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MR ZH LG W LA Fix A 2K A S S e b 7] I Beed 53 4] dn R OB 9K 0 e K GAE
BATOEL . B AR B AR AR G R B T B/ R 3 B BB 4 U # (UHPLC-LTQ-Orbitrap MS) 447 %
AR BEAT ST ER AR E IS S (BMI) JEE L (WHR) VBB (BIE st H A Blm b 25, Sk
JERT ML K R IR % K -F 69 28 ot 97 B 5 (lysoPC ), H- 7 €18~ C14 : 0.C16 : 1.C16 : 0.C18 : 2.C18 : 1,
C18 : 0,C20 : 5.C20 : 4,.C20 : 3 & C22 : 6, & & ¢4 M5 & & 48 X B P58 A2(Lp-PLA2) % 1 RAL R 5 B g
& @ (ox-LDL). &A% 6(I1L-6) f&k 8— FAT 7% F2 o, AR & 54 BRI 4% 52 % (baPWV ), LysoPC(16

2 0) 2 5 BB LA Fo & e JE AT AL 44 o B2 ARG L AR, £ F A %t 5 & SL(P<0.05) ;LysoPC 5 M 4 /& (SBP ) A= 4F
kE(DBP)¥ ZEM%, AKRLEERE, Sfh EAHL T KH LysoPC(16 : 0)K-F L5 ox-LDL.Lp-PLA2 &
M .8- FAFIMR A F2a ba-PWV F= IL-6 ZEAA X, Z5i% 5 FHa A7 148 X 49 LysoPCs.Lp—PLA2 &1 |
oX-LDL. /& 8- ¥ 4T 5I M & F2 o \IL—6 #» ba—PWV -, &M LDL &t ZHid £ F ,Lp-PLA2 %4k PC K2,
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Plasma metabonomics characteristics in prehypertension

Zhi-gang You, Lin Huang, Xing-hua Jiang
(Department of Cardiology, the Second Affiliated Hospital of Nanchang University,
Nanchang, Jiangxi 331728, China)

Abstract: Objective To investigate the alterations of plasma metabolism in prehypertension. Methods A
group of 53 individuals were within the range of prehypertension during repeated measurements in a 3-year
period. This group was compared with control group of 53 normotensive subjects who were matched for age
and gender. Metabolomic profiles were analyzed with UPLC-LTQ -Orbitrap mass spectrometry. Results The
prehypertensive group showed higher levels of lysophosphatidylcholines (lysoPCs) containing C14 : 0, C16: 1,
C16:0, C18:2, C18:1, C18:0, C20:5, C20:4, C20:3, and C22:6, higher activity of circulating Lp-PLA
2, oxidized LDL (ox-LDL), interleukin 6 (IL-6), urinary 8-epi-PGF 2a, and higher brachial-ankle pulse wave
velocity (baP-WV), by adjusting for factors including BMI, WHR, smoking, alcohol consumption, serum lipid
profiles, glucose, and insulin. LysoPC (16 : 0) was a plasma metabolite for evaluating the difference between
the control and the prehypertensive groups and it showed a significant statistic difference (P < 0.05) and
independent association with DBP and SBP. The level of lysoPC (16 : 0) in the prehypertensive group was
positively correlated with ox-LDL, Lp-PLA 2 activity, 8-epi-PGF 2a, ba-PWV, and IL-6 by adjusting for
confounding variables. Conclusions Prehypertension-associated increases in lysoPCs, Lp-PLA 2 activity, ox-
LDL, urinary 8-epi-PGF 2a, IL-6, and ba-PWV indicate increasing oxidative stress by Lp-PLA2-catalyzed
hydrolysis of PC in increasing LDL oxidation process, which enhances proinflammation and arterial stiffness.
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521 %

57 I 2 B0 K ok AR A A .0 1L 45952 % ( cardlio-
vascular disease,CVD) i RU: [ 2, (HJ2 LR 5 30
Jhk ks A AL A AE SCMHERLTRIATI AN T A0S, SE [ Ty
R AL 5697 R 2 EIR G TR S8 7 Ikl
- (the seventh joint national committee on preven-
tion, detection,evaluation and treatment of high
blood pressure,JNC 7 )¥#Ifil EAEAL T 120 ~ 139 mmHg
(e ) 5% 80 ~ 89 mmHg (&7 3k Fi ) i) A3
o I PR RSV INC 7 8 s I i SO AR I e
A A TS T ORI R 2T 15 v I i S e g i e Ay vy
I FEASh KA FERE AL, B &R0 CVD. Bk, 43
BRI e L T 9 5C % 1 A PR A A2 1k
1 OLEA EERIGIRE L. ABFFELL 53 & i
RS2 AR 42, R A SRR AL, IR
55 53 fGiAFIE 5 VT A I Hs TE X R A RS
i,

1 #EBEFZE
1.1 HRTH

PEH 2008 4F 1 H -2011 4F 12 A fE A BT
B RARKE 1) 600 i JE 2 AT RTREYE A S A 5T, v
(AN (42,6 +11.3)% o i IR HT B4R i AL T
120 ~ 139 mmHg W 45 & Fil 80 ~ 89mmHg & 5K [ 3L
Fil. A\ 600 il s rhiadk s 53 . Horpr, B3k 29
B, Lotk 24 )5 AR 25 I8 S IE %, 3 AE N IT A
SR R TN (1WA S <0 =01 10 X 125 Y P i
600 5] 7% JE 5 0 5 H 53 5 A % AT 51 AH DT IS Y
LR TE #3208 % B, 3 4F P9 BT A AR G
7 M ¥4 40 1E 8 Y (W4 & <120 mmHg, 7 5K
JE <80 mmHg) . FT A 521 AT 24 M ] 5
1.2 AENEIEERME. MEREFIREBNITEMSE

SR i B AR, TSR 45 £ (body
mass index, BMI ), [ A 5t 2 61, >R 4 ¢ ik o, 250
W MR B, A -80 CUKMIA AT & H . XK
F TM-2654 H ahifit it H AR Z 2288 w) )il i Ac
M. SR E R EYIARE &L & 24 h [HCEET
fhZARHE — MR B A R Il AU IS TR0
Hr ¥ (CAN-pro2.0) VA it 3 d B Wi sk L4l ,
HAZAE ERRALR,

1.3 MBgi&F0iHE = AE A B 4

Hitachi 7150 4= A g AL/ ( H A H Sz kst
St )R AZ 1A 25 N L [ e i 2 P A 1 F = ik
‘i (triacylglycerol , TG ) /K- B e a1 R0 - BEVTVE

BUERT & AR B MRS 1, B A I LW
HE IR A, 1LY TG ZKSF <400 mg/dl Y
ZIAAH W Friedwald 22X a1 Ak 110K 2% B2 JIH 3]
WP . IR R A A = A [ - [ A [
(high density lipoprotein, HDL)+(TG/5)]. IfiLi# TG 7K
F- =400 mg/dl 32 a0 {0 2 8 L[] st e J2 5 ek ] 2
J7iEE
14 ZTIEmMEEBE BMRBSEITMETE
RS =M

Beckman #ijZi# /4% (2[5 Beckman /3w )id
I 6 2 A A A B A 37 X3 25 L K o SR H
TG g2 I o I A2 R R S ROk R
G R R S I PTHE £L (homeostasis model of
assessment for insulin resistence index,HOMA-IR):
HOMA-IR= [Z5 I Jii i £ (wlUMml) 23 i i B
(mmol/L)]/22.5,
15 MESRHEE C- REER. . BEEAEE A2
EME MR A EE R EREE R AR

JARC B 2 A ) I 37 v R EBCRE C- Je v 8K 1 Chigh
sensitivity C-reactive protein, hs-CRP) & & ( 3& [#
Zepto-Metrix 2~ ) A& IR NE RS A2 15 7% (lipopro-
tein-associated phospholipase A2,Lp-PLA2). Ifil 3%
¥ (malondialdehyde, MDA ) ( H A5 ALk = 4541,
J7 5] B 0 4 B AR AR A 1 (low density
lipoprotein, LDL ),
16 MEFEHUEERFEREZERD.8- RATIEE
F2a MFBNZ6.BNE 1P HESREEF
B BEER B4 R 12 S G

Ak UG % B IR 25 (1 (oxidized low  density
lipoprotein, ox-LDL ) .8- SFHiFIMRE F2 o ML 14
# 6(interleukin-6,1L-6) . F141 % 18 (interleukin-1
beta,IL-1B ) FItJEIAFEIH F o (tumor necrosis
factor, TNF- o ) 412 FHHER ey S5 i i A6l R Dk
L 4% 5 3 FE (brachial-ankle pulse wave velocities,
baPWV )RR VP-1000 H S/ Hr X ( H AER
TEMRRER A w] DI E .
1.7 2k EAEFB [ M 2% A EHE S #r
171 ARG &FH 800 wl 80%ZNES 100 wl
M IRTENR 2T, 4°C 1000 r/min, B5.0> 5 min, &<T
PP R, ITIE RAE 10% H B IR IR &), 4°C
1 000 r/min, &5.0> 5 min, RS HF 1 TE RS 290
/N
172 RZHACRADE XL B T B/ FH B i o
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Z4-#miE (ultra—high pressure liquid chromatog—
raphy with a linear ion trap—high resolution Orbi-
trap mass spectrometry system,UHPLC-LTQ -Or-
bitrap) > AT TG FRIBUFEA (T o DTE A
ROBAR LA A (2.1 mm x 50.0 mm, 1.7 mm, 3&
EIRFEH A, @A N FSS iR A UPLC-LTQ-
Orbitrap XL (Z&[E Thermo Fisher Scientific 2] ).
0.1%H B+, 0.1% H R ) I LA 0.35 ml/min )
Vi, B VR EEAS 20 min, UPLC( 5 [ iR 45 i 2>
A EACEY , IR LTQ-Orbitrap-XL ( 36 [ 3§
BRRHEIR AR BT 5007 3 ESI BIPER R #E4 7
SR, B3 HL RN S KV, B IE(V)
2 e (V) 1R 40 145 T B2 (uC) PRAFIELE , 43 301 Ay
35V.80V M 37°C. JyabAT a4 10 A
T 4 FibRIEA G ) O TR SE 1 s e b 2 |
FEIRRE AR P )IRS 9, K Xealibur 2.1 F1 MS
Frontier (35 I ZEBR /R 23\ ) o Al 4% BE B
B (55-65eV ) FR A3 L) BT MS/MS Hiii .
173 #BELR AR EE AR, AIE R
IFIR] m/z L) R i B, kit b A8 ARy SIEVE
BAFWEE 53T
1.8 FitEFHE

BRI HTR I SPSS 21.0 Siit-#fd: , %R
PR+ BRUEDE (X = 9) 7, FH 0K, Wi 25 Vi
XPECE AR AHOC 3 M Pearson ¥, P <0.05 4 22 5 A

et e
2 #HR

2.1 FERAFIE M ERTHIA 28 e AR HFAE R E
AW AR E R E FBNFIELL S

Xof HE ZEL R g I 3D 2 37 iR S 0 R T
TR K435 8 107/65 Fil 134/84 mmHg (WLEFF2E ).
FEIMERTIAZ A% BMI, JEE . (waist-to-hip ratio,
WHR), AAHEEE LDL- JH[E EE K TG i T-X R4l %
A TR BMILWHR AR T | IR 3 7 2 0
RS E)E , @ IMUERTHIZH Lp-PLA 2 75+ MDA
JR 8- SEHIFI ML 2 F2 o \baPWV I MMl 7 1L-6 /K F
e TR R I A A A IR A R AR T
PR 22 TG 2R X, 0 3k (2 225 + 40) Al
(2194 + 33 )kcal/d., VLFfIZE.
2.2 JEFEEmERAKBHESTER

FH A e/ — e F 531 43 #7 (partial least square
discriminant analysis, PLS-DA )543 5 H i B2 A1l
e IR AT 3270 2R A s A CLRRIED ) .
Wi 2R M) PLS-DA 1853814y R 2 A~
AAE LA RS IX 4o
2.3 MmMERGMWEEER

AP 1 025 S 43 BT S X HE AR 7 R

Widi g 932 ARt o A 225, Joh 52 ARt
W2z it 1A%, 52 Fhas AR b, 20 B &k

Mk XRAMSMERMAASZAE GKRFHERES SUMHREHREFBAHELE (n=53)

A5 AR Bt Wi | ETIRIE / RE R/ [ L 1 VTN LCTEPN S
(% ,x£8) ) (mmHg,x+s) (mmHg,x+s)  (kg/m?,x£s) (x£5s) Lt /% H 1%
X HRZH 51.10 £ 0.94 29/24 107.40 £ 0.94 64.60 + 0.94 23.20 £ 0.28 0.88 £ 0.01 41/12 16/37
EMERTIHAL  51.10+ 1.30 29/24 134.10 £ 0.76 85.00 + 0.56 25.30 £ 0.37 0.91+0.01 4617 23/30
4 0.124 0.079 21.476 7.864 19.526 7.865 0.821 0.842
PAE 0.972 0.989 0.000 0.001 0.000 0.001 0.205 0.159
415 AUIAERE [ LDL- H[ERE/ HDL- JHIEIRE ) =BEH/ %R/ WREIRERTRR BRRE L oua_ir  NS-CRP/
(mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mEg/L) (mIU/ml) (mg/dl)
X R ZH 184.70 £5.39 116.10+4.60 51.70+2.05 89.60+10.40 92.00+1.28 468.80+32.0 7.88+046 1.79+0.10 1.15+0.24
EILERTA4]  208.20 £4.50 133.60+3.79 4870+ 1.68 133.10+12.40 9590+ 1.71 539.30 +28.8 8.92+054 2.14+0.14 1.06=0.23
HH 16.272 7.863 0.784 14.262 0.847 0.896 0.853 0.891 0.462
P 0.000 0.001 0.277 0.001 0.156 0.050 0.117 0.067 0.826
- LDL R Lp-PLA2 i&¥k/ 79 M/ AfLEILDU IR 8- StiiF baPWV/ IL-6/ IL-18/ TNF-a/
k4% om  [nmol/(ml-min)]  (nmol/ml) (u/lL) BEF2a (cm/s) (pg/ml) (pg/ml) (pg/ml)
XFHR 2 2410+ 0.15 28.10+0.81 9.09+0.33 3830+130 1111.40+38.80 2431.70+4450 2.00+0.12 0.61+0.10 6.78+0.73
FIMERTAA] 2350+ 015  33.40+098  11.30+0.31 51.60+216 1698.20+97.30 2991.30+58.40 3.20+0.14 0.83+0.16 855=0.57

tlx *E 4.749 29.185 19.526 22.894
P{E 0.005 0.001 0.000 0.000

23.172 24.892 26.173 0.895 0.897
0.001 0.001 0.001 0.053 0.046
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t(1)
BB AN I 2R KBS EHE PLS-DA BB

WESE . ©UESEY 20 Fh2s AR, 3 Fha ki
(L- 52& R L- RINERR L- &) brifEfbIg(d
SR T IR AH L 22 BMILOWHR W2 A T4 379 | 1fi I
T R AR AR S R AR AR N B IE S, E R
%% Lp-PLA2 TE P Fll ox-LDL Z51R 42 8 S IF )5 L 5
I 1T A2 4K % 10 AP L- %5 1 U A BE (Lysophos-
phatidylcholines, LysoPCs) (C14 : 0,C16 : 1,C16 :
0,C18 : 2,C18 : 1,C18 : 0,C20 : 5,C20 : 4,C20 :
3,C22 : 6)E TR AL ZikE .
24 MESERMENSH AR EE DRRED
GEES

i # 5%i8# 106 4], SBP 1 DBP 5 BMI \WHR,
JUA LDL- JIH & % . TG .HOMA-IR .Lp-PLA2 %4 |
ox-LDL MDA 8- %R E F2a .ba-PWV . IL-6.
LysoPCs(C14 : 0.C16 : 1,.C18 : 2,C18 : 1.C18 : 0,
C20 : 5.C20 : 4.C20 : 3 }2 C22 : 6) (P <0.05) &
IL-1B (P =0.040, P ,=0.020 ) & iF A 56 ; i 5 LDL
iR AR (P<0.05) o W et 5 o 2R 2 A
(P=0.015), XF4F#E . PEA BMI \WHR ., g JJH [ i |
HOMA-IR .Lp-PLA2 {f % 4R RN & R (2
fiz F1 LysoPCs (Cl14 : 0.C16 :1.C18 : 2.C18 : 1,
C18:0.C20:5.C20 : 4.C20 : 3 % C22 : 6) % SBP
1 DBP s K k47 2 7t [l H 43 H7 5 & 2R, LysoPC
(C16 : 0)(b'=0.399, P =0.046 ) #il BMI(b'=0.453, P =
0.025 )2 SBP ()7 37 i X 5~

BMI WHR WA | PG AT LDL JIH 1 fs 25 PR A
1EJ5, & MR AT 5238 % LysoPC(C16 : 0)/KF 5
ox-LDL.Lp-PLA2 %1% .8- SFRiH IR K F2a \IL-6
BIEASE, MS5XRETEC, I RTHIZE LysoPC(C
16 : 0)/KF 5 LysoPC(C14 : 0.C16 : 1.C18: 2.C
18 :1.C18 : 0.C20 : 5.C20 : 4.C20 : 3.C22 : 6),
ba-PWV % IFAH (P <0.05), Ifili IL-6.1L-1 . TNF

5K 8- R ZE F2 o (r=0.262.0.281 & 0.373,
P=0.007.0.042 } 0.006) Flifii3% MDA (r=0.449.
0.279 F1 0.277, P =0.001.0.043 F1 0.044 )£ IEAHX

3 it

o IR AT 37 3 R Il 1 2 iR ks
25, Hodhfu 4% LysoPCs(C14 : 0.C16 : 1.C18 : 2,
C18:1.C18:0.C20:5.C20 : 4.C20 : 3 J% C22 :
6) FIEFEHR (L- 52 &R \L- ARINER \L- (&R ).
10 225 LysoPCs 1, KR/ & A K EEEERL(H) C=
16). %4555 CHEN 25571 JIANG 250757 45 i —
3, CHEN %FPIF 5 & B, K 5% LysoPC(C=16)RE %
SR M EF K IIRERAT . JIANG ZURF5E LB, A %
e e 1 K BRI 3 A K BE R L LysoPCs & & 18 i
ARAFGE K IR, LysoPC(C16 = 0)421E i i Hif 3 1 it
JEIE #5280 o 22 5 e W 3 A9 I A0 L 5 DAAE
H 5T & B LysoPC Tt 5 A2 sl ik A A 17 7 22175 DR AR
SV

LysoPC 1% 5 3E4 4k 7! LDL i PC & &1 1% ~
5%; 2K 1M, LDL “A fbid #2 i, LDL fir &% PC 1Y 40% ~
50% 23554k >k LysoPCI-0, 720 & IfiL T iy 57 38 34 1L
I Lp-PLA2 i&VE 12 ox-LDL . LysoPCs FlJR 8- 5
RIFIMRER F2 o KO T IR IE #3230 . ik s gk
5 Z HiHF T 4GE 195 ox-LDL Zik# Lp-PLA2 Al
8- SHIFIMRER F2a /K F 1K ox-LDL Z ik & 45
R—2, RPLE SR M2 ox-LDL il Lp-PLA2
TG PESIE A G

IR AT 32183 LysoPC(C16 : 0)5 ox-LDL.
Lp-PLA2 {HPERN 8- RRTFINEER F2 o AL U
PR A CE, $&7n LDL Ak sl # i, Lp-PLA2
1AL PC /K , 32 = EALRLHOK o ABFREE R 5 DA
T Lp-PLAZ {5 P T 15 5 50 JIE ] s I o 2 A5 7Y
H1 LysoPC .ox-LDL A K 77K T s A G B iR 245
R—3, PAEAERERE B MG+ LysoPC(C16 :
0) /KF5IKR 8- RHIFIMEE F2a % YIHH M,
LysoPC BESSAE A1 i B AZ A 1L-6 BRI 8 191k
A5 PN Bz A 3 A A3 0 () TE 5 T M 384 TG 34 i
NFRAZ AN TNF A IL-1 R RE S o BEAh, AT
AR ST AIESE RAE RS 1L-6.1L-1 . TNF Ifil 3¢ ¥ 5
THi5 5 SBP il DBP ol & il H R A AR, 5%
W R —3, AR R, EERTA 2R %
baPWV . IfiL i 1L-6 7KF- i it Ak ) (fuds 8- =
HIZIIRE F2 o F1 MDA)/KF-JtH i, HLysoPC(C16 :
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0).IL-6.8- FHIFIMRE F2a Ml MDA FIEAHX.

LysoPC (& B M2 B AR 1) 5% ~ 20%, f& F 12K
DNWAERE — JIE T B S B B A IR i, AR
MMEZ 3 LysoPC(C16 : 0)7KF-F1HAth LysoPCs(C14 :
0.C16:1.C18:2.C18:1.C18 : 0.C20 : 5.C20 :
4.C20 : 3 }¢ C22 : 6)/KF-ZIH S IEAHIC, SiAEE
BRI R A2 A L B AR R R 2 Pk Z
i{# LysoPCs(C14 : 0.C16 : 0.C18 : 0 &% C18 : 1)
NS B B S A R SR K TR o AN A2 R
BMI \WHR WA AT | B 3 28 H i & R
XoF HE R v I TR 22 18 ) 5 2R, R T R A 6
RIRIKF-22 545 o SR, PRELA] LysoPCs 7K -4
5, 47K LysoPCs & i I A rh A 2R

PRSI, A A e X 0 T ORI L
3232 I AR 2 2 AT 43 A S & B, LysoPC
(C14 : 0.C16:1.C18:2.C18 : 1.C18 : 0.C20 : 5,
C20 : 4,C20 : 3 }% C22 : 6)% 10 Fl' LysoPC 7E P4
SR A 25 5 245 R BT iR FT A2 R
B AT T B AT A A R

& % X #:

[A] FBFE, ELAE. O IEPSRIEE G a2 1T R [J]. 16K
&2, 2015, 12(1): 82-84.

ZHENG Y, YU B, ALEXANDER D, et al. Metabolomics and
incident hypertension among blacks: the atherosclerosis risk in
communities study[J]. Hypertension, 2013, 62(2): 398-403.
TALE, BI5TE . 180 B4R A i IILHS I PRAFAE A3 BT[], v i R
B2k, 2014, 3(9): 846-849.

JONES D W, HALL J E. Seventh report of the ioint national

committee on prevention, detection, evaluation, and treatment of

(2]

3

-

[4

[l

high blood pressure and evidence from new hypertension trials[J].
Hypertension, 2004, 43(1): 1-3.

CHEN L, LIANG B, FROESE DE, et al. Oxidative modification
of low density lipoprotein in normal and hyperlipidemic patients:

5]

97

effect of lysophosphatidylcholine composition on vascular relax-
ation[J]. Journal of Lipid Research, 1997, 38(3): 546-553.

[6] JIANG H, NIE L, LI Y, et al. Application of ultra-performance

—_

liquid chromatography coupled with mass spectrometry to metabo-
nomic study on spontaneously hypertensive rats and intervention
effects of Ping Gan prescription[J]. Journal of Separation Science,
2012, 35(4): 483-489.

SCHAEFFER DF, RIAZY M, PARHAR K, et al. LOX-1 aug-
ments oxLDL uptake by lyso PC-stimulated murine macrophages

[7

—

but is not required for oxLDL clearance from plasma[J]. Journal
of Lipid Research, 2009, 50(8): 1676-1684.
BN, 1, Tk ARIFLIR T BR AL A b sn-2 ALAR TR o A1
HYAFFE ). B i TolkBH, 2010, 22(5): 81-84.
STAFFORINI DM, SHELLER JRBLACKWELL TS, SAPIRSTEIN
A, et al. Release of free F2-isoprostanes from esterified phos-

8

—_

9]

pholipids is catalyzed by intracellular and plasma platelet-acti-
vating factor acetylhydrolases[J]. Journal of Biological Chemistry,
2006, 281(8): 4616-4623.
[10] KONO N, INOUE T, YOSHIDA Y, et al. Protection against ox-
idative stress-induced hepatic injury by intracellular type Il
platelet-activating factor acetylhydrolase by metabolism of oxi-
dized phospholipids in vivo[J]. Journal of Biological Chemistry,
2008, 283(3): 1628-1636.
R SRR, REL, A5 R R AR D M BRI 3R LA A
L YRR A RUK PRS2 ). o E PR EE 25 4%5, 2006, 8(8): 16-18.
[12] MALHOTRA S, SHARMA R, KLINER D E, et al. Relationship
between silent myocardial ischemia and coronary artery disease

[11]

risk factors[J]. Journal of Nuclear Cardiology Official Publication
of the American Society of Nuclear Cardiology, 2013, 20(5): 731-
738.

SKOOG T, DICHTL W, BOQUIST S, et al. Plasma tumour
necrosis factor-alpha and early carotid atherosclerosis in healthy
middle-aged men[J]. European Heart Journal, 2002, 23(5): 376-
383.

KOUGIAS P, CHAI H, LIN P H, et al. Lysophosphatidylcholine
and secretory phospholipase A2 in vascular disease: mediators

(13]

(14]

of endothelial dysfunction and atherosclerosis[J]. Medical Science
Monitor, 2006, 12(1): RA5-16.



