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XHERFRERD A

AR EH 27 o — Tl oA 0 A ) L A 8 A A A AR
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T — i (LC-MS) 1 45 73 A B0 Sk A i 2R )
PR (I PRV IV ) FTZH 2L CAn LR ) vk
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B N A% R S RE S R LK R I TR] A 2 R i
BTN RO TR W RS TR 1 K A R
JEHERE, L PR AT 2032 W 45 B 14 i 08 R A R
B HAT, C A V25 5ok AU 4 2 2R B A
T R F G L W S BUE " . SR FTH-NMR
IIHT B FE B M TR 5 BN T 5% B IE T
M A SR R T 5% 1R i i & P £
F14 JEF g U 00, 365 A 90, 5 A A A AR KT 2 4
ik T O B SRR B O A AR B
i S RHE FR KPR 2

U Rk

1.1 E&FFRERLF

ST ELAA T 2014 4E 5 A SR H W RS A W AT
% 2 FLOG B 37 , 5O SR GE A 55 ORI TG 4 R
FRA R4 20 L RS Dy 1206 ~ 1 550 g,
LRt e T A W (50 mg/L) BRI, 1532 2 R 4k
KK 2 3 mL F B4 R ME T, &5
i 7y B T AE 300 mg e A, TR P R AR
F, R B TR A% JIF IR U LA 48 T B & 1 0 o Il R
25 YR8 30 min, FET 4 € ,3 000 r/min 2.0 12
min, B 70 %< T 1.5 mL K &0 8 T, T
A R FARAE . 5 GB/T 9695.7 —2008""",
R JH 2R TRl MR ) 5 e e JHF g 2 i o AR AT T f 3
Jig I E AR U B AR AE I BT IR R
3% ~4% (1) 3 FEIEH AT AR (L 2H) B AT e I A
s AL FE &, DL RT IR & 58 14% ~ 16% 1Y 3
FERT g ik i 25 BB AR (H 20 £0 T 19 U A ot /01 If
T AE T 22 a0
1.2 URFREEF

AR IR VK4 (DW-861L.828 1) | EL25 ¥4 i T4
HL(LGI-10 #) (.0 #L (TGL-16 ) (i F K F
( Mettler Toledo XP205 ) .'H-NMR % 3 {%
( Agilent DD2 600 MHz spectrometer equipped
with a triple-resonance cryoprobe) (£ 1),

1.3 FRRE AR I i & m A A 38 77 3%

MR IR I IR, T LR g 180 T T
PR T AT BR v, UK T e JUE A S SO, I i
AR 2 PR MK B 1.5 mL B0 A s
B0 B TIRA S LR S h BUR B0,
TR B EL AV U T RAL P VR T M o MER AR I
JHFBRIBEAE & 24 500 mg, JiTA 1 000 L 4K , i
Jig 1 min; pKK B 4 s A ,3 s B, A 3R 8 1K,

45% YR IE ;4 T ,13 000 r/min &> 15 min; B b3
% 500 pL,F 4 T ,13 000 r/min ## ¥ & 2.0 30
min; L 450 pL 3EW T 50— & O E B, A
4.136 1 mmol/L ACDSS iz #| ( anachro certified
DSS standard solution) 50 pL, i g 10 s;4 T,
13 000 r/min 0> 2 min; B 480 wL 15K T % w4
BRI, BRSSO, T 4 C kA
fiff VR P AL D L A% T A B R ) B JBE A AR AR A
Dok 78l D22 B RRRAE 1A BR 2 W) 58 i

xR1 BHRESBRHE
Tab.1 Acquisition parameters and data of 'H-NMR

parameters of acquisition data
W /K temperature 298.15
T 4% %% /MHz magnet frequency 599.83

64 ( hepatopancreas
% 4% /494l transients/scans patop )

&32 ('serum)
G PR AEIR recycle delay 0.01
Fi e K /N frequency domain size 65 536
i i & spectral width 7 225.434
I ] 4%, K /)N time domain size 28 902
Bk #p )7 %] pulse sequence metnoesy

1.4 HELHEBESSHFE

S ' H-NMR B i J8& b % 3 ( free induction
decay, FID) {5 5 % A #| Chenomx NMR suit
(version 7. 7, Chenomx , Edmonton , Canada ) %X 1
b 58 A% 7 4 . F L DSS-d6 (chemical shape
indicator) I (0. 0) Jy 4= ¥ 35 (&1 Ak 2 00 B8 A5 o, %)
FLHEAT B e A AR AR, () I ) R 5 P e . R
i H-NMR % & p 5 5 (9 4 56 £ 5L, b 2 00 8%
WETE o U T G 200 45, DL DSS-d6 [ ik A
W T AR R B ME L 2545 Chenomx B H 47 1 48
3 SR AN [vi) B T R JUEE A ot R I T8 A o 3 RS
B — XS 3, R AT A () o 2 A B o ) ik
JEAH o K IR 5 R 10V A A B LR
VL 4 248 %of (i vk JiE 3 i 3] EXCEL R A% 1, 43 3 1%
Bl ARG AR, DR S B O B TR AT o
IH— 1k 4b 3, 7 3 17 PCA [ PLS-DA | VIP /) 1,
PCA F1 PLS-DA /43 %] i R 1 5 P pca methods
Bioconductor £ Fl pls {1 56 5 £ 8% 43 #r, o
ggplot2 £ JE 17 al AL &, K JH SPSS 19. 0 %k
A Xo) 2 ) 3 2 22 S A P VR B2 2R AT L IR R O 22 4
Mrfn 2 E L4, B K3 0.05,
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2.1 EESEASTRTEERS@RFEAE S PRAMRES 1A,
Rigt )3 B i 2.2 EERFESE5ATEYESREGTFRER
#44 Chenomx % {4 1 5 119 3R X 6 i % PCA & PLS-DA 447
60 JFF BB E 5 P (JE 1) 15558 — W 40 17, 3 L 415 H 4110 3 A FATHE 5 43 5 B AE— il

RATT S8 BRI . b, AR K AT AR (B 2-a) RITANMEARN EE R L A5 H
23 B A BLIR 13 B WSS 4 Bl IR ALY T b, L AUREATESE — o Or i A T 3 O

21
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chemical shift

Bl E&FREEERESABEE
F A T R AERE A5 SR B B AR YEE D 3.0 ~ 5.0 X ], U5 JE A9 A% 85 ) F 4 AR
Fig.1 Signal assignment spectrum of heptapancrease from grass carp

Heptopancreas signal assignment fragment of grass carp with assignment interval 3.0 - 5.0, metabolites were coded according to numbers

score plot 1 e
1shoAnm 06t aurine
+ L4 *D
1.0 | ot
S 04l aurine
Io 05+t o'y
So\° = ‘O:D
o &3 :
82> Or o2t )
Ho 3
1% -05+ :
®
15tk ) ) ) ) ) e glucose f)xypur‘inolc .
0.22 020 0.18 0.16 0.14 -1.0 -0.8 -0.6 -04 -02 0
5B —F5(99.6%) B
PC1 (99.6%) loadings 1
(@) (b)

2 EEME+EE5FEIEERN(H) E&FREZR PCABSE (a) 5HEE (D)
b AR R AN A E R ULRR YRR H R R (sn-H -3 -BE BRI A1 BRI IR L LR BVER e AR VU R
St AR HAR LA IR - R R R
Fig.2 PCA score plot(a) and loading plot(b) of heptapancreas from grass carp with
normal ( L) and excessive ( H) hepaptopancreas lipid
Black spots on the right side of figure b were glutamate, alanine, glycine, creatine , sn-glycero-3-phosphocholine, phenol, acetic acid, proline,

lysine , leucine, valine ,isoleucine , histidine, serine , succinate , O-phosphocholine , methionine ,malic acid from top to bottom,respectively
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AR B, AR B A R A A A AR A
e, HAA T RIE PCA i K (&l 2-b) Bon
i % W% (glucose) | Jjl| EEWE — 8% (ooxypurinol ) | 4= i
iz (taurine ) | ¥ B2 (lactate ) . 2+ %4 8 ( glutamate ) |
JULAR ( creatine ) 1 4 & 2 (alanine ) 55 2 fift £ i )
Xf DX 73 TF 5 TF R B £ 5 i o e AR T R
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B3 ExMKESsSHETEERE
b A AR AU 5 A AR BB
RO 575 B R

FEA BT A STk AR o

LAS HAANEMAAGELE LAY
H 21 P24 i A 20 — 2 o3 B i AR 4 B A [
RAESE — o B AU e B A 0L (18] 3-2) o 28
a7 [ (B 3-b) 7% ) 4 Bl R e g A Je 2 b
G KL TR S5 X X 73 P2 il BT A DR K o
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N
s 0.6
N
=g
X9
®E o4l
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0 ri
eglwcgse ., .,
-1.0 -08 -0.6 -04 -02 0
Bl
loadings 1
(b)

& RFBRREH LA M PLS-DA 1557 Bl (a) 5T E (b)
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Fig.3 PLS-DA score plot(a)and loading plot(b) of heptapancreas from grass carp with

normal ( L) and excessive ( H) hepaptopancreas lipid

Black spots in the corner of figure b were lysine, glutamate , methionine, threonine, creatine, valine, glycine, alanine, phenol, acetic acid,

histidine , sn-glycerol-3-phosphocholine , isoleucine, taurine from left to right,respectively

2.3 EEMEEESHEIEEREGIFRAE
VIP 43 #f

L 215 H 4 s fa iF BRAE VIP {EHE4 fr 15 /9
A e BE 4 1) 22 S P 2 W 3% (P < 0.05) , H 4y
VAT 20 00 P0G 38 e i (5 2) , HL 2 A IR U v
SR 2 R R e R R T L AL, MR 13 b
R & BT L 4 55— E M m VIP 4y
A & WA A 26 AR A DX 0 4 2L T J AR A s v BT A iR

RAR(E4) .
24 EEMEEESHEIESTREEAMNER
54 U3 i

A LT R AT S, DA AR L Y R 3 AR
P47 R o Horp IR MOLAT AR W) 16 Bl
AP 19 Bl BESE 1 A LR 00 4 B, W EE, 2
B, D e U IR, SC- W R IH 6k, sn-H 9 -3-
R TR 2 7 (L S) o

2.5 EEMEEEESRELESEREAME
PCA ¥ PLS-DA &3 #f

P F AR 3 AN A5 AR AR 2 i T 2R AE — e
R N REA T S B s PR A TE 28 — F2
o LAV O b A A T B R B A
P i A AR B AN [] (BT 6-2) o I3 R ity 2304 [
3 7 ] 50 B R LR S5 A DX P REAS b STk R
(Kl 6-b),

L 215 H 4 1f1iF PLS-DA #5345 |61 3 B 4 24 #f
dh AL SRR (BT 7-a) 5 I ALRE f (226 — &2
By EAFAE WIS oy B B AR i A S — Ty
AR AR AN TR, (H P AR TR SR e B
TCIE oY B AR PTAL AR b 72207 1) B B AR LY
PR HE B o 5 #1355 28 A7 P 3R T, 4 2 B L LR
JILRR AR B 22 Tl 2 5 TR X X 2 1 4L AL 975 A
IR TRk R (] 7-b) &
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HL
HIZBE glucose o HE
FIEEWS — [ oxypurinol ° oo
FIER taurine o oo
FLER lactate ° oo
BRI glutamate ° oo high
R creatine ° o0 l
Z M alanine ° og
sn-H-3-BEER IR sn-glycero-3-p | @ oo
H&E® glycine | o oo
FHRIR phenol | ® oo l
KK hypoxanthine | @ oo o
LR acetate | @ oo
AR lysine | @ oo
A leucine |eo oo
HEIR valine | @ oo
0 2 4 6
VIP #3457
VIP scores

B4 EEREEGSHEIEEREERFERER VIP B
B 220 VIP (4R 15 G0 5 B b D 25 AC i VIP i, (EDBRC B0 WA 76 DX 20 B i v T 1 S sk K 5 1l A 00 A AR A 45
ARy ¥ 82 AN (i) 2L e 0 SR DR /I T 3 AT S B 2
Fig.4 Variable importance in projection of hepatopancreas from grass carp with
normal ( L) and excessive ( H) hepaptopancreas lipid

Metabolites with VIP values top 15 are listed in the left of the figure; the VIP value of each metabolite is showed in the middle of the
figure, the bigger the VIP value, the greater contribution it has in distinguishing normal (L) and excessive ( H) lipid hepaptopancreas
samples; color codes of metabolites relevant to the contribution in distinguishing normal (L) and excessive ( H) lipid hepaptopancreas

samples are presented in the right of the figure

K2 EEMEEESHEIEEREGRREZERREMRIKE

Tab.2 Metabolites concentration in the hepatopancrease of grass carp with

normal (L) and excessive ( H) hepaptopancreas lipid mg/g
R 2 B IEH IR TR 3 7 AR
metabolites hepaptopancreas with normal lipid hepaptopancreas with excessive lipid
4w glucose 56.74 £2.57° 85.07 £1.22°
S I ¥ — i oxypurinol 2.81 +0.15*% 5.73 £0.40°
TR taurine 6.26 +0.12° 4.20£0.17°
AR lactate 3.42 +0.18" 2.54 £0.03°
A @R glutamate 2.03 +0.12* 0.77 £0.04°
LI creatine 2.06 +0.14*° 1.03 £0.03°
% M alanine 1.40 £0.09* 0.82+0.01°
sn-T 3l -3-85 2 I H% sn-glycero-3-phosphocholine 1.98 +0.13° 0.43 £0.04°
H & B glycine 0.74 £0.08" 0.31+0.01"
12 phenol 0.63 £0.07°" 0.18 £0.03°
X B hypoxanthine 0.77 +0.03* 0.17 £0.03°
Z R acetate 0.30 £0.02° 0.19 £0.00°
AR lysine 0.69 +0.01° 0.22 +0.03"
5694 MR leucine 0.56 £0.01° 0.15 £0.00°
4R A valine 0.49 £0.04° 0.15£0.01°
TE:FAT AR F AR R R ZE 5B E (P <0.05), FFH

Notes ; difference between groups with different lowercase letters is significant( P <0.05) ,the same as below
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Bs EanFHmaESHBER
B AR LT AR S S R E B RIS R 3.0 ~ 5.0 I [, U5 Ja (¥ 1R 4 T G 5 AR R
Fig.5 Signal assignment spectrum of serum from grass carp

Serum signal assignment fragment of grass carp with assignment interval 3.0 —5.0,metabolites were coded according to numbers

score plot
- glucose
AH#A 08 r
+ LA
0.6
5 L
=% 04 r
55 P
a2 02
RY 3 glycine
;%HE 0r ®E oo b
H S
g —oa b
®3 '
o lactate ) ) )
-24 -22 =20 -18 -16 -14 -0.8 -0.6 -0.4 -0.2 0
H—ER5(90.6%) i1
component! (90.6%) loadings 1
(@) (b)

E6 EEMEREG&SHEIEENREAMFER PCAFSE (a) FHETE(D)
b PSR A2 A 4 0 R UBR A R I AR A0 AR s T -3 Bl R IEL AL T IR L AR A R T I R
Fig.6 PCA score plot(a)and loading plot(b) of serum from grass carp with
normal ( L) and excessive ( H) hepaptopancreas lipid
Black spots in figure b were creatine, citric acid, proline, valine, alanine, sn-glycerol-3-phosphocholine, leucine, glutamate, pyruvate from

left to right, respectively

.

2.6 EEMEEGASHESEEMREEME Ko H A0 M P BRE &0 AT W 2R

VIP 53 #f7 AT BN | sn-H -3 -84 1R AEL A R =R DL KCH &
PILL R LTS VIP fEHEA AT 1S ARSI BRAE T MG VR BE T L AL ASh, R 8 b

JEA R 2257 W% (P <0.05) (K 8, % 3), HEL U e BE B AR N B A o

) 26 B AN LR AE X 23 P 4L L35 R AR TR BT A BT K A

~7.
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score plot
0.15 AHA 251 g]ucosze
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0.10 |
oG 2.0
S8 005}
RY S oLst
E P 0 iz & o lactate
H e XS
1] £-0.05 f #’&53 1.0+
®3 B
-0.10 0.5
-0.15 t 3
0 5
-5 0 5 -0.8 0.6 -04 -02 0 02 04
H—F 53 (99.9%) B 1
componentl (99.9%) loadings 1

()

(b)

7T EEMEEESHEIEEREEMER R PLS-DA G55 E (a) 5HEE (D)

T2 75 2 R LR \sn-H il -3 B AR M0 79 2R IR IR A J R

Fig.7 PLS-DA score plot(a)and loading plot(b) of serum from grass carp with

normal ( L) and excessive ( H) hepaptopancreas lipid

Black spots on the left side of figure b were isoleucine, alanine, valine, citric acid, proline, guanosine, pyruvate from top to bottom,

respectively ; black spots on the right side of figure b were lysine, threonine, creatine, sn-glycerol-3-phosphocholine, alanine, glutamate,

succinate from top to bottom,respectively

3 3He
3.1 HaffREBEANLESREYWSHELE
L

A K 7 3 B ORR R JE AR S 20 2 i 5 e, R
£ V) K B (Rattus norvegicus) Fl X ( Homo sapiens)
JFFME I3 PR AR L e T g Y g
il BT 00 2 A 35 4 2 B BF 5 ARG 450, Wood 2510
Ong %' LA K& Jang %7 Al 4k X (1 BE M) &
(Squalus acanthias ) Ifil 3% F1 A5 V£ B§ Wi - 5 5 4
(Danio rerio) fF AW HEAT 12047, IF R T —
Lo EACHIY . S A I AR 2 O T
A AIRURRAE " 78 % 2 L 7 T AT A A7 7 — A2
(FIAf L . Nicholas 45" 3 ' H-NMR & A X
FEPENR 05 I /N B (Mus musculus ) JFFRE AT T A8
AT, R BREEORS PE I I /S BT JIFE v 6 2 4
FUIR LA S N 2 R &5 1 T B, T SR 5 /0 7.
K5V N 5 B 5 #h JHFBE 7 H-NMR 43 87 45 5 th 3%
B, JHC T R 4 2 L PN IR A5 03 D o B T L PR A
SR E T R BET A R R, Wi s
A SIS R I 105 A A3 D7 T A4 2 AL ) A A
L. Ong %5 BFFEIA Ny H-NMR fE 5 Ho e 4
TET b AL 15 P 6 I £ T 0 v 4 7 W L R R T

T DA S AL /N 53 WA A5 B o AR5,
TR T S0 B T S RN B A 4
AR SIS — AR BT MELR AR 2
B2 JULBR \sn-H -3 - R FH LA J% 22 b S iR o it
W R R, X —E PR FIGIE T Ong 261 4k 4, Al
s L, 242 PP 0 24 1SRG 28 0 0 T 45 9 5 12 g 0 I 7
A5 T 98 BB A [

WA LY RN R AR R R
, SPLIR WU 7 0y T P B AR i 4 10 S B P W, BT
ok 2 AP I e A 2 v P A LR

==

/|

U
el A A o 1 R S W S S )
o R T T U PR 1 A R R T i A R TR

N
D

B

"
IRARARAS [A) R JEE M 32 3] 7 400 4], BIOBE A S 4 B
e B A I ME 2B R oo e R A A
JHF i 2ok 2 AR A T UE P Y R R R
HIRE Z M TR & B AR TIE# IR 4L, %
Y e i T e A P A Do R BRI A M A R
ARV 5 @RI WA K. FAaKa
Tk v R B TE R I 05 K S — BB B T
b, K SR 5 RDRE BG B f AT BE R TR P RE R
ok A NG 10 A T R AEE e AR 40 A E E 4k i
1 L RE e A FR A%, RE 1 A e 05 S 5 o S e
I I A T IR v 2 B, A3 I AN AR 1)
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LH
FLER lactate o HE
Hi%PE glucose ° oo
WUER creatine | ® EE
IR citrate ° EE
R leucine | ® EE high
TR pyruvate [ ] [ ] l
AR valine | ® oo
% proline | ® mE
LIS guanosine | @ EE
SFAEHEMR isoleucine | @ [ I
RABE% glutamine | @ mE
sn-Til-3-BEMRIHAR sn-glycero-3-p | @ [ ]
W% alanine |e® [~
AR lysine | @ EE
HZAR glycine |e@ EE
0 1 2 3 4 5 6
VIP #3453
VIP scores

8 EEMEA(L)SHELIEEREAEE (H)MF VIP
B2y VIP EHEA T 15 A AR 5 IR S & AU B VIP (L, (B8R 35t B A 7 X 43 o v B A0 ik o 5 1 A 0 A AR 30 %
AR P ¥R L TE A [R) 21 v B8 Sk /I8 T 0 A 9 20 0 2 %
Fig.8 Variable importance in projection of serum from grass carp with
normal ( L) and excessive ( H) hepaptopancreas lipid

Metabolites with VIP values top 15 are listed in the left of the figure,the VIP value of each metabolite is showed in the middle of the
figure ; the bigger the VIP value, the greater contribution it has in distinguishing serum samples from grass carp with normal (L) and
excessive ( H) lipid hepaptopancreas; color codes of metabolites relevant to the contribution in distinguishing serum samples from grass carp

with normal( L) and excessive( H) lipid hepaptopancreas are presented in the right of the figure

®3 EEMEEESHETIEEREENFITEERREMRRE

Tab.3 Metabolites concentration in the serum of grass carp with

normal (L) and excessive ( H) hepaptopancreas lipid mg/L
R4 4 B E R 4 AT Rg i i & A
metabolites hepaptopancreas with normal lipid hepaptopancreas with excessive lipid
LR lactate 2 226.68 +18.03" 909.19 +10.38"°
% BE glucose 1519.14 +13.68* 2 868.05 +51.83"
JLER creatine 80.95 +1.90* 46.65 £1.59°
FrIEmR citrate 8.09 +0.46" 37.54 +2.76°
L5 R leucine 48.23 +2.51° 31.57 £2.65°
W2 pyruvate 20.82 0. 14* 10.64 +0.02°
R valine 49.20 +2.27° 36.10 £2.27°
Jifi & ®R proline 16.39 +1.69° 27.91 +1.61°
9 IE 14 1% 17 guanosine 61.98 +4.07° 34.03 £5.04°
S5 isoleucine 41.75 +1.20° 30.02 +3.53°
WA BN glutamine 13.25 +2.58* 25.63 +2.19°
sn-T i1 -3-# FR IE 5 sn-glycero-3-phosphocholine 12.68 +0.87% 29.56 +0.55°
% 2 alanine 28.15 +3.57° 23.49 +3.18°
AR lysine 22.42 +0.85" 28.73 £5.23°
H & glycine 47.42 +£0.34° 50.54 £1.65°
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Metabonomics analysis of hepatopancreas and serum of grass carp
based on the hepatopancreas lipid and 'H-NMR

HUANG Chunhong'?, XIAO Tiaoyi'*, HU Yi', ZHAO Yurong', LIU Qiaolin'
(1. College of Animal Science and Technology ,Hunan Agriculture University ,Changsha 410128, China;

2. Key Laboratory of Zoology in Hunan Higher Education ,Collaborative Innovation Center for Efficient and Health Production of
Fisheries in Hunan Province, College of Life Science ,Hunan University of Arts and Science ,Changde 415000, China)

Abstract. Excessive lipid accumulation in hepatopancreas of grass carp is very common under high density
and mixed cultivation. To explore the biochemical mechanism of excessive lipid accumulation in
hepatopancreas and promote the healthy cultivation of grass carp, metabonomics analysis of hepatopancreas
and serum of grass carp based on 'H-NMR and hepatopancreas lipid were carried out. Grass carp were
classified into normal hepatopancreas lipid (3% to 4% ) group and excessive hepatopancreas lipid (14% -
16% ) group. The results indicated that 58 and 47 metabolites were detected in the hepatopancreas and serum
of grass carp, respectively. Glucose, oxypurinol, taurine, lactate, creatine, glutamate, alanine, sn-glycerol-3-
phosphorylcholine, glycine, phenol, hypoxanthine, acetic acid, lysine, leucine and valine were main
hepatopancreas metabolites differing in normal and excessive hepatopancreas lipid grass carp. Among the
above metabolites,only glucose and oxypurinol in the excessive hepatopancreas lipid group were higher than
those in the normal hepatopancreas lipid group. Lactic acid, glucose, creatine, citric acid, leucine, valine,
proline , pyruvic acid, guanosine, isoleucine, glutamate, sn-3-of glycerol phosphocholine, alanine, lysine and
glycine were main serum metabolites differing in normal and excessive hepatopancreas lipid grass carp.
Among the above serum metabolites, only glucose, citric acid, glutamate, proline, sn-glycerol-3-choline
phosphate, arginine and glycine in grass carp with excessive hepatopancreas lipid were higher than those in
the normal hepatopancreas lipid group. It is concluded that both aerobic oxidation and glycolysis of glucose
in the body of grass carp with excessive hepatopancreas lipid are obviously inhibited and the metabolism of
amino acids are abnormal, which may be one of the important biochemical causes of excessive lipid
accumulation in hepatopancreas of grass carp.

Key words: Ctenopharyngodon idella; hepatopancreas; serum; 'H-NMR ; metabonomics
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