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SEATRE Ry b TR RE RO AR A T Sk
Bt A% B b b0 BAE Y A1 Sk B THR A F, A5
(30.5+2.6) g, WP L BTHLA F, BREEN
FEAE Ry 35 cm x 55 cm x 45 em WHEK A H
1R (temperature, T) i (25 + 1. 0)C, 1% i A
(dissolved oxygen, DO) S (7.0 £0.5) mg/L, pH
N 7.5 0.3, fd HIZ R R A RIK, B H G i
K173, 45 HAR 2 ) (8:00,17:00) , fR4F H A6
W
1.2 £ngit

H 30 RHIK B TRR S F, 4 e IR Bon
M [ DO = (7.0 £0.5) mg/L, T = (25 =
1.O)C I8 5: 1 MG aAE &, S 3 4%
17, 70 AIFETLR 0.5 .10 (15 .20 .25 130 d DL S
BT d i, WAS-PATH R I3 R A, U4 21
VTR, 34 R I R TG 00
1.3 XEFBREBEMPABEBETFEMBENR

TEVLHE 0.5 .10 .15 .20 .25 F1 30 d DL Kk
MR T d W FEALI 3 2 Sk 7 i AR 4 I, &)
F10.5 ¢/L iy MS-222 JRPEE 5 1 (4K A, AT
WSS 88 B IRCT S8R 1 Sy 062 2 U WL
AR B =R FICT S8R 1R S 1 AR
FEREAS TE 0. 75% (A 3R K s S 8 3, LAV
IR BURE IR 288 BT 7 68 22 %) of 40 B A R, AT
65 B WLEE Y B ZH 2B Boiun [ P [ 5E
24 b, RGO , ZRORE A e )
(JEBES5 pm) 2 H. E L8 )5 76 1 G5~ WE T
TR, PEAT 3 4 R 7 2 OB WL A% 1 i ZH 2 A
2.5% )X P IE E 24 h(4 °C) , BRI iR i
BUE 3 U 1% IR E 1 h(4 °C) , lIwEmR
SR IE Y, 50% ~ 100% L EEE LK , 22t
P S I Y 45 i o I BT, L B TR
7E Hitachi S-3400N R4 58 T WA A
1.4 Na*/K*'-ATP fiinE BN E

L 0.5.,10,15 .20 .25 F1 30 d L& AR
P T d A AT Sk 7 MR SR B,y 4l 2 2, 4% T
H(g) AB(mL) =1:9 A ELBIINA 9 5 AT
0.86% 1 £ BLER K T B0 P, il 4 2 J,
2 500 r/min, &> 10 min, B 5K, % R 2 &
JCAE R 2 A I 4t ) & D S R4 2L CAT
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a=pl (1)

1 2 2

27 |—(r +h")
p=—t2 (2)
r=t/2 (3)
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X a SN R AR, pom® 5 1 26N L35
R, wm p WA R 1Y 8K, m s A 2 B8N i
WK, wms e EEE/N R RS, wm; VIZ /N
ILCM AFR, wm® 5d 440 W9 6/ Fe (8] 5 8, 5
H, &8/ TLCM & | um
1.6 HEHH

FR A G 1 V- Y {E + AR ifE2E (Mean = SD)
FE AN ) b B AT 5540 1R) A 22 S MR R O 2207
Br,P <0.05 HAFAE i B2 5

2 4k

2.1 fiEBrEXFALEEE F, 83ER %N
oAl

HET=(25+1.0)°C,DO=(7.0%0.5)mg/L
FAET N AL AR AR F, A TULR AR &2 i
WE5E . 53 A Sk 7T R 4 F, LK 05,1015
20.25 F130 d DA R AR 7 d I EZH 21, 5
I B ER R I  YUER O d i), A Sk 5
Mt AR, it iR /N R A BE Ry (58.5 0.3 ) um,
YL 30 d 4 (82.6 £0.6) wm, 841 1 41.2% ,
ZERWE(P<0.05, K 1,ER-1T), BT
8IS R BE SN, 2 7 B /N P YA I T AR
. YUk O d B, AT Sk B AR A F, 65/ g
AR (12 549 pm) 590k 30 d B (36 211 wm) 48
Fb, 38m T 188.6% , 2255 3% (P <0.05, 4 la)
[FIES , 680N 2 [) 35 Jo ) JE B ik 2> , 3 38002 )
TR FR > . YLk O d B, 1Sk i K 4R F, A
LB/ b )2 1) L 5T P 4 JEBE (28.6 £1.2)
pm 5P 30 d(18.6 £0.2) pm AH M, W T



5 3 FARIR, A5 VR I8 T 141 3K 7 8 21 21

45k Je Na* /K * -ATP [ 5T A AL G2 5] 767

53.8% , L5 B E(P<0.05, £ 1,K-MRI-N).
YUK O d AL BTG A F, 88/ 7 ILCM {RFL
(24 634 pum) YUk 30 d B (10 282 wm) , B>

T 139.6% , 225+ 8% (P <0.05, [ 1b) . I
7 dJ5, PR EIARAA F, 84 SURAWR S 2 1E
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Tab.1 Morphometric characteristics of hypoxia-tolerant F, generation of blunt snout

bream gills under hunger stress pm
T Plgkod  PUkSd YUk 10d  PUERISd PUK20d YUHk25 d PLIR30 d IR T d
e . 0 day of 5 days of 10 days of 15 days of 20 days of 25 days of 30 days of 7 days of
Morphometric characteristics
hunger hunger hunger hunger hunger hunger hunger recovery
il K BE X
Pt RO 58.5£0.3% 62.2x1.2" 65.71.5° 70.91.8" 75.6+2.1° 78.8£0.8" 82.6£1.6* 58.1+0.2¢
Protruding lamella height
i l@ﬂi y s
1$J_l."hd\)£r%%ﬁmk’; 94.0+2.1% 96.6+2.2" 99.9+3.0°103.2+2.1¢ 105.0+0.7° 108.4+1.7"> 110.2+0.9° 93.6 +0.2¢
Protruding lamella basal length
il R
'fb/j\)#m};rg 6.3+0.4 6.2+0.1 6.3+x0.3 6.3+0.3 6.3+x0.2 6.3+x0.4 6.1+0.2 6.2x+0.5
Protruding lamella thickness
A8 fi [BEEEY (
TH?BW\]/‘MJ\}#IEHEE% 8.9+0.3* 8.5+0.2" 7.5+0.2° 7.2£0.5% 6.9+1.1° 6.5+1.3" 5.1£0.55% 8.8+0.3"
Distance between lamellae
fif = | Lo 1Y B
BNFRRDERIIEL 50 61 20 26.1£0.2" 23.6£0.3° 22.1£0.2" 20.9£0.1° 19.8£0.2° 18.6£0.2 28.220.4°

ILCM height

T [F—47 NP B NS P RER ISR 25 5 B3 (P <0.05)

Notes: The different letters on the parameters in one line mean significant difference (P <0.05)

2.2 YlUEBMEXTE L EHHMEE F, 884042 Na*/
K™ -ATP Egfnin R ERHI 220
WUARFNIR I 1 MR XoT 141 K fjj it ER 4 1, &)y # 6
A Na™ /K" -ATP [ifg FOH¢ A Ak B 52 e WL 35 2.
M2 W LLE S, Bl G ULER I R B S 4, 141k 6
iG55 F, #8414 (% Na* /K" -ATP .SOD F1 CAT
W IE PEREAR . ZEDLER O d I, LSk TG 4 T, i

SN A o o
o oo vl o vl o v o

0o 1 2 3 4 5 6 7 8
B8] Time/d
(a)

B8/ J PR TR
Mass-specific lamellae area/(10%pm?)

8/ [ TP R AR

HCM volume/ (10* 1 m3)

i) Na*/K*-ATP.SOD 1 CAT fi§ 1% 4 %]
(2.21+£0.08) U/mg, (17.31 £0. 04) U/mg Fl
(5.77 £0.02) U/mg, ZEYLI 30 d B 4351 A (1. 78
+0.01)U/mg. (15.82 +0.04) U/mg F1 (4. 66 *
0.16) U/mg, 48 W K& T 24. 2%, 9. 4% FI
23.8% , 225 (P <0.05) o KA T d, 3%
AR BN EF AR (£2) .

0 1 2 3 4 5 6 7 8
BFiE] Time/d
(b)

[ 1-8 4351|325 i S 1% 4 Fy WUk P8 0.5 .10 .15 .20 25 130 d LI RIREIRME 7 d, AFEM/NE FRERBEELF(P<

0.05)

Picture series starts with 0 days of hunger (1),5,10,15,20,25,30 days of hunger (2-7),7 days of recovery(8). Letters that differ indicate

statistically significant differences (P <0.05)

1 ZEYHEME TEKSRMESR F, 88/ 5 FHER (a) FELBAER/N 5 ILCM £FR (b)

Fig.1 Mass-specific lamellar area (a) and ILCM volume (b) change of hypoxia-tolerant F,

generation of blunt snout bream under hunger treatment
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Tab.2 Effects of hunger stress on immunoenzyme enzyme activity of the gills of

hypoxia-tolerant F, generation of blunt shout stress U/mg
WiH PIKAUSS Pk s d PlUk10d - PUEk1Sd YUEk20d  PLEE2S 4 HLR30 d PRI T d
ItJ\ ] 0 day of 5 days of 10 days of 15 days of 20 days of 25 days of 30 days of 7 days of
ems hunger hunger hunger hunger hunger hunger hunger recover
Na*/K*-ATP  2.21 £0.08" 2.02+0.22" 1.76+0.09° 1.89 +0.04% 1.93 +0.04¢ 1.83 £0.02" 1.79 +0.01¢ 2.19 +0.01°
CAT 5.77 £0.02" 5.58 +0.18" 5.45+0.08° 5.28 £0.01" 5.06 £0.03° 4.96 +0.02" 4.66 +0.16¢ 5.75 +0.06"
SOD 17.31 +0.04°16.74 +0.04"16.55 +0.05°16.36 +0.03%15.76 +0.03° 15.50 +0.06" 15.10 +0.04517.1 +0.01*

T [ =47 NP B NS P RER R SR 25 5 B3 (P <0.05)

Notes: The different letters on the parameters in one line mean significant difference (P <0.05)

3 e

2 0 NP B R AR S i A T Y 32 8
WAL BFRRNT, B ik = 4E 4 3R 25 T BUR A
W % 4k i ( Oreochromis aureus )M, Wy fi
mykiss )", KRR W fa
( Oncorhynchus rhodurus ) U8B Rk ( Clarias
gariepinus ) Lo SEEE/N b R AR B A K AR
AN K o 1A Sk 8 7R B A K PRI v 2 3 A
M EF B G, PR BE T % Bl S RN IR T o 1Y) R
S3U o g L U] R A B, AT Sk 5 A
F, TEPUVBZR AT R, S5/ R 2 4 th B, )2
(i) 35 o ) B B8 il /) , - BB/ I R T R o
TLCM AR )N , Ui A 6 5 Sl 55 L A 0 o

RN — B B PR R 5t
Hrr,SOD 2 E AR N ME—LL B Y
(AT , A 1 S B - A A I Ak S i % 2 H, 0,
F 0, Rt CAT i H:Ath i U [7) 4 A, 4L
H,0, 43 g H,0 1 0,7 o 227K A oy 31 3
BEAR T KT SZ BREERT , HLIARE B 479 55 DTS
AR BE AR A7 3] 4 S 38 L o L
PRV BRI, ML BT 8L R G052 BN, ARy
PUAAY oL & B S BTSN B, DLIARTE IR A e 5
RIRE SRR, Mg Bt Bk =i %, TR
BURAE R St e Bl R 48, S8R 1T
B2 BT R BRAE— St 2 A 6§ (Salmo
trutta) Y BB 6 i ( Hoplosternum littorale ) "
FIRPE 764 ( Sparus aurata) ™) LAk 25 51 2 H A
T AR DGR P i 281k, X R AL IR Z 3] T
YU U AL Ty o TSk W TR AR T, B ZH 21
Hr SOD JigiG 3 A CAT JigiE 73 500k 0 d AL,
BERBIR(P <0.05) o X ARt TR M8 A
T 1AL 3k 5 AR A F, BB A R S8, SOD il
CAT FEHs P T B, BRAR T B B3 BR A h 2L A9 AE

http: //www. shhydxxb. com

(' Oncorhynchus

77, PR 38 15 ATk AR F, B P IR S 4R
R A )i 2 ROS Foad ki) 1 A . K
SERT dJa, SRR F, 81241804 SOD Al
CAT BEIGPEEEA FWR IR W 7K, R IR I ]
AIIVERAE S SR BTG F, RS IE T A B
P YA AT )

Na /K" -ATP Jiff i i 2H 23 30 S 200 il B2 240 i
AR EAFTER — PP TG, 7E ARSI T
BpREIEW EEMEMD . SR Ik
( Oreochromis mossambicus) "> F1 0T fitf ) 8 4 21 1)
Na* /K" -ATP BTG VEAEDVER S0 T 1 B 2 BEAR
YUk E 30 d, 1413k @ i I 48 F, 622 Na® /K" -
ATP BEEVELE DL 0 d B 2 AR (P <0.05),Y
PRI T d I, HEEE M A AL B 0E 5 K-
FSEA AR, VR T, A 28 E IF
Yo, LR N B2 LR 175 Na™ /K™ -ATP i
FI 4548 52 ) 52 0 T BRI R A, SRR DR S &
DU AT SO AT s E R
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Effects of hunger stress on the gill microstructure and Na*/K*-ATPase,

antioxidant enzyme of blunt snout bream Megalobrama amblycephala

WANG Dongdong' >, WU Chengbin'** | ZHENG Guodong'**, CHEN Jie'*”* ZOU Shuming'*"

(1. Genetics and Breeding Center for Blunt Snout Bream ,Ministry of Agriculture and Rural Affairs ,Shanghai Ocean University ,
201306, China; 2. Key Laboratory of Freshwater Aquatic Genetic Resources, Minisiry of Agriculture and Rural Affairs ,
Shanghai Ocean University , Shanghai

Shanghai
201306, China; 3. National Demonstration Center for Experimental Fisheries Science
Education , Shanghai Ocean University , Shanghai 201306 , China )

Abstract: In order to research the effects of different hunger time ( duration 0,5,10,15,20,25 and 30 d) on
gills of hypoxia-tolerant F, generation of blunt snout bream, the gill microstructure, Na® /K™ -ATPase and
antioxidant enzyme of hypoxia-tolerant F, generation of blunt snout bream were studied by light, scanning
electron microscopy and absorptiometry at (25 +1.0)°C and dissolved oxygen(7.0 £0.5) mg/L. The results
showed that with the increase of the hunger time , the activity of Na*/K*-ATP , SOD and CAT in the hypoxia-
tolerant F, generation of blunt snout bream was gradually decreased and then restored to normal level after 7
days of re-feeding. Gill microstructure observation showed that the protruding lamella lengths were enlarged,
which caused the expansion of the lamella surface area,and the height and volume of the ILCM decreased.
After 7 days of re-feeding recovery,the changes in gill morphology were reversed. These results indicated that
the hunger stress could seriously disturb the antioxidant system, but fish showed the capacity to alter
respiratory surface area in response to hunger.

Key words: Megalobrama amblycephala ; hypoxia-tolerant; hunger; gill; tissue structure; enzyme activity
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Picture series starts with 0 day of hunger (1),5,10,15,20,25,30 days of hunger (2-7) and 7 days of recovery (8). Black arrows is
lamellae, Red arrows reveal ILCM. H. E. Staining
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Plate I  Light microscope (LM) micrographs of the gill lamellae of hypoxia-tolerant F,

generation of blunt snout bream during hunger and re-feeding
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Picture series starts with O day of hunger (1),5,10,15,20,25,30 days of hunger (2-7) ,and 7 days of recovery (8)
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Plate I Scanning electron microscopy (SEM) micrographs of the gill lamellae of hypoxia-tolerant F,

generation of blunt shout bream during hunger and re-feeding
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