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[ ABSTRACT ] Aim To discuss the relationship between vascular endothelial cell injury, changes of serum endoge-
nous metabolites and pathogenesis of arteriosclerosis obliterans ( ASO). Methods ASO models were constructed with
the method of high-fat diet plus intimal injury. At 8 weeks after operation, the arterial morphology was observed using
light microscopy, the number of circulating endothelial cells (CEC) was determined using percoll density gradient centrifu-
gation method, serum endothelin-1 (ET-1) and nitric oxide (NO) levels were detected using ELISA double antibody sand-
wich assay, changes of endogenous metabolites in serum were analyzed with the metabonomics method-based gas chromatog-
raphy-mass spectrometry (GC/MS) technology. Results Rat models of ASO were established successfully, the num-
ber of CEC in ASO rat peripheral blood increased significantly, the serum ET-1 level was significantly higher, and the level
of NO was significantly less than normal control rats after operation (P <0.01). Compared to normal control group, me-
tabolism of the sugars, amino acids, fatty acids in serum of ASO rats were significantly changed. Conclusions Vas-
cular endothelial cell injury and changes of serum endogenous metabolites mediated ASO, protecting the vascular endotheli-

al function and adjusting the balance of the endogenous metabolites should be important therapeutic targets of ASO.
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1.1 LIy G FI 5L

6 Fl % 7 % Wistar K 40 R KT & 250 £20
g, ML THEHRFER Y PR, 204 4 = iF
FE £ .SCXK( 17)2010-0001, = A8 48 KH 4 H& :62. 8%
AR +20% 5+ 15% FE B B + 2% RE B 4N +
0.2% W Aw A Ere, BAEIRFEHRA(HH - Bl -
500, E¥#) , B B # (Thermo, £ E ) , B A8 1L ( An-
thos2010, B30 F] ) , 7% & B 4% %% ( Olympus BX50) , #t
A% Z %5 (Olympus DP70) , R 4 =& i F &
(GC/MS % 4, Agilent 7890A /5975C) , % 41 % 6,1 A%
(Agilent J&W Scientific HP-5ms ), ELISA 3 40k &
N ER IR A R E AR RAE A
/% % 1(endothelin-1,ET-1,# 5 AE90650Ra) . — 4.1t
A (nitric oxide,NO, #5 :201209) & X 7| & W & &
REKAEN T RAR, #9RAKME F-FITC %
TRFERE R TE L EEYAE,
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Wistar X i 40 R 3% FEHL 2 F & % 2 % B % 4t
B BFARMA FEMiE 4 ASO 4,4 10 R &
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B MR E 41 ASO A A R4 F & Ie ik &,
1.3 ASO sh¥iR B FIl4E

Bk A L 8 e AR 1R MR B IR B ik 3 RE R A B
EHIEAR ASO EAY | Bk RE 1 AETH
LI E W 10% KA A B (300 mg/ke) MR B
EHRE,FRARYBAERKEE, AEREF A
] & B AT Y1 IT B Rk, i B B 3 Bk, 30 ik 3k T
W I Bh kAT 34 1.5 ~2.0 em, BUE B ZE 451
., 9 Fa Bl K A A3 3 1] T 3 N L A B LK 0.2 ~
0.3 mL THAMEAKZEBFENHEY M, 0T H

FYEFES min, BT 4k fo gl fik &, k38 0k ofn, 4 &)
B, WERAGEEA TR e 4k S B AR R,
FAFMHELER D3, THBRANAES, BFA
41 B s Bk, A — B AR Ao,
1.4 FRAULE

EHEE8 A, BEEs kL4 ~5 mL, 5 A
i, — 0 T HF R 4305 & o £ 1 48 30 9 % 40 g (cir-
culating endothelial cells, CEC); 7 —fp £ i # & 2
h,2500 r/min & & 5 min, 4 & & fE, 4 % F
—80C R, Al TR 4% g B Rz F 4l U
BHEEEAEREAERI, T TAL em, T
4% % TP B R P 1 R ARSF
1.5 TLEREFRN

Va s Bk AR A F ALE R 4 um JBoE BT B AT R
A2 (HE) 36,
1.6 CEC #&J

HBXH[S]HMERRE, R 1.5 mL 3 E 458
ABERTESE T %1 mL FEHES + 48
J 3 AR A 18 m Nk B 4 B 4 B R E B 3B, 1800
t/min B0 15 min, FE FEMFEE R ERE 2
%2 BT IL A Gk E @ E, im PBS R 4,
1300 r/min B 5 min, # EFR, BT EHHEER,
RS A v N L ok T 2 G AN -3
CEC #t, B/ — AR AT # 4 kK, T HE, ZWMTE
20 8, &K 100 L, m N\ 500 pl £ % H B 4°C FE % 10
min, 50 wL & 0 40 f &K T4 A EP & F , iln N 2
pL FLVIl & F-FITC ik, k7847, £ R B LEF
30 min, iz X\ PBS ?@@ﬁ/ﬁ,ﬁ()() r/min &5 5 min, 3
FWE, N 50 wL PBS RE A, TR B AR
THREM MM (REGZETN),
1.7 MBE% A &R ThEFEHRAG T

B A Ak 4 AT U AT o flg M, K Fl ELISA
WAL 0 % A4 4K RO ET-1 84 B H AT
A, F 450 nm 4046 & L% K (OD) &, IR A5 AR
R E ROAE B OD 3L A AR o o & R F R ITH A&
MM IL A ENEFRRE, RAKFELEAKX
R 7 ¥ NO & E#ATH N, F 540 nm I & RAE
AR EAFENHERT NO & E,
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F oM, B -80°C 17 i A R i A, & £ R T #
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pL, N 150 pL kA BB A (B R), Rk %
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14000 g %/ 15 min) , BL 160 WL k& i hm A\ & B &
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% H 3T 70°C KR 60 min, B A A F B K E 30
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H2#7 (OPLS-DA) A% A % — & iR 2 89 VIP 18 ( F &
>1),HE4F AR BB E PE(FHEO.05) kT
zRERARNAY, 2REREADN T ® . HE
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Figure 1. Saphenous artery pathological changes by HE staining( x 100)
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Table 1. Levels of blood lipids in different groups(x +s, n =10, mmol/L)

g Hl =g Py [EN )i % BERR &R A REEREA
IEH 6 HR AL 0.55 0. 07 2.71 £0.24 1.21 £0. 17 1.81 +0.19
BFARAU 0.50 +0. 06 2.73 +0.26 1.20 0. 14 1.81+0.17
15 B MILAE 4 1.70 £0. 17* 8.31 £0.70" 6.87 0. 65" 0.97 +0. 08"
ASO 41 1.88 +0.21® 9.01 +0.93" 7.54 +0. 69 1.03 £0.11*

ajy P<0.01, SIEHXT AL ;b R P<0.01, 5FARAE,

2.3 KR CEC #&X ET-1 NO KB4k

VTR A DGt Jit 5 8 ¢ S G €0, J 30 BH M 240
B 90% , 1EH X REZH AR T AR 41K AR A I v
CEC Bt/ B iUiE 21 K BRUAMNE I CEC %X
AL IEH X FRZAIE &2 ASO ZH KR BRAMNE I CEC %k
L AN S 5 E X IR A R TR A L 22
SWE(P<0.01;%2 FE2) , 5IEH XA R
FARAA L, &5 8 UAE 20 K Ui iE ET-1 KT,
ML NO /K FR#AK, ASO 41K BRUMLTE ET-1 .NO 7K
FIZEAL B B (P <0.01;%2)

xR 2. KR ET-1,NO KEFR CEC HEHEN (¥ +5,n=10)
Table 2. Levels of serum ET-1, NO and CEC in different

groups(x £s,n=10)

24l ET-1(ng/L)  NO(pmol/L) CEC(Cells/0.9 plL)
IEHXTHEA 35.24+2.98  19.39 +1.51 0.9 +0.2
BFARH 35.78+2.73  18.72+1.54 0.8+0.2
IR MAEL  77.05 £7. 16 13.26 £1.17% 3.5£1.2%
ASO 41 90.98 £8.73" 12.72 +1.04% 5.1+1.6%

ai P<0.01, SIEHEX A LE ;b A P<0.01, 5B FRY I ;e
P <0.05, 5@ RIMES i,
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Figure 2. Changes of CEC in peripheral blood by fluorescent immunocytochemistry staining ( x400)
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Figure 3. Representative total ion current chromatogram
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Figure 4. OPLS-DA scores plot of different groups
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* 3. BENEASEEWNRAZ BHERMERIGEY
Table 3. Metabolites differences between hyperlipidemia

group and normal control group

Fold Change

L] VIP{E  P1H Log2 (AP/CK) ]
1,5-BiK-D-I0Z4EE  1.92  1.00E-02 -0.62
D-2f-FL bk 1.93  6.62E-03 -0.23
H R 1.54  4.46E-02 -0.14
D-7 %5 b 1.67 2.67E-02 0.14
P FUpER 1.68 2.53E-02 0.17
B4 55 it 1.92  7.23E-03 0.38
TR 2.16 1.02E-03 0.40
L- S bR 1.75 1.98E-02 0.40
SRR 1.60 3.54E-02 0.43
D-EF IR 1.72  2.20E-02 0.43
2l 13, i 1.71  2.24E-02 0.45
JilEN ] 1.94  6.27E-03 0.49
NI R 1.94  6.40E-03 0.51

o IE 5 3R P LR LAR G T 1E 3 3 IR B TH, 505 30R T R
4. BFAASEEMRAZ AR ERERHEY

Table 4. Metabolites differences between sham operation

group and normal control group

Fold Change *

R VIP{H  P{E [ Log2(AP/CK) ]
a-FE 5 IR 1.91 2.90E-02 -0.45

W DR 1.87 3.88E-02 -0.21
3-a-HEE b 2.27 4.88E-03 -0.18
-7 %] HH TR 2.23  6.14E-03 -0.16
1,5-i7k-D-IHELEE 2,16 9.29E-03 0.41

Wik =R 2.34  3.35E-03 0. 66

#  IE SRR TAREAR TIEFEX A 1T, SRR TR,

% 5. ASO A5 EEWRAZ HH = RER Y
Table 5. Metabolites differences between ASO group and

normal control group

Fold Change *

R VIPH P{i Log2(AP/CK) |
v-A B 1.85 1.54E-08 -3.17
RIATHIA 1.50 3.07E-03 -0.67
L4 R 1.17  3.15E-06 -0.52
L-S5e & R 1.15 2.99E-05 -0.52
LR 1.56 8.84E-04 0.23
D-2f-FL bk 1.23  2.55E-02 0.25
ERAR 1.33  1.01E-02 0.36
L-N &R 1.61 3.91E-04 0.39
TR 1.49 2.72E-02 0.43
R 1.48 2.31E-03 0.43
2Pt R 1.31 1.23E-02 0.45
A AR R 1.31  2.35E-02 0.47
CRIE 7 TS L1 1.34 2.18E-03 0.52
L-Tfi &R 1.27  3.10E-02 0.54
IR 1.26  1.79E-02 0.58
L-REH R 1.30 1.45E-02 0.67
JilEN i 1.51 4.81E-02 0.70
RN 1.52  1.50E-03 0.71
1 B A P 1.35 1.10E-02 0.72
A 1.51 1.63E-03 0.93
- TR 1.30 1.37E-02 0.97
TN T P 1.38 7.24E-03 1.00
TR 1.72  2.85E-05 1.46
ACAE UM TR 1.76  9.82E-06 1.86

#5388 ASO AR T IEH X B2 B, 5 R TR,

W T sh ko RERE AL i BF 5T, AR 5T v 44 K BRI
MR A AR, He b A i F 8 e A UK R R 1
WAL, TR B 4 e W i i 2 I T e A3, ot v A
JIEL T SE H Y = I B B AR 0 S
THEAZR D3RR, I R G T, N T 8)
Kok R Ak ) 1 R P45 5 2R AR K A0 1 3 ok PN R
LB ASO B 7R 45 4 M B4 T N ASO 1 g L AR
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TR KA S5 K910 25 W 3 o7 )2 8 2 1l 2 i
ARZS AT ARRCR 0 OG5, PR IL, B B 5 360 100 T
BB J5, A I < TS B 45T IO A I R I 97 3 ko
FERE AL AH SC 0 1) 3222 S AN A7 1)

CEC J& H i 7€ 16 & P9 M — 1T DL BBz S i i 7
PR AR AR AR T AR R FH 28 Ao 0
(A7 AN 3, v B IAE K BRAM A Il CEC 8K
L ASO RS AMNE I CEC RIS Z E
BH 2., 2B 1t R AR 35 25 6L 3h Dk PN B 4 45 45 1) Ak
SERUER TN B 4L A5 45 5 ASO 1 RSk AFTE % )
KFR T A2 MBI, 15 & T 1 ig s it
ISPV LA AT B% | BB A S5 4k o P R A
KB PRIE B H IS A N IR
ET-1 & ARG, 25 T sh kR e 1k & Z
FERAER & A0 NO 7R 4 BRI T REAT 5K
IS, B0 /N B (%) 2R 8 R 288 B, 400 o SF Vi AL 4
BB | e RERH 1 Bh ik e A B Ak A & R A N R A 4
PRI ARG R e A AR 2 B, 1 B I K B
ML o ET-1 97K TH 8, NO BY7K B 2 F R, ASO
TR AR AL B . HE— 2B UE S T A I nT
A Sl Ik PN 2 200 B, T P B 400 f 1) R 27 b 2 ASO
T T B A

FRAGHEH 2 2 R G A ) 1 T B A R 4y, REAR
- AR B AS R 8 BR ZS A AR X, R 5 =2
FHOC R AL bR ) B A R i A28 AR ™ 1y 2 ik
PR Rk I B 2= W, KT 2 i A& 12 T BT A g
B B A FH 3 S il 1) 50 0 e 1Y), 55 LR 1)
AP R R BIRESAH S, HAt ) iz M T E#
WFFE A4 > ARBFSE I GC/MS BEAT 1ML
R o007, 15 2 AR A8 kA BY F3RATT T ##%
ASO B ERAFHLE] . BF5E A B, 1E 5 %5 B 20 5 i
FARY A B i3 AR B 25 S R K. & R i
R BRIV S IR [ P AP B S B T 4 655 AR S R IR
A Ty B BN O AR A e B R R T v 2B R
M2 SERMRIES 5 = RGN0 IR i, AR
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fhREON H RE A AR fb ke B, IR R S5 E 1k
o7 3R I B VIR G, D~ 28 W5 RN D -4 28 % i 1) 1 77
Fr IR S T R X e i Y AR A A R T Il AR
ZETL B AR P9 (4B AT | A A A Ak R
IR

ASO K ERUIMLVE H B2 2R IR IS | IR 1D 1R 2
YRR K3 & A T B B s E AR
Yzl R TR NN R | LR i e,
PR | ZPL I 2 W T A ) 77 1, — 8 i I e A
7 ASO R B i (9 RE 2 ACHIEAS fE DA I T i 2R
BETE SN, TERR R AL AS 2 (A5 B0 T, HLAA N 3 1
Je sl T TG 4 T i A4 ok #h 70 A A TG o T R B
ATP, AR A% E R K & S R o 5 (10 T 5 I e
T EARAART) RE Y AR, $E 7R 7E R Bl il () 2 F T
RN BB AR AR R, AR | 5 e R 2
WA IER  AEVR 5 VR 15 8 A S A i
BRSO B a5 A AL B DR
WA, 2R AW AR P B — P B B A
LR, HAE R 2 5-F e i i, L SRk n]
REJER ASO TR RS T b 22368 5 52 25,
2 o SR K- T R 2 Bl K o A B A R It A
ARSI R IR 1 & = TR, K
FRILAE S B DI ReZ B 45 8, I 2 A
JE T 2 B B4 T I S A A 2l ik ks A A8 A B0 B g
FE Ay, 7E ASO 1 & it B v A7 JE % B 2 A AE
. MERR RN R I WML S AL Y IR S
AR, ASO kA e LA Z 4b T+ 40 A il SE 4 15 41
LUNEALRECIR S . I Th & A ZFIR iR, Horh
TMER AE 0% 161 105 104 PN B2, S Sk IR T DA L T I
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HCE LR GIGER . ASHIEZT & B, ASO K B IAL R H
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