[um—
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PRYMEHIE T pH 5 I 22 E R AR I 1Y) 28 LA FH 90 L 2980 B b R 4 5 25 %12 25 11 mRNA %
I [ R
PR E R R W SRR F O S E BRME HaE”
(LA ZE RN R S SR B, PRI RE 0100185 2. P9 52 i R A0 R £ B sh s 37 51
BHFFFLAT, WEAIERE 010031)

W OB AR EERHMINET T pH SIRZ M (LPS) B4k (HIS) MIZ8 HAEFX )
L1298 B b R 200 5 2 e e B 1 mRNA SRIA R I . e 8 Rkl RAF AR E , L&A
I RIBE AL e R Rt . R 3x3 MR ZE R i, 1B e R E L,
AR ICHRERAX A (Ussing chamber) 3, FERBEMEZIMA 5 mL o, &5
DN ABCHI G A FIAL B35 7R S mL, FEMACEE 3 AN W58 1, HE 18 pH, 29
NTA4. 55, 52; BIFK2NLPSIKE, 7041050, 30, 60 KEU/mLLPS. X4 2, K& 14
pH, 58 7.4, 55, 5.2; K& 2 N HISKEE, 43J128 0. 0.5, 10.0 ng/mL HIS. KA
80 min J&5 M8 B bRz, W %% H: M Claudin-1. Claudin-4. Claudin-7. Occludin.
Zonula occludens-1(ZO-1) mRNA Fikf . 45 E7x: DpH 5 LPS 22 HAEM X Claudin-1.
Claudin-7. ZO-1 mRNA FiEEHE % (P<0.05). £ A5 pH 7.4X 0 kEU/mL LPS ZH#
Eb, B&AK pH 550 LPS #5582 F#{% T Claudin-1. Claudin-7 mRNA Fit & (P<0.05), ZO-1
mRNA %Kik 84 BRI S, HYE pH 5.2x60 kKEU/mL LPS I 5. 2) pH 5 HIS %2
HAFHX} Claudin-1. Claudin-7. ZO-1 mRNA RIERFMEE (P<0.05). pH 5.5x0.5 ng/mL
HIS #4 Claudin-1 mRNA FiAEH{K, 25 pH 5.2x0.5 ng/mL HIS A= FAEE (P>0.05).
pH 7.4x10.0 ng/mL HIS 2H Claudin-7 mRNA KA & % Z K T pH 7.4%0 ng/mL HIS 41(P<0.05),
{55 pH 5.5x10.0 ng/mL HIS 41 = F A &% (P>0.05). 5 pH 7.4X0 ng/mL HIS ZHHIEL, F%
{iC pH B0 LPS A4 5 ZO-1 mRNA FILE K%, H pH 5.2x10.0 ng/mL HIS 4% %125

(P<0.05). 458 4n, att@Emt# (SARA) K4J5, pH 5 LPS 8¢ HIS 22 AT

Weks H . 2017-11-07

REEeWH: BxEARRFEESTIH (31472124, 31101739); N H ERREIL ST H
(2015MS0380); IS4 T TEMEETH (B2016011); BACANMY (0h4-) Polkie Rk R
WEIT 4 (CARS-36); 2016 NS HIGX HFELH AADH

TEFZ A : FMEESS (1988-), 2, WIALIK K N, Bl Az, INH R4S E TR 5 B-mail:
840353512@qq.com

CEEEH: W%, BT R, E-mail: honglianhu2010@163. com



24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

FIE B, BRRRE B RS RR 9 mRNA RIA R, HE R E b g s
A WA E R UL BE B Al JERRE: IR BEER
G{E|
T K5 S826

AR E I % Z AR (stratified squamous epithelium, SSE), MZHfEZ F%¢
JEEZ AN #1512 (stratum corneum, SC) - Hik7 2 (stratum granulosum, SG) . B9 )2 (stratum
spinosum, SS) FIFLJEK)Z (stratum basale, SB) M, JUH JZ 41 fg 7] 7775 5 % 7 32 (tight junction,
TI), SEE PR YRR B R R (0 S R A ). R R UNR B AR . A KR
ARG, WRSVIVIEE TR FUHRI . Fia s E2 0. EEANFRERS K,
AN S AT SR B P# (SARA)D, RIKER EBERT &, BENEERE
HIE EY RS AT e K K[ B2 F# (lipopolysaccharides, LPS) . 41fi% Chistamine, HIS)
21, W pHPVEE], XL EVIFR M BRI, 4005 R o H A M, B B L B BT R T R b
W, WTHE 798 B LR E YRR, S 5 H M U Th e, mT i, R iE
PG 1Y) 56 B R TR B A BRI T4 o DA ST 25 TR (B 90 22 B P 72 R 4 U . 0 8
RN N, PR A bR i SRR RGO, AR R B AR, TR
IR, AR b ROEE LR, WA B ARIERR, i b 40 5 % %58 11 Zonula occludens-1
(ZO-1)\ Occludin. Claudin %588 58 JWIENE AR EAER, WTREZE M) L B Bt b Th R 451 5 1)
R AL B EE AR AL A 20 fH 22 50 SEAR AT Ussing 25O HKs G 3 HE IR {1 28 (Ussing chamber)
18 F B b ALAUES T HE TF IR, AR S M AR e B R A sh P8 B E 8 i M (K 5T
RO, SR R S M ) DA T A A S R B R B R R, I MR e 1 g e B
MEREIR, BEBETIAE 240 Klenvenhusen 581K F Ussing chamber 5 Gt 7¢ 3 H ki L L 1]
R W8 B B B E I S 0. B, i U I i R A LT ARV R OK AL S/
HPESR R 4F 4 (NFC/NDF) #5395 1L £ K 4= SARA, Z5RIMSE B bk BHEREN
Claudin-1. ZO-1 A Occludin mRNA ik & W3 FEAIK; RIS Z8F 708K H Ussing chamber Il
SESREH bR IEIENE, K SARA Y3 THE 1R B bR AL % B IR (short-circuit current, Isc)
HEUF M (tissue conductance, Gt), RWIH B L EGEBE MR IN. FEagUA7E LR B, 1

K7 NFC/NDF vt 3t — 2% S5 SARA, 453 SARA 41 B b K% &E K A Claudin-4
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71

mRNA F£iEEEE T . &S (gap junction, GJ) % [ Connexin-43. Hfkiith &
Desmoglein-1 mRNA Fik & R EMER, R, ZEBUAUNTE SARA B35 FE0H B M pH,
KN T R B AR R SR AT (LPS. HIS %) & &. ULEBIAEM, R4z
K SARA J5, B AR, #—PRER T E A pH, [, LPS. HIS #RILH &
FHEINO0, g8 bR A0 R A R ] mRNA [FRIA R, R bR 0 ] v o 1
KIS 18 B8, B T 980 B b B 1 e AR M e o P o T e 5 AR = ) 9 5 2 A T R
I H LRV, R pH, MEGRZHER pH 5 LPS B HIS IR AR, Afr
RN T Nk, A5 R F Ussing chamber fE4K5MF 72 pH &5 LPS 5 HIS X #1128 5 -
B B ER R mRNA RIS, W72 4675 pH 5 LPS B HIS X520 45 1L
EIH @ E VL]
1 MEETE
L1 R s 57 5

8 HARDL R UF. RH(43.58+2.77) kg WAFLEAHIE IZ = 5% e 0y 1L 2 ik 58 3,
TAFRAE N S AL B2 B s ik g6 Fe . IR VIR B JE A IR, AER 06: 00 A1 18: 00
SR, HETOK, R 30 d.
1.2 FERfARR

AR Z IS E NRC (2007) U1, FR4EEEN (Wil Eiassiade) VEH], LR
Ko ML FEER B B TR EEERI T NFC/NDF Ay 1.40 (1R . Sk TR A
FE TR 1.

R 1 R R R B2 R)

Tablel Composition and nutrient levels of experimental diets (DM basis) %
IiH Items & Content
J5 Kl Ingredients
H75 Alfalfa 30.72
FH T Green hay 18.57
FXK Corn 37.88
ZH] Soybean meal 1.47
%k Wheat bran 8.20
fr#h NaCl 0.46
F ¥ Limestone 0.19

ARl Premix? 2.51



72

73

74

75

76

77

78

79

80

81

82

&3

84

85

86

&7

88

&9

90

91

H 7% 7K°F Nutrient levels?

WELERE NEY (MI/kg) 7.12
FEAF CP 12.45
YRR A NFC 44 .45
TGRS AT 4E NDF 31.78
FRPEGRIR 4T 4 ADF 21.33
5 Ca 0.54
B P 0.32
FER L Ca to P ratio 1.68
FiHLLL Concentrate to forage ratio 51:49

DT 58 IR RS A One kilogram of premix contained the following: MnSQs-5H,0 1560 mg, FeSOs-7HO
6240 mg, ZnSO4 7H,O 3500 mg, KI 17 mg, NaSeO3130 mg, CoCly6H,0 206 mg, CuSOs5H:0 300 mg,
VA 1620 000 IU, VDs 324 000 IU, VE 540 IU, VB1, 0.9 mg, VBs 450 mg, VK3 150 mg, M folic acid 15 mg,
12 B2%5 calcium pantothenate 750 mg.

VR AR hPEBR R AR 5. BENSIME, RNV EAE. AR 4EMERRK AL B (%)= 1 - AR AT
Hi:-H K R -HNE 5 -FL 2K 4> - CP, NDF, Ca and P were measured values, while the others were calculated values.
NFC(%)=1-NDF-CP-EE-Ash.

1.3 kgt

ARG K 3 X3 XA Z 31511 [\ Ussing chamber (6 3838 ) Zh RN A I BC #1) 4 F A
[ ACER 2, W5 1, 7 1 A pH, % 7.4 (RHED. 5.5, 523 4K, BF 2 N LPS
WEE, 438 0. 30, 60 KEU/mL; k% 2, K+ 1 8pH, W74 D, 5.5, 523 K
F, BT 2 N HISWKE, 20518 0. 0.5, 10.0 ng/mL. X363 15 AN (2 TURES pH Ny 7.4+
ARVSIN LPS B¢ HIS MZHILAD, 420 3 AN EE, 8 1| AFERRME LA T 2 Al
Ussing chamber 557207474 80 min (F 20 min A~FAFHAD . pH. HIS A1 LPS ¥ 1% B2
i A VR EAH A SR 7T 25 R 5 [ N AR DS T 4 1R 31213141
1.4 FEAUER 5

Ussing chamber 54t (EM-CSYS-4, PI &w], 3EED. HIKIX (BG-Power600, JbiiH
mAEVIBARER AT mEAEHEE LN (1730R, I LRHEAERAF D PCR A[FH Mk

b0 BHERA ] S22 & PCR A (Illuminer 2,35 E ). BB A% (Snap Gene

AT, RED. ek & (ST-T256, HATURMERHIEA R AR BEFriX (Bio Tek A,
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101

102

103
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109

110

111

112
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115

116

117

FEED. HEEEOLHL (CX-200, EEHEARAF). BEFR{ (MultiSkan 3, Thermo 2 #J,
FKED. RIEAEZOMNL (Fresco, Thermo A ], FEE D). HLJKFE (Mini P-4, JEEHLITIE FRX
AR AFD. B (Bio-Rad A, E[E). MBI (Fluka AR, EE), {EHkH
VKAl (BT E IR A PR A D

Ussing chamber R4 22 MK 3 mol/LKCl i 3. KHoPO4-NaHPO4 ZZ M . H20»
W 3,3 ,5,5" -DUH BRI (TMB). LPS. HIS. ZR. Nk, T, AR,
1.5 I T7 ik
1.5.1 1 B bRk 5 b1

T e %35 T Ussing chamber - Z A1 Fr, 32T 7350l 22 254 oL R FE AR AN FRL R FELAR . 2 SR AE
Ussing chamber REGtEFN = I 5 mL T ZE ML BN 95% 02 Fll 5% CO, TR &AM,
MIPRABAT RS, P KZ) 10 min I HAF BN B n i kA8 ), ATz s, 47
TF R fes <7 B SRR S 0 190 B P b e 21 2 em X 3em, TR O GE P UR P e T4%, #
I H B RS RE R B NUZ GBI 1 em X 1 om, #4185 35 R J5 [ - (6 s =
J£) 5 HfiNF] Ussing chamber % H 8o 23 BRI 2NN 5 mL Z2rbil, RN
Rl Uf AN R ZH 5 929K S mL, BH 3 NES. WHE LEAH 80 min 1KFRE, HHE
BT RN TR R KRB T, SLZCT AT, Bl R N-80 CURFRRAFRr IR B L%
K% EE A Claudin-1. Claudin-4. Claudin-7. Occludin. ZO-1 mRNA Kik &,
1.5.2 SR S AN ) 35 37 W 1R T 1

Ussing chamber 2% /1 #7 [1 FiE il 2 8 Klenvenhusen S5 UOVAIFERAN2], H AR 4> U0 : NaCl
80.00 mmol/L, KCI1 5.00 mmol/L, NaH2PO4 *H20 0.40 mmol/L, Na;HPO4 *2H>0 2.40 mmol/L, C3HsNa0O210.00
mmol/L, C;H3;NaO, *3H>0 25.00 mmol/L, C4H7;Na0O25.00 mmol/L, MgCl, * 6H,0 1.20 mmol/L, CaCl, *2H>O
1.20 mmol/L, NaHCO;25.00 mmol/L. K ECHILF IR E T 4 CLRAT.

VAR FRI pH T RS I W3R 20 RPN EAE G R PR N, TR [F) pH
G 42 BRI BT AR IR I LPS B HIS.

2 BERE IR pH TR 0 R

Table 3 Supplemental levels of agents adjusting pH of culture medium mmol/L

pH

WiH Items
7.4 5.5 52




LR Acetic acid 30 60 90

TNFR Propionic acid 30 60 90
TP Butyric acid 10 20 30
MR Lactic acid 0.5 1.0 1.5

118 153 kil &

119 Ussing chamber HUAREELHUIE 1 Fr7m. SeFE 2 g BURBCT 50 mL SOE A, A
120 3 mol/L KCI¥&¥K 50 mL, BN 100 °CK¥4 b o in i B 28 5500 Hh AR 1liods I READIR
121 EAMEEH . H S mL {58 R I0E & KCI-EEARER, M EAREE RMIES 0.5~1.0 cm
122 (W KCI-3fiE. i iR b KCI-B5 MR 0 B0 K BEE B IA& H,  JRb fE 4 (1

123 WREELFHT 3 mol/L KCl B+ .

HEI R (squirt) jﬂﬂyon limit )
A ¢/"}J 0
| S
06 ( agar ) i ( electrode )
124 1 UG AR A
125 Fig.1 Structure ofelectrode casing of Ussing chamber

126 1.6 H bR % ERFE N mRNA Rk &8 E

127 1.6.1 $RHUS RNA J S sg

128 HUARAZ L 2E98 B B R 21 50~ 100 mg BN O R0 ARk st B ot A, 44
129 ABZE15mL ELEF . 28 RNAprep Pure Tissue Kit ¥ U] 420U RNA, I FHEEbx
130 ACHILE RNAWKREE, F 1% B IR B e rL kA L RNA A ot & o % 2 RNA 23 TIANScript
131 RTKit B BT R Fesk . BIGHEREE KT cDNA P*YIIINVKAE-20 CHORAF & .

132 1.6.2 PCR 51t K&k

133 R ¥ GenBank " AH M ] cDNA /741, H Primer Premier 5.0 ¥ {4 ¥ it 52 i 52 & PCR

134 (RT-PCR) ¥ #8452 E517, mATAEY TR (i) BHhAERAFAEK. 5IMSHIE

135 3,
136 #3 RT-PCR 5IYIZH
137 Table 3 Parameters of primers for RT-PCR
A GenBank % 3 5 ) P Product
. 5I%F %) Sequences of primer (5’ -37)
Genes GenBank accession No. length/bp

BLBh&E A NM_001009784 F:GGCAGGTCATCACCATCGG 158



B-actin R:CGTGTTGGCGTAGAGGTCTTT

F:CAGCAAGGAGGAATGGAAAGA

Claudin-4 XM_005697785.1 186

R: GCAGGGAGGATTGAAGAAGG
F:CACCCTTGGCATGAAGTGTA

Claudin-1 HM_117762.1 132

R:AGCCAATGAAGAGAGCCTGA
F:GACGGGAGGCATCATTTTCA

Claudin-7 XM_013972136.1 260

R:CAGAGTTGGGCTTAGGGTAGGA
F:GTGGTAACTTGGAGACGCTTTC

Occludin XM_004016906.1 105

R:CTCCCGTCGTGTAGTCTGTT
F:-TTGAACGCAAGTTTGAAAGTCC

Z0-1 XM_004018080.1 262

R:TCTTCATCTTCATCCTCCTCCAC

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

F: IE[ 54 forward primer; R: %[ 514 reverse primer.
1.6.3  SEISSEI 5 8 PCR

AR 56 F SuperReal PreMix Plus (SYBR Green) (CRIRAALBIEL A ] ) #4792 2 B PCR
P18, PCRIRMNAAZ (20 uL) 41 F: 2xSuperReal PreMix Plus 10.00 uL, 1E[H5[4(10 u
mol/L)0.60 pL, 7 5[4(10 1 mol/L)0.60 uL, cDNAIHR2.00 pL, RNase-free ddH>O 6.80 pL.

2 R AR S5 R B R a0 R D B, 95 'C30s. 2) PCRISY, 95C10s,
60 C30s, 72 C30s, 40/RFEFF. 3) WML HT, 95 C15s, 60 C15s, 95 Cl15s.
FEA 38 56 805 70 BT & AL R I A 28, SR IRRT-PCRWII £ — 1k, #AEEE3. &5,
KpUBhE [ (B-actin) AW S8 2" COT AL mRNA R IA & .
1.7 #dEsit

K H SAS 8.0 XF g HdE 4T 0 M, K MIXED 3T WIN & 20, ZRE%E
(1)K H Duncan [i%HET 2 BE RS, AR HE F 208 LPS. HIS. pH, pH 5 LPS HAE
BN, pH 5 HIS W HAERN . P<0.05 N7 5 8 25 HIWbRdE, P>0.05 A2 AN 82 HIM bRk
2 4 R
2.1 & RNA fif

KRB IR B S RNA G 1% IR s vk ki, 25 R anisl 2 R, 18'S
H128S ZKATIEMT, ZBEAR G 260 nm WO FE A /280 nm WO EAE (OD260 im/ODago nm) 1E

1.8~2.2, %A HE A A DNA (754, & RNA Ji& 5.
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Fig.2 Electrophotogram of total RNA of rumen epithelium of dairy goats
22 REGEHE SR PCR 16 A v B P

B-actin. Claudin-1. Claudin-4. Claudin-7. Occludin 5 ZO-1 ff] PCR ¥ 474/ 5 E 158.
186+ 132 #1189 bp AL 2 I 1 SRt 57, W HFATAM . TEREFIR M PCR B2 )5, KR
ATAY TR (R BOARAR AT, #0774 F GenBank & 55N
NM_001009784. XM_005697785.1. HM_117762.1. XM_013972136.1. XM_004016906.1 Al
XM_004018080.1 [ FHEATRIEL, RN 100%.
2.3 pH Fl LPS XPJ8 B b R 'R % 55 B [l mRNA 94 & 1520

W 4 frw, LLLPS XM, 60 kEU/mL LPS 41 Claudin-7 mRNA #it & &% & T
30 KEU/mL LPS 4 (P<0.05), iX 2 4033 % (KT 0 kEU/mL LPS 2 (P<0.05); 60 kEU/mL LPS
H ZO-1 mRNA RIAE 5 0. 30 kEU/mL LPS AL 22 T+ (P<0.05); 60 KEU/mL LPS 4H
Occludin mRNA FiX &5 0. 30 kEU/mL LPS ZHAH L, B2 FEK (P<0.05).

PL pH A 2Bl , pH 5.2 4H Claudin-1.Claudin-7 55 ZO-1 mRNA Fit & 2 # 5T pH 7.4
4 (P<0.05). 5 pH 7.4 414, pH 5.5 41 Claudin-7 mRNA F£iAFEEZETHE (P<0.05).

pH 5 LPS 2 HAE X} Claudin-1+ Claudin-7. ZO-1 mRNA ik & 0 5 2% (P<0.05).
ZEIEKM: 5 pH 7.4X0kKEU/mL LPS 4Lk, F#MK pH 20480 LPS 33 B F LT
Claudin-1. Claudin-7 mRNA ik & (P<0.05). ZO-1 mRNA FiEmAB LB AME, F
pH5.2x60 KEU/mL LPS #H &%, &3 & T pH 7.4X0kEU/mL LPS 4 (P<0.05).

# 4 pHAILPS Xl =Fyd B b R B R H mRNA KI5 & 12

Table 4 Effects of pH and LPS on mRNA expression levels of TJ proteins in ruminal epithelium of dairy goats



eV

pH Claudin-1 Claudin-4 Claudin-7 Occludin Z0-1
LPS/(KkEU/mL)
7.4 6.28% 1.35 8.98* 2.54 0.212
0 5.5 1.21° 0.35 0.73¢ 5.33 0.01¢
5.2 0.17¢ 0.17 5.87° 4.37 0.212
7.4 0.26° 0.17 0.04¢ 4.38 0.06°
30 5.5 0.03¢ 0.24 0.04¢ 4.40 0.282®
5.2 0.06° 0.34 0.22¢ 4.21 0.01¢
7.4 0.04¢ 3.83 0.02¢ 1.75 0.81°
60 5.5 0.05°¢ 0.55 2.51¢ 3.07 0.19°
5.2 1.01° 2.96 2.60° 2.59 1.86%
SEM 0.252 1.644 0.746 0.818 0.423
&M Main effects
0 2.552 0.62 5.192 4.08* 0.14°
fig % b ,
30 0.120 0.25 0.10° 4332 0.120
LPS/(KEU/mL)
60 0.37° 2.45 1.59° 2.47° 0.96*
7.4 0.15° 2.00 0.03> 3.07 0.44°
pH 5.5 0.04° 0.39 1.10° 3.73 0.24°
5.2 0.53 1.66 1.412 3.40 0.942
pH 0.030 0.605 0.020 0.612 0.016
P{& P-value fEZ ¥E LPS 0.094 0.196 0.001 0.005 0.000
pHX 8 Z ¥ pHXLPS 0.010 0.599 0.033 0.598 0.002
178 FA—IH. FAEEARNGFRRREREE (P<0.05). NEME.
179 In the same column, values with different small letter superscripts mean significant difference (P<0.05). The
180 same as below.
181 2.4 pH M HIS X8 B bR B R H mRNA K8 & 15200
182 W% 5 s, LLHIS NERNE, 0.5 ng/mL HIS 4H Claudin-1. Claudin-7 mRNA ik &
183  EFMKT 0. 10.0 ngmL HIS 41 (P<0.05); 10.0 ng/mL HIS 41 ZO-1 mRNA RiA&E T EET 0.
184  0.5ng/mL HIS 41 (P<0.05), 0.5ng/mL HIS 0% 3 5T 0 ng/mL HIS 41 (P<0.05).
185 PLpH A FERNE, 5 pH 7.4 40/, pH 5.2 ZHA1 pH 5.5 4 Claudin-1 mRNA FKiA &1
186  EFEFHE (P<0.05), pH 5.2 Hifk (P<0.05); pH 5.2 411 pH 5.5 41 Claudin-7 mRNA #i%
187  ®EEZFFE (P<0.05), pHS.5 Higm; pHS5.5 4 ZO-1 mRNA FiA& B EKT pH 5.2 40
188 pH 7.4 4l (P<0.05), pH52 418 T pH 5.5 4101 pH 7.4 41 (P<0.05),
189 pH 5 HIS §J%2 BAF %t Claudin-1.Claudin-7 55 ZO-1 mRNA Fix BH & &M (P<0.05).
190 ZEIKKEMN: 5 pH 7.4 X0 ng/mL HIS ZAH L, BRI pH 040 HIS 3R 4K T Claudin-1
191  mRNA FiA&H (P<0.05), pH 7.4x10.0 ng/mL HIS 20 £ 1K . pH 5.5%10.0 ng/mL HIS 41 Claudin-7



192 mRNA #ix

193 ZIMHEL, FEMK pH BRisIn HIS #E4A 42

194 fE, BE

T HAR S (P<0.05).

B, SEMT pH 7.4X0ng/mL HIS 4 (P<0.05).

55 pH 7.4 X0 ng/mL HIS

{7 I ZO-1 mRNA F£iA&, pH 5.2x10.0 ng/mL HIS 4

195 5 pH AHIS XI5l 58 B L J BEE AR 11 mRNA RILE 50
196 Table 5 Effects of pH and HIS on mRNA expression levels of TJ proteins in ruminal epithelium of dairy goats
#H % HIS/(ng/mL) pH Claudin-1 Claudin-4 Claudin-7 Occludin ZO-1
7.4 6.28° 1.35 8.98° 2.54 0.214
0 5.5 1.21¢ 0.35 0.734 5.33 0.01°
52 0.17¢ 0.17 5.87° 437 0.214¢
7.4 2.60° 2.07 1.204 3.65 1.97°
0.5 5.5 0.06° 6.87 16.60* 4.20 0.40%
52 0.26° 4.36 2.254 3.82 0.174
7.4 0.11¢ 0.64 0.77¢ 3.78 0.74¢
10.0 5.5 0.56° 3.59 0.234 3.07 0.43d
52 0.14¢ 2.12 6.38 2.40 4.01*
SEM 0.609 2.004 3.428 0.956 1.403
FE RN Main effects
0 2.55% 0.62 5.192 4.08 0.14¢
Iz HIS 0.5 0.97° 4.13 6.95* 3.89 0.85°
10.0 0.27° 2.12 2.46° 3.08 1.732
7.4 1.36* 1.35 1.38¢ 3.71 1.36°
pH 5.5 0.31° 4.90 8.412 3.63 0.42°¢
5.2 0.20° 3.24 4.32% 3.11 2.09*
pH 0.012 0.285 <0.001 0.459 <0.001
:filue Zﬂﬂ;ﬁ? HIS 0.030 0.216 <0.001 0.077 <0.001
pHX # % pHXHIS 0.003 0.912 <0.001 0.305 <0.001

197 3 ¥

198 3.1 pH AR E b S

199 o7 B b R A B T L N

200  #% (adhesion junction, AJ) FlAIBi&E, 1M &%
201 WUREFIERAL TRURLZE A 6], YRR B
202 PERAMEER R BEERME AR

203 AEVFEGR AR B LR, 4R E R e
204 fUHON, PRIE TR S B RIEIE
205 hEEZEREMEH. ERIREST

P

, REE

YEHE 1 mRNA ik & 5200

ER. MrRiER: (desmosome junction, DI). & &

B AN 18] e R IER T 5. EE T
0 I o 1) B LG M L, R R 4 M 1) B

EVEDE R, HAXEIhAE, A RENS LI 1

', IR LS VEE IR . B TADK
S H IE X FPRF IR ) A BRI BEAE 1 i 5 e Fr) 37
ERATPRIN, MILRBEH IR, 55
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WHFLR I, T NFC/NDF 405, 13K LPS dRETH&E, FF51 R HIL0 Py 8 5 M),
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fo 3 e, AURBEZLAF 7T & B, 1R NFC/NDF H 1.40 3803 3.23 i, I3 LPS #FEH
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Interaction Effects of pH and Lipopolysaccharide or Histamine on mRNA Expression Levels of
Tight Junction Proteins of Rumen Epithelium of Dairy Goats in Vitro
SUN Yanyong! GAO Min? XU Ming! SONG Liwen? LI Chao' LIYang! CHEN
Liging! HU Honglian**
(1. College of Animal Science and Technology, Inner Mongolia Agricultural University, Hohhot
010018, China; 2. Research Institute of Animal Nutrition, Inner Mongolia Academy of
Animal Sciences, Hohhot 010030, China)
Abstract: The objective of this study was to investigate the interaction effects of pH and
lipopolysaccharide (LPS) or histamine (HIS) on mRNA expression levels of tight junction
proteins of rumen epithelium of dairy goats in vitro. Eight healthy Saanen dairy goats with similar
body weight and milk yield were used as the donors of rumen epithelium. A 3%3 two-factor
experiment design was adopted. After slaughtering, rumen epithelium was collected and inserted
in the middle of half chamber in a Ussing chamber. Buffer at 5 mL was added to the serosal side,
and different treatments of culture mediums at 5 mL were added to the mucosal side, each
treatment had 3 replicates. Experiment 1, factor 1 was pH, and was 7.4, 5.5, 5.2, respectively;
factor 2 was LPS concentration, and was 0, 30 and 60 kKEU/mL, respectively. In experiment 2,
factor 1 was pH, and was 7.4, 5.5, 5.2, respectively; factor 2 was HIS concentration, and was 0,
0.5 and 10 ng/mL, respectively. The rumen epithelium was collected after cultured for 80 min, and

the expression levels of Claudin-1, Claudin-4, Claudin-7, Occluding and Zonula occludens-1



(ZO-1) mRNAs were measured. The results showed as follows: 1) The interaction between pH and
LPS had significant effects on expression levels of Claudin-1, Claudin-7 and ZO-1 mRNAs
(P<0.05). Compared with pH 7.4x0 kEU/mL LPS group, the decrease of pH or the
supplementation of LPS significantly decreased expression levels of Claudin-1 and Claudin-7
mRNAs (P<0.05), and tended to rise expression level of ZO-1 mRNA, while it was the highest in
pH 5.2x60 KEU/mL LPS group. 2) The interaction between pH and HIS had significant effects on
expression levels of Claudin-1, Claudin-7 and ZO-1 mRNAs (P<0.05). pH 5.5%0.5 ng/mL HIS
group had the lowest expression level of Claudin-1 mRNA, which was not significantly different
from that in pH 5.2x0.5 ng/mL HIS group (P>0.05). Compared with pH 7.4x0 ng/mL HIS group,
pH 7.4x10.0 ng/mL HIS group had significantly lower expression level of Claudin-7 mRNA,
which was not significantly different from that in pH 5.5x10.0 ng/mL HISgroup (P>0.05) .
Compared with pH 7.4x0 KEU/mL LPS group, the decrease of pH or the supplementation of HIS
tended to rise expression level of ZO-1 mRNA, and that in pH 5.2x10.0 ng/mL HIS group was
significantly increased (P<0.05). The results suggest that after subacute rumen acidosis (SARA)
occurs, pH interacts with LPS or HIS to decrease the expression levels of tight junction proteins in
the rumen epithelium, which in turn increases the permeability of rumen epithelial mucosa.

Key words: subacute rumen acidosis; dairy goats; rumen epithelium; histamine;

lipopolysaccharides; Ussing chamber; tight junction proteins
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