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Hh =R A P AR . LR Ak B R ORI 52 R R R, S A M A AR A RS LT R A
(P<0.05), FFHEIFAE 6 h ik BIWAE,; WLk Ab T 50 JEWE AN OC B s ) B 2, DUHRAL (S A1) I iR s B XA
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EWEE, 5 R AATAEEZI0N, HAK AR AR MALA 4L GLUTI FikEH R % FTHE FRES, B S AR
GLUTI ik BAELA W] 5 F S T HAML (P<0.05), BFT4s Rz, 7EARYURACBLT, B4 n] 5 5o 14 R8I HE
DRI H 980 =5 e A A A e % A S (PR PRI 15 1 AR 120 S A PEPCK TG P 0 1o e LBk i, i L Ak Ak 2
A GK Ml KBS PE b AR FERE A IS GLUTI JE PR (0 32 35 652 S 8 i ot A Ve s Bl f iy, AT 42
e LR I A2 A
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Bl 6, O il A A AR, DR T DT Lk
REIEA SR PUAE ™ B 0 A BT Re Rt o W)
B 2B s R, AR Uk AL PR PR MR
SR BN YUERHT IE H A9 A BRES, EFE I =R
I A M A A T AR A S it
N PR 5 A B 4 R 2 i A s A 1 T
i, AR e b Re . WA s
51 1 (glucose transporter 1, GLUT)ZEMF.sh#)
KWLz 5040, HAERZE A IR - ARAKF- 3R
ik, SR AR R ARG S AW 0 2K A 2
1) 5 BE AN 52 A RE -5 A 2 0 e i 2R 1 ) R GA
s erg M, SRiie 4 M1k, BFgEE Xtk
FEYURN PR BBE AL K 7 A 40 2 1 5
iz LTI AS L 37 A o

¥ A1 (Ctenopharyngodon idellus)VE i — Ff HiL
BRIk gt mZs, Mt atEmss, Bt
R ) R AKSE B K AL A AR, 2 s
T8 AR AR B AR AL B T R TR
Ayt OB IR A L R AT N g Rk
SO, O T fa e Uk B P A TR Y
WA S A W i AL 4 AR A BE T HGE, BESE
T AR ILERE SRS T S AE 2 =i a8 4544
T AR A A s ML TR W B R T
125 1 2 15 R T BIL ) AE 5 4 R R A AR i
WG AR S U0 3 0 A A I LR A B | DL P 5
FAF A I 3 A [A] A T B A6 1003 A AR FE s
W S AU AR G 1l A1 8 A Wl 5% 12 1 1(GLUT)
M ZAS AL FL A, [R] BfE o S g Bl | BF 9 T £ A
SUPEEORE £ S B 3 R R BT AZ BE T, B A B
A R YUER B P MR AL R AR T R AT R
LA

1 MR5FE

1.1 LA

SRl DA AR TR 2% 5 A 0 AN 2R R B TR
(30.02%), T KIEHM FHHETR(39.16%), il Ag i
TH(12.30%), HLIK 53 (16.18%) Fl7K 43 (8.01%), A
e (18.68 MI/kg). SEIm LAt 43 3 AL : ¢
ZE MR (8 JH, C) YUK PR MR (YLK 4 S +45 i
4 J8, RYFFFEYLRLA (S A, S) 3 A Hmaia

F1 KWEANBEAFEFRBSEK
Tab.1 Formulation and proximate analysis of trial diets
%, dry matter

Ji ¥} ingredient & /% content

fRIRZEVR L ¥} fishmeal (67cp) 11
& casein 25
FKFEHR corn starch 40
fii fish oil 9.8
TR Kl premix 1.2
PR 45 CaH,PO, 0.5
SALAREL choline chloride 1.5
B #5771 mildew preventive 0.03
PLAALH] antioxidant 0.01
izl - bentonite 11
£t total 100
HEH crude protein 30.02
HAE; ether extract 12.30
TRIZ Y nitrogen free extract 39.16
MUK 43 ash 16.18
K43 moisture 39.16
B AEHE/(m)/kg) total energy 18.68

TE: O P I BURRHR AL L T 0 B (e/kg) M2 AE 2 (U 57 mg/kg):
CuSO,4-5 Hy0, 2.0 g; FeSO4-7 H,0, 25 g; ZnSO,4-7 H,0, 22 g;
MnS0O4-4 H20, 7 g; Na,SeOs, 0.04 g; KI, 0.026 g; CoCl, 6H,0,
0.1 g; #EAE A, 900000 1U; #E:% D, 200000 1U; ZEA% E,
4500 mg; i % K3, 220 mg; 4L K B1, 320 mg; 44L& B2,
1090 mg; 42, 2800 mg; 4i4: % BS, 2000 mg; 4E4:%E B6, 500
mg;4ErE#E B12, 1.6 mg; 4E4: % C, 5000 mg; iZFRLh: 1000 mg;
MER, 165 mg; HHH, 60000 mg.

Note: Premix supplied the following minerals (g/kg) and vitamins
(IU or mg/kg): CuSO4-5H,0, 2.0 g; FeSO, 7H,0, 25 g; ZnSO4 7H,0,
22 g; MnS0O,4-4H,0, 7 g; Na,SeOs, 0.04 g; KI, 0.026 g; CoCl,6H,0,
0.1 g; vitamin A, 900000 IU; vitamin D, 200000 IU; vitamin E,
4500 mg; vitamin Kj, 220 mg; vitamin B, 320 mg; vitamin B,,
1090 mg; niacin, 2800 mg; vitamin bs, 2000 mg; vitamin bs, 500 mg;
vitamin by,, 1.6 mg; vitamin ¢, 5000 mg; pantothenate: 1000 mg;
folic acid, 165 mg; choline, 60000 mg.

1.2 WY RFEEE

SCEG e A A TR B, K/NEA,
fRFR IO, JoB R T m 8 28 i B b B 42 L
IKERIEMFEN 6 A~ H, BFEMAER/NHK 4 mx
5 mx5 m. FEHLBRIEIIS) . MR R Y A
(125.35+0.54) g, 30 J&/MIAAHATFRFH L 50 (2 mx2 mx
2 m), HAATIEET 3%09Eh KR 5~10 min,
BEML S M EFEE MR AL(C) . DU PR (R, DL
4 JH+HEHE 4 FEHRIILERLL(S) 3 A BEmEpiagl,
AN E 3 ANESE, BAESE 30 B, U5
1) 5 BE K AR () 0 i S8 BLAR R AE 5.0 mg/L DL,
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pH B LIEEITE 7.2~7.4, BEAAMT 0.5 mg/L, /K
IRTE 20~29°CZ 0], /KIRALT 25°CHY, DARLfa{k
T 1%2%8 2L EEA R, B8Pk
(8:30— 10:00,15:30-17:00), F-B5 LA K 40%, 60%;
KIS T 25 CRF AR MARE Y 1%~3%4% e, H
M 3 Y%(7:00-8:00, 11:00-12:00. 17:00-18:00),
B R 20% ., 35%. 45%, TR RIER,
RHICSREREE, TRt
1.3 FHELEHARERRE

FRIH IR ZE R, (550 24 h JG B FEARE . RAE
B, WEEAMAE B RE LA, HT HhiE
FERRIE THECRIARE, FRRELIEIR 3 B, F 2 mL
5T 2% RSB R Dkl il 5 90 B T 0, 4°C
iHE 12hJ5 4000 r/min &0 10 min, 42 10175 T
—80°C VKFEIRAE, FRME Mg T br, I
BUFRERILA BT B R, S AR AT, [
B 55 B 3 R B TR 43 437 -
1.4 FEEEME LK

TSRS R G, SCR IR 24 h R AT
R WE TR B S 00, AASS A L T4 O 2k 5 L
SEuAh, SRE T A AR R R, R PR
B B B] A B P A B AL B 3 2 £ 0 s e 2
] 2 AR VR VR A R A T SR AR T 0.65% 1Y
AEFERIK, WREE 60 mg/mL; TS B6 A A I R £
30 mg/100 g FARE; FESES, B SHE N O TR
BN 45/ RHE A AIRIE PN, SCk
£ 30 min N{EST5EER) o A AR WS, 4 5]
A A B2 4 H AL R 3 R f R T S A
TR 0.65% 9 4= FER K/ 0 h b BT

PR L TS A BRER K (0 h)PL K
TSR ABHATS 1h, 3 h, 6 h A1 12 h 20 H1HUf
W S RL RIS o A I R] e B X A BE L
i3 A, 2 mL {3 S DA R S ke i 5
BTEOE Y, #E 12 h, ML 4000 r/min 5.0
10 min, WAEIMLERFI . FrA MAEFE 3 min Z
SN, R S L S £ A, 3 ) T R S
WEFWLN A ZUE T RS, A BRA R, —80°C
IR A I
1.5 EfRNZE

1157 112 I R I = £ N (N = Y

Jig 2B 1 A R B R 4 B Bl AR AR AR
(7020 7Y, Hitachi, HA) M. FF/NUBEIE . %4
WIS (GK) . PR R B (PK) LM -6- B R Y3 1
(PFK) 1k 12 4 1 = P9 ) % 95 13 (PEPCK) 1t 771
Yy BT A Y TR ST B AR 7 . ARDRERTILIA
FE S PEAT W HLFR 0408, K23 52 2R 105°C 4t
TrEE D, H&E AR E R E, ARk
R AR, MK R 550°C Hybe ik,
T 350 A5 TR 34 T 5 B AOAC Fe ik i) & isi e 43
AT,

1.6 GLUTI BERFREENE

1.6.1 RNA 3EEF cDNA &8 XHE4EYT
FECKE VA BRA Al (K% TaKaRa)Trizol 7 HEHUE
LA LAY RNA, 1%BUIE0E B Ik K RNA 58
A KR E & X (NanoDrop 2000, USA)#: il
RNA k& R aifE, D444 6 RNA N AR,
Oligo(dT)sy J %5514, [ Invitrogen A+l
M-MLYV First-Strand Synthesis System 5] & 1 {
FHUEEH, DL RNA AR, Oligo(dT)yo b ek 5%
519, & cDNA S 155, RNV AR FAMS%
G A

1.6.2 SNt RER MWRIELIE MY ek
F GLUTI 3 N 4 K% 81 9% 6 FH 4K £F Primer
premier 5.0 #ATREF MG Wit GLUTI F: 5—
TGCTCCTGGGCTTTACCT-3'; GLUTI R: 5'—CT-
GATTTGGCTTTGTTTTCC-3"; W F LK p-

actin (B35 M25013.1)8951 9% it: B-actin F:
5'-CGTGACATCAAGGAGAAG-3'; f-actin R: 5'—
GAGTTGAAGGTGGTCTCAT-3', 7 SZ46 fr Fi 51
Y Invitrogen 2 H) ]S E A
1.6.3 Real-time PCR LIH LAY cDNA &
Bz, ] SYBR® Premix Ex Taq™ X7l & (Ki%
TaKaRa)% H B H #4726 7 PCR Aaiill,
SCUO B ROR, S5 R S IR R R R
0, TESEmESEOE B PCRAYL ABI 7500 | #Ef79%
R F A
1.7 TEARXBHIELE
EN L R S AN =R U /N Wi B
FEE A KR (special growth rate, SGR, %/d)=
(In AR FE—In B3 )/ 5 K Ex100%;
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JTE & (survival rate, SR, %)=3K 56 4% o i} £
FEAR/ S 56 T 0 it £ FE 2K < 100%;

S s A B{E AR ME 25 (X £SD)RIR, A
FYVERRE TR SR 8 A . RB o A i A=
IR AR R AT R SPSS 17.0 B4, #E TR it
7 Z K 56 (Levene test) J7 47 8L K K Jr 22 40 #r
(one-way ANOVA), 7 i 52 5 95 B4 56 R FH WL
& )7 220 Hi (two-way ANOVA), &4 i %
5, FRHMBEE T 22581 F Duncan £ H I
R, W ME2E SN P<0.05. GLUTI mRNA /K-
PL B-actin HNZ:, DI MAFFEBRAI(C 4) 0 h
GLUTI SN Fak RN e, N 274 B e R[]
FEAR B9 mRNA BRI &

2 RIS
21 UIBERBRRMESERK, ERIMEEER
B

IR B P8 MR X} o A B RIA 0 238 1) 52 T
W32, FALAERYE T 7%, SR EER
(P>0.05), S Myt E AT N, Fie bR E
H-0.24%/d, i R 411RTE 3% - FH(P<0.05). 4[]

x2 NEBERBERRNESEK, FAHSNEETENZIG
Tab.2  Effects of starvation and refeeding on growth,
composition of whole body and survival rate of grass carp

n=3; X £SD
AbFE treatment
WiH item
C S R

T)]Ii?‘]i/g . 125.47+0.68 124.94+0.53 125.50+0.62
initial average weight
ALEg . 290.55+4.42°108.98+5.34° 157.65+4.73°
final average weight
EPg==s 2. 5% /(0
R R ARIO4d) 1.50£0.03° ~0.24+0.01*  0.41£0.05"
SGR
HE /%

. 59.33+0.83" 69.37+1.13° 59.69+0.37"
crude protein

MR /% crude lipid
K53 1% ash

7K 53/% moisture
FAIG#/% SR

e [ — 478 P AN [ R 3R R 25 1 3 (P<0.05). C: FREe iR
;S YUK HA; R: YU R A.

Note: Different letters in the same row stand for significant differ-
ence at 0.05; C: continuous feeding group; S: starvation group; R:
refeeding group.

30.17+0.68° 2.73+1.09° 23.68+0.48°
11.23+£0.19* 23.63+£2.86° 14.20+0.22°
72.73+0.57° 82.00+0.22° 74.87+0.71"

97.33+4.62 98.67+£2.31  97.33+4.62

U 55 SR AR B R oA i s, Hrp S
Wy R R R e, W & TR
(P<0.05), 1fi R 41F1 C 410 JC g 3 22 5 (P>0.05).
FLIR G &5 LA C i, S 4l ik, S E
F(P<0.05), KA FIKIy & S i, C 4R,
2521 25 570 B 35 (P<0.05)
2.2 YUER BRI E & @ iE & iR B/
5 B 52 M

HH 2 3 AT, S 2L it 3 B4 OB L H I =
Sk JIFL TN O R 1 A e
C A& B, BREHEREOMERSN, &
20 2 S0 3 (P<0.05); BRS¢ 4,
S IR, 41251 W% (P<0.05), LR R &
Ab A TG 3 25 5 (P>0.05)

£R3 YEERBRENESMDFEELIEIR
B/ BILAE I 9 82 M

Tab.3 Effects of starvation and refeeding on grass carp
plasma biochemical index and liver/muscle glycogen

n=3; X +SD
Rb3 treatment
Wi H item
C S R

I #%/(mmol/L) glucose  6.06+0.16° 2.85+0.05" 5.42+0.17°
H M =WE/(mmol/L) TG 1.62+£0.15°  0.22+0.03*  1.34+0.06°
24 i [
LT/ (mmol /L) 5.1740.12°  2.32+0.08° 4.30+0.07°
T-CHO
"R b - Pie
IR RSB 5 500010 3.56£0.17°  6.19+0.44°
/(mmol/L) LDL
=an7d =Y i =3
2 B 1A e 2.14+0.06° 1.72+0.06* 2.09+0.03"
/(mmol/L) HDL
B H/(mmol/L) 35.1441.22° 17.4840.77° 32.98+1.84°
total protein
HPHER /(mg/g) 20.51£0.38° 2.3240.15° 9.532.14°
liver glycogen
WU/ (mg/g) 1.21£0.18  0.96+0.03  1.01%0.07

muscle glycogen

T [R)— 1780 iR TR 7 i 3R 28 5 B 3% (P<0.05). C: FrZR g
H;S: YUk FEA; R PR MR
Note: Different letters in the same row stand for significant differ-

ence at 0.05; C: continuous feeding group; S: starvation group; R:
refeeding group.

2.3 JUER BRI AFREEREE GK. PK.
PFK #1 PEPCK &1 & 82

H 2% 4 WAL, M FREEERRAL(C 41), YUK
AEFH(S 4)iFEfd GK Fl PEPCK f 0% 1 T,
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R4 YUIER BRI E & B AR 5 B8 H 0

Tab. 4 Effects of starvation and refeeding on grass carp glucose metabolism enzyme activities

n=3; X £SD
- A treatment
TiH item
C S R
RIS/ (ng/mL) GK 5.25+0.45° 7.39+0.44° 5.80+0.24*
T T R 8 /(U /g) PK 43.97+0.02° 27.2443.59° 55.04+2.83¢

W -6- W R /(U/g) PFK
A 2 M 1t =X P9 T R 4 ik /(U/g) PEPCK

2414.36+193.72°
1800.64+369.43°

2151.77+120.57°
1521.97+92.82°

1345.98+70.03"
2475.88+167.08°

T A7 R AR A R ROR 22 5 5 (P<0.05). C: FFEEARIRAL; St DURAL AL R: FEELIRAL

Note: Different letters in the same row stand for significant difference at 0.05; C: continuous feeding group; S: starvation group; R: refeeding

group.

FEET C 4(P<0.05), MYUHKFEHRER 4)5F GK
1 PEPCK Jiff 9 16 ML 1 0 35 T R, R B 2 4 e
(C )AL BHIKF-(P<0.05); TAH L T2 54 (C
4H), YUHRALPR(S )Pl PK WA PFK i 1) 7 M,
MUK FE (R 4)fEt PK BEAI PFK A 15 M
Tt PRK RS MK R B EAR R (C 41) b BK
1M PK GG M 2 S TR (C 41K (P<
0.05)
24 YIBREEBEBREZGTIHEEREEAMN
EHEH=EBSENETL

A 1 AT L, R e S A A e IO (34
I, Kb cdl, SHMRADHEL h, 3 h
F1 6 h IRBNEAE, AS[F)Ab B 1 5 4 00 s b B
WRIEAE, LIS 419 ke i (5.32 mmol/L), H
A4 R 2H(9.54 mmol/L). C ZH(7.56 mmol/L)%¢
L, AR F BT TR, 2 12 h B SHIC
2H 34 1 2 v TR K P (P<0.05), T R KA
FEESFHIKOF o FR AR ] B IR 5 R ) A FE2H Y
MBEE R BN, S 4AE 0~12 h A a) B i s & & 2%
& F R Al C 44(P<0.05), I H i =H8(TG) S
#HTE 0 h B, S AT EHREM, C4H TG Fim s, &
2 725 B 3 (P<0.05), S 41 TG & & 7E 0~12 h B [A]
Bt A TCIH A8 1(P>0.05), 1 R F1 C £H7E 0~
6 h AR R BT E, MiFE 12 h i 208 BT, 4350
S 6 h 1 2 f5H 1.7 5.
25 YIBRBEREZGETEIHEEREEAR/
AiER T4

PR 2 AT L, o v S 2 W 4 Ak FR
RS RS R E A TR, c 4. sS4

18y
~ 816}
2 24l
S 3
g 212¢
E S0}
= o
% 3 8r
4 _::’, 6t
g 0
g
3
20
= 0 1 3 6 12
g fisf ] /h time
A"é 35¢ Cb
= £3.0f n=3;%SD =S c
9 o
E £25¢ —R
ES —a—C
= 320[
ﬁm 815t
22 0L Bb . Bb Bb
1] &b
EEost ABa  ABa BCa Ba Aa
mg e S . S—
z 0 i
k] 0 1 3 6 12
i} il /h time
BT YU B R R A R S A R S

I A b = Y 284
[ii] — Ak $ A A ] OR 5 B 7R 22 57 .55 (P<0.05),
[ — B [ s A )N Bk 3R s 22 53 B 35 (P<0.05);
C: FRELARMEAL; S: YURALFIAL; R: AR MELL.
Fig. 1 The change of plasma glucose and cholesterol
concentrations in grass carp after glucose injection under
starvation and refeeding
The different capital letters in the same treatment
and small letters in the same time stand for significant
difference at 0.05; C: continuous feeding group;
S: starvation group; R: refeeding group.

MRASHIZE 1 h, 6 h, 3 hikF|HKEHE, 12 h i
PIPR A BRI AT, AR, C 40 IR & A
AR T HAR M 2H(P<0.05), 1 S 4
FEAABHELE (B 6 h) BRI AK(P<0.05), #4b3
A WUAH I £ B st ) P A AR 8 R B TR T
R H, R 4UR1 C 41397E 3 h kBl R E, 79



%1 BB VLR THRORAR IR St e K | ATATIH RS E T 1| Fsiom 79
o[RS -3 TR, 3 h itk BN, 10 S LA R 4
225 —C PFK R T8 VE SR L SRR, S 41 PFK
Egost . Ac B 355 P S AR T AW 4. (P<0.05), H R 47
& g 1~12 h BHAIBE Y G T C 41(P<0.05). 4T
g% o Ab {EVE A ATHEIG, C 41 PEPCK R TG PE7E 4 A 4]
g Aa TR E AL (P>0.05), i S 4LF R 41 PEPCK

—_ —_
(=] [\ S wn

foe]

WUREIE 2 it (mg/g)
muscle glycogen content
F—

[\

(=]

i [E]/h time

2 DU S AR AR £ O A A
S IE/URE D 5 1) A2 £l
[ —4b B 20 A ) K5 Bk 3R 22 57 i 35 (P<0.05),
[f] — o (] AN ] /N5 B 3 7R 22 57 W8 35 (P<0.05);
C: FRELIMA; S: YUMRAL A R: PR 4.

Fig. 2 The change of hepatic and muscle glycogen content in
grass carp after glucose injection under starvation and refeeding
The different capital letters in the same treatment
and small letters in the same time stand for significant

difference at 0.05. C: continuous feeding group;
S: starvation group; R: refeeding group.

JE 0 h 9.5 f5M 6.1 4%, 1 S ATE 6 hikFHEK
fH, RO0hAY7.44%, H7E0h A 12 hAffE] & E, 45
2H UR T i TG i 3 22 59(P>0.05)
26 YBREBEBEZGTIHEEENE&AR
BE#E 5188 GK. PK. PFK #1 PEPCK B0
M & 3 AT 0L, ST AR S, B E GK B
EHES RIS LR TR, S 4R R 4 GK
TG PRI A M BIAE 1 h, 1 C 4 BIAE 6 hy H
1L S 4 GK B s 3G iR e K, femifEs2 0h 1 2
W, H S 41 GK MG 7E# MR S B R EE T
HAR(P<0.05), C 21 PK 74 ) G i & 25 1k
(P>0.05), 1M S 2 PK ffiE P28 LA my s, 7E
AAEFE] S S 41 PK & ML F C 4, R4 2
MAETREE TR EH, 76 1~6 h PK BTG P
f.F C 41, C 4l PFK il i& N 2 MR BTG

MG PEYTE 1 h I 25 R (P<0.05), H7EGUA E
W RBE TG LA RS, [ e w4
1~6 h W BN LT C 41 PEPCK B 1
(P<0.05).
27 YIBREBEBEGTIHGEEENEAR
BEFRALAY GLUTI EREHHS R IEE M0

il 4 AT OL, AT TR ML (C 41), YUk
A FE(S ZH) FIYL K FF (R 4375 i 0 JiF O
GLUTI B FE w1 T (P<0.05) FEALA H, YL
TRALFE(S 20 GLUTI 3 3534 (P<0.05), Tfi
PUR @R 4D & GLUTI LW 3RiE
(P<0.05), {EHTHIEME, C 4R S 4% ffFE
GLUTI A FRILw A LFmy&aHE, 557 12 h
6 h ik A mEE, £ 0h 2.1 /5 1.94%, i R
HMIE GLUTI FEPH 3k &0 B 2% 22 46(P>0.05);
MAFSEFRRETESEAEAES, ZAIA
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Effects of starvation and refeeding on growth performance, glucose
metabolism, and expression of glucose transporter 1 in
Ctenopharyngodon idellus

LI Ruixin, LIU Hongyu, TAN Beiping, DONG Xiaohui, CHI Shuyan, YANG Qihui, ZHANG Shuang

Laboratory of Aquatic Animal Nutrition and Feed, Fisheries College, Guangdong Ocean University,
Zhanjiang 524088, China

Abstract: This experiment was conducted to determine the effects of starvation and refeeding on the growth
performance, biochemical indices in the plasma, liver/muscle glycogen content, glucose metabolic enzymes, and
gene expression of glucose transporter 1 (GLUTI) in grass carp (Ctenopharyngodon idellus) and then clarify the
characteristics of glucose metabolism of grass carp under starvation and refeeding. The combined experiment
consisted of a starvation group (S), refeeding group (R, starvation 4 weeks + refeeding 4 weeks), and continuous
feeding group (C). Fish with an average initial weight of (125.35+0.54) g were randomly selected in each
treatment and injected with 300 mg glucose per 100 g body weight for a glucose tolerance test (GTT) at the end of
experiment. The results showed that starvation resulted in a low liver glycogen content, plasma glucose, and
triglyceride concentration. However, starvation treatment had a significant effect on glucose tolerance, and the
plasma glucose concentration of the S group was significantly lower (P<0.05) than that of the other groups during
the entire sampling period, whereas liver glycogen content peaked at 6 h. Starvation treatment had a significant
effect on activities of carbohydrate metabolic enzymes. Starvation induced the liver PEPCK enzyme activity but
depressed PK and PFK enzyme activities. However, PEPCK, PK, and PFK enzyme activities returned to their
previous levels after refeeding. After glucose injection, a significant increase (P<0.05) in GK and PK activities
was observed in the S group, but PK activities of the R group significantly increased (P<0.05) and then decreased.
Starvation treatment had a significant effect on the expression of GLUT/ in hepatic and muscle tissues. After the
glucose load, starvation and refeeding significantly induced the expression of GLUT! in hepatic and muscle
tissues (P<0.05); however, GLUTI expression in the muscle tissue of the R group decreased, whereas its
expression in the muscle tissue of the S group was significantly higher than that of the other groups during the
entire sampling period (P<0.05). It could be concluded that during the stages of starvation, to deal with the
challenges of food deprivation, grass carp depleted glycogen and triglyceride, suppressed hepatic glycolysis
enzymes, such as PK and PFK, and activated hepatic glycogenolytic enzymes, such as PEPCK. The results of
starvation treatment in grass carp favored the improvement of glucose tolerance through inducing GK and PK
enzyme activities, increasing the synthesis of liver glycogen, and activating the expression of GLUT! in hepatic
and muscle tissues.

Key words: Ctenopharyngodon idellus; starvation and refeeding; acute hyperglycemia stress; glucose metabolism;
glucose transporter 1
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