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B O E: LR 6] KXLE &K RT BB (Bacillus licheniformis HI0135) 3t fg % 4%
(lipopolysaccharide, LPS) M S W7 4315 % AT B 48 40 . K2R T . AT 48 B AR K KA R K49 # .

[k Y a8 24 5k 28 B 84 B UL RAF6) = A5 KB4 5 (A x K x K), FAALH AR 4 AN IR 4
st 8 28 (control, CON), 500 mg/kg o7k ¥ 34T 8 HI0135 Z1(BL). LPS & #48(LPS)%A & LPS+500
mg/kg ¥R F F8ATH HI0135 48(BL-LPS), ZiX¥ % 28 R, % LPS 842 BL-LPS 2847 8 A2 4
1.5mL JRE A 1 mg/mL # LPS, % CON #84= BL 20178 25 A E K, 1.5h BB F5H R4,

[4£3%]1 5 CON #a4atk, BL %A 7% &3 4% R B (aspartate aminotransferase, AST)F= 27 4t & B
(alanine aminotransferase, ALT)#) 4% [&4K, I AE 49 % 40 AL 48 7 (total antioxidant capacity, T-AOC)
R AT B it Bk S B (catalase, CAT)A= % A8 AAL4 3 1B (total superoxide dismutase, T-SOD)i& 13
W%, APAEFAL X AT & @ /~%-6 (interleukin-6, IL-6)2& &V, F & IFERILE F-a (tumor
necrosis factor-o, TNF-a)4& T[4, FFIE CAT. SODI. SOD2. Rt kit & k4hB-1 (glutathione
peroxidase, GSH-PxI). # B F E2 #8 % B F (nuclear factor erythroid 2-related factor 2, Nrf2). Bt &AL
i% 7 B 1 (NADPH: quinine oxidoreductase 1, NQOI). Toll # % 4k 4 (Toll-like receptors 4, TLR4). #&
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54 B F (myeloid differentiation factor 88, MyD88)#=4% E F -kB (nuclear factor kappa beta, NF-kB)
# AR R A KT E; 5 LPS 28485k, BL-LPS AT AE45 40K, @& AST 4= ALT #94-& F&1K,
FFREF CAT. GSH-Px. T-AOC A& 3¥4R 5, A —& (malondialdehyde, MDA)A & &1k, 7 4,
FFRE K 2 B F & 8 i /~Z-1p (interleukin-1p, IL-1B). IL-6 #= TNF-a& 2 # 'V, W& @Ei%-10
(interleukin-10, IL-10)494~&3&m, AFAE CAT. SOD2. GSH-Pxl. Nrf2. TLR4. MyD88 %= NF-kB
AR R A ETRE. (48] BT B b Kb R FIAAFE HI0135, 484 80%F Nrf2 4= TLR4
A0 KA R, RIS B MR LT AR G AT IEBAS An K B T80 ik, 3835 B AT 4 AL A

XEIR: BRFAAE; IEEHE; FIE;, JOUE; AL

Effects of Bacillus licheniformis on lipopolysaccharide-induced
liver inflammation and antioxidant function in weaned piglets
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ZHANG Ruiqiang', YANG Caimei'”

1 College of Animal Science and Technology and College of Veterinary Medicine, Zhejiang A&F University,
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Abstract: [Objective] To investigate the protective effects of Bacillus licheniformis HJ0135 on
the liver index, inflammatory cytokines, antioxidant function, and related gene expression of the
weaned piglets exposed to lipopolysaccharide (LPS). [Methods] A total of 24 healthy 28-day-old
weaned piglets (DurocxLandracexYorkshire) were randomly assigned into 4 groups: control
(CON) group, 500 mg/kg B. licheniformis HJ0135 (BL) group, LPS stress (LPS) group, and
LPS+500 mg/kg B. licheniformis HJ0135 (BL-LPS) group, with 6 piglets in each group. On day
28 of the experiment, the piglets in the LPS and BL-LPS groups were injected intraperitoneally
with 1.5 mL of 1 mg/mL LPS, and those in the CON and BL groups with equal amounts of saline.
All the piglets were sacrificed after 1.5 h. [Results] Compared with the CON group, BL
treatment decreased the content of aspartate aminotransferase (AST) and alanine
aminotransferase (ALT), increased the total antioxidant capacity (T-AOC), the activities of
catalase (CAT) and total superoxide dismutase (T-SOD), reduced the levels of interleukin-6
(IL-6) and tumor necrosis factor-o. (TNF-a) in the liver, and up-regulated the expression of CAT,
superoxide dismutase 1 (SODI), SOD2, glutathione peroxidase 1 (GSH-PxI), nuclear factor
erythroid 2-related factor (Nrf2), NADPH: quinone oxidoreductase 1 (NQOI), Toll-like receptor
4 (TLR4), myeloid differentiation factor 88 (MyD8&S), and nuclear factor-kB (NF-kB) in the liver.
Compared with the LPS group, BL-LPS treatment decreased liver index and serum AST and ALT
levels, increased the levels of CAT, GSH-Px, and T-AOC, and reduced the content of
malondialdehyde (MDA), interleukin-1 (IL-1B), IL-6, and TNF-a. In addition, BL-LPS
treatment up-regulated the mRNA levels of CAT, SOD2, GSH-Px1, Nrf2, TLR4, MyD&8, and
NF-kB in the liver. [Conclusion] Dietary B. licheniformis HJ0135 can activate the expression of
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Nrf2 and TLR4-related genes, reduce liver damage and inflammatory cytokine secretion induced

by lipopolysaccharide, and improve the antioxidant capacity in weaned piglets.
Keywords: Bacillus licheniformis; lipopolysaccharide; liver; inflammation; antioxidant
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mID, BURAFIEIETE, BRIRERKERED, T
FIESE AL X AR ) & A S B A o e
MEESRE . HTARMN, (FREIENT4K
IR, REEURMKE R, LRk D)hE
A, BB JTREAR, sh P A MsE T
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W, SRR, R JoFE RS
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HAT, #EmfE Ry —mhag g, ek
Ak REIT BB % A Rk 35 50 W gy 1 1t B 1 DR
IR E 258 T HiHM 2 A0 . Lan 7
B ES NI G g AL TR (BESS 2R AT TR . MK 2R 1
FRA . AEEZEARAT R . T ERIREA), RIERFHMTS
FRE AR RE | OGS B A, e
FEME A 2 UAHE . Wang Z7HFSY TR T FL
T BT FH RGP B T AR BN S 0913 H b
NG BERIE LS, 0 2S5 v ke B R
MR T i N R BE R TR TR A AR X B . K
FF IR Z B (lipopolysaccharide, LPS)J& & % K[
PERAMIR B E 2, BERE IS TLR4 RYK
ik, BRERERAAENBORKER, RN E
REFAALN AR Qiu EUWFIT WK, A
TIEHIAF R AT LG AR LPS 5 A0 FLIR AL 2 i
RANM T TNF-o MUIL-1B 97725, BEASIR M
T EEERE AN ] . Pézsa F Y
R IR AR ZE AT B B A FE VD 1] IR A R W A
FiETRM ER AR IPEC-I2 HA BE PR
WFFTRAEM . BT, 3¢ T Hu A F AT B0 W
WhAF 38 I 98 R K Bt 44k 2 RE 1Y 52 i F 5% 4%
b, A B TR IR ST TR AR TP IS i A 2F AT

FR HI0135 Xt 5 2o M S W A S AR 2. it
AALRETT . RAE N SR S B N B RS2
VAo M A 2 AT 1 PR AR B AR

1 HE5x=

1.1 R

A S B = E 0 kT b K3 A
(Bacillus licheniformis) HJ0135, F£X H % &I
AT, THHECH 1x10° CFU/g., AR50 FH R AT
WAEZ W LPS M@ Uiy, % KM B i I
AR O55:B5, LPS I [ U %30 B 7E B 47 (i)
R oA RAHE
1.2 REE& R FEIE

RIS VERE 24 SARTEAHNT . RO R AP
28 H 8 = JTASSWI A (R K xKR), K H b
MUh 4 MR, B4 6 kA8, Rl
28 do XTHRAI(CON), frIMESEANIRIMR ; HbAK 2R 4
FFAZH(BL), fRMEELARFHL+500 mg/kg HIAKZF
FEFF I HI0135; LPS W 41(LPS), fRMESLAffA
Fi; LPS+500 mg/kg HiA ZFAIFTE HIO135 4H
(BL-LPS), fAIMEIEARIFRR+500 mg/kg HIAK ZF7E
FFEA HIO135, oA i m iy b A 25 FAF 3 %
1x10° CFU/g 1G4, 7RIl 28 K, 43 LPS
ZHF0 BL-LPS ZHAFHEIMEIETESS 1.5 mL AN
1 mg/mL 4 LPS, % CON ZH#1 BL 441441354
G AEREIK, 1.5 h JFESEIERME . IR EN
MIEXSHOW A BRA /AT, B, ASBR
R RESYOK, RES5UOKEE A it
17, I H¥% BES7 58 S 0 8 FL R R0 i B2 % 3 e
K b AT R o WA R MY B HORR 2
BB TR IR 1R
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1 EMIARERREFKFRTFE)

Table 1 Composition and nutrition levels of basal diets (air-dry basis)

Ingredients Content (%) Nutrient level Content
Corn 55.00 DE, MJ/kg 14.17
Wheat midding 3.50 CP, % 20.35
Phospholipid 2.00 Lys, % 1.34
Whey powder 5.00 Met+Cys, % 0.77
Extruded soybean 7.30 Thr, % 0.80
Soybean meal 18.50 Ca, % 0.95
Fish meal 5.00 TP, % 0.65
Dicalcium phosphate 1.00 AP, % 0.48
Limestone 1.10

NaCl 0.10

L-lysine HC1 0.35

DL-methionine 0.15

Vitamin-Mineral premix' 1.00

Total 100.00

L Supplied the following per kg of diet. Vitamin A, 10 000 IU; Vitamin D5, 400 IU; Vitamin E, 10 mg; Pantothenic acid, 15 mg;
Vitamin Bg, 2 mg; Biotin, 0.3 mg; Folic acid, 3 mg; Vitamin Bj,, 0.009 mg; Ascorbic acid, 40 mg; Fe, 150 mg; Cu, 130 mg; Mn,

60 mg; Zn, 120 mg; I, 0.3 mg; and Se, 0.25 mg.
13 HEXE

TE 28 RXH W W A4 i ik o 2 LPS
AFRERIK, 1.5 h JE XA A TR bR
M, ZJ5BSERENEIF AT PR, BG4
A8 I B TR A, 0T 0TI O A T
—80 °CYkH, T 5L WiHahn il iE o
1.4 IMERTBETNRESRHR

I35 I 2 6E AH G 46 Bk L TE 4 55 5% 2 il
(aspartate aminotransferase, AST)FI4F N &% & [
(alanine aminotransferase, ALT)X M 5L H %
A ) ARG BT I S AR A
1.5 RFBEELINREIEHT

HCOo.1 g PR ZUERL, A 1 mL A= PiER
K, BERISIRHLBER T EI3 209K, 12 000xg L
10 min, B EIERIHUAEATEPR . K6 bRt
F5 B Ht % 4k BE 77 (total antioxidant capacity,
T-AOC) . it % fb & fifi(catalase, CAT). & HE L
Yy AL (total superoxide dismutase, T-SOD).
23 e TR 1 A 1L ¥ [ (glutathione peroxidase,

<l actamicro@im.ac.cn, & 010-64807516

GSH-Px)fI N ¥ (malondialdehyde, MDA), i
G B R E Y TR, Wi
Fi O I P ) G 150 I 20 R AN
1.6 RTRERIEREFIE4R

ELISA 30| Gl HF e L 2R S AE I 1,
FLHG 1404 Z-1B (interleukin-1B, TL-1B). [
MM/ ZE -6 (interleukin-6, 1L-6). i IR5E
~-a. (tumor necrosis factor-a, TNF-o)F1 [ 41 14
2-10 (interleukin-10, IL-10). FiRFEHRAEHI B
o A YRR R IR
1.7 FFRREREZRIE

{8 FH RNAiso Plus 71 (TaKaRa)$& BUHE &
RNA. i FTE GRS 0GR TR EUY) RNA Y
FEDEF TR, P8 A PrimeScriptTM RT reagent
Kit with gDNA Eraser il &6 1 pL WEH
500 ng/uL i RNA 4% 5 cDNA. cDNA (5
B A B R) & n B AR BT B AT, SR
cDNA f#if#7E-80 °CUKAE# M. LI cDNA i
M, A3l S BT R D RE . IR S AE
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1l TLR4/MyD88 {555t & AH G 1y KL P i1 720¢
JeEH PCR, 5|¥0L3E 2, ## % TB Premix EX
TaqTM IHEAEULHI, F CFX96 %)t it PCR
I T mAEI . AR R W : TB Green
Premix 5 uL, c¢DNA (50 ng/uL) 1 uL, I, T

#*x2 WHEE PCR3IHFF
Table 2 Sequence of primers of real-time PCR

51%(10 pmol/L)4% 0.3 uL, DEPC 7K 3.4 puL, i&
IR RN TRE S 95 °C 30 s; 95 °C 55, 60 °C
30 55 40 PMEH . R 2740 B L R AR X
RIR AT, AU LS B-actin
NS

Gene names Forward primer (5'—3")

Reverse primer (5'—3")

Accession number

CAT AGCTTTGCCCTTGCACAAAC TCCATATCCGTTCATGTGCCTGTG NM 214301.2
SOD1 AAGGCCGTGTGTGTGCTGAA GATCACCTTCAGCCAGTCCTTT NM 001190422.1
SOD2 GGCCTACGTGAACAACCTGA TGATTGATGTGGCCTCCACC NM 214127.2
GSH-Px1 CCTCAAGTACGTCCGACCAG GTGAGCATTTGCGCCATTCA NM_214201.1
IL-15 ACCTGGACCTTGGTTCTC GGATTCTTCATCGGCTTC NM_214055.1
IL-6 TTCAGTCCAGTCGCCTTCT GTGGCATCACCTTTGGCATCTTCTT NM 214399.1
TNF-o. ACGCTCTTCTGCCTACTGC TCCCTCGGCTTTGACATT NM_214022.1
IL-10 CACTGCTCTATTGCCTGATCTTCC AAACTCTTCACTGGGCCGAAG NM _214041.1
NQOI CATGGCGGTCAGAAAAGCAC ATGGCATACAGGTCCGACAC NM_001159613.1
Nrf2 GCCCCTGGAAGCGTTAAAC GGACTGTATCCCCAGAAGGTTGT XM 003133500.5
Keapl ACGACGTGGAGACAGAAACGT GCTTCGCCGATGCTTCA NM _001114671.1
TLR4 TGGATTTATCCAGCCAGGACG GCTGGGACACCACGACAATA NM_001293317.1
MyD88 CACCATTCGAGATGACCCCC CTAGCAATGGACCAGACGCA NM_001099923.1
NF-xB TTCTGGACCGCTTGGGTAAC CACCGTTGGGGTGGTTGATA NM_001048232.1
p-actin CTACACCGCTACCAGTTCGC TAGGAGTCCTTCTGGCCCAT DQ452569.1
1.8 it 40 - ns .
KH SPSS 25.0 Ff4xt B b1 7 s N R Ty 0 ns I

7243 M1 (analysis of variance, ANOVA), HE/NE
%257 (least significant difference, LSD)Z H Lt
BOL AR A 1 S E PR 25 5 . R GraphPad
Prism 8 #EATVER], 15045 H V- Y AhR i 15
TR, P<0.05 RRERBEH,

2 BER540

2.1 RMNHAREFIEATE HI0135 X LPS R#
W 434 & BT Bl 45 2 A9 52 M

A 1 ATAS, RDRE H s i K ZE AT
HJI0135 X W 5 47 5 I WE 45 20 G 8. 3 52
(P>0.05), LPS i i o i Uk i e b et 4 4 vy
8.3%, 1M BL-LPS ZifJHAEFe%4 LPS 41 3%
FAIG 9.4% (P<0.05).

[S]
S
T

Liver index (g/kg)

S
T

0 1 1 1
CON BL LPS BL-LPS

1 RIS EATE HI0135 Xf LPS RS #Ti)
FIERT AR R AR

Figure 1 Effects of Bacillus licheniformis HJ0135
on liver index of weaned piglets induced by LPS.
CON: The control piglets; BL: The piglets
supplemented with 500 mg/kg Bacillus licheniformis
HJ0135; LPS: The piglets induced by LPS; BL-LPS:
The piglets supplemented with 500 mg/kg Bacillus
licheniformis HJ0135 and induced by LPS. *: P<0.05;
ns: P>0.05.
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2.2 RMNMARSFEATE HI0O135 X LPS RE  MAh, 5 LPS 4L, BL-LPS AHAYIFIEIMLIE
Bri{FIE I E AST F1 ALT AYSG AST Il ALT f55 3 B 5 %K (P<0.05).

I 2 B0, BL ALIMGE H AST fIALT K 2.3 RN S 4T HI0135 X LPS 3%
# CON 4 B EWFL(P<0.05), 7HIFEIKT 22.8%  EiFIERTRAE It E L ThRE R 20
H117.9%. LPS 441N+ AST Fl ALT A9 5 & 3 Alf%, BL 41fF0E CAT. T-SOD A
¢ CON 443 ) . 2538 1 0.7 £5 71 0.5 £5(P<0.05). T-AOC ¥ &30 B2 3 g 3 14 (P<0.05), 1

>
os}

*

15 - * 150 - .
*
—

—~ k —
= 10- 3 100+
> == =) i ==
= == [
0 B - L
< 5 b~ 50 ==

0 1 1 1 0 L 1 1

CON BL LPS BL-LPS CON BL LPS BL-LPS

2 ARIMREFAATE HI0135 Xt LPS MAHTIIF & MLIE AST (A)F1 ALT (B)AIFZAR

Figure 2 Effects of Bacillus licheniformis HI0135 on serum levels of AST (A) and ALT (B) in weaned
piglets induced by LPS. CON: The control piglets; BL: The piglets supplemented with 500 mg/kg Bacillus
licheniformis HJ0135; LPS: The piglets induced by LPS; BL-LPS: The piglets supplemented with 500 mg/kg
Bacillus licheniformis HJ0135 and induced by LPS; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase. *: P<0.05.

4 * 25~ — DS — 150 - *
= = * o ns
g3l — £ 20r ns = .
i % @ ) s| 2100
£ 2r S S
2 = 1.0+ =
—~ 1 L @) QI- 50 [

S S 05F =
0 = 0.0 © 9
CON BL LPS BL-LPS CON BL LPS BL-LPS CON BL LPSBL-LPS
*
AI.S r * %\ 0.8
S . & —*
a. on 0.6 -
010 £
§ =o ns
S S 04p
005k g
o) < 02
< a
0.0 = 0.0
CON BL LPSBL-LPS CON BL LPSBL-LPS

3 RIMARIFAATE HI0135 Xt LPS R B 7 5& AT BE i S L Th R RS20

Figure 3  Effects of Bacillus licheniformis HJ0135 on liver antioxidant function of weaned piglets induced by
LPS. CON: The control piglets; BL: The piglets supplemented with 500 mg/kg Bacillus licheniformis HI0135;
LPS: The piglets induced by LPS; BL-LPS: The piglets supplemented with 500 mg/kg Bacillus licheniformis
HJ0135 and induced by LPS; CAT: Catalase; T-AOC: Total antioxidant capacity; T-SOD: Total superoxide
dismutase; GSH-Px: Glutathione peroxidase; MDA: Malondialdehyde. *: P<0.05; ns: P>0.05.
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LPS 41f{ 3 HFIE CAT. GSH-Px Fll T-AOC K+
O REZH AR FE A0 0l S 22 kb 21.3% . 38.2%
18.6% (P<0.05), i MDA & R R4 B 2
i 52.5% (P<0.05). 734k, 5 LPS 4AHLL,
BL-LPS A W1 4& i h CAT . GSH-Px #I
T-AOC FFH0 A Ak AR X8 Fm 1 7K 7 35 S 25 38
(P<0.05), 1fii MDA & i i Z A% 37.4%, ik
F X B AL (P<0.05) . LA - 25 5 U BH 3t A 2F F A
HJ0135 HA B4 bt S EH
2.4 RN SFFAF E HI0135 %F LPS B
W 9017 5 BT Bl 2 i E F RO 220

HE 4 7750, 5 CON 41, BL 41415
JHIE S8 A7~ TL-6 I TNF-a 75 i 14 i 5 R
(P<0.05), {H LPS HMfFHEHIE IL-1. 1L-6 F
TNF-o 7K F 11 (P<0.05), IL-10 7K

150

*

ns

100 -

IL-1B (pg/mg)

O 1 1 1
CON BL LPS BL-LPS

—

W
1

*

{

TNF-a (ng/mg)
e
(9]
|

0.0 1 1 1
CON BL LPS BL-LPS

i N B (P<0.05), ILAh, 5 LPS 4iMH L,
BL-LPS 4 A A& FIEH TL-18. TL-6 Al TNF-0, 7K
43R B E AT 3.0%. 6.5%F1 6.1% (P<0.05),
IL-10 A& 10 B 150 8.5% (P<0.05), BL-LPS
RAER T G XF B RET, DA ZE AT
W HI0135 HAT RIAFMIPTRIER .
2.5 RINMARSFAEATE HI0135 X LPS R
W 917 5 BT B & E R A R #2010

& 5 A0, BL AR A S CAT
SODI. SOD2. GSH-PxI. Nrf2 fl NQOI W3k
O RRZH 4R R R 0.7, 1.5, 0.6, 0.8,
0.8. 1.4 f%(P<0.05), ifi LPS #4111 SOD2 fAH%f
Fak RN B W AR 0.7 £%(P<0.05),
Keap 1 WAHXT 35 m 4506 BEZH D) 52 254840 1.6 4%
(P<0.05). 5 LPS #i#ftt, BL-LPS A%t

20 *

15 ——

10 -

IL-6 (ng/mg)

0 1 1 1
CON BL LPS BL-LPS

00 -
ns

{
H

i
S
I

IL-10 (pg/mg)
N
S
|

3]
S
I

0 1 1 1
CON BL LPS BL-LPS

4 RMARSFRATE HI0135 Xt LPS BB U4 J& BT A 485 E F RS20

Figure 4 Effects of Bacillus licheniformis HJ0135 on liver inflammatory factors of weaned piglets induced by
LPS. CON: The control piglets; BL: The piglets supplemented with 500 mg/kg Bacillus licheniformis HI0135;
LPS: The piglets induced by LPS; BL-LPS: The piglets supplemented with 500 mg/kg Bacillus licheniformis
HJO0135 and induced by LPS; IL-1B: Interleukin-1p; IL-6: Interleukin-6; TNF-a: Tumor necrosis factor-a; IL-10:

Interleukin-10. *: P<0.05; ns: P>0.05.
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Figure 5 Effects of Bacillus licheniformis HJ0135 on liver gene expression of weaned piglets induced by LPS. CON:
The control piglets; BL: The piglets supplemented with 500 mg/kg Bacillus licheniformis HJ0135; LPS: The piglets
induced by LPS; BL-LPS: The piglets supplemented with 500 mg/kg Bacillus licheniformis HJ0135 and induced by
LPS; CAT: Catalase; SOD: Superoxide dismutase; GSH-Px: Glutathione peroxidase; Keapl: Kelch-1ike
ECH-associated protein I; Nrf2: Nuclear factor erythroid 2-related factor 2; NQO1: NADPH quinine oxidoreductase 1;
IL-1B: Interleukin-1f; IL-6: Interleukin-6; TNF-o: Tumor necrosis factor-a; IL-10: Interleukin-10; TLR4: Toll-like
receptors 4; MyD88: Myeloid differentiation factor 88; NF-kB: Nuclear factor kappa beta. *: P<0.05; ns: P>0.05.
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JE[H CAT. SOD2. GSH-Px1 Fl Nrf2 (/315K
B E R 5 (P<0.05), Keapl FEFRFEIEBKT B3
AR (P<0.05) o 4 PN A8 5k R 3 3k 7K - e
RN R, BL 4 TNF-afil IL-6 3LK 2615 7K
& CON 41 18 & T F#(P<0.05), LPS 4 IL-10
FLHFRIAKF-EE CON 4 3% T F(P<0.05), 5
LPS #H#fH, BL-LPS Wi TNF-a. IL-18
Al IL-6 FE 3R 3E 7K F- 8 2 F B (P<0.05), 1M
IL-10 FERFRIEIKE B 385 (P<0.05), 1A,
TLR4/MyD88 155 5 it i A OC KL H K iA 45 R
/N, BL #H TLR4. MyD8S8. NF-xB JL:HFikK
A BRZH A3 0 2 S I 47.9% . 64.0% Fil
91.3% (P<0.05), LPS ZHAY TLR4 LN Fik K-
BT HR2H B A 38.9% (P<0.05), BL-LPS 4
JFHEH TLR4 . MyD8S Fll NF-aB K& [H 335 /K -4
LPS ¥ & 4w, HIYE T XL (P<0.05),
3 3w

JHF U 2 AL AR5 73 A R i 2 1 S TR A
B, B2 B RNE R A A A AL
WO RAE FIR2m M LPS Al 5 i 345 S B
A B gR 45 0 BoR,  HAK ZE AT R Ak
FRRENS A AR R LPS L35 & B FFE b K
Bhat 25T 26 B R WR ZLAT B AT LA RAIC L 75
ALT LR ot 2 P 1) 156 1k DA 45 S AR 7y
IEH IBE. Gancaréikova U 5E B8 FLIR A
REME T L IR ML T AST Al ALT 3 Mok 22 L0
FEVD I IR L s R /N Bt . i, 18
PR T 10/ R 2GR R TR
PREREAR T 1ML ALT A1 AST BYTEPENT, AR
HREE R E R, HAZF AT 3 AT I 3 A 4
Mg ALT F1 AST 64, IF HA R % LPS
WO B IMLTE ALT 1 AST 1R B934, K Hy
A ZFAIAT P HI0135 A LA LPS Ly |6 i) e
WA I

AN EE R M A A RN RG] R
B, 4036 1 % (reactive oxygen species, ROS)
14 7 A R ok 22 T ) 0 2 SV 1 A 2 B i
il E B EEMIEMRTY, A RIGFPALRE
JIH AR 2 & 47 3 W P S L B 6 v,
T-AOC. T-SOD. GSH-Px. CAT %, R{FHi
SR PR AT AU B 12t 22 140 A R SR R A
Mgt Yin SRR AR B, TR
S I A ZF AT PR REER S A7 IV SOD
W, FRARIMTE T MDA ¥ . Cheng "It
FERAN, TR A ZE AT R R A 2 A e
REAS AR XSRS N th MDA e . MK ZE H A
B AERS = LA PLE LR AN 20, TR
BMAE RS ROS IGFRA, HARPLE LS
PR AR ZEAAT R VS16 BRI BoA Bt
AL, PUEABUE R AR IG A oT 2
REIR, HAZEAFF B AT LA & I E CAT .
T-SOD. T-AOC Wi, A8 f# LPS 5!
ERIFIE CAT. GSH-Px. T-AOC &ML,
FEARHI T LPS Wk mi ) MDA & 6. LA 45
R M A ZEMAFTE HI0135 AERSHE & T 1Y
P fbRE ).

HEW R BT, A0 R T 2EAT 4 19 RORE S
NP R EAE . MO ZE AR A R SR
PET WREL A 2R A0 M Ak, AT RS 58 S e R
BT, PRI R AP, Xu S5 R XS 1
BRI AR ZF AT RS, 45 R B E b
IL-1B FIIL-6 K EREAE, TL-10 KSFEThiR . LiZFRY
WF9E K A ZF fOAF T PFO RERS B 5 FRA% ™
B R KM F4 &G E] TNF-o, IL-8 1 IL-6
RIEAKN. 5 ERPFFREEARAML, AT
FE45 R s WA 2R A AT B HI0135 i i U vh
IL-6. IL-1p I TNF-o & &A%, MM IL-10 /K
FE, BROREZT LPS HRNM-S B0 485 K
FE U A AT HI0135 AT LLE 2 2 PE 3R 65
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5 | P I 4% 200 M R -1 436 o

ARG 5 b A ZF R PR 38 1 0 ) 48 A
AALN I EIVE R T LPS S EWI RS
J T g4 R A g GR AP AL, RATTWRSE T
NS 5P R MBU AW B S g, B
NF-«B Fll Nrf2 {5 53 % . NF-«xB il Nrf2 i B
R AR5 S M4, R 8 S 0E A LR 5
RA . LPS HIEAS1 TLR4 {55388, nl LA
I NF-xB, MY RAELNLR T, FE5E
RGN 2% FC B R AR R R A
NF-kB & —F S 5 RAE W ) 5 i SR A7,
e 2 AL, Bl IL-6. IL-1B.
TNF-a. 7558 —4A L& A Wi (inducible nitric
iNOS) 1 3 & & M -2
(cyclooxygenase-2, COX-2)*, @ % Nrf2 5
Keap-1 Z557E—2, Nrf2 A FARIERMRE
TEEAL NI, Nrf2 M\ Keap-1 H143 55 I 5% A 41
M #, {2 ¥ HO-1. NQO1 LI K T-SOD .
GSH-Px. CAT “EHi%AfbEMFRIE, IG5 2
L X 48 Ak 38 A B BRI RE 7712728, NQOT & —
Tz AT BT S R E O, e
201 A e 2 TR A S5 2 ) S VR S5 ) SR A A 0
AR TR LR BN, AR ZEAAF B HI0135 7]
PASR R WO AR B IE Nrf2 B9BEIR ik, gEi
{2 3 T bt AL A DG B 4 CAT . SODI
SOD2. GSH-Px1 Fl NQOI {32k /K-, X 54
RGPPSR AL IS PR LS R —B, LPS N T
i SOD2 JER B Fe B KRR, Keapl JER 3
KRAKTFh R, T A ZE AT R AT AAT R0 i
LPS i ¥ L& 5| JF Bk b cAT . SOD2 |
GSH-Px1 1l Nrf2 JHRIEKEREL, ARUGH
Keapl 3 F KK F4EE . Chang PG A
B, FE AR H S T A ZE TR AT B A T T LA
EERYT 5. ShAES SOD FZEifE
2 (MUC2RENE B, A, Zhang 2P

oxide synthase,
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WEGE s, T AR A i A A 2 AL T 1Y
Rl ZEFRRF TR . Hb A 2 60T BRI 2L R TR T 1S
JEREFNZS B Nrf2 SRRk, FRMIK Keapl 3
Rk, XU R A ZF /AT HI0135
A E—E R Pl Keapl/Nrf2 {5 53l 42 5
AP AILRE S . Xu P25 & B LPS #i
WA R W = I -6 FER R A&, BF5T
TIE B b A ZF FR AT TR RE 2 LPS 5 SR RS
RAEPY, Chang FEPORFIT A B, FEGRAR HER N
Hb A 2F AR T R I 7 ) AT DA R AR IR XS+ 4R
. 2SR Al g IL-6 3L N ik . Wang 45
IRIAE L F W, AP S I b A ZF R R R A
LR AT P 0T B2 S AT 1] S B v e AR A
Kl F1 TLR4 (/Ko ABR IR, LPS HEHE
FEARENE IL-10 BRI RKAKY, HIA ZEAFFIE
HJ0135 NI BEREREAR TNF-a. IL-18 F1 IL-6 K[H 3%
A IR IL-10 F3B7KF o BLAh, HiAK 24
FFRE HI0135 A LARE = TLR4. MyDSS .
NF-xB FERIFGR KN o DL 25 L 32 B A 25 4
FFIE HIO135 AT LASUAR A7 56 I E 98 A K514 43
Wh, HBr R ARl REJ2 8 i s TLR4/NF-«B
A R R

4 i

TRDHR FR A I A ZFAAT I HI0135 AT LAB0S
Nrf2 F TLR4 5 5id ¢, Zef LPS 5 R
JH A58 45 0 9 E DX 9 4, i e T A1 A e
A Ak RE

S 30k
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