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Research advances of hepatocyte death and therapeutic drugs in drug-induced
liver injury
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Abstract: Drug-induced liver injury (DILI) is a common clinical type of liver injury and serious adverse drug reaction. Cell death is
an important feature of DILI. Drugs can activate the apoptosis pathway by inducing endoplasmic reticulum stress and activating
death receptors, induce hepatocyte apoptosis or necrosis, and induce liver injury. In addition to apoptosis and necrosis, the process of
DILI is also accompanied by autophagy, pyroptosis and ferroptosis. Autophagy can remove damaged proteins and organelles, and is
an important mechanism for liver cell survival, but it may also induce liver cell death. Pyroptosis and ferroptosis are recently
discovered cell death methods, and their role in DILI has not yet been fully elucidated. Blocking the hepatocyte death pathway is an
important method for the treatment of DILI. Drugs such as silymarin, naringenin, and ginsenosides are potential therapeutic drugs
for DILI because they can inhibit hepatocyte death pathways. Therefore, in view of the mechanisms and characteristics of different
cell death modes, research on drugs to improve liver cell death is of great significance for the treatment of DILI. This article
summarizes the mechanism and effects of liver cell death in DILI, and discusses potential therapeutic drugs, aiming to provide a
reference for the treatment of DILI.
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HIZ5P A 1 100 A LL L, % W 25 ) 00 45 S 4 A% 24
K2 HUMRE 25 L PUAR R O A AL R S
S DILL R A B R 3%, O o B2 5
BRy7 22 A ). B AT IR b 32 A8 A Bt AL 75 V-
Tk 2 it =R (N-acetylcysteine , NAC) i 97 X £, Bk
% #E 1y (acetaminophen, APAP) 5] 2 [ & 14 i 32
5 (acute liver failure, ALF) , {fi i 57 H B ER B VA 7 %
S B T i I M B T 4 A 2 B A 2 DILIY .
DILT A3 B R 7477 45 57 S5 1 FH 452 40 A0 1) 422 45
13, KRB E 2%, 3& 5 A0 To ke m VR 7 iR
I, ST B B DILL ) R Im LS, 6 R 187 M2 .

DILI F & Jm AL B2 0%, © 28 B 3 4F SRk B AF 5T
#S . Kaplowitz £ H“ BE . AR Bt , AN
JFT 240 6 453 £ A0 B AR 2k A 5 R RE S R I A .
Russmann $& H 2540 F1 (80 FAR WG 7= 4 B 522 54 I
Y1 i 2R A4 DI BE 51 RS T 20 B S S e S B
5| D 4 i e or A e o VR AR, B 24T BUR 20 Mg
ToFIIRGE , 3 B84 AT L4 SR BB T 42 DILT (1)
HBURHE, 2 AN R 254 51t DILL I SL R« 28 i 7 5
o MM, Yl il TN RN
% (endoplasmic reticulum stress, ERS) FI¥IHFET- 52
A& (death receptor, DR) % 77 375 5 I 4 ff 07 T2 50 IA
FE . BRIE TR IR ZE A, DILT ) & 95 ok 72 rp A fif
HEWEETIRERIET . SR A [F 2459 51 i 1
A AE T 07 AN [R] 75 2 BH W i) A0 T AN [
DAL Ikt S 75 2 98 A R AR T O 3K S R X SR T
T VR IT YY) . AR ST EAR IR DILLIS 2 (1)
JH- 40 M A6 T J7 20 AL, DU - R % A0 T %
(VG AERIT IR 259, T AG I7 DILT AR A JE 2% o
1 4R
1.1 ZRRCRAT @R

BLARAE S 585 2 A0 (B3O 3 AR 12 NI, o] DL
bR TR R 32 A A0 I, 24 RF U ) IR ThRg . i
Jf 3 BE5E i DR A3 10 AR O T L SRR A
TN S R T B | 5 AL 2RO A = ) T
6 J% ERS /1 5 [ To0d B S5 A R AR R T AR
PEJE T2 BB T L AR A DR 25 &, 38 3 M o3 A 1 1
BEASENCES T AT HERESES
W, R R R 4 2 B2 5 B (cysteine aspartic
proteases , Caspase) Wi I 75 A 1™ o PRI 122
HH 41 i €5 2% C (cytochrome C, Cyt ¢) 5 T & A i
P9 K F -1 Capoptosis protease activating factor-1,
APAF-1) J¢ Caspase-9 JEHT-E &1475L Caspase-3
RIS, Btk 4 R -2 2 (B-cell lymphoma-2,

Bel-2) 3 i 4 457 2 RL A4 1) 58 B M T 4] Cyt ¢ 1)
T8, 40 4 T2 5 17 Bel-2 AH 5C X E [ (Bax) R {2
Cyt c W B, {2 3F 40 B o8 " . B B Wl
B (protein kinase B, Akt) i i 1 #il] Caspase-9 >k 1 fi]
SR T s 2R A R A 2 ) 2 (mitofusin 2, Mfn 2)
AE % 10111 1ol IS 96 UL 3 387§ (phosphatidyl inositol-3-
kinase, PI3K) Fll Akt F) B B2 4k , fig 32t 40 o -
ERS 175 & [ 40 Bl 98 T2 02 H Ca® Fa S KA UL VB
i AR T B R (B B R 3T & AR N I &
SR 7. ERS e BOE LB KRS (Ginositol
requiring enzyme, IRE) . & 1 ¥ iz i (activating
transcription factor, ATF) 6 F1XUiE RNA & 4 & H ¥
FE P J5 ¥ % B (protein kinase R-like ER kinase,
PERKD , # T W00E A J5iE I 73 - R A5 i 26 B 1 15 2R
1 (glucose reguilated protein 78, GRP78) il C/EBP
[A]) Y5 2 4 (C/EBP homology protein, CHOP)", - ff
Bax 1A Ml Cyt ¢ 1B JK , 35 14 Caspase-3.-8.-9, if5
40 A T s ERS B BE 0TS c-Jun & JE R I I
fi (cJun N-terminal kinasec, INK) & p38 22 24 J5i I &
£ H P4 (p38 mitogen activated protein kinase, p38)
T A2 328 20 B O T, INK (P30S 5 B0 R A 9 1) 3% 1
A (reactive oxygen species, ROS) 4 fii1 , i3t 1fij {1 3t
ERS 40 ="
1.2 4HBAT-5 DILI

FE S b, 25438 2o 5 2 4 i B 3 ROS A
2 PN I T R A N S s 2 L T o 3 R
DILI'"'. 25 3% VRS 21 1) 0F 9 45 R 2o, S A ik
6 mmol/L 15 7% P 5 1 4)) 1 72 h, BE A #F JH 4o KL 1A
ROS 14 1%, fi2 #F ERS, I+ Bax. Caspase-3+-8.-9
HIZRiE i S HFWRAAE" . WA E s, H 50k
20 mmol/L &b A JH i 40 i HepG2 48 il + 5 B Jif
40 mmol/L 4bFH N\ JFF 1F % 4H ffd THLE-2 21 "™\ 5+
S F 20 mmol/L 4b 28\ JH- 95 40 g Hep3B 4 ™, 1)
At I Caspase-9, if5 K 6 17 ; 28 3 L 41 I T 72 25
BN, MR A S mmol/L 15 7% BE D fa 4f i 72 h,
AT A I 280 40 Bl A4 38 8 ) B0 32 44 (peroxisome
proliferator-activated receptor, PPAR) a [ 2% ik 7K °F-,
i Bel-2, F i Bax . Capspase-3.-9 [ & ik /KT, 5]
FEC ™ B 1) A IR 4452 0 g 4 T K BRI PR e
Jii 2 g/kg 7] 38 id ¥4 i% PERK-ATF4-CHOP {5 5 3 i
7. FIAEF 200 pmol/L Ak HE N IE & it
41 g LO2 48 i v] LA S PERK-ATF4-CHOP {5 538
%, SIEERS, ST 4/ lig R 50 mg/kg
Hig 48 -F 100 mg/kg AT 5 BUH E AL B, 2K 4
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I VAR 5 NG D AR PR TR AR B E T B
Jed 245 ) Tt IR VS 41 1) 7132 4 5 JE 10 pmol/L  Fify
JEJE 5 pmol/L A& F19EJE 10 umol/L 4k HepG2 4
JL, T A0 o) 4 B I I B R S B E S f2 3E ROS 1Y
PR Cyt ¢ BT, S BRI T

Hh 2 A G 5 3 40 I O T 3& A DILL
MHE g B 76 O A6 4 B 20 pmol/L Ak 38 JFF JR AR 40 i, 7T
B4 3 77 A ¢ & A 1 (dynamin-related protein 1,
Drp D) fJ7K~F, i 5 INK 5 7 FE0H , 07 Caspase-3
7R IF 40 f A4 o Sel AT d 2 pmol/L b3 L02
g6 M, a7 B A 3 A% A 9% Bl F (factors associated
suicide, Fas) % & , {2 #F Cyt ¢ B % , I i Bax.
Caspase-3 IR IA , 1@ i P YR P FAMIR MR I 42 05 A T
A5G FH 12 pmol/L H A% B VI A3 A e
Y1 it HepaRG 2 1™ .40 pmol/L 1 25 K R ALFE A
IE 40 i HL-7702, W] 3@ i {2 32 ROS 1) 7= A= F
L8R B HL A 2 A Ak , B0 Fas, Caspase-3+-8+-9, i
ST HH SR 8 ng/mL AL FE 102 4H
M, AT B3 APAF-1 3%3% , i Bel-2/Bax LU, i i
PR MERAR S AT AR 5™ b Bl Y 36 20 pmol/L
AL P HepG2 41 i, 7] 55 ERS, il 1 Mfn2-Akt i 4%
Sl E T 45 K B ip 7 2 B B & 2 mg/kg,
fE I 1 Caspase-3 3R 1A , if5 3 JIF 40 J 0 T2 FHER BE"
TR 0T 78 R, B A B HT R 25 nmol/L
AbFELO2 40, 7T 55 5 Drpl 547, 12 33k 28 ki 44 25 4%
1k, B4 i ROS, fi2 3 Cyt ¢ [ % BN Caspase-3 ¥ 1L
755 L02 4H A 8 T2 A0 K RT3 455
1.3 BERTHEAY

WS R BL » ig 45 T /I B B2 3R 100 mg/kg i Ak
P, AT DUE i 0] A S, B Bel-2 30, 4
Bax F ik , 401 il 28 M T2 >R 982 ig 5 I 100 mg/kg
A ig MAEF 100 mg/kg 755 HIF 547 45 K B ig
7K K Al 25 200 mg/kg AL 7 d AT HI] Caspase-3 3%
15N Bax/Bel-2 [ LUl R FE BT TAE AT, B
ATEH R Q2 mg/kg,ip) F SR SMEFRG . igdh
T/ B 2300 mg/kg™ NS B 300 mg/kg T
AbEE 7 d BEECE X APAP (250 mg/kg,ip) 5l ) &AL
I, R Bel-2/Bax LE 4], R 22 i APAP 5 1 /s
U0 . ig 28 T KB 18B-H B VK2 300 mg/kg™
/NEETH 25 mg/kg T TRAL L, dd i bR KRR S R -
E2 #H 5% Al ¥ 2 (nuclear factor erythroid-2 related
factor 2, Nrf2) Fll PPARY 15 5 8 % , $1 1] 4244 N 3 A
AT ORI T G 52 RS (20 mg/kg ip) 5
SR . igse T R4 RR (100 mg/kg) Filib

P, A] H ) S A N AT Caspases-3+-9 /5 1141 Hg
T, 203t AU (20 mg/kg, ip) 175 5 R BT 45 4504
25 KRR ip Z IR R 70 mg/kg AT 4] K B INK P filf iR
b, $ i caspase-3 (1) KI5 , U 4 (10 mg/kg , ip)
FIT BRI T 334557 5 5 KRR ig i B2 2 100 mg/kg v #1
il INK F1 p38 B3R 1A , 34 i Bel-2 il Bax £ IA K
N3 A (7.5 mg/kg, ip) BT B IF 31459 45/ B
ig 1 B 52 HF 30 mg/kg TIAL R 0] 3G 0 1 R U5 10
F ¥ & (AMP-activated protein kinase, AMPK) .
PI3K H1 Akt [ 5% B& 14 7K ~F , B 41X Bax . Caspase-3.-9
[ 223k S Ik 55 APAP (250 mg/kg, ip) % S T,
25 /N B ig B A5 F2 HF D10 mg/kg) T4 22 A #1017 B
JNK.p38 i B 1k, , il Bax (9 7k . 1M Bel-2 1138
% 3K 8 59 APAP (300 mg/kg, ip) % 5 /) BT %5
PR,k e 25 m] DA 4 B R T, AT RE O I PR
EYRYT DILLHHELE 254 .
2 RREMAT

IRFE N I T 2 AE 40 M R =2 2 e R R & R
B ARG, B2 AR T 1 Caspase 7 1) 2
YL T I8 2. 1E Caspase-8 #4111 il {1 1% 1
N, A B AE H & BB 1 (receptor interacting serine/
threonine protein kinase 1, RIPK1) i i RIP [A] I #H
b {E H 2 /7 (RIP homotypic interaction motifs,
RHIM) 5 #H H.1E F & A % 3 (receptor interacting

serine/threonine protein kinase 3, RIPK3) 4§ & ,

RIPK3 Bt J5 41 53 B W IR 5 1% 22 086 1F 2] 1 (mixed
lineage kinase domain like pseudokinase, MLKL) Jf
TE IR BE /IMA (necrosome) , B 34 41 Jifd Jisi 5 B 1k, &
BURTEAETE T R AR

APAP (10 mmol/L) 7] if5 3 A\ JH i 41 i HepaRG
41 o B i I F% % i B F 1 (high-mobility group
box1,HMGB1) , ifi it Toll #£ 52 14 (toll-like receptors,
TLR)4-B Tt 2 TIR &5 #4381 4% £ 1 (TIR-domain-
containing adapter-inducing interferon- B, TRIF) -
RIPK3 3% 4% 5 5 4% 3 I 40 M 28 269 . ip 45 T /)N B
APAP 500 mg/kg ] 3 i/ B JIE o RIPKT A1
RIPK3 [ 3R 1K 7K1, 15 5 40 SR ZE P 0 1, il Bk
RIPK3 ] A & 3% APAP 5 5 1) F 451 4550 5 ik MK
RIPK1 7] L4 Drpl & A, 31 i1 INK (13 44 A1 55
A, %) APAP 5 3 1) 51405 B AT S 25 1) DR A VR A
/NER ip 45 F 0.125 mg RIPK1 #1 i 7] (necrostain-1,
Nec- D RIPK 1 3 ¥4 7] LAY 55 APAP(300 mg/kg,
ip) % 5 1 iIF RIPK3 /9 _F 3 , 31 i) INK B R 1k . Bax
S 6L #1812 15 F A ¥ (apoptosis inducing factor,
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ATF) M ZRL AR 21 40 i 4% ¥ 5 47, J8 2 APAP 5 % 1)
JFR A

00 1) JHF- 248 PR PR R BE 14 R T A 25035 DILT A K
@At . WKL, ig % T/ B APAP 300 mg/kg 1 h
J5 ig 45 TARMMRER A-7-O- &I MEEERRTT 100 mg/kg, g
% #11] APAP 7 5 (1) RIPK 1 11 RIPK3 [ 1k , #1 il
INK RH 5% ) 40 i 9 T2 AR BE P U 172 R 243 APAP %5
ST, R RE BN I R BB JT DILL 3 72 24
%[49] i
3 B

W e A2 H 2 B 5 RN 4 g 2% B 02 R S5 i
W, TE RS Wk /NS, SR 5 3 306 38 V4 il 4 I At A
5 FREY . g W W] DL FE IR = B R iR HF (adenosine
triphosphate , ATP) 7K ~F~ B 23 5 52 41 1) 4H ffa 2% 1 15 O
N BRI B SR T RS2 A B R DA &
ST B 2 (2 0 40 B A7 v AR AR A AN RS B
S N N A L A< = A U = = I N =4
[ Cautophagy-related protein, ATG 2% 1) {5 5 1H %
[T T R L B 2 A -1 (mechanistic
target of rapamycin complex 1, mTORC1) i it ff iR
fb UNC-51 #¢ ¥ B 1 (Unc-51 like autophagy
activating kinase 1, ULK1) R #1246 &2 & W 1 B
J, 76 MCIR A, mTORC1 %t ULK1 F1 ATG13 )
FO# A B U 355, i AMPK AJ DL o i 2 A0 AN B0s
ULK1, {2 # ULK1 % fo7 & &R0k, { 1F 4 ki ik 5
Wt A KA A PIBK-AKt 38 4238 i Bel-2 [7] 5 45
¥J 1% % H (Bcl-2 homologous domain protein,
Beclin] ) HI mTORC 1 3& & #0 i) F Bz

EH P RBA R A R TR, HE AR
% 50 nmol/L AL LO2 4t A, 7] I3 Drpl B3R IA , {2
HEROS 7= 4=, fliihil] ATP A2 il , i 2R KA 5l 175, '3
LKA B W RN A . SR, R R I AR
wh, B WO AR R 15 R AR E R . R
ATG7 i& B WE Gk B, 2 3190 & 3 2 2L B (D-
galactosamine , D-GalN)/Ji§ % ## (lipopolysaccharide ,
LPS) ¥ 3 B/ B B PR3 15 L3 ATGS )%
15, 755 B, AT DAY B AR AR £ % 3 Rk A A5
8. 45 KB ig 80 mg/kg T I IV AlIE L i S
H W 400 k% 8 1R 45 A 5 3R AL 45 R R 52 A 5Kk
pyrin 45 #4 3 & 1 (NOD-LRR-and pyrin domain-
containing protein, NLRP)3 ¢ V£ A& (1) 14 o4 35 1
(1) 98 R [N A R BH s (15 mg/kg» ip) 51 AL 45
R, g5 /N B ip JE ¥ DUEF 750 mg/kg AT PLIGHE H
W, 2 3% APAP (500 mg/kg, ip) F 25 5 [ Wik

A Bl T8 B 40 o 2 W s R B IS, R
% APAP 5 3 405" . B FCAEBA L ip 45 T /N R
APAP (400 mg/kg) 1 h Ji5 ip 2 18 i€ 60 mg/kg 7] DL L
T ATGT (5 F 2R K A0 IR FL A0 ) 7R A B2 3R AL ER
1 (mechanistic target of rapamycin, mTOR) 1] i i
o, 38 3 48 i I SR T APAP 55 /N B
B AR ip AANH A F L)-22(1 mg/kg)
Ab 3 ] S 2 R i AMPK 85 B AL, 4 00 B R A, 25
3 APAP (400 mg/kg,ip) iF 5 I IR FE . 45 /N B
ip S 6 mg/kg AT LA i 8 0 ) 7 i A KR R
I 38 2 oK 20 3% APAP (500 mg/kg, ip) 5 & i JiT 5
5. FRBA F WA T BE AT YT DILT ) B 2 p
4 P

Y B T SOREAH O B R e R A R AR TR A
#& [ Caspase-1 8% Caspase-4.-5-11 ¥ , I U1 #
AT £ 1 gasdermin D(GSDMD) , {2 # GSDMD %%
# B 55 IF 155 3 A0 I RB 2T 5 S A fAE T, &
B R TSR 4% 2 I NLRP1.NLRP3 . NOD ¥ 52 {£ 5
TG R A& S R g S P 2 IV 2 R R 1 I TR0 S AR A A
% 4 (NLRC4) . & 4 5 8 $t = [F 7 2 (absent in
melanoma 2, AIM2) #l & it #§ & [ (apoptosis-
associated speck-like protein containing a CARD,
ASC) LA J pro-caspase-1 & i & 1 /IMA &40, 0
Caspase-1, 5 S A T2, 20 B A5 T2 76 75 B 40 A 73 4
5 TR R B AR (H TR 5 & R
fiE A & G PR R T . ip 45 T /b Bl APAP
300 mg/kg fE % BE NLRP3 % 11 /N A, 9 1% 5 5
1557, 45 /R ip Nec-1 1.65 mg/kg 7] 411l RIPK 1 7]
PL 1 #1] Caspase-1 ¥ i A1 IL-1B 1 7= 4=, £ 3% ip
APAP 500 mg/kg 5 5 I FF 8315 . 45 /N B ip /M BE
Bl 5 mg/kg T4 3 AT DLIE 3o 4060 5 1R A4 A2, 400 )
Caspase-1 Fll IL-1B [ 3R 1A K 24035 APAP (500 mg/kg,
ip) S 45 /B ip % FK 12.5 mg/kg
oAb PR OBE 8% 40 ) NLRP3 1) £ & , K %
APAP (300 mg/kg, ip) if5 T B RF 807 45 K B ig
IS AT IV 80 mg/kg W i #1#1 NLRP3 1% ik,
0 A (15 mg/kg, ip) B8 5 R4 45 . R B4R
T2 AT BE VR T DILI A B4 i
5 ST

BRAE T S T8k 10 i o i 48046 A ROS HER &
R 40 e A T R AR . & Bk H K (glutathione,
GSH) Hi M Bt S8 A0 B 18 22 42 1) 2% 7% 7 BLROS A
2, 7 AR IR B AR A IR R i R BRSBTS Bk
FETZ 5B 2 AW B R . B AE T
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1141 71 ferrostatin-1 (10 mg/kg, ip) ¥ 35 1 il 7] & &
1 A(concanavalin A, ConA) S 1 S 8 — &AL A
# i (inducible NOS, iNOS) /K *F- ity b i , 2 %
ConA (20 mg/kg, iv) iF5 T [ 42757 APAP i &
2 580 m i AR PR ) NAPQI i & T %, FE
GSH, f#i i Ferrostatin-1 1 pmol/L 7] DL 24 3 APAP
20 mmol/L 51 2 1 AR/ B4t 4457 . R Bk
HET-A W] RERLAYA YT DILI () H B p
6 %HiE

DILI ) &R L & 22 R 3R 1, 4F 68 M0 L 1 A%
IR 2% 55 #4251 DIL (1) & A= Fl & J& . DILI — FELAff
2, NS R R A O 2, OF R BB TT . H
AT PR b 32 B8 NAC 697 APAP 5| &2 1) ALF, 5
H R R B O JE B A D H R B B B L
TVREEAMBREAMBEA — M REN, HIX
S 254 5% DILL Rl V)97 28800 o 56 4 1 B, 38 FR VR N
PRI ZORAE F AL S 548 25090 97 1R 3&E MAIE .«

YR AE T2 AN R 254 51 S DILI [ 3 [R]“ 28 4507
A, W TN A B AR TS 7 3K, S SRBH T A8 T E B 1
T35 OV RO S I S R s TR T RER AT 2
DILI A f i 0L B 4 A8 T2 71 20, mT BA3dE i 1 DR
Caspase. RIPK 1. RIPK3 & i 42 41 ] JFF 40 g 7 - Al
IRBEAE R TR MR I 450 . WM R VA S 28
18B-H B IR IR « /NBER S Ji IR 25 Gl iok 3 ikl 254 51
EC 1) AT LI, A1 O O B R P I AR B L T
BE— D ER SR VR F LA AT 2850

SR, 20 ML A6 T 48 2 1A AH BT 40, 3 i) — A
2 M BE T A T RE O 3 — AN 4B B SE T AR, 4
i Caspase-8 Al fe 2R A SEMEPH T2 BRI, &L 75
FER AT SL R A0 2 R B AR TR AR I Y . H R
CIRVNCS - RO EA IR NI R S S A LN Y )
RE, PR ROk G2 AR T 0 4, 35 W IV IR
DURF S5 AT B0E F W, ATk — B R A L AR E .
T 40 BB T A4 B8 T 7E DILI T 1 3k 2 £ /0
I T AT IR BT

DILI ) & iR ML 52 2%, B A5 FAL I A 780N
(B =, an 24 51 6 (S A LI SR A 45477 « P )
87 I BE T 2 AE DILL A A F i oA 58 4 1 1
Btk 2 4, DILT IS 2 Hhoid & A b o5 2 Mgt i 58 - 07
3 A A4 AE T Xz T A8 DILL G YT
R T ROR I BRGR . DRIk, TR 55 2459 i BOAS IR 40 il
FE T 77 AL AR R, A9 2 A R 7 7 5% T )
J5 1. T 3R G AR 2 DILL A & 28, 47 75 i PR 5 A=
FZGITATTA B 25, PR G

MawR FAGEHEARELEAEF R

SE

[1] Pk 3%, 3¢ W7, £200E, &5 . R E VT4 W AT 0 2
WE IR [I]. 1 PR AT A 24 &, 2018, 34(2): 1152-1155.
Shen T, Huang X, Wang Y Y, et al. Epidemiological
research status of drug-induced liver injury in China [J]. J
Clin Hepatol, 2018, 34(2): 1152-1155.

(2] BRAA . 25 82400 (R AIT 5 0 Fee R 3K B A7 78 14 ) 7L
[7]. W R P HE 44 7, 2018, 34(6): 10-14.

Chen C W. Research progress on drug-induced liver
injury and existing problems in China [J]. J Clin Hepatol,
2018, 34(6): 10-14.

[3] SErR ), IRmE—, 4451 . 25 Wk I 451 0 W 9 iR T
J& [0]. GRS A R 4, 2020, 30(1): 29-31.

Dang Z Q, Xu L Y, Li M G. Progress in research and
treatment of drug-induced liver injury [J]. Chin J Integr
Tradit West Med Liver Dis, 2020, 30(1): 29-31.

[4] Kaplowitz N. Idiosyncratic drug hepatotoxicity [J]. Nat
Rev Drug Discov, 2005, 4(6): 489-499.

[5] Russmann S, Jetter A, Kullak-Ublick  G.
Pharmacogenetics of drug-induced liver injury [J].
Hepatology, 2010, 52(2): 748-761.

[6] lorga A, Dara L, Kaplowitz N. Drug-induced liver injury:
cascade of events leading to cell death, apoptosis or
necrosis [J]. IntJ Mol Sci, 2017, 18(5): 1018.

[7] 2= 0, SRR . B PH T AR I A R (0], L AR I
#5,2017, 57(37): 103-106.

Li S, Zhang B D. Research progress of apoptosis pathway
[J]. Shandong Med J, 2017, 57(37): 103-106.

[8] Cao L, Quan X B, Zeng W J, et al. Mechanism of
hepatocyte apoptosis [J]. J Cell Death, 2016, 9: 19-29.

[9] K X, Jrvefh . LhLARLG R -2 AW T RE R AR
P9 PR EIE STk B (0], b R 24, 2017, 57(38):
106-109.

Guan F, Fang K W. Advances in the biological function
of mitochondrial fusion protein-2 and its role in diseases
[J]. Shandong Med J, 2017, 57(38): 106-109.

[10] Z5%HE, F Ak, Bk B . GOk fl & 8 5 2 5 20 i
o [J]. BR2ARF A4, 2012, 41(1): 12-12.

WuZ S, LuZQ, Yao Y M. Mitochondrial fusion protein
2 and apoptosis [J]. ] Med Res, 2012, 41 (1): 12-12.

[11] Shariati M, Meric-Bernstam F. Targeting AKT for cancer
therapy [J]. Expert Opin Investig Drugs, 2019, 28(11):
977-988.

[12] Zhang G, Jin H, Lin X, et al. Anti-tumor effects of Mfn2
in gastric cancer [J]. Int J Mol Sci, 2013, 14(7): 13005-
13021.

[13] Turlaro R, Mufoz-Pinedo C. Cell death induced by



+ 1102 -

$F44% FESH 202158 ﬁﬁ-i‘ﬁﬁti, Drug Evaluation Research

Vol. 44 No.5 May 2021

[14]

[15]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

(25]

endoplasmic reticulum stress [J]. FEBS J, 2016, 283(14):
2640-2652.

Yang J, Wu Q, Lv J, et al. 4-Phenyl butyric acid prevents
glucocorticoid-induced osteoblast apoptosis by
attenuating endoplasmic
Miner Metab, 2017, 35(4): 366-374.

Chaudhari N, Talwar P, Parimisetty A, et al. A molecular

reticulum stress [J]. J Bone

web: endoplasmic reticulum stress, inflammation, and
oxidative stress [J]. Front Cell 2014, 8
(213): 213.

Iorga A, Dara L. Cell death in drug-induced liver injury
[J]. Adv Pharmacol, 2019, 85: 31-74.

Jia Z, Cen J, Wang J, et al. Mechanism of isoniazid-

Neurosci,

induced hepatotoxicity in zebrafish larvae: Activation of
ROS-mediated ERS, apoptosis and the Nrf2 pathway [J].
Chemosphere, 2019, 227: 541-550.

Verma A, Yadav A, Singh S, et al. Isoniazid induces
apoptosis: Role of oxidative stress and inhibition of
nuclear translocation of nuclear factor (erythroid-derived
2)-like 2 (Nrf2 )[J]. Life Sci, 2018, 199: 23-33.

Verma A, Yadav A, Dewangan J, et al. Isoniazid prevents
Nrf2 translocation by inhibiting ERK1 phosphorylation
and induces oxidative stress and apoptosis [J]. Redox
Biol, 2015, 6: 80-92.

Zhang Y, Liu K, Hassan H, et al. Liver fatty acid binding
protein oxidative  stress,

deficiency  provokes

inflammation, and apoptosis-mediated hepatotoxicity
induced by pyrazinamide in Zebrafish Larvae [J].
Antimicrob Agents Chemother, 2016, 60(12): 7347-7356.
Guo H, Hassan H, Ding P, et al. Pyrazinamide-induced
hepatotoxicity is alleviated by 4-PBA via inhibition of the
PERK-elF2a -ATF4-CHOP pathway [J].
2017, 378: 65-75.

Zhang W, Chen L, Shen Y, et al. Rifampicin-induced
injury in LO2 cells is alleviated by 4-PBA via inhibition
of the PERK-ATF4-CHOP pathway [J]. Toxicol In Vitro,
2016, 36: 186-196.

Chowdhury A, Santra A, Bhattacharjee K,

Toxicology,

et al
Mitochondrial oxidative stress and permeability transition
in isoniazid and rifampicin induced liver injury in mice
[J]. J Hepatol, 2006, 45(1): 117-126.

Paech F, Mingard C, Griinig D, et al. Mechanisms of
mitochondrial toxicity of the kinase inhibitors ponatinib,
regorafenib and sorafenib in human hepatic HepG2 cells
[J]. Toxicology, 2018, 395: 34-44.

Yang X, Wang H, Ni H M, et al. Inhibition of Drpl
protects against senecionine-induced mitochondria-
mediated apoptosis in primary hepatocytes and in mice
[7]. Redox Biol, 2017, 12: 264-273.

[26]

[27]

[29]

(31]

[32]

[33]

[35]

[36]

[37]

Zhang F, Chen L, Jin H, et al. Activation of Fas death
receptor pathway and Bid in hepatocytes is involved in
saikosaponin D induction of hepatotoxicity [J]. Environ
Toxicol Pharmacol, 2016, 41: 8-13.

Liu Y, Dong X, Wang W, et al. Molecular mechanisms of
apoptosis in HepaRG cell line induced by polyphyllin vi
via the fas death pathway and mitochondrial-dependent
pathway [J]. Toxins (Basel), 2018, 10(5): 201.

Dong X, Fu J, Yin X, et al. Aloe-emodin induces
apoptosis in human liver HL-7702 cells through fas death
pathway and the mitochondrial pathway by generating
reactive oxygen species [J]. Phytother Res, 2017, 31(6):
927-936.

Yan X, Zhang L, Cao Y, et al. An ingenol derived from
euphorbia kansui induces hepatocyte cytotoxicity by
triggering GO/G1 cell cycle arrest and regulating the
mitochondrial apoptosis pathway in vitro [J]. Molecules,
2016, 21(6): 831.

Yang Y, Tang X, Hao F, et al. Bavachin induces apoptosis
through mitochondrial regulated er stress pathway in
HepG?2 cells [J]. Biol Pharm Bull, 2018, 41(2): 198-207.
Wang L, Huang Q H, Li Y X, et al. Protective effects of
silymarin on triptolide-induced acute hepatotoxicity in
rats [J]. Mol Med Rep, 2018, 17(1): 789-800.

Hasnat M, Yuan Z, Ullah A, et al.

dependent apoptosis in triptolide-induced hepatotoxicity

Mitochondria-

is associated with the Drpl activation [J]. Toxicol Mech
Methods, 2020, 30(2): 124-133.

Wang C, Fan R Q, Zhang Y X, et al. Naringenin protects
against isoniazid- and rifampicin-induced apoptosis in
hepatic injury [J]. World J Gastroenterol, 2016, 22(44):
9775-9783.

Hu J, Liu Z, Wang Z, et al. Ameliorative effects and
possible molecular mechanism of action of Black
Ginseng (Panax ginseng) on acetaminophen-mediated
liver injury [J]. Molecules, 2017, 22(4): 664.

Xu X, Hu J, Liu Z, et al. Saponins (ginsenosides) from
the leaves of Panax quinquefolius ameliorated
acetaminophen-induced hepatotoxicity in mice [J]. J
Agric Food Chem, 2017, 65(18): 3684-3692.

Mahmoud A, Hussein O, Hozayen W, et al. Methotrexate
hepatotoxicity is associated with oxidative stress, and
down-regulation of PPARy and Nrf2: Protective effect of
18P -Glycyrrhetinic acid [J]. Chem Biol Interact, 2017,
270: 59-72.

Mahmoud A, Hozayen W, Ramadan S. Berberine
ameliorates injury by
activating  Nrf2/HO-1 and PPARy,

suppressing oxidative stress and apoptosis in rats [J].

methotrexate-induced  liver

pathway and



$F44% FES5H 202158 %#"i‘-‘[ﬁti Drug Evaluation Research

Vol. 44 No. S5 May 2021 + 1103 -

[38]

[39]

[41]

[42]

[43]

[44]

[46]

[47]

[48]

[49]

Biomed Pharmacother, 2017, 94: 280-291.

Ali N, Rashid S, Nafees S, et al. Protective effect of
chlorogenic acid against methotrexate induced oxidative
stress, inflammation and apoptosis in rat liver: An
experimental approach [J]. Chem Biol Interact, 2017,
272: 80-91.

Bishr A, Sallam N, Nour El-Din M, et al. Ambroxol
attenuates
nephrotoxicity via inhibition of p-JNK/p-ERK [J]. Can J
Physiol Pharmacol, 2019, 97(1): 55-64.

Omar H, Mohamed W, Arab H, et al. Tangeretin
alleviates cisplatin-induced acute hepatic injury in rats:
targeting MAPKs and apoptosis [J]. PloS One, 2016, 11
(3): €0151649.

Leng J, Wang Z, Fu C, et al. NF-xB and AMPK/PI3K/

Akt signaling pathways are involved in the protective

cisplatin-induced ~ hepatotoxicity and

effects of Platycodon grandiflorum saponins against
acetaminophen-induced acute hepatotoxicity in mice [J].
Phytother Res, 2018, 32(11): 2235-2246.

Fu C, Liu Y, Leng J, et al. Platycodin D protects
acetaminophen-induced hepatotoxicity by inhibiting
hepatocyte MAPK pathway and apoptosis in C57BL/6J
mice [J]. Biomed Pharmacother, 2018, 107: 867-877.

A LX) 73, % 7, A RBEAE R TR S AL R AR
ik g6 95 L A b B £ T [9]. AR R B 2, 2018, 26
(22): 171-176.

Li L, Liu L, Luo N, et al. Regulation mechanism of
necroptosis and its role in cancer pathogenesis [J]. ] Mod
Oncol, 2018, 26 (22): 171-176.

Tang D, Kang R, Berghe T, et al. The molecular
machinery of regulated cell death [J]. Cell Res, 2019, 29
(5): 347-364.

Minsart C, Liefferinckx C, Lemmers A, et al. New insights
in acetaminophen toxicity: HMGBI1 contributes by itself to
amplify hepatocyte necrosis in vitro through the TLR4-
TRIF-RIPK3 axis [J]. Sci Rep, 2020, 10(1): 5557.

Deutsch M, Graffeo C, Rokosh R, et al. Divergent effects
of RIP1 or RIP3 blockade in murine models of acute liver
injury [J]. Cell Death Dis, 2015, 6(5): e1759.

Dara L, Johnson H, Suda J, et al. Receptor interacting
protein kinase 1 mediates murine acetaminophen toxicity
independent of the
necroptosis [J]. Hepatology, 2015, 62(6): 1847.

Zhang Y, He W, Zhang C, et al. Role of receptor

interacting protein (RIP)1 on apoptosis-inducing factor-

necrosome and not through

mediated necroptosis
acute liver failure in mice [J]. Toxicol Lett, 2014, 225(3):
445-453.

Liao Y, Yang Y, Wang X, et al. Oroxyloside ameliorates

during acetaminophen-evoked

[53]

[54]

[55]

[56]

[57]

[59]

[60]

[62]

acetaminophen-induced hepatotoxicity by inhibiting JNK
related apoptosis and necroptosis [J]. J Ethnopharmacol,
2020, 258: 112917.

Doherty J, Bachrecke E H. Life, death and autophagy [J].
Nat Cell Biol, 2018, 20(10): 1110-1117.

Green D R, Llambi F. Cell death signaling [J]. Cold
Spring Harb Perspect Biol, 2015, 7(12): a006080.
Hosokawa N, Hara T, Kaizuka T, et al. Nutrient-
dependent mTORC1 association with the ULK1-Atgl3-
FIP200 complex required for autophagy [J]. Mol Biol
Cell, 2009, 20(7): 1981-1991.

Tian W, Li W, Chen Y, et al. Phosphorylation of ULK1 by
AMPK regulates translocation of ULK1 to mitochondria
and mitophagy [J]. FEBS lett, 2015, 589(15): 1847-1854.
Wang R C, Wei Y, An Z, et al. Akt-mediated regulation of
autophagy and through Beclin 1
phosphorylation [J]. Science, 2012, 338(6109): 956-959.

Hasnat M, Yuan Z, Naveed M, et al. Drpl-associated

tumorigenesis

mitochondrial dysfunction and mitochondrial autophagy:
a novel mechanism in triptolide-induced hepatotoxicity
[J]. Cell Biol Toxicol, 2019, 35(3): 267-280.

Amir M, Zhao E, Fontana L, et al. Inhibition of
hepatocyte autophagy increases tumor necrosis factor-
dependent liver injury by promoting caspase-8 activation
[J]. Cell Death Differ, 2013, 20(7): 878-887.

Zhou S, Gu J, Liu R, et al. Spermine alleviates acute liver
injury by inhibiting liver-resident macrophage pro-
inflammatory ATGS5-dependent
autophagy [J]. Front Immunol, 2018, 9: 948.

Qu X, Gao H, Tao L, et al. Astragaloside IV protects

response  through

against cisplatin-induced liver and kidney injury via
autophagy-mediated inhibition of NLRP3 in rats [J]. J
Toxicol Sci, 2019, 44(3): 167-175.

Zhang Y, Pan Y, Xiong R, et al. FGF21 mediates the
protective effect of fenofibrate against acetaminophen -
induced hepatotoxicity via activating autophagy in mice
[J]. Biochem Biophys Res Commun, 2018, 503(2):
474-481.

Ni H, Mcgill M, Chao X, et al

acetaminophen protein adducts by autophagy protects

Removal of

against acetaminophen-induced liver injury in mice [J]. J
Hepatol, 2016, 65(2): 354-362.

Kang K Y, Shin J K, Lee S M. Pterostilbene protects
against acetaminophen-induced liver injury by restoring
impaired autophagic flux [J]. Food Chem Toxicol, 2019,
123: 536-545.

Mo R, Lai R, Lu J, et al. Enhanced autophagy contributes
to protective effects of IL-22 against acetaminophen-
induced liver injury [J]. Theranostics, 2018, 8(15): 4170-



© 1104 - $F44% FESH 202158 ﬁﬁ-i‘ﬁﬁti, Drug Evaluation Research  Vol. 44 No.5 May 2021

4180. of oxidative stress and inflammation [J]. Biomed
[63] Li Y, Ni H, Jaeschke H, et al. Chlorpromazine protects Pharmacother, 2019, 112: 108704.

against acetaminophen-induced liver injury in mice by [68] Vivoli E, Cappon A, Milani S, et al. NLRP3

modulating autophagy and c-Jun N-terminal kinase inflammasome as a target of berberine in experimental

activation [J]. Liver Res, 2019, 3(1): 65-74. murine liver injury: interference with P2X7 signalling [J].
[64] Zhang Y, Chen X, Gueydan C, et al. Plasma membrane Clin Sci (Lond), 2016, 130(20): 1793-1806.

changes during programmed cell deaths [J]. Cell Res, [69] Yang W, Sriramaratnam R, Welsch M, et al. Regulation

2018, 28(1): 9-21. of ferroptotic cancer cell death by GPX4 [J]. Cell, 2014,
[65] Lamkanfi M, Dixit V M. Mechanisms and functions of 156(1-2): 317-331.

inflammasomes [J]. Cell, 2014, 157(5): 1013-1022. [70] Zeng T, Deng G, Zhong W, et al. Indoleamine 2, 3-

[67]

Miao E A, Leaf I A, Treuting P M, et al. Caspase-1-
induced pyroptosis is an immune effector

bacteria [J]. Nat

innate

mechanism against intracellular
Immunol, 2010, 11(12): 1136-1142.
Guo H, Sun J, Li D,

acetaminophen-induced acute liver injury via inhibition

et al. Shikonin attenuates

(71]

dioxygenase lenhanceshepatocytes ferroptosis in acute
immune hepatitis associated with excess nitrative stress
[J]. Free Radic Biol Med, 2020, 152:668-679.

Lérincz T, Jemnitz K, Kardon T, et al. Ferroptosis is
involved in acetaminophen induced cell death [J]. Pathol
Oncol Res, 2015, 21(4): 1115-1121.

[Frteshit  Firz]



