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IFEKR P AWEHE??® A& ERRE 2
(L BRI E A B E R R BRI L Bl 2013065 2. PEUKRIERTTE B B K IS
PN TR R R R SR IR I 2660715 3. SRR S ROR I R E R S w i L R
SEyrr g BORESE AR FE 2660715 4. hEUKTRSADIRBEIC SIS LR MG 265800)

WE  KHT R DL k3 4TIR A T E BB # 4 (Scapharca broughtonii) 4 %t B 41(C 41), 47 7 2 1k
FTAIE B (Ha 1)1 4 SR AR S T 3E B (Ha 40) 09 ek 72 75 ## 2(DO) 4y 7 2.0 mg/L 1% F 38 48 h iy
B PR AEE S R, HERETR, 3 AEMHNEARIRER BV AR TR, B8
Het e KR AR S, E48h i, HARERERESG T CA(P<005=; C4 . Ho 4 Hy 4
YA R (OR) M BT 18] (L B B W Fh e 2%, 48h 1l Oh 251425 7 1.15. 1.08. 0.73 f; 3 ##
ARNR)FZIE AR R e, £48 hit, C4. Ho A He 214 % % 0 h ty 1.67, 1.30, 0.97
F; CAMAAI(ON)EM TR, HANZAEEANR A, 344 e R C AEE(COX)ME
RE e Bt [ B 2E K B R A KA 4 %, LB LA g (LDH)7E 4 An ik J A & Bt K B8 (GSH) 4 & %
RE FA#Y, S BAML, TS L8 E A £ A M 8 B R AR TR, RO RN, B
REW, BHARETEN EHAZIRASEE, IRAE, OR BIK, BEEEMAMNIKE, KEAR
ENEREEHARREAEN . AARFE T R REAT XA RN EMHEE, 3t — PR TR
MK T Z AL o] #) TR E A R T 54 ¥k

KA AL RETEA; KEME; £ A MR

FESES S917.4  XEAARIREE A XEHS 2095-9869(2023)02-0098-09

B (DO) R K AE A LUV A L B S b2 SRR IR i U™ B . WFsE k], fads | |
—, MR RAAE . SO KA SRR, KR 5Ede DI RBCSERA 2K IR B I B A RS T
DO St W B AL R AR W, AR, MR PSIRAEIRTHIES(Wilhelm et al, 2005; JffE4F, 2013,
ERIFEG AR AEIE SR, KRR ARk XU 155, 2014; FMVEEIISE, 2020). 4 DO ¥ <2 mg/L
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F, KA AE W DAL TAREOA S, HIG ST . PRI
RE QI . AR A AL A5 2 DM AR a0 4 2 — R A
APk, HEFET (Wannamaker et al, 2000; 74 %% 4%,
2016; ARHLHAE, 2021; RIARAE, 2022), U UL
(Patinopecten yessoensis)3z ZIK A PR JI AT, &%
IS, N — Bt Al s, AGEE 8 4TF, 78 DO ¥
JE<2mg/L B, BEE BN EIRER, 23 AMERE
45 BRAAFNESFIG, SEOLT R R EI S A,
2021); 24 DO ¥k & < 2 mg/L A}, JE52 05 U1 (Mytilus coruscus)
ATREAN AR B PR b fE i, >4 DO R < 1 mg/L A,
JEESE G DUIG 1k B A4 1E 5 AR KT, Sl 5G] I
72« BEAR IR K F Rl B8 B T S Y RE LV AE , AEREHL
T B LAl B AR K OE (TL R MESE, 2021), 7EAIK S
B, B A 2 8 T AR AC DL R Bt A Ak
fith o WA i 45 R FA R I U (SDH) . 4l (3R
C AfLHEH(COX). FLWWi & (LDH)%, HiGEryAs
AR RE 281k i L S e s Bt | AL I BIE R 2o
FETE DR 4 1t fo 52 S AR N I3 e 4 i A T ) 4R Ak
YIEALE(SOD) | i AL S (CAT) | i AL i (POD)
S (EMYAE, 2021).

{I 48075138 )7 (hypoxic preconditioning) & 48 HLIA
BN 2R | ARBSEYE PR E RN 7 R TR
BILT, 365 R AR AR 8 DI 25T LRSI 3l P ML SHIG 4R
SRR P IRV, XEHURE LU R R AP VE T, R
RPN 32 B8 71 (k20 5%, 2021), HT, KA
I N B A 5T 22 S 7R X /N BRL(Mus - musculus) &5 = 45 5l
YIRS, AR T NPT A S = /N B s Bl g
St LN B (MDA) K-, T H G S AT 480 2% 55 114 /)
OO R —E BRI VE I (LI 725, 2020); ib AT
DL i 3G BDNF/TrkB {5 538 %05 /) B A= i 22
FHEH(CRIBEARSE, 2019) ARAEIHE R AR H A
FAXFED, FEAE T | IR E - A
XML A BRAE AR PRS2 J7 T, Volodymyr 45(2001)
W5 & B, KW 0 BE % i 4 f4 (Carassius auratus)
BT AA RGP AR AT — 2 3 Pk, R TR
BT A AR PR AP HIL (17552 S0 9 4 0 I 4800 DR
Ao FEDIZE, BR TSk B ZET DUAI Ao 1 U Dk fig
WRRHIR AR AN, B Blie ) 22 WA g sa o ML
TR N AR AR PR A 3B (PRI S, 2021), P, R
TR ST W X DU ML AR B A AR | 22046 7 i
IS, X DU I ST | I 480 A 5 7 55
T TAEH A EZEE X,

Lt (Scapharca broughtonii)f& #7510l K
EIG, BEAREATM AR RKBRLZE, FAMEK

K, BEEAR. #EF. WaREYR, wrhE.
B HARSETE 3 FIRSZ UG (R %55, 2010; #5 PR4F,
2019; JA#EEEAE, 2021), HFT, RHRTC sy EAL Ty
DR FEE | s EE M —, (ARED
2R G P — AN EZE A . 2 SRR DO MR <
2.5 mg/L i, bl R4 B K F 4B T (Senbokuya et al,
2019), X PKA5(2018) . K45 (2019) 43 HI A SE T I
S IE T B B AT L B AR TR LA B HIF- 1o R AR
FRFRAIE, & B 2 G S 2 LA 5058 17 i
ZREST o BRI, LR AR SR TSE IO 1 ek it P U A2 A SRl
B, HMUARTE A BEA: L8 bR i A AR E A FEIIFST o
AR AT 5 X6 A1 G2 9038 17 ek 7 48 £ K (ingestion rate,
IR) . #E % % (oxygen rate, OR). % % (ammonia
excretion rate, NR) . i 4 4= HAE AL F8 A5 B4 T L o3
Br, DI R b S5 R AL I e SR Bkt RIS
Pl H R e bR AR RE 1 SR I 2 R S %

1 #RER*®
1.1 St

SO BT 2021 4F 4 HHUA LR AR S FRAE ML
TR ZBEMNERNSEHETERE, TKH
(38.13+1.13) mm., LG AT, Bkut TR B (17.6+£1.0)°C
M FE LK R 3R 7d, SEg I, B 24 h 4 172
FRE K, JEH% R /NGB H 25 K3 (Nitzschia closterium

minutissima) ,
12 REMENZBMEERNNETREWHITE

LI S PUE N AR ST . KAl A 99.9% N,
WA SR K, AR R, HEK DO
e FE AEREAE (2.540.3) mo/L oK il 8 T L4524 h
Jr i R 2 W E[DO e JE Sk (7.5+0.3) mo/L]E /K Fhk &
48 h, BEMAIRAATIGE N 1 Uk 1) ek AR A

SV E 3 4 AR TR AR T I Y SRy R RE 2
(CHl), MRABHER 2 N Ha 41, IREHUE L 4 KCH
Ha 2, BBE 3 P47 TBhm IR A ik o A58 7
SEJE . MEMRE M (DO #4220 mg/L) C 41 . Ho 4l
N Ha2H 3 4HELMAE 0. 8. 16, 24 F1 48 h Ay IR,
OR. NR VUK R§% 1, AHr HASARRE .

1.3 BEXW

PSR AR N 105 cm. & 12.0 cm (555
AT o RTINS, 530N C 41, Ho 411 Ha 41
PRI 3 FUE T BRI K (DO 292 2.0 mg/L)1H
A, 10 min 5 A P9 B OA BR G HE 4 i
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(Isochrysis galbana) (£ i & 65x10* cells/L) , iz £
KRB 1L, FEERESY 2 h, a4 G, R
BRIT BN 5 552 90T S5 7K A e R S5 4 8 0 2% B [
i, BUBLHT A AT T 60°CHLT 48 h BfHE, FRE.
BAHBE 3T, A2 Hd ., S IHEER M
25(2020) 1 7k

IR=V(Co— Cp)/(NxtxW)
K, V RTEMEKIAER, Cofl Co 45N L5 1R
S A RN S, N S SCm it g, t S
FfECh), WA LT E ().

1.4 FEORSCLH

LHHIEE 24 h, A CHl. Ha 41 Ha 41 B HL
B3 FLUUBLUH A A S AT 3 L WK B PR R, B ek
10 min J5 2 SE g AR AR A ], SEEOAFEE 2 ho 43R
VR RN R A A I D SE R HT R MK TR ) DO Al
ZA(NH;-N), 15 OR Ml NR. #4183 1FA7,
AT B 7S AL, SEER AR, ) 1.3 Jrik R
LA T E ., OR. NR DI A A L (OIN)IHE S 8
B 2% 45 (2020) 1Y ) ¥

OR=(Do-Dy)xV/(Wxt)
rf, Do #l Dy Ry 82504 I BRADFN S e 41 Kb DO
& i (mg/L), V AFFBORZASFA(L), W RS AT
(9), t ATEFFLLETE] (h).

NR=[(N;-No) xV]/(1000xWxt)

2H, No AT N A SEERAS (X IR AISE B 2H 7K 5 NH4 -N
AR EE(ma/L) , V RO ZSAA(L) , W R BT ()
t SR SEER LA (h)

O/N=(OR/16)/(NR/14)
i, O/N Jyiebtif OR A1 NR Z 0] 1 L fE 5 16 K45
THYBE /R B (g/mol) ;14 &R B BEJR B i (g/mol)

1.5 EEiFTLIE

A TFREMNE 0,8, 16, 24 Fi1 48 h J5 458X C 4
Ho 41 F1 Ha 4164 3 /MR R B 2L, Wl AR A7 IS A
- 80°CUKA PR AE, M TIRZLHENG Sy myE . 4% 1: 9
AR TR A B ZH 2R 0.9% NaCl %k, Tvkin T
A1, B R HCEE W, T RGNS e o RS ) R
fr LA Ulmg prot o, AURARZ v H & A 1S )
iR | ety e 38 Wil R Gl R R N e = DR
I 0 L A B A AR I AR (G SH) 5 i 51
& FLIR B ZUEE (LDH) I e 1255 6 30 T B o e
YoswE]; M EER C A EE(COX)H &l T ke
THEYAF .

1.6 #HIFEH

i 1] SPSS GEit b AT 8l o3 dr, S5 R A I
Y +h5 1 2 (Mean+SD) 7~ , f#iF GraphPad Prism
BAFEREL, R R J7 22 73 BT (one-way, ANOVA)
FERAS s Z M 22 554, P<0.05 AR E,

2 HRG5HH

21 BEZRHTHKL

C 41, Hodl. Ha ZH EEmH 37 A0 S0 W20 A [R] B ] 1)
IR LI 1. MWIE 1L rTRLE H, 3 4l bil 32 2K P
&, HIR WALl IEA -2, Bk L RETRE
RIZ AT R, C4H . HoH . Ha 4B IR 7
ARG 8 h JAK, 43515 0h 1Y 39.51% . 36.31%
H1 45.96%; 16 F1 24 h i, 3 4LiEbdi IR AR 4t s
Z 48 h i, CAM H 45 24 h LA Frlg, (HE
IKF| B FEIKE(P > 0.05), 1 Ha HIZKSE T 5 {BAE
STOGHURERTIR] S P, 3 AL AY IR R AT IR E 2K
AU AT KT . FEZ B IURE S, Hz 211 Ha
M IR b C Ay, HHARE WM & T C 4,
U IR AR T I O B 5 T R Y IR

51 == C#H Control group C
= 7777 H,#H Experimental group H,
é 20 o iﬂ 1 H,#H Experimental group H,
8
— Aa
E Ba Aa
= ISH & it M
m’l‘ 3 | Ba
&Y 7 Abe Cab
5 E 1wk b i Bb
<] Cbe
ﬁ / Be B.°
2 S5t ! I H
2 !
0 !
0 8 16 24 48
Hi} ] Time/h

P L RS TR0 X BT IR 145 i
Fig.1 Effects of hypoxic preconditioning on
the IR of S. broughtonii

AR R SRE 2 73R [ — I T) A [7) S5 6 26 [ 114 22 5 Wik 5
(P<0.05); A[F/ING )R 7] — 52 56 ZH A [] i 1]
()2 5% . % (P < 0.05), R,

Different uppercase letters represent significant differences
between different groups at the same time (P < 0.05), and
different lowercase letters represent significant differences of
the same group at different time (P < 0.05). The same as below.

22 HESEMHASZENTL

TEARE M E BB, C 40, Ha4H . HaZ OR 7284k
HEHILE 2a, MK 2a AT LA H, C 411 Ho 21 1 et
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== C#] Control group C == C#4{ Control group C == C#] Control group C
E 25 (777 Ho#1 Experimental group Ha — 0.05 [Z777 Ha# Experimental group H, 60 - (777 Ho# Experimental group H, As
b0 a4 [ H4l Experimental group H: A? = 1 H# Experimental group H, € [ Ha#l Experimental group Hy  Aa
= Aah o B L Aa b Aa Aab
QE 2or . E® 0.04 Aab MAB 40 T AEbAbc A 2AD AabBb [
23 1 5 Abe EE 0031 amaw' Ba Ba @E Bb Bb
ce E: ] Ab | Jb - @z g Be
¥ g € Ab Bb & % 7
M% 1.0 Ab @.g 0.02 (=} % wHl
% & 0.5 £ ool |
g o : C ; o
° 0 48 8 24 48 0 8 16 24 48
H‘HE:I T1.me/h i} ] Tlme/h B}E] Time/h

B2 RACTIGE WX REEE OR. NR T O/N fH 114 51
Fig.2 Effects of hypoxic preconditioning on the OR, NR and O/N of S. broughtonii

ZALE WA G, H OR ¥R h & Wi T = rka s, i
Ha 42 AR08 h B 258 B i 5 128 9 T v A
oo 3 YUBHAERANE 48 h BHAEIHM, 20N
(2.0440.22) . (1.75+0.18)F/1(1.48+0.09) mg/(g-h). 1%
Jipih 0~16 h i}, 3 ZH1% OR AHXFF-Ha, RikF| &K
F(P>0.05), 48 hif, Ha 4. Ha 4/ OR 5 C 414
A m N, SAREMNE 0 h A E 2 R & T
1.15, 1.08, 0.73 fif. FEAREAMMAJG B4 A, 34
iR OR ARG, B C 4 >H 4 >Hi 4, 7
8 F1 48 h i}, C £H A Ho 4 OR #2257 .2 (P < 0.05),
Ha 201 Ha 2 OR AH Lb G i 3 2% 5 (P > 0.05) ; 16 £l 24 h
Af, C 401 Ho 41 OR #f b 2% 574 3% (P > 0.05),

Ho 4l B E ST Hedl, g5 FRM, 1&ﬂ?ﬁlﬁﬁﬁk1&7
Uk it 7 32 PG S8 B Y OR.

3 40 B AZ AR A )5, NR A9 A FLERAE UL 2b,
ME 2b ATLLE W, C AZARAEME G, H NR A4E
AR B T E s, Z48hif, HHENRZOh
) 1.67 fi%, 1 Ho LRI JE T R R B a3, Ha
ZHN AT BT S AR S = 48 h B, H2
ZHH Ha 4169 NR 435124 0 h 4 1.30 /%1 0.97 %55 1E
A URERTE] 45, Ho 2 AT Ha 41 BE0IT A NR 2KTF C 4,
Hor, Br 24 h i, Ho 415 C 422 3 AR IAF) I E K
Hb, FLAE )25 S5 248 3] i K F-(P < 0.05); 5 H2
ZHAH LG, Ha 417E 16 A1 48 h ¥4 18 KT Ho 41 (P < 0.05),
8 Ml 24 h BIBLRT Ho 41, (HPLLAH L2 A 2
(P> 0.05), X it B 201 (IR S T0LIE 07 5 1) ekl , PR 3%
FIILAUBE B NR A IR

O/N {H J2& 1R Bl A= Wy Yo B4 15 3 107 2 8 DA T A o 3
HAMFNEZEISIRZ —, SRR K ) % V)
X, MREMG 48h Y, C4H. Ho%H. HiZHAY O/N B
JWETE 27.61~51.28 Z [H] (8] 2¢). C 411 O/N {HLEAK
A ia e AR, /MBS 16 h 19 37.34, ek
fH 24 h ) 46.02, HAX 2 A S EAA B EES
(P <0.05), HAthmfES¥TCREZERP>005); 5 C

AL, H 4L AR IR B XA K, JEAR B Bl oy
6 R R S 17 5 A, Ho 2 Ha 41 O/IN He/hs
{3 WI7E O F1 8 h, 2y 28.17 F1 27.61 , fix KAEIITE 48 h,
435k 51.28 F1 51.30,

2.3 RETUE Rz xf fet i By i 71 B 520

C4 . H4H . HiH K COX. LDH [ /11 GSH
S AREEAILE 3, WE 3 TIAE N, EIRE KN
T, 3 2 Rk A B A R A I A ) A R R AR T

Ak, Ho, COX i )1 B Wik %, GSH &%

B THE ;T LDH 36 S 7E A o AR, 8 h B i
T IR

M 3a v LA W, 3 41t COX G J1 25T
FEARR S, R MES M BAEMa I 0 h, 2
R 48 h B RAK, 2305120 0 h /% 18.96% . 26.52%
1 41.58%., FEAHURE SN, C 419 COX 7% /144 <H
4, HFE 16 hJ5, CH4l5 Hedl COX G ML R R
F(P<0.05), Ha41F% 0 h 4k, FEHAHUESH COX i
Fi¥y<Ha g, HAE 16 h J5, Ho 4 COX {G 13 <Hq
Z4H(P<0.05), 48 h N, 3 41iHuHA COX 3% 11781k
HEHFHN CH>H4H >Ha A,

LDH % /12816 ULIE 3b, ML 3b AT LI, O h B,
3 4 LR LDH 3% 7 0 2K T H A s ] 25 (P < 0.05),, ik
A 8 h, 341 LDH i 1R FHE . C 4l LDH i
FIBk 24 h BEBEAT F R, BIREZHFEAEE, H
48 h kBB RAE, BEHF LDH 3§ 518 0 h Y 12.17
fio H AWM R KRB BAE 16 h, H, Ho 41 LDH %
J1#E 16 h 5 TRE, ZEE /N ; Ha 4l LDH
J11E 16 h J5 28 FEEHET Ho 4, HAE 48 hit5 Hy
ML 2R B (P <0.05), ] 48 h i, Ho 415 Ha 1)
LDH 7% J1535%14 0 h ) 8.25 {51 6.34 1% .

3R EUNNA S , GSH & =2 ka4 L& 3c.,
M 3¢ vUUE 1, SRR T AR R . H
ZHA GSH & RS RS N34 T C 45 Ha 4R GSH
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=15 == C#H Control group C =201} = C#] Control group C 40 - == C4] Control group C
§ “la (7777 H,# Experimental group H; § ’ [ZZ11 Ha# Experimental group Hz = ¢ (2772 H.# Experimental group H
S-D e H.41 Experimental group H, a | [ Ha#Hl Experimental group Hs g 30 [ Ha# Experimental group Ha aghe
g Aa] Aa g SF Aa E - b
= 10F RS Ab g g Aab ABab
g2 /1 e B T flB 4T3 avettbe | [ 2807 %
ol v Abe =10 Ab s Tca || 17 m 8 200 o sy
é = 0.5 7 7| | guBo pce N E é Bbg, | T Cab % E Bb [ ABc T |
OE 0 7] | T 5 Be S I 1 | S A 1
] A / / el | g 205 2| 1 jas} 10 7 /
S il ' ﬂ i H B [reaen 7 5 5 0 /:
O o 1 1 ] A = ilzlnl | 0 A 1
0 8 16 24 48 0 8 16 24 48 0 8 16 24 48
B [E] Time/h i A] Time/h it A] Time/h

P3R4 T I 0 AR S 30 ekl 5% 7 )5
Fig.3 Effects of hypoxic preconditioning on activity of S. broughtonii under hypoxia stress

FrEAE 16 h F1 48 h BT Ho 4 AREMHANE TE] 48 h
b, M AR BERT, C4H . Ho 411 Ha 410 GSH
S0 hiy 176, 1.92 F12.151%, 48 h N, 341
LAY GSH & it b 3R Ha 2 > Ha 24 > C 4.

3 Wit54ie

AR ™ E AR IA (2 PHA4E, 2020), 7K
AEYRAEEMAERERH SKIETE DO BEAM
Ko KR DO Fri A5 3%, M2 T, KA
HE Wt Oy B 2R L Fili 3 A= ) B 8 %5 (Rytkonen et al,
2007), sh¥ynl Lhil o 47— R A2k 5t 3 J ALk
HEATIRY, Ak D ER B R A ha . X = (2009) 38
Tt %o B G 5 3411 (Pelteobagrus vachelli)4h k47 14 d /1
PRI RN 2, & BN 25 B i 5 Bt v B £ 4 £ 1)
TFVKRE T o 35 58 B 32 2 I Zhont 48 218 B (Lutjanus
argentimaculatus) ff {4 Py i 4t A 1k BB 1 i G 22K A
P PEN, HRRVEBERRNG (ACP) . BRPEBE IR (ALP) |
W (LZY)SFFE G 5 AR 2R AH L1 22 55 2
(FE 3245, 2020), 17 & FAR TG B AR G BF e AE 7K ™
L7 RSN e Ak A RN T S = B OO B S B w2 i
WERIGR, ISRt FE b i) DO ¥ JE 4 (2.5+0.3) mg/L,
FURSERE 90 0. 2 F1 4 Yk, Z5RFH, JH1TMH
RS 4 YR ek it L IR AU ) T 5

FEMRERI, 3 41y IR BB TR, Xl
(5 SLPORA S SN, SR (i (DAY S A i B e
RS20 s ) F E G, SRbb T By 3 PR B R T = T —
SERERIYE, 3 ZbH A IR S BT T s,
B XA 2 Ny, RS R T I
DIRBUE YR AR LR T DR . 535k, sl LiiE
FEARSCUNZR Y B SRR )], A (2019)%) 2 T
(Paralichthys olivaceus)&l it FTiF ik I 25, & PUIE 24
YIZRAT DL — g FRFE b4t i IR i B g ) . AR
o, 2 AR N A R AR A a R, IR
AH 2 3 TR R AT TS L ki, HAKERE ) R, X

T, I AT 4 A 1 o st AR AU T B B e ) B
AR AL HEE R, 3G T kb X AP AR Bl A 9 3 7
HWGER 4 RABLEE IR S, &N PR,

AR B B e 7 2 DU 7E — 8 AR 3K R A 4
FERAS, FEMRAZEAET DR 8O 0 5 BT AR TE 2 1Y
AE SR iR AR AR, NS e DL 48 L R
i M S A T BE (B, 2016). 25 YH4L I (Crassostrea
virginica) ¥ 1] [ & T ()4 A b, Tk 401 5 Ak
Y B 22 3ik B S P A5 ] T P b 2 R T A TR R
022, EMTZWR ", XATREYIL T4 wi s
SR 1K 48U 52 BE /1 (Greenway et al, 2000), A5,
3 4 e T, OR Al NR #4281k,
it 5 PR AU 38 IS ] %) S 4, 4% 2 L AT Y OR 3 ¥
X ORI, Hr, X4 OR Fm#a it W]
B TUEN A S RAM NR BRI B R EERP<
0.05), HARfb#a#E OR —2, Wi 4l 28 i I A
G5, WA AR AL P RR, HARSA TS N 4 K
IR B 2 R ARUE , 2R B L XHER AUk a5 1Y
STIVA

O/N {EH WK YA KAV — =S
B, HORNERIZAY RN E A BT BRI koK AL &
Yoy AR b (R IR A, 2021), O/N fH < 7 B,
AW A A Y BE 2 4 i AR BRI O/N (B 22 7~24
B, AR R BT B RE A BRI D B At s Yt
REW BT 2N TR LA BRI, O/N {4 255
K (Conover et al, 1968; Mayzalld et al, 1976; Ikeda,
1974), AWr5Erh, 3 A EMIFEAREE T, O/N Py
fE} 39.5, Ha417E 8 h ) O/N fHi/N, Hy 27.61, it
PR O/N B K T F AR 5 R AR 5 4 Ak A 4R BT e 22
AERERY O/N {H, VEHIAHESE b i Bk miTRE 5 3 25 i ik
KACE D FRR DB AL, 48 h W% 420030 7 SRkt A% 7R 32
T FEIZ N, 2 I SRkt f P 4 RE ) 0 o

MK A A2 BVRE B S, MRS A i
H A (ROS), JE-AE A A B0, [FF, Pk
23 7 st AR B A AR RIS B Oz L) s b A Ak 4
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Vi, BTG SRR BOR S A E 25 r . Hoh,
COX {f MV AN [ 20 ZUF ENF W™ A= g k1) 81 22
F&FR(Hu et al, 2018); LDH i 1 &K NS L&
FRU Y SC BB (W45, 2019); GSH & fH7E4E 540 iy
A= PR RE Ty R BN AR o AR, AR A
UL T P A A AL R AR R A R, IR R
COX {ifi 112 Wil% A%, LDH & Ix#iFt s, GSH & i
BT, 2B R AT S RE D B TR, T4
1% BE F138 8 THEr o L COX 55 LDH I J1 S28e il L&
W, XA TR 2, X R 4 A Bl g A8 AR 34
B, FETEE RPN N 3 S IRA S R, LI
it 1% 1 AR A A FAAAXS BN, RIS, 5 P A e A —
H, A TGE N 4 K TGS N 2 AR/, RIUMTA
TR IO FAALR T AL P — SS9 B S 1 o GSH %
VB A 2 45 40 B A R R 0 B LG, it o I S B [
FEK, SEYRZH GSH & it 3 s T X 4 (P < 0.05),
PRELH B SR A AERE LIRS A R RE ) . BRESE (2021)
WFoe R W, &0k & R WA N R B IR OEE B
(Zygosaccharomyces rouxii)7e = $h 38 F AUAETE K |
pH. MG 1) R Z Rl B kR i w E i, 54
WFFE 25 AL, 2 B AE WAL AL 1003 17 5 n] LAAS
EZIEY

AHIFFE oM T A 2 T LT B IR PRI AR,
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Effects of Hypoxic Preconditioning on the Physiological and Biochemical
Characteristics of Scapharca broughtonii under Hypoxia Stress
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Abstract Dissolved oxygen (DO) is one of essential factor for the survival of aquatic organisms,
affecting many physiological processes including growth, survival, reproduction and development. Due to
the change of global environment and the influence of human activities, hypoxia often occurs in both
natural and cultured water bodies. Studies showed that water is in a hypoxic state when DO is lower than
2 mg/L, and aquatic animals in this condition may often suffer from hypoxic stress. The blood clam
Scapharca broughtonii is an important economic bivalve because of its delicious taste and rich protein,
vitamins and hemoglobin. At present, the S. broughtonii has become an important species in Northern
China, and the better economic benefit of breeding drives the rapid development of seedling production
and culture. However, hypoxia often threatens the cultivation of S. broughtonii. Hypoxic preconditioning
refers to the endogenous protective mechanism generated after the body is stimulated by multiple
transient and non-fatal hypoxic stimuli, which can protect the body tissues and improve the tolerance of
the body. To explore the effects of hypoxic preconditioning on the physiological and biochemical
characteristics of S. broughtonii under hypoxia stress, the clams were divided into three groups containing
H, (hypoxic preconditioning for two times), H4 (hypoxic preconditioning for four times) and C (no
hypoxic preconditioning, as control group). And then, we analyzed the feeding rate (IR), energy
metabolism and three enzymes activity of three groups during the process of hypoxia stress for 48 hours
with DO concentration of ~2.0 mg/L. The first item we explored was changes in feeding rates. During
hypoxia stress, the IR of the three groups showed a tendency of decreasing first and then increasing. At
the late stage of stress, the feeding rate of the three groups recovered to some extent, and the recovery
degree of groups Ha and H; were better than that of group C. The energy metabolism we studied contains
the oxygen consumption rate (OR) and the ammonia excretion rate (NR). The results showed that the OR
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of the three groups increased gradually under hypoxia stress and reached the maximum value at 48 h after
treatment. The OR of group C, Hz and Hs increased by 1.15, 1.08 and 0.73 times, respectively, after 48
hours of treatment. The trends in NR were that the NR in group C gradually increased during treatment,
while that in group H reduced first followed by increasing and then decreased. The NR of group C, H; and
Ha4 showed different trends during the stress period which were 1.67, 1.30 and 0.97 times of 0 h at 48 h,
respectively. And the ratio of oxygen to nitrogen in group C was relatively stable, while that in group H
was relatively wide. The following are the experimental results of enzyme activity changes, which include
cytochrome c oxidase (COX), lactate dehydrogenase (LDH) and glutathione (GSH). The COX of the three
groups decreased gradually with the extension of hypoxia stress time. LDH activity and GSH enzyme
content all showed an upward tendency. Compared with the control group C, the enzyme activity of the
pre-hypoxic group H. and Ha were relatively stable during the hypoxic stress. In total, the results showed
that S. broughtonii pretreated with hypoxia had higher feeding rate, lower oxygen consumption rate and
relatively stable enzyme activity compared with the control group, which revealed hypoxia pretreatment
could improve its ability of hypoxia tolerance. It showed that hypoxia preconditioning had a more positive
effect on the hypoxia tolerance of S. broughtonii. In this study, the effects of hypoxic preconditioning on
physiological and biochemical of S. broughtonii under hypoxia stress including feeding rate, respiratory
metabolism and enzyme activity were studied for the first time. It was found that hypoxic training could
effectively improve the body's response to hypoxic stress, enriching the research data related to hypoxic
adaptation, and providing data for exploring the stress adaptation mechanism of S. broughtonii.

Key words  Scapharca broughtonii; Hypoxic preconditioning; Hypoxia stress; Physiological and
biochemical characteristics



