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Gas Chromatography — Mass Spectrometry Based Metabonomic Studies of the Urine from the Non — obese Rats. Xin Yandai, Ji Hong,Liu
Xingyan ,Zhang Li,Rong Haiqin. Shandong Institute of Endocrine and Metabolic Diseases, Shandong 250062 ,China

Abstract Objective A GC — MS based methodology was developed in order to investigate the differences of the metabolite profiles
of the urine from the Wistar rats after 16 weeks of high — fat and high - sugar feeding. Methods A obesity resistant rat model was con-
structed and the biochemical criteria in dnding the level of fasting plasma glucose, triglyceride, total cholesterol, high density lipoprotein
and lower density lipoprotein were analyzed. The metabolites in the urine were exhaustively separated and detected by GC — MS. Multiva-
riate metabonomics analysis was performed after peak alignment. Collected data were transformed, the peak alignment between different

chromatograms was performed to generate the peak table, then orthogonal signal correction filtered partial least — squares discriminate anal-

YE# 507 :250062 TR, LR 4 A 20 6 45 AR AF 5 B
W AEE AR, BT {5 48 - haiqinrong@ 126. com

.05 .



J Med Res,Dec 2012 ,Vol. 41 No. 12

ysis (OSC — PLS — DA) was carried out to model the data( R* =0.929 ,Q° =0.905) and discover metaholites with a significant concentra-

tion change in the obesity resistant rats. Results

Compared with the controls, the obesity resistant rats showed lower levels of glycolic

acid, serine, threonine, butane diacid, fumaric acid, 2,3 - dihydroxy — butyric acid, malic acid, carbonyl glutaric acid, p - hydroxy-

benzoic acid, p - hydroxyphenyl acetic acid, glucitol, trans — aconitic acid, fructose, glucose, inositol, meantime the serum sugar

(4.19 £0.47 vs 6.48 £1.16) and insuline(4.29 £0.58 vs 6.20 +1.35) incressed. Conclusion After 16 weeks, the obesity resistant

rats showed clear metabolic dysfunctions of glucose, lipid and amino acid. The results showed that GC — MS based metabonomics analysis

could be helpful for understanding the mechanism of the non — obese metabolic disease,especially type 2 diabetes mellitus.

Key words GC - MS; Metabonomics; Urine; Non — obesity

A2 22 I 92 5 1 e 6 AR W A b g A
Wy AR v ] ) AT R PR B AT, B R e R
1 A AR R, 5 AT TGl A A o AR K AL
RN B AR R AR, A8 B T 09 AR bR i 0
S BRI B RS W B gt RO i -
(GC - MS) I H A B A 500 58 36 19 BT s s 1, 1
PRAETRIE , H H A SR & e 11, © 5812
O ISE o 2R T TR R ) R R R SR
) A J 7 2 TR J s S A Mk s 2 51 ke AT 19 v
JFEE AL, TIE ERCHT Y 2 AUE DR S5 AP H AT
R D o RO 7= Wy i 19 2R 12
Z—, IR AR A 1 i B A RE % B W AL A R AR AR
WAL 8 0] g2 R ER 4L 2Ll 3% B DI e = 1 AN AE
FPL, HLPREAE S 00 Ue B T A | Ty 58 45 AR a5 452 4
BT, AW ES T —ERT GC - MS HE AWM
WA 27 43 B Oy i TR b v TR IR S BU I i
HEHT Wistar KBRS A (9 9 BT g s AR AR R0 R BUR
W2 FE AL B2 )5 31T GC = MS J3#r , SR B 4
Zead W VC L 0 — B AR IE VIE 32 fF 5 K IE R (0SC)
UEME 5 HEAT 28 1 A b, 2 S AR, DAXT AR IE
JiE 7Y 2 TR B g A AR T 5 e A B & e AL A T IR
AT s

M# 5 7%

Ll F A 4% - PR i (172U0/mg, TOYOBO) | F B (£ 33
4l , TEDIA) (MEBE (835 4, Fluka) | IE JEgE (635 26, BH# BR) |
BSTFA( ALDRICH) , “ M {4 1% — Bt 3% 16 i {X ( Agilent 7890A
-5975C) , e A B kR, = BRI 20 ML (Eppendorf Cen-
trifuge 5417R) . 755 W5 &5 N8 1) B} :20% Bl Wy g Wi, 5% 1) 4G 6
5% W R ME 5% B NE [ B A 09 O RN R R

2. BB R R BRUAE TR A R ST« 3 FH A M Wistar £ BE R R,
PR 250 +20g, AL ZR K24 52 06 3 o0 T S . 3l P R
1 JEJE BEPLBE L 8 HOK BRI F7 B fli 1 kL, /X5 BZH (CR) , HiAt
20 HOMR SR M = IR KR, 16 JA S R R, i IR R T 4 0 it
WHEP, 1173 RE(7 R RIEREA KRB, S 173 KEL(6
OB, F /3 RER (7 H) FIEFACHTA KL (OR) , Bl A&

- 06 -

BFSE S I F 420 SRy 5 R G 18 B, 8 6T B 2R B T 41K B
R B AR E W4 24h SR, - 20°C {77, I A5 8h
S S K R 4 25 T L, 0 A AR A8 R

3. RE ST AL B L 200] BR T 1. Sml B0 45, m 20l SR
it 1) 5 R 6 2 0l W (50mg/ml) ,37°C 2 Jij 30min, LA 25 B R
MIRE, m 600l W/, 52 % IR &), M A 30s, - 20°C i &
10min, 75 3 20 ML B 0 (4, % 3 100001/min ) , 10min, B -
T 400 L, B2 TR, A S0l B4 B 4 I 1 35 9 (15 mg/
ml) ,25°C Jf5 4k 16h, fil 40l BSTFA ,70°C A7 4= 30min, fill 70l
1EBEGEIR AT, B O B, g T

4O HT S AR ERE Tl 3T L 100 1, B4R DB - SMS
(30m x0.25mm x 0.25um) . F: i :70°C #F 4L 2min— L) 7°C/
min ({3 B INELE 180°C — 1L 5°C /min [ 7 B N4 & 250°C —
L 25°C /min (13 BN E 290°C | SR 5 T 448 10min, HERE O
TR .270°C . 2 0 YR EE . 280°C . B VR BE.230°C, A
AR BAWHE:40em/s, BB I El, B F B & :70eV,
HHETE 140 ~500m/ 7,

5. KPR AL B AR YE CC - MS BB T U B op 4% 0 Y 4 B it
V] 3547 W DG IE , 048 1T AR 28 U3 — AL I AR IR J5 5 A SIMCA - P11.5
(Umea, Sweden) #47 £ 48 & 43 #7 , 19 3 /9 W] BE AT 2 91 5 A %
SPSS 11.5 7k & B 36 ( Mann — Whitney U, P <0.05) "),
A NIST Ji 3% %5 4 122 % 7T 68 b 2 ) #4268 7 38 3 DT e ) >
800 (5 fH 1000) LT fig bk > 80% Ay %5 4% e ol £

& £

LAt o g ok T 10 16 i Z )5, K
O A e FE bR . EREIT A R E IR A B
AL (331 £30g vs 303 £45g) , {H I 2 B R & & LB
P b m (P <0.05) RV KRS KET
Jo& 2 ZR FRHT A ZE AL o (R B AR A 1 L IE [
BEFFE(P<0.05), mEERE AR E TP <
0.05), Wi H W = Es 20 2 2 F [ (0. 68 £0. 15mmol/L
vs 0.42 0. 17mmol/L,P <0.05,3 1), X0 A0
TR B AR A & A 2R 5L, W98 A B 2 AURE IR
i NI RACHUFI AR BERR 3E  AR EE R A 1
FHEISEAAERRER o W RS LU
WFEE L AR S )



-n a—
EHT G ek 20124E 12 41 % 4 12 ) i = 5
F1 EMERImAMBALELIERR
AL ENED I A VS H it = g S I FEERES  REERED
7 (g) (mmol/L) (wIU/ml) (mmol/L) (mmol/L) (mmol/L) (mmol/L)

X 8 41 331 £30 4.19 £0.47 4.29 +0.58 0.68 +0.15 1.55+0.18 0.77 0. 11 0.33 +0.06
AEJREHE ST 20 313 +45 6.48 £1.16" 6.20£1.35" 0.42+0.17" 3.60 £2.21° 0.47 +0.25* 1.34£1.01"

5% A, P <0.05

2. GC - MS ¥ i) 248 1 43 #7 : GC - MS R MR AHER 2R, T R IEHRRKR.2,3 - K
BRIl H—RIEZ F#HfrZ2Lwntr,. £ Fe- TR ERER GRIEL R ORI R X
B3 53 B (PCA ) & — i Jo i W& 8 =GR 1 ik, Il R AN B R AN R E DS S N TR N
DA W HbAE 2 4k 25 (8] F R R FE S T 2= 5%, K] [RS8 A

AL B R FEAR R A 7E — i, AR S5 1Y
S HTR 25 /N T RE A (] B [5G 22 5 o fHJ2: o 1 201 A
PEAR BT A 1 22 S R B 0,k 2 ol TR RETE W4
TP 22 R AV TR 2 7 B0 MO0 1 A7 0 e 4
U RS SR IE R AR (0SC) fiE g 14 15 24 B H ey
ERRERFERE, HEZROTIHFE R, A8 TR
PRI R . B & 0SC UEM: > J5 #EAT T 5%
AN FRFH A3 BT (PLS - DA,y [6] 2A W] &, 4 1
2 IR JR 4T 20 K B0 300 7 S ) A X dsk, LA B
(2% 51, BB RPY 1 Q° fH 43¢ B Sk 0. 929 A0
0. 905, 14 B 485 7Y 545 5 4 9 T g6 g o o 4815
i R® M A Q7 #HE 4 % 4 0. 0775 F1 - 0. 28,
IR RN A7 A8 3 B LA, PLS — DA R 28 fif
(B 2B) F e T % 7 X R 4 2K B R B
R A R T e S ) S TR ) 2 0 R A, 0 X
LA &Y AE S 80K 5, R A5 2 1S MR W 7
TE 6 I 2FL R 750 4] 2 ) A5 W 3 1 25 57 (P < 0. 05,
F2) A BE L AR e I B B2 K RUR R 2

A MLER 52 —1_0SC.M1 (PLS-DA) .

t[Comp. 1]A[Comp. 2] .
Colored according to classes in M1

Class 1

Class 2

LA -1 M1 (PCAX) - Class 1
{[Comp. 1}A[Comp. 2] e Class2
Colared according to classes in M1 ¢ Class3

B

20 10 0 10 »
(U]

12

il

RZXI1] = 0.40827 ReXI2] = 0.108843 Bllipse: Hotelling T2 (0.35)

1 KRERENERIDPTETE
Class 1. IE % X} B84 5 Class 2. B REHRATT 4 5 Class 3. i 4554

i i
L. PR B8 2 - W] — R AR, 4ol A S
10 20l JRE, Haab 3 )7 A0 A . 44 GC - MS 43
Br & B0, A 20 ] bR 7 BE 48 PR W 5 A 1Y KR 43 IR
R R, SCRBAT, A 525 IR A & 20l
(KE3),
B PLEEfE S -—-1_0SC M1 (PLS-DA)

p[Comp. 1)/p[Comp. 2]
Colored according to model terms

0.08

0.04

002 e L .
& o000 = o
s L]
-0.02 . »

-0.04

-0.08

-014-012-010-0.08 -0.06 -0.04 -0.02-0.00 0.02 004 006 008 010 012 0.14

111

i OSCEIB TS

08

06 40SC:16.369
04

pl2]

02
0.0
02
04

-04 03 02 -01 00 01 02 03 04 05 06

2 KRER#¥H OSC-PLS -DA S#THBHE (A) FFHETE(B)
Class 1. 1F % %f I8 40 ; Class 2. I FEAGHT4H

2. J5 VARG HEJE Y 58 ik < BC— BRAE, 23 51 B 200wl
JRF 24> 1 Sml B4 A B AL (QC) , S AE

JHEARBT AL 0] B2 — 2 R A7 A i i 4 B, 3 57 00 T
FIPEAT GC = MS 238, B3 M 8 A fl ST 15 K i 4% 1

- 97 .



J Med Res,Dec 2012 ,Vol. 41 No. 12

F2 BEROANMNBHERKEHY

2SRy RT/(min)  Fold (OR/CR) RSD( % )
BRI om 6.791 0.74 4.29
22 7R 10.42 0.06 5.16
HA 11.164 0.11 5.13
& 11.529 0.44 2.92
SR R 12.108 0.16 4.05
ZRAR AR 12.422 0.26 7.59
HRIR 14.858 0.14 3.36
B R 15.867 0.62 11.77
X ¥ FE R B R 17.014 0.73 2.35
X FFEOR Z R 17.228 0.64 3.17
W T 18.989 0.59 1.11
FREPN 19.12 0.58 6.31
HopE 21.505 0.36 2.43
Gk 21.975 0.19 1.39
AL 25.113 0.26 4.44

RT. {4 f4  [6] ; Fold (OR/CR) . IE fik 41K 470 41 X R 21 22 5 4035 4
ARGV 3 19 LU A s RSD (% ) . Jo #5  fh v 22 S5 A 3 00 1 0 T R %) A oF
o Al 22

A TIC:5pl
f RE
‘ JMMM/UL . Aa, 2} h Ju
8.00 10.00 12.00 14.00 16.00
B TIC:10pl
R#
|
n o
e
8.00 10.00 12.00 14.00 16.00
1 C TIC:20pl
‘ ﬁé%\ |
[ f
| 1] [
\‘ ( 1
I, A N \ | T N Y |
31 PURIEPEUN SUEPUIION ROV YUIN LY. 1 DY W S :
8.00 10.00 12.00 14.00 16.00

3 REMANENTHE
A5l JRBFVE I 5 B. 10 ] JRBEE 185 C. 20wl JR B R

FEL WSk 6 Yo BRICIAT 0, T AR XS A A i 25
2 B AR TR AR AS TR o3 Al B0 A A T
25 B HE I TR B AR X B o i 25 B R 1177, He A
MITE 10% DL, 830 R 47,

3. i T B E AR T 4R SRR A
FRES IR NR B R ACZ fa Hh ) F2 BER AR
Z—, PR AP A B9 0k 3l A AR B B AL AR B A
WEYRRAE , b n] BB R i 2 2 sl AR I RE S B AN
R IFTE A BB IR 32 454 19 KRR 9+ i 3 R A
AR (P B = ) 1R 38 T e, A W T T
TR AR A2 P RE MR & 3R IR0 A R R o ARS8 A B
JIEJHEAIR BT 20 R BROPR I PP X R R R R VR 2K TR

- 08 .

W AT T A R A Y A I
T 1 22 W5y 2 W T30 A4) 7= 0, A8 k2 3 R e v i
e R KR AT RE A T A Y T B RE A 45 R X T RE
D RIMHTA KR ZRMRIEH R = REFRY I
S AL RE L R AC IR AR, R BRAE B IR B0 2 LA
REAQMK A 2R Sk o T R IE W R R R A
BB ER R JE R IRAE I T E A R AU, B
A, R WA T T2 O B BRBR & 3R IR T, Bt I8
v, BE RO B 0 . AR 2 E TR, &
W] 8 e R A3 H B S, Wi W S S F 5 e B R R A
5 PR R U v 10 2 R4 R AR e, 9N
W 24 7 o S R A 15 B oo AU 5 DDA G, A 5 I
AR AT BE RN NVE SZ A G . AR SR A5 2R o IE i
HCHT L PR U 5 55 5% B2 W)t il b, 27 L e
R B HA KR T 44 R B, M4 R
HOEYIR) MR, 2 N5 s 4 55 1E 7 A2 B D fig
AN AL AR S 7 A ALY, BE A 1 IR0 W A A
JULTEEE £ 46 983 K 52 Wiy P /N B 200 O TR 9 A B )
RE L 51 76D 2 AT DK, 400 <) 40 9% A O AR 0 i R DR )
S 3 W, RS ) BT A 2T AE AR T AN R
EJE O 2 AR P 3 o Nissen 25 3l ik 2l ) 552 46 4iF 5
JULTEE 5 B A I Rl S R Dl e 5 3R IR A O 1K
A SZEGHEFE ST T GC — MS AR5 4H 2 20 0 7 122
I JEC I FH v o A T Y ST I R R R R R
AR LT o GC = MS SR AR f9 B0 22 1 DU TRE |
— AL IE Z A AT 22 A8 i A M AR A AR G A T
feJ1,RY Q2 {H 3 %0}y 0. 929 #1 0.905, & # 15
AR & B S LT AR AR B B R, R
fE2eid m Rl s IR R T T 16 Al Z ), Wistar KB
SRR E A W] R A (ER A R AR 2 R AR
WA A S T L g 3 R R 1) 45 R nT e e AR AR A
300 A I FRE AP 0 , JE R AR AL bk 2 2 Ok R
o 9 A AL ) AT 58 AT B B
2 ik
1 Holmes E, Wilson ID, Nicholson JK. Metabolic phenotyping in health
and disease[ J]. Cell, 2008 ,134(5) . 714 - 717
2 LiX,Lu X,Xu G, et al. Comprehensive two — dimensional gas chro-
matography/time — of — flight mass spectrometry for metabonomics: Bi-
omarker discovery for diabetes mellitus [ J]. Analytica Chimica Acta,
2009,633(2) ; 257 -262
3 Zheng XT, Shen J, Liu Q, et al. Plasma fatty acids metabolic profiling
analysis of coronary heart disease based on GC — MS and pattern rec-
ognition [ J ]. Journal of Pharmaceutical and Biomedical Analysis,
2009, 49(2) : 481 —486
4 QiuY, SuM, Jia M,et al. Application of ethyl chloroformate derivat-



BE 2 BE ST 2% ik

2012412 4 41 % 12

e -

ization for gas chromatography — mass spectrometry based metabonomic
profiling [ J]. Analytica Chimica Acta, 2007, 583(2) : 277 - 283

5 Levin BE. Arcuate NPY neurons and energy homeostasis in diet — induced
obese and resistant rats[ J]. Am J Physiol 1999 ,276(2) :382 - 387

6 PN INSCE AR, A BT R AL o B AU AL i S 2
Bl PR K BB BU A B S [T ] v [ rp 2 25 ,2010,8(10) 1

7 Jiye A, Trygg J,Gullberg J, et al. Extraction and GC/MS analysis of
the human blood plasma metabolome [ J]. Anal Chem, 2005, 77
(24) . 8086 — 8094

8 QiuY, Cai G,Jia W, et al. Serum metabolite profiling of human colo-
rectal cancer using GC — TOFMS and UPLC — QTOFMS [J]. Journal
of Proteome Research, 2009, 8(11) ;4844 — 4850

9  Major HJ, Williams R, Wilson AJ, et al. A metabonomic analysis of
plasma from Zucker rat strains using gas chromatography/mass spec-
trometry and pattern recognition[ J]. Rapid Commun Mass Spectrom ,
2006, 20 (22) . 3295 -3302

10 Pereira S, Marliss EB, Morais JA, et al. Insulin resistance of protein
metabolism in type 2 diabetes [ J]. Diabetes, 2008,57(1) : 56 — 63

UL A2ty TR 8 . AR A 24 20 7 R BB AL PR AR [T 2347
2 42,2008 ,27 (3) :325 - 332

12 YUK, A5, B8, 5. 6 VD SR Y7 RS DR 1 S0H €6 3 1 i 4L
2 L1). P E BE AR A B A4, 2007,29(6) (719 -724

(W Fr 22011 —08 —22)
(&1 .2011 =09 - 15)

= K B 2 1 3R 0 K R0 == RJL 28 B BB B S (o) $HR B G A
) ] %2 i 3 FE 37t B =2 I

& @ X A AW K HALX E OF R
BWOE BK ORITR R 3 T IR SR 20 T R I b 1 R AL (T, ) R R B AT LR (T, ) R . i SRR
P T A 5 5 3 A DR B 2 UL A , DA 4 A L TR T B AR AT 3% T, R0 T, W6 SOwmol/L 32 B R AS T, F T, A2 . R S0pm/L
FEERN LA L 38T A0 3R ) 2 (84 £ 11) % (P <0.05) M (59 £8) % (P <0.01) , T L AL, il I Wy 2% % - i)k
T 28 P A S 0l LA S R i R . 538 SOpmol/L 32 B3 BB T 0 1) K B = LA A 1, 0 L, AL, 70 AT REAF A
JUE 2 A o
KGR ZWR RIS PN R A R A

CENAE OlEEE KR

Effects of High Concentration Curcumin on Transient Outward Potassium Current and Inward Rectifier Potassium Current in Ventricular
Myocytes of Rat. Shi Tong ,Wu Hui, Liu Fuli, Du Yongjun, Gao Yuanxing, Yue Jun, Xu Xuzhong. Department of Anesthesiology , First Af-
filiated Hospital of Wenzhou Medical College ,Zhejiang 325000 , China

Abstract Objective To determine the effects of curcumin on transient outward potassium current (I,,) and inward rectifier potas-
sium current (I,,) in ventricular myocytes of rats. Methods Single ventricular myocytes of rats were obtained by enzymatic dissociation
method. Whole — cell patch clamp technique was used to record transient outward potassium current (I, ) and inward rectifier potassium
current (I,,) The effects of curcumin (50umol/L) on them were observed. Results The inhibition rates of curcumin (50pmol/L) on
I, and I,, were (84 £11)% (P <0.05) and (59 +8)% (P <0.01) respectively. The current density — voltage curve of I, and I, was
shifted, but their rectifier characteristics were not changed. Conclusion Curcumin (50pumol/L) could strongly inhibit the currents of I,

and I, , so it may bring cardiotoxicity.

Key words Curcumin;Transient outward potassium current;Inward rectifier potassium current; Ventricular myocytes ; Cardiotoxicity ; Rat
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