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Metabolic profiling of liver in the rats with chronic heart failure

WU Fei', LI Tong*?®, ZHANG Lei*, DONG Zhi-huan' , MI Rui’
(1. The Third Central Clinical College of Tianjin Medical University, Tianjin 300170, China; 2. Tianjin Third
Central Hospital; 3. Tianjin Institute of Hepatobiliary Diseases, Tianjin Key laboratory of Artificial Cells)

[ Abstract] Objective To establish a rat model of liver metabolism profile in chronic heart failure ( CHF), to
explore the dynamics of liver metabolism in CHF from the point of view of metabolism, and to find the characteristic
metabolites valuable for the molecular mechanism and management of CHF. Methods  Twenty male Wistar rats were
assigned to the CHF group to receive aortic coarctation or to the control group to receive sham surgery, and were bred for 24
weeks following surgery. The metabolic profiling of the rat liver tissues was analyzed on a metabonomics research platform.
Orthogonal partial least squares-discriminant analysis ( OPLS-DA) model and principal component analysis (PCA) model
were established for liver tissues of the CHF rats, and the characteristic metabolites were finally derived by data processing
with SPSS 19. 0 software. Results The PAC and OPLS-DA models were established successfully. Ten characteristic
metabolites with significant differences between the CHF and control groups, including lysophosphatidyl choline,
lysophosphatidyl ethanolamine, oleic acid, glycocholic acid, and dehydroepiandrosterone sulfate, were screened and
identified from the models. Conclusions The metabolic disorders in CHF rats are well fitted to the established metabolic
profile models, and these identified characteristic metabolites may provide reference for the pathophysiological molecular
mechanism and management, etc. , of chronic heart failure.
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1EF HEPE Wistar KB 20 H | SPF 4%, /K& 225
~250 g, W F b 5t 2 58 R 4R S 3 W) A R 2 )
[ SCXK( 5)2012 —=0001] . Accela #8524 A (0,3
A AL 3 B0 ML Multifoge XIR % LTQ Orbitrap
XL i ( 3& [ Thermo 23 H] ) 5 Vevo2100 view /543
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H)2009 - 0001] .
1.2 FHik
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000 r/min #.L> 10 min, B_E ¥ 100 Wl ELZS 250
ZE TS TR IEIN 300 wL ST HEm, BrRE,
1.2.4  FEA M. WA 1%~ Thermo 23 H) Y
Accela i =5 30 WA €435 R4, B35 H N Thermo
Hypersil GOLD JFH C18 (2.1 mm i. d. x 50 mm.
1.9 wm) . ViEIAH A} 0. 1% B RRKIAI , i EhAH B
H0. 1% WIR CIEH W, g Vel 7 15 min, #F
FEEON 10 pL, P BEE 7E 200 pl/min, JEBEER &
HAE M 5% B F1-4EFF 3 min, R)5 10 min N B 2k P15
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WE K 30 arb, 3R IRE S arb, T R IE
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Tab.1 Cardiac echocardiography of the rats

it H

CHF #1

SHAM 4

Indexes CHF group Sham group P

LD ESMAE (% ) EF 43.2£3.0 61.2+2.5 0.018

A BRI AE R (% ) FS 22.2 +1.8 33.9+1.8 0.013

FE R IR/ (mm) TVS;s, mm 1.4 £0.1 2.1+0.8 0.020
L0 R R IR/ (mm) LVPW;s, mm 1.5+0.1 1.98 +0.2 0.013
F P HiH/ (mm/s) Mean Vel, mm/s 388.1+29.7 675.7 +98.3 0.010
FEHIKEE2/ (mmHg) Mean Grad, mmHg 0.6+0.1 1.9£0.5 0.012
FEHPKIEHIE/ (mm/s) Peak Vel, mm/s 695. 1 £45.9 1218.3 +18 0. 008
F B ki 2%/ (mmHg) Peak Grad mmHg 2.0+0.3 6.06 1.7 0.010
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Fig.1 Pathological changes of the liver tissues. A: Liver of the sham group; B: Liver of the CHF group.
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Fig.2 Total ion chromatogram of serum metabolic profile
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Fig.3 Metabolic profile of the liver samples
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47100000 (FMHW) A3 EIFFAEAC I ARG B B fr . 0. 01, HLFIB IR A SRR A i) — 2w ) 222
HE ARG HEA HMDB O 2 LU e 4 42 BB DGR, B RS B8 o 15 hE A9 — 20 1y T 2 I i 0
o (m/z) (HIRZEARELT 0. 01 AObRIE, SR 52 HIE 19 80% LI L, RIVATIARE R AR AL 4 o B 7 )
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Tab.2 Identification of the characteristic metabolites

No 14 B4 1sf i) J o b A 5 5 RS e 25 % DL VS X IRZH
min m/z Tonization methods Results of metabolite identification CHF vs. SHAM

1 8.7 504.3 M + Na LysoPE(18:0/0:0) DOWN **

2 7.0 500. 2 M + Na LysoPE(0:0/18:2(9Z,127)) DOWN **

3 7.0 502.3 M+H LysoPE(0:0/20:4(5%,8Z,11Z,14Z)) DOWN **

4 7.1 520.3 M+H LysoPC(18:2(9Z,127)) DOWN * *

5 5.6 504.2 M + Na LysoPC(15:0) up

6 5.4 410.2 M + NH4 LPA(16:0/0:0) up**

7 6.2 300. 2 M + NH4 R DOWN **

8 5.6 466.3 M+H RN up

9 0.7 230.0 M+H A UpP™

10 4.6 386.2 M + NH4 i R I T DOWN **

LysoPC: ¥ I BEAEMEAHGR (LPC) ; LysoPE . % L BEHEME LML (LPE) ; P <0.05, ™ P <0.01

3 it

PO LA 08 O BF 78 AR AL 2 e AR B T2
(N FH A 0 1 3 oy i AR BT 5% 22 v i v |
M3 SRS, 5 FHLUREAE L e 50

O 7 i AR e, R P K S A ARG AR U I
SR T R B A ORI 2 RIS B 0 )
TR s B I A R R R T
WO AR R BN, 2 W E A 0 5 AR A AR R
L, T RE A AT M0 3 23 i 29 FLsg w45 0 3 R A
MSYFRCR B TG o B5OAR SR, FH AR G 2 2 5
8 TR0 7 3 R RS AL IE 4 2L AR AR A
P g P vl R BRI AR 4 B, T 07 2
WERRIEAR S , X RRAE AR 40 W e B0 32 22 5 4
RRACIH A0 B A I 45 56

ARBIFFTAE A W 3 R I B AR IR 2 WA 5 I
BEREMEAR G (18.2(9Z, 127) ) XF BAZH L 45 5 B b [
R B TV U i TR ELGRE ( 15.0) 55 ) B4 00+ 30
T IR ) i R 5 A B Y K
AR G, T MRS IBEAR B (LPC ) A 1M 6 A
CWERE (LPE) 181 W NE B A2 7K i w5 I 15 Ll e
PRI < WE R B L, F 5% 2 BH 78 T 20 20 b i Mg 40 i
(75 Ak 5 I 2 2246 5 et 2 v JEF 400 B 40 i P 4%
ol 2 S B ) T e AR O b A1 i 2 JIEL Y R
REEHEY R 2 —, IS5 40 M R & 5
WIS 516 50 WF 530 3¢ B 25 %5 1 % s 25
JFREAME IR RG2S PR R B K%, LPC
2 5500 A PN B AR 403475 A B 9 0 I, FE 44 P K o
(1) LPC 235160 WLAN M Y B A5 5 25, 51 & O
K, LPE SRS R il 5 515 5, Nl
maC LA W26 T RS A 9T b 20 2 e s 1f
BEZSAR 5 5 0 50 B RS TF, O HE i =k D,

JUEAVRRE 1 3 P 433 0, JHF &40 L 1 308 DK T AR B, i
1O e R 2 NI 0K 6% A E R O A 1

AN ARWFSE om0 RS T P U iR,
i R ot S 2 M T A %o T %oF HR 2 2 W 3 e e ta e,
SRR , 22 F B PR AR T X B4 S Ik 3, et
A T B WU B R BRUTEJIE TP oBE R 26 TR, 2R
[ B 2R AL, TR (oleic acid, OLA) —Fh&r
A XU BN ANl B NE TR . T AR R WE ST 4R
G ) WA B — RS 2R B AE T ) S 3 1Y
R AT S ZAPL, Perdomo ZFHF5E W
TR AT PRy O 0 A R B BRI B N B T RE B
B, BEARARE 58 S W A5 5 4 ORI s 20 4 B 0 T, A B
TRl 0 ok ok B B A 3 AR BB A Re e D 7R
TRE TP bR AU R PT L B 2 BOME B fE
A% %% 5 RS 2 1 (LDL) il =5 %5 B2 g 26 11 (HDL) (1)
I o ARWFSE R & B B AR, X R A 5 LA
Jige 5 2R AU T B A SCA R i — 2D BF S, X T
O R RGN R AR R TR A B T GE
ol REE A

JIii S F HEER ( dehydroepiandrosterone, DHEA) /&
EEA LI e B i vy 1) 28 [ I 3R, ZEAR N LA R
LA (DHEAS) BB A7 1E, DHEAS £ £ T
JE 7 ULPA 55 2H 20T B A MR R | B Jo I8 R B 5 )
SEHAMIR | 20 MO 20 B IR FE 8% 5, & 45 8
PUAE BTN RERIVE T . 7ESh W) 9250 UE 52 DHEAS fig
FEARRINL R TG %ﬂ@iﬂﬁ‘:ﬂ . Kathleen Brennan % A HF
FEA W] DHEAS 5 JB & AR U6 20 HOMA-IR G A
K, 3278 DHEAS A3 TS BR & 3ROt HAT R
a5 KO PURE R AR Y. AN TR
DHEA (85 mg/d) n] A4 55 ik /D> 1f 2% g o1k S84k 9,
RIS B2 R AR A SR o AR5 T 4T 21
H R 5 SRR 5 Y R i A, X 5 DR
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M DHEAS T8 2 A0 — 2y, $ 7 7.0 2 R 3E
TR B AR T B T SR JF AT g 52
PARHIL R 388 38 52 me S J0E A B B AR, X 5.0
WEE G LT 58 DHEA JRY7, a5 H1EH
SAHRE R HLBR ] 4 DAy i — 2D RIS 7 1)

HZ&HHFR (glycocholic acid, GCA) J& i R 5
ARG R 45 G R R2 , 2 IRV 1Y 3=
BN Z—, TEIER AT LT AME IS GCA
JEAERF R A RS E KK, 25 I & A 5 722 6 Il YA
GCA AR R B3 . BRAE YA oE 3R W1 >
I3 v R B v R B ) IR 1R T B 4R s O IR
2013 4F, Moezi S5:4238 32 W IR T 2 5 200 L5 )
RESE A I ERRN R, RSN g b SEARMEI TR
AT B Ao LA L 365 A A0, BB o JUL 8 L 20 e
DIREA SO WLAn I T 4l K SF-BF 93 4 B 4
fiti 2= S R (taurodeoxycholic acid, TDCA) | 4 fifi IH
Fi2 ( taurocholate, TC) . H & JH & ( glycocholic acid,
GCA) ¥ya] 5 me . JILAH B B Wc 4 . H 2 IR R 7E 300
pmol/ L & B S {65 25 T2 BUARR 9K 114) 505 102 1 23 XSUAH e 7%
FFIVZH L PR 605 A 2k, DT i 728 485 5 5 3l 7 2, o L
AR S R AR . ASBIRSE h R B ) 3
IS A AL b H IR 2 Rk 3, 3 5
S5 AR OG0 3 2 2 B 5 M o o 2 P 52 BT
P SRR 2 7 40 U -HR 1 ) R & A= F i DA
BN TE H 2 MR =3 & 7626 I R T 5
AT RES SO LA ML Zh R , 700 3 19 A ik Jg
A X I 2 7 Wy A7 M D AT LA Ay o0 ) 5
il R SR AHE RS B

g5 F IR k0 R BRI A 8 4 e ) F 53 0
XTAFEACE A iR AR BEAT 04T, R o0 3 i 1Y
SRR AR B 3 F AL DA B B e 12 9T A B AR 1Y
5y
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