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Abstract ; Objective To study the changes in metabolites in platelets of a rat model of Qi deficiency and blood stasis syndrome
using metabolomics methods and further elucidate the intervention effect of Buyang Huanwu Decoction ( #}Hif H.7%, BYHWD)
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on Qi deficiency and blood stasis syndrome. Method Thirty Sprague dawley (SD) rats were randomly divided into the normal,
model and BYHWD groups. The model group established a sleep deprivation model through a multi — platform sleep deprivation
system in the water environment. The BYHWD group was administered for two weeks after successful modeling, with sleep depri-
kg ™", while

the normal and model groups were orally administered an equal amount of distilled water once a day at the same time for 14 con-

vation added simultaneously. The administration group was orally administered BYHWD at a clinical dose of 13 g -

secutive days. The construction of a comprehensive evaluation model and platelet function were evaluated from the perspectives of
grip, coagulation function, platelet morphology , aggregation rate and CD62P (P — Selectin) expression rate. The metabolomics a-
nalysis of endogenous metabolites in rat platelets was carried out by using Ultra — high Performance Liquid Chromatography with
Quadrupole Time — of — flight Mass Spectrometry (UPLC — Q — TOF — MS). The detection conditions were reverse phase chroma-
tography column( RPLC) and Hydrophilic Interaction Chromatography (HILIC) chromatographic column,mobile phase 0. 1% for-
mic acid aqueous solution( A) —0. 1% formic acid acetonitrile solution(B) gradient elution, flow rate 0.3 mL - min~", electric
spray ion source( ESI) ,positive and negative ion mode detection,scanning range m/z 50 — 1000. The multivariate statistical anal-
ysis was used to screen the inter — group differential ions and match fragment ion information with databases such as the Human
Metabolome Database( HMDB) to identify biomarkers. The biological information of metabolites was obtained through the Kyoto
Encyclopedia of Genes and Genomes( KEGG) database,and their related metabolic pathways were analyzed using MetaboAnalyst
5.0 software. Result Study showed that compared with that of the normal group,the grip of the model group decreased (P <
0.01) ,and BYHWD significantly increased the grip compared to the model group( P <0.01). Compared with that of the normal
group , the activated partial thromboplastin time( APTT) of coagulation function in the model group decreased (P <0.01) ,while
the thrombin time(TT) increased( P <0.05) and the level of fibrinogen ( FIB) increased (P <0.05). Compared with those of
the model group,the APTT in the BYHWD group significantly increased ( P < 0. 01 ), while FIB level decreased (P <0.05).
Compared with those of the normal group,the maximum platelet aggregation rate (MAR) and average platelet aggregation rate
(AAR) of the model group rats were significantly increased( P <0.01). Compared with those of the model group,the MAR and
AAR of platelets in the BYHWD group were significantly reduced, with varying degrees of difference( P <0.01,P <0.05). Com-
pared with that of the normal group,the expression of platelet CD62P in the model group was significantly increased( P <0.05) ,
and the BYHWD group could significantly reduce the expression rate of platelet CD62P( P <0.05). The scanning electron mi-
croscopy results showed that compared with the normal group,the model group showed excessive platelet activation, significant
pseudopodia extension and increased aggregation between platelets. Compared with the model group,the BYHWD group had fe-
wer platelet activation and aggregation phenomena. The metabolomics results showed that the platelet metabolism of the rat model
with Qi deficiency and blood stasis syndrome was disrupted , resulting in 95 significantly different metabolites. The main differen-
tial metabolites were concentrated in fatty acids,amino acids, phosphatidylcholine , lysophosphatidylcholine , nucleotides, etc. The
intervention effect of BYHWD on Qi deficiency and blood stasis syndrome was mainly reflected in the regulation of metabolic
pathways such as lipid metabolism, amino acid metabolism, nucleic acid metabolism and energy metabolism. Conclusion Study
preliminarily reveals the metabolomics characteristics of platelets in rats with Qi deficiency and blood stasis syndrome and pro-
vides a basis for the mechanism of action of BYHWD on platelets in the intervention of Qi deficiency and blood stasis syndrome.
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RERIE ( Tricarboxylic Acid Cycle, TCA cycle) 54, = B R IR
F (Adenosine Triphosphate , ATP) & & W g (A , 158 B <2 ML 5%
UERYTE AT B2 T 40 I PN A e R A QIR R L ATP A= i b,
PR TC I HE S BB AT , 8 Wk =2 s i , 4 W e 2 A o o A
SR M UE R 3 R 38 o 0 I R B e B i /MR 748 =
B N/MRRE R ] BEE, $R m/MR R E E RS
HE MLARUETE B S o RN B 03 ) 3 R4 B2 0
FERCEARSCEE ), BB (E) IS IR Z0A6 R~ Bk
{7 T8 T BREGAUN, b 35 IE AR AR R T Rl I RIS

127



F4% £7M L
2025 4%7A

b E W ¥ 7
CHINESE ARCHIVES OF TRADITIONAL CHINESE MEDICINE

Vol. 43 No.7
Jul. 2025

FEWIHM A T RS /MR IR AR, I TR UL, 3 3 57 =)
TRIAEER | A TIT 40 35 I 2 B S AL 0 L AN T
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SERE BT BRI, W0 L8 PN R 04 , Sk il e S R 7/ 1%
IERSEE 1 (NF - «B/HMGBI ) {5538 22 M R M UE K R
TN G A A /N B A UK ( Platelet Microparticles , PMPs ) &
HCE R AR I MR BT T R R A T AT
KT RE B AR M/ MR BE /N3 TS R 4R 107 %
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R EITHARB R, PL - 12 R /NRR S£A (VT IR 9E
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B HFIE 143 g 05, KR H 45 25 8 43R0 B R 5 A
J(143 /70 kg) x 6.3 =12.87 g - kg™, SChrfE H LA 13
g - kg MZGEIHTE S HEEARUI0 mL - kg™, IERALAIRL
RUVE RS BEZE K, B H IR ESE 14 d,

2.2 B4R
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T A B AR 0 LA AR B i AR fb 2
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BUK B 2 F- s, 5 4 F s
KT, £ F BB IFIUIAR, I bt T hr BUR 89
I RTMAT , F7 K SR FI I IR A st B st in g &, BRI
A ORI 3 W B,

2.2.3 sabhiesbn  SCIRESHURIE G, M 3 sh kU B T
3. 8% HIER ENPLIEE R, 1600 x g B5.0> 10 min, B ¥ 1.5, #% H]
PT APTT TT FIB 57 & i3 B 54600

2.2.4  fRBEEFEN KU H 2 G RR I, U ER
7, B E B BB 2 mL F 3. 8% 4% B2 4k BT s, # B 30
min, %558 [ G A K ADP, 47K 0.5 mL % @1 b1
W, DR BCRE 100 WL, FA= BiER /K 300 WL # B, CE F vk
L R SR PL - 12 B4 [ Shifin /MR R SAX, #E AR b AT
LRIl

2.2.5 k@ CD62P 4k eyl i 330 kB T
3. 8% MK IR EAPLEE R M4, 200 x g #5.0> 10 min, B )2 & 1M
/NI (Platelet Rich Plasma, PRP) 10 wL, il A B RR 2% w3k %
¥ ( Phosphate — Buffered Saline, PBS) FIH{ IR & 40 wL, 31
R BE 43 1A santi — CD62P — APC(15.38 mg - L™") , anti —
CD61 = PE(2.31 pg -+ L"), % J Bt 607 & 15 min, Jiil PBS 1
mL,400 x g B0 5 VB2 APk, #im PBS 100 pL iR 47, LAl
LRIl

2.2.6 s MREBEFUE  KEHAMGE 280, 5 3
JkHfL 2 mL,3. 8% MK EREAPIEE,200 x g Z I E.L> 10 min, BT
PRP 10 pL 54T B, & & 10 min, 2 2431 PRP,
AT BRI ,4 CREIEZE D 1 h, PBS 351k, 1% M4 L
FEE 1 h,PBS yE Uk 3 ¥k, Wik, 2 FEd i 50% \70% .90% |
100% & BE 6 B i 7K , 7% 15 min, 99. 9% HAUT BE AR 7K , 30
min, BT 2 h, F S E A 00T 1T 4 B R ] GE FERE L B
b R AK A BURL, P R PSR .
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2.3 BAXE 20 %% i ( Human Metabolome Database, HMDB, https ://hmdb.

KEAS ALK 12 h 5, RS i 5 13 2 bl 22 AR, I 32
SFKELL 2 mL, B FAIGEBRABTEE , T 4 °C 110 x g B0 10
min 5 FJZ PRP ¥ PRP 7E 986 x g Z.0» 10 min, BUT J2 Ifil />
MR . /IR FEAS THEUS B P (29 9 x 10°4~/mL) , PBS 3§
e, BT -80 CUkARAEFFI
2.4 BARRM G o4
2.4.1 M4 HL2.3 TR MM/ NRFEAS 7E S IR T E R,
PAHEIR AT 2 min, AT A Z T 7K (454 :1)500 pl, #7540
kHz,250 W) 10 min, J&iEHE% 2 min,4 °C (13 201 x g .10 min B
DJEE S 2 mL B0, TUEF YOI EE: Z1E: K (424
1)500 L, LAIRIRE A S5 PR A TR E 2500 JE BR B 31 2 mL 2
OE IR B GIFE AR T, I EE: 20 K (4:4:1)400
pL 27,4 °C 13 201 x g.10 min B0 W, Rl 43 51 R
BARFEA 10 WL, IR A, 7E R 4% ( Quality Control, QC) #£4,
TRt et mE S .

2.4.2 &iE&MH  JHGE ( Reverse Phase Liquid Chromatog-
raphy, RPLC) : S AH 4, 3% 1 ( Waters /3 5], X — bridge Cjy 3 wm,
2.1 mmx 100 mm) , 7 EHAH A K 0. 1% H /K, o B
0.1% HERZ I . B (O min,30% B30 ~7 min,30% —
70% B37 ~9 min,80B% ;9 ~ 12 min,80% —90% B;12 ~ 15 min,
90% B;15 ~ 15. 01 min,90% B—30% B;15. 01 ~ 18 min,30%
B) o WiH 0.3 mL - min~' FER 40 °C o AR €3 (Hydro-
philic Interaction Chromatography, HILIC) : HILIC f& 4§ ( Waters
A\l ,ACQUITY UPLC,BEH amide 1.7 pum,2.1 mm x 100 mm) ,
wshtdE RPLC, #EEEFE R (0 min,95% B;0 ~ 10 min,95% —
70%B;10 ~ 11 min,70% B; 11 ~ 13 min,70% —95% B;13 ~ 15
min,95% B) , i 0.3 mL - min "' #EJ6 35 C.

2.4.3 g RAIRBIE SR, B RN, 8
SRR B TFIIREE 100 °C, L RISUREE 400 °C, HEfL L
35V, IEEFHRABMEBEIE3 KV, (5 T B0 B
2.5 KV, 43Py 12 000, R4 (5 8 BB TSR Uk A7 400
R, — PRI m/z 50 ~ 1200, HAFE N 0.2 s, R
FH R BB o it 72 7 B 2 s o ) 4%, 58 20 R A PE I ( Leucine
Enkephalin, LE) 52 i /2 1IF (m/z 556.277 1 [M + H] ", m/z
554.261 5 [M — H] ™), LE ¥ J& % 200 ng/mL, 3 i 5
plL/min,

2.5 BAELEfGA A

2.5.1 HABEREE G ALI S W T HEHTHAT # BTE
HdlE-F A Progenesis QT 2. 0 $fa /3 #1447 FUAL 31, BT A A
i 38 L R B R [E] R my/z HEAT UH — A X 5 I R B K A R
b bR BE RIS BRAE K PR B A A o e O B B[R] S5 L
DA SR B A5 B A U — AR AR B . T I 15 3 1 — A
FEFE S SMICA 14. 1 5434474 Jge /> — 3fe 12 3 43 17 ( Par-
tial Least Squares Discriminant Analysis, PLS — DA) ZJ048 117>
Bro BIRK I E SR R G e B IS o

2.5.2 AREHe TR L R M TEBIEE S A EZinfo
2.0 #1578 B B 4 # % ( Variable Importance in Projection,,
VIP) f, JH T8 5B AR 22 A o #E— 2R ] Pro-
genesis QI 2. 0 B {443 45 B AL AT ¢ K5 BRP <0.05 &R
R, 7E QC AYARXSARIEM 22 (RSD) <30% (4 Ll I, #F &
P <0.05 VIP > 1 [ NI AT LAES X 43 B0 20 F s R 2]
P2 SR o B2 SR I — 2 B B 5 N2

ca) K R 45 S 1 FRIS IE F 3E AT U X, B A G RIVAS B0 1Y) 22 57
AT — 255 H7 o
2.5.3 KRB AFHTRE Y 22 A R AR R A
LA G R4 (KEGG, https : //www. genome. jp/kegg ) 504 22
AT R, SR A Wn S W T FE A DG A G B, 7 Meta-
bo Analyst 5.0 4 % ( https ://www. metaboanalyst. ca) #H471%
R I RE AT
2.5.4 %it# %% KRS GraphPad Prism 9. 0 #5404,
THEER x 25 o8 RAMSIFEAR ¢« iR TG 22 0 #r,
PAP <0.05 J}y 22 5 HA G 3o
3 #HR
3.1 #hPEIE I A RAA W%

EIER A AL, BRI H I ) W2 TR (P <0.01) 5 5
RIZH HLR A BHIR FA AN ) & (P <0.01) . W 1,

F 1 HBHIE H X5 H K RIS (v £5)

20 31 no MR/ (g-kg™h) A/ ()
IERA 8 - 735.39 +72.46
R 8 - 440.55 +54. 127
FBHIA B4 8 13 718.05 +120.27%

[E:2) SIEWALE, P <0.01;4) SR AL, P <0.01,
3.2 ANPEIEF K BB T B B R

SIEH 41 PR, BB 41K SR APTT A 2 5 B IR (P <
0.01) ,TT {E Al FIB {E A 2 T+ (P <0.05) 5 S BIRIZH LA, #h
PRI T 41 APTT {2 % BT+ (P <0.01), FIB {E B 2 F %
(P<0.05); PT{HTER A Z M EGETH#E X (P>0.05), WL
x2

F2 ANHE TR E K BB D RE AR (v £ 5)
il
A n » APTT/(s) TT/(s) PT/(s) FIB/(s)
(g-ke™)
¥ 8 - 27.1849.84 39.48:+3.63 18.47+1.69 2.22:0.56
i 9 - 16.69£2.72% 43.99£2.96") 17.36£0.95 2.74£0.34"

MIERRA 9 13 26.69+4.51%) 4.0423.61  16.74£0.91 2,245+ .55
D HIERALE, P <0.05;2) HIEF AL, P <0.01;3) HHEAIL EHE, P <0.05;4)

LRI e, P <0.01,
3.3 RPPHIEE A MR R SR BB

FIEH 41 b, B A 2 0 I /N AR B K 3R 4R % ( Maximum
Aggregation Rate, MAR) S-24R £ % ( Average Aggregation Rate,
AAR) BE TR, 2R BAA RERITFEE L (P <0.01) ; 51
ZH HLR , A BHAAR F03 2 i/ MAR (AAR B B FEAIG, A A
[FIFEEE Y22 5% (P <0.01,P<0.05) , Lk 3,

F23  MHIR %A AR B/ IMRR AL FR I 520 (& 5)

i/
415 n B MAR/ (% ) AAR/ (%)
(g-kg™)
Ew 8 - 53.20 +10. 67 38.20 +7.40
FERIZ] 8 - 80.80 +7.75% 61.91 £19.07%

AR TIAHA 8 13 46.89 £26.65Y  35.06 +22.63°
H:2) HIEWAL AL, P <0.01;3) 5ERIZ LR, P <0.05;4) 5L
RIZH LL#E, P <0. 01,
3.4 FPEIEEF A AR/ CDO2P % 34 By %
SIEH A s, AR 2 K Rl /Ml CD62P 3234 B I8 7t 55
(P<0.05), S5 A b, #h FH I8 3% v B S8 B A1 it /N Al
CD62P iRk F (P <0.05), W34,
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4 IR TR A B MR CD62P ik I (2 £ 5) A B PR A B TR, SR P A 0 e 32 A B e I O T
45 no FE/ (g ke CD62P/ (% ) RPLC F1 HILIC 2 [a] B A o
R 8 - 1.30 0.06 4.2 RAAREUFE
e 8 - 1.38 +0.06" J#E UPLC — Q — TOF — MS (4R 2 1 i v W A4 4%
WHEEBAL 8 13 1.31 £0.05% REED R E R M, Bt 6 MEMEIEA 14 QC A,

1) HIE# 4 AL, P <0.05;3) SR A, P <0.05,
3.5 A MEAEFAMNARMARGEFHEH

B TN o | AN 9 bk N Sl R A N
Al s, A ERERERMING . 5154 i AL 7
2R 1M /R AL RIS BURA B, /MR R BEE5 15 0L 2 %, B 2
HAHZE RS B 2K, R T g, SHg
EBAE, INBH A 37 AT B S 40 o A T8 R BR ot /A A 9% A I /1N
(IR 15 DL /b B (R R AR I B i e . DAd DXL 1
4 RifEFHRE
4.1 UPLC-Q -TOF - MS 1% 3 # § &

KA UPLC - Q — TOF - MS g 1 | 61 25 AT 1y 4R i8¢
Vi &l 19 3 i RL G B T ik I (BPT) o niEl 2 B .

U A IE B RN 6 B AR 45 41 RPLC 5604 B vp )3
Kk FIE—30 . SO TGk S R E g tHWEE’Ji%#,
T BRI AR Uy vk — 252 4l HE A TR 1 22 5
AL A AR B . g RPLC Al HILIC X 72 [/ —

o WLNA
ol

0 15
#(min)

o

SIS , N QC FEA ik 15 AR M 1 FRAE 16 SR TE A 3
ASLEHIRaE Y. 7 RPLC - POS RPLC - NEG  HILIC - POS
HILIC - NEG 4 F# 0 F , ¢, B3N <0.2 min, m/z < 10 ppm,
B FIREALN) RSD <30% . S5RAER AR IS E RIT, 18
TR, LIRSS B A BT M E 2 %, i 7 vl LU TR
T
4.3 LGt

MG BXLIE 3 PLS - DA 13 I T LIE £ A2
(753 RAF X4 . FE4 M PR S 5045 & 2ok, RPLC -
POS .RPLC - NEG .HILIC - POS (HILIC - NEG Ry B S5 R°Y
47 0.922.0.98.0.921.0.99,Q% 3 0.873.0. 968 .0. 879 .0. 988 ,
BN PLS — DA BIEGESE S, Q7 ZEYNSN F A R FE 11
H (A TIXUIE 3) , 156 B B A A S o B 4L o
4.4 HBEAMEITHH KA

R 2 I E B 2 HL A Emd%&*&%frﬁ‘ 53] 95 Fli 2=
SR, R 22 A T AENR IR S VSRR

bl

/(min) t/(min)

PRLC-NEG |
IAII L
0 15 15
t/(min) t(min) t(min)
HILIC-POS
1 it
#(min) #(min) t(min)
HILIC-NEG
P
5 10 15
#(min) t(min) #(min)
A C

TE: AL IR 25 B BRI ; C. IS FLA 4L
P2 2% 20 IR BRIV i P B e 8 T €
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25 AR MG B /MR 22 57 A LA BRI B A 037 819 B AR DA 43
o FhFHIE
HMDB ID ietr] e P t“,/ %% *;‘%ZH/ Hindl/ PRI B
(min) #HX EFA K

HMDB0000005 2 - iil T2 C,Hq0; 102.0317 2.44 ESI- ! - HER EERIS A REY AR
HMDB0000008 2 - ¥4 T iz C4Hg05 104.0473  3.91 ESI- ! T W
HMDB0000019 o - 57 IR CsHg0s 116.0473 1.85 TSI~ | T GER AR ARSI
HMDB0000045 —BART CioH1sNsO,P 347.063 1 11.58 ESI- 1 b iR
HMDB0000048 %% — i C,H,50 342.1162  9.06 ESI- ! T et
HMDBO0000072  JIfi=t 12 3k % CeHeO4 174.016 4  4.05 ESI- J - TCA fE
HMDB0000086  H il B R N i CgH,oNOGP 257.1028 0.78 ESI* 1 L HbmRis s
HMDB0000089  fififf CoH 3N;05 243.0855 9.62 ESI- 1 I e
HMDB0000107 23| i CeH 404 182.0790 6.57 ESI- 1 U 5 R A
HMDB0000114 i L 2 Bl CsH ,NOGP 215.0559 9.94 ESI- 1 L Hubmhis s
HMDB0000118 575 2R CoH 004 182.0579 6.75 ESI- | T EEmAH
HMDB0000122 D - #i%ji CeH 204 180.0634 9.91 ESI- il T BRI
HMDBO0000124 6 — iR ol CgH,304P 260.0297 10.67 ESI- } 1 IR IR
HMDB0000130 & JeIH R CgH;0, 168.0423 7.94 ESI- ! T A
HMDB0000138 i Ca6H5NOg 465.3090 4.19 ESI- ) L SRR A
HMDB0000139  H- ik C3Hq0, 106.026 6 3.91 ESI- ! T TCA B
HMDB0000148 734k CsHyNO, 147.0532  2.24 ESI- ! T TCA B3
HMDBO0000156 352 C,H,05 134.0215 2.65 ESI- 1 - TCAfE#
HMDB0000157  yi # 1Ens CsH N0 136.038 5 3.67 ESI- 1 b IR
HMDB0000175 LR CioHi3N,OgP  348.0471 11.97 ESI- 1 U e
HMDB0000190  f C3Hg05 90.0317 0.77 ESI- 1 I %
HMDB0000195 L #F CioHaN405 268.0808 4.78 ESI- 1 U W
HMDB0000207 ik C,5H5,0, 282.2559 8.18 ESI- 1 b AR A
HMDB0000220  f5:HiR C6H3,0, 256.2402 0.99 ESI* 1 ! AN BRI 5 B
HMDB0000222 5 A k P Bi; Cp3HysNO, 400.3421 8.05 ESI* 1 - e
HMDB0000224 O - iR Z Bz C,HgNO,P 141.019 1 10.44 ESI- 1 U it e
HMDB0000251  4-Tifia C,H,NO,S 125.0147 6.88 ESI- 1 L ARRERAS R
HMDB0000269  #ii5i: Cy5HyoNO, 301.298 1 5.98 FESI* 1 L BRI
HMDB0000277 #5Z 8 - 1 - HifR C,sH4sNOSP 379.2488 6.07 ESI- i ! Lt
HMDB0000285  JRE =R CoHysN,0.sP;  483.968 5 12.00 ESI- 1 I e
HMDB0000288  JR T 5'- Bifizth CoH 3N,00P 324.0359 11.61 ESI- | T et
HMDB0000289 R CsH4N,O, 168.0283 6.52 ESI- 1 | mEnEf
HMDB0000290  fR# — Bz - N - ZBLa A Ci7H»N;0,,P,  607.0816 0.86 FESI- 1 - ERTRRE R
HMDB0000292 % EEHS CsH,N,0, 152.0334  4.23  ESI- 1 - R
HMDB0000296  fRTF CoH,N,04 244.0695 3.62 ESI- 1 ! )
HMDB0000564 PC(16:0/16:0) C4oHgoNOGP 733.5622 4.48 ESI* 1 I Hhssps i
HMDB0000574 L - Y ft4 ik C;H,NO,S 121.0197 9.82 ESI- | T ARERARA R
HMDBO0000618 D — %M -5 - Wiz CH,,04P 230.0192  9.56  ESI- 1 L R
HMDB0000630  fiamsi: C4H5N;0 111.0433  3.67 FESI- 1 L R
HMDB0000641 73BNk CsH N, 0, 146.060 1 7.94 ESI~ ! T TCA fE#
HMDB0000653  fIF [&1 5 R i Co7H46048 466.3117 1.50 ESI- 1 | KEEERE YA W
HMDB0000673 W jiiifiz CygH3,0, 280.2402 7.71 ESI* 1 - WA
HMDB0000684 R JR 4 R CioHaN,04 208.084 8 4.46 ESI- 1 I e
HMDB0000827 B figHz CigH360, 284.2715 4.25 ESI- 1 L AR IR A A i
HMDB0000939 S — [l [ B ik 4 R CiaHNgOsS 3841216 9.69 ESI- 1 I kR R R
HMDB0001043  76/E PUssia CaoH3,0, 304.2402 8.24 ESI* 1 L AR mA s
HMDBO0001068 D — 5 K Bl -7 - Bk C,H,50,,P 290.0403 9.64 ESI- } T ERER
HMDB0001085 =% B, CayoH3,0, 336.230 1  6.80 ESI- 1 b el
HMDB0001173  5°- B B 45 CHisNsOsS  297.0896  0.97  ESI* ) I kA E R
HMDB0001190 1|k 7, fi% C1oHoNO 159.0684 0.82 FESI* 1 L asEmtE
HMDB0001198  H =4 C, C3oHy7N;048 625.3033  4.35 ESI- 1 L R
HMDB0001220  Hii5IIi % E, CaoH3y05 352.2250 1.60 ESI- | - TEAENEERRS
HMDB0001337 =4 A, Cotl3005 318.2195 7.04 ESI- 1 L e mEmdCE
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25 AR MUFAIE R R /ZINER 22 S AR LA B A B 38 T3 1835 B AR S A i

» W W o .
HMDB ID K& 2 G ) o R PR
(min) B IER4L K
HMDB0001388 o - I JFfH2 CygH300, 278.2246 7.27 ESI* ! T o- WRRERAH
HMDB0001397 5,4 —ffR CioHsNsOgP 363.0580 7.20 ESI- 1 [T
HMDB0002190 5,6 - 534 -8,11,14 - — =4t CyoH0; 320.2351 0.93  ESI- ) L IR m At
HMDB0002226 ¥ iR CpH360, 332.2715 4.22 ESI* 1 L RIAE R 4 A
HMDB0003335 L -5'- —Hiiia CioHuN0, P, 428.0134  6.26  ESI- | T A
HMDB0003447 18|t -3 - 7, CyoH, NO 161.0841 7.52 ESI* 1 - R
HMDB0004029 11 — i/ i JG il Cyy Hyg0, 344.1988 8.23 ESI- | T REREEEEYA K
HMDBO004610 A 49y 4 it C5H3oNO;4 317.2930 0.98 ESI* ! 1 BRI
HMDB0004866  LacCer(d18:1/12:0) CypHyNO 5 805.555 1 15.97 ESI- 1 - HEEHIRC
HMDB0005779 PE[P -18:0/20 :4(57Z,87,11Z,14Z) ]  Cy43HzNO,P 751.5516 1.00 ESI- ) - HihEsRefC
HMDB0005780 PE[ P - 16 : 0/22 : 6 (4Z,7Z, 107,137, C43H,,NO,P 747.5203  2.85 ESI- 1 - bR
167,197 ]

HMDB0006294 16 — 3+ ki C16H3,04 272.2351 10.23 ESI- | - el
HMDB0007852 LysoPA[0:0/18 :2(9Z,127) | Cy H350,P 434.2433  6.94 ESI- ) T Hlmsms s
HMDB0007878 PC(14:0/20:0) C4,HgyNOGP 761.5935 15.35  ESI- | [ R 1177w
HMDB0007880 PC[14:0/20:2(11Z,14Z) ] C4oHgoNOgP 757.5622 1.14  ESI- 1 L Himmsas st
HMDB0007887 PC[14:0/22:1(13Z) ] C4HggNOGP 787.690 1 15.36 ESI- ) T HimEeL
HMDB0007889 PC[14:0/22 :4(72,102,13Z,16Z) ] CyyHggNOGP 781.5622 2.46 ESI- | (G R 117 A
HMDB0007921 PC[ 14 :1(9Z)/22 :2(13Z,16Z) ] Cy4HgNOgP 783.5778 3.87 ESI- 1 I HmBEIR R
HMDB0007936 PC[15:0/16:1(9Z) ] C3oH6NOGP 717.5308 3.06 ESI- | - HuEERE
HMDB0007938 PC[15:0/18 :1(11Z) ] C4yHgoNOgP 745.5622  2.93  ESI- ! T e
HMDB0007940 PC[15:0/18 :2(9Z,127Z) ] C4H,gNOGP 743.5465 2.93  ESI- 1 l ERTA A
HMDB0007941  PC[15:0/18 :3(6Z,97,127) ] C4HgNOGP 741.5309 2.43  ESI- 1 I HmBE R
HMDB0007946 PC[15:0/20:2(11Z,14Z) ] C43Hg,NOgP 771.5778 2.89 ESI- 1 - HimEERE A
HMDB0007949 PC[15:0/20 :4(57,8Z,11Z,147) ] C43HgNOGP 767.5465 1.00 ESI- i ! HwE s A
HMDB0007955 PC[15:0/22:4(7Z,10Z,13Z,16Z) ] C,sHgNOgP 795.5778 2.83  ESI- 1 - SRl
HMDB0007961  PC(15:0/P-16:0) C3oHgNO,P 703.5516 11.10 ESI* | - HihEERE A
HMDB0007988 PC[16:0/22 :4(72,102,13Z,16Z) ] CygHg,NOGP 809.5935 2.97 TSI~ 1 N (1 AW
HMDB0007989 PC[16:0/22 :5(4Z,7Z,10Z,137,16Z) ] CygHg,NOGP 807.5778 2.98 ESI- 1 [ N i1 AW
HMDB0008359 PC[20:2(11Z,14Z)/P =18 :1(11Z)]  C,sHgNO,P 795.6124  2.96 ESI- 1 I HumBEIe
HMDB0009793 PI[16:0/22 :4(10Z,13Z,16Z,19Z) ] C,7Hg045P 886.5571 6.27 ESI™ 1 - HilhEERE A
HMDB0009795 PI[ 16 :0/22 :5(4Z,7Z,10Z,13Z,16Z) ] C,7Hg 043P 884.5415 5.27 ESI- ) - H RS
HMDBO010331 el o] A i 1 i CHp0; 418.2931 1.51 ESI- 1 L DU A R A T 1k
HMDB0010383  LysoPC[ 16 :1(9Z)/0:0] C,4HygNO,P 493.3168 6.65 ESI- | - bR R
HMDB0010384 LysoPC(18:0/0:0) CyeHs4NO,P 523.3638 4.25 ESI- 1 - HibhEERE
HMDB0010386  LysoPC[ 18 :2(9Z,12Z)/0:0] Cy6HsoNO,P 519.3325 4.32 ESI- 1 - bR
HMDB0010391  LysoPC[20 :1(11Z)/0:0] CogHsgNO,P 549.3794 9.81 ESI- ) - H RS
HMDB0010392  LysoPC[ 20 :2(11Z,14Z)/0:0] C,gHs4NO,P 547.3638 8.64 ESI- 1 - HibhEERE A
HMDB0010395  LysoPC[ 20 :4(57,87,117,14Z)/0:0]  CygH5,NO,P 543.3325 4.23  ESI- | - bR
HMDB0010408  LysoPC[ P -18:1(9Z)/0:0] Co6H5,NOGP 505.3532  7.52 ESI* ) - HuhEsaeL
HMDB0011149  LysoPC(0 -18:0/0:0) CyHseNOGP 509.348 5 10.08 ESI- 1 - [EARR
HMDB0012100  SM[dI8:1/18:1(11Z) ] CyHgN,0gP 728.5832  3.86  ESI- 1 U i1 e
HMDB0013122  LysoPC(P -18:0/0:0) CaeHs4NOGP 507.3689 4.37 ESI- i - H e RS

e T RBAT LR, | JRP s - .
AR O JELRE 5 I B 0 T LB A2 PR 55, PP AR A ) WL 32 S
ZAMHIE T T B R A4 67 R i XL 4 8w
TR A A AT L R AR 2 5 B s 9 2 R UL/ R X
67 R 2 A WA i BA W B 22 5%
4.5 REFHENEEOM
i3 KEGG Hdfa 2 0 i 56 15 21 ) i/ v 19 22 S5 AR
HEATHL R, I MetaboAnalyst 5. 0 #4718 s 1 46 , AR 19 AQ
A 5 P AL A DXL S o 3 AL Sl B R ML > 0. 1 AP < 0. 05 f143
HIEARA SRR D - A @ BE A D - 2 2R ACH Hh
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BENR QI A DU R At R A R M 1 s nE g 2
TS R — PR R AR LA B £ R R AN v A R R Al
5 iFig

AT 5 T8 3 A MR ) 35 6 ) s S LTI A 7R SO 5 B 3
F T TR R AL, 45 3 o, BRI 4 K U Bl
RN 2 SRR IE 1 25 LR B0, 958 11 2 6 5 % 4658 I A AL AR A
ZAN IR FA R YT IS R BRI B e I oy A st , o Hoek
3 M/ B RN SR IR AL B O o A8 L/ AR AR 21 2 2
AT, /R MRS R A I/ A I 5 L, A0 BHA 037 7T Ll i
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PR AEAE DO R A e A QL VB AE A RS AR A AR
AR T U MBI

NI A 5 R IR AR 28 R B 32 B 52 il ) S A
BRI Z — eI h 2R TR (e H B RE 254K
RAARFERR MR RS M8 SO0 2SR M (Y 5 280K
[RIER , SR ™ AL TG PR 40 el 2, P 3n ai 48  as k , fid i A=
YIRREREAR 0% 22 BN A0 i 10y R A T8, 5| AR B B 464k, 368
AR o SR I R BRI A P B 200 B 34 O B I
JIARIE AR HRE VR A, A0 BHIE 037 AT LA S B I /MR 1
A A GRS S G344 R PR L AR IR
RS, /IR TG AR , 2628 DU R AR e 25 i ok 7635
ARBVERT , AEAE DU TR 7% 22 R 5 I 28 I N S8 Ak, JF i
— AL IR B A AR, B = R IERR IR JR AR S S R
A S5 AH DG AR W T B 0 B A o R TR A I /N AR HP AR A DU U
R & W T AR IR R A T AR S 5 i/ MR A , 9F
LS RS TE AR, 26 A 0 s 1 A 3 190 245 2L ™ A 4 E A IR
SHE YIS AV €L N Al EIB A0 b A NPy Ry el DR AW B
FMPHIE FZ R, A E = A, = B H = G 5,6 - 3R
-8, 11,14 = TR IR, AR A BHIE T AT IR A AL A 1Y
IER A R I S , v/ M /AR AR WU g T i 3 Sk
A UE P 0 o — P JPRTER AT A AR = ffk LA TR, 38 Ao 482 1)
IL -6 Al TNF — o AR IEAE SLRL ™" o 1Bk T R T D A1 o
AR AR ZEAR B, S8 0 00 A P O M B A o — WERRPR Y Y
R BN AR IS TSR S8 SR A /IR R AR B I, AR IR
SEIE A PH IR 037 5825 BRI /DR Y o - WRRR A% 1L, 0
SRAE , WG G ) 30 37 P AR I Y o A TR 2 A ke i 50 4 2%
T BT T - Lo IHIERRER 0 AR 20 , 2 SRR IR ER K
AR MR B A AR RE AR H A T
THUG AR ERAKCT T B, 32 W40 BH I 037 98 15 43R R o 35 1k
DA RE A, (L R IR P el 2

TE I/ N B R S8 1 v B I R H Y B H I 88 s 2 = B A
XA R A = B T, 4 /AR I A R T19% Y AR R s
By ARSI B T 2 Fh I 28 0043, B0 i 7t TH 6 ( Phosphatidyl-
choline, PC) B I5 %k £ I i% ( Phosphatidylethanolamine , PE) | J&
15 A5 1 AE B ( Lyso — phosphatidylcholine , LysoPC ) | # i 5k HIL
i ( Phosphatidylinositol , PT) 75 A5 7 28 v 55 %7 B 2 5 22 57, & W]
AR MR R /MR s A R AL e I R
s ) TR B IR R B E Y LysoPC T 5 8 2 1 46
I SR, 5 /NG A R A VR A B4 AL fk R e EL T
BN EZIIRE S o WG 9 1C ) e 28 R ( Ceramide, Cer) | #5
Z 1% ( Sphingosine, Sph) 1 #4 & % — 1 — B2 ( Sphingosine 1 -
phosphate , S1P) 85244 B Il /IMR IEZ5F 1) F B o 2 —, H S
S5 S R L LR Y L WNR I T R /MR
RAE, AW RERR i S , /MR BE & AR R, T g5 I s Y
KA WEALR TR L SLP, 5 1 /N 2 1hi 52 R 45 4 2
[t g g N 1 | W14 N S A S e 2 i G 1WA Y 78
B, NS B2 FE R SEEe /MR Y LacCer
(d18 : 1/12 : 0) . Sph SIP A& #y 5 & e . SM [ d18 : 1/18 : 1
(11Z) ] .0 — iR & BEME AR AR R 5 5% B A # iRl v 4 f:
5 PSR A B A A 2L, I B ANH IR A7 v L
I 2 nl9A Sph S1P AE¥yis i SM[d18 : 1/18 : 1(11Z) ] .0 -
TRTR T ) B R B S S 55 I/ MR 4K

AR R S E P e 2 BR B R AR A, B B B A T

R VB 2> 2 S v P R A R, T Ao 1Y 3R A I SR A B R
AR IR Al RN R 7, PR ok MR 1 R A R
RYEGUEAAE R MR A T A, AR R AR A
TNF - o IL - 1B IL — 18 548 4235 o 75 ML/ Hh 2 i R
S — BRTF RI B 2R 5 — FBR AT . >F I 2R 1 A 3t o 3 5
B LRI F 5, 3 P P o 2 R B A
SRR IAT A BRI R - B IR AR R 10 25 7L, #hPHIR 3% 7T 1A
TP 3 A2 s L T S R S R . R R KT e
PO B A O, T A0 8 S 5 AT R M IR Y T AL
Y TR SR IR TR R, R EE S S 0R
TR ARSI, -3 — 2B KRR I3 2 S TE 1L/ IR £
ETE, R E AR TR I HANHE 1
T TR IR AR 510 2T VR LA e S5 siee 4o

AR B B A PR R B L N ] AR Ak 2 RE (3 )
R Uk SRR RS R S U T . Ak
Sy v 7R IR 75 L B A RS T, B U AR
AR OB IR AR | IR A 80 26 RS B A % Ak WA 5 B 52
SIRIRIGINZ 4 A AR SHR 12 1 25 0L, 3R WLIR 7 76 Ak R s
1 R 2 Al R T R R DI B R RS RS L R
RN I A8/ NS R B AR 25 o TCA 16 352 8 I8 Iy 12 0
G TR 2 7L P AR AL, T 40k R A A3
A5G I T ISR S A R 3 4 M R SR LI
P9 B PR A A TR R IR 25 TR A8 R M 1 o SR
RV A I e g R R R L TCA D3R, 5 2 40 L F
RE TSR, T AR SRS T, 80 T 4 A B e A1 R A
WIS RE , (R S B S B R B i B T, &
R AR S 5 PR 55 A e R AR T BB R
SEFRERR EZ ek, ORIE 2 E BN K
EWAR SHUA SRR REI T A — & Y L FNHIE T AT
AT B4 R Bz 75 R P AT , A3 WL S 8 R 1k 10 572
W

VI 8 3 I B 7 L /I UL A 0 2538 A P v 1
MR o I A IR S N A A P A T BRI AR 1R I
PRI K AR i A R I A 1 VS 25 2 A D A o 5 vy
T BRI | T S S AL B PR R, B AL AR R R
B o TN AR A A L 4 T O B8 45 11 2 R
WAy FEAE R et AT DL R AR S R AR &
LA, R BRAE ML BE b AR, 45005 L5 P, 5 R A 5t 4
b SRR 2 i 2 1 JEL 3 1 1) 4 , 3 50 465 B 9 954 405
T, ANHIE L AT LA O I JULIT | BRIR FR 45
AN SR M SAWS L7 LU Re s O R = IKEE LI

AFFGEREARR T SR MUBSIE L/ L S AT, O
W T ANHA T T BUG AR AR, A0 I IE 1 7%
TE 2% AR5 K e AR e R ARt Al R A R R At
I W NV EB NG TIRV75 0 Rt 411707141 0 e S <X D L1 1
IO R S SN I /INB IS AL 0 L5 PN e 00, BB SR A VR B
FEORE T R MU TIE AR Z50 11 /N A Wb 7 B AR 16
X AE TS A R RS AT 2 — A R R i AR 4 2 R
FFUAE, JE e B B ARSI RS S WTE IR
N4 TG 348 7% R IS IE I/ N P A 02 S, SRl R e
M B P BE 238 B 7 RO A R Se g i .
5% 3k
(1] XVEE, KOV B MBEA B MEBL [ 1], 3D 5 B 4
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