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Correlation between free fatty acid metabonomics in patients with acute cerebral infarction TANG Shi, TIAN Bux-

ian. ( Department of Neurology ,The First Affiliated Hospital of Jinzhou Medical University ,Jinzhou 121000, China)
Abstract

based on tandem mass spectrometry. Methods Collecting 460 objects admitted to the first affiliated hospital of jinzhou medical

Objective To explore the relationship between free fatty acid metabolites and the acute cerebral infarction

university from October 2019 to January 2020. According to the presence of new cerebral infarction in the head imaging examina-
tion ,they were divided into two groups:acute cerebral infarction group and control group. The tandem mass spectrometry was used
to detect plasma 25 free fatty acids metabolites. Orthogonal partial least squares discriminant analysis (OPLS-DA) ,Receiver oper-
ating characteristic curve (ROC) and logistic regression were used to screen the differential metabolites. Results There are 5
free fatty acid metabolites and the comprehensive indicators W significantly correlated with the incidence of cerebral infarction.
The area under curve (AUC) of each metabolite for predicting cerebral infarction was as follows: W (0. 917) , palmitic acid
(0.892) ,stearic acid (0.878) ,linoleic acid (0.864) ,oleic acid (0.840) ,arachidonic acid (0.806). Conclusion Linoleic acid,

palmitic acid,stearic acid,arachidonic acid,oleic acid may be related to the occurrence and development of cerebral infarction,

and the study of their metabolic processes may provide a basis for exploring the pathogenesis of cerebral infarction.

Key words: Cerebral infarction;

IR e A TR R R A = ST R SR A
= HoH A PEIRAEE & 69. 6% ~70.8% " ik KEAE
J2 1H T 220 5T DR S I 0 A4 2 BELZE 10 LA P
L35 BEL T 5506 /L , 5 S50 L 2 30 157 ik 20 L Lk B 7
17T 7 | 28 T R RS ) — b . A 96 S 30 1 e
P B0 A BRI FF AR S A RT3, G SR AT L R
VIR 52 5245000 2L 2E B 19 AL, D) Bl a2 I g X Jal o
U0 M Y D RE T LAS- B3 40K AT

g i 40 2 ( Lipidomics ) iy Han ¢ A\ F 2003 4F 15
WA H R G5t AR AR T i B At 4 i A A8 4k
FRAE , LA RIS A S 0045 5 %, SR T 64 4 0
LR A —Fh 7 e B R4 E &) 2
THh Wk RERE AL s R | BT R 2% i R | e
i s L R RIS W KA. BRT, TR R
2R AR R AE S 05 5 K e B i W R (FFA)
PR AS AL AR 56 SCHRAE D . 7R SR P ER IR T3 4
RSB BB FE 25 X R ZHL fr s AL i , 975 6 96 28
] f) 25 Sk FRA AR, AT B S LIS 3 il 1 58
KR H AL — o L

1 #REHE

L1 — %okl WS b 4, 2019 4F 10 H

Lipidomics; Tandem mass spectrometry ;

Free fatty acids

—2021 4% 1 A e N B B e 26 — PR B p 42
WARMEBE R 260 il SV IN AL 88 W4, Ak
r A R L 975 o B 200 9 oA R H . Xt R4
INTAE BE 2 P AT % S P 53] 5 A DG ik /0 HG A PR 3R
XA A 2 0 A B A 1R 22 o WFFE 2 A e A
i 2 I8 (b [ P ol i P8 i 4 P 2R 4R M 2018
AT (1) B B 2D RE B R S ARAE s (2) 4
AREAAEEA B 2 ws (3) k& CT 5 DWI 4%
PR BRHT R TR AL, X IR ARRIE: (1) T
M DI RE BT AR SR TE 5 (2) Sk CT A A HEBR BT
RAEBCIRIE B AL A A8 B s . HERRBRE: (1)
O TR AR D RE A A s (2) WA
ARWRBA | = PRI IAAE i AR 5 (3) Atk
Jiied e ) B SR PP 2 WIS i i I e A R
AL, A R F RS

I #s HH1.2021-06-23 ;11T B # :2021-09-30

EEBAL: (MIMER KEWMESE ~EREMENE, LT MM
121000)

EIEE . 255, E-mail ; tianbuxian123 @ sina. com



- 1082 -

1.2 Wik AR S E=E 8 h g,
F B 55 N D 25 o T e IR JBUR K M SR R AR (I 2R
PPTEE) ,2 h Z N HEAT B0 (3000 r, 10 min) , B I-
TRE T EP N, - 80 Cvfds, it B beikft
AR U AT ER ISR ARSI, A ik v LS %
Bk LA 25 AN IS TR A I A AT

1.3 Gtttk SR H SPSS 23. 0, SIMCA-
P14.0 M1 R3.5. 1 Geit2= 8t ir it /b, it
BERHLARIEL £ pRifE 25 (v +5) R, AR L BCR T ¢
K55 s THECFORU A 43 L (n% ) FRow , A1) AR
X K. %25 DUFE NG W R FE AR EAT UV scaling
FRUEALTRAL B 6P B 45 21 TE AR A3 A5 , I FH 1F 32 0
/N 54 #1 ( OPLS-DA) | Permutation ‘# ##6
Wit T 20001, X 25 AN EERE —HEAT ¢ KA
ROC 43#7, 45 & VIP {8 i % i [R] BF i /2 P <0. 01,
AUC >0.7 VIP > 1 ZAFR%Y . R Logistic [l
VA5 ATt — 20 , /E ROC #4343 v 1] =1 455 78 i
MEES . P<0.05 NERAG IR ;P <0.01
h2EsA REGI R L

2 7 R

2.1 IRIRGERIHT ARAFSE AT 460 flf
FEXTS, Hop i gE 4H 260 5], X HR4H 200 £, AFoE 4
5550 BEL AR AT IS P00 o I S8 D5 R R B A
SR 2ZERE(ELD)

2.2 IEAWE/N3F€L(OPLS-DA) W HZ
JHMT OPLA-DA 5% P 2 A AR =0 0 43 A, o e

J Apoplexy and Nervous Diseases, December 2021, Vol 38 ,No. 12

SEHUSE (UL 1) o B ETRT LUE H iR 2 -5 %
M2l 2z 8] 4 B8 HL BB I, 15 31 R2X = 0. 449 (R2Y =
0.68.02 =0.657,R2Y 5 Q2(cum) Z [A]2(H <0. 3, |
B Q2> 0.5, $ /s LA (1) fife 6 FN T U e ) ik, &
200 YK Permutation & A6 56 ( ULIK 2) , 75 H #HE : R2
(0.0,0.0241),02(0.0, —0.0851) ,Q2 FIHMZ 5 v
AR <0, UiHH OPLS-DA HiAIAAAE LGNS

2.3 Z=SMTE 2R T 25 N
BRBMTER AR Y. VIP AE ] DL 0 1 XA 750 57 ik
KB AR i, ROC [y 26 T LPEAS 10 15 97 i 26 51 g
1 R R RYE, AUC {H (ROC Hii £k T fR) o]
AP AEA Il T s i e g, AUC BBz 1
HAzZWiBe Sy, AUC > 0.7 Fos BAT & L Y
W E. 250 BT it e A5 10 A [ B 2 VIP >
1.0 ,AUC >0.7 P <0.01 &AM E2) .

2.4 Logistic [A1JH43#7 5 5 IE

2.4.1 Logistic A48T X bk Frifi 26 ) #9
10 4~ FFA {41 =0T Logistic [A19 230 #7 ( W3
3)o GiRIRERA IR (PA) (REAEER (SA) Wi R
(LA) 2 (OA) AbA: PO (AA) 2 PR 4 [B] b 2%
Z5S AR (P <0.05) o HEHaEsr a7 fE Y =
14.54 = 0. 001 % PA —0.004 % SA —0.001 * LA —
0.001 % OA —0. 002 * AA, % 7 F& o] VE Sk Tt ) fi 45
FE R A MR AR MR R b ] 9 A A5 2R A 1
febr Wo L3R 5 4> FFA R S5 256 TE e s W 78
WRZH [B] 0 ik 25 55 UL/ VR BERI (LR 3)

x1 HRMR—MRIERFTH

WH HEFE2H (n =260) X REZH (n =200) Gtk P i

AR (%) 61.1+9.3 59.4+10.4 t=1.849" 0. 065
BLHI(%) ] 175(67.3%) 130(65.0% ) x> =0.269° 0. 604
BELE #1(% ) ] 146(56.2% ) 98(49.0% ) x° =2.323° 0.127
L[ (% ) ] 29(11.2%) 24(12.0%) x* =0.079" 0.778
W[ 1 (% ) ] 118(45.4% ) 76(38.0% ) ¥ =2.528" 0.112
Y[ (%) ] 91(35.0% ) 65(32.5%) X' =0.315" 0.574

HWca W HRITREEE b W RS AEAS ¢ K3
xR2 BEFATE=RREY
HFR AUC {8 VIP P14

Fi R 0.892 1.4517 7.6353 x10 %
fifi fg iR 0.878 1.38195 1.2211 x10 =%

RIATHTA 0.864 1.31229 2.751 x10 -4
TR 0.840 1.36316 4.9225 x10 %
ABAE PO TR 0.806 1.21968 1.0244 x 10~
TR TR 0.753 1.15273 2.538 x10°%
TSR 0.748 1.15808 2.0629 x10 %
A G RE R 0.747 1.11421 6.7136 x10 18
] 7 0.746 1.12944 2.7599 x10 %
KR 0.709 1.04221 9.0851 x10~'¢




TS HA SRR 2021 £ 12 /] 4538 ¥ A5 12 4]

2.4.2  BAbARIENAE I MERTE N ROC
i 2R AR R ) R (LI 4) o BT ok Ay S A
FRA fRBHPI ) AUC HIY R T 0. 7, £8 54545 W Y

- 1083 -

AUC fE 2 0. 917, 1 I 32455 B4 F5 00 i R4 2 1) E ) %52
15, H 2 A R AR 4G 2 P v 00 A RS 2

F3 ZIT Logistic [IAZ L E
SR b SE Wald P OR(95% CI)

R R -0.001 <0.001 10.118 0.001 0.999(0.998 ~1.000)
T i 1R -0.004 0.001 11.162 0.001 0.997(0.994 ~0.999)
V.t i -0.001 <0.001 14.053 <0.001 0.999(0.998 ~0.999)
A -0.001 <0.001 4.539 0.033 0.999(0.998 ~1.000)
16 DU 1R -0.002 0.001 5.449 0.020 0.998(0.997 ~1.000)

BRIESEM2 (OPLS-DA) m

Scaled proportionally to R2X | H

Colored according to classes in M2

1.38495 * to[1]

1.0006 * [1]

R2x[1] = 0.237 R2Xo[1] = 0.121 Ellipse: Hotelling's T2 (95%)

E 1 OPLS-DA i B (1. AFGT 4 20 ;2 X R 2H . Wi 1)
BE5E.M2 (OPLS-DA): Validate Model or
$M2.DA(1) Intercepts: R2=(0.0, 0.0241), Q2=(0.0, -0.0851) e

|
H i

HE)
it

E3 MRS, MR ARG, LR
I B A R

06
1

Sensitivity

04

— W AUC0.917
— PAAUCO0.892
—— SAAUC0.878

LA AUCO.864
f OA AUCO0.840
4 & AA AUCO0.806

T T T T T T
00 02 04 06 08 10
1 - Specificity

E 4 ROC Hh£k A

3 09t i

PR A R T R E 2R — H RS AT,
K BIARLBRIT A B, B BRI R AR (R
B /N A A IR I o T e AN
FERI IR BT, X5 Ui 25 i i e i A Qi 0 a2k 1 7 o0
Mt , F-HR A SCLE RN REAL 2 ] (AR 22 5

BN MK FEA AR 4T 73 B e, 22 30
54 FFA fC 5 2GS AT — @ M e, 5
XT HEATAH L, M SEA bR T A S TR I T R Tl
MR A DO IR 7 it o 2 T, 2 A g2 B L (P

<0.05),

FFA JE AR B E ey i 2 —, &
ORI BR A & B VIR R o Fh 2 20 X
e i R S 3 R, 2 i 2 2 B i B SR 2 B R
R AL BRERS , ATP & Bs /0, MLAARSE 2 7 i B i 1R
PR . FEABIIE R AT AR R R LA
NEMR SEIMER IR A DU R Y i, vl BE -5 0% &
PEIAAERFRE RS, NG 0 R o0 A A G A B4 A ¢

Sl BKAE AL AT L8R K 4 B By ik T 50 A 5 1
PP G E TR . S Bh kA AL AS A I R AT 32 B 1
W& MR L el 2. Vorkas PA Z54fF
FERIL A6 VUGS TR AL A S5 kP e 28 4R ) 25 2l
Jok B B 20 19 /N BRIl 2 R A JE e IR Al o B T
BB 0y B 26 v XU BB 7 o A6 AR DO 1R T LA 3
T35 B2 N5 2 11 ( LDL ) X 48 Ak B e T 1A
A 3 P L TR R I /AR, B R AR T B B 4



- 1084 -

N SRR i TR A K S oS RERE AL B (LAA) rhok
SFRHE TR, S LDL S IEAHSE, JF A AT RE 5 =
LDL R B, A 2F 3l ik bt Ak B T8 WA 5 B 05 40 g
WG T TTRRE s kol FEBE L s pd P IR, i 2
(49 JIg B O R AT A4 im0 A 07 38 R 9 s g, 35 473 i
A0, KEMEER T LA N FABP-4 il DGAT £ H 5%
iKUK CPT-1 33K, S 205 Wi 4 My P g o DT FHL
2 ISR FE 4 K AR L ARG g B R,
R R ] TR A i B0 R 3 L2 5 o I e T g,
BT e S HS 5 T shikiifb i & A= 5 % it #2 A0
X J{ﬁtfl‘ﬁﬁﬂ‘é‘ﬂﬁiﬁﬂbﬁﬁ?ﬁ@flﬂl?Vﬂfﬁﬂ‘lﬂlﬁlﬁ’ﬂ
P2 A

e LA 5 0004 P9 Rz 40 B ) 6 B i 0 ik R A 1)
KA R SRR AR S A L. NO EH AT I8 45 1048 9 K2
PSR DI RE , AE £ il 0L 7 T A dE EEAE ] . FFA
AT LU 1 P B2 40 Ca®* Rl — B AL BR A B, S 5L
— LB (NO) A s/ !, Lu Yihong 45 & B,
PN E I o= | WA S AN S 11 A R T 7 e
LRSS FFEA (/KR E LR 38 s &, 5515
o IR SR N et K0 N LB e 1 A AN
R I R AT T iR, LML AT A 5 08 M R A g S
A AL RF IR D BE R RS A1 PN Bz 240 i 2 40, T3
AR AE R A A o BB A, ik R R0 I 3 R Je AN g i
IR, Foor T a5k v & T A AR R SR, ] DL S AR
AL A7, SR I 4 e 2540 5 Dy g . Xin Wang 55
WFoE s BT, i 4 BE £R 25 1l o 4 ST 3 R i R
DHA & ZF FFA B9k F-THE . WFIE 45 R 5 AR 05T
FeAR—3, {H Shuai Yuan ZERFFEA5 H A MR F1M R
55 R B ik R A v 52 4040 G, A6 AR VU0 R A g iR 2
EAE" S ZIFS 456 5 ARG AR R, Bk
ML T R B2 R E5E . 534, C16: 0,C18: 0,
C18: 1 1 C18: 2 /K V-7 i e i, P v 1740 /) B i 2
rR RS T, IR AR R AR A i R 2, Y R
S 9 PR 19 7K S BT LA Bl R 36 T s O R
73t FFA AR 5 2 U AR 64 % 2Rt B A
— B, KRR IR R 45 T AR e
A S AR Y HE I R B T X R g S AR
Jr SR e e Ak s A e

FEFASCIWEST , FRATT & B A A R A g iR L I
THIR TR A6 A5 DO R W] VR Sk 20 I 45 5 %) 3 7 A=
YIkr W, IS T BN RE ) KA A R | 50K
SRR 2P E AR SE R 1) AR L R AL T — s 52
G B ARG PO IRIRAET, AR Z R B M.
IR HP A7 e A BT 4 PR 25 0T 6B S SO AR AR i 22
S, DRI [ — FB 3 0 i 1L R A G 18] 43 M7 -
WNEEL L BEAN AR IEAEAS T AR X RN, AR 4 S
FRACH AN A ST, B T 5 RAEA HE— 2 58 36 5 1)
kg

[ &% 30k ]
(18,5 B PR S PR A TS TR R 2018[ 1], it

MR 24,2018 ,51(9) :666-682.

J Apoplexy and Nervous Diseases, December 2021, Vol 38 ,No. 12

[2]Han XL, Gross RW. Global analyses of cellular lipidomes directly from
crude extracts of biological samples by ESI mass spectrometry :a bridge
to lipidomics[ J]. Journal of Lipid Research,2003,44(6) :1071-1079.

[3]Dang VT,Huang A,Zhong LH et al. Comprehensive plasma metabolo-
mic analyses of atherosclerotic progression reveal alterations in glycer-
ophospholipid and sphingolipid metabolism in apolipoprotein E-defi-
cient mice[ J]. Scientific Reports,2016,6(1) :35037.

[4]Chen Z,Liang QR,Wu Y, et al. Comprehensive lipidomic profiling in
serum and multiple tissues from a mouse model of diabetes [ J].
Metabolomics,2020,16(11) ;115.

[5] Xiang YH,Lam SM,Shui GH. What can lipidomics tell us about the pathogenesis
of Alzheimer disease[J ]. Biological Chemistry ,2015,396(12) :1281-1291.

(614 1, 1 ¥, REEE. IR =L BT T [T ]
SEFI MR 24 4R ,2019,33(2) :179-182.

[7]Wang LC,Hu CX, Liu SX, et al. Plasma lipidomics investigation of he-
modialysis effects by using liquid chromatography-mass spectrometry
[J]. Journal of Proteome Research,2016,15(6) :1986-1994.

[8]Choi JY,Kim JS,Kim JH, et al. High free fatty acid level is associated
with recurrent stroke in cardioembolic stroke patients[ J]. Neurology ,
2014,82(13) :1142-1148.

[9]Vorkas PA,Shalhoub J, Lewis MR, et al. Metabolic phenotypes of ca-
rotid atherosclerotic plaques relate to stroke risk : An exploratory study.
[J]. European Journal of Vascular and Endovascular Surgery,2016,
52(1):5-10.

[10]Bock M, Yurdagul A, Tabas I,et al. Inflammation and its resolution
in atherosclerosis : mediators and therapeutic opportunities[ J | . Nature
Reviews Cardiology,2019,16(50) :389-406.

[11]Kim YA,Bae JU,Kim IS, et al. SIRT1 prevents pulmonary thrombus
formation induced by arachidonic acid via downregulation of PAF re-
ceptor expression in platelets[ J]. Platelets,2016,27(8) :735-742.

(12 ] ESBHBH, 20, RS0, 46, T 2R A SE TOAST 43 #1111l
TP JEE A A 1 UL T R R AR D TR | S AR M 7R
I3rL)]. PR SEER S W, 2021 ,25(3) :376-379.

[13]Song J,Ren PP, Zhang L, et al. Metformin reduces lipid accumulation
in macrophages by inhibiting FOXO1-mediated transcription of fatty
acid-binding protein 4 [ J]. Biochemical and Biophysical Research
Communications,2010,393(1) :89-94.

[14] Lange Z de, Kahler B, Smuts CM, et al. Plasma phospholipid fatty
acids are associated with altered fibrin clot properties in a popula-
tion-based setting [ J ]. Prostaglandins Leukotrienes and Essential
Fatty Acids,2019,143.1-7.

(IS TIBEER , AROUME, A, 25 I 28 B 0 TR 1 /R B X PAY 32 400 — 4
RN LR A RS [T]. A 5 i AR 2 i, 2005, 1«
31-32.

[16]Lu YH, Jiye A, Wang GJ, et al. Gas chromatography/time-of-flight
mass spectrometry based metabonomic approach to differentiating hy-
pertension-and age-related metabolic variation in spontaneously hy-
pertensive rats [ J ]. Rapid Communications in Mass Spectrometry :
RCM,2008,22(18) :2882-2888.

[17]Wang X,Zhang LY ,Sun WX, et al. Changes of metabolites in acute
ischemic stroke and its subtypes [ J]. Frontiers in Neuroscience,
2021,14:580929.

[18]Yuan S,Back M, Bruzelius M, et al. Plasma phospholipid fatty acids,
FADSI and risk of 15 cardiovascular diseases: A mendelian randomi-
sation study[ J]. Nutrients,2019,11(12) :3001.

(1] sksave shivedl, 2= 3, 5. ZET U B M MR 1m) A 5T 2 ¢ 1) i
S ILFERE R 3K A b S i i e [ T]. P25 245K ,2020,55
(2):111-115.

[20]Ding XH, Liu RX,Li WK, et al. A metabonomic investigation on the
biochemical perturbation in post-stroke patients with depressive dis-
order( PSD) [ J]. Metabolic Brain Disease,2016,31(2) :279-287.



