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Research progress in biomarkers of liver toxicity
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Abstract: Drug hepatotoxicity is an important concern in the medical profession. Timely and accurate evaluation of drug
hepatotoxicity and specific and sensitive biomarkers of liver toxicity are important for the research and development of new drugs and the
safety of clinical medication. In this paper, traditional hepatotoxic biomarkers (including glutamate aminotransferase,
aspartateaminotransferase, glutamate dehydrogenase, etc.) as well as newly discovered biomarkers (serum F protein, purine nucleoside
phosphate Enzymes, kinin paraoxonase) were reviewed for the study and prevention of drug hepatotoxicity.

Key words: liver toxicity; biomarkers; glutamate aminotransferase; aspartateaminotransferase; serum F protein; purine nucleoside

phosphate enzymes

JH A2 20 0k P AR T T 23, TR 2 24
YR S N ) R, 29 R P R
BHAS BT 250 R 10 2L R 22—, 2 S e
B EEHER 2 M, 2 25 BRI,
I BRI TR 26 B B i 25 B HUR) (FDAD T8 &
RS TS i R S I U NG G e (02
P IR 25 PR A M 2R 3 Fhe A,
H A5 AR SR PR S AR S e b i, R 2R
AR (ALT) . RITA AR M (AST)
HFOLNHIE 50 FFZ A, HLRBE SR REA
e PR 1) R — LA AE

WA, OB AL G A Wb B A AT ) —

Ugts BHA: 2017-08-16

AT 2P R, XIS S AR AR M P 2
Pzl I, b TR N, ARk ERHUR
WGP R, F5 EEAEINGRAL G2 A s A AT
Fonb b, b S HOB L KR (BT S AR b
B o A SCERAE G 10 I 5 0 AR bR R [EL R
ALT. AST. RN %E (GLDH) 4], LALGHr
RIS AR AEbREY) (s F B E . R
TR WOR O ARG A TERIK, AT
BEPE PR AT L K B a3 2 7% .
1 EEBEMIRED
1.1 ALT
R ALT W& PEKSFPRN 29I 2P 2 H

HEEWH: MERHEFEIFAQIE (20152X09501004); R diRHE XI5 H (16PTGCCX00090)
TEFE M A3 (1990—), T, Wit, WFHvJ5 25 FEERES:. Tel: (022)84845247  E-mail: houyb@tjipr.com

«BIEEE x| &, W72 ERYE . E-mail: liuj@tjipr.com



##gaatx Drug Evaluation Research 35404 3 128§ 2017412 A

* 1805«

TS5 FH R A U T B, - 0 A I 453 £ 1 PR
HEA R “ b B ALT BAR R BUE R,
A= R QUL T 51 ALT ZKSFEFED .
7] TEERAR R AL ALT FIRF5T 45 203E— 22 I,
WFSTAESE ALT f74E ALT1. ALT2 PiFhfE TR, 7
FHAFZTET ALTL 2K E A, ALT2 j2gehi
SRR

Miyazaki 251°17%. Beagle R 157 b A1l H [ T/
B, ERFRE PRI 2] ALTL, 8 # VL RS
P ALTL A1 ALT2. PRIEAF 4518 1iE ALTL 251
BRI ALT FHai R 2R E, AR T ALT
R IRE Sk, RS TR IS R E
1.2 AST

AST g st e br Sz —, AST
LA R RIE S ERF AR, X2
N FH I E L R . Solter ZERFS0 R L ALT &
R B R 2, UM ALT TS P P
T8 S 407 5 SRS P A0 AST RSP B0AIE 2459
(P

FAEWRAR 458 ALT 5 AST K HLAE RS FE
BRHFA TR 2, AST R TR )5 HF90IE 52
AT AST MRk AST PR THg. (H2E
A DA SRR AR WENX PR AST 6] L5 i
W AST CRIMRIE, Ft AST A TEE T 7%
W TFE — IR I
1.3 GLDH

GLDH &35 JUFE R I IRt AR s &), 5
g bR S WA LG, & AR IALE T A e ek
(GLDH % K353 3 A T IHEAE ) s AN 5552 2 25 )
AT REER, PRt b GLDH i
WwE T ALT; FREEmfim B CExEiig) 16 h.
O'Brien P57 BLAE 22 BT B3 KRB, 1
1 GLDH JEPEI RS 7 225 1 ALT . AST. {H
PHAE—Lin) i, Wnfetsir &0 GLDH fegion &
T2y (APAP) Al IS 455 Wy i WAl o
1.4 ZFEERtEEs (LDH)

LDH 211 2y JFF 40 6 25 A &/ 00 PR s v A=
FREDE, AR TR P FRERE IR . fb 24 5
(RIFF A0 B EETE RN, PSR 245 )5 40 Hdtts BI85 730
(1) LDH & 15 4 5B 40 B A8 T2 5 1) LDH v P LUk
i E 0,

15 MEZEEE (TC). =@HEMH (TG)
T 4 25 I g 4 L 8 7 IR 7 R B BT 4

SRR, HOE ALT 5 AST &5t /et g, S5
M3 ALT 5 AST /KVH . B 40 et —20 2
1, M3 TC. TG /KPS BTy, IXER7RIHIE
L& 52 31 )7™ F (14547 -
2 FFREEMHTENEIRRE

TR RR S (ALP). y-B & BRI (GGT).
BEHLLE (TBY fE ANEIFIEN ) 2 5040, q2i)s|
6 JHF JE 2 995 5% T E 3 6 52 453 ) If i - ALP
GGT. TB & KAEWE AR, & H)
BEAS 7 A 1K) — T A I H , nT T4 B R
G o
21 GGT

M3EH GCT & &\ A &N IHE i,
HAR W R, AR fEGRTTET
H, KRG GGT W21 N1 bl A IH 46 A sl gk
FERYs R GGT AT LA A RN 1 A= b s
Y, HEAMAYSS R, (B2 GGT mlgnn]
CABER > 255 5, Bl RS T ol kA 5 fe 5 ik
GGT ¥4jm, HEH Y NIMGEH GGT FEH A
—E G E IR AR IR A 1 A
2.2 ALP

ALP 2 JFF E A 2550 R0 E TR B ) 3 B b s
Wz —DA, 2 Nk, ALP (RN BT LAAE b 254015
SRR A bR S B R AR A,
TEstaaes I ALP Wl Thm, 454
GGT AR LTI BRI I VIR R AT A5 B e v o otk
Ab, IR SCERIRIERR T 2595 i ) i LA, I
b PR 25 G0 B s AR AR S e S S ALP [
It Bk, ALP RiiZ 5 ALT A1 AST ISk dt
[F VPO IFEEE, JEAC S FEAN B A I AR B
it S LE bR A
23 TB

TB AEMS L% R WP IE (R AR T B, il A
T N R VR A AR A . e S A
g, TB S s e HAT R AP IR AH Gk
Fabris ZE0SHRE A iR MESOR . LDV I . 454
BE ) 2 el LA 46 A PR RES RS MLYE TB 3,
BRI TB AN 5 A (W s e S e A b s
JTeA TB 5 HAbAR & W& - A VRO T 5 (1) 52 b
&
3 BB SEEYRE
31 MEFFER

s RBFFCR I, -l B 43 1 B i b F 4R



* 1806

##gaatx Drug Evaluation Research 35404 3 128§ 2017412 A

1 AT L T S ™, A S s S
A 1 RBEFR ek, IF 5 I 20 200 1
PP R AT O AR K . B E AT IR AR R B
R e F A 0w R &, BRI A ) e A
SURAHSCHIICE AL, DUIIRAE G S R
32 ERBBEEE (MDH)

MG MDH A4 MiE Rl 2.
IRRITE AR, Kawai 25 BTV BT # K 12 100375
() MDH 35 PEIE 75 T AR AT RE AL 95 AT 15 20 230 32
Ry A g A —2,  H MDH 35 25D 5 YEAS 5145 1)
FETERERELL AST A X o (HEHF EWF T R DL,
i MDH 3 AL A A G, PRIAEF T
A 5 AAR YA A
3.3 EM#ZEHEEEE (PNP)

PNP =207 T R4 I/ P R 40 i 55 1t 4 i
i, LEFLEAR N AU AL 2, R
FEF AN S . PNP 2 7E N IR SE R A 2 7
I E] . Misra ZEVEHLK RS TN ETE
40 MO SR 26, I3 PNP Th e 0 (0 I ) 22 L1
ALT.

Pr i SCHR A PNP I RIT TR 520, BRIk,
PNP 1] DL i 8 I B L Db ), I TR TT
R EEA ] 7N AT (=
3.4 xE#EE (PON 1)

EHAbREYIANE, PON 1 & FRES AR
—EMIAS=ME . Meneses-Lorente 220U ] 2% 14 541
SJPVEUEI T PON L 3 mT AR Sk 2595 RS (1) 4%
Vi LE R bR S . (HHE PON L AR S
PEE, SCHRPHRE PON 13 M R AT g5 — R AIK
A%, W IKEAERE L I A R te RT3 4%
DAL G 5 JFF02 407 R R e P EAS AR vy, (R IR
e RN AN
35 HAKIE

IUDR A T R U e 0 3 A, A K B
SRR IR O B S R NV . Adler
21220t PO SR PP REL S 408 0 A 0 T o 7 Sk i 5 1%
ST PEPEM R bR A L AT ST, R BT ik S 5
IR AR AL 3 BB EAR OG5 dikaE
D, IR T2 B I RN S A I P B (K S
36 HHHEHM-S-#BE o (GSTa)

GSTo EEAL T /ML g e, X5 ALT Al
AST AR, PRI RE 6% 5 0 R Rk e e FFF AR A R X 1
PP, FEIGRIETT R, 2440 BT APAP [

HARN IR ] GSTa 155 T, o4l b
B GSTa (R/KEIIN T 2 5L P 78 el KR
R TT Y, GSTo 75 BRI 507 5 ik
SHRINF], b AST HBL )8 L. R,
I H GSTo BEWE AT BEA A543 1¥ L 2 et 1 52 34
EHIKT, X RAEGhR S A& R . Ukah,

Rees ZPIF 50 KB, WLARAER I A3 GSTa 7K
AR, XKW GSTa AT LA K X 43 45 405 F
INSEGEe

3.7 R I

KRN | AT DT 2, BARAE LA 2%
BV B AT o Ao A5 208 M 450407 AT S
L, KGRI | T (R 1) S R ¥ B ALT
AST AL, 348, AT IR IR ST R RS 2
Wl | LK 2 Bokras s S R T SV ST, e
KT R RN | PR IE A AT, AT E
A INGIS
3.8 1RREIEIABRHARES (ASAL)

ASAL DU &5 2 . IRIRBTFTRIN,
JIF 2 H I ASAL W a8 A5 F s nt bt 1
ASAL Fl ALT Jz AST i I hg 4 J-9s () A i
W SRR, S5 IR ASAL [0 RIS S R 8 vy
T ALT K& AST®L, ik, ASAL 24 FF R 11
IR bR &Y, T EATIRAR T .

39 BRETER (TBA)

TBA & Ry h AL —Y, & — &
G A RO, IR TBA 4k 22 5kl
JIFAm AR, DRI T TBA 84851/, TBA
A M — 1] DA R s I 25 J AR iR s
AN eREERY . TBA o AR LIE 2 18
PEIF 9 S5 HERE 00 P2 Wi P AT R o AT
RN, AR TBA [IZhEERT, &
i TBA St BT RN 2 T,
TBA 5 ALT TFRZEEATAT. TBA [l e X
WA U, VR SRR T R
g, X EEfRAR.

310 MmAFRIRER (PA)

M35 PA FEIF A ARG, TV 4 M A I
ORI R, AE RS R g M s e LTI A i Eh RE )
O AR SR [33HRIE A T B I, 137 PA
FRAR A B BT R e R P, HLAE & TR JH s A
Wi, PA [R5 R B m TE B A . RIS i
HAMEE, M PA B AE R B ki 41 i



##gaatx Drug Evaluation Research 35404 3 128§ 2017412 A

* 1807

Jf'JE'\' % [32, 34-35] s
311 REEEE (Hyp)

Hyp 2RI —. 25 A%k
e IEFAEDUE, (i Hyp 5 7 R N 9%
Bl IREPER A FOHIN IR o R T G Hyp B
BN, Hyp M350 LF- A e T 4 i 5 45 R i
HHEL, BT LA M3 b Hyp 2 8 el 1 o B4 i
HHISWiHRbs . (I 7 WHkIE B>, Pkt
LRI 2 Wy I B Ve R BORE R R S P I L 7 R
Ino.

312 YHpEEZEC

Miller 2B 11, 4Rt 2 C 7 APAP J D-
PFUBENRA 2R SR, FERE ALT & GOT g
ARTEBIEAE, JEREEZRR R B e b
HALYVERF T, AR S .
313 EREAHMERSENESMEREERILE

WA BEH R (GSH) 7E R4 i i &k, 38
SRS GSH 23 B4 BIIEY AP0,
GSH £ RIEDUEAAEHIET, B S A BT
PEHBE (GSSG), DAk, JE kil g HFafeyt
' GSSG 1 GSH & L LLAE, LA 25|
FE 11 40 M R ZH 2P ) AR A R Y

Yang £ 16 B REE 2 TN L APAP JE7E
240 P95 BERUMOILSE, RN RUISE H ALT J2 AST
25 2y)G 1~3 h WITUGIH 2 F 5, i B A1k
A5 ALT F1 AST 17224k —3. PHitk GSH/GSSG
P B A — 2 BIRERANE, 645 AL b B
I G DUERE S Y H T IR .

314 A (MDA)

MDA 24N B ML &2
—, MDA &34 2 fehnm 40 sy fids, HER
AUk, RN, W MDA &
TARAAEERE, AR e . F Akar
WL RN, 15 50 R4, R4 MDA
TETtE, HAEREEER (P<0.001),

3.15 X ZEtREE (APAP) -EBtEEMEHY

APAP-ZE 1G4 A >4 4l L A SR IR TN
LA AT E], B2 M4 T KR & APAP )5,
28 31 A A U N AR A ) N- ST -0 - 2R R I Jr
(NAPQD) #Ei# GSH J&i, FIAR 1 NAPQI 54l vtk
FIRAr F I 5 T . H TIF I A H 4518 2 1
W APAP-ZE I vl LAAE ) APAP 5 e 45147
(4 ks R, RN Ty vk £ SR v RO

Wk,
3.16 BFiEZH (HPS)

Ay VOET W], TE R /N BT P ) HPS
K212 195 ng/mb, Y U4 5, 13 4 HPS
7P I UG B, L8 1EH /N 7 6 Thmie s
W KT A hn &Y, I HBESE T4 16 &
e, IMIET HPS [7KFE ALT. AST KJHF4IZUR
TERRRE—BOFIR N R, JHE T IEHKT, BURTER
Uf o IXRH] HPS w] AR K /s I IF 3497 1037 b
EY.

317 SEBEKER (HMGBL

HMGB1 fEi&N &AL T i), &4t
RIER B E . Craig Y%L T FFH4
B R NS TR ) HMGBL, &5 3R BT 14
B MG HMGBL B B, HILEHAE ALT 1
BEIANICNE, (A ALT SE N R 8. DA 7E T AT
#1475 - HMGBL A 5 s A 5T 218
318 MtIE-ZBME

=B ISR AAE I, R
nen- g A AT DUME A — AN AR S . Gao
£ B3 1o e ROBAE - B3 (UHPLC-MS) 4 it
= R 5% BH 28T B I R (e g - B T R
G, g5 SR - T (2 G WPE A R I
H R ARSI 2 o DRIE, nHERE-2R A n] LAk &
=B ZELE A E AR B, (HA 4
RERINE Pti R AT
319 ZhADREMIPEEBEE (OCT)

OCT FZAFAE T IHA g it rtr, & P 5+
PERE, AWFSCUESE OCT HfkGikr&EY)—Ff, Hi
JELE AN RS2 A0 I RS DU B Ty v, HL o0k
ET RS, PRt OCT R4 Jhykd 0T 40 M 453 44 )
RS EbR S
320 ARGEMFEFAREZNFSHEEDIRE

TR B B2 IE 2 B TR, g5
(A A T AR FR bR ML SO BE 25 IR, =
REGPERR 2, 1 BIEA R RS NS H AT
HEERAL2E. 7 FAEYE. ErmRdl2E. Rl
FAI BSLIR) ZR G0 AR )2 ) B 5 S M it ke 73X ) i
Wk RGE A RILT KI5 2 M AH DG 2R
Wikn &Y, H 5 AL S A Wbs S AR LA R AL
P, DU EDRIX e A Wb & W et T 1A T A
I, BEEWITUIAN, A REIHT =K.
3201 FERNAEP R AR EY AT



+1808 «

##gaatx Drug Evaluation Research 35404 3 128§ 2017412 A

oK, DRI 25 1 PR ke e kg I 23 P AR bR S A (A
TR T B AR T B R 424 0F 50 i RNA
(MIRNAD A AT A A 2P I V8 78 A= s s
Wy, HEATIR e 0 R A R P, o
Fukushima %5 B3V 5 mF 57 b % I miR-298 #i
miR-370 55 JH-4H i 2 i A4 40 2% UIAH oG ;. miR-190
A1 miR-743b EJRAE Z5 LA K SUIEY IR R Ik
RS A ) FAB AR AR s 7/ U R A
7 5 RN N o W A E v ST s R vl B S e
mMiIRNA [k 48, Hr miR-22. miR-193.
miR-133a Fl miR-486 %544 15 JH- 45 45 17 5L w1 B R4 %
Fy AR/ BRI VEIT B R R I, BEAY A (1)
mMiR-467b 1) K ik W FAK T 1E W 0 4L, #oR
mMiR-467b kI 5 1 43 03 100 ¥ 72 AR b i ) 1R Y
2 o P B s BT A R B M ¢ miR-122 7
APAP 755 175 5 1 K BV 45 v 1R SO A AR 1wy
(R B, WTAE R 28 PR B 0 1 R b 4
320.2 ST IR AR R RN
A E R CL S 2 AR, B )
K Z I BRI T 52 0 I 53 1k 14 3
FRic, LIRS E A B BUAs v A A 20 &5
Jy T2 IS 0 25 L Western blotting v:33E—
WIURAT 4t RAH ] B0 U CDKS.
CKle fil Erk [f#5 ik & L & stat3. Src 18
Tk T,

3203 HmHARAFNM AR EY)
PER FIRAE S50, R & A A 2 BoR T HRR
W MR 258 5 R R e v R S 2R
WIAR &Y, h 29U T3 00 T L B Al T
B, 16 APAP SEUW/N U B IR RN
CA3. HSP60. AK4. SOD1. CA3 FIE5 i (Ca M)
S PERF R A R A, Hih SOD1 Al CA3
(TS I ALT (T s 2P, H Ca M [#185AH
BIFE I  ALT ACEAITE] BARERSS, it
A h CA3. HSP60. AK4. SOD1. CA3 fll Ca M %%
BA, JUHZE Ca M ATUAENIRIR APAP 5 AT
0 I AE I A b S

3204 ALz P TR AEDIAR S TR
WALERORI T Z N, AR M FEARERFE Tt %
T VR Z et b &), SR RHR AN 8-F2
-0l A0 1 R I A B RS0 s O
AR 20 27 1 7 AR AR ART 1 5 25 1) I 40 40 S 1 I T
FRATHGIE 40 AN PNIEMEAEYIbREY), br&

LWLV 5P BEIREE SRS S
PIVL R [ e S A S5, b 25 iR e it
TARGFIfE S

sRHIAEAECIN  TH-NMR AR 4L 2% 7 T 5T
TR CCly UK B SRR, JFAI ] IEAL
i 52 /1N~ 3R 32 4 Sl 73 A a2 4 W o 3 v AR 4 9 1D
R AL, B2 HIA T OIRIRIS. WA N
WG FLIRSE 6 A1 CCly BUHBIIAH S Kihr &
4 HEE

HAT, ARG RF Rt b il H R R &
R PEAFAE N 8L, X 255 DEE K IF5 05 AN e S IS
AR HEA TR T, 2 AN BET A A AR 24
LA JOFT AR LTI R . IS TAE A B
PRSP, BE RSO BT oA TT
JEBIIRER , AEBLIE R AL T R 2 B (1 T
PEADbRED) . B0, [5) TRGRE Se PR I g 2 g
L, R T SR G A AR S A S I R T
Wi, S T ARSI R BB S Rk
Yoot PRSI N %, AR I
WEgeiok 7 2 ik RSy, Jih miRNA
VR IR PEA b A5 ) AT ARG (R N s A
2 ARSI T KA AR
PRSI SRR . SRS R E AR S A
bb, LR AR S AT e I R IR SR . H
IAFAEVEZ L AR PTAT IR bR s AT AL 1K)
RIGPERE s X LEPbr S Y IE RG220
A, T WIS VRS A I ) i
Bk, HRMIRARRI AR 2T A
B A B BRI B TS AR S
() F I TRy, (HRE XL LUHEI AL
FEA A1 2 A0 G AL bR S 2 R e — A1 HR
S O 2y) st HA4RZH0H
TR IRTTE. Ty H TR 2 A bR S A
Fm2E5e . AU el EPLHISE 2 7
WAEAE 2z, IR bR AN RE S 4 TN 25402
53 T A7 AR A5 s O R PS5, A 22 AN etk
PEIRR SR G PP T AR H i PRSI PR s

FEA SR RIEGT AR, A EEAREE 4k S BEAR ) 4=
Yiks s, B CORIUI bR SR T SE IR 2
IR SE LU SR R A B AL &, B R D)
PRSPR RS T 2T R S IR N . B2, A
THEMNG B e 2y, KINHERB VR 25 P
REMEAEEIEIZ .



##gaatx Drug Evaluation Research 35404 3 128§ 2017412 A

+1809

S 30k
[] BEH, $EES, A R, E AW YRS

(2]

(3]

(4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

YRR [J]. 292554, 2015, 50(8): 959-960.
Benichou C. Criteria of drug-induced liver disorders.
Report of an international consensus meeting [J]. J
Hepatol, 1990, 11: 272-276.

Xu J J, Henstock P V, Dunn M C, et al. Cellular imaging
predictions of clinical drug-induced liver injury [J].
Toxicol Sci, 2008, 105(1): 97-105.

Ozer J, Ratner M, Shaw M, et al. The current state of
serum biomarkers of hepatotoxicity [J]. Toxicology, 2008,
245(3): 194-205.

Yang R Z, Park S, Reagan W J, et al. Alanine
aminotransferase isoenzymes: molecular cloning and
quantitative analysis of tissue expression in rats and
serum elevation in liver toxicity [J]. Hepatology, 2009,
49(2): 598-607.

Miyazaki M, Rosenblum J S, Kasahara Y, et al.
Determination of enzymatic source of alanine
aminotransferase activity in serum from dogs with liver
injury [J]. J Pharmacol Toxicol Meth, 2009, 60(3):
307-315.

Solter P, Liu Z. Decreased hepatic ALT synthesis is an
outcome of subchronic microcystin-LR toxicity [J].
Toxicol Appl Pharmacol, 2000, 164(2): 216-220.

O'Brien P J, Slaughter M R, Polley S R. Advantages of
glutamate dehydrogenase as a blood biomarker of acute
hepatic injury in rats [J]. Lab Animal, 2002, 36(3):
313-321.

Ramachandran R. Histological patterns in drug-induced
liver disease [J]. J Clin Pathol, 2009, 62(6): 481-492.
Bopp S K. Comparison of four different colorimetric and
fluorometric cytotoxicity assays in a zebrafish liver cell
line [J]. BMC Pharmacol, 2008, 8(2): 8. DOI:
10.1186/1471-2210-8-8.

RGN L 27 A S SR BR G 305 i 07 FHH 2 I £ 2
SAMT [ TSRS W, 2013, 17(6): 1120-1121.
Ramaiah S K. A toxicologist guide to the diagnostic
interpretation of hepatic biochemical parameters [J]. Food
Chem Toxicol, 2007, 45(9): 1551-1557..

Wright T M. Risperidone-and quetiapine-induced
cholestasis [J]. Ann Harmacother, 2007, 41(9):
1518-1523.

Reust C E, Hall L. Clinical inquiries what is the

differential diagnosis of an elevated alkaline phosphatase
(AP) level in an otherwise asymptomatic patient [J]. J
Fam Prac, 2001, 50(6): 496-497.

Monitoring for hepatotoxicity: what is the predictive
value of liver "function" tests [J]. Clinic Pharmacol
Therap, 2009, 85(3): 331-334.

Fabris L, Cadamuro M. The patient presenting with
isolated hyperbilirubinemia [J]. Dig Liver Dis, 2009,
41(6): 375-381.

Kawai M. Clinical usefulness of malate dehydrogenase
and its mitochondrial isoenzyme in comparison with
aspartate  aminotransferase and its mitochondrial

[18]

[19]

(20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]
[31]

[32]

isoenzyme in sera of patients with liver disease [J]. Clinic
Biochem, 1990, 23(4): 327-334.

Misra M K, Khanna A K, Sharma R. Serum malate
dehydrogenase (MDH) in portal hypertension--its value
as a diagnostic and prognostic indicator [J]. Indian J Med
Sci, 1991, 45(2): 31-34.

Zieve L, Anderson W R, Dozeman R, et al.
Acetaminophen liver injury: sequential changes in two
biochemical indices of regeneration and their relationship
to histologic alterations [J]. J Lab Clin Med, 1985,
105(5): 619-624.

Meneses-Lorente G, Guest P C, Lawrence J, et al. A
proteomic investigation of drug-induced steatosis in rat
liver [J]. Chem Res Toxicol, 2004, 17(5): 605-612.

Ng C J, Bourquard N, Grijalva V, et al. Paraoxonase-2
deficiency aggravates atherosclerosis in mice despite
lower apolipoprotein-B-containing lipoproteins:
anti-atherogenic role for paraoxonase-2 [J]. J Biol Chem,
2006, 281(40): 29491-29500.

Adler M, Hoffmann D, Ellinger-Ziegelbauer H, et al.
Assessment of candidate biomarkers of drug-induced
hepatobiliary injury in preclinical toxicity studies [J].
Toxicol Lett, 2010, 196(1): 1-11.

Muller P Y. Tissue-specific, non-invasive toxicity
biomarkers: translation from preclinical safety assessment
to clinical safety monitoring [J]. Exp Opin Drug Metab
Toxicol, 2009, 5(9): 1023-1038.

Beckett G J, Foster G R, Hussey A J, et al. Plasma
glutathione S-transferase and F protein are more sensitive
than alanine aminotransferase as markers of paracetamol
(acetaminophen)-induced liver damage [J]. Clinic Chem,
1989, 35(11): 2186-2189.

Rees G W, Trull A K. Evaluation of an
enzyme-immunometric assay for serum alpha-glutathione
S-transferase [J]. Annal Clin Biochem, 1995, 32(Pt 6):
575-583.

Murayama H, Ikemoto M, Fukuda Y, et al. Advantage of
serum type-1 arginase and ornithine carbamoyl transferase
in the evaluation of acute and chronic liver damage
induced by thioacetamide in rats [J]. Clinica Chimica
Acta, 2007, 375(1/2): 63-68.

Ashamiss F, Wierzbicki Z, Chrzanowska A, et al. Clinical
significance of arginase after liver transplantation [J].
Annal Transplant, 2004, 9(3): 58-60.

Stéphenne X, Najimi M, Sibille C, et al. Sustained
engraftment and tissue enzyme activity after liver cell
transplantation for argininosuccinate lyase deficiency [J].
Gastroenterology, 2006, 130(4): 1317-1323.

B, BRigts, WD, 55, MR IR IR
S T 1) 00 5 AR T W b 1 L [3]. PRI 2
7, 2007, 15(7): 521-524.

JAJRE, AR, L A IE BRI 58 7 T IE 0 v i)
IGRME [J]. S8 556 P2, 2009, 27(2): 196-197.
BRiz A, PRI, MLy S E R I e 7 IE 5 0 Hh 1)
IR [J]. s HBERZ4&, 2005, 12(5): 1282-1283.
BAEE, B, 18R TR R I A R



*1810 -

##gaatx Drug Evaluation Research 35404 3 128§ 2017412 A

[33]
[34]

[35]

[36]

[37]

[38]

[39]

[40]

(41]

[42]

[43]

[44]

[45]

[46]

[47]

VIR T R AU (. [3]. A%l Be % B A AR, 2009,
30(3): 189-190.

THRA, T, IR AF. SRS EE Y [M]. b
5 AR BS i, 2007: 448-449.

Bl TS, PNEESIR. ML B AR A AR b i R R
[3]. EPRATHESS %7, 2005, 21(1): 32-33.

TRWGHE, AR R s AT A R AR A A
R0 B R S ). IR R ZE B= A% &, 2010, 38(2):
279-280.

BEA, AR, XN, 5. RE SR IKBUT IS 8
AR AR T [J]. A BEAE A, 2006, 22(3):
252-253.

Miller T J, Knapton A, Adeyemo O, et al. Cytochrome c: a
non-invasive biomarker of drug-induced liver injury [J]. J
Appl Toxicol, 2008, 28(7): 815-828. DOI: 10.1002/jat. 1347.
KER, b, I T, A BICH KR s K&
HAEMRV B /E R [3]. 29222540, 2009, 44(4):
327-332.

Yang X, Greenhaw J, Ali A, et al. Changes in mouse liver
protein glutathionylation after acetaminophen exposure
[J]. J Pharmacol Exp Therap, 2012, 340(2): 360-368.
EML, B ORE S ST ERY R
2 TEUFREE M LA 5T [0 hEh 228k, 2016,
41(5): 898-903.

James L P, Capparelli E V, Simpson P M, et al.
Acetaminophen-as-sociated hepatic injury: evaluation of
acetamino-phen protein adducts in children and
adolescents with acetaminophen overdose [J]. Clin
Pharmacol Ther, 2008, 84(6): 684-690.

McGill M R, Lebofsky M, Norris H R, et al. Plasma and
liver acetamino-phen-protein adduct levels in mice after
acetamino-phen treatment: dose-response, mechanisms,
and clinical implications [J]. Toxicol Appl Pharmacol,
2013, 269(3): 240-249.

James L P, Chiew A, Abdel-Rahman S M, et al.
Acetaminophen protein adduct formation following
low-dose acetamino-phen exposure: comparison of
immediate-release vs extended-release formulations [J].
Eur J Clin Pharmacol, 2013, 69(4): 851-857.

Heard K J, Green J L, James L P, et al
Acetaminophen-cysteine ad-ducts during therapeutic
dosing and following over-dose [J]. BMC Gastroenterol,
2011, 11: 20.

James L P, Alonso E M, Hynan L S, et al. Detection of
acetamin-ophen protein adducts in children with acute
liver failure of indeterminate cause [J]. Pediatrics, 2006,
118(3): e676-e681.

FEERCRVANN Y I i i T () R B0
NREMEF IR G bREY [3]. FFE2, 2015, 39(7):
489-494.

Craig D G, Lee P, Pryde E A, et al. Circulating apoptotic
and necrotic cell death markers in patients with acute
liver injury [J]. Liver Int, 2011, 31(8): 1127-1136.

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

Gao H, Li N, Wang J Y, et al. Definitive diagnosis of
hepatic sinusoidal obstruction syndrome induced by
pyrrolizidinealkaloids [J]. J Digest Dis, 2012, 13(1):
33-39.

Jrath, BB, e SE DUSUIREUR BRI
IS ST IR, o-#¥ DEH Ik S ek, MENS AL T
PR AL AN 5 IR A T A I AR AL (9], P2
P R PI2A 7R, 2013, 7(4): 650 656.

Cortez M A. MicroRNA identification in plasma and
serum: a new tool to diagnose and monitor diseases [J].
Exp Opin Biol Ther, 2009, 9(6): 703-711.

Fukushima T, Hamada Y, Yamada H. Changes of
micro-RNA  expression in rat liver treated by
acetaminophen or carbon tetrachloride--regulating role of
micro-RNA for RNA expression [J]. J Toxicol Sci, 2007,
32(4): 401-409.

Wang K, Zhang S, Marzolf B, et al. Circulating
microRNAs, potential biomarkers for drug-induced liver
injury [J]. Proc Nat Acad Sci USA, 2009, 106(11):
4402-4407.

Yamaura Y, Nakajima M, Takagi S, et al. Plasma
microRNA profiles in rat models of hepatocellular injury,
cholestasis, and steatosis [J]. PloS One, 2012, 7(2):
€30250. DOI: 10.1371/journal.pone.0030250.

WAy, £ MK miR-122 1E Sk 245t i 2k
PIbs ST S [3]. vh E 2 B2 5 i 2 e
&, 2013,27(3): 481.

B, AWk, A OHL AE RREEUNEFRENE S
THUBIBIFT [J]. T 257408, 2014, 39(24): 4866.
Yamamoto T, Kikkawa R, Yamada H. Investigation of
proteomic biomarkers in vivo hepatotoxicity study of rat
liver: toxicity differentiation in hepatotoxicants [J]. J
Toxicol Sci, 2006, 31(1): 49-60.

van Swelm R P, Laarakkers C M, van der Kuur E C, et al.
Identification of novel translational urinary biomarkers
for acetaminophen-induced acute liver injury using
proteomic profiling in mice [J]. PloS One, 2012, 7(11):
€49524. DOI: 10.1371/journal.pone.0049524.

Beger R D, Sun J. Metabolomics approaches for
discovering biomarkers of drug-induced hepatotoxicity
and nephrotoxicity [J]. Toxicol Appl Pharmacol, 2010,
243(2): 154-166.

Lee M S, Jung B H, Chung B C, et al. Metabolomics
study with gas chromatography-mass spectrometry for
predicting valproic acid-induced hepatotoxicity and
discovery of novel biomarkers in rat urine [J]. Int J
Toxicol, 2009, 28(5): 392-404.

. T SRR, KRR K45 L
HIRIHIALREST [D]. Bet: BeAth B2 25 K%, 2013,
kAL, EARE, et 45 5T 1H-NMR QB2
FHORTHE CCIA UK R B0 ARS8 [31.
YR BIFIT, 2014, 37(1): 11-16.



