FEDKFERRYE 2023 £ 4 B, 30(4): 425-432

Journal of Fishery Sciences of China & 17‘1:1 ‘ié i

DOI: 10.12264/JFSC2023-0048

SRR | XS F Sk 88 H R | LT R 275 4 AR T I 72 0R

SRk, e, mEgb Y, ez

L BRI, RA RIS (AR D, E 201306;
2. BV, RIAK YK PR R R TS S0E, i 201306;
3. MR, KPR R AL R A D, LI 201306

HWE: IR 2 WAL AN H k@ (Megalobrama amblycephala)i4] 21 E A IE 7 Fa 2S5 K 4l i 08 = 052w, ASBF i i
5 8 A Ak W 15 A il (superoxide dismutases, SOD). it %8 1k & i (catalases, CAT)i P M A — ¥ (malondialdehyde,
MDA) Y& &, Fill 2 PE AU e T 8H2H 2L AL VUK P, 2R F Hoechst G4 4 1% 1 1A Sk )7 8 2H 240 g 1)
T2, [AEF A FI A qRT-PCR A KM T A1k B 68 20 2L A T4 L H Caspase 3. Caspase 8 Wikt . &5 R Won, £
A BN (2.020.1) mg/L MIRAAIREE T, Pk @841 2% SOD . CAT {2 MDA W& 7 6 h, 12 h it
FEIGIM(P<0.05); H. SOD ifiE5 MDA & &1y 8L asAlm], K5 EF@s, b, A A mER, 756,
12 J% 24 h I8 ZH S0 B 0R T 092 5 O6RBE AR 0 0 h Y 2.19 £%(P<0.05), 2.32 1% (P<0.05) ) 2.59 f#(P<0.05), fl
HYU Caspase 3 5 Caspase 8 I Fik /K ¥ 5.2 5 F 0 h(P<0.05), WF5ERM, Pk 2 MIRE KA P2
B5 H S EAN K, BERET-HCHE Caspase 3. Caspase 8 WG YE, Fe 2Rl 4]k i 20 2% A 4 g8 1=
A5 25 R Ry A PR AT A Sk 5 68 20 200 A= BILIR S A0 B 98 T BB DL IR R 384 5%

S PIKO APEIRG W SULEIRES: AT

FESEKS: S917 XHERFRERD: A

%% (dissolved oxygen, DO)JE 2 A f7 35
B E B T2 —, EmAEREIm s,
K IR s g S AR A R A KR
T HL b 25 fif 0 268 BN R N, ™ HE I 25 S B
HAET-P AR IR B W T HAA Py n] 7 A K
{47 11 4 (reactive oxygen species, ROS)P! ix4s
DKL S i W NI BV E 1 TR i e S N L E k= i
D 2R GE K 23 T, DA T B A o X A
AR =P, HEE, O TR EIHA X IUA ST AL
B A 2% ¢ N R 1N D T R AE S, AR T P A
(Cyprinus carpio var. qingtianensis)[4] . R EE
(Scophthalmus maximus)™ } B ATBEF(Macrobrachium
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S, RSB A A T,

3k 5 (Megalobrama amblycephala) J2: % [
FER AT ) B R A bRl
R, (AR T A (2, A S A AT
RS P Sk B 7 SR G Ao 8 v 8 2 i i fRe 4 1) 155
DL, BRI T S IR Y AT Rk R,
R, A 2 250 141 3k 5 1 I 4 g 288 ML) A7
R HIBFSE . HAT, 5CT H Sk S5 iR A R AF 5 32
AR R T M) A 2 IR AR A S B TR A A2 4 Ry
A O X T A Sk 6 8 4 U AR SR AR T
IO LR BT 80 o PRI, A BIF 5 a0 AT =k
B EAT SRR AU AL T, AT H: 6 2H 21 1 S AR
WoKSEFIAR R IH 1-3E A Caspase 3. Caspase 8 1)
ik, WIS EAR T A1 Sk 7 6 2H 2040 i Y
PTG B0, O e 2 0 28 i 07 AR S8 30 B BT 5T 4R
2%,

1 #R5FE

1.1 SEIgH Y

AHIFST 5 FAA R (10£0.5) g KA1k 5 40 4%,
P V3 9 3 RS 2 Al A 358 1T Sk B85 382 4% 7 o s
Peflt, LI fis PSS, B TR IEK A
(35 cmx55 cmx45 cm)H, KiE(25.0£0.1) C, &
fift%(7.9£0.1) mg/L, 1EXSZE0RT 48 h 45 1E MR A
MR TR R SR AT RN T 5%, Phik B ik
faRE, IR AR TS .
1.2 EWHE
1.2.1 REMERIFE 2% Wang L5
SIS AN PR TR, ARPE TG, 1 E X IR (7.9+
0.1) mg/L, fREAEFILH (2.040.1) mg/L, ¥z 10
TABLFEAE (50 cmx50 ecmx35 cm), i#id BAW
500 1 FAR M8 S50 TAE R (B R, L) T4b
B, R 3T A5 5IHE 0 b K46
12 A1 24 h)yAIE A (r3 h)/FH 3 B, i 120 mg/L
[i] 22 K28 PR & T PP R 3k (MS-222) HE AT RR IR,
B MPBPCAEME 2 MRS, A 1xPBS 2P
hdE TSR, IEIE E 7E Bouin R[4 TAY) T2
(B A PR F ) F Hoechst 4 {6 5%
H AR T80 “CukA T )5 2505 .

1.2.2 SOD. CAT K MDA HIRE X 5E 4121
WERRFREUS, TEVOKIB S FHEE R (g) « MB(mL)=
1: 9 Ry ELBn A BEER K, BYMELHEL, 7E 4 C .
3000 r/min 4504 FEO 10 min, B W25 5
MA-20 CIRAF. FIEWRARECE, R
LAY TIPS T SOD. CAT, MDA {7 & ik
AT 5E o

1.2.3 Hoechst B EME XFHLFHITHK .
B BN R R AP, A Hoechst
33342 (g, F AR, 1xPBS PEK
2~3 &K, K 3~5 min. YR HEMPLEKE R
(g, HBRXR), B MO B sAR .
1.2.4 RNAEEFEE PCRIXIE K TRIzol
R 7] $2 BB 40 21 A9 L RNA L fif ] Fast-King gDNA
Dispelling Super-Mix (Jt 50, KAR)KF %G Wl
cDNA H TG 42505 . {8 A Primer Premier 5 %X
oMK, Premier) ¥ iT4HFE MBI ¥, NS
PR 18SPU(ER 1), FEM %G E fE /0 Bl 1t
fidfi S BF PCR il R 48 58 1, {1 SYBR Green
Ex Taq (AtHt, RAR)TE CFX96 Touch real-time
PCR & AU HEAT QRT-PCR 4714 ffi JIj 2744
87 P2V BT Caspase 3 Fl Caspase 8 A (1)
LIROE Sy

*1 WHHEEZEPCR3IWFT
Tab.1 Primer sequence of qRT-PCR

EIR/E2RN 153"

primer name primer sequence (5'-3")

Caspase3-F TACAGGCATGAACCAACGCA
Caspase3-R AGGGATCCTCACTGGACCAT
Caspase8-F AGAGGCTTGGGGAAGACAACC
Caspase8-R CAAGCGAGGCAACAGAAGAGC
18S-F ACCGCAGCTAGGAATAATGG
18S-R GGTCGGAACTACGACGGTAT

1.3 HUEH R

I Excel (2021)5A4% fir A7 52 56 B0 A7 0
11, FH GraphpadPrism 9.3.1 & Image J 544
VEWEL, B AR 24 FH V- B +hR i 25 (X +SD)#&
/N, dH3t SPSS 26.0 B L E B T L R
72245381 (One-Way ANOVA), >k H] Duncan [Gik
PEAT ELE M, DL P<0.05 R ZEH .
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2 #REHH BfE] 3, SOD 5 MDA & tEE FIh#as

TERE AL HE 24 h R B i S (E (R 1a, o), FEAK
21 AMREMENALGERANATHLITRERE w2 R )

S B[] A, SR LR CAT MOTE RS Tt
JE R (EREALRE 12 h AR E (A 1b).
MIEHEKIEHRIRE 3 h 5, SIKEME 24 h
HHEE, B2 SOD, CAT M MDA 1 & &3
2 T F(P<0.05) (& 1),

bl

Lt EAR A T, 41214 SOD., CAT
K MDA & 76 6 F1 12 h i i 141 (P<0.05),
H SOD 5 MDA w72 fbia#Afln], Jf H k& ab 2

a

I Oh =3- % b 2. = c A
o 200 = n=3; x+SD 8- =0h 7n=3;x+SD 30 - n=3; x:SD
S ol S T F, . Sh B |
Sz E 6l = m =. |=12h
g2 b SETIEER b 2 Boof m2uh l
. =
X 100 B354l b b £5 B
Y W = a o 2
27 50 232 591 a
P i =4 i i
E: = IS
0 oLl B ol
24 13 0 6 24 13 0 6 12 24 13
A [A]/h time A [F]/h time it /b time
Bl 1 AR AR 38 Xt AT Sk 5 60 25 2461 7 A A 1) 5 T

AR AR R 22 7 18 35 (P<0.05).

Fig. 1

Changes of oxidative stress indicator in gill of Megalobrama amblycephala under acute hypoxia stress

Values with different superscripts are significantly different (P<0.05).
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fIR5L 0 h i BEZH 2 bl €05 ' Y O T 4 M A
(I 2a); 6 h B 5 U8 T 40 ML BRI (151 2b);
12 5 24 h B @I EHTE T 40— 2B 1 2 (F
2¢, d) RTME A 3 h )5, Wk a8 200 b Bl e
TGP TR G (F] 2¢).

i Image J %F &l 2 #4720 /o0 b, &ALk
575 MR AR S aE T B8 2 20 b S 2 5 S R
Wi, HARE 6. 12 K& 24 h (P35 600 5 4y
B4 0 h AR 2.19 £5(P<0.05). 2.32 £i5(P<0.05)

} 2.59 1#%(P<0.05), & THEKAE 35,
HARY PR EE N 0 h 1 2.03 f%5(P<0.05),
(151 3)
23 AMKEMENEALGERALATHIE
SESeN: oA

HRHE e 7 PCR 25 R R, SERE T 61
HA N Caspase 3 K& HF 3k /KBRS [a] Y 14
TN 35w TR (P<0.05), B4 3h 5K% 12h
[6] Caspase 3 FERFIKKF-254 & (P>0.05)
(Kl 4a). Kl 4b Bor, 7EMLEAME 12 J 24 h B
Caspase 8 Fik &I (P<0.05)m X4, &

P2 AR AR S0 X P Sk 77 8 4 220 L 0 T A S

a. WE Oh; b, AVEMRE 6 hyc. SVEARE 12 h; d. APEIRS 24 hy e, H 4K 3 h
LLOLNER R Z A AT, B OMER RSN . IR =50 pm.
Fig. 2 Apoptosis in gills of Megalobrama amblycephala under acute hypoxia stress
a. Normoxia 0 h; b. Acute hypoxia treated for 6 h; c. Acute hypoxia treated for 12 h; d. Acute hypoxia treated for 24 h;
e. Reoxygenation treated for 3 h. The yellow wireframe indicates interlamellar cell mass (ILCM), and the red
wireframe indicates the lamella. Scale bars=50 um.
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4 3h 51K% 0 Fll 6 h [8] Caspase 8 K £ iK K-

ZEFAEFE(P>0.05),
100 - c0h n=3,x:tSD e
SS6h d
— 80F E=212h _C =
S | om24n b
3h
’% 60
R
WA0F a
RSy
B0l
0 1 \«
0 6 24 3
ffE]/h time
K3 S PEARE e T Ak g5 s 4 SN A i T
252 S B

ANA]_EAR R R 3 25 5 (P<0.05).

Fig. 3 Average fluorescence intensity of apoptosis in
gill tissue of Megalobrama amblycephala under acute
hypoxia stress
Values with different superscripts are significantly
different (P<0.05).
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B4 SR ME X A Sk 842N Caspase 3 (a).
Caspase 8 (b) mRNA ik 7K 1Y 5210
FE b 75 AN i) 7B 37 ) 35 22 7 (P<0.05).
Fig. 4 Effects of acute hypoxia stress on mRNA expression
levels of Caspase 3 (a). Caspase 8 (b)

in gills of Megalobrama amblycephala
Values with different letters are significantly
different (P<0.05).
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B, FSkeiaggirh MDA B8 84 U T F%,
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Effects of acute hypoxia stress on redox homeostasis and apoptosis in
gill tissue of blunt snout bream (Megalobrama amblycephala)
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Abstract: Dissolved oxygen (DO) is the most important environmental factor for fish survival and indicates
healthy fish culture. Low DO in the water environment restricts the growth and development of fish and causes
stress reactions in some fish, which may lead to death in serious cases. Being an important organ for fish
respiration, the gills are the most sensitive organs to changes in the water environment. The gills are also the main
sites for maintaining osmotic pressure and metabolizing waste in the fish. Blunt snout bream (Megalobrama
amblycephala) is one of the main cultured fish in China and has the advantages of low breeding cost and delicious
taste. However, blunt snout breams are extremely susceptible to hypoxia compared to carp, crucian carp, and other
fish. The blunt snout breams often face hypoxia during breeding, which severely restricts the sustainable
development of its artificial culture. Therefore, conducting relevant research on its hypoxia response mechanism is
necessary. To explore the effect of acute hypoxia on redox homeostasis and cell apoptosis in the gill tissue of blunt
snout bream, the oxidative stress levels in the gill tissue under acute hypoxic stress were detected by measuring the
activities of SOD, CAT, and MDA. Apoptosis in the gill tissue of the blunt snout bream was observed using
Hoechst staining. In addition, the expression of apoptosis-related genes Caspase 3 and Caspase § in the gill tissue
of blunt snout bream was detected using qRT-PCR. The results showed that the contents of SOD, CAT, and MDA
in the gill tissue of its artificial culture increased significantly (P<0.05) at 6 and 12 h under the hypoxic
environment with DO of (2.0£0.1) mg/L. In addition, the activity of SOD and MDA similarly increased with
increasing treatment time, reaching the highest value at 24 h of hypoxic treatment. However, with an increase in
hypoxic stress time, the activity of CAT in the gill tissue showed a trend of first increasing and then decreasing,
reaching its highest value after 12 h of hypoxia treatment. Fewer apoptotic cells were emitting blue fluorescence in
the gill tissue at 0 h of hypoxia, while apoptotic cells with blue fluorescence increased sharply at 6 h of hypoxia,
and apoptotic cells emitting blue fluorescence further increased at 12 and 24 h of hypoxia. In addition, with the
prolongation of hypoxic stress time, the average fluorescence intensity of apoptosis in the gill tissue was 2.19
times (P<0.05), 2.32 times (P<0.05), and 2.59 times (P<0.05) of that at O h at 6, 12, and 24 h, respectively. The
expression of Caspase 3 and Caspase 8 in the gill tissue was significantly (P<0.05) higher than that at 0 h. The
results of this study suggest that the acute hypoxic water environment around blunt snout bream increases
oxidative stress level and activates the apoptosis-related genes Caspase 3 and Caspase 8 in the blunt snout breams,
which eventually leads to apoptosis in the gill tissue. In conclusion, these results provide biological information on
the physiological status and apoptotic response of the gill tissue of blunt snout bream under acute hypoxia and
provide important reference values for subsequent studies on the apoptotic mechanism of fish under hypoxia.
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