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LPS #1( P<0.05) , f275 TNF-a 4% %% & T CON #£1(P<0.05), CSB3L 4 &% IL-8 & & 2 %
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(P<0.05), 4)CON Wp 358 A LM T LR EBHF K F 24 LPS &, = WA= i sk 24
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1 #RI5H%
1.1 REH Y
A3 56 fr F CSB H 1Y SB & & 30% , i 4

HEH O A RN A4 4R 055: B5 B K % FF i LPS
(12880) 1 H 3% [ Sigma Chemical 23 A ,
1.2 Rigit

AR AE S VT — R B R F 8 P Bk 47 2% B
Sk b T, Wk (4221) Hi® P2
PRTE R (11.79+0.54) kg Fh)“ fE [ 56 A1) <AL B
WA 63 24 e AR AR I B U B AL 53R 4 21, 25
41 (CON 41) LPS 241 .CSB2L #{ CSB3L 4,
CON #I LPS #H /] M JE filt 45] ¥, CSB2L 1 CSB3L
ZH AE FERE R 2 S in 2 13 g/kg CSB, B4 6
MEE,BAEE 1 H¥E, CON H7EE %R 3 h
JFs v B G B A B R K, A &5 A e i T
100 pg/kg BW 055:B5 % LPS, il 7 d, 1E ik
H] 28 d, IRIEWIETEH 07.00 F1 17,00 1] M8 45
R, S E A BHIROKACR B, A 28 K,
MAEFH PR 3 HIEFE TS,
1.3 KXE{AR

SR i R W G SR S IR R IR SR 5
FRUEY (NY/T 816—2004 ) it il A & Fi 2 K 1Y L mdl
AR A B TR LR 1,
1.4 Hm*EE&E

TE 5 28 K 78 76 5 B 55 A0 R AT S kR
1., Z & T 3 000 r/min &> 10 min, —80 CH-17FF
DN RS v e Pl ) I I, FH R e &5 L B 05
SN R A AL BN g 4 2 B, A7 R
FHUK R R 2% v v vk 3 WK, K il AL 2R A A
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Table 1 Composition and nutrient levels of the

basal diet ( air-dry basis) %

i H Items
J5kl Ingredients

4 & Content

“E B Leymus chinensis 20.00
T K H K Corn protein meal 9.60
FE K Corn 32.00
%k Wheat bran 18.00
M1 Soybean meal 16.00
£ %} Limestone 1.00
Tk NaCl 0.40
Y E R AL Vitamin premix" 2.00
LR BURE Rl Trace element premix® 1.00
41t Total 100.00
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I H Items & Content
B 357K Nutrient levels”

TH 5 DM 90.50
fRi5HRE ME/(MJ/kg) 12.53
HEA T CP 19.71
VYRR 4T 48 NDF 30.46

TR YEBE 47 48 ADF 10.48

45 Ca 0.51

i P 0.36

1) ET w44 ZHIR KA One kilogram of vitamin
premix contained as follows: VA 1 000 000 IU, VD,
50 000 IU, VE 500 IU, VK, 100 mg, VB, 100 mg, VB,
100 mg, VB, 200 mg,VB,, 5 mg,

2) BT e L E WIR K54 One kilogram of trace
element premix contained as follows: 4 8 nicotinic acid
100 mg,7Z FR4S calcium pantothenate 200 mg , 2 % FR methi-
onine 1 000 mg , #i %R lysine 5 000 mg,Fe 83 ¢,Cu 5 g,Zn
65 g,Mn 65 g,I 150 mg,Se 130 mg,

3) AR i FAE, HAR ) SEI{H . ME was a calcu-

lated value, while the others were measured values.

1.5 HERNERFE
1.5.1 AKHRE

B R ME B PR i 5 o 1 45 M A R RDRL , THR
55 28 KX F 725 I FRE (LPS AT , it
AoFY HoR B 5 (ADFL) P2 H % (ADG) FUEL
HIL(F/G), HHEAXN.

ADG= (RHE-1HHE) /A5 KEL;
ADFI = Gk & it/ 0 KA
F/G=ADFI/ADG,

1.5.2 I35 £ 5 1 4t 1A

Tt 356 B 28 W B30 ( ELISA ) 32857 &0 I 5 if.

W R AR N F— R F -«
(TNF-o0) | 140}/ R - 18 (IL-1B) . 1 40 g /v
FH-8(IL-8) FIH 4 L /v 2 —10 (IL-10) B9 & 1, 3k
Gl SRR A R AT B ml B iMark
Bigbs A ( Bio-Rad, € [ ) 4 I 7% 450 nm &b fY
JEEE
1.5.3 Jpidis stk

Foe 7 ) AR I vk RS SRR (303k
B AE YRR A PR R ME 13 D-3LR (DLA)
i M A AL (DAO) T 1
1.5.4 a4 40EE

R T E I E A LU B U S K T
A SR 6 wm JE B, I H 95 AOKS #1
BELT gefa, i %24 W 8% & 4t (Olympus Corpo-
ration, H A% ) W54 2] i, ImagePro plus 6.0
W7 i 90 6 s BE (BB T 2 2% B S R s i ab)
FFR s B (W 2% B 58 54 22 1 g VG 38 i) e L IR
B IFT RN E /R,
1.6 HiESH

7 SAS 9.2 #{F 1) GLM 2 Jy i 17 B
7 2243 B (one-way ANOVA) , >k H Duncan (K 7
AT ZE A, I S5 R LU B b5 fE 1R R
7N, P<0.05 HZESF8E,

2 & R
2.1 CSB xtHi % F A KRR T

2 2 Al 1, 5 CON 41 A He, 4l 4R P i
CSB ] . 5 2 /& W 1% 76 £ 1) ADFI( P<0.05),
CSB3L 4 ADG % # = T° CON 1 LPS 4 (P <
0.05),CSB2L 41 ADG 5 H:Afth £ 41 & it % 22 =7
(P>0.05) ., &HMENE/GZFABE(P>0.05)

R2 CSBMETMRFERKEREZIMD

Table 2 Effects of CSB on growth performance of weaned lambs

WiH popiiEE| LPS 41 CSB2L 4 CSB3L 41 SEM PAH
Items CON group LPS group CSB2L group CSB3L group P-value
4hE IBW/kg 12.48 11.23 12.11 11.34 0.27 0.158
A H FBW/kg 15.27 14.00 15.40 14.93 0.31 0.251
P H I E ADG/g 99.69" 98.81" 117.45% 128.33" 5.46 0.039
P HRE ADFl/g 349.77° 350.57" 379.91° 396.42° 7.59 0.002
Rl E L F/G 3.53 3.57 3.24 3.13 0.11 0.261

[T RS R AR A R/ING TR R OR 22 57 3% (P<0.05) , PR,

Values with different small letter superscripts mean significant difference ( P<0.05). The same as below.
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2.2 CSB xt LPS #l# T W 5 = I & & 1 40 B
BAFa=r#IE

M P 1 AT i 2E 2R 2 LPS IR I
TNF-o IL-1B 1 IL-8 & & & 3 T} & (P<0.05) .
CSB2L F1 CSB3L 41 Ifil 7% TNF-a 1 IL-18 7 &1y
f&F LPS 41 ( P<0.05) , Ifil i TNF-o 75 & . & 5 T
CON #H ( P<0.05) , CSB3L #H M3 IL-8 & & i 3
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MmiEEMmENE-soE SRR T-og &

CON LPS (CSB2L CSB3L
405 Groups

5T LPS 41 ( P<0.05) ,CSB2L 4 i 7% IL-8 &
HRMHELEFHARE(P>0.05), 5 CON 4L,
LPS 415 H IL-10 & & o i 3 22 7 (P>0.05)
CSB2L il CSB3L 41 7% IL-10 7% & 2 % & T LPS
20 (P<0.05) , CSB2L Fl CSB3L 41 [a] IfiL 3 % 1 A

T HEILEEZET(P>0.05),
i 15
b1~
[<=% —
TZE0 b
a2 b -
R =
2555
H A5
o 2
Hr
= CON LPS (CSB2L CSB3L
ZH 51 Groups
W
f;ﬂ =) b a -
T SEw0f 2
e 2 2
L ET
253
=
20%,
#r
= CON LPS CSB2L CSB3L

4H 7)) Groups

BARALIEAREA R/ NG TR FOR 2557 8.3 (P<0.05) . K 2 [,
Value columns with different small letters mean significant difference ( P<0.05). The same as Fig.2.
1 CSBXxt LPS RIB TEI AR F MFREHRMEFEEHZMM

Fig.1 Effects of CSB on serum inflammatory cytokine contents of weaned lambs challenged with LPS
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380
£ ool b b
s ==
& = 40
= e
B g
E; 20
g
i <
g2 0
§ CON LPS (SB2L CSB3L
wn

ZH 5 Groups

WY 2 F13 g/kg CSB ] i E F&A% LPS 155
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2 CSB Xt LPS i T B 43 75 3 f7 18 8 & 1 A9 22 0
Fig.2 Effects of CSB on intestinal permeability of weaned lambs challenged with LPS
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[l i 9 B0 A4 0 2 HLHES 4855, b B R 8 AR A1
RN

HHMEE I S8 4 FiR, CON 4 iz 24 2%
IRZERIE S o EHE 50855, LPS 4L Wi oy
YE L T BRARHES) AL, 45 1 o0 B R T 7% .
CSB2L 41 H W 4 A ok ik, CSB3L 41 F M il
2ERH TG L R A LA S BT AR

2 3 Al A1, 5 CON 414H [b, LPS #illi8 i
REAR T 25 P R0 Il g 980 v B RN 980 v B/ B R

pugiiceii!
CON group

LPS#H

Jejunum

LPS group

FE (P<0.05) , %+ 48 M 906 s BE A% = B/ B
R T FH R (P>0.05) , H XN 4 I B
BRI WL (P>0.05) ., 5 CON 4HAf 1L,
TEAR SN CSB i, 25 I A [l i % 6 5 2 B AIG A
90 /R TR R IR Y 15 B 2 R (P<0.05)
CSB2L f1 CSB3L 4+ M EmE L & & T
CON 41 LPS 4H ( P<0.05) ,CSB3L 4 [0l 745 & /& i
FGYE i B/ s TR B 8 2% 55 T CON 4 ( P<0.05) ,
1Ml CSB2L 41 M1 4% 6 o B | e i3 TR B RN 28 o B/ B
WIRES CON IR & 25 (P>0.05) ,

CSB3L4
CSB3L group

CSB2LA
CSB2L group

3 W EFENFAARS
Fig.3 Small intestinal morphology of weaned lambs (40X)
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Fig.4 Cecal and colonic morphology of weaned lambs ( 100X )



2 T AR T TR BN 220 R W03 26 SE 0 R A N W iE s E v S E SRR RE I 959
3 CSB XF LPS Fl# T i 3 3% £ B7 18 4H R RS20
Table 3 Effects of CSB on intestinal morphology of weaned lambs challenged with LPS
I H X R4 LPS 41 CSB2L 41 CSB3L 41 SEM P{H
Items CON group LPS group CSB2L group CSB3L group P-value
+ —481% Duodenum
& Villus height/pum 240.02° 241.89" 272.21° 279.25° 5.63 0.014
[ B3 R % Crypt depth/um 79.68 68.63 65.19 69.81 3.81 0.591
YE =¥/ RS TRIE VH/CD 3.64 3.77 4.21 4.16 0.18 0.633
25 Jejunum
HEEE Villus height/um 309.93° 272.49° 325.03" 321.76° 6.93 0.021
Fss R Crypt depth/ m 75.06 78.42 68.90 67.64 2.23 0.276
YE =B/ RS THE VH/CD 4.48" 3.54° 4.80° 4.82° 0.19 0.044
Bl /i Ileum
HEFE Villus height/um 259.30° 215.19¢ 290.17* 321.22° 9.42  <0.001
Fss % Crypt depth/ pum 71.54 72.81 66.89 66.72 2.81 0.830
Y9 B/ FE WEE VH/CD 3.80° 3.07° 4.45"™ 4.91° 0.17  <0.001

RIS i .

SB A Sk —Ff sl LA in 700 e sh 4 e R e Tz
NFH, BEMEVE B ST R B, FE AR TR RN 2 g/kg
() SB 1] LA 4% = 11 %% ) ADG F1 ADFI,, Tl 87 i
SO VBFFEMAIE 52, 7E AR FR RN 0.5% 9 CSB ] LA
WER G ADG, RIS KB, 78 17 H
s in CSB AT W 3 2 & 25 SF 19 ADFI, H 7
3 g/kgh CSB 1] &g 4 5 26 £ ADG, {HXt F/G
T EHW X5 FR g R A—5, SB H—Fh
R WK, 1 CSB AJ LA 36 3 Flt S5 Wk 92 0F 5 0 %
R, FmE LN EREE ., RS
Yl 2F K B IT R B, T R N LU 2R 40 2/ i
5 TR BRI I 78 4% 4 381 L R £ b A T fiE A 5%
SER AR TR AT DU FR W I L i 1
WA, 0 AR 0 M TS 3R 4 S AR A 6 3 T i
kAR KRR B R

FEARIE H, LPS {45, W% 25 =F 2 0 kG
FRUUAD 3 37 AR I I K S48 0, LPS J& 4
T2 TG T A0 R e SN2 S E b, T B
P2 BRI 75 3 40 M R T 9 s AL A B S, 24 ML
32 3 LPS %534 Yy b JE i i i st 2 i ik i B
TG 200 L P A A0 T PN B 40 AR I — 2R %7 40 i TR
T VA IR A R A A B R R RE RV,
REARBE BT fE M & LPS 4 N F 0k R
GiA 4% IL-18 Al TNF-a %5, TNF-« HE 0% 3836
7 4T 6T O 200 L, 2 RRE S N i AR R B

RN T, 2 5 %5 5%+ —«B (NF-«B)
TG AR P i Tl R, H 5/ S8 — A
TR A Ul A G, Al A g — Ak A A R,
FEDLIR A G0 8 I 24 o B v R FE SR B MR AL
IL-1P A Fhy A% 40 A R 0 200 L RR 55 , 48 E U IE
it R IL-18 ) LAET AR 207 A i R Toll #
SZARTCAR , J38 o 5 /N B2 T R s A
TL-8 J&—Fh 22 41 it >F V5 %) 40 it R 7, 7 40 i A 22
Fob SR A L FRORS IR AR T L TL-10 2 f AT
JiL 43 6 1 — BT 6 40 B R 7, BE % 38 43 B - NF-«B
R 35 Al R i FL b e MR AR B R TG = AT AR
WFoE W1, SB REMS 2% fif K RE L1 . Zhang 25 fff
¥R W], LPS AT b 2 T A XS I IL-1B8 \IL-6
FITNF-a 7% &2, W AR kb 78 SB Al 410 il ifiL 75 v 1L-6
F TNF-a F it (45, R th Ah 2 SB Al i 3 [
G SR B TR A AR AR RS I3 R IL-18 i, THE
IL-10 &2 AR, K B fe s
ETH E AT A LT AR R A BT Y K P R R
SB A LAZEfgax—E4 " SB REASHN K LPS 5%
0B AW R o Y N 7S B il = U
B ORI 4 R B R, LPS i A 4l R 5 0
AT PR R AN F TNF-o IL-18 1 IL-8 75
i EJF, CSB2L 1 CSB3L 2H RE 1 il IfiL i TNF-a .
IL-18 F1 IL-8 & Lo e IL-10 & &\, X
FHE AR A i CSB AT 22 LPS & Wi i 75 2%
PRI RAE RV, SRR AT e CSB /K fif i T iR AI
DL i 30 ) LPS 7% S i NF-«B 3 5% (1 1% v | pE i
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041 2 4 40 B PR 7 1 R % ik AR RE SR

PRI I8 19 56 B PE T ) B8 M2 48 F5 g B K 5
EH BB RE R AT, D gz 2l &5 R B b
Bz AN AR R R i T S M N, DLA EE 2
FLIRAT B | K o FF TR 558 B T8 A0 T %) A%, 5 224 fe =
Y. Tzl sh W ik A B B4 5t DLA 1)
D-FLFR I A , MU kA E A R R 5 R
i b M Bk 1frL Bk 42015, DLA AT 7 i 26 J 52 4651 B 30 556
it i b B HE N I T KR 26, 51 DLA & i b
FH0 ) DAO S —Fh & A I A T e A0 2 i 1)
AR ETEEA M N R, KRAH 95% 776 Tl 3L g
AN ZE T R R TN a1 R S R T R R e e
T RTZ60 B 4 i PR A R B 1 Y B A G, M A B
I 5 e 27 483 e, LR A I YR R b B S 3L A I v
HRG S M 0 R, ARG AN I DLA
A DAO I PR AT s W fizg 6 B 401 10 A& 2 i 3 14
AT OL, A WFIE R B, I8 MR B 0 T R AR 8
PR oL 2 20 M AS Bl B IR, 035 i B e 1) Dy BE
Zou 5 PVHESE K B, #hFE 300 mg/kg SB ] B
V% 46 58 W 1 1R M AE R P X 1ML 5 b DLA & &, A
B 45 R W R, LPS ] 380 mT LA Wy 4% 26 6 i
DLA & & fl DAO 3% b7t , Ui B LPS H| #4838
T Wi BB, (E 4R a3 i CSB Rl LLZE i i 3 8
BT . X AT EESE T SB Al LU i 4 2 /)N
o R0 S 5 3 TR L B 3R A o A P A i R P
(R 23k | DT R RT3 280 8 o s () B 47, L 4h,
AW R, SB Al Lt 54 R 8 G & H
W AZ AR 25 65 VTR TR 4 B 0 S L A 5 e S il R 4
PiipiE R EE . AT R W, CSB RENE MK
LPS %5 5 19 7 5 26 2F 1L 3 TNF-o A1 IL-18 B B
B, FEE— 20 BR U T AT X g 18 38 A Y AR
A ARG ], R 38 ek Y £ O BEOE 25 24 ) B R
BT CSB XA i e A B MGEVE A

FWFGE B, FETRAR R s Jin CSB Al B AIR IR 3E
PEZE I 4 A5 8 21 PR3 gy 38 96 A8 DT 4, RE A5 U 5 A
AIRFEMER & . Dou % BEIE LB, HIRT AR
TR N RS B e I AR B, TEARIR S
2P e WAL T LPS 4H 8] i A E B 95
¥ KB LR R VAN MR 3 i (i 3 R
SLFF7R) . T CSB2L #1 CSB3L 4H % 4% & 4 15 4%
B, UHH CSB BENS I 42 LPS X 7 Zh M5 Y o) 38k, Xt
WV 86 1 50 S R RS B — o 1 LR R i 4 0
FAENL G O T BB R M I B 5. (HJ&,

VIR k& LPS Hll 3ot o] g 463 405 o ok 7 5, & M #0
S5 . RTRESE T LPS 3 s a] 5 g
Mg/, WalfeEh TRBIESA KEME
Y, A A R R KBS AN TR I RE 1, Ah, 5
/NI L, 25 B LA B ) R RHL, X B T Bl iz
BB, AR R, —ALA S
it (14 35 P 2 3R 1Y 36 B () DNl A7 e 25 SR bE R T,
Hre i b o g Y A RGE R A [ g
LPS B 8%, [l iz 40 1/ B 7 & e R B [ L 2
AL

NI R G R B e TR S R B e
TRBE S VT Bl 1 1k 38 X 35 431 1 W Wi i) B B 4
bro PAZRE & R R L R ai i & B s,
98 1R B R R A W CRE D ISR S, A, BRI
JERR R W b R A B R, GRS
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Effects of Coated Sodium Butyrate on Serum Inflammatory Cytokines,

Intestinal Permeability and Intestinal Morphology of Weaned Lambs

Challenged with Lipopolysaccharide

WANG Kexin ZUO Lijun CHEN Xiang JIANG Ning PAN Chunyuan
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Abstract : This experiment was conducted to investigate the effects of coated sodium butyrate ( CSB) on serum

inflammatory cytokines, intestinal permeability and intestinal morphology in weaned lambs challenged with li-

popolysaccharide (LPS). Twenty-four weaned lambs with an average body weight (11.79+0.54) kg were
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randomly allocated to 4 groups with 6 replicates per group and 1 lamb per replicate according to similar body
weight: control group (CON) , LPS group, CSB2L group and CSB3L group. CON and LPS groups were fed
a basal diet, CSB2L and CSB3L groups were supplemented with 2 and 3 g/kg CSB, respectively. Three lambs
in each group were slaughtered on the 28th day. LPS, CSB2L and CSB3L groups were intraperitoneally injec-
ted with 100 pg/kg BW LPS, and CON group was intraperitoneally injected with the same amount of sterile
normal saline 3 h before slaughter on the 28th day. The results showed as follows: 1) the addition of CSB to
the diet could significantly increase average daily feed intake ( ADFI) of weaned lambs ( P<0.05). The aver-
age daily gain (ADG) in CSB3L group was significantly higher than that in CON group or LPS group ( P<
0.05). 2) Compared with CON group, the contents of tumor necrosis factor-a ( TNF-a ), interleukin (IL)-
1B and IL-8 in serum of weaned lambs were significantly higher in LPS group ( P<0.05). The contents of ser-
um TNF-a and IL-18 in CSB2L and CSB3L groups were significantly lower than those in LPS group ( P<
0.05) , and the content of serum TNF-a was significantly higher than that in CON group ( P<0.05). The con-
tent of serum IL-8 in CSB3L group was significantly lower than that in LPS group ( P<0.05). The content of
IL-10 in CSB2L and CSB3L groups was significantly higher than that in LPS group ( P<0.05). 3) LPS chal-
lenge significantly increased the D-lactate (DLA) content and diamine oxidase (DAOQO) activity in serum of
weaned lambs ( P<0.05). CSB2L and CSB3L groups can significantly decreased the DLA content and DAO
activity after LPS challenge ( P<0.05). 4) The morphology and structure of intestinal mucosa were intact and
the villi were arranged neatly in CON group. After challenge with LPS, the villi of jejunum and ileum were dis-
orderly arranged, with different heights and swollen villi. In CSB2L and CSB3L groups, the villi of jejunum
and ileum were relatively complete and neatly arranged, the degree of swelling decreased, and the epithelium
was slightly exfoliated. In LPS group, villi epithelial cells were shed, glands were arranged disorderly and co-
lonic villi fell were slightly shed. There was slight edema of cecum and colon in CSB2L group, and there was
no obvious exfoliation and edema of cecal and colonic villous epithelium in CSB3L group. The villi height and
villi height/crypt depth of the jejunum and ileum were significantly decreased ( P<0.05). The decrease of vil-
lus height and villus height/crypt depth in jejunum and ileum were relieved in CSB2L and CSB3L groups ( P<
0.05). The villus height of duodenum in CSB2L and CSB3L groups was significantly higher than that in CON
and LPS groups ( P<0.05). Compared with CON group, ileum villi height and villi height/crypt depth were
significantly increased in CSB3L group ( P<0.05). It is concluded that dietary CSB can alleviate the stress of
weaned lambs challenged with LPS | inhibit the increase of serum proinflammatory cytokines and intestinal per-
meability, then improve intestinal morphology and maintain intestinal health to a certain extent.[ Chinese Jour-
nal of Animal Nutrition, 2021, 33(2) :954-964 |
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