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1 GPT A -F ) 1% 7 8 (P<0.05). EFEREMET, sdh. fihl 70 hif-la H kK B4 8h BEH
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(R LIS I, I o B R AT (TR A,
2016),

TEAREIREE T, 0280 A 5 7 i) A BV A6 R i
DO =N 17) B1E R (A= 0) B BT e - Al R e A - V|
SN JE I A SIS J PR SH O R P 1 T SR R e ok
T FE df SN O ) 7O BB e oK, S ORI A IS ) TH AR
R A FLER (LD)FR Z (Tripathi e al, 2013), T FLER
AN (LDH) 2 — iR B, )2 A T LA R &1
A, K E MO s £5E, SHUAIRSA
RAET B 2LRR A A 5 224/E i (Saavedra er al, 2016).
AT T 2 TR TR () A R T S ot P 3 S iy R 3 7t 1 %
i, LDH n]{¢ik LD fl PK Z MM H 4k, LT
PEBERS S OB R /K P B R IR (2 4 2255, 2014) BRI
i 1 U (SDH) 2 A7 S8 A A b AP E T ZOokiR N
JE b A, AL IR IR EA AR RUE B SRR TL ATP,
AE(2023) . IRFEEQ023)F5E R, AREMNE TR
W) #fi (Leiocassis longirostri) ixi F1 F¢ [K JR # 4F
(Procambarus clarkia)fi . Il ik LRI A% o PK . LDH
Fl ATPase 76 1Tt , SDH TG PEREAR, ™ 5 52 ix 4t
ZH AU ) 0 RE B A DD RE . NS D5 T (LPS) A11LEL L [
BE(TC)RHUAMEfERE 1Y E 2R, S S BBLIA S BT
AR K1 T HE AR (Wang et al, 2020), 45 5554 1
(GOT) F 4% TN %% 22 i (GPT) J2 9 b 1 22 1) S L 5% 7%
fitg, S S W A AR B Y B AR A, A I TS )
T, UL SRR Z M (L 4R B, 2021), REMNE
& 4 8% (Lateolabrax maculatus) %)) 0L 1 A1 10 22 f
(Micropterus salmoides) JIf Wt} 4% # 4 (Rachycentron
canadum)%}) £ Jiz 38 FN 1L 3G LPS F1 TC KRR,
GPT 1 GOT y&PEE TR, SFEHUARNTIEZ 5,
A A B o A3 A Qg n bR, A I AU 30 5 AILAAR X e
= )5 SR GR e, 2021; Yang et al, 2021),

128 O AT AR E I, 8 G USRS SR L S
PRAR VRS B R  eak , DT 4ERE LA 1 AR 2 Skl
NG E AL . BAAE S F-1a (hypoxia inducible
factor-1, HIF-1a)/Z 37 HLIASECT- M 19 SC 58 Pl F-(Mandic
et al, 2020), Sofianez-Organis Z£(2010)WF5% X B, 1k
S W 3 T DL B8 58 RL9H X IR (Penaeus vannamei) B8 H
LDH Hl HIF-1a £ H AL, HIF-1 3062175 S hEE
R ATC A A N AL ATP 74, fE— R
R AR 38 R HLAAXT BB 1 A9 75 oK (Fulda et al,
2007), a2k HIF-la 5 A RFE B L G 0 |
Soitamo 4£(2001) & 8, &5 HAlh HIF-10 & F1 HAT &
FER AL AR ST . HIF-1a 322852 il & I R AL 45 4
35k (PHDs) 1 iR #00il £ 5 (pVHL) 55 S S il 4, L
T PEARL A2 HIF-1o 400 2 1 (FIH-1) FH A 5% R 5 19

JET . HIF-loo 85 AT D42l (R H2 B0 2 A Ik A
S, A B G AR B A R AR AR TR o Pei SF
(2021)FN2= 3 45 (2023) A TR B, AR ARUB 0 £ 4 28 B
Fith (Pelteobagrus fulvidracoQ*P.vachellid) i FJH-HE
KR Wi T hifs . phds F vhl FERFRRETHE, B
FURRE ZIEHE KT, FIRPRRE R, R0 X 4
AL AR AR AR b BAR AR SC L R 3Rk 7 A T i 3
S

T Bt — IR AR L SRR £0. 28, BB B
BIE A 3.0 mg/L, S5 A AR AL ] ) B A5
HI(Wulff ef al, 2012; Hou et al, 2020), JT4E%, [
Fr B BRGNP 4 ) 0 8 3 7 1 A vl BF 5
ISR IH A TR B A o AR AU 25 7™ B 5 1 T 68 17
AR FRITRE 7, O JIE S f 2 o X ER S0t 1) o 29
o SR, H TS TR A o S0 AE AL 45 bR A
AR SRR DG I PR 20 BT 0 A DG o R, ARG s 2ot
it 5% P 5 R0 S I 98O € B PCR(RT-qPCR)J7 557
I A [ e 38V S M 200 4o 000 O 2 P8 o 8 S0 AH
ORHE R FRAR 2, LU Sy o] 1Y T 685 17 AP 4 130 14
PERAIL 4R LA

1 #RE5FE
1.1 SEIEEhi

AR S I T R YR T H R A SR Y, SR E
(130.0+5.0) go BHARRSEL TG . FIAK A —BUN
i AT 005 B A PR AR SR 58 2R G P BT 3 VAt SRR T A
FFFE(8.5+0.1) mg/L, ZKIRAEHIFE(12.0+0.1) C

1.2 FTWiFItEHERRXE

BFREEHE, E A A IR G E A
GRS I a7 w2 R BB A = A Bl L E (L= R
AR VAR R (8.540.1) mg/L, RS IR AN
(4.5£0.1) mg/L, FEBEARALEEHM(3.040.1) mg/L.
TESEE AN, KIR4ERFE(12.0£0.1) °C, pH K 7.5%0.1,
I 480 52 363 3 1 SRR RV T B R K R
(VA F SR B, R S K A s i AU AR 4k, Al
VA5 A BV I A (8.5+0.1) mg/L [ %(4.5+0.1) mg/L
F(3.0£0.1) mg/L, 4rHlFF2L 4. 8, 12, 24 h, HEfK
A 1P HIMM), EEAE 1 H(TMS), 4R S8
WBAEACEMNE 24 h ESERIE T, FFRAKPRETA
AR, R PGE K 2(8.5+0.1) mg/L 5 HF4E 12 h
124 h, FAMAMERAXIEA, EMEPEERETS, 4
FIHEARSE a4, 8. 12, 24 h, TMM Fl TMS)FIE 4
12 h 124 h (9451 B [0] 57 Bl AL 326 HC 0T 0 5 SR 4 00
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R, SEHTA R PR, J5 5 T80 CUKFifR1T,
M TR LA TR PR AT RNA $2HL

1.3 S IEtRNE

BoGEmOMEHZY, BT 1.5 mL BRSO, A
9 AR AEBER K, LSS (CI 2 s, BT
fIRIELES L 4 000 r/min B0 10 min, W VR E T
=80 CUKFE T e A Ak hr , A= fbfatn F 245 SH
[ f% (total cholesterol, TC/T-CHO) . 3% ¥ iz i & Bl
(succinate dehydrogenase, SDH). PHEHRI E (pyruvate
kinase, PK). =R Iif H ¥ (adenosine triphosphatase,
ATPase). FLM(lactic acid, LD). JEHiff(lipase, LPS).
BN % B (glutamine aminotransferase, GPT), #F %
Z W (glutamic transaminase, GOT)FIFLAR I A F(lactate
dehydrogenase, LDH), 177II43K A m 5t @ BUAEY) TR A
B2\, FIH 2 2 e ik fL A 32 %0 {X (Thermo  Fisher
3020-1296)illE WL

B RNA RJIREX

F4l TRIzol EFREBGOAEAIZIM A RNA, H 1%
B G WHE I HL Yk N2 NanoDrop #8 e 2 /M e

14

K RNA B o S v 32 i 1 s % 51t 3057 & (TaKaRa,
TG VREAG I B 4% 1) RNA RE 5 64T R e 5% o

DEARARAEEXERREERN

HR Al A R BT AR A5 1 7 AL P SR B, (A
Premier 5.0 AX4¥E11 ldh | pk. sdh. fih-1. hif-la. egln-1
1 vhl SERFEFES 1, DL B-WLsh & (B-actin)VE R
WRS HRELN (3% 1), LA cDNA J#itR, it RT-qPCR K5
AT 8.0 E A 1dh . pk. sdh. fih-1. hif-la. egln-1 F
vhl FER mRNA 7K, 4% RO i 10 & vl i
B 20 pL A% ddH,0 7.5 uL. F Fi#5145(10 pmol/L)
£ 1 uL, SYBR Premix Ex Tag II (Tli RNaseH Plus)
10 pL, cDNA 0.5 pL; SR 4514 : 95 ‘CHUENE 305,95 C
5s, 60 C 345 (40 MMEH), 95°C 15s, 60 C 1 min,
95 °C 15 so R 2k MrkE S o dh pk . sdh fih-1 .
hif-lo., egln-1 F1 vhl FERFAX; FkE

1.6 SKIRHIESH

FIFH SPSS 24.0 B AFHEATHLIRSE I AIHT, RHTH
K2 J57 2253 #T (one-way ANOVA) } £ & H# (Duncan)
R A s 22 S W E PR, Y P<0.0S B =R R

15

&1 SIUFINER

Tab.1 Information of primers
5|4 Primer L5197 %1 Forward primer sequence TUE51¥F %)) Reverse primer sequence
Idh TTGACGGAGACAAGGAGGACTG CACCTCCTCGCCAATACCATA
pk AGGTCAAGGAAATCGGTGGTG CGGATGAAAGAGGCAAACACC
sdh ATCAACTAAAGCCCTCCCTGC TTTGGCGTTGTCCTTCTTCC
fihl AACGCAGGAAGAGGGAGGA TCAAACTGGTCGGGAGGGA
hif-1a ATGTGCCGACCCTTACCCA TGATGTCCGCTCAGGAAGGT
vhil AGACGGATGACCCGATGTTG GCACACTAGCTTCCTCACCA
egln-1 TGACCGATTTGGACAGGGAC TGCTTCTTCCAGTCCGATTTCT
f-actin TGGGGCAGTATGGCTTGTATG CTCTGGCACCCTAATCACCTCT
- 5 3 T 5 (P<0. o
> BEEESE -8 2 T B (P<0.05) (] 1)

2.1 REmbB X UL 8O B 4 LSS AR B S0

PE AR E T, drEE.0EH PK, LDH, TC,
LD Al GPT /K°F-7¢ 8 h B FHi5, 24 h BRI, B4
i T BRUK - (P<0.05), ATPase Fll GOT W MEAE
12 h I RAR, 52 ER K 2 1F % K SE(P>0.05), fEHE
BRSO T, ATPase Fil LD /K F-7E 24 h i &g T
1 (P<0.05), SDH, LPS, GOT Hl GPT /KF7E 12 h
AFREAG, HAJEIRE 21EH K (P>0.05), 5XTHEA]
A E, TMM Fil TMS 4+ PK., TC. LDH Al GPT /K

2.2 {RSAHE X AT 80 AT X B B RIE R R

FEREREMNA R, SCESe kb ldn 1 pk EH
FIARTE 8 h I FH i, 24 h BRFFRAR, &4 12 h i
A1 9 2 5 T K (P<0.05) . sdh 3R 25 H7E 8 h
F124 h BT, 524012 h K 206 1E 5 7KF-(P>0.05)
TEEFEMREMNA T, ldh . pk T sdh FERF 5B TE 24 h
WP, A 24 h BPHER A AT W2 S T BROKF
(P<0.05), SXTHRZHAMLL, TMS 4 pk Ml sdh ik
g E THE (P<0.05) (K 2),
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Fig.1 Effects of hypoxia stress on cardiac biochemical indices of rainbow trout
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BB Time

KA. C.E. G, 1. K. M. O Q: EM4E; KIB. D. F. H. J. L. N, PAIR: FEEMLAE,
C I CM /R X5 4h 8h. 12 h Fl 24 h 735378 AR RIEE BEARUMMA 4. 8. 12 #1124 h; R12 h Al R24 h 43575 4
KIZ 120 A1 24 hy TMM FoRP AR 1N 5 TMS FoREEAVE 1 M . BT ARRV NG FREROR 2257 .3 (P<0.05), FHl.
Figures A, C, E, G, [, K, M, O, and Q: Moderate hypoxia; Figures B, D, F, H, J, L, N, P, and R: Severe hypoxia.
C and CM denote control; 4 h, 8 h, 12 h, and 24 h denote moderate hypoxia and severe hypoxia stress
for 4, 8, 12, and 24 h, respectively; R12 h and R24 h denote normoxic recovery for 12 h and 24 h, respectively;
TMM: Moderate hypoxia for 1 month; TMS: Severe hypoxia for 1 month.
Different lower case letters in the graphs denote significant differences (P<0.05), and the same below.
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Fig.2 Effects of hypoxia stress on metabolism related gene expression in rainbow trout

KlA, CHME: "PEALSH; KB, DFIF: RELA.
Figure A, C, and E: Moderate hypoxia; Figure B, D, and F: Severe hypoxia.
23 REMHEMITEOLEREEBXERRIZN 4 h A8 h BB ETHRE(P<0.05), 12 h BFFEK; egin-1
i DA 42 325 Tk (G S0 P ) 28 < T 38 4 785 £E 24 h
TEPRE R EINA T, hif-la 70 fin] JeHFikitge  BHAFIEE(P<0.05); vhl SENFIKEAE 4 h F124 h
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TFE, 8 h I B S A (P<0.05), B8R E ZIE W
K- FEREEMEWIA T, hif-la i egin-1 FEH F ik
HETE 4 h F 24 h BB TR, 7E 8 h FFEMR, B4HS
A5 5.2 5 T % B (P<0.05) o fih ] BENFik A 4 h IFFE
%, 7E 8 h I & THE(P<0.05), B4 24 h BHKE =

TEH K o vhil B R 35 0 B AT A Jolh 20 s ] 2B 4 7 %
BTk, 7E 24 h W AFIE(E(P<0.05), &4 24 h K
HR2IER K. 5XFRAMEL, TMM 4 fihl | egin-1
1 vl BE IR e 1k B FRARAE G B M 22 5(P>0.05), TMS
4 rh val BEPR R R i 2 TR (P<0.05) (] 3),
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Fig.3 Effects of hypoxia stress on hypoxia related gene expression in rainbow trout

KA, C. EfIG: PEMKE:; KB, D, FH H: HEMHA,
Figure A, C, E, and G: Moderate hypoxia; Figure B, D, F, and H: Severe hypoxia.

V8 PR SR R TR 0 I A A7 R A 25T 0 1) R B B
WT, REFA ST AR R R ST
A A A A B R 5 U™ FE R (Xiao, 2015) f 28 il
JOEAN [V i SRR 22 R AR A | AR BT D 55 D7 THIHY
BB, 28 SN A5 A A b )22 1 LR ARG 4R DG 2
P RIRA 5 o ASHESE TGS PR Ml RT-qPCR %
ST T R AP 4RI E JRE R 40T 0T 80 2 AL i AR AR
AR ARSI N IR YN o BIFTEEE R3], T
TEAN I KPR AR SR AN ], o B IR AU BILAA

AT AT D55, AT R AR SR A T AR SR PR 19 A
75 B REAR AL AT S0P W G SRR IR ] i
FMFEHLIAXT BE i 107 5K o AR S P o o 2 A AR
EETL, SRR N IR A ABK P, I i o JE i
I —RE i o

3.1 RSB X HT 80 A A LS AR R2 0

0 A2 BIRAE B N, J0 0 98 5 A QR R
Iy I B G B4 28 e ok pa A (R S 38 X LA B 45475
AHFFERBL, ARAMLERTH], HLAGES S S ATPase
TPEARAHCE Z R, DI B R ok o 7Erh
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546 &

R4 WE R, ATPase. LDH Fl LD /K E7E 24 h W%
fik, %5 LDH I LD /K- % F+ i, i ATPase i
PEWR S 2 1E 57K, HUARA SO A QS TE 7k IE &
A7, IS T A A 2 P R A FE A o IX SUH 45(2017)
WS & B, BRI EEES (Trachinotus ovatus L)TEARE
BT LDH /KW E Tk, SARMIRAE R, Frse
AR AL HLAR A P AR Bl ], oL RE 3
i SXTHRZUAH L, TMM 419 ATPase. LDH F1 LD
KOV S 2 T v, A v A A PR B o P G
SEUWE T Ak ok Tl 2 RSN O ) P RE T 5K, S BOME R
itk S I ARG I AN FL R B 2 (Thoral et al, 2022), HJE
fIRAMA T, ATPase fil LD /KF7E 12 h iHFE, &
UG S TR, MUARTE S AR AEUNE TR i 2
H 5 e i 75 oK 1 3 5 oA A BE 77 o Speers-Roesch %5
(2010) . Kong Z5(2023)fft 57 £ , X HE{f1(Oreochromis
hybrid sp)F#8(Cyprinus carpio)f T X E M6 )
7 25 dr A AR AL, R AT AR ML A T A A g
PP LD S B ATPase W6 PETHE , M i 2 AL
R RER IR oK .t EEAIRESE LDH W& T, JF™
AR FLIR , 3 5 T AP B A i 72 A HLR P ik e
. HXTHR4IME, TMS 4% LD & &F4K, LDH
TG PR 2 T, R JC U I 23 3 ML N Kt
FLRRHERR , 38 2 34 5 — TR e iz K 2 =y FLIR A G R A

M 2% fift L PR HE FH (Speers-Roesch et al, 2010; F k%,

2023),

SDH J& =R RIEFF (TCA) WY B ZAH M4, Hik
PER] S ik TCA TG isfT B E . EhEEAREMA T,
SDH {f ¥ WK T X IR, PKiGME R T . 2%
5 (2023) 75+ Wy s i B4 AIF 5 45 S 5 AT 5 45 SR A
L, EMREME AN RS, RGN E M2 5]
W, FECE AT I RERER, BEHLATCE A
FYRE R AR IE B an TG g, DURT, BSR4
ARG E A T EE A RE ORI . ST M HE,
TMM 4 SDH iGPER#K, PK T, KW R
AL A BRI B8 Sy 385 = > ATP CRERARAE,
2023), 7EHEEMAMIE T, SDH Ml PK iGPEZE 4 h
i & T X R, AR SDH iR MR 2 0F % 7K,
] S8 (2023) A5 A B, JEJE £ 4 fi (Acrossocheilus
Sasciatus)HFEHT SDH {74 Jifi {1 52U 38 B[] SE < 22 F
Fash; SBEMEQO2D)FT AN, 4 g iTiE
PK &M ST, RIS R a2 e HIC a8
A I I AR BE AN ] o Bl 2 Vs A SRR A, BILIAR B
FCIRGUS RN, JoEEMnsss , A Az
i, SXTHRAHLE, TMS i+ SDH Ml PK 16T+, K

390 TV ST AT SR P ) R AT (i R4 (1 553
4 2023),

LPS Fl TC ZHLAMEAFRE R EZIE X, BHLAK
B AR K- AR AR . GOT F GPT J2 & IR
B4 S S AN A R S M G R, T AR S 2 N 4 4
MINBERY FEEAEHR, T GOT F1 GPT /K- 55t =
BLAH G, X JE 00 T 2 L R (1) A RN 25 5 o i 1 e
HEEEM . EREMEME T, LPS fil GOT iR
STl R AR R, TC &M GPT ISR FHE T
Xof B r R SR e e O 40, X LR R IR R
KNGZACH = A= — 2 MR, B R ¥R Z1E H K
S, eI S0 I AR AT A TR o AR AR B K 1T 2R
%5 T 0 PN 4508 £ 4 £ i 38 K 1L P LPS AN TC 45
B, GPT M GOT & = TXHHEKF, 5AM5T 4
AR, AR AR E e T g B B2 5
(S8 ME, 2021; Yang er al, 2021), R IE AL
TC &AW TR, (. LIS B K EHERL, 5]
NG WA . fEE LA NE T, LPS. TC.
GOT F1 GPT /KF-AE 12 h B [AK, 8GR E 2 IEH
Ko AREMNIE 12 h J5 AL £ R R 1 R A A
3% LPS. TC. GOT Il GPT /K5 5o T o BRIk
kR, X T AR S HLAMLREA e (F B4, 2018; Sun
et al, 2020), 5 AR (T SAA PN 25 13 5 R BiG Jo 4 i
I, DU AL BE R AT R . S XTI A,
TMM F1 TMS 20+ LPS iGtEC i E1E£ %, GOT if
PER#EAK, TC. LD F GPT /KFTHeE, KIWMTE MLt
TS R T A3 A L 2% R I AU S 1R 7 e
K EZR AR AR (L et al, 2018).

3.2 R ERHE Xf R EE OB IR S B E R IE B R

At 28 TDXHIG S0 38 B 1) 8 o A 23 AR i K (AR
i SR AN TRI T 2 A A o ISR R 0 o £ A SRR
fEPUARRE LA AR, AIRIENLIAR TS 2 A RE LN
BLAR 30 A A A J6e 31 % 8% 1% 72 (Ton et all,
2003), AMFFELER SR, EHREMENE T, Mg
W ldh pk R sdh BRI ZRIKAAE 24 h B S T X0 |
B, pk Ml sdh SERFIR G F1EH K. Zeng
4:(2016) . Han Z5(2022)0F55 £/, K# i (Larimichthys
crocea) FIl = A% AT il A v 3k 8 35k ] 3R 3k 1 5 A F
FELE RN, T REAS ] A0 288 1 X TG A2 30 e ) 4G a7k
SERE . P EREMNE T, —RRIGHE ldh. pk
Hl sdh B FRA T, W B o, SRIUMITA
I TR T R IRAT AR, K LR A N R S
5 ZRMEH, —ERE LA FTEHUARST B R AT
Ko TEFRFEARENNA T, Idh T pk FEHRFIKETE 8 h
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PTG, 12 h BRMRE BIEF K, sdh B2 Kb
HAE 24 h A E TR, BZEUR pk M sdh FER R
16 24 h R EFm, RO AAREKP SR, TR
PERURTEAR A 30 T 7= A 0 U5t G EUM 0 f JE
W4T (Ruditapes philippinarum)fig . FF 1S S0 7R 7 fili
(Takifugu fasciatus)/[FER pk. sdh 1 ldh FEH Rk
I T (Hao et al, 2023; Li et al, 2019), 3T E2(2021)
R, AR E M0 i 2 52 B0 JFE D sdh FE R Rk
TE 4 h INFEAR, ldh N FRIKRAE 6.5 h Tk, Ikirh sdh
RSB/ G REEER, BEERES,
ARG AR o A [R5 R A] RETEAS [R] K A= sh iy
AR HL P A AR AR, S T REBTEAUA R
SN IR R HEAT T B A= i T 20 R 35 HCRE = I AR 4G
MR, B WA A A 2 T AR . X R A
o, TMM 41 idh . pk il sdh 35 Fak 0 i & 1 22
5, TMS 419 pk Fl sdh FER AR T+ E, M08 FE 5
Vs e SRV B ) SR T D R A B AR K P KB
SRR SN SEI N ORI N AW S A E N TR
R A AR X AT S AL A PAY R T A A AR AR T (T SR 3l
4 2023),

3.3 R ERME XF R8O BER A KB E R IE AR

hif-1o ST ZE IR EACI L SR -, 2R
0SB AN B R Sk K - fih-1 2 hif-1o L)
RN o PR R, fih-1 W] LLE AR
hif-1o WIFRIE , HETOE LR R A A 5% o ARTFSR
g, P EAREMNE T, hif-lo F0 fikl 3L E
IKHETE 4 h il 8 h B E T, 12 h BFFEAC; egin-1
J DR e 3k ik B 30 o) ) B AT T S, 7E 24 ho B
IRBNEAE ; val FEIFRINETE 4 h fl 24 h 57, 8 h A
A BRI A H K o 18R TR Ay T
i (Yang et al, 2017)., WESUZR J5 il 0 (42 ik 4, 2019)
I Z A8 B A I S0 IE(BE S %2, 2021) Pt A7 FH G
3B, eIk B 2= S Rk (W BE R v] BB 5 B AT 14 e AR B
DIfe AR G, EEBEMEMIA T, hif-la 1 vhi
B RIKRTE 24 h R ETHE, 8 h IFE(K; egln-1
FERFRILETE 24 h PR ETHE, HEE RE G T
HEKOF 5 find FERFIRETE 4 h BFFEAC, 8 h if @ E T
o Liu FF(2013) &8, REUA [ E5EL(Myxocyprinus
asiaticus) IFREFIPERR T hif-la FEF TR B . KY)
i A SO T BEFAE R finl . hif-la. egln-1 Fl vhi
Tkt W E IR, AT DAHEWT, AH RS AR R A 7K AR
S B AR R IR R, SRR DR (2
4, 2023; Li et al, 2019) . 5XTHEZLAH L , TMM Fl TMS
Hrh hif-la 1 vhl FERRB TG, 0L

HIF-T 15538 M s, Ak, hif-la FEHFRIKEPE
o RF 2R I I R ST B R B R (Malec et al, 2010),
hif-1a TR FEA0 T BRI 1EH  S AR F AR R, JF
BB IR T AL, S8 hif-lo BOE T
T O R A 2 51, X T REJE: hift 1o FE N A RAE MR
i3 T T I RS . vhl T egln-1 KL 58T
e AT REAE Sy — i S AL o o 28 1k ARG AR 38K, ok T
P AEAR S 30 J RS Y X AP S I ) R 5, M4
LR APR AN SO 1, AL Pk & B A e RS I &
FEIEH A BRI RE

4 £Eig

AT 8 1o R P 100 2 A1 RT-qPCR ik,
A3 BT T v R AR AR AR AR AR W A T e o I v A Ak
FEARAS AL LA B AR R & 6 PR ) 2 3R 15 B A 52 i 5T
KB, ARSI A (AT 850 ' PK. LDH. ATPase.
SDH. LPS. TC. LD. GOT # GPT /K- A 6] 2
FER T, AR & A AR ZE AL, S0 A 1E 5 1A%
WK, I T 8o I 3 18— 4 o ZEAREME T,
WSO R Idh ., pk. sdh. fihl | hif-1a. egln-1 Fll vhl
e [R 38 A AS TR R B A T e e G SRR DG 6 TR
) e 2 IR O A TR N B S R4, By L AL
Do E— LA FARE R BORAS | LA PR R &2 2R
ARSI 15 10 A= BRI BB o AR FT 25 58 A L S 0 i
A8 IR AL RIDF R R4 T S5 %0k .
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Effects of Hypoxia Stress on Biochemical I ndices and Expression of
Hypoxia-Related Genesin the Heart of Rainbow Trout (Oncorhynchus mykiss)

MA Jiuju, HUANG Jingiang, LI Yongjuan", WU Shenji, ZHAO Lu, ZENG Yue
(College of Animal Science and Technology, Gansu Agricultural University, Lanzhou 730070, China)

Abstract Rainbow trout (Oncorhynchus mykiss) is a hypoxia-sensitive fish, and its growth, behavior,
metabolism, and immunity are affected in hypoxic environments. To elucidate the effects of hypoxic stress
on the heart of rainbow trout, biochemical indices and hypoxia-related gene expression were measured
during moderate (4.5+0.1 mg/L) and severe hypoxia (3.0+0.1 mg/L) stress for 4 h, 8 h, 12 h, and 24 h;
moderate hypoxia for 1 month (TMM); severe hypoxia for 1 month (TMM); and reoxygenation (8.5+0.1 mg/L)
for 12 h and 24 h using enzyme activity assays and quantitative real time polymerase chain reaction
(RT-qPCR). The results showed that the pyruvate kinase (PK), total cholesterol (TC), lactic acid (LD), and
glutamine aminotransferase (GPT) reactivates increased at 8 h, decreased at 24 h, and were significantly
higher than the control levels after reoxygenation (P<<0.05) under moderate hypoxic stress. Under severe
hypoxic stress, the succinate dehydrogenase (SDH) activities gradually increased and peaked at 8 h (P<<
0.05). No significant difference was observed between the control at 24 h and after reoxygenation (P>
0.05). The adenosine triphosphatase (ATPase), lipase (LPS), TC, glutamic transaminase (GOT), and GPT
reactivates decreased at 12 h and recovered to normal levels after reoxygenation (P>0.05). The PK, TC,
lactate dehydrogenase (LDH), and GPT reactivates were significantly higher in the TMM and TMS
groups than those in the control group (P<<0.05). The expressions of succinate dehydrogenase gene (sdh),
factor inhibiting hypoxia-inducible factor-1 (fikl), and hypoxia-inducible factor-la (hif-la) were
significantly increased at 8 h compared to those of the control (P<<0.05) and returned to normal
reactivates after reoxygenation. Under severe hypoxic stress, lactate dehydrogenase gene (/dh), pyruvate
kinase gene (pk), sdh, hif-1a, proline hydroxylase domain protein 2 (egln-1), and von Hippel-Lindau (vA/)
expressions were significantly increased at 24 h (P<<0.05) compared to those under moderate hypoxic
stress. Compared with those of the control group, ldh, pk, sdh, hif-1a, egin-1, and vhl expressions were
significantly decreased in the TMM and TMS groups under moderate hypoxic stress with no significant
differences (P>0.05). pk, sdh, and vhl were significantly increased under severe hypoxic stress (P<<0.05).
This study indicated that varying levels of dissolved oxygen led to changes in biochemical indices and in
the expression of hypoxic-related genes in the heart of rainbow trout. Hypoxic stress affected the cardiac
metabolism of rainbow trout, which affected the normal metabolism level and caused damage. Under
hypoxic stress, the rainbow trout were able to provide feedback regulation of hypoxic stress through the
high expression pattern of hypoxic-related, which prevents the heart from being in a constant state of
hypoxic stress, allowing the organism to quickly return to a stable state and perform its normal
physiological function. This study provides basic data to further elucidate the regulatory mechanism of
cardiac metabolism in rainbow trout under hypoxic stress, it has guiding significance for the intensive and
healthy breeding of this fish and the selection and breeding of new hypoxia-tolerant species in the future.
Key words Rainbow trout (Oncorhynchus mykiss); Hypoxic stress; Biochemical indices; Metabolism;
Gene expression
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