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TE: WRIT AR 4 W5 (Crassostrea angulata) 7F 2 AR AU P38 T 65 2H 20114 UMk 07 50 1o 0 A 5 JUL I R R, AR F
FVE 6 NAMAEWEME0.5mg/L. 1.0mg/L. 1.5mg/L, 2.0 mg/L. 3.0 mg/L. 4.0 mg/L), X+ F 5 52 i f:5 25k
96 h LA a AT, RAFIK e T E AR W RE A S 6. 12, 24, 48, 72, 96 /N4 A4 Wi 8 2 21 (%) 4L
AALBEJI(T-AOC) . AWy (L EF(SOD)IEM: . 1 %A fb Z B (CAT)IE M AT [ (MDA) & 2t LA T P 52 LA 8L ik
P W R R (AKCP)TE % . LR B S B (LDH) TS PE AR R & . 25 R WR: (1) 6~24 h AKEMA T, T-AOC., SOD ik
il MDA & i 2 BT S G BRI S, CAT 6 PE W R R Se kA0S i o 3l 24 h B 4= F8AL 34 % MDA & = #l
TR AL B T-AOC HI SOD G MEK 2 EXF BLH /K, 24~96 h BUMRE A T, T-AOC, SOD i tEFI MDA & &4
BT R 5 B AT R, B AL BRAL CAT WEMERRSEFE MG IR EUM A 96 h, 2 FRALFRALY T-AOC TP A1 43 ib PR 41
1) MDA &8 5 CAT WGPER S 2% BZH KT, B8 1.0 me/L YR 4H 5% FRAH TG % 25 5(P>0.05), HiAvibBHZH SOD
TP R T X IR AL (P<0.05). (2) 7E 96 h AR E W g e, #R4rAbFEAL LDH 76 PEFE 6~12 h F1 24~48 h I [A] i 3
THE(P<0.05); #ARAAC ALY AKP % M Bl a0 i (]38 S B AU T s W L 55 ok BB AU S0 a0 i (]384 o & A= AN )
FREERY NI, M0 5 96 h B, BR 0.5 mg/L W B2 241 A M IR & 2 1 2 B (IR (P<0.05) 2 A, LA 4L 0E IR 7 ik & 31 5 %
MR TR &2 5 (P>0.05), LRSS IREH, SMEACAMRA T, # gty i ok )8 5 0 R GG AR 1k, BeEpLIR SR
A 7 SRS 7 R i A IS A S T, LA S 4 A S BRI Jh 3 AT 2 o) i s A 5 i AN T B A A A A
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& 43 4 Wi (Crassostrea angulata) s J& T # i4
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A SR A T A T IO A A
AR Sy o s A P U 8 Y, e S B R B K P I i A
ARk, 4G 52 S SR, B4R Tk R T T
FIFE R AT P ok 2 AR S 300 e 1O a8F 17 A e
FRERAANIE 1 B8 7 o P SA A HE T (T-AOC) & RAE
PRSI E M RER I EESI, N
(MDA) &5 5 80 AT 1 S A= W 1 B0 48 A 468403 1)
BAEFRE . AE = AL (Hyriopsis cumingii)! 2
JEHEE I {7 (Ruditapes philippinarum)! Yk & e
[ AH B 5E o A 30, A= ML AT 480 Ak il i 1R 28 %
AR BE ELA B B p i B, 48 48 Ak 4B fL i (SOD)
it L A B (CAT)BEAE — & B2 B L 2 IR A
BEXT A LA & i 3 o o3 —J7 T, A5 A XL
ST DUZE 1Y DL 76 2 0 0 {1 40 A5 300 45 1Y) o 8 o e
TEAR SR 30 FiT 30T, A 0 1ok PAD 5 WL A 45 0 4 5
il SR, IR AN AR AR L RO R, TR I,
P 72 LBk P4 1% TR g (A KCP) 93 1M 78 Ak 1 T WA s ket
WEHLARSHIE R & AE U R Ea R, £
L QIERE )L/ B BUIGA s = I V= A o W 1
PE o FLIR B S0 (LDH) FURE 543 1) 2 A M ik iy 2
Jin I A B I 1) O Bk i AN R SRR YR, R P A
AT R EAR I E S KN R AR

I IO T 20t A 007 AP I 38R g
A BB 7T 4 R AR GE, A 5T LI AR A5
WFFE N 52, 05 S () v figp SR e B 082 2L )
EALBE(T-AOC) . # A LEE(SOD) . w4
LS (CAT) |, TN B (MDA) A 5E LA i LR
AW (LDH) . BVEBERREG(AKP) . BEIE S &1 3h S
A5 Ak, AR AR A KSF T R AR R SR R A A
R R GRS, Ry 25 ) B A e XA 4 )3
REALH, B (R PREE (1035 I BE S $R 2 5 s

1 #HEI7TE

1.1 REHR

FH 52 56 10 A A A R A A 4 T VAR R )
—FRFHRER, YR 1R, 5761HK(48.79+2.72) mm, 7T
171(87.75£2.65) mm, FFE(27.71£1.24) mm, SZ5
FEUA S, K tm a4t Wit 200 L B FRBEEL TP kAT
FNEFE 7d. FEKIE(25+0.5) C, #HEF 30, pH
8.0+0.1, I il %8 Wk ¥ (8.2+£0.1) mg/L, % H & i}

(9:00 F1 18:00)H MEH R 2 Wk, #K 1 %K, 5
IO R 24 h 45 1P
1.2 REMEIHERFEARE

AMFTBEE 1K HEZ (control) Al 6 AL FRA,
TR 60 L #KIA 20 w4, % IRk
TRV S8R A 8.2 mg/L, 6 M BRAT /K R VA i S e
B354 0.5 mg/L 1.0 mg/L . 1.5 mg/L 2.0 mg/L .
3.0 mg/L. 4.0 mg/L, B4 3 AR, FiAmE 45
BT F% 45 A v TG 5 AL 55 AS TR 9 Mgt SR Tk R b B2
S, #4796 h AIREUMNE SIS o A3 I AE AR AU
AALER 6. 12, 24, 48, 72, 96 h BEHLEUEE, 434
3 AN, S RGP ST U A SRR, B
Fidsk, REBEARATHEE, M5EET-80 C
UKFE IR 28 FH o A 230 3ok A vt FH A i SR R 2
AW I 47 ) 28 G0 X B2 R 6 A Ak B K AR fit R
A AR W B 7K (£0.1 mg/L)o
1.3 HEIEtRNE

W R PR, F i AL 1:9 (g/mL)
AL HA T (0.9% B A2 BEER 7K, 7EVKIA 1F R I
HlB 10% A HA S, IFAE 4 CTFLL 2500 r/min
20 10 min, RS AL ShE K
AEJ1(T-AOC) . ALY E AL EF(SOD) . i A LA
fiif(CAT). N & (MDA) . & H & s AL
FLIR I Z B (LDH) . B PR R I (AKP) . 0 it M 2
2 A ) 6 W A e o i A ) TR ST
Jt o BARIRAE L B S IO G Ul 5
14 HEESDWH

TG ZE IR T B AR 22 (X £SD)Fn ., il
FAGEH M4k SPSS 28.0 X 52 56 B i ik A 7 2 A
E 2253 M1 (one-way ANOVA)FI Duncan £ 5 [ 45
S3ATT, X AS [R] T 48 A 22 1] ) 28 BLAE R R R AUA
£ 97 2253 M (two-way  ANOVA); FJi] GraphPad
Prism 8 JEATIRIF L, P<0.05 XnERBE,

2 HRE5HH
21 REMHENEEZHGBARTAUEEL

% i
ZARAE A FR S, AT BAL R4 T-AOC 1514
TE 6 h BF X} B 2H i 2 B AR (P<0.05); 12 h B} )
2w T, Hrb 2 mg/L ok 4H ik 3 & K8
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(3.87+0.48) U/mg prot; 12~24 h £ 4LF4H T-AOC
HPEE R BB, 0.5 mg/L ¥R 24T R e i e
/IN; 24~72 h B 4.0 mg/L W BEAH, HAAGHRA PR
BT S PR A B B 368 B (B3 N2 96 h,
SHRALFRZ T-AOC TE K R 2% ALK (18 1)

5r

N

w

N

’/ 0.5 mg/L
o 1.0mg/L 4 3.0mg/L
-+ 1.5mg/L % 4.0mg/L
| - 2.0mg/L -@ XJHE4 control .
6 12 24 48 72 96
Jir3E Bt [E]/h exposure time

1 2PEIRENE N AR Wi 21 T-AOC I MR 1k
Fig. 1 Changes of T-AOC activity in gill of Crassostrea
angulata exposed to acute hypoxia stress

T-AOCYEH:/(U/mg prot)
T-AOC activity

—

SOD fEIEHHALMT, dedrfaeint:, T
22 7 (P<0.05) IR AUIE 6~12 h B, 0.5 mg/L .
1.0 mg/L. 1.5 mg/L 1 2.0 mg/L ¥4 SOD [iff i
JHE B E T+ (P<0.05), Hrr 1.5 mg/L WA A
P % = {H(108.20£14.07) U/mg prot; 12~24 h £-4b
HIEH SOD W JIEFEAL; 24~72 h & ALFHZH SOD
it 7% (B S T R BRI IR A IR AU
8 96 h B R 1.0 mg/L W4 5 X821 SOD fih
IMETC W E 25, HARA S 300 IR B 25 AR
(P<0.05)(¥1 2)

150 0.5 mg/L 1.5 mg/L -4 3.0 mg/L
0 1.0 mg/L 2.0 mg/L -+ 4.0 mg/L
B - XJHE4H control
-
o 21001
£
%
#HA
% Q s0r
o
[75]
0

6 12 24 48 72 9%
8 B E]/h exposure time
K2 2PEIREMNE T AR A g6 2H 20 SOD Jif ¥ 281k
Fig. 2 Changes of SOD activity in gill of Crassostrea
angulata exposed to acute hypoxia stress

7 96 h il E a2, 0.5 mg/L . 1.0 mg/L |
1.5 mg/L 1 2.0 mg/L ¥4 CAT i J1{HTE 24 h

KB KA (& 3); 3.0 mg/L e J& 2H 7 24 h ik 5]
fe/)MHE(0.55+0.09) U/mg prot; Bl A% S0 13 i
%96 h, 1.5 mg/L YREEAL CAT i JJ1H 15 % B AL

PU i PR, HASARHRA] CAT % J1{H 5% B4 G
3% 25 5% (P<0.05).
4 -
_ - X H8 4 control
3 o
g3 -
o 2 |
EE | »
232f +
He | +F
S
= 1}
<
O
0 1 1 1 1 1 1
6 12 24 48 72 96
JiiE B} ] /h exposure time

K3 SRR T fe A W SE 2 21 CAT 512 fk
Fig. 3 Changes of CAT activity in gill of Crassostrea
angulata exposed to acute hypoxia stress

fREAME 6~12 h, #&A40H4] MDA i
HAIM(P<0.05), 2.0 mg/L ¥4 MDA & & 7E 12 h
ik 2% KB (9.55+1.30) nmol/mg prot (K] 4); 24 h
IF 4% b T 20 K 52 8 0 BRZH K S, 24~72 h B, &
4.0 mg/L WL, HAALHY MDA & & R
BAETHE R RN R AR AL FF2E 2 96 h i),
B 1.0 mg/L ¥4 MDA &+ i 3 TH (P<0.05),
HA AL HEA] MDA & &R 785 B4 K

15¢

—
(=]
T

W
T

MDA & &/(nmol/mg prot)
MDA content

I6 ll2 2I4 4‘8 7I2 916
Jir31 B E]/h exposure time
B4 2PEAREMNA e A 456820 20 MDA & 481k
Fig. 4 Changes of MDA content in gill of Crassostrea
angulata exposed to acute hypoxia stress

96 h AW E SRR, A a5 e R 2 2
) T-AOC. SOD Jif 11 MDA & 28 fhfa e A
—3, 6~12 h, FURMREN N R EE, T-AOC
SOD. MDA i Ji{H i # F+ %5 (P<0.05); 12~24 h,
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T-AOC, SOD ., MDA i H:F&AI%; 24~72 h A ALL 34
it P F O B[R] 19 R B TR g, (B AR AR
FE/NFRT 24 hy FREACEMNE 2 96 h i, ik
FEZH T-AOC itk . &R/ AbPEZHAY CAT %A
MDA & &Kk & Z XK, (HER 1.0 mg/L ik JE
4, HAKPY4 SOD if#: & & MK F X M4
(P<0.05). [F]H} Pearson #15¢ R AR /R, T-AOC {if
PE5 SOD {4 & i B 1E AH G (r=0.881, P<0.01),
5 MDA P 5 IEAH X (r=0.728, P<0.01); SOD i
5 MDA G M2 IEAH5E(r=0.744, P<0.01), =¥
PR AR 2 1 25 58 AR I (P<0.01),
22 REMEXEEHFATIARESER G
sEAH

H I 5 AT VA Y, ARAEUMHE 6 h R, BR 1.0 mg/L
W A, HAALPRZH AKP 5P 8 25K F X B2l
(P<0.05); BHSCERHTEAER:, 0.5 mg/L F1 4.0 mg/L
W4 AKP W PET 72 h A3 KR AE, 96 h (R =
X IR 7K, AT Ab P2 AKP 1% P I 7E 96 h ik 5]
ORAE, 3 R T R4 (P<0.05),

151
- 0.5mg/L

® 1.0mg/L
¥ 1.5mg/L
& 2.0 mg/L
- 3.0mg/L
¥ 4.0 mg/L
-0 XfHE4 control

—
(=]
T

AKP activity

AKPIEH:/(U/mg prot)
e
(9.

6 12 2I4 4I8 7I2 9I6
38 5} [B]/h exposure time
K5 SRS T AR AL 5 P FE Il AKP 35 1254k
Fig. 5 Changes of AKP activity in adductor muscle of
Crassostrea angulata exposed to acute hypoxia stress

£ 96 KL E W ia s FE v, A[E AL FEZ LDH T
PEAR A S B () 6).2.0 mg/L Al 3.0 mg/L k¥
20 LDH JEPEAE 12 h % H A A B2 A 8 2 T
(P<0.05), 396 h At B EE 1 UEE; 48 h
B}, 0.5 mg/L Al 2.0 mg/L ¥ E 4] LDH 3§ 1 i & 7t
1= (P<0.05), HIARAE I B 2 A
72h BF, 0.5 mg/L ¥E4H LDH &R ETHE
(P<0.05), AR e R TP AE 3 YR, FHAR
SAHhE I N ZE 96 h I, 0.5 mg/L R4 B3

1 TR PR 4 (P<0.05), 1.0 mg/L I 1.5 mg/L ¥ ¥4
AKX IR 4L(P<0.05).

60 r - 0.5 mg/L
-0 1.0 mg/L
¥ 1.5 mg/L
& 2.0 mg/L
3.0 mg/L
¥ 4.0 mg/L
@ X R4

control

IS
(=]
T

LDHi% #/(U/g prot)
LDH activity
[y}
S

v

6 12 24 48 72 9%
e E]/h exposure time
K6 AEARSEMME N A5 7 L LDH 3t A2 fk
Fig. 6 Changes of LDH activity in adductor muscle of
Crassostrea angulata exposed to acute hypoxia stress

AN TR Ab BRAFWE R B AE 96 h AR aa o i
Bl S IR B ARG, BN [ AR B A RG] 7). IR
A 12 h, B 1.0 mg/L HRJE4H, HoAd kb BR 2 B
Ji B S AR (P<0.05); 24~48 h B}, #&AbFHZ
WS BT RABE N, #U X R FUK -, 48~72 h
BF, Bk 3.0 mg/L ¥ B 4DBE R & & 5 X0 R4 G B
P22 5, HLAY AR IEZH TR LR B R A KA
1A 72~96 h i, [ 0.5 mg/L ¥R JE L B &R T
AR T XS B4 (P<0.05), LAy Ak B 20 % i 7 it [l
T4 X R ALK

50

N

w
T

1.0 mg/L

1.5 mg/L
20mg/l ¥ 4.0 mg/L

3.0 mg/L,_ @ XJH&4 control ‘ .

6 12 24 48 72 96

JUrE R E]/h exposure time

K7 AR AU 8 T AR A s P 5 U 5L 2 284k
Fig. 7 Changes of glycogen content in adductor muscle of
Crassostrea angulata exposed to acute hypoxia stress

PR’ /(mg/g)
glycogen content
[ 3]
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31 REMEXNEEZHBBARTAULEEL
IR i

BRI E R KB E R —,
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R TR fa R 1 ROS MY Bh A P17, i A ity
ROS FEHLIA H B AR50 R ok 44610 7
Wt AR T-AOC . SOD ., CAT I MDA
EPUELIT S 5 TR L AR R R 5 R LA
Bio AT, ARG 12 h i, RGN
MDA & &N, T-AOC 1% J{E T+ &, FHANHT
FAL R G WE, SOD 1 i B AL HPKs 1 AL
H H 3L 5 AL it R S (H0,) FIT AL S(0,), 7E—
FE TR b 7 il oK e g i AR AT ML ) 5
12~24 h i, CAT 1% H1 7, i AL A (H,00)5
filt 7K (HO) M4 < (0,), TEF T-AOC. SOD #i
MDA & T [, 3R 0 a5 38 2 8 1 b 1k
Z G A RN R A8 L 24~48 h 1F, T-AOC . SOD
WG IIE TS, MDA 00, PLARE Bt A fk
FENNER, 48 6~12 h [N s} B 7 (b T e AR /0N,
3¢ B IV B TD 184 o, 2 A 5 A PN e 4 £ B
RGN RE I ANWIINGE . 48~72 h A}, Ffi# SOD
iz Ak 2B 1 3 ARk S (HLO,) M H A A A 07 7T i
YL, PLIARPLE L R 52 BIER, T-AOC £
T K¢, SOD & Jj btz F R, 72~96 h B, T-AOC .
MDA E g TH i, Az Py A ik 8 il s D Ry Sy
KB LR J1; B SOD §if J1HEe NIk, LM
G2 96 h FFEE KA L JG A U0 X K SE W o

ARG K IR AT Wi AR A T, SR 2
H1 T-AOC, SOD Fl MDA {48 fhia 3 A — 54 .
AR S SRR ROS HBLRN,
PR Z 2 A Ak 475, Rl MDA & &3 2, SOD Ny
BBk ROS A LT, #RHLIA T 32 1 A Ak 414,
T-AOC {if P Bl 2 Tt = 2R AL IR B 481k R G i AL
BT . AHALLAY B 5 4 A 5 4t Wi (Crassostrea hong-
kongensi) F1 ¥R 5 ki D1 (Patinopecten yessoensis) %)
IS b E A s, (H B S 3 it i) 228
K, AR BT SOD {1 i 3 FRAK
(P<0.05), JCH:IKE 2 IEH KT, BEEPL N
ROS i i SOD HL A fLBE J1 35 I, 52X LA R Al
Wi AR, 12~96 h i1, ANFEEEALBIL CAT
ity 1% 71 56 TH = 5 T B, X 5 KR fa (Larimichthys
crocea) HEAT IR A I, HARN H,0, KiE B
L AU R SZ G L, BTG 52 B ] AT

SR HHUADU A R S TCIE T FR ROS
iF, MDA 5 & 1] L WAL A4 20 it 480 Ak 452 455 1 7™ 2
P g2 AR T PR 2 96 h B 1.0 mg/L
W4l MDA & & 50 B8 41 A1 L W 3 T (P<
0.05), FHZ T 96 h MIm R Ab G, AN
PRI R, B LIRS SE AL B R S0
FrfE ), fmadtiide sk Rt E .
32 REpEBEXNEEHIGHATNALREE NG
s

AKP FE7K A A WA A1 T 55 R 7 B4R
R R R TR, LRSI 5E 1 5 1
e P (AT, LDH REMEAL YRR F1FLIR
oAb, A B TR A R AR s B, H
T3 B S I A LA C S R R KRN
A, AR, EMRAEMEE T, s &
SRR R A, DA A o e A, 4R
HEAE B LLZERR A7 TR 12220

FEAR IR T, FbE- 4 5 DL (Argopecten pur-
puratus)2x 18 45 1R DL 0 fig & ok BT s 7e
AR E T e QT Fr LU IR rd A 1)
PAZE A R A SRR o IR AR Y B
AN R 4 R 95 5 D1 (Patinopecten yessoensis)
R AT A T IR 5o B, A2 P Rk 4 L g X AT S 2
5o Db bmss B R A T i A ) A= 3
AR 7E — 2 Y0 P61 PN A 3 P R AR L VR
Hesh B LA EBAEAE 4 gl Hoh
— [ 0 - LR A B 1R S AR TR S TR T
R, AF TR S m et Arse k B d:
WELEARAEUME 6~12 h ] 2.0 mg/L H1 3.0 mg/L ¥
J¥4H LDH i {8 2 3 T, 24~48 h [ 0.5 mg/L
H12.0 mg/L ¥ FE 24 LDH 16 S W& T+, mE gt
W8 2 B2 = LDH 1% J7 4 A N R R e A LR, DA
HEPLAAR S = DR AR L, 4k 3l s 4 W5 I Js
A 96 h BB R, AT AR
AbFEH P 5E LAY AKP 36 PR SE RS T, ZREA4
WE A T HLEE R, fEIEIRIN ATP G L, 42
AU B SRR RE )T . AT, HE 4t
W A 5 JUL A b D e Bl e A B R B A, R
ASTRIRR B B T R, 3 AT A 100 I A 2 A g 2 e st [i]
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W SRR e, P S LA A7 AR I 53 fife o
DL T BRI e Y I, AL i
RE 12 LU O AR RO Ok R ) . XS ZEE
((Rachycentron canadum) it 47 {8 4 Bk ae i, LB
R FF M D i B S PR AR A A s AR (01T Y
3 s ] ZE 3] 72 h B, 1.0 mg/L. 1.5 mg/L.
2.0 mg/L H1 3.0 mg/L ¥ B 41 (A0 Ji 1 i 3 %) R

2E7J<¥, 5 FT L I 300 P ] A 98 o, 8 S A 05 A e
JLARE A A A3l PR R R, B MR 2 1 K F,

A7 AT A o AR AP E T A S 45 (Crassostrea
hongkongensi) i) 1% J5L & & 75 0~48 h I 3 & 1K,
48~72 h BETHES, KRR T F 5w Y pe
O g5 R A s A EL A SIS AR %) AR P M g X A 4
ERHLE . EAEENE, KAWE 96 h A,
0.5 mg/L ¥ J5 21 A sk Wb i 1 i OV 2 OE
K-, 28 WA B AR i I ARl 2 2 %) A A A A AL
PA s A AT 0 45

ZE ETR, AHIE ST S BRAR B 5 ] i A
ﬁ%iéﬂéREP T-AOC %t . SOD ifift. CAT 7ith.
MDA % i D3 9 6 I S PR 45 1 o P, ) e
ﬁﬁﬁ%‘lﬂﬁﬂﬂéﬂ Ui AKP 35 P AR 2 2 DA
JEAURAEMG A T e s R ok, DL MG
it 253 P A Sy AV 3000 A S o g o o7 ARG SR B AR b ) A
RAGTR o BLAN, S [R] R ity 1) A1 4ol 2 2 %) A 5
T T AN ] ) SR A A

S ik
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Effects of acute hypoxia on the oxidative response in gill tissue and
ener gy metabolism in adductor muscle of Crassostrea angulata
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Abstract: To investigate the oxidative stress response of gill tissues and the energy metabolism of the adductor
muscle of Crassostrea angulata under hypoxic stress, six dissolved oxygen concentration gradients (0.5 mg/L,
1.0 mg/L, 1.5 mg/L, 2.0 mg/L, 3.0 mg/L, 4. 0 mg/L) were used to treat C. angulata under hypoxic stress for 96 h.
The total antioxidant capacity (T-AOC), superoxide dismutase (SOD) activity, catalase (CAT) activity,
malondialdehyde (MDA) content of C. angulata gill tissues, alkaline phosphatase (AKP) activity, lactate
dehydrogenase (LDH) activity, and glycogen content of the adductor muscle were determined using enzyme-linked
immunosorbent technique at the 6th, 12th, 24th, 48th, 72nd, and 96th hour of hypoxic stress. The results showed
that: (1) under low oxygen stress for 6-24 h, T-AOC, SOD activity, and MDA content showed the phenomenon of
first increasing and then decreasing, while CAT activity showed the phenomenon of first decreasing and then
increasing; at 24 h, the MDA content of the whole treatment group and the T-AOC activity and SOD activity of
part of the treatment group were restored to the level of the control group; and under hypoxic stress for 24-96 h,
T-AOC, SOD activity, and MDA content increased, then decreased, and then increased again, and CAT activity of
some treatment groups continued to decrease. T-AOC activity of all treatment groups and MDA content and CAT
activity of some treatment groups recovered to the level of the control group at 96 h, except for the 1.0 mg/L
concentration group, which did not have any significant difference from the control group. The SOD activity of the
rest of the treatment groups was significantly lower than that of the control group (P<0.05). (2) Over the 96 h of
hypoxic stress, LDH activity significantly varied among different treatment groups, with a total of three peaks
(P<0.05). AKP activity initially decreased and then increased with stress duration. Glycogen content decreased to
varying degrees with prolonged hypoxic stress time, and after 96 h, the 0.5 mg/L concentration group, showed a
significant decrease in glycogen content (P<0.05), while the other groups showed no significant differences from
the control group. These results suggest that C. angulata exhibits strong hypoxia tolerance by modulating changes
in various enzyme activities within the body to enhance the balance of body's oxidative stress response and energy
metabolism. However, extreme hypoxic environmental stresses still affect the physiological state of C. angulate.
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