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TEE Bz I T I KR AR fn B A 3RO o, 38 %t 4T (Penaeus monodon) & # [ i i &
BRFAFIGFAHR A, (B X TY IR 81550 5 £ R A SR ZF K USET X IT 4
B OH It R, A E NAEE Y BRI X EF A A, M AT BE s L, WA
T ER AN AKERIR, FREF, ABEHE 0 h, 4EEN AN EESOD).
i A U A B (CAT) 3T 4 fb 4 B (POD) Fn 4 it ik 1L %1 4 B (GSH-Px) By & 1, B4 A M 58 47 (T-AOC)
W ZBMDAYEE, B E XA L EE £ % 1~12h, SOD, CAT, POD 7 £, MDA 4 & # T-AOC
¥4 T, GSH-Px 7& M T & % % ft.; 24 h, SOD., CAT #1 POD & £ ¥ # [# 1%, GSH-Px & £ . MDA
4EF1 T-AOC £ % F+&; 72h, SOD Fu CAT & ¥ 15 & #{X Tt 41, GSH-Px, POD 7% M2 MDA
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Ja ik, PEES GRS K (Dall et al, 1990; 3Kifi%, 2006).
WA, X MR FEAT 38 Hz S 2k 0] -t S AL hg
1T, AR5 IS g 2 M) 3SR B AR RE T, TR
JETE 1035 Bl Ja — B Rl N, AT VT I e
&, J1iEis sh R R LR A AR AR G B P RS
TN FIE G, SBWUAR RIS TR, RNt
AN B R (McKenzie et al, 2012; B4 4%,
2018; 5K IALAE, 2019), K PG (Salmo salar) il i
WAy, LA FLER & 0 BT, B
hERRAR, R REES R LT, B T AR i
PRS2 35 1 305 4 (Skjervold et al, 2001); B4
(Acanthopagrus schlegelii ) 7E 15 % i iz i #2 v, R
KA1 SOD 16 M3 3% T+ (ZEFHT5, 2018a).
e 4% B FR 5 1) B 75 % R (Penaeus monodon) 5 #4241 %
JEFRFHAAR L, AR R T . AR PERRART A3
% (Anand et al, 2019), XF iR 8 T8N E 1Y TCHHE
sy, ARG AR T A, T EHFE
Z g AR RS AE B PIR S, B 2K ]
PRS2 3 BT IR 25 (Berry et al, 2019; BEiF, 2012;
F %, 2009).

BRE T 0T I 2 ]V Vi R G O AR 498 O
MR B, 2010; JRIRIZSE, 2014) BETTXTHR AN
/DR SR S N A SN, TE B A AE B BLIRAS B
e SR RE T) T R, RIRFET R AP IR e Tt
15 SN S BSOS SF IO A RUCR (Ratanapo et al, 1992;
MR E S5, 2004), L, BFFEEE T X ARG IR AR )i is
Sl TR ACRE IR A B, Xkt G g R HE A ) R
A FAE LR A 7 98 IR 25 i Ab B VAR B R
X, H E AT AR WA O BRI o A ST BB T X
URAEAE TR KR TR . SR B AE 1R is BB O, IR
TESTIE B ), R N AE DG BT B AL g 1 Fa A B 1K 52 15 1]
TEK B8 B SRS S A, DA R B X R SR A 7
HBE RO G Sh I RIS AR R A RIS %

1 MRS
1.1 ##

S5 FH B B X R 4l 1 Sy e K R 2R S
Bt B MR K P 2T BT IR Y Sl 1 47 B SR IR,
G, PREZ91000 S AHIE . 1AKH(3.040.4) cm
A 24 (0.20+0.07) g i) &) iR i 47 77 48 328 2y Wy 381 52
¥, PRESTERWIE], RT24 hAEE, ZEHEH 3K
(08:00, 16:00F123:00)45 MU LR 14 3% A9 255k

(#42.25 g), J1is sh %% E oA HAT TR E K
T (AME 1004 mm, N EFE RS E 512 8604 mm,
°H395 mm, 25 H200L),

1.2 ELEAZE

JI9B SEETT , WRIEAT T 9512 3l W8 (%) 57 56 4 iR
HBEALPRIE 12 AR ZS FdL, KRG8 7 4,
B 3 AFAT, Sl AR K GE Hh AT 9832 B
o RSN, AKGE PR AR RRE 0.25 m/is,
AN RAIL At A (R U A L N G AL S SiiS
ATBRERHEREIZ By, LR RS OICTE ATk R | YK
JEAE BN [ | JOTE PRI K R VK A B i R R
VRS o R, AR AR TR SR P R SR
RO RS, RIEE, Pkt 12 B IR RIAIR, B
T UK U R ORE , JF HLZE R AT 4 B R
YUF rp OEAE g X IR AR i, SRR AR R T
—80CHIEH, MR IIBIEsh)5 0 h MFES . ZJA7E
AWK KRG TR, fE 1. 4. 8. 12, 24, 48
A1 72 h LARVRE D BB 12 B4R, JH7EBURE R EE %)
LINIOE RS

TEFTA R R AR S8 U, T 3% 2 401 MR 1 8 48k
Y AL T (SOD) . i A Ak & i (CAT) . 3 % Ak W) il
(POD). AWt H KT E b W (GSH-Px) TG M, BT
FALRESI(T-AOC) . N ZE(MDA) & i, LA FR AR
D 24168 i o 2 W TR AR 5 T A iR

1.3 #HiEA 2

ST KR 25 Excel 2016 AbFRJS , i ] SPSS 21 %k
PEIAT AT, LAJTBIE s PR R IR AR i, R4%
A= 3R A e URE IR ) 3R 47 50 ] 38 5 22 43 BT (One-way
ANOVA), #4540 1] H Bl H & 3% (P<0.01)al i % 22 57
(P<0.05), WM Duncan L3174 0] 22 5 i 3 PEAG 56r,
B DLV S 5 ME 22 (Mean+SD) 7 .

2 R

2.1 BET X HR & ER 88 3E B 5 A B 1k S B [E B9 4R )
MENEXIEREN

mk 1 prow, BEWXTERGIURE Sz s s, Rl
PR BRI B, ST fLAE ) . SOD . CAT Hl
POD G MHA B 322 7(P<0.05); MDA & & 1F7E%
S, HE R AR H2(0.05<P<0.1); GSH-Px i EAFEAE
ZE5,
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Tab.1 Analysis of oxidation resistance in juvenile P. monodon after exhaustive exercise by one-way ANOVA

[A45t Dependent variable A B df Y77 Mean square F P

SOD &£ SOD activity 8 0.621 42.130 0

CAT %1k CAT activity 8 4.926x107 9.171 0
POD jifitt: POD activity 8 0.007 2.508 0.047
GSH-Px & GSH-Px activity 8 10.788 0.824 0.592
BPLEALRE Total antioxidant capacity 8 0.002 4.749 0.003
MDA i MDA content 8 0.001 2.334 0.065

2.2 BRI ENBEHEITAFHEN

TE IV 3 5 IR E 14 0~4 h HI1E], BES5 % EF4 R
TR RE | WEShSEAT R, FEACRRETE A PR B BT Ak 37
B, KBRS TN s 8 hE, IR IR S
TEMFEATESFALE, A D REEEIT R, JFREXHH B
YEM N ; 12 h5, FEERZIERECE £, 24~72 h
WIE], BEPEE . WS FUCAT G MR R 23 i

2.3 FELXEAE N IFEE R ENEEEREN

2.3.1 AR ACEEE M6 T AL wmE 1A Br
N, BEVT TR ERTE S S5 0~1 h N, SOD
TP BEAAL; 4 h iy, TR R FIET R
ZH IR K-(P<0.05); Ib)5, SOD i PEHree PRI e
K, 72 h J5, SOD &AL AR 2 X FE 4K F
(P<0.05).
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Fig.1

SOD (A) and CAT (B) activities in juvenile P. monodon after exhaustive exercise

AT - BAR R A AR AT R S I 1) 150 11 52 6 4 ) £ 7 35 22 5% (P<0.05) . T [l
There were significant differences among the index groups with different letters representing
different recovery time points (P<0.05). The same as below
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2.3.2 i AAABERY T WME B fiR, B
T ARG IR AR 19532 S5 1 0~12 h N, CAT & :JF
o E AR AL (3 CAT 1 TEAE 12~24 h N FRAKZE 511K
T X PR ZH A9 7K (P<0.05), 7E 72 h J5 P IR 218K &,
2.3.3 it ALY EEE R T AL nE 2A R, B
X ER G MR AE 13832 31 J5 1 0~1 h P, POD {45 %)
MAAFIF T #2255 B POD W& MEM 1 h IR
B, JFTE 8 h TREERALAL(P<0.05); POD ifith#E
% 8 h G TFIREE IR , 1F 48 h J5 Ik B = Xt B i
W& 755 7K F-(P<0.05) .

2.3.4  BRH R B AL B E M0 T AL i 2B
fiios, BE XS URAIERAE iz g E B 0~1 h N,
GSH-Px i 1k T % W3 i T X0 B4 1 7K F-(P<0.05) 5
ZJGTE 1~24 h W3l BT, 7E24 h, EHEEFARER

EPEFF I TR, JFAE 72 h R 2 X B KF .
2.4 BETHXERAGENIBEEEEMELENNTL

WK 3A fias, BETXTERANERNEE i s e, K
WIS EARRE S BT, B 5% IR AT HE T B 3 %
S fE 1 h e, BPUEALRE I HFLLEAL, 7 12h i
K, BEART 1 h; W5, BPUEILGESTE 24 h
IR B v 5 TN IR ZH (P<0.05), IFAE 72 h JE A%
SR IY =Y G
2.5 BEHXENZHAR HIBIEEhE MDA 2L

i 3B Fras, BETXTERZIERAE iz s 1 h
N, KNI MDA & T, W3 e TR mis

TE 1~12 h R 0 2 T B AR T X BRZH 7K (P<0.05),
ZJG, 12~24 h § MDA & &t it 2 T+ (P<0.05), RJ5

T IR K (P<0.05); 7E 24 h J&, GSH-Px W[ & 2 %) BEALKF
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Fig.2 POD (A) and GSH-Px (B) activities in juvenile P. monodon after exhaustive exercise
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Fig.3 Total antioxidant capacity (A) and MDA content (B) in juvenile P. monodon after exhaustive exercise

3.1 NIRIEEHIEBET XN ERME A L BETE T Y

T

P E AL A THUARS ALY, AT R0 B 40 A
AR, PR A IR R e T A R 3 E
(BREEBESE, 1999). ZhIFHYRE R Y i D, K
TR, e T4 )1 AR, 2016; iKiE
BEE, 2019), B 4EAL Y ALl (SOD) i i 5 A= # A y
A B B 105 )EE Ak L HoO, LATH 8 S AR B s 1
(FES25, 2013), AW H G AL PR (GSH-Px) . it
AL S (CAT) At S AL Y i (POD )l F Wb ] T4,

W A=W N B H,0, 43 i H,O A1 O, GSH-Px BREE
R H0, 81, I8 T B B Al Big 2 it S Ak i 1 52 (-OH )
I RE (XN VK S, 2005; (LIS, 20145 HIHE RS,
1992), KL, B b is T m I S Besh  pL A
AR S AL 38 e 0 i A G A B B . A R R T
1o 2 R AILAAR () BT S A ST A 1 v o 9 5 i BILAAR 5
Hh 4K {8) 3] 1 (Spinibarbus  sinensis) 7E 1135 Y11 45 5 LA

ML) SOD i PE B % L FH(F i, 2014); J1iia
Bl 2x B (Leuciscus cephalus) {4 P H 31446 L
B4, B SOD. GSH-Px G PEIf-TC B 7481k, 1
ML E AL R G I A Rz gl 0T 0 (Aniagu et al,
2006); HHEFTEE 3 1 4R (Penaeus vannamei) LA H
) SOD. GSH-Px i i ZEFEAL(E 24, 2013),
Az, wE 1, B2 i, HEiEsNE 0~1 h
I, SOD. CAT #il POD i&1:T0 B #7481k, Uil 1138
s g, G ERHLIR B BTN AR RIS 5 (H
76 4h J5, SOD. CAT Il POD &ML PR, Hrfb,
POD /iMEA7E 8 h B WK E , IFTE 48 h k&K 2 X |
207K, SOD. CAT &M 72 h J5 /s Z KT % iR 40
K, ULEANUARYE SB35 19 4 h )5, ZERHLIATT
RN GRS, IS FENLIA T E 3 SOD .
CAT #il POD #EA7187%5; GSH-Px 3itE7E filis she
Al 24 h W BT, 5EPTRMEE T AR L
i, Ui GSH-Px 7EANEF BT AR R Hh o 4 3 2
o 3 S WS X MR AT I (B A 7 R A AL R R B, %)
WNTE G2 BG4 h WEEARIEATIZ 8l , HE e
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HMUARR =2 TAE S BRILA LR 05 Fl HyOs0 774
ARV S I ) DR AT RE R T B Az B R g & e
A0 (&P, 2018b), - H GSH-Px i H HAlh
3 Pl TR T ) 3 P e LA BCR S, ULIHAE 1 3iE
SR L R B SR AR RN IO R R, GSH-Px #7398 F H:
bt AL R B M0 7E 48 h B, KPUA LEE
6 PR A B IR 2 K ST, BERH 4R AR 38 Bl S Y
48 h J5 BT AL RE T1 2 LA BRI N IR S AR R T, (EL
RTFZEE] 72 h A BRI PR AR TR 2
AR

32 WO AHIBETEERNEnEkENS
MDA EE2mT 1k

ST RE T BB T LA B S A T e
TR 5 R R T R ARG I A, 2017) AH AL
R EPTAALRE TR 2 AR FR B S0 A & AL
PR Z , BiEAR B A 4T A A A AL 1Y) 48k 0 5 I
L 5 Al R B LA A S A WA P o (I e D
S, 1999; HhAE RS, 2018; 5KiESE, 2018). &4k
(2008)7E H A7 #F (Macrobrachium nipponense) H # H
BANAS IR T 28, 8T T LR H B 2R TN
e 1. B shIgh)n , S5 rh AR R 2] 20 rh i 2
PUEALRE I A E T (TR, 2014; BEIN4E4,
2018).

N AR S AR WA N RG2S S g ) e 2 7
Yy, M RE2ES2 A= W AR A A IR 2R G 3 2 A ) o R At e
VIR, V3 RS R A A S A LA 2 4 1 AR B
A RBEFR AR CRAE ISR, 2015, EZI4F, 2013), HA
TAMRAE OIS a B, R S5 LA TR S MDA %
HAE 0~12 h W TR 8 BR AR, 2010).
FRFE 5 35 v 40 1) v [ % R (Fenneropenaeus chinensis)
HIMFMARN Y MDA 7 it b2 B B IR 4 o s (o v R 5%
2019), MDA 7 i S BRBLIAR SZ 8 5 F2 B« % ik %
TR B RS2 N B BE ) T AR B (1 B BE5E, 2006) .

WAl 3 Firas , BE1 X MRS MR AE 982 Bh 45 35 1)
72 h N, RNE MDA & & 1728 2 XUEIEAR,, 56 1
AE(EHEBAE T h b, 28 2 DM HIE 24 h &b, %)
R 19532 S AT IS MDA K-V & 22 5, W] )18
18 B TR I B X G AL S 3, HE PR A EE
HE I B, PR AERFL AR R &
WO o B SO, J1iis TS A BRI M S
XTRRA K TIC B 22 5, UIITE ) vliz Bl 5 2 )
1 h P, BLA AR R S At T — 2 i b A Re
F1o ThisE, ZHEREAR MDA 5 H B B T
SPTELRE TS MDA S [ERD BT, UUIIAE R ]

I U BT 48 A 2R G R B P B A L O A
WAL, {H MDA &89 BT T ALK B AR AR R G
VEAEJE N TA] T BR A A LR B84 407 5 7 1~12 h
Wi, HIEFAN B MDA 5 i FLEST AL RE ) B TR
EhfAl, WERFR TR T h Bk, Sl
HRSE S T FE VRN O BT R AR BT, 5 ORI FERH TR
PCREEAERS T N BT 7, OF HL4DIFAE 12 h J5 4K
ST W UL EE AR SFAT 05 12~24 h JWIA], i T
JRe IR &)y R T B W S e DKk B £ A7 0y, AR Bl 4
iR, PR RN, MDA & RETHE, Bt
SAALIR RS, PUAE LA B GSH-Px S5 B4R
TEBEHRTHHLA S PUEALRE T 5 24~72 h, ZHEFIARNE)
MDA &K E FIXBAUKF-, Syt ALiefim T
X HRLE K, BT A SR AL 470 4 A0 RE 0 K S i A A
et A SRR BRI IE” G, AR TET R I
[IBERE AN €, ONROR =R ARl (iD= -

4 INE

BET XS MR A AR AE Sy as st e rf, RN A 7 R
SEAL RIS, BAE H s SR IR W R, T
ARG 5, SEWLA AR S TR, B
N EYLINIVEIS SRRl ANR) GO (R 3TN AL
TR BRSEAL TR T, PO B e AL DR & o i
AR N 1) P 40y A P 8 SR AR BE ) 3 v T X IR
KV, ZIRGAE T, PURALNIEARRLE 48 h B LA
A VLTH B3 PR 7 3 3 0 152 WD FR) P9 B 35 2 A 7 2 1Y) 4
TR, ARG RRHA A 1 b A ALBE I 2 72 h, LU
I % BT T AE AT BERY T — USRI

TE S5 R 1) BRE 7 X B S P AR08 BB S el A e, 7 ke
IR AN BT Mk o E R 7 o (EAli sz g 2 11
B HRRRAEAER D KIS MR RS RFAR
PUAEAL BN, | AR S 5 T AR R T R Y
TR, TER IR S A R A IR o FEX IR
RO v AR AL AR rh 2t A s s I Gk, B s AR A
PURALBE ST, PREEIEFE O AR MRS 4
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Abstract

Exhaustive exercise often occurs in shrimp farming and in the wild. Giant tiger prawn

(Penaeus monodon) is an important species in aquaculture and proliferation in China's coastal areas. The
study used dip nets to chase juvenile P. monodon in the indoor sink, simulated the exhaustive exercise
experiment, and explored the recovery process of antioxidant capacity after exhaustive exercise; however,
there was no report on the physiological recovery process after the exhaustive exercise of P. monodon.
The results showed the activities of superoxide dismutase (SOD), catalase (CAT), peroxidase (POD) and
glutathione peroxidase (GSH-Px), total antioxidant capacity (T-AOC), and malondialdehyde (MDA)
content in juvenile P. monodon at 0 h after exhaustive exercise. No significant difference from the control
group was observed. At 1~12 h, the activities of SOD, CAT, POD, MDA content, and T-AOC continued to
decrease, whereas the activity of GSH-Px did not change significantly. At 24 h, the activities of SOD,
CAT, and POD were significantly lower than those of the control group, and the activity of GSH-Px,
MDA content, and T-AOC were significantly higher than those of the control group. At 72 h, the activities
of SOD and CAT were still significantly lower than those in the control group. The activities of GSH-Px,
POD, and MDA content were restored in the control group, and T-AOC activity was still significantly
higher compared to that in the control group. This indicated that the enzymatic antioxidant system of
P. monodon was not activated during exhaustive exercise. At 24 h after exhaustive exercise, the
antioxidant capacity at 72 h was still at a high level. It was observed that the enzymatic antioxidant system
was not activated in juvenile P. monodon during exhaustive exercise. The antioxidant capacity of juvenile
P. monodon is lower within 24 h after exhaustive exercise, then increases significantly after 24 h of
exhaustion and remained at that level for a long time. Within 24 h after exercise, further stimulation of

juvenile P. monodon should be avoided.
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