$415 H 3
2017 43 A

Koo

JOURNAL OF FISHERIES OF CHINA

Vol. 41, No. 3
Mar., 2017

X EHS: 1000-0615(2017)03-0438-10

DOI: 10.11964/j£¢.20151010113

RE R, X /= B B8 BY ] Sk &R AT AR | 4L
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KEHR, Z=RIE, FikiT, ZFTmk, HSE,
FWE, EAE, UK

(F RN R Z B R B, TLIR A AT SN E FR B RS =, 1195 Faat 210095)

FEEE: DAAT 46 TR B (42.20+0.34) gl Sk &5 0 #F R 3t &, #F 58 47 B o 7 m B g 3t 5 A8 M3
BIk#i AR EN . AREMfpE AN Tm. THRXA2LEFRIT &, £RE2N
Jig i 7K T (5% T 15%) Fo 24N JE 8% 7k (1200722200 mg/kg) iy & G AR #H 44 R LI £ £ N
TEERRAKRGFHAT, FAEAYM NS FcFH LI 4 K o FAT i o IFJE & b 38 4% FFJIE
MEANTE AR RELZRRENRNST, WENEFARNEHEN TN 55
Bor, AR F A Ar 1200 mg/kgfE A B, WEE IR BT K TR e, H Sk G AT IE R i A& e
HWZBRKELEE N, ThXFAEEABASHETE ABALT)EENEF L
Tt AFREH A ZBMDA)E & &M 4 B (t-SOD)E . L & b A B (CAT)fn 4+
HKTEAM Y BGPX)ERELEHAE,; MAPTaHARE. AEBEELE. EEaMK
BAKFURTREESRHKGSH)EEL FERK; BREWNEINF AT FEAE
Jed, HEEARZEN. RERG. AREANERTAL. XRERXAFTHEER
TG HAF My E A Fo oy e B i, T HL & AT IR Bt R A AR o A TR .
& A 4R B (15% I B ) o 8 /im2200 mg/kg fEL 7%, F B EFFERATAE R I & & M A4 X4 A%
(AST)Fn &+ % A B (ALT)E M, B Z KK IER — B (MDA) S E. # At
(SOD)fr it AW A B (CAT)E M, H B ER G A MMEAFRE g KT UKL EE LB H K
(GSH)E M, FFaRPSRaREENEBETEY . ARKH, Kindk E B E%
WM LR, EHEHEER Py Es, FHEDLGHANE I LK EE
T, GET R AR R

XHRIE: ke, MR B MAt; K EMEN
hE S S963.73 SCRRARAERD: A

W B 20 A oK ™ R SR A0 R A R R, SR BE
JER IR, A o T A 446 0 v R L AR
SR SR 10 R N NS WS PEES Ie ER TR = DTN /-
o TERE A SR H B, AR R o 4R e R
KRS BN 17 AN ARE % S LA 4R A3 A
WHE A iR, mHEELHIRIIR . BiES
AR PN T 5 B3 P B DR R (HL I 22 B9 IR 0 IR
T2 3 AT B 5 UTAR L 3 LR AR KL
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SEAEL AL, B B T E A IR OK IR A A R
55 H A R P A AR ARL, AT Sk 60 00 4D HR B
(TR 52 PR 22, aod g B I 7K P 2 S Bl e AR
Ko AEBAERE, BB TR L
T B T P Sk 5 B PR e 2 S b T AR Ko
AN R = 7R DS Ol o S B SR RO NI S i
JELL A5k . T RE L KR 15 A8 Y 52 e 40 fif A7
I . ST, A S LB s R Sk
g YR AR, R AR AR ST MR AT Sk 5 T B B
Al HRAGM RGBS R0, ST % B Sk
{5 R At 7K 7 7 B o S A A0 £ R 14 )R} IE T
P LR AR , (RIS ik — 25 B S B ORI i
AR B PR AL B2 LS Ml

1 MRS A

1.1 SCIGMER, SLWeaRFEEER

SO TCE AL R A AR, AR LS R
P ROk AR D B R, R R I A L A
ANAE R g TR, DA T K B R A a- T8 M5 R B IR
SR 22 F it AR 5 K S35 A 5%
15%, HEBE/K P35 41200112200 mg/kg. SL56 1K}
SR FH TG R 1) 4 A R TR RE, R UK v £ R
I TH Y IE AR B 29600 mg/kg, HIEC P
A3 BRI 2560011600 mg/kg kY AH 5% (BN £ 691 1
1843 mg/kg) S AL ARGK) . APk EC 5 v g in i s 4k
JIE B, (Sigma, St. Louis, MO, USA)J&: AR, Z3#r4ki .
S )AL r R B 7K SF- S0 {E A 1232712232 mg/kg.
SIS AR T B E SRR LR 1 K A R U
WEEE8OH i, IR L BIFRE, BPIRE) . ff
FH S 5622 P4 4 /N B SRRE AL AN T 0k kL, A
IR T 5 B T —20 °COkKAR NAEAE &

S AT Skt 4l f B VIR T BRI R K A
gy, % H S0 A AR ML K ARV IR A K
SYEFESLBENENEAR KRG T,
Sw YR G, PR . RS B A 2L,
Y HE M (42.20+0.34) gy P13k 5 %) 8 Bl AL 53 i 21
AR EL50 L)y, BE15E,

LETFIRE , BEALEE ARSI AR, A
TR 3AEH A . BRI R R 3K (8100,
12:00, 17:00), ffil B MK E. 24 LA,
RUFARA R, REFENLH, B RIKOKIE
JEBESUG R RIK), BIRIRK1/4~1/3, JfE M
BRI K RGE . F250 0 (B A R /K i 25~27 °C,

W 485.0~6.0 mg/L, pH 7.2~7.6, JtHR12 h:12 h
(7:30—19:30) FEHH K J 8JH .

1.2 HSmEERLE

SCINEE R SRAE, R Lk 24 b B TR
J7100 mg/LIMS-222 (Sigma, 3 [F)r ¥ JfE
M, — U BE T S s O 3 S Wi e )M 2
KB , R R/ e 4l 0V AT 40 R
YRR, B LAY A I BT A A
ML, 4°CF850xg 0210 min, WEHL 2 I i i
i JE 20 CCIRERE T o RINLZ IS B FEAS ZE VK 4%
L RGHR R Ay B IR, AR ICAE-T0 CCYKAR Ry
W BeAh, RGP R R I, AE K EOH TR
A7 B DT BUNS A Z, BT 2.5% 09 158 1 Hh
G, HTHS R,

1.3 FEAYNE RS AR

PV FEE IR AR AT 4 S 56 T R R TR S
FREFRMA, #£105 CHLAS b 2 46 1 J5 73 27K 4
Frity R4 A ZhLRE AAL(FOSS KT260, Fi
)i e LA R LR D R &R I R
W, FEFESE TS, ERp bikibs,
BT DA 1 (550+20) °CHIBE 5 i & LK 2 &
o B RS TR AL B S, SR 4 H Bh A 4k
BT (ANKOM A2000i, & [ 5 Gl Rk v il KL
Ui

o 3% e TR A AL FE AT LKA F R
Tl (AST) I 43 PR 6 S It (AL T3 MR FH B ot Ak
Y AR5 A A B R R S L o R
HIH =R (TG) Fr 2 ¥ R b st 6 AR 211 AR
AR d A R S AT I, AR ERE S
B MR Ul A . IR RR 7 & 5 R A S0 -
FH T 4 0 0 2

FFREAL BACSRARM L IR S O
BL 9 W5 FR I . R Ak 9 1 AL (t-SOD)
i AL S (CAT) R4 e H KO 4801k 4 il (GPX)
AOTE M . 3 SR AR B H R (GSH)ATN — [ (MDA)
(14 s 35 SR FH R et AR B AR F 5 T A 7 Y
B A, AR A RS WL & U S
A IR 1 I SR P S A

A4 M R TR AR AT A L2140 AT
20 i F) 1% 7 125 B Johnson 2610 I U T
WM. MK BEAMAEA T EOE R M
R A TR ST A e R &, TR R
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Tab.1 Formulation and proximate composition of experimental diets
JH% 7K F-/mg/kg  choline level
Wik F-J95%4L  lipid level HeWiZkF- o 15%41  lipid level

1200 2200 1200 2200
J2KH/% ingredients
1y fish meal 15.0 15.0 15.0 15.0
M1 soybean meal 15.0 15.0 15.0 15.0
Mg casein 20.0 20.0 20.0 20.0
FOKVEH  corn starch 20.0 20.0 20.0 20.0
a-YEH  o-starch 5.0 5.0 5.0 5.0
£yl © 231 2 1) fish oil : soybean oil (1 © 1) 3.8 3.8 13.8 13.8
143 cellulose 15.1 15.1 5.1 5.1
TERL  premix' 1.0 1.0 1.0 1.0
BR %S  Ca(H,POy), 1.8 1.8 1.8 1.8
fr#h  sodium chloride 0.3 0.3 0.3 0.3
WRIFILLAYEE  carboxymethyl cellulose 3.0 3.0 3.0 3.0
SACNERE  choline chloride 0.07 0.18 0.07 0.18
HIRH /% proximate composition
K4 moisture 9.8 9.9 9.7 9.7
HEA  crude protein 312 31.3 31.1 31.6
FLHEWS  crude lipid 49 4.9 14.9 15.1
HIAF4E  crude fiber 13.9 13.8 4.1 42
5y ash 7.8 7.7 8.0 8.1
TEFE Y nitrogen-free extract’ 324 324 322 31.3

W LT RIREMLA: CuSO,-5H,0 2.0 g, FeSO,-7H,0 25 g, ZnSO,4-7H,0 22 g, MnSO,-4H,0 7 g, Na,Se050.04 g, KI 0.026 g, CoCy,-6H,0 0.1
g, “EEZA 900 000 TU, 422D 200 000 1U, 4525 E 4500 mg, 4i4E 2K, 220 mg, 4i4: %B, 320 mg, 4i4: %B, 1090 mg, 4E/E 2Bg 500 mg, 4k
#B,, 1.6 mg, 4E4:%C 10 000 mg, iZ % 1000 mg, M1 165 mg, #HIE 2500 mg, ZEHIZ 100 mg, WLEF 15 000 mg. 2. LA HWEE=100— (K

IR AR FHHELTR T A 20 -HRELET )

Notes: 1. The premix provides per kilogram of diet: CuSO,-5H,0 2.0 g, FeSO,-7H,0 25 g, ZnSO,-7H,0 22 g, MnSO,-4H,0 7 g, Na,Se050.04 g, KI
0.026 g, CoCy,"6H,0 0.1 g, VA 900 000 TU, VD 200 000 IU, VE 4500 mg, VK; 220 mg, VB, 320 mg, VB, 1090 mg, VB4 500 mg, VB, 1.6 mg, VC
10 000 mg, Pantothenate 1000 mg, Folic acid 165 mg, Niacin 2500 mg, Biotin 100 mg, Myoinositol 15 000 mg. 2. Nitrogen-free extract content=100-

(moisture+crudeproteint+crudelipid+ash+crude fiber)

ERARF G, mMEREATR=-8EAS
H-FEA SR,

JHF I 4 JEL A8 3k 45 ) 64 L2 JHF I i FH
2.5% I BE [ iE 24 hd |, B2 EE . i
K. EHARE, HEBHY A PLRMC PowerTome
XL)YWIEL70 )2, e et fs iUl i s 5
H, 1 8 1B (Hitachi H-7650) W 5% 20 i A8 i 4544

14 BUBZHS9
JE IR B 2 Exceli TR 5, SR HISPSS 16.0
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XL g g s #4741t 504, Duncan[X 2 5K 5
LB AHAB M ZES, P<O.0SKRERDE.
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oSN, LG 2 T R (P<0.05)(#2). MR
FL A N (AST) RIS TN 5% 2 i (ALT) i METE 15%A5
55 F11200 mg/kg IR fid 21t 2 /55 T At 45 41.(P<0.05).
FE 5% M8 U7 4L 3G I AR A 7 n e, HL M TE B 2
(P>0.05), BEIEG B K1 7, FFRERS i &
RN 2 B H I =R (TG KT 83 TS
(P<0.05), = ¥4 32t kg Wi AR B (%) 58 AR
S, IFAE15%)8 D7 F11200 mg/kglH B 2 ¥ i 3%
T H AL 45 4 (P<0.05) . TE1S%AE 4L, FFAEAS
15 &5 L TR R AL A TG - 29 BE 2 45 R4 I B
TRV T 5 i 2 A (P<0.05).

2.2 AR R Y A5 A F0 BB R 7K S X A Sk & BT B
MEIBFRAIF

=2

B 5 1R R 7 AKCF B TR, IR SR
;LR (SOD) . i AL AW (CAT) . 4 e H Ak
F ALY (GPX) M 1% PE L R TN B (MDA) & & 1
3 (P<0.05) 1 Th; i R4S e H K (GSH) I P i
ETE. FE1S%RI4L, A LREF(SOD).
i S A AUBE (CAT)IE P AN B (MDA) % it bifi 1]
BE i R K ST B 1 i 3 B AR (P<0.05); iR
AU B H K (GSH) I M 8 3% - 7F(#%3). SOD.
CAT. MDAFIGSHY 3Z L B 5 A1 JIH B 7K ~F- 28
HAEH W, SOD. CAT. MDATE15%J§ i Fl
1200 mg/kg A fis 41 34 5 2 55 T HoAth 4% 41 (P<0.05),
GSHTE 15%1% 11 11200 mg/kgIH 5 2H % %1% T H:

14320 (P<0.05).,

A%} o R[] Y B Bl #0 R RLK S o (] Sk 5 B B 0 I 3R A (L $R AR

SEA0

Tab.2 Hepatic and plasma lipid composition of blunt snout bream fed diets with different lipid and choline levels

Fall : /\"“‘{;':/ 28 TR iy EH = e, L[LL“L i = i/
Gkl diets A G A e W R /% JHFRE - =1 WH =1
(U/L) (U/L) lipid content (mg/g) (mmol/L)
BeWi/% lipid JHF#/(mg/kg) choline AST ALT 1pid conten TG TG
5 1200 3.83+0.07° 0.75+0.17° 6.83+0.41° 48.4+4 47° 1242+76.9°
5 2200 3.58+0.19¢ 0.65+0.06 6.7£0.17° 49.9+0.61° 1321469.0%
15 1200 6.8620.22° 1.02+0.46 12.8+0.22° 75.842.10° 1580+72.4°
15 2200 4.75+0.18 0.84+0.02" 8.92+0.06° 54.84+1.52° 14954297
MK ZHHT Two-Way ANOVA
fIERE  choline 0.000 0.016 0.000 0.001 0.000
fEMi lipid 0.000 0.000 0.000 0.000 0.001
ZHAER  interaction 0.000 0.490 0.000 0.000 0.001

T RPERR R N P EEARHE D (meantSE)» A B 5 biiE A [F/NE 7 B R 72 57 1 2 (P<0.05), T

Notes:Values are presented as mean values and standard error (mean+SE). Mean values in the same column with different letters indicate significant

differences between treatments (P<0.05), the same below

3 (ARR I R0 B B A B LK S 5 BB Sk 5 B B 66 4K 46 4 B0 B4 T
Tab.3 Hepatic antioxidant parameters in blunt snout bream fed diets with different lipid and choline levels
Bkl diets SOB AN B AR WEMER AN AR R BT [
&1 /% A fik/(mg/kg) (U/mg prot) (U/mg prot) (U/mg prot) (mg/g prot) (nmol/mg prot)
.. . t-SOD CAT GPX GSH MDA
lipid choline
5 1200 154+5.5° 67.5+3.3° 21.8+0.78" 14.2+0.27° 6.82+0.3°
5 2200 158+4.7° 77.3£3.6° 21.5+0.92° 14.4+0.27* 6.24+0.19°
15 1200 192+6.5" 88.9+1.6° 34.8+3.67° 9.28+0.34" 12.8+0.14°
15 2200 166+4.8 68.2+1.39° 28.5+2.63" 13.5+0.49" 7.86£0.29
KT Two-Way ANOVA
IE#H  choline 0.054 0.038 0.169 0.000 0.000
NG5 lipid 0.010 0.023 0.000 0.000 0.000
A HAEH  interaction 0.013 0.000 0.214 0.000 0.000
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2.3 EH Ay BE B R0 BB R K S X ] Sk B AR 4
FHER R

T ek v S T 6 i 07 A0 IEL BB K S ok 4 1ffL 21 40
JHLE5 R 2R AR A O 3 25 R (P>0.05),
Bl 5 )R B 107 7K 7 0 T e, 40 A R ORI I R Bk
H KT B E R (P<0.05), I H 1 BB v
SEAGTEYERFEIMMES, BES AN
(P>0.05)(4). TE15%A W4, B4 sk IR o
U 0 i 35 (P<0.05)4 = TS RS M . ADRHIR
77 R0 BT 1 200 e R Bk AR s e B AR HAR
HoBr B 1E 15%05 7 F11200 mg/kglIH 5% 20 2 &% T
HoAh 45 41(P<0.05).

2.4 A} S Y BE B R BB E 7k S w2k & BT 4R
B ok 45 4 B 52 Ml

FERG Wi KR 5%, REBE 7K 4351 A 12001
2200 mg/kg, M 4 0 25 14 34 s 1 R OIRAS
Y A% B, AN BT X S), A M AR B AT UL
FEL TS PN 5T X HE S A 7 (B - 1~4) 0 E 15%)15 i F
1200 mg/kgMH B 40, JHF4H B 5 v 7o i 4 2 K IR IR
i, A T AR A RN, Al A
BRI, Jr it a0 g ab, % sk Gk
I LR AR b Ik B (K Ri-5,6) 0 TE15%Ji
i 12200 mg/kgHBRZH , 40 PN A 870N B A5 i
T, R4 R 25 5 4 R 2 4 2 T S (18D -
7,80
3 it

P Sk 5 4 S B PR A 2, Xk o AR A i A2
B, AR, k4 x5 107 0 i

T R i N 4%~7%" . BRI R BT, 5%)R
U7 e A R DAL Sk B3 A O TR B D K, T Y
TR AR 07 7K S-S 15%I BB A% 175 5 AT 2k 6y 7 A
BR ™ E SR ENR DR AE D AR S H
AR FH 5% 115 % P Ff I 5 7 o LASE B RO 3P
Wraabr s, Pk &5 &) f0 500 75 oK £ 20 1200
mg/kg, PRI & 2000~4000 mg/kg
I, BB A% 08 AT Sk 57 JEFIE v ) i I T AR, Rt
AR SLEGHEH1200 mg/kg 2200 mg/kg i) w5 Ff i B
KA, LI Al 0 0 B R A RE 9 S i
JE TR (15% M8 17 )% 1 Sk )7 7 A= B AN )52 00

L8 T R 07 5 0 2 B, AT LU S0
B A 2 iy 5 Wi ACHPIR DL . © A BFFE R WA
i Z W RE T, AT RE I UK 7 s s IR R T
AR ARSI A5 RER B, R DT 2K F A
SYSEINZ 5%, FFMERG 7 7 it 3% B, [
JFFIEE H 3l = (TGRS Tl =R (TG 7 s
SOPUMIRIEG | T3, 3 5576 KBt (Larimichthys
crocea) b IBFFE—E" Z S5 R ULH] T AEDE G 1D
K- 1Y 34 AR AE 2 5 B SUIR D5 TR A B4,
17 3k 22 (4 37 15 i I 12 3 — 20 P JOE 5 i 1) i
“BR(TG)id i, 3 & i H i = FR (TG k% iz i T
JIE, A0 H I = EE(TGYKF T o 78 = B Dk
R S IR, S R TR R I A
=HER(TG)MY & it o ALY S 50 25 SR AE B il U2
(Ictalurus punctatus)!'®’, W41 556 (Salvelinus
namaycush)"' LA K 25 38 5 SU8 (Morone chrysops x
M. saxatilis)"™ )G il o Horp s R AT RE 2 E B A
b Wt g T L6 ) S AH R A, RE WS e HE IR AR

R4 AR EIRY AR B A0 AR AR T 3 B Sk B 3R 4 R 1 R R RO R0

Tab.4 Haemato-immunological parameters of blunt snout bream fed diets with different lipid and choline levels

kL diets 2140 vt H SEN i Ed Y R i/ e <V HEE/ BREEH/
/% T (mg/ke) (10%/uL) (10°/uL) (U/mL) (g/L) ' (g/L). (g/L)'
lipid choline RBC WBC lysozyme total protein albumin globulin
5 1200 1.05+0.45 2.44+0.05 21.1+1.86 20.6+0.13" 5.9240.41 14.7+0.41°
5 2200 1.17+0.01 2.64+0.07" 20.0+1.08" 20.1+0.27" 7.63+0.38 12.4+0.34°
15 1200 1.79+0.04 1.40+0.02° 14.9+1.44° 17.740.63¢ 7.07+0.76  10.7£0.32°
15 2200 1.44+0.13 1.95+0.05™ 20.8+1.54° 18.3+1.09™ 6.91+0.11 11.4+0.38"
KT Two-Way ANOVA
JERE  choline 0.651 0.000 0.119 0.987 0.314 0.044
fEWi lipid 0.068 0.000 0.092 0.030 0.776 0.000
LHAEH  interaction 0.344 0.011 0.061 0.429 0.224 0.010

http://www.scxuebao.cn
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2.

Eh FTIEESTRRRMEHNE
1, 2. 5%JE Wi 711200 mg/kgfH A8 41 3, 4. 5%ME Ui 712200 mg/kgfHBH41; 5, 6. 15%/38 i Al 1200 mg/kgRBE 4 ; 7, 8. 15%5 1 #12200 mg/kg

IR
N4 k%, LEENI#, M.Z&RiE, ER.AJREM

Plate TEM images of blunt snout bream hepatocytes ultrastructure

1, 2. 5% lipid and 1200 mg/kgcholine group; 3, 4. 5% lipid and 2200 mg/kg choline group; 5, 6. 15% lipid and 1200 mg/kg choline group; 7, 8. 15% lipid

and 2200 mg/kg choline group.

N. nucleus, L. lipid droplet, M.mitochondrion, ER.endoplasmic reticulum

1A 8 LA B JEF IR R 7 1) S0 8 1 e 32 1520 DT
WD TG W TE R N B BT . SR T AE 5% A5
A, B R R RRBR G RO, 6 I B 7 A i
FEIC W, AT RE R T Sk 656 i S
HHERA N4%~T%", 5% NG I K F I A4
5| 2R AR B )3t Z LR

A B B (AST) A TN 5 A B (ALT) 2 &
Hp PR EEN ARG, e
T P B A8 A A SR 4 0 A 28 240 ) — B oA
MFB, M HIER AR A — 2 B L e 25
B W7 AR B B2, ARSI, 55 5% A5 1 41 AH
o, 15%MR It 2 45 5 T i Y 4 7 2 Il (AS T)
A N2 (ALTIE M, UiBH T 2 1 IR i 5%
A E 38 1 T B A5, 5 SO IE e 20 s D
ALY o 76 =5 BTt v 184 fin AR g7k o7, Gk 25 %
(A (7 2 =W R R N A W R B R
% U % 155 M 1 AP TFE R 403, A RF T IO 1) )
TEH, 3K 5 4 A T 2 R UL B2 A5 A 4 SR A
L/ EE

IEH AR, S LRSS R &
FEAIE M E(ROS)™, S UbEIE, HLARAR S AETE
Bt UMb A R R B 9 R RS AR I 1 S0 L 3 R Y S

N N TR R IR LN =R A RN N R NG
WA ROS) L, TkER, WahIiA
R, ME A RREREN RS E
FRRZIMB YA, ZRTIETE N, 38 A
4 e H K (GSH) A & &) 81 M #(ROS) & 4k, B
U 6 0% 41K BT S Ak 107 98 X 2H 2R 40 i A R Y 5
o P9 B (MDA)Z R Bt S Ak i R 1 2677 )
LA R 1 A AR AR Sy 2 5% A0 A7 R AR B T 4R
PRz — TEARSEG A, e R B Sk i
JIE TN [ (MDA) & @ 35 8, 1 340 R A 23 Joe H
JIR(GSH) & &t W 25 BE A, [A] I e 460 Ak ) 15 Ak il
(SOD), it A4k A W (CAT) A e H kT &4k
it} (GPX) B 17 1 0 35 b v o JH b J IR AT i 2 O 41K
T v A T S S0 A 2 2 T B SRR I, PILAAR
AT P O, Ak AR 1 BL AR BT SR RE T Y
W, ARPTE SN, GORL AR LA AE A FAC S
SMRE ORI, I 5 e AR A, M2
(4 1 1 32 A LR AR, 3% M U (ROS) B 23 K B 1
T o0 [ e g S5 Ak S A A ] T R A H o
MG, RO 2 R TR ERY, B A T
A ZURN G A BT o A v A ALk R o IR e Y
W, B EREAR T N R (MDA) i DL B AR
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R A 35 1, LA 0k 9 O TR 405 2 O JEF R S A £
WA, I B INT BE G o fd R ARSI
AIRETE—E R LUZ T HFE A S AR

O A K i ¢ TR 17 U5 RN 246 575 B iy 1 ot
2R A BE S PR S oY, E g 5 K
AR R RIEM LR T D Jeni bt ot
WY, IV A P R DL R B K S A
g FEAR B0 0 E SR BRI W, W TR TR
AR R S R R G PR R, HRE
B RARPUIR A D I AAZETY, FEARSL R
15%J6 i 4 0% IV 11 20 B . TS RIS 1 . R
FFEREE 1 7KOF 0 358 T 5% AR Wi 4L, B Wl & e
AT A Skt e RGN E . H—E, =
JRfRE ot Z il asm, g i (n-3) R 51
Z AR R . v] BE 2 5 ALK i g 5 i 4
FEP, AT R T M SR RS 7 A A
P e R T IS I IR, SR R R T A Sk 7 1Y
GRENLRE . R HIRH ATRER . L, MR
AT GRS T R KR MR B B e E
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Effects of choline on hepatic antioxidant status, ultrastructure and innate
immunity in blunt snout bream (Megalobrama amblycephala) fed high-fat diet

ZHANG Dingdong, LIJunyi, WANG Bingke, LI Xiangfei, JIANG Guangzhen,
LIPengfei, CAIWancun, LIU Wenbin"

(Key Laboratory of Aquatic Animal Nutrition and Feed Science of Jiangsu Province, College of Animal Science and Technology,
Nanjing Agricultural University, Nanjing 210095, China)

Abstract: This study aimed to delineate the potentially beneficial effects of choline on the liver histopathology,
antioxidative status and innate immunity in blunt snout bream (Megalobrama amblycephala) fed high-fat diet. Fish
[weight: (42.20+0.34) g] were fed four experimental diets containing two dietary lipid levels (5% and 15%) and
two choline levels (1200 and 2200 mg/kg) in an indoor circulatory system for eight weeks. After the feeding trial,
fish were sampled for analysis of plasma and hepatic lipid metabolites, antioxidant enzymes, haemato-
immunological parameters and hepatocyte ultrastructural examination. The results showed that high-fat diet
significantly increased liver lipid accumulation, aspartate aminotransferase (AST) and alanine aminotransferase
(ALT) activities, malondialdehyde (MDA) concentration, activities of total superoxide dismutase (SOD), catalase
(CAT) and glutathione peroxidase (GPX); meanwhile, high-fat diet remarkably reduced blood leucocyte counts,
plasma lysozyme activity, total protein and globulin contents and glutathione (GSH). In addition, obvious
ultrastructure abnormalities were observed in the hepatocytes of fish fed 15% lipid and 1200 mg/kg choline with
apparent alterations involving mitochondrion, endoplasmic reticulum, nucleus and cell membrane. The results
indicated that high-fat diet induced significant liver histological alterations, severe oxidative stress and depressed
innate immunity of blunt snout bream. However, high dose of choline in high-fat diet significantly decreased liver
lipid content, plasma AST and ALT activities, liver MDA concentration, hepatic SOD and CAT activities, and
enhanced blood leucocyte counts and globulin protein level; meanwhile, the structures of hepatocyte organelles
were normal. In summary, choline could reduce hepatic excess fat deposition, maintain normal structure and
function of liver, and enhance anti-oxidative capacity and innate immunity, and hence it could keep the health of
the fish.
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