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Desorption electrospray ionization mass spectrometry imaging for
analyzing spatial distribution and transformation of ginsenosides
and lipids in steamed Panax ginseng
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301617, China)

Abstract: To investigate the in-situ spatial distribution and dynamic transformation of ginsenosides and lipids
during the steaming process of Panax ginseng, desorption electrospray ionization-mass spectrometry imaging
(DESI-MSI) was employed to analyze the main root sections steamed for 0, 2, 4, 6, 8, and 10 h in both the positive
and negative ion modes. Ginsenosides were detected using 95% methanol containing 0.1 mmol-L" NH,CI as the
spray solvent, while lipids were detected using methanol containing 0.01 mmol-L" TFA. The spray solvent flow
rate was 2 pL-min”, with X and Y pixel sizes of 200 pm and a raster speed of 500—700 um-s". The results showed
that, after the steaming, most macromolecular ginsenosides underwent degradation reactions such as
demalonylation, deglycosylation, and deacetylation, leading to an increase in the content of rare ginsenosides. With
prolonged steaming time, the signal intensity of most lipids decreased, and their distribution contours became
blurred. Through multivariate statistical analysis, a total of 29 differential markers were screened and identified,
including seven ginsenosides and 22 lipids, which were mainly distributed in the epidermis, cortex, and xylem, and
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their content changes were closely correlated with the steaming time. DESI-MSI technology can intuitively reveal

the spatial distribution and dynamic transformation patterns of chemical components during the steaming process

of P. ginseng, and the screened markers provide new scientific basis for studying the processing mechanisms and

quality evaluation of P. ginseng.

Key words: Panax ginseng; desorption electrospray ionization-mass spectrometry imaging; ginsenoside;

lipid; steaming; spatial metabolomics
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Figure 1 Distribution map of different subtypes of ginsenosides in Panax ginseng steamed at different time period
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Figure 2 Distribution map of different lipid subtypes in Panax ginseng at different steaming time under the negative ion mode. FAs: Fatty

acids; SPs: Sphingolipids; GPs: Glycerophospholipids; GLs: Glycerolipids
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Figure 3 Distribution map of different lipid subtypes in Panax ginseng at different steaming time under the positive ion mode. PKs:

Polyketides; STs: Sterol lipids
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Figure 4 Analysis chart of ginsenoside composition difference in different processing time of Panax ginseng under the negative ion mode.
A: PLS-DA score plot; B: VIP plot; C: DESI-MSI images. VIP: Variable importance in projection
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Figure 5 Analysis chart of lipid composition difference under different processing time of Panax ginseng in the negative ion mode.
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Table 1 The list of differential markers of ginsenoside and lipid in different processing time of Panax ginseng
Content
. . variation trend
Type Marker Differential component L .
with increasing
steaming time
Seven differential ~ Marker 1 Vinaginsenoside R12 Decrease
saponin markers Marker 2 Vinaginsenoside R21 (24S/R) Decrease
Marker 3 Chikusetsusaponin IVa butyl ester Decrease
Marker 4 Chikusetsusaponin IVa Decrease
Marker 5 Ginsenoside Rh4/Rk3/Rh16 Increase
Marker 6 6'-0-Acetyl-ginsenoside Rgl (or isomer) Decrease
Marker 7 Ginsenoside Rh26 Decrease
Eleven differential ~ Marker 1 10,13-Octadecadienoic acid (or isomer) Decrease
lipid markers in Marker 2 PA (12:0/22:2(13Z,16Z2)) (or isomer) Decrease
negative ion mode  Marker 3 Palatinose Increase
Marker 4 Palmitic acid (or isomer) Decrease
Marker 5 PA (14:0/22:4(7Z,10Z,13Z,16Z)) (or isomer) Decrease
Marker 6 13-Keto-9Z-octadecenoic acid (or isomer) Decrease
Marker 7 Stearic acid (or isomer) Decrease
Marker 8 9Z-Octadecenedioic acid (or isomer) Decrease
Marker 9 10Z-Hexadeceny! acetate (or isomer) Decrease
Marker 10 16-Methyl-6Z,9Z,12Z-heptadecatrienoic acid (or isomer) Decrease
Marker 11 3b,16a-Dihydroxyandrostenone sulfate (or isomer) Increase
Eleven differential  Marker 1 TG (15:1(92)/22:6(42,7Z,10Z,13Z,162,192)/22:6(42,72,10Z,13Z,16Z,19Z))[is03] (or isomer) Decrease
lipid markers in Marker 2 PA (P-16:0/16:1(9Z)) (or isomer) Decrease
positive ion mode  Marker 3 PA (O-16:0/18:4(62,92,12Z,15Z)) (or isomer) Decrease
Marker 4 TG (12:0/22:3(10Z,13Z,16Z)/22:6(4Z,72,10Z,13Z,16Z,19Z))[is06] (or isomer) Decrease
Marker 5 TG (12:0/20:0/22:5(72,10Z,13Z,16Z,19Z))[is06] (or isomer) Decrease
Marker 6 TG (12:0/18:0/22:4(7Z,10Z,13Z,16Z))[is06] (or isomer) Decrease
Marker 7 DG (14:0/22:5(72,102Z,13Z,16Z,19Z)/0:0)[is02] (or isomer) Decrease
Marker 8 TG (12:0/20:1(112)/22:6(42,7Z,102,13Z,162,19Z))[is06] (or isomer) Decrease
Marker 9 Dehydrophytosphingosine (or isomer) Decrease
Marker 10 PC (0-22:2(13Z,162)/22:3(10Z,13Z,16Z)) (or isomer) Decrease
Marker 11 PI (13:0/22:6(4Z2,7Z,10Z,13Z,16Z,19Z)) (or isomer) Increase

SR EYIMAN R E . R 2.3,
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Table 2 Characterization information table of ginsenoside ions at different steaming times based on UPLC/Vion IM-QTOF-MS

Adduct

No. Component name Abbreviation — — — tx MS/MS VIP
[M-H] [M+HCOO] [M+CI]
1 Chikusetsusaponin IVa or  Chikusetsusaponin IVa (or 793.438 0 / / 33.48 793.4428,613.3789, 2.40
its isomer isomer) 569.387 5, 523.382 9,
455356 0
2 Vinaginsenoside R12 or Vina-R12 (or isomer) 671.437 1 / / / / 4.32
its isomer
3 Vinaginsenoside R21 or Vina-R21 (or isomer) 833.4899 / / / / 3.37
its isomer
4 Chikusetsusaponin IVa Chikusetsusaponin IVa / / 885.476 8 14.67 619.4252,4573714 2.79
butyl ester or its isomer butyl ester (or isomer)
5 6'-O-Acetyl-ginsenoside ~ 6'-O-Ace-Rgl (or isomer) 841.4950 / / 10.90 781.4747,637.4326, 2.25
Rgl or its isomer 619.422 9, 529.394 1,
4753799
6 Ginsenoside Rh26 or its Rh26 (or isomer) 1013.568 5 / / 31.71 785.5020,779.461 1, 2.08
isomer 605.437 0
7  Ginsenoside Rh4/Rk3/ Rh4/Rk3/Rh16 (or isomer) / / 6553977 38.33 381.2336,281.2490  2.38

Rh16 or its isomer
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Table 3 Characterization information table of ginseng lipid differential ions at different steaming times based on UPLC/Vion IM-QTOF-

MS
Type Component name Abbreviation m/z Adduct MS/MS VIP
PKs 5,7-Dihydroxy-3’,4'-dimethoxy-6,8- 5,7-Dihydroxy-3',4'-dimethoxy- ~ 381.0793 [M+K]" 381.079 3, 365.105 3, 5.40
dimethylflavone or its isomer 6,8-dimethylflavone (or isomer) 203.052 1, 152.071 0
GPs PI(13:0/22:6(42,72,102,132,16Z,19Z))  PI 35:6 (or isomer) 823.4869 [M+H-H,0]" 823.4861,807.5180, 2.5I
or its isomer 675.353 4,405.351 4
PA(P-16:0/16:1(92)) or its isomer PA O0-32:2 (or isomer) 631.469 7 [M+H] / 4.54
PA(O-16:0/18:4(62,92,12Z,157)) or its PA O-34:4 (or isomer) 655.4733 [M+H]" / 4.24
isomer
PC(0-22:2(132,162)/22:3(10Z,13Z, PC 0-44:5 (or isomer) 895.7200 [M+NH,]' / 2.54
162)) or its isomer
SPs Dehydrophytosphingosine or its isomer ~ SPB 18:1;03 (or isomer) 3162849 [M+H] 316.284 8,298.274 3, 2.90
280.263 5,262.252 9,
135.116 7
GLs TG(12:0/22:3(102,132,162)/22:6(4Z,7Z, TG 56:9 (or isomer) 901.727 7 [M+H] 901.728 1, 879.745 8, 3.04
10Z,137,16Z,19Z7))[is06] or its isomer 599.504 1, 397.379 6
TG(12:0/20:0/22:5(72,102,13Z,16Z, TG 54:5 (or isomer) 919.7122 [M+K]" 874.701 4, 683.639 1, 3.37
192))[is06] or its isomer 600.507 9, 595.472 1,
449.344 2,337.274 1
TG(12:0/18:0/22:4(72,102,13Z,162)) TG 52:4 (or isomer) 893.7254 [M+K] 893.727 1, 710.670 6, 3.19
[is06] or its isomer 613.493 4, 599.504 3,
574.491 1
DG(14:0/22:5(72,102,13Z,16Z,192)/0:0) DG 36:5 (or isomer) 6154990 [M+H] 615.498 8, 598.491 4, 2.92
[is02] or its isomer 523.453 1,335.264 2
TG(12:0/20:1(112)/22:6(42,72,102,13Z, TG 54:7 (or isomer) 877.729 7 [M+H]" 851.713 8, 683.638 6, 2.90
16Z,19Z7))[is06] or its isomer 600.508 5, 551.494 4
TG(15:1(92)/22:6(42,72,10Z,13Z,16Z, TG 59:13 (or isomer) 917.7013 [M+H-H,0]" 899.713 5,880.750 7,  4.92
192)/22:6(42,72,102,132,162,197)) 712.669 9, 614.487 4,
[is03] or its isomer 576.507 5
FAs Stearic acid or its isomer FA 18:0 (or isomer) 283.2620 [M-H] 283.263 4 3.89
9Z-Octadecenedioic acid or its isomer FA 18:2;02 (or isomer) 311.2213 [M-H] 311.2227,293.211 8, 3.61
275.2009,211.134 2,
171.101 7
Palmitic acid or its isomer FA 16:0 (or isomer) 255.2328 [M-H] 255.2319,237.2257 5.37
10,13-Octadecadienoic acid or its isomer FA 18:2 (or isomer) 279.2319 [M-H] 279.2318,273.1390, 11.74
261.2214
10Z-Hexadecenyl acetate or its isomer SFE 18:1 (or isomer) 281.248 6 [M-H] 281.247 17 3.49
16-Methyl-6Z,9Z,12Z-heptadecatrienoic ~ FA 18:3 (or isomer) 277216 8 [M-H] 277.216 3 3.39
acid or its isomer
13-Keto-9Z-octadecenoic acid or or its FA 18:2;0 (or isomer) 295.2279 [M-H] 295.227 3,277.216 6, 3.94
isomer 171.102 3
PA(12:0/22:2(13Z,162)) or its isomer PA 34:2 (or isomer) 671.4657 [M-H] 631.3820,417.238 5 7.37
GPs PA(14:0/22:4(7Z,10Z,13Z,162)) or its PA 36:4 (or isomer) 695.4625 [M-H] 695.465 2, 672.468 1, 4.92
isomer 409.2349,253.2159
STs 3b,16a-Dihydroxyandrostenone sulfate ST 19:2;03;S (or isomer) 429.1589 [M+TFA-H]" 429.158 6,393.138 8, 2.12
or its isomer 375.126 6, 293.003
Others  Palatinose Palatinose 455.103 6 [M+TFA-H]  279.232'1 7.12
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Figure 7 Transformation network diagram of ginsenoside components under different steaming time of Panax ginseng in negative ion

mode
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