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i E: ARXREEABIBEB(LPS)FFARAZ T RAMAERGHER TR LS AN
R B ARG 915 B AER . 36 R 42 A6 SD K R AL R 3 4,440 12 R, B2 Foif 40
PR A AR S A MEA AR T RS REANA, FIFARGAARRAEREHS 5.9,
13417 RETEAKREREEZH0.8 mg LPS, 5 BAZHFTAEE K, § 22 Rot, HFHER
6 RXA,HATD- KBEFTXRE, M HEBRKFE, EREAN 1) SBamt,FFaxi
#F 4 B3 E A&, ik A 8 (MDA) 4% 2 %3 e (P <0.05) , Ff Ik A A AL 5 1L B (SOD)
Fo S kit A AL B (GSH-Px) 2 % FTH(P<0.05), I AHKTFHI1L.13% (P <
0.05), i D — KABRE FTHT2.72% (P <0.05), il & ¥ F M T % 65 74% (P <
0.05), 2) 5% @k 5 28K At MDA &% T % 49.31% (P <0.05), if JE SOD #e
GSH-Px %M 4 %] £ 4+ 40.96% #» 35.04% (P <0.05) , /FE 2 % 5 (P <0.05) , & D — K¥
EF AFBBEIRFPALHEZFSH(P<0.05), REREZFHEI(PL<0.05), HkbT

W, B A AA A 2+ LPS #% % 69 1 i B4 B 845 a9 145 2 4E 8
XEIR: AAHFEBAA s LPS; W% i B d’?%”fkﬁgf,kfﬁ‘

HE S %ES:8816.7 X ERFRIRED A
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9 H LA, 225 W DRSS UE W T 4 R B
i 3 B NG T S S Ak W 1R L R B
HEW] T4 A2 K C AT g SR AT S Al T T B B Y BR
H A B 2 S P At A el 25 AQ A 1R
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1.2 it RIER

RIe e 36 H 42 H % SD KB, Jo R o s 5t
& (SPF) 2 , {AH (200 £20) g, FEHLI> A 3 40, 5
12 HO(OMEME A 1/2), Al R R 2 B GB
14924. 1—2001 5255 2l ¥ Be & 18k} 3l H] e 42 b
TC 5 T S, S il 4 AR 2H B S B FR K AR 1. X R
2 RN S 20 ) MRS A ) AR 18 A2 4 AE R R AR RR oh
W GHAAR . BT A PR E A
% C 200 mg 44 % E 100 mg 45 £ H 450 mg Al
AP EAR 5 g, GGG 4:1:4:1 BE 5
WA M EH KRBT 5.9.13 f117 K
BT va A 1 O 0. 8 mg LPS, X B2 13 4 4%
AR K, gL 22 d,

®1 EARAREEFRKTE(RTEA)
Table 1 Composition and nutrient levels of the basal diet

(air-dry basis) %

i H Items & Content

J5. ¥} Ingredients

E oK Comn 50.0
/NFZ ¥ Wheat meal 23.3
# ¥f Cottonseed 11.0
f4 7 Fish meal 13.0
143 Limestone 2
fr#h NaCl 3
% 4055 CaHPO, 11
o ZWRE R Vitamin premix" 1.0
W G WUE kH Mineral premix” 0.1
41t Total 100.0
# 727K F Nutrient levels”

L ik DE/(MJ/kg) 15.40
ML H i CP 17.31
5 Ca 0.48
Wi P 0.29

V2 A R R R A BT 5 4 R B2 4 Vitamin premix
provided following per kg of diet: VA 4 000 IU, VD
1000 IU,VK 0.75 mg, VB, 5 mg, VB, 6 mg, VB, 6mg,
VB,, 0. 025 mg, R nicotinic acid 30 mg,D — 2 R D-pan-
tothenic acid 15 mg, M fig folic acid 2 mg, 4= ¥ & biotin
0.2 mg,

D T 0 R R A T 5 4 R 42 ff Mineral premix
provided following per kg of diet: Fe (as ferrous sulfate)
35 mg,Zn (as zinc sulfate) 30 mg,Cu (as copper sulfate)
6 mg,Mn 10 mg,Se 0.15 mg,10.2 mg,

Vg K ok it %4l . Nutrient levels were calculated

values.

1.3 ®WiNiERSHE

IERER WIS 1.8.15.22 R KRMAKE, ITH
1 ~22 RRECF¥Y AW E, £ 85 22 X, &
A O 2| 12 h il KB 6 H, .0 BE B im
1.5 mL,EE# % 1 ~2 h,3 500 ~4 000 r/min &
0 20 min, B EVE W 1.5 mL BB .OE N, BT
=20 CARIM UK AE CRAZFE DU 5 5] B, 6f e 8 K SRR AT
D-KBEVEE 2 h Jg %1 1.5 mL,# & 60 min,
3 000 r/mingf.0> 10 min, ] £ M1 ; ¥ B 22 p gk
FRCR FH TR Bk Ak 58 125 A 36, FH B2 5 04T % 1 I, 4%
R g 77 AR 1 YAl | €2 - T 8/
BT A R L 2R A — 20 C Uk A AR TR A .
WiE AR b e Besy Tk 1 em 1Y i B, @
BB B E W, B84, R R0 o R E Y
PRARZGKPE B R ML )E  EERT
VIR 8 wm 0980 F, 95 KK — PRan e o, fE 5 4
LUERALYI R 3k 5 > s B LB (50 B e & ok m P
BH) B BRI A R K R AR
WERIGEE S R E IR . BEEIR T /NG AT
A Mg VR HI AT T O\ 1) B O B BE L W &b RO
BAFH4 CTH 0.4 mol/L G L8 W 4% 3 ~ 10
fEM BG5S 45 s(1 200 t/min) , RJ5E 4 CTF
B0 15 min (3 500 r/min) , PR ETF -20 CF
R A7, I 7 MDA & & F I JIiE 4 2 p iy SOD |
GSH-Px 5, Wil D — AW B2 A i 18 B8 i 6 A1
27 ZF WH I G VR SR T g g ol N AT AR
M 5 1 7™ s e BER) o R R AT H A
1.4 RAFERE

KU IR T b 52 30 K 22 A0l 5 A= ) 5 B 52
R sh Y s L T B AR R AE28 ~ 32 C A XTR
50% ~ 60% , 3t MR B 5 25 12 ho KB % W T
25 cm x40 em F i A 85 W 55 09 OB & b, R
6 H MERE S B 3R, B R E 5 UOK.
1.5 HiEaE

R 09 F 4 ok A Excel 3K {4 #l SPSS 14. 0 % 1}
B HEAT B R U7 2543 BT (One-way ANOVA) £
5%, LL P <0.05 425 5% B 2 % F5 i, Duncan [ 1
AT R Z EHR SR FYE £ Rz
FIR .

1 KRERAEKMRE
M 2 AL, 5 AR IR AT (1 ~ 15 d) R
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AR FFESF (P >0.05)  fEIE LRI, %
21 e SR MR B B AN A AE B 3 MR 2E SR (P > 0..05) 1 X
MAMERERERES THETFHMBEZHRR(P <
0.05) o M-F-3 HIEERA , X IR 2L A R i 2%

BT HESHEMBEEH (P <0.05) 1% B4 BLH
YT T ARG A2 4L, (H 4% 1 25 S R
(P>0.05),

k2 EAMELUFWLPSREAREENZ I

Table 2 Effects of composite antioxidants on body weight in LPS injured rats g

X B2

I H Items PE 5 Gender

ik LK

Control group Induction group Reparation group
51 RIAE i Female 200.00 £10.10 200.50 1. 64 203.50 £3.94
Weight on day 1 I Male 208.33 £5.92 210.67 £4.46 205.67 £4.27
T RIKE I Female 238.50 £9.05 232.83 £5.71 226.67 £4.41
Weight on day 7 i Male 278.50 = 14. 36 273.67 £10.56 262.00 £5.90
%15 KRikE I Female 255.33 +8.48 256.67 £20.27 259.00 =10. 66
Weight on day 15 i Male 332.50 =14.67 305.67 £4.46 294.83 +14.20
%22 KIKE i Female 260.00 6. 87 252.00 £5.33 255.67 +14. 62
Weight on day 22 s Male 355.00 £13. 63" 321.00 £6.95" 340.83 +14.16"
I Female 2.48 +0.23 2.15+0.03 2.35+0.70
T4 H & ADG
i Male 6.15 +0.14° 5.48 £0.18° 5.70 0. 44"

R 8 R E AR T RR R ZERBE (P <0.05) , BFHBMEATHERSZERALE(P>0.05), TEFA,

In the same row, values with different letter superscripts mean significant difference ( P <0.05) , while with no or the same

letter superscripts mean no significant difference (P >0.05). The same as below.

2.2 KRIFRERY.MFEFMDASE LKA
SOD #0 GSH-Px iF R T {L

HI 2% 3 Al UL, 55 5%k B 20 A1 EE , 35 S 4L JTFE R &K
REAR 11.13% , 22 5+ B 3% (P <0.05) , & & 41 )i Ik
FBRFER TN HAMBEFA (P <0.05), Hxf

WAL AH He, 15 S 4 MDA & & 7 & 14.41% , SOD
M GSH-Px Jf 4 4> %1 F& % 16.92% F1 12.61%
(P<0.05)  5iff T4l I, & & 41 MDA & & [%
% 49.31% , SOD F1 GSH-Px & ¥ & % J+ &
40.96% 1 35.04% (P <0.05) ,

®3 EAMENUFIN LPS R ARFERE MDA &8 .S0D 1 GSH-Px & A #

Table 3 Effects of composite antioxidants on liver coefficient, MDA content, SOD and GSH-Px activities in LPS injured rats
IR EH Vi il [CXEi
i H Items
Control group Induction group Reparation group
AT E & % Liver coefficient/ ( mg/g) 34.40 +24.38" 30.57 £10.11° 40.19 =10.89°
N MDA/ (nmol/mL) 4.51 £0.29" 5.07 £0.10° 2.57 £0.10°
HAEAL Y I {L i SOD/(U/mL) 80.71 £2.93" 67.05 +4.60° 93.91 +1.64"

A3 e H ki AL ) i GSH-Px/ (umol/L)

449.90 £6.31"

393.15 £6.58" 530.90 £17.43°

2.3 XRBBELHEMINGET

& 4 45 R 8o, 18 Wil W 2h R O T,
D - R¥EHES 2 h J5, 1B FA KR MEH D - Kb
W RS Lo B4 A E 2 OA Ao Ik 72, 72% FI
67.806% ,2: % 3% (P <0.05) , &4 5% AT
BEEF(P>0.05), 7£7iE LR KFJ7 18, 15
AR U T N I TS B X T A R 8 AR 2 G, (HL 3

I TC R E 2SS (P >0.05) 1155 41 % 20 0 B 5 1k
W AT X IR FE 40 (P <0.05) ; I i H 4808
BT, 53 R AH Fe 75 T 41 K B 18 2806 = T W
G, RO BRI I, 20 6 5 5 B s TR LA A1, (R
ZESREE(P>0.05), MiEE A 5% AL, 5
TR R, RERERIER AT S E SRS RE L
HEK, 25 BEH(P<0.05),
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®4 EAMENFI LPS HiH X REERMARLSHZE

Table 4 Effects of composite antioxidants on intestinal tract function and tissue morphology in LPS injured rats

i H Items

%f B8 2 Control group i 541 Induction group {&% 4H Reparation group

D — K D-xylose/( mmol/L) 0.33 £0.03" 0.09 +0.02° 0.28 +0.08"
g Wi W Lipase (U/L) 51.44 +11.84 50.78 +1.80 52.84 +2.31
# 2 Wi Maltase/ ( mmol/L) 23.79 +5.19* 8.15 +0.49" 18.50 £2.41°
4 & ¥ Villus height/pm 262.84 +8.43" 259.22 +4.25" 273.08 4. 52"
[& %35 ¥R B Crypt depth/pm 275.37 £12.12° 284.96 +15. 37" 253.62 £6.13"
% B BE/ BB iR F Villus height/crypt depth 0.96 +0.05" 0.90 +0.05° 1.08 £0.04°

HH B A R I E 1o X IR =S i R R
SR U, B ST ML, UE 5 A S M A R R AL R

A& 52 20 25 W B i 5 21 45 A0 3 M R0 DU, 45 0 X

1 WRAFSANEEAZTHEARRA

Fig.1 Light microscopic photomicrographs of jejunum in the control, induction and reparation groups (4 x )
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3.1 LPSHAREHERSMEGEEHNS N
A

LPS if AGUIE PR 5, 500 3 1A o 38 s oy TR 2R
TR R, Bk TR AR T B R
o 7 B 4 B N . LPS L T 2
g A 7 AR 5 P AR - — J7 TR 7 40 B R LR
37 IR B L 3k b HE A 2R 1 R 5 S5 — O T AT A
T 240 M % AN DR R R, AT B R 48
(O] -2 R

P A B AT L, K B S LPS 5, i B R R
7 LM RT3 H O R, BT 2 41
(P <0.05), Ui B 7 5 LPS B & 34 K B2 &, ol
A& LPS HE A BUIE 55, 51 2 4 08 B T 75 S 21
MR 38 S Ll 2 41 A B 25 S UL
W BT LPS B T 32 3 Le b BRI X 15 P e g Y

WFIE 45 S A AR NA o % T 41T I 22 500 %, 18 1]
LPS i JIT [k T 5 6 4%, AT R 2 N5 i AL 19 5 4
8V 200 1 0 S 52 48, 5 ) T R A0 U BE T

16 5 3 48 Ak B & 77 ) 2 — & MDA, [fi 35
MDA F #5415 [8] 32 5 e T HL IR 40 0 52 50 @ iy 3 7%
e E AL T SOD & ALIATE B 1 Y
— AT, SOD I P 5 A% 3 [0 2 % e T OHL A i
BB R RE S L AR g S 2 R B Y
MDA & % F+ &, L0 LPS 3 i 5 #E 40 A 1L
5 a3 ] 0 4 A T O P T S BORg R Ak 1
s

D — AW R — Pl R, 32 A 2 g B 3 g
WA, LA B IR 5 A ) T o R Ok, 3 i 0 3
D — KB4, AT LR /N I o B K AL 4 4 1 i
g . AKX K P HEE 2 h 5 S 4K R i
D — AR i R T Al 2 41, 5 41k U 4R
T i B A0 0T T 2 WG, RS TR E W A, T RE & LPS
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AR T i 5 B R 36 107 0 Bk 4%, B R B 2
T M B A ARSI TS R A R
VI W I, % O B 5 NG TR L 2 2E ORI IS 0 1
A% L AR B P 5 21 O U S B 0 T 3 M A
THAb 2 4, T A A B R AR B
W] LPS 410 T I 38 B 7 6 A0 22 28 B I 0 05 1, 1
R B A 1 i BE B T I
3.2 EAMELUFANARBEEHLRGNES
1£ 3

5 A5 BL A 30 38 Ao K LR B — T 48 AL 3 B
— LR A, LA O T B — AR B T
BRHLIA B 3 32 e HLIAR S SR AL TERE R B 1, A 5K
B MBS R Tx A . E A AL
S 414y 22 1] 10 U [ 45 T, 2% 4% B 47 19 395 B L
o R AL BE T E . B AP A L
HIE F B R LG 4 A & C i & E 2 Z A
A W R LA B AT AR A B R A
o R 5 2 B B R e A
TR T 1 45 S B AR 77, S A R IR TR L R
BHE YOS S N 42 B, gk E B,
FEE B, IRJFRI G R C W R -3 - D - ik
A CBR20) M B2 A (2 B ) LS A £ B i
BUEME BT EY. RFIRS RER, KH
BB W R MR A MR 3, HA BRI B R ML 1
RS B K g A W K T RO 3
U IR AT R B S A ke
WHB B ERE A MRS, B8 MK %
MR E MR C S A A 2 1 R g TR
AL B R R, S SRR R R S
A4t A W B 22 R R0 T R % H: A B 1 B A
A0 [y TR, AT 2k A0 M 1 52 K 4
i A B AL 2 W B IE B D RE T . BV R S
FELE IR, RS A RN T 4k A R E B Gk
] L o SOD I P AT JIE h MDA £ 4, 32
R EPCIINT 2% BUE BT AL 358 5 15
R T 5 R A T R 1 ekt R K R, 4
SR O A R B AT SR R S A
14858 K P B 481 B A 2R 8 D RE B PE T

AARB P RATH A R C i R B K
P W PTE R e E e L) 41401 B R R &
PrEALR . R R R, ERRAEKERMA
by AR 3 K S 5 T, VRO T A A B A R i e
R BOE Y H O E LA S AU TR, A DR

PR T 1) B 5 B A2 A R R I AR R S
I3 H MDA & £ 1 2% T [#, SOD HI GSH-Px i 4
oo R BT R R T X AL, R R R MR
HRBEMIUAAMARIGERAN T Z 0 A h ., X
HEERETG R -5, X T LLAE 2 A H
AR E 2 R B AR W] 1B LPS i 51
T8I0 51 L A T SR AL R B RO o SOD AR O i
B34 ph A M, G R R P B AR R I B
BR A 1 FE, A R 1k B oy 3R LR A R RE .
GSH-Px W REJ B i AL 0 R B o 8 Ak 9y, s
APLEACP X PR B 354 o 245 B4 AL R IE it il
i PR X 2 M BT PRV BR R N S 2
SR B REINE SR AEL I

FEA LS 38 1 I E IR D - AR
B SO E I E RIS, RAE &
DAL R A6 12 52 I 18 45 # A0 D) B 5 A o AR
Mo SESFAMIL, BREARBKIMES D - Kb
R SN S DN SN i R TR CNE RS
o AR AT T R B e TR T R IR U
VWA TR o 3 58 B T4 AR L
H U W A2 A ST AR RN E B S LPS 3 i 1 i 1 45
Fy R RES 07 , 35 v 38 T AL BE 7, 4k F I 18 O R
L5 RT3, B R I ROR o

185 #

S PR AR R AT LG R AR s T8 G o AR AE
AL WA A i R sh R A AR, X
LPS 3 101 15 8 55 05 5147 e 0 s L 4 T A
— e R 4 gl W 1 T AR HLRE

S Z 3Tk

[ 1] Zwm,skakHm, k%, 5. VE B AL P %/ B 52 LR
Biid EALRIBR S AE R LT]. o 2 3k T A, 20006, 20
(6):724 -725.

[2] M8, Em. #5484 R C xb/h BT Mg B & Ak
WAE R LT]. P E R 23 4R ,2007,23(8) 113 - 16.

[3 ] EHME AT, WA, 5. N3 20 F X 1% SOD
1572 & MDA KFERIs2 R [T]. gl ¥y B2 2 ik Jig , 2000,
27(5) :63 —65.

[ 4] JENNIFER C, CHRISTY L B, JADE M, et al. Src
kinase participates in LPS-induced activation of NAD-
PH oxidase[ J]. Molecular Immunology, 2010, 47
756 —762.

[ 5] TREEk, Bl A JT N3 336 7 B9 2 RlA IR BR BF 52



4 14 BT SE B A PUAMTIX R 285 S 0 KB ER G e EEN 675
PERELT]. [ AN EE % 0 I R 5840 W, 2003,23 (6) LU RIS W LT]. 248 35 % 4R, 2007, 19 (4) .
292 —-295. 366 —371.
[ 6] aR3cH, ) dede  wi s KB X 2 = LA /D B — [16]  XUW fRoKH, TARE, 5. o — B — B X iE 2 1 i
AACE AN R sZ g [T]. P Ep I E A S 2N WAF A B R B A 2w [T ] Sh W8 5 22 4k,
Zuik 2004,11(2) ;123 — 125. 2009,21(6) :892 — 896.
[ 7] It SR Py Ik BT 48 AL R0 %) 2l 1 %65 1 RE F A [17] 5. BESHAARN Y AR S A b2k A8
AR mID]. WL %A e 30 Rl Rl BIsZmg [ D] 8L A A0 e 30 B b A R,
il FC 22007 .21 - 25. 201030 —33.
[8] ZR5R, W, %, & R IRE A R H R [18] MILLER B G, JAMES P S, SNITH M W, et al.
YrE AT RER T [T]. BIp VT & B £ ,2008(2) - Effect of weaning on the capacity of pig intestinal villi
58 - 60. to digest and absorb nutrients [ J]. Agriculture Sci-
[9] IhF, sk B4 E. AhmELEY¥TIRIM]. ence, 1986, 107:579 —589.
BHE v BR A BRI A, 1999. [19]  ZRJ7 A 3% 0], R . 3% 98 2% 00 470 410 1 1k OF 50 0
[10] Jrsor, MRt Ay EmaE 5 HIM]. [J]. &ALk ,2007,(5) :363 - 365.
e Bh 2 A, 2002, [20] Semmi, MM, M=) B HEMEY R TYZ
[11] ESTERBAUER H J, GEBICKI H P. The role of lipid KB P B A IE TSR [T ], & M F5E,2008,29(9) .
peroxidation and antioxidants on oxidative modifica- 365 —369.
tion of LDL[J]. Free Radical Biology & Medicine, [21] MATES J M. Effects of antioxidant enzymes in the
1992, 13:341 —390. molecular control of reactive oxygen species toxicolo-
[12] MIRAL D. Introduction to serial reviews on oxidative gy[J]. Toxicology, 2000, 153(13) :83 —104.
DNA damage and repair[ J]. Free Radical Biology & [22] RYVLA, F%, kIR i K E X H W4 E M4 K
Medicine, 2002, 32(8) :677. Fte e Ryt B AL 6 b B S mi [T ). s )8 57 4l
[13] AMIT R R, LARAN T J, AMORNRAT N, et al. 2008,20(6) :686 —691.
The overlapping roles of manganese and Cu/Zn SOD [23] ERARZ. ETAMEMNIIYEMIGENBRGSBE
in oxidative stress protection[ J]. Free Radical Biolo- HLEE R LR AR BT (D] A 2= 38 3. B .
gy & Medicine, 2009, 46:154 —162. b AE W K 2 ,2009 .31 - 32,
[14] MATES J M. Effects of antioxidant enzymes in the [24] HEERES, X E 2L R 4 L - K 2 /5 iE 28 #l

[15]

molecular control of reactive oxygen species toxicolo-
gy[J]. Toxicology, 2000, 153(13) :83 —104.
FAR R, TR, S5 ORI X W 93 A 5% 0 I 4

VL BT 0 4 D A0 0 B R R A T LT ] A O IR
2247 ,2007,38(12) ;1323 - 1328.



676 /7= S S 23 &

The Use Composite Antioxidants to Repair Intestinal Tract Injuries of
Rats Induced by lipopolysaccharide

ZHAO Keli' XU Jianxiong'?* CHEN Xiaolian'® WANG Xiaochun'
(1. School of Agriculture and Biology, Shanghai Jiao Tong University, Shanghai 200240, China; 2. Key Laboratory for
Veterinary and Biotechnology, Shanghai 20024, China)

Abstract; This experiment adopted rats as experimental animals to build a model of intestinal tract injuries in-
duced by lipopolysaccharide ( LPS) and to study the use of composite antioxidants on intestinal reparation.
Thirty six SD rats at 42 days of age were randomly assigned to 3 groups with 12 rats in each group. The con-
trol and induction group were fed with the basal diet while the reparation group was fed with diet adding com-
posite antioxidants in it. On day 5, 9, 13 and 17, rats in induction and reparation group were intraperitoneally
injected 0.8 mg LPS per kg of body weight while rats in control group were injected the same amount of sa-
line. On day 22 of experiment, 6 rats in each group were randomly selected and received D-xylose by gavage
to determine the absorption of intestinal tract. The results showed as follows: 1) compared with the control
group, in induction group, the average daily gain ( ADG) of rats was decreased and the concentration of ma-
londialdehyde (MDA) was increased significantly (P <0.05) , the activities of superoxide dismutase ( SOD)
and glutathione peroxidase ( GSH-Px) were decreased significantly ( P <0.05) , the liver coefficient was de-
creased by 11.13% (P <0.05), D-( + )-xylose concentration was decreased by 72. 72% (P <0.05), and
the activity of maltase was decreased by 65. 74% (P <0.05) in induction group. 2) Compared with the in-
duction group, the concentration of MDA was decreased by 49.31% (P <0.05), the activities of SOD and
GSH-Px in liver were increased by 40.96% and 35.04% (P <0.05), the liver coefficient, D-( + )-xylose
concentration and the activity of maltase were increased significantly (P <0.05), and the crypt depth was in-
creased significantly ( P <0.05) in reparation group. In conclusion, the composite antioxidants can repair the
intestinal tract injuries induced by LPS and enhance the function of intestinal tract. [ Chinese Journal of Animal
Nutrition ,2011,23(4) :670-676 |

Key words: composite antioxidants; LPS; intestinal tract; free radical metabolism; rats
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