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7 %

(R EK =R T B R IE TR =BT BT, BRIETL BR/RE  150070)

W E: BERVNERE SO K P X #3858 GH (growth hormone ) /
IGF- T (Insulin-like growth factor- I )3 K3k Flfa R4 LB R . 3% F
IR i (8.30 £0.15) g MIPATHGEEE 420 B2, BEHLSr 0 4 41, B4 3
NER,BNESR 35 B, SAERE 25% F1 50% HI3ER (LS/HS)
FRIE M (LG/HG) fakt, SEIE A 60 d, SLEes R FKHT . HS 41 LS
HH GH ERFFHBEM T LCH(P<0.05), HSHM IGF- 1 H
REERBEMRT ISHAMLCH(P<0.05), FEBWAMBRMHED S
BERABE (P>0.05), HS ARk EEERFHMEEA(P <
0.05) MBS RHEBES FHMLH(P<0.05), AERARLERE
/N, HS 201 Leu S8 Cys R BEMT LG 4H (P<0.05),Ala 5 &
BEMRFTISHMLCH(P<0.05), Hh & HEEFABE (P>
0.05); Hft F AR EBEARMERAEE (P>0.05), LHFAERA
LT EERLE FLOFTRERLABNAZERSEKHARNER
AEE(P>0.05), itk AR HEMEKFRERME T GH BEEH
IGF- 1 BHMRIL, FEFEIM T £ AR & & IR T — L8 ERW

MAREA: 5T AFRE
B K X v B8 B A K Bl
GH/IGF- 1 %t [H i f {5 4 Al
HIRZ IR , 467 A R Bk 7
LU GH/IGF-1 B
Fak , DT R R 4 R AR D A
ERERER AR, HEEI
BRI RS A A
BEYEM R E T i
fiflo

XEWH: WA IEN; GH/
IGF-1 2 ; Rl i B E R
AR

HESEE.: S917
MEkERERD: A
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WY BE R =REFYRZ —, &K1
BRI HEREY BT . 7E #2881k Hh VS i B
K- WE S8 W Jo W] LA 29 2 B B, 5
ATP B, B F TR/ ER MG, R ik g
BEARMER " . EEENE, MR REEY
J TR AN R AR K 7 37 8 i BLAS , 38 W] LA st 2>
RBESEXT BRI 5 G, A E 7K 7 IR 5L ) 7T ¢
ZLRfE., (Hi2, BHt R M, X e i A BE )
AN, R oK T —E R S5 kA
PR RE FER A KB E BT REHL
T L, PR ) 5t i 1 P B ) Bk T g
2 EPRHME KT ORI 7 S5 I 2 R R
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BRI, LA K A K Bl GH/IGF- T & [H
TR R, Ve faIs, Xt
WS IR 9 A1 I B 1 850598 , WILSON ™! (i 55 %
AR A 0 ) FVE B R 8 0 AL T R 00 , - ELRE Y 32
400 g/kg HIBERYI R, EEE BT IT R 62
Tk AT AR B 8 BLK T2 40% o BT B AR
BT R T EEE REE T R (F,) &
Wl EEE RF A, BAB R D EREER E
WERE RRTFEFL BRENEFMNE. &
SIS DABATH B A A B 5T X6 52, 356 R R 20 R T
PIRIOBEUR , BB 25% (M A1 50% RERI A~ KF,
WFFEAS [FDWE BWE 7K %o WA TR B A AR B A A SR B TR
ZH RN GH/IGF- | R FE M0
1 MR
1.1 ZEHHEER

PATHBE AL B H E K 7= B2 e 2R e VLK
WP, ERAIERREMA h EFEZELHE,
38 N 3 S B T R, R A RN T R AR R, TiE
TR TR 25% F1 50% F) 4 Fh4E R SRR I RDEL,
BRI 3R 1. DR ERH 28 WR R TE L IR
E¥5,CEMAS RAZRY RERE, ARG
FABORLHLE B 2 mm FORLRDEL, B F - 20 C kKA
RRTERE A o
1.2 ZEWiEIT5RAMEE

TLH GBS — BRI R AR T & (8. 30 +
0.15) g FIfRFREIA TSR 420 B, HilA 2 J&)5kE
M. SEIRAERE R 4 4, 405 ke e a4l
(HS) ARVER A (LS) = i 24 4 (HG ) FnfIK
EHEH(LG), BHKRINERE, BIMEE3S B
i, LA 60 d, BR e 4 K, Bk
MU B ORI . SEIRTE E NI IRTE IR K
JEAE BT IRBE (24 £1) °C,24 h R[E] Wi
A BEE KT 5 mg/L, B HIRIE, 8% L KRR
W 2/3 KIFEACBRSMK, B H R R Ak
BRIET-E D
1.3 GH/IGF- 1 EEMREZERN

FEELWERG, FHLBAIIRK24 h J5,
SRR AR 2 h 5, BAHREYIR 3 B,
JFHEAH L, SR E T WA PO . FIH Trizol 3
REUHF E4H 41 5 RNA, Fil F§ PrimeScriptk® RT
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Master Mix (TaKaRa, Japan) {37 & #1755,
R % 3K AF 1) cDNA fRFFF - 20 C,HF GH/
IGF- T FEHARXT Ik BRI .

R #% GenBank I # 8 GH F} A J¥ %
(M27000. 1) Fitita IGF- 1 F:FHF5(D83272.1)
% it Real-time PCR HJ 5] 4%, GH:. 5'-
ATCTTCCCTCTGTCTTTCTGC-3" ( F ) F1 5'-
AAGTCGGCCAGCTTCTCA-3’ (R), IGF-I: 5'-
AGACAGCCCAAGGACAGCA-3" (F) #1 5'-
TACAGTGGAGCACATCTCTGGAA-3' (R), A 3L
VL B-actin (JQ619774.1)YERINZ:, B-actin:5'-

GGCAGGTCATCACCATCGG3' ( F) #1 5'-
TTGGCATACAGGTCTTTACGG-3' (R). Ff A B
Y1 i gL N R A AR

Real-time PCR [z i/ & & #i#& SYBR Premix
Ex Taq (TaKaRa, Japan) i3] & %d B B #£17, %
Fi ABI 7500 Real-time PCR {¥ ( Applied
Biosystems, USA) #4770 #7. BUE 70 #7 % A L 3K
CT ¥ (AACT), M R B & = 2749 =
2 — (ACT4bFE - ACTR ) - 2—[(CT5U:E—CTW§) - (CTAHE - CTHZ) ] ,
BAEE 3 WEENTFHE.
1.4 {KRHNE

TFREE 60 d J5, 458 24 h, GHFEHLE 9
R, RT3 0 2K 41, B /A T
EefHER(ER x6.25) , K51k (550 C) il
FE A B IR Y , 2R ISR A U e HLAR T o
1.5 2&SERARNE

AL AL 9 B4, L AT b3
KRR BUK R . B R THA#E 2 0. 125 mm
W 5 , FREGAAE S0 ~ 100 mg, B FZHEH, fndh
BRK AR, B2, FIBEAT B O, A (110 £ 1) CHY
fEIRAE T /KA# 22 h, B KA 100 mL A&
i, F NaOH ¥ b A, I € 25 2 100 mL, 3 W
U8 J5 B 5L L8900 AU FEER B 3 2 i A E -
B T RUK MR T 5 h &R, B & BRI
5E o
1.6 SitatAE

SEHZE IR A SPSS 20. 0 F 4 #E4T B R 2R HIXN
HWER 725047, #47 Duncan’ s 2 L, FI P
1B = FpifEIR (Mean + SE) FRREER , &K P
27 0.05,
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*1 EfiAMEFREFREN(TE)
Tab.1 Ingredients and approximate composition of the basal diets ( air-dry basis) %
SR ZH3]  groups
ingredients WWHAL HS  EmA 1S WMEHAL HC MmN LG
¥y fish meal 10 10 10 10
B casein 30 30 30 30
JEHY starch 50 25 0 0
HiZ%HE glucose 0 0 50 25
M) soybean meal 0 0 0 0
WKy wheat flour 0 0 0 0
£l fish oil 2.5 2.5 2.5 2.5
3l soybean oil 1.5 1.5 1.5 1.5
HH#% choline chloride 0.5 0.5 0.5 0.5
WEER 445 calcium dihydrogen phosphate 2 2 2 2
WEfE soybean lecithin 1 1 1 1
4% cellulose 0 25 0 25
R FLLTYE RN carboxymethylcellulose sodium 2 2 2 2
YA Z IR K} vitamin premix 0.3 0.3 0.3 0.3
B Y PR R} mineral permix 0.2 0.2 0.2 0.2
At total 100 100 100 100
E3EIKF nutrient level
M H crude protein 31.97 31.895 31.97 31.895
MBI crude fat 5.76 5.71 5.66 5.66
M K4y crude ash 2.24 2.24 2.24 2.24

A ETRBHAS Y R BUER (mg/kg 8% 1U/kg) : V, 8 000 IU, V; 70 mg, Vg, 18 mg, Vi, 35 mg, Vi 18 mg, TR 60 mg, JHER 200
mg, Y& 2.5 mg, Vg, 0. 6 mg ME 6 mg, JJLEE 1 000 mg, V500 mg, Vy; 2 000 IU, Vi 7 mg, Zn 65 mg, Fe 75 mg, Cu 3.5 mg, Mn

16 mg, 10.65 mg, Co 0.1 mg, Se 0.1 mg,

Note ; Vitamin premix and mineral element premix provide ( mg/kg or IU/kg diet) : V, 8 000 IU, V70 mg, Vg, 18 mg, Vy, 35 mg, Vy 18 mg,
calcium pantothenate 60 mg, niacin 200 mg, biotin 2.5 mg, Vg, 0. 6 mg folic acid 6 mg, inositol 1 000 mg, V500 mg, Vp; 2 000 IU, Vi 7
mg, Zn 65 mg, Fe 75 mg, Cu 3.5 mg, Mn 16 mg, 10.65 mg, Co 0.1 mg, Se 0.1 mg.

2 R

2.1 GH/IGF-1 RiEEBHHT

A 2 h fFiEH GH #1 IGF- 1 3 mRNA
FIAEXT R E WK 1, LG 4/ GH EHE XK E
BEET HS A1 LS 4 (P <0.05) ,HG 4/ GH
HEFEFELZEETF HS 4 (P <0.05), ki
NI B SLIR A CH R FA R BE R/ TR
B INTEA B SEER L (P <0.05) o {HBEAKF-XF
GH BRFIXBEA BEZW, FEHEAKF 8
WS EMG T IGF-1 EF K FRXE, HS AW
IGF- | RRRFEREMT ISHAMIC A (P<
0.05) ;HG 41/ IGF- 1 FF X B S K AR ER
AEZ(P>0.05),
2.2 AEEREEKEIREEEER DT

SEMAMHERMEK T EBERAD
% (P>0.05), HS H MK 8 B E KT H AL

K2 (P <0.05) AR & &2 B 3 & T HAl & 4
(P <0.05) . TREHBESS B AIBE K XA B2 46
WAFIERERZEAERI(P >0.05) , 13 2,

2.3 AEERFEKT X HE RS R EBR AN
2]

FLBHA BB RN 3. BT AER
HWAR BN, HS HE) Leu & B BZERT LG 4
(P <0.05) ; HAb L F5 AR & B XA ERA
BE(P>0.05), FUTAERAMLRER,
FHEW A ) His Ml Arg T BZRABE (P>
0.05) . IFMFERIEMER LR, HS HEY Cys &
BEEE|RTLCHA (P<0.05) ,Ala FEBEMRT
LS M LG 4 (P <0.05) ; HAth R b FAL R &
BRAMERAEE(P>0.05), UigBAER L
B ARDERR SR MBS R ER T RAHEE
FAEE(P>0.05) o fARREIS B AR KX 2
HIRA WA B EHSCEAEM (P >0.05)
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Fig.1 The GH(a)and IGF-1 (b)mRNA expression levels in liver
LR VB £ i BTN A F EARIF RS BRI Rk &0 22 57 B 2 (P <0.05) ,MHFFEMZFRRZERABE (P >0.05),

The values showed as mean + S. D. Different letters above the bars indicate there was a significantly difference in the relative expression of

gene (P <0.05), while the same letters indicate there was not a significantly difference (P >0.05).

R2 AEERMEKFIHHREER S RN
Tab.2 Effects of dietary carbohydrates and carbohydrates levels on body composition of Songpu mirror carp

. 4151 groups two-way ANOVA
i H items
HS LS HG LG CL CT P
7K 43 moisture 72.12 £0.44* 74.40 £0.50° 74.07 +0.53> 74.90 +0.27" 0.008 0.025 0.145
# & crude Protein 15.39+0.09 15.42 +0.10 15.38 +£0.07 15.17 +0. 16 0.852 0.602 0. 665
HNEN crude fat 9.07 £0.37*  6.87 £0.38*  7.10 £0.42*  6.39 +0.27* 0.004 0.010 0.076
FK 4y ash 3.42 +0.17 3.31 +0.08 3.46 +0.07 3.40 +0.11 0.449 0.588 0.817

T CLOBPRHRK T CT R PRI AL, RIAT BB BB R A FRERERARE (P>0.05) , AA/NEFRERERBH

(P<0.05), F&Ft,

Note : CL, Dietary carbohydrate levels; CT, Dietary carbohydrate types. In the same row, values with no letter or the same letter superscripts mean
no significant difference (P >0.05) , while with different small letter superscripts mean significant difference (P <0.05). The same as below.

R3 TEAVERAEK T X R S EEBRAEN AR

Tab.3 Effects of dietary carbohydrates and carbohydrates levels on amino acid composition of Songpu mirror carp

. 41 51| groups two-way ANOVA
Wi H items
HS LS HG LG CL CT P

DRI (EAA)

B e 2.02+0.18  2.16+0.11  2.06+0.15  2.25 +0.09 0.316 0.672 0.870
FEA MR Leu 3.56 £0.03*  4.19£0.15® 3.96 +0.31® 4.40 +0. 18" 0.040 0.194 0.659
& ® Thr 3.03+0.45 2.79+0.63  2.64+0.28  2.93+0.16 0.951 0.752 0.495
FP AR Phe 1.46 £0.11 1.73+0.12  1.58+0.13  1.66 +0.03 0.149 0.831 0.434
i #R Val 2.86+0.43  3.33+0.26  3.11+0.24  3.32+0.05 0.282 0.700 0.659
H A Met 1.36£0.17  1.65+0.02  1.55+0.11 1.71 +0.03 0.099 0.318 0.585
AR Lys 3.74+0.13  4.37+0.15  4.05+0.34  4.12+0.19 0.187 0.909 0.290
F T RILRR (HEAA)

1% # His 1.36£0.20  1.55+0.11 1.43+0.10  1.43+0.06 0.362 0.803 0.390
K8 Arg 2.77+0.13  2.98+0.03  2.91+0.20  3.23+0.11 0.125 0.240 0.707
T AR (NEAA)

S 4B Cys 0.91£0.17* 1.38 £0.23® 1.27 +0.14® 1.49 +0. 14" 0.080 0.202 0.481
H4® Gly 5.64+1.12  4.33£0.09  4.55+0.42  4.32+0.31 0.312 0.462 0.472
RAG T Asp 6.85+0.32  6.93+0.36  7.75+0.56  7.29 +0.76 0.748 0.312 0.661
25/ Ser 2.29+0.53  3.15+0.38  3.21+0.30  3.08 +0.27 0.463 0.401 0.335
P R Tyr 1.13+0.95 1.20+£0.75  1.150.11 1.23 +0.04 0.327 0.668 0.978
AEM Glu 11.56 +0.12  11.44+0.20 11.25+0.28  11.92 +0.99 0.656 0.894 0.528
HER Ala 3.25+0.62* 4.98+0.13>  4.29+0.61® 5.09 +0.16" 0.040 0.290 0.381
IR E Pro 2.41£0.09  2.37£0.55  2.24+0.36  2.70 +0.21 0.503 0.778 0.429
DEARRETR 18.05+1.34 20.22+1.37 18.96+2.21  20.39 +0.33 0.163 0.655 0.760
K NERARBRT R 4.13+0.16  4.53+0.15  4.33+0.30  4.66 +0.06 0.123 0.443 0.872
ENEARR SR 34.04+1.93 35.78+1.08 35.72+1.59 37.12+3.06 0.472 0.801 0.922
AR E 56.22+1.44 60.53+2.59 59.01 £2.97 62.17 +3.31 0.206 0.655 0.826
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GH/IGF- | iR iEEak A KA F X E
Fz— BE A Ak KA K RERICH . .
BREBBEEMGESZM AT, CAHRE
HESE GH b5 AT LA Ps A sh o 5 7R i A
MER I BB REEA, 3 — 7w AL 3h
PR PIESE T GH XA KRR ™ '
FERFIE ,GH f EE st 2 5 GHR 454 )5 Hl
¥ IGF- I A RS, AT AL E RS
SN X FRE R 2, B BT STRE MK GH
FIGF- T ¥RBE K& —HTERFAE B mRNA Rk &
5iEpEE AR AR TR & R (TAA) FidE
WFEEIEBR (DAA) K L) L R 47)RE 2R 13 A0
RIE BARGEE AL AL RE
R, IERAL K GH Rk B B ERTHA R4, HS
) IGF- 1 FEH B KT LS 41f1 LG 4, UifAm
VEMXT GH B E A IGF- 1 R RS T
e . WNREEERKRERE, EHA 5KES
PARSERZRABE Uil GH fl IGF- 1 3
HESRZ B T RS M EI Ve (B R R
AR R, BFFT R B, GH A] L0 i A B
FASEFE P STATS 3k ), T v8i 20 g i #
TR, HILARLE P EIEMAR CH EFEFKLZ
FUIPH], TR P T Hig 5 AE O 2 R ) 3k, B
ZA e &R EER THASA.

BHRERKREFHRAKUE DS BER
R 3% P 5 8RS K B PR B S R A L f ( TRP/
LNAA) ") sl Z kB B AR Sk d
YR L AE AT AR i LB LR M R R 5 B T
SNAT2 fy235"7 , X BB T B & rh kAL &
Yl Er B R A SRR 4R, {8 B AT, 1R R
VS IIBE ) Jo X £ 25 22 255 R 4 18 1) 5% Wi A 5 AR
o AL HS AWM ER ERERMHNE
REBHBERT LC 41, XEEEMEN W
NHEE ARG . REREZSMHY R NER
JR A ZH B4 , 2 AE B & L R , BLOMSTRAND %5
IR ERER R LUES R IER, (R E AR
A R LR R S O BR BB A 0 4 L
A RN E R e E R AR
SR, TESH Y IR P9 2 1) R R 22 R A
s TR R 2 A W R R R, 6 T B 4 28 WA i
BRI, IGF SR 5 ia K AR

Weg e O FEA SR R e M H T IGE-
[ RFBRE, I XREFARRTETE T
Wi i B PR 5 R R Y e K — T T T RE S i
THARNERER BRI T RS
BERAFMERM NI & &, 75— J7 X h
JEL S AR A B I 6 PR, (R 5 HIS 4 By 2= £ g
HREERM.

4 Z5p

ASEIGSAF T, Rk H S IR [0 R K SF
STFATH SR ) GH/IGF- | B[R 33k 8 R4
HEMRARAA T BEHE, DRI
IKFRITERY I T GH R R A IGF- 1 2 H 3%
5, RGN T AR & R AR T — 2R
EBRTE,

B2k
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Effects of different dietary carbohydrates and carbohydrate levels on GH /
IGF-1 mRNA expression and the fish body composition of juvenile mirror
carp ( Cyprinus carpio)

LI Jinnan , XU Qiyou , WANG Chang’ an , WANG Liansheng , ZHAO Zhigang, LUO Liang
(Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070, Heilongjiang, China)

Abstract: The effects of the different dietary carbohydrates and different carbohydrate levels on GH /IGF- |
gene expression, body composition and amino acid composition were studied in juvenile mirror carp ( Cyprinus
carpio) . 420 Songpu mirror carp ( mean weight = 8. 30 + 0. 15g) were randomly divided into 4 dietary
treatments triplicate groups and 35 fish per triplicate. The fish in 4 groups were fed two carbohydrates ( starch
and glucose) diets with two levels (250 g/kg and 500 g/kg) (LS/HS/LG/HG) and were reared for 60 days.
Results showed that the GH mRNA expression levels of HS and LS groups were significantly lower than that of
LG group (P <0.05). The IGF-] mRNA expression level of HG group was significantly lower than that of
LS and LG groups (P <0.05). The crude protein was not significantly different among groups (P >0.05).
The moisture of HS group was significantly lower than that of the other groups (P >0.05). The crude fat of
HS group was significantly higher than that of the other groups (P >0.05). The body amino acid composition
results showed that Leu and Cys contents of HS group were significantly lower than those of LG group (P <
0.05). Ala content of HS group was significantly lower than that of LS and LG groups (P <0.05). The other
amino acids contents were not significantly different among groups (P >0.05). The total essential amino
acids, semi-essential amino acid, total non-essential amino acids and total amino acids had no significant
difference mong groups (P >0.05). In conclusion, high dietary starch could inhibit the expression of GH and
IGF-1 genes, increase body crude fat content and decrease some amino acids contents.

Key words: glucose; starch; GH/IGF- | gene; body composition; amino acid composition
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