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i OE: ARKBREAMRTRARE T 2 APl F T B A7 KU MELF il s
i A FA SRR AR R EE G RAN YR, X RN 2x2 B F &, 45 (21+2)
B AREALGRORBEXE LA LR EH 12 k, AL R 2 N4 (A IR A Fo ik I
S) ;%P (2122) B K EMAAGHXEXK Z LR AH 12 Kk, MALS &R 2 AN (x5 B
Ao X I ) AN 6 AN E A, A, SRR AL AR R B AR X 6 40 39 4R K Bh A AR+
5x10" CFU/kg TEBRAR H 4] 71, RIEFRXN 3 d, EXH 14 d, R AW .1) 5485692 B 248
o2 AR I AT 5 e AR B 3 R F R A (P<0.05) , E e ml e R BB E/ T8 FREY B %
& (P<0.05) , ik P D-JLB & F3H L FBAK(P<0.05); — AR N ABRAFTHZHIMEG
1( claudin-1) #= & #% claudin-1. % F &£ B & G 1(Z0-1) 4% @ (occludin) mRNA #8 % & & K
T3 B HR G (P<0.05) , =07 R AT % M ZO-1 #= occludin mRNA A8 34 & i K P39 2
FRZH(P<0.05); =T & KB 4AFH = W 56 B P Toll # % 4k 2 (TLR2) . Toll # % 1k 4
(TLR4) ZEF 5B T 88 (MyD88) #= = My £6 12 F TLR2 . TLRA B #m Jo ik & J& & & 3 ( Bcl3)
mMRNAA 3 & kKT B F 325 (P<0.05) , =70 4 3R I 204 4 = i 45 J5t 7 TLR2 A= = ) 46 it
¥ TLR2 . TLR4 . MyD88  Toll 4£ Bl %& & (Tollip) . Bcl3 mRNA A8 3F & X K-F ¥ 2 F R FH (P<
0.05) , 2) =7L7k XX I 47 # = B claudin-1,TLR4 #= MyD88 #= & ## claudin-1.ZO0-1 . occludin
mRNA #8232 E KPR EH T =45 L RBAF ¥ (P<0.05) 122 AR L ABEF KD H
FEIE W TLR2 | TLRA  Tollip #» Bcl3 mRNA 48 %% & ik K -F & FAK T =0 % L X B A1F 8% (P<
0.05), % LA TR A RBILRITHME LT 0 E 2 44T XIF% WA TLR2/4 15
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PRSP A M AR AP A A
A PTARRIR 5 Gl Jy SR el R
PR AT 2 S A S B TR P ) 32 S i
IR A G, JeR I SEACK B T A
[ By 2l 7, 3812 ) oA R B — T A% 79 55
B PO A 7 R R IR B T B AR =0 AR S
TOUIRAIE MBI 2R SHE M AT RR A A A A
A DL R A, B R A R R A B
GRAE ST RIS AN [R50 ) HRATE RE 1 7 1T ¥ R B i —
RIS XA R 22 A G, 18 S5 EAN
(K384 T SR DA OG0, DRI R, S5 AE =
TLASLHE S IR SR L, HA B 1 AR R
JE B R S A T 0T 2% A8 A 1 DR A
R GEHRI R T = on e s . AR R RE KRR
FIAE R R IR S A BE TS R B, = D0 AR S8 H T —
TEASE R B WA S E R AR MK
RETEHREH G KR ZITRSHEM L, =TT a4
SRR L IR AT R RS % YR IR UL
R R R IR AT R AR T O e s
(ELIE: | X AN T 5 A% 15 5% 4 i 3 e e 20 i 1) 941 35 £
PSR ATAE 22 53 S o3 5 AL H AT R W ARGE
DR, ASBIE T 2 ol 3t £ 5 35 1 18I 403 £ 5% A
WFFEXT AR, i A A T AR I N A 48 i 18
T s B B R YR B Z AR R R
AL A G H8 AR B2 WL, 46 78 T BRAR B 14 35 2 A
AT A4 i T8 B B D) RE B A T R 1AL
il A BRAR TR AR TR AN [ 38 A T 4 M T fet
PA T VR Y 22 S 4R AL B, 3 O T MR AR TR AE AT 4
TRDAR L 8 R P 2 G B R Hl

1 MRERZE
1.1 Rt

IR 2x2 P, 288 (21+2) H ik,
At R I R R N (8.59+2.08) kg HY“ R
WX TEE " T InA s g 12 Sk BN AR 2 A4
(A AXIRA B i), 46 MER,
FRRISE BERE(21£2) HiS fREDIROL R 4T AR
HF(6.97£0.68) kg BY“ FHif% i x K HAxKH” =JC
ARG 12 3k BEVLA B 2 N4 (C 4l X R4 |
D ANIRELL) , Fd o MEE, PR, TR
£ 1A ] W R Tl ) A 6 2L 35 ) R K il A R 4+ 5 x
10" CFU/kg T M2 ¥ 1 il 77, MR E 77 =% Li

AR SRRV R BB B SR IR 1,

x1 EARAMREFKFE(KTEM)
Table 1 Composition and nutrient levels of

the basal diet (air-dry basis) %

i H Items £ & Content

J5 Bl Ingredients

E K Cormn 63.20
FH Soybean meal 19.00
FLi# Dried whey powder 4.80
£t ) Fish meal 8.60
% Glucose 1.00
FRALF Acidifier 0.30
WA A4 CaHPO, 0.60
RIRES CaCoO, 0.70
S AkH NaCl 0.30
L-H A R R L-Lys - HCI 0.30
DL-#E% % DL-Met 0.10
L-f W2 L-Trp 0.10
TRkl Premix" 1.00
A11 Total 100.00
H K Nutrient levels®

fRifE ME/ (MJ1/kg) 13.60
#ia R Lys 1.39
HETR Met 0.53
HEH BT CP 18.75
#e Wi EE 3.42
5 Ca 0.88
S TP 0.71
LT 4k CF 2.20

VR R A B T v A AR 42 it The premix provided the
following per kg of the diet: VA 12 500 IU,VD 1 250 IU,VE
125 1U, VB, 90 pg, VB, 10 mg, VB, 35 mg, VB, 48 mg, i}
2 folic acid 4.5 mg, 4= #¥J & biotin 0.25 mg,Fe (as ferrous
sulfate) 130 mg,Zn (as zinc sulfate) 180 mg,Cu (as copper
sulfate) 15 mg,Mn (as manganese sulfate) 30 mg,I (as po-
tassium iodide) 0.25 mg,Se (as sodium selenite) 0.25 mg,

D AREAE R R R R O TR, AR S S,
ME, Lys and Met were calculated values, while the others

were measured values.

AR U0 A LT B A B 5 T B sk 5
DT, FTA M B R B FROK, H 4 R 4R
Hil7E 25~28 €, W3 A A (3 d) MR
(14 d) , WK BIAF 3 T A B R 5 #F A E
PRI N B HOULER AT 6 0 fa B 0, 10 S8 BT A1
W RIS Z5E B, oAb 55 48 SR g 72 )7 5
HATHE R IR R R P AT
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1.2 m#E . ZFMAEFGEERNEE

RIS LSRRI HIAR 12 h 288, A
R HE AT R G KSR 1ML 10 mL, i R [ S
4 T 4 000xg &.0> 10 min, B 1, -80 CTIRAER
M., H&A MR M (K,EDTA) i JC
EWEATRIIE KR L 10 mL, BIRIR ), 4 CTHRAF
£ SR 45 SR AR AR B, TG B A% 1 R
FITFRE I | 43 88 I R 4 25 i A [l gy vh B 7, I
W2 2% ik (PBS) th Bk I, 400 2 W 43 — 8B40 B
R 3 R B TR A A T, 80 TR
F 5 59— 843 57 BIVE T 4% B A 21 T AR v 78 43 1]
SE TG A5 o TSR 23 g 0 ] i M B3 24 4 ) 4 BBUA ()
AL,
1.3 EHmMEM T %

R4 B sh I 53 BT BC-2800 (I )
R ot H BAE B (8 APk U1 A AL (RM2235 ) il
YEAEYI R, IR R 21 (HE) %, 3 H Image
Plus 6.0 S1F F1 B &G 50 47 22 40 I 2 0 6 o B
FBRETIRAE R JH i K 4 9% W X965 ( ELISA ) ¥
5 i3 R D—FUER (b I AR R B R
A)) IR AE ] F —o ( TNF-a ) ([ e A= 9 T
AR AN R -8 (IL-8) ( i FE I
Y TRRARRA R & &M A8 Ll ( DAO) i M
( LR A R A RA R .

K 82 i 56 e 5 1 PCR K6 fizg 266 6 v a8 P 2

H 1(claudin-1) \BHEHEHA 1(20-1) HHHE
I (occludin) \TNF-a IL-8 . Toll 32 4& 2 ( TLR2) |
Toll HE5Z 4K 4 ( TLR4) HEHE 5340+ 88( MyD88) |
B 40 fifd bk [ 9% &5 B 3 (Bel3) . Toll 1 i A
( Tollip ) FNHERR H I e I =L ( GAPDH ) 5& [H (1) &
ik, BRI AERER LTS R A T A
TR ) Befn A R A B, 51907 91 WL 3% 25
FIH T165-48 Z 4 i AL LU EE AL 5 125 i A [
J ke S B, ] Taco™ RNA R & 4 BUTH# 25
a7 4 41 & RNA, #% B8 All-in-One™ First-
cDNA Synthesis 1251 & U 91 5 #24E 20 B4 &L RNA
Wikk 5k cDNA, #% 8 SYBR ® Premix Ex Taq™
P IR AR UL B EAT S 2 2 i PCR
RN ZZ Bl DL 3 pL cDNA N 4
& Z N 20 pL #4T PCR ¥ 14 , ¥ 1 claudin-1 . ZO-
1.occludin , TNF-o . IL-8 , TLR2 . TLR4 ,MyD88  Bcl3
H Tollip B) mRNA FHXF IR K-, SEIF 28O0 0E =
PCR J % &4 :95 € 10 min;95 C 10 5,62 C
205,72 C 15 s FREZOLE T ,32 MEH ;72 C
10 5,95 C 10 s, H3IREZOLF S . BN
TRV R 28 336 e Si ) BE AR R Sy [ 4 X6 IR TR B
BN i 255 AR L 1) 9 SR S ) B A5 304 B
(5 S 19 76 R 8 (Ct (8 , R FH A X 2 & %
27 A TR

®2 5lMF7

Table 2 Primer sequences

BEH ElkZ0E2 ]

Genes

Primer sequences (5'—3")

REEFNIN
Product size/bp

1B ki
Dissolution temperature/ C

HaEN

F:ATGCTTTCTCAGCCAGCGTA

Occludin R:AAGGTTCCATAGCCTCGGTC 176 02
T o st -
wewnEn i LoNOTSTDOGTCr .
waERT e TSCSTOOTRTITITDCONT .
-
-
Toll BES2 1k 4 TLR4 F.CCGTCATTAGTGCGTCAGTTCT 100 62

R: TTGCAGCCCACAAAAAGCA
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Genes Primer sequences (5'—3") Product size/bp  Dissolution temperature/ C

F:GTGCCGTCGGATGGTAGT
ke 4 , : .
BEFESMEIN T 88 MyD83 R:CAGTGATGAACCGCAGGAT 173 02

F:CGACGCGGTGGACATTAAG
4 v b} p .
B ALK EREH 5 Bel3 R:ACCATGCTAAGGCTGTTGTTTTC & 62

F:TACCGTGGGCCGTCTCA
Toll Tolli : 5 2
oll I Tollip R:CCGTAGTTCTTCGCCAACTTG 7 0

F:GAAGGTCGGAGTGAACGGAT
MR H I IR 2B GAPDH ) 150 62
BHEH ARG G R:CATGGGTAGAATCATACTGGAACA

1.4 HESit

PIEE Sk ¥ R B 547 5811, FH Excel 2007 X
IR F AT 20 AL B R SAS 9.2 Seit R fFrh
) GLM #8 F 8 2x2 K Ab B 317 05 22 53 B
MZH 45 R LP S EMBE R fE R LR | P<
0.05 NZEFRZE,

2 HRESW
2.1 TERMREX 2 MFREMILE MIEFRH R0

TUARASHEXT HRAL (C 4l) AL, A A0 Me A H 20 40
BOH ML A S A R TC R = R (P>
0.05) o 4395 AH R 4 X BEZH AH BE, — 00 2% 28 iR
41 (B 4) Fl = Jn 24 3SR 41 (D 41) 19 H il i
BH ZLAMEECH LT8R R MR H s
TSEENIEEBUE, b A 4l B 2040k
HAUML A& EES AR E(P>0.05) , /M H
PR ERIIN(P<0.05) ; — e EIE 45 = In A
AR, A H LB E L

H132 3 A1, 2 i IR A (A 4 f = EAIAIMRCE B IR 2E 5 (P>0.05)

3 TEHEREX 2 MFELERIERHNZE

Table 3 Effects of Clostridium butyricum on blood routine indices in two breeds of piglets

| P {H P-value
2H 51 Groups .
N Reference SEM L TR TR T R
Items range Breed Clostridium  BreedxClostridium
A B C D butyricum butyricum
Y%
4k %ZHQ 17.75 16.32 17.03 15.75 11.0~22.0 1.65 NS NS NS
WBC/(x10°/L)
g H
it 12 6.89 6.43 6.78 6.31 5.0~9.5 0.32 NS NS NS
RBC/(x10'2/L)
IM£T 2
124.50 111.90 121.30 107.70 99~ 165 5.26 NS NS NS
HGB/(g/L)
IIN% g5
° 388.60° 679.10° 381.70° 657.80° 200~700 11.70 NS <0.05 NS
PLT/(x10°/L)

NS FIR2ZE AR (P>0.05) , [AATEHE A bR o7 BESUR [ /NS 5 REROR 22 5 AR B3 (P>0.05) , R IRI/NG FRERIR
X2 B E(P<0.05), FEF,

NS mean no significant difference ( P>0.05). In the same row, values with no letter or the same small letter superscripts
mean no significant difference ( P>0.05) , while with different small letter superscripts mean significant difference ( P<0.05). The
same as below.

2.2 TERREX2 MFEFEREHNZM
TR RNE 00 4 S AN = 02 S A g

[ I A S M YRR WL 3% 4, IR AR, —O0R 2L
XS B2 5 = J0 A4 S8 X BRAL A Lo, A7 0 =S i 4
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EmE R T E/ R “Wﬂ%ﬁ%
#Z 5 (P>0.05) -ﬁj‘%ﬂ'ﬁ*ﬁfé’ﬂﬁﬂﬁéﬂ*ﬁ e, —
RGNS LN =TT 24 3K A B0 AT 5 =S %%%m
JE B TS (P<0.05) , BREIREEF AR E (P>
0.05) , 9 i B2/ B a8 VR 2 3 T (P<0.05) 5 —
TEA IR 5 = I A2 S MR I AL AR UL, A7 A
2 BB RS B R (P<0.05) |, TTZE = A

BEIRIE YT E 22 5 (P>0.05) ;43 W) 5 40 W B o
FRIAR LL , =0 2% S8 3 i 00 A1 RN = 0 2 58 0 i 5
HAFHE I 96 B & T (P<0.05) , Fass T
JE R E AR (P<0.05) , 90 W R/ R R Y B 25 T
5 (P<0.05) ; I I 4 5 = Jn 42 28 ik
WA AP R E S R IR IE MY E S
B/ BB IR E ) TC . 35 2 % (P>0.05)

MR 245 5 m] AL AR IR I T R R TR X A A
NI R E AR

éﬂi%%‘ﬁ/ﬁ%%‘f’”‘ﬁmﬂ%ﬁfﬁg(bo 05) .
TCAR AR A5 = o0 2% 38 X IR 4 A
54 ,f?%ﬁl%éﬂz%mlz NGES (’%E%ﬂéﬂz%ﬁg/

Table 4 Effects of Clostridium butyrtcum on morphological structures of jejunum and ileum in two breeds of piglets

P {& P-value
215! Groups
o SEM g TRREE TR
Items H Clostridium BreedXClostridium
A B C D Breed butyricum butyricum
75 Jejunum
HEBEE VH/um 328.90° 349.10™ 337.70" 360.20°  5.42 NS <0.05 NS
P R E CD/um 133.20" 130.20° 137.80° 137.90° 2.78  <0.05 NS NS
YT/ FEHE v/C 2.47° 2.68" 2.45° 2.61°  0.04 NS <0.05 NS
[A1fi% Tleum
TR VH/ um 342.10* 361.20° 341.70° 360.50°  5.58 NS <0.05 NS
P8R E CD/pm 139.30" 129.10° 140.10° 131.50™  3.57 NS <0.05 NS
HWERE/ BRERE V/C 2.46" 2.80° 2.44° 2.74°  0.06 NS <0.05 NS
2.3 TERBEX 2 MFEFERSE NI JCA AR AT TG D-FLMR & w0 T

TR R TR 2 B AT H6 I35 D — LR & &t Fl

DAO ?ﬁﬁﬂﬁ%ﬂl’w # 5, HERWH, LR
Xt IR A5 = ou 4 s o B A L, A7 0% 1l D-FL
R & & Al DAO i ﬁﬁ%ﬁ%%%’(bo 05) ;4%

[%(P<0.05) , .7 DAO I M ¥ REAR, (H 22 R IR
B#FH(P>0.05) ; IuZ4 s8I A5 = u 4 sc i
WRICH A L, 175 13 D-FLIR & & F1 DAO % %
¥R #EZER(P>0.05),

I 55 A N B 6 BEZH AR LY, T A4 s KA AR I 4 A =
K5 TEBEEN 2 MFREME D-ILFBEEF DAO EFHEHEIN

Table 5 Effects of Clostridium butyricum on serum D-lactic acid content and DAO activity in two breeds of piglets

P {& P-value
215! Groups
it SEM g TEHE EFTREE
Items ];n q Clostridium BreedXxClostridium
ree
A B C D butyricum butyricum
D-FLR
A 2.30° 1.85° 2.25% 1.70° 0.09 NS <0.05 NS

D-lactic acid/( mmol/L)
Z WA LB DAO/(U/L) 4.03 3.61 3.91 3.82 0.25 NS NS NS
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24 TERREMN2MIEREZREEZEEA
e o= 0p- Al

TRRAR X 2 P HE i B % iR R A
IS WL 6, FRATHN, —Jn4% s X B4l 5 —
T HEXT BB MY, P52 W claudin-1 ., ZO-1 FlI
occludin mRNA #H X} & 15 7K ¥4 o i 3% 25 5% (P>
0.05) , 4355 A0 R B XF FERZH AR B, — e 58 3 3k
IS AR 23 1% claudin-1 mRNA A% 3655 7K F g 2
P (P<0.05) , 25 ZO-1 il occludin mRNA AH X}
FIRAKFBEARE HZEF AR (P>0.05); =70
FA MR B0 AT 35 25 W ZO-1 Al occludin mRNA
FAXF KK B 5 (P<0.03) , 25 % claudin-1
mRNA X R IR K B A e (HTE W 2% 5% (P>

0.05) . —JuAAC IR 5 = e e A i e 21
M 75 25 % claudin-1 mRNA A%} 26 35 K 5
FHEE (P<0.05) , 25 ZO-1 Fl occludin mRNA #f
Xt kKT B E 25 (P>0.05)

43501 55 A N ) R BR AL A B, ot 24 38 i R B
HAF%E M1 % claudin-1 ., ZO-1 #1 occludin mRNA #H
XA K B T (P<0.05) , =04
A A1 % 7 5 claudin-1, ZO-1 F1 occludin mRNA
X R IB A BA RS, HEF AR E(P>0.05);
TOUARH R A S S oA s I K LA B, AT
¥ 181 % claudin-1,Z0O-1 F1 occludin mRNA #f X}
TR 2 4 1 (P<0.05)

F6 THREN2MAEHERTEREARIENIM

Table 6 Effects of Clostridium butyricum on intestinal tight junction protein expression in two breeds of piglets

P {H P-value
205 Groups
i SEM g JREE WX TR
Items o Clostridium BreedxClostridium
A B C D Breed butyricum butyricum
Z= 1% Jejunum
# % E 1 Claudin-1 0.99° 2.16" 1.01° 1.30° 0.18  <0.05 <0.05 <0.05
BEGERE N 1 Z0-1 1.00° 1.41° 1.02° 1.62° 0.21 NS <0.05 NS
P& Occludin 0.99° 1.38®  0.98° 1.64° 0.22 NS <0.05 NS
[ % Tleum
£ A& 1 Claudin-1 1.00®  2.69° 1.00° 1.13° 0.15  <0.05 <0.05 <0.05
BEEHER 1 Z0-1 1.00® 1.76° 1.00° 1.08° 0.14  <0.05 <0.05 <0.05
4% 1 Occludin 1.00"  3.28° 0.99° 1.15° 0.22  <0.05 <0.05 <0.05

2.5 TERRBEXT 2 Fh{F¥E miE 1R X 1440 M E F
SENEN

TRRAR B XT 2 R AT 4 it 5 12 96 M A X 1%
SR LA 7, RV, T 2% 3 X B4 D

43 55 R0 7 8 X6 I ZH AR FE 0T 4 38 B 5 4 A
T4 A HE I A AT $ 13 Y TNF-o F1 IL-8 119
R HERARE(P>0.05) ; ZI04k
IR B 2R = J0 4% 38 R R I 4 AT R Il

SICZRASHE X IR L AT L R R 4R TNF-ofl IL-8 & S22 5 R B35 (P>0.05) .
P TNF-a #l IL-8 1) & i JC .3 2 5 (P>0.05) .
7 TEREEX 2 MFELBTREHBEFESEHZM
Table 7 Effects of Clostridium butyricum on serum pro-inflammatory cytokine content in two breeds of piglets ng/L
P {& P-value
215! Groups
5 H SEM g JEEE TR
Items ];:ee q Clostridium BreedxClostridium
A B C D butyricum butyricum

bR IR SE IR F—a TNF-a 23.62 24.13 26.75 29.02 3.89 NS NS NS
40 S R -8 IL-8 17.08 17.52 25.31 28.89 5.20 NS NS NS
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2.6 TERBEXT 2 #{F3E/NF Tol EZ K &R
EESEBHEXEFRIENZIT

TR T 2 RT3 /N Toll B Z AR (5
I A S TR AA R WL 8, RN,
TCZ% 3K Xt BR 21 R = o0 2% 22 4 i B A A L AT 0
23 gy A1 (7] g 26 B TLR2 \ TLR4 . MyD88 | Tollip Fil
Bcl3 mRNA FHXF R 7K FTC i 3 22 & (P>0.05) ;
K423 g Al g 266 B P TNF-oo F11 IL-8 mRNA A
XF FRIRIKF- 28 5 A8 .3 (P>0.05) , 5L & 5 1)
WFFE s R — 2, 43 555 40 W 0 4 BRALAH H
Zons s R AT A A R h TLR2 [ TLRA 11
MyD88 mRNA HX} ik K- g 4 75 ( P<0.05) ,
23 %k i Tollip Al Bel3 mRNA AR 36 1k 7K - B
A4 R E P2 5 (P>0.05) 5 =I5
I AT 2 W B D TLR2 mRNA A %} 36 35 7K
WERE (P<0.05) , 55 n W TLRA . MyD88 Fil
Bel3 mRNA FHX k7K BOA #2535 Pk
Z57F(P>0.05), A2 555 B Tollip mRNA #H
XFF R K BA AL, BT B & 22 7 (P>0.05) 5
TGRS IR LR = O s S i IR 4 M L L AT

1523 L i TLRA F MyD838 mRNA AHXf 223k 7K
S g R (P<0.05) .

43900 55 FH B4 6 BE AR b, 0T 2% A R IR
ZHATH% 100 i 26 B o TLR2 | TLR4 F1 Bcl3 mRNA #f
X TR K B3 S (P <0.05) , 18] Jig
MyD88 Fl Tollip mRNA #HXf 3 ik /K F B A £ 5,
B2 R AR E (P>0.05) ; = JICZ KR 5 4 AT 5
[l iz %5 B o TLR2 . TLRA . MyD88 . Tollip F1 Bcl3
mRNA FXF 35 K35 8 3 48 & (P<0.05) , TG
ZeAHE RIS 4 5 =TT 4 2 e A L A7 5 [
[ EE i b TLR2  TLRA Tollip 1 Bcl3 mRNA #H X%f
FIR K 2 AR (P<0.05)

PR, ] R AR 0 T PR AR 1A AT DA R T R A
WM =JCARA2 K /M v TLR2/4 15538 #% A ¢
B mRNA M 238K (HE X 04585
= JCA A G It vh Toll R 32 7R G 58 15 5 18 # 19
PR EE A AR 22 7, Hoh s i o Zon A sS i
PR R B R, [ g v X = O 4 5 B I R 4 R
B,

RS THREX 2 MFH/IG Tl EZE B ESEREXEFRIENEZN

Table 8 Effects of Clostridium butyricum on expression of cytokines related to small intestinal

Toll-like receptor immune signaling pathway in two breeds of piglets

P {H P-value
2H %) Groups
i SEM g JREE XTI
Items HH Clostridium BreedxClostridium
A B C D Breed butyricum butyricum
75 Jejunum
fihJ@ R FE R - TNF-a 0.98 1.08 1.01 1.21 0.11 NS NS NS
HAfA-2E -8 IL-8 0.99 1.08 1.05 1.19 0.11 NS NS NS
Toll F£5Z 44 2 TLR2 1.00° 1.86° 1.00* 1.62° 0.26 NS <0.05 NS
Toll F£5Z{4& TLR4 1.01° 2.18° 1.00° 1.33 0.15  <0.05 <0.05 <0.05
BERE LN T 88 MyD83 1.00° 2.41° 1.00* 1.29° 0.18  <0.05 <0.05 <0.05
Toll fEHE M Tollip 1.00 1.13 1.00 0.91 0.11 NS NS NS
B 40k LR 2 1 3 Bcel3 1.00 1.42 1.01 1.19 0.13 NS NS NS
[B i Tleum
BiRE SR FE N - TNF-a 1.00 1.23 1.02 1.09 0.11 NS NS NS
H 40 & -8 IL-8 0.98 1.22 1.00 1.19 0.11 NS NS NS
Toll FE3Z {4 2 TLR2 0.99° 1.81° 1.03* 4.46° 0.25  <0.05 <0.05 <0.05
Toll F£5Z & TLR4 0.97° 1.78° 1.00* 6.55° 0.27  <0.05 <0.05 <0.05
HERESM LR T 88 MyD88 1.00° 1.21°  1.00° 1.50° 0.16 NS <0.05 NS
Toll fEH#H Tollip 1.00* 1.23* 0.99* 2.95° 0.20  <0.05 <0.05 <0.05
B 4 etk BB A 3 Bel3 0.99* 1.86" 1.02° 3.92°¢ 0.32  <0.05 <0.05 <0.05
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{2 Fhist e AT I E LT, M m 4L E

A I LR Be Y fe, BA AL 2E 4755 1 18 1
WSS 5 1) B I T BE o
3.3 TERWREX 2 MFREGIEEE N

i T A LS R 1) S S R i R — VI IE R
IR AU AT >4 18 b S SZ B 3 PRS0,
B BERE R IR, S EUG IE R B R kL W
B Z AN T LU= A D-ZLER A =9, 24 1% i
PRI N g 18 AR AR ) K i D-FL R
AR A W, s D-FLMR & A e
DAO 23/ R L2 9% E b HAT & B 1 1
4 R P ity HL 0 P 55 2R RS A B A A% TR R R 1 S B
BN, BE S S W i 18 HIL A 5E R 1 5 B 1 R a2
PAFEEE . DR, 13 B D-FLER % & I DAO i
PRI S e T K7 240 A R 1 a7 0 AR R 3 VR A R
T gy T 3 s M AR AR B R AR A RS R,
TR IN T FRAR 1 ZIU-F1 & 58, % W i 475 1
EH D-FLIR & = Al DAO 151745 A ] A2 B ) %
iR, AR EE R R, kS =
W Z BN IME D-FLIR & & DAO WG YEIR A 3%
5 LU 2 P4 H R IR 2 T R A i g 4]
D-FLIR &m0t FEZH 3 B 25 T, DAO IR A
TR HZERARE 5 ERET AR S R AL,
BRI, T R A2 TR RE 6 41K i 266 B 325 7k | O HLTEB%
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3 TEREAXN2MIERMEEZETEEEBQ
FRixH
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i 3 I B ) 3 O R AR R AR SR R R R
EREEYE, BREEmZSAIEOHR, b
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F2 0 B & M ARG B8 /N4y F R 43 F ; clau-
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TR Z 5 P K 40 A L R 40 M Y R A
224 AR R i A R S R S AR, Rk, &
Il claudin . ZO F1 occludin 1 mRNA FE ik &2k 2
WFoE it B B T RE se MY | B R A2, TR
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PR TR RESE AL 1 I 1B N A o DA 0% 39 5 70 Jig 1 ik
RE AR A A F R E AN
Tk BORRAR R AR FER , BRI, —
S R AT DL Y R A L ARk TR B
W — S R R A LA 1 A R BT e
FF5E N B 2508 LR B ( Lactobacillus rhamnosus )
BOGE R, #2087 2 1 B B b Zo-1 1 occludin
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EEEREARL T, 0 LR e,
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3.5 TERREX 2 MFHE /NG Tol HZE%E
ESEEEXEFRENI N

TIRAR T LA 4098 R T aE, )RE R 3h
Y B S BE SO Toll #5244 J& T8 =R 1)
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Piglets with Two Genetic Backgrounds and Its Molecular Mechanism

LI Haihua' LI Yupeng®® WANG Liuyi® WANG Wenjie® QIAO Jiayun®™
(1. College of Animal Science and Animal Medicine, Tianjin Agricultural University, Tianjin 300384, China; 2. Tianjin
Institute of Animal Husbandry and Veterinary, Tianjin 300381, China; 3. Tianjin Normal
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Abstract; This study was aimed to investigate the effects of Clostridium butyricum on the health status, intesti-
nal development, intestinal barrier function, serum cytokine contents and mucosal immunity key protein expres-
sion of weaned piglets with two genetic backgrounds. A 2x2 factors design was used in this experiment, 12
“Northeastern indigenousxBerkshire” black piglets with similar body weight and (21+2) days of age were se-
lected and divided into 2 groups ( control group and experimental group) , randomly, and 12 “DurocxLand-
race xYorkshire” white piglets with similar body weight and (21+2) days of age were selected and divided into
2 groups ( control group and experimental group), randomly. Each group was divided into 6 replicates and
each pig was fed in single column. Weaned piglets in control groups were fed basal diets, and those in experi-
mental groups were fed the basal diets supplemented with 5x10'" CFU/kg Clostridium butyricum preparation
for 14 days after 3 days adaption. The results showed as follows: 1) compared with the each control group, the
platelet counts of piglets in the two experimental groups were both increased significantly ( P<0.05) , the villus
length to crypt depth ratios in both jejunum and ileum of the two kinds of piglets were increased significantly
(P<0.05), the serum D-lactic contents of the two kinds of weaned piglets were decreased significantly ( P<
0.05) , the claudin-1 mRNA relative expression level in jejunum, and the mRNA relative expression levels of
claudin-1, zonula occludens-1 ( ZO-1) and occludin in ileum of piglets in binary hybridization experimental
group were all increased significantly ( P<0.05) , the mRNA relative expression levels of ZO-1 and occludin in
jejnum of piglets in ternary hybridization experimental group were both increased significantly ( P<0.05) , the
mRNA relative expression levels of Toll-like receptor 2 ( TLR2) , Toll-like receptor 4 ( TLR4) and myeloid
differentiation factor 88 ( MyD88) in jejunum mucosa and TLR2, TLR4 and B-cell lymphoma 3 protein ( Bcl3)

in ileum mucosa of piglets in binary hybridization experimental group were increased significantly ( P<0.05) ,
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and the mRNA relative expression levels of 7LR2 in jejunum mucosa and TLR2, TLR4, MyD88, Toll-interac-
ting protein ( Tollip) and Bcl3 in ileum mucosa of piglets in ternary hybridization experimental group were in-
creased significantly ( P<0.05). 2) Compared with the ternary hybridization experimental group, the mRNA
relative expression levels of claudin-1, TLR4 and MyD88 in jejunum and claudin-1, ZO-1 and occludin in ile-
um of piglets in binary hybridization experimental group were increased significantly ( P<0.05) , but the mR-
NA relative expression levels of TLR2, TLR4, Tollip and Bcl3 in ileum mucosa of piglets in binary across ex-
perimental group were decreased significantly ( P<0.05). In conclusion, Clostridium butyricum can improve
intestinal development of piglets, activate TLR2/4 signaling pathway in intestinal mucosa of two genetic back-
ground piglets, promote the expression of key negative feedback factors in the pathway, increase the expression
of tight junction proteins, decrease the intestinal mucosal permeability, improve intestinal barrier function, and
there are certain differences in the regulation of intestinal barrier function of the two genetic background weaned
piglets. [ Chinese Journal of Animal Nutrition, 2019, 31(10) :4647-4658 |

Key words: Clostridium butyricum; binary hybridization; ternary hybridization; weaned piglets; Toll-like re-

ceptor 2; Toll-like receptor 4
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