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HUFA
1,2 1 1 1 3
1 4 1,2 5
(1. , 712100; 2. 712100;
3. , 610041; 4. 516-0193;
5. 215123)
(50.14+3.33) g 80 4w, 18—22
( ) (HUFRA )
(LR) HUFA : HUFA
C22:6n-3(P <0.01) HUFA (P <0.05) n-3(P <0.01) HURA (P <
0.05) , C20: 4n-6 (P<0.05); HUFA (P>
0.05), n-3/ n-6 (P <0.05) ,HUFA
) T-AOC (P <0.05), LA
(P <0.05) HUFA
HUFA
s HUFA; g ;
: 963. 73 A : 1000-3207 (2009) 05-0881-09
(Highly unsaturated fatty acid, HUFA , HUFA
HUFA)
=51 nBHURA, (Eicosgp- ,
entaenoic acid, EPA) (Docosa- HUFA
hexaenoic acid, DHA) , (1310l HUFA
n-3HU FA , ,
, HUFA ,
) ) HUFA
(61 (71 (8] 9] n3HUFA  EPA [17]
DHA , HUFA
n-3HUFA [1,2,10—12]
Ji, etal.  Om, etal DHA (L ipoprotein lipase, LA)
(2] , HUFA
: 2009-01-05; : 2009-05-21
(30771667) ;

(1967—) ,
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( > 98.3%),
(ERPA = 5%, DHA

1 > 75%),
1.1 [1,19] 60 ,
tel 2mm  3mm
, HUFA ) )
( 1
1
Tab.1 Ingredient and proximate composition of the sami-purified experimental diet
Diets
Fomulation (%) Control group HUFA  HUFA group
Casin 32 32
Gelatin 8 8
Dextrin 28 28
Cellulose 15 15
Triolein 6 5.4
refined fish oil 0 0.6
Carboxymethylcellulose 2 2
M ineraimix 4 4
Vitamirmix 1 1
Amino acid mixture 4 4
Proximate camposition (%)
Moisture 11.60 10. 56
Crude Protein 36.38 35.83
Crude lipid 5.95 5.69
Crude ash 5. 60 5.63
1.2 10 ,
, - 80 ,
160 L , ; 5
( )3 (830 12: 30 16: 30), , -20 ,
; 1h,
) 1.3.1 6
(20+2) 20—30L /h,DO >5 mg/L ( 3 ) , 3
v, 80 ( 2
( (50.14 +3.33) g, (13.76 £2.01) am), GC-9A :
, , J&W GC Column Perfomance Summary (30 m x
, 0.250 mm x0.254 m); (FD);
an FD 270 :80 (3 min)
13 : 240 (5 / min); ,

' 60 1, 10u L
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2
Tab.2 Fatty acids canposition of experimental diet

Dietary
Fatty acid Control goup  HUFA  HUFA group
C14 0 1.70 1.48
C16 0 10.54 10. 17
C16 1 1.61 2.00
C18 0 2.47 2.51
C18 1n9c 52. 77 50. 02
C18 2n6¢c 21.69 20. 49
aC18 3n3c 0.44 0. 38
C20 0 0.82 0.72
C20 1 1.23 1.08
C21 0 0.60 1.21
C20 5n3 — 1.15
C22 6n3 — 3.81
n-3 0.45 5.34
n-6 21.69 20. 49
n-3/n-6 0.07 0.26
1.3.2 1
= / x100%
= / x 100%
= / x 100%
= / x100%
= / % 100%
= / x 100%
= / x 100%
1.3.3 ,
10 ( 5 ),
, - 20 :
5
(2 1,vIv) ,
1.3.4
, 10 ( 5 ),
, 3000 r/min 10min, ,

5
LAB600 ,

(ALT) (AST)
(ALP) (TP) (ALB)
(@o) (BUN) (Chol)
(TG) (HDL -c) (au)
1.3.5
8 ( 4 )
, 4
(LA)
(MDH) , -6- ( G6-

H) G. E. Glock and P.M clean™

) (T-AOC)
(MDA)
1.3.6 RNA dDNA
RNA TR lpure Reagent
B ioteke Corporation DNA

( RT) Fementas ReveriA idTM

First Strand dDNA Synthesis Kit#K1621 (Fer-
mentas ), olip (dT) 18 ,
1.3.7 LPL mRNA

6 ( 3 ) , 3

RT-PCR LPL
MRNA ,

B- B -actin) Primer Pramier
5.0 , , B-

actin (DQ211096 ) : Sens 5' - 3' CA-
GACCTTCTCCTTGATGTC, Antisense 5" - 3' GATAT-
GCGA GAAGATCTGCCA, 409 bp;
LPL

: Sens 5'-CGCAACAACATTACCCAA-3', An-

ti;ense 5'-AATCCCAA TAGCGATCTGG-3',
360 bp PCR :

18. ¢ L 10 mmol/ L dNTPMix 0. L PCR buffer
(NH), 0,29 L 25 mmol/ L McCL 1.3 L DNA
1.2 L 20mmol/ L Prmer 0.2 L 20mmol/ L
0.2L 5 U/ UL Taq DNA Polynerae
4min, 95
60s, 35

Primer
0.1 L PCR 195
45s, 56  45s/53.5 45s (B -actin) , 72
, 72 10min,
1.4 +
D) : t
,P<0.01

M =+
, P <0.05
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(P =0.017) , C20: 4n-
2 6 (P=0.049), n-3(P =0.006)
2.1 HUFA HUFA (P =0.044) ,
3 : HUFA (P=0.149) (P =0.012) (P =
,HUFA  0.032) (P =0.0004) n-3/n-6
c20 1 (P=
0.037), C22: 6n-3 (P =0.009) HUFA
3 HUFA
Tab. 3 Effect of dietary HUFA on fatty acid composition of Grass cap (%)
Musle Hepaiopancreas IPF Brain
Fatty acid HUFA HUFA HUFA HUFA
Control group HUFA group Control group HUFA group Control group HUFA group Control goup  HUFA group
C14: 0 2.43+0.51 3.06 £0.21 3.52+1.64 2.62 +0. 66 4.37 £0.42 3.49+0.08 0.85+0.20 4.22+0.82
C15: 0 — — — — 0.31 +0.02 0.26 £0.02 — —
Ci5:1 — — — — — — 1.26 +0.00 1.19+0.18
Cl6:0 17.92+3.78 20.00+1.23 26.71+2.67 21.31+3.08 17.69+1.23 17.77+0.39 20.65+1.17 19.600.34
Cl6: 1 4.13 +0.93 4.48 +0. 35 5.55+1.75 5.85+1.54 5.13+0.78 4.46 +0.75 3.87+0.21 3.85+0.31
C17:0 — — — — 0.30+0.04 0.54 £0.40 — —
Cl7:1 — — — 0.39 +£0.02 0.50 +0. 06 0.44 +0.01 1.24 +0.10 1.22 +0. 40
C18:0 5.31+0.69 5.31+0.25 6.03 +0. 42 7.09 +0.13 4.66 £0.74 4.49 +0. 45 13.87 +0.56 14.69 +0. 22
C18:1n9c 28.89 +£6.21 34.46 £0.48 34.08 £3.92 37.86+1. 71 38.00 +£0. 77 40.53+2.54 23.36 +0.61 22.72+0.30
C18:2n6¢c 14.64 +£1.98 16.18 +1. 46 4.06 +0.93 3.45+0. 86 19.57 +3.30 17.67 +1.38 2.70+0.68 2.66+0.54
r-C18: 3n6c — — — — 0.22 +0.03 0.12 +0.00 — —
aC18:3n3c 1.37 +£0.52 0.92 +0. 32 — — 0.96 +0. 22 0.66 +0.28 — —
C20: 0 3.51+2.58 — — — 0.22+0.01 0.23 £0.02 — —
C20: 1 2.59+0.69 0.88 £0.03 1.17 £0.08 0.93+0.05" 1.20 £0.07 1.06 0. 10 0.82+0.06 0.89+0.02
C21: 0 2.51+1.26 1.52 +0.53 1.73+0.17 1.62 £0.26 0.93 +0.03 0.85 +0. 06 0.74+0.27 0.93+0.26
C20:3n6  1.37+0.71 0.68 £0. 06 0.53+0.22 0.45+0.11 0.65 +0.07 0.59 £0. 02 0.48 £0.01 —
C20:4n6  3.26+0.37 2.18+0.40" 3.81%1.24 3.04£0.94 0.71+0.05 0.70£0.11 5.30+0.26 5.09%0.25
C20: 5n3 — 0.45+0.13 — 0.68 £0. 10 e — e 1.70 £0. 32
C22:6n3  2.91+0.06 3.00 £0.52 2.11+1.05 4.01 +1. 66 0.41 +0.03 1.25+0.13" " 12.06+0.63 12.56 +0.56
SFA 30.50 +£1. 05 29.88 £0. 40 38.00 £4. 22 32.64 £3.54 28.49 +1.08 27.64 £0.06 36.11+1.90 37.44+0.75
MUFA 35.61 £6.92 39.53+1.00 40.79 £3. 16 45.03 £2. 40 44.83 +1.39 46.49 £1.77 30.55+0.80 29.87 +0.42
FUFA 20.64 £0.77 22.87+1.28 10.33 +3.42 11.41 +2. 67 22.51 +3. 66 20.95 +1.50 20.40+0.11 21.45+0.83
HUFA 3.26 +0. 37 5.63+0.86" 5.92 +2.27 7.51+2.27 1.11 +0.08 1.95+0.20° 17.37+0.89 18.79+0.75
n-3 1.37 £0.52 4.06+0.32" " 2.11+1.05 4.47 £1.34 1.37+0.25 1.91+0.18 12.06 £0.63 13.70+0.76
n-6 19.26 +1.11 18.81 +1.55 8.22+2.38 6.94 +1.52 21.14 +£3.41 19.03 +1. 33 8.33+0.64 7.75+0.29
n3/n6 0.07+0.03  0.22+0.04° 0.24+0.05  0.65+0.12° 0.07+0.00  0.10+0.00" " 1.46+0.20 1.77+0.11

*

(P<0.05); * *
Note Means in sane row with * sign to indicate significantly (P <0.05); andwith* * sign are very significantly different (P <0.01); n=3

(P<0.01);n=3
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2.2 HUFA
4 : HUFA
(P =0.007), 2.3 HUFA

(P =0.033); , 5 HUFA ALT ALP

(P =0.114) , (P =0.002) ., HDL-c AST ,
(P =0.016) :

4 HUFA (%)

Tab. 4 Effect of dietary HUFA on biological paraneters and body camposition in Grass cap (%)

Itam n Control group HUFA  HUFA group
Hepatosmatic index 40 1.63+0.44 1.96 £0.56"
Intraperitoneal fat index 40 0.34 +0.20 0.24£0.15"
Soleen index 40 0.19 £0. 05 0.19+0.04
Relative intestine length 40 164.56 +35. 51 167.55 +£27.49
Relative intestine weight 40 2.83+1.12 3.02+0.98
Gutted body ratio (%) 40 90.56 +2.29 90.96 +2. 13
Musle ratio (%) 40 45.01 +£5.53 45.68 +4. 88
MuscleMoisture (%) 5 80.70 +1.08 80. 47 +0. 95
Muscle crude protein (%) 5 18.46 +0. 68 18.56 +0. 35
M uscle crude lipid (% ) 5 3.99+1.42 5.57 £2.02
Muscle crude ash (%) 5 1.22+0.32 1.10+0.21
Hepatosmatic Moisture (%) 5 74.91 +0. 56 73.36 +0.71"
Hepatosmatic lipid (%) 5 10.85 1. 63 7.23+1.09°
* (P <0.05)
Note Means in sane rov with * sign to indicate significantly (P <0. 05)
5 HUFA
Tab.5 Effect of dietary HUFA on serum biochemical indicators in Grass cap (mg/d.)
Itam ALT AST ALP TP ALB ao AlG BUN Chol TG HDL-c au
Control group ~ 25. 88 85. 40 65.40 30.91 8. 86 22.05 0.40 0.79 4.77 2.35 2.81 4.04
+8.63 +52.04 £24.00 +4.33 +1.45 £1.95 +0.03 +0.29 +0.85 +0.58 £0.42 +1.26
HUFA HUFA goup  29.32 69. 8 125.89 28.17 8.49 22.80 0.38 0.82 4.92 2.79 2.26 4.69
+11.86 +20.95 +78.34 +10.37 +1.40 +2.20 *0.04 *0.33 +1.58 +1.08 +0.82 +1.74
n=5
2.4 HUFA L PL , B -actin ,
Dophin DOC )
6 , LA HUFA LA oD B -actin , LA
(P=0.032); G-6-FDH MDH HU- , ( 1 1
FA , RT-PCR , HUFA LA
LR ( P=0.026), LR
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Tab. 6 Effectsof dietary HUFA on the activities of lipid metabolisn related enzymes in hepatopancreas of grass cap (U /mg )

Itam LA MDH G-6-FbH
Control group 1.03 £0. 05 6.08 +1. 16 39.73+£35.45
HUFA  HUFA group 0.50+0.22" 5.26 +1. 15 29.33+27.72
* (P<0.05); n=4
Note Means in sane array with * sign o indicate significantly (P <0.05); n=4
bp A R HUFA 3
250
500 LPL
bp S 3.1 HUFA
o R — p-Actin HUFA n-3 DHA
; ) n-
/:uu 3/n-6 (P <0.05),
E 1.501
5 (2 , n-3HUFA
il 00 - n-3HU FA ,
> DHA , 18: 1n-9
E 0507 : HUFA c20: 1
L (P <0.05),
Control HUFA
1 HUFA LPL '
! N\ , DHA
Fig 1 Effects of HUFA on LPL gene expression in hepatopancreas of
grass cap ,
* (P<0.05);n=3 * sign b indicate significantly , HUFA ,HUFA
(P<0.05); n=3 HUFA (P <0.05)
, HUFA
2.5 HUFA
(P>0.05), , n-
2 :HUFA MDA ,
3/n-6 ,
( P=0.564); T-AOC
(P =0.028) HUFA ’ ’
Pratoamyot, et
5 O X4l [22]
X m HUFA4 al.
16 HUFA , HUFA
E 14
= 12
z 1 * 3.2 HUFA
Z 08
3 0.6
T 04
02
Y T-AOC MDA ' n-3HUFA
(sl n-3HU FA
2 HUFA , ; n-3HUFA
Fig 2 Effect of dietary HUFA on antioxidant indicators in hepatopancreas , , n-3 HUFRA
of grass caip (U /mg)
* (P<0.05): n=4 * sign b indicate significantly '
(P<0.05): n=4 HUFA , HUFA

[13,14]
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EFFECT OFDIETARY HUFA ON THEL IPID M ETABOL ISM IN GRASS CARP
CTENOPHARM GODON IDELLUS

JIHong"?, CAO Yan-Zi', L IU Pin', SJ Shang-Shun', L IN YaQiu’, CAO Fu-Yu', Hiromi OkU*,
ZHOU Ji-shu' * and YE Yuan-Tu’
(1 College of Animal and Technology, NorthwestA & F University, Yangling 712100, Ching;
2 Fisheries Research Institute Northwest A&F University, Yangling 712100, Ching;
3 College of L ife Science and Technology, Southwest University for Nationalities Chengdu 610041, China;
4. National Research Institute of Aquaculture M inami-iss Mie 516-0193, Japan;
5 Preclinical M edicine and B iological Science College, Soochav U niversity, Suzhou 215123, China)

Abstract: The study was conducted o exanine the effect of dietary fatty acid composition on body composition and lipid
metabolisn of grasscamp. Two sami-purified experimental dietswere fomulated containing either triolein (Control diet) or
a fish oil concentrate rich in n-3 highly unsaturated fatty acid mixture (HUFA diet) as the main lipid source, and fed to
duplicate groups (20 fish/tank) of grasscap (initial weight =50 +3 g /fish) for 4 weeksat 18—22 . Fatty acid and
proximate camposition of different organsor body compariments, morphological characteristics, serum biochemical indica-
tors, the activity of key enzymes of lipid metabolisn, LPL mRNA expression, and hepatopancreas anti-oxidant systems
were detemined at the end of the 4-week feeding trial Dietary HUFA were incomporated into the fish body effectively.

Analysis of fatty acid indicated that a higher content of C22: 6n-3 (P <0 01) and HUFA (P <0. 05) were found in intra-
periotenal fat ( IPF), and a higher content of n-3 (P <0. 01) and HUFA (P <0Q. 05) but lover C20: 4n-6 content (P <
0 05) inmuscle of HUFA group. Therewas no significant difference in fatty acid composition of both the hepatopancreas
and brain of fish fed the wo diets The content of n-3/n-6 was significantly higher in the hepatopancreas, IPF, and mus
cle in fish fed the HUFA diet campared to the control diet The content of IPF and hepatopancreas lipid (P <Q. 05) was
lowver in the HUFA group. On the other hand, a significantly higher T-AOC activity, the lover LAL activity and LFL mR-
NA expression (P <0. 05) wasobserved in the hepatopancreas of fich fed the HUFA diet It could be concluded that the
fatty acid composition of the experimental fish was affected by fatty acid composition of the diet However, the fatty acid
composition of different body compariments of grass cap differed significantly. D ietary HUFA might inhibit the activity of
lipogenesis enzymes or decrease lipid storage leading to lower hepatopancreas lipid content Dietary HUFA al® had the
positive effect on the antioxidant defense systams in grass cap.

Key words Grass camp; Highly unsaturated fatty acids L ipid metabolisn; Gene expression; A ntioxidation



