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Effects of Hypoxia on Respiratory Metabolism and
Antioxidant Capability of Macrobrachium nipponense

GUAN Yue-qgiang, LI Li, WANG Hui-chun, WANG Zhi-li
(College of Life Sciences,Hebei University,Baoding 071002, China)

Abstract ; The effects of hypoxia stress on respiratory metabolism and oxidant metabolism of Macro-
brachium nip ponense were investigated, while the mechanism and the antioxidant response mechanism were
primarily discussed. Adult shrimp were exposed to hypoxia((2+0, 2) mg/L,8 h),followed by reoxygen-
ation((7=+0. 2) mg/L,2.5 h). The results indicated that, with the duration of hypoxia exposure,activities
of cytochrome ¢ oxidase(CCO)and succinate dehydrogenase (SDH)of M. nipponense’s hepatopancreas and
muscle tissues were significantly lower compared with the control group(normoxia level) (p<<0. 05). Mean-
while,fumarate reductase(FRD)and lactate dehydrogenase(LDH)activities were significantly higher com-
pared with the control group(p<C0. 05). Total antioxidant capability(T-AOC)and catalase (CAT)activities
significantly increased ( »<C0. 05), but superoxide dismutase (SOD) activities significantly decreased ( p<<
0.05). Activities of CCO,SDH,FRD,LDH,CAT and SOD gradually returned to the normal level during
reoxygenation, T-AOC significantly decreased in the first hour of recovery(p<C0. 05), then returned to
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control level. It indicated that the level of aerobic metabolism decreased while that of anaerobic metabolism
increased which could maintain energy supply under hypoxia stress; Increment of T-AOC,CAT activities
and decrease of SOD activities might be a antioxidant strategy to adapt hypoxia environment.
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1 #RE57%

1.1 XRHH

TRFAAABTEETFHEERETERE. AEN L0205 cn, RBEBRFENMETFEEE
KGRl A kB 25 C,EEFXS,.DO REKREN(7.020.2) mg/L, HitK 1 K, HKERHBEH
1/3~1/2, B R BB ERBREN 1 K, TR 2 dFR.
1.2 EWigit

LI AN A K 3 N FATKE. BAKME (50 emX 20 cm X 30 em) i 30 B B A& /R 4F, K| 25 C. 5%
K ESMRA DO RBEWRE S X 2.0+0.2)#1(7.0%0.2) mg/L, LR FIHEFEMR 20 min /| Hanna
HI 91437 i # X 75 E L (Hanna 27, BRFD MRk DO REKRE. EdRBE, REKUAWAKF
BDOREBWRE  CHERERELER. LR EFBIFEELTHR. B E K 0,2,4,6,8,8.5,9.5
#110.5 h. 57 5 BB ZU R IRER B . 5 3 MR ZAE LB R,
1.3 XBHE

BAABIFFERANAZ.2g, EF L5 mL BOEP REXBBEA P, MEHEA—80 CKEARE
2~3dEME FRBASMA4SERAA SR B MR OHT. O, 0%, BFRAKBIX, T4 CTF
4 000 r/ming.C> 10 min, B L1 #,4 'CTF 10 000 r/min .3 20 min, FEB S E B THREMLB AW E, T
RPESLRE BUSKEWEES, 5 ERRARA, SXBATRMMEBKE AMSDH) , IR XA
LB (CCO) #I FE A R MR E IR A (FRD)IE 1l s LA AL UM A 10 fE B 5K s (pH 7. 4), Kb #
fERLE, EEBERMERELENN, R EARBE AR (LDHEA.
1.3.1 W AumEEHHRE

SDH ¥ AR 2,6- _AMERAEREME AAEMTEREREY I EH R ;CCO E N R E
£ B Affonso™ % ; FRD 5% A1 M £ 2 % Xiao'" &y 8 ; LDH & J1 #i & £ % Worthington {7 . 8
EHEAH K U/mg, REHALTER+TE mg BEARPEHKBE S BAH.
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1.3.2 HEARLEIHHE

T-AOC(%B R )l SODBKER I EHIRARN E(EREREY LBHEOME;CATES
RAHREHAENE ZNARASAFHNECSTERALSIHREE A IS ZE, U4 175 8 E A (BSA) AR
MEAEEAS BRI,
1.4 HESH

iR R A SPSS11. 5 S H S M B BN 7 2 4487 (One-Way ANOVA K BB SR BELZRIFBEAR
Rtz 55 BAKEHETEEEEZR. WAHTT Levene FEFURE . EHEFE, %A LSD R K#
TEERE. R cRBHEX BRARFBERSVAHSHNEESN. U p<0.05 7R BEKFE.

2 &R

2.1 AXBHERKEHHTFTHEL

%188 MEREEZHENER,SDH f1 CCO i HEHEMK. KERE 4,6,8 h i}, AR SDH
MCCOFENBEMRTX BA(p<<0.05),H 8 h BB H TG A PIBAIKME; (KA E5% 6,8 h i, LAY SDH 7
CCOENBEMTIRA(H<<0.05),8 hEfHiEE N AP BARE AE AR E,8.5 htf fiFEEBRFIALA SDH
MCCOFENEMET 8 h, BNEWBAFREEER (»<0.05),9.5,10. 5 h Bf ,SDH il CCO §& f1 B 1
i, 53 BABERER, CREER($>0.05).

FRD # LDH E W E R ERBA M ERZHT Y M. KERE 4,6,8 h i}, fF B FRD i%j:l 53t
HAREBEER(p<0.05),H 8 h i FRD iF /s B AMH K& %% 6,8 h i, UL FRD # LDH {5 55+
HAFBEER (p<0.05),8 h iy FRD #1 LDH {E X B B X EH. AHE AR B ,8.5 h i BB AL A FRD
EHEWET 8 h, BEINBEE T RAH(p<<0.05).9.5,10.5 hif ,FRDIEN S BALX B EER. T
W LDH fi&,8.5,9.5 h i}, HIENMMEES FXHBA,10.5 h if, LDH & H#Ex BA. A BHA R &
6 4P JF B R 41 2 89 VR TR X i B SDH,CCO #1 FRD & J1 8 3 7 T WL 1A P 4 57 1P % 4R 189 B 1% o (<<0. 05).

£1 RENBDEBRHELHRRERETNHEN
Tab,1 Effects of hypoxia on respiratory metabolic enzyme activities in the tissues of M. nipponense

U/mg

t/h
hog

¥ B AR
SDH 3.90+0.09 3.9530.19 3,7940.25 3.45+0.11¢ 2.8610,14* 1.9740,07* 2,70£0.13* 3.70£0.19 3.84%0.19
CCO 7.52£0.12 7.3640.35 7.124+0.32 5.601+0.26" 4.86+0.36" 3.62+0,27* 4.251+0.22* 7.04+0.12 7.5140.14
FRD 1.234+0.13 1.2240.09 1.391+0.09 1.6810,19* 2.50+0.08* 3.06+0.15* 1.824+0,12* 1.3440.17 1.2310.10
8]
SDH 2,8340.14 2.861+0.10 2.68+0.08 2.62+0.05 2.38+0.08" 1.83%+0.08* 2,18+0.11* 2.67+0.07 2.84%0.10
CCO 3.92%+0.21 3.9140.25 3,74+0.26 3.63:+0,12 2.82+0.17* 2.4830.05* 3.14+0.10* 3.69:£0.20 3.900.28
FRD 0.72£0.04 0,7440.01 0.784+0.03 0.794:0.04 0.95+0.06* 1.20£0.07* 1.1040.05* 0.791+0.01 0.78+0.17
LDH 179.1249.03 178. 34+6. 27 189.9+4. 54 216,625, 35" 275, 259, 56* 331, 94::10.2*  264+4.94* 210,2944,75 177. 3118, 65

G =V ELHEE (MeantSD),n=4," KRR G5X BE X H B ¥ (»<0.05).

2.2 BEENHEXEHHEL
%2 B ERARRHEGER, T-AOC §1 CAT 3 HE#H . KERE 4,6,8 h B, FFER T-
AOCHICAT B A BER TXHH(p<<0.05), B 8 h A EH AP B KME. (KERE 6,8 h af, JLpg T-AOC
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FICAT EHBER T3 A (p<<0.05),FHE 8 h B XBIRKE. XA K,8.5 h bf iF B F AL
B T-AOC fi CAT i 1 BMET 8 h (B 5 MAMNAE BEX R (p<<0.05). AR T-AOC % 9.5 h &, {3
BEETFRE,10.5 h o fFFEER T-AOC HE B4, Ll T-AOC# 9.5,10.5 h i SN RAN T E F =
F($>0.05).9.5,10.5 h it FFEER AL CAT Eh 5 BA XL EEE R (p>0.05).

SOD E HERARBHAIMNEKZH TR KERE 4,6,8 hid, FEIR SODFEASHBAREH
EH(p<0.05),H 8 hif SOD FEHBFRZERMK. MERR 6,8 hid, LI SODFEHBER TN A<
0.05),8 hit SODE HMERIE. ZHEHZEHR,8.5hat SODFEHEBETF S h, BMEERTIEA(H<
0.05),9.5,10.5 h B, SOD EH E# M, SHBAXL B EER. Wi, AEBIFFEBRARY T-AOC,
CAT #1 SOD % }1389 8 F B F VLo & 48 B 5 E AL #8475 (£<0. 05).

%2 BEENBAXBTAKRRELENHES
Tab.2 Effects of hypoxia and reoxygenation on antioxidant capability in the tissues of M. nipponense
U/mg

t/h

xR
0 2 4 6 8 8.5 9.5 - 10.5

FF R ,

T-AOC 3.53+0.14 3.6840.09 3.7210.08 4.3040.12° 4,7040.13* 5,50+0.16* 4.56+0.13* 3.0840.14 3.68+0.09
CAT 26.0540.48 26,32+0.56 27, 78%1.24 33.381+1,10* 35.76+1.32* 40,31+2.15° 34.09+0.75* 27.85+0,33 26.08+1.24
SOD 15.31+40,.37 15.5540.40 15.060.85 14.2340,27* 12,5440, 69" 8,171£0.45" 10.09+0.48* 14.72%0.20 15.4210.21
e

T-AOC 0.98+0.07 0.98+0.12 1.0540.08 1.1040.01 1,37+0.05* 1.60+0.08* 1,31+0,06* 0,87+0.02 1.00%0.06
CAT 4.984+0.18 4.,96+0.13 5.1240.17 5,32+0.11 5.83+0.14* 6.58+0.13" 6,06%0.10* 5.21+0.11 4.96+0.11
SOD 8.29+40.27 8.2840.38 8.06+0.49 7.96+0.17 7.1940.17* 6.54+0.26* 7.06+0.17* 7.9710.10 8.22+40.34

8% =V H 45 %E (MeantSD), (n=4);* R 5X R4l £ 5% B ¥ (»p<<0.05).

3 Wt

3.1 REMBXBNFRRHEBEIHER

SDH #1 CCO R A ENRMPREEM 2 #8, HF N X PEERBA KRB KFE . TaR LR
s EERLA FRD # LDH. FRD 5 SDH Z#4# EIE# MM, /M5 SDH MR, LA Sk & 5 1k
ERRBREFRRBEAR. XHLTEAARBMFTRGTRE ATP , EREBFERRKER DY P EEIHR
BHRY, LDH A A RER AR MOEEEL, RILGEERBOEES, HEAR M-8
B E R BT AR R iR T

ALK g SDH F1 CCO & 1 E BB ut R K F B, FRD 1 LDH & J1 3 m. 5 € W B P ok % 8 5§
& O % # 8 5 BR 4L K . 7 00 SR AE B 9T R AL 0 3 B 3R 88 (Urechis unicinctus) WER AR i B9 B b &
LB E R LY R E et R EE K , B4k SDH,CCO 15 1 T M, FRD 15 J7 8 38 I, 3 W (& 9 °] BRAE 70 4 T2 9
EMAEREREREOTERB IR, REMESFBNAE LDH EAEN, ERENAPEREL VAR, 8
i BLEE R BE PRt B8, Mauro™ % & F K IR T B K B AT (Macrobrachium rosenbergii) Ifi # I, 9, B %
BEREFE. Racotta® %R B KA M8 (1. 5~2.5 mg/L,3 ) FH LA IE X UF (L. vanname:) i 3 B L8
WIEBERM, A3t BANREER 4 544, 8 Zenteno-Savin FH R FE R 5 A & K §, & BAEE bia
MAREMN RN AREEEE TP H, BAEEEVMMAEEAASDOILREKE B EFHN. HLRIRE
B EEM SR ARKEAE KFEETEEGT LDH BAA R K ELH A RBREL N AMET
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B AREEARBRRABRKEREME, , B EE X ATP, \TIEHB o FH AR ZH T FBH ATP
AEARE.
3.2 RENAXBHRELENNE R

EEYERERAEBAGT, AHEMEHERK=E X R SER, A8 e EkE R EatRnE K
HRVEBETERERKNNINEAD KR, CATH SOD £ 8 BRI EER Y. ALB P CATE S
Bif 3 A% S0 B 38 s (8] B9 ZE K RT3 A0, TG SOD 3% M. HKIEHE AT B RKAFRR T LM O, - HL SOD E 4
B H:0,,0,” « M4 S SOD EHH K, H,O, HAEREHT CATIEN AR, SOD BHMSKEER
BT AR O, » MEB N, B S KA 4 YRR K& YA 56, 7618 38 75 v 40 M By 30 68 0 A > 4l
BEBEE I ESREREEAAY. TTAOCHEREAM N AN EKEEE N, EEVHFERN T-
AOC BERF I HAKYE. ALK T-AOC,SOD #1 CAT FHERiHP K E M8 R EAB B H A BT
HENKRARERW. U ELERS de Oliveira®™ % Zenteno-Savin'™ % i 118 — B, iE B E b 38 B &
ERMEENRBIENRELBEIREREDTL XTRELEYER TENEETS X H K (ERERE
RERA—FH AL S .

Mok, HABIFARRALAFERA RN EBENE AR, SHEE e BERBEEHRRR. Rt
MR AR R EAEAR B HHLUT BB &. 500 M e, 57 B R 4 5 00 & Fh B < 20 B 18 E U
Arun®? 3738 T B KB UF (M. rosenbergii) AR AR SOD I Jy - FFIERE > 88> L ;CAT 35 71 . A B AR > WL
B> XUATHERS A EESHEEL, RGN RN RE B AR RHARGH
HA.
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