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REME|X BARBE AN EETE I R BRGS0

B, IR, MEatdE, ARB ROUHS, RAEL BHEY, RIBES FE
RAE, K, HEF

1. Rt AT il 2 Be, V198 B8 214081;
2. R EDKFERR 2RI BE IR AL T G, AR AR AN IR K O 5 R SRR A P S SRR =, VI L8 214081

WE: HBFSALVE A XK E 5 H 278 IF (Macrobrachium nipponense)$t 2 1L i 1 J1 F 20 21 45 1 A8 4k, Bk =
(2.0£0.2) g 1Y H ZR B UFR 5% T(2.0£0.2) mg/L KA FREEH 24 h, BEBHA(6.0£0.2) mg/L AR, BRHBEE 34
BHE, TMREME Oh, 6h, 12h, 24h BE% 1 h, 6h, 12h, 24 h JPFRAESIGLH X A . ATFBAR & IULA
A, W X B 2 BT R ARG g, IR T AL R R L SR 2 SR, AR S aE B 1R UL P 412 ol S Ak A i
LG (SOD) . it E AL S (CAT) A I H kit AL W BB (GPX)IE 1 JeFH i J5 R I, 3 R s I 7EMRE)hia 12 h B B3
i T B2 (P<0.05), E A BLNLAAIZ s SOD . CAT Bgh /1 2 W sh A8k, GPX BEiE F1fEH A 24 h i g FH KT
X} HE4H (P<0.05), 84121 SOD. CAT il GPX HiiG JI e & Mria 12 h i 5 35 & T X4 IR 41(P<0.05), GPX Rl i J1 7
A 24 h B 3 T IRZH(P<0.05) o ZEAIRSAUB 8 1A (8] AR SOD . CAT 1 GPX B J1 A 1G4 6 h ik B i K(EH
I 535 T4 R4 (P<0.05), 52 AR BL 3 RIS 13 Rk sh ARk, AR N (MDA & it IR S 2 Ay
B 5 2 i T B ZH (P<0.05) o AU B KK 52 I AT HIL IR 2H 2R 28548 7™ A= Y b A9 il 8 2 AR AR 3 B ] i/
A LS SR A HES) & AR KWL, WRPUE R KA RIS A LA, WA A0S 2 & A 2 L 40 il
BEA P, (A58 — S RENWE . IFBERASECE A IR B 41 AceE B AL, Iz i
RN, EE BB B A gk SR AR B . 25 SRR I 2R S a0 AR A2 5 30 H AR VR R T A R S 2 2 2
W51 IR AR 1 & B Ak, H 24 h RIS L LR H AT SRR AR S0 o A2

K HATEIR, (REME; B, HEW R, RRIEHk
FE DS S966 XEkFRERS: A XEHRS: 1005-8737-(2019)03-0493-11

%% (dissolved oxygen, DO)X} /K A= B ¥y
B RKRHEIE, FHARM AN LRI L, LA LL
AEERETR A, EHAK . RE MRS
T R R EEAE . EAER, FRGE M IE KA
RH s A, K AR 8 i R U T I
B e A A AU 3 R i) 5 K B a0 R
o REF, 233 oK A S P HLARAS AT 33 45 47 fif G
AR IE R M RE AT, A SR AREST
M AR AL, B ESEMASET-PL 24 N Ik,

ks B HA: 2018-07-15; 4&3T HEA: 2018-10-27.

A 5T Bl W AR S 38 me 1 ) B 5 AT R IR
B A BN S B L RE S A AR T, HE i 3
RAMG S 16T . BEPR 5 S 4 MG 2 1 D) e S
i nm o =1 TR (ER ik =017/ SIER G273 8 34 e ey |
5 e A R, (SO BB T LB g T R4
FERIE XS 2 A PLANTEE XS B i 28 A4 L PR R ZH 2R 2ok
[LSEERAlNEAE

H 273 #F(Macrobrachium nipponense){# i1
R FHEF, RJE T+ & H (Decapoda), & IFEL

BEEWB: HEARPAREEIH (31672633); BRIk FE AR E B LIUCARS-48); TLIRE BACIO L AR K R

%301 H (JFRS-02).
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(Palaemonidae), JHYFE, #EHEFELS T, 2016
AF4e [ H A TR R SR A 2 A 27.26 7 (1Y,
SR EP RS NIRRT AT R Z —, EAF
Kt T HAVHIF SR AR K . SRR
e RBEOLIE TR B T K, Iz HAEIF A &
AT S8 A= 2 e, KR 1R 8 i 4R B 1 L
A H AR IR R SR N £ 2 ) n
ARk, ARSI A X H A T IR A AR AL K i 1 A
HO SZ AL AT 7R RS, A R P
eSS B SR NI AW I E 3 TP ) 8 T ]
M1, A7 ARG H A T B 24 21 25 14 52 ) 10 B 9 458
b AN UL P AT S A8 X AR Y R P f A R 20
AR AT A L =R C X (1R 7) ST D W E I N
R 2H 2R 4540 A5 A0 52 M O B 5E

BT E el L E T RAA e T H A
THUT 8 h PEBUU B, AR B0k B 1% e
WRE, SR S A2 41T HASTR IR B A L g
WG ARk, TR ES5 LA JHF IR e A il ) 2H 21
iR As Ak, A BRANZH ZUKF- R A 534 H A TR AR
R AU 3 9 A 3 7 Ao A, SR H AR TR IR R R A
DA TR SRR 2 7 S R A 40

1 #MREFE

1.1 SKIG R

ARSI R N T 3556 A ATR IR, BUH SEE
To B KW DX KT R A AR M, SR RA
(2.0£0.2) g fdFREIE Uk 19 H AR {8 BF7E 2 PN B 55 5T
(120 L, 93.5 cmx43.5 cmx30.5 cm) 1% 14 d, %
HARE 1) 3%~5% % IR LG 0k}, B 2~3 d
K 1R, MoK R SRR 50%,
1.2 XWAHZE
1.2.1 8 h FEIEXI oL P E w H A
MR AR AR 5 4T A2 i L, AR 4l S50 T i 1 S
IRV E BRI, SCE i R ARRE 2~3 h H Mettler
Seven2Go Pro S9 FUffi # A %5 SA( (Mettler 23],
Fi ) WK L DO e B . 8 i b 78 AU AR
Kh iy DO etk B, i H AR e BoE W N o
B H AT 8 h 2FRFET- M 8 h &FAATE v At
£ 0.4~6 mg/L, FEULIERE % E 0.5 mg/L. 1 mg/L.
2 mg/L.6 mg/L I 4 NMFAELE, BB IRE 3

AT, FAFATHE 10 BEF, MBI SCHER[21]5E
B R ZE 10 57 H A TR HR 96 Sl Ol S AE T 40k, I
K AR S I S AR, R R Rk
HHAVBAMICE A 8 h L BEHRE
122 HRPRESHE R EEEna T
HAVEER 8 h PRSIk, & E X RA[DO (6.0+
0.2) mg/L1 2 SE 4 [DO (2.0+0.2) mg/L]%H2H 4%
3 AFATA, BTG 35 BAF, &R 2~3 h
W72 IF 4% DO fH . 7Kifli 4(23+0.10)C, pH 8.01+
0.03, 73 7EfE%A Oh. 6 h, 12h. 24 h K% 1 h,
6 h, 12 h, 24 h i, MNA&GLFEHLZENR 5 B H A9
HRIRORE, RIS 3 B . LR RN R A 2 20
RHETRIG, HA-80°C vKAE - A7 H T % 1 1
W, FARNUA . SRR 20K A Bouin’s 1)
Hh i L) 7 A S g
1.2.3 BEREAME 68, WK SRR 5k
Ja, WEMFRIA N, HeE AR 1:9 A
A BRERACKE HI AL 10% M ZHE 503, .0 JF B
TN o Forp a R LA P ] A BRER KRR RS 20 %,
HURE 50 uL M58, H S 73 SR M A 7 P A B R /K
M 10 f%, HURE 50 uL M5E o
1.2.4 &8, ALAFARIRELSNAETFHE [
E U B B e ORGSR BE K, U RE T,
A, R R LESYI R, YIRZ S um
JERE, HIRARE - e, P s A,
OlympusBX-50 %Y= i i B Mg IF 40 I .
1.3 HESH

K JH SPSS Statistics 22.0 4 Hr &4, L5645
PLAP B R HETR (X £SE) R RN o [A] —N I [A] £
PO [B] 5 32 FR ST FEAS ¢ RS i A T b, ()
— 2 N[ E] 5 A £ e 32 A One-Way ANOVA i
T H 25 8 % 0 Rl Duncan’s £ L4,
P<0.05 N 25 W3

2 HR55H.

2.1 HZRBHEN 8 h FEIEKE(LCs)HIME

mE 1 R, HABIMUEMNE 8 h BT
Rt it SRR B P AR T BT GRR 1), DA
S FEA, E At is O A A ST RDR A B AR
THUF 8 h 7K AV fiff 481 B R o 0.85 mg/Ls
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%1 AEREKE BRI EOHM

Tab.1 Effect of different DO level on the mortality of
Macrobrachium nipponense
n=10, X +SE
j?’ﬁ?f\) 8 h SET-XU/FE 8 h mortality amount 5 py 35 -3/
mg average mortalit
DO I 11 11 & Y
0.5 8 10 8 86.67+6.70°
1 5 6 5 53.33+5.80°
2 1 2 0 10+5.80°
6 0 0 0 0!
W RFENEFRERRAFE AL IR T-REEDEEER
(P<0.05).

Note: The different lowercase superscripts mean significant differ-
ences in mortality of different DO level (P<0.05).

2.2 {REBEX B AB IR EE BN
2.2.1 HARBIEAA KL BEROTH  HE
1 AT, Bl IR S 20 B ] A FE G, SEgR gl H AR
TBAFLA SOD., CAT. GPX 3 Fifiih /744 5 3 5
Th s Ja AR AR ke %y, HAE(RAMNE 12 h (H12)
Bf 349 4 2 55 (P<0.05) 35 B fe KAE; AR AW an
24 h (H24)B} 3 Pt A AL B 1394 TR, Hpse
5520 SOD Rl i 77 2 5 T X i 41(P<0.05, & 1A),
CAT. GPX M ) i K TxF B4 (P<0.05, [ 1B,
K 1C); EAWIE, SCE4l SOD G /115 CAT A
AR, B4 24 h (F24) BFSZEG4
SOD. CAT i J1 (K 1A, K 1B)¥ 55X 41T
FEHEF(P>0.05), TLIH GPX G I BT
JE BEARTE T R i A A A, 40 24 h B SCE A
GPX [iff i 7 1o 2K T X B 4H.(P<0.05)

222 HABIMBALARUENBIERNET. H
Bl 2 s, B AR AR B (R S 4, SCE e H
AR EFERZ 20 SOD . CAT Wi S 2 B %6 THE G
TR, HAEMENNE 12 h (H12) B3 8 E T
151 (P<0.05) I 3K Bl K AH, IREMEE 24 h (H24)
fif SOD. CAT 2 Fhi 8 AL J1 34 A TR, Hr
SOD i i 77 i 2 7 T %} R 4 (P<0.05, & 2A),
CAT [ifi% 71 B AKX B4l (P<0.05, &l 2B); 3K
520 GPX il i 1 A AR AR 0 B )5 =, 7RG
FALTE 24 h (H24) BFSCE2H GPX ifiG )5 3 i
KAE I B 257 T3 B4 (P<0.05, K1 2C), E% 1h
(F1) B SOD [fif 77 i 2 v TXTHAZH, B 5550
¢l SOD i1 715 %} FR 4 G 1. 3 22 5% (P>0.05); 5K

B4l CAT MG JI A & AR R 2 3 R R
¥, HE 1 h (F1) CATEHIG s HE Em T
X HRZH (P<0.05), S48 24 h W86 4H 500 IR 2 T8
25 (P>0.05); GPX NG 16 52 S 30 1] 32

Thim HZ % 24 h I (F24) 125 1= 17X BREH(P<0.05).,
n=10; x+SE O X &4 control group
6 & M SE34H hypoxia group
'é 55 cd o
E Z 4t b b b
< g 3 a
B8 > :
83
2 1
0
HO H6 HI12 H24 F1 F6 Fl2 F24
J3E e E] /h exposure time
= apiit trol
B n=10;xSE - ﬁ #2] control group
1.5 d [ S£5684H hypoxia group
b b . b ¢ a
a a

CATY #1/(ng/mL)
CAT activity

0
HO H6 HI12 H24 F1 F6 Fl12 F24
Jif+i8 R /h exposure time
¢ n=10;x:SE  [JXFHiR4] control group

£ I SE534H hypoxia group

N W A

GPX{ #1/(ng/mL)
GPX activity

(=

HO H6 HI2 H24 F1 F6 Fl12 F24
A8 [A]/h exposure time

B 1 ARE IR E X H AV IR LA 24! SOD (A),
CAT (B)Fl GPX (C)i# J1 540
AN /NG b 3R A — A B[R] B[R] g =2 1] 22 7 W 3
(P<0.05), *3& 7 52 4 20 Rt I ZH A oy )5 ] — Bt ] g
#5383 (P<0.05).
HO, H6, H12, H24 73 HIACRAREMHA 0 h, 6 h, 12 h, 24 h; F1,
F6, F12, F24 43 AR AR E 1 h, 6 h, 12 h, 24 h.

Fig. 1 Effect of hypoxia and reoxygenation on SOD(A),
CAT(B) and GPX (C) activities in muscle of Macrobrachium
nipponense
Different lowercase superscripts mean significant differences
(P<0.05) within the same treatment among different times.
*means significant differences (P<0.05) between hypoxia group
and the control group at the same time.

HO, H6, H12, H24 represent hypoxia stress at 0 h, 6 h, 12 h,

24 h, respectively; F1, F6, F12, F24 represent reoxygenation
at 1 h, 6 h, 12 h, 24 h, respectively.
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[ % F&4H control group
[ 5584H hypoxia group

7n=10; x+SE

%3
S
>

SODi% #1/(ng/mL)

SOD activity
N W N
S & 3

—
=]

0 HO H6 HI2 H24 Fl1 Fé6 FIl2 F24
firi8 B8] /h exposure time
20 n=10;%SE O XF B4 control group
[ s254H hypoxia group
¢ .

—_
(%,
T

CATIE f1/(ng/mL)
CAT activity
5

0.5
0
HO H6 HI2 H24 F1 F6 F12 F24
48 I E]/h exposure time
O XT84 control group
¢ n=10;SE & I 52564 hypoxia group
c b
a a a a ab

GPXIE J1/(ng/mL)
GPX activity

HO Hé6 HI12 H24 F1
MBI E]/h exposure time

F6 F12 F24

K2 ARAE SR E ST H AR B IFEEZH 4L SOD (A),
CAT (B)F1 GPX (C)iif J1 #52
ANRING FAE SRR [F]— A R [R] i A] 5 =2 7] 2% 57 i 2
(P<0.05), *3& 7R~ SL 56 21 FN % 18 20 46 36 e [R]— Fsf )
%5 g 3 (P<0.05).

HO, H6, H12, H24 43R ERMLE W38 0 h, 6 h, 12 h, 24 h; F1,
F6, F12, F24 /3 R R EMKZ 1 h, 6 h, 12 h, 24 h.

Fig. 2 Effect of hypoxia and reoxygenation on SOD (A), CAT
(B) and GPX (C) activities in gill of Macrobrachium nipponense
Different lowercase superscripts mean significant differences
(P<0.05) within the same treatment among different times. *means
significant differences (P<0.05) between hypoxia
group and the control group at the same time.

HO, H6, H12, H24 represent hypoxia stress at 0 h, 6 h,

12 h, 24 h, respectively; F1, F6, F12, F24 represent
reoxygenation at 1 h, 6 h, 12 h, 24 h, respectively.

223 HABNAREBEUEMERRET B
(MDA)EERZ K 3 nl %, LK AT BE
SOD [ 7 Bifi 5 e fisf [ 1) 228 4 52 S T 8 ) R AR
B H T AR (P<0.05, K 3A), W
[ SEBR 2 SOD Jigih 11124 T ke H 2 % 24 h Bl &g

FK T X R4 (P<0.05) o 52 56 41 A M AR 41 41
CAT JE 7 7EAR AU a0 199 0] S s 5 ARG, IR
6 h B SCI 2 il i ) 3k B R AR T I 2 R TR I
41(P<0.05, & 3B), {IK4%HE 12 h B CAT BHE )
T B (P<0.05), fIREHE 24 h SL50 4
CAT Wi h A LT H S5 XA T & %R
(P>0.05); E AWML CAT BEIG 1 S shik
Aafk, A 1 h A 12 h BFSCEG A CAT B 1 5 %1
HE A1 TG . 3% 22 5% (P>0.05), &% 6 h il 24 h I 5256
4 CAT BN 1 5 3 i T B4 (P<0.05), L 4H
JFRAR AL h GPX G ) ZEAR A M ae 0 [ S 7
S AR (B 30), R4 6 h 525040 GPX I J1ik
P KA 3% F FE(P<0.05), 52 %30 [A] 52 56 41
GPX [ 12 T K H AR 46 24 h i IR T X e 4
(P<0.05), S2562H HT AR 41 40 h MDA & & 1ER A
KA AW RIS T = 5 T R HIf B
B TR 2H (P<0.05, & 3D).
2.3 REMEX BAZBIAAAALEHEME
WK 4 B, BZASTRER LA 2H 20 5 ias f 7E
2 ISR aE Sk B, LR A 2S5 A HE B K
SR N EEST, A H YT 25, WA 4
[ B A HH B AR A
2.4 {REBMBE X B 73 R 62 48 20 25 5 59 B2 0
JiiriE 0 h([&l Sa)if, H AT IR 6EZ 2250 56 3%,
P b Bz 200 e B Sk 4 i HE 51 38 55, 41 i 4544 LA
FARRZ R TGRSR . eI 12 h (] 5b)
B bR 5 AR A M HES K AR AL S, W2 R
FRIEAEA . ARG 24 h (K] 5c)B W48 41 f % 5
B HE 2 W6 18R 1] B % 4k, DL 34 240
P A, B2 R IE O, A LA
FE 1 h (B SORNRIIZE R IEFREA ik 2,
HIWRGJZ R R i 40 i gk i A b . 4012 h
(# 5e)BfIRGZ R FFIRZE4E, 4 24 h (B 5D
ST 25 32 7 1) A [0 0 25k 2 EL 80 E 3 02,
e R T S A A M HE B 12 PR A AE
2.5 {REMMEXS H 2B AT BE R E R 4 2200
Jp36 0 h([&l 6a)fst, H A< TR AT A o 40 e 2
FIE R B Ao %), REMHE 12 h (B 6b)i B
200 it e HL P S A T Y AR I Sk D, 3 R v
TR ) B I O, AR AEEE 24 h (K] 60)BT, R 4
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n=10; xSE [ X184 control group n=10; x+SE [ X} B84 control group
%\ 2501 A e [ 52564H hypoxia group _ 3rp o [ 2504 hypoxia group
2200 d’ 'ﬁ " "
% 2 £ i) oLoc ¢ cd d
=8 150 £2
R 3 = O
28 100 e
o Eo
7] 50 5
0 0
HO H6 H12 H24 F1 F6 F12 F24 HO H6 HI12 H24 F1 F6 FI12 F24
Jiif s} ) /h exposure time J#iB s ] /h exposure time
%0 n=10; ¥:SE [ %I #4 control group 0- #=10: 5+SE 1 XTHE4H control group
- ’=\1 : ~~ >
g C - @ 5254 hypoxia group 'ﬂ D ¢ [ 5E54H hypoxia group
Z’- L N = = 8r * .
RE 4 =8
3 X ng < 4
g S 2 s,
0 % 0
HO H6 HI2 H24 F1 F6 FIl2 F24 HO H6 HI12 H24 F1 F6 F12 F24
78 T R]/h exposure time Hir3E A E]/h exposure time

B3 RE KR X A ASTE AR R SOD(A), CAT(B), GPX (C)if 77 ) MDA(D) % 2 152 1
ANTR)/ING SR 7 [l — b AN [R] B 18] 15 2 1) 22 S5 835 (P<<0.05); 7% S 6 2 A0S IR 2B 6 b 300 F [ — I 1) 5 2 5 2. 3% (P<0.05).
HO, H6, H12, H24 4> SR EACE W8 0 h, 6 h, 12 h, 24 h; F1, F6, F12, F24 4 BRFIFAME 1 h, 6 h, 12 h, 24 h.

Fig. 3 Effect of hypoxia and reoxygenation on SOD (A), CAT (B), GPX (C) activities and MDA
(D) content in hepatopancreas of Macrobrachium nipponense
Different lowercase superscripts mean significant differences (P<0.05) within the same treatment among different times.
*means significant differences (P<0.05) between hypoxia group and the control group at the same time.

HO, H6, H12, H24 represent hypoxia stress at 0 h, 6 h, 12 h, 24 h, respectively; F1, F6, F12,
F24 represent reoxygenation at 1 h, 6 h, 12 h, 24 h, respectively.

B4 ARSEUMA B A2 00 H AR AT LA SR 1 14 52

a. fIREMHA 0 h W IRADNLN A LRSS I8, HE Ze (5 b, (RS 12 h MLAHZ R, HE Je ;e [REME 24 h L
P A, HE e d. 240 L h R LA USSP, HE B s e BA 12 h R ILAH S RS A, HE e . &

A 24 h E VAR EE R K, HE B 6.
Fig. 4  Effect of hypoxia and reoxygenation on muscle microstructure of Macrobrachium nipponense

a. The microscopical muscle structure of Macrobrachium nipponense in response to hypoxia at 0 h, HE; b. The microscopical muscle
structure of Macrobrachium nipponense in response to hypoxia at 12 h; HE; ¢. The microscopical muscle structure of Macrobrachium nip-
ponense in response to hypoxia at 24 h, HE; d. The microscopical muscle structure of Macrobrachium nipponense in response to
reoxygenation at 1 h, HE; e. The microscopical muscle structure of Macrobrachium nipponense in response to reoxygenation at 12 h,
HE; f. The microscopical muscle structure of Macrobrachium nipponense in response to reoxygenation at 24 h, HE.
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Kl s AR M0 K 52 00 H AT IR 22 5 345 1) 1 52 )
a. fIREEDIE 0 h O BB 22 2 20 A2 R ], HE S b, IR4UPA 12 h B8 22 20 28 A5 18], HE Y
c. {RAAMHA 24 h B2 LV 1], HE Be @ d. B0 1 h R B2 1 2V 4 A ], HE Be s e, A 120 R
822 2 BAAESHI R, HE Yefa; £, 50 24 h 5 622 U 5 B, HE e (a.
CC: WA, CL: W24, EC: LR 4NN ECAD: bR AN HESZEAL; PIC: SCAEANMIHES 5 0L; SL: 2 h.
Fig. 5 Effect of hypoxia and reoxygenation on gill microstructure in Macrobrachium nipponense
a. The microscopical gill structure of Macrobrachium nipponense in response to hypoxia at 0 h; b. The microscopical gill structure of
Macrobrachium nipponense in response to hypoxia at 12 h, HE; c. The microscopical gill structure of Macrobrachium nipponense in
response to hypoxia at 24 h, HE; d. The microscopical gill structure of Macrobrachium nipponense in response to reoxygenation at
1 h, HE; e. The microscopical gill structure of Macrobrachium nipponense in response to reoxygenation at 12 h, HE; f. The micro-

scopical gill structure of Macrobrachium nipponense in response to reoxygenation at 24 h, HE.
CC: chloride cells; CL: curling of secondary lamellae; EC: epithelial cells; ECAD: epithelial cells arranged disorder; PIC: pillar cells

arranged disorder; SL: secondary lamellae.

Ji it A LT B TG B ARk, B A IR iE i
WA AR, 4 M0 A Ll R 2 ) 2D,
JHE/INVERIE S S58B4 228 52 4 1 h (8] 6d)
BF, B 4 it e N ERIs AR B B, &2 4R
12 h([El 6¢e)i}, B 4 A 45 T if R it 3G I H H g 3
iz F AR TR AL, I/ NETERZE A Tk A,
S 24 h (KT 6D, R 4 i s 5 6 B AH HE TR
PR s D, B A AR A T REAR, s
s RBUR R, FLE P30 H 380k ) 5

3 itig
3.1 REMEX B AZ I H 2SR

VI N R = BUR (A D W) A RA B/ N . A B = B =1
B Rl e, B B A YA RS T,
T 7K A2 A W 110 25 8, 05 DU BE Ut sz ke H oI 4

T TR 2 PP AR S v H AR TE SR AR b A 8 h
LR (LC50) K 0.85 mg/L, i P48 J1 45 %}
HRMICEUME 8 h 19 LC50 24 0.77 mg/LPY, HATR
IR AU 38 - BOE R B2 v T 100 R A B H
A TR AR AR A U AR 2, R B AR 5% R BG4
AT FERAETERT 5 h N, SR AMEEF] 8 h
i, HBEEBHEA NS KSR, XRHH AR
%ﬁ%*f?ﬁﬁ%ﬁﬁﬁﬁ%Aw EREigE
b AR A A | TR AR 7 A 2 3 AR AR R
3.2 {REMBX BABIMRKLEE NN

LA Z B e B LA Y ROS & f 23 i1
T, TR RE BB AL R G M BR B ROS A i
20 e S B o et SR AR OB A, AT X AL 1 ol S
TR 5, BLAT i R 4R P P R B AL
FAUHE SOD ., CAT 1 GPX, MRS nl ka4 A
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K6 ARAUE B B2 S0 H A T 0 FF AR b S 2 4 1) 5 il
a. RGO h o IRAD) TR AR 412U A 2544 (5], HE Yefh; b, FRonAREMME 12 h fFBRARA 2 B A5 F 18], HE YL fa;
c. FREMSA 24 h B RA L B M E, HE B d. R4 L h FIFRIRA S BIME I e. FRER 120 )5
ATBRIR AL R AE I, HE Be(a; f. SRR 4 24 h 5 AR IR B M54 1. HE e,
B: ZrUA4HAE, BM: B, LR, R: fEAFAIf, TV: $%i5.
Fig. 6 Effect of hypoxia and reoxygenation on hepatopancreas microstructure in Macrobrachium nipponense
a. The microscopical hepatopancreas structure of Macrobrachium nipponense in response to hypoxia at 0 h, HE; b. The microscopical
hepatopancreas structure of Macrobrachium nipponense in response to hypoxia at 12 h, HE; c¢. The microscopical hepatopancreas
structure of Macrobrachium nipponense in response to hypoxia at 24 h, HE; d. The microscopical hepatopancreas structure of Mac-
robrachium nipponense in response to reoxygenation at 1 h, HE m; e. The microscopical hepatopancreas structure of Macrobrachium

nipponense e in reoxygenation at 12 h, HE; f. The microscopical hepatopancreas structure of Macrobrachium nipponense in response
to reoxygenation at 24 h, HE.

B: secretory cells; BM: basement membrane; L: lumen; R: storage cells; TV: transferred vacuoles.

e (OT )AL X WA LR H0 Al 0,4,
Bk, fRAMNE T HASVHERMA N SOD ., CAT ., GPX
3 FhbUSE AL S 8 BT, R A
I v R H AR ERA N ROS &2 8 3T,
T S O AR Y P R TS S, X SR 98
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Hypoxia and reoxygenation on antioxidant enzyme activities and his-
tological structure of Macrobrachium nipponense

YANG Ming', SUN Shengming®, FU Hongtuo' %, QIAO Hui?, ZHANG Wenyi’, GONG Yongsheng’, JIANG
Sufei’, XIONG Yiwei’, XU Lei', ZHAO Caiyuan', WANG Yabing', HU Yuning'

1. Wuxi Fishery College, Nanjing Agricultural University, Wuxi 214081, China;
2. Freshwater Fisheries Research Center, Chinese Academg of Fishery Sciences; Key Laboratory of Freshwater Fisher-
ies and Germplasm Resources Utilization, Ministry of Agriculture and Rural Affairs, Wuxi 214081, China

Abstract: This study examined the effects of hypoxia and reoxygenation on antioxidant enzyme activities and the
change in histological structure in Macrobrachium nipponense with the body weight of (2.0+0.2) g. Experimental
prawns were placed in a normal (control) group or hypoxia group with given dissolved oxygen of (6.0+0.2) mg/L
and (2.0+£0.2) mg/L, respectively. Each group was sampled in triplicate to measure the activities of antioxidant
enzymes in the muscle, gill, and hepatopancreas under hypoxia at 0 h, 6 h, 12 h, and 24 h, and under reoxygena-
tion at 1 h, 6 h, 12 h, and 24 h. The histological structures of gill, muscle, and hepatopancreas were also observed.
The results showed that the activities of superoxide dismutase (SOD), glutathione peroxidase (GPX), and catalase
(CAT) enzymes in the muscle, gill, and hepatopancreas from the experimental group first increased and then de-
clined, and the activities of the three enzymes were significantly higher than those of the control group at 12 h
under hypoxia stress (P<0.05). The activities of SOD and CAT in the muscle tissue of prawns in response to re-
oxygenation was fluctuated over time, and the activities of GPX under reoxygenation at 24 h was significantly
lower than that of the control group (P<0.05). The activities of SOD, CAT, and GPX in gill under hypoxia at 12 h
were both significantly higher than that of the control group (P<0.05), and there was significantly higher GPX
enzyme activity under reoxygenation at 24 h than that of the control group (P<0.05). Compared with the control
group, the significantly higher SOD, CAT, and GPX activities in the hepatopancreas of prawns were observed at 6 h
(P<0.05), and the content of MDA in the hepatopancreas of prawns in response to hypoxia and reoxygenation was
significantly higher than that that of the control group (P<0.05). Observation of tissue by paraffin section revealed
that hypoxia and recovery did not affect muscle tissue structure. Through the observation of the tissue section of
the gill, it was found that the epithelial cells and the pillar cells were disordered after 12 h of hypoxia stress, and
the secondary layer was hypertrophied. After 24 h of hypoxia, the secondary layer of hypertrophy was intensified
and red blood cells inflowed. The morphology of the cells changed, and the number of cells increased, but it re-
covered to some extent after reoxygenation. During hypoxia stress, the number of B cells in the hepatopancreatic
tissues significantly decreased, but the number and apparent volume of B cells recovered to the level of the control
group after reoxygenation. The results showed that acute hypoxia can cause damage to the hepatopancreas and gill
of M. nipponense, and affect the activities of antioxidant enzymes. Furthermore, the results showed that acute hy-
poxia can cause damage to the hepatopancreas and gill of M. nipponense, and affect the activities of antioxidant
enzymes. The 24 h recovery period was not sufficient for M. nipponense to completely recover from hypoxia
stress.
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