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Abstract

AIM: To investigate the role of hepatocellular
apoptosis in hepatitis induced by acetaminophen
(AAP).

METHODS: The Sprague Dawley (SD) rat
model of acetaminophen-induced hepatitis was
established using AAP. After administration,
the rats were killed at the end of 3, 6, 12, and 24
h, respectively. In both AAP and control group,
we detected levels of serum alanine transami-
nase (ALT), observed pathological changes of
hematoxylin and eosin (HE) stained liver with
light microscope, and detected hepatocellular
apoptosis using TUNEL method and electron
microscopy.

RESULTS: The level of serum ALT (nkat/L) in
AAP group was significantly higher than that in
control group (3, 6, 12, 24 h: 1167 + 151 vs 587 +
89, 2154 + 255 vs 573 76, 4221 + 929 vs 751 + 82,
13 203 + 1393 vs 780 £ 161, all P < 0.01), which
increased progressively and reached the peak at
24 h. In AAP group, different degrees of necro-
sis was detected and aggravated progressively,
and it also reached the peak at 24 h. There were
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a large number of apoptotic hepatocytes around
central veins and they reached the peak at 12 h
in AAP group. However, few apoptotic hepato-
cytes were observed in control group. The apop-
totic index (Al) in AAP group was markedly
higher than that in control group (3, 6, 12, 24 h:
13.1% +2.9% vs1.8% + 0.5%, 24.8% £ 5.3% vs 1.7%
£0.5%,40.4% +3.7% vs 2.0% = 0.4%, 35.3% +3.5%
vs 1.92% + 0.3%, P < 0.01). Electron microscopy
indicated that hepatocytes of AAP group dem-
onstrated unequivocal appearance of apoptotic
traits, especially at 12 h.

CONCLUSION: Both apoptosis and necrosis ex-
ist in AAP-induced hepatocytic injury. Apopto-
sis was dominant in the early stage (within 12 h)
while necrosis was dominant in the late stage (at
24 h).

Key Words: Acetaminophen; Hepatocellular injury;
Necrosis; Apoptosis

Tian F, Li Y, Wang Y, Wu ZY, Wang XQ. Mechanism
of acetaminophen-induced hepatocellular injury. Shijie
Huaren Xiaohua Zazhi 2006;14(11):1107-1110

D
B #9: K550 20 i 8 = f2 41 4 8. J& (acetamino-
phen, AAP)IT 45 & F 4E .

Fik: AIZSDXRKAAPHRELA, 55 F
25)53, 6, 12, 24 h& s K R, AAPZLFo 3t B8
LA F f HALTRKF, HE# & 248 T LKA
N5 B R, RAL K 3% ARIT(TUNEL) k& Fo i 4t
W, A T 2w LR

LR AAPAL &I & & ALT(nkat/L) K-
W REH TG, 6, 12, 24 h: 1167+151
vs 587489, 21544255 vs 573+76, 4221+
929 vs 751482, 13203 +1393 vs 780161,
P<0.01), MaFESEATEAZ, 24 hik G,
AAPLE ST IR B A2 B AT 4m . 30 50, R B 18] b 4T
MAnE, 24 hik S, xt AR I 40 ia3F 5t
AAPA P R EI B TRLK A T4A0, 12 h
ik FE, FRAFE LA T, AAPZ & At
) SRR TR A(ADH B E 5 T AT RRA

¥ % %4
Fh# 8 R (AAP)
i F A T A
MmO E W R
E.LHFHEA
AAP 3| AT 0 i,
Loh i R O
Wi X, AF
B A e A T A
pe '8



1108 ISSN 1009-3079 CN 14-1260/R  HFLLAMAE 200645188 145 H115
BUKAE (3,612,204 b 13.1%2.9% vs 18%205%, NI )
APF b 248%E5.3% vs 1.7%+0.5%, 40.4%+3.7% vs
ATUNEL it 2.0%%0.4%, 35.3%+3.5% vs 1.92%%0.3%,

S8, BT AT 4n
J R T, AE S AAP
A F A2 PR
B A K E W
40 JfL 3R 58 Fe 8 T,
TV T A £,
GV A £

P<0.01); FH 045 T UL, AAPLL LA 26
Fremf A =3 %, 12 hix 5 W3], B2
BRI IR BT

S8 AAPH AR F i A2 ¥ B BF A AT 20 L3R
A BT, FH(LHEI2 hA)RBATAH £,
J& H(4-25)524 h)AIRL Ay £.

KA. HMAEIE; FFIRE, 5T, R T

B, 5, TH 2fFHE T35 INEES R ERREN
Wl HFREIBHZYE 2006;14(11):1107-1110
http://www.wjgnet.com/1009-3079/14/1107.asp

03I

FM AR (acetaminophen, AAP)SE I AR M %
Iz RV 259, 5B 697 & T M H
A& LUz 4 1), AR AR AT DL B A RS )
PR . ZHCEE A AAPS R4 i
A e ST BURY VA U= W TP R RS s U
TP T A E 40 M T R G R S R A A A
W FRAT14 37 Sprague Dawley (SD) K FLAAPHT
PR, F A AR i br i (TUNEL )V FE 5 H
A DU A0 R T, T A R T A AP
IR A A .

1 MRRTSE

1.1 A4t 5-6JHEESD AR, A 180-240 g, I
H [ RS ) S8 ol AAPIE HSigma
O] SR A PR TS IR R & 1 it L
Ay TR A E A DA i AL(H
A B A A ), G BB (H AOlympus A
F]); JEM-1200EXZ 3 188 ( H A< Olympus 24 7).

1.2 7% SDRRBENLI AR AT FIA APA,
H20H. AAPAIZ TAAP (1 g/kg) ip™, x4
45 TR EPBSHip. T4 2)53, 6, 12, 24 h(f&Fh
R 3 AT 5 K B K 5 SR p BRIBE, /0 I
I B, 2> B IS, -20°CARAE; T AT - He
QUL 735 & T40 g/LHEE. 25 g/LIk
R . 3 ALTIE B 3 A2 0 AT
HEAT. BURFZHER, FH40 o/ LW i o, A7 054
M, 5 um /S Y1, HOMHES G, e N
PR, THEIR IR M AR 43 B (SR PR 48 S TRl
R 40 P THT R X 100%)!. J5UA7 40 i 8 1A%
KFTUNELE. AL B HE Tk R b, 2P 3R

Paxi] 3h 6h 12h 24 h
WBE 1.81+054 1.74+054 2.00+0.43 1.92+0.35
AAPZH 13.09+2.86° 24.80+5.28° 40.42 +3.71° 35.30 +3.49°

°P<0.01 vs WIBLH.

PR SR G U TS AT . B AR AU Bl LI
HUSAN400f5 48T, TH5 H 2545 1004 48 Jfa v (1)
T4 BB, IFCAE 2 EEon R D T TR HAD).
I mm’ P44, 25 /LR e fE s, ) F
700 A, BAETRANFIAT AR ET 4 1, JEM-1200EX1%&
S HLBEIL SRR A 1 TE A 1.

Bt 4038 SPSS 11.048HH 8 HEAT 40 #7,
Hom A E £ b 22 (mean = SD)K R, Pidltl
LB A 5

2 BR

2.1 s FALTAKTF T AL A AP K IR 5 3%
ALT(nkat/L)ZK P35 2 3 & T R AL(45 25)53, 6,
12, 24 hAr 50 11674151 vs 587489, 2154+
255 vs 573476, 42214929 vs 75182, 13 203+
1393 vs 780161, P<0.01), BEH AT 1,
24 hik il

2.2 PR LRIR IR 5 AL AAPYLHTIEW] kK.
Fulln, BE R B RN A I ROIRIRBE, EE
TR /N T4 )2 P 2 A TR
il AHPRIRGE, B AT IR, 24 hik
A (5 N ) SR 040 M TR F 20 B 20301k 19.9%
+7.0%, 30.2%%6.1%, 46.6% *8.4%, 65.2%+
8.1%), X HE 21 A L FHF 41 B A 4.

2.3 JRALZa B0 T A ) S 2 AR LY T 40 i,
A AP S bk R L A] LR B T4 e, 12 h
K A AP ) AT 35 T R A
(P<0.01, %1, E1).

2.4 FFLLRABIRLE AL 0 AL AL 2B Tl 4
FFEAIE 1, A APZL AT WL B S 149 JHF 40 e o 2 B
S, WM FRZ IR AR . Y R T/ MATE
AE, 12 hise gy WEI(E2).

3 17E

A AIBET T AT SRBERIRE ek 40 A8 T (4
MV T B Rl A APRTBE 5 P T 40 E T 7 A7
FEG, — BN R R IR SR 7 X, (H— L8]
T8 Ao 7R 40 R T AT RE AR I i R R R A T
PEM™Y. Ray et a/™ilat B4k, WL, HELLEH

www.wjgnet.com



BF, 5. INASES AT DRREaE 1109
WA R
AR T Mo

2 SDRERAAPHFIREN2 hEFLELRBHILERS (TEM x 8000).

IR UETE S, o & A APRE AT LL 51 T 40 i 34
SEAR T DA R 40 R T, A AP i 4
JIBET-40% LA bl vE T2, i AESRE, 1 Y 4k
e A S L. Gujral e al'™MIESE, AAPHT
P AT 5 G A M T A B, 1H90% LA I
(4t R 2E T R el IR B, T AR T, ARG
MRT kA KR, Caspasestyih ik
SN HR AT CHEAE ], Caspase-37& e e W i
—ANE RNV, PRSI BRI, ETNF-
FIFasS2 AR T4 B i v, IR 5 kI
Caspase-3# &« WG TEHY o, FH W L B0E vT
AR BT 152 A 14 s Tk AR A
AAPHTHIFE R, KRB Caspase-3H IS« v 4
SR BELIRT L R BB BEL L T S i R A, s
B b, AAPIE I 5% 5 40 0 4 L A4 Ty A i BELKT 17
I SRR I T 5 5 5, MBI T TNF-o
MFasSZ KA R4 TP, Adams er a/'”
il o ERE P T E Bl 25K bR N T
AAPHHIE.

WESL R, EAAPSEIIIHE 1, 2
I i 7] B B A R BRI JE TR AR, BERR O <K
TEI T 41 (puzzled hepatocytes)” 'y Ak, IR
FEFP T2 I AP 58 2 il B, fEAPTE R
HM TSR, ATRERE R AR “ Ak R MEIR T

www.wjgnet.com

(secondary necrosis)” , X 5l & X _EHIIAE
FETCVEX AN DL B AT e S A AP
oG T AN R e Ty A O SR PR L R
PTG MK TR AR 22, AR TR A S AT 2 1 e Al
W T 1R B AT AR TV R T A ) MR B S
A 05 PR T 47, G £0 BT A B H T BROME R
BT AZ B, A% RSN T/ MATE B SE, FEIE ST
L T A5 S A AR, DR i g o S L B AT
I i Tl 4 ) AL 58 2 1 1 40 ) e T S TR
. TUNELIELAE N B )2 (R - 4 i
Jiid, HAt g e T R A AR, TR TR A
28, FEnT AT . AT FHS DK U L
AAPHFHVHE B, 55 N Ok iy Fp o7 v e AT
P TR AT, UESEA AP T4 5 1 2 o [m) B A7
FE R B4 SR ZE FR T2, SR DL T o =
(12 h), JEWILIRBE A (24 h), H5ALT/KAH
AT, UEHIEA AP0 F A Py e AR
[l I J AT A BL24 WA J I T8 12 by B,
MRIEEN B 38 2, I HENI 25 2512 h)sfE K
SN TR FARAE “ ARSI (AT RE.

PR L6 A APIF8 3 1 75 i A FL 0
M. N - £ Y- 06 201 A A A, ke = oAb 22
Br ARIGRYT Tk A da, FRATT AT S
Caspase-3, Bcl-2, Bel-L, Bel-X%5 518 T35 V1A
KEARIERN, 23— P HITAAPT R4 i
JHTZ AR, 2 T Ay e R B A4 — 2% a4 o 4
MO TR G T AAP R 35 I v 4T 7.

4 SENE

1 Gujral JS, Knight TR, Farhood A, Bajt ML, Jaeschke
H. Mode of cell death after acetaminophen over-
dose in mice: apoptosis or oncotic necrosis? Toxicol
Sci 2002; 67: 322-328

2 Ray SD, Jena N. A hepatotoxic dose of acetamino-
phen modulates expression of BCL-2, BCL-X(L),
and BCL-X(S) during apoptotic and necrotic death
of mouse liver cells in vivo. Arch Toxicol 2000; 73:

SO T 7 A OB
A (AAP)YF H &
VAR, A — R
193 Aa s R A,
RET A
BNAZ . BER
A — & WA
W, AR



1110

ISSN 1009-3079 CN 14-1260/R HRENBHZE 20060043188 145 H115

594-606 8 Bajt ML, Vonderfecht SL, Jaeschke H. Differential
3 Bauer I, Vollmar B, Jaeschke H, Rensing H, protection with inhibitors of Caspase-8 and
Kraemer T, Larsen R, Bauer M. Transcriptional Caspase- 3 in murine models of tumor necrosis
activation of heme oxygenase-1 and its functional factor and Fas receptor-mediated hepatocellular
significance in acetaminophen-induced hepatitis apoptosis. Toxicol Appl Pharmacol 2001; 175: 243-252
and hepatocellular injury in the rat. ] Hepatol 2000; 9 Lawson JA, Fisher MA, Simmons CA, Farhood
33: 395-406 A, Jaeschke H. Inhibition of Fas receptor (CD95)-
4 Ray SD, Mumaw VR, Raje RR, Fariss MW. Protec- induced hepatic Caspase activation and apoptosis
tion of acetaminophen-induced hepatocellular by acetaminophen in mice. Toxicol Appl Pharmacol
apoptosis and necrosis by cholesteryl hemisuccinate 1999; 156: 179-186
pretreatment. | Pharmacol Exp Ther 1996; 279: 10 Adams ML, Pierce RH, Vail ME, White CC, Tonge
1470-1483 RP, Kavanagh TJ, Fausto N, Nelson SD, Bruschi SA.
5 Ferret PJ, Hammoud R, Tulliez M, Tran A, Trebeden Enhanced acetaminophen hepatotoxicity in trans-
H, Jaffray P, Malassagne B, Calmus Y, Weill B, genic mice overexpressing BCL-2. Mol Pharmacol
Batteux F. Detoxification of reactive oxygen species 2001; 60: 907-915
by a nonpeptidyl mimic of superoxide dismutase = 11 ~ Ray SD, Raje RR. Perplexed mouse hepatocytes
cures acetaminophen-induced acute liver failure in in vivo show signs of both apoptosis and necrosis
the mouse. Hepatology 2001; 33: 1173-1180 under the influence of acetaminophen and dimethy-
6 Jaeschke H, Fisher MA, Lawson JA, Simmons CA, Initrosamine. Gordon Research Conference on:
Farhood A, Jones DA. Activation of Caspase 3 "Clinical and Experimental Cancer Chemo-
(CPP32)-like proteases is essential for TNF-alpha- therapy", New Hampshire, 1994
induced hepatic parenchymal cell apoptosis and 12 Lemasters JJ. V. Necrapoptosis and the mitochon-
neutrophil-mediated necrosis in a murine endotoxin drial permeability transition: shared pathways
shock model. | Immunol 1998; 160: 3480-3486 to necrosis and apoptosis. Am | Physiol 1999; 276:
7 Bajt ML, Lawson JA, Vonderfecht SL, Gujral G1-G6
JS, Jaeschke H. Protection against Fas receptor- 13 Levin S, Bucci T], Cohen SM, Fix AS, Hardisty
mediated apoptosis in hepatocytes and nonpar- JF, LeGrand EK, Maronpot RR, Trump BF. The
enchymal cells by a Caspase-8 inhibitor in vivo: nomenclature of cell death: recommendations of
evidence for a postmitochondrial processing of an ad hoc Committee of the Society of Toxicologic
Caspase-8. Toxicol Sci 2000; 58: 109-117 Pathologists. Toxicol Pathol 1999; 27: 484-490

Wi R mAEE RIET

ISSN 1009-3079 CN 14-1260/R 20064F KA = tH: 5L 15 i 2 2 i 4

2+2R4A0F S ERLMNABE ALK

AFRR B8 Lok 4 T b G BE 5 45 S 27 AR 2 BORET72006-097E FAE 28 AT, BLRHAE SCIm A A A ful R

1 B8

2006-06-15#Fi

2 BRRBT
g B 2 KA LA R4 201203

www.wjgnet.com



