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1 ( )
1.1 Table 1 Composition and nutrient levels of
) experimental diets ( DM basis) %
ltems Basal diet High-fat diet
1.2 Ingredients
) 3 Casein 20.0 20.0
Gelatin 5.0 5.0
2 o 4.
0 6% Fish meal 15.0 15.0
8. 1%
6.0 6.0
0 1 Microcrystalline cellulose
Du * SC/T Flour 19.9 16.4
1024—2002 y - a-starch 25.0 25.0
1.3 Soybean oil l 1.8 3.1
120 5.0 Vitamin premix" 1.0 1.0
(15.0 « Mineral premix? 1.0 1.0
2.4) ¢ Ca( H,PO,) , 2.0 2.0
80 cm X 75 c¢m X Choline chloride 0.5 0.5
60 cm GB 11607—89 Total 100.0 100.0
4 Yo Nutrient levels”
Ccp 30.5 30.5
1% ~2% 09: 00.12: 00+
18- 00 ! 5 ) EE 4.6 8.1
' AP 0.6 0.6
1/4 ~17/3 Lys 2.3 2.3
o 2 Met 0.8 0.8
6 g Contained the following per
kg of the vitamin premix: VA retinyl acetate
12 (500 000 TU/g) 0.80 g VD4(500 000 IU/g) 0.48 ¢ DL -
° o - DL-a—acopherol acetate (50%) 20.00 g
. 5 Yo . g (1% .1lgD- iotin
1.4 VK,(23%) 0.22 ¢ VB,,(1%) 0.1 ¢ D D-bioti
1d 2 6 (2%) 5.00 g folic acid (96%) 0.52 g
thiamine hydrochloride (90%) 0.13 g VC acetic es—
ter (93%) 7.16 ¢ nicotinic acid (99%) 2.58 g
° 4.8.12 2 inositol (99%) 52.33 ¢ D - D-calcium pantothenate
1d 6 (98%) 3.07 g riboflavin (80%) 0.99 ¢
. pyridoxol (81%) 0.75 g corn starch 905.87 g.
2 Contained the following per
° kg of the mineral premix: FeSO, * 7H,0 ( 19. 7% Fe)
=100 x / o 76.14 g CuSO, * 5H,0 (25.00% Cu) 1.20 g ZnSO, * 7H,0
1.5 (22.5% Zn) 13.33 g MnSO, * H,0 (31. 8% Mn)
30 min 4.09 ¢ KI(3.8% 1) 2.89 g NaSeO;(1% Se) 5.00 g
corn starch 897.35 g,
4 C 3h 4000 r/min 10 min 3 Ry .
Calculated values.
1 4 °C
(TG) . ( CHO) 1.6
( ALT) . ( AST) 6
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0.2 ¢ m+WN °
10% (MDA) 1.7 ACC1 mRNA
(SOD) 1.7.1
(CAT) Primer 5. 0 Oligo 7. 0
o 12 RT-PCR ( 2 GenBank
-80 C ACC1 ( : HM142590)
( RTPCR) ACC1 mRNA B - ( B-actin) (
o DQ211096) o
- ( HE)
2 RT-PCR
Table 2 Primer sequences for RT-PCR
Genes Primer( 5-—3) Annealing temperature/°C  Length of product/bp
A AL CACTITCCACAGACG 55.3 19
B - Bactin F: TCTGCTATGTGGCTCTTGACT 59 4 174
R: TACCGCAAGACTCCATACCCAA
1.7.2 RNA cDNA 1 Duncan +
Trizol ( TakaRa ) 12 P <0.05 P <0.01
RNA 1% o
RNA
(0D) RNA 2
o RNA 37 °C 15 min 85 C 2.1
5s cDNA. 2 cDNA
-20 C RT-PCR o ( l-a. 1-b),
1.7.3 RT-PCR 4
1.7.2 cDNA RT-PCR ( l-c. 1-4d); 8
ACC1 o 50 pL. ACC1
B-actin 194 °C 5 min; .
94 C 30 s 55.3 C( B-actin ( 1-es
59.4C)30s 72 C 1 min 30 : 1-1); 12
72 C 5 min, 2% ( l-g. 1-h).
( golden view) Quanti- 2.2
ty One 462 ACC1 mRNA 3
o (P>0.05) . 4
ACC1 mRNA =ACC1 / 35.12 g
B-actin o 9.2% ( P<0.05); 8
1.8 (P>0.05); 12
SPSS 16. 98.62 ¢

11.4% (P <0.05) .
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a ( HE ); b ( m+N
)¢ 4 (—) (HE );d 4
(—)( m+V ) ;e 8 (—) (HE ) £ 8
(—)( m+1v ) g 12 (—) (HE ) h
12 (—)( m+1v ) o

a: basal group both hepatocytes and pancreatic alveolus were clear and arranged well ( HE staining) ; b: basal group a lit—
tle small size red lipid droplets in hepatocytes ( Sudan Il + IV staining) ; c¢: high-fat group hepatocytes swelling and more lipid
vacuoles in the cytoplasm ( —) (week 4 HE staining) ; d: high-fat group the number of red lipid droplets increased ( —)
(week 4 Sudan Il + IV staining) ; e: high-fat group hepatocytes swelling and the volume of lipid vacuoles increased ( —)
( week 8 HE staining) ; f: high-fat group lipid droplets further developed (—) (week 8 Sudan Il + [V staining) ; g: highfat
group hepatocyte steatosis was more serious and the volume of lipid droplets increased ( —) ( week 12 HE staining) ; h: high—

fat group both the number and the volume of red lipid droplets further increased (—) (week 12 Sudan Il + [V staining) .

1 12
Fig. 1 Histomorphology observation on hepatopancreas of grass carp within 12 weeks (400 x)

?1994-2015 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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(P<0.05);

(P>0.05) .
2.51

9.1%

3 12

2.23
12

(P>0.05);
2.00
13.5%( P <0.05)

Table 3 Growth condition of grass carp within 12 weeks

Time points Groups Body weight Hepatosomatic index
. Basal group 15.23 +1.05 2.10+0.20
Initiate
High-fat group 15.16 £0.57 2.16 £0.09
Basal group 32.16 £2.62" 2.30 £0.15"
4 Week 4 . . .
Highfat group 35.12£1.47 2.51+0.11
Basal group 70.93 £5.50 2.11 £0.34
8 Week 8 i
High-fat group 71.76 £2.49 2.23+£0.10
Basal group 109. 14 +7.82" 2.27 £0.26'
12 Week 12 . ; .
High-fat group 98.62 £5.57 2.00+0.11
* % (P<0.01) *
(P<0.05) o

Values in the high-fat group with * % superscript mean significant difference compared with the basal group at the same time

point ( P <0.01) and with * superscript mean significant difference compared with the basal group at the same time point ( P <

0.05) . The same as below.
2.3 AST  ALT
TG.CHO 4
4 o 4
o 4 4 ALT AST 8. 57
TG 2.12 mmol/L 12.23 U/L 85.5%
89.0% (P <0.05) . 8.12 188.4% ( P <0.01) ; 8
TG 2.57 ALT AST 14. 69
2. 71 mmol/L 24.07 U/L 3 (P<
70.2% 99.2%( P <0.05) . 0.01) ; 12 ALT
TG AST 66.43  100.31 U/L
4 12 (P < 14 (P<0.01) . CHO
0.05) 4 CHO ALT  AST
5.56 mmol/L 78.0% 3
(P<0.01); 8 CHO (P<0.01) o
5.96 mmol/L 81.7% 2.4
(P<0.01); 12 5 4
CHO 6.66 mmol/L MDA 3. 14 nmol/mg
100.6% (P <0.01) , 102.5% ( P <0.05) ; 8
CHO 3 MDA 7.61 nmol/mg
(P<0.05 5 (P<0.01); 12
P <0.01) 8 1 MDA 8.22 nmol/mg
7.2% ( P <0.05) 12 1 230.1% ( P <0.01) ,

11.7%( P <0.01) . MDA
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3 (P<0.01) .
4 12
Table 4 Changes in serum biochemical indices of grass carp within 12 weeks
Time points Groups TG /( mmol/L) CHO/( mmol/L) ALT/(U/L) AST/(U/L)

4 Basal group 1.12 £0.12 3.12+£0.09 4.62 +0.17 4.24 £0.07
Week 4 High<fat group 2.12 0. 14" 5.56 £0. 14" 8.57 £0.56°* 12.23 +0.32°*
8 Basal group 1.51 £0.08 3.28 +0.06 4.46 +0.34 4.39 +0.59
Week 8 High-fat group 2.57 £0.21" 5.96 £0.02""  14.69 +1.10"* 24.07 £0.71%*
12 Basal group 1.36 +0.25 3.32 +0.01 4.52 +0.03 4.15+0.33
Week 12 High-fat group 2.71 £0.07" 6.66 0. 18"  66.43 £2.54*™  100.31 +2.46*™

(P<0.01)
(P<0.05) , .

In the same column values with different capital letter superscripts mean extremely significant difference among highfat

groups of different time points ( P <0.01) and with different small letter superscripts mean significant difference among high-fat

groups of different time points ( P <0.05) . The same as below.

SOD SOD CAT
4 o
4 SOD . 4 CAT
208.00 U/mg 16.3% (P <  625.47 Ulg 30
0.05) ; 8 SOD (P<0.01) . 8 12
152.56 U/mg 4 CAT 619.39
36.3% (P <0.01) 290.43 Ulg 14
(P<0.05); 12 (P<0.01) . CAT
SOD 156.22 U/mg 8 12
( 2.4%) (P> 8
0.05) (P<0.05) . 113.2% ( P <0.01) .
5 12

Table 5 Changes in hepatopancreas biochemical indices of grass carp within 12 weeks

Time points Groups MDA /( nmol/mg) SOD/( U/mg) CAT/(U/g)

4 Basal group 1.55 +0.51 172.88 £3.63 18.02 +1.88
Week 4 High-fat group 3.14 £0.01¢ 208.00 +8.69*" 625.47 4. 27"

8 Basal group 1.57 +0.10 172.68 £0.79 20.96 £3.69
Week 8 High-fat group 7.61 +0.07%* 152.56 +9.94"" 619.39 +7. 14"

12 Basal group 2.49 £0.01 187.72 +10.75 19.69 +0. 32
Week 12 High-fat group 8.22 +0. 12*™ 156.22 +0.35" 290.43 +0. 41"
2.5 ACC1 mRNA ( 2)o

2% RT-PCR ACC1 mRNA 1.11

150 bp 33.7%(P<0.01  3).
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Changes in Main Biochemical Indices and Acetyl-CoA Carboxylase 1| mRNA
Expression of Crass Carp Fed a High-Fat Diet

WANG Kaiyu MIAO Changhong HUANG Jinlu WANG Jun LIAN Hai
WU Chunyan MOU Qiaofeng FU Xi
( Fisheries Disease Research Center Key Laboratory of Animal Disease and Human Health of Sichuan Province

Sichuan Agricultural University Ya’ an 625014 China)

Abstract: The effects of consecutive feeding 8. 1% fat diet for 12 weeks on serum biochemical indices hepa—
topancreas biochemical indices and acetyl-CoA carboxylase 1 ( ACC1) mRNA expression of grass carp were
investigated to study the metabolic regulation mechanism of grass carp liver on high-fat diet. A total of 120
grass carp with an average body weight of (15.0 +£2.4) g were randomly divided into high-fat group and basal
group and the fish in those 2 groups were fed the diets containing 8. 1% ( high-fat diet) and 4. 6% fat ( basal
diet) respectively. The contents of triglyceride ( TG) and total cholesterol ( CHO) and the activities of ala—
nine aminotransferase ( AST) and aspartate aminotransferase ( ALT) in serum and the content of malondial—-
dehyde ( MDA) and the activities of superoxide dismutase ( SOD) and catalase ( CAT) in hepatopancreas
were determined on the 4th 8th and 12th weeks respectively. On the 12th week the tissue morphology of
hepatopancreas was observed by making pathological sections and the relative expression of ACC1 mRNA in
hepatopancreas was analyzed by semi-quantitative RT-PCR. The results showed as follows: in the experimental
period the hepatocytes of grass carp of high-fat group appeared injuries and the injuries were more and more
serious with increasing the feeding time; the contents of TG and CHO and the activities of AST and ALT in se—
rum and the content of MDA in hepatopancreas of high-fat group were significantly increased ( P <0. 05 or
P <0.01) while the activities of SOD and CAT in hepatopancreas of highHfat group were significantly de—
creased with increasing the feeding time ( P <0.05 or P <0.01) . On the 12th week the contents of TG and
CHO and the activities of AST and ALT in serum and the content of MDA in hepatopancreas of high-fat group
were significantly higher than those of basal group ( P <0.05 or P <0.01) whereas the activities of SOD and
CAT in hepatopancreas of high-fat group were significantly lower than those of basal group ( P <0.05 or P <
0.01) . Compared with the basal group the relative expression of ACC1 mRNA of high-fat group was signifi-
cantly increased on the 12th week ( P <0.01) . The results indicate that consecutive feeding high-fat diet can
increase the blood fat level and damage the hepatopancreas of grass carp and its mechanism may be related to

the high-fat diet decreasing antioxidant ability and increasing liver fat synthesis of grass carp. Chinese Jour—
nal of Animal Nutrition 2012 24(12) :23752383

Key words: grass carp; high-fat diet; biochemical indices; ACC1 mRNA; semi-quantitative RT-PCR
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