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Ja MG R K AEGEFAES SOD HEMEEMRAMA G 3 h Wl NI B RARME, 25 298 EI s, HhE
FALTXF AR, Wil SOD V&EMEM 3 h B FFLE B, BR 72 hitdh, 24530 BREH A R5F 5l i 25 a7 X0 BRZH 19 5
HIF-1o Fl phd3 FERF SR FUIE PS5 A B R 2RaE , RAEMNA T RIS, (HABRABIEE A58, 3
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Effects of continuous hypoxia stress on blood indicators, tissue antioxidant
enzymes activity and genes expression in Changfeng silver carp

LI Xiaohui', ZOU Guiwei', LIANG Hongwei', HE Xuan?, SHA Hang', FENG Cui', CUI Feng*"

(1.Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan, Hubei 430223, China;
2.College of Life and Health Science, Anhui Science and Technology University, Fengyang, Anhui 233100, China)

Abstract: To study the physiological regulatory mechanisms of Changfeng silver carp(Hypophthalmichthys molitrix, CF)
on continuous hypoxia stress, the blood indicators, tissues antioxidant enzymes activities and genes expression levels
were analysed at different time(0, 3, 6, 12, 24, 36, 48, 60, 72, 84 h) after hypoxia treatment with a dissolved oxygen of
(2.0£0.5) mg/L. The results showed that continuous hypoxia stress caused a significant increase of hemoglobin content

and white blood cell count in blood, and a significant increase of the total antioxidant capacity in the serum. In addition,
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under continuous hypoxia stress, the GSH-Px activity in liver of CF decreased significantly except for 36 and 48 h, and

the GSH-Px activity in brain was significantly lower than that in control group within 24 to 60 h. The CAT activity in the

liver of CF increased significantly from 36 h, and the CAT activity in the brain increased from 6 h, and decreased

significantly at 60 h and later. The SOD activity in the liver of CF rapidly decreased to the lowest value within 3 h after

hypoxia stress, and then showed a slow rising trend, but it was still significantly lower than that of the control, while the

SOD activity in the brain began to rise from 3 h, except for 72 h, and was equal to or significantly higher than that of the

control group. The expression levels of HIF-1o and phd3 in the brain and liver fluctuated under hypoxia stress, while they

were higher than those of the control at most of time points. These results indicated that CF increased delivery of oxygen

by improving hemoglobin content, and this physiological response might be regulated by the expression of HIF-I/o and

phds. Furthermore, the antioxidant enzyme systems of brain and liver of CF were activated to resist tissue damage

induced by continuous hypoxia stress.

Keywords: Changfeng silver carp(Hypophthalmichthys molitrix); continuous hypoxia stress; blood indicators;

antioxidant enzyme; gene expression

FARRIL T 2 SR I A T K DRk A:
AW AAE = A R SR K R i ) SR ZOR TR
IR AR A S Rl F ARG, B Bk
AR TE K A v g I AR FH 258 1) 72 A 2 3 B0
SR AR AR KA HR B s e SR e X Tt 2 0E
WK, EEMEH A AEE. s, —b
IR i S KRS AR RSP 4 mg/L DL b A REIE R
HEREE ; MEMAACELT 2 mg/L i, KHB5r5%
BTk s BRI EUKOART 1 mg/L i, KR
ortaess ek, HEREEErP,

HAR T ORI O IRE G A7 2 AP FRG,
I TR MR S X £ 2R i) ) 1F 9 2 R A v A £ 2
A SRR . SEACFIBT AR R G AR T AL
PRE A>T AL 55 o IR BRI T R PPA £
KA BEA RIS A Y, FEIRASSIE T, 3k
MR AP LT AR . A0 BRASOR I 2T 35 ok it 44
T, RELARM . RERR VRN H )R R, I L
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FEA RIS SRR, HE AT R I R
ET S5 W W AR A A Ki i Q1 O [k )
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EHEEEMEN . A H S S Y (GSH-Px)
FEPUE AL B R 2 v B T i 5 R L PR AE 40 AR
St A e AE Pl A, WA
it (SOD) RE 5K 7 5 S 7 ™= A= 1) 1 14 48U (ROS) I Fh
FEHEAT AR, PEE AT P % SRR FR A il 4E AL
A, MG FEAES SRR CADERT, itk
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HIF-1 & R 2R 2 ALl (PHD) & HIF {5538 #
T OGS 500 70 HIF-1 XS mARGU, il
SN B TC R SRS A, S TR R i
sk, PAPERE AR . AR AR, dRMURGAE S P TAE
AR AR, DAERARASMT . tesh, PHD it
il HIF—1ou 25 AR AR P AT 1 F i) ARG AU
TESRAESIE T, PHD 28 TR PEAZ 2406, HIF-1a
{5 Lk AE A A A R 4R

K ik (Hypophthalmichthys molitrix)J& H [E /K
PRI BT S R AN TR A T
REEFEN G TFhRicBE B G5 a M
FORBEF ARG A (S FPEIC S GS01-001—
20100, 5B, THAERKI, HA%E .
WIELT . JERNPETR . B TRIRER S SR, 1 BTE
4 [E T L N AT K A b g O AR T A
a2k, WEMMIRARE 25, FKIRE A & A b
U, AEFRFH AR TP 5y R A TR SR RN A AR
MG, TEis il Fe b 2 B s i ) &k A i
A, St B, e TEERITA T L H
SE AR AT AU A8 X 3= e A AR A A8 bR S R
IKAKPFASA R RE MR S5 5 T AR D . B T e
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G, LA R it ER AU AR i BRI B 408 it R (32)
35 7 PR I

1 MRS EZE
1.1 iR

M AT B 9(100420) g, K H FE K
FERLAAIT T B KT ST T2 7R 6 S b
1.2 7%
Kk it

T 2021 4F 3 HZE 4 HLEh EUK R0
SR BRI IS FIr G2 F iR IS S 0017 o U |
To R, 787 A AR IR 2 do
HERT 3 V%A 300 L /K IZKAR K IR(15+0.5) °C), FF
L KA P FEA R, FEK A A S 25.(2.040.5)
mg/L J5, [RBFmE/K Al A RS, R YRR
(2.0£0.5) mg/L A48, FifiJE MBS KAF A 40 Y
FE e AR RIS, 7EFFEREAEFR 0, 3. 6. 12,
24, 36, 48, 60, 72, 84 h BfHUEE, Hrh o h{ER
X HREH o AFANEF ] 543 AE 3 7K F Hh 45 BEALIE
3 44, b9 K. [Rl—UKEETRRY 3 K fkE
ARIIFRE, ER 1 MY ER
1.2.2 H&Hi£

IRERT, F MS—222 BREGSHIHIL AN B S (17K
FE BT IR o SR FH R F IR, A B 1k I R ]
A 1% RN TRE . MAEER S, 3537
A 4 CUKFENTE, 240 )5 E2MAENIH, B2
M35 720 CUKFHORAE, 2. Rl daE g
ok, WU IAIFAES, B AT TR
W, ZWEGE S T-80 CUKARIRAT, .
12,3 Ba7E MR G RAGATN E 77 ik

U AFAESS 0.1 g, #2212 9 IIELBIINA 0.9%
SACHUKE W, WS 5 R AR 2.0 P L 2500
r/min B0 10 min, FIERIA 10%4L5)3% . R
FH B 50 AR W TR BT i) i o 20 215
IEABEE o P4 A R 0CRT 1 20 MO RR RS ROR T 4
M HA TR RS, P BRSO I f2 21448 R 1 248
PR . R st A ) TR T IR I 2T 8
D I I 3 2T 8 1 . SR B Rt e e
Yy TREAE S A ST AR i g e ) 6 i

1.2.1

T PTA L RE

1.2.4 % RNA 3RIERFuit 45 F B 5% %75 PCR A0

K Trizol B4RHUE RNA ; iz IR /ML
71 NPSO(FE[E, IMPLEN)IUE RNA ¥R 1V A
AlE 5 2R 1% BB EE S B VKA RNA 1 5844k
W A4 J5 ORAF- T80 “C kAR £ H 5 SR FH HiScript
II QRT Super Mix for gPCR a5 &K H i i A
JIERY B RNA 24558 cDNA, T—20 CIRA7; s
SERFEEE I PCR Al 45 Bsf 1] s i 1A 20 21
W HIF-1o., phdl. phd2. phd3 W3R E AL
SEmPPOEE R PCR RNAARFR A 20 pL, 145 10
umol/L . RIS |#4% 0.4 uL. cDNA #AR 1 ul,
2xChamQ Universal SYBR qPCR Master Mix 10 puL
J ddH,0 8.2 pLo S AR : 95 CHIAEYE 5 min;
95 ‘CARME 55, 60 ‘CiBK 155, 40 MEH; 72 ‘CHE
1130 s, LA factin HNSIEN R EE TR 27049
BRI AT AR Bk AT . SO E B PCR
S9N TR 1,

#z1 REPABNSIYFT

Table1 The primers used in this study

E4S JF31(5-3") B KRB/ C
B-actin-F  GAACCCCAAAGCCAACAG 54.52
B-actin-R  CAGAGTCCATCACGATACCAG 59.59
HIF-1a-F GCACAGAGCCGAAGGAAGAAGG 61.53
HIF-1o-R  GCAGGTAGGCGATTGTGAGACG 61.53
phdl-Y-F  TCGGAAATGCCTAATGGACTG 55.63
phdl-Y-R  GCTTTGTGCCCATTGTGATG 55.30
phd2-Y-F  CGACACTGTAACGGGAAACTGG 59.66
phd2-Y-R TCTGGAAAGATCCGCAAAAGG 55.63
phd3-Y-F  AGTTCGAGACTTTGGCTGTC 55.30
phd3-Y-R  CCCCTCTGATGTTTGTCCTG 57.35
1.3 HEHHh

5 E 41z F Microsoft Excel 2019 33 ; iz
SPSS 22.0 HFATIHRZE Iy 225041, ANIRIET ] 23 %L
HE3E4T LSD #11 Waller—Duncan £ H55¢

2 ZR59H
21 REMBMKESMBIERADINEILEE
oA
M 2 AL, ARSAEALERS 3 h, MR 4N HEEL
AHXTFF R ZH 2.3 (P < 0.05) %, BfiJm 21 40 50T
i ETF, 6 hBf S E P <0.05ZF 3h 1Y, Za N
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W R R, 24 h P, BESS SR (P < 0.05) 0,
36 h 2, 36 h JFEEARE, BR 72 h B4k, 5X%F
A ZEFH TG E L RAMHE)E 0~24 h
W, MK RO 5 AR 1k, BR 60 h Ab, 36 h
ZJ5 MLV 240 MBS ) 8 35 (P < 0.05 ) T%T BRZH 1Y 5
T 2 P 5 s e AR A2 3 h B IR (P < 0.05)

TR, W T, 48 h R, 2R REREE K
-, B E (P < 0.05)m TXT IR ; R4 HLS 1M
B ESURRE e B (P <0.05) EFF, 12 h i
KB, BEETFE TR, (A¥REP<0.05)m T
XTRRZH Y

®2 FEREME TKESNMREFMNDSMELEE

Table 2 The blood indexes and total antioxidant capacity of CF under continuous hypoxia stress

BFE/A ZT4ARE/(x10%mL ) 40 (<101

MELLEE B e /(g L) MPTEMLRE /(UL

0 (2.68+0.05)bc (8.51£0.95)ef (69.98+0.47)d (14.70+£0.92)h
3 (2.02+0.18)d (7.38+1.06)f (38.74+0.66)g (15.90+0.23)g
6 (2.99+0.07)ab (8.68+0.18)ef (47.50+0.70)f (21.99+0.55)b
12 (2.72+0.14)bc (9.53+0.99)def (52.44+2.26)e (23.39+0.70)a
24 (1.88+0.20)d (9.99+0.58)cde (70.17+0.57)d (18.27+0.80)de
36 (3.17+0.21)a (12.30+1.65)abc (72.65+1.36)d (18.18+0.38)de
48 (2.78+0.17)bc (12.50+1.65)abe (81.76+0.83)a (19.69+0.31)c
60 (2.6620.16)bc (10.40+1.20)bede (74.73£0.33)c (19.13+0.48)cd
72 (3.16£0.15)a (13.00£0.69)a (81.3220.70)a (16.3620.84)fg
84 (2.70£0.21)bc (11.20+1.79)be (79.03+2.68)b (17.39£0.41)ef
[ B A ) - Bk 7 A BH ] 2 5 e 2 5 SU(P < 0.05),
2.2 (RS IME XK IESEA O E A EEE RS2 TEPEUE TR, 60~84 h AL E (P < 0.05) I T-XT 4L

FE 3 nH, REAC S KRG GSH-PX
MR E(P<0.05) FFF, 12 h IR FRE, 24~60 h
WHTEME R E (P < 0.05) I X RRZHRY, 72, 84 h i
NAFT LT, SR ZES RG2S PR
t GSH-PX 1HPESRTE 36 h BEA S E nkshabh, Hifl
o ) 5 — ELRFEERAIOK T, H 3~24 h Fi1 60~84 h [N
P3P < 0.05)fKFXHHRLA Y . K FAEfN P CAT 1%
P 6 h JFEA FTF, 78 36 h sHARIE(E, H 12, 36.
48 h B4l (P < 0.05)fm TXTHRZAMY, 48 h J5, CAT

() FERER B CAT T ARSI R AL, 15 12
h B} CAT {EMA G LT, Z 56k 24 h A1), AR
() A5 (22 B 2 (P < 0.05) 5 T X IRAL Y . Fpefiaid
L 3~24 h N, KFBERHH SOD 1M REP <
0.05)i T-XEZHAY, M 36 h JTlf, SOD iEMES Rk
Y, 72 h BHRAR, H B3P < 0.05) FXF FR4LiY),
84 h B MR TH R ; FFIEH Y SOD IS PEFEAR A NE
J& 3h N TR R RAME, 252208 L,
{EEETEMEAT B2 (P < 0.05)MI X FREH 1Y .

R 3 FEREME TKESKMATIE PRI EIEEEY

Table 3 The activities of antioxidant enzymes in brain and liver of CF under continuous hypoxia stress  U/mg

) GSH-PX It CAT 5% SOD it
i 1) /h
ki JHHE i JHHE ki JHFRE

0 (32.04+1.89)c (89.83+3.75)b (3.63+0.19)d (12.62+0.08)f (17.11£0.71)e  (11.76+0.73)a

3 (34.57+0.47)ab  (56.58+1.82)g (2.85+0.20)e (12.460.09)g (21.19+0.28)a (4.81£0.08)f

6 (35.02+2.07)a (81.42£1.96)c (3.93+0.25)cd (12.18+0.09)h (20.43£0.89)bc  (7.19+0.56)e
12 (32.43£0.61)bc  (63.94%1.34)f (4.19+0.27)bc (12.770.02)e (21.72+0.64)a (7.77£0.17)de
24 (26.10+1.28)f (69.51+1.89)de (3.92+0.12)cd (12.67+0.07)ef (19.73£0.14)cd  (9.09+0.42)c
36 (27.76£1.17)ef  (96.98+1.21)a (4.600.05)a (13.39£0.06)b (17.25+0.83)e (8.47+0.37)cd
48 (27.67£1.09)ef  (89.69+4.55)b (4.30£0.12)ab (13.59+0.08)a (16.94+0.78)e (9.98+0.24)b
60 (29.05£0.99)de  (69.89+1.41)de (3.04+0.05)e (13.49+0.06)ab (16.25+1.18)e (8.48+0.51)cd
72 (32.47+1.14)bc  (66.71£2.32)ef (2.37+0.22)f (13.13+0.06)c (14.17+0.14)f (7.44+0.25)e
84 (30.37£0.61)cd  (72.30+3.20)d (1.90+0.20)g (12.90+0.11)d (18.78+0.33)d  (10.18+0.76)b

[RIBANTR] TR AR B ) 22 S A BE i 3 (P < 0.05)
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M 4 ATF0, TERFEERT, LALPES phd
R GG AR RIS TR R S phd3, 5 HIF-1a
AT A MY s B 36 h Ak, HIF-la. phdl
phd2 WIFRIEY) LR, ¥TE 48 h BhiAREE, HR

F(P < 0.05)8 TXHRALN ; phd3 FEALE AL IR AHXT
FikERETHE, 3 h BFRIAEIIE(EP < 0.05), B
EEt A AN I SR BN N Sup e N Sy e ) g
Bf1, 12, 60 h B Ak A T e

] BZAY .

®4 BEREMETKFEEXMATEFREBREENENREE

Table 4 Relative expression levels of hypoxy-related genes in brain and liver of CF under continuous hypoxia stress

I HIF-1a X ik & phdl xR ILE phd2 FIX Ik E phd3 X Ik E
fisi JHE ki JHE ki S figi JHE

0 (1.00+0.08)ef (1.01+0.18)d (1.00£0.09)ef (1.00£0.16)bc  (1.02£0.25)cd ~ (1.00+£0.16)a  (1.00£0.06)e  (1.00+0.16)e

3 (1.2840.13)de(5.4120.47)a (1.99+0.45)d (3.3240.37)a  (1.42£0.19)bc  (0.84+0.21)ab  (9.09+0.47)a  (6.39+0.24)b

6 (425:027)b (1.85£027)c (2.50£0.91)cd (0.48+0.28)c  (1.01£0.22)cd  (0.2240.17)c  (4.06£037)c  (1.89+0.49)cd

12 (4.75£0.37)b (1.03£0.13)d (3.23+0.28)bc (0.710.29)c
24 (1.74£0.23)d (2.29£0.40)c (1.69+0.58)de (0.40+0.16)c
36 (0.58+£0.10)f (0.21£0.05)f (0.50+0.22)f (0.58+0.07)c
48 (3.43£0.46)a (3.15+0.05)b (4.98+0.05)a (0.42+0.04)c
60 (2.70£0.41)c (1.93£0.25)c (2.43+0.96)cd (1.45+0.55)be
72 (1.51%0.30)de(0.51£0.09)ef (3.98+0.35)b (0.57+0.08)c
84 (4.72+022)b (0.81+0.03)de (1.59+0.18)de (3.5120.60)a

(1.64£0.50)bc  (0.5620.15)abc
(1.33£0.25)bed  (0.5120.18)abe
(0.63+0.18)d  (0.19£0.03)c
(3.84+0.54)a  (0.1620.01)c
(1.40£0.62)bc  (0.50+0.13)be
(1.86£0.46)b  (0.23£0.03)c
(3.68£0.36)a  (0.27£0.06)c

(8.37+0.67)a
(1.56:0.41)de
(0.970.04)e
(3.72+0.39)c
(7.09+0.83)b
(2.11£0.49)d
(3.58+0.25)c

(23.28+0.91)a
(0.90+0.19)ef
(0.06+0.01)f

(0.30+0.04)ef
(2.43+0.77)c

(0.73+0.11)ef
(1.13+0.56)de

[RIFAS ) B R AR PR A 22 5 G243 (P < 0.05),

TEREBERFAE, LA RS phd R K% H
AT ekt e i BTSSRI phd3, HIF-lo. phdl Al
phd3 PGHR S A R AR, FE 3 h BPAEXT R IE
A ETHP <0.05), 6 h JFIRMINT kR 4
%, H phd3 BIFHXTFRIREAE 12 h AR Bk E)]
AR, 24 h RN 5 phd2 RURHXS ARG T
IR, B EBB S R RGN 40 2 3 H
(AT, U BH A T TP P2z 35 PR GG S L
AR S

3 HFR5Te

WA IR AERT, kA BE—ER
FEM RS, HUARN B IMANEA X RE , i 2 gk
TRHPRa s Y2 28 Rl J 9 FURPREE N R 19
INBSE, 2L RN 1 20 RS S 2T 8 o e R A
EAAEM AR, KFEGEEITIRELLTE 3 h
J5 LA MR 2188 11 R E R, WTRBSE TR S
SRR, TRESLAR A0 5 1 21 25 1 vk
FE R ERN, DIERRPUART R TR, Beoh, Frek
A XS BN A 053, TS EALA
(M GRE I, TR ANE B & 1N . TEAS TR g
At E P AR A s R R B, BEE AR AEK
SERR R, AR IR LA B IR TR E,

T AN BRI M 2T & A Ay e P B, Hix
(A IR AR LS S A —
B, ULRH BB A AR A AR ) LA AR o
FIUL, YRS BR ATAE A S e 26 1 52 AP S e A
(AR

ARWFFE R, AREAL PG K 6 5 T B PR
fbfe ) B LT, FAPLAE R b A LR ok
IR EE X MU E o Ak, FEIEH BIE
SRR, iR ROS P24 FI LA T 3h A PRtk
B, Bz aRE MR, LA ZR AR Tk
HEEIAE, T3 ROS KEAM!"™, 24 ROS 1
A G R R T BRI, 5 2 A AR
SR %t i) ROS FRsb B == (i fi, fa 2881
PR R CIE B T TR RIp A R,

g, FFEARE S EEFT T GSH-
PX iR 36 F148 h AMA I AL, HAikirh GSH-PX
T HEAE 24~60 h P B E(RF X BRZL A ; FFE 9 SOD
1 CAT TE MR U I T AR B EFRAK, CAT ZE 6 h
AR PRa TR, HAE 48 h i IR g
WIRAAR, 1 36~84 h P45 3 = X HRZLAY , 1fif SOD
Wt —E BT IR X sesh R S R IT
AT A —R, Ui R A S At
AR, #RAT 5 BRI A AR BN . F5EE
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REAEFES, AFAEH CAT 16 B 27 TR R A AT AE
JEL IR T2t BT AE P72 ) ROS HHEEL, S R-RHA R
P ALEEEr, SmfEst T CAT A3 E. sk, SOD
TER N SRR A HoO, 258 CAT ¥iiBR, SOD i
PERE TR, MR H0, = AR d/b, ixdin]
e CAT 161 E AR . filith SOD 1 HEM 3 h i)
Fn BT, BR 72 hBFAh, BSR4 T e e 2
TR, AT REIA TR A T T
BRI, DAL R RS

ISR AN E RO SR 7, &
TEAR AL T 85 TRk, MRS5S R0
PAATE2 HIF-1 {55530 B R AN 24 i B
WA, Hoh, HIF-1o 250 A 5 & 1Y, PHDs
FENLAAR P2 20 S SO e L2 Rz 2%, IR
HIF-1o (FENE, IR EA A K& B I R ok
HHEREDIYRED, AW, LIS, HIF-1o
F phd3 TEARF SRR AUIE AR IA KRR, i
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