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Metabolomics Reveals Lipid-lowering Effects of Microctis Folium in
Hyperlipidemic Mice via Modulation of the Arginine—Proline—
Polyamine Axis
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Guangdong Provincial Engineering Technology Research Institute of Traditional Chinese Medicine, Guangzhou
510095, China; 2. School of Fifth Clinical Medicine, Guangzhou University of Chinese Medicine,
Guangzhou 510405, China)

Abstract: This study employed a high-fat diet(HFD )-induced hyperlipidemia mice model to system-
atically evaluate the lipid-lowering and hepatoprotective effects of Microctis Folium and to elucidate
its regulatory mechanism on the arginine—proline—polyamine metabolic axis using integrated untarget-
ed and targeted metabolomics. Serum untargeted metabolomics was performed using UPLC-QTOF-
MS/MS to screen for differential metabolites and conduct pathway enrichment analysis. Subsequently,
targeted metabolomics based on UPLC-TQ-MS/MS was employed to quantify key metabolites includ-
ing L-arginine, proline, creatine, and polyamines (spermidine and spermine). Microctis Folium

significantly reduced TC, TG, and LDL-C levels and decreased ALT and AST while increasing
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HDL~C across dose groups. Untargeted metabolomics revealed broad metabolic disturbances induced
by HFD, with significant enrichment of arginine and proline metabolism; differential metabolites
mainly involved amino acids and derivatives, polyamines, creatine-related metabolites, as well as
lipids and organic acids. Microctis Folium treatment globally reversed these metabolic abnormalities.
Targeted quantification further confirmed that L-arginine, proline, creatine, and polyamines
(spermine/spermidine ) were decreased in the model group, and Microctis Folium markedly restored
their levels toward those of controls. Collectively, Microctis Folium exhibits pronounced lipid-lower-
ing and hepatoprotective activities, which may be mediated by modulation of the arginine—proline—
polyamine metabolic axis and associated metabolic remodeling of nitrogen and energy metabolism,
thereby promoting restoration of metabolic homeostasis. These findings provide metabolomics-based
evidence for the mechanism of action of Microctis Folium and support future screening of its bioactive
constituents and translational development.

Key words: Microcos Folium; hyperlipidemia; arginine—proline—polyamine metabolism; UPLC—
QTOF-MS/MS; UPLC-TQ-MS/MS

v ILIE R S AEREAL | 6O B2 AEWGRE PENE W VE I 25 22 FiMS VRSO ) 2R N 3R, Hok
AR AR T 7 VAR TRl T, © O™ B R S R Bk R AR A i R A
BT T 2R 25 RE NS A R INAR , (HAHIA A AT RE S EDUR USR8 = SF A R ROV, RS
EWTRCAR, RO DI SRS e T L VR BLR B 2 ) T R

A& (Microcos Folium, BZY), SEIETFARMEHEH B ATH (Microcos paniculata L. ), H
- BAT IR . TH BFRIRIVESE TR, W MTIRYT RN BrE AL R SRR IE . VER
AP HIESAEY), g AEh B2 R i 2 ) iz, E S . R, =g RS
BR45 2 KA E VRIS o BUREER SR RIETE R, At HA B MR . bréade . HraemiiRizs)
AE, REFEARERHRERE(TC) . HM=RR(TG) | IR BEAR & 1 JE R % (LDL-C) Ff42 i v 2% LA G 2 1 L sl /st
(HDL-C), FUAHAA R IGFOREIE S FEM " 25BHURIPE R s, A i o -5 A Y o] @
2 AR AR TR, B0 E IS S ARG A 32 1k o (PPAR-) 1K, 41 3-
FRAL-3-H R IR I Al A (HMG—CoA ) i& I 5 71 S LSRG A (ACAT) W& 1, Hikl B B id S A I Uk
BB o BRI, XSEVE LT3 — T 728250, HOTRERRARZG M A R B XU
SRIAT, AT TR 2505 1 Mg TILAE P P SO Rl B2 AR A A RS A 2% eh iV FTBLIR TSR AR 21 7555 B

PAESR, KRR -IH R A S T il 2 i 5 B D RE . RER AR, AL A0 i e s
YIRESR, CHOESELENERE . IR SoO PRI R A 5 R e k1% T HEEN" . Glskans
BOREETR . R S 2 et A ZE 0L, (H X S5 8 0% e A 30 i A L v ) B AR A 5 4L
AR RGN o

ASBIR A o A o R - DU AR AT~ R AT IR T8 i (UPLC-QTOF-MS/MS ) L [i] AR 21 27
5 v B (0 - = T DUAR T BB (UPLC-TQ-MS/MS ) $E [ R 2 E AL . RGVE N A ik
5% o Mg MLRE ) F PR« — 7 THI A S B 2l P h B e AT s - A BN S5 ORI RS, Sy — Ty s R ]
AR5 07 e S S %, IR T 1) 5 B AR U0 R 2 IR - il 22 1R — 2 e AR 6 1Y) S B i
b, B TEMR 2 T RN AT AT A IR T = N MR AV FBLIR] o 32 SRS AL RE 1 7 4 Joy A5 EE. 4
TR RGHHIE, IEREHE NIRRT TRETRIRIE , v 25 F PO P S (R ) ARG 2= e 40
1 Xy
1.1 & =5

1290 T BRI AR A IEAX . 6495C Ji WA (S 1E] Agilent 24 ®) ) ; XS00R QTOF 2 it A ( 3£ ] Sciex 24
m); JXFSTPRT-CL B ( LA E AR 2 7)) 5 Varioskan Flash 78 £ D RERGEHRY (32 [ Thermo
Scientific 2y ) ) ; Sorvall Legend Microl7R R E O (ZEE Thermo Scientific 25 5] ) ; XW—-80A IR IE{Y
(R FIM P PEAER ) s KQ-700DE B 8 7 if 1 B A (R Ll i i A A 28 A PR 3 7)) 5 XS205 % 1710
J1 BT3B K F (Bt Mettler—Toledo 23 5] ) o
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1.2 ZZY5ikH

LASEER . R . WUER . TEREHE . Rl . N, N-HIIE R &R (R B ki s A R R
25, 45 % % 5 DSTDJ007901, DSTDF003902, DST250908-668., DST250603-370, DST250909-
182, DST240826-380, ZliJE¥)>98%); ikl H) AREEFELEY .0, BHEE. CE. BRY
hFcikal, W B SE[E Fisher Chemical 23 7] 5 B2 /K I B AT A IE SERIA R 2w 5 I il 35 0 (it
5 20230828) . HIM=EERA G (S 20230830) , A2 RS & A IHE R IR0 & (S 20230828) |
Yo 2 R i A 1 ] 0] B (45 . 20230828) ¥l B R A R AR TR R . AR E 4L Fo il
(ALT) PR A& MR 2 5L FE L0 (AST) W X & (U Z IE A RHE By B BR AR, #5453 51h
23112719-1, 24011020-1); Aidt 2545 AR — AR A feft, 27 R a B2y TRER
T2 Mg AT 240 A 5 BT BB A (Microcos paniculata L. )T, £545 2025 4B/ (b
Zhih) (—3) I HRE
1.3 5 HS5ER

30 2 SPF &Mt CSTBL/6 /MR, W H ) AR B 225 ia s bty o 344 35 T AH R B T e R ) 1 T 2
B, 1212 hGRCBRTEE, B BFEEMYOK, shisei i) AR P E 2 TR ARG
P AT WA (LS. 416317) . ARGENPERTE L, FEILD S, 435k as E xR
(Control) . FETHEIKE L (Model) . PTFEMRABITEE H 41 (AT, 10 mg-kg'-d™") , AEHARFIE 4 (BZYL,
5.28 mg-kg'+d™) . AEMEFIEL4L(BZYH, 10.56 mg-kg'-d™"), 46 -, F& Control 4145 T35 fal k)
bb, HRGUES: 4 SN R SR DR SR MRS, BRI T2 B, SR 4 JE 25 (FF 4G
TR ) XA /N BCHRIG F kI, 4 °C. 3 500 v/min &0 15 min 20 & 0LE, #20 TG, TC. HDL-C.
LDL-C /K F; Y heiakine 75/ NS TERREL Control ZH BT m I, HI @RS RS I RN G ST
T, BT RN TSR A R A SCERIGE Y, OB ATIE 2525 R, AT, BZYL, BZYH WSS 5 44
SrEE A TN 2RI R, SRS AR RS RS TE RN AEREIK, EL6 R, KK
252524 h S RRBERCM o F5 00070 7 38 5 B o B i, 5 ML T R VA R VR IS T80 "CUK A (R AE, 175K
IERCRASIN . [ RAE/NRIFAHLEAR, B T-80 CIRIEEH .

1.4  MAEEH BRI

FHOARI G B kil i TC. TG, LDL-C, HDL-C, ALT, ASTHIE &,
1.5 MmiFIFEENBHEFESHT

B 100 pLMEFES, N 400 pLFv4  Z G- W RHR S (ARG 1 2 1), 0E30 s. PRSI AE
-20 ‘CTFWE 1 h AU E AR, FEETE4 °C. 12000 r/min 254 F &0 15 min, HL400 wL BiGWEHE
B 1.5 mLELOE T, FERSR PR REREHHIN 100 pLHESH ZE- KRS R (R < 1),
WHE30 s J5, TE4°C. 12000 t/min Z5HF T &0 15 min, BEIERH T IEL040T.

{638 5. Waters UPLC BEH C 4% (2. 1 mmx100 mm, 1.7 wm); 0. 3 mL/min; BEFEAFH
1 pl; WBIAH: CHE(A)-0. 1% HIR/AK(B) . BREEYENL: 0~1 min, 2% A; 1~3 min, 2%~10% A; 3~7
min, 10%~40% A; 7~16 min, 40%~75% A; 16~20 min, 75%~98% A; 20~23 min, 98% A,

FTnl St s SR BT 38 1 IR (ESD IE 7 5K, BSR4 1) -4 500 V 5+5 500 V, 554k
£,379. 2 kPa, HHBINIFK379.2 kPa, AT 241. 3 kPa, EFEHE60V, 5FUEEEE 500 °C, hif#EfE
(35+15) eV, 24875 H m/z 50~1 000,

AR KT . SR AT AL EE, B AL EE S H) B s S N Metaboanalyst 6. 0 #E47 041, RH £
A5 HT (PCA) 5 1 28 fhdie /N 3R 914347 (OPLS-DA ), 4545 554250 (FC)>1. 2 5 FC<0. 8 HAS &
BEBGEAE (VIP)>1 S 555 (p<0. 05) Fii TS ZEM AR Dbn ™ o 245 (RO B UG A AR =F BEARHAE A T 7T
FH, R E HMDB, METLIN, KEGG S5%48 3 &k A @il (5 T R e ;. Fn 154G
UPLC-QTOF-MS/MS A — 2% it i (MS/MS) % {5 S HEAFUCHEL ,  FFAHE B P4k A4 i v I DU L A5 43
WAL % BAEEE . 25 RUIRE G S\ MetaboAnalyst B8 ZE A T A THM I 5 824047
1.6 MERHFHAFZEENE

BUS0 pL ML iE RS, DN 500 L Filid i S-S S KR AW (2 0 2 0 1), N 10 pL BRI
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(200 ng/mL), RHEH2I30s, (RIS min, 4 CFLEL12 000 r/min .0 15 min; HL400 pL_EiHHRER
FH LS mLEOEYH, -20 CFFE2h, 4 °CTLL12 000 r/min &0 15 min; B350 pl FIEFBERSR
T+, H200 pL B EE-/KIBGEW (1 0 DER, WHEIR2)2 min, 4 °CFLL12 000 r/min £ 15 min
Ja, BRERE

i 550 . @R FE K Waters BEH € 45 (2. 1 mmx150 mm, 1.7 wm); P 4 0.3 mL/min; FEi
40 'C; WAIHH A 0. 1% HIRK(A) -2 (B) o BEEEVENE : 0~2 min, 1% B; 2~5 min, 1%~10% B; 5~8
min, 10%~98% B; 8~11 min, 98% B; 11~11.5 min, 98%~1% B; 11.5~17 min, 99% B,

Fonl St SR MBS S F-UR (ESD IE S TR, PRSI : 200 °C; FEEME: 15. 0 L/min;
WEMEHLE : S00V; ZALSEST: 206. 8 kPa; #HAMRE: 350 °C; ¥HSUEE: 11.0 L/min; BAEHIE:
3000V, RN (MRM)MIE . FIH QQQ Quantitative Analysis RAFSe B MU IR . AZHER]
R, AT ME R WL L,

#1 G MRMAE R

Table 1 MRM information for each compound

Compound Precursor ion(m/z) Product ion(m/z)  Collision energy/eV Polarity

L-Arginine (L4522 175.1 70.0 28 Positive

Proline (i Zd11%) 116.1 70. 1 20 Positive

Creatine (JJLFR ) 132. 1 90.0 12 Positive

Spermine( i) 203.2 129. 1 12 Positive

Spermidine IS ) 146. 2 72.1 16 Positive

N, N-Dimclhylphcnylalaninc(N , N-THIEERERR, NiR) 194. 1 148. 1 20 Positive

1.7 SitEsH

HHEA0 il IBM SPSS Statistics 27. 05 GraphPad Prism 10. 1. 2ZbF8, ARIEEIE 4 A5 B BAG IO 1L 1F
AHJTZEFFH, AR M Student” s G5 B K 27 2250 BT (One—way ANOVA) 5 X AN 2 IEZSTE
BT EFIER R, 2GR Mann—Whitney U £ 56, 22 Hh 35 5% H Kruskal-Wallis HRGL . 4551
(xxs) R, HLULp<0. 051EAZERA G THFE I BIE.
2 HREITR
2.1 B3 EEMmEE/NR mAETEFRAT 220

5 Control ZHAHM:, Model 41/NERIMTE TG . TCHILDL-C /K3 25T, i HDL-C /K P 28R4 AR,
IR E ISR A S /MR I A R ZKEL. 5 Model ZHAHLL , ATZHIZ BZY &4 2541 TG, TC.
LDL-C/KF¥BE TR, HDL-C/KFREZERF, Ho @l BZY SHEE R, Fibgi L,
BZY BEA MM ISR K &SRB A, HAWERREEEH (WE2) .

2 HBU/NRIMAETEPRI B (Res, n=6)

Table 2 Changes in lipid profiles of mice in different groups(x+s, n=6) (mmol-L™)
Group TC TG ILIDIL=C HDL-C
Control 2.37+0. 19 0. 52+0. 04 0. 45+0. 07 1.51+0. 05
Model 4.76+0. 26" 0. 7420. 06" 1. 62+0. 08" 0. 83+0. 13"
AT 3. 87+0. 19% 0. 47+0. 05% 1.32+0. 11% 1.26+0. 16”
BZYL 3. 600. 17% 0. 45+0. 04* 1.3920. 15% 1. 32+0. 20”
BZYH 3.43+0.21% 0. 38+0. 04” 1.22+0. 07 1.27+0.23%

Control (Z5 [14); Model (FIRIRE4L) ;s AT(BTHEMAMITLE); BZYL(Aa i R 40) ; BZYH(M it 41); Vp<0.01, versus
the control group; 2p<0.01, versus the model group

2.2 HmEMMNSEME/NRMFFRALT. AST &=/

5 Control ZHAHEL , Model ZH/NRUMLTE ALT 5 AST /KX B EF 5, I—RENEKE W 5| 40 i i1
s ThaEsZ 1. 5 Model 4LAHLL, ATZHJZ BZY K. &AM ALT 5 AST AP ARFERRE TRE, H
R R TR I, SRR BZY ] R i N R A A O B B 505 51 o0 IF Th e B — o pR P VE
(W#3).

2.3 il xd/NER I E A 5T 22 B A =2 i
ST @\ RE BZY AAE M S5 EhRETa bRk AR o R, e 2RI 2 2% 8 s B BZY & 7
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%3 BA/PRIFDIREREFRI AL (oxs, n=6)

Table 3 Changes in liver function of mice in different

BHHITERNSH . PCAESE(E1A) BoR,
Control ZH 5 Model ZAEANFEEEARAR B % I 520 2.

. . L e N eroups(x+s, n=6) (U-L’")
Sy, SRR K B R E PSR REIR S Group ALT AST
[G] B}, BZY ZHKE S 76 45341 25 fa) w14 43 A5 AH 4% Control 9.03+2. 45 17.77+2. 83
L g o — 2 b faty =B 3 5 B Model 16. 66+2. 33" 25.59=1.80"
Model ?ﬁkﬁifﬁiz ) &fﬂ_\. BZY ?Tﬁﬁb@ﬁﬁf@ I%HEI AT 11.58+1. 3% 16. 38+3. 59%
RS B PR S (P 1A) L SR itk — SR A BZYL 12.20:3.51° 18. 1623. 107
BZYH 10. 51x2. 5% 15.29+3. 57%

RURTERIA, KA OPLS-DA BLAYHEFT T 100
ORBEALE AT, LATI 24 (RL4E R°F Q°) SKIT
TASRIPERE, R RMBERINT ] (Y AR &) e
Fefpl, QP R BEER 2 28 IR UE IS ) FRIAE Ty, 4
Q*>0. 50}, FIIBRIEA A HEZ M TMAE ST, 240°>0. 90, NIRBFIMIEREIRT o5, OPLS-DA 4%
SR, Model 4H5 Control ZH(R*=0. 992, (0°=0.93) . BZY i #)&E 4 5 Model (R>=0. 997, (°=0. 894)[H]
BRI HAE B A AE BN 5 5, ARG QYA Tk, Ry-Ad s, R4 25 550 e il 5
(I 1B~C),

FET OPLS-DA BIFIFELLVIP > 1, p<0.05, FC> 1. 25(<0. 83 M ikbrife, 43 HI7E Model vs Control
5 BZY -5 5] & vs Model LS H 25 KL BT, FEG 6 H 1 482 F1 560 4> 22 7Rt (8 1D~E) . #E—27il
it HMDB He %58 H 03 M H A TR RN 2R (K2 5% 4), XEREYLINEZR E 20685 T
KRNFEE, ZMZE. AYRHATEY A (E12) . K i Er 40 422 548 5 5\ MetaboAnalyst i
TTREIIE 538, %I Control 5 Model 4.2 [ ARG A& A W HAE, B 45255 225 £ 5
SR AR a6 BRZESEDE , R IE I BE S T 4 R SR IR B 5 S I AR (I 3A) . [EfHEREMZ,
S i 2Z R AR BE AL S R BRI R, Wi SRR S AR =, oA (O RERE RN,
BEFERENE AR A0 EH2 T, Wl RE s B e R AR L%, MRER MM . AN S SRAE i S
LR EAEER . 2 E, XS R A AT VR S it ik s+, oA —
o RGN ARG s AL B e SR At 1 AR AR

Control (25 FH41) ; Model (F 5K B 4L); AT(BTFEARALITHL) ;
BZYL(fi g IR 4]) ; BZYH(fid A4 ; Vp<0. 01, ver-

sus the control group; 2p<0.01, versus the model group
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Metabolite classification

I Lipid and lipid-like molecules
B Phenylpropanoids and polyketides
B Organic acids and derivatives

[ Organoheterocyclic compounds

LPC Organic nitrogen compounds
ecules

d \’1\»’\\\—\’1\\0 mol

Organic oxygen compounds

I Alkaloids and derivatives

. .
““Benzenoids .
Nucleosides, nucleotides, and analogues . :
2 F Nucleosides, nucleotides, and analogues
- lkaloids and derivatives

» .
% Organic oxygen compounds I Benzenoids
3
%

N
Organic nitrogen compounds

Lipi d an

E2 ZERAlsr e
Fig. 2 Classification statistics of differentially metabolized compounds
dark blue: lipid and lipid-like molecules (PR {0 : JEZEKZAGFEDT) 5 orange: phenylpropanoids and polykelides(ﬁfﬁ: TR K 22 1
2%); red: organic acids and derivatives(Z1.65,: FHUER FILATEY)); cyan: organoheterocyclic compounds(F4¢ €6 : FHHLAHMLAGY)) 5
pink: organic nitrogen compounds CEy {6 : FHHLEHEAL ) ; light purple: organic oxygen compounds (250 : FHLEEILEY) 5 purple:
alkaloids and derivatives (2510, A=Wyl 2 HATHEH ) 5 light green: nucleosides, nucleotides, and anal()gues( et . ZHER AL
W) blue-green: benzenoids (W&o, ZKEALEY)

4 BZY THUG EE MR B LS AR

Table 4 Serum metabolic markers in hyperlipidemic mice after BZY intervention

Mode Compound Formula Classification Model vs Control BZY vs Model
Positive N-Nitrosomethanamine CH,N,0 Organic nitrogen compounds v T
Negative Lactic acid C,H,NO, Organic acids and derivatives v T
Positive D-Proline C,H,NO, Organic acids and derivatives v T
Positive Creatine C,H,N,0, Organic nitrogen compounds 1Y T
Negative Ethyl isopropyl disulfide CH,.,S, Organoheterocyclic compounds 1? T
Positive 1-Aminocyclopropanecarboxylic acid C,H;NO, Organic acids and derivatives 1? 1o
Positive D-Threitol C,H,,0, Organic oxygen compounds v T
Negative Glutamic acid C,H,NO, Organic acids and derivatives LV T
Positive Spermidine C,H )N, Organic nitrogen compounds v 1o
Positive Methionine C,H,,NO,S Organic acids and derivatives v /
Positive  2-Hydroxy—6-methylpyridin-3-carboxylic acid ~ C,H,NO, Organoheterocyclic compounds 1? T
Positive Malic acid C,H.O,4 Organic acids and derivatives LV T
Positive (S)-Hnmostachydrine CH ;NO, Alkaloids and derivatives l D 1 4
Positive Enflurane C,H,CIF,0 Organoheterocyclic compounds Ly Ty
Negative 2, 6-Dimethyl-7-octene-2, 3, 6-triol G, H,0, Organic oxygen compounds v T
Negative  (Z)-3-(1-Formyl-1-propenyl ) pentanedioic C,H,,0, Organic acids and derivatives LV T

acid
Negative N-Acetylaminooctanoic acid C, H,NO, Organic acids and derivatives v T
Negative Indolelactic acid C, H,NO, Organoheterocyclic compounds v T
Positive Kinetin G, H,N;O Nucleosides, nucleotides, and ana- v /
logues

Positive 2-trans, 6-trans-Farnesal C,H,,0 Phenylpropanoids and polyketides v T
Positive Prolylhydroxyproline C,,H,(N,0, Organic acids and derivatives v 1o
Negative 2, 4-Dihydroxyacetophenone 5-sulfate CHO,S Benzenoids v 1y
Positive Butyrylcarnitine C, H,NO, Organic nitrogen compounds v T
Positive Alantolactone C,sH,,0, Phenylpropanoids and polyketides v T
Positive alpha-Bisabolol oxide B C,sH,0, Phenylpropanoids and polyketides v T
Positive alpha-Santonin CsH 0, Phenylpropanoids and polyketides v T
Negative (R)-3-Hydroxy-hexadecanoic acid C,H3,0, FA v T
Positive Octanoylcarnitine CsHy,NO, FA 12 T
Negative Laurenobiolide C,,H,,0, Phenylpropanoids and polyketides LY T
Negative 9, 10-Epoxystearic acid CH,,0, FA 1Y T
Negative Beta-D-Glucopyranuronic acid C,,H,,0, Organic oxygen compounds v 1Y
Positive 9-Decenoylcarnitine C,H;NO, FA 12 T
Positive Decanoylcarnitine C,H,;,NO, FA 1? T
Positive Docosanamide C,,H,,NO FA 1Y T

Positive trans-2-Dodecenoylcarnitine G H,NO, FA 1?2 T
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(8:%4)

Mode Compound Formula Classification Model vs Control BZY vs Model
Positive Dodecanoylcarnitine C,,H,,NO, FA 1? T
Positive 8-Epiiridotrial glucoside C,H,,04 Phenylpropanoids and polyketides [ Y
Negative Isocolumbin C,H, 04 Phenylpropanoids and polyketides v T
Positive N-Acetylmuramoyl-Ala C,,H,,N,0, Organoheterocyclic compounds o Y
Positive Cholesterol C,,H,0 ST Tt /
Positive 11b-PGF2a C,,H,,0; Organic acids and derivatives v 1o
Positive Succinyladenosine C,H,,N,Oy  Nucleosides, nucleotides, and ana- v T

logues

Positive 3-Hydroxy-cis-5-tetradecenoylcarnitine G, H,,NO; FA v T
Negative CPA(16: 0/0 : 0) C,,H,,0.P Gp T U
Negative Astringin C,,H,,0, Phenylpropanoids and polyketides Ty Y
Positive Mammeisin C,sH,,0, Phenylpropanoids and polyketides T Y
Negative CPA(18 :2(9Z, 122)/0: 0) C,H,,0P GP T Y
Negative LysoPE(P-16 : 0/0 : 0) ¢, H,NOP LPE 1? T
Positive N-Stearoyl tyrosine C,,H,NO, FA 12 T
Positive LysoPE(0 : 0/16 : 1(92)) C,,H,,NO.P LPE v T
Negative LysoPE 18 : 0 C,,H,,NO.P LPE 1Y T
Positive LysoPE 16 : 0 C,,H,,NO.P LPE Ty 1Y
Positive Alangicine C,H (N, O Alkaloids and derivatives Ty 1Y
Positive  1-O-Hexadecyl-sn-glycero-3-phosphocholine  C,,H,,NOP GPp v /

Positive Gedunin C,H,,0, Phenylpropanoids and polyketides o Y
Positive LysoPC 16 : 2 C,,H,NO.P LPC v /

Positive LPC 16: 2 C,,H,NO.P LPC v T
Negative LysoPE 19 : 0 G, ,H,NO.P LPE [ /

Positive Ustiloxin D C,,H,N,O, Organoheterocyclic compounds o Y
Positive Microlenin CyH,,0, Phenylpropanoids and polyketides Ty ¥
Negative LysoPE(20 : 5(57, 87, 117, 147, 17Z)/ C,H,NO.P LPE Ty U

0:0)
Negative LPE20 : 4 C,;H,NO.P LPE [ 1Y
Negative  LysoPE(20 : 3(87, 117, 142)/0:0)  C,H,NOP LPE T ¥
Positive PC(P-18 : 1(92)/0 : 0) C, H,,NO.P PC 12 T
Positive PC(17 = 1(92)/0 : 0) C,H, NO.P PC 1? T
Positive LysoPC(0-18 : 0/0 : 0) C,H,,NO PR LPC Y T
Negative LysoPC(14 : 0/0 : 0) C,H,NO,P LPC 1? T
Positive Taurocholic acid C,H,sNO,S Organic acids and derivatives 17 T
Negative PE21 : 4 C, H,NOP PE T v
Positive LysoPE 20 : 2 C,.H,NO.P LPE 1Y T
Positive LysoPC 17 : 1 C,H,NO,P LPC v T
Positive LysoPC 18 : 0 C,H NOP LPC T T
Negative LysoPC 16 : 1 C,,H,,NO.P LPC 17 T
Negative LPC16: 0 C,,H, NO.P LPC 1?2 T
Negative PE22:0 C,,H,NOP PE 1?2 T
Negative LPC 17 : 1 C,,H NO.P LPC 12 T
Negative LysoPC(17 : 0) C, H,NO,P LPC v T
Negative LysoPC(0-18 : 0) C,H. NO P LPC 17 T
Negative PA27: 4 C,,H,,0,P GP v T
Positive LysoPC 22 : 6 C,,H ,NO.P LPC Ty 1Y
Positive Avenestergenin A2 C,,H,,0, Phenylpropanoids and polyketides o Y
Negative PC22:4 C,,H,,NOP PC T Y
Negative PC22:2 C, H, NOP PC T ¥
Positive ~ PA(13:0/20 : 5(5Z, 87, 11Z, 14Z,  C,H,O.P GP Ty U
172))

Positive PS27:3 C,H,NO, P PS T U
Positive Lasonolide A C, H,0, Organoheterocyclic compounds Ty LY
Positive PS30:2 C, H,NO, P PS T v
Negative PC31: 1 C,,H,,NO,P PC 1Y T
Positive Digitoxin C,Hg, 04 Organoheterocyclic compounds Ty Y
Negative  PC(15 : 0/20: 4(5Z, 8Z, 11Z, 14Z))  C,H,NOP PC Ty U
Positive PC37 : 4 C,H,NOP PC T Y

Positive PC40: 6 C,sHg,NOP PC T 17

487784
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(5i44)
Mode Compound Formula Classification Model vs Control BZY vs Model
Negative TG(15 : 0/0-18 : 0/20: 1(11Z)) C, 1,0, TAG Ty 1Y

1 . upregulated; | . downregulated; /. no reversal trend; versus the Control group: 'p<0.05, ?p<0.01; versus the Model group: *’p<
0.05, “p<0.01, (1. Ei; |. Fifl; /. LEEKSE; 5 Control A HE: Vp<0.05, p<0.01; 5 Model ZH He#: Vp<0. 05, “p<0.01)
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