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2
2.1
UltiMate 3000 UPLC ( Thermo Scientific ) (
)~ DAD Chromeleon ; Q EXACTIVE -
( Thermo Scientific ) ESI Xcalibur ; Waters ACQUITY UPLC
HSS T3-Cyg (10em x 2.1 mm 1.8 um) . SAVANT SPD121 P SpeedVac ( Ther—
mo Scientific ) ; Captiva 96 0.2 wm( Agilent Technologies ) o . (
Merck ) ( ) o
2.2
21
2 (6 4 13 1 )
) 1. 100 pL 300 pL 4 min
4°C 10000 r/min 10 min 200 pL 36°C 60 ~90 min.
200 plL 2% 0.2 pum Captiva 96 UPLC-MS o
2.3 -
DA ( 0.01% ) B ; :0~9 min 2% ~60% B; 9 ~18 min 60%
B; 18 ~20 min 60% ~100% B. :50°C; :0.25 mL/min 5 pLo
: ; ; ESI  HESI; : 3500V ( +) /3300( -);
4.46 MPa( +) /0.68 MPa( -); 0 1.02 MPa( +) / ( -); : 320°C .
m/z 100 ~ 1000 70000 FWHM
Xcalibur o N UPLC-MS
( Information dependent acquisition IDA) MS/MS . ( CE)
30 eV 10 eV, (m/z 149. 0233
279.1591 391.2843) o
( Quality control QC) 6
. QC QC PCA
2.4
UPLCH =) ESIMS R
. o SIMCA-P ( version 13.0 Umetrics
AB Umea Sweden) o
MS MS/MS .
o . human metabolite database ( http: //hmdb. ca/) ; PubChem com—

pound database ( http: //www. ncbi. nlm. nih. gov) ; METLIN ( http: //metlin. scripps. edu/) ; KEGG( http: //
www. genome. jp/kegg/ligand. html) o

3

3.1
SPSS16. 0 .
( ALT) ( AST) .
ALT  AST (p<0.01) ALT (p <0.05)
AST  ALT 3 .
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1
Table 1 Case information of health volunteers and patients with drug-induced liver injury
Sex AST ALT
. . Aspartate Alanine
Group Nurr‘l}w)er of Age l"(lelg)ht \)(Vilg)ht aminotransferase  Aminotransferase
cases Male  Female m & (U/L) (U/L)
Antitumor drug  DILI 6 3 3 56 7 1.66 £0.04 64.7 £6.19 123 +80 173 £ 143"
 Traditional Chinese 4 0 4 5420 1.59£0.06 63£13.66 405+313*% 446 +257%*
medicine DILI
* k * *
Statins drug  DILI 13 10 3 54 +9 1.69 £0.06 77 +11.62 153 +124 235 +189
Antibiotics DILI ! ! 0 65 173 69 35 "
Healthy volunteer 21 17 4 27 4 1.70 £0.06 62 £6.61 20 £7 19 7
( vs healthy group) * p<0.05 * % p<0.01; DILL Drug-induced liver injury.
3.2
3.2.1 UPLC-MS/MS 24 (6 4
13 1 ) . .
( TIC total ion chromatography) 1
N TIC
27 min o
4.08 4 _1.12
100 —4.10 H_ﬂ“--‘-‘ - 100 410 14.81 -
HI.EH {1476 ES1+ A ESI+ B
~ BOF [Taa |49 Normal serum —~ 80r DILI serum
= B =
— 1. —
: = = 60F
£ 60 g
= =
= S 40f || 298
Z 40 E
20(eq
20
] G 1 1 1 J
0 30 0 5 10 15 20 25 30
t{min) t{min)
1.03 13
1001 1007
1.09 . 1.16
T,12 Esi- C - o T
_ BOFELI3 " __ 8of e
= Normal serum < DILT serum
T 60F T 60F
S 40f S 40p
= = 28 660 S EreT
201 201 83 .
20.74
L J 9: 16.07 2065, 2417
1] {} = 1 1 1 + R J
UU 30 0 5 10 15 20 25 30
t(min) t{min})
1 (A) (B); (€
(D)
Fig. 1 Total ion chromatography of serum for healthy volunteers ( A) and drug-induced liver injury ( B) in

positive ion mode; Total ion chromatography of serum for healthy volunteers ( C) and drug-induced liver injury

patierts ( D) in negative ion mode
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3.2.2 ( Orthogonal partial least squares—
discriminant analysis OPLS-DA) ( Partial least squares-discriminant
analysis PLS-DA) ( Permutation test)
° OPLS-DA 2A
Q°Y =0.706 46% R*( X) 79.5% R(Y) .
OPLS-DA 2B Q°Y =0.83 45.8% R*( X) 88%
R*(Y) . R*Y( ) R*Y
0.186 100 QY( ) QY < 0.05
3 o N Al
20
RX=0.46 RY=0.795 Q0706 L . A
1or .M/JF’#J_F_P 7 5 e —_%__—_%H'"““'--.
S 0 -/' gl . fzq'l\lﬁ‘g \?ﬁ;&] .!kjtfj’r'al.lu .N.'v.\]?' N3 o
E \ | BCA L ICAER [ i‘d-.w //
T o-lof T w e
e el
-20r | mXIa )
=20 -10 0 10 20
(1P
20 PO r— —
RIX=0458 RY=0.88 Q'=083—— I B
10F — i " , WX B
s giiad
= 0 k B (22,1
(o]
= _l0F \-__
I LN _
-20p el
! , | X6l i ,
=20 -10 0 10 20
(1P
2 (A) (B) OPLS-DA
Fig.2  Orthogonal partial least squares-discriminant analysis ( OPLS-DA) score plots of drug-induced liver
injury patients and healthy volunteers based on the serum data of UPLCESI-MS in ( A) positive and
( B) negative ion mode. ( [l) drug induced liver injury patients ( @) healthy volunteers.
OPLS-DA VIP  S-plot Jackknifed
t— (p>0.05)
o 114 38
(p<0.001) . MS.MS/MS N
2
2 o
3.3
RNA
tRNA %

21 ~24
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1.0
S— " A 0.8k R=0.186 (°=0.13 B
_ L ‘\\ 0.6
2 . 04
B _;‘// 0.2
0
1 1
10 20 0
(1]
= C [I};] i R=0.186 (=0.098 D
10F :
o ) \\\. 0.6
g 0 9 '.,"‘:: o.".éé.:-.: . 1/.-' 0.41 s
“10F T M’ . 0.2 A .
— !  — L]
oot L I L 1 L OJ——-;'F‘T'E L L L I L L L
=30 =20 -10 0 10 20 30 40 0 01 02 03 04 05 06 07 08 09 1.0
(1]
3 PLS-DA (A) (B)
PLS-DA (€) (D)
Fig.3  Score plots and permutation test results for OPLS-DA model derived from drug induced liver injury
patients and healthy volunteers in positive ionization ( A) ( B) and negative ionization ( C) ( D). ( @ healthy
volunteers; W drug induced liver injury patients) .
2

Table 2 Potential biomarkers related to liver injury and their identification results

Postulated elemental

i ( min) (MDa S; composition Potential biomarkers Structure Trend
a ( theoretical m/z)
0
T
C,HigNsOS Dimethylguanosine * <\ 4
L12 12.1301 1251875 ~'5 yig! HO) N N
3 312.130 (312. 1302) e \ t
H H
OH OH
Q
HN'IIJH(;—{)H
CyHy, NOS Phenylalanine " H,
6.58 166. 0862 9 12°°~2 Y
(166.0863) f
. booMS

@ Metabolites confirmed using standard samples. ” proposals based on MS fragmentation and exact mass.

4

N UPLC-MS/MS
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Ultra High Performance Liquid Chromatography Coupled with
Q Exactive Hybrid Quadrupole-orbitrap Mass Spectrometry for
Serumal Metabonomics Study of Drug-induced Liver Injury in Patients

AN Zhuo-Ling SHI Chen ZHAO Rui LI Peng¥ei LIU Li-Hong"

( Pharmacy Department Beijing ChaoYang Hospital Affiliated with Beijing Capital Medical University ~Betjing 100020 China)

Abstract  Ultra high performance liquid chromatography coupled with a Q Exactive hybrid quadrupole—

orbitrap mass spectrometry ( UPLC-MS/MS) and multivariate statistical analysis was applied to metabonomic
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study of drug-induced liver injury. This investigation focused on the liver injury in clinic which was induced by
antitumor drug traditional Chinese medicine statins and antibiotics. After precipitated by cold acetonitrile

the serum samples were separated on a HSS T3-C 4 column using water ( containning 0.01% formic acid) and
acetonitrile as mobile phase by gradient elution. Based on metabonomic profiles analysis of the orthogonal
projections to latent structures discriminant analysis ( OPLS-DA) and partial least squares-discriminant
analysis ( PLS-DA)
induced liver injury patients and healthy volunteers
(p<0.001). According to the results of the OPLS-DA MS/MS data and human metabolome database
( HMDB)  phenylalanine and dimethylguanosine had been identified as potential biomarkers related to drug—

induced liver injury for early discovery and diagnosis.

114 endogenous metabolites had been found to have significant differences between drug—

38 endogenous metabolites have significant difference

Keywords

Ultra high performance liquid chromatography-tandem mass spectrometry; Drug-induced liver

injury; Serum; Metabonomics; Potential biomarkers
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