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(FATP-WXEE XA LR ZEZ W, B8 F 2 W A AL B % B-1 (CPT-1)%0 1 34 18 Bt 4%
-2 (CPT-2) R H Kk, Y@M FVAFZ o, CPT-1f0CPT-25 H KK % 5| B & A7
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AR, VA S 0E B A 0 AR GRS |
T MRS KETE . BonetS5E % B, VAR HAGTAY)
B8 1% X 0T 2L 2 0 I 7 A 8 . TR 5 4 fige A0 B s PR
RIEAL =20 . JeyakumarSE VR BE, KB E
EHEVAEYR R, T LGE i 8 5 LA R
Hh RO B A I A ke A e IR SRE A 4 B T
ZAEANRRER . T Yosaee%5: PR 1E VA N H AT 4 4
A DL A 5 AU B S g i 57, HE TR0 T A
WE PRI I K T, AR T 705 PR & R 14 A 3L
Tz — [FBFFCHEE &, R EERY
J57 55 1 Jote RO PR 9 5 0 B A 1 25 L AE OC 19 18
BB AFTE LY, FEK =3, Mohamed
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HaF)R T H R (Chordata) . fifi F ff1
4 (Osteichthyes) . ##JE H (Cypriniformes). #F}
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g N KRR Mz —, FaERER T IRAKKEE
YRz, R TR IR K MOl SR DL S N T 3R
B SRR GEAECR, T W R K, HMA
FRH T AR BAE S M B ARBEIE I TS
TIPS SRR, O )RR L (Diet) . DR
2(Diet2) F1 4 K 3(Diet3) 73 5l £ VAL = 241 (178.2
IU/kg). VA& & 4H (2 058.9 1U/kg) VAL &4
(18 436.2 TU/kg) 3Ll H g, ALK E
FERFE B P R VA s fagh fa b K i
T8 A2 AL A8 B R TR A A X 35 A 7 e B A DG A
IR 520, R VAT 7 00 s X 15RS i 0 45
A S
1 MEST7%
1.1 EIEIT
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FEUE , RIEHRS o Y BOR &Y m4Ed ZIR G
(TG VAT ECL 832 S2 58 ok, 20 51 LA Gl el
1(Dietl), faKl2(Diet2)flia#l3(Diet3)F . e 1A
RELL DR FTEDRE3 H 4 B 0 . 2 200120 000
1U/kg VABERRFE (500 000 TU/g), 281 R M (0,3
2:(Agilent-1100, Agilent, & [& YK Ji5 512 46 1) &l
VAR SEBR & 5059 178.2. 2 058.9F118 436.2
1U/kgo SEETAEMAC T BB SR AN R Ui w . R
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F1 ZEARNARREFRKFEFHIR
Tab.1 Composition and nutrient levels of experimental

diets (dry matter)

WiH items Dietl Diet2 Diet3

J5HL  ingredients

THEf& B H/%  casein' 36.00 36.00 36.00
Wi /%  gelatin ? 5.00 5.00 5.00
WIkE/%  dextrin 2 25.00 25.00 25.00
SEATIM/%  rapseed oil ® 5.70 5.70 5.70
R UER % 22.50 22.50 22.50
microcrystalline cellulose *

THLERIRAW/%  mineral premix ° 2.00 2.00 2.00
L ZIRED % 1.00 1.00 1.00
vitamin premix (vitamin A free) °

/% attractant 2.00 2.00 2.00
BRI YEZRKN/%  microcrystalline > 0.50 0.50 0.50
SALAEHE/%  choline chloride * 0.30 0.30 0.30
Y K ARSER R/ (IU/kg) 0 2200 20000

vitamin A acetate ®
Bt total 100.00 100.00 100.00

EFRAKT  nutrient levels

JK43/%  moisture 7.98 10.04 9.10
HMKS53/%  crude ash 237 243 2.45
HARWI/%  crude lipid 451 4.54 4.60
HEA/%  crude protein 37.12 36.98 37.23
#4EEZA/IU/Kg)  vitamin A 1782 20589 184362

e 1 RETERIEM T, EE; 2. HAERNERTERAF: 3.
R IR AT 4 WM ST A A AR AT 5. 5 ¥ BTR
BRSNS T SRRt NaCl 100 mg, MgSO,-7H,0 1 200 mg,
Ca(H,P0O,),-H,0 3 g, FeSO4 H,0 80 mg, ZnSO, H,O 50 mg,
MnSO,-H,0 65 mg, CuSO4 5H,0 10 mg, CoCl,-6H,0 50 mg, KI 0.8
mg, Na,SeO; 0.8 mg, WFiH 6.45g: 6. 4L EHHIRKE AT T
ARMERE: BRER 25 mg, ZHEEK 45 mg, WEEE 20 mg, VB, 0.2
mg, VK3 10 mg, JJLEE 800 mg, 2R 60 mg, JHAZ 100 mg, MR
20 mg, EME 10 mg, VD; 3 mg, o-AEFE 300 mg, HLINIMER 1
g TERAFAER 2.45g; 7. BEAAM: PR ¢ EESER-EER A
MR=1:3:3; 8 Wil—EWEHEHRARAT, VANFERZVARK
25, 500 000 IU/g

Notes: 1. Sigma Chemical Co., St. Louis, MO, USA; 2. Sinopharm
Chemical Reagent Co., Shanghai, China; 3. COFCO Corporation;
4. Xinwang Chemical Co., St. Huzhou, Zhejiang, China; 5. mineral
premix (mg or g/ kg diet): NaCl 100 mg, MgSO,4-7H,0 1 200 mg,
Ca(H,POy4),-H,O 3 g, FeSO4-H,0 80 mg, ZnSO4-H,O0 50 mg,
MnSO,4-H,0 65 mg, CuSO,4-5H,0 10 mg, CoCl, 6H,0 50 mg, KI 0.8
mg, Na,SeO; 0.8 mg, Zoelite 6.45 g; 6. vitamin premix (mg or g/ kg
diet): thiamin 25 mg, riboflavin 45 mg, pyridoxine HCI 20 mg, vitamin
B, 0.2 mg, vitamin K3 10 mg, inositol 800 mg, pantothenic acid 60 mg,
niacin acid 100 mg, folic acid 20 mg, biotin 10 mg, cholecalciferol 3 mg,
a-tocopherol 300 mg, ascorbic acid 1 g, microcrystalline cellulose 2.45
g; 7. attractant composition: taurine : betain-HCI : glycine=1: 3 : 3; 8.
Zhejiang Yixing Feed Group Co. Ltd., China, VA is feed grade VA
acetate, 500 000 IU/g
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14 MrAofil, 5. ke ek R AR

TG A ML A AR bR AT IR AR (TG 1 B R 3R 3K 1 5 T 87

B2 T RE MR LAY L 60 H 05 J5 , - e e A I T e
B AR A5 Fh ORI TR 401 20, D OBUIB AT BF 45 HL
(F-26 AUVRFTHF 5541, 4emg B TR 2-RH S0l A
B B0 T4 B 42 1.5 mmiy £k, T40 °C
Pozs SOPEAR TR R BUURL JS AE T ORLUZ
SRS R BT 20 °CURAR R T

12 ZR&RAFSEE

ARSI F WA KA RIS S I &
e N A E R Ml I 1 R e SN i e
EIEX LI R Z AT, SCRAEayagiET
T N500 LIGHR KR R G, B3 E 20
Z GBI AR EAS — B R T e i g
360/, WIUARR &8 M (6.10£0.10) g, #4360} fh
BEMLAY 23452004, RS TAT, A
AT IR g 40, LIRS . S
10 ) A K 45 M S 6 )L 20K (08:00F117:00), H #%
WL 2 Ay 1 R B S5 (14 3% 57 B S 460 30 i) 4 P K
PEAT IR IR . W5, BRRIOKE/NT1/3, KR
R FEATIERE W A KK o FRAE IR KR A (27.5+
1.0)°C, JeRE ARECREN, BARSTEANET
5.8 mg/L,

1.3 SRHMRE

TPFR SR AR s, AR 24 hLHE= il N
. U 50 mg/LAYMS-22208k 5, 4iil 2
BOFFRE ., BEVLEBCH e, & &K I
0, SRR BB R IR COR ML R A MR FEAS, f R
B B 1 1M R REAS L T4 cCORAE B 24 b, &
2 500 r/min#.0> 15 min, B2 1L PR A7 T80 °C
AR VK AR DL A8 5 S 50 0 o K KR 1L 58 1Y
i1 &Iy o PR ik ) RO IOE o B B S 0T AE TR A
B, ARG RS 280 CCRAKIR KA - AT
1.4 AREFRST W

S8 R RERL A R L IR 8 AL (Kjeltec-
2200, FOSS)(F+HZE)MIE ; 1Rk K 432K H 105 °CHit
TR P RREL IR D SR T 2R I A B sk
FE, TDRHIR 3R 25 3 41 550 CHY e 1 I AE o
1.5 EKMgEEFRITEAR

34 K (weight gain rate, WGR, %)=(W,—
W) Wyx100%

i 78 M K K (specific growth rate, SGR, %/d)=
(InW—In W)/t 100%

1B} 22 8 (feed conversion ratio, FCR)=Wy/(W,—
Hp [ 7K 77 2 4= 3 ) sponsored by China Society of Fisheries

o)

JFAA L (hepatosomatic index, HSI, %)=W;/Wx
100%

I i & (condition factor, CF, g/cm’)=W/L’x
100
K, WORLRRTT G (g), Wo W) i ik i i
(2), NI RE(), WHBARE (), Wk
i ffFNEE (g), W Nt (g), Wh MR
(g), LAfAEK (cm),

1.6 MMiESEHiaFRaN

SR B W ILVE A AR TR DU i B (GLU) .
=08 (TG). BJHFEEE(TCH), KZEIREA
(LDL) A1 % s & 11 (HDL), VA 38R 1% H
A 5 A TR T B A A R A T A

1.7 RFRE#ERE (1518 X ERIE M Y A&

JEFJEE v B8 T R W U (PFI) | ol TR s P =X TR
i i 3% B (PEPCK) . W I it (HLKC) R AT T 72 384 it
(PK) 3% M SR FH Fi o 3 B A 1 TR I 5 T A 7 1Y
WA S AT RTIN o A r 3 2% URR I g 77 Tl (HISL)
HURE 7 R A Bt (F ALS ) B4 305 4 2R FH P ot 8 i A= 9
T AR ST B A2 7 B ELISATR 7 & HEAT A6

1.8 4A%Z0 2 RNAIREU K cDNA R 4%

K 2 56 00 JHF JUE 202U B A WA Y T B
P, TE R BT OB AR, BUZ50~100
mg R AR A A 1 mL Trizol# 1.5 mLTG
RNAMGEPH F1, M4 TRIzoli ] 45 (TaKaRa, K
PRI B RNA . FH 1% IS WEE A L TRV RNA
PEATSEREAPEAG I, FRE i 70 D66 B2 1 (Thermo,
NanoDrop 2000)%f RNAZEF 7 B F1 40 B2 A

F] I PrimeScript TMJ 5% 5% 151l £ (Takara,
HA), 4 MeDNAL KR Z&AF: 30 °CRAL10
min, 42 °CJZJ¥% 60 min, 70 °CJ ¥ 15 minJ5 & vk
¥ HI . KW Y47 Eppendorf Mastercycler gradient
(Eppendorf, AG, 22331, Hamburg, German)
PCRICHPHEAT, cDNAF MR AT T 20 °CUkAH
19 SI¥git BRI EEPCR

K H Primer 5. 05K 4 35 1 I e b B A 35 AH 5
B, WFR2PR. B 51 W H
YR A BRAF AL, UB-ACTIN A Z IRIEN .

% I A i PCR N 7F 2% )t € 2 PCRAY (Bio-
rad ¢fx96, bio-rad, 3[E) LT, 25 pLIK R F
1 uLAJcDNAVE W , 12.5 uL 2xSYBR Green I Real
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Tab.2 Primer sequences for Real-time quantitative PCR

R genes 1EM 514 (5'~3")  forward primer (5'-3") S M54 (5'~3")  reverse primer (5'-3")

B-MEE M S-actin CCTTCTTGGGTATGGAGTC GTCAGCAATGCCAGGGTA
CHRM  HK GGAGTCTGATGTTCGCTTCT TCGGCAATTTGACGTGTCT
HiGiM%IEE A2 GLUT-2 CAAACAGGGCAAAGTGGA GAGAAGCCGCAAGATGGA
HEEME  GK TATGTTCGCTCCACTCCTG TCGCTCTTCATCCTCACCC
WRER BB PFK CAAGCCCATAACCACAGACC CCCATACGACTCGCCAAA
WIEAER S PK ATTATCCCAGCCTAACCCACG CGACTTCCCAGAATCCCACC
Hi % WE-6-WERREE  G6Pase CTTGAGAAAGCCCAGAGGT AGTGAAGGCCGAGTCCC
BERRIE R IR  PEPCK GGAGCGGAGTTTGTGCG AACCACTGCCGAAGGATAAG
WEER R LB PEPC TTGATGTGGCATTGCGTTTC GGCATTGTCAGGGTAGTTGGT
RBEL6- Wiy FBP CAGGGAGTCAACTGCTTCA GATATTCTGTGACATCTGGGTAA

MBS A-1  FATP-1 GAACGCTCTTCCCTCTTACGC CGGTCGGTGGTTTGTCTGG
fefE ANGRE LPL CAGCCCTGTATGAACGAGA CAAGCTCAGCCTGTAACCA
WK BURIEE VIR HSL CTAACATCAGACGCCTCACC GACAACCCGCACCAGCAT
Wy BR & il FAS TGGACGGGTAACTGGGTGA CAGAACGGATGCGAGTGGG
LTEAEAR B2 ACC-2 CCCTCTACACCAACCTTTCC TGTCGCTGTCCGTCTTTATT

I SRR B GS k -0 PPAR-a

CCGAGAAGAAACTACTTACCCA

ACTGACAGAACAGGAAGAGCC

i A AR OS2 K-y PPAR-y GCCTCGGGCTTCCATTAC CACTTGTTGCGACTCTTCTTGT
RITRERRE LA F2 -1 CPT-1 ACCGTTACGCTAAATCGC ATTAAGGCCCATAGTTCCAT
WTRERHEE 5 72 8-2  CPT-2 ATGCCGCCATAAACCAC ACGCCATAGCCCACTCC

time PCR Master Mix(Takara, HZ%), 1E[5[470.2
umol/LFN I [ 51 4#70.2 umol/L, f/K E25 uL. X
MAEF: 95°C 2 min, 95°C5s, 59°C 15s,
HISAEI . X FAEE RS, Y S B
SE RN B DR B A S R A AR, T H
bR HE KRN S 5L I AC, [ T 5 44C,, 525
ZEIRR AN I AE 1752 3 W o

1.10 HEFKIT R

SIS M DAY Y (H £ 45 1 22 (mean+SD)#
N, SR SPSS20. 0%k {4 i 47 5L I 2 Uy 22 4 #r
(One-Way ANOVA), %5 B #0f, RHTurkey’
sHHfTZ I, P<0.05FRERBE .

2 4

21 HEFANBTEGEEKMEENZNE

T F5 8 JH e, 4% 5L W 4H T 04 i A e 1
o BB VASEZ B, F A4 WGRFISGR

http://www.scxuebao.cn

B E AR (P<0.05), DAL i dik ) VAR £0
&) 5 WGRH SGRIG . & £ 2 11 (P>0.05), HL#S N
W VAHIFCRA1.87, B3FH & T VAL &4
(P<0.05), VAGt=25 VA4 WHSIFCFY
VA &8 20 A7 L TG i 3 52 0 (P>0.05)(F23)

22 HEZANBTEGEMEFEE KBRS R

VAR IfiL 7§ GLUFIHDL# 5 i # A1 101
Tk VAR Z B i 2 B R AR Y P GLU
FIHDL ¥ B (P<0.05). 45k b VABLZ B, i
T T TG i 2 AR (P<0.05), {HTCHM & . %
FHiE5 (P<0.05). BEAMRSZR A LI, AR
i A VAZS 3% B AR 1ML 35 LDLY £ (P<0.05), {2
VATGRZ X i35 LDLAE B TG i 2P 5210 (P>0.05)(4).
23 HERANEE LG IRERHEEEME R
ERFRIEF N

T VAR Z s A E P K M A
b PRI E F (P<0.05). Hidb ot i 21 A HKG

w1 [ 7K 7= 2% 43 3 73 sponsored by China Society of Fisheries
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R3 ARPEERARENEENEE KRNI
Tab.3 Effect of dietary vitamin A content on the growth

parameters of juvenile M. piceus

AEEFAF E/(IU/g)  vitamin A content

iH items

178.2 2058.9 18 436.2

W% WGR 165.75+16.05" 223.79+12.19" 229.17+16.82°

FEEAKR/(%/d) SGR  1.48+0.07°  1.84+0.06°  1.86+0.08"
TR Z# FCR 1.79£0.08"  1.57+0.21*  1.87+0.07°
FFfAtL/%  HSI 1.45£0.01 1.35+0.16 1.45+0.07
B B (g/em®)  CF 1.85£0.06  1.7940.07  1.74+0.06

e R PR3 H AR ) T SR HEE (n=3), BT R LR
T T BB R 7RO E R AR (P>0.05), ARTRINRRZESR
.3 (P<0.05). FH

Notes: Data represented as mean+SD of three replicates(n=3). Values in
the same row with different superscripts are significantly different
(P<0.05). the same below

FT4 ERPELEZASENTESEMME
&= 0p-A ]
Tab. 4 Effect of vitamin A content on blood biochemistic

indexes of juvenile M. piceus

xz5 ARNFPHEERASENTENEN
HEAC I X SR BRI OS2I
Tab.5 Effects of dietary vitamin A content on the activities
of key enzyme of glucose metabolism in liver of

juvenile M. piceus

Y RAE R/(1U/kg)
T . vitamin A content
iH

items
178.2 2 058.9

18 436.2

CUPEB/(U/g prot)  HK 28.75+2.06 34.99+1.76° 18.92+1.88"

TR SR/ (U/g prot)  PFK 3.11+0.82% 8.72+1.37° 7.99+1.33"

PIBABR I HR/(U/g prot) PK 2.48+0.19° 5.15+0.76° 3.25+0.57°
T T A7 T =X R T R S e/

(U/g prot) PEPCK

22.82+6.38" 29.05+6.41 36.14+3.59°

YEE AR E/(IU/Kg)  vitamin A content

TiH items

178.2 20589 18436.2

%/ mmol/L) GLU 6.70£1.37°  11.30£0.55°  8.58+0.52°

Hih=Hg/(mmol/L) TG 1.2240.07°  2.64£0.34"  3.25+0.72°

A JIH[E B/(mmol/L) TCH 3.614037°  2.13£0.19°  2.92+0.76"

RHEREA/(mmol/L) LDL  2.92+0.60°  3.22+0.81"  2.01+0.52°

BEENEEA/(mmol/L) HDL  2.26+£021°  3.42+0.24° 2.33+0.22°

P 5 Z AR T H A 240 (P<0.05), 418.92 U/g prot.
TR VASR = 25 B 2 0] EPFKIE H: (P<0.05),
{H 3o 5t 20 AR PR 4 5 345 o 40 1) O b 3 v 22 57
(P>0.05). fAEH VASRZ B dE 22 40 AT E
PK{G P (P<0.05), Mt4h, 5 VAL G,
VATt Z 2 FV A 5 21 IEPEPCKIE 14 T ik 2 M
22 53(P>0.05), {HVALk= 4 I PEPCKE 1 i %
K F VAT &2 (P<0.05)(#£5).

T R PR O AV AL B R IT E
GLUT-23:H 335 (P<0.05), fakHd v AR = %t
GLUT-25& I 3% 35 T Wb 3 V5% i (P>0.05) . Fifi 7]
B VAT EW BT, HasaFliHK . GK.
PFKHIPEPCH: H R iR B G —F, ik

VAT 542 058.9 IU/kght iA B 5 Ko sk, Tkt
EPVAa‘%}%z 2 AR IE PR RS TR 36 3% (P<0.05)
(E 1),

Hp [ 7K 7% 2% 4= 3 /5 sponsored by China Society of Fisheries

VA Z 8§ i & X} PEPCKFI FBP3: [H £ 35 JC
W E MR (P>0.05), VAL SAHML, Ak
VAGRZ X & 4 0 i I GoPase R [ ik o i &
PEFZ 0 (P>0.05), {H 4476} R fin18 436.2 TU/kg
VAR, F M)l G6Pasedt [ ik 3 T B
(P<0.05)(&12).

24 HEBANE GG IR SEELER
S ESN S A

Tk VAB Z 1 2 B IEHSL M FASTH
P£(P<0.05), i &I EHSLAIFASTE M 518 & 41
AH HE T I 2 22 5 (P>0.05)(F%6).

VA Z o it & % IR FATP-15E H 338 6

F R (P>0.05). VABE= H N NECPT-1F1CPT-2%:
[H 263k B F R (P<0.05), i & i VAR IFIECPT-
URICPT-23 [H 335 G . 2 PRS2 Wi (P>0.05)(1%13) .

VAR Z 855 5 X5 - IE HSLFI PPAR-a 3% [ 3=

IR TC 5 (P>0.05) . ARV s it i VAL
Hr, HFRELPLIE R 3R 5k B 35 FR AR (P<0.05), R H
R VAS RS A B TACC-2 FHFEIEK
Vemo HeAh, RSN 18 436.2 1U/Kg VAT
i 4y f0 1 I PPAR-y3E TR 36 35 I 3 B I (P<0.05),
TRV A Z X PPAR-p 3 R 63K TG i 35 Pk 5%
i (P>0.05)(1&14).,

3 iR

VARYERKPLTHRERRZZ — A5
R, mE R VASEZ 2 R AL A
WGRHISGR, X 57 HAF 8 (Paralichthys
olivaceus)"'"" VI B AU FgWF IR 4 R — 8.
Ah, FER LS B B VR B A o U 4
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90 Ko AR 44
o 400 [ 1.0
5 el
b : 0.8 ¢
~
o S 300 RS —
?gﬁ z =2 06
Wit e ab = 8
B 7 200 o
=E 2 a 2204t
EEE = a
%@m@g 100 | 2% 02]
: ok
=0 0 : )
1 2 3 1 2
TR 4R R A S5 TR R A AR
dietary vitamin A content dietary vitamin A content
() (b)
2.0 ¢ i 150
i)
e c g b
%“5 15| g
= _5 b g 100 |
7] ‘B a
S 1 0 L m wn
s &
5 =z
° a = o 50 ¢
2 05 ¢ "
== % 5
= g% 5
#ﬁ -
0 =3 0 - -
1 2 3 1 2
R4 R A S5 TR R A AR
dietary vitamin A content dietary vitamin A content
() (d
400 150
I ﬂﬂgﬂ O
9E o g b
H_,f 5 300 | b 1 o —F—
= § S Z2100f a a
==
2 a g
g 200 | 5 2
K g =
= =285 50t
= 2 vl
&5 100 ®e
ET £
=g B
0 . . 2T . .
1 2 3 1 2 3
kYR A S TR YR A SR
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Fig.1 Effects of dietary vitamin A on the gene expression of GLUT-2 and the
key enzyme of glycolysis in liver of juvenile M. piceus

1.178.2 IU/kg, 2. 2 058.9 IU/kg, 3. 18 436.2 1U/kg, labels with different letters indicate significant differences (P<0.05), the same below. (a) effect of
dietary vitamin A on the gene expression of GLUT-2; (b) effect of dietary vitamin A on the gene expression of HK, (c) effect of dietary vitamin A on the
gene expression of GK, (d) effect of dietary vitamin A on the gene expression of PFK, (e) effect of dietary vitamin A on the gene expression of PK, (f)

effect of dietary vitamin A on the gene expression of PEPC
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Fig. 2 Effects of dietary vitamin A on the gene
expression of the key enzyme of gluconeogenesis in
liver of juvenile M. piceus

(a) effect of dietary vitamin A on the gene expression of PEPCK; (b)
effect of dietary vitamin A on the gene expression of FBP; (c) effect of

dietary vitamin A on the gene expression of G6Pase
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(a) effect of dietary vitamin A on the gene expression of FATP-1; (b)
effect of dietary vitamin A on the gene expression of CPT-1; (c) effect of

dietary vitamin A on the gene expression of CPT-2
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Fig. 4 Effects of dietary vitamin A content on the expression of genes related to

lipid metabolism in liver of juvenile M. piceus

(a) effect of dietary vitamin A on the gene expression of LPL; (b) effect of dietary vitamin A on the gene expression of HSL; (c) effect of dietary vitamin

A on the gene expression of ACC-2; (d) effect of dietary vitamin A on the gene expression of PPAR-a; (e) effect of dietary vitamin A on the gene

expression of PPAR-y
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Effect of dietary vitamin A on growth, serum biochemical index, digestive
enzyme activities and glucose and lipid metabolism in
juvenile Mylopharyngodon piceus

CHEN Shujian '?, WU Chenglong >,  YE Jinyun*, LI Ronghua '
(1. Key Laboratory of Applied Marine Biotechnology, Ministry of Education, School of Marine Sciences,
Ningbo University, Ningbo 315211, China;
2. Key Laboratory of Aquatic Resources Conservation and Development Technology Research,
College of Life Science, Huzhou Normal University, Huzhou 313000, China)

Abstract: An 8-week feeding trial was carried out to investigate the effect of dietary vitamin A (178.2, 2 058.9,
18 436.2 1U/kg) on growth performance, serum biochemical index and hepatic glucose and lipid metabolism key
enzyme activities and gene expression levels of juvenile black carp (Mylopharyngodon piceus). Using a one-factor
experiment design, three isonitrogenous and isoenergetic purified experimental diets (diet 1, diet 2 and diet 3)
containing 0, 2 200 and 20 000 IU/kg VA were formulated. Total vitamin A contents in the diets were measured by
HPLC (Agilent-1100, Agilent, USA), actual content of vitamin A in each diet were 178.2, 2 058.9 and 18 436.2
IU/kg, respectively. Casein (vitamin free) and gelatin were used as protein sources, rapseed oil was used as lipid
source, dextrin was used as carbohydrate source. Total 360 juvenile black carp with initial weight (6.10 £0.10) g
were randomly divided into 3 groups with 3 replicates per group and 40 black carp per replicate. The results
showed as follows: weight gain rate (WGR) and specific growth rate (SGR) were significantly reduced for fish fed
diet with 178.2 TU/kg VA. When VA is deficient, concentrations of serum glucose (GLU), triglycerides and low-
density lipoprotein (LDL) were decreased, but total cholesterol (TCH) concentration was increased. The activities
of hexokinase (HK), phosphofructokinase (PFK) and pyruvate (PK) increased for fish fed diet with 2 058.9 IU/kg
VA. Gene expression of liver glucose transporter-2 (GLUT-2), HK, GK, PFK and G6Pase were increased in fish
fed diet with 2 058.9 IU/kg VA. However, there were no significant differences in the gene expression of fatty acid
transporter protein-1 (FATP-1) for fish fed diet with 2 058.9 IU/kg VA. But the gene expression of Carnitine O-
palmitoyltransferase-1 (CPT-1) and Carnitine O-palmitoyltransferase-2 (CP7-2) were significantly influenced. The
gene expression of CPT-1 and CPT-2 were inhibited for fish fed VA deficient diet. When fish fed diet with 18
436.2 IU/kg VA, the expression of acetyl-CoA carboxylase-2 (4ACC-2) and lipoprotein lipase (LPL) genes were
inhibited. Besides, the gene expression of peroxisome proliferator-activated receptor-y (PPAR-y) decreased when
the VA content was 18 436.2 [U/kg in feed. Overall, fish fed diet with 2 058.9 IU/kg VA could improve growth
performance and ability of liver cells to transport glucose of juvenile black carps. Diet with 2 058.9 IU/kg VA
could keep a balance between glycolysis and gluconeogenesis, and it also could promote fatty acids synthesis and
transport.
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