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WE: AEBRELABT,HET FTERE0.5,1.5F3 h) it = 8 FEREA NN Fo b
AT, MR T R RAB TR TFEEERAN BT FREF: (1) TER
18] Jir 280 % 48 Ak 4 X AL BE (SOD) 7 A Fn 7 — B (MDA) 4 &3 L & & % " (P >0.05) ;{2 T 7 &t
18] B % % o8 HF B B AL A LR A (T-AOC) A -F (k7w & & 70(HSP70) kA E LW LB & &
(P<0.05), (2)0.5h T#EJh)5,S0D &/ £ NAWKE 4 h B3k 2| 145 ;MDA 4 & & N KK
£2~10h HEZEH T EHKT(P<0.05);T-AOC K F 7 1k & W B3 A 24 5 70 xb B 4 K P
1.5f3h TEE,SOD FAENAKRENBE —HAERFENBAKT LA A5 BAZLR
FEZ(P>0.05), 1.5h THEEMDALEANKKRENBEL AT ERKEAS L0 HE AL
MEHZERAREZF(P>0.05);M3h THEEANAKEZ 10h 6 BEFH m(P<0.05), 1.5h T
JENAWE 4 h i, T-AOC K F B E7H THEBA(P<0.05);3h THEEANKKEO.5h B EFH
H(P<0.05),2~10h WEAXAKEZMEAKT, TEHEAREE, LIREGEHENKKE
0.5 hit ik 2] & A ;HSPT0 Rk B AENKKE 2 ~4 h WA 2| EH, #F R KW, Mt T 32t pr
18 17, T-AOC &K fik 45 3% 80 R 3 K w55 B 18] i 38 st AL (K B9 4 32 R A 89 % i ; SOD fn MDA
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pH &M Bt HRE L HT
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XHERFRERD A

i 5% 40 ( Crustacea) , 1 /& H ( Decapoda) , 1% 1~ &
#} (Portunidae) , #8 1 & J& ( Portunus) , | iz /v A
T E R LW, R R I A kT
RELY AR B S TN U RERE R
KL BT R s T A IR TE S KB
0 LA IR A8 2 TR 4 B R 2 Y R
giami Nz " BT B K ST
e KBS A WF TSR, & L B B B 4 (4 3E
TR YW 52 0 ) A FE K T i AT G T
T 8% I ] 38 S A KR B2 B B = AR 1 AR A
TEAE AR 22 AL B AH SR BF 5T R WL IE . R B BF SR 3R
B, 8 4 A W) 5 f Bl (SOD) | St S AL RE ) (T-
AOC) [N [ (MDA) \#4fk 5 5 1 (HSP70) Al
LR K- Bt 38 i B ) AN ) 2 M AR v AR Ak, © Bk
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Iz M AR B 5 4 B AL e 38 R Y B EE 4R
BRI ARSCRFSE T A R T 8 B ) B Ak
PRI Wy Br = iR 8 20 21 SOD \ T-AOC \HSP70
197K F- S MDA FlZLIR & it AL B, B 724
Mtk 78 T 55 T 52 Mk HLBE, 3400 2 0 0k 1 38 /R 4%
B B A BRER 100 1 28 BUAE A, SR 5 K I i N S A
M TAESR LR 2 2%

UMk

1.1 SEHMRHRESFREASE

SLE T 2013 4E 8 H kAT, SR TR A
T R AR, A TR R R, R TS
WIS % 5, 72 (22 £0.5) C 1 KR K (56
30,pH =8) i 3¢ 14 d Ze i TF IR 9250 . & 77 0 1)
LT, G E I 1410 10D, B 6 ¥ 7K 42 1ij g
A1 d oK AT T K TR B8 SR KR, B oK
1/3 ~ 172 5 RERFEFR RIS AT

e IR 2 TE R £ B UK, MERRE LA 12 1 i =
PR 718 g LB Xk g, P K T Oy (87.93 =
1.24) g, SCU0 AN 450 SRHE VR N TR 5 e o
1.2 EWigit

ARSI TR ) A JC KUY S 0 5 N SR AT, & IR AR
FR1E(22.5+0.5)C , = IRk 70% ~ 80% , 4
ANPEFEEEL (30 cm x 30 cm x50 cm) PN — H S5
T SEER Sy O T EE T E A A R KRS 2 A B
B TEEMEPE K 60 HAcgm gy i3 3 40, T
Ee B Ao 0.5 1.5 F1 3 hy 1R 8 M\ SC 5 T
I IS AT PR E N IR E R T ER T T R
JipiE 0.5 .1.5 F1 3 h 3 A~ [a] 5 BORE |, 454> i [R] 55
B4 HE AKWRE BB RN 1R 158 4
] SE BT R R R, FAKKE 0.5.2 .4 Fi1 10 h
4 A~ ] SRR B I R AU 4 U X RR A
TER IR K o FE A SRR 4 HAR 118 . YRS 191 1A)
FRGH A AT RN SR SR — 2
1.3 WHE

PR AR UK B VR VRIRRIFE , 25 76 I T K
HOFRENE LA, 430 € A 1.5 mL By 2508 5 @
BN ARG A - 80 CUKFH - AR

HREAAY B ACE R B SRR 8
m E JHF g I 2 2 1) o) 5« BT B UE , R B,
WARDHE IS A 1:9 (w/v) BT 515 A BT, vkt
514G % 8 000 x g,4 C 44 F #5010 min, B [
TH W E

SOD MDA FI T-AOC ¥ FH F &t i i A 9
AR ST T 370 G AT, BRI S T vk 4
R & Ul R T o

SOD i Jy 5 & ] WST 3k | B 1% 507 2 X
FE AR Z Hh SOD i il 2 35 50 % B i %o 7 1) it
i A —> SOD i J] $.4 (U/mg prot) .

MDA SR FGACE H %35 (TBA %), %40
A nmol/mg prot,

T-AOC Hf5E X : /£ 37 CH, B3 fh g 2 50
HAE AR R 09O BE (OD) {43 Jin
0.01 B, Ry —A~ St A AL g T 547 (U/mg prot) .

ZHRRTFTEMA AL P IR A TN E
LA A3 380 i 4 - UL IR AR /S, ZE BB i A E
JEJGIMA 1:9 (w/v) [ #l W% A FEER 7K (0. 86% ) VK
WA 4 CH&AMT,900 x g B0 20 min, B F i
W E

FLIR 75 1 R I 5t # AR ) AR B 53 i 11 4k
G HEATIN A, BRI 5 T v e ) & Y i W
7o FLER W HA7 ) mmol/g prot,

# Ak £ % & (HSP70) K PG o A )
TR SE T 5 o K I 4 70) & (ELISA) #4705
BRI € 2 B & Ui W1 AT .

WBGRRFERORSEHNET SHFE
RS I E R R R, R I A
#H1 (AMRESCO A ] ) IhrifEE H .

1.4 HIESH

BHE DL BE + AR 1ES (mean + SE) 325, 5¢
B 25 R AT SPSS 20. 0 A #EAT HLR &R Uy 25 4 A
(One-Way ANOVA) , % Duncan #5172 &
Fo#, LA P <0.05 fF 2k 22 57 B K F .

245

2.1 FERBEBPEMANKKRELTEN=ZERRF
H2 BT BR A o SOD & Z1 93 i

= PEAR & I UE b SOD {1 Jj Bl 1 &% B[]
P HE K S T Ja B AR, S % B4 (49. 21 £5.91)
U/mg prot Z3 A B (P >0.05) (K 1-a), F
MG 1.5 h B TS S f i (58.27 +£3.19) U/mg
prot, {H & b 20 [A] A3k 3 % 25 5% (P >0.05)

=Yg F B I JE ik SOD 3% J37E 0.5 h
#& Whid JE , AJKIRE 4 h B SOD % Jj ik 3] i K{E
(76.69 +0.50) U/mg prot, 5 % iR 4 2% & . &
(P <0.05) ;10 h [if,SOD ¥ Jj He A Pk 52 31 %f B 20
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o 38 %

KF(E 1-b) o 1.5 h T8 A 5 A KK E B B
SOD i Jy 2 P s VA2 1k, (5 & i) 1] g 55 % B 40 22
AR FE(P>0.05), 3 h TE G AKIKE
W B, SOD i Jy 3 A 5 e FEAR S TH s (1 #5 4 h
A ik 31 £ /M (39. 41 £2.09) U/mg prot, 10 B ik
F W4 (58. 30 +4.53) U/mg prot, {H 4 I} ] 15 5

-
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(=] (=] (=] (=]
T T T T

SOD activity of hepatopancreas

AFAESODIE /7 / (U/mg prot)
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XA 05
control

FHEII

1.5

air-exposure time

(a)

3.0

Xf A 25 S AN E (P >0.05)
2.2 FEMEBEMANKRETEN=ZHERF
B TRk AE MDA & B/

~F B IS 5] 38 X = PE AR 1 TR E MDA
LR FLM(P>0.05) ([ 2-a) , H 3 M4 M4
Al 0 JC % 22 5+ (P >0.05) .

mm XTf control
100 r = F#& 0.5 h air-exposure 0.5 h

28 mm 5 1.5 hair-exposure 1.5 h
25 = F§ 3 h air-exposure 3 h
g 80T x
£g
2%
~ E‘ 60
e
Az 40T
o=
2%
< .
BN 20
=
0
XA 05 2 4 10
control
NIKPKSIE] / h
recovering time
(b)

1 FTEeEME (a) MNKREITTRAD (b) ZHIR FEMRAE SOD FEAMEN
Wl — T EE )2 b5 o 7™ s "R HIFOR SR A BEMEE R (P <0.05) i R F 2R, TH

Fig.1 Variations of SOD activities in P. trituberculatus hepatopancreas

during air-exposure stress( a)and subsequent recovery ( b) at different time

Bars with asterisks at the same air-exposure time denote significant differences at P <0.05 from the control without air-exposure. The same

as the following

L
g4t 1
= a
=]
£ 2
Eg3r
~ =
i
Qg 27
<&
[alE=]
>3 1t
H<
ﬁm
=20
STHR4 0.5 1.5 3.0
control
AN

air-exposure time

@

wm X} control

==T# 0.5 h air-exposure 0.5 h
6 1 wm T 1.5h air-exposure 1.5 h
—F# 3 h air-exposure 3 h

MDA content of hepatopancreas
w

JFBEAEMDA % & / (nmol/mg prot)

XA 0.5 2 4 10
control

NAKIRE R TE] / h

recovering time

(b)

2 TEMERE(a)IAKKREIEP(b) ZHRFEMFRE MDA SEMEW

Fig.2 Variations of MDA contents in P. frituberculatus hepatopancreas

during air-exposure stress(a)and subsequent recovery ( b) at different time

= PR TR E MDA 5 545 0.5 h T8
Ja , ATKIRIZ 2 ~ 10 h P 1 350 Tk IR ZH (3,05 =
0.16)nmol/mg prot( P <0.05) ,4 h i} 3k 2| g {4
(4.64 £0.16)nmol/mg prot([& 2-b), 1.5 hT &

J& ATKPR AL B Be i) MDA & i 858 T & 5 AR
HH 2 h iR R IE(E (4.3 £0.47 ) nmol/mg prot,
BB E S 5 X A 2 7 A (P>0.05), 3h
T#& i J5 MDA & & Ffi A K YK & I E] Y 22 K 2
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%W, A TR =R T BT AL AR e

19 1999

AR 322 46,0.5 h if MDA & & 3k 3] 1§ {8
(4.74 £0.09) nmol/mg prot,2 h B} P FE FFE(P <
0.05),2 ~4 h NELRFFLEXS BRZH /K, 10 h if MDA
TR ERM(P <0.05),
2.3 TEREMEMANKKREIEN=ZHERF
BEATRERE S T-AOC 7k B S0

T &% W} ] 38 S 5 T-AOC /K °F & 35 F %
(P <0.05), H Ffi 1 &5 B 8] () 2 4 2 38 %7 T B
ARSI M T 22 7 (P >0.05) (& 3-a)

oo
1

N
T

[\
T

T-AOC activity of hepatopancreas
B

JHFIBEET-AOC/KF- / (U/mg prot)

X4 05 1.5 3.0
control
TF-HEETIE / h

air-exposure time

(a)

SR T T B E T-AOC JK-F-7£ 0.5 h |
TEIE 19 A K WG B B 3 A 2k 5 E KT IR 4K -
(6.29 £0.41)U/mg prot( K 3-b), 1.5 h T#&&)5
T-AOC JKF- B A K R 2 IR [ 9 S 4 5 A 52 5 7
T FEAR A 454 h i 3k 3 0% (8. 69 £ 0. 82)
U/mg prot, X B4l 2= 7 B % (P <0.05), 3 h
TG AKME 0.5 h if T-AOC 7K ¥ i % 7t 5
(P<0.05) ,p6)5 & FR(P<0.05),2~10 h
FEAK S B % B K-

== 5} control
== 5 0.5 h air-exposure 0.5 h

mm -§% 1.5 h air-exposure 1.5 h
= T 3 h air-exposure 3 h

[—
(=]
1

(o]
T

(=)}
T

~

(3]

HFIBERET-AOCIKF / (U/mg prot)
T-AOC activity of hepatopancreas

(=]

XIRA 05 2 4 10
control

ANIKPRE I E] / h

recovering time

(b)

3 FEHBEME(a)INKRETEP (b) ZEIRFERREES T-AOC HEHL
Fig.3 Variations of T-AOC level in P. trituberculatus hepatopancreas

during air-exposure stress(a)and subsequent recovery ( b) at different time

2.4 TERBERPEMAKKRELSENZKRRTF
BIAPIRSENZIT

TEENIRI B FEIA MRS ER EF & (P <
0.05) (&l 4-a), 1.5 h TEE45 A FL IR & & e i
(2.12 £ 0. 1) mmol/g prot, J& % B4 (1. 41 =
0.07)mmol/g prot [J 1.5 f%;0.5 F13 h AR & &
SR (1.9 +0. 21) mmol/g prot il (1. 87 =+
0.06) mmol/g prot, {H & kb 3 41 [A] 7| IR 7 & 25 7
AEEP>0.05),

T 85 5 A TK RS B B, 25 T &8 AL P4 3,
B2 & B AE 0.5 h W3k B AE , JF BE A KK 52 i
[ 119 S B A SR FRAR 1 3 (& 4-b) o ATKIR A
BrBe, 1.5 h 158 f5 7L IR & 2 38 W B AL, (H 35 10 2
1R T X A K- (P < 0.05) 510 h iy BEA 4K 52 ]
XHRZH K- 0.5 h TR FLIR & AEAKIG 2 h
N HEAR S B0 BRL KK 53 h T8 o LR & e
AT B Bt — B AL T BARIK T, & ) (8] 555 %)
MAZEFARE(P>0.05),

2.5 FERBEBEMANKKRELSEN=ZRRF
B2 BT ER B HSP70 RIZE R %0

0.5 h TEE 4 oI, =Pt 18T R AE HSPT0 1)
FAE W E FRE(P <0.05) ;1.5 F13 h TRELHAT, T
JERIE HSP70 1) 1k 2 I 25 i T % B 20 (63.12 £0.34)
IU/L F10.5 h T4 (P <0.05) (& 5-a) .

0.5 h T-88J5 ,HSP70 ik i fl A /K P 52 B 1] 1)
FEAC 55 T R R RE AR R e, 4 h Ik B 0 (S
(92.83 +3.31)TU/ L, A 4% B [ o 449 J 35 /85 T 0 B
HAKF-(P<0.05) (K 5-b), 1.5 13 h T8 5 AK
PRIZ I} HSPT0 23k i KA 5 56 BEAIK S T v PR B AR
HEa#s AJKIG 0.5 h i ,2 A3 4H b HSP70 ik
HILE ME(P<0.05), AKWKE 2 h if,1.5 h T
R4 HSP70 &3k 8 iA 3| 184H (96.22 +0.27)IU/L;
AKJG 4 h B,3 h T 8 40§ HSP70 ik 3| % {4
(95.63 £0.34)IU/L; AJKJ5 10 h i5},0.5 #1 1.5 h F
Fa 41 HSP70 1y % & 1 3 & T X B4 KF- (P <
0.05) 1M 3 h TR LKA B0 HEZH K- o
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2000 Koo oE R 38 %
] control
==2F-8% 0.5 h air-exposure 0.5 h
25 25 == 5% 1.5 h air-exposure 1.5 h
- : . = ’ =F§% 3 h air-exposure 3 h
2w x I 2w z
O L . 5] L
§3§ 2.0 1 ks gn?z 2.0
S 2 S 2
EE 15| £E 151
éua 1.5 éus 1.5
= =5
I 2 1.0 b o2 1.0
‘g 3 g 3
5305 2805
= 3 =&
= 9 = 0
S 0.5 1.5 3.0 S 0.5 2 4 10
control control
T-FEME / h ANIKYKSZ I E] / h
air-exposure time recovering time
(a) (®)
B4 FTEHEPE(a)FANKGREIESR (D) ZERFENATILREENTH
Fig.4 Variations of lactate contents in P. trituberculatus hepatopancreas
during air-exposure stress(a)and subsequent recovery (b) at different time
" - X 8 control
8 8 ==+ 0.5 h air-exposure 0.5 h
=2 1207 = 2 120 == 1.5hair-exposure 1.5 h
28 2 & CoF§% 3 h air-exposure 3 h
~ O * % — 0O p
<2 100t o <2 100} .
1 1 & N e
HZ 8ot HNZ 80t
® 2 ® 2
rE | 7 E |
mg o0 B2 60
S Q@ S 9
=2 gt S o 40f
%2 : %2
é%’ 201 é% 20 ¢
Es ==
% M4 05 15 30 & w4l 05 2 4 10
T control T control
F-EEIS ] / h NIRRT ) / h
air-exposure time recovering time
(a) (b)
BS5 FTEMBEE(a)fINKRELEP(b) ZHRFEFREE HSPT0 RIZEHETK
Fig.5 Variations of HSP70 expression in P. trituberculatus hepatopancreas
during air-exposure stress(a)and subsequent recovery (b) at different time
3 wie RAERTFERE IR R 2 78 2 FR A
T N ] N \
R T At o A L 30 T 9 S R A
N s N —, = [20-21] \ ) \
3.1 FERBEFMANKKRETIBEN=ZEBF AR, SOD J&—Fpifs SV, 7E BT

BFRESELENNRm

T 8R 2 VF AR A\ pH FIER 8 45 W ad DX 5 ) F
WRA AR T, X 7K A2 2R Wy 10 8 T P08 R, 51 i BIL A
LRIV T Ry A2 T AE B BB R AR
DRI S5t 7 2B DR ) 385 P 4 T #h & (ROS ), 0
BUA ™ A B 0 . S i) b 3 B ROS , BE 62 {1 it
ANIE % KA N RE . Oliveira % I\ HLIA B8
Ja PR AL — BEIE ), RE A% 15 bR 41 214 1 RO AR08
/I NITE 313 SRS

A AL B AR R P RB A2 B BT B ROS 4ERF1A N A H
Heh A V-fif. SOD i Jj 5 ROS & A & Wb SR K
F i@ E M ROS A LG SOD i %, #f & 1) ROS
DUl ek . AR T & B, T 28 B ) A X
SOD i J JC & % 52 Wi, ] RE A& B T B 3E 7 A2
ROS AKiLF 5[ SOD i Jy AL i BI{E . MGk SR
AR BN H AR, RN 77 A4 K& ROS, £
XEHUAR 7= A S AR e A KK & B B, SOD
G H7E 3 DAL v AR A2 fk 3, 0.5 h
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TEE B IG5 A YR — R 50 2 A% ) A B A AL
N, 77 AR ROS 5 483 8 SOD {1 J1 75 A KK
4 hpfiEFE(E, 1.5 h T8£S ,S0D i J) 2
PR AL L) K i B ROS, i SOD i J) 7 T %
3 hfg— A THARME , AT B2 i T T &% i (] By 38
S K, ] T SOD iy, b nT BE e e i £
1) SOD # F ki Il L Bt 5 (O, - ) 11 O, - 11y

A feik— LA 5E . SOD i J7 76 A K 1k 52 9 6] 52 3
AN ) B 28 A KA, 3T RE A2 A8 0 A IO 38 B o v 1Y
“REGE TR R AR

MDA J2& H th & 5| & i g 5t i S A0 1 T A9 0
Ay L AR S e T4 A
0 AR B k) Iz b R A A i R S A 5 1 1Y
PSR — . AW & B, TR B A R
MDA A B %, 3R BT 85 PR 58 T 40 i I i 4
e/ M 0.5 h TEEMMAEEAY 2 ~10 h 4
MDA & i — B TR /K-, TR ZTE0.5 h 4
o S EAY ) SEI B2 R A K1 S EIE N
SECHLAACH = R, I MDA & TF S
Martinez-alvarez 2 *° A iy MDA & & [ 45 {L 7]
el & —EBERRZE, 1.5 h T
JER ) ROS RE8 1 M2 ) A 25 M IE B L oA 3 504l
LS AL 4553 h T 88 J5 AZKHK A 10 h if MDA
i b, TTRE R AR W 2 Al R G R T AL
P45, 1X 53 h T#J5 SOD I J7 FEARAHE W . i
ARSI ZE A AT HE 0.5 F1 3 h T8 BhE J5 A KK
S B ¥4 Al i s 2 2 A 455

T-AOC =2 45 {4 Py T 4 AL 1 7K & Fl BT A
YR 2 78— E FEJE B S m 1 BLAA BT A 1 55
PRI 7 £ B0 28 0 ML Al 4 S e S i AR AT
7 4k 25 Y BF 5 s 2 WX 8 ( Cyprinus carpio)
BEPE R /NI B, T-AOC 5 3B S (1% 741) 125 2% 0
Xof P B RO e K . AR BIESE K B, T R I ]
18 FE T-AOC JK - g I T X BEALK O, iy 3= 22
BT S ALl 1A R 5 SOD PR FFTERR 8 KT, W
P TR Z2 S W7 1 B T A, TSR SR B T-
AOC /KRR, 7E A KK S B B, T-AOC 7K F
T8 3 A4k BEZH rp 52 AN [R] 9 28 AL LA (H S 7E A
KI5 10 h B SE B IE % K ¥, 0.5 h T8 )5 T-
AOC JK-— B AL T3 85 V-7 , 2 I ALE I 52 B B
SOD i Jj F+ i A Je LAY &b 3 Bk 77 2E /9 ROS, L
SR N TR R S R o N DR Ao 0 S =g i

E OHANL.5 HI3 h T8 5 T-AOC JKF il SOD
T S AR —B, I A] DUERT, 7£.0.5 h
T#8J5 A KK B B, 32 22 bt A e o ik
FMPUEALEE & & L 77 Bk ROS; M 1.5 F1 3 h
T 5% 5 ) 32 LR o R BT S T ok 4E R L
& ROS -1
3.2 TEMEMEMAKKREIERN=ZKRKRF
BIRIABRSENTI

IR 4R =P + B R A7 n i AR P
2 ~4 mg/L R G BLT AL £ i
TN ™ A FLIR A e LA 4l 47 1E W AR an G 3. 1
i 38 PR A e AR W AR R T SR R, T B SR A
AW 3 DG I T = W AW [ R | P N
35 R B, AN [R]85 B 0] b B 25 R, LR % i 3 i
Tt R T A AR KT 3G iR = AR R S
T i 38 PR B B A E AR, TR AK K B
B,0.5 h T#J5 i TR AMERY , AR & EAE2 h
LAWK AL B IE R K F-51.5 h TE#EJFM 0.5 ~4 h
PR L I 0 A R A 38 v ) KT 4 D AT e R o FL R
MR PN 3 B 5 B — 2 W B (], 7 Hh AR X A
R IE NV BE ST o 3 h T 88 5 FLIR K —
HAL F ALK, B F ALK 2K A g & o K
ESF T 3 107 98, AR A8 e S R R B Br s
— RS AL B LR B o ok 4
R 1R - 465 0 4 2 g I
3.3 FEEMEMAKKRELTEN=ZHKRKRF
B BT ERAE HSP70 3R3& 50

KA AE W) HSPT0 (1975 T 35 38 A A& FR ik 19 A=
B X HSPTO 2 A Wy Ak Y — b S A )
YR T A X S TR 2 X A
RO B RS A AL A A A R,
AN TR) 1 528 B[R] JBr 38 XF JH JEIE HSP70 3% 3k & 7 A=
AFE S, 0.5 h 1 55 45 B HSP70 & 3% [
G, M AT BB AL A e T e A ] e SO R
W ORI 52 00K 7 B8 g B A, #6100 {5 HSP70 K A4
Bl OB % k. wh R & B K R AT
( Exopalaemon carinicauda ) % pH \SAL# K5,
JHF I i rf HSP70 5 14 3% 30 Sl B AR P T o o )
R A2 LR, SARSEIR 25 AR, 1.5 A3 h
T-H& 45 s if HSP70 2 3A 7t i 25 FH e , Wi 5 3 3
S5 45 4 HSP70 145 BUZE AJK YRS 0.5 h i i
& TR TEATKWK I B Bt , HSP70 4b T & 3k UK
-, G HE TR — BAL T EORAS
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2002 Koo

o 38 %

3.4 TFTEmEBEMNKGRESEFIERIER
EEHENX

3 3 3 BT 6 o ) Jlk 3 A K R A 3o R e =
PR F B e /KT 1 R R H8 AR, T AT HERR
b7 AR I 3 B ATLAAR 1 i AR O, G R AR A8 H S 1)
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Effects of air-exposure stress on antioxidant capacity and stress response of

swimming crab ( Portunus trituberculatus )

JIANG Na, WANG Fang®, LU Yunliang, DONG Shuanglin
(Key Laboratory of Mariculture ,Ministry of Education , Fisheries College ,Ocean University of China ,Qingdao 266003 ,China)

Abstract: The purpose of this study was to evaluate the stress indicators which can reflect the physiology of
swimming crabs( Portunus trituberculatus) sensitively during air-exposure and subsequent recovery. The effects of
0.5,1.5 and 3 h air-exposure stress on antioxidant capacity and stress response of crabs with an average weight of
(87.93 £1.24) g were investigated by determining hepatopancreas superoxide dismutases ( SOD ) activity, total
antioxidant capacity ( T-AOC ) , malondialdehyde ( MDA ) and heat shock protein 70 ( HSP70) level and muscles
lactate contents. Crabs were sampled at 0.5,1.5 and 3 h during exposure to air,and at 0,2,4 and 10 h during
following recovery ,with crabs in seawater of (22.5 +0.5)C as control. The main results showed that: (1) No
significant effects of air exposure stress on SOD activity and MDA content in hepatopancreas were observed (P >
0.05). However, air exposure stress had a significant influence on the T-AOC level, the content of HSP70 in
hepatopancreas and muscles lactate contents. (2) After 0. 5 h air-exposure stress,the SOD activity reached the
maximum value when crabs had recovered for 4 h. During the recovery from 2 h to 10 h after 0.5 h stress, the
MDA contents were significantly higher than that of control( P <0.05). No significant differences of the T-AOC
level in hepatopancreas were observed during recovery after 0.5 h of air exposure (P >0.05). The SOD activity
was similar to control after 1.5 h and 3 h of air exposure stress,and there were no significant differences between
control and time intervals( P >0.05). The MDA content of crabs exposed to air for 1.5 h increased first and then
decreased during recovery,with no significant differences observed between control and time intervals(P >0.05).
However,after 3 h of air exposure ,the MDA content significantly increased at 10 h during recovery (P <0.05).
Besides,the T-AOC level reached the maximum value at 4 h after 1.5 h of air exposure,which was significantly
higher than that of control( P <0.05). For crabs exposed to air for 3 h,the T-AOC significantly increased ( P <
0.05)at 0.5 h during recovery and then returned to the control level in 2 =10 h( P <0.05). The lactate contents of
all groups reached the maximum values at 0.5 h during recovery. The HSP70 levels of different treatments reached
their maximum values in 2 —4 h during recovery. These results indicated that,compared to other stress indicators
which were selected, T-AOC level could more sensitively reflect the physiology of Portunus trituberculatus
suffering air-exposure stress. SOD activities and MDA contents could be used synergistically to indicate the
physiology of crabs during recovery.

Key words: Portunus trituberculatus; air-exposure stress; recovery; antioxidant capacity; stress response
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