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Orbitrap ExplorisTM 480, Q — Exactive Plus [ ji%
A, 2% E Thermo Fisher Scientific 23 ] ; Vanquish UH-
PLC #8 & R AH 03% Y, 9 [ Thermo Fisher Scientific
/AH] ;UHPLC Nexera LC —30A #8 = Z0HBH (3543, H
A< SHIMADZU /A #]; ACQUITY UPLC BEH Amide/
CSH C18 1.7 wm A35F: (A% 2. 1 mm x 100 mm) ,
F[E Waters 2> 7] ; BXS51 JE 22 W B, H 48 Olympus
PR3t ; Pannoramic MIDI 0590 i 49 # AX, £ F F]
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% CS7BL/6J /NEL 12 HORTEH (C) 4.,
1.5 THS5HEM

BS 4 ATV 4155 517 LIANE BERE 7 BT HE AT
TR W S (BS ZHHEE .3 970. 26 mg/kg; ATV 41
I .2.055 mg/kg) s C 4 M 4TS5 AFRZE
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TR N, B 6 NS T 4% 2 R PR
B Bk O, B 10% f8 2R S MR AR 40 i vk
YR 3 Ho AN BRI 32 sl ik 22 1 32 sl Dk Bl R
B - 80 CUKFEIRAT , LA&S il A QI 4L A
1.6 K FEbs 577k
1.6.1 /NREPKEHRIILE SR FREH

HE T O Yo 43 HRG /)N B8 3 bk S B 25
e mER GE B 4 A S R FRUCR 4
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MR L, FEhkE SRR L = SR A 32 3l ik sE
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1.6.2  FAEFEACIHZH A5
1.6.2.1 FEATANFE

BUNR ESIPREEAE 4 CHdR, IMATA H R/ 2,
/KIS (2:2: 1, V/V) IR BER A, IRIELHE 30 min,
—20 C#+& 10 min,12 000 r/min,4 °CE5.0> 20 min, B
IS TR 100 pL NEKIEWR (OB K =1:1,
V/V)EEE,BE, 12 000 t/min,4 °C .0 15 min, B
THHERE ST
1.6.2.2  {ajE5ff

5 SSORORR (0,3 R 58 HILIC (3% A4 58, AL IR

25 C ;i 0.5 mL/min; JEFEE 2 L A A K +
25 mmol/L ZFR%% + 25 mmol/L VAW, Tish# B. &
i s BB EEVERE .0 ~0. 5 min,95% B;0.5 ~7 min,95% ~
65%B;7 ~8 min,65% ~40% B;8 ~9 min,40% B;9 ~
9.1 min,40% ~95%B;9.1 ~12 min,95% B,
1.6.2.3  JiiE &AM

ESI IR} 1% 280 55 A0 3 B in#4 <1 (Gasl)
60, BN 2 (Gas2) 60, AT 30 psi, & F IR E
350 °C, Mt 25 L He IE 25 A0 3 500 V, 1 B AR
2 800 V;—ZFff kL 70 ~ 12 00 Da, 43 #E5 60 000, 1
] 100 ms, —ZHHH 70 ~1 200 Da, 53 PR
60 000, FIH T 1H] 100 ms, SHZSHEBRHE] 4 s,
1.6.3  ARFEJE B 2H Al
1.6.3.1 FEATALEE

BUNR EBIKREA S 4 C %, 5 200 pL K.
20 LR bR AEIR A IR TE, A 800 wl MTBE iR JiE
IRA, A 240 wL W94 H IR IE TR &, IR IR /K A |
20 min, & % i 30 min, 12 000 r/min, 10 °C & >
15 min, U EZHHAE, AWK, A 200 pL 90% 5
W/ OB W T (i 0T ), 7853 R TE , B 90 pL
/E%??@l,lZ 000 r/min, 10 CEL 15 mln,mi{jﬁz{@iﬂ:
FEHT
1.6.3.2 (A5

C18 {o it HEiR 45 °C; i 300 pl/min, 30
A A CHEKREWR (LK K =6:4,V/V) +
0.1% H & +0. 1 mmol/L HRE:, B LN 5 N BEH K
(CHE: BHNEE=1:9,V/V) +0.1% HEZ +0.1 mmol/L
F R, A6 BEVEME:0 ~ 3.5 min,40% B;3.5 ~ 13 min,
40% ~75%B;13 ~19 min,75% ~99% B;19 ~24 min 40% B,
1.6.3.3  JiE &M

EST AT NHAEHE B 300 C, P ES M=
45 arb, 5HBNVS AT 15 arh, AR E 1 artb, WiZ5
JE3.0 kV, BT IR E 350 °C, S - Lens S 45 H1 7
50% ,MS1 FHHE7E FH :200 ~ 1 800, I i 43 T FlJIK o i
F B JBes R A S R AR 10 MR ELE MS2
scan, HCD, MS1 7£ M/Z 200 433,70 000, MS2
TE M/Z 200 B 43HE% .17 500,
1.7 BAs55 0

JFARBE 2 ProteoWizard #5328 mzXML #&2X, %
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WHE ) F— IR BT ¥R LipidSearch #0445 R 15
& TR A — AR A B K 228 B BT s AR A R E Y
BT (PLS — DA, OPLS - DA | & #4556 & KEGG 3 i 7
BE) s IFETERIA (x £ 5) Ron, P4 ] 22 55 L3R Al
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NL: 1.30E10
TIC F: FTMS + p ESI Full

301 560
1005 663.45 27427 144 350 435 4 550 625
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o
752
100, séags 1257 o e 2 406 55 610
A iz ra 210 g 137805 52437 351 20412 16211 16043 520 673 782 1005 1027 1059 1092 1134 1169
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H 04375857 Te 20 559
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2.3.2 RIS Bk a2 %43 T Lipids and lipid — like molecules (5 F K
S E A 1697 D (IEE TEEC L 074 A 00 (24.455% ), HUCOR A HLIR K LA AW Organic acids
BRI 623 A4N) AR AL 0 K TR W MG BTR and derivatives(22.451% ) . WLl 4,

SuperClass

= Lipids and lipid like molecules: 24.455%

= Organic acids and derivalives:22.451%

“ Organohelerocyclic compounds:13.73%
Benzencids:10.666%

Undefined:10.666%

Organic oxwgen compounds:6.718%

Phenylpropancids and polyketides: 3.595%

Organic nilragen compounds:3.182%

Nucleosides,nucleotides,and analogues: 3.005%

Alkaloids and derivalives:0.707%

Lignans,neolignans and related comcounds: 0.295%

Organosulfur compaunds:0.295%

Homogeneous non etal compounds:0.118%

Hydracarbon derivatives:0.0599 . .

Organoheterocyclic compounds Nucleosides nucleotides and analogues: 0.059%

K4 fRBISERE - feear

2.3.3  PLS - DA /37 0.537;Ry* =0.974,0% =0.544) ; ATV — M 4 [a] 4549
EfAEFAEAT M- CcHAmfiEmERE Z5HB(RY® =0.999,0° =0.721;Ry* =0.991,Q* =

(Ry*=0.999,0% =0.615;Ry* =0.989,0* =0.601);  0.425), WK 5,

BS- M 4imR i 2 5 8 (R =0.999, Q° =

A 15 B 15 C 10 =
»
10 . 10 . 5 .
- g ° -
5| . 51, 0 i
0— s 0 :
. s -5 * . o
-5 .o -5 .
-10 -10 . =8 .
; b B -15
15 -5 0 5 e -5 0 5 -5 0 5
«C+M *BS* M *ATV+M
D 15 E 15 F 10§ <
10 . 10 3 5| e
5 . 5t . . 0 e,
. 0 ) ° Y
0 - . e ] 5 . -5 ‘.
5 . . 10 * . -10 .
- -15 -15
1G-IO -5 0 5 10 -10 -5 0 5 -10 -5 0 5
«C «M «BS. M «ATV .M

WL IEE TR A (Mos C)5B. (BSws M) ;C. (ATV s M) ;B FHX . D. (Mwos C) 5 E. (BSws M); F. (ATV us M),
E'5 PLS - DA /3+#r

2.3.4 KIS 174, 5 M 48, BS IE & T 22 Y

KINEDHI(FC>1.5 8% FC<0.67,P<0.05)%  LFIEH7A T2 A, g AT L# 12 4 F i
B, 5 C i, M I TR T 22 530 B 3 AN ATV IE s PR 22 S0 B 3 A R
2040 R 20 4, B PR B 17 AR 24 BN B2 A RS A, WK 6.,
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e IEB AR A M us C;B. BS vs M;C. ATV vs M; 715 T . D. M vs C;E. BS vs M;F. ATV vs M,
F6 ARtz kil
#NERERR 7 AT bR i 25 AR 5 - MO 2 ( De-

2.3.5 trEtEERARUY b
PLVIP>1,P<0.05 & FCE(M/C >1,BS/M <1

oxythymidine 5’ — phosphate, dTMP ) | K Jf & £ ( Mil-

HATV/M<1)8{(M/C<1,BS/M>1 H ATV/M >1) nacipran ) RN EH, WE1,
R FREREAT B 2 2 S b, AR R,
1 REEERREY
PR 4R WAL AL S e Fe i
N Jod A min core BS/M ATV M
2 - linoleoylglycerol 337.273 41  48.834 750 0.982 319 826 709 113 2.406 832 1.631 989 0.967 745
Milnacipran 230.139 56  627.329 00 0.994 537 232 107 786 1.722 890 0.662 155 0.481 799
D - glucose 6 — phosphate 283.018 61  444.649 50 0.997 034 118 002 513 1.735 779 0.980 359 0.664 444
1 —oleoyl — 2 - hydroxy — sn — glycero — 3 — phos-
509.289 05 144.710 00 0.972 355 47 3.552 542 1.972 527 1.080 571
pho — (1" - rac — glycerol )
Pg 36:4 769.502 78  48.458 40 0.957 969 568 518 849 2.425 876 1.855 770 0.985 498
Deoxythymidine 5" — phosphate (dTMP) 321.043 95  25.290 20 0.942 982 367 215 532 1.999 784 0.642 784 0.641 777
Irisxanthone 435.102 17  23.219 30 0.991 581 889 570 375 0.384 128 5.237 799 174.553 814
L COIEH AL M. BT BS. M4 ATV. Al T4,
10 [3stddev T
2.3.6 KEGG i@ #/Hr
2 std.dev
SR B3 P 5 FE P 4 A B4 45 (Kyoto Encyclo- 5 o
pedia of Genes and Genomes, KEGG) X 5 7 P 22 H AR = ) ¢
YA T B AR S0, 4 dTMP W] 5 3 e AR T y
S -5 °
uﬁ{t‘ﬁi‘ﬁﬂ%o 2 std.dev
2. 4 J\ fﬁﬂiﬂ%jlﬁﬁﬂa Qﬂ% \*ﬁ‘ -10 3 std.dev
2.4.1 QC FEARZAS E = My QCl QC2 QC3 QC4

QC FEAZAZ AR AT 45 R R M, QC FEATEIE
WL A IS, AR R E B AT RE . DLIET 7

Obs ID(Primary)

T MEABER R QC BEAS s PR BRI BRI
El 7 QC#HA MCC &
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K8 JEFEAT - IBRWIE 4T A
2.4.3 OPLS - DA /M1 5 BHAs 16
OPLS — DA 43t 200 BEAC AT [0) 20 N AL S 43 B

A

15

2

-3

B

0 0204 0.6 0.8 1.0

PS
SPH

15
10

-1.0
-1.5

ST
WE E

W B A 0 W] R B R AR A S g, W
Ko,
2.4.4 KLy

SO (FC >1.5 8 FC <0.67,P <0.05) 4%
REWL 5 CHWE M AR EWNZERIER ST M
87 A FUA 114 4> 5 M LLEL, BS 41 1 3 1k 22 = i
53 B 102 4> T 24 AN ATV 21 1835 1 2% 5 i
By bk 87 A~ R IE 16 A~ WA 10,
2.4.5 briltEZE AR

PAVIP>1,P<0.05 & FC {5 (M/C >1,BS/M <1
FLATV/M < 1) 8 (M/C <1, BS/M >1 F. ATV/M > 1)
FFEAREATAR SV 22 IR B 1o A, SRR
N RERR T3 ] S 3 Y B i Ik 22 2R ( Phosphatidyl-
serine, PS) . H i = Mg ( Triglyceride , TG ) . ¥ Ifi. %5 i IE
% ( Lysophosphatidylcholine , LPC ) ¥ 2840 5 30 4~ #p s
PEZRIERT T, Wak2,

-10

0 0204 0.6 0.8 1.0
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WA ~C N OPLS - DA 23H7;D ~ F R BEHAGE, A. M ws C;B. BS vs M;C. ATV vs M;D. M vs C;E. BS vs M;F. ATV us M,
E19 OPLS - DA /45 8 il 5

>
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K10 JeRTd 2 kilE



L T ¢ 2026 4F 2 H 55 54 545 2 3]
<12 - Acta Chinese Medicine and Pharmacology Vol. 54,No. 2,Feb. 2026

K2 BREBERERS T

S IR W% RS TR (B /min Fe i
M/C BS/M ATV/M
1 PS(35:1e) -H PS Cy HygOgN, P, 7.908 00 27.516 860 0.194 465 0.109 359
2 TG(20:1_18:1_18:1) +NH, TG CsoH, 1, O N, 16.753 76 0.693 225 1.395 298 1.411 853
3 TG(18:1_18:1_18:1) +NH, TG Cs7H,05 O N, 16.550 63 0.688 910 1.522 331 1.718 389
4 TG(18:1_18:1_18:2) +NH, TG Cs7H,06 0 N, 16.277 28 0.615 411 1.520 333 1.726 978
5  TG(16:1_18:1_18:1) +NH, TG CssHyos O N, 16.226 09 0.593 817 1.495 502 1.920 848
6 TG(17:0_18:1_18:2) +NH, TG CssHyo6 O N, 16.401 38 0.567 372 1.570 123 1.772 622
7 TG(19:1_18:1_18:1) +NH, TG CsgHy10 06N, 16. 668 24 0.483 976 1.468 430 1.538 471
8  TG(20:1_18:1_18:3) +NH, TG CsoHyo5 06N, 16.314 94 0.482 398 1.370 585 1.591 377
9  TG(18:1_18:2_21:0) +NH, TG CeoHy14 O N, 16.917 69 0.479 096 1.520 169 1.425 126
10  TG(16:0_14:0_18:2) +NH, TG Cs; Hog O N, 15.833 85 0.465 070 1.540 587 2.227 938
11 TG(18:1_17:1_18:2) +NH, TG CsoH,os O N, 16.093 50 0.451 124 1.591 483 1.805 381
12 TG(18:1_18:1.22:4) +NH, TG Ce1 Hy 1006 N, 16.430 76 0.439 183 1.468 238 1.564 169
13 TG(20:5_18:2_18:2) +NH, TG CsoHy00O6 N, 15.075 37 0.404 045 1.883 451 1.826 608
14 TG(16:1_18:2_18:2) +NH, TG CssHyo0 O N, 15.539 58 0.377 730 1.560 260 2.131 462
15  TG(19:1_18:1_18:2) +NH, TG Csg Hygs Og N, 16.396 56 0.377 599 1.474 711 1.516 560
16 TG(12:1e_12:2_12:2) +H TG CyoHgr 05 10. 664 00 0.358 794 1.734 678 2.401 322
17 TG(16:1_14:0_16:1) +NH, TG CyoHgy O N, 15.403 74 0.349 757 1.583 168 2.339 298
18 TG(18:1_18:1.22:5) +NH, TG Ce1 Hyos O N, 16.150 77 0.346 025 1.504 692 1.530 004
19 TG(16:0_8:0_18:1) +NH, TG CysHgg O N, 14.744 66 0.325 795 1.653 759 2.343 948
20 TG(16:1_14:1_18:1) +NH, TG Cs; Hog O N, 14.985 30 0.324 360 1.901 782 2.216 149
21 TG(16:0_14:1_16:1) +NH, TG CyoHgy Og N, 14.855 70 0.318 404 1.796 043 2.545 906
22 TG(18:1_17:1_18:3) +NH, TG CssHypo O N, 15.756 14 0.313 116 1.517 760 1.766 905
23 TG(16:1_10:0_18:1) +NH, TG Cy7 HgyOg N, 14.818 91 0.307 222 1.678 342 2.469 521
24 TG(18:1_18:2_18:3) +NH, TG Cs;H,0, 06N, 15.610 29 0.303 833 1.537 862 1.767 979
25 TG(18:2_14:2_18:2) +NH, TG Cs3 Hyy Og N, 14.553 03 0.276 651 1.737 627 2.339 220
26 TG(8:0_18:1_18:2) +NH, TG CyHgg O N, 14.088 58 0.271 523 1.580 674 2.100 373
27  TG(18:1_18:2_20:4) +NH, TG CsoHyoy O N, 15.851 83 0.270 842 1.757 522 1.947 572
28 TG(22:5_18:2_18:2) +NH, TG Cg Higq Og N, 15.639 95 0.212 100 1.647 278 1.477 509
29 TG(18:3_18:2_18:2) +NH, TG Cs7H,00 06 N, 15.220 06 0.183 482 1.767 110 2.137 865
30 LPC(16:1) + HCOO LPC CysHyy 00N, P, 1.373 43 0.047 428 13.552 600 17. 445 560

L COIEH 4 M. ARIZH  BS. #MEFZH ; ATV, fliT4H .,
2.4.6 MMM JIg ST AH B 22 (R AE e BE AR DG, WLIT 11,
AHEPES T (VIP > 1,P <0.05) K bRtk 2 5

l‘ B

A :A.Mus C ;B.BS us M;C. ATV vs M 2060, IEAHG, ¥ 68, A,
B 11 IR BT A S A
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Full - spectrum Metabolomic Study on the Intervention of Bushen Jiangzhi Formula
in Atherosclerosis of Apoe '~ Mice
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Shanghai Geriatrics Institute of Chinese Medicine, Shanghai University of
Traditional Chinese Medicine, Shanghai 200031, China

Abstract Objective: To explore the mechanism of Bushen Jiangzhi Formula in intervening atherosclerosis ( AS) in

/= /=

Apoe ™"~ mice based on comprehensive tissue metabolomics. Methods: Apoe ™~ mice were fed a high — fat diet to
establish an AS model and randomly divided into model (M) group, Bushen (BS) group, and atorvastatin ( ATV)
eroup, with age — matched C57BL/6] mice as normal control (C) group. After 12 weeks of intervention, ultra — high —
performance liquid chromatography — tandem mass spectrometry ( UHPLC — MS/MS) combined with UPLC - Orbitrap
mass spectrometry — based untargeted lipidomics was used to detect aortic metabolites and lipids. Bioinformatics analysis
was performed to identify signature differential metabolites and lipids. Results: High — fat diet induced typical AS lesions
and lipid accumulation in the aortic sinus of Apoe ™’ mice. Aortic metabolites were mainly classified as lipids and
lipid - like molecules. Compared with the M group, the BS group showed 7 upregulated and 2 downregulated differential
metabolites in positive ion mode, and 12 upregulated and 3 downregulated in negative ion mode. Bushen Jiangzhi
Formula reversed the expression trends of signature differential metabolites, including deoxythymidine 5’ — phosphate
(dTMP) and milnacipran. KEGG analysis indicated that dTMP was significantly enriched in the pyrimidine metabolism
pathway. Lipidomics identified 3,897 lipid molecules belonging to 44 subclasses. Compared with the M group, the BS
group exhibited 102 significantly upregulated and 24 downregulated differential lipid molecules. Bushen Jiangzhi Formula
reversed the expression trends of 30 signature differential lipids related to phosphatidylserine (PS) , triglyceride (TG) ,
and lysophosphatidylcholine ( LPC) subclasses. Correlation analysis revealed strong interrelationships among these
signature lipids. Conclusion: The mechanism of Bushen Jiangzhi Formula in intervening AS in Apoe ’~ mice may involve
regulating aortic metabolite dTMP through the pyrimidine metabolism pathway and modulating the expression of PS — |
TG -, and LPC - related lipid molecules at the comprehensive tissue metabolomics level.

Key words Bushen Jiangzhi Formula; Atherosclerosis; Comprehensive metabolomics; Untargeted metabolomics

Untargeted lipidomics



