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of various secondary metabolites in the root of Wendang (Codonopsis pilosula Nannf. var. modesta (Nannf.) L. T.

Shen), so as to realize the tissular localization of secondary metabolites, and to provide a reference for the in—depth
excavation of the Wendang. Methods: Matrix—assisted laser desorption/ionization mass spectrometry imaging
(MALDI-MSI) was used for the mass spectrometry imaging analysis of the root metabolites in Wendang. The matrix
was DHB*/DHB™ (30 mg * mL™"), the substrate flow rate was 20 pL * min', the nitrogen flow rate was 5 L * min™', the
nozzle movement speed was 3 mm * 5™, the nozzle temperature was 60 °C, and the spraying time of each slice was
50 min. The laser energy intensity in positive ion detection mode was 60%, and that in negative ion detection mode
was 40%. The detection mass range was m/z 70—1 050, the mass resolution was 70 000, the spatial resolution was 50
um, and the pixel size was 420 px x 200 px. At the same time, the pathway enrichment analysis was also carried out
for the metabolites. Results: A total of 214 metabolites were detected, and the spatial distribution characteristics of
40 representative metabolites were visualized. The distribution patterns of different kinds of secondary metabolites
in the cork — phloem — xylem varied considerably, with flavonoids mainly distributed in xylem, alkaloids, phenolics,
and carboxylic acids mainly in the cork and phloem, phenylpropanoids and quinones mainly in the cork, amino
acids were abundant in the phloem, and nucleotides were distributed throughout the root tissues, the indicator
components atractylenolide [l and syringoside were distributed in the cork, and lobetyolin was distributed in both the
cork and the xylem. Pathway enrichment analysis showed that metabolites were significantly enriched in metabolic
pathways, biosynthesis of secondary metabolites, flavonoid biosynthesis, biosynthesis of amino acids, and carbon
metabolism pathways. Conclusion: This study visualizes the spatial distribution characteristics of metabolites in
the roots of Wendang. The results of this study can provide certain theoretical support for the quality control, the
identification, the extraction and separation of active ingredients, and the metabolic pattern of Wendang.

Keywords: Wendang; matrix—assisted laser desorption/ionization mass spectrometry imaging; secondary
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Fig.1 Optical diagrams of root of Wendang
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Tab.1 Information of 40 representative metabolites
. fga , ; ' it HUEEIrie s i 22
e R £ i e HerAE o . )
. ( chemical . ('precise mass ) ( measured mass ) ( diff )
( number ) ( metabolite name ) (class ) ( detection mode ) S
formula ) mlz mlz x 10
1 FRFEZE (isochamaejasmin ) C3pH»010 T ( flavone ) [M+H]* 542.1213 543.1322 447
2 7K ¥ 7 % (karanjin ) CisH1204 HHHR ( flavone ) [M+H]" 292.073 6 293.080 6 -0.12
3 Wit 3R -3 BTHLAAHE 1 CaoHi501y i ( flavone ) [M+H]* 434.084 9 435.091 8 0.02
( quercetin 3—arabinoside )
4 ZERT T4 ( plantagoside ) Ca1Hy012 HHR ( flavone ) [M+H] 466.111 1 467.123 5 4.35
5 Wit 3R -7 CarHagO1 i ( flavone ) [M-H] 464.095 5 463.093 5 4.08
( quercimeritrin )
6 56208, ( codonopsine ) C14H2NO, W8 ( alkaloid ) [M+H] 267.320 8 268.154 2 1.49
7 SR (isoquinoline ) CoH,N AW (alkaloid ) [M+H]* 129.057 8 130.065 0 -0.00
8 JKANFRZE (narciclasine ) C1sHi3NO, ), (alkaloid ) [M+H]" 307.069 2 308.076 4 0.06
9 L-Je T ( L-nicotine ) CioH 4N, AW (alkaloid ) [M+H]* 162.1157 163.122 8 -0.34
10 FHEE ( niacinamide ) CeHeN2O A=Y (alkaloid ) [M+H]" 122.048 0 123.0553 0.02
11 St NE Cangelicin ) C11Hq05 FNE [M+H]* 186.0317 187.038 6 -0.47

( phenylpropanoids )
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( number ) ( metabolite name ) ( chemical (class) ( detection mode ) (precise mass ) ( measured mass ) ( dlff_)
formula ) mlz mlz x 107
12 P& ( daphnoretin ) CioH,,0; RNZE [M+H]" 352.058 3 353.065 6 0.05
( phenylpropanoids )
13 S THI IS (isobergapten ) CioHgOy KNE [M+HT* 216.042 3 217.049 1 -0.11
( phenylpropanoids )
14 (+) - TH&WARE CoH605 EES [M+H]* 418.162 8 419.168 3 -2.98
[(+ ) —syringaresinol] ( phenylpropanoids )
15 362 1( tangshenoside 1) CaoH01g RNE [M+K]* 678.644 7 717.198 9 -0.02
( phenylpropanoids )
16 3.4°-0- W REAERR C16H 005 325 ( phenols ) [M-H] 330.037 6 329.027 5 —4.49
(3,4’ —0O-methylellagic acid )
17 Te R ( gentisic acid ) C7He04 152 ( phenols ) [M-H] 154.026 6 153.019 0 0.01
18 JENRFEH ( gentisein ) C13H50s 1% ( phenols ) [M+H] 244.037 2 245.044 0 -0.04
19 Hemb i E ( euxanthone ) Ci3Hs04 [#32 ( phenols ) [M+H]" 228.042 3 229.049 6 -1.08
20 KR ( salicylic acid ) C7H05 125 ( phenols ) [M-H] 138.031 7 137.024 5 0.01
21 L- 5494 ( L-arginine ) CoH1aN4O, AL (amino acid ) [M+H]* 1741117 175.118 8 -0.26
22 y-L- BER -L- AR CHuN.0sS &I (amino acid ) [M+H]* 250.062 3 251.070 0 -0.16
( gamma~-L-glutamate—L—
cysteine )
23 5— AL E IR CsH;NO, FHRR (amino acid ) [M+H]* 129.042 6 130.050 0 0.03
( 5-oxidized proline )
24 ik 22 ( homoarginine ) C7H16N40, KM (amino acid ) [M+H]* 188.127 3 189.1355 -0.05
25 L- RN ( L-glutamine ) CsH oN205 HIER (amino acid ) [M+H]* 146.069 1 147.076 8 0.01
26 L- N ( L-histidine ) CeHoN;0, FHEFR (amino acid ) [M+H] 155.069 5 156.076 3 0.00
27 K& (rhein ) C5Hs06 fift2% ( quinones ) [M+H] 284.032 1 285.036 7 -4.63
28 22T ( plumbagin ) C11H;0;3 fift 2 ( quinones ) [M+H] 188.047 3 189.054 4 -0.06
29 5T C (sennoside C) CaoHygO19 fit 2 ( quinones ) [M+H]* 848.216 4 849.225 5 0.04
30 2 A 4 -5- R CioHisNsO1P, A1 HR ( nucleotide ) [M-HJ 427.029 4 426.0172 —4.14
( deoxyguanosine diphosphate )
31 5— G LRI —4- TR AZ CoHisNJOsP KT (nucleotide ) [M+H] 338.062 8 339.067 6 -3.05
BT TR
( AICA ribonucleotide )
32 Mot -5- PAmEER CoHsN;OsP %171 ( nucleotide ) [M+H] 323.0519 324.058 1 -1.95
( cytidine—5-monophosphate )
33 i 2 R H g CioHisNOs 2l [M+H]" 195.089 5 196.094 7 -4.38
( L-tyrosine methyl ester ) ( carboxylic acid )
34 I —2— PR Sk i dh C7H;506 R [M-H] 188.032 1 187.026 7 3.07
( cis—2-methylaconitate ) ( carboxylic acid )
35 2 PRIk 3- BRI C11Hz06 R [M+H]* 236.032 1 237.040 4 2.89
FEN R ( 2-hydroxy-3— ( carboxylic acid )
carboxybenzalpyruvate )
36 BARNER CisHa05 HoAth (other ) [M+H]" 248.317 5 249.148 3 0.05
(atractylenolide 1l )
37 SEMI#E (isofenphos ) CisH2NOPS  HiAfth (other ) [M+H]* 345.116 4 346.127 4 441
38 1- 281 ( 1-naphthol ) CioH50 LAl Cother ) [M+H]* 144.057 5 145.064 6 -0.01
39 WS HAF (lobetyolin ) CaoHas0s HiAth (other ) [M+K]* 396.436 7 4351413 -4.80
40 ST (syringoside ) Ci7H2400 HoAth Cother ) [M+K]* 372.367 1 411.105 3 -4.89
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Fig. 3 MALDI-MSI ion imaging of flavonoids in Wendang

252 WAL A Y A A A R AR A W e
YT AN —KEEAVALE Y, AP0
IS 38 7 AR — R AR T, — A
BRFNEEPE, AT LRI Zh W) R B fEVF 2 rh RL 2
wEE, LA 2 E A, Pt PR Bt
i gga | e I Jg PR T L R R B AR BT AR HE 5 il
b s A 2 22 H R S8 th T a0 g LR AE D
Bk, X P Y B B (m/z 349.118 6) . 57 M Bk ( mi/z
130.065 0 ) JKAIFRZE (m/z 308.076 4 ). L- JE 5 T (miz
163.122 8 ) F1 HAHPE Bt ( m/z 123.055 3) #E 47 T Wi 4%
ST, AN 4 e s, AT LAE ), HOR BRI G,
A= WK ) B 5 R ARG, K AR RN - Je Ty T 78
SR AR LU /I3 AT , 5 S 08, 7 M AR R 7
F B A AR AR JZ ) B2 AR, 5 RS A S Y o A
A 25 AW R W — S A e 32 22 40 A A AR

RWLHR L

ZEILTMA 1 S B F) B 3 2, S AR SO AT 45 R KA
—,

253 RNERBEEWM A AEE RN EE
b &2 IR R ILI L C6-C3 A B 2R F i
WA, g 20, BB R s T B
BEPEEAR, UM IS A, AR B R P AR SO
S AN IE R (m/z 186.031 7). P ki 5 X (mlz
352.058 3 ) SHIFHI IR (m/z 216.0423), (+)- T
AN (m/z 418.162 8 ) FISE 21T 1(m/z 678.644 7)
PEATARLL G 28 [ Ao, TR TN R B 53
flio MBS WTLAF AN IR R AEARKE )2 10 B0
JE fe i, DU B A R AE AR 2 R J oA )iz, S
THWEE. (+)- THRIGBHFGESAT 1 FZ0MNTE
ARFeZ, HIEATLIE N, SRR ER SR
WA EARREZ



‘JPA 5 M) 4> KF 22 E  ChinJ Pharm Anal 2025,45(1) - 65 -

m/z 268.154 2 m/z 130.065 0 ¢ m/z 308.076 4

y/um

8 2E08 2.5E08 3E08 3.5E08 4E08 - SE07 1E08 1.5E08 2E08 2.5E08 3E08 3.5E08 4E08
x/um x/pm

m/z163.122 8 m/z123.055 3

]

y/pm

SE07 1EO8 1.5E08 2E08 2.5E08 3E08 3.5E08 4E08
x/pm

A. 55208, ( codonopsine ) B. Sk (isoquinoline ) C. KAIIFAZ (narcicycline ) D. L- JE T ( L-nicotine )  E. #HBEAZ ( nicotinamide )
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Fig.4 MALDI-MSI ion imaging of alkaloids in Wendang
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Fig.5 MALDI-MSI ion imaging of phenylpropanoid compounds in Wendang
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