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Effect of dietary concentrations of choline and IUGR
on hepatic anti-oxidation of pigs
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Abstract . The purpose of this study was to investigate the effect of dietary concentrations of choline and intrauterine
growth retardation( IUGR) on growth performance and hepatic antioxidant parameters of pigs.Twelve normal body
weight(NBW) piglets and twelve IUGR piglets were selected according to birth weight. At weaning (23d of age),
both NBW and IUGR piglets were fed based diet or choline diet. Thus, all piglets were distributed into 4 treatments
(NBW + NC,NBW + HC, IUGR + NC and IUGR + HC) x 6 piglets.Determination of body weight was performed at
specified days,antioxidant parameters in the liver of pigs were measured at 200d.The body weight of IUGR pigs
were decreased significantly at 23,73,120d( p <0.05) ,while compared with NBW pigs, there was a slight decrease in
the body weight of IUGR pigs at 200d.A tendency toward decreased T-AQOC activity was observed in the liver of
IUGR pigs,whilst IUGR significantly decreased the DPPH- scavenging activity in liver compared to NBW( p <0.05).
Consumption of the choline diet significantly increased the activities of T- AOC, SOD and DPPH - scavenging
activity in the liver of pigs ( p < 0.05), whilst hepatic MDA content was significantly decreased after choline
treatment(p < 0.05) .In conclusion, IUGR has a permanent stunting effect on growth performance of pigs and
damages hepatic antioxidant ability.Notably, choline supplementation could ameliorate the harmful effects induced

by IUGR.
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Table 1  Composition of basal diet,as—fed basis

ARBrE

Wi H
23~37d 38~73d 74~120d 121~200d
HAR A (%)
FoK 64 65 60 68
=X it 26 25 26 24
itk 4 2 0 0
# 2 4 4 4
INGE 0 0 16 0
L5 R 025 015 0.5 0.15
iRk 0.5 0.5 0.55 0.5
a i 0.8 0.9 0.85 0.9
i 035 035 035 0.35
TRk 2.1 2.1 2.1 2.1
BIS
fRi§6E ME keal/kg 3700 2970 2996 2985
HE (%) 217 187 153 173
AR (% ) 1.68 107 076 0.95
45(% ) 1.06  0.61 0.52 0.53
(% ) 084 060 052 0.53

= TORES B T iR AL 880010 4iA: % A ;16001U 4
H: 2% D;40mg 4E4: 2 E;0.4mg 4E4E K B, ;3.6mg 44 % B,;
Tmg 461 % By 5 16me 402 :11me 12752 3 180me AT 596 me
Cu(CuS0, ) ;88mg Fe ( FeSO, ) ; 76mg Zn (ZnSO, ) ; 24mg Mn
(MnS0, ) ;0.4mg Co(CoCl,) ;0.4mg I( CalO, ) ,,

1.2.4  JHFREPLEAIEPRME  BUHFREH S 10% 41
USRI, A1 LW P B R & R BCA L)
E, BBt L sE 1 (T - AOC) | 8 4 b ¥ 1B 1k g
(SOD) 5 AL (i (CAT) (PN ¥ ( MDA ) £ i 423,
Fl& T AT s A ML A 3L ABTS ™ -l DPPH - 1935 5
fie g1 09 I <2 . DPPH - W 5 iF FH JG 7k 2, B T 46
0.1mmol/L {) DPPH ¥ , i CIRAF o K 3mL Il
SRV W % 1mL DPPH 35 B A B [F]—i & v, #8250,
ZE IR R B AL E 30min JE I GE LW SEEE A ., [RTES
M52 A 3mL DPPH 535 1 mL ZB5R-E IS 806 %
A oo s ABTS ™ = 0 52 B5] FHZE 18 7K BE i) 7 mmol /L ABTS #%5
W, BECIRAT 12~16h Ji , o LA 18 25 A ] e B 0 2
SGEE (734nm B SG(EAE 0.700 £0.02) , % 3mlL AR
SR S 1mL ABTS SSROINA S R —i A i, 3857, %
T I AL F S 30min J5 7E 534nm b I H O E
A e » [FIEEFH 3mL ABTS %5 1mL Z BRI A5 1
SEEE A0 ABTS' -l DPPH-1EHE S 230U T -
IHERZE (% ) =100 X (A, At ) 7Aoo
1.2.5  FdEoadr  SLE s R A Excel 2010 #E174)
LB, FH SPSS16.0 4175814307, R A GLM
AR SHr, Fbi E R (JERg S IUGR) K HS2 B AEH
oA AR PR R AU R S AL TR PR S
2 RGN
2.1 HBHEEHKES IUGR X3 £ K 4aERI220m
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Table 2  Choline addition and levels in diet

23~37d 38~73d 74~120d 121~200d
IiH g/kg diet
NC HC NC HC NC HC NC HC
50% FEALNEFEAS N &= 0 3.60 0 3.23 0 3.12 0 3.03
HHE
I 0 1.34 0 1.20 0 1.16 0 113
PENilEN 1.34 2.68 1.20 2.40 1.16 2.32 1.13 2.26
SHTE
PEViEN 1.59 2.98 1.33 277 1.40 2.71 1.40 2.75
FAEREE, 0.08 1.73 0.24 1.56 0.25 1.50 0.25 1.45
T :NC = JEflt R HC = RHBR AR CRE B8R g J6A HORLAY 2 45%) 5 MR 40 b [ pel sk 4 a5 78 3 i (5 21 R THI3 H R SR
B
263 FRIBLACE 5 TUGR w2k KHERE IR (1400 k)
Table 3  Effects of dietary concentrations of choline and TUGR on growth performance of pigs( Unit:kg)
H % Zibll SEM L
(d) NBW +NC NBW + HC IUGR + NC IUGR + HC type choline type x choline
23 5.689 £0.874  6.359 £0.753  4.132 £0.446  4.159 +0.646 1.178 <0.01 0.373 0.337
73 2324 +2.35 26.64 +0.94 19.19 £2.48 19.82 £2.68  3.662 <0.01 0.095 0.237
120 58.50 +3.20 62.77 +1.57 47.89 +6.35 54.01 349 6.243 <0.01 0.003 0.529
200 109.8 +10.1 1148 £2.5 102.6 £9.5 106.3 +34 7972 0.053 0.853 0.258

2% 3 RIS, BRFE 200d #4476, TUGR 34 B4R 52 76 4%
ST M W AR T NBW S5, 2r BIFEAR T 31.18%
21.79% ,15.97% ,6.99% (p < 0.05) ; 7E 3% 200d #%,
TUGR 157 BEAR AR T i #a# (p =0.053) . TEFE 73d
W, AR IR AR K P A SR s AR A B A (p =
0.095) . % 120d % i, 4] MEL v JIEL Ak I AR 2 44 7 4 1
ARG ZH B E 35 T 8.89% (p <0.05) .

ASZYS e BAAE TUGR BRI K A H b, Hik
T R T IE 40, Han 2561 S200 (R RE % B, IUGR
P8R R B AT IR EE IR AIG, 5 6 H At 2 B an v
B R 4 st i arsE —3, AT W TUGR W] 521
SRR KRB AR, S K IR E AR
5T I TUGR $ IR S8 Ak 45405 T2 5, 8 I D fig =2
1, NN P S M AR PERE ™ . Lucas 251 A R AIG
AR R T 5 AR JE 22 RS & R B I AR G, WF9E &
PR AF S A 25 A — i %2 2R 7 A A T i LI
R g AR T IUGR /NREAE K R B
WA B EATRALS , B BT A e S ES , S B R
Urfiesz B s [WAE 5 0E B AR FE 5% A e, TUGR %%
J A K 55 e of T W S ARG, ™ B W SR ) I
WAL TIAEWTYY S A% 73d #5 120d #E e, H
ARG AR AR 7K SF- AT 2 2 4 R NBW A% IUGR 25 19 44
T, A WFSEIE BT H OB A 80 AR A AT ) B A R
hn, % NRAR K R B A B o 3 S TR
T Z 5N ZAH LU RN, SR LA 28 | s K
DB R G B2 AR gbi iAo g8 , {3 sh {4
R E"Y , AL IUGR ] 5 sh ¥4 K 9218, 1fii H
R AR K ST LR S A= K S R s A K
2.2 HIBER/KES IUGR 3BTRS LISRE

20

H 2 4 nJ LA TUGR A B AE IFIEH T—AOC
HEa%(p =0.071) , H{# 1F % 21 3% % DPPH - 14 fig
AR T5.28% (p <0.05) ,{HXf SOD,CAT MDA
5 ABTS ™ - fig /1 JC B 35 520 (p > 0.05) o 7 i 1
AR LS, BT o MDA I 35 B AR 7.41%
(p<0.05), ffi T - AOC, SOD & & 4 % k& T
18.58% .13.69% (p <0.05) , I A " ¥ s DPPH - (¥ fig
F1 i F R T 6.07% (p <0.05) , 1 XF CAT F1¥4 bk
ABTS" - E J3 ¥4 JC @ 35 52 Wi (p > 0.05) . 53 4h, TUGR
5 AR A DT A% S P P 4 A S R G B Y S A A
ZHAEM.

A5 I, IUGR A3 REARAE IF B T—AOC 11y
B WFFEFR ], IUGR 548k 1 i & 2R B UTAR G, 5
Ogata 25" 7E IUGR K Rl B WFoE—% . WFsstL & B,
IUGR Al SECHA TG L& A A i 3, Btk
fE SRR, S BOE 115 A R R 48 T i R
B, A LAt 3L ABTS 78 H,0, 777233 4
AR S 6 1) 1 vk S, DT ok 3 e 0 HG R S R ke )
WL PT ML BE J1, ARS8 & 3, IUGR %4 5 NBW
SRR BR ABTS - B8 ) B4 35 E 25 55 [A] CAT 4%
B2, B TUGR XFIFIE RS 5 H,0, i fig J1 97 B4
B, DPPH & —Fh R a2 Al RL 4 5 PR 1 [ 44
P 3, 1T A i B sh i WLAR b sk g 1 . A sk
55 % B IUGR 3475 Bk DPPH [t 3L HE J1 4 NBW 4% ik
ERAL, 5 T-AOC F545—3K . Yin &% Xhpr L7 5%
S AR O (9 BIF 5T &% B, i AR R X IR L
S SR AR SO T R Y A LR AR 2SR
SRR E AR 22, DR Y [ SR B, 23 PR R R AR
R, SO ROS 197528, SC8s & B A Ak i 15 2>
BT Nef2 (5538428, P EPUAALA CIE N Rk & T
I K AT AR AT 3 Pk B AEG o HA BIF 58 E WA AL 76 I
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Table 4 Effects of dietary concentrations of choline and IUGR on anti—oxidative index of pigs

2055 . plE

i H SEM 5 5
NBW + NC NBW + HC IUGR + NC IUGR + HC type  choline type x choline
T-AOC(U-mg protein ')  0.884 +0.093 1.163 £0.173 0.816 £0.100 0.925 £0.125 0.174 0.071  0.029 0.281
SOD(U-mg protein~") 2125 +7.8 239.1 £44 206.8 £5.0 246.8 +5.1 1838 0.765 <0.01 0.079
CAT(U-mg protein ") 129.6 +3.0 140.2 +16.7 130.8 +8.3 134.1 £5.0 9.354 0.676 0.251 0.532
MDA (mol-g protein ") 499.5 £12.0 476.8 +12.9 505.4 +7.8 453.6 £27.3  25.69 0.397 0.005 0.168
ABTS* %5 BRHESI (% ) 82.63 £0.71  82.69x1.74 8201 +1.85 8440+1.94 1564 0.536 0.190 0.207
DPPH -V k&R 11 (% ) 3979 +1.31 4283 +£2.79 38.13+1.60 40.13+1.81 2474 0.046 0.024 0.603

Zf 3 R A TR S LR TR S s T R A it 2 Y
ROS, LM 88 7y =7, i IUGR 11 & 2B i) 17
BEILARAC R 3% 09 J A=, DA e JHE Dk A% 5 fih 20 25 57 3]
FAW . T IUGR & S B b A L6 ) =&
REATG , o R T SR A R B RR B, (I & & 32 . 7E
H R P a8 i KOS IR0 2 35 B AIG T e Ak Fs Hm, an
T-AOC .SOD & i .3 T+ , iis 5k DPPH - () RE J7 fd 2%
R A WEIE M AE B OB P s i AR AT 2 B s /s B
K852 SOD I i 3 [ AIK MDA /K 57 | 5 Sachan
DS ZERF o —3 0 B AN, B S AR AT 4
WAL S AL RE 17" 0 WEFEIA g, BB X i 484k
N EIAVE I AT B8 HH T 08 AT 22 ff 40 2L 48 i 451 105, £R
P an e T RE, T2 5 1 SRR R AE 7Y o AT s
AEGH H AR K- AT AR #5 TUGR 5 JHIE Bt 0 Ak i 3801

, A I A A N I 2% o
3 g

ALy &3, IUGR JE A AERK AT E D AR E
IR A K22, IR B BT AL BE T FRIL .
e B AR P Es s AR (A K A TS,
AR EE R S AR LR ) B R 0
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