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Figure 1 (Color online) Schematic illustration of the principles of mass spectrometry imaging techniques. (a) DESI [16]; (b) MALDI [17]; (c) SIMS

[18].
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Table 1 Comparative advantages and disadvantages of three mass spectrometry imaging techniques

Bt 7 8] ) P o i [ Fer il %A SCHR
MALDI-MSI 600 nm B, TR 5 & ik 200 kDal) 8 R BT [19~21]
DESI-MSI 10 um 50~2000 Da i [16,22,23]
SIMS-MSI 50 nm 3000 DaPy HAE [24,25]
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Table 2 Types of compounds in traditional Chinese medicine suitable for detection by different mass spectrometry imaging techniques
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Figure 2 (Color online) MALDI-MSI images of pathway-related metabolites in the biosynthesis of flavones and flavone glycosides [53].
(a) Phenylalanine ([M-H]", m/z 164.07); (b) Cinamic acid ((M-H]~, m/z 147.05); (c) Coumaric acid ([M-H]", m/z 163.04); (d) Coumaroyl-CoA;
(e) Glucose ([M-H] ", m/z 179.06); (f) Glucuronic acid ((M-H]", m/z 193.04); (g) Chrysin ((M-H]", m/z 253.05); (h) Pinocembrin ((M-H]", m/z 255.07);
(i) Baicalin ([M-H] ", m/z 445.08); (j) Wogonoside ((M-H]", m/z 459.09); (k) Baicalein ([M-H]~, m/z 269.05); (1) Wogonin ((M-H]", m/z 283.06). PAL:
L-phenylalanine ammonia-lyase; C4H: Cinnamate 4-hydroxylase; 4CL: 4-Coumaroyl-CoA ligase; FNS: Flavone synthase; F6H: Flavanone 6-

hydroxylase; F8H: Flavanone 8-hydroxylase; OMT: O-methyltransferase; GT: Glycosyltransferase.
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Figure 3 (Color online) Cell-type specificity in Taxol biosynthesis within yew leaves [26]. (a) Enzymes and metabolites involved in the Taxol
biosynthetic pathway; (b) genes encoding key enzymes in the Taxol biosynthetic pathway; (c) analysis of cell-specific expression of genes related to
Taxol biosynthesis; (d) differentiation trajectory during the development of mesophyll tissue; (e) heatmap showing expression levels of Taxol-related

genes during mesophyll tissue development; (f) classification of all mesophyll cells into four distinct subtypes.
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Figure 4 (Color online) Distribution of alkaloids in cross-section of Coptis chinensis [47]. Total: total alkaloids, CP: Coptisine, TL:
Tetrahydroberberine, BE: Berberine, EBE: Epiberberine, JR: Jatrorrhizine, MF: Magnoliaflorine, OBE: Oxyberberine, PM: Palmatine (color intensity

in the figure indicates the relative abundance of each alkaloid).
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Figure 5 (Color online) MSI images showing changes in relative abundance of Ginsenosides (M-Rb1, Rd/Re, Rgl, R1, Rg3) in Panax notoginseng
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Figure 6 (Color online) Distribution of DEHP in cross-sections of carrot roots [66]. (a) Optical image of a control (unexposed) carrot root;
(b—d) optical images of cortex, phloem, secondary xylem, primary xylem, and cambium regions after 45 days of DEHP exposure; (e-h) MSI images
showing the distribution of DEHP corresponding to the optical images of carrot root cross-sections.
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Figure 8 (Color online) Changes in metabolites in the rat brain induced by Ginsenoside R1 treatment [77]. (a) Glucose; (b) Citrate; (¢) Glutamate;
(d) Aspartate; (e) N-Acetylaspartate. MCAO/R: middle cerebral artery occlusion/reperfusion model; NBP: positive control group, dlI-3-n-
butylphthalide; Sham: Sham surgery group; R1: Ginsenoside R1 treatment group.

671



FARFSE: I R B ARAE P 25 0 M AU R O BE 7T 5 B

HCLRE AR, R BEAE KPR A X, s e
SO JUTL P L R P8 585 0 SR A5 o JUTL B 0L - P YRE VR 3 45 . Abliz
< SOLE8 ok 725 4099 2R 5 1 (HRMIS ) 2 98 376 31 1L 42 60 fli
H T P ESEEU A 5y, SR I 285 24 R 2 R S
TEAE B ERR Z9 Y0 1E F B0 A5, MSISS SR B oR i Ak
AT R ARSI A B2, BRI B
T B R-5-F5 UG -HR B R S A R- 2 E LR
=-B EIRER AR A R EFRARIER, #E T
BRI R PR E R AR F VS (e 25 BE 22 Rl At
TR A2 I A TRV 9T 1 S A 7R T A6l 1) B 23 PR RN 7
HIMLH, 5 5 SR 7E BRI i B 45 25 ), S0 T 4T
TE B ER B /NG X IR o A S MR L e Ak, A
W82 370 2 i G A0 P THIEF B 5 | A2 1) P YR A R T (1 AR
1, IX R TR IR /N R S A T e T 1) 32
B, O S R THET AR RS 1 B B A B TS AL TR
TAREY . BanZs BRI 7 i afiL K BRI A 564 1 1 4 A S
RN FAREIR R AR L, DRGSR P
SR P EE G I PT RENLE. AR, SRR
SRem g, FErPEr ML E i, b 52 R
BB AR I EERITEA. R E, KAk
MAHRF AT 2 F5, X sk i 5
FIFERBE 2 T RS A

4 BEi5REY

JIE AR B AT T B % O ot A 2 L A B )
T AL 22 B AT il AT SR S 2
[A] G ARRFAE. H AT, BT AR BOR O 2 N 257
PERRZ )M RS 2R A
2y, R3BE T SRR BIA FEE A 2R Ry
MgkfE . AR TR R T E AL S T
Xt rp 2 B 25 B0 AL DL R AR O AR T R AT L
4R T AP R A P R T, B AR AR T
TR A ARSI, B BB 24544 1 oRUE,
B b Db 95 d IR T, S8 AT LA TR b 2564 i T 5
fEAF I RE R R A2 AL, BROREIM RS E. F TR
I MR 255 B IR IR BR R RE 9 25 22 Ve FE 344 1 8
75, B AR SR B T LA A3 18] A 5
FRS 5 AR 11 245 252800 s Btk 5 1 R AL AR
W FUM ) TR, 8 FOE R AR A R A
(7] J 73 1A 2 ) 3 A AMARHR AR, RT DASE IR N L e L

672

PrEAE R R, A 2 2T AR ] IRR
277 1) 2 BE R 9T AL LR SR o SO R B R X
(RIS, 353705 H 24 B o (n ] 6 PR RS [P R 1) 48 B B
M, fEREEGEAE, ORI R AP I
PRI R SR AL 13 (10 JE .

SR, 2 R ) S R DA S A SR A
PR EFZ R, KR A BN BAMEI
ZE R FAR ) (40 S5 B AE DO R REAFAEOR ZE 57, T Jo i
AR EAR G5y BRI RR, XS [R5 S W R R 40 BT 4R AR

KBRS 38 TR i (TIMS) A2 557 FIIMS 77 1
22—, FATHR R A [F] A Alf A A AR (CCS) B A% ZE Xt
43 SR A AT 4 B 1. B AR 45 S TIMS AR e T
T3[R 53 A AR HME LA X 43 B ) . SR T, X T/ INor
IR, Feal i B AT &), T %
ZRENAEE DN, SETIMS/ SRR 2, A
95 AR AL R T, RS T
TIMS I ™) s, b T8 b AR 2 0 B A0 43
WA, T G AT A1 5 1 53 A B 22 Hi R i
TS5 L R 5E e, (HEDN R 7 NANE, Bt
PGS RIFARETE XN, 20 BT B sk = A &5
ERFRAR IS FE NN E B, 1 H BT MALDIF i %
FEIEE R AT T IR B, A e

AN, RV A ARSI L 0 M H B R A
%, V25 FIikid i b ), 2274
HAR R M et ) @ BB F Bz —, ARk
71 B 6% L 1) 1 b 5 2 2 R B AR R S R S T4
A, AT G Ny S P B R A A R T4 At
SRV VERR, SEENAE W gH 2wk S A T RO e U AT
ST, AL RERERE. EFR . AR, AT
HEAL TR I AT RE i 2 B Ry g 4 T IIATAE AL
R, (R L7740 S B B 7= ARG, Ak, B
R A=A 5 1M AT 2 A AR 53 730 AT RIS 23 B, IXAE
—EFEE LIRS T AT AL REMSIH )z M
FISY 9 & IMALDI-2 — 7K B A HAR, fEMAL-
DIE T4 E B0 RS o747 Ik E 11k, 2
& T TR I AR A H RN, AN TR A
WEDR RS BE . WER. 4B R. BHSE, A
MALDI-M S5 45 >k 1 5 i 10 R S AR T AR ¢
Y7 A E TS Ak, O O AR L
(AP/MALDI)J5i i S5 A 1) H BL# R T MALDI-MSI



T E R

2025 F S5 FH 3

3 CHIRBIR TR ZE M B4

Table 3  Structural information of key traditional chinese medicine active components mentioned in the text
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Abstract: Traditional Chinese medicine (TCM) contains complex chemical components that are difficult to separate,

making the analysis of TCM a significant challenge. Mass spectrometry imaging (MSI) is a technology that combines

mass spectrometry with ion imaging, requiring no complex sample pretreatment, and is highly efficient and specific

while preserving the spatial distribution characteristics of the substances. As a non-destructive tool for in situ

visualization of metabolite distribution, MSI has been widely used in TCM research in recent years. This review outlines

the principles of commonly used MSI techniques in the field of TCM analysis, summarizes its applications in studying

the synthesis pathways of active components, quality control of TCM, and the pharmacological and toxicological

mechanisms of TCM, and points out existing problems, aiming to the further application of MSI technology in TCM

analysis.

Keywords: mass spectrometry imaging, traditional Chinese medicine analysis, active components, quality control,
pharmacological mechanisms
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