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Figure 1 (Color online) Key technologies for ambient ionization. (a) Two-dimensional and three-dimensional models®’; (b) preparation of different

energy-loaded carriers
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Figure 2 (Color online) Schematic diagrams of electrospray-based mass spectrometry techniques. (a) ESI-MS; (b) DESI-MS; (¢) EESI-MS!'; (d)
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PRz, ATRBTES RS AR IR O 2k EARIEE 1, X5 T
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MERE. ZHEARC ) Z W T2t . RN
U2 AR/ X T Al
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spray ionization, SPSI)*" | EAIE 4L Hi i (capillary
paper spray ionization, CPSI)**)%: Z Rh4tmE 35 i B H R,
EATEA ANE RS, SPSIEA B & i 2% i 8 35 %
/DR IHAE, WINPT BA 5 AT AT R
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TR ERCR, I B 5E5PSUH LLX AP i B A 5
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HIMES, [ ESIEREARTEL Y M U RE S A 44 1
BORMPLH. Besh, T IR0 5 ESTFFhEL
REEE, F R -F B 3 DML SO S i
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Figure 3 (Color online) Schematic diagrams of ambient plasma mass spectrometry techniques. (a) Schematic diagram of DAPCI-MS™; (b) cross-
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diagram of DBDI-MS™"; (f) schematic diagram of LTP-MS™*; (g) schematic diagram of FA-APGD-MS™”; (h) schematic diagram of DCBI-MSP%

B IR LRI, WTARE HAME A MR, 75
Sriir R R S IE AR LIRS iR A . ASAP
BT IR T A B R TR, RIS A TR AR
BB RN A S A RRL, e b E th 5 2y
i 7 A AR 346,
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DARTS5ASAPH B F b 7 A 7E2 . DARTZ
— R RS ik, EE U THE D E. AR
FHEA(He/NY)BIAS [F] 43 5177 A AR A 1 25 (He™,
19.8 eV)EL A/ F(No*, 8.5~11.5¢eV), XUk T %
SR R AERE, # RN 08 R RE L T
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REMARTREAI TN, SHEAEZTH
B, AR TFET. FATAESERF(He*) it i
FETAAS TN, BARFRRENSTFHBE, B
PIDART-MSH fiff I HefE b2 S A R BUE K FN,.
ASAPH. B TIE Bl s il =, LI
BONE. MHANAENEASE, AN H;0°(H,0).
O, SFHLAT AR, SRS & A BT B sl L 28
e, (EREAESFAIL; M40 e E SR, SR
F RS He* T, EHTREN T8, S LeE 1k,
SECRBERIN BT, B LAASAP-MSH Vi FIN,E
AR L He 4

3.4 bl i R (dielectric barrier
discharge ionization, DBDI)

20074F, Na% NVIEL T —Fh T B SHE i
T I B IR, R i 3 R SR RIS TE R RUR R ™
AR AR S5 B R, I Bk A A L ik
LB A R RIS A i B 2 i 2 B D) Rt i AR AL A,
HLLEFINIEI3 ()T, 1285 T IR AN S H Ay g Hh L A
b 21179 | b A S O G ENC SR VN RS E R A T
[ ik IR 55 5 IR, DURRTE SR A im Y
FFOU 435 55 B AR BB RS 4k, Az U o D 5
S IABI R AT ). KB P IREE AR BA  R
K GARAEREITELS, & T/ F 204, [RImna]
DA 3 81008 R S R i A e 3 e 2 TS i 0.
JHT L, LR P, e e A o LA 0 P, s 5 i ) T
gz PO Mt i 1 L R i — S B (— A o f
FHAAR R 2 ) 235 R TR SR L. D
He A i B SR A B B i e D 491, e S X 25 B
& AR R 734 2 T8, 5 A0 22 0 22 [R)AH B 1)
. M TAERE/NT4 KV, A B HCR LI AT
BEAEAE; Y TAER R T4 kVEE, T DAAH 225 X
FEAE. OB A R T4 B AR A, A
TR BT BH R R P H B PR

20084F, Harper¥: A\*SI7e 4 i BH SRR i 3R |,
FERM T — b e i B, A IR S5 S AR (low-
temperature plasma, LTPYREFBIE . B pHES A =
Az A8 B FAARTE S R T T LA 38 B I DX
BOm Ty, T AR, RIS R A Al
FE i N T B 25 74k, FR T-LTPHRE I s
ER TR IR BEARAR,  ShOPR A IR 5 B 7 IR PR T (13
(). LTPHETFI A58 TR A AR A 2

il IR BT Ak, A AN 2R i DR, X R] R T
AAPAIRE DAY L. LTPRAT B FIFE & KA
TRISBORE:, P, 5 B TR R, AN 2 W 3 0 v %) i o i
fragmtlit, WATTEHOCHITARL, S5HfR ., IR
THFER/AN . AT 2 A A i v A HLAUAR B T )N,
SllE H T T
3.5 ARSI

AR EHOEE AR (lowing  afterglow-
atmospheric pressure glow discharge, FA-APGD)*j&
—FhZE G s A K (flowing  afterglow) 5 & M HL
(APGD)HYH FEHL B B I AR, J£20084F: Andrades
BTSRRI, R TR BT A S B A
[E6] A 5 J3t v X AN [] 3 BT 0 R AT M e L L B B 3
gitnE2(g PR, FEMEDRBREL . HRBRE2 .
R ET =FR- M AL, ELEE A A vl s % 5)
PAT H AR R BN b, FIVERAAR, 7=k v S B e ik
WECTH, B2 — b fLR s B, FHAERAR,
SR AR (He) i sl T IE R E 1035 B 114, Tl
W FERT) RO O HIR, BA A g 2
PE, &G R AR, IR E Gl B AU He) AR
AVFLET S e FUA 8 R . DRt Ry . s
FHPESERE R, BERETE R R B S5 0F T SE I BN A
BESPEE . HERR B BT
3.6 fRRFh LR LR

20104F, Wang% NPOSF & T —FH T B &
TRTE & 114 fif T FL % 5 L 25 W (desorption  corona beam
ionization, DCBI). DCBI#4k 2l 20U . A
AR L A5 OET F A Gt F, LA ) 46 R B R AN (S LA )
ZHRL(EI2(h)). IZ A OB AR TS A Sk Bt T, HE
o B RBLHEIE A, a8 AN 1~5 kV I
B R A o, G Jm A ) — i i A I
AWML, RIS R ERTZ A k.
AR Z AR A DR RS OS2 B IS A,
XA AT B L s, A A i e,
AR RO R T T BRI, AR
TSP HE T AT 30 LA (1 F R R — IR
TAF B R, AT LS R Iy E ek a4 i g, BT
Hozs ARG P R AT DA 2 A T S, (AR
AT i A TR SRR XSl A o 157 7.
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3.7 HAWSE o TS EAR

FRETEAIA M LA ESE 8 TR PSR S, i
A5 K LT B (ambient  electric arc ionization,
AEAD) | S8 A 4l B i T L 5 (plasma-assisted
desorption/ionization, PADI)!! | I & F& 5 25 (deso-
rption atmospheric pressure photoionization ionization,
DAPPI)' ) K 4 485 F-PR M (microwave plasma torch,
MPT) I8, 30 A i AR A L B AL 5 % 5T
E— LRI T 25 o il s SYEREI B, lan,
AEADARAEAARRRAE FF I 2354538 . PADLEH] T2
Ao FHIRGIDTTE, ReNS B H ] T BRI 4
FEARE AT, DAPPUE—MZIIRERI R I HR, 1
FHT &0 Hr, R AR ). MPTI
PITTR ST 0.

S TS BTG AT HOR SRR R e B %
ISR BE ), WEHES) 125 i U 20 (HI
FHARK WA —ERERE, FORMRENL .. HEIRE
AV HE 1 25 7 TAFAE — € IPRAR,  TEAREAR A Y
fb. Azhik. FRiEfb Ry a2 R
K.

4 FLETE S HEARLEL W rHr it

4.1 AEZYMRI i A

TR 25 A QI R o BT 2 24 ) RO A A E
W, 2R EEARE . oA . ARSHAHEE
VUAS AR, A XA R EH LB B T, IR 29k
NS, 7259k . A ETIZE AR IA
74y TR R O, PR R rh, X R
A ) 3 A0 T B A R R S AL R A, L
PR Ay M B AR T 2 A 35 b AR A H A vl
BEATHERR AT BET, i ARTEZGI B A4 T
RAEH Tz, HAH TR ., Rl . SEHS. BA
25 2 b A W B TP 25 ) B AR PR I R A, AR
AR, BRSO E R IGE AR R T R
I PERE, AP AR AR X AR o I 22 (RS DY) - ih /N T
20%, $6S2 R BT 4 M H AR AE 25 W AR o B
TR .

4.1.1 MEAEEL

ILTRAE R A P 2459 59 H 4 2 SR A BRI R i 22—,

it HLA3 M R Al b T 2 0k BE SR T VR O R AT,
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ARG R ZG R E S %

LiuZ§ A BUSE i ffi FHSC-ESI-MS S T 4> Ifi rh A+
I R (G2 T 100~5000 ng/mL) I LG h A AV (GE
B FI100~2000 ng/mL) A PLs 2 w0 dr, HEA BRI
FIWERG R FAS 2 B, SR AT 2R AL 2 min, AR
J7 25 Wi (therapeutic drug monitoring, TDM)#E{IL T
— PSR A T . PS-MSYER—Fh 73 b7 A P A4 (1M VK
R R 5 K T H, ZETDM & T 8 ZA4E
Skaggs 4 NI & T A Pk R4 e h i 2K
ST = IR B 2 I PS-MSHE I i, S8t i
SR S0 R AR T BB 2y AR, TRl A mT g T
I RAFST 40K, Saatchi%y A7 i fd FHPS-MS X}
I AR 5 b %) ELA ™ R A I FE 9 A i e
i o 24 UM e B AR B S RO T oA, 1O
A BR300 R 1.4 8141 ng/mL, S{EGEHILC-MSK
SEOLMH L, MM RAF, fFAIRIRZSR AR R E, T
AL LC-MS 5 253k BE . LAk, FEsfss &1
T, FEPS-MSHLsK [ 1 MLiERE fh £/ GF 1R, I
EE. N TR &I HRE T, KA 5 f B 5
JFEAARSE 4, Pandey 5 AM RS S BE T X6 1M 37 0
HIVIAYT 25K FR 5 FRIDC S5 R oA, Hoe & R 4%
k750120 ng/mL; Chen A SZHL T X ifiL 33 AN PR TR
TR 2 BB PRI TG YT 25— F OSUIK . DA ST A B e
TR, E RS20 ng/mL, ZH AR BB T
IRS5 K (point-of-care testing, POCT)fE /1, {1 PS-MSHT
W TR R . PSSR, JOTs 3/ 4B,
ASCT X AR 35 it fan— AU L e R S B R D0 43 114
3T, HAURIE R WA, AR, it S
TEIEH, WO HbEE & T PSI BN GE 11, 3T A
S, FEPOCTYg5trh, PSIN]7E B 37 s X H o 1 i
W PRBAERERIEA TR, Al R B2 Wi L5 Bl
LiuZ A 70752 FID ART-M SR BRI v % 1, G 32 1
PERSHNTTHEAT T i 087, DART-MSHAHA /)
TEREAR R BB 1 A it 8], 7E 259 R4 2454% 30 12
W7 R T R RT§:. TDMR T2 BT o A w
AYINRG IR 25 B CHEEL, SRHIDART-MSHRHE [F] 204
A 375 P A SRR O 25 R AR T, 207
ARG T L IE(R?20.9906) . HEHE(86.1%
~109.9%) FIAE 25 B (<14.3%), SLC-MSH: Il fiF 52
ERAMLL, FIXHRZEREWEL13%LLN. DART-MS TG
RN R, AR AR T2 L, B ST TR 2y
30 s, DART-MS) JH F Il PRTDMEEA (1) H #2347, HEH
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FENT R, AHAESEBRI H TG IR AT H;, DART-MSAF
E—ERARRE, HTESRTHERINME, WAk
=, IR BSOS R AHATUR, AFTEg R, X
B BRE] TDART-MSTEPOCTI 7 b R . T 1
BEREAR AR by T2 i B T s A o B s, L AR
FHBRIZ DBDI-MS H 3% T ML AEA BEAT /00T, 13l
M T REA R R RIS RS, TER T HSE
BRI BT A T AT
412 RIBEEKX

FREGI 52 H TG 25 A A . T PR
HACHRAAE S5 E R RS AR, IR 100 25 v B ARG 2
R BEVE R 2549 A= R FH R 2 B R AR k.

Luo®5 NSy T — i 2 o Fn4Ems 25 o i vk ok
W PR B LS B e, PRV B LR 19 e 75 =] R
SRy G AR AT M JRE S AR A I R bR ) I R IZ W HR b, o
Mrad BN 4) B, FIRTRRRAE B A5 1 T ] 5540
TR AR RS S ENE, TR T At &
LA TSR, ST Bbs i sttst s . &
LW, WRBEPILEB LR IRE 0.027~
0.12 pg/mL, S48 FJHPLC-MSAH b BA et . Bt
MG THAEGID S, o 2B 2R 5 R O
ARHYPE X 43, FH I R L 8 % 4 R i A5 . Fan%
ANPERH APGD-MSZM T T 2K [ 88 5825 i i i He
Z5H 90 IRIEHEA, AHrd BRI 4(0) iR, i
S HlAR2e IS A, B T L RE AR
JFEE PRI A AR5, 2R &0 ma . Rl P |
TR HAERbE s, AP A Bs Wi ks
A RS (biopterin, Bio) FIBTUEMS (neopterin, Neo) & &
SRR SR INUE I RIS B A T bR, Yang®E A7OBR
JH—Fh i R AW AIRESI-MS, M R B AEY)
SRS FILH RS FUAE A 166 R 32 W s 2 T U R L,
BEAREAR SR 240 s, &R AS ng/mL, %A
A RN e REEA I 43T 75 1 FH 1 R0 )
gy, Ji%E A7 78R HID ART-MSH AR I PR i
ALY P A 10 R A 2 25 ) S FLAC I Ao &
BCARTERER, J3Hras AR I T DART-MSH A 58 K
SIAfiE ). JiangE NUPLR H #H B PS-MS /MM IR 4 TR
TR BBTIEREZ5 Y, %07 1k Wt AR T AR Y
T, RS TP R, Tt TR SRR
JEZG, KR AE1~500 ng/mLZ 8], JRGVEN—F0 5 T
BRI FE SR, XiongZs A PR FHPEST 5 4=t
SRR AR, K PRV P SRR FLER S, KR R

0.5~30 ng/mL, FFXF400y BHPEFN 1100y B S PR R AE
ASFEATRN, BT HTIRITE20 s HL AT [R) 2347 25
BEhn, HEFIFEEIT99%, ZHAR TR B W A SR
A A 1 TR,

SRS, TR RAREA D TH, PESI-MS, SC-
ESI-MS . PS-MSAFHIMZE S8 T AL HOR eI T R Af
AITERE, TEIRRPIG IS . 25 P Aa i 55 0y T ] 2 AL
KAGH RN, Ji5h, A N GGl g IR ek . 5
O BTG, e sk 1 A 25 28 B TR 1Y
SEBRN FHAE ). BT AR AR FALEOR T, DART-
MSEME T FEAC T D | A B R 1Y) 8 v 5
FERL, TEMAREAR Sy Hrh R TR KA J1; DBDI-
MS. APGD-MS. DCBI-MS&H; AR FH HL2 il HL 1Y) 7
R ARYE T, Wb TAPLEGR ], X
KUF.

413 HEHALFELX

HAP LGS 525500, AR, N
MR R PR S HHE . B EEASE
D, GG IETR SRR 25 AL IR,
T ELHZ T3 43 B B AR T DS 5 40 e 3 i A 2L A 7
SrHT, DRER T RE A S8 B Y [ A K AR = 1 A b
IR,

DESI-MSHASE R A= YL 1 1)/ Ny B A 5L
ik, AHRMER A R E R, (R)-1DT Hehs
YE R B2- AR B HATIR YT A 4 #% (Parkinson’s  dis-
ease, PD)J¥ 11, Zhangs \BSR HIDESI-MSH; AR 437
T SRR 25 24 e (R)- 10 T R s R B b 174 25 )
o)A, GURERW IR LA 2 Ik AR 4 2 E R RUR
e 2550 s R e 2, IEMIZER AR R A ]
PRI PR T H.. DESI-MS AR A S —Fb
FRC. R EOR, AT AR S R B A
R G, Kim% AR FIDESI-MS s f§ 4 AR 52
BT KRB 259) 340 R WFFE R, Ead 3i5)
) A B Sek ==t Yil  L R) T Bmae
TER BUINEHZA R I IR RORs IAh, SBh k& A
FF B AR IR (CELFETMAR . IR R RIR ) A FLF), o
FE £ 2 ] 75 2R 02 B A i i) R A A 1 RS 1) o %
DESI-MS A5G A T ik r ] 25 22 R S ma Jie (1) A5 53
Br, W25y ROPAG R A T — RGN ik, Luo%s:
NIRRTt B A O 55 25 L 88 LA T R R (air
flow-assisted ionization desorption electrospray ionization
imaging massspectrometry, AFADESI-IMS)/i{ 25281

5789



M4 EF LB O20206E88 F11E L2441

Boronate
affinity paper
/\ 7 B(OH),

6}0\ (OH),

(@)

BA-CA complex

Urine ) m/z
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2 = HCC
10 uL 9-PA\ e 1 uL DMED Z
Tt >
| E ‘ [
— | — 2 :
g Y b B
7 QOQ K = HC
72 5y
e -
100 pL HCC/HC Urine - [ lrearer— | o |
10 min ' m/z
(C) (d ) e ng
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T J AR oY
3 / | : Reservoir E 1000 1 ¥
: | 1 = -~
E "&’ E : Filte HV “ Fentanyl in saliva
i : clectrode 0 . :
; : (LI o 20 40 0 30 100
: - )
i i Gripper o] ™ .
| 20 o I I
Y~ / Holder" 2.l e -t
: J 2 s ==
i ! Electrospray 300 >
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‘mpling :t MS analysis ' Absolutcamount (ng).

B 4 (M4 MUY () BRI S RAEZ5 30 125 R . () WIAR 2 FIPS-MS /M7 IR T LS A e Bom A2 7Y (b) APGD-MS/MT T
R FFMERENT 105 53 R AR 7Y, (c) SC-ESI-MSAMH A5, MUK . FESIR S AR RIZEBIREALY; (d) SC-ESI-MS/MiMER th25 A Je Finl

NSRS

Figure 4 (Color online) Applications of ambient mass spectrometry in pharmacokinetics. (a) Workflow of boronic acid affinity PS-MS for analysis of

catecholamines in urine!™;

(b) APGD-MS analysis workflow comparing urine samples from hepatocellular carcinoma patients and healthy control

participants!”); (c) SC-ESI-MS analysis of three different sample types: tablets, blood, and oral fluid®'; (d) calibration curves for fentanyl and cocaine

in saliva using SC-ESI-MSF!

T HiRARE 25 S-(+)-deoxytylophorinid-ine (CAT)7EK
AP B9 20 A AR, RS T 2597 K R P 43 A 1 4
S ARIE B, IR REAS 15 e A5 5 25 ) A A 1)
AE, JEAT SR 25 P R 1, A B Rk B
PG FETEREPE AR O T H,. DESI-MSH ] LU
TUGKZWr, TP AR TR rf S Ar G e i =
(isocitrate dehydrogenase, IDH)AYZRADIRAS, Ak
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T3 (JE 2 e 10 2 DX 30 f) 1X 3 3
SCRES R RBEAREA T AR AT AT AR (A OG22
153 A BB R R A5 E.. - Quartier AR FHM%
B RARRINT HE T i R 25 FE M (econazole nitrate, ECZ)4:
PS5 5 T D-o- AL B I BRIAIR S £ —1000(D-
a-tocopheryl succinate polyethylene-glycol 1000, TPGS)
JREALTR R B i A, AR R LA I PR A= 4 S5k,
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DESI-M SR AR B S T 40 pm = 1 Bz Bk K- 1)
1 5 & B V)T P ECZ FITPGS 4 85 4 B 23 (8] 4341 iU14,
T 25 BRI R King®E AR i Mas-
Spec Pen3 it 1157 \AAZH ZUREA (G4 e B 45 i
i RARALZ LAY, TEIX o IEH IR 2 598
MU, SIS WS B BT AR H91.5%,
RAEEIR95.5%, Frat:489.7%; FiMasSpec Pen)ii
FFARZE, X187 BT AR IR AR 078 74 S B A8 8
PEATSCET T, A RS ARG R RS 0 SRR AR
i£%193.8%. iBESI-MSH; A K HE K AL W DI hE,
FENG IS W B T 3R ). LudE AR FHIEE-
SI-MSH ARSI T /N A TG BEAg 4 24 1 AR 1k,
FE/IN SRR A0 20 rp 3538050 T s S04 A5 d 7 i
FEla 2T BE R AL, KA (27 ME S e
SR 2 L R A e

TEHR RS E /0 Hreh, DESI-MSPH H g% 52 — 4
IR SUR, BEMSIE TSR B BT, E
1t 5 RS AR BRI, AT DL o B R ZH
W AR, FEIR IR 2 RS W 7 T A Re i B it
—ERFES. MasSpec Penif it X 2 ZURE i B BAA 7
PEFTPR AT, R AR A FIEE 77 v 7E10~20 s
WERE, JEH & ARG IR T A nl B S0 21712 Wi
iEESI-MSTEAE IR R M RN N A IRAE T), RS B8y
MR Z WG, FERES M, X = PR TR 2 0] 7 ¢
RGOy A A HAL S, DESI-MSBARAE W S
KE AP 7 LA T G 53 Hr, 25 TRl 5r P, nl el
XSG AN AT, (R TAE T R i B
M T TR, TR VTRERTE, ME LS EE 0
O3HT, ARZE AR RS 41 3BT B8 138 Ak 245 WA S AT
FERAAG R 1 MasSpec Pen B S8 404, (A
Bk B, R DESI-MS U4 &, (B25 () 439 i
HAR SR04 20 A 2 fok T AR, 3 B R
B2 41.5~2.0 mm; iEESI-MSH] i 2 %o 2H 2% i B
BUREST AT, BURRHLRE B, SRR S T TR B 250+
Fb, i FHIEEST— IR 4 O 2he T S SR Az []—
A FE T, MR 3] Sl i AT, iEESIS /NG
T A B A I AR 5 5K
414 HAABHER

bR T _LIRHBREARSS, WHBA . MR TRE
FEAR. BEG T AR AE BLA G R, vl fE
S HA AT AN FE NI . FRIBMHT). Mi%e A8
FH VK b 37 FL I 2% L B (PDEST) 55 48 28 o 3% {86

HENT T B R AR B2y ) DR I T i, R
20 s 5E AR 25 P ) [ B A, DU b 2R T e 2k 2
YRR R 40.1~0.2 ng/mg, E&MRA 1 ng/mg, %
RIRTE T Az GRS e

W Y81 R —F o) T 3R B EL A T A PE FnsE s 1
AR, A TR 7 A R A7 53 B v i BRAE e 5
Z—. LTP-MSH T i B e St o fr sl 1
Pl RS shyG P , A PR 7E3.0~15.2 ng/mLZ [i],
R 55w 43T 10 V) G 28 0 W B AR A 24,
(B3RS T EHEME, ERH T LTP-MSTE P37 e 46 I Ay
B REAR i Ay 28 S 7 P A ). Linge APUR A
SC-ESI-MSH A MR i 125 K Je 5] R R AT 24T,
ST AR 4() R, F5RJE 5 AR B £k
(Fl4(d)), ZExF K FRIA ] 1H10.5 ng, M REERIE L
SRR 380, LIRS A A RIG YT
254 W T B T KA .

WP SURYE R —Fh 2 R o e e A, B 5
AR, RIS B A WA I A . GamezZE AP
i L FHEESI-MSE AR X IF AR50, BT SEsA
RN IR ER A 5 T BR AL FR A W, BN o Hr R R
e, fisp . Q). JoE, MTSLEAMARbiATY A E
EREN, X—WIE BB FRHEESI-MSE RBEEIE N
— A N 25 AR I B T L. PRAREARAE Sy —Fd
FEIREAR, FEARN 2548 b b A IR KT 5.

B 128 o Hrid AR, AT AR AR iy S A
VEPEEIE A HT . XA S (IR . RV . MR
W45), PS-MS., DART-MS. APGD-MS. EESI-MS%
FAR I T 5RO ERe, KT FARRE (52
L) R HDESI-MS | iEESI-MS&H: R 4750 #7.
DESI-MSHEA AR — 4 i fg W F B Be ), FEIi
G AT A H A VR . TR E B SL, e
R B AR, RRRE LR IRATTA B4 T
PATERIF LSRR, 7350, BTl B &M e
AR IOREARZ Z20E, FEn i B b S
BRI 2L T, s . Bk, donr LU
T TR 0 A B M B R A TRk, B X R
AT, R AT 450, DRI 4

4.2 AEZWATROR Sy 53 B i i WA

4.2.1 A 2R BUR 20 A 7 T B R
w2 ] LORSEH I T A IR KRR, 25
S RO IR R ES =R X =R AT
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I R 45 E,  SERIF AL T P R 25 1R R 22
AR

X HR 2 A4 RN R 250K R A RO A3 43 BT A S )
yEAl . PRIEP 2 RO T K. 2y A
YRR RS B R B R BE I R AL 7 I RCR 5
4Pk, iEESI-MSHENS ST i 245 b (14 25 38 1 L K2
AT, Zhang: NPl i % ARk B A AR
K& IR =t, %2 H T35 b2y, XS m
BRI T 2000, Ko RS B Ak A YEN X
AR KT =R FR. Yang®: AP2R A
IEESI-MSXFA [7] 7 iy i 115 J5 A AR e R 47 4397,
KBRS SR A Pk oy 22 57 B, RS
A Ay X0 B8 7 1l A I %) o B I R bR AR AR A .
{EESI-MSIE T AZPI . M =0 s #%)(1#15(a))
Srhei B BRI, FEMEIEESI-MS By PRH M: A i v
Wil, HLAE A 48 o 2 T B P O TR K PR R AR .
Xiao % N OV T34 A IR - P BEL P4 5 P P 88 o

OPLS-DA

1% (laser desorption dielectric barrier discharge ionization
mass spectrometry imaging, LD-DBDI-MSI)SZE] T P
AN [ A5 (B A 55 ) B ik DR B AR 25 10 S A R ) A
1R HT(EIS(b)). ZWF5R & BB A AR HUAR R FEAS 2 4
HSFR NIRRT 20, 3K — A Ik T R 3 o 5 A
i AR A 2 22 AR 0L T E BRI, PS-MSHEA R
MR EY), do Nascimento® A7 HPS-MSH;
AN AT B B F A rh 25 218 72 Y B Uy ) {2
BT HEAT A AT, SRAIIE S B A, o 4 357 ik
G, IXTHRAE, #E— DRk T 2L R AR
RAHE A WIS R, Zhang®5 A\ PHIEET-PS-MSH A
T E PR ) B O R B R i, BIEEILE
BRI BT R E , FRTR B AR TR (B Bl
Clilm/z 623 FNB)7 CL it bktisim/z  609)HEA THRH X 5345 Bl
TR C, WAk BT 2R Y BT A AR AL TRy
W Yun®E APPSR IDART-MS KR 25 8 A H 1343 v
AT AT, TR SE IR T AR A3 B AR R

s

Rehmannia glutinosa

w©@»

A picee of R. glutinosa

iEESI-MS

119565 * tof1]

2358
{8a?

g

g

g

g

|

1 laser source; 2 mirror; 3 laser beam; 4 beam expander; 5 aperture; 0

‘.ll |I“.|JI.'

Rl

6 lens; 7 observation system (CCD); 8 sample translation stage; 9 DBDI S 100 150 200 250 300 350 400

miz

Bl S (% ROR L) B TS A B AR A TR 25501, (a) IEESI-MSZE & TR i/ N e F1 31537 (OPLS-DA) 7 Hr h 2313 %, (b) LD-DBDI-
MSIZEH 7R B E); (c) LD-DBDI-MS/MT M K8 T B (FRA *(m/z 241, 247, 271, 28SUWEXTRT PIIRPEAFAEIAM; (d) ZE 0K AR
15 AU R L) % PR IS AE B (miz 241, 247, 271, 285 Ui 4 1)

Figure 5 (Color online) Application of ambient mass spectrometry in traditional Chinese medicine analysis. (a) iEESI-MS combined with orthogonal
partial least squares-discriminant analysis (OPLS-DA) for Rehmanniae Radix analysis®”; (b) schematic diagram of LD-DBDI-MSI configuration®”; (c)
LD-DBDI-MS mass spectrum of Rheum palmatum (peaks marked with * at m/z 241, 247, 271, and 285 correspond to endogenous characteristic
components)”®’; (d) optical microscope image of Rheum palmatum root cross-section and mass spectrometry imaging of endogenous characteristic

components (m/z 241, 247, 271, 285)P°
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Figure 6 (Color online) Direct analysis of active pharmaceutical ingredients in different drug formulations using SC-ESI-MS?'!. (a) Ebastine tablets;

(b) mycophenolate mofetil capsules; (c) pemirolast potassium eye drops
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Pharmaceuticals are a vital safeguard for human health in the prevention and treatment of diseases. The quality, safety, and
rational use of pharmaceuticals are directly linked to clinical efficacy and medication safety, with their critical importance
throughout the entire process from drug discovery to clinical translation. As the core technical means to ensure the safety,
effectiveness and quality control of drugs, pharmaceutical analysis plays an indispensable key role in the whole chain of
drug research, development and production. At present, with the ongoing advancement of interdisciplinary integration,
pharmaceutical analysis is continuously incorporating cutting-edge methods and technologies from multiple disciplines
such as biology, medicine, and chemistry, thereby progressively expanding its disciplinary boundaries. Pharmaceutical
analysis has expanded beyond its conventional role in quality testing, and is deeply involved in key links such as drug
source discovery, development and optimization, clinical evaluation and therapeutic drug monitoring. In such fields as drug
metabolism studies, research on pharmacodynamic substance basis, pharmaceutical quality control, and personalized
medication guidance, pharmaceutical analysis provides strong technical support for the innovative development of the
pharmaceutical industry.

Classical analytical techniques, such as spectroscopy, chromatography-mass spectrometry, nuclear magnetic resonance
(NMR) spectroscopy, and electrochemical methods, remain widely employed in pharmaceutical settings. Among these,
hyphenated techniques such as high-performance liquid chromatography-mass spectrometry (HPLC-MS) and gas
chromatography-mass spectrometry (GC-MS) are extensively applied in pharmacokinetic studies, chemical drug, and
traditional Chinese medicine analysis due to their high accuracy, standardization, and sensitivity. However, these methods
generally involve complex sample preparation procedures, resulting in prolonged analysis time and limiting their
suitability for high-throughput and rapid screening. Furthermore, sample preparation carries risks of sample loss,
contamination, or degradation of active components, which significantly restricts their application. Consequently,
analytical methods that are rapid, sensitive, and require no sample preparation are of great importance for pharmaceutical
research. In this context, ambient mass spectrometry, with its unique advantages of requiring no sample pretreatment, rapid
analysis, and high sensitivity, has emerged as an efficient rapid analysis tool. It has shown distinct advantages and gained
relatively widespread application in pharmaceutical analysis.

Therefore, this review first introduces ambient mass spectrometry based on two ionization mechanisms: electrospray and
plasma. It then provides a systematic review of the operational principles and technical features of different ambient mass
spectrometry techniques. Subsequently, the review summarizes and discusses the applications of ambient mass
spectrometry in three key areas: pharmacokinetic studies, quality assessment of traditional Chinese medicines, and
chemical pharmaceutical analysis. In pharmacokinetics, this review systematically examines the application of ambient
mass spectrometry in organ and tissue samples for analyzing the distribution characteristics of drugs and their metabolites
and for monitoring drug metabolism processes. In traditional Chinese medicine analysis, it discusses the applications of
ambient mass spectrometry for authenticity identification and overall quality control strategies of Chinese medicinal
materials. In chemical drug analysis, it demonstrates the application of ambient mass spectrometry for the determination of
active pharmaceutical ingredients and for the screening of illegal adulterants in drugs. Finally, this review discusses the
challenges and future perspectives of ambient mass spectrometry development, which primarily focus on three key aspects:
(1) matrix effects and interferences from multiple components, (2) instrument automation, and (3) portability and on-site
applications. In the future, with advancements in mechanics, electronics, and software, ambient mass spectrometry will
further overcome the limitations of traditional analytical methods, progressing towards faster, more convenient, more
accurate, and more intelligent analysis, thereby providing greater support for critical areas such as drug screening,
therapeutic drug monitoring, and clinical diagnostics.

ambient mass spectrometry, pharmaceutical analysis, electrospray ionization, plasma
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