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PTG A DA R A4 B T8 M B 5 v, AR S L Sk 7 42 1R E[DO 4 (1.740.2) mg/L]#0 & & [DO 4 (19.3+
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W B, AR A S 25 1, 35 591 £ (Pelteobagrus

*E R ARPAR ST H (31272633; 31572220 [ R BHE ST (2012BAD26B02) A1 L 18 1 i A2 FIHRUR 55 °F- 5
(ZF1206)3: [ %T Bh [This work was supported by National Natural Science Foundation of China (31272633; 31572220), Key
Technologies Research and Development Program of China (2012BAD26B02), and Shanghai University Knowledge Service

Platform (ZF1206)] /&, E-mail: qiancy19950120@163.com
@ WIRVEE . 4PBERH, #4%, E-mail: smzou@shou.edu.cn

ks H I 2020-01-10, UE ks H #1: 2020-03-21



74 ook B

2 R 42 4%

fulvidraco) M i 5 R IR, TREAFIRIAL, ik
G218, RIRFQO0OMIFE RN, fE—ERE L& K
A R SR SRR RS B W T fB 3R A AT 6% (Oncorhynchus
mykiss) 5% . Person-Le Ruyet Z£(2002)HF 5545 H
S E SRR 91%m AL, K3E6F(Scophthalmus
maximus) 7E 7 i 48 S it is 135% 0, IRt . e
WK, BEHFQONIR LM, FE—EuHEN,
Wit o i i SRR BE RS, & N R S IR PR K SR S
4} #1.(Oreochromis niloticus) i £ 1) % Ak 35 5 i A Kkt
FERR ., A NSRS, U A R B S RN s £
R, EaRnad i A7 T GREIEE, 2014,
Ritola et al, 2002). HICAT UL, FRISFAS [ 75 fire 4 ok B
Xof 0 25 A ORI = AR B s e B A B

3k fijj(Megalobrama amblycephala), X 4 i E
fti, BEEMMIE, WHED, S AREENR
TR AR . EHEE, F N TIRFHAMT, 56 2 4F
BRI IR 2R AR, R0 8 55 B0 (X EE, 2008),
AR, TR LEM B 2, FEE P TEXS
ISR IEH HIF . (HO)2, PHD2, EPO, fIK& 5L
AHCA FRA AT bR Bk, I AR AT Sk )7 S8 2H 2B 282
RIS I (R, 2016; LA, 2011; Wang e al,
2015; H LA, 2012; 5KEGHH, 2017), 1% = a6 i
K ILAH M FT o ARSI IT T 7 i A R 2 A A1
TR BT AER R Fs AREIE AR DL S A 41 2R
PERAEAL, PRI AT Sk 65 X6 3 i SR 3 AT R 4
e AT Sk B 52 2 AL SR B KT | A a2 AT Sk i Tf A1 4818 & LA
R AR TR IR 2 A

1 MRS
1.1 sSEKBf&H

SUH N Sk BRI AR R Fs AR, Sk A L
TR R 2E AR AR A Sk B 352 4% B R by o PhiEfilt
MScgnfa, 24 RBIAE: [EHR273+1.2) g, &
AW N(23.1+1.4) g], FEENHEBIEA KD OKIRLA R
26°C, pH K 7.1~7.5, EhEELR 3.56)m 5% 1 ], i N
B G AT S IR AR AR 2 IR, &R A
0 1) 1% B A% LTI BRIE(E

1.2 RE55RME

WE 2 AN B (AL A4, BB
3AEEH, FHE 12 B4I1(20~30 g), /HE
FARFLA 20 L A4 EA BES 72 h FRK BB B8 6 P oK
MR 26°CLAT) . BERAHE R AL (Y SL) Wi i
Ao IRAHRHE N, — BRI, FKES R

AR S R AR (1.740.2) me/L, mAH B AL &
O,, fHAKH B 7 il S8 i AEFF7E(19.3+£0.5) mg/L, 7E
FFARALFERT(0 d). AbFE 4 d FIALER 7 d i, MBI
PR HORE 3 B, IbiE, BT 3 BATEHEKIT
[DO H3(7.8+0.3) mg/L1WKE 1 J& J5 BURE

13 ABVAREXFRHMELM)

FH 0.5 g/L MS-222 R 1 PR UK 1Al . BESR
0 E ZE MR 5 3 R 6, W6 22 08 a1/ Nk 5 K
HAE 2 T i BURIAET b 24 he [85E 4 AORE S 200
FERREK . W IE | Gub i gL R, U
FIEZR 5 um, HBAR L HE) A, Am i
BH, e B N UEIH B IAAE, 2019),

1.4 EEiEMHENE

M 1.3 JFREEE RO A 3 R aE . LA .
i APPRAEARAS 0.1 g, HRBTERRFRLE 1 9 JIA 0.86%
MZERERAK A5 10% Y4415, 3000 r/min
B0 15 min, HUEIERIE BREE . SRR R AEY)
R A B A A R T S A S T
(malondialdehyde, MDA) ¥ i . id & 1k & i (catalase,
CAT). 3EFAmR N E B (succinate dehydrogenase, SDH). #l.
iR i U B (lactate dehydrogenase, LDH)AY & AR 2 FH 1Y
(R, 2017),

1.5 HEMNERSH

F i Tmage JHR X 45 2168 22 EF T 42k, 00 7 /)N
RROBE . SERERIBE M P S TR, B
WP 20, JiTExcel 2010800 lE 7 B, R
SPSS 22.03 M &, 52 4 45 R SF 44 5 + s vfiE 22
(Mean=SD)Z 7%, AN [l b B KR 1) ) 22 53R J11 2%
S3HT, P<0.057 1 %M 22 5 (R /NEAE, 2020),

2 #R

21 SREXERAATSHIR M

ML 1 AR 1 RO, BfE (R ] A3 i, Pk
BT EAHT L R Fs (RN R 2Z (8192 20 FT (ILCM)
B BN R R R TEERAR 4 d F1 7 d SS90
H1(31.80+1.00)F1(35.75+2.11) um, 53 KT A 4H
[(13.95+3.63) um](P<0.05). [AlFE, BN K EE 7RG AR
R TEINmSME, FERE 4 d 17 d ZJ550 518
(122.69+5.81)F1(132.69+2.86) um, i & KT A LH 8
INF K E[(108.5344.43) um] (P<0.05), 74k, /N
AT EEARA 4 d 5 (13.61+0.84) um, WE/NTH
A 4H[(22.06£0.74) pm] (P<0.05), K4 7 d J5, S8/
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1 Sk ST i R Fs ZEMRE S T [DO M(1.7£0.2) mg/LIE 22 4L LL) Fr
Fig.1 Histological section of hypoxia-tolerant new strain of M. amblycephala
under hypoxic conditions [DO: (1.7£0.2) mg/L]

A: REAALHHT; B: fR%4d; C: R 7d; D: IKEHA 7d
A: Before treatment; B: Hypoxia for 4 days; C: Hypoxia for 7 days; D: Recovery for 7 days

R1 RELEO. 4. 7d UIRWKE 7d ZRE#NF ETHE
Tab.1 Data of gill lamella after hypoxic treatment for 0, 4, 7 days and recovery for 7 days

b BTy v A ) /Ny ] B B8N P v i /N A B
Treatment and time Intervals of gill lamella/um Breadth of gill lamella/pm Length of gill lamella/pm
{4 Hypoxic 0 d 13.95+3.63° 22.06+0.74¢ 108.53+4.43°

ik 4 Hypoxic 4 d 31.80+1.00° 13.61+0.84° 122.69+5.81°

fi& 4 Hypoxic 7 d 35.75+2.11° 9.80+0.28° 132.69+2.86°

K& Recovery 7 d 14.98+1.48* 18.72+2.55°¢ 100.64+4.25%

TE e [FIZVEE A ) AR B RS 4 18] 22 5 .35 (P<0.05), T[]

Note: Different superscripts in same column indicate significant differences between groups (P<0.05). The same as below

P22 4(9.80+0.28) pm, 2 FH/N TR 4 d (P<0.05). 00 = E R B AT A
el 1 EEE IR, WK BTIHIT U R Fs B4

BUEARE FIET A, &TEARA TR, 5 H A 2 A2 2 AT L, /0 Z AT ILCM B =
A B R H At AT P 22 S Ak B i) ) SOITRT 8 0, 68/ 22 ) 8 24 ] B 7

.

-

B2 PSR 0 5 &R Fs 76 i 5518 T [DO h(19.3+0.5) mg/L1ER 22 1 2H 440 i
Fig.2 Histological section of hypoxia-tolerant new strain of M. amblycephala
under hyperoxic conditions [DO: (19.3+£0.5) mg/L]

A: FEMLHHT B: MR 44 C: WA TGD: IEHRA T
A: Before treatment; B: Hyperoxia for 4 days; C: Hyperoxia for 7 days; D: Recovery for 7 days
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R2 SEAEO 4. TAdURKE 7d 2R/ A EIHE
Tab.2 Data of gill lamella after hyperoxic treatment for 0, 4, 7 days and recovery for 7 days

Ak P77 Y 8] B8 /18 [ iR B8NP 8L SR/ R
Treatment and time Intervals of gill lamella/um Breadth of gill lamella/um Length of gill lamella/pm
4 Hyperoxic 0 d 11.43£1.17° 18.76+2.24° 91.92+6.63°
/&% Hyperoxic 4 d 9.87+0.16" 23.51+1.35¢ 71.00+6.57°
=% Hyperoxic 7 d 6.81+1.38% 26.37+1.51¢ 54.30+3.92%

& Recovery 7 d 14.93+0.46° 15.01+0.30° 87.96+6.64°

EAEALTE 4 d S5 R(9.8740.16) pm, /N T
[(11.43£1.17 um) (P<0.05). 2L 7d )5, 68/NA
(8] #E 4 (6.81£1.38) pum, WE/NFRALE 4 d (P<
0.05) /N F 56 B 7E o CIRAS T g o, 76 = A4k
B 4d A7 d 2558 (23.51£1.35) um F1(26.37+
1.51) pm, ¥ KT 5 A A8/ 58 R [(18.76+
2.24) pm] (P<0.05), fEIEH S AWE ST, 6/
HKEE R (91.9246.63) pm, AL 4 d 7 d)E,
23 ) S/ 2 (71.0046.57) um 15(54.30+3.92) um
(P<0.05). FEFFLE 1 A LR BMATIKE ),
SR LULSIE , 25 WA ek, (35 4031
MCBAAEI B 22 5, Hrp, 8N K5 A BTG
32 5 (P>0.05),
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HH & 3 AT, BifE (AR R) 3 fn, 6 AR
FAE R CAT WIS TR, ZENLA ST
e JE BRI, A5 2B 2 () A A I 25 22 57 (] 3A)(P<
0.05). B8 H 1Y) MDA & & Rp2E A, AR 1 5 MDA
Hrgk FTF, Wi ry MDA JeRIRE THE . LA
MDA eIt a B, 2 80E 2 R 1 7E % 22 5
(1 3B)(P<0.05), #&4H21H ¥ LDH {& PEHF2eTHe, (1K
A7 d W EETIER{H; SDH JGEREE%, HAbr
7 d BRI BT IEHE(R] 3C. E 3D)(P<0.05).
2ok 1 JRIRH EWKI S AN IR TG PR 78 45 4L 48U h 29 i
WA, AR5 AL 3 22 5 (P<0.05),

—
N

210 'y Jod
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K3 Pk W R AHT i R Fs EAREA M T 454140+ CAT (A). MDA (B). SDH (C)#l LDH (D)) 1k
Fig.3 Changes of CAT (A), MDA (B), SDH (C) and LDH (D) in hypoxia-tolerant
new strain of M. amblycephala under hypoxic conditions

0d. 4d. 7d. R-7d 7 ilF o RAKBERT  RAALRE 4 d. RELEE 7d, IKEHA 7 do
M 7 BN Rl R 22 57 (.35 (P<0.05), T
0d,4d, 7dand R-7 d represent before treatment, hypoxic for 4 days, hypoxic for 7 days and recovery for 7 days, respectively.
Different letters on the column indicate significant difference (P<0.05). The same as below
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4T, Bl S AL B R] B8 A, SR
T B CATIG PERFLE T I, FFBEAR T Y CATG MERR4:
BT, LA CATIE eI e R, BB
(8] B FEAE B 2 2 5 (K 4A)(P<0.05), SERATILA S
MDA F el E Thm , JFRAR 1 MDA & 54k
BT, WAIE MDA RS TR, A5 A EUE 2 1R
PIAETE 2 2% 5 (K4B)(P<0.05), 4 ¢HZ41h I LDHI%
PEFRSEEAT, w407 diNt, LDHIEM: B T 1E 4 (8 ;
SDHIE 2 T, HACFE7 dif i) SDHIE My i 2
& T IEWE(E4C, E4D)(P<0.05), £33 18 i 4
WAL 5, AN G A U h AR, BARS %
AL 3 25 5 (P<0.05),
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31 AMREXF Skt S R 88 A LB

BER ISP AN T, E BRI AR HAT 55,
I HEA R =P HEM . BBV SRR, a2 6
5 AT K IS B B Ak, T LA K AR BRI 1 A Ak
T HBUR(RB B, 2007), WF5EEMW, KbfirL
PR 28 287 2 bt IS 2l 20 R 87 AR R RE ), 4 17k
[t 2 A o AN S AR 2R B X R BE ) £f(Danio rerio)
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52 25 RS R A (PR 2855, 2019) IR BE AT ik
JE 4 A 22 il Je 22 % £ (Oreochromis nil oticus) ) fifl
Y1277 A R R BE 19 A5 4k (Monteiro et al, 2009). i 3h
JE (R 7K I R4 R i 6 B A8 Ak 2 5 | S A 6 (L ateol abrax
maculatus)%j il . B K LA LG5 284k, X AR fiF
i A K LB SR I (R AR A, 2020), %
il S B ROK A E I AE K EERNRZ —, MK
Hp S i SE R B R A AR, Rl A o — AT o R
R X AR . Sollid 45:(2003)WF58 & L, 4% fift A
ki EAAR A, #1181 (Carassius aumtus) it 2 Hi P 68
(B B | B2 SR AR AL, o f AR A K AR H AR HR
HZME R, YRR E IER G, g5 i g
WK S T o AE TDRHIR S IR I, 4B %7 I £ (Cichlasoma
spp.) 2 ik /b iz Bl i K B A kR B ARG HD BT BR AR 15
(Kupittayanant et al, 2011), 7 & %' 3F ffi(Oreochromis
niloticus) ZEAIR A& M /D . ARG MAEm
SRR T AR RHUR I P (WRAE 2845, 2019), TEHR
ARk, BAE i (Myxocyprinus adiaticus) & 4
fig b, LB 6 S 25T AR A, JF B I T A
SEWAT NG (RMELE, 2014), AR A, Wk
fifj Fs ACTEARESAMF T, ik D68/ i ICLM, 3 i
BN AR, RN SR A ARG O, BT
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Fig.4 Changes of CAT (A), MDA (B), SDH (C) and LDH (D) in hypoxia-tolerant
new strain of M. amblycephala under hyperoxic conditions
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WA RE T, Tl X SRS R T 2E, BeT
AU, Sk i Fs IR AR BR B A B0 1 345 1 PR (W
etal, 2017). MiHEIKE RS, HHLNGEHIEA B EWK
5, X453 S5I0ENA T H AT iR (Macrobrachium
nipponense) . T, filf % il 211 20 45 44 AR fb 1Y B A — B
(Matey et al, 2011; B %, 2019), fERALMET, 8
/IR ILCM Fifi 25 b PR ] A S T 35 K, 68/ 7 E BT
B, R R AR K T R P T RR DR A, TT R R A AR
AR, HEER A AR, WA E R A K B
1A A S AN S R ) — R AN, X — 25 R 5701
H)3V #5 (Acipenser  baerii) i) 5 2 217 = 8Bkt s G BH
AR B S5 AN R (BUBTTE, 2016) YA E 1T,
HARLEMILE W E WA

32 BHMEXNEALHHTmESHAEETENZW

CAT EH ARG 1 R —, Y25
AL A, R CAT B35 25 | F+(Lushchak et al,
2001), X At A A e — R i TR T 2 A H B
TS ATFGE R IR, CAT 15 M AR fb %A B 58 B0
RESKMT, SRBBALIH R CAT TSRS T
W AT, LU CAT I& M RIFESE R AIG
JE T, PTRE S AR A DG, AT RE S AL H
BT AP A5G, X A2 5 K 05 4y £ 4 41 4
CAT {PETEAR A8 T AR LA SR, 5 K22 614
AL R T CAT 16 I AR 0 B 5 KA 1Y)
FHRMP(RERSE, 2011; FEMEE, 2018), MDA j&
A AR B T, WAl i 3z [ SR Y
78 P (Rio et al, 2005; Filho et al, 2005; 5 ZAZ%,
2016), AR EI, TEMCEMESA 2 FI&AT, I
AR MDA &3 L, FEIRA 4 d flER
7d B, WINAHZ ) MDA &8 i 25 5 TR F T,
AR, X — 25 0 SR 30 R 4 o T k2
41 ¥ 4 B (Paralichthys olivaceus)4) fa JIlL /A 2 21 i 4
MDA &t b & MBI B4, 2016; ZFIh 4%,
2015), Ritola £ (2002)HF 5% & 3K, 1o 7o i i 2 T
Bl 1% 9 % At 2 2 200 22 B AR A0 40, 2 T 5 i
AARARE .t ER, o = SO R A A Y
231 A Sk 5 A PN 7 A i 2 B TE R AR A PR 3, AR R
HEAYH 2, PURRIE S, 43 Kl
Wesgm . AR AR 3 7 d B, SRR
Hi MDA % it 3 i Z AR A BT, W) G2 B Ry
B A A 5, FEURN NPT E I R 5L 1R
FH, I T 1R B AR B (TR ZE 55, 2004) .

SDH & 55 RAIG I K il T 1 fLid, 2H
SR 0 — bR Rl G T R R BUR WA A

AR, BrLL, 38 E g AL EP I EE ) K
/INBY B BHE FR(Cohen et al, 2001), LDH RE W44 4k P4 il
MR FNFLIRAH B Ak, 2SR b AR W EZ A, JL
T 3 BB S G AR A K, SOR SRR S TG
AR ) K/ EE ZE AR AR (Rutter et al, 2010), 7EAS
e, R4 7 d B, SEERfa 414U SDH T %
KT R ECRAS, it LDH 36 M 3 /3 T AR,
TUE I 75 i AR R PR %) AR AR 5 Wi AT Sk B ARG G208 &R Fs
X 480 B BORIZ B, o T B0 ST I ) 9 555 R G
ST 35, I DAt R IR AU o ARZE RS AIG
A PR S 307 1 70 B (Phrynocephalus viangalii) #1 H
AVREF 2 Y SDH JGPERRAIC . LDH 7 4 3% 5% i AT
FEEE A AHIR] (He et al, 2013; 48585, 2010), 7E A
AT, Ak SDH {4 W% F+m , LDH & i
AR, 220 A1k 05 76 T %o g R ik RE TR T B B
F14) WP W8 A7 P i SR (I H T 35 3

£ % X M
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Effects of Oxygen on the Gill Tissue and EnzymeActivities of Each Tissuein a
Hypoxia-Tolerant New Strain Fs of Megalobrama amblycephala

QIAN Chenying, ZHENG Guodong, CHEN Jie, ZOU Shumin”

(Shanghai Ocean University, Genetics and Breeding Center for Blunt Shout Bream, Ministry of Agriculture and
Rural Affairs, Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs,
National Demonstration Center for Experimental Fisheries Science Education, Shanghai 201306, China)

Abstract To study the effect of different dissolved oxygen (DO) concentrations on the gill
morphology and enzyme activity of a hypoxia-tolerant new strain Fs of Megalobrama amblycephala, we
placed the new strain in fish tanks with low oxygen [DO: (1.7£0.2) mg/L] and high oxygen [DO:
(19.3+£0.5) mg/L] concentrations for 0 d, 4 d, 7 d, and recovery [DO: (7.8+0.3) mg/L]. The morphology of
the gill tissue was observed from paraffin sections and malondialdehyde (MDA) content, catalase (CAT),
succinate dehydrogenase (SDH), and lactate dehydrogenase (LDH) activities in the gills, hepatopancreas,
intestines, and muscle were determined. The results of the paraffin sections showed that with longer
hypoxia time, the interlaminar cell mass of the branchial filaments of the new strain decreased, whereas
the surface area of the branchial filaments increased and recovered after 7 days of constant oxygen. Under
hyperoxic conditions, the substratum intercellular mass increased and the surface area of the branchial
patches decreased. The results of the enzyme activity test showed that the changes of CAT activity and
MDA content in different tissues had no obvious regularity with the extension of treatment time under
both hypoxic and hyperoxic conditions; however, there were significant differences (P<0.05). LDH
activity increased significantly and SDH activity decreased significantly under hypoxic conditions
(P<0.05), whereas LDH activity decreased and SDH increased significantly under hyperoxic conditions
(P<0.05). This study provided baseline data on the effect of DO on the gill tissue and enzyme activity of
different tissues and laid the foundation for the breeding of new strains of M. amblycephala.
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