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Abstract

AIM: To study the lipopolysaccharide (LPS)-induced
liver injury in D-galactosamine (D-GalN) sensiti-
zed rats at a sub-lethal dose.

METHODS: Forty eight rats were randomly
divided into three groups (16 for each). The rats
in each group were further divided into model
(n = 8) and control group (n = 8). The rats in the
model group received intraperitoneal injections
of LPS (50 pg/kg) and D-GalN (300 mg/kg) in 1
mL stroke-physiological saline solution (SPSS),
while the rats in the control group were treated
with SPSS only. The tissue and blood samples
were collected at 6, 24, and 48 h, respectively.
The contents of serum alanine aminotransferase
(ALT), aspartate transaminase (AST) and total
bilirubin (TBIL) were detected. The morphologi-
cal changes were observed by hematoxylin and

eosin (HE) staining. The apoptosis of liver cells
was detected by TUNEL assay, and the expres-
sion of tumor necrosis factor-a. (TNF-a), inter-
leukin-1B (IL-B), and bax gene were detected by
reverse transcription polymerase chain reaction
(RT-PCR).

RESULTS: Blood biochemical indicators, such
as ALT, AST, and TBIL, were significantly
higher in the model rats than those in the con-
trols at 6 h, which reached the peak at 24 h, and
sustained high levels at 48 h. By naked eyes,
sporadic, punctiform and lamellar hemorrhagic
spots were observed on the surface of swell-
ing and pale liver with tenacious texture in the
model rats. Congestion, piecemeal necrosis and
infiltration of inflammatory cells appeared at 6
h, and cellular vacuolar degeneration, engorge-
ment, focal necrosis and neutrophil infiltration
were observed at 24 h. At 48 h, vacuolar de-
generation appeared in a majority of liver cells,
and structural disorder of liver lobule and spot
necrosis were observed. The apoptotic indexes
of the liver cells at 24 and 48 were 20.6 + 3.3%
and 21.2 £ 5.7%, respectively (P > 0.05), whereas
the apoptotic index was only 4.3 £1.2% at 6 h in
the model rats. The percentage of apoptotic cells
was 15.83% in the model rats, and 0.39% in con-
trols (P < 0.001) at 24 h. In the model rats, the ex-
pression of TNF-a and IL-1B were significantly
up-regulated at all time points and reached the
peak at 6 h. There was no expression of bax in
the controls, but 6, 24, 48 h after LPS induc-
tion, the relative expression rates of bax were
0.193 £ 0.062, 0.191 £ 0.043, and 0.209 + 0.031,
respectively.

CONCLUSION: LPS can induce acute liver injury
in D-GalN-sensitized rats at a sub-lethal dose.
Apoptosis is the important morphological fea-
ture in this process, which may be associated
with LPS-induced bax expression.
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BHEY: KT 0 2 B (LPS)xD- ¥ 5L K
(D-GalN) A K KA T 537 = T 69 445
YEA.

Fik: 48 A KK MAAS A = K4, BP6 hy 24 h
Fo48 hIRAHM 4, AR K16 R34, HAKEFE
oA AN, Bp AL B A Ae 3t BE2H, B8R K
R PR A2 K R ALPS(50 pg/kg)+D-
GalN(300 mg/kg), 1 mLAH A2 #HKE
)G BB W ST, SR K BAUE I M2 4T 1
mL A 22 2K, JEAR R B R, R &S A
BH(ALT). 5% 428 (AST)A 24 % (BIL);
FFLR 22w #E 2, HEZ &5 Aot &, 4R
A W TUNEL AR R % R Wik 2
FFLBLR S Pk om i B F TNF-an 1L-1pF= 28 i
T -5 A& W bax i) £ ik 18 i RT-PCR#Y 77 kA6

HR: TEAEMAKAALT. ASTA#TBILE
6 hMBp 2 %735, 24 hik B)3414, 48 hintk
BT oK, FIEXERT SR 7 FER I
Bk, AEXEFLBELEFMRTSE. L@
A SR B K s MR, HE R
E T ILh AL P26 h, ATLALRBp 2ILA do, A2 R
KIS KT P 2 i3 08, 24 hiF aa i T %4
T, BPRK, FFILK R SR AP M aa e
7ZE. 48 hWU % AT = AR Tk, 4L
Db M AL, BORIRIE, KR 83 A AAT
B, V. TUNEL AT 2.7, B840 & LA T o4 I
e, 6 haL P20 Y = B =i, A I8 4
(AD)A4.3+1.2%, 24 h=48 hiL I LA AT 2122 A
W LA % 698 = 4a e, AL A 420.613.3%.
21.2+5.7%, 12 % % P>0.05; 24 h4k 22200
T E 2 E A 15.83%, TR T b
0.39%, P4 A1 2% %57 (P<0.001); &2
YL &0 8] ETNF-o. TL-1p89 £ A ¥ B st a2
BEFG, L% MEIT6 h. sTRAELNL
bax kA, mLPSH B JAJE6, 24, 48 hegAaAF
Fik % 40.1934+0.062. 0.1914+0.043. 0.209
+0.031.

22 EH LA ZLPST#mD-GalNE A X
R ST B, iAo 2% 2B
TRRBEBEFHE, MATHEETRSE
LPS# Fbax i & ik A %k, AR R E I
N Z0PE ST 45 09 SR 3 S R A

xR MEX,; SRS, SRR, BT
U8, SXOWR, KM, B NERMRMFHRID SIS
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W8 2 (endotoxin) e =% [ [ 4 41 11 41 i e ob
Ry, e B A ) T N AR R R AR
FHI 4772 g 2 B (lipopolysaccharide, LPS). f&
S BRI FREVE S g . B4 A e
SEHRE R, WEEER MU SRR L. A
S SR R R S S, BT b b
LIy R 1R P2 AL AN/ s I 5 A% 15k 40 i 28 G5 e )
FHAS 75 40 B R B 4, A4 5 A Tl P 5 32 0l
SiE. BRI E 19954 it DA R T T Ih Ak v
(1) A B 2 AL, DAk YRR 3 LRERT A2 s vk
B A MUAE & D Re vt K AR I ) Bk, H i L
SR T R ELPSEURHM1 IFES, HIEIR b
i Z FER A 0BT B — AN BB B ]
REAE T LPSIHH0 sh WA A ST AT IR HE, PRI A
ViR s R 2 X LPSAFAEHPY. BEAE R F K
FHLP SRS )77, PRIa] 3 st 4 JE AE
1) 22 N2 L) £ 365 vy, A7 P-4 477 9 B2 R E R P ¢
N FAFAE— 5 WAE, 11/ SMEL P SIH A H
SAEAE M LA 3R AR K S KA. AT B I K,
D-¥-FL B 1% (D-galactosamine, D-GalN)J W FH g
ORI IS5 RO LP SR, AELPSIZIY)
BRI N2 50015 BA . AT A ST
fifi b, SRH /N LPS/D-GalNA B By 3 7. 51
g Eit

1 MRFSE

1.1 A4+

1.1.1 334 {@EE & Wistar K i, /4 #200+
10 g, HIFg B OR2E B 2= B sl Rl o Al

1.1.2 S8 Wl SCHR[21,25], SEERHTT wk4i
W, 7358 m3E, 4T B R ROK. il g
F£25°C, HABERG12 hIFXT L.

1.1.3 3X#] LPSHID-GalNIlJ [ 3 ESigmal wl;
DeadEnd™ Colorimetric TUNEL Systemll [ 3%
[E Promega /A 7.

1.2 ik

1.2.1 a2k 48 HUR RN o = K4,
Bl6 h. 24 hf48 hHUM 4L, FF4l%16 5, A
KATE AN, BIAL B4R 4L, %
8H. AT b B4 K 2 ALPS(50 pg/kg)+D-
GaIN(300 mg/kg), 1 mLIGH 4= &K St G
JU J ALY S, ke PR R AN B P ¥ T mLAE
HEERK. AEAH RN 5, BP6, 248148 Wk H JRRI%E
Wb HESNH), NITHERIK T s 5 kR L AT ALT
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TNF-a IEW:5'-CTGGGCAGCGTTTATTCT-3'
N 5'-TTGCTTCTTCCCTGTTCC-3' 249
TEWY: 5'-CCTTCTTTTCCTTCATCTTTG-3'
& W: 5'-ACCGCTTTTCCATCTTCTTCT-3' 372
bax [EW: 5'-GACACCTGAGCTGACCTTGG-3'

R NY: 5'-GAGGAAGTCCAGTGTCCAGC-3' 310
B-actin  [EW: 5'-ACACTGTGCCCATCTACGAGG-3'

& WY:5'-AGGGGCCGGACTCGTCATACT-3' 621

IL-1p

BY /N E(2950-100 mg) B % LA RT-PCREY
W5 8 52 23125 6B FITUNEL S M7 o125 1 40 1o &
W% U 4 A
1.2.2 TUNELa#7 ZIICHR[26], ATZ12U140 g/L
ZRWEEE G, AT asal, U, s
RS . 7KAk, T TUNB LA IR A & 9% Ui
TP BRAAT. B W MDABE A, HFARFETY,
SRR o i R = W (3 S D a2t R
ToRRRE: A Az B gLt o B, R e i
Hey a5 S Ik
1.2.3 RT-PCR S SCHR[27], HF2H24(50-100 mg)
MRNAFIUHTRIZoIAF(Invitrogen, USA)%
BEVEUOI AT, 2 mg B RNASE R H T 28—
HEcDNAIA K, RHAIM-MLV RT kit(Promaga,
USA)RFI & REAT. PCREIE A HPrimer
Premier5.0%f(PremierBiosoft, CA) il 5¢
B SIF A B A B LT RN A AT R
TNF-a. IL-1pFIp-actin: 95°C A5 min; 95°C
AF 145 s, SSTCIRK45 s, 72°CLEfH1 min, 3538
AMEIR; e MIEH72°C 6 min. baxF1B-actin:
95°C 5 min; 95°C 45 s,57°C 45s,72°C 1 min, 3&
38N 5 72°C 6 min.
124 FXgmie A il 4 HLEIR, F4FITC-Annexin
V Apoptosis Detection Kitf§fE, X4l db4T
Annexin V/PDXUH, i ot X0AR 5 i X 40 AR )
ML T

St F AR S5 B s Limean + SDFE IR, 4
F) LB I 5 293 #r

2 BR

2.1 Ao A4 4R FTE B B I ALT,
ASTHITBILYE6 hpy B 28 2 10, 24 hik
FIEAH, 48 Wi 4ERF T mi7K-F. {A75:48 h, ALTI)
K24 h A 53 M FRK(P<0.01)(K2).

1 KEBFFEXGERS. A: WIHA; B: 24 hibFA; C:
48 hAbFHZH.

22 FFRAHE ST WML, % 4T
A IE W, B, R, R
24 hH148 hALERALZ R B S K . k2 IE
LU DG EE TS WA . R T O ORI ROk &
FORH I AT P iR, 48 hARERALF R H I
B/, i B A (D).

2.3 AEAEE LR W RAFAZ, HES (4 EoR
JEE /N 5 K S, O Al AR PSR B IS 6 h
MR AR, Wb e if, W R IRIRAE, K
RYENMIR I ; 24 hACBRALD) ), HTALZEE 4 v
AF, JFat b i, S50 4 B e AR v, JF WK
JEARINGE, Lm0 2 S PR R4l R, 48 h
AEFRALDI Y, AU g R EL, o Tl
PR IR AR, FE A b B, A RRIE R, A
RURIRAE, [R5 25 58 5 40 M 211 (1€12).

2.4 A = TUNEL S AT X641 i AR ) i
] g2k V) b, BRI D) o A SASRLEE, B
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1 &% %A F
LPS/D-GalN#j 5
4B h ALT (nkat/L) AST (nkat/L) TBIL (umol/L) AR AT R A
WERH 11022+53.4 5292.2+6263 9.4+12 'g”;ﬁ’i fﬁi
" H R IE D
R3EA 6 6656.6+ 1386.1" 10689.6+1873.7° 16.8+6.7° WE4745 20 My 8
24 53 072.6 + 10 604.5™ 67 250.9 + 15 748.1" 59.6 + 8.7 2 WA TR
48 25 150.2 + 9 452.2° 66 1565.4 + 13 694.0™ 58.8+10.1% A HR IR
) I Mk 9% 22 5 B
.
°P<0.01 vs XWIRLE; P<0.01 vs 6 héH; P<0.01 vs 24 hé. 3 BF 4 A 6
M) T 38 5 Bel-2
RuEaH £

2 REFFHBANBHELR (x 200). A: %R B: 6 WOHIZ; C: 24 WGHEAL D: 48 hihFHA.

3 KEAFALMBIRAETBITUNELDHTLEER (x 200). A: XTHAZH; B: 6 hihFRZH; C: 24 hibELE; D: 48 hithFRZA.
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iR EE
1 AEEFHER
JF 4% 45 BT 3% 38 AL
EINERCR G > D) 483 XHRLE 6 h 24 h 48 h
B TNF-o 0.368 +0.037 0.664 + 0.083" 0.605 + 0.056" 0.474+0.017°
2 A TNF-oub AT . . .
2 98 4F AL A IL-1B 0.043 +0.004 0.701 +0.061 0.407 +0.038 0.389 +0.045
BT BT, bax 0 0.193 +0.062° 0.191 +0.043" 0.209 + 0.031°
°P<0.01 vs YBBLA.
A Data 097 Data 097 Quad % Gated
o <+ - _ __
§ S H{z 8.% 500 bp 621 bp B-actin
28 &g L 99.03  250bp 372bp 1L-1p
.:ig:‘ g %NO LR 0.26
08 g "
° 5 oy 621 bp p-actin
©0 50 100 15020025  10° 10' 10 10 10 249 bp TNF-a
FSC-Height Mouse IgG1 FITC M 9 10 11 12 13 14 15 16
B Data 098 Data 098 Quad % Gated M W4 6h 24h 48 h
E y 5 q.'-' Ul 3.17
) - UR 13.86
2 S S LL 81.00 500 bp — W 621 bp B-actin
';i%; 8 o - IR 197 250 bp B 310 bp bax
28 o O ik 203 4 56 7 8
n - £
2 O” f M W4 6h 24h 48 h
o i b 2
0 50 100 150 200 250 10° 100 10° 10 1d 5 ZAKRERTINF-o. IL-18F0bax mRNAZRAIRASHEERIX
FSC-Height ANY FITC

4 24 WMMBAKREAEABATHARNMEREE. A: XK
2H; B: 24 hhFH4H.

ANVLEF TR ECL00 Al k%, TS T A
Sy Lei %, BRI PE TiE £ (apoptotic index,
ADYL BB N, R T AN i 2 Ik 4h e
44t (cell shrinkage). 0 )iiik4E(chromatin
condensation), 4 Jfifz BEAFE O (O, FT-/ME
RS . S IRAFAZD 7, ATl
Jil; 6 hAbFEA, JHAIZA N Wb R T4, ALY
4.3+1.2%; 24 hF148 hibBR 4 420N W) W8
Z T4, AT 820.6 £3.3%. 21.2+
5.7%, P LLBICGE v 27 22 57 (P>0.05) (£13).

2.5 AR miekE R (K4) 24 hibBEA: )
T e E A3 (R AN O R T A ) Ay
15.83%- IIEAHM E 43 £ 3.17%, 4435 41
I3 E R 81%; X HEAL: P T4l 170.39%. TRFEAN
M5 0.58%. IEH AEIE A 1 99.03%. P41 IA] A7
1 235 25 5(P<0.001).

2.6 TNF-o., IL-1pAmbax ey & B £ ik AbFEL] %)
(B ATNF-ou. IL-1B IR IA IR BEL 8 35 T i,
HormgE I T6 hy X IRALUR Woax 3k, 1
LPSI1 R FH % S T bax 1315 (33, K5).

3 118
PR TR R i AR B R

RRRIE.

W2, Forh e A KRN A IR . s
FG 9144 40 s 26 1 40 i R i A kv 1T DA RV T 5K
FETULPS, P iE N AR A K& ILPS. fE1E
WROLT, NE R EE T TE K LPS, #7HF
i RS VAT A A SB[ RLl N 7 <o U (g
L P S & 3 58 I FH /sl Al 5 40 R Ih e AR, 51k
JFJFE R 5 07 1 B . L P SSF I ) 25 e S g 3
A (D2 ALK A ML (HS Cs) 539k 2 Fh 58 1
A7, WITNF-o. IL-1BHIIL-6251, ixuk g5
PEPR 75 ) & TN F-ou 14 I RT3 Bl 3 T 4
JROBE T B 98 11 0 M P 923 . 35 1D 4% 40 it ] 3k
I O A R B, TR RCE DR ER, (2)LPS
AT 42 B 58 DR 4 A R LA P R
JR IR e B, 3 A L 405 B Ak A 1
5 RS P H It R T 40 L PR S A EE,

TG A R B XL P SR S v, R
AR HID-GaINBUFCK Bl LU T 7 E s,
D-GalN[¥ AN ], FEA SIS aET, A
SRS AN A T BE, X I3 P A% 1k A e IR 1
AP A = 0. D-GalNf 24 e T4
iy JHE A0 9 U T P A & 1T DR KBS i L P S TR 53 2
Mignon et a/'WF5¢ &I, A LPS/D-GalNAL
L, LT SR B R M R (R I, 7510 h
N 100%3W B0 T, FT 2 2R 1P 99 HE 224G 2 WAET™
) T 4 B R 5k 95 %, 1y HL Ay T 38 O U L U R0
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i) () 20 23 2 K 1 W)oK AT AT B £ 2 B, X 4R
LPS/D-GalNi% -3 1) 40 fu 45 47 H A 248 B R 57
Pk, HAbAE# FHLPS/D-GalN4b #5256 B 5, 5]
& T SRR R, 6 hpA RIAT LK i
LY T B AL B 5 T R LR SRR B, (R BN
MK ZAE6-12 h ERZET=P 3R AR & i sh 4
T B ANH T FEH 0 AL R 1R R 25 v o7 s 44
BN IR FE. H R — A BEAR) Bl A 1
A LA A 5N R IR B, 95748
BH—EMRELRE, BECE R, TR, HE
PEGF, ERITEE S AT, R, FRATRH WL 7]
HLPS/D-GalNA: 3 5.

ARSI, LPSTE6 hN B IE il T D-GalNEL
UK RO AR 2Bt . D Re 2o, 24 hilk
NP HERE (1) e ], 4 i A= AL PR ARALT. AST
ATBILIAWEAE, FFNVEH . R T 40 i 3R
Bo. WTIREWZ, 48 h, ALTIFURI BT
RE-L5 A0 BT 418 24T %), I s, &
HA BT, (T P 25 vE AR v ) S8 22 (i) g
T FF P e A R AR R T L 4 L e AR
JHF- 4 i N 7K 23 3 22 I 25 L), Si 4k, FRATTIE TR 52,
07 B2 RAEAE A7 TNF-o R L- 1B
FARAER 07 I R I 2 Y o A U (6 h
W), M H BN T NEE R, SCiikk
], LPST IS TollFE 52 /44(Toll-like receptor-4,
TLRA)P. AE N — AN Rk s 2 40 (1 4% 1 3%
(sensor), TLRAMEIH R T Mz BV R4,
5 59 2 JHE AR 5 40 6 TN F -0 25 28 44 41 i R - £
KEPIEY, TNF-a /e LPS % 5:D-GalNEUAS AT
P05 (0 Bk oy 1110 ZEL P STE 2k 4
A 58 VRN i DR 71 7 A ot oo T,

L 201 0 302 0 119 A 2 P A ) 2 ik oK
OB T ANBE A 0 R AR TR 1R 45 P FAn
KI5 I A 2 A R A8 T 3 28 U0 IR
SERA T, oAt (R RIF S0 UE 52 200 T 2 v 18 3 T
AL ZET R IIR A T T AR BE, AR T
s L A B B O e R R R P i R A R
9o BB R 5 RS 1 45349 (RO E 0 4 i SR
P S I T A T PR U, DR P A
SR VA 2k BAT e S AR
LR RN ) 4 S P S T R T R
JFFAAG 26 0 1 40 P 20 1 i EE AR AL B
TEIN A, B 40 PR T 02 56 9 43 - L) e
RGP T AT A T SR R (R
5 P9 7 2O VEH I 58— A4l B 2™, i 3R 6 )
AERBLFA R E T2 5", B Tt

www.wjgnet.com

0T Bt 2 H P JH 4 R A6 1D T ke A 2 G T
SRR RN BT LA 4 R T ML R ST R 4R
RZV MR R N B B S SR 1 A
SRR, Bel-2 5 £ 112 4N M 8 1 1) T 220
P AP R S B 403 R (0 4 FH PR RIE 5 8¢
b FRATTUESE T LPS ] s 35 b g5 5 40 o 1
Hh IR S L R bax (1 6 . bax (1) 2635 W] J3 Sh4H
JHOR T 1 R AT 2, 56 Py Jo X R 3 0 ¢
A N, L P SI ] F Oy i Shax )
Tk, bax XAt % KFEEE BRIt 4t B i
T AR R, IR T BAERE— S T AT, BFICIN G
SEAT AR T B A T ] SE R S R

M2, WESEFIELPS/D-GalN N H B it
SRR RLAE A LT N R R S R 1
EWibsE: (HNFRGER; Q)M m RN,
(3) R M4 MR 7 32 BURTNF-a /5 943
(4) PN 25 26 I P I 78 A0 AR s e 1) JEF A S
(S)WRFERITE T2 EZ M BB A, BRI, 1A
HBATRAE T — A5 NE A= SR
P ERE 5 IR ASAH O e R T o] SR 1 5
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