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Study on Early Toxicity of Paracetamol to Drug-induced Liver Injury in Mice Based on Lipid Metabonomics
Research
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ABSTRACT OBJECTIVE: To study early toxicity of paracetamol (APAP) to drug-induced liver injury in mice based on lipid
metabonomics research, and to provide reference for finding potential biological marker. METHODS: Totally 20 mice were
randomly divided into normal group and APAP liver injury group, with 10 mice in each group. APAP liver injury group was given
intraperitoneal injection of APAP 300 mg/kg to establish acute liver injury model; normal group was given constant volume of
normal saline intraperitoneally. 1 h later, the blood of mice was collected to isolate plasma. UPLC-Triple-TOF-MS method was
used to detect plasma metabolites and perform metabonomics analysis. PCA, PLS-DA and OPLS-DA analysis distinguished the
difference of metabolism profiles between groups. The lipid metabolites were screened and identified according to HMDB, Metlin
and LIPID MAPS databases. Meanwhile, the changes of APAP level in plasma of mice were detected. The lipid metabolites with
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variable influence in the projection (VIP) greater than 1 and
P<0.05 in OPLS-DA analysis were identified as differential
metabolites. The correlation between lipid differential
metabolites and plasma APAP level was analyzed. RESULTS:
PCA, PLS-DA and OPLS-DA results showed that sample
points in normal group and APAP liver injury group were
located in different areas with good differentiation. Compared
with liver injury group and normal group, levels of 5 fatty

acid metabolites were significantly increased or decreased;
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levels of 8 glycerophospholipids were significantly decreased and one sphingolipids was significantly increased. 9-thiastearic acid,

tetradecanedioic acid, 9-hydrogen peroxide-10, 12-octadecadienoic acid, L-myristoyl carnitine (fatty acid) and scyphostation A

(sphingolipids) levels had a significant correlation with APAP level in plasma. CONCLUSIONS: The plasma lipid metabolomics

showed abnormal changes 1 hour after acetaminophen exposure. A total of 14 related lipid differential metabolites are found, and 5

of which are significantly correlated with APAP level in plasma.

KEYWORDS Paracetamol; Drug-induced liver injury; Lipid metabonomics; Biomarker; Mice; Early toxicity

T E 2 259 PE 45145 ( Drug-induced liver injury, DI-
LD & B R AR A 28 2 /00y 23.80/10 5 AWM, XF
LTz Fa M (APAP) J& & WL & Jy Hiid B 25 iy, d i
FEDILIAYH W24, H il 5 APAP S 2 - 5 & 2E
BUHINSE 2%, 6 R B PE A B A bR 1 L
Ko JRAE I A B A PR AR, H AT, I R DILL Y2
Wi AR Z AL AL GEk I AR W7 2 R 2 (ALT)
KA TR 2 G (AST) SR AFAERRUBRMEAR R Sk 22 1 s
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SAET a2k Xof PR AR B (1) AR T LA S T e Ak
ARG AR ORI ek BT 58 R B, DASCHR AR 1 1Y
JH-451 493 750 4t (300 mg/kg) P45 /NEUE B APAP J5 1 h ] &
PR S5 7R 2 o Bk ( GSHD) KT Wi 35 BRI L B AE 1%
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SPF 2% BALB/c /N 20 H, & ,18~22 g, FRK b
R AE W H AR A RA A, 2 7=V Ak : SCXK
()- 2014-0011,
2 FHik
2.1 HHBEE54H

N LT IR SCHE 25 PR E T B S SE 0 = SPF 4 3))
Wy s v 3 R SR 1R BERILAY A TE H 20 R APAP JiT
fifhd . APAP A/ N T 4:00 p.m.—5:00 p.m.—
UCPEE s R 5 APAP (300 mg/kg) , 1F 3 41/ B s v 5
ERFR A K
22 MFRERLE

INEIYTHE TS 1 h B, B R B T R
B S AR R S) #E 1 h, ZRIE A3 000 r/min 250
10 min, B FIE W, RIS/ BRI o
2.3 UPLC-Triple-TOF-MS ;&7\ 5R 1 32 FR AR 18174
231 kS A% BEH Ci(100 mm*2.1 mm,
L7 um) ;i shAH A R 0.1% B BR/KIEH, s B N Z
NE-SENEE (L L, VY)W (5 0.19% H R ) , B B DRI 5 Ui
M 0.4 mL/min; FERE RN 20 L, HEE N 40 °C. B
VEBEFR P 2% 1.

x1 HEXBRER

Tab 1 Gradient elution procedure
fi 0, min JighA, % WA B, %
0 100 0
3 80 2
9 40 60
il 0 100
13 0 100
131 100 0
16 100 0

2.3.2 OGS FESTREHE S RES IR IE
TR e 55 B 1R (EST) , HL BT 25 B A4S | JE
EAE HL R FRIG A AR 9 5318 1.0 kV .40 VA6 eV, B F
Tk B2 R0 25 0 500 I R 300 2 120,500 °C, BT N
900 L/h, B 4= $3 Bk o fif Lt (m/z) 50~1 000, 43 H#4%
4130 000,

2.3.3  FESLEIR SR PO AR & 100 pL, imA
400 pL FWE-Z 08 (L= 1, VIV) B IR AT, vk B (1)
1300 W, AR - 40 kHz) ZEHL 2 WK, BEUK 15 min; SR )5
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FEE T —20 CAMFF##HE 30 min, F7E4 CAMAF T
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FA ST I] /2 ANV S8R 2 ) BSCH AE F IE — 1R i B
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P BRI B H R X TR T A8 i BRURRER,
BB BT 1 B ARG v P BT
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KXo A B 1B AR 22 5 . PLS-DA J&—Flfy
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FC) =1E¥ 41 22 A 0658 B/ APAP JH1 473 20 25 AR
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AL , 2 22 AR I A APAP BEF T AH X S f oA
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3.1 UPLC-Triple-TOF-MS i & 43 #f 45 5

TEVZAG I 25 AF T AR 40 B 1 L R 4T, A g
G ASE 2 EL A AR AT () M |, 45 043 (4 A B3 sF 1) 24 7
15 min PL P9, 1F 3 41 F1 APAP JIF451 45 20 RF 54 28 88 T
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KA B8 E H o] LU Y IEH 4L APAP JiF-45
PR AR s AT T EDER [ IR, HoAT R AP X
A3 R, U BH 1E 5 4 RN APAP S 75 41 /) B 2 s A A
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"l 3.
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M3 8 A~ Hm B e 2Kk G 5,8, 12- = 5E-9-
I\ R L 9- 3k 4 B A 12 (I D7 196 258 ) K1 o 25 AR
(P<<0.05),9-31 E AL EA-10, 12-1 Bk — M8 T PO dr —
PR LA S5 S N (B TS ) T Scyphostatin A (F)1g
) KB ETHE (P<0.05) . AHPESHTEE R, 5
1fL3f APAP 7K F-[ 38 B 7 (4.155 + 3.978)] b 35 40 54 (14 i
RKEFAMP 51, 43 B 9-G A2 g 1 1 VU bt — %

9-1 AL A -10, 12-+ /\ Bk — 5B . Scyphostatin A | L- [
. T L Y B (43 1) — 0.708.,0.579., 0.612,0.736

0.928,P¥1<0.05) . IEEZEFRWHECHFEELEL,

NE2R 22 AR BRI KRB R LR 2,
®1 BXREFREVEEER
Tab 1 Lipid differential metabolites identification

LB Kk Tek st i AR m/z TRERMEN, min
s ViR 9L E-10, 12- T\ e CiH:0; 311.222.295.232.277.224.151.112 91.066 7219
T e b8 CHO 257.176,279.173.,239.172,195.171 6.062
5,8, 12- = FAE-9-F \BRGTA CisHOs 331.248.295.232.,113.091,69.073 43.051 5396
9-Bi AR CrH:0S 303.232,131.092,,119.093 91.062.81.071 147
il LN EREREA CyH.NO, 372.311,313.242.85.035.60.086 6.943
HiliR THIRBEC R PE(20:3(87,11Z,142)/0:0) CHNOP 504.300,363.292.262.423 44.049 7957
LysoPE(20:4(87,11Z,14Z,172)/0:0) CsHNOP 502.293,441.243.361.269.287.243.269.237,98.990 7799
LysoPE(20:3(57,82,112)/0:0) CxHNOP 504.300,486.302,443.258.,363.295.,289.253,271.255 8.083
PE(20:5(5Z,82,11Z,142,172)/0:0) CyHaNOP 500.277,359.268.,91.063.131.092,119.091 133
PE(18:1(92)/0:0) CsHNOP 480.309,462.305,339.295.308.303,62.068 8.364
LysoPE(18:2(9Z,122)/0:0) CyHNOP 478293 ,460.284,337.273,263.245,155.017 7848
PE(22:6(4Z,7Z,102,13Z,16Z,192)/0:0) CHNOP 526.293,508.288.385.274.311.243,293.232,98.991 7638
BNamt 2 2R PS(MonoMe(11,5)/DiMe(13,5)) CyHsNOP 480.801,960.626,943.576,,103.063,73.032 3017
ik B Seyphostatin A CyHNOK 512.335,534.331 494,330, 184.073 5810
4 e Pty LI APAP 3 16 h i Al H B i 1 ALT 35

APAP 75 T (1 SR 0 DA 2 2 5 P ) 2 P Tt
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®2 BEREFREHVHBXREER
Tab 2 Relative expression results of lipid different me-
tabolites

B e VP
FHA APAPRHUA
037840021 1205+0814 5592 0034 0314
00730024 0465:0429 3790 0040 0.156
0.131+0018  0103+0011 1031 0008 1273
067140240 0249+0.178 4236 0006 2697
075940028  1462+0550 5394 0012 0519
0093+0010  0070+0013 1021 0007 1330
177040275 139640206 3925 0.024 1268
091240077 0787+0042 2139 0033 1159
092240090 0679+0087 3466 0001 1358
33040277 216340083 6195 0000 1.290
9702+2222  7030+0801 1006 0020 1380
417040976 2773+0220 7742 0007 1504
020150041 016720022 1235 0043 1263
038440098 071240020 3930 0000 0.540

TRERY

ORI E-10, 12-F A\ JR
RRLi
5,8,12- = B9 T IR
O-Bi A B

LN TR,
PE(20:3(82,11Z,142)/0:0)
LysoPE(20:4(87,117,14Z,172)/0:0)
LysoPE(20:3(5Z,87,112)/0:0)
PE(20:5(52,82,11Z,142,172)/0:0)
PE(18:1(92)/0:0)

LysoPE( 18:2(92,122)/0:0)
PE(22:6(42,72,102,137,16Z,192)/0:0)
PS(MonoMe( 11,5)/DiMe(13,5))

Scyphostatin A

APAP ¥EBJ5 1 h B s E4 T T RIS, IEAS ALT 5 55
RTFHER AR B . s Bk A, fEIT 2 4 GSH 7
R TR, T GSH 2 AN EZ M HT A ey i, d 2
APAP H3 PEAC = 4 1) S BR A BE ) 0 o A U
APAP ¥ B 1 hHLIAPL AL RE J) .3 T 1, APAP Jif- 8
Mo g, EEEERIEsh B, MRS E i & A
— RGN AR A N B . 8 R G A T B
AT LB R B & A e 4 4 e 7 2 i ) R AR AR A, 2 H AT
Pk F4RAE bR R B E FFBY. BT, a8 R
A AFSE 7, Thulin PAE"VK BU7ERE 208 T 2
AR 18(K18) L& IR A 2 Tt , ¢ ALT X F4i 40
U . Antoine DJ 25U &k Byl Yk Bh R A 1
(HMG1) th o] 75 4% 2 il 7+ o Z W B S & . sZEW
bR S G R bR S 4 ALT M B, HAT o ek o
TR R A5, O DILLI B2 W23t T3 T g, 784X
A 2 T R RE A F 9 2 B0, DILL 0 ] B g AR
T B 04 AR I 1) PSR A 2 i T AR fE S 8
XiF DILI ) 52 o7 B R ORI S A M de R i At
B, S 5K N SNEEY T A, dRBE Y
TG, AV IR B A A R 3 3 DILT Y 5
TN 22—, AHIEGE 32 B AR 04 £ B L
TRTE 25 T I3 005 7] i APAP 2 5 A8 4k . A BIF 5% LA
APAP #A5f5 1 h X AN E] 5, 05/ N BT S e A4
FR Rk AR TR L, DA %% B 5 APAP YR AH DG S 26 22 St
W, VLB 05 1 & AR R R T ke S
(A= Wbr a5, 3 n] S 25 e I 3 1) P29 7 S it
—E PR B .

AHFGE K PR, 1E 5 2H A0 APAP 4545 41 /) B 24X
A R RS R A e (i 22 5, AR X o B . 3k
Kt T 14 A BEIE 22 AR AR R T RS L T Bk RE

P IC
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FMEAESE . IRMEEIA G 5 2R . Ho,o-
AL ER-10, 12- /B IR = — TR A Ak ™1
43 IR T FH B AR5 Tt P 4R L Poso Pl R AL B2 38 o0
AEBEARAE A A= AR S o AEEE X ARG VR 7 JH 56
SR LI BE IS T 43 b vh B, IR S Ak ) 5
HAVRHI (RAE LT 4EA BRI ASPE) B UM G . AR TN
P B 105 T 9 R8N R ALk 7 0 A I T I 72 41k 6 B
W2, R AL W) AT 3 5 I Kupfter 20 it i
AR FE K F o (TNF-o0) e IA 0 48 S ™[] I ]
PLBE It AL K5 S AR T FEARIF 5T
JF 451455770 i APAP 4525 1 h s /N Bt 3% v 9-1d Ak -
10, 12~ /\ B @ B2k ~F- W 5 T ey, SX AR AT e e JH 43
PIRIAFIE S . TPk R R —Fl Cl4 a, - 2R,
S P E SRR IR E A W) o TEIFRGCRLAA B i 2
ol )i A - R RENTR , i — 24 e, o-—
FRIR W5 i ANZORLIA R A p-4E Al o (RIS R IR o A ik
AL Tt A 1 TR S0 A2 AR I B (PPAR ) , 2 5 1 i
JFER BB DAL R . AT R I, FE SRS PR R
YRR IR Y, R ATE T 0 — A B T
TEABEGE T, b it APAP 2525 )5 1 h, AT DU 30/ UL 3R
Hr DU — R K B T

4R 2 AR b, 8 A4 | T H h B lE 25 .
JHF P2 0 9 HP i 1) S 2R R, H Il A TRl R 2 T
I L R A AR R 1) E 4 A 43, PE(20: 3(8Z, 1127,
14Z)/0:0) \LysoPE(20:4(8Z,11Z,14Z,172)/0:0) \Ly-
soPE(20:3(52,87,112)/0:0) .PE(20:5(5Z,8Z,11Z,
147,172)/0:0) \PE(18:1(92)/0:0) .LysoPE(18:2(9Z,
127)/0:0) .PE(22:6(4Z2,72,102,137,16Z,192)/0:0) )&
TV W A 1% < IRl sl s I i s , 388 % Pl A T A fiE Ak
Kot Al i 1o 280, A T R VT T — PR A B IR A A P e
HMBERE A mE AR ] o ZEAS R B SRR H , 5 1w A
AR FEA S, B, 5 A A L, LysoPEs 7
JHEE A 2R A B 3G 2 R B B s IR Y R
WIF5E o, ) GEREE (1 A A PR/ B LysoPEs B &
TR LEAWFSE Y 7E APAP 4524 1 h s, /NBUALK R
M BERE AT 5 1E 5 4 L B N R, 5 R SOk E 25
R—3, PS(MonoMe(11,5)/DiMe(13,5)) &—Fiiflg
Tk 22 B2 TR , A0 2 20 B FBE ) S A A 5. APAPARFE T h
i, 71N BRI P PS (MonoMe (11, 5)/DiMe(13,5) ) /K
[ A B S AT o PSR JIE AP R AR , AR 7T i B it 17 3 4
APAP Yo 24 it JEE sl A by (A B B 150 -
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