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B O RIBEERRNNEHAFHR

FAOE R R AR KEH BB Rgs”
V(MRS —BERE, K& 130021)  POhEARMATZS 208 ERE, K& 130062)
OEMKRF P HBOEEERE, K& 130031)  CEMRKEFEB R, KF 130000)

W OE SR TR (- BRI T 59 7 12 %42 0 J7 5638 ( Chronic heart failure, CHF ) £ 3% 1 E % % 1R
(Control ) NFERKIFRWHEAT AT, 75 MEAR Atk 0 g 508 J 35 BR VA T 69 22 AR , ST LR, I I R A
SEARERb A . Vof 15 MBYEC JT R R (FFIR (62.27+3.14) %) K 15 AN IEH N (AFIK (65. 41£4.63)
), SRS PR YR €033 - DU AT - K AT I [] R BB B3 ( RRLC-QTOF/MS) 7 AR X SR A 9 34547 4
B, SR F RS 20 0T (PCA) ST A7 4025, IF 0 e s 2E LR IR0 5 18 PR B/ — e 0 50 43
(PLS-DA) 8 | 8/ WIARC X BR MR (O TR GE 7 . BFST45 526 W], CHF 411 Control 4RI M4 1
B EIR LR X 4y, RIUIFSEE T 2 R E A Wm0 FR 1 B A 2 IO (0 A, 4 W e 5 €6 2 1 £
AT RBAEL F1 5608 R 7E R T o S

X OSiEE, POESSPERA O E-TE, R MR ERR; (St
1 5| 5

O JIEEW (Heart failure, HF ) 524 H1 00 I A% 501 020 RE P90 105 2400 %8 78 28 AL 1 RE 7 1
i, Aagw R HLUCETG 2, W5 E A REE G, 20 | LT O UREZESE 2 M 14
PIRIILR BB, iR ELO MRG0, e 2 30 4, (O vl ) R AR Fe AR Be a8 172 3 4%, 18
65 Z LA E ARFRHEA AL o O F I A R RV B AR IR | s R G5 AF A A P
He A WhR R — R T LI S A IR SR SRR AR 0 A AR b, a0 A P R
WAl LISREIHLA AL 1) A 2 RS R (O R, IR sl WS Joayr bk . Bar, © kM
VFZ 0 J1 BRI AOC Y SR AE bR, AR ERAR (BNP) ) MIRE R 7= TNF A 3 IL-18 116 IL-18 |
IL-33 S HAZ MK STNFR1 Rl STNFR2 4507 BB UEIFAEIN R L RGBT R BNP, BARH BRIl
Yrte BEA O e i SR T S — AR BE B T, E AR S R R R AR PR R R A I PR
Mo By, S g A RS R TR R A E AR S, K BUHTRIRYTRE AL, AT B0 ) S i
A 532 K B T 2 U e v Y SRR O 1 2 —

PRIBEH 270275 G2 A W A 2R 2 A Bl 5 (90 200 A i P A S i — g AR BDIRZS T ) AR
Yy-PIEMEAI Y AP 2 B SO AR A R0 10 AT L AR R | (0 335 - T IO B A 5
AR B R AR . BREIEREOR XIAEA S B e PR 2 HLICH ik, 10 AR 8335 - BT 35 BOR 0 3 1
() RN PER B DRI = o0 BRI (38 (RRLC) 1 A J& | FL 0 v SRABOEE  J H3 B 3 1 32 A R o
TS A TR AL A s

ABIFTE R 5 53 B BORH 2 1% - DU AR - AT I T R B 57 1% 36 I 452 K (Rapid resolution liquid chro-
matography-quadrupole time-of-flight mass spectrometry, RRLC-QTOF/MS) X} 12 4.0 7] %35 ( Chronic heart
failure, CHF) B34 B IRICHAT AL 222007, BIFSR0 0 S o 0 R AR AR 3, D b i e (SR PR A W b
EW, LR O ) i S A i I2 W R, JEXS 20 Br 0 ) 3 i B S B i 7 SR BER 0k, ik —
O T s W R AL R S
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2 SIGES

2.1 =5

Agilent1200 PRS2 W A 038 R 40 ( L H Agilent A F]), Bl R 0%, IR A kRS,
Agilent 6520 Q-TOF %/ ( SE[FE Agilent A7) , EiA ESI BFJ&; Eppendorf 5804R &3 2.0 AL (1 [
Eppendorf 23 ]) 3 Milli-Q # 47K ( 3 Millipore A H])

CHEFHR (i5al, 2EE TEDIA A d]) s el 2000t al; SE5 /KA Milli-Q #8 46K
(18.2 MQ - cm)
2.2 AR

PP T 3 v FR T PRAFE RN IE 5 A PR ARS8 R o MR B 2 — B B it 9 X0 G2 B B e O I
WEFF 2015 410 ~ 11 IR I CHF B 15 6, AEARAE. (1) RS 2014 4 LG T i 2 Wl
RITHR O S s Wi bR v (2) ¥ & H 4l 290 WEFG P32 (New York Heart Disease Association,
NYHA) D IESHBRE R MBIV, Hh M 6 4 VAL 9 fl, HEBRFRE. (1) dB0 Ty 588 W AR
Hi (2)BENFET 5 (3) BRI RO B0 Z ML B R (IR R G, 1842 O RS,
3 U A PR G B ST D RS A ) FEUR RO T IR (4) A I E T AN ARIRYT 1 e K
O CANRASERS ) 5 (5) FEDhRE I & (6) A H B R G0™ 0 AR e | b il Pk 45
JUE 2R SR AL (7) BT REIREERG B KT 80E B R S WA T R IR s
TR — I AR A B ARG PO ARG A R 15 B R IR AL, A VebRE. BRAE B A (e, Jom R,
DL KT ARG s | TR EE SN B, FEARH) — R L LR 1, RIF R C S B E R, 1T
[FEA, KERBIHE RS, ARG RS ERAE, RE4EJ5 3000 r/min Z.0 10 min, EiF
W T-80C i 1E% .

T HEARRIF
Table 1  Characteristics of two groups (n=15)
28 Xof HE 2] ML ) i
Parameter Control group Chronic heart failure (CHF) group
A Age 62.3+3.1 65.4+4.6
¥ (%) Man (Woman) 12(3) 10(5)
T Body weight (kg ) 75.3+7.2 76.0+11.5
REFEE Body mass index (BMI, kg/m?) 24.7£2.9 24.8+3.2
i 55 ( % ) 61.0+6.8 42.1£7.6*
W4 s Systolic pressure ( mmHg) 137.5+7.6 141.2+11.2
i[>*R Heart rate (bpm) 79.8+8.4 81.8+11.2
S HE B Total cholesterol ( mmol/1) 4.4+0.9 4.5+1.3
Hil =8 Triglyceride (mmol/1) 1.39+0. 68 1.5+£0.5
K ENS R Low density lipoprotein ( LDL) ( mmol/1) 1.9+0.9 2.9+0.7*
% AR HE H High density lipoprotein ( HDL) ( mmol/1) 1.320.1 1.120.4
JRZE A Urea nitrogen ( mmol/1) 6.8+1.7 7.4x2.5
HLEF Creatinine ( mmol/1) 83.8+19.5 93.0+24.3
WM Fasting blood-glucose ( mmol/1) 5.1+1.0 5.3+0.9
fii4MBK Brain natriuretic peptide ( BNP) (pg/ml) 121.1+46.6 3815.1£2376.7"

# 555 BB 20 FL 4 p<0.05 (HF vs Con p<0.05)

2.3 BRI

BrREAR A —80°C B H s %/ﬂ%?/ﬁ%, K HBE LU IEH%*%*%HA:[B] , TE 4°C L) 12000 r/min B&5.0>
5 min, ¥ 50 pL BiEW, FKFEREZE 200 pl, PL0.45 pm JERSEYE, 7F LC-MS 4347,
2.4 SWEH
2.4.1 BBIEEME  Agilent Eclipse Plus C o (8354 (150 mm x 2.1 mm, 3.5 um, E[E Agilent AF]) ; #
ke 30°C; WahAl A BAiK (% 0.1% (V/V) TIR); WahAl B. CJF; BEREEVEZ54F: 0 ~5 min,
10% ~30% B; 5 ~10 min, 30% ~80% B; 10 ~ 12 min, 80% ~85% B; 12 ~ 15 min, 85% ~95% B;
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15 ~20 min, 95% B; 20 ~21 min, 95% ~100% B; yii#: 0.4 mL/min,
2.4.2 FUEEMH BRI EBIE IE R B (ESIT) A g P (ST ) XFRE S AR s B B4
W m/z 100 ~ 1200, THE (N, ) 9 L/min, TR 250°C, Z5LHLE D 0. 2758 MPa, BAIE
HUEN 3.5 kV, BEHEH 150 V, HEFLHLE R 65 V. FERRGINRZ AT, 0 FH R TR0RE F 0 54l
2.5 HiEAbIE

PRUEFE S RRLC/MS SEATREIN | A5 34 5 1Y S 2 I (a3 1], 7E Mass Hunter #0097 FHIEIR
BT, FEATIEAHE S ANER TR — AR R A A 3, R R A O A0 1 B W Y Ok B I 1]
ey AR B CEF #8250, B CEF #8250 5 A Mass Profiler Professional ( MPP, Agilent Technol-
ogies, USA) 3fF, Geit AT e —4t, 228 ¥ #4T 35353 H7 ( Principal component anal-
ysis, PCA) , X EHRBUIE HEA TR R4, R 22 4Bt a4 U LA 220 0800 (PCs ) KAt Bl Nl
HRHAIE , 383 PCA 7543 & (Score plot) RASFEARDZAGE,, it PCA 2 & ( Loading plot) & LAl 1E A
EYIRRICY AL S YIF T LA S E a8 R B/ 3 F1 53 43 M7 ( Partial least square-discriminant analysis
PLS-DA) B TN AY | BEHCEE T PCA 3 s A AR08 %, DURREAS Y 2/3 SR 5, FIA
0 1/3 FERSRUESE | B8 A YIFRC YRT8RO ) s v i 2 B MERR B2 . 40 VT A W0 b IR P AT H3His
M. HMDB ( http: //www. hmdb. ca/); METLIN ( http: //metlin. scripps. edu/) ,

3 &RSH®
3.1 EELHRIBEEMEE ARBKLC-MS 258 FiRiE
PRIGHE A 22 RRLC-QTOF/MS 435178 1E B 8 PN JEA A 20 A, 161 1 A BE ML BE B — AN 1E %

NH— 8 0 T v £ 3 ) PRV Y 5085 1 Ui 181 ( Total ion current, TIC) , A WWAEIE 1 B 7T, =
B ISR 225, HEDN 3 PRI ) T A A — LE IR 2 S R

100 1001
A ESI-

s 80F s 80F
T 60 T 60
5} 5}
E E
o 40p o 40
é ZO‘M QEU 20+

0 | | | | 1 | 0

0 2 4 6 8 10 12 14 16 18 0

t (min)

100 C ESI* 100 D ESI*
s s 80F
z z
2 o
5l o)
i E
o o 40
Z Z
= =
= 2 20 J

0 Al |)~lﬂ¢|3|
0 2 4 6 8 10 12 14 16 18 0O 2 4 6 8 10 12 14 16 18

t (min) t (min)

BT 2L ) il B FIIE W AR LC-MS BB i, B TEUT . A W AJRFE, B 013l &
HIRFE; IEBFRET  C IR AIRFE; D O il B E JRAE

Fig. 1 Liquid chromatography-mass spectrometry ( LC-MS) total ion current chromatograms ( TIC) of urine
samples deriving from CHF patients and healthy persons. ESI” mode: healthy person (A), CHF patient (B) ;
ESI" mode; healthy person (C), CHF patient (D)
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3.2 BRSO
3.2.1 ERBSHM(PCA) KA TN B EAG L0 Sy 0 B FIEH A SREUSYEE, anlEl
2 i, FEIE R RIS TR 19 PCA 1503 PRI BERE ARG (14 DX o018 O ) 3 i R D IE W A DR
FRBIEGE . Eh A R AUR— DA 4P EABGE, B AR S B B e Ul E
Ak 7] A B BHUIR 285 A AR AR 0 A AL A 48, D 7E 520 P Al Ak AR LA 2 8, Dt
Z AL B T | 3R AR P BLIR AR 22 0K

300

" 6o B &
PN A —~ -
§\\‘- 200} A Q‘Q 40+ - -~
I A [ ] <
=) N - -
Z 100F - z A
~ = o 20k = L]
= A “ - ‘ El A -.
[5) - A [ 5 -
S I : ora ek
£ a | = -
5 -100F o " . S -20r A, “ =
a - -
200 ‘l 1 I 1 —4 Ay - 1 1 . i 1 1 -
-1000 =500 0 500 1000 1500 -150-100 -50 0 50 100 150
Component 1 (78.16%) Component 1 (74.62%)

E2 X4 CHF # A WA 1 F i3 B, A IEB a0, B B TR, (AXT IR, W18

DS IEER )

Fig.2 Principal component analysis (PCA) scores plot of urine sample. (A) ESI*, (B) ESI"( A control

group, ICHF group)
3.2.2 EETRMR  ETEMEL SR B AIER K PCA HHras S, #E A Z M AA7e i 2
S, XUEAR ) PCA #fi BIANE 3 fos, B A~ SAEREAS Ao U 20 i AT AH A5 B, B B D et
T TE 32 B A X P AL 18] 3 2 B DRk AR o AR 2 (1 A 25 5, R RO v 8 e o b iz, RIX 43
A TTRRAS K AR A e AL bsic . AR A 0 PO TR PEAC I (6 43T F7F 1000 Da v
FELPAL, 1T B35 A JBT RS A 1000 Da 22 8 101070, BT LALE fiff PR 4 25 4008 70 A= W bm i W i 1o ik
BRI 5 PR TR 2 205/ T 10x10° Itk &9

4 4
B -
~ 3 - ~ 3F - -
& 5 - " g 2 -
g e ; 1 - - -
N - -
| - et ully, - *
(j - "= (:] of - -
£ 0 -l:" é 1 o '- "=
2 1 - - 2, —'-
g 1] £ -2r -
Uo - Uo -
-2 - =3r -
_3 | 1 1 1 1 1 _4 1 1 | 1 1
-2 0 2 4 6 8 10 -6 -4 -2 0 2 4
Component 1 (68.42%) Component 1 (69.26%)

13 [X4; CHF ZUFIXTBRZH ) PCA #A i8], A IEE TR, B g,

Fig.3 Loadings plot from PCA for the common components. (A) ESI* mode, (B) ESI” mode
3.2.3 BEREYHEE IR AT 45 R DL B SR o S ) LR A TR
TEAEYIARCHII S . IS PR BB 7 m/z 244. 0674 MU A Mibric W i % i #E .
BRI T IR EGES T (03% 1R S AR A BE TR 1. 602 min B A4 RS R NI 4A FIE 4B Ffs . B
W8 S8R E DA AT, w1z A Y IR, i 4C PR, BRER TS 25 R AR
WERH 73X — i3, 5Pl i R BECTS e e & —20, LB IR, LARE k% e 1
BEY, (L2 EYARRELEE

FE2 B TR AR WIARIC W Y S5 R A5 R 3l 5 ANOV A 43 #r 15 21 HC 7 i BRE X R4 CHF 20 22 18] 1Y
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153.0172

~ - ~ [M=C,H,0,~H]"

g 100 A 2.0 B e 6.0 C

= o -HJ = 501 1100104

80 S 15f 243.0623 2 50 M=CsH OHI | 243.0643

= x X 4.0r [M=HJ

2 —~ 60r s <

RN < 1.0f 2 3.0r

o = 40F 5 g

e ] = 2.0r

E a0t 2 05¢ P

2 = 1 <0 1Ll
0 I R N TR Y N B 0.0 11 A TS TR ] 0.0 T Al b
0 2 4 6 8 10 12 14 16 18 100 200 300 400 500 0 100 200 300 400

¢t (min) m/z m/z

4 WEAEFRMCYIIRTREE . A B TRET IRE M 3RIGE 7 @55 E ; B AN A BTIEE; C SRS
K, BEAERER N 25 eV,
Fig.4 Identification of potential marker uridine. (A) Extract ion chromatogram (EIC); (B) Mass spectrum
of ion at m/z 244.0674; (C) MS-MS spectrum of marker ( collision energy is 25 eV)

H2 CHF LR IRALI A A P brie n B i

Table 2 List of identified differential metabolites between CHF patients and controls

gig%ﬁ Rfffjﬁgj Igjme ?\%ﬁ; t & Mﬁfﬁion A

(min) m/z) Compound (10) Change

2.2559 275.1261 WRB OB Alanyltryptophan 3.2400 8 up

ESI+ 17.1183 278.1393 CLER W FIAR Pentoxifylline 5.0719 -9 up
11.2726 340.1929 IRARSE Methantheline 4.7971 - up

1. 6020 2440674 JRAF Uridine 8.7541 E up

ESIY 2.2628 303.0562 FABPIEE Clofarabine 9.0924 i up
4.1617 190. 0829 CgHy, 05 6.4421 T Down

12.2032 201.1385 FMEH %R Capryloylglycine 9.9783 E up

AL,
3.2.4 REEWMRIBWHEIE R i D Z3H00 4T (PLS-DA) X 3.2. 2 th &R I T Wbnic
YA TR, e A IFEAR MO ) 2 b AT EE ) o 8 AR AR T X 0 0 ) v T
AE A IERR A, IE GRS 70000 94.5% F193.1% , BABAFRY N E
3.3 BUOHRIBEEEVIRSY SN

AWFFER A RRLC-QTOF/MS Jrik, HA REUE R o PERE Moy B B iy Re i, 4k 12
TR AN R ARG 2R BT Sl s TR 0 T S v SR R AR PRI TR, 255
Gl b PR OIS E T 7 DR E YIRS S AR H DR 4 R, BRO RN 2t (0 2 R
ZIR IR RTRE 518 PO s i R A R A G

1993 4%, Smolenski' ! Fl Yaoita %[Igj%mﬁﬂ'ﬂ‘ﬂﬂﬂ%%1’ﬁiﬁfﬁﬁ, FAE O LB I RS BRAR Y 2 B0 R
SR AR, HEI PR AT BB 5 S i 4 52 5 O WL A R A7 56, 2006 4F, Krylova 551" 7EAF
FEHRIL, R 0 bR W E AT L VRS ATP-KC 30 0 5 A v A s O LA L R A D g, AT £
PRI C L, DD LR LSS 2 MO R 8 R AR AR A% T D DR 018 SR B0 ok 2 e sl i M T 52
e Co LA M AR Ik R vh, PR [l A ) DA ok o 350 JUL 20 g A R R Bt Ak 8 2 DA DR 40 L4
20 B CHF (B3 1t , O VAN R PR s e AR S, DRAT S R, vl RERE 2.0 LAY )
AEVHIR .

P (2 2R ( Alanyltryptophan ) J2 (&R (Trp) IRTAY), J5& & S-F AN (5-HT) MIRTIR, 1EK
W& ORI E N 52 ANEIR , #E— PR AL 5-HT ., IEFRUFR R, AERR AT cAMP
SRR B A, B0 LA, 5.0 73 B S 6P . S-HT RN 2004, S-HT 5
CHF X RV, AMUBEHAEM T O, @ r fe oS ERRMER MBI RS FIRER, |4
PO R, X 2R O LIS 4 e AN DA M AT SR AR o0 g Rl R PR T R TR U € R
Fra N, PEORTEC TR R R R U R O ) e R AR W B, 8 2R T fE A EE
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AL, FELO IO LM R b 5-HT SRR N, TS 3O LA B 23 A fR P O IET BE
4 &R

18RO S i AR 220 MV B R AR B BE, AR AMEBE R, AOTTEIE i 18 PO 1 23 i R
Ir9 (NYHA b)) ik th 15 44 1 ~ Vo0 gl 8, e 7 R e RG22 1k, IF5IEH A
FEXT BRI T L X, 23 Zoege it ordT, (ERREX FRAL .0 ) il A 304 TARGFIY X 43, RTS8 T 2
M LE AL WbR e (AT FIN ZBE (R ) , HARIAKF B AE B 7S 1O I Jm) 8 1) s e A B (2 R AR
WO T3 R R VR AT TS Rl ARG T8 MO S il i it T R 2%
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Metabonomics Study of Chronic Heart Failure by Rapid Resolution
Liquid Chromatography-Quadrupole Time-of-Flight Mass Spectrometry

PANG Bo'?, WANG Bin', SHU Zhen-Bo’ , YAO Xiao-Xiao", ZHANG Guo-Dong' , HU Cong*', WU SUI-Sheng *'
"( First Hospital of Jilin University, Changchun 130021, China)
*( The 208th Hospital of PLA, Changchun 130062, China)
*( China-Japan Union Hospital , Jilin University, Changchun 130031, China)
*(The No.?2 Hospital, Jilin University, Changchun 130000, China)

Abstract  In this study, the rapid resolution liquid chromatography-quadrupole time-of-flight mass
spectrometry ( RRLC-QTOF/MS) was used to profile the metabolites of urine samples from chronic heart
failure ( CHF) patients and healthy controls to find the differential metabolites which could provide the
scientific evidence to explain the pathogenesis of the disease and supply a better therapy plan. Urine samples
from 15 CHF patients (age (62.27+3.14) years) and 15 healthy controls (age (65.41+4.63) years) were
analyzed by RRLC-QTOF/MS. After processing the data, the multivariate statistical analysis ( principal
component analysis, PCA) was performed to find the potential biomarkers. Result showed that urine samples
of CHF patients were successfully distinguished from those of healthy controls. Two significantly differentially
expressed metabolites, uridine and alanyliryptophan, were found and identified as potential biomarkers. The
result showed that the LC-MS based metabolomics approach had good performance to identify potential
biomarkers, and the disorder of uracil metabolism and Tryptophan metabolism may play an important role in
the mechanism of CHF.
Keywords Chronic heart failure; Rapid resolution liquid chromatography-quadrupole time-of-flight mass
spectrometry ; Uridine; Alanyltryptophan; Metabonomics
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ST 2 (IPFA 2017) 3 & A8 3R T2 AR TAERAR 2807 0, B B2 SR b 43 #7502 30 = $2 7
Ab FEAE i AR EBCEICH 350 % , A TSR | e S e %) e M R B R R4 BT ) 2 T M o e R LR BT e

BT Helios G4 S FREE T IR (FIB) RGAIRTA A SR F 47390 ] 0 J2 A0 31, IR SR AL 5 40 PR e 4 i vy
F BB (SEM) 4387, #iAY flexProber N KEREN il £ 48 vl FF et B MR R B IR . B REXT 21 A i i 3%
SRR RN SR G ) L s B MO MER B E S . BT Themis S 4T HL F RS (TEM) FZEREPRAE A9 SR 2%
1 b, TSR TG0 53 32 0 UG R 7= B TT R T
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PRI FERL A IR SS 7= " FEER T [ XS 3T & Y ( Gianluca Pettiti ) 542 3678« « H R H E R SR T 78 P18 S5 P AR
F ERE SRR AR TR E T, FEB IR AR T EBFT K  SAME P uIiME, B TH % P itm
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