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FEE: T SeIR R AR e, BEX 2 FhEIAS 13l 2 (Apostichopus japonicus) (JK: 28.00~36.00 g; /N: 9.00~13.00 g),
2 IR (25.020.5) C i B (DO) K 9 (1.0£0.1) mg/L 25T Hill 2 L BIE I ] (LTso); HLBMT T DO KF-43
B4 (1.0£0.1) mg/L. (3.0£0.1) mg/L & 6.5 mg/L(IEH DO & ®)5&M T 2 Falg 2B K F; Wil T DO
K43 5109 (1.0£0.1) mg/L F1(3.0£0.1) mg/L IHEE M0 24 h K 5248 72 h WITE], 2 FlAIAR ol 244 s Y0 RO 132 A v i 28
BEH AR(GSH) & i . B PTAIEE 1 (T-AOC) . A AL B AL B (SOD) ik 4 T S il (CAT) I P S A s Wi Hh i ot Bk
754k, AR ST 2 5 T 0 (25.040..5 ) “C A A2l 360 X AS ) R0 il 22 BUOFE I ) S A BRMLAE 52 . 55 R 24 DO
W TEJ9 1 mg/L I, RAUAR il 22 FAE R (LTs) A 33.37 h, /NS I 2 28.84 h, 2 Pl AR 31l 2 i 4 3K F- 2511
FE E IR, AR S T AR, BN RS AR S T RS S . 1 mg/L ARAEa A fR], R
) 2 U s A e 2 KA ) S P AR v 3R 4 R AR B 1 AR AR SR BOM R], 55 % BRATAR B, Bt {1 S0 5 8 1) )
FIFE K, GSH & i N %, SOD Ml T-AOC 1% J1 FAK, CAT 3% J1 Fh; SR imi kit 25 A H: GSH & 2 .CAT ,SOD Al T-AOC
5 139 5 %8 B4 T .35 22 52 (P>0.05) . fRIG I 4 72 h 5, 2 FhEAS 0 S B M 1 4 R S8 AL T8 b5 K 52 31 % 1
K, TIFIA 93X 4 FPEE bR IR T2 @K o 3 mg/L RSP 8 BA ], 2 Fhoiss ) 2 7 s i Fn e e A 19 GSH 5 2
CAT .SOD F1 T-AOC 1 JJ ARk 4% 5 | mg/L 2H KR —2, & A 72 h JE IR 045 TR bRk &2 26 B KSF R
T-AOC, MW HAY 3 P bR IR ¢ 2 A o ARSI J5 /INIIAK il 2 WK 52 B8 7 i T KRS I 2 . 7 DO 2 1 mg/L
3 mg/L ZF T, Wam 25 s At 2 FoRURS o) 2 1A s i b %) g o B2 i b 3 o8 1 X IR A(P<0.05),  FLIR WA il 2 Bz I i
BT/, B EWWRE BN UK. S5 R R, RS REEL T AN o e ST R R (AR A 5T LA 24
h k), S AT Y DR LR B ST — B R BRI, R A R R, R ST

KEIFE: mE; AR WS REgERREL R PrRIkEE T TR
hE S-S S96 XHRFRER: A NEHE: 1005-8737-(2018)01-0060—14

Ji1Z XCFR4J5 12 (Apostichopus japonicus), 2
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BE . WYEFRAE . FIESRGE . WA RIATT
I . WIS EFFMO AN S, P RS 53
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i BEA: 2017-02-20; f&1T HEA: 2017-04-24.
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WFFE T AR SRS 002 9 A B 25 27 AL
AR S M S B s 2RI U TR TR
EN S ERS P E- SR AR €iE AN iR A DN ENS NGRS
DA SAR AU 380 %o A [ AR 3R 2 1) 2 B I 1] K%
I RE T7 5 Wi IS

AT LR AR 5 T Al X G ) 2
RIERIET N 5, WFFE T i R i | W% h
2 MRS RIS EBOER ] B s, PUA
LB R G AR AL, R R IR AR S0 R S A O A
A ACSRAR BRI, O 0 2 3 10 I A 49 B A 1t 9
FRpE TR P E TR S AL

1 MRS TE

1.1 ##E

SEES FHA ST 2016 4F 9 A Ptk B ik g B
M B ge g, 2F S0 AR SL 58 BT H KRS
) 2 R H(31.68+3.29) g, /N AR - 24 {K H
(11.12+1.82) g; F§IE AR 20T FH R 2
o T (33.83+4.22) g, /N HLAS ] 7 ¥4k &
(10.89+1.58) g, HZiz [l J5 76 [ PR 27 BRI
RUBE A A SRR IR R G PR 10 do
B S A K AR R 1E(25.040.5)°C, R 30 A,
JEREJE I 141 = 10D, &K 17:00 i s F M/ ALAK
FIZ 1R, RIS R E N AR IRAHE
Tk TN TR A RS KR e 15 1
Fe B R . B RIETEHIK 1K, 24 h ELEFT A,
12 FHik
121 FiBEEHE RS F T ENRE
KW ARSI HB 1A AR RI(1.0£0.1) mg/L.
SCEGTE 25 L AT R R T AT . KRS AL
B 3AATAL, BACE 10 k012, 330 3k; /D
MRS 2 AT, BACE 20 L2, 440
ko SRR SIS K MR S B TR R B, PR CAR
SIS, HEVAINATFGR, &1 h SR 1K,
M 1 HBISHARPET )R, B 0.5 h M 1K, I
10 20 TR A ]

IS K R i A 76 S50 BHRH 2B i i K
FEAE AR, B 10 min FHEE Y ST #E % 4
U5 K A DO i, 47Kk DO FEAIKE] 1 mg/L
DU, (1R AR, FOREE B B0, AR

FEMRATE, YST 2 IS A% 3 S 1k I UK B
A 3000 5 L%

S 30 1) K AR U BE 4 47 AE (25.040.5)C, AR

L AR MRIEWSLIEE IR, & 24 h BEHAHN
LRIV K 1k, MR AR R R
IEH K T 2 I RE A 2 AR AU R
R RAAHETY, LR KAR DO KBk
1 mg/L 24,
122 BEMEREMETHSERREHTHAEI
I AR E 3 NEEME, 400k 1.0x
0.1) mg/L . (3.0£0.1) mg/L FIiE % %8 & 5 (6.5 mg/L
fEAT) o SEI R B HE B E K, KRR
(25.0£0.5)°C, T 2000 mL IR R, FFLIE
fef fES st 1 o KK A 3 3k, /NEIAK A3 8 3k, &8
FIIE O BOR 2, 4R 3 P T, Lkt
174 h, BACHSZE T 12:00 #E17, AR T 20:00
PEAT o KA v s i A 2 SR ke E 1) Winkler 351
e, AR AR R A E I

S TFIART RIS 25 48 h, fRHEE a3
5 H DTC-1100 B F R AR BUI S8 5
123 FHEMERSEMEXMRHSHELNNBES
FMPISEL  SLEIFAAED, RIS RIS 48 he
SIG VR ER T IS 28 IR 1.2.2, RMKE SCI6 2H U
9 VAT, BFEARACE 10 kil 2, 490 Sk /NELAS
SCERA B 9 APAT, BARCE 30 2, 3k 270
o MREEEKAIHI 5 TR 1.2.1, 20630 8] I8 B R 5
7E(25.0+0.5)C ,

SEIFESE 96 h, T 24 h R B E R EU 0 52
55, J5 72 h oA MRBR A S VRS LA I
1B BRI R B A5/ Tho3 h 6 h 12 h,
24h fIEZ%EJ5A 1h, 3h, 6h, 12h, 24h, 48h,
72 h, KREUAE AR BB S Sl 2, /NS 4H
H15 Sk ME R SMZEMHE TG/ 1h.6 h,
24 h MEAJGH 1h, 6h, 24h, 48 h, 72 h HUE,
RIS 2H A5 Bt ] BEHR 8 Sk, /AR ZH R 24
ko WE PR RN ) HORE 8 i I R i 8 Sk
8¢ 24 S 2 AR HESES T HORE o a0 A BRI R R =
FRABEA 25 L AHR IR 0 8RR K Al kA T ik
2o WKW AR, 1EH R, 24 h 3K 1R,
B 9 AT H BEHLEE: o
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13 HmRXESHN

IORER, RS E Tk, WEIHITFZ) 1 cm
/NEL, 1 mL TR RS a B, R
SR 2 mL AR L — D FEAS /A%
FISAR W & 0, APRIEREA TR, Bk IR
0.6 mL, 3 SKHIZ AR AL 1.8 mL R —4H
A T IE T /N R TR 2, B R R, DR R 2
S IR 23 Y IR R AR S — RS, /NS 2H 3 Skl
2 () W W RS (g Sk R 2 BORE 2 K B0 (] 4 A —
FEAS, 30 2 mL RAFE N, TRATE T
A AR AE 4°C . 5000 r/min R A7 BRSO
15 min, B FWERE T 2 mL GRAFE T, 3% R
PREAR — 5 A —80 °C B AR IR VKA AR A7 A5

I 5E BT AR bR A A e H IK(GSH) i AL
Y1 ALBE(SOD) | i AL S (CAT) FLE AL AE
JI(T-AOC), M 7E Y RLIIM R N B3 B (cortisol)
IR bR AR 4 B B A ) TR S Yt
FRFIUE B A HEA T E o
1.4 HBEBHESHH

2 BB [A] (LTso): AR 4l 48 12 3 5 4 A FL
e R AW O T RS R B PO e
i [] R RTBSAE UL, 5 300 S 1oy B[] [ BB T 2R 1R 46
PERB, MRIEZR AT N 1.0 mg/L (R
TR Z 2 BT ]

y=algx+ b

o, y AR, x e RIZ AR T I E] (h), a
Il FE B AR, b Ry [l 5 R EL R

S AR EFEA R OCR[oxygen consump-
tion rate, pg/(g-h)|TTHE A N:

OCR=(DCy—DC))V/W/(T—Ty)

3, DCo 1 DCy 4311 A 52 0 25 SR 25 1 MR
AR P A SR TR EE (ug/L), VO R IORLRY
PRB(L), W hy 256 ) 2 IR (g), To F1 Ty 2351
ST bR A4E A E] (h)

I ZHEZ % AER[ammonia-N excretion rate,
ng/(g- h)IHE AR R

AER= (N; — Np) V /(W-1)

Arh, AER RHFZER [pg/(gh)], Noo Ny 435128 5%
BRGSO NHG-N & & (ug/L), V
WFIORARER, Wy SEgn i S A, t S S Hrs:

B[] o

FIFH 3 Hr i SPSS 19.0 X %CHE #4758 143
BT o Bt LOF- S E AR 1R (X £SE) Fom, B gh
R H &R J7 2 70 T (One-Way ANOVA), P<
0.05 F#/nA o EF M2 55 R A A Duncan ZH {5
R 30 ok LU B0t =2 [ ) 2 S vk

2 #RE5HW

21 BERMEEMETRHSHITANEREF
B FE Bt (8]
211 1TAME  SEMAIN, B RES
M) L ICAT, NG AR 1O e 5 LAl A 9 2 ik /D
2T R FRITR  Bif 0 B ) B G, ) 20
KREMBRET], FEETEM T, &R0 2 1 58 s —
Wl K, JE AL BT
212 HEFFEETE  AREWSCEAE R, ALmH
W 7K/ 2 RS R Z4E 25°C | 1 mg/L DO
WRBE T 1921 OBE R []  RBAR 4L 30 Skl = k4T
AL, BRAS 4 3k, B&EEEN 26 3k, 1T
A LTso 4 33.37 ho /NALASZH I 40 K =i
ITHEOLE S, FAERRRZ 6 3k, mAEEN
34 3k, LTso & 28.84 h.,

B o 1) 1] S 1A SR TR OF (1NN ST M Ny NI
2 FhRUAS 0 2 0 2 BRI [A] WL 1
22 BERMESMETIHNSEERZESENESR
RHTH

WE 1a Fi7R, 45 DO B4 MRS Il 21
JB ] HE 4K 2% 5 1 #(P<0.05): 1 mg/L DO ik iE 4
H RS RIS IR RIFE S R 1.32 pg/(gh), WK
T3 mg/L 4114 7.38 pg/(g-h) I 4111 6.97 pg/ (g-h)
(P<0.05); 3 mg/L 4 MFES 5 B IRNE = T 4,
8 = 26 2 58 B3 (P>0.05), WK 2a firs,
AARMART S B RHZ SRR 0.42 pg/(gh),
BEET 1 mgL 19 029 pg/(g-h)Ml 3 mg/L 1
0.25 pg/(g-h) (P<0.05). F& 3 mg/L 41 RFESR
R 5 I 3 (P<0.05), A4 2 s AR SR RN HE
RARY W FEZE R (P>0.05), BEKYL, 1 mg/L
DO BT KA HI 2 1 AR K7 2 3 I 4
PO E A EI R AW L SY N S NS
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Fz1 1mg/lL KEMET 2 MMEH S 8 F BT E
Tab.1 Median lethal time of two sizes sea cucumber Apostichopus japonicus exposed to 1 mg/L dossolved oxygen

BEAH % ST Al ST IR 00 ST % R0 (y) LTso fii/n
sample number time of death logarithm of time mortality probit medlgn lethal
of death time
L S L S L S L S L S L S
1 1 29 25 1.4624 1.3979 4 3 3.2493 3.1192 33.37 28.84
2 2 30 25 1.4771 1.3979 8 6 3.5949 3.4452
3 3 31 26 1.4914 1.4150 12 9 3.8250 3.6592
4 3 31 26 1.4914 1.4150 15 12 3.9636 3.8250
5 5 31 26 1.4914 1.4150 19 15 4.1221 3.9636
6 6 32 26 1.5051 1.4150 23 18 4.2612 4.0846
7 7 32 26 1.5051 1.4150 27 21 4.3872 4.1936
8 8 32 27 1.5051 1.4314 31 24 4.5041 4.2937
9 9 33 27 1.5185 1.4314 35 26 4.6147 4.3567
10 10 33 27 1.5185 1.4314 38 29 4.6945 4.4466
11 11 33 28 1.5185 1.4472 42 32 4.7981 4.5323
12 12 33 28 1.5185 1.4472 46 35 4.8996 4.6147
13 13 33 29 1.5185 1.4624 50 38 5.0000 4.6945
14 14 34 29 1.5315 1.4624 54 41 5.1004 4.7725
15 15 34 29 1.5315 1.4624 58 44 5.2019 4.8490
16 16 34 29 1.5315 1.4624 62 47 5.3055 4.9247
17 17 34 29 1.5315 1.4624 65 50 5.3853 5.0000
18 18 35 29 1.5441 1.4624 69 53 5.4959 5.0753
19 19 35 29 1.5441 1.4624 73 56 5.6128 5.1510
20 20 35 29 1.5441 1.4624 77 59 5.7388 5.2275
21 21 36 29 1.5563 1.4624 81 62 5.8779 5.3055
22 22 36 29 1.5563 1.4624 85 65 6.0364 5.3853
23 23 36 29 1.5563 1.4624 88 68 6.1750 5.4677
24 24 37 29 1.5682 1.4624 92 71 6.4051 5.5534
25 25 37 31 1.5682 1.4914 96 74 6.7507 5.6433
26 26 38 31 1.5798 1.4914 100 76 5.7063
27 31 1.4914 79 5.8064
28 31 1.4914 82 5.9154
29 33 1.5185 85 6.0364
30 33 1.5185 88 6.1750
31 33 1.5185 91 6.3408
32 33 1.5185 94 6.5548
33 34 1.5315 97 6.8808
34 34 1.5315 100

T L FR KRS S FoR/ IS 2.

Note: L denotes large-size sea cucumber Apostichopus japonicus; S denotes small-size sea cucumber Apostichopus japonicus.

WA 1o FE 26 frs, 45 DO R 2H /A%
2 1 e 1] TR [1) 6 48038 2 S 4 A (b 35 (P<0.01);
1 mg/L 41 R HEZ %0 0.38 ng/(g-h), 3 mg/L A&
EHEE RN 0.41 pg/(g-h), 705905 % E A e HER

I 0.54 pug/(g-h), 2 WEMEZER(P<0.05), 1 mg/L
AR AHEER N 0.36 ug/(g-h), 95 3 mg/L 4
) 0.58 ng/(g-h)FIH A4 0.60 pg/(g-h) 2 o M
2:5+(P<0.05). 3 mg/L 4B RAEE R AHEE %
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a 121 o B#EE R daily oxygen consumption rate b 12 o B#EE K daily oxygen consumption rate
6 10 = #EE % nightly oxygen consumption rate 5 10 —=- B FEE K nightly oxygen consumption rate
o - o 9. =
= 8 n3ESE o . =3 n=8; T+SE s
& &
> 6 E
= =

2 2
e v ui] .5

0 0

1 3 5 (% ordinary DO) 1 3 5 (% ordinary DO)
DO/(mg/L) DO/(mg/L)
P AREEURE T KK () FLZINBLAR (b)) 2B AR R 1 52 )
KHUMEARE (31.68+3.29) g, /IMIAKIATE(11.12+1.82) g.
Fig. 1 Effect of hypoxia on diurnal oxygen consumption rate of large-size (a) and small-size (b) sea

cucumber Apostichopus japonicus
The mean weight of large-size is (31.68+3.29) g, the mean weight of small-size is (11.12+1.82) g.

2 087 o SHERSK daily ammonia-N excretionrate 05 [ 7 FERACE daily ammonia N excretionrate
% 0.7 | ¢ HEZ K nightly ammonia-N excretion rate g 0.7 1 gty
< 0.6 _ 0.6 1
= n=3; x+SE =
=05 5 03T
S 04 S 04|
303 031
%{r 02 %f 02}
2 0.1 & 0.1
0 0

1 3 5 (¥ %K ordinary DO) 1 3 5 (%% ordinary DO)

DO/(mg/L) DO/(mg/L)
B2 RS ME X AL () F/NRLAK (b) I 2 B HE R R A5 R

KIARIRTE (31.68+3.29) g, /INIHKEIATE (11.12£1.82) g.
Fig. 2 Effect of hypoxia on diurnal ammonia-N excretion rate of large-size (a) and small-size (b) sea
cucumber Apostichopus japonicus
The mean weight of large-size is (31.68+3.29) g, the mean weight of small-size is (11.12+1.82) g.

Y5 B 2% 2 5(P<0.05), [AFE, 1 mg/L DO ¥ E T
JNFIAS )2 B9 AR KO KT H A6 IR,
CIE AW E s N S N

23 BRMESHETHS 4 MASLIERN
T

300, 76 1 mg/L DO 4L M, Fif e fisf ] fE
K E WA g5 dmt, KBS RIS R GSH & &
LT R K P (P<0.05), SOD 1 7 Ak 5 9t
TR, CAT &)1 2RI F S ks, |
FEMRE 24 h B XK TG i3 25 57 (P>0.05);
i 24 h Bf T-AOC {if J1 & 3 FE AR T XF B 41
(P<0.05); Jifpidl 3 h B/ HIl SR GSH %
DN, WA 24 h B S5XT AT R EEE R
(P>0.05), SOD {if Jj & ¥ 56 Tt 15 J5 B AR 9 e 3,
CAT 1% 1 25T m R AR &, T-AOC i J) 2
AARFEAAE . 38 24 h BF SOD. CAT il T-AOC
15 3 5 %0 BOC i 3 25 55 (P>0.05). EAAEH 72

AN, R/NAS I SR R GSH & . SOD .,
CAT F1 T-AOC i J1 ¥ etk 2 2| 5 %) i 4 Jc il 2
22 5 (P>0.05) 1 7K .

4 2B, 7 3 mg/L DO B, Hp36 49 fa) 2 bk
SRR ) GSH % & . CAT . SOD Fl T-AOC
T ARk a3 5 1 mg/L I KAk —3%, B A5
72 /NEE, R/ANAS I SR BB W GSH & i .
SOD . CAT #l T-AOC i J1 ¥y fig i & 1| 5% R 41 o
L2 R (P>0.05) A K

&5 %0, 75 1 mg/L DO 4, BEME i ] 4E
K, KIS A i GSH 5 e AR T,
TE 38 25 R B 5 R 4 TG W P 25 7 (P>0.05),
SOD {if I T RE#aH, CAT 7§ 1 BTy,
TEMMRE 24 h B 25 T X% BEOKF-(P<0.05); T-AOC
TSR TR, a4 s i 2 KT X B KR
(P<0.05); T /NEAK FIZ IR A GSH & i 2 T RF

s, Wi 24 h KT K F(P<0.05); SOD
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W 1 RAETHE R RN H, ha 24 h B EKT
Xf HEIKAF-(P<0.05); CAT i 7 22 B i v i
PO ha 24 h B2 T X K (P<0.05); T-AOC
6 SR AL LA, it 45 o A 5 6 B KOS TG
EM2F(P>0.05), ZAJGH 72 h, KHAEHIZIT
WA ) GSH & £ i 2 Ik T Xt BEUK P (P<0.05),
SOD . CAT i 11 . 3 i Xt B /K F-(P<0.05), T-AOC

6 7 42 2K T X BB K (P<0.05); /INBL A 3 2 I
W GSH 2 it 5 X FRK PTG i 25 7 2% 7. (P>0.05),
SOD . CAT HI T-AOC {if /134 & I 7%} B (P<0.05).,

WK 6 frz, 183 mg/L DO 2, Filraf 30 18] g
FhEIAS JIZ A Y GSH &5, CAT. SOD Fil T-
AOC i 1728k #4351 mg/L 4Kk —3. B&
55 72 /B, PR I SR Y T-AOC 1% 113

BRI large-size O/ small-size n=5; x+SE

al
6 b
o b
i ab L)
E 4
= Bl| p
E2p B
0
6 12 24
80 -
c
~ 60 D, D ab
g a E
2 40
a
o
17

CAT/(U/mL)

'€25 AB

£ A

820 AB

S L5t

8 IO-A b be abc Babc
& e E BE

12 24

36
IfjE]/h time

SOD/(U/mL) GSH/(mglL)
S

CAT/(U/mL)

-AOC/(U/mL)

T
=

S W
.

8r

(o))
T

[\S]

S

c 1 36 12 24 48 72

(o)) o]
(=] (=]

S
S

c 1 3 6 12 24 48 72

c 1 3 6 12 24 48 72

20
1.5F

—
[=]
T

C 1 3 6
fflE]/h time

12 24 48 72

K3 1 mg/L IREIEFIE ES 2 FhRUAS 20k T A e b i 28 1k
al. a2, a3. a4 AMHCEME BB GSH & i, SOD ¥ J1, CAT i /1l T-AOC i J1; b1, b2, b3, b4 AL ERE EB B
GSH % &, SOD i JJ, CAT 1% JJ FI T-AOC{E Jj. C: X IR, AR KRS FBEA [F) 3R KOS Hil S [ Ab 2L B[R] =2 ] 57 J 35 (P<0.05);
ARG RN [R) R /N 2 A [ Ak B ] 41 1] 22 57 . 3 (P<0.05).
KA A (33.83+4.22) g, /INHLAS 1A (10.89+1.58) g.
Fig. 3 Changes in the antioxidant indices in the coelomic fluid of two sizes of Apostichopus japonicus
exposed to 1 mg/L hypoxia and reoxygenation
al, a2, a3, and a4 denote the content of GSH, and the activities of SOD, CAT and T-AOC on the stage of stress, respectively.
bl, b2, b3, and b4 represent the content of GSH, and the activitives of SOD, CAT and T-AOC on the stage of reoxygenation,
respectively. C: control group. Means with different superscript capital letters are significant different in large-size sea
cucumber among different groups at various time (P<0.05). Means with different superscript lowercase letters are

significant different in small-size sea cucumber among different groups at various time (P<0.05).
The body weight of large-size is (33.834+4.22) g; the body weight of small-size is (10.89+1.58) g.
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B UM large-size O/NIIA% small-size n=5; x+SE

81 al 8rp1
7t 7L € .
6 _6f ¢
3 s 35 hl ;
£ EBELE » o2
3 z 3t Aa
w2 w2
O 2 O 2f
1 1k
0 0
gg:aZ ;‘g'bz
D D D
—~ 60 b ab ab ~ 60} d [
b (6] (¢)
E sof ch Ca:  E soifa e cb "IN
S4ffll| aB| A B S a0} B B
3 30l 8 anl
8 30 8 30 Al
» 20 “ 20t
c 1 3 6 12 24 C 1 3 6 12 24 48 72
18 ¢
¢ co. D 16 | b3 E
[4 (v L D
- B B 14 D
¥ 3 12} Bcd C
E E “[AB A A
=} 310 be c b
: £ ol 1 E
&) ab S or a a
4|
| 2|
' - - 0
3 6 12 24 C 1 3 6 12 24 48 72
30 14
~ A2.5‘
=
E Ez.o-
2 c B
S 15t S
8 B ¢ Bbc B 8
il CI T ab <
FO.S— ﬂ Aﬂ A I ﬂ a &
0 A oWl ‘ ,
cC 1 3 6 12 24 C 1 3 6 12 24 48 72
i [El/h time A IE]/h time

Kl 4 3 mg/L IRAUMNE RIS EUG 2 Bl R Z R i b A AL T prR i A2

al. a2, a3. a4 4> WREME N BN GSH & &, SOD % /1, CAT 3% 11 T-AOC 3% 77; bl b2, b3, b4 /Bt G A B By
GSH ¥ &, SOD & 1, CAT {& 71 F1 T-AOC & /1. C: XFHR; AR KE FHREAS R 2R REUAS i) 2 A5 [R] b A (] 22 6] 5 ) 3%

Fig. 4 Changes in the antioxidant indices in the coelomic fluid of two sizes of Apostichopus japonicus

(P<0.05); hR/NG FRER R F R /NS H 2 A5 [R) Ak # A R) 4 1) 22 57 Bk 3 (P<0.05).
KIARAR T (33.8324.22) g, /NIRRT (10.89+1.58) g.

exposed to 3 mg/L hypoxia and reoxygenation

al, a2, a3, and a4 denote the content of GSH, and the activities of SOD, CAT and T-AOC on the stage of stress, respectively. bl,
b2, b3, and b4 represent the content of GSH, and the activitives of SOD, CAT and T-AOC on the stage of reoxygenation,
respectively. C: control group. Means with different superscript capital letters are significant different in large-size sea cucumber
among different groups at various time (P<0.05). Means with different superscript lowercase letters are
significant different in small-size sea cucumber among different groups at various time (P<0.05).
The body weight of large-size is (33.83+4.22) g; the body weight of small-size is (10.89+1.58) g.
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THETHEERRAL, ERAESE 72 DR E F
5xIEH I B FEZERH 30.13 ng/mL(P>0.05), /)
FASHISA 1 mg/L [REMHE T 1 h )5, RER
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(P<0.05); bAR/NE FEER R RS /NS ) 2 A5 [R) b 8L [ 28 [/] 22 5= 1 35 (P<0.05).
RIS VR (33.83+4.22) g, /MK /AT (10.89+1.58) g.
Fig. 5 Changes in the antioxidant indices in the respiratory tree of two sizes of Apostichopus japonicus
exposed to 1 mg/L hypoxia and reoxygenation
al, a2, a3, and a4 denote the content of GSH, and the activities of SOD, CAT and T-AOC on the stage of stress, respectively; b1,
b2, b3, and b4 represent the content of GSH, and the activitives of SOD, CAT and T-AOC on the stage of reoxygenation,

respectively. C: control group. Means with different superscript capital letters are significant different in large-size sea cucumber

Apostichopus japonicus among different groups at various time (P<0.05). Means with different superscript lowercase letters are sig-
nificant different in small-size sea cucumber Apostichopus japonicas among different groups at various time (P<0.05).
The body weight of large-size is (33.83+4.22) g; the body weight of small-size is (10.89+1.58) g.
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27.96 ng/mL (P<0.05); &5 1 h, KW BEE  26.12 ng/mL (P>0.05).
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Fig. 6 Changes in the antioxidant indices in the respiratory tree of two sizes of Apostichopus japonicus

exposed to 3 mg/L hypoxia and reoxygenation
al, a2, a3, and a4 denote the content of GSH, and the activities of SOD, CAT and T-AOC on the stage of stress, respectively; b1,
b2, b3, and b4 represent the content of GSH, and the activitives of SOD, CAT and T-AOC on the stage of reoxygenation,
respectively. C: control group. Means with different superscript capital letters are significant different in large-size sea cucumber
Apostichopus japonicus among different groups at various time (P<0.05). Means with different superscript letters are
significant different in small-size sea cucumber Apostichopus japonicas among different groups at various time (P<0.05).

The body weight of large-size is (33.83+4.22) g; the body weight of small-size is (10.89+1.58) g.
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Fig. 7 Changes in contents of cortisol in the coelomic fluid
of two sizes of Apostichopus japonicus exposed
to 1 mg/L hypoxia
C: the control group; H: hypoxia stress group; R: reoxygenation
group. The body weight of large-size is (33.83+4.22) g; the
body weight of small-size is (10.89+1.58) g.
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Fig. 8 Changes in contents of cortisol in the coelomic fluid
of two sizes of Apostichopus japonicus exposed
to 3 mg/L hypoxia
C: the control group; H: hypoxia stress group; R: reoxygenation
group. The body weight of large-size is (33.83+4.22) g;
the body weight of small-size is (10.89£1.58) g.
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Effect of high temperature and hypoxia on median lethal time and
physiological function in sea cucumber Apostichopus japonicus of two
sizes

ZHOU Xiaomeng', ZHANG Xiumei'?, LI Wentao'

1. Key Laboratory of Mariculture, Ministry of Education; Ocean University of China, Qingdao 266003, China;
2. Functional Laboratory of Marine Fisheries Science and Food Production Process; Qingdao National Laboratory for
Marine Science and Technology, Qingdao 266071, China

Abstract: An experimental ecological method was used to determinate the effects of hypoxia on the median lethal
time (LTsy) and physiological function of two sizes of sea cucumber Apostichopus japonicus (large-size: with a
body weight ranging from 28.00 g to 36.00 g; small-size: with a body weight ranging from 9.00 g to 13.00 g) at
high temperature (25°C). The LTsq in the two sizes of sea cucumber at a dissolved oxygen (DO) concentration of
1 mg/L were investigated. The diurnal metabolism in the two sizes of sea cucumber at DO concentrations of 1, 3,
and 6.5 mg/L (normoxia) were estimated. The glutathione (GSH) content and activities of superoxide dismutase
(SOD), catalase (CAT), and total antioxidant capability (T-AOC) in the coelomic fluid and respiratory tree, as well
as the cortisol level in the coelomic fluid at 24 h hypoxia stress (the DO concentrations of 1 mg/L and 3 mg/L) and
72 h reoxygenation of the two sizes of sea cucumber were also measured. The results showed that, at first, at the
DO concentration of 1 mg/L, the LTs, for the large and small-size sea cucumber was 33.37 h and 28.84 h, respec-
tively. The metabolism in the two sizes of sea cucumber was significantly lower than that in the normoxia condi-
tion (hereafter control), the overnight metabolic intensity was higher than during the daytime, and metabolic in-
tensity in the small-size sea cucumber was higher than in the large-size one. Secondly, during the 1 mg/L hypoxia
stress, the variations of the four antioxidant indices in the coelomic fluid in the large-size sea cucumber and those
in the respiratory tree in both sizes of sea cucumber were similar: compared with the control group, the hypoxia
exposure decreased the content of GSH and the activity of SOD and T-AOC, but increased the activity of CAT.
However, at the end of the hypoxia stress, the content of GSH and the activity of SOD, CAT, and T-AOC showed
no significant difference from the control group. After 72 h of reoxygenation, the above four antioxidant indexes
of the coelomic fluid in the two size groups of sea cucumber recovered to the level of the control group but the
four antioxidant indexes of the respiratory tree did not. During the 3 mg/L hypoxia, the variation trend of the four
antioxidant indexes in the coelomic fluid and respiratory tree of sea cucumber was consistent with those in the
1 mg/L group. After 72 h of reoxygenation, the above four antioxidant indexes of the coelomic fluid in sea cu-
cumber recovered to the level of the control group. Except for T-AOC, the other three indices of the respiratory
tree also recovered. The recovery ability of the small-size sea cucumber was higher than that of the large one after
hypoxia stress. Thirdly, at the DO concentrations of 1 mg/L and 3 mg/L, the content of cortisol in the coelomic
fluid of both sizes of sea cucumber was significantly higher than the control group at the end of the stress (P<0.05).
The level of cortisol in the coelomic fluid of the large-size sea cucumber was higher than in the small one but both
recovered to the control level after reoxygenation. The results showed that if the hypoxia duration is less than the
LTs0 (24 h, for example, in this paper), sea cucumber can alleviate the oxidative damage. However, if the time un-
der hypoxia exceeds the threshold value, sea cucumbers will suffer irreversible damage and die.

Key words: high temperature; hypoxia; Apostichopus japonicus; median lethal time; metabolism; antioxidant abil-
ity; cortisol
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