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B = E=580: X OMEEE (APAP) 2 ML BB AR R, i &S R#ET] &2tk
B 5 A DI RE oy, I S BUR EACT- ST ZE AT A . WFoT 260, 1 M 4 M 7 4 5 I R R S LA
KR T St PR B 5 0 0 S R R S AR, L, AR BT A0 A ) BE AR AL 7E APAP T B &
PR 43 A S AL
J7iE ¥ BALB/e HETE /N BUBENL 20 X B Al (AR FRERKHEE ) . WP B AL 4] (APAP 41,
600 mg/kg APAP WE ) | 2540 1 JFF 35495 452 780 + 5 I 440 it ok ) SRR R AR AR B AR (CL) 20 (APAP+CL 4,
APAP #E B I 12 h B kiFE 45 CL) . APAPWEE 3 h J5 I 45 20 /0N BRI 7 A IE A ZObRAS o 4G 1 775 v ik
PERE IR (ALP) . WRIREZEL M (ALT) MR TR AR EAILEH T (AST) /K. WE AT 4121
FEHLAS , AT Z0h iR (ROS) K-S Z A L 1 (HO-1) £k K RAW246.7 41 i 43 51
FH APAP FIl APAP+HO-1 Al 571 EE B KIX  (ZoPPIX) SR, DAJCALBEA) RAW246.7 4l 4 18, W2
4 ROS K -5 HO-1 ik 19481k .
SR s R ER, XA, APAP LFNE B0 SR 0 B I ALP . ALT Al
AST W s, JFZHZUROS /K P55 HO-1 335 BH W Fhisr 5 APAP+CL AL LA I 48 45 1 28 Ak 34 1k B 0 B+, o
HEEIERMN2Z S WA G FE L (3 P<0.05), LT EERLE/R, APAPIFE G, RAW246.7 4L
ROS /K V-5 HO-1 #1581 @ TH i, i Wik ZoPPIX R, APAP % S0 ROS /K15 HO-1 235 717 4 9 (2
I (34 P<0.05) .
258 APAP M il 1 15 F HO-1 254 UF H WE4N I ROS A2 i, MM S B S PERF IR, X% & A2 09 T 31
SR R 20 S0 405 7 3 1) 7 JEL B
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Abstract

Key words

Background and Aims: Acetaminophen (APAP) is a safe and effective antipyretic, analgesic, and anti-
inflammatory drug. However, excessive use of APAP can rapidly induce acute liver injury and liver
failure, leading to patient death or the need for liver transplantation. Studies have shown that
macrophages are essential in maintaining liver homeostasis and regulating the progression of acute and
chronic liver injuries. Therefore, this study investigated the role and mechanisms of macrophage
functional changes in APAP-induced acute liver injury.

Methods: Male BALB/c mice were randomly divided into the control group (gavage with normal
saline), drug-induced liver injury model group (APAP group, 600 mg/kg APAP gavage), and drug-
induced liver injury model plus macrophage depletion agent clodronate liposomes (CL) group (APAP+
CL group, intravenous injection of CL 12 h before APAP gavage). After 3 h of APAP gavage, serum and
liver tissue samples were collected from each group of mice. The serum levels of alkaline phosphatase
(ALP), alanine aminotransferase (ALT), and aspartate aminotransferase (AST) were measured. Liver
tissue pathological changes were observed, and the levels of reactive oxygen species (ROS) and heme
oxygenase-1 (HO-1) expression in the liver tissue were detected. RAW?246.7 cells were cultured with
APAP or APAP plus HO-1 inhibitor zinc protoporphyrin IX (ZnPPIX) using untreated RAW246.7 cells
as a control. Then, the changes in cellular ROS levels and HO-1 expression were observed.

Results: The results of the animal experiment showed that compared to the control group, the APAP
group exhibited significant pathological changes in the liver, with significant increases in serum levels of
ALP, ALT, and AST, as well as elevated levels of ROS and HO-1 expression in liver tissue. However, in
the APAP+CL group, these changes were significantly suppressed, and the differences in all quantitative
indicators were statistically significant (all P<0.05). The cell experiment results showed that ROS levels
and HO-1 expression in RAW246.7 cells were significantly increased after incubation with APAP.
However, when co-incubated with ZnPP IX, the APAP-induced ROS levels and HO-1 expression
elevation were significantly inhibited (all P<0.05).

Conclusion: APAP may promote macrophage ROS generation by inducing HO-1 expression, causing
acute liver injury. Intervention targeting this pathway may provide a new approach to preventing and
treating clinical acute liver injury.

Chemical and drug induced liver injury; Acetaminophenol; Macrophages; Heme oxidase 1; Reactive oxygen species;

Oxidative Stress

CLC number: R657.3

25 ) 1k BT 450005 2 48 oh 2% 36 Ak 24 R AR A
S50 BT ME B AE R B, R SRR T R
(acute liver failure, ALF) A% WL RIS X 2, Bt
MWy (paracetamol, APAP) 2GR & 2%, WF
FE K B K BN APAP i o T 46 B (5 R P450
(eytochrome P450, CYP) & 742175 5 N- £ Mt K i 0
% (N—acetyl—p—benzoquinone imine , NAPQI) ARG,
T A S T 30 Y 45 6 H K (glutathione , GSH)
I A N A AE T o B W 20 M S T U [ A
e A0S, JTF B W 40 b 3 A AT Y Kupffer 40
Jf (Kupffer cell , KC) F18A% 4 Jf F U5 B4 5 105k 200 i
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AR, A A A T A A DA e 4 A8 P A A6 A )
PR R e 45 A AR . WE STk BB A i
T BE AL AE h 259 51 R A 5 o A b R A
AIPET o BRULZ AN, W 40 i 5 rb Aok 20 i 1a] FY
HCE AR ATl o 2 g0 N R R T = S
W

AT 1 25 9 B 5 kS 39 J1F 2 R A 12 W KO )7 b
Py i B R EC, EREAEARITT A,
O HLH AN T2 T7 1 . ABEIE B AR BT AR i
PR TR APAP S BORY SR I8 05 h B9 A5 AL, Ol
TR AG T APAP S U S0 T 40 B2 5T 4936 77
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557 1 ZEE &t LB AT VE L E Y 49 1 HO-1/ROS 2 2% 5 & M T 4545 By 52 36 #FF 52 1047
WEFRITY TR, Whit— 2 YT kR4 133 B3¢ % A R Ml 2 (ELISA) %4 T APAP i
AR H3h, IRIESUMG, 4 CZ&MF 3 000 r/min 3 5 5

1 ARSI

1.1 SKIEENY

fdt i b £ SPF 2% BALB/c /)N B 30 H, K i &
25~30 g, W A WG IR U B R K 2 B A B e SE
it LR VFIEYS . SCXK (JB)
2019-001, SZ5 3P F P AT ES : SYXK ()
2019-001, =55 % 2 ¥ 1 kb A= 77 1 AT GE 45 . SCXK
(50) 2014-0008 ., A S 56 38 3ok ey 7R 152 B8 B K 2 [ )
Ji9eg = Be A B 22 Dy s b (HEAF 5 . KY2016-16) .
SRS YRR T RERSI Y G, AEER (22«
2) °C, FHXEE 40%~70%, 12 h /SR .
1.2 FEiLA

99% Z1i i APAP W 3K T 11 242 s M AE AL BH A
PR F s N2 IR = L 5% 7% ¥  (alanine transaminase ,
ALT) Kt & (5845 BC1555) IR [T AR
W R (aspartate transaminase, AST) #5 i 3
F & (5245 BC1565) Hg A b 5t & ERHE A B
NHE]; BRPEBEER B (alkaline phosphatase, ALP)
H R AR TR ST (525 A059-1-1) 5 il
gL X H A 1 HO-1) 1 H
Proteintech /A 7] (Cat#10701-1-Ap) ; E W 20 it 35 BR
7 G0 R L B8 A& (clodronate liposomes, CL)
B 1ok g A= R A BR A D
1.3 ELWHE
1.3.1 s B A 6 & HEYE BALB/e /N BUR FU 3R )5
Bl ML o S 5t B2 (5 ), 24 40 T 3 405 A 78 4
(APAP 41) (10 H ), 254 Pk JiF 41 5 15 A +CL 4
(APAP+CL 41 ) (10 H ). XF B4l 25 7 A PR K 5
APAP 4 4% & 600 mg/kg %7 T APAP £ 15 ; APAP+
CLA TS50 HT 12 hil o) BB # RS (125 pl/H) .
APAPHEH 3h)m, ALFEshY), e iiis K44,
132 BRI F € 45T APAPJS, B SLK )
PP Z, 4% YW RS W E 24 h s, R 38
ThermoFisher Scientific 2 &) Excelsior AS 4 H 35 41
SUMK ML & A WAL BB A . B 2R B A
95% L BE W %%, Gemini AS H 314t A HL IR K R
Pett 3 min, HKKMPGEFEHFLG A3 min, HEL
mEEK, DLZWREY], hrEMEE R, BT W
s T AT SUE S MR

(hemeoxygenasel ,
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£ 10 min, WA LJR MW, T-80 CLRAF. KA
ELISA il 22 IfiL 35 7 ALP, ALT F AST % & .
134 mia ¥ 5 45 RAW246.7 4100 (/) BB 4%
EWEdnif) &5 )5, RA DMEM ¥5 323 (% 10%
POK I FBS . 45 & W e 2 mmol/L . 4% % K 100 g/L.
8 % 100 UmL) F 37 °C, 5% CO, W48 h 55 3%
WA AR, B2~3 R 1R, it KF
B, WU F HO-1 9 i 50 & I nh sk 1X (zine
protoporphyrin IX, ZnPPIX) 10 pM ", 1 hJ54 7
APAP Ab H 21 fifd .
1.3.5 Western blot # & 1% & 1 0 i 771 1
RIPA %4 fiff W1 24 % 240 M K U I BT ke i o 7E 4 °C
13 500 r/min &5 0> 15 min, % B &AEH MW L.
fd FH 2 ¥ Bio-Rad 2 & BCA 25 [ 46 I 28 771 £ 46 ) 4
HM R . HUS0 we 25 1 AE i i i SDS-PAGE HI Uk v
SYE, HERR TR MR g E B (NCHE) .
&4 5% e 40 ry TBS B M5, 7E4 C 41T
— W F LK (HO-1, 1:1000) , H&H 0.1%
TWEEN20 9 PBS (PBST) k)5, 5 =4 (1:
10 000) #EEEWEBEE 1 he F Odyssey v3.0 8 AF %}
A B B AT T A AL 3
1.3.6 & M A (reactive oxygen species, ROS) #
K H ROS i 7 & W %2 40 21 ROS K ¥ . FEAR L
10 pmol/L 48 — 4 % % — Z W it (DCFH-DA)
37 °CHEEFE 20 min, RJFHIPBSIEVE3 Wk, L&
I 5% B2 R &1 . DCFH-DA 28 JE 45 S5 1 1 il 75 40
WK, ST RE ROtk Gw2, -4
P FE (DCF) . FH 9% 1 iU Kl DCF /19 2 615
SR, BRI 488 nm, B HFIEK K 525 nm.
7 B 2 B ROS 7K -
1.4 Srit=4biE

i 3k SPSS 20.0 #RAF AT G A B, BdlE DL
PIE + brifE2E (x +s) Fom, T8N E T Z50r,
P<0.05 0 22 5 A Geit2# 7 L

2 # R
2.1 BFFEALDRIBEFZERLER
KARFR A W ZL 45 5 W on . X IR 2H /) BB D 2

MEar o, hg i Bt R, 457 APAPEH
3hJ5, APAP 4 sh¥y i NE 2 im B 2 21k, IR 1A I
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1048 HE AR R K 5532 %
I S5 s R A A% R 25 A AR . TG R vt W 40 Y . sk BN ) I A4S 25/ SE L APAP 41 m] LT

Je B A BTt APAP T 5 A I AL (R 4
WO, NGOt HMERE) (K 1A) . HE Qg
R Won, X ERAL /N S5 R s, T WS BN
JHF 40 B LA e sk i ok Ay s S RCIR HE S, /N i ]

12 T 40 L I YR AT, TR A0 i R] 5T B /N e
K PN AE AE K S Z0 A0 MR B T T R I 4
Ml CAPAP+CL Z1) W1 & 44l i APAP JiF 51 i i 21 21
(i) B0 7 i K JH 200 ot 5 PR SR BT (5 1B ) o

APAP+CL 4

APAPA

RORIEEN

A: KifbrAs; B: HEURHEUEE (x200)
A: Gross specimen; B: Histopathological

E1 JANRAFEARRERER
Figure 1 Histopathological examination of liver tissues in each group of mice
observation(x200)

1M APAP+CL 21 L35 ALP . ALT F1 AST B i [&A% (3%
P<0.001) ([&2),

22 MEFEFKNER
MR R B, SXTIRA L, APAP4
I3 ALP, ALT A1 AST ¥ 8] &8 J+ & (3% P<0.01) ,

0.8 20 P<0.01 P<0.001 154 ___r<oo1 P<0.001
0.6 POl P<0.001 154
. ~ ~ 104
— —
E E E
= 0.4+ S 10+ =
5 7 g
< < =< 5-
0.2 5
0.0 0
XTHRZH  APAPZl APAP+CL#H XTHRZH  APAPZl APAP+CL#H XTHRZH  APAPZl APAP+CL#H

B2 ®AMNRIMEALP, ALTFIASTKF
Figure2 Macrophage elimination inhibited high serum level of ALP. ALT and AST induced by APAP

I 2H 4R ROS B2 1. T 25 T CL Y% BR: 5
41 i 5 ) B 08 % i APAP BT B 59 1 41 21 ROS A=
e (E3),

2.3 BFZHZE ROS 4 e il 45 3
ROS A= B B ol A8 76 22 Fh e g v ¥ B f B Y
B, ALK RER, BT APAPHEE 3G W
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Xt HEZH APAP+CL4H

B3 HEHNRIFELAROSKEMER
Figure3 ROS detection results in liver tissues of each group of mice

2.4 HFAZAHO-1RIZEBMER popists| APAP 4 APAP+CLZ4H

HO-1 1L 21 3 43 i 0 WG , 2 F 51 B4 Hmm
WO AT I 5 HO-L 23k 0 1R JH . A% 55 30 45 SR
AR, BEH APAP AR IR | /N BUIFEAL S HO-1 _— m
BEUL S A T O M T 0

APAP 51 1 HO-1 ik FH i (3 P<0.05) (Kl 4), o
IR S5 SR AR R FWE A HO-1 33K 57 6 7 i APAP oo oo
51 i 2V TR 5 b LA B A T | T
25 YAEIGLER 47

DL s sc s 25 A0 . (1) B i 40 il v B 71
Pl B APAP 5|2 () FF 4L 20 ROS A2 A% 5 (2) 5 Ik 441 Jifg

AN Feik i (HO-1)

2_
i I R ) H APAP 31 FY HO-1 35 T . fH 2 -
R T ES ER TN e P |

RAW246.7 21 M0 75 HO-1 331 5 ZnPPIX 5 W] 5 45 47¢ X APAP4L  APAP+CLAL
M APAP Br 512 /9 41§ N ROS /E Bl (P<0.001) H4  SNEFTES HO-1 kT
(F'5) . LiJ APAP 4b 3 RAW246.7 Ji7, & HO-1 Figure 4 Expression levels of HO-1 in liver tissues of each
HaWETE . % T HO-1 M7 ZnPPIX J5, A group of mice
WY G4 B APAP Fi 5l 2 9 HO-1 R A i (<
0.001) (5 6).

8 —_
s . P<0.001 y P<0.001
3 o ==
£
X B2 APAP 4 APAP+ZnPPIX4 o
B4
R
=
E
N
0 T T T
Xt HE 2 APAPZ{ APAP+ZnPPIX4l

B5 &4HRAW246.7 1A ROS 4 AL
FigureS ROS generation detection in each group of RAW246.7 cells
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532 4

APAP4  APAP+ZnPPIX4H

P<0.05 P<0.05

1

AXF Rk (HO-1)
St

'

T T T
papilskaE] APAPZ] APAP+ZnPPIX41

El6 #&2HRAW246.7 2000 HO-1 3R E4#M

Figure6 HO-1 expression detection in each group of
RAW246.7 cells
3 i i#®

25 Ve 0 2 25 W 1 B s 2 AR ke
R BBt 3, R e AT 24 e 2 18 e ik
T 3 FE 0003 8 8 2 e AR T N- SRR b
R (NAC) & H Al KIG YT B APAP i & 25 1
(1) M — A5 2 25 11 NAC AT L i 35 T APAP AR
77 4 0F v a0 G B 40 N GSH M T RE, O I
SO R AT . AR NAC 764 B9 R v kA
B 0 @R FHUT i EL NAC B A RG]
APAPHEAJG M8 h Z N, Bl W [H AT ALK, NAC
BT LR B RN, Bk, SHRETIRYT
A5 6T R APAP T 51 R B4 S 405 8 A A
A,

0 e I [ P S S U R i
AR AT VR A T A £ B A ) AR I R 46 405
IR AT BIE AT & B, ORI W 40 R AT
DA 8 ek 20> JFF 463 00 1 AR L Xt it 4R R I 40 iR A
A R 1E F IR D BE b B A S AR Y AR
KL, IR CL T B 0 i i wT LA S 3 4
APAP JIT 51 2 i JIF 41 208 i K i v 5 2 5 1 T
R, KR R BN AN AE 25 5 S i S I
W HLH AR . ML P AN A TR R
WAL, M1AD (fEge) AIM2AL (F4), XPFPA
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[7i] NI 764 1) 5 00 240 A B4R 4% R S 7 RN 21 246 4 e
1652 S5 B b Y B R E G 7 P, 25 G A5
Bl S G 25 IR K 5 18 B U R i TR FE v B 4
LIV TR AN i A X — R AR, AR A DR 5 T = R —
oo ST 789 (1 W5 20 B AR 25 01 S 0 S B B
AEBEAEM. Wi, J52050K @ o 5% 55 /N R
HE— 25 AR 5T A 5] 7 R A v 4T i A 25 05 S i &
PR B9 PR .

S8 BB A0 Y B B BT APAP 55 1Y i
SUME B 09 MR, E B AARAIL A TH O T R
HEr o 22k B, 259375 5 1 S Ak g 38 s g 7 T
Wifih A EEAEH . RS S AR s L5
ORI S o Rl NEE N SN2 N DT =
N FTE APAP A 5 0 2 M F 45 05 b oA AR
W WS, 2B K KB APAP BA R iF 41 21 ROS
A LR AE T, T W A0 B R A AT LA S AR
APAP JIr 5| 2 1) ROS A= i o ASHIF 5 78 40 i 7K F [a] B
W22 3] APAP H. A5 12 RAW246.7 41 Jitl ROS A= i 19 7
F o 3552 b el B R AR O R L) ROS A R E
S N R ZH 2 2ok R v B E A P i B
R ER I 0 A 7 AR B ROS 8 5L AT YR 40 i i
HE T 38 B4 L ZE T B AR Y, 45 6 AR S5 50 i W 4%
BB, AT LA 30 W 20 B T RE A 2% il 40
LU0 5 0 25035 S 0 2B i B &
PR . TREEE AR, BOOR B A I BR AT #
il APAP 5 5 09 St I 0, [H 2 A 5256 45 T CL
() 7 =X U e kv S o AR R kg 2,
A AT Gkt G b B 4 B MR B AN T BRI S . W
FEPNIE SE B A0 T 22 4l 2URE A R A B R A T
HAE4E R HL IR T fe b WA B 2 E R . M,
AN HEBR 4 B 0 E W 20 B R 23 X0 LA (Y AR 2R )
AE N ISR e re AR R o HJR 45 A AR SE 5 T I
KRN GER (—BEHRN), EHNIXFHEH
P 1 0 200 37 B 6 LA T 5

HO-1J& T S/ M 20 R A A/, J& 20 R 5
fiff 1 B B . HO-1 7 1F & 41 2340 il 9 35 &b F 41K
FIRAMRA L (AR AESP TR R 2 A T 40 M HO-
| AW TR . 2B A 5E & B HO-1 7E APAP
R RO B A mEEAERY, FsSEGEf
W 72 PPIIE 52 HO-1 B A A A Ak I 380 s e B A
F I 0 APAP 175 5 5 I 4 i HO-1 3% 35 98 1 42 ROS
. AR A, /INELA T APAPVE H I APAP
% H RAW246.7 4 g ¥ B & I F HO-1 %356, 1 B4
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Pt RAW246.7 41 il HO-1 & 3k B il i ROS A= 1 1
EH -

BRI ST & B W A M RE R FLA S BT i
APAP JITi75 5 1 201E I3 03 19 4 T o {2 80 1) g
L FE e . 4 M AR 0B R E LR S 45 ) R
IHAEAE, CL 2 B Fiy N 5 i 112 19 L g 20 A FE v
THP, REREET, Hl&fpSRea, A2
HFEWPCRHAFAAEN R 25 . CLHRMUERN T A
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S SR R WU TE B B Al A Y i Ok B
WG 20 At A 25 % S 0 S IR P AR, 45 2
J5 AALIE HF b ik 8 0m NE IR KR . R
BRI AT — SR R 2 AL, (H S5 55 3 A B iR
25005 S 0 2 AR O 4R AR TR B IR T R A DL &
BITFB. RRMMESE E S n] % H TR E L
it FE 985 B9 I 1) 465 24 O O B a2 ] b I RS v
25 h 2595 50 S 4 .

ZE LR, ARWFSEHR T BV A S B 7 APAP
W0 20 AE R, & B APAP 38 i HO-1
ARG AL AR AN I ROS A il 2 5 2k BT 8 405 19
FHLE, s T E R ROS £ 2 2 Wi T 2
PE 458 0 0% OGBS o5, 458 I s B ) e 1)
FEPEAL T AR S, W) B b kI DR B A 4 250 S
SOV 0 B A AR YT R AL TR AR A, R I R
24 W AIE A A A A ) B

FBNE. TAEEH FRARGLEF TR,

EHTREN: FHERTHHF R LFEE;
EuT FAATHYFEREH AT mL RS SR
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