%435 FH o m o JF R K F F IR (BAFFR) 2018 4 6 A
Vol. 43 No. 6 Journal of Southwest China Normal University (Natural Science Edition) Jun. 2018

DOI:10. 13718/j. cnki. xsxb. 2018. 06. 017

MENEFSEMEENERRESKREHHZmM

EgAE, B, EHEE

PIFE R A An Rz Be K A A W) BOK BRI T B / oK (28 W IR 5 A K B 208 W S g % K 400715

FEE . LIFgJ7 65 (Silurus meridionalis) FIEL 1 (Cteno pharyngodon idellus) } 3t %, 7E(27.540.5) C &MU T, 45
Pk 0 d,3 d,7 d,14 d,21 d F1 28 d. WEEE 45 250 Ab B4 40 AR ) AR KR AR A s . DR R BL: EYLI 28 d ) .
2 P R BT R TC B AR, R B AT T R AR 0 W3 PR AR (p<<0. 05) w7 il I U7 S YRR AR
WE BE R T, LB A i Y AT B N T AL 25 LR A B A ) A R A0 R 1 ARG R (RMR) ¥ 18 38 8 g
fal (p<C0. 05), H.BEYLUER BT A1 19 18 K 2 B 2 T RE R HA; T g 77 6519 RMR DU 5258 BT FR 3. 2 Fi il i ke
PR BT AR 3R (SGROTE LR R i 1 52 S 1G4, B Ol R £ 11 4% SR (AR 2 3 P IR R 40 i 8 3R C 401k il s 1k
REYUER B A B 3 2 B TR R A AR fb iy e dhe. DL 85 R 3R WL g Ty 6l R £ 7 UL I 3 1 A 3 AR S A L A7
AR MY R R, e, TR S REA AR ERER, BHEHET IEAE R,
A A L S [ 4 7 L Ml 3 1 R et AR AR 3R

x # . G (Silurus meridionalis) ; KA (Ctenopharyngodon idellus) s YUARWI G ;3 A2 K S50 #L1C0H;
LR BB A A XK

hESES. Q174 XEkiRERL: A XEHS: 1000-5471(2018)06 - 0102 - 08

TESL IR 22/ 1) AR PR S5E vp £ (A DRI R0 . 0 ) 2 A B0 AN 2 L 2 1 28 A B 3R 5T 0 A8 4 1 AR A
R i £ P BOF 22 OURT . A8 R ARK B . YUIOR: £ 258 % 100 Il 09— Fh AR B 38 5 78 N TR AR
BT BH RRMB IR GRS L X A R AR B 25 N R RS2k ="" Caf
FEARIE T YUHO fr A i A KORZS 1SN L 20 i 5 A D 22 001 A AR AR AR AR S R TR R BE s e, L
B VAR IR W52 B0 AN 8O0, B A AR BBLR . Rl O Bl (Silurus meridionalis) & —Fi AR THRIL 2R
TLAF A BT 25O (R 00 A B PRI (2. AR S22 0) 1 7l 0 RE B AR L AR ROR B RIAE W) 8 R A OR A
AT T RGBS . #ta (Crenopharyngodon idellus) MR ) A VE@AAS, B HA M2 . D TERE
Tk AN UK T AR AT 2 R B B R A W 22 S L B AR D R g IR M A L e Lk A R A
XPRAR s B AR Tt SRR AN, NS S AR KT e et L p O N R B R R R
P SR RAE IR ZE G, YU 320 S04 A 1R, 4R R ¢ T 40 2R Ae YUK P30 T B9 58 20 e AR 3 Y
T PR UL S DA RO DG I AR A A A HLR AR5 . B AR T fE R e 2 8 Y SR PR AT IR
AR BAEARDE. AR T T YU g 7 A A R A R K S SR E R R R S ALk R I
WA A S0, Ll R O il R RS R 2 O[] IR S B A R AR AN L B RS MRS D I L 4 A B
AL AR I USRI 5T B AT B4 Bl B R

@ R HM. 2018-01-21
FEAWH . BRI A REFEE S H (este2013jiB80008) 5 H o i 4% FE ARl 55 2 & 1k 4 350 H (XDJK2016C156) ¥ .
EERA: BEAHA992-), &, MEMRA, FENF A EIER SR,
WEES: BEE, AIZUR. B-LURAE S,



% 6 4 BRAE, F. W hra a2 KR ERBG YA 103

1 #EFE®
1.1 XWwaERESIIK

TEIBCH P R R 2K P R 2 E S T AR 2016 4R35 2= N T BEAE (1% [R) 4L Yk R 5 Ml &)y £ (R BT £ (45. 8543, 82)
gs K (17,56 £0. 57) cm) FlIG & T AU A% B H ¥ 37 5 4F [F] 4 kO 04k 55 75 00 55 £0 4)) 0 (fR T 5 (47. 51+
2.87) g, R (14, 1£0. 3) cm) IAFFERT L. SCIFF IR AT, K 5256 4 e % WG 98 K 35250 &R G b 47 94k
FehH. Yk 2 JJE . A E 200 FEA) R A 5T 5 A O . MR SR TCH M 1 SE I M AT DU AR B B R T 2 1R
WKFHRG, BERGH 10 NFRMEPITTH R . BAFEHEHIT 10 B A GEE A ITHHRE « K X0 X 5 =42
em X 29 em X 25 cm). YAk A R w5 il LU (4 VK R 1 8% CH y po phthalmichthys molitriz) LK A R,
PR (20:00) M — 3, SR BN, MR 0.5 h Ja, PERRFI AR, 5060 DL b fepk (R PGB A SR AmDRHA PR A
AD AR 8:30 Ml 17:00 &4 ME—k, iKEIM R, RE 0.5 h J5, BiFRFEIRER. YILFASCEE N, 5 MW R
TR BARTREY 2/3, JKiRFEH R (27.520.5) °C, SERMIR 121 ¢ 12D, SEs e YUkET % 0 K. 5 3 K.
BT R 14 R 21 KA 28 K4 B BORE SE AT 5L 56 8 bR . B B[]S A HURE 10 R A
1.2 ARKMEEHEXERNITEAR

FRE PR T A KR (SGRW, % /d) =100(InW, —1nW,) /, B (CF, %)=100XW,/L*

JF#EC(HIS, %)=100X H/W,

B R(KIS, %) =100XK/W,

ODHEE(H IS, %)=100XH,/W,

fki$8 5 (BIS. %)=100XB/W,

Hrp, e, W,, W,, L, H, K, H,, B, 2 3REYVRER (D . LR () . PIHREE = (). K
Cer) FHE (g) . B H (g) . O H (@) K (g).
1.3 FIERBHNE

SR PG B KK A A 0 55 K B0 55 0 5 T 15 T 1) i 200 7K R I S0 B AH R 4 D7 1k T S S G ) R AR
R FEPURIF IR R 0 KL 3 KL 7 K. 14 K. 21 KA 28 KA BEHLBEICRE 10 J B 7 fili A1 £ 4 Sy ) 2 Xof
%, KIEEEHITE(27.540.5) C.
1.4 BEAHSNE

FEAYUR I 8] 4540 S B AL B 10 B2 g Bl F B £ BT B AT 4 20 40 A, B SC g fadE 70 °C R LT EE R
. B SE I 0 K o s SRS PR ERKE AR B BN B JS AT e Al e . M & R LG
FE R ORLE B o R R TG R I K 3 F S 3k T 550 CRIBE I il E .
1.5 &fFREALALNEREERGONE

A LR AR 1) 2 BRI 5 85 O 114) S 6 i R A A A 20 R R 1 BURE A . 2ok A 17 2 B
Il 5 R A £ 36 C SR AR BTG 1 A 2 1) EL A AR S I8 Yan & Xie " By gkt 47, Ml b 27.5 C.

YNSRI R (1 R % S s W AT
1.6 HIEAEFE

FH Excel2011 #1754 % 71, SPSS Statistics22. 0 #4F X5 B i #E4T 40 0. BORFF& 07 2551k, SR 3
K2 I 2B (ANOVA) Iy LSD 3 47 22 PR 30, 75 0ok A AE 2 80K 35 119 Kruskal-Wallis %, DL p<<
0. 05 fEh 22 A ge it 2% 5 UK.

2 NWHER

2.1 NEN2MIBENERE. AR, BHEERFERYNRZMN

SRS AR . 2 Ffgs B AR BT R R TEDLIR 28 RIS R F LM GE D, 2 Ffss A r LT
JE T A% AR BOE 9% H AR SR VLR 28 K25 ¥ 3 FEAR (p<<0. 05) (GR ). 2 Bl 9.0 45 1 BOFI IR 4%
HIRMAEAE YLK 28 R Z )5 5 ARSI 22 7 Bt L GR D,



104 HHFERFFROEAHAFIR http://xbbjb. swu. edu. cn % 43 %

®1 EMEASEMEEERE. AKX, BHEENREEHNIM(KERE)

- WEER/ %
£ Fip R/ g R /em AT 5 B/ % , - —
T B AL Jiki
DLk 0 K
A 7 45.85 +3.82 17.56 +0.57% 0.84 +0.02% 0.88 40.04™ 0.39 +0.01™ 0.16 +0.01% 0.47 40.03*

oAl 47.51 £2.87 14.18 £0.30¥ 1.66 £0.03"™ 1.17 40.08™ 0.32 +0.01" 0.13£0” 0.26 +0.01¥

YLk 28 K
7 fil 40.33 £3.24 17.47 £0.61* 0.76 +0.03" 0.51 £0.03" 0.20 +0.01"  0.12 £0  0.47 0. 02*
By 41.79 +2.78 14.1 +0.34" 1.48 +0.03"™ 0.53 +0.02> 0.19 +0.01* 0.12 0  0.28 +0.01*

VE Bl OE I 4 AR AR R (Mean + SE 5. n=10)5 a. be [WFUECE P4 A7 7R 171 bR 5745 6 5 UUHR S 16 (4 fh
TR . KK, IR RS B BN 22 B A Gt 2 L (p<<0.05). x, y: FFEHE T # A A AR5 Bk F R ik b E ik
bk, PRI, T A G B AR 0 22 A Gt B L (p<C0. 05).

2.2 AENERENEFEMEE EEARNEIN

F 7 i A EAEYVRET S A R, MR AEA S EEYVR 28 K25 WM (p<<0.05); Hiik
A EAEYUVRET B TR O il (p<<0. 05), (HYLMk 28 RZJERIEH B T/E & (p<<0.05, £ 2). ¥y
MR G & BAEYUVRET G B & 00 TR Jr il (p<<0.05) 5 7EVLIK 28 K2 5. 2 P ng g i & & 1 0 & PR AKX
(p<<0.05, 3R 2). BALKY K & AEYURET S 0 T 0 . EYLEAL 5| S 2 Fhf K 43 7 2 19 28 AL AN 1]
. K S S AEVLUES W N (p<<0. 05) , Fg I il K o3 & AR VU ET 3 S TR (p<<0. 05),
MAEYVHR G —F 2 R A B Gk 2.

x2 NEMNEAS. FENEEASNEN(%ERE)

4 1y
fuf EHAR/ % HLAR 5/ %% WK/ % K4/ %

YLk 0 K

7 7 il 11. 68 +0.16* 1. 89 =40.25% 2.48 +0. 147 81.3 =+0. 94>

BHOOfi 12.71 £0. 22> 5.01 40.55™ 3.38 40.07* 75.2 40. 68"
Mgk 28 K

7 il 12. 14 0. 32* 0.62 40. 06" 2.39 40.06" 85.75 +0. 25°

BOfi 10. 99 0. 25" 2.14 40.6" 3.69 40.14% 78.2 43.43

T B0 CE I AR 1R 2R (Meant SE R, n=10)3 a, b [@%) by A AR [F) b AR5 7k 3R YL 5 m a4 Fh
2L 9 2 S AT 62 B X (p<<0. 05D, xo y + [F) B CHE o 4 A5 R ()L 4 o7 B 2% fin ARl (8] 41 4% 25 S A7 S 3 2 8 XL (p<
0.05).

2.3 M ENEAeMESFHIERS(RMR), HEXREEKE(SGR)HWF N

B RMR & T 5g 7 i, ELZE BT A UER B 1) BORE A 0 Ao D (B 24 47 7 0 35 1 i) 22 5% (p<C0. 05,
1A). i) RMR BEYVERET A SR, R T REEH, JFENR 3 RE SWHREXIN D E LR (p<
0.05). mJ7fili ) RMR Bl LK B (8] /) 2E KA 58 F A R MAEYLER IS ) 7 R 2 14 RETBL B & & THI iR
R YU 3 K. 21 KA 28 KIKF-(p<C0.05). 2 Frfa) SGR #BE & YLER IS (8] 28 K A4 2 B, I H
ok M 28 A /) 5 2 A 1) SGRE & UK IS B 0 o (1] 22 53 A8t 3 (J&] 1B).

2.4 FLAE BT 18] X & 2H 4R 2 AL PR AR R Y B2 i

A 7t JUE 2R (AR A 3 I W 3R i 25 DL B [ A 522 e IR ) e 3 CIRT 2A) £ 1Y) 2 48 o 0 B DL AR st
(] 9 2 A T g Ea # FEDLIR 21 R 225 1%98 br 1Y e s B 8 2 /K- (p<<0. 05) 5 1 J il 19 32 (i e L iR i
BEETEMS, MAYER 28 RZFHEEM T M (p<T0.05, E 2A). 2 Fra iy 'S LR AR 3 IR
Wit Lk B[] 1) RE 4 33 52 T [k S5 CIRT 2B) 5 i B 1148 B AE BT A LR R[] B 1 i 25 T £ (p<<0. 05, [
2B). Ry i FVRE A0 IR LR AR AT 3 I AR I A LA B ] SE 4 3 5 AR B (8] 2C) 5 B AR ARl AE B
LA B () B2 34 dnb 2R T RS O Bl (p<Z0. 05) . REAA i 2 S LRI AACIR A 3 W W SR Bl o DL B (R SE AR B
s TR 7l 0% AR bR BE LR N R A BT BT EYUVERET B S TR E . (HAEVVR 14 RZEH
W E TR #H (p<<0.05, F 2D).



% 64 BARA ., F. ot o sE A 0 A KRR 2 R e 105

0.4r
. —o— F G I
2 - !
& 200 W 06r
> . @ 0.7 .
il .l X - JF
p% 50 i I
&® ™ 08t
i 100 # I
H 091

# 50 L g L L " L . L

0 7 14 2] 28

iR IE /d IR E /d
(A) (B)

TE s B G £ AR DD R (Mean® SE FRx, n=10); a, b, c: B a5 A A ) L Ax 528k 2R YUK i 8 7 Fh N
A AR . R A A ORI 22 AT BT 2 R L (p<C0. 05D x» v B A AT AN (] L 5 B 3 i (A (1] 7 1k 138
5 TR AR KR 2 A e T2 B (p<<0. 05).

Bl Mgstdres, Lo ERMPHFTRREERKREGILER
40 S AN N oF L
-~ X - EfE —_
9 _ == 9:.A 36 i abx —m— Hf&
t‘i— _%D ) 32 C
& - B8 g8l
& £ %‘ S o4 C bx
KE BE r
= XE Opy
) ®£2 6R Y ay *
o be be # = 3 aby
& ) 121 by by
W e a s w Sl R
0 7 14 21 28 0 7 14 21 28
INE TRV WIRE SRRV
(A) FFRE (B) ‘B
[ & aX —A— EETI A &
-~ [ —A— FEL T = EHE g abx
g’ = A - =]
¥ iy
B ==
& 8 B 32
¥ E o2
£S K E
& E £7g 28 be
a5 &8 T Y
® iﬂ%\' = & i G cy
1 1 1 1 20 1 1 1 1 1 1 1 1 1 1
7 14 21 28 0 7 14 21 28
IkELNEIN iEkESE /d
(C) LA (D) fix

Ve A FURNFHE. BRRENE. C 3R 0 IE. DRI $OR I CF B+ 0 HE DD 208 (Mean® SE #% . n=10); a. b. c:

S T A R IR L R R UM 0 R 1 4 B STRE FORAS 3 W WR09 2 54 SR R X (p<00..05). x . v

R T A R IR b R S PR R ] 4 B VR RS 3 DI A0 2 AT S B XL (0. 05).

B2 Mg dar s E e, B, SRR EERRE 3 FRENY

PR ENAERARERNFREER C EALE(CCO)Rm
7 B R U U O ML 4 R AL ZUR SOk AR CCO 8 PERE LIk 1] 272 A9 22t 35 5 4% A
RS 3 I A AR R BORI L (P 3D R il JTTF R B O 2R P CCO 3% P A i A3 LR T 1] i ) JBURE AG )
TRV A 3 R TR (p<70. 05, P 3A, 8] 3B). Ry fili R fO LR AR CCO TG 4k 249 i L 4R i ] B 228 1<
RS, 2 Fa Lk CCO MRS fE YU [A] 7 K5 3% % T LT 19 K - (p<<0. 05, |81 3C). 7
fif g LR fA CCO 15 Pk BEYLR I 6] SE 1 A7 L TF B 3, 550 B I8 bn A 58 T B LT a4 w5 iy ix
(ELTEUHRTT I8 25 2 TR 7 6. 7EDLER 3 K. 14 K 28 K. U I 25 Ik T R 77 8 (p<<0. 05, [&] 3D).

2.5



106 BHMERFFHRORAFF R http://xbbjb. swu. edu. cn % 43 %
—A— F R L e —A— FE A

_ e —a— EHf
S sof ¥ X . - X abx
N L X o L abx
¥ X <)
ST 8001 i . s 600
& g - i i %D I bex
St 700} J l & - 500
W E i g
O35 600} W E
% g L O 3 400
as e £ L
@ SO ay ay  a 8= 200
= [ay Y £
400 by by = -

1 1 1 1 1 200 1 1 1 1
0 7 14 21 28 0 £ 14 21 28
i%kATE/d ik ATIE /d
(A) FFRE (B) ‘B
600 —A— F 3l X —A— F L
[a - 450 | -

500

ax

S ~
H~ <)
T o #H o~
£ ja o 400
f,;; £ 400 %_ -
SN

O g r mE 350
2| @ < 300 by
§ 200 S .

1 1 1 1 1 1 1 1 1 1 e 250 1 1 1 1 1 1 1 1

0 7 14 21 28 0 7 14 21 28

TNi%ESiE)/d KR E]/d
(C) LB (D) fix

E: AFRRNNE. BRRENE. CERONE. DR i1 CEIE + FREDD KR (Mean+ SE £IR . n=10); a. b, c:
B Tt A AN R BR R SRR YU R R P 4 Rl ZH L Al 0 R C ARG TR P 25 A T R L (p<C0. 05). x,
v U T A AN ) LR R SRR SRR ) 4 AP U A R C MRS PR Y 28 R AT S AR R L (p<<0. 05).

B3 W@ reifeLalf, ., ofmmite i C A LEELENYHnh
3 i it
3.1 Ex2fEafAFLERBMEEAREERKEXZMAILLER

AWFFERIE 2% b 0 A LR B9 1k OB KOP A BRI E (Y TR AR RS R B DUkt 55 £
i L AU R SE T e, ER TR UER 7 R 14 R I ACHA A BT R i LT (B TAD. Fg Ol 2 4l 0
PR S sk BT A R LR M A5 R Oy 6 22 RS — B EE YR Sk P, LAGRIETE A TR &
7 R R B AT g B s DR A K P B T AT — s R R A B T s U LR I [R] R S, Rk AR
K BT BT B (8 1A, R g R a Ve sh . HA a4y N A 2 oR E A RE 5 S . IR ]
3 S R B 4 R AR AR N X LR . RS UL g Ol 5 R R 3 0 S R [ B TR R, R
11 a0 S o R0 I LR A ik o A HR AN ) B9 B B 2R 2 ) 3R

P 7 Bl R A8 () R S R TR 2R K SRR R A LIRS [ T B G 1L P 2 b e A i T R R, R
FEEHR LAY T 5 B i A7 A RE A, (L0 248 15 20 A7 A9 BE AR A QO A 5K, DT SR 2 X LAk A 3. 2 ol £ 6 0 I
P9 W 2 it L ) S 30 HE B T A, R AL i v R A AT T AR AR A T AR A R X 5 R LR
P ] A9 SEE s G L AR K P B I e R LR B I ) 2 J o A T R Ay IR R 2 — By (&1 1B).

3.2 ESIEEFRHNEERY. AREMASHNER

R A SOR ], AR AT RER ], DX DU B3 e, A S5 X — R B A B A Ak A AR
AT T7 A 5 L KPR TR Y R LA B A IR A i D S s i 2 L I GE 1
AR I RE Y T R AR T bR AR S LA 0 A R AR R 7 I LA S R
P9I LA R B MR A A7 i 0 T B g a0 DT 38 BT 4 B 4 B R T R (R DL AR R BN 2Rk
i — B A LS . PR EOT e B2 202 3 . JUE 20 B A ARAZ /N FIR ot s A B0 b . X 5 AR T 5



% 6 4 BEA, . Wi dF e E oo 2 KRR TRB Y0 107

THR S RARML. DUEKRG . A JIF DR AE A8 B 25 v T or . EYLEK 28 KJm . —H W25, M
JH TR JUE T ek W J3E T g Ml 3 T g i P U A S0 LR A 3 IR L £ R IR UE Y BT P SR IR ST A R S
FEOCT PR B M 0 28 L 0 28 B T 32 LR Fr) O

AHIFTE e B g 7l Mt AR UK 28 R Z R LA B AR BOM I B 48 B0 28R AR I 8 (G 1D el
PAF A0 B OURR B 3E0 i o IR RTCo U 7 25 B 48 B AR L BeRR e . AR W e f AR A e R 2R, HAT
PR AR A R & ML A BE Y. X5 Tripathi & Verma % SR,

WRAE YRR ST M A B B9 RE Y o 42 B RE i DLZE RS 2R A i 3l . DA o B 1R 32 B W TR Y
Bk AKAL AW g T FER (ST LR R ol 2 IS TR R B R AR 2L AR IR S v L e Ol R N O
TEYUEIY E) 1 28 A AR e L e 20 4 WE . b 2 A i R U 2 = AE VLR AT S i 8 AR AF AL AT LA Hh (R 2)
YUk 28 K5, w5 i AR 17 & O VLR A PR AT A9 32. 800, T AR A R A & R 42. 700, 3R BT BRAK Y i
JEM R TIE& 5 WOV 28 KI5 . M7 B A A6 A i 2 . B0 60 8 1 00 i AD A, T EL R AR LR
0 KR FMTIRE . RV 28 KIS 235 5 T )5 & (p<<0. 05) (K 2). X Ul W 75 11 X LR I 38 I g 77 fili
FES IR 24k G AL . TR BB T 3h AN, b T R A A SO A R L P aE. Salem
SEUIRR ML R B SR R AT LAt R AR RORAS . AR RORAS R f RO R TS AR AR, ARE
TEAER AR UL S A IE W (L BE Le s R I 2 0 D e 2. 0 i R Az L RE A A AR 2 i AR 6 /).
PG . ASBIEFE A 2 Fof 52 58 #0004 2 53 £ DA Ak B i 22 A B0 EE 5 A 1) 45 2Rt S8 SO iR i 1) Y B 1 £ 26
P 0 20 S T A2 LR A
3.3 UL & AR LR E R R 0

AR PR R 20 A R A AN A . HCHR AL B URT T R A Y 80061 P ok i T e i A A
9 R A o 23 e RO X 440 L 1% 8 % ATP 75 SR AR AR B TR 3R sl A JECBR 2SI AT T o 2 R 2 i R
LAGE R ASfE . BRI U e RE A AR R R O T RE SR HSUE R EEE R R AL 2R
ARSI (2 b BA 22 S k. WP IROIRAS 3 0 3 2 mT LA Sy 2R A I W AR /K P 1) 2 ZETh g 4. M7
5 T I SORL AR S 3 W W8 S L ) 228 R AT R AR (R RS A A 5 b T B # (p<0. 05, [ 2A) . IXARELH
2 P T X YU BT P AR S . R D7 G ik A SR AR 2 3 I I AR AR LR AT AR T R L (HAE LR
14 RZJGHRZF & TH A (p<<0. 05, & 2D); AT 1YW ELRL AR 3 PR T Ia & . oo BEZOR AR
&3 WM ARAR TR . R 5 B Aol ) ) 22 S

AWFFE R AR VAR A . 2 Fh g CCO % ¥ i A2 A a3 5 2 ROk 25 3 Rk — 2. CCO TEZ ki ik
P EE b TOCEEER YT AE ATP G AEN 2 5 T, % B IR IR 1 (ADP) ¥ {0 i = B W2 IR 41 (ATP)PY,
CCO 7 1 B 9815 7T L g A8 2ok (A I 08 A3 7K 1o 3 T X 8 A4 48 1 2 210 BB B FQ 3 A9 8L XA K P & A 3
M DR, 4B R LRI E X CCO T 114 82 e 500 KA FIBLR] % T B W Sl My ZE LR R I8 v o A0 L 2%
B9 BAROK - # BE B2y 1 N ML AR B A E R S AT IR AT

HM: RRMDERBEAIBRETHEAETL, REFETA LR THART, KEH, REES
53y ki TAR, 0 — 5t B0

S 2K

[1] SRIDEE N, BOONANUNTANASARM S. The Effects of Food Deprivation on Hematological Indices and Blood Indica-
tors of Liver Function in Oxyleotris Marmorata [ J]. International Science Index, Nutrition and Food Engineering, 2012,
6(5): 269—273.

[2] YENGKOKPAM S, Debnath D, Pal A K, et al. Short-term Periodic Feed Deprivation in Labeo Rohita Fingerlings:
Effect on the Activities of Digestive, Metabolic and Anti-oxidative Enzymes [J]. Aquaculture, 2013, s412—413(6):
186 —192.

[3] MILLAN D N, HOULIHAN D F. Protein Synthesis in Trout Liver is Stimulated by Both Feeding and Fasting [J]. Fish
Physiology and Biochemistry 1992, 10 (1) . 23—34.

[4] MORALES A E, PEREZ-JIMENEZ A, HIDALGO M C, et al. Oxidative Stress and Antioxidant Defenses after Pro-

longed Starvation in Dentex Dentex Liver [J]. Comparative Biochemistry &. Physiology Part C Toxicology &. Pharmacol-



108 WHIFERFFRA AR FR) http://xbbjb. swu. edu. cn % 43 %

[6]

7]

[8]

[9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(19]

[20]

[21]

(22]

[23]

[24]

[25]

[26]
(27]

ogy, 2004, 139(3): 153—161.

SALEM M, SILVERSTEIN J, REXROAD C E, et al. Effect of Starvation on Global Gene Expression and Proteolysis in
Rainbow Trout (Oncorhynchus Mykiss) [J]. BMC Genomics, 2007, 8(1) . 328—328.

MARTIN S A M. DOUGLAS A. Houlihan D F, et al. Starvation Alters the Liver Transcriptome of the Innate Immune
Response in Atlantic Salmon (Salmo salar) [J]. BMC Genomics, 2010 , 11(1): 418.

CARUSO G, DENARO M G, CARUSO R, et al. Short Fasting and Refeeding in Red Porgy (Pagrus Pagrus, Linnaeus
1758) : Response of Some Haematological, Biochemical and Non Specific Immune Parameters [ J]. Marine Environmental
Research, 2012, 81(3): 18—25.

MOHAPATRA S, CHAKRABORTY T, SHIMIZU S, et al. Starvation Beneficially Influences the Liver Physiology and
Nutrient Metabolism in Edwardsiella Tarda Infected Red Sea Bream (Pagrus major) [J]. Comparative Biochemistry &.
Physiology Part A, 2015, 189. 1—10.

XIE X, SUN R. The Bioenergetics of the Southern Catfish (Silurus Meridionalis Chen). 1. Resting Metabolic Rate as a
Function of Body Weight and Temperature [J]. Physiological Zoology, 1990, 63(6): 1181—1195.

YAN Y. XIE X. Metabolic Compensations in Mitochondria Isolated from the Heart, Liver, Kidney, Brain and White
Muscle in the Southern Catfish (Silurus meridionalis) by Seasonal Acclimation [J]. Comparative Biochemistry & Physi-
ology Part A Molecular &. Integrative Physiology, 2015, 183; 64—71.

ZERE, X 3L, FEEE. L ORMEER X 5 il Silurus meridionalis £y £0 i A 245 B B2 2R [T, VY R OB E K 2 2%
WCHRBERD » 2017, 42(5) . 1—09.

FUSJ, ZENG L Q, LI X M, et al. The Behavioural, Digestive and Metabolic Characteristics of Fishes with Different
Foraging Strategies [ J]. Journal of Experimental Biology, 2009, 212(14): 2296.

TIAN X L, FANG ] H, DONG S L. Effects of Starvation and Recovery on the Growth, Metabolism and Energy Budget
of Juvenile Tongue Sole (Cynoglossus semilaevis) [J]. Aquaculture, 2010, 310(1—2). 122—129.
SILVA-MARRRERO ] 1, SAEZ A, CABALLEROSOLARES A, et al. A Transcriptomic Approach to Study the Effect
of Long-term Starvation and Diet Composition on the Expression of Mitochondrial Oxidative Phosphorylation Genes in
Gilthead Sea Bream ( Sparus aurata ) [J]. Bmc Genomics, 2017, 18(1); 768.

BRADFORD M M. A Rapid and Sensitive Method for the Quantitation of Microgram Quantities of Protein Utilizing the
Principle of Protein-dye Binding [J]. Analytical Biochemistry, 1976, 72(s1—2): 248—254.

PREEZ H H D, MCLACHLAN A, MARAIS J F K. Oxygen Consumption of a Shallow Water Teleost, the Spotted
Grunter, Pomadasys Commersonni (Lacépéde, 1802) [J]. Comparative Biochemistry and Physiology-Part A: Physiolo-
gy, 1986, 84(1). 61—70.

ik W, BN mOrERRYUERICER IR SY L], 1 5 . 2000(5) : 480—484

CAI L, FANG M, JOHNSON D, et al. Interrelationships Between Feeding, Food Deprivation and Swimming Perform-
ance in Juvenile Grass Carp [J]. Aquatic Biology, 2014, 20(1): 69—76.

TRIPATHIi G, VERMA P. Starvation-induced Impairment of Metabolism in a Freshwater Catfish [J]. Zeitschrift Fur
Naturforschung C A Journal of Biosciences, 2003, 58(6): 446 —451.

CHELLAPPA S, HUNTINGFORD F A, STRANG R H C, et al. Condition Factor and Hepatosomatic Index as Esti-
mates of Energy Status in Male Three-spined Stickleback [J]. Journal of Fish Biology. 1995, 47(5): 775—787.

DAY R D, TIBBETTS IR, SECOR S M. Physiological Responses to Short-term Fasting Among Herbivorous, Omnivo-
rous, and Carnivorous Fishes [J]. Journal of Comparative Physiology B-biochemical Systemic &. Environmental Physiolo-
gy, 2014, 184(4). 497—512.

3K, PR PUHON B A K R AR R EE R [T, K2R, 2000, 24(3): 206 —210.

sUDERLEY H, ST-PIERRE J S. Going with the Flow or Life in the Fast Lane: Contrasting Mitochondrial Responses
to Thermal Change [ Review] [J]. The Journal of Experimental Biology, 2002, 205(15);: 2237 —2249.

MOYES C D, HOOD D A. Origins and Consequences of Mitochondrial Variation in Vertebrate Muscle [J]. Annual Re-
view of Physiology, 2003, 65(0); 177—201.

LEARY S C, MOYES C D, BATTERSBY B ] et al. Inter-tissue Differences in Mitochondrial Enzyme Activity, RNA and DNA
in Rainbow Trout (Oncorhynchus mykiss) [J]. The Journal of Experimental Biology, 1998, 201(24): 3377—3384.

Guderley H. Metabolic Responses to Low Temperature in Fish muscle [ J]. Biological Reviews, 2004, 79(2): 409—427,
GOLD A J, COSTELLO L C. Effects of Semistarvation on Rat Liver, Kidney, and Heart Mitochondrial Function []J].
Journal of Nutrition, 1975, 105(2) . 208 —14.



% 64 BRAE, F. W hra a2 KR ERBG YA 109

[28] JUNG K, HENKE W. Effect of Starvation on Antioxidant Enzymes and Respiratory Mitochondrial Functions in Kidney
and Liver from Rats [J]. J. Clin. Biochem. Nutr, 1997, 22(3): 163—1609.

[29] MONTERINER P A, TEULIER L, DRAIJ, et al. Mitochondrial Oxidative Phosphorylation Efficiency is Upregulated
during Fasting in Two Major Oxidative Tissues of Ducklings [J]. Comp Biochem Physiology A Mol Integr Physio, 2017,
212. 1—8.

[30] BENARD G, FAUSTIN B, PASSERIEUS E, et al. Physiological Diversity of Mitochondrial Oxidative Phosphorylation [ J].
American Journal of Physiology-Cell Physiology, 2006, 291(6). C1172—C1182.

[31] BATTERSBY BJ., MOYES C D. [J]. American Journal of Physiology-Regulatory, Integrative and Comparative Physi-
ology, 1998, 275(3); R905—R912.

[32] FONTANESI F, SOTO I C, HORN D, et al. Assembly of Mitochondrial Cytochrome C-oxidase, a Complicated and
Highly Regulated Cellular Process [J]. American Journal of Physiology-cell Physiology. 2006, 291(6): 1129—1147.

[33] WILSON D F, HARRISON D K, VINOGRADOV A D, et al. Mitochondrial Cytochrome C Oxidase and Control of En-
ergy Metabolism: Measurements in Suspensions of Isolated Mitochondria [J]. Journal of Applied Physiology, 2014,
117(12) . 1424—1430.

On Effects of Starvation on Growth Performance and Energetic
Metabolism in Silurus Meridionalis and Ctenopharyngodon Idellus

XIA Yuan-xiang, QIU Han-xun, YAN Yu-lian

Key Laboratory of Freshwater Fish Reproduction and Development, Institute of Hydrobiology and Water Environment ,
School of Life Sciences, Southwest University of Education Ministry , Chongqging 400715, China

Abstract: The growth performance and energy metabolism of the juvenile southern catfish (Silurus meridi-
onalis) and juvenile grass carp (Ctenopharyngodon idellus) in six different groups which were deprived of
feed for 0, 3, 7, 14, 21, 28 days were observed at 27. 5£0. 5°C, respectively. As expected, starvation re-
sulted in cessation of growth and there was no significant difference in body weight and body length of the
starved fish for 28 days compared to their initial condition for both species. However, condition factor and
hepatosomatic index (HSI) of two species were found to be significantly lower after a 28-day period of food
deprivation (p<C0.05). The Protein content of southern catfish decreased much less than that of grass carp
in response to starvation. Opposite trend was observed for the change of lipid content. The resting meta-
bolic rates (RMR) of grass carp were significantly higher than that of southern catfish in each starvation
period (p<C0.05), and its RMR decreased with the increasing starvation time. RMR of southern catfish
increased at initial starvation for 7 days, and then decreased until the end of starvation for 28 days. The
specific weight growth rates (SGR) of the two species presented negative during deprivation. During each
deprivation period the differences between SGRs of the two species were insignificant. State 3 respiration
rates and activity of cytochrome C oxidas of mitochondria in southern catfish and grass carp have different
changes with increasing starvation period. The results indicated that the ecophysiological mechanisms in
response to starvation for southern catfish and grass carp should be tissue-specific and species-specific, it is
concluded that southern catfish and grass carp with different feeding habits and different patterns in preda-
tory behavior, so they have evolved the different ecological strategies in energy metabolism to adapt starva-
tion stress. The results of this study support the view that the carnivorous fish is more tolerant to starva-
tion than herbivorous fish.

Key words: Silurus meridionalis; Ctenopharyngodon idellus; starvation; growth performance; resting

metabolism; mitochondrial metabolism; energetic ecological strategy
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