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phosphorylase ( PNP) , «-glutathione-S-transferase ( ¢-GST), and arginase 1 ( Argl ) can be used as the early
biomarkers of drug-induced liver injury by comparing the changes of traditional biomarkers alanine aminotransferase
(ALT) , aspartate aminotransferase ( AST) and alkaline phosphatase ( ALP) , total bilirubin (TBIL) and potential
biomarkers GLDH, PNP, «a-GST and Argl in acetaminophen ( APAP) -induced liver injury model rats. Method :
The 48 rats were randomly divided into two groups: blank group and model group. 24 rats in each group, half male
and half female. The model group received 1 250 mg-kg ' APAP solution by intragastric administration to establish
the drug-induced liver injury. 6 rats (half male and half female) were randomly selected from each group at 3, 6,
12 and 24 h after APAP was given to the model group, to detect the levels of ALT, AST, ALP, TBIL, GLDH,
PNP, «-GST, Argl in serum and levels of GLDH, PNP, «-GST, Argl in liver tissue homogenate at each time
point Histopathological changes of liver tissues were observed by hematoxylin-eosin ( HE) staining. Result: As
compared with the blank group, the levels of ALT, AST, ALP, TBIL, GLDH, PNP, «-GST and Argl in serum
and liver homogenates were significantly increased in model group (P <0.05, P <0.01), indicating that the
APAP-induced liver injury model was successfully replicated. GLDH, PNP, a-GST and Argl levels in serum and
liver tissues of rats in the model group were increased earlier and more significantly than ALT and AST levels.

Conclusion: GLDH, PNP, «-GST and Argl can be used as biomarkers for early detection of drug-induced liver

injury.
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I A IR R A B B AR 21 45 T APAP i £ I B0
RN

2.2 #h#hUrEE 2 AR HUEE AT MR R
K1 ERRMESE L h 5 ALK R E APAP
VTR 1 250 mg-kg ™" 3 A 24 4 R AR
2.3 MEARRLE RS TR KR APAP 519 3,
6,12,24 h, &R/>0] E] g R B ALIR 6 FME A 25 2 K
B, AR 12 H AR 2 41 sh W, BR B KRR T &,
10% /KA A ®ELL 3 mL- kg ™' BRI K B, 18 3 30 ik B
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2.4 febrfain

2.4.1 ALT,AST,TBIL,ALP /KK %4

F 3h A A A A2 I 3 BF D0 BE ALT, AST, TBIL, ALP
1) 7K o
2.4.2 ELISA ¥l GLDH, PNP, a-GST, Argl 7K
% H ELISA 3 71 & & W 1 7% - GLDH, PNP,
a-GST , Argl 7K, 25 R 7™ ks 4 BE UL B 43 14647 o
2.4.3 HE Je (o UL AT 4 8008 B2 A8tk 0% [ e
Je I AR IR a3 K G B DRI A S A S
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Wi R JE HE T BT B0 e AR R R B
10 min;100% 1 ,100% 11 ,95% ,80% ,70% <. [ it
K, HEAK PYE 2 ming J5 KR ZER 3 min, H R K bk
1 min, 82 B A0, ASRK YL 1 min, 20K &,
FI kKb 1 min, JHELG €, [ RK M 1 min, &
BE MK, W 2R3 W, MR B, Dl R W
IRy R Y (AP
2.5 Giilsriks SR SPSS 21.0 G5l ik ik 47
SYHT L 2 A 2 R R PR R O 22 A T R, 4
WH x+s 27, P<0.05 HESHGIT%E L,
3 #R
3.1 B G5 HR K BRUMTE ALT, AST, ALP, TBIL 7K
A 5 IE R 4L bR, AR 4 R R ot v
ALT ,AST /K V225378 3 h i C B F M S22 X
£ 6,12 24 hit ¥4 B 5 FF & (P <0.05,P <0.01) ;
ALT 7£24 h i A5 B 20 {5 K 29 35 B IE % 4 1Y 4 5
AST 7 24 h B 857 21 % f K 24 S 1E % 4119 2 fi%.
S5IEH M B R Ry ALP 78 3,6,12,24 h
WHEMHB I E(P<0.05,P<0.01),7¢ 3 h i}, BiA
HME R NIER AR 1.5 4%, 8] 24 h BEAIH 2
IRENEFHAR 2.2 £, 5IE% 4 A, B K B m
W TBILFE3 h L C B W2 5,78 6,12,24 h i3
A ETHE (P <0.01), % 24 h B, #5179 41 ) {8 KA
RIEE AR 10 f5. WK 1,

&1 APAP HAFHHEE KR ME ALT,AST,ALP, TBIL K FHIFHEEWL (2 £5,n=6)
Table 1 Dynamic changes of serum ALT, AST, ALP and TBIL levels in APAP-induced liver injury model rats(x +s,n=6)

20 5 i 1] /h ALT/U-L™! AST/U-L™! ALP/U-L™! TBIL/ pmol - L ™"
E% 3 26.52 +5.06 84.50 £8.07 195.28 +24.91 0.50 £0.22
155 7 27.98 £3.85 107.33 +£29.06 287.40 +48. 16" 0.72 +0.23
EH 6 23.48 £3.22 84.83 £6.05 215.05 +15.44 0.40 +0.18
FE TR 39.93 +5.01% 109.33 £12. 44" 373.93 +41.07% 2.98 +0.53%
iEH 12 26.93 £4.47 79.33 +7.74 215.97 £12.13 0.75 £0.45
LAY 77.43 +13.90% 134.33 £21.57% 396.68 +25.56% 3.92 +0.84%
I 24 31.80 £5.12 93.67 +27.31 215.67 +16. 14 0.60 +0.15
P 134.67 +18.36% 171.33 £15.77% 481.25 £25.41% 6.47 £0.50%
=

T < 5 T ) IE 4 LA P < 0.05,7 P <0.01(3% 2,3 ) .
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PNP /KR A28 40 5 1E 5 4 b, 8BRS 20 K IR
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163 h B, BEARYZH B (B 2 J& 1E H 41 3 15,24 h i) A
RV EHZ R IE W AW 2 5, SIEW A i, Bl
ZH KB GLDH /KF-7E 3,6,12,24 hi & 3 T+ &
(P<0.01);3 h SIERWAMEMHAE F,6,12,12 h
TR FE3 h B BRI A R IE R AL 2 £
FE 24 h BARIHELA MIEF AW 1.5 5, 5IEH®

2H H B, B AR A R BRI L YE -GST JKF7E 3,6,12,
24 h BB BT} (P <0.05,P <0.01) ;3 h 51F %41
FHECEI S ETE,6 h FFE, 12 h A7 BJF, 76 24 h
BN RE . 763 h B A R 20 O I AL 2 £%
1624 h BRI R IEH 4/ 1.5 5, 5IE
WA B A, B ZH R R YE PNP JKF7E 3,6,12,
24 h R EThm (P <0.01) ;578 APAP BRI ALK
FUAY I PNP 7E 3 h 5IE® 4 AH LA 2 L F,6 h #
A TR 12 h XA BT BT, 7E 24 h B N RE R 4 i
]S f/NME . 7E 3 h, BEALAL Y (E K 29 1E & 401
TAETE 24 h BB AME R 20 R IE R A 3 fE . W
%2,

R2 APAP HATH{FHE K R 7% Argl, GLDH,a-GST,PNP K F R Zh T (2 25,0 =6)

Table 2 Dynamic changes of Argl , GLDH,a-GST,PNP levels in APAP-induced liver injury model rats(x +s,n =6) U-L~!
25 5 it 7]/ h Argl GLDH a-GST PNP
E%# 3 4.23 £0.38 3.30 £0.24 9.07 £0.50 3.87 £0.27
LT 11.69 +0.78% 7.29 £0.73% 20.38 £2.55% 28.70 £3.91%
H 3.95+ 0.41 3.52 0. 17 10.18 +0.46 5.03 +0.40
FEAY 10.25 £0.57% 7.15 +0.98% 19.06 +2.64" 27.70 £6.56%
EH 4.92 +0.45 3.88 +0.34 11.05 +0.28 6.82 £0.56
LR 10.07 =1.02% 6.02 +£0.47% 21.33 £1.70% 29.55 £8.54%
E% 5.60 £0.54 4.02 £0.21 12.13 £0.40 7.88 £0.52
FEAY 11.39 £3.87" 6.10 +0.74% 18.69 +2.47% 21.93 +1.85%

3.2.2  JF R 05 B A R BUF A) K Argl, GLDH,
a-GST ,PNP /K- (1 B A& A8 4k 5 1E % 4 5K, B
RUZH R U 50 Argl JKPAE 3,6,12,24 h i
YA S THE (P <0.05,P<0.01),#7% APAP fig
AR AL R LAY JIFZH 2500 Argl 75 3 h 5 1E % 4 AH
FEBI e EJb,6 h 'FRE,12 h LA B B I, 78 24 ho i
MR R, FE 3 h AR A 290 IE ALY 3 A
1624 h BEARVAH P(E KA W IERHN 2 5, 5IE
L LA AR A R B 41 4 5) 3 GLDH /K V-7 3,
6,12,24 h if ¥ W ZF 5 (P <0.01) , #£75 APAP
Al (A A K B IF 4 2050 3K GLDH #£ 3 h 5IE#
MM S FFF,6 h TR, 12 h TR, 724 h it T
B BA &2, Oy 4 S B (a] A B A AR, #E 3 h A AR Y
A E K2R IEF AL 6 £, 78 24 h AL HY 21 1
HRZYNIEFHW 3 ., 5IEWH L, KA
KRHAFH L5 a-GST KFE7E 3,6,12,24 h By
BB FHE (P <0.05,P<0.01), 375 APAP fgffifi
TR B 41 28051 3 o-GST #E 3 h 5 1F % 40 4 Lt
Wl EFt,6,12 h ¥R FE,24 h A7 ir B JF, 76 3 h B

B L] B K 20 o0 1IE % 4100 3 5, 78 24 h i A5 Al
HIERAHIERHN 2 5. 5IE AL, K
R ZH R R FA 4159 PNP K4 3,6,12 h | 5
EHE(P<0.01), HERF 24 h LR EFENSR
T2 X, $E78 APAP fg {f 851 2 K B Y PNP JIT 41
ML AE3 h SEFAMEHE EF,6 h T,
12 b5 Jir B FF,24 h RWE F BE, 78 3 h B AR AU 20 1)
HRZNIEH A 7 5%, 78 24 h B} #5419 (K
ANIEFHHA 3G, W3,
3.3 KUF4LZU0 Bl 2= W88 JesE T LS al UL 1E
R UL 250 1%, R HEFN AT P 2R,
JHF 200 A% 355 AT , I 400 B R UL A8 M T IR BB, 3 h A A
U DS R AR PR, 6 h 5T A 28 g B AR P 4
Z IR SR AN IR, 12 h B A 2 28 R AR
Mi%E 6 h 32 A B Y R M0 R T 24 h AR
R 2H 23 Y AR AR MR T Sy ) 2, A M DR AR W R HE
FIZEGLIF A RMEHEFRERE, WHE 1,
4 itig

PG, 2 IR & e Bk AE T R
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R3 APAP HFFIRGEE X RAFHA S K Argl ,GLDH,a-GST,PNP K FHIFHIBEH (2 £5,0=6)

Table 3 Dynamic changes of Argl,GLDH,a-GST,PNP levels in liver homogenate of APAP-induced liver injury model rats(x +s,n =6) U-L

-1

28 51 i 1] /h Argl GLDH a-GST PNP
E% 3 3.87 £0.22 1.53+0.16 6.47 +0.38 4.20 £0.30
LT 11.60 +1.25% 8.90 +1.08% 17.82 +2.50% 27.82 +1.59%
E# 6 3.95£0.19 1.83 £0.21 7.08 £0.23 5.07 £0.60
FEA 9.78 +1.65% 7.85 +1.02% 15.03 = 1.49% 27.24 £6.09%
iE# 12 3.85+0.19 1.75+0.10 7.92 £0.23 6.92 £0.78
sl 10.82 +1.63% 7.80 +0.74% 14.00 £2.97" 28.39 £2.47%
% 24 4.20 £0.26 1.67 £0.16 8.87 +0.38 8.13 +0.31
FER 8.97 x2.67" 4.53 £0.28% 14.67 £1.74% 21.14 £15.73

E
A3 hIE#4;B.3 h B4 ;C.6 h IEH#20;D.6 h B ;E. 12 h IER4];F. 12 h 52 ;6.24 h IE# 41 ;H. 24 h BRI 4
B1 EriEskxRFEARFESEMHEL(HE, x200)
Fig.1 Changes of pathological structure of liver tissue at each time point( HE, x 200 )
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AR 3475 LA JE AR 1T D) e 9 ALT, ALP, AST, TBIL &%
R 3 5 o 3=, i v 52 S i R il — ELRL AR N 2 2
JHE 405 1 BURR A B o R T IX LS A8 AR AEAE — 2 1Y R B
PE, TE G PRIZ Wi S g 18 21 A2 08 10 14 52 B B R4 57
JE o T A A A R A O TR R X — R
o ARSI B i kv M4 45 K GLDH,
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1y 2 245 ) P P4 403 1 S 0T A 4

1% ALT,AST, ALP I TBIL — B 521l K A 5%
R B I A AR S . ALT Ak — EH B AE
R AR5 00 8 S d b (U R —E AR R 2
HoAt g bR AN 7, AST MU P 42 ALT R, SR 1M
ALY ALT A9 K G #h 78 . ALP S JH 91 98 B Bb 45 i
J H HSRAE R BT IR R 2 4G A, %t At 14 47
T B AST ALT %8R48 & o P40 I P9 A 43
PE 5 AU G 15 5 /R Yo T TBIL 78 0 4 1 i
(v B, BRI TBIL WISz W 1 ) B 0 R 2485, T S 2 T
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e (22] stress and cytotoxicity induced by ethanol and

A BEFE W], Al APAP X /N BB Uk K 7

B Alfi ALT,AST 7€ 1 ~3 h 4 i b , £ 45 T APAP
3 h S 2l 1 B /N T A & A IR AR T AR E Y
6 hl 12 h, JuAE 24 h B W] DLJ& 30 1) i APAP (1)
JINEUIF 40 A AR 3E

TEA S o, IF DD BEA N 20T H 7E 3 h i Bk ALP

PR RV (H R B AR 1.5 %5, A — &M fesh, 5
TE 4 A ,3 h BB ZH ALT, AST, TBIL JC B i i 4%
k. i Argl ,GLDH,a-GST,PNP 7£ 3 h i &H T
WA Mk As s H GLDH, PNP, a-GST, Argl % ALT,
AST,ALP  TBIL J} 5 i i [ . | i B2k . Al Argl,
GLDH,a-GST,PNP iX 4 /™48 5 5 1% 4 09 45 5 AH L
Xof I B4 45 405 A A 5 v 1) RO, T AR S A T 24
Yy 450 0 B0 B AR W R AR
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