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Abstract

AIM: To investigate the role of inflammation
in the pathogenesis of acetaminophen-induced
liver injury.

METHODS: A model of acetaminophen-induced
liver injury was developed in SD rats. The rats
were killed at 3, 6, 12, and 24 h after acetamino-
phen injection to take blood samples for mea-
suring serum ALT and tumor necrosis factor-a
(TNF-a) levels and hepatic tissue samples for
evaluating pathological changes by HE staining
and detecting the expression of TNF-o and induc-
ible nitric oxide synthase (iNOS) by immunohis-
tochemistry and Western blot.

RESULTS: Compared to control rats, serum

ALT (nKat/L) progressively increased (3 h:
1166.90 + 151.03 vs 586.78 + 89.35; 6 h: 2153.84 +
254.55 vs 573.45 + 75.18; 12 h: 4220.84 + 928.52 vs
750.15 + 81.68; 24 h: 13202.64 + 1392.78 vs 780.16
* 161.37; all P < 0.01); liver pathological dam-
age was progressively exacerbated and peaked
at 24 h; serum TNF-a (pug/L) significantly in-
creased at 24 h after administration (5.69 + 0.46
vs 2.64 £ 0.27, P < 0.01) and showed a significant
positive correlation with serum ALT levels (r
= 0.773, P < 0.01); the expression of TNF-a and
iNOS in the liver was significantly increased in
rats treated with acetaminophen.

CONCLUSION: Inflammation plays a key role
in the development of acetaminophen-induced
liver injury.

Key Words: Acetaminophen; Liver injury; Tumor
necrosis factor-o; Inducible nitric oxide synthase
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B/E
B #9: 33 X % R 42 41 # 8. JA (acetaminoph-
en, AAP)IF 51 & 69 1F A

Tk B AAAPE ZSDXK RFMERA,; 55
TFT425)53, 6. 12, 24 ha s X R, AAPZA=
3+ B8 20 o 3w £ ALTK-F, HE 4 & 9L 55
JRIL TR, I e Z ik M fe A TNF-a7k
F, %z mikFFeWestern blots 4 A
2047 P TNF-a.. INOSE & 89 & ik

LR AAPLL AT B LAAR L Ao iF ALT(nKat/L)
AT & (3. 6. 120 24 heyfE» H) 4
1166.90+151.03 vs 586.78+89.35, 2153.84+
254.55 vs 573.45+75.18, 4220.84+928.52 vs
750.15+81.68, 13202.64+1392.78 vs 780.16
+161.37, ¥P<0.01); AT % 225145 Bk 47 1 e
B, 24 hik 3%, 24525 )524 hin A TNF-a(ug/L)
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KIFEEAZ(5.6910.46 vs 2.64+0.27,
P<0.01), L5 aFALTK-FE R M E/E
(r = 0.773, P<0.01); S5 2020405 5 ik 5.
FF2A A TNF-o.. iNOSE AR B3E5%, 53] T
6. 12 hi& Z*%; Western blotF x4 M| 40272
TNF-a. iNOSE G WA B FF TR
(P<0.01), 5% F3. 6 hikx Z, 24 hat 4335 T
SE KRR

i KRR MAAAPH MG A A, ZRW
TARP R EH KGR,

KPR IREE; FRE WEXREF-o 55
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S (acetaminophen, AAP)E N i) 72
) FAVBUI 24 400 A5 1R ) 0 2 A
[, AESEIE, PRI A 24540 5 | e e P 3 1T 5 22
ISR R b, AAPSE I O R . Rk, 5%
T-A AP0 R BIL TR B 90 A 8 ok E
B Ik, JO0E RV AEA AP F AR
MR ERR. AN HAAPEZSD K
UL, Sy A 21k 2~ FlWestern blot
T3 AERS N K U 4L 21 rh Mg RSB -o(tumor
necrosis factor-a, TNF-at). 75 S —E AL A &1
(inducible nitric oxide synthase, iNOS)fE H 3R
15, DLERIST 29 S YV AE AAP 3 oh /R .

1 BRI

1.1 A 5-6 511 € SDA R, 745 E180-240 g,
W B B R B s g L, K RSB T
TARBE S sz OmIEL wk, BRAH12 h,
TE 5 il SR e W B AR AR, FH - fh e ) i 5
AAPIE HSigma’ywl; TNF-o il 4 43 il 71
G0 A bR AEY) TREA ], SABCHRELIZ
2Rl G PR TNF-o e Pk, i
PUKRINOSHITRERUA. (L EhiRlgGIE A
PO LA ) TR PR /) 25 1 W i B
e B S R LR A A
NEMEE D HTA(H AR B A A, s 8
Bt (H AOlympus /A wl); FT-613 H 2l 4 il &
AERRZAES) ), AR = & O HL(HERMLE
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Z-383K, i [H); HLiki(Bio-RAD, & [H); HEl L,
%5341 2 48 (Kodak 1D, 3 [H).

12 7%

1.2.1 paAfe s 22: 405 € SDAR BN/ 4 1IEH
X RAZLFIAAPAL, 412000, B AT LR BK,
2 d 4525 AAPHT37 C PBSHi(pH 7.4)
(100 g/L), AAPZI4 TAAP(1 g/kg) i frsid it
TE W IR A 45 T A5 R PBSHR IR 5, 4524 )5 1
kK. TAZJE3. 64 12, 24 h(EEH 5%
23 A S K ) 10%7K & &8 (5 mL/kg) 1§
Ji 3 SR R, O I 2 B BB, 3 2 L3, -20 C AR
175 Ja BRI FAR T T b i B S A2,
HT40 /LTI R EE, 5L ENCT A Z,
B TWE, -80 CIRA7.

1.2.2 AL 2 : H A B AIAGE 53 BT 3GHEA T
1.2.3 JR# el B2 —H, Al40 g/LH
WA o, A, 5 um V), HOAHE S
t, JGEE TS FEU.

1.2.4 Ao H TNF-oK-Fml &0 KO 59 43 Hr
EHEAT.

1.2.5 % E A gieml: FFA LR F 50 R A
ANIK; 3%H,0, %R 20 min LK% A 5 P ik
AL, 250K PE3 I 40% K i i B it
J510 min; A HIEPBSHEMYE; I —Hi(Rpik
fiNOS. TNF-a. 1 : 160%i ), 37 ‘C 2 h; PBS
ML, WA FE LS TRIgG, 37 'C 20 min;
PBSIHYE; INECHI D ABHIR, )5 E s

SURL V0 20 B Ay B 44 40 . 5K D) e BEALIE PR 10
AN BE LT (400 XO)EAT ISR, N A5 )
G 3 BT 3 400 38 OALIET N 92 20 24K 27 B
155 BT e 9 % S AT, VIR AU
(R BERRAME 5 Yt T BRI S B B L, R
K BEAR BRI,

1.2.6 Western blot#a]: H{-80 “CJH-41£1£9200 mg,
JIN4 C T [ 20 3 B P2 U 1.0 mL, A%
BLAI3E. 13 000 r/minE5.0030 min, W i, %
T 7 W AT B 1 ;TG 2R A T e
J2, REASE Tk 5 minfl 88 48k, &R0
FE20 uL, S AR R e HLk, B2 IR LS80V,
S BREHLE 120 V, F74E3 hy RS EE AL, &
fF194 °C 100 VHLFEIRE2 h, B8 1 R AHIR AT
e B b WNR R B2 hy TTBSHYE3 R, i
—Hi(RPLKRINOS. TNF-a, 1 : 2007 F)4 C
995 5 LA TTBSHMUE3 IR, BHXS min, JIAFEE
(AR I S AR B AR i L 2 PR IgGIE A 1 h;

AR A 0
BEFE R, KRR
JE 3 2B IR AT AR
EPagER 3 AR
AATEAL. TNF-o
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TNF-aF 2 f 4t
A2 K A -F4e: INOS
o IR, 7]
A2 B Ak K I 2m 0
#iZ I8 A

1 24 hBHRIBSZSB(HE x 100). A: XTHAZH; B: AAPAH.

2 6 heRBRESAFLRLATNF-aRIK( x 400). AT -HA TR R AOARIE O SITERIE. A: XTHRZH; B: AAPA.

£ 1 AAPLAFINIBLARTLA A TNF- o RIABIEFRDE (mean + SD)

3h 6h 12h 24h
WB4H  179.80+7.76 186.00+7.78 185.20+11.19  183.60+6.27
AAPYE  154.20+7.26° 110.60+7.16° 128.20+7.05°  142.00 +4.36"

°P<0.01 vs NHIRA.

TTBSHPE3R, FEK10 min, H{12-5 min, 5
SE T A1 Vi I N TS A 90 T T
G TR L [f) Western blotf5 5 25415 [ 6 J&
(A)fA.

Biit A0 HE Hlmean+SDE IR, #4
1) 41 B L A e R 56, FISPSS11.088 v 8k k4T
YA

2 BR

2.1 S FALTARF T A K0 A 55 A AP I
ALT(nKat/L) /K500 U 2 3 TH (45 24
Ji3s 6+ 124 24 h4r504: 1166.90+151.03
vs 586.78+89.35, 2153.84+254.55 vs 573.45
+75.18, 4220.84+928.52 vs 750.15+81.68,
13202.64+1392.78 vs 780.16+161.37, P<0.01),
FLBE T R T 1 T i, 24 hik U,

2.2 JREF T AAPARFIEWI PR, 7, 55

N BRI A M AUIRIRAE . R IR
NP ERC JHE G0 T2 TR 8 A I I
HOARIRGE, ELBEB T HEATPE N, 24 hik @i, Xt
FRZE R DL (181 D).

2.3 S FTNF-ak-F T AL 4525)524 h, AAPALI
T TNF-ou(pug/L)7KF- 2 2 v T B A(5.69 £0.46
vs 2.64+0.27, P<0.01) H 5 I35 ALTAKC P 52 W 3%
[ITEAIZR @ = 0.773, P<0.01), 43I} [a] fi240 18]
R S

2.4 R IR ABAFE T FE M ZAF AL TNF-o.
iNOS & i&

2.4.1 TNF-ouk ik b BUALAT b e i ik A i 2D
AT RE, B OE R, W/, AAPALR
1A, AT v R R TR RV A X B OK
St JTE 40 0 D S O R A M o A
HEUR, G, 4256 ik w1, K2).
2.4.2 INOSA A X FRZH AN A b Jeii ik A [l /b =
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3 12 hee BRRIESETBELRINOSTRIK( x 400). FHEH A HR i G AR IR ORI /mIE. A: XIRAL B: AAPA.

& 2 AAPEFDNIRAFFBLAINOSTRIABVEUEIRE (mean + SD)

3h 6h 12h 24h
WBZ2H  191.80+5.07 190.20+£7.40 190.20+7.19  190.80 = 6.30
AAPYE  156.40+5.77° 136.80+5.07° 98.40+2.70° 130.80 +9.36"

°P<0.01 vs NIIBA.

12h  24h

A 3h 6 h
A M
. —

4 Western blot73EMMAT4ALATNF-aBBFNOSES
RIKIAAPLE). A: TNF-oEH; B: iNOSE .

JFaNuERIE, BAGEE. /N, AAPAIRIA
T T A rp SR IR L) O S P 40 R 2>
JHFSEN R AN i e b an i, A (LR, Jal),
2524 J5 12 hik =g (ER2, 1#13).

2.5 Western blotZ x4 A28 22 TNF-o.« iNOS
B8Rk AAPAITAZATNF-o. iINOSER 15
KB w TR P<0.01), 4353 hAl6 h
1K U, 24 Wi T IR K (K14).

3 111E

Pk, JORE SNV AEAAPIFE 1 51 A
MR TERL. AAPS S K453 007 T LA I I3 9 40
JRLRH P R 40 L, A4 2% DR SRR R T, 3 —25
W IR A, A 2 RNV R SERITROK, BT
SN ORN o EAE FR R E k, X I 4
e i) N e
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TNF-ouf2 32 2 i 300 10 157 9 40 iR ik
F0 B AR 8 DR 71, At F) 7 A ANk A I 4%
iE SN I L R B —. TNF-a 38U
AR 48 DR 1~ I PR RE I, 5 | S 4% 98 0 4 M
)92 0 RN G 10 A I W DL R 5 R 41
PE, TS B R RIS FE RN T AR SRR
18 fEAAPHBFH SRR T, A ZTNF-a &
KB BRI, 45T TNF-o R G RT LABE s
AAPHFH ", 7ERBRTNF-a &R /N L, DA
BB oM P A R Y 5 5 | O T i 2
WA Sy, P A R T 2R B sl S L A B
JE % 9 41 e 1 B AR T LAV A AP R B S DA
UL TNF-o2 5 SUF 8 3 1 — A R 2 R N
1. fATNF-ofEA AP 3 0 4R HI A7 A6
. SimpsonZE R IE: N TNF-aft 4 A g ik
HAAPIFH; Boess®5! i : TNF-ofIk (.41
it 75 25 00 DAL Pl ok SR AR 7R AT EE, AAPS [
TR T 22 5, Gardners "™ 3 : MiFRTNF-a
BN, AAPHF SR INEE, R ALT
T SR, AN ARSI R R YE R,
PR 7B TR, 40 98 N1 AR A 16 52
Kl 7RIS IR, XA T /R TNF-ofT PR A H.

b JFF U 1 88 40 B = A IRTN O 36 40 R R
PRGN i 25 AR R SRR ST,
b P e A — S AL R A W (endothelial nitric oxide
synthase, eNOS) & i) /> FEN O H 4E F5 41 12 Y
RBE AT 140 MR AR 1 FH Y, T 7 45 R T 5 2
HFEMEHT, BRERFE 75T L MiINO ST

AAPF 4R EF
EAE T S
., RERALK
% . Western blot
B T 48 4R
TNF-a. iNOSk
ik, ARG K9 R
M VAR TNF-a-
iNOS & ik fEAAP
A5 &AL A
Rt Az a9 4E A
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A E e iE i % A
ol F BIE 9
TNF-a.. iNOSA
Fo) KgER B
AAPIT I E 69 &
AL KR P ARZ
TSR, F
F TAAPHHE
# AU B 5.

AR EIOINO, & 4 dEVE Y. AAPT S
JIFRESR G, 5 ST ANM . A R4 % 3k 4
M EWgAn o 55 KR IAINOS, #Eifi FEINOoT
WA, NOL A B 3L NV, 7 A2 15 1 3 i
A AR R #h, 18 o A o A A
MHIPASOHE (1EE. MEIDNAG . T4
FEVET: . CAREE IR E . I e .
(10 40 it B A A FH 2538 U355 . GardnerS5 P HiE
S iR A APAT AL /N BRONMUCR B 2N O S
TR SN, [ A B A TR O AT N
I B IN O SHI I AT 4 /1N LA AP 5 1
U R FRINOSIE A (1 /) BRI A AL/ BUAH
FLAAPATHR 3 0 Bk, DL HINOSHINOZE
AAPIFHF R FEA IR . TR 3R AT
B BT NN O ST A f i FRiN O SH:
K E A RE T2 T A AP I I P B 2, B 5
A SE AR IR 45 P TR S AR (1) %4
S AT FH (¥ SE G Zh AT BEAN IR (2)B% TiNOSLA
HNEA HAB R BN O A i (3) JAE I S
—NEIRI L RS, MiINOSKIEIR /DI, HoAt
{2 98 7 W TNF-a 25 1] BEAR e R IA i 2

AT LR S R BoR: AAPATNF-a.
INOSHKIA B T X 4l, 3 ERIELAMA
A, FLURh P R 4N AN S S N 45 24524 h,
AAPHMIETNF-o/K - & & TX A, HY
IML3E ALT/KP 52 535 1 A 56, ik & L i
TNF-a. iNOS R IAEAAPHH b k%
RN, £FBUFE R R 7. [
IFRATTARIL: ot S e 4 b 24 7 Western
blot 5 1L ##E /R TNF-aR 1A F TiNOS(Hu s 4121
b2 5 TNF-o. iINOSIHZR L7516, 12 h
15 K, Western blot /55— #4373+ 6 hik iy
), AIMHEMI TNF-o 0] 4 ) 14755 FINOS K iX, 5
| G4 AT

HEAE AT 2R ZEA AP (1 T4t
Fer, AR KL R T~ 1 (cytokine-induced
neutrophil chemoattractant-1, CINC-1)F14 fifd i)
ZhB > F-1(intercellular adhesion molecular-1,
ICAM-1)mRNA KX W Z 0, 455 ALK 45 0,
Y TNF-a. iNOS. CINC-1. ICAM-1%54f %8
R 1R IR RERE I, TEAAPHRIG R AL RIEI

b R A S A .
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