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LPS tolerance-induced GSK-3 inhibition protects endotoxemia rats from acute liver
injury
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[ Abstract | Objective To probe into the protective mechanism of LPS tolerance-related GSK-3 inhibi-
tion on endotoxin-induced acute liver injury in rats with endotoxemia. Methods  After the SD rat models of
LPS tolerance with or without GSK-3 inhibitor LiCl pretreatment were established, and the mRNA levels of TNF-«
and IL-10 in hepatic tissue were measured by semi-quantitative RT-PCR in the normal rats, and above model
groups. The activity of myeloperoxidase (MPO) in the liver tissue was detected by using special kit to evaluate
the neutrophils infiltration in the liver tissue. Kupffer cells were isolated by Ficoll density gradient centrifuga-
tion, and the cell models of endotoxin tolerance and GSK-3 inhibition ( LiCl and insulin) were established. The
phagocytosis activity of Kupffer cells was measured with Neutral Red assy. Confocal analysis and Western
blotting were used to observe the subcellular localization and nuclear translocation of NF-kB p65. Results
LPS tolerance as well as GSK-3 inhibitor LiCl pretreatment decreased the up-regulated TNF-oo mRNA (P <
0.05) and promoted IL-10 mRNA (P <0.05) induced by high-dosed endotoxin attack, and the enhanced
activity of MPO was also decreased during this process (P <0.05). On the other hand, both endotoxin
tolerance and GSK-3 inhibition ( LiCl and insulin) enhanced the phagocytic activity of Kupffer cells (P <
0.05). Both LPS tolerance and GSK-3 inhibition LiCl decreased the nuclear translocation of NF-kB p65
induced by large-dosed LPS (P <0.05). Conclusion The inhibition of GSK-3 functional activity induced by
LPS tolerance may be one of the protective mechanisms against endotoxin induced acute liver injury, probably
via affecting nuclear translocation of NF-kB p65, secretion of inflammation related cytokines, infiltration of

neutrophils, phagocytic activity of Kupffer cells and other downstream events.
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AROREE LPS T B 4 B SR 1 2 4% B 10 F T fig
Befh o BT A B LPS TUAL BTG EOM R & A i
fiiE-3 ( glycogen synthase kinase-3, GSK-3) Ifj fe 1% P11
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PEFR BRI
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PELL G RHIA F 2L [F Sigma 23 F) 3 S AL (LiCL) 5% [ 7 23 #r 4l
350 PBS W A XU A ) TR W) 5 B8 PR B Kt Pro-
tease inhibitor cocktail \ 2] ff S5/ 40 0 4% 25 (2 B Kit & H € &
Kit [ [ 1165 B R % AR W B A RS &) RNA P 42 B Kit
W 5 b ETE Z 5 A Y HOR 23 R s RT-PCR Kit 1y | TaKaRa 24 7]
(FPEKE) s Sebi Bl NF-kB p65 ) A 2& [# Cell Signaling Tech-
nology 7 PR\ 7l s fb2% & 6 & 4t ECL Supersignal® West Pico Il
F 25 E PIERCE 2\ ] ; PVDF g [ Whatman 2> &), X 26 714 [
2 [# KODAK A #]
1.2 s BR R 45

P JESCHR (4 1R800 73k 6 36 H SD R R A BEHLEC T
FeiE43 M IE H 6 BE(NC) (LPS ifif 52 (ET) 15 fb 42 751 Ak B 21
(LiCl) , #57 LPS fif 5z \LiCl Ti4h ¥ K LPS 75 5 & M T Hi 43 1)
EILY/E R & DA ST 7
1.3 AF#4a4 TNF-o #= IL-10 mRNA ¥ 2 5 547

SREUF2H 206 RNA SR A7 50 B 1 M0 | 20 B2 3 A7 A R 22
it SRHAPIL X TNF-o F1 TL-10 mRNA #4722 4t : LA GAP-
DH Kk RHNZ , 2 IOCHR[6 ] 53t PCR 519, b st = i
BAEYHARFRFAL AT WL, 51979 LI = 4k 1,

RT-PCR 7128 2% BRI BB LK, 45 BEIC B Doc Gel 2000 &
GATHRERFGO LR B
%1 PCR3|¥igit

R 51551 741 (bp)
TNF-a i 5'-CATCTGCTGGTACCACCAGTT-3’ 396
i 5'-TGAGCACAGAAAGCATGATC-3’
1L-10 [ 5'-CATCTGCTGGTACCACCAGTT-3' 346
FUiE 5'-TGAGCACAGAAAGCATGATC-3’
GAPDH i 5'-GCCTTCTCCATGGTGGTGAA-3' 309

T 5'-GGTCGGTGTGAACGGATTTG-3’

1.4 ML HT R EE(MPO) F ST

SR FH B m A A W TR 5 BT A 7 A MPO 2 iR £
Fie AR =R B AL 0 1 B A5 B 3R AR, BB FE 460 nm K
1 em A2 ZEIB/K AR 58 &8 MO0 B2, P T I 4L
MPO &, MPO(U/g) = [ % D(460) — X} HRAE (460) ]/
11.3 x0.05(g/mL) x0.2(mL) .
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ZIASCHRL 7 ] R Percoll %5 B 46 B 850 12: 43 BS Kupffer 41
M. Kupffer 453> 1E ¥ 21 (NC) \LPS B 41 (NC + LPS) . fiif
T4 (ET + LPS) A1 LiCl 41 ( LiCl + LPS) ; £ Jfa It B J5 5 46 G Ifi.
TERE RIS R 24 h, TALEE 7 - NC 410 NC + LPS g1
PRIM1640 . ET + LPS 41 /il 10 ng/mL LPS fi) PRIM1640  LiCl +
LPS 4114 25 mmol/L () LiC1,37 °C 20 h, LPS #il3% . & NC 41
S, LM A £ 1 000 ng/mL LPS () PRIM1640 Hi]3#%6 h;
WKL, AT G S (B R Western blot 43477 .
1.6 B E Mo

R F rb ok 21 A5 0 5256 40 T Kupffer 20 i 75 1 35 11
Kupffer 4143 3 20 , 43 %1352 LPS 0,10,100.,1 000 ng/mlL., LiCl
(ZPMEIF1)0.10.25 .50 mmol/L L % 1 5 25 (£ #m i1 7)
0.1.10,100 nmol/L AYHURIFL 12 h; LALLM, HEAT H PELT B W
AR AR, B {G32H 540 nm F1 595 nm 6% (42 DL T
PTG, Kupffer 1R fb & WG PE = D(540)/D(595) o
1.7 BERERESHSH

Z L RFIE Kupffer 41l F 4% 22 5 B [ % , 3% Triton
X-100 #AL AL 3, ] PBS Bk HI 5% 12 1l 3 & Rt AT 5 A
S—PUik (anti-NF-xB p65 1: 100 #i k) , = I 45 & Uk Ve 40 L 5
IMAZSEHRICH — B (Cy3-anti-mous 1gG) , L\ FIEE A
VR INARAZ B YL DAPL, 2 3551 J5 W DAPL & YL, Jin
AR Yk DIO, =R 8 J W DO 52 Je i, Y M 40 A
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2 L RH 0 Kupffer 21 F PBS Y%, R H L1 B GE 1
T W AR T Kit P47 Kupffer 205/ 40 MA% 3 11 42 BUF
JEE . oK Western blot £ #E4T NF-kB p65 & 2 8 it 43 #7
% SDS-PAGE 438, LA bt R NF-kB p65 58 — P iR #1740
AN NF-«B p65 B (6 I3l s 5k H ECL fb2% & 6k K
MGRPEZ A RN T EA R aE R, & XL
S ALY (6 PVDF 5517 G R % BE 4 H
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LiCl 20 F 8%k BA B (P <0.05), $#£ 75 LPS Tif 3 1
GSK-341 ) HA 2 #F TL-10 KR mEH (E 2) .
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(P <0.05) 47 LPS il i nl 5 b Mok 20 i JIF 20 203 5 8
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2.3 REEwEF2 GSK-3 Fp4) 7| 2t Kupffer 2 it 5w
e AR
Kupffer 470 F 96 fLHR , 2 2 51 W & 19 LPS  LiCl 1 ik
Sy RIS , R A M 20 W SE 0 A A A s M (B 4)
£:0.10.,100 11 000 ng/mL [ LPS $il3#% 12 h, HIE3& BF LPS {2
WA IS E (P <0.05) , K& LPS Y B2 1IN, 40 i & W
P LR B # 3 £5 0,10.25 F1 50 mmol/L iy LiCl Zb38 12 h,
Ve B LiCl A2 20 L & Wi M (P < 0. 05) [ LiCl e B2 iy 14
1o AL WG T P 2 B 1 B4 945 28 0.1 .10 1 100 nmol/ L (14 fif
A FOR 12 b, Rof 2 0 e S 7 1) 5 A 8 2 (LT LGl 3 4
7, LPS i 52 F11 GSK-3 4111 il 771 35 7] LATE 24 vk FE {2 3#F Kupffer 41
O W
2.4  RFEw LA GSK-3 74 7 3+ Kupffer 48 i, NF-kB
pO5S M EAL W F v
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Western blot 2 5€ &/~ , IE 7 40 ifd ) NF-kB p65 F- %
SIATAEAN LI, 7E LPS Toaky N AT & A A 5% 467 5 {H LPS i 32
GSK-3 # l 57) ¥ fg vl > LPS Tk 3 8y NF-«B p65 # 5% i
(P <0.05) 3% 7] g & GSK-3 ZZ3 il J5 BRAFHL A &7 1) —Fh
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1
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215
1:NC 285 2.NC + LPS 283 3.ET + LPS Z0; 4. LiCl + LPS 41
A: Western blot ¥ 25 ;B ¥ £ 45 M 4R ;a :P<0.05, 5 NC

4ik#; by P<0.05, 5 NC +LPS 4114k
B 6 Western blot # il 28 & i NF-xB p65 1% i

3 i

WFFEUESE GSK-3 TR 215 5 b b R E T 1E
P, A0S RE SR RS SRS ThaE ) . GSK-3
TR AL AT 5 VT 41 38 75 s S 17, LiCl &b BEaS, LPS i 52
TR W0 i AR E L TR R — 3
PETRLERT IR ST & B, 15 5 LPS i 3% 530 GSK-3 1)
FIVEBERR L AN GSK-3 THREVE PRI 5 (B H R e
FIVEFIHLRE ARG 28 . ASBIFSE LM O B R, 3 2 W8
GSK-3 1% Z N (5 = F i nT gExT g R M 2
A AR (9 JLAS 7T, B LPS i 52 F1 LiCl % 46 i A
T AR AR ISR L S Kupffer 2058 i B0

AMNFREFR GBS tnGE 25,
LPS #4% Kupffer 411}y NF-«B ¥ S (942 45 [H T TNF-a,
JLF-5 LPS iS40 0 Ay e et 5 oo
2R O TE T PN Y SR 4 5 R AL & 5 — AN 5 TNF-o % U1
SRR 2 T TL-10 S LPS i ST
Vi F rh e B B BT B 05 71O L AR SE SR
RT-PCR k58 i 40T, % B0 5 N 35 2T 52 ] 72 400 16
48 IR F TNF-0 2 3K 10 [/ b1 4% 48 7 1L-10 3%
K 5 R AW T AL B 20 3 i G AT A P2 40 MPO
TR A R B, N B R T AZ AT MPO i M. AT

LPS i 52 5t 3 25 25 P A543 A O B sk 1oy 32 8 2 3 ik
/U R A IS A A 28 DR R RN S T 4 TR T
PR X S5 S RIS 4 A A T
fRI0E, % FH GSK-3 ik ) LiCl o 52 56 3 4y ik 47 99 b
PR RESRAE T HR 3R LPS Tt 32 25 oL iy B 4% 3 5k
N 25 A TRATILRTHIE 1Y LPS i kb ¥ Al 53 GSK-3 7%
A 25 B LPS it 52 S350 GSK-3 15
il T fES& LPS Tif 32 7= A= 4% B PR 7 800 1) — R 7E AL
W T B W40 B ( Kupffer 40 ) B4 Wk 15 PR 35 o A
FIFALP 414152 LPS S30 4" . ARBF5T R
FH AP £ 52 36 W 5K Kupffer 20 045 WE 5 14, & 5 S
LPS it 52 i Kupffer 2 ffg 7 W i P43 568 5 17 GSK-3 4171l
I LiC1 i1 GSK-3 A= LM il 771 Jp £ 2, th i) 53X Kupffer
YA TG P 5 . R LPS i 52 801 GSK-3 i
PERI I KI5 % (4 Kupffer 4H i 75 1 % M 19 58 1] g J&
LPS i 52 47 3 55 25 PR DE S 2 A ML)

H T LPS 335 Kupffer 41 NF-«B i 5 1942 R B
+ TNF-o JL°F- 5 LPS % S iF 0t 05 ) T 5 S 4448 A
StV H T & B NF-kB p65 5 I 21 I W 1% A5 Ak
A ARl R AT AR B S BT ST R T T NF-kB
p65 7 LPS Mgy it 52 Fi1 LiCl T4k B o AOA% S5 10,
KPIEHRAS NF-«B p65 =B 40 A0 7 41 , i i oy
AR {H LPS J3 T NF-kB p65 A & A 4% 5 v A
Wk AR s 28 LPS FiAL PRI Kupffer 41 f-F-55 32 K5
it LPS Jil i 5} NF-kB p65 4% % fi 1 3 9 /b, 5 SCHk
(17 =19 ] i — 0, (A H A2, LiCl i 4b B j5
Kupffer 4l ffl 4% 52 LPS #il#4 i NF-«B p65 #% %% 1 [F]
FER B >, 5 LPS Tif 2 RS AR, IF 5 SR8
f¥) GSK-3 41l i 71 ] 410 ] NF-xB 3% ¥k — 2™, 2R
LPS A1 LiCl 7l &b BE S5 20 /%) GSK-3 75 P #4fil, 7T fE J&
NF-kB p65 1%/ iy /> TNF-ou s 53 32 301 L it s 4
L JTF P SE B0 2 DL K Kupffer 20 i 75 W 15 14 4 08 114 16
BINE, ALK WL GSK-3 7 Kupffer 41 fitd )
JH 2/ A% B RS 1 L, )RS R ] Western blot 46 i
THEM T GSK-3 f5%5, (H 5218 fie 28 % g A I ) i A%
GSK-3,

25 Ik AHFSE & 30 LPS it 3% A LiCl i ib P 5
Y GSK-3 1ML, ol REIE 1 ik /> NF-kB p65 4%
AN P2 A B A BRI T U A SR TR PR 2 I T
R FHE 0 A Kupffer 21 75 W5 16 14 49 5% 25 5T 458 493 30
B ek B R LPS X ST E VR
A RS AT LA GSK-3 1 T iiEEE 4, GSK-3 41l
FAG T g i bR X P 7 Ak A A 5 e A AR
PR (H AR DI B 2 FALE e — P S IE S
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