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KA & B8 %3 %3 (Apostichopus japonicus)
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2 )R 37 %

IRAEERE . LA, AT LAGE i A B AR A S 0 A U
BT | ML AR PR SO
PraALRE Sy . RER AU B0, Rl N . LTI AR
Jlhaes (2], 2010)Y . X T RCHE AR T FLIE 3 RE 0 459
(RS, HIRFE K AR B 378 it 8 — PR 35 6 5 mgl/L
VAL (175 2255, 2005). SR FE 7K P Hh i B A 9 it 280
ORISR R A RORS A T FRBL A1, B2
SRS TR . ARISHE T % (BRI, 2011)7, (4R
AT R 2 10 A B A 25 R R AR R R I A

L A RA it S X AT (Jiang et al, 2005; 7 B ik 2,

2010) . {4k 391 (Bussell et al, 2008; Cheng et al, 2004)
s (UL MLAE, 2010)5 7K AE A Y2 & AR Z 0f
GEMRE , H I S AE TR G K AR I i S R B A T 1)
A B A AR N B A SR R LR ATS 5 1 — 2P R R AT
5o

AT LAFLRR(LD) . A B (MDA) I A AL Bl 2
YENFER, DFFAREE ST RIS LA . P IR A% R fb
HAVEAL RSB, R0 R 2R A 5 0 A
PR R AL, ARSI e (oY S AL B AR B
Ry SRR B AR 7 i R R A AR SN X SR R
XoF P s ) 2 fedt e 77 A A A L

1 HR57E
11 SEHMEKERESIIK

S R0 [ 1A 2 S K A BRA ]
PEFEIAR K 4 (15.6+0.9) cm, 1R #(59.0+2.8) g, %z
IEWBRZ, TEmEFREKRE DS 7 do KRN
13-15°C, DO>7.0 mg/L, #hfEH 2.6, HHK LIk,
T R¥KEN U312, EEA, B H B REE
1, MEHEFZFEE, SCHATAEE 24 h,

1.2 SEIGiZit

PEFE 6 M HUAK AR ] ¥ 7K 4l (50 cmx45 cmx30 cm),
SEUS AR BRLL 430 B 3 AT, A SRR I
K, PREEME TP AREE . T A AR N KK iR
A ¥ i SR R T 2 S 56 18 B /KO (2.0£0.2) mg/L . B
20-30 min ] Y SI55 B AR Al L. TR i 4
FE ST, B R S A UE A A I OK R, FE IR
[(2.0£0.2) mg/L]%F FAY 0, 2, 4, 6, 8h£5HL 5k
FIS WA o SRJG , KgAKl v (i K TG & 2
A[(7.0£0.2) mg/L], J:7E 85, 9.5, 10.5 h 451 53k
S B AE

13 HmX&ESH&

3B Z B ILE RFIAR B4 2145 0.5 g,
B 2ml B, SERARAE P RAE, SR5TF-80TC
UKFERIRIAT . BL0.2g 414, IR 1 4 (LA)AI L1 : 9
(TR T AR ) I EL B 0.75% 11 A= BEER 7K, BY
W, VKIRAIH . Bl A A ZUA KBS 0 (4°C
12000 r/min, 10 min), B Ei##, & T-80°CHEfE,
T 5 G o
1.4 #MIEFRFAREIF %

LD #Fim(mmol/g): FLMRM AL ; MDA &
(nmol/mg): TBA ; M4 fLRE J1(T-AOC; U/mg): Fe
W a3 AL AEE(CAT, Uimg): AH R Hb (o ki
FE s AMEH K-S 4R (GST; U/mg): CDNB )b
ik BRI LEF(SOD; U/mg): RN S LG
2 HAEASEmem): D kiE . L
e A T N S B R e R TR AT

1.5 HIB\HITHH

BT AT S5 B R Fl SPSS19.0 Ak {4t 47 B &
#Z53H7(One-way ANOVA), K LSD #5605 % A~
(7] S 30 IF [] S5 7 1 ) il 9% 0 45 (kAT 2 o LA, DA
P<0.05 1 22 5 ik 2 A A f

2 H#HR

S R, AR AR v, A0 S S G R A
B 7E KR U BE SRS 5 B I R RE G, S 67 |
fuh 5K TT . BHTE EKAEIEE s 8 hm, K dZ
fEARiE Bl , 1R AE il AR BE R DR RO, 12 B
AT A .

21 REBEMRSEZEAAS LD ENHIN

TEARAEIE 8 h N, FfE RN T A E R, 2
LR L R AR RN AL 12U ) LD 5 s 235 i
(Kl 1), W 1A LIE L, RE2EE 4. 6. 8hiET, fL
AL EH A Y LD & & RS TR A
(P<0.05), HREFEZE 8hif, LD FEAHIRAM., P
WA Y LD S AR A, 7E(RE R EE A E] 8 h
i, H LD & ##(0.562 mmol/g) i & & T Xf H4H
(0.262 mmol/g)(P<0.05), Xt B ZH i W £3% . &2 S8 o Bt
BB LD S 2 P RRRA, WU A fkiE b

1) A AREMEE X H A IRRE A . A8 &AM FIHT AL RE Ty BORE MR AU R A A AT ST A 2 18 5, 2010, 2-6
2) ERIBL. JUZXFAN R KPR i 10 A PR AR A o) S AL . o AR A A LS AR A 18 3, 2011, 18-20



%54 2R AR A fIRVA 4 38 X4 2 (Aposti chopus japoni cus) 4 f6 10 1 A 1) 52 0 135
i) LD 7€ 85. 9.5 h B 5XF AL 474 Wl 35 2 5 (1.508 nmol/mg)ft) 1/3. B4 KB, WA A fbiE

(P<0.05), 10.5 h it H LD &5t 25
(P>0.05), MFEA Y LD &K 8, 85 hAfH

LD & & 5%} 41T e 3% 25 5 (P>0.05).
-~ 33 [ o LY Muscle *
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?ﬂg 03}
& 8 0.2+
=501l
0

Control 0 4 6 8 85 95 105
Kb E] Processing time/h

K1 RS &2 A B P i S A RSP Y
LD &1 1L CF B bR i)
Fig.1 Changesin thelactic acid content in different tissues

of A. japonicus under hypoxia stress and during
reoxygenation (MeanzSE)

* RN LUZ 0], 55X B AH L 22 5 1 3% (P<0.05), T[]
*denoted significant differences compared with the control
group within one tissue (P<0.05). The same as below

22 REMEXNRSERAD MDA SERIEM

RIS 8 h iy, #£44Uh ) MDA & &
A AT —E(F2) . FE 2 A%, il S AR N
THALIE H /) MDA & Xz s, i LA H B9 MDA
FENZEREC. WAL E MDA & EEIUA R %
AN J5 B3 TR H (P<0.05), T LA i MDA &
i i E LT X R4 (P<0.05), KA ETE 8 h )5, MRk
B MDA & i s 3 % 5.175 nmol/mg, 3 75
T HRZH A H A 41 21 (P<0.05) . LT Y MDA &
TEALE 225 8 h 5 [ = 0.538 nmol/mg, ZJ 4 % BEZH

(=)}
1

O LA Muscle
| @ FEIRH% Respiratory tree
| O JH4kiE Digestive tract *

*
* *
' *
-@@@ i @@
« *
4 6 85 95 105

Control 0 2 8
KbFHEE] Processing time/h
K2 IR A B S R fE b S AN R H 8L
f MDA 5t 128 1L CF B £h7 E 1)
Fig.2 Changesinthe MDA content in different

tissues of A. japonicus under hypoxia stress
and during reoxygenation (Mean+SE)

w
e *

N

N

[t e =
Content of MDA/(nmol-mg™")
—_ w

e

i MDA &M, (H 8.5 h W45 2w Txf M2
(P<0.05), 9.5h 5K %2 Xt B4 K F(P>0.05); LA
) MDA &N, {5 8.5, 9.5 h i/ % T Xt
M8 2H(P<0.05),10.5 h B}, 15K & 2 % B 41 7K ~F- (P>0.05) .

23 REMBHEMNRSEAATNRELE RN

FEARESEUIA Y 8 h N, Bl B4 (] 2B K, ofl
SEMAL ) T-AOC 15 155 Wik n (& 3). M
SHLUEN, RERFE 6T, LA . FER A
LB i T-AOC iy 1 35t 2 = X B 41 (P< 0.05)
RFE 8 hitf, KAL) T-AOC i /1A F K
{8 PEUEA Y T-AOC i 1% 71 (2.814 U/mg) 2 ke
B, 290%F R 2H (1.128 U/mg)iy 3 4%, S48 BB,
JUL PR RIINE A% ) T-AOC g% J1[%AIK, {H.8.5. 9.5h
iF 55 0} R AT A7 AE 1 3% 25 5+ (P<0.05), 10.5 h BFILA
FnE W B i) T-AOC il i 1 Yk &2 2= X iR 2H K °F
(P>0.05); Ji4fki&i it T-AOC MG f1f%f%, {H 8.5 h
it 5%t B 4 A7 1E B 3 22 5 (P<0.05), 9.5 h J5 ik v
f) T-AOC RitH i J1 1% &2 2%} B 41 7K - (P>0.05)

o 3.5 1 O LA Muscle *
g 3.0 [ E A Respiratory tree l
=]
ra25r0 T44L38 Digestive tract
399 ‘5
& 2901 e r %
= 3 s,
B Eisy «
Bz
2 S 10t %
Q * *
<OC 051 ’1
Control 0 2 4 6 8 85 95 105

KbFRETE] Processing time/h

K3 IREAEMNa B S A R R S AN R H LU
T-AOC i 71 )AL AL (I {E £h5 1 R)
Fig.3 Changesin the T-AOC activity in different
tissues of A. japonicus under hypoxia stress
and during reoxygenation (M ean+SE)

i 5 I SR A I R 9 S R S 14U Y CAT
it 15 1 3% Wik (&1 4) . B &l 4 AT (RS RS 6 h
WL . PR AT AL B 418U Y CAT G 134 2%
BT X B2 (P<0.05), = FHI7E 8 h ik 3w K{H
Horpr, WU RGNS 18018, THALIE Y CAT RS
Fe A A, 5% 43.711 U/Img, &ML, 85, 9.5h
IF LA AT A8 T i CAT B I FRAR, 15 5% I 4H
(P AETE B 25§ (P<0.05), 10.5 h Bk & % X HR 41 7k
F-(P>0.05); 8.5 h HFIFMEA i) CAT Al 1 5%t HR
HEA B EXEF(P<0.05), 9.5 h JGIEWH iy CAT
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1 o LA Muscle *
1 o FEEA Respiratory tree .
40 1 @ J44L38 Digestive tract J o *

WAL ST 1

CAT enzyme activity/(U-m

*| * * *

Comrol 0 2 4 6 8 85 95 105
AL ERET[E] Processing time/h
K4 RSN &2 A B P RS A RSP Y
CAT B 1 2L (7 B (AR ER)
Fig.4 Changesin the CAT activity in different

tissues of A. japonicus under hypoxia stress and
during reoxygenation (Mean+SE)

gy 7k 52 2 % B 21 /K SF-(P>0.05) .

) 2 P I AR AT AL A2 ) GST i 1 (&1 B)7E
CEMHE I RT 4 h SR BA S, 6 h J5 36 Sy i o
THALIE Fh Y GST RiEE 71 3 5 T4 IR 41 (P<0.05), I
WA i) GST il 16 77 76 IR 22 5% 8 h 5 I 2 1 T4 R
4 (P<0.05), WLAAIZIH iy GST ik J1 A% F HAlh
2, FEARA R BEIR L B e, (IR5A 5% 4h
A I 2 25 T X BB 2H (P<0.05) . & 4B B, JULPA FRRTI
R GST [l G J1B#AI%, {H 8.5, 9.5 h B 5% fE 4145
e % 22 5% (P<0.05); 10.5 h B ILIA . PRI AT
ALIE T GST G 7 ¥k 52 2 %] Bt 4 K 7 (P>0.05)
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w8 60t

ﬁ 5]
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AbFRAFE] Processing time/h
K5 RAEMHA KA R PRI S AR ALY
GST i 11 AL (CF ¥ fELhR HE )
Fig.5 Changesinthe GST activity in different

tissues of A. japonicus under hypoxia stress and
during reoxygenation (Mean+SE)

AN[ETF T-AOC fiff . CAT [iff 1 GST fifi, #2424
H i) SOD fiff 17 1 B 25 I UM 119 R[] J2E K 328 457 3 A1
(16). anlsl 6 Fros, A #EE 4hJ5, LA SOD
Tty 11 5 F A% T4 R ZH (P<0.05), 7E 8 h I Ky fi /M

KA RTE 6 hm, FPRIAFITEALIE A SOD g
BEACTF X R4 (P<0.05) . EANEB:, WL, PR
I AIE TP ) SOD B G 13 n, 8.5 h if 4y i &k T

XJHEZH(P<0.05), 9.5 hJ5, 3144 SOD i
1R 2% IR K- (P>0.05).
=40, o fJlPy Muscle
= g 35 @ IFIFAY Respiratory tree .
w2 2 30 o JH{LiE Digestive tract
% 225 x
s
g § 20 r **
§ g' 10+ * | * ¥
-
a
o 0 L : . : : : :
«n Control 0 2 4 6 8 85 95 105

Kb FRETE] Processing time/h
K6 RN b2 A B b S AR LUP
SOD [ J1 #9224 (CF B AR HE1R)
Fig.6 Changesin the SOD activity in different

tissues of A. japonicus under hypoxia stress and
during reoxygenation (Mean+SE)

3 it
31 REMEXFSEHAD LD FEFIM

LD JZ7ETC A BB A I L T HLIAR & A b e A =
AR =0, LD Y i ] AR RO N LA 2 2
(LR S RCIRIRAS . 2 EBA 24 hdfirp, JL
Y3 KT (Litopenaeus vannamei )45 2041 R LD & &
RN, K E AU LD 5 B [M17% (Zenteno-Savin et al,
2006); [FlFE, FEBRASAIE T o E HIXTIR(Fenneropenaeus
chinensis)#& 4141 ) LD & &89, SRMAESE 24 h
Bf LD S mfEft, HWKEHAS LD & It 240
FRZH Y 2.3 15 (ML, 2010)Y, AHBF5E ., ZEARSEH
RIS A AL LD frmdihn, XK A 205
I DR (B A ) P A e i, WA LD &g,
WEHEIG, LD SEg#hlis. NEHZW LD &
it SRR AT TSR], LA R AL B ZE 4 4 h B
() LD i X g 22 5 0 3, MPFMA7E 8 h I 11
LD & ot 55X IR 22 5 2 o 0T R A RN 4L e 2 o)
ZARFALIRE LD & RARUCH IR > {6 1E >
LA, PEIZALZh LD S EMLEME 8 h Jaik
0.562 mmol/g. H4AIHE 5T, E A XTERALIA
f) LD &r44(1.31620.152) mg/g(F3Hilk:, 2010)Y, Mercier
25 (2006) 4 38 M IC EU b 38 52 T FLANIE T HRAILAI 420
) LD Sy, 4(0.760+0.086) mo/g, H 4w TAHE

1) FHRL. AR A I R AE R A R AL A S 3o B R A iP5 AR A8 3, 2010, 101-109
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ZEMR B4 IR TR 48 W8 XT3 2 (Aposti chopus japoni cus) 58 A0 IS b 1) 5 il 137

FEPRIZ B E (. — ROk, Sh¥a i R A ™
A RE R A F [ B AU LUE N i R PR (Guppy et al,
1994), LD iy al e 5 WAl . RFRINEE . JIfL
FAFUASER SITEA S o RIS EARMEE N BEA TS, 12
SN, WU P A2 1 LD % i FHAB K ™ sh b,
1T PR RS 2 0 245 Bl e R IR R 2 20, G LD & AR X

B
3.2 REMEXNFSEHLAH MDA =1

MDA J& T Bl Ak, vk o 5 iR
g MAERE 2 g0 A 0 A R T 2R YRR A 1Y)
(BB, 2014)Y, EHE SR P& 41 8140 ) fE 2
1, T HE /R PUIA G BT AR P D R 4 M ) i 32 46
1l (Cossu et al, 2000), WF52#M, APreiibs 4%
T, RN MDA & A BT . RSB0 X AR
Bl AR &Iy B R A 5 % B, ARG SR 6 4 P e AR o )
MDA &ratHin, HAE 0 W S BT E B T 3
(ZEFRYE5E, 2008); H4JE 15 Y an Cr, Hg Al Cu %
I3 KT o1 S e v A B, it e JRE I P R R ] 1Y)
SER:, fa T FIEE S N MDA 5 &8 %8 T = (Berntssen et
al, 2003; Roméo et al, 2000; T 2F4%, 2010); fKEh
it 36 %5 i £ (Mugil - cephal us) 4 171 4% 2H 21 5 i) 4 B 5%
T, MER B KRR 45 412U MDA S, R
AL, MDA i, BERHMER, A0
MDA & g IR Bt TRUE (R, 2014)7; 165
W e B B T R B, IS A ST ) MDA &
ot ST T R e R G I m G, I HL B e
] AYZE R, MDA & kbt e 3 (5 2535, 2013)%, A
e, A AR B R A B, )2 R R AR T £
EHH MDA & T, K2 AR R B LA
()40 S B 706 s, S B0 AU B T I P
B A3 19 A= 0 B i v AS AR R i Iy 1 XU
Ol Bk A AR s, il AR BT L fk ) (MDA)
Fhi o MWL AR A MDA 5 2 B T REJE KA LA 7Y
YL (SOD . T-AOC Fi CAT Z5)iEE#is, HLA
N £ (1) B 4A BH S T4 T-AOC. SOD #il CAT %1%,
WA H0,, HUANFRRAEAYE A HHEE, Hitt,
WLPA N A 1) i B ot B AR b

33 REMEXNRSEAHAPRANLBRIZM

TEAEH (AR SRAOET AR ARS8 Ao A Ui b 5 3
FEAE H IR TE A, AR, B PR AZ B4R
e o izt B E KRR LR R, &
FALEE CAT. T-AOC. SOD K GST %4 % 1L il
(EZ A%, 2008), AWFseH, (KA iE 8h Py, B
FRE M AR E] A ZE K, T-AOC, GST 1 CAT i /1
BN, SOD 1if J1 B #ikAK, k% AU 1% Wik
B EIEH Ko XAAELTTRESE R A, KA 8 P15
i £ (8 48 BH B T SOD ik 5 AR i T HL0,, R4A
P55 ol U s 1 /> B0 S 41404 (1 SOD i
JIBEAE, T H.0, M 251 T IRt A ks,
T 5 RS AL 9 B 48k B AR 2R 7 AEVE T . B A
B, WSKHL4 CAT. T-AOC 2 GST i /1% 8 h
A FRAIG , (B3 53 5 X B4 ; SOD 16 715 8 h i Al
oA eIt AR R T R AR S
T-AOC. CAT. SOD #il GST i H145 8 s, 1REH
BRI SR S50 ) S KA T P AR AR SR o 3
5 4% B 5R %5 (2010) i 38 A% % A B R AR
(Macrobrachium nipponense) ¥ 1% 1 ¢ 15 F ¢ Ak fE /1
IR LA & Zenteno-Savin %5 (2006) 11 35 1) i 4 PR 55
XiF R A B ECAE RE T A9 52 i 114 25 SR — B UEI T 7R ARAR
Joip 360 A2 ST S B B LA 2R T i 2 I e AR A B A
G, K] RS ML DGR S 85 38 BT A ) —
AR, B E SR (2014) Kk BB A BB, M2
SOD ¥ JIF#AK, KA %R SOD Pk % I /K-
UEAh, AH R AL B A5 1R T 30 2 45 AL 2 Rl bt AL 3R A AE
—E 255, UL [A] 4 20 205G St 1) A e
JEAT]

4 it

BT A TR R BRI S 1 A B S, A
TR AT AL BE 0 D7 R 1R SR e X 2 1
A AR AR AR AR S A DL %) 12 3R 5 S ek
B E | AR R VA A LA S i R SR Al B A R
SRS AEMWTFEIERN L, BERE AR 4 30T i R T 5T
T A FEORBY K, A2 X N FR I

1) BEABER. RKFEHH FLYNE X I (Litopenaeus vannamei )% 2R 35 fif 38 At A= B AR 250 157 . A D P R SE - I o A 2R

B, 2014, 62-78

2) SPEIE. AEAR A (Mugil cephalus)4l LA B (LGB, 13K WL 2 B3 3, 2014, 25-31
3) BRissie. 12 (Apostichopus japonicus Selenka) i 17 A UMM 10 4 LA 2552 0 37 B HOBLI RS, o IS0 o

- HFFT A= 258 3, 2013, 24-44
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HE, 2o, /N, A RN R AR SRR S
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kg, 0], TER, S AREUMEXT H AT EREI AR
LA AbRE T sgm . AL K224 (A SRR #R), 2010,
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B HESEERE S TESH. Abat Bleg i, 1997
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Effects of Hypoxic Stress on Oxidative Stress
I ndices in Apostichopus japonicus

LI Genrui*?, REN Lihua, SUN Guohug®”, YANG Jianmin?,

WEI Xiumei?, LIU Zhaocun®, LI Shangjun®, JANG Han®

(1. Shanghai Ocean University, Shanghai  201306; 2. Shandong Marine Resource and Environment Research Ingtitute, Yantai  264006;
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Abstract Apostichopus japonicus that usualy habits in the temperate zone, is one of the important
aquaculture species at northern China coast. Dissolved oxygen, known as the oxygen content in water, is
necessary for the survival of aquatic organisms and directly affects the enzyme activity, metabolism, and
growth of aguatic organisms. Therefore, low dissolved oxygen during the hot weather is very harmful for
sea cucumber aquaculture and has become an urgent issue. Here we investigated the effects of hypoxic
stress on antioxidant capacity of A. japonicus. The experimental group was exposed to hypoxia
[(2.0£0.2) mg/L] for 8 h, followed by reoxygenation [(7.0£0.2) mg/L] for 2.5 h. Then tissues from the
muscle, respiratory tree, and digestive tract were collected at different time points. Levels of lactic acid,
malondialdehyde (MDA), and activities of the antioxidant enzyme system in different tissues and time
points were analyzed. It was found that during the exposure to hypoxia, the lactic acid content and
activities of total antioxidant capacity (T-AOC), catalase (CAT) and glutathione-S-transferase (GST) were
significantly higher compared with the control group (P<0.05), whereas the activity of superoxide
dismutase (SOD) became lower (P<0.05) with the extension of hypoxic exposure. The level of MDA in
the muscle tissue was significantly lower than in the control group (P<0.05), however, was higher in the
respiratory tree and digestive tract. All of the oxidative stress indices gradually returned to normal levels
during reoxygenation. These results indicated that as the aerobic metabolism was inhibited during hypoxia,
the anaerobic metabolism was increased to maintain the energy supply. The elevated T-AOC, CAT and
GST activities and declined SOD activity caused by hypoxia might be an antioxidant strategy to adapt to
the hypoxic environment. Our study may provide useful information for the control of hypoxic conditions
in sea cucumber aguaculture.

Key words Hypoxia stress, Apostichopus japonicus; Lactic acid; Maondialdehyde; Antioxidant
enzyme system
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