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1.2 A5

AB Triple TOF 6600 it 11X ( 3 E AB SCIEX A
Fl) ; Agilent 1290 Infinity LC # &55 H JRAH (6353 ( 3¢ [F
Agilent 23 F]) ; Eppendorf 5430R I 51 2 25O L (F2 [
Eppendorf A F]) ; ILCE - 6500 #H#L( H 4% Sony A F])

25 (i E MERK 2\ H], 1499230 - 935) ; 4 R &%
(£ [ Sigma 2 A, 73594) ; BB (35 8 Fisher 23 A,
A456 —4) ;5K (3£ [E Fisher 247, A470 —500) ,
1.3 FHik
1301 S[R3 JEA A8 AR RRIE X L

TEEUAGE | FATE A1 = AGH 25 | B T AP
R0 USR] J2 S AT S RRAE X 5]
1.3.2 PRSI S5

T 4 C RS AEEFE 40 mg, LIHEE - £
G - K (2:2: 1) IR RIEATIRTER &, K
ALFE 30 min, -20 CAGRTINE (10 min) k)5 F 4 C
ZMF T 11 230 o/min =y 3 2500 20 min, B R A
THe BB WA TG, R - K(1: 1) Z¥,
22 TR e T M Rl 2 H0E 0 (11 230 1/min, 15 min,
4 °C) JaldE ISR T IR S50 Hr
1.3.3 A EIES

e HILIC 43545 (1.7 pm,2. 1 mm x 100 mm) ,
RN 25 °C 3 0.5 mL/min, JEREE N 2 ul; i sh
HH:7K +25 mmol/L ZFR%E +25 mmol/L ZI/K(A) - &
JE(B) BRI VEDE:0 ~0.5 min,95% B;0.5 ~7 min,
65% B;7 ~8 min,40% B;8 ~9 min,40% B;9 ~
9.1 min,95% B;9.1 ~ 12 min,95% B, & ekt T
4 °C H Bt FERRIRAT .

1.3.4  JRiE &M
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K, B TR ESI RS Btk b 3= b <k
(GAS1/GAS2: 60 PSI) <4544 (30 PSI) B F U5 i
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AHEBR TR (A4 DA 10 R/ PEIR) |, — 5T i 41 41 3 ]
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H=M K@ 4\ RPXRPY, Q°Y {H 439 K 0. 768,
0.999,0. 988 ; Al 5 =M AEAL ] X R*Y QY {H
435149 0.784,0.999,0.978,, 4EFVLE 7, fEs Tt
N, RGE | AR R = A SE AR RE AR G o3 AR (R A

A N R B AT



2026 4F 5 F 5 54 B4 5 1] L
Vol. 54 ,No. 5, May 2026 Acta Chinese Medicine and Pharmacology -31-
100 B Other
3-ketofusidic acid
B Gentiopicroside
(15,31,4r,5r)-3-[(€)-3-(3,4-dihydroxyphenyl)prop-2-enoyljoxy-1,5-dihydroxy-4-[(¢)-3-(4-hydroxy-3,5-di phenyl)
o prop-2-enoyl]oxycyclohexane-1-carboxylic acid
é W Trans-cinnamic acid
*a 75 D-Mannose
154 B (10¢,152)-9,12,13-trihydroxy 10,15-dienoic acid
5 | Linoleic acid
a — M Cornuside
5 = Neochlorogenic acid
,_g 50 P —— ] . Palmitic acid
Myo-inositol
a - ] Ca};Ze‘onl::ooside b
g = oy
8 o Quinate
=) I (+)-catechin
Q 25 Isochlorogenic acid b
©n B Trehalose
® Cynarin
| ] (1r,.3r,4s,51)-1,3,4-trihydroxy-5-[(e)-3-(4-hydroxy-3-methoxyphenyl)prop-2-enoyl)oxycyclohexane-1-carboxylic acld
0
BMT MT SYMT
T BMT. A ; MT. At ; SYMT. = A,
K4 S5 20 B I o EHEREEE
IR R
Rl LEERT o oMT
B
27.8% W GHLREFAL A * SYMT
R R AT L+
B PR B AT 15 —~
0, - E}% = x
0.1% R A A 10
Bk YR iy <
0.4% : W | 1 ST =3 =
0.4% W g K S
~ W @ 0
0.6% B e 2
1.0% = %ﬁﬂﬁ% 3 ’ 20
1.2% & -10 . ~ 10
17% -15 P 0 :
2.6% 8.5% A 20 0
2.6% 200 o o 10 20 3030
’ 4.8% Y 8.5% - - h4
7.5% PC1(44.7%)
K5 R T BMT. {4 s MT. A3t ; SYMT. =iHAGH
Ko ARZLFABE M PCA 455
*BMT “MT 40 “BMT
_ ‘M _ 607 « SYMT + SYMT
g 50+ , X =
2 f o 407 = 204
o ket N N
= ° = o - o
= I = 20+ =
a2 ‘ [ =
IS | 15 2
2 0{ @ | 2 0 P S of 8
= ke = - °
~ — = '
g ?3 5 5, ! = °
] i =] =]
o | 2 S 20
£ 5 y £ 40| | E
S | © S
-60-
T T T T T T T T T T -40 -+ T T T T T
20 -10 0 10 20 20 -10 0 10 20 -20 -10 0 10 20

T score[1](43.3%)

T score[1](55.1%)

. BMT. FIAGE ; MT. A8 ; SYMT. = AGH
B 7 AREIFEFEAE OPLS - DA 154

T score[1](68.7%)



S L ]
-32- Acta Chinese Medicine and Pharmacology

¥

2026 45 A5 54 H5 5 W
Vol. 54, No. 5, May 2026

2.6 S P

FF OPLS - DA 3 Hr&s 5L, DL VIP i > 1 ([ AR EE
B ) MERLEF FC {8 (FOLD - CHANGE) =
2.0 0 Bk 45 20 25 AR, BMT os MT 22 304
B VOB B2, 5 28 B O 32 MT ws
SYMT 2= SR BE 3K, i Xk &9 IR AL B T M,
KIEZEHK B E LI BMTvsSYMT 2% 503 i 35, 51K
YIS, 228 BRI EY BE 3 dERA
FME o] i e 2 SR a5 R an gk 2,

Category1

K2 BARERKGEY LA TELESYE

BMT s MT BMT zs SYMT ~ MT vs SYMT

22 AR B 64 251 186
AT 30 117 100
TG YA 34 134 86

CEe YoV ST SHNSF STHE B STHPEY SR
e —28 IR AR AR H R
P TR AR O 8] A7 2 22 5, LA 8.

Categoryl
BMT
SYMT

BMT1 1.5
BMT2 1.0

BMT3 0.5

1 BMT. ARG ; MT. AGHE ; SYMT. =G

8

Z SR BE ST Es 5, WK 9, MT vs BMT,
MT vs SYMT .BMT ws SYMT 418153 %14 16 35 185 4>
FE5 25 AR . MT vs SYMT 5 BMT vs SYMT 2t
ZS R YR £, K 140 A, MT vs BMT 5 MT us
SYMT .SYMT vs BMT 5 MT vs BMT 4 2% 4R35 145
22 AN 37 A, 2 B AE A AE 2 8] 15

N [ JEUAE o i 22 S AR ) SR A A

HARGEMHGEYE, 3 Az 2250 1 14,
L3 HrP SR 2 (3 4N, 27.27% ) MR R 2 (3 4,
27.27% ) dis K], HOOE A HLR RATAEY) 1A 28
R AT AR 1A WM KA 1A, B 4y
M 11 2SR S 691 AR 9 E 43 FEHES I

x3 3HEBXFERREW

S8
aEw m/z 432K
FC log2 (FC) P1H
BR 329.10 0.17 -2.57 0.011 B
2 — heptyl —4 — hydroxyquinoline n — oxide 517.31 0.06 -3.96 0.006 s Wb B LAY AR )
[BLAARE PRI 519.21 0.31 -1.70 0.005 F [ BE SATED
HETHRAS 609. 14 0.14 -2.86 0.001 HoAth
AZ B RO 955.49 3.10 1.63 <0.001 Jisfsies
WHERH B 733.45 42.60 5.41 0.011 i les
SRAE -3 -0 - M 623.16 3.12 1.64 <0.001 p B
HHTR 663.37 0.10 -3.35 <0.001 FHLIR BATEY
(6 — Hydroxy —1 = [2 = (morpholin =4 —yl)ethyl ] —1H —indol -3 —yl) 109, 16 0.23 o 0.007 I T LA
(naphthalen — 1 - yl) methanone
A ERZ A 895.50 83.49 6.38 0.006 RE
2 609. 14 0.15 -2.77 0.002 EES
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SYMT vs MT SYMT vs BMT

MT vs BMT

L BMT. FAAGE ; MT. AGHE ; SYMT. =AGH
B9 N[RlEE R A i 22 S s B E

Degradabion of flawonoids | N NNRNNIN

2.7 ANIRIHERACE 2 S AR 04 43

5T KEGG Tifg i BAR R, WAL 10, 20 AR i
FEVEDR DT 20 2538 B, H8 7 AN ) BE R ACE g 4
KSR, MT os BMT 410, 25 AR 2 20 % 7
ST 1) e A, T 0 S 1 A ) o S ) 2
Y6 18 SYMT ws BMT 2 22 S AR 2 88 A fr o
T R T 52 140 A 005 L S BT P e e LA P AR
AR AL ; MT v SYMT 20, 22 A0 T8 & 4
T R T P 1 A 0 5 L B SREBR A J  H TR
ARG AR 1R . AR A E 22 AR
Wi BRATAE— E B 22 5,3 A R b Y 3 PR AR R
A58 S T R T P ) A 0 5 L, 3R AN [) 5 T AR L
2 FAE PR TSARIY)

C

Flavone and flavorol biosynihesis IR

Flawone an d flavenol biosyninesis [N Degradation of favondids [ NG
Flavonoid biosynthesis [ FENC—— | Flavone and flavonol biosynthesis _
Linolec acid melabolsr: [N P value Flavoncid biosynihesis NN P value LA
Butanoate metabolsm [N 2e-04 Glulathione metatctism | M 3e-04 Belalain biosynthesis
Galactose melabolsm [N Biosynthoss af amino acids [N 20t
Ascorbale and aldarale melabolsm [N Carbon fixaticn patrways in prokaryoies [ NN Amino sugar and nuclectide sugar metabolism D
Glyoxylate and dicarboxyiate melabolsm [N Biosynlhesis ol colacicrs [II] 2e-02
Cirate cycle (TCA cycle) [N 202 Cilrale cyde (TC:A cycle) 2e-02 Biosynthesis ofcnﬂmlovsD
Tyrosine metabolism [ Glyoxyfale and dicarbaxylale metatalism [ ]
C5-Branched cibasic acid melabolsm I Nusicotide metabolism [IT] Lo ek melsbolism ] 4e-02
Alanine, aspartate and glutamate melabolsm [___] 4e-02 Arginine biosyrthesis [T 4e-02 ,:
Sulfur melabolsm [EE] Pyrimidine metattism [ Sulbenoid, diaryihepianoid and gingerol :
Bisphenol on [ ] Carban metabalism [ |

Biosyntnesis of unsaturaled fatty acids [

Alanintgaspartale and glulamale metatoism [ ]

Steroid homone biosyniesis Sule metabolism [ 0 10 20 30

T T 1 T 1
0 5 1015 20 25
Fold enrichment

| B B S . |
0 24 6 81012

Fold enrichment

Fold enrichment

7 BMT. FIAGHE ; MT. A ; SYMT. =73 ; A. MT vs BMT; B. SYMT s BMT;C. MT vs SYMT,,
E 10 ARFESEFEAHE I 22 50 KEGG & £ R

FE MT vs BMT 21+, 825 25 AR A 5 A, 0
SRR -3 -0 - EFMA AT KT R
RWMAR, HhERMAEmKNEFREE -3 -
O - 57T, W 4, 76 SYMT »s BMT 4, 24
ZSRA 24 4 b 22 SAEEUR R R FAE T R
B2, R B HBIARZR ((+) - JLAEEK, K5, 76 MT
vs SYMT ZH v B2 22 AR A 15 A, Hih 2 57
R R T RO AT R B2 HEIAR R, W
6, DL, l 2 R T A X4 ARGE 5 = R
(22 AR, S AE T 2 B2 E X 43 = Kl

A2 A KB R RER -3 -0 - ZF/ME
o SERSTEV S ETTP=E 2 W) 7/
&4 MT s BMT HEREEZKREY

2RI log2 (FC) PH VIP
SRZER -3 -0 - EFMH 3.52 0.001 1.50
T 3.25 0.002 1.47

KA 2.03 0.007 1.48

AR R 1.25 0.024 1.36

HEE 1.04 0.038 1.48
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%5 BMT us SYMT AELERREW

=AY log2 (FC) P{E VIP
JRAET % B2 5.96 <0.001 1.19
HPIAR 5.30 <0.001 1.23
(+)-JLEE 4.54 <0.001 1.23
R Z Cl 4.18 <0.001 1.19
INZE W -7 - AR 3.92 <0.001 1.24
T -2.77 <0.001 1.21
TEHERA R 2.67 0.001 1.21
(-)-JLER 2.65 0.001 1.22
Pt AR 2.58 0.001 1.23
MR R 3 - Hjapl -2.16 0.001 1.22
MAEE 1.99 0.002 1.20
R H -1.79 0.003 1.04
EYUE S 1.72 0.003 1.16
FRAE -3 -0 - EFWE 1.64 0.004 1.22
KAl 1.71 0.004 1.04
Wil & b 1.60 0.004 1.18
LA -1.45 0.005 1.07
FTRER T - FEET 1.30 0.008 1.12
37— FRHE A 1.28 0.008 1.14
(RN -1.14 0.015 1.21
e -1.02 0.021 1.15
TERIATH -1.00 0.022 1.07
FAAETF 0.82 0.042 1.18
AR 0.80 0.044 1.01

Rz 6 MT vs SYMT HEERNZ 2= FR B4
25 log2 (FC) PE VIP
T -6.02 <0.001 1.38
JEAET 2 B2 5.88 <0.001 1.39
WPIAR 5.32 <0.001 1.37
(+) - JLER 3.78 <0.001 1.35
JRAETT & ol 3.57 0.001 1.38
W2 -7 — WA Y 3.49 0.001 1.39
TEHERA 2R 2.77 0.003 1.26
Bt R 2.49 0.004 1.35
(-) - JLER 2.41 0.005 1.35
E VAU 2.41 0.005 1.37
i R 3 - A -2.12 0.008 1.27
[N -1.94 0.008 1.10
SRR -3 -0 - ZEFMHE -1.88 0.010 1.35
KAl -1.44 0.024 1.38
Wi b 1.05 0.049 1.07

3 itig

A~ e B3 A B 5 A Y5 gt
W T, SEIE T AL G IR 501 31 - AL ) D e

Dy R2EES R, B A T 25 SR S VA Tz R Y

AWFFEFH UPLC — Q — TOF — MS $E g %t 3 AN AS[a) &

AL G AT 353 Hr , IR e 2 TR A ) A7 A

ZE5t . HBT, R AGH 1058 2 5 i e buE oK M Bt

WTH 2S5 T, HLAE 3 i I ACSE 72 B M I Tl A7 7R

265, P SE ) F A S MR s | = A E ) e 7

I, A (A ) M 7E FLARE Y X S R A

AW, R A3 25 7 S B A 22 5, I i PR AR

HIRTEA X7,

HEAR, AT JRAEE R B2 FREE -3-0-2%F
BEHAE R IX 53 3 A FAGHE (1) 22 AR . 25 3R 5%
R AT HAT 228 g RafEyid i iR
RIS DU DU Do s B 7R
WHZE T, JFEAEH & B2 (Proa nthocyanidins B2, PC —
B2) /& - Fi B B PC IRk, HA MR HUA M iR
T2 LR RRZEE -3 -0 -
B - D - ZFHHHWHEAY AL PR RN RS2
FREGHIAE R o AN ) 35 JR A4 A3 7 Ak 22 o A7 AE
2e 5 o2 AR 10 2 & AR TR DR B AR ) 6 1 i
HEMZAELEDTE AL BUME AT AR 7 AR 22 5
S SO A S Rt X A ) 5 S A 3 1) 24 B Mgk A 7 Ao
8, M A BRI X 43 |5 B PPAN B BT IR 5 BT &
P S (LR 4
SE K
(1] ARVCHE, R BRRROK , 5. 2 T U0 i AR 22 1 3 R JRK

W22 5 BAMRTE[ )] R 252582024 ,49(9) 12393 - 2401.
(2] ZEH. AR LRSS 225 LR MR D]. K&,

HOMRR A ,2023.

(3] W&, T4, lmde, 55 R IR IR T 2 M 1R T s 2
P——rZ XA BEHLAUE AT I 2 b RIS AR5 (1],
FRE S B6 7 2 2435 ,2011,17(20) :265 - 268.

(4] =T, mek AR, 5. fE ik Rk i Py i R EUNRIET- R 5%
ML J]. LT EEZL R, 2011,38(7) 11448 — 1449,

(5] k7, S 0458, 4. oK DURE 55 15 48 DU R 1 5% 2 R
HEAFFE[ 1], S B 24443k ,2012,28(9) 784 - 785.

(6] =f&te B, S 5 RIRSEIE PR B A B2 3T T I 9
USSR B S i [ ). o [ IR0, F 242, 2024 ,41(5) :599 -
605.

(7] %, &2 AWMBIYITEIETE & R FBF 5 SR 1], v Bk
FEIYR IR 2021 ,40(10) ;83 —86,108.

(8] HERZMEL S PREANRILAE LM (—F) [M]. dbst. P E
[ 25 R H AL, 2020 .65 - 66.

[9] MACIAG D,DOBROWOLSKA E,SHARAFAN M, et al. Akebia quina-
ta and Akebia trifoliata — a review of phytochemical composition, eth-
nopharmacological approaches and biological studies[ J]. J Ethnophar-
macol ;2021 ,280 ; 114486.

(101 254, 4% BRAAME, 45 0 A S T 25 =il 2 1 2843 40 i LA
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Analysis of Differential Metabolites in Akebia Species from Different

Origins Based on Untargeted Metabolomics

LI Jing', HU Tingting', LI Qiaoyue', LI Jinyang', XU Xiuquan'?, PANG Yufan'
1. Bozhou University , Bozhou 236800, China; 2. Anhui Key Laboratory of Traditional Chinese
Medicine Raw Material Product Research and Development, Bozhou University, Bozhou 236800, China
Abstract  Objective: Based on metabolomics methods, this study aims to explore the differential metabolites of different
primitive Chinese medicinal herbs (such as Chinese medicinal herb, Chinese medicinal herb, and Chinese medicinal
herb) and screen the main metabolites identified by primitive identification. Method: The chemical composition of
different types of Platycodon grandiflorus was analyzed by ultra — high performance liquid chromatography quadrupole
time — of — flight mass spectrometry ( UPLC — Q — TOF — MS). Principal component analysis, cluster heatmap,
orthogonal partial least squares discriminant analysis, and other methods were used to compare the differences in
metabolites among the three types of Platycodon grandiflorus. Differential metabolites were identified using a database.
Result: A total of 691 compounds were identified in negative ion mode, with lipids, organic acids and their derivatives,
and flavonoids being the main metabolites. Differential metabolites were significantly enriched in the flavonoid
biosynthesis pathway. There are a total of 11 differential metabolites among the three groups, with flavonoids (3, 27.27% )
and lipids (3, 27.27% ) accounting for the largest proportion. Combined with the difference factor, rutin, anthocyanin
B2, and isorhamnetin —3 — O - rutinoside were identified as the three differential metabolites based on their respective
origins. Conclusion; UPLC - Q — TOF — MS metabolomics technology can elucidate the differences in chemical
composition of different basal components of Eucommia ulmoides, providing new ideas for differential analysis of different
basal components of Eucommia ulmoides, and also providing references for the quality control, evaluation, and clinical
use of medicinal materials of Eucommia ulmoides.
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