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Abstract: Matrix-assisted laser desorption/ionization mass spectrometry imaging (MALDI-MSI) is a new
imaging technique with label-free, rapid, and high throughput features. It has bloomed in the analysis on the spatial
distribution of biomolecules such as drugs, metabolites, peptides and proteins on the tissue surface in virtue of
providing high data throughput from non-targeted full analysis and high accuracy from targeted analysis. The
acquisition of MSI signal response with high sensitivity, high spatial resolution, and good stability is directly
depended on the appropriate sample preparation approaches, and flexible and various data processing tools will
help the non-target data mining to meet the demands of visualization, spatial distribution and multiple index
applications so as to reveal the scientific rules beneath the data. This review briefly summarizes the key advances
in MALDI-MSI from aspects of sample preparation procedures, data processing and visualization. It also illustrates
the characteristics, difficulties and probable solutions derived from these key techniques.
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Figure 1 Bibliometric cluster analysis of keywords related to mass spectrometry imaging
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Figure 2 A typical matrix-assisted laser desorption/ionization mass spectrometry imaging (MALDI-MSI) experiment workflow. The

tissue was sectioned and fixed on indium tin oxide glass slides and then coated with matrix in the sample-preparation procedure. MS spectra
were then acquired by the MALDI instrument. Raw spectra were preprocessed and visualized. Reprinted with permission from reference!®,

copyright@ John Wiley and Sons



© 66 - 252224 Acta Pharmaceutica Sinica 2023, 58(1): 63 =75

MSI 73 BT BF, LA S Tl AS [ 255 7K 1 P 9050 1 A3 420 174 5 Jak
PERPEAN FR bR, K ILOK B3R ) B R 5 J A dr
S B0, 5 OKAE AR R I TR B T SR K A 9% 5 A
CMC Ay MR, o T 21 K P 1 23 19 43 A 4 SRATO AN 2R
AR A BB A BT B IR AR . AR R T
T A% H 5 Ab B, v DLE S — Rl AR (R A i id A
P2 438 AL HE 7, Bageskov Schmidt 25V X 1 ik
MR, A F AR P 1 A R R B, ORI SRA T SR
VIR B 2 ) 53 A . He S kgt T — Mk T & 1E
Pt 2 (18] A A2 28 B e 7 B e — B e T it 2 TR ) 4H 2
BT, JEN A T 5 SRR AR D SRR IR 1 4, 5
JE AR EE, 1% B RE SR AL T e A LU, b 715 5
T, AT T B E R AR A R IR E TR S
NEtE Y 28 23 1) MALDI-MSI Mg fit— B R 5 % .

I F AR G R FNE R T AUEOT 4 L
W SRR ZH SURE AR AL, (H R T A 2R 1 A 2 24, D)
il & RS . T Lee "R T R IRE
ITO #H% i, 78 1TO % 3 v Pl S i 78 B IR A+ K
GRS, FEm 7 NE R R HL A IEY) A i
B, FE A S T N-ERBE S T R, B R 1A
HLFE G HL M RIFIEA . Vandenbosch 5!
BRI 20% W JiE Rl 7.5% CMC JRA 1R A0 HE 75 A Bt 45
B AR SCHE R B, R R 2H 2R 0 A AL A TT
e Y)#, V) 75 F O R S8, TR R S

X T 5 Wi 25 23 BT AR K PR R A A 21, R o e e
i VR SE T R A IR T R AL R A, AT S
ITO 3 7 1E AR 75 22 A AT B I B = B P 3R .

2 HHAYI R IEE AR
2.1 &

A 23R v L B FRLE A 2 B R A AR
FEY R R, B, AR RS S TIE AR 2
JIR T MST A3 41, b 2 S 8000 v BB 45 AR 1 4
FETE R s 2 . [RIk, B ERY) Fr ] 2% 52 S S 2R
IR ET, TR AVIERE R A LEBR T4 R4F
(035 e 2% A A2 MSTE 73 i ) B ZD IR 2 —

W TS T A WL R 9 BB S T N g
F AT 15 e v LA 3 5 22 DR W 7 B - 1, 2 vy
RGEN, HFREF TR 2B T — s 2
KM 90% L 9% VK L BRFN 1% 7K AE g i e 45 711 B
R iR i S AR P SR R T e B s RN SR SR A
[LE3N7) Y - = e S N 3 = B 6 o | I 2
Carnoy's i\ F| 55 7 N 1) 22 B0 BRIG Pk, v LA = 40
A P E AR A REEY, Resetar Maslov ZEU %%
T K BBAE it B IR oA, RGN T MSTHAE
AR . 7E 17 BB BE T 15, 18 H 7 I B AT 16

e, CEORAE I & G R IR BF, $ vy 17 IR AUt g g 97
B, FLWT R I 0T J5 Rl A7 808 B S o, 6 T 35 ) B2 4
fne XFTFFPE VI Fr, FZRA — HZRIG UL & L EPIREY,

5 LA SR R 5 0 T— WAk m)
MSI B A — & Hh%, 70 b 556k 2 2300 7 d473& 2435 vk
T M9 hn RTS8 K K B ) BRI A K B . Buch-
berger ZEPVR L 50% X U) R I U6 10 s 42 #4811
RV 2% A, IRE 34 Fofr ot 22 JPI o I 38 1, 3 o 22 1K
M) N2 35, 6 B K PR 058 1) #R & RS 5 BRIk . R
TEIH We I F2 o B OGVE 73 AT A B M 0T, P R4 I B
FE 7 A ) Be s 18], By b BEIG BEt R Z K. TR
W 9T % B 3& & 1) #h A B T 00 4 1K (% MALDI-MSI %
AT, vu SEPUEE F S SRS W i A 2R B N S A B R
R 10% H 1 22 A 2K B MR VRO LR ) s e )a
AT DUAS WU 2158 B #0 22 K o

R I I8 Ve [RIRE v G 8 SR 259 /N o 1 3 S i)
JEN N, . Chen 26 H 2 BRE I W (7 1t R 4 5 5
TR ZRMCRARME O & TR 77 5)
FIE ke (W TR) X4 23470 e B2 Ve, /S BROR G
5 b AR A 22 2R G B 24 A ) JOT B e S B T 4.7~
31.5f%.
22 fTHEk

XA NN T BRI TR XA R E R
UG A 1) i A, sk AT AR A N a3 T 0 T ) B 2 B
o o X A — P A% . 2009 4F, Franck 2659
U AT AL N B MALDI-MSI #1, 3E B 7 fi7 A= 1k fig
WA BSGEEARCE N R R ISR . 5
A, BT AT AR A b v e PR O T AR A, B R R
K TR /N 7 1 RBUE, DLk B AR 1d )
Ae 2L [, 12 e DR, Al R AL AL AT AR 4k (on-
tissue chemical derivatization, OTCD) ¥ R £ MSI H #]
RIEERGE . (B S AEAT AR T, H R
OTCD & 1f i %5 117 A5 A R R UG i & A A Al )+
PSP AP TR A 2R U s A ) APk, G
SRR O RN IR 1A] R R0 R ) R

Sun &FPE BT — o AL AT AR AR NNV N- =
FH R -2-(WR MR- 1-38) Zu e -1 - B, i Sh G0 281 K RS
2 LA 5 R =R IR AE A 1R) 44 L 20 Fh IS 7 R AN
3 FRIE T FRLE P ) 28 B B R AL AU, @ S 2R
Al — B IR R AT AR . 78 MALDI-MSI 5 {7 4
BT R IEACU P, m) FL 25 4 v 5] N ZREIE AT, A R
T2 B R FEAR U P S AR M A2 A OC AR an 1A
ok HELRR ok T2 POEL A ol O 252 10 T B 0 T o

Zang P T — FhoKEE IR G B A AT A A
J7 i, B PR PP NN 1 15% BH Jie o BT Bk



BLFR RS MALDIUFUE AR 80 5% BB R R T HLATT 7 ik e © 607 -

A B EA NI RT A B B G, B
Y o T4 23R 00 2 h RI ] SE3L OTCD, @it 23 <8 /1
it AR P L 5 R R O AR AR A KRR R
A ZA A A T DL AR B AR U A, L dE
166 Fi fI5 7 1 A1 100 Fl 540 i 2 o /K 6 I B R 17 2R
R RSB T A R R AR BRIA B, Jb T AT AR A
FNZHZ L, AN 2238 o B 1 25 45, OTCD
WESNpL R

2.3 [R{IBSHE

MALDI-MSI 1 25 [H Jig 1) 58 7 2 38 5 J5 A7 B i e
Z KR B 2 () A B R v AL & BRI 2 . 4
AR ZAEANRA Y TR ED T8 &5,
Heijs 2500 EL ¢ 7 0 85 (1 18 4 = BE N DI (Lys-C)- i
AR M4 B W IKEE (Lys-N) M B & A §§ (Arg-C)
A J% Ji 2 1 T A Lys-C VR & W0 IR i A &5 51, 353090
5337 R 2 ik, %R T 1 198 Rl B R 5 0 R
HEAEEA L, 2 A AR B BN T 179% M1
110%.

Djidja ZEPUHE HY, — 3R THT 8 14 771 = JE A A A
HAE IR aT DA SR 4 B s, % & th 2H B 1, 3R R e
R, W B2 we LA I 45 58 2R . k4, Schober 2657
BN A BEMAEREEEHNEMPRIAR, 5 Tris-
HCLAH EG, PANH,HCO, A 2% M il i R i, By 5 )5 2
) 35 S A LA s A A

W B8 T W v BT B H 2 A, i
AL AR R Y R B vk S B R AL B AR, Andrews
S I A R R e 1 H B U iR AT R AT I
file, /N BRIZL 300 b v BRI ) s B, 5 B
PETE A SR T UOAR B AR b, 2 A0 % 5 3 4 %
HK B, HARuE S T | Y= 5 800 R T 8O,
[F] BN 340 R 6 B PR AR 3R AR 1, AT PR AR AL SV B i &2
Fe ks HeAb, ATTE ED R AE B AN INAS [F) T B 1 A 3 &
B B TR S5 2K

XF TR Y] Fr, AN R K e ) & s H A Bh
T MG S BN, £ 5N KER T, 8%
DAV #7 I 7K A b LA 25 B 0, P DA 5 0% ilg B 3 A
B R AT 50 T 5 W iR R T, TR SR SR AT A W AT i e
) B — Bl R AR AR SEREAN (1-3),(1—4)-p-H6 b
TE B I L0 6] P 1 25 40 S o 1 PR Y
3 ERNEESBUR
301 ERiEE

TR WIS o 7 M R E AN R
HJF . KN T PRI 5 2 A B s nT o S 2K
T, 54, 55 8 AE AR IR R 1 VR E 2 I, a- B
Fe-4-$2FL A FERR (CHCA) ML S 23] T 1646 %

Jik, 2,5- — ¥ 2K R (DHB) Jy 56 i I %6 5 51 97 %%,
THE AN 16 %,

PEAL, T4 SR IE K B T — L MST HF 8 B A ML 3
Jii, Huang SECOFE B 26 440 T # CHL LN A1 2 B 2%
B TR T 1 A B T 2-( T ) R R, Rl R R
PR RG], SEILT /0 BRU M 4 R I R AN 4 RS
FAZ A3 M, 554 40 35 A B AT AR I 1 BE 22 B R R A
R, HeZPVRILT 3,4- — WAL HER, 2
R LS R A Y — MR 3 TR = 5
T3, BT R BT AN L0 G AL Fh T =R 4]
o IR 2 2 AR (m/z < 500 Da) 1) MSI 4
BT o Liu 25015 YO i HERR 76 MALDI-MSI [ 5,
SR 3R R AN ST 1 FRAH EL, R R 7E K R BRI h A AR A
RHREFF=FHRY) A8 T NIEEEE
O Y DR AN AT WU A RS A

e 75 HIBAVR I T —Fh] FH T RS IR DT IR
i R0 i 5 /I8 o T AR P A8 ) i B R V- R -2
ZE M, B A A M R AR E R T R
(m/z < 500) PN-T-HL/NGEAR A5, 8 K i A 3 ik i 2K R
2L 23181 /N o3 1 UG o B P AS BR B I R A o Li S5
W 3B R B A Sy — i OUR E J , FH TAR U
/IN BROK i A AR 35 4 1 25 W) 43 47, 55 DHBCHCA 1 9-
SUFENYE (9-AA) AL, 3-%(0 3 K R F R O
T VO RO AR HoAth — 2 L
B EAL SR E HLER 2R, IR R 25 2 RN IR 28 2,
T, B R (KT Sh A A A A B, R NGy
T MSI ) R 3 42T, I 4 i 70 36 ) 45 0 £ SR
RS TR

BT R R R LA B A N R S &
B R A AR R S5 FE IR A ¥ 5] DU I 2510
BRI B T MALDI-MSI A9 5 7R 5l & €
AT, B NET AN B DHB/T R 3 i it
17K S SRR (Y MST o H, 3R45 T BRI R,
M T AN R E A X T SRR T
DHB/N,N-— F B IR Jiie Ay 2 Jo, %of % b 2 T AT ik o &%
BRI NS F B 3EAT MSTA T, 3-8 T B E 5
PEo MRAh, 9K RHE A G A 5 e m bR AR
FH T L 8500 4k A 0 1 v 08 B B i AR 94, 7R
MST H R J TR, 3 kR 50 3 5 MSTL = ELAL R ik 44
KA AR 356 JT Tk 90 KA ARl 5 T R 4 S AT HILAE ZE A R
B,
3.2 ERmEE

5 FH 13 R R R B G THR L (B VL IR B 5
AR R R S IA . FHRIE TR TR A ML,
AT DL — 8 72 B ek b o M i 2 3, (HAGE R T 5 T



68 - 24553 Acta Pharmaceutica Sinica 2023, 58(1): 63 =75

Table 1 The structure information of new matrices for MALDI-MSI in recent years
. Molecular Ton L
Matrice Structural formula Application Ref.
formula mode
OH
2-(Methyl amino) benzoic acid @3 C,H,NO, +,— Lipid, protein [36]
N
CHs
o
. . . . H;CO N .. . .
3,4-Dimethoxy cinnamic acid WOH C,H,0, + Lipid, peptide, metabolite [37]
HsCO
o
L N"oH .
Caffeic acid C,H,0, + Protein [38]
HO
OH
N
N-Phenyl-2-naphthylamine \O CH,N - Free fatty acid, amino acid, phospholipid ~ [39]
o
3-Aminophthal hydrazide NH C,H,N,O, +,— Nucleotide, fatty acid, sphingolipid, [40]
NE glycerophospholipid
NH, O
N.—(l-Naphth?/l) ethylenediamine CI\HCkHHZN\/\N ‘ C,H,,CLN, - Glucose, fatty acid [41]
dihydrochloride H O
. . HN A NH; . . . .
N-(1-Naphthyl) ethylenediamine 16N,O - Oligosaccharide, peptide, metabolite [42]
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Figure 3 Results of MALDI-MSI in positive ionization mode after coating with DHB in mouse brain cryo-section. Average mass spectrum

of the whole brain, coated matrix by the humidifier or ImagePrep (A). Optical image of the H&E-stained whole brain (B) and cerebellum (E).

RGB ion images of the whole brain coated matrix by the humidifier (C) and ImagePrep (D) in 100 um spatial resolution and the cerebellum

coated matrix by the humidifier (F) and ImagePrep (G) in 20 pm spatial resolution. For RGB ion images in this figure, red: PI-Cer (d40:0),

m/z = 866.6; green: PC (40:6), m/z = 872.6; blue: PC (36:4), m/z = 820.5. Reprinted with permission from reference™”, copyright@ American

Chemical Society
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Figure 4 Results of the analysis of the MALDI-MSI dataset of the coronal section of the rat brain, following the proposed method for clus-

tering m/z images into 10 clusters based on spatial similarity. Cluster-averaged images represent detected spatial patterns (A). Dataset-aver-

aged spectrum assigned m/z values to the clusters (B). Visualization of m/z images in the space of their two first principal components (C).

Intracluster variances, the numbers on the top of the bars represent cluster sizes (D). Optical image of the section with anatomical annotation

was provided (E). Reprinted with permission from reference!”"!

, copyright@ American Chemical Society
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