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AR, BAR, AFE, BET, HMK, §gpD

IR P EZ KR R, WA KD H 3005, 410208

(HE] BH ZAKMAFEHF FEITE0RHE (CHD) < hpifit Bty F i, HiE 20 2SD X
AU A B 218 RS R [IEZE 12 R, &S R IR R A S AR A RAL SR A EDIET . TR K
LR E R T SR &R JmeS At FLIEAE R UL 20 K RS R 20 27 5 B2 VA B L2 B AR AR AR I 4E M
s B RAREE-AEFKA (LC-MS) FH AR K A s MARBATRMPUAFZHIT, & ER5%H (PCA)
Fo B AR = F B4 (OPLS-DA) 6 it 40 ] 2 F R4y - 74 X KRB R o4, FFA R X% T4
FAE & (ROC) sT#HAEAMAFRIHA TR CHRHS R LIES BT 69 AR TEN, &R EF4aX S
mAHE) BT, SMENT, SOBRHERIAN, S TR SR IR K R S L4 FLAE K R AT, WL AT
B, TIKEMZFE, SEAXDIR—, ZFTRY, HIFL, FoEBRCEMEL, BREMEL, &
MRAGNRERPDAELEZF, F219FARE £ FRiftdh, 5EFALE,  hptfLIEA P AR =
KEE. MLFF. TrHA. F&tER . 28 . mARAE R AARKF L#E; LysoPC [18:2(9Z,12Z) ], PE [18:1
(92)/0:0]. PE [0:0/18:2(9Z,12Z) 1. PC [18:2(2E,4E)/0:0]. PC [18:2(9Z,12Z)/0:0], PC [18:1(9Z)/
0:0]. PG (16:0/0:0) [U]. L-J+2 &8 . 2-F A& M4 . DG [15:1(92)/18:1(92)/0:0] [iso2]. #H"Zv.
Ve, L-RARABRAZXAKRT TR, FRERAR ., BRRERIRGEDE MR, ABEARNA DS M, HA
B R AN R R AW AR, PR e BB E S A RME ., ROCENLERET, L-EXAR
BR. L% R RABR . FARERIX 3AF £ F ARt i b s g S i iR FRIETRUG F) BT LA R ey TRl E, &g Eo
T fn R FLAE R RS MU = M £ R R . TEERMAZARMFLAER, L P L RRAR.
L-F 72 2B FARER X 3 AR M A BAE A AR S RN ISR T S JR S dn s FLIE 69 - 195 17
(k@A) BoRm; ShpfaiE; RSESF; SIER; L-EXRAR,; L-Foamk; F3R

s S — i A e M, 2 e R Bk
SRR AL 5 R 14 a4 Jrs e AR I AN A2 T S S5
JUED RERE AL B AL o T T R T B
R CELOVERT RERE , EEAOR LR OB
A, MU B R O e AL AGIE RS = A S
7, e O LA ELTIE A A g B O JU LR IfL
HAs 50 WL A et AU R DA G =70 ARl
ARG WAR NN AR AR A, S Al 4
FALE, SO A= W) B, RS LS ik

HETE : [HFE ARBFH4 (81973753) ; WITH & & HRHE & it
KA SRR 4) (2018])2291) 5 1 FE 5 24 K 2 e Gt 92 A %
F% R TR0 H (2020CX57,2020CX40) 5 H1 £ 14 Wi 3 1 4 51 5,
S H

DK IHAES : daxiong20001977@163. com

B R RIS AR EE R . TR
FE 5 43 VAR 8335 - BT B ] (LC-MS) HiAR
C RIS HUARFCE /N T R e e T H o A
WS LC-MS B AR 34156800 U I BEL TEASE 75 K
FUC LA SR R AR Ak, SRR RRIEH 510 5
E DX T 1E 5 R BRI 25 S A R B RO e AR b s
Y, IR HACHE SRS, U e T o FR AR
o AHIFGT I LW R B 2 R E S e B R A
& (LS. LL2019092008)

1 HR5A*
1.1 S53hih

SPF & i 1 SD K i 20 H, 4~6 JH iy, 1AE
200 ~ 220 g, W 3 1 38 v Sk sh A BR A
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SCU E Y R VE T IES . SCXK (GRl)  2019-0004,
TR FEFR BT IR B 22 ~ 26 °C, AHXHEE A 409%~60%,
BEIH, BRSEETFSSHMNTCEM, Ah
POKFPEE 15 HF 525 .
1.2 EZRXABALE

A E D3 (WAL KA R ARA A, it
5 2019070401) ; = AN 'E bR & (1SO, #t =
BSF190725) . #HAZE (5 517-28-2), Sigma />
Al B (45 15086-94-9) . MBS E W (S
P1126) , bt R ERH A BR A Al MR 45
(ALDRICH fb2# i A ], Hik5-0000092306) 5 4%
ZEWEE (Biosharp A W], L5 143174); = #kt
(I E IR EEmA A RA A, it
20112701) ; H BE (45 CFEQ-4-140000-9025) |
Wz (4t 5 CFEQ-4-531380-0001) . i (b5
SP002A-4L-C), CNW B A R L-2-S RN A MR
(i EAAE R AT IR AR, It 103616-89-3) ;
M IR BEALGK (LysoPC) 17 @ O(ZE[F Avanti A ],
fit*5-855676C) ; i RIAIEL (3% MHEEE . 0.5% 1
FREN . 0.2% N EEBL A MENE . 5% FBE . 10% J& 3
81. 3% KAl iRkl , WIRg W s A s WA PR A ] ) o

AR A RS (B 5 ACQUITY UPLC) . (i
FE(FI5- ACQUITY UPLC BEH C18 100 mmx2. 1 mm,
1.7 Mm), Waters 2> 5] 5 B P 1E 1 (AB Sciex
N F), S Triple TOF 5600) 5 ¥ % e 4 55 0 11
ar CREmWEEAMMART, BS5LNG-T8); &
K E R R E DAL S Al [ 830 R
(L) (UEARAR, 457500245515 4 H3)
FES PR (s Sl & A BR A ], 7Y
5 IXFSTPRP-24/32) ; #4li/K 24 (ELGA A A,
%145 PURELAB® Chorus) ; EY)4H 4Vl (H5
KD- BMIL) . EWH4UE R AL (B YD-A), #iil
Gl RT IR A R A E] et B [
M CE ) EIF W R G A RA A, %S Moticam
Pro 205A]; i 4 WL 4 (HITACHI & F], # %5
HT7700) ; 16 S8 A #i0 s# L (€ E BIOPAC 24
A, #S5-MP150) ;5 AHUHENfLiLuERs CLi%A ],
15 SCAA-104)
1.3 o

iz I SPSS 21. 0 F1 A4 ik a7 5 B AL A 725 22 B
8 HRBAFEMIER A, HAy 12 HRRAE RO i RH
UEZH Tl 45 sh Al . 2 BRI DA A58
T 1 A& O I L BIE Bl P A A sl i ) e
(PR 7 . 3% RHTEEE . 0. 5% BREREN . 0. 2% N 3%

TRAAMENE . 5% 8. 10% 580 . 81. 3% JLhdi i)kt
(I Fg Bk v ek s A PR W] WRFE 7 RS T4 8
KNG R D3WW (3077 Ukg) HERE 11k, 2 14
KEFak s 2 E Z D3I (20 71 Ukg) #EH 1K,
IR AR S M FR T ], B SR AR BT LA
JF 2 HTESF IS0 5 mg/ (kg d) L3 K, LILLHLA
IR EAEEST B B F4R s R (=0. 1 mV )
RIER N bR . AL AR 2 KRS,
SLEEE R A A 8 WK RIS Y] .
1.4 WERIRAFR Ty ik
L41 SMALBREBE EEBYERHRR
LEP IR R R B, I TE 2200 0 HT X BRI 0
WEHZL100 g 247, A AT TBOIRFE—5. 4% %
R, HAANEEY R, BEPREEK S
IR ARR Job A T I , P mE
e BAEE B OB,
1.4.2 SPAZREEABE. T WHEOKRLO
HIX 1 mm® /N LA 2T 4% A Fe 455 [ Y ] e
2~4 h, YR LI, AR ) a TR
W, BT B A, SRERUR T,
1.4.3 SRS RIS 57U HOR UG HT
KOOI ZU>50 mg, B FORAAE TG B AR A
17, 12 h GRS 280 COKFEIRAE, HZE UL
W BARBAEN T : 1) FREC30 mgFEAS, A
br (L-2-E AN &, 0.3 mg/ml; Lyso PC 17 : 0,
0.01 mg/ml, BIAHERCE) 420 pul, HIA 400 pl
/K% (CHOH : HO v :v=4:1); 2) M4
/NEERTE-20 “CHICE 2 min A 5 IMABFEHL(60 Hz,
2min); 3) VKK HRE S HREC10 ming 4) -20 °C
HE 20 ming 5) B0 10 min (0244 8.26 cm,
13 000 r/min, 4 °C), L300 wl LiFW#ET, KRG
400 pl HBE KR (viv=1:4) BH, IWHiE30 s,
HA 2 min; 6) B0 10 min (.04 8.26 cm
13 000 r/min, 4 °C), HHESERWEL 150 wl i L
W, (R 0. 22 wm A HLARE LA DB IR, #%
MENIAH TS (LC) MM, —80 CHATE.
KH ACQUITY UPLC BEH C18 {4 (100 mmx
2. 1mm, 1.7 pm); FEJ#E45°C, ##: 0.4 ml/min,
HEREE S pl; JshAH: A, K (F0.1%HR); B,
CHEIMEE (2/3) (viv) (%0.1% WER) 5 BAREVERL
(0~2 min, 95% A; 2~4 min, 80% A; 4~9 min,
75% A; 9~17 min, 40% A; 17 ~19 min, 0% A;
19~19.1 min, 0% A; 19.1~20.1 min, 95% A) .
Jil S SRATHmIZS 21U (ESD), FF 5 BTiss
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RS HIR FHIE 1 B i, @4t LC-MS I
MU, St o B I th 0 4 53 AN W7 E A T35
Fil i S AT B R A, B IR Bk
T, R sk T R A B R AR N, 15
A BB TR E (TIC),
1.5 %it®sk

XA A 22 e AL FR AR A Progenesis QI v2. 3 i
B A A T i (— RS 0 2 i
VEBC 2053, B i VRRC 20 43, (AR 40 A
VERC 204), TRk &R =F 1502 M=50%) 3%
g — YRR AE R . R SIMCA 14, 1 R X &
PEJG EUE 21T Z o0 S iH o0 i, AL 4E £ RS 4 i
(PCA) FIE S fe/N 304 (OPLS-DA). K
JHOPLS-DA BEAYEE — F 50 VIP (VIP>1) A%
4 Student’s t K50 5 PAE (P<0.05) 1E R 25 50
PO E 25 1 o % Hh ok i 22 SR 24 Bkt A
MetaboAnalyst 5. 0 (https://www. metaboanalyst. ca/)
] T AT AR B A, DL P<<0. 05 1 i e 1 56
SR B T AR . A B IG RAaZ W (B
i 2 H TAERFE #h 2 (ROC) F 1 AL (AUC)
e
2 #R
2.1 AARKCSMALREFLER

Bl 1, IERA0IA RS RS, e
KANFEAR 3, Z5H975 0T, RILAIMIAE R . IRAEAE
B, SIEw A eEs, O MR R B LA it
WY, IR A ERIK M, WIEF4Ebfk, Z5HHE

R A ML o

E#H MR BE 2

e BAAETL TS RO LA I A R X 35

B1 WAKRONMALIEEY (HEYE, x200)
2.2 WAKA SIS EARTBEFER

E 278, 1E 41K B W40 I 28 k7 A4 HE 51 R
W, KNS, S5koesk, ZR2MGEIE, ZokiiRig
ZERTEMT s O IS BH I 2 2R AR R/ NAR— , B
A, HEFIZEEL, HRarRIRE SRR, ek
xR

EHal O R4

E: FEH R ITE LR
B2 LI RO WL (A T+ T Rl 3L (2, x5000)
2.3 HAXKRACMARERSTFAREERHLER

PLVES T3 BN AL bR . BB AR AR, 22
PRZE R B AR SR 5 B8 I e i IR LT IRT 1 B I
2OHHEIA SCAERS RO , o IS BELIE2H R BLUE
B U P 5 R P AR P s ) 5 TR R KRR
ANTA], UERAPIZH K B N IR e i 2 5
2.4 WAKFSILELBRMIO>ILER

Bl 37, oI PR 5 1F H AR AS s b T4
(B DX ] A [l DN, 25 () A S B i 4y
B, ULRA AR G nT LA RO S A = ] ) 2
o 2L R BCA W 19 OPLS-DA 434, B4R,
PLLFEA S o3 I TSR B BR Y, A B A3 BN
S, ANFEALRET H%E . OPLS-DA LA
B AT g R AR i R2X ., R2Y A nl U BE (Q2) 43l
0.969. 1. 0.823, XEFEFRMAZIT 1 /5 OPLS-DA
BOARILA B SCR s, gL U AR R ReAR 47
b A T AR TN P 2 AR 22 [ ) 22 5
2.5 MHAKR SIS EFRMDHiLER

F 1, LUVIP>1H P<0.05 Nk, &
LA R 19 P fa) 22 A0 . SIEF A i, O
MAFBHUELH 8RR — 2R EG . WU . TrHA . ARG |
Z IR . 9B A W E KO L E 5 LysoPC [18:2
(92,12Z)]. PE [18:1(9Z)/0:0]. PE [0:0/18:2
(972,12Z)]. PC [18:2(2E,4E)/0:0]. PC [18:2
(97,127)/0:0]. PC [18:1(92)/0:0]. PG (16 : 0/
0:0)[U], L-FREMR . 2-RIEAER . DG [15:1
(97)/18:1(92)/0:0] [iso2]. MW = HIfg . L-4
WA T I
2.6 WAKRSIAR EF R T FRMER
SHTLER

P B 1Y 19 22 AR 1) KEGG 5 i A
MetaboAnalyst 5. 0 (https ://www. metaboanalyst. ca/)
I T 38 [ 7 BT (Pathway analysis) i3k, Hh¥%e
10 AR, 75 P<<0.05 BT L & F T, %
FE R AR W Y 4 SRR B ORI AR .
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. - W0 M FRE £H
200
100 / ® ® ° .
= " e «®
oo .: = ® ®
100 N m
|
-200 | |
) -~ e b — _
t[1]
FE:oo (1), SE—00E Ry o (2], 55 W .
B3 PR RO IS E RS 404 (PCA) 1343181
DEEA
W I 52 BE AE R
400
® u
g, ® ]
. i
200 o Y
-400 ® =
- e - e 1*t“[1] " 200 300
TE: v (1], SB—B0Emsrs v [2], &8 =B34 .
B4 MR RO U SUR Y IE S i /N — i 5047 (OPLS-DA) 1543151
F1 LR NIZZ 1902 F A Y
R 24 B VIP Pii Log2 (FC) fii Y i1 7S ER T8
LysoPC [18 :2 (97, 127) ] 5.210 0. 0160 -0.928 !
PE [18: 1 (92) /0: 0] 3.928 0.0170 -1.059 !
TR = KR 3.057 0. 0003 0. 476 1
PE [0:0/18 : 2 (97, 127) ] 2. 624 0. 0425 -0. 802 !
PC [18:2 (2E, 4E) /0: 0] 2.536 0.0410 -0. 668 }
I8¢5 2.203 0.0180 0. 356 1
PC [18:2 (9Z, 127) /0 : 0] 2. 006 0. 0453 -0. 604 l
PC [18:1 (92) /0: 0] 1.910 0. 0800 -0. 684 }
TrHA 1. 600 0. 0004 4.931 1
PG (16 :0/0:0) [U] 1.593 0. 0070 -1.705 !
AR 1. 444 0. 0040 0. 340 1
L-5st JR 1. 440 0. 0004 -0. 623 i
2-FRIE R RERR 1.391 1. 24531E-05 -0. 749 i
ZIR 1. 370 0.0010 0. 440 1
DG [15:1 (9Z) /18 : 1 (9Z) /0 : 0] [is02] 1.215 0.0180 -1.200 !
HOERG 1. 158 0. 0500 -0. 348 i
PR A 1. 069 2.81761E-07 12. 448 1
e 1. 064 0. 0070 -0. 381 !
LR 1.052 0. 0003 -1.458 !
TE: VIP, ZERANGEM; FC, ZBRAEG T, LAy L, RS

28R A R B AW 5
WA

SERIRM S BRI Y& L, AR R AN

S E-tRNA 2E 914 1,

itk
ﬁwﬁ , W2,

MRACHE, TR DA IR B AL A f) 2
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F2 O M PEIEZE R RO JULZH 29 b 35 1 Qg

o ac
RNERR . 2R Z R 4 1 0.0237 0.5
Yré
ZE-tRNA W) 5K 48 2 0.0309 0
Wi . AR S RN 8 1 0.0468 0
Yré g
AR FRRII 25 T A G 8 1 0.0468 0.4286
WA 66 2 0.0556 0.0322
RN R 12 1 0.0695 0.3571
17 FR AN A A4 A 19 1 0.1080 0.0071
FERi AW i) 36 1 0.1958 0.0174
AR, AR AR 40 1 02153 0
WIGNT R A=) G 46 1 0.2437 0.0224

2.7 ROC & ¥

AR g ST, O R BHL R 20 5 1E W 4t
B, EON AR ACHTE R RN AR . IR
RIRMED AN, EBE-RNA LY AN, BER .
SRR T F R WA B, AR AR R
R W T 4 Sk B2 AR L3 Fp R
FRGEDIVE R U R BELE 198 e AL b i, R
TRTE A 0 7 0 AR S o 1 R P i 1E 4T ROC 42
PO, 9600 o I BELTIE 32 W9 £ 1 A 2
o AR Swets [ FI W AR HE ', AUC>0. 9 N2 B
RIA K& ESE . 5RER, LEANAR. L-
Soe TR . A iR 12 W B AU Y AUC 18 43 B R
0.922, 0.953, 0.906, X 3Fp2= R Mk T
T FR U bR 3 R A A % e o o L3 BELTIE T3
JE W A RS BINNE, A AR s &4 ok
ol F B A e 0 O IR BELE A R 012 W, 1
L5,

B R RERS, AN]SR A TR 2 o 25 5 AR
FEE M e O IR B R B R WL e R
W HBE R ZE . RIRA R EIERL 2 AR
RRZH HT AR 5T A8 B A 35 - TR AL (GC-MS)
Xof K R LS BHEASS R I | RV A REAR A AR 3
FEMISERE IO RS BEIE A 12 N T A S 7
Wi R . T = KW BUBRARA A Y, AR
TP 5% 388 1A I 2H 2 9 3 3t e U /o I BEL TE K B,
ORI 0/ N FAR AT 00, 4528
7N, O U I B IR TR Js i & A B ded 2 A ) A3
WA 194, W KBV FERACH . BRI AC A
AR S 2 A E 0, e =R . U
TrHA . 4BE0R . (2R . N BE B 40 e e 1 i T i
HABMEY SR Ew AT, R &R
WEmR . MmO EY AR, ZWE-tRNA
LA N, SRR, mARMF AR ED G
B, AT R R A Bt A QI 55 22 A5 A QI %

AT AR R 18O J2 52 7 28 fiz T 5,
R EC LR I . TR 1SO 51RO AU T
B, BRREEZBME . MG BANERE, Wik
REFFLAELE, DNFEEZNRER, AR
FOREEERE R > W BEREBEARGL (LPC) 2 K%
FERR 8 A AL =27, WEREE A2 (PLA2) /K
WML ARG (PC) B LPC ", LysoPC [18:2
(92,127) | W &AM MR S5 06e, 5
Akt . RIERNA K, v LIS R R S ki 2
W, BMLONFESE, IR AUESEEE T iR
U B2 W o f A2 il PC . BREAR I C B (PE) A543
BHAE, FROLEE TR ™. X BRI
SRR — Ak, RO LR 1 T R
FIARE >

. oo " ~
3 itig U R T RS 490 14 ) P 25 L B 28 P AR [
A R I o RSB SET R R AT B AL 2 R IR AR TE K ] K
1.0 1.0 1.0 4
0.8+ 084 0.8
‘E’(_ 06+ _@(- 064 MO,G-
B =) &
W% 0.4 4 M 0.44 ”‘% 0.44
0.24 a 0.24 a 0.24 a
00 : : : Cl: 0. T'GZ-| 000 0.0 : : : cro 5:52-1 000 00 : ; : Cl: 0. T'QA-W:DDD
0.0 02 04 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 06 08 1.0
1455 1-¥5RE -

T WAEARKH LANER . L5588 . AR ROC /BT
5 PIEARBOCIHSBUR TR E YR SR Z oL ROC i
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WRFAERE AL F S 5. L-RRARS ST
WA . AR ST AN LD AR, PRE
B, Mo SCHE S SE R A A AR BE D 3 s R
B TIRE o FEO LB I O WLRE A 25 R B
TEEREOL T, LS5 SR A A W 2 5 e A A
QI , %4 o-WR R A)G, WAL 35 HmE
HEE AN = RIRPGHR (TCA) whgkfrifl, =i
M FE R TR S A, AR, D
WU AHERE M, Xt T B L-S 5 Rl Kl
FeJa & FRERIRA 2 ZME-RNA Y& 2 A
W2 R e R ARG B P B D ig =
ORI BEUE T, B LR N 2B A -5 52 S R
TR TR, QRIS MRS S22,
X TE B 5 8 2 8% A A B F 58 2 AR B T HIESE .
L-2R N &R TEAR N KGR o SR N R IR F AL E e
AR, IT 5 R — A Bl 2 P 225 5T
M E, S50 RRR RS R . Wang
G RI, RINAR . IR RN YA
R 2 B 1R 3 o R A P i S R R A =R
RGPS, HAT RS =8 AR 1T (ATP) J= A 14k
Ho #EAGC BRSO LB I B BE S, O I
FHAEZH E LR KR IE 7 4 P e, SR RIRIGIR
PEHER) ATP S . 78 BRI ™ AT R AR
R AT B, B etk 20 o 728 A% 3 in
H, L-ARNEBRTEIER 4L, 54 K0 U FE4] K
AR, AR LR ES R 52 3. KNZA
PR -5 0o O ATLASJE i £ 55 0 ML 98 e A XS 222 1
AHSE B ARBFSEHFH ROC 12 Wi AUC (BN
0.922, 7 L-A N 2 R AR v] 58 Al 0 56l 0o s - 112
WA bR S AR TR AL ORI A T2
T N RE 7RI AT R OV 92 R R AR WA A A
(COA) FIBEEZIRE AR (ACP) WATKR, S5k
R AR AR P O IR BHIEZH P2 BR Y & i 1
Th o] G S WL IS 72 BR A COA & s e, RO
WU I8 BB T, % A Al i AR AR 1) — R R B
AR TR R A B TR 5 I A R A g 5 1 O AR
Yy, S 17 AE T 0 WLAR 2ok 1A o (Y B4
HiR Y, BEIREZ — R ERRLOR AR I IE R
HE o AR R 0 40 A RE A% 1S N Z b AR TR Bt A Tt 2 5
fitt (CPT) MyiETE, =5 KB Wi S A R 4
AP BEAR AR R R S 04 T nT LA AR
(ROS) Ry~ , WAz LRI . ARSI
N, U EBHIELH 2R R NA—, Bt iib, (H
5 /IR SRR A 4 35k 52 48 W 454 DL G2 AL

PRARE R B AIRZS o UHAE M RE & A UKL, 7R
0 Gl S IR T TR HEA T AR, dERR L O L
ANAE N ATP 85 0, PR A0 ILEDRE B9 S8 B
SR HEE O MU B IE L UH K- B2 T, IUH
ARG HEIRILEE (PNP) 3 ik e s il
I-WEMAZME A= R IR , HEITROS, 7 Az S AT Y [7) i

VB EAL DR e, 2D i O T RE Y 4

Pio AW HE Q@A R AT UL, o 1fi 55 BHIEZH K B

O WA E BB B A RERK M, WLEF4Efiik, R

SEANAEIRIE , MBS FARIE .04 sERAR

WA ) TR — AR T 5 e i T T =

FALRLIUA 2 S AL A, AARIE B Qs A a2

AR

gi ik, A M BE IR 1 O UL BRI 1 B0

T, ORI B T AR

i, SRR & i VA 2O 1 5 B TE P A

MO IR EZE A RAE . LRNEAR . L-F2 R

2. AFBRIRRAE A SO IR BELE AR PE A A

SR O MU B TE BEIE 73 B A SE R o, B

A T et O IS B TR A I RIS T . AR ST

A, RS I INREAL, 4554y

T AW E AR UL K 2 AR 2 A ) T Be e A T AR L

L T SO v e ? P T N 13 Y RTTR S E R 7/ =2 VI 8

S 3k
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Myocardial Metabolomics in Rats with Coronary Heart Disease and Blood Stasis Obstruction Syndrome
ZHOU Manli, QIAN Shule, HU Yilei, MA Zhiyan, GAO Linwei, JIAN Weixiong
School of Traditional Chinese Medicine, Hunan University of Chinese Medicine, Changsha, 410208
ABSTRACT Objective To explore the potential biological basis of coronary heart disease (CHD) with heart-
blood stasis obstruction syndrome by using metabolomics. Methods Twenty SD rats were randomly divided into nor-
mal group (8 rats) and the heart-blood stasis obstruction syndrome group (12 rats). The model of CHD with heart-
blood stasis obstruction syndrome was prepared by high-fat diet combined with vitamin D3 and subcutaneous injection
of isoproterenol. The changes of cardiac histomorphology and mitochondrial ultrastructure of cardiomyocytes were ob-
served. The myocardial tissue samples of rats were collected for metabolomics research using liquid chromatography-
mass spectrometry (LC-MS). The differential metabolites between the groups were screened through principal compo-
nent analysis (PCA) and orthogonal partial least squares discriminant analysis (OPLS-DA), and the related metabol-
ic pathways were analyzed. Results The cardiomyocytes in the normal group were arranged orderly and the struc-
ture was clear, with regularly arranged and complete mitochondria. Cardiac myocyte hypertrophy, muscle fibers swell-
ing, and inflammatory cell infiltration were observed in the heart blood stasis obstruction syndrome group, with de-
creased and disorderly arranged mitochondria in different sizes, as well as certain dissolved and ruptured mitochon-
dria and disappeared membrane structure. The endogenous metabolites of rats in both groups were significantly differ-
ent, and 19 differential metabolites were detected. The rats in the heart blood stasis obstruction syndrome group had
increased expression levels of triphenyl phosphate, inosine, TrHA, taurine, pantothenic acid and propylthiouracil,
as well as decreased expression of LysoPC[18:2(9Z,127) ], PE[18:1(9Z)/0:0], PE[0:0/18:2(9Z,12Z) ], PC
[18:2(2E,4E)/0:0], PC[18:2(9Z,12Z)/0:0], PC[18:1(9Z)/0:0], PG(16:0/0:0)[ U], L-isoleucine,
2-hydroxycinnamic acid, DG[15:1(9Z)/18:1(9Z)/0:0][is02], xanthine, methylamine, and L-phenylalanine Acid
than those in the normal group. Multiple metabolic pathways were involved such as phenylalanine, tyrosine and trypto-
phan biosynthesis, aminoacyl tRNA biosynthesis, valine, leucine and isoleucine biosynthesis, taurine and taurine
metabolism. The ROC results showed that the three differential metabolites including L-phenylalanine, L-isoleucine
and taurine had a high predictive value for prognosis of CHD with heart blood stasis obstruction syndrome. Conclusion
The myocardial metabolites of CHD rats with heart blood stasis obstruction syndrome mainly involve amino acid meta-
bolism, lipid metabolism and purine metabolism. Three metabolites including L-phenylalanine, L-isoleucine and tau-
rine, alone or in combination, are expected to be used as markers for the early diagnosis of CHD with heart and blood
stasis obstruction syndrome.
Keywords coronary heart disease ; heart blood stasis obstruction syndrome ; metabolomics; myocardial tissue ;
L-phenylalanine ; L-isoleucine; taurine
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