% 11481k

0 = %fH84H Control group
—e— 5340 Experimental group
< € € €
8 ~
26l
w32
EE
2 at
2 —
0 | | | | | | | |
0 1 2 4 5 RHFl BFE4 HES
B} ] Time/h
Bl A A
Fig.1 Changes in dissolved oxygen concentration
AN /NG TR IR [F]—Ab BZH AN [ B ) 5 22 7 2
PRI X IR AR R ) i 2 S B . IR

Different lowercases indicate significance difference (P<0.05)

among the same treatment in different time points, *indicate

significant differences (P<0.05) between experimental group
and the control group at the same time. The same as below

1.8 % B4 Control group
1.5 | CO5CE4H Experimental group

=
S}

0.9

WLECCOE J1
CCO activity in muscle/(U-mg! prot)

0.6

o
S W

B} [a] Time/h

Fig.2 Changes of CCO activity in gill, hepatopancreas and muscle of E. carinicauda

222 KR GIFER . AT MM ALK 3E 26 B8R DL AU B VB
HegE ME3ATLIAE N, Bl FRE P RE AT
(B RE K, SCE A E R AR RS . TR LR 41 21
SDH {if 71 ¥ BB iR A 5, BRI 21 2L
TERFICFES 2 hy HRARFERFIRFESR 4 h i), ATFIR S
2 B R RRZE AR L 25 55 0 25 (P<0.05) . 3 FhZH LB )
TENFIRFESA S h BFRERIEAR, 43 T F% T 48.4%.66.8% .
52.3%. AR, 3 PSR )35 S il T s ik o
TEE A 1 h ik, 3 R ZUBRG J1 SR T (H Y B KT
% H IR RRZH(P<0.05), 7ER A 4 h ivF, SHAILPI4HZ
i 15 45 B X B AR b 25 5 R 1 25 (P>0.05), 1T
JR A 2 2Rl % 71 A0 3 AR T X R4 (P<0.05); %A 8 h
mF, 3R GURETG 154 A X IR A e e B E A R

(P>0.05).

2.2.3 AR GIFEL TR AP 3L AR R B AR R B TR
7y 84 TAL ME 4 TTLIE, B SR AE A
A (IR FE K, SCOG A R PR EE L JFF g i AL A 4
41 FRD 7§ ¥ R B #H T pads, 7EFIRFESR 2 h
Af, 3 ALl 2R 1545 F O IR A 2 (R0 AH He 25 5 i
(P<0.05); 7EFEWLFES 5 h IF, 3 Fhd] UGS 1) ik 5]
BRI, S9FET 77.4%. 179.5%. 81.6%. E4HA
J5 3 Fh AL SR 1Y R BRI ER A 1 h
BF, WS D7 BRI T AR IH 25 T4 H B XF
HEZH (P<0.05), 4k A, BgIE 1 B0k 2 2 0 2
K, fERE 8 h 5K AXM MM LR EER
(P>0.05).
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2.2.4 KR GIFER AT M A VLR SLER L ABRE S 6 T T 189.1%., 103.6%. 74.9%., E& )5, SANLA
T NS W LA, B 2 T R 480 R[] 7 AH LU S YRR, WAL S TS e A 1 h A
R, SEECATE R AR . FFEEIR LS LDH {458 2 8 T X 41 (P<0.05); JILIA 414N J11EE A
T 18 S R T = AR AR B FE R IAE 4R 2 h i) 1. 4. 8 h 5XFHELIAH L3570 W 35 2% 5 (P>0.05); JIFE
3 PP ) S5X AR FUAAAE B 22 5 (P<0.05); 7£  JRZH SRS 7 B A Be L v sh ik As ik (B E B 48 1.
WHES S h i, 3 FPLH 2R TR Bl i KAE, 430l 4. 8 h 55X M4 AH b3 0 B 3% 22 57 (P>0.05).

g 25 215 B Xif 25 Control group E 25 B if FR 4 Control group

::1 B X R4 Control group = 1532564 Experimental group T [ 52564 Experimental group

I_é_o 20 CI5ZE54H Experimental group R o g 20l

3 ] R = d
RE 2510 gE B . ¢
g3 223 g1 .
oy A S P 8 E ? b
a8 B8 10 a*
m=a 5 = g a*
2 = 9) g5 =

£ 572 Z s

2 & 5

: : :

[ 20 Z 0

1751

0 1 2 4 5 8N A% %
Bt

B} /E] Time/h B} /] Time/h B8] Time/h

B3 HRAIE . FBRFIILEN SDH i 1 9281

Fig.3 Changes of SDH activity in gill, hepatopancreas and muscle of E. carinicauda

B %} fE4H Control group - Sﬁ‘ R4l Contrc.)l group = [ ] :Xi‘ A Contrt.)l group
’g o5 -3 SEHi4H Experimental group g 16 0 sEdl Expenmgzltal group g 145 SEHEH Expenme:ltal group
i d & 14 Top 12F 4
o T . g
g 20 2 2?12 c : | o
'Ra ¢ Hﬁﬂ-éslo -R%IO b* b* b
H S 15 v 8ES b b L2 gl w a
2 B 2 F8§ 3 g é : -
k= 8 ab 6
g0 £28 o, ., B
5 BEE 4 Br 4
g 5 ) &
2 22 =’
=0 0 1 2 4 5,5 X ,% f 0 0 1 2 4 5, N 4% % g 0 0 1 2 4 5 N % %
% % % % % % % & B
% 9 ¢ % % G % % 4

fist ] Time/h B8] Time/h B8] Time/h

K4 AFREAIFE., FFBIRFLA FRD 3§ /#9728 1L
Fig.4 Changes of FRD activity in gill, hepatopancreas and muscle of E. carinicauda

B X} B4 Control group B %} f84H Control group

. < apit]
—_ [ 53540 Experimental group [ 325%4H Experimental group I L z:{ ik Contr?l group
e20r o 2 0.06 da* B9 5~ 3525840 Experimental group
&, g Y a0
&0 oo 005 -
E15F & R_P RE 20
s e o £ 25 00 T
Z B0 b 2% 8003 R &
a8 ab ab oo 5 & g 1.0f
a
B2 2 & §002 =%
- =
g 03 B8 205
3 § 0.01 e
jan)
g0 2 0 Z o
=)

0 1 2 4 5.8 4% 4%

fit[E] Time/h Fi} 1] Time/h

K5 HRAEFEE . PR AILA LDH & Jy 281k
Fig.5 Changes of LDH activity in gill, hepatopancreas and muscle of E. carinicauda
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225 AR GIres . MM A LR SDH/FRD 1i6) K 4L

M 6 FTLLE 1, AR AU TR AL A
21 SDH/FRD {H AR AC AR SEA AR o Bt i 2 P FE
AT A RE , % LU S TR a4, TEPFIFE S
5 h IRERIERANE; B45, ZHEZREFE. WA 6
AT VB, Z I EAE TR R BB, WLA R AR
2H ZVAR A I BE A H T B 2H 20 R AR fR R R R

23 RE-EENEEATREUEBENNEN

2.3.1 AR GIFEL IR A VLR A B AL S AL B
Heg A E T ATRIE N, Bl R PR A
5] ) FE A, ST 4 2 P R A B R AT AL A 427 SOD
TGN RETHEE A S, TERFIFESA 4 h ik
BRM, 9THE T 54.2%. 29.9%. 199.6%; MRk
FEA Sh i, 3 FhALZUEGTE J) 35 8 % TR, (0 EA B
JiR£H 2B 7 2T B4 (P<0.05). B %UG, 3 Fh
HAETE 1 2T R AR #, fER % 1 h i,

Wil 12 3 E T4 A X R4 (P<0.05); % 4.8 h
B, BTG 545 B BB LA HE 2 TG . 35 22 5 (P>0.05)

3 —

- 8 Gill
—o— JiF/BEi# Hepatopancreas
—— LA Muscle
2 -
S
jas)
[a)]
wn
1 -
O 1 1 1 1 1 1 1 1

4 5 HE HE4 HES8
fit ] Time/h
6 FFRFIERER . BRI FIILA SDH/FRD fif 754k

Fig.6 Changes on value of SDH/FRD in gill,
hepatopancreas and muscle of E. carinicauda

- B X B4 Control group _ - ﬁﬂﬂiﬂ Contr(_)l grou{) ’g B X R4 Control group
E 50 -1 5256 4H Experimental group 16 e il Fxperlmenta group 8060 - I SZE4H Experimental group
¥ * a, e o
Ibl) T g
g 40 R & - &
5 d* g 12 2
=D o e . EES =S 40 .
M= 30) 8z2% 82 ;
Q ‘&b a b A 3G g o 2
8 S % (a)] b 2] E b*
m o 20 o g K g ab
22 BQ 8 =5 20F , a
& B2 4 3 2
g 10 g 2
3 : z
0 80 0
R % A0 1245 g gy
% G % % % 9
B} i8] Time/h BfjE] Time/h B5piA] Time/h

& 7

R R APBEIRFIULA SOD i 1 9% 1k

Fig.7 Changes of SOD activity in gill, hepatopancreas and muscle of E. carinicauda

232 HREGIFH. AT AR T AL B (CAT)
FheyEA  E S ATLIE M, R = AR A
N [R] AY SEE |, 5256 45 RS 1R B AL 41 28 CAT
TGN R ETH S R AR S, TEMPIRAE S 4 h 155
I KAE I 3 3 45 A X B2 (P<0.05) o I AE4A S h
F, S )RR (P<0.05), (H5 X} R4 A G
22 5(P>0.05) ;5 BEL SRS 71 76 PP RE S B B 2
WeahE2sqk, FEPPICFESR 1 h i, BES 7 WK T Xt
HRZH (P<0.05); TEFFIRFES 4 h I 3 T m 0 ik 3 i
KA, ARLEIPIRAESAZE 5 h W, BEIE 7 i T
(P<0.05)fH 5 X] FEATAH L TG . 2% 22 5 (P>0.05). B&A
J&, SEERAH R TR | PR FTILIA 3 Fh 2L TS
NYRETEIGREILR B, B4 4. 8h T, 3Fh4
ZUEIG F1 545 F R LA L TG i 3 25 % (P>0.05) .

2.3.3 KA GIFEE . AT MEIRA LA T A AL B (POD)
EH e T ME 9 FTLLE W, BEA 0 FE
SRR AE G, SEEG AR R AR AR AL 4140 POD
WG CBE-T-FET ARk s, (HERZ SR )
TEWFIZ AR 5 h Bt 31K T X B2 (P<0.05); WILIAIZH
2V 1 R FE 4R 2 h A I G T X BR 4 (P<0.05) 5
WP AESL 4 h BTG 7 b 25 Tt i (5 0 REZHAH L JC
3 22 55 (P>0.05) ; TR R 4L 2L G 1 2205 Wi BRI
B, PPIEFES 2 h B I KT R (P<0.05), B
FAE, CRAFR AR AR LA 3 Fhal 2
GNP T R AR B3, 24 1 h i, 3 FlZHZ
FigE ) 3 T T 2 = T4 B X B4 (P<0.05),
Ak 2 57 G ) AN WTREAR, (HAER S 8 h B, SN
HILIA 20 2306 ) & 5K T 6 BR2H.(P<0.05) , T A 20



WA RS XA R R IR A AT A T ) B

111

SR 71 5 T4 IR ALA 22 5 A8 3 (P>0.05).

TN JUL IR 2H R ) (2 38 v X BB 4 (P<0.05) . E AU

234 KR GIFEE . ML A UL A BB Bkt Ak SIS H A R I S R M N 4H 2 S B BT
B E S0 T AL MIE 10 ATLIE 1, HEE & Ja AR R, B4R 4 h i, BTS8P RE I

W FE SRR [H] A S, SO ZH A 2 A R AR L IR R A UL
WL GPX 1% ¥ 2T m G AR n s, 7Erpig
FEE 4 h WABIECRME, JF W& T4 B Byx g
(P<0.05); FEMZAE4 5 h i, 3 R 21 1 B 1%

i TXRAL(P<0.05); % 8 h i, EIE I TR
R TFXFRE K-, H2E 38 8 3% (P>0.05), LIAIZHET
filg % e 4 1 h B I 3 R (P<0.05), {H 5% e
A TE i3 22 57(P>0.05), 4kZeE )5, GPX i Ji4k

1%, {EFF 6 R 4 2L B ) 35K X B 4(P<0.05),

FERER R E

Bl X f84H Control group

= _ 3
2 0.06 S 0.08 BE X}[B4 Control gro & 4
g, V.06 mm X} H34H Control group g ARZ ol group - 0.0 i .
T%n [ 3£H4H Experimental group R T 0 5234 Experimental group g 3 5441 Experimental group
: g 0.06 c* 0.03
= R = 3
g% S8 8o S 2 002
o E B g gE
) =
ggom £ £ 0.02 = 2 001
s & &
= = &
5 0 0T 2 s s a2 0
G G Bt O
% 4 G
B 1] Time/h [5H/E] Time/h B[] Time/h

K8 HRHIFE . ATBRIRFIILA CAT & J1 #9284k

Fig.8 Changes of CAT activity in gill, hepatopancreas and muscle of E. carinicauda
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g o* 4 " - L a*
= g i 3
g Naw RE2
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21 E 5
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0 1 2 4 5 N % % 0 1 2 4 5, 5N % % 0 1 2 4 5,8 % _%
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Ko HREIFE . FFBARFIILE POD i J1 i1k

Fig.9 Changes of POD activity in gill, hepatopancreas and muscle of E. carinicauda
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2 199 [ <441 Experimental group g110; SR Exp group 840 - 3 5240 Experimental group
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5 g F 30
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57 HEE3 60 2 % 82
2B 60 S88 5 B 220
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¥ 2 10 8
R 0 1 2 4 5 &0 0 1 2 4 5 S
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- %, ST
LA L
At fE] Time/h At /8] Time/h fif 8] Time/h
K10 AR FUREE . AT ALY GPX 3% ) 2 fk
Fig.10 Changes of GPX activity in gill, hepatopancreas and muscle of E. carinicauda
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2.35 AR GIFE TR A LR SR S A4S B
(GST)#E H 8y %Ak M 11 ATLUAE W, MERHE
W8 SR ) A A G, SC 00 20 6 8 ARG L B
FIALR A2 GST 1 1 ¥ 25T 5 AR B, 78
WP FE4 4 h BRAS R KME I 3 5 745 F XS R4
(P<0.05); MEWRFESR 5 h if, JETE 1 R, M
IV 1 B 2H 2 6 0% ) S 2K T X IR 40 (P<0.05), {ELAIL

mm X} #84H Control group
70 - = 321441 Experimental group

D
(=]

100
80
60

w A W
S o O

40
20

JFBEIRGSTIE /1
GST activity

[\
S

S
in hepatopancreas/(U-mg™ prot)

(=)

HEGSTHE /1
GST activity in gill/(U-mg™ prot)
=

B} /8] Time/h

K 11
Fig.11

3 ifip
31 RE-E8xXHE QRSBS00

WP Wz A 15 1 R PR A+ 2 H (Decapoda) H 7%
SYIFEAS PP R S IREE T B A BRI N (Li et al, 2019) 7
R R, R R 2 s A = Ak, e
18 LA R ML A 75 L, R Oy il 0% e 1) A A 2R
WHRE S A8 b Y B2 S M (Bao et al, 2018), CCO J2&:HL T
TRIBRER v B, TSR T R R 4 K ¢
BRRHET, MreE H0, HiGEEIEMARH
A E I A g e 1 HL 2R PR (Yau etal, 2018), SDH
S M — [R] I 200 = R BRAIG 24 A1 el 7 A% 338 B RO i & A
) (Haroon, 2018), Hi%MAE— & R LT DL Ay
AR5 FRD £ = SRR IE I b 4 4k mT 338 )2 j
(Messeder et al, 2017), LDH 4k 74 il ik s 725 by 7Lk
JFCT 38 RN, 2 AR AR N 2 G AR A A DG B
(Sun et al, 2018), Ak, TAREAZE(2005)0F58 s,
SDH/FRD {8 7] LAAE A 34 W 3l AR 25 28 g 4 40 o

AWFFREE R WK, A #E 0T URE AU 8] Y ZE
K, HFREAREE, B . NAZH2! CCO F1 SDH
N BEFEAL, LDH F1 FRD B h Tt ., H
SDH/FRD fH 2 & ¥k LR Lias . B8)5, MG
J1 828R 2 B A1 7KF-, SDH/FRD {H 3% i
o B R 4 (2010) X H AR 78 EF (Macrobrachiumnip
ponense) W AIFSE as, Bl K 46[(2.040.2) mg/L, 8 h]

mm %1 #8421 Control group
120 - O3 5E504H Experimental group
d*

BfjE] Time/h
B R RS IR AL GST 36 11 1481k

Changes of GST activity in gill, hepatopancreas and muscle of E. carinicauda

A 41 2R 5 0 B AL A HE G I 3 22 S (P>0.05) . B
AR, TR AN LA LSRG TG ) Y 5 T RIS T
MR, AR AR A 1 h B 2K T X iRl
(P<0.05), ML A 2H 21 it 3% 77 78 52 5000 1] 5 0 REZH AH L
To I 35 22 5% (P>0.05); B8 2B B i b, B
A1 h SR R T 4 (P<0.05), 4kEEE A,
GST i J1 7t i 2 5% B ALK o

= X 40 Control group
45 - [ SZ¥04H Experimental group

e*

GST activity in muscel/(U-mg™! prot)

Bf)E] Time/h

FREERT R AR, AR UL 412408 CCOo Al
SDH i /1 % FF%, LDH Ml FRD i% 1 3% ETF; %
5% K F[(7+0.2) mg/L, 2.5 h]f5, CCO. SDH F
LDH FRD 7% /17 #iPk & 1IE % 7K F . Gutierrez 55(2013)
WFFE R, X LN IF B4 1T, CCO ih
REAG, {EL I 25 e SRS T) 0 S 42 7K &2 o Bao %5(2019)
IR B, FEXT 48/ N K IR (Palaemonetes sinensis)
IBFFE T, B FREE B AN R IE K, SDH 1% J1 %
WrkEA%, LDH I% J1Z Wi F s H %5, SDH Al LDH
TG BB B EH K- Jihh, 2R (2012)0F
SEFRW, TEMRA ST, X4 3 % (Eriocheir
sinensis) "W AR 3 7 A= — %€ B2 0, SDH/FRD {H &2
TREER, BENEB R LIS XS R 5R
R EE A 3, BIAEIRESM T, BRAMS
AR T B AR, JCERRE Wit s . AR
J&i , SRR B AR OB R A, LT L i
AR 7K S I 458 Sk 35 7 32 9 e 4 A K A A

32 RE-EEXEEANTNENEENHNZN

TEIE H 20 A P 2 R, O, THFE Y 0.1%~0.2%
TEG AR O, B FE 6 4L R 75 P 5 (ROS), ROS
EHAREIE PR EEER, BEEBEAHE
(0%)., iHEAA(H0,) . I H HIEOH)Z, ROS
SIEMM AT, IR 25 (A TS (Savin et al,
2006). N TR 28 G810 4RI 0 M U B 20 i 47
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ZEACNLF P R E TR, XA RS R ERIE
P B ZH A, AU 45 SOD .CAT .POD .GPX £l GST(Li
et al, 2016; ZHEFEILE 2016), O & Je= A MA G
PERTAA, SOD ¥ Hifitfk oy H,0,, 45 H,0, AR A E
{H)F 4459 CAT, POD. GPX HI GST fEfb#475 J I
FE ) H,O(Wang et al, 2012; Casey et al, 2014; Han
etal, 2018),

AL R W, Bl # e T IORE U (] 1 4E
£, SOD. CAT. GPX F1 GST i /1 ¥ 2w 5k
IR, T RE P A 7F S 56 AT 31 A9 I W RE Sl FE v
SLEG KR DO & il Ab T e R 17K, SRR P 4%
AR, OF £, NI, soD iE hiTheE, SEUE
A1) H,0, /K BT, CAT., GPX Ml GST i 1 thFfi
Fhim s PEURE SR SE 50 5 WIRT, JKIK DO & [k 2k
AR, IMANEERE TR, OF =4/, SOD
TR, REUZHER H0, KFREIL, CAT. GPX
Il GST W& bz M. % )5, SOD. CAT,
GPX FI GST i J1 34 5 Je T I B AR B ok 2 2 %) 1Rt
AT, WTREAEE EPIM, REK O, FEMM,
JE IR HLIAR R S5 300 N B4 SR S AR B, B3k OF
H,0, 414, SOD. CAT. GPX Hl GST i Ji b
Z TV, B 5 R R A K LA 738 I IR R
il 15 7B IR B 2 IR K. 25 (2010)BF9T
B, Bl R ] A A, H AR T g i 21 21
SOD i /1M N, CAT. GST & igirtes; 16
WAEMKE M BE, SOD. CAT. GST i J1 ¥4 & % %t g
MK AR Q019)FEXT H AR IR A 7% o & PR
A ], LAZHEZ SOD . CAT I GPX i /145
KT EIE TREREaE, 54k, Taylor 5201153
FO, FLANIE X R AE B E e R AR 414+ SoD,
CAT 1 GST & i ¥E T X4 ; 62 % 1 h B, SOD
1 GST i 5T X B TR, XS oE 45 5 S A5
R ANTE , T BE S RN 7 S IR AR SR A B )
RFFEZESR ., BHh, FEARMRF, EAPLA POD i
HITEFE P AE A B B 2 i hPEARfb, IFBR POD
W SBEIRAL; ZAAHEE, POD % I7EsE . FFBR
RRFNAILE 3 L2 2 2 B ST o Ja B AR A A e ka3
Li %£(2006)7E H [ % 4T (Fenneropenaeus chinensis)f¥)
Mo R B, MEE FRAE % R R, L5 4Kk DO
TR, POD TEARSES BE 55 oA 5= 136 7)o
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K%, POD i J1 2 e Tt i Ja BRI i R 2, 5K A 55(2010)
R R, WEKAES DO e B3, Kb
(Octopusvariabilis sasaki){4 /4 i) POD {if J] &2 “ f&—T}—

W7 A B S AT AE ih TR R SE R Ak BT 5
225, POD TEA[REYRFTAE I AFAEZE ST .
2, HR AR AR KR AR S A, LA
TR AR 72 % AR o 5 AL, 3l REFEH e IR
T AR AR B A2 AR A 5 Ak BRI AR 7 A B SR A A R
HEEEN.
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HEHLAR ST AR R S8 s R AUm, A RACHRE 12T
WA 5 Beoh, WARSAPREE BRIR 2 A B0 IR LUK 2
ST R AT BE AR B, H 225t — Bem (] B I 1
UMA BRI . HAT, EFREERAGH IR,
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Effects of Hypoxia and Reoxygenation on Respiratory M etabolism Enzyme and
Antioxidant Enzyme Activitiesin Exopalaemon carinicauda

WANG Pan"*, SHI Wenjun®, WAN Xihe?”, SHEN Hui’, SHA Shibing®, LI Hui’,
WANG Libao®, SUN Ruijian®, JIANG Ge’, WU Xugan'

(1. National Demonstration Center for Experimental Fisheries Seience Education (Shanghai Ocean University),
Shanghai 201306, China; 2. Jiangsu Institute of Marine Fisheries, Nantong, Jiangsu 226007, China)

Abstract Here we clarify the effects of gradually changing hypoxia and reoxygenation on respiratory
metabolism and antioxidant capacity in Exopalaemon carinicauda. In the present study, we investigated
oxygen consumption and reoxygenation in a respiratory chamber in which we first created a low-oxygen
environment by preventing aeration and isolating the air, following which the chamber was acrated and
reoxygenated. Continuously aerated groups were used as the control groups. Water and shrimp tissue
samples were taken after 0, 1, 2, 4, 5 h of hypoxia and 1, 4, 8 h of reoxygenation from the beginning of
the experiment. Further, we recorded the dissolved oxygen concentration of the water and the activities of
the main respiratory metabolism enzyme and the antioxidant enzyme in shrimp tissues at different time
points. The results indicated that over time, the dissolved oxygen concentration in the experimental group
significantly decreased and was significantly lower than that in the control group (P<0.05). The dissolved
oxygen concentration in the control group remained stable. After reoxygenation, the dissolved oxygen
concentration in the experimental group quickly returned to the control level. Over time, cytochrome ¢
oxidase (CCO) and succinate dehydrogenase (SDH) activities in the gill, hepatopancreas, and muscle
tissue from the experimental group continuously decreased, lactic dehydrogenase (LDH) and fumaric
reductase (FRD) activities continuously increased. In addition, the value of SDH/FRD showed a gradually
decreasing trend. During reoxygenation, SDH, LDH, and FRD activities gradually returned to the levels
of the control group in three organizations; CCO activity in muscle continuously increased but was
significantly lower than that in the control group at 8 h (P<0.05). Furthermore, the value of SDH/FRD
also showed a gradually increasing trend. Over time, the activities of superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GPX), and glutathione s-transferase (GST) in the gill,
hepatopancreas, and muscle tissue showed a trend of first increasing and then decreasing, but the activities
of peroxidase (POD) continuously decreased in the hepatopancreas, while fluctuating in both, the gill and
the muscle tissue. During reoxygenation, the activities of SOD and CAT in the gill, hepatopancreas, and
muscle tissue all showed a trend of first increasing and then decreasing, but showed no significant
difference with the control group at 8 h (P>0.05). With the increase of recovery time, the activities of
GPX and GST in the three tissues returned to the level of the control group, but the activities of POD in
gill and muscle tissue were significantly lower than those in the control group under reoxygenation at 8 h.
The results show that with the continuous decrease in dissolved oxygen concentration, the aerobic
metabolic level of E. carinicauda gradually decreased, and the anaerobic metabolic capacity gradually
increased, while during reoxygenation, the aerobic metabolic capacity gradually recovered. Antioxidant
enzymes such as SOD, CAT, POD, GPX, and GST may play an important role in responding to oxidative
damage during hypoxia and reoxygenation.
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