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[ ABSTRACT ] Aim  To investigate the possible mechanism of cerebral infarction in type 2 diabetes mellitus
(T2DM) through identifying the changes of metabolic products in serum by applying the method of 'H-nuclear magnetic
resonance (' H-NMR). Methods Nineteen patients with cerebral infarction complication in T2DM, 25 T2DM pa-
tients without cerebral infarction and 29 healthy controls were included in our study.  The micromolecular substances of
each participant in serum were detected by '"H-NMR. The metabolic profile of each participant was obtained. ~ The par-
tial least square discriminant analysis (PLS-DA) was used to examine the difference of metabolic profile among groups.
Results Based on the analysis of score plots of groups, the T2DM patients with cerebral infarction, T2DM patients without
cerebral infarction and the group of healthy controls were clearly distinguished by applying PLS-DA.  The characteristic
metabolic products of patients with cerebral infarction complication in T2DM included very low density lipoprotein
(VLDL), low density lipoprotein (LDL) , glucose, 3-hydroxy butanoic acid, lactate, pyruvic acid, glycoprotein, leucine,
valine, prostaglandin D, , E,, homocysteine, trimethylamine oxide (TMAO) and betaine. Conclusions The results
of our study suggested that the metabolic disorders of lipids, carbohydrate and amino acid may play essential role in the de-
velopment of T2DM with cerebral infarction.  The elevated level of prostaglandin D,, E, and homocysteine might play a
role in the occurrence of cerebral infarction in T2DM.  The change of TMAO and betaine which were caused by enteric

dysbacteriosis, also might be related to the occurrence of cerebral infarction in type 2 diabetes mellitus.

[WfBEH] 20120408

(MEBBA]  EIRER DAL, W, ATBEIN, RIEEE, A5 07 1 N R S A I AE , E-mail 4 hongma@ xmu. edu. en, £
R 5L, LSBT, B 0 BRI BB Email 9 wy85@ 163, com, A4k, M-t $UEE, BFFE o o U122 152
BE2A {5 S AL P E-mail 4 jydong@ xmu. edu. cn,



64

ISSN 1007-3949 Chin J Arterioscler, Vol 21 ,No 1,2013

2009 AF A7 2 8 2 ko 3R RS R W &
TN 9. 7% AR ] REE 12 BN BE 1k 4 BROH R 76 5
— R, TR & R B B PR B R 12
Wi E A 60% , 48 T AR PR s B 8 R o e A
PRBAZH TSR 2 K AT S IR YT
Wt 1/3 MBrs W B B A7 e & FhIf L aE” I
P B R (B L AR A, AT SRR R
AW PRI e M 2 rhoil S FE B R 25, W DR AR A h
FERE RGN 1.8 ~6 f5° 2 WM IR i 1 5 O &
SiEFEBOE R BRI R R ALH A &
MR,

FRIUZR 2 I 5 2 58 A W 1k 3R 32 i i sl 4 3h
Jei CHMRE A 4 1) 238 DR A S sl PR 58 AR Ak ) ) HAR
W= AR Ak, BCHL Bl s [ 7 2R Ab R B 5T A 1k R
AR 78 i — b F AR B PRI VR S — R AR i
PEZIR , R A 27 5 i Xebbl P s R 7= i it A 7
OINT , TRR M IR SO K K A R R A ALEE, JF
i TR ST BT ALY

1 #RS5AEE

1.1 IeRER

2009 4 6 A E 2010 4 3 A FEITAFIHE +
W E B4 2 Ak & 2 B HE R R (type 2 diabetes
mellitus, T2DM ) & i #% 3% ( cerebral infarction, CI)
B (T2DM & 3F A L 4)19 4, F 3 4 # 63. 68
+7.56 5 T MR &2 a2 AW RREEH
(2246 T2DM 41)25 4, F #4548 63.92 £9.69 ¥ ;
VoAU R O R (R A)29 4, F
B 42.86 £10.80 %, H & T2DM 4 3 fi 4 5L
Y HAT2DM A G AR A L, HEFRFRE
H, THERSE — RS 3 mL B 77& # ki, A
& R AAEFCHLL 3000 r/s F L 8 min, BLILE 0.6
mL, & T -80°C kA4 7,1 MA W4T,

VW ARl 22 BLBE RO 1 BT AF A 1999 £ WHO
W WAT g, MAERD AR EL R AEE 4 &N
B AR S PUH| E B AR I & KL CT sat 23R R
1% ( magnetic resonance imaging , MRI) A 2 3 52
1.2 #EEHRIE E R S

¥ 4T # #% 4 4k (nuclear magnetic resonance,
NMR) 52 5 B, #F R A% & £ % &, # 500 pl o
&5 250 pL 8 B 3 % [ 0. 2 mol/L Na,HPO,/
NaH, PO, ,pH 7. 4; E /K (heavy water,D,0,99.9% ) |
A LG pH BT B B, n NE &
iy 2,2-= F A28 BT-5-5 B 44 (2, 2-dimethyl -2-si-

lapentane-5-sulfonate sodium salt, DSS) /£ W ft. 5 i #%
FEEWEAR, F 5 mm F %%, & Varian NMR Sys-
tem 500 MHz i 0L _F R &4 & o1 — % 'H-NMR 1%,
Lk A 5 mm HCN = 3E4R 4% 5k, I8 300 K, i 5%
5 kHz, =5 % #m 256 2k , & i NOEPR-CPMG Ak ¥
B AT B KA, b TR A AR B R T A K g
FOEREBESA TR bR AR EH R
FEE B B
1.3 HIETLESSITSR

R MesiRe-C 2.3 B J B % 42 81 5 A
BATF TAIALE 4 B R AR IE g 5 5, SR
WA, = B 7k 4 K% (84.7 ~85.1) & *f 80.7 ~
35.5 RE#ATHER R, RS HEEHT—1E
1 ik B A 22 T, 98 AU i 2 /N = & H R 4 4 (partial
least square discriminant analysis, PLS-DA) 3% T # &
EEHRT L TR 20T, "E R SRR ARE, &
RGBT LRGN RS EHE R, AR E T
RINER EHFE WU L &, A fHE L
XK TURR A K B B, AT R TR,
Ao i i B A £ %% %I &L AFER
/R

2 # B
2.1 #HAMFBFHEI'H-NMR i E
S 21 Ko A R X R 2H 1) B AU H-NMR 3% %]

AT UL T2DM A5 I AR S8 28 1fi 3 H-NMR 3% K
FAIRE AR B 2K I (very low density lipopro-
tein, VLDL) K% & i5 2 1 (low density lipoprotein ,
LDL) FLM2 5 N-Z BebE 5 i g 5 = Ath 28 %F b 7t
e I S5 .4l T2DM 2H % %5 B% | VLDL | LDL | #LW2 \N-
LR AR s I R i R X B2 A T (L 1)
2.2 &AMF H-NMR £ & PLS-DA 44

GYBTAS SR A 2 (R N IR AR 22 =, AR
i T2DM A& I i 18 S8 (9 R AR A4, >R L PLS-DA
T3 6T LI R i BSCHE JE RE 2R A7 e vt 43 A, 145 okt
I3 A TTRREE K A4 RS K ] BRI RRIE AT
2.2.1 T2DM 45t fuA® 5t 20 5 4 e * PR 20 bb 3 0%
FAERS T T2DM A I I RESE 40 5 fa Bl X
MEH 1T PLS-DA 153 th, Al W, T2DM 4 I Fili 45
FEH SR AR THE XS (E2),
T2DM & - B A5 58 20 A6 A 1 09 20 A0 38R 0 1, 7% 1
BRI, BIHE R 2 AL B ™
5 177 f R AR XA 22 S BN RE R B 43



CN 43-1262/R "W EBIKkAEIL 25 2013 4E55 21 &5

1 65

AARATEE p o B0 2% TR 45 5 1% IR R AT AT A4S
T2DM A5 FF i A S8 5 3R e o] BEAA A RR AR AR
YA % k. 0.84.0.95,1.01,1.05,1. 18,
1.31.1.38.2.02.3.42 3.48 .3.69 .3.88 .5.28, Ji
FH ¢ K555 53 B T2DM 4 I ik 48 58 25 it B xof it 2 v

glucose

creatine

e b

4.0 3.5 3.0 25

glucose

4.0 3.5 3.0 2.5

phosphocholine/
choline

citrate

I\

4.0 35 3.0 25

B ZFXWASERRAMDFNHEE H-NMR & E

glycoprotein

glutamine

LB b A A N (1 T] BEFRAE AR I 0 A8 4k, TR AT
JZBE T2DM A I Rk 45 5 2 0 fad SR %o R 2 1t 375+ # 28
B LR 3-RE TR BB RS R E D, 6
Bl N-Z B4 2R 11 45 & 5 0 E 1, VLDL LDL 1
= RS AR 2, MM AR e IR (R 1),

T2DM with ClI
VLDL/LDL

N\

lactate

o

glycoprotein

alanine

AN

2.0 15 1.0 0.5 PPM
T2DM

lactate

VLDL/LDL

\

0.5 PPM
Health control

2.0 15 1.0

glycoprotein . .
isoleucine leucine

N/

T

0.5 PPM

2.0 1.5 1.0

Figure 1. Typical '"H-NMR spectra of serum from experimental groups and health control group
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Figure 2. Score and loading plots of 'H-NMR spectra of serum from health control and T2DM patients with cerebral infarc-

tion groups
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Figure 3. Score and loading plots of 'H-NMR spectra of serum from health control and T2DM patients groups
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Figure 4. Score and loading plots of 'H-NMR spectra of serum from T2DM patients with cerebral infarction group and

T2DM patients group
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