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B E: KRB S AR LR ENE G EE (MAPK) 13 5 i@ 3 49 4] 7 43 b7 515 8% % &
FelpiB L Hon, AR EL A 5.8 kg 6924 % 21 B #AA x K x K BF w475, AL R 4
20,4 6 Sk, XIS B 5 ET 30 min 4 ) B 24 p38 MAPK #7 4] 7 ( SB203580, T 41) .c-Jun
N Kk B (JNK) 47 4] #] (SP600125, 11 20) A= f 4815 5 8 ¥ ¥ B 1/2 (ERK1/2) 47 ) 5
(PD98059, T 48 ) , x40z A SF F a9 £ B HKk . T 45J5 36 h BFEFHBAR AN, &R AW
| B2 MAELGHEFRARLGH /B REHNIZESH TABA(P<0.05) & REZFIKT R
(P<0.05), I AZMALZHE/ TR HRERES THEA(P<0.05); 5884k, | 4Af
2845 %t D - 5UBR . —fe A ALBE &2 2 5 1K (P <0.05) ,m A5 % D - LR 42 2
ZHTFABA(P<0.05); [ AT AR K M B F B HREE T o( TNF-o) . & 2 0%
1B(IL-1B) . & Zm e/~ % 6 (IL-6) Fo F 3% y(IFN-y) K -F R FAK T2 R (P <0.05) , 53y R 2a
Aavk, [ 48 TNF-q fo IL-1B K -F 2 ZHA& (P <0.05) , #1248 TNF-a K-F 2 % & FrBa(P <
0.05) ,IL-6 f= IFN-y R-FH L eg 4 12 2 FRE2F(P>0.05), 2R T, £ B 5 5% &
T8N F5 B R 2 R A2, ¥4 p38 MAPK F» INK i@ % )5, W bt 1 47 3 i &, o 37 4]

ERK1/2 i 3% )& I B 345 A & o AL 4

K@ : WA MRS haEE; 2R REFNE QRIS 5B

HRE 425 :5852.2;5628 SCHERFRIRAD : A

9 3 S LA 5 Ah S B 5 4 fih e Ry B U T
AL, A T AL W W8 57 9 o ) B 237 B, i HEL
SEMUAR ) B B 0 g B W i 3 400 B B R Bk
I ARAE AT AR BRG] S 22 25 s R B
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Bil s S FHLH I R . MAPK 26525
BEad A AT R W ARIE . AR iE i MAPK {55
A S AT S 5 T A BT W A B A BT TS B BT p38
MAPK \INK 7l ERK {5 5 i it % Wi 43 41 5% /N T
A 8 5 E R WL, O B3 A 0T T 0% 1
5 A PR i T A8 475 4R R 0 L

1 #ME5F=*
1.1 REFHY5iR G

YR E LN 5.8 kg (19 24 3k 21 H ik
Flox K x RIBT W17 4, BEBLAY I 4 41, 41 6 k.
TR0 20 W 5 HiT 30 min 4350 i R 3 2 p38 MAPK 1)
#3 (2 mg/kg SB203580, 1 41) . INK 1 i 5|
(4 mg/kg SP600125, I 41 ) F1 ERK1/2 fJi i 5|
(2 mg/kg PD98059, M 41) , X BE 21 4 5 25 = 1 2E
LK A7 A B R BROK, #iw BURE P R AT
B, TS 36 h B A BORER I .
1.2 ARKEEFRKE

FEAl iR KR 2 B 5E [E] NRC (1998 ) W 073 414 11
BT B IC A BUBURL fRD R . R A A R R
KPR,
1.3 H@&XESNE

PP R RS JE I A K EBCINL, JF ZRBU e, A%
M3, —80 CLAE, Bia IR R B m ) /)
Wi s P B K E 4 1 em WG5S, 1B A 10% 18
IRE AR W 4 CIRAFE . 5010 em A2 4575 1
FASY I, FHAE SR K B2 4% vh el A, FH Uk
YU T 7K 43, T AR 0 Bl T e e 1 U 66 i, 4
A5 mL W A7 E T, WA HE R, -80 T
Az
1.3.1 /NAIEE T

F— ZR 9o B 1 B 1) BB K, — W 2R B B
AL YR, TRACRS — BHEL gy o, rh A RS S
h o Leica Qwin EUG 43 A A 22 45 6 5 B B g
N
1.3.2  JpidiaE

14 D — FLER 75 5 I 5 2 B8 Brandt 251 ¢ 57
MR . K e L ( DAO) & it M
DAO ELISA i 5] & ( Uscn Life Science /A &), 3£
) I
1.3.3  /NAFEEARE 9 4 i B K7

PRI — 2 f e, 4519 i A R 46 2% P

2J%%,3 000 r/min E.0> 10 min, BC_E 5, il 5 Al
10% YRI5 5) 30, A2 5 A DA 7 R SR E I 1
(TNF-a) AT 3R 1B (IL-1B) (4NN 3 6
(IL-6) A4 3R v (IFN-y) K->k A ELISA i3
% (R&D System, 2 [H ) 5 o

®1 EREARARRERKT(THHRER)

Table 1 Composition and nutrient levels of
the basal diet (DM basis) %

i H Items £ 5 Content
J5UB} Ingredients
F >k Com 57.75
%A1 Soybean meal 28. 20
4 #; Fish meal 4.50
FLiEH# Whey powder 4.50
5.7l Soybean oil 2.00
1 #%; Limestone 0.50
IR S # CaHPO, 1.10
A4k NaCl 0.30
Pk Premix” 1.00
DL - FE % ik DL-Met 0.05
L - i IR Eh R £ L-Lys - HCl 0.10
411 Total 100. 00
K- Nutrient levels”
H1kHE DE/(MJ/kg) 14. 20
R H i CP 21.48
5 Ca 0.95
Wk TP 0.70
Hi = R Lys 1.38
E AR Met 0.35

VWL AT B T i R4 41 The premix provided the
following per kg of the diet: VA 6 000 IU, VD, 600 IU, VE
50 IU,VK, 1.5 mg,VB, 2.0 mg,VB, 8.0 mg,D —Z[iX D-
pantothenic acid 20 mg, | f2 nicotinic acid 30 mg, VB,
3.0 mg, JH#H choline 800 mg, -l folic acid 0.6 mg, 4= ¥
% biotin 0. 10 mg, VB, 0. 04 mg,Zn 100 mg,Cu 6.0 mg,Fe
100 mg,Mn 4.0 mg,Se 0.3 mg,10. 14 mg,

P IHALRE R T S, AR IR KT Ll (. DE
was a calculated value, while other nutrient levels were meas-

ured values.

1.4 HiEsit

BAE T AR PR ] SAS 6. 12 iy — iR
f5 5 ( general linear models) #E47, 34 B4 L4 R
FHl Duncan [GiE#EAT, P P <0. 05 )y 22 57 B 2 1
IR AE o
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¥ W 25 %

REEH S T X IR (P <0.05) , RS R B KT

2 & B XFIRAH (P <0.05) s G HRAAA L, TS B =/
2.1 =Rl B TR B 3R (P <0.05) 1ty IR A5 48 hR 43 R

k2 A, | AR EREMBAERIE RE  BEZEHR(P>0.05),

R2 A[E MAPK i 2% H] & 370 X B 347 5% == B3 2 25 1Y 22 i
Table 2 Effects of different inhibitors of MAPK pathways on jejunal morphology of weaner piglets

i H 2[5! Groups

SEM
Items % B8 Control I I I
44 &5 Villus height/pm 312.42° 365.51° 347.26™ 317.49° 12.83
K& 55 R Crypt depth/pm 196. 34* 168.23°¢ 181. 34" 206.51* 6.74
BB/ RS V/C 1.59¢ 2.17° 1.91° 1.54¢ 0.07

()4 55 H0 JE AR AR ] 7 B 7R 28 S R 35 (P >0..05) , AR FRERIR 22 5 B3 (P <0.05) . T
In the same row, values with the same letter superscripts mean no significant difference (P >0.05) , while with different let-

ter superscripts mean significant difference (P <0.05). The same as below.

2.2 [FEEM 2R FRATRRE A K, i I 4L A7 4% %% D — LR % &=
HE3 A, S A, TAMT A7 SZFH5(P<0.05),
M3 D - F,FR .DAO &8 B EHFML (P <0.05), 1

F3  AR[E MAPK i 2% H] &) 570 X B 347 5 B 18 3% 14 1Y 22 i
Table 3 Effects of different inhibitors of MAPK pathways on intestinal permeability of weaner piglets

iH 24 5] Groups

SEM
Items % 1 Control I I I
D — %R D-lactic acid/( ng/mL) 6.14° 4.41°¢ 4.92°¢ 6.69" 0.18
B AL DAO/ (ng/mL) 19.21° 14.. 05°¢ 16.73° 20.16" 0.71

2.3 Z=HHEMEEEF

Hi 22 4 AN, 1 20 28 i 6 BE A R 40 e IR 5
TNF-o | IL-1B . IL-6 FI IFN-y 7K - i 2% T X BE 20
(P<0.05); 5xf HAIAH L, T 4] TNF-o 1 IL-1B8

TP AR (P <0.05) ,IL-6 il IFN-y 7K P35k
B FAE (P >0.05) 1 I 41 TNF-a 7K 8 % 7+
B (P <0.05) ,IL6 1 IFN—y KA F T as,
HESARZE(P>0.05),

x4 A[E MAPK & %30 ) 77 3 W 9347 55 == B 3 RR AR 26 40 B (5] F B 22 1l
Table 4 Effects of different inhibitors of MAPK pathways on jejunum mucosal pro-inflammatory
cytokines of weaner piglets pg/mg prot
i H 415 Groups SEM
Items %t B8 Control I I I
iR IR SEIN F- o TNF-a 102.15" 76. 54° 88.47°¢ 114. 32 3.36
4% 18 IL-18 183.24° 147.35° 161. 72" 172.31% 6.76
HAE /5 6 IL-6 121.64% 98.46° 110.18™ 128. 74 4.32
T % y IFN-y 201.34" 156.27¢ 184.52° 217.51° 7.61
AR A AR B C B Tl IE S, BN T
KIS & I 4 MMEH AR R E 2R SR T DL 40 TA) Y 2 g

MAPK {5556 2 @2 2 A N 2 5505 5 i 1%

[ A5 4F Z PP A i A= PR3 . p38 MAPK Fil INK 1
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IV OO 1) MAPK, BB B 48 AE 3 00 SR 1
SE 1 p38 MAPK il INK {55 5% 5
TE AR AE 55 4 M4 T 55 I U80S0 R 5 E AR T

D — FLlR 2 B WiE B A 40 6 AR =, i
FLE PR N AS B2 o6 L A 4 1 00 B R 4
BRI L3 v D — LIR & 2 A 388 n AT s e i 3 3% P
L . DAO W EL s Y46 b 2 4l pric
fifg , FLG M 5 500 B v R N 28 AN 1) A R R B
JoT G 1 U0 AE O, WA A S W Ji R TR o e ) R A
Vi BARTE AR o LU 2 5 LR AT W T
BRAEME, FERI A E S E TR, R
TR, W 986 b 1l 2 At A 8 s ek /D, L8 BE 1) T 1k
BG4 T R T S AT W 1 T A I i T
TR A BE 0 R B, 1 475 i 38 e B 2 e &2
PP RTIE BRI T T X5 W
JR G B A2 Ak LA S p38 MAPK 5 5 3 % 1) 52 W) , 45
RFEI, 5L A e, 21 H BT 05 ) 24
48 h /N T 25 RN A R B 32 L, W 5 V0RO T
p38 MAPK 5 5l g . A% & B, 5 % e 41
FH L, BT % iR T 5 p38 MAPK F1 INK 41 5] ,
P56 /N TE 2545 B 0 S5 10 04035, B ol 30 33 1 B 3
FEAL(IM 3K D - #Li2 . DAO % & I % %Ik ) , p38
MAPK il 51 35 SR 5B 2 . p38 MAPK BB I {6 4f
L PN — S U T BT ARG 4 o R AR
I 27(HSP27) , 45 4 il B 28 548 DL S AR 33 1
WG b B A0 A TG s As At fe . AR
55 p38 MAPK 1l 71 4b B 5 A 3247 19 B 3 ol %
ORI K

20 6 DR 7 i R I A % o 25 v AR
1M HIA S 544 TR AL 400 52 58 . W7 05 PR ) R
FPREE Y 9 SR A8 Ak T 7 A 1 2 38 5 | S A 4 g 1 4
i R D % A A el A, LA O 3 A T A 2 T
BE LA fk ., Pie % WHFST R B, 28 H 4 Wil
T8 10 70 B8 e 92 22 0 7 A A 300 1 BT I R Y A0
N TE /NS, TNF-oo (IL-1B F1 IL-6 mRNA %
FIRIKCPTERT W 5 AT 2 K s 3G, B S K
B RW R K P p38 MAPK 1% 5 R AE I
FEVIAH G, P 22 58 14 4 it R 5 35 PR 3R a8, TR
RIERE o ARG & I, 50 R L, W G
i 1 E 5 p38 MAPK A1 INK #5474 /N A 56
2 L PR - 36 e I AR, p38 MAPK H1f1ifi 551 5 2R
5B i . Mihaescu %' 47 i , ERK1/2 | JNK , p38
MAPK Z: 55 5 S 200 A B 0, A4S 51 p38

MAPK $]14%] SB203580 1% p38 MAPK % 4t , 1
B 98 /> TNF-o B, D 52 1 26 I AL 2L i 45 . i
A 2H A Caco-2 | T84 S5 4 Ui 1Y, #F 5% T 412 R
A TNF-o \IFN-y 4 X} iz 38 15 14 19 5% ), 285 S &
PRAE 5 PR RT3 o o508 B - B A i 58 % i i R
) 5 R R T A3 A1, B R 5 %8 3 i, i ¥ i 1
B $2 75 B p38 MAPK I INK 417 4 71 47
TF 518 % , T B8 3 1 7 i 2 A 40 M R 7 i ik,
WA 3 W 18 SE , AT AR 3 i 6 RS o e, Lo
FARPPLEIA it — 2P b 5E o

ERK1/2 i f& 7642 7F B I 5 240 i 385 A= 0 4 4k
HOREE AR AR S5 R R, W oh e 5t
ERK1/2 $4fill 57415 W ot B 35 A A5 3 ol 38, T A
IR A% %, Basuroy 45" AE A 5T i A AL A
(H,0,) /55 Caco-2 4 il 5 AL b Pt B b A B, B
OB U s = W ER o IO 1 U = R 2 187 N | B i
PRSI, b Bz AR K B AT DL i S ERK/2
R B A R A, R R ] ERKL/2
PR ALFL S, b B AR P PR A A FH L
ERK1/2 G5 @ B e /NMa i i Rt b k5
FEAME Y AR LE R AT 1 B R A
R ERK {5 53 35 19 006 1T RE R 3 — E 1B
BRE

4 & i

1 W7 45 17 ST 4 /0N W b B I B 2 0 3ot
4] p38 MAPK il INK 38 J% 5 , 1 57 B 45 31 i
S, M0 ERK1/2 38 B% J5 W Bt [ 4545 45 in = 11
e,

gt

B F € [ b & 2 3R 8 JH 37 K 2% (North Carolina State
University ) £ 5 245 Moeser 18 - X} 4% 3 56 16 &1 44 S8 F1ie
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Inhibitors of Mitogen Activated Protein Kinase Pathways: Effects on
Intestinal Morphology and Permeability of Weaner Piglets

LUAN Zhaoshuang SONG Juan HU Caihong
(The Key Laboratory of Molecular Animal Nutrition, Institute of Feed Science, Zhejiang University, Hangzhou 310058, China)

Abstract; This experiment was conducted to investigate the effects of inhibitors of mitogen activated protein ki-
nase pathways on intestinal morphology and permeability of weaner piglets. Twenty-four weaner piglets ( Du-
roc X Landrace x Yorkshire) with a similar body weight of 5.8 kg were randomly allocated to 4 groups with 6
piglets in each group. Thirty minutes before weaning, piglets in experimental groups received intraperitoneal
injection of inhibitors of p38 MAPK ( SB203580, group [ ), JNK ( SP600125, group Il ) and ERK1/2
(PD98059, group Ill ), respectively. Piglets in control group were given the same volume of saline. Piglets
were slaughtered at 36 h after weaning. The results showed as follows: compared with control group, group |
had significantly higher jejunum villus height and villus height/crypt depth (P <0.05), and group I had sig-
nificantly higher villus height/crypt depth ( P <0.05) ; compared with control group, contents of plasma D-
lactate and DAO in groups | and I were significantly decreased ( P <0.05) , while plasma D-lactate content
in group Il was significantly increased (P <0.05) ; compared with the control group, levels of proinflamma-
tory cytokines ( TNF-a, IL-18, IL-6 and IFN-vy) in group [ were significantly decreased (P <0.05), TNF-
o and IL-1B levels in group [l were significantly decreased ( P <0.05), however, TNF-a level in group Il
was significantly increased (P <0.05), IL-6 and IFN-y levels tended to be increased ( P >0.05). In conclu-
sion, inhibition of p38 MAPK and JNK pathways protects intestinal mucosal barrier from the damage induced
by early weaning. However, there are worse damage in intestinal mucosal barriers when ERK1/2 signaling
pathway is inhibited. [ Chinese Journal of Animal Nutrition, 2013, 25(1) :44-49 |

Key words: weaner piglets; intestinal morphology; intestinal permeability ; MAPK signaling pathways
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