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Abstract: Objective The chemical composition differences in Panacis Quinquefolii Radix before and after high-temperature
treatment were examined using metabolomics of traditional Chinese medicine and desorption electrospray ionization mass
spectrometry imaging (DESI-MSI). Methods A plant metabolomics method based on UPLC-QTOF-MS technology combined with
multivariate statistical analysis was employed to perform non-target screening and identification of the chemical components of

Panacis Quinquefolii Radix before and after high-temperature treatment. Using LC-QQQ-MS with multiple reaction monitoring
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(MRM), accurately quantification of key saponins was enabled. Finally, DESI-MSI technology was applied to investigate the spatial
distribution and migration of the main ginsenosides in Panacis Quinquefolii Radix tissue before and after high-temperature treatment. Results
A total of five ginsenosides, ginsenosides Rbi, Rd, Rgz, Rgs and quinquenoside Ri, showed significant changes before and after high-
temperature treatment. The quantitative results also confirmed that the contents of all five ginsenosides increased significantly (P < 0.05) after
high-temperature treatment. Further DESI-MSI analysis revealed that after high-temperature treatment, ginsenosides Rd and Rb in the tissues
of Panacis Quinquefolii Radix were significantly redistributed, migrating from the epidermal layer to the formation layer, medulla, and xylem;
the quinquenoside R1 was enriched from the ligamentous and formation layer to the outer epidermis; while ginsenosides Rgz and Rgs were
mainly distributed in the cork layer and ligamentous layer. Conclusion The variations in the composition of Panacis Quinquefolii Radix
saponins before and after high-temperature treatment were evident. The results of this study provided qualitative, quantitative and spatial
distribution evidence for the effects of the high-temperature treatment process of Panacis Quinquefolii Radix on the key ginsenosides, and
offered a scientific basis for the scientific processing and utilization of Panacis Quinquefolii Radix.

Keywords: Panacis Quinquefolii Radix; ginsenoside; high-temperature treatment; metabolomics; mass spectrometry imaging;

ginsenosides Rbi; ginsenosides Rd; ginsenosides Rgz; ginsenosides Rgs; quinquenoside Ri
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(B), B HEN: 0~4 min, 20%~40% B; 4~6 min,
40%~50%B; 6~7 min, 50% B; 7~10min, 50%~
60%B; 10~11 min, 60%~90%B; 11~11.5 min,
90%~20% B.
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B B R 25KV B TR 100 C;
EHFNEE: 250 C; FALA8HE 7] 650kPa; A%
m/z150~1500; R 0.15s. HHEFHELT
1ifi FH S5 R A MR IR VA (mi/z 554.261 5 [M—H]) B
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AT HTEH RGN R
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R EAE AR FEHEAT IR AE . FIH] OPLS-DA HiFI45
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B; 4~13.5 min, 25%~45% B; 13.5~15.5 min,

45% B; 15.5~16.5 min, 45%~90% B; 16.5~18
min, 90%~10% B; 18~19 min, 10% B.
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Table 1 Parameters for mass spectrometry analysis of

target compounds in Panacis Quinquefolii Radix

o miz ZAFEH R
BT WhBT KN KRNV
NS 21 Rys 783.8 621.5/4593  -230 -50
ANZEH Rd 9458 7835/621.3  -230 -55
ANZEH Ry 783.6 621.2/459.3  —260 —46
NS4 Rby 1107.8 945.3/783.3  —240 -61
P ES BT R 11500 11075 -210 -58

233 HEIWE 1F Analyst (32 SCIEX A#])
Btk F#47 UPLC-QQQ-MS ol A HE s &, i
MultiQuant (3£ [E SCIEX A F)) At 47 € & 74T o
Z 8 Gong 2 J5vk, S HERE AT E . A
WAL “2.1.27 DUR &AM RRERE, BT 5
mL 2, FH S0% e A ZRZIE, HIS &)
HET 2 pg/mL BPRA X IR A 2, B IRV G X
T8 S S GE B, 50% F B Z Rk 6 N
WREE O R ERE AT, Sethlbn i 28, JF
BATENERNE, 132 5 FPpesr 2tk B 5 FE, F
FGAERNET R H B AR & & .

234 %iitht#E KM GraphPad Prism 8.1 #EAE
. K SPSS B A AT BRI 3 5 22 40 M, i ¢ A
WM B gt 2 R, B3 E
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Fig.1 Total ion chromatograms of AG and SAG samples obtained by UPLC-QTOF-MS analysis
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Table 2 Constituent information of 47 ginsenosides in Panacis Quinquefolii Radix

S RSp——— =
e ansk S AL ifﬁ5 BT TR
12 Mz 21F IVa 793.4380 793.438 3 0.35 [M—H]~ Ca2He6014
2ab A\ BIF RS 845.490 5 845.489 9 -0.65 [M+HCO0O]~ Ca2H72014
3 AZEH Ry 799.484 9 799.484 1 -1.00 [M—H] Ca2H72014
b Y ANZ BT FLL 799.4850 799.483 7 -1.62 [M—H] Ca2H72014
5b NS B F2 784.497 0 784.496 2 -1.02 [M—H] Ca2H72013
6  AZE1 Ry 829.503 0 829.501 9 -1.32 [M+HCOO]~ Ca2H72013
7?0 NSRBI Rgs” 784.489 8 784.496 2 8.15 [M—H] Ca2H72013
ge =B Fe 916.5395 916.539 6 0.07 [M—H] Ca7HgoO17
b HAZEIH RiL 925.480 2 925.481 2 1.08 [M—H] Ca7H74018
10> WrFZ R R8 962.545 1 962.545 9 0.83 [M—H] CagHe2019
113 AZEH B2 945.542 8 945.543 8 1.05 [M—H] CagHg2018
1230 AZEFRd 945,537 3 945.539 9 2.75 [M—H]~ CagHs201s8
1320 A& B Re” 945.542 9 945.547 7 5.07 [M—H] CagHg2018
14> gFEEF XVII 945542 9 945,544 0 1.16 [M—H]~ CagHg2018
1580 AZE1F Rgs 811.4850 811.4853 0.43 [M-+HCOO]~ Ca2H70012
162> A= 1 Rgs 811.484 8 811.485 4 0.68 [M+HCOO]~ Ca2H70012
172> NS Rgs 811.484 4 811.4856 1.43 [M+HCOO] Ca2H70012
182 AZ BT Ras 1239.637 9 1239.638 8 0.72 [M—H] CsoH100027
190 AR Fa 1239.637 9 1239.6329 -4.03 [M—H] CsoH100027
202" AZEIf Ry 1107.591 6 1107.592 3 0.65 [M—H] CssHo2023
21 R 1 107.595 6 1 107.595 0 —0.54 [M—H]" CssHo2023
2230 ANZ%AF Rby 1077.585 1 1077.584 9 -0.15 [M—H] Cs3H90022
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23%0  AZ %1 Rbs 1077.5851 1077.584 4 -0.65 [M—H] Cs3H90022
242 ANZEHF RC 1077.585 1 1077.5849 -0.15 [M—H] Cs3H90022
2580 AZREAF Ro 955.490 9 955.489 7 -1.25 [M—H] CasH76019
260 AR Rs: 825.500 5 825.499 8 -0.84 [M—H] Ca4H74014
2730 PHEZET RS 1 149.605 2 1149.605 9 0.57 [M—H]~ CssH94024
28  AZREH Rs 1119.595 7 1119.595 1 -0.53 [M—H] CssHo2023
2920 YNSRI R 931.527 2 931.527 3 0.11 [M—H] CarHgoO1s
302 AZREF CY 799.485 1 799.482 3 -3.50 [M+HCOO] CaH70012
31  AZEH Rh 619.421 4 619.4253 6.30 [M—H] CssHe00s
3280 AZE 1Y Rks 619.421 4 619.4257 6.94 [M—H] CasHe0Os
33 AZEI R 681.422 3 681.421 2 -1.61 [M+HCOO] CasHe009
342 AZE1f Rhs 681.422 0 681.421 2 -1.17 [M+HCOO] CasHe009
3580 ZEE B XLIX 1091.564 3 1091.563 1 -1.09 [M+HCOO] Cs2HesO21
36*°  AZE1F R 683.437 7 683.437 2 -0.73 [M+HCOO] CasH6200
377 ABEIFL 683.437 6 683.437 8 0.29 [M+HCOO] CasH6200
380 AZE1F R 683.437 6 683.437 4 -0.29 [M-+HcoO0]~ CssH6200
3920 AZE1F Ra’ 1209.627 3 1209.620 7 —5.45 [M—H] CssHogO26
400 AR FP2 1255.633 3 1255.623 3 —7.96 [M-+HcoOo]~ CssHogO26
412 JFAS=EE 521.384 8 521.384 7 -0.19 [M-+HcoO0]~ CaoHs204
4230 R ASBEH Rn 1193.6015 1193.598 2 -2.76 [M—H] Cs7HosO26
432> ANZ B F3 815.479 3 815.479 2 -0.12 [M-+HcoOo]~ Ca1H70013
4420 NS EAFF 815.480 0 815.479 0 -1.22 [M+HCOO] Ca1H70013
45°  YAZET R 815.480 0 815.480 7 0.85 [M-++HCOO] Ca1H70013
460 ZITIE R A 897.485 3 897.483 8 -1.67 [M—H]~ CasH74017
477 WASEHES 1341.6701 1341.672 2 1.56 [M—H] Cs3H106030

“x7 RoRiEIE G XTIR A OSSR A “a” R IE AG AP INBIILEY; “b” FoRUE SAG HAP IR A

“¥” means a compound is determined by comparison with a control substance. “a” means compounds detected only in AG group; “b” means compounds

detected only in SAG group.
DRFAE P AL TA) B A 22 S S A BN AT
PCA Fll OPLS-DA £ 04t it H7 . il PCA M52
BREARBRSAE AT, B 20 SR AT SV
SFE S EARE SRR BRI R X 5, R iR AT
WHESHAZREEAFAAEWEEZSR. HTREXH
OPLS-DA X HZHEHE AT 7041, FHARIE S-plot T
VIP {H UK ¢ k36 45 R % s b 3R )G 2 HAS
BAFMZERESR T . BHAR (n=200) &5 FKH,
R%x N 0.688, R?y N 0.999, 0* N 0.997, F* B OPLS-
DA BRI R 0405 BE RN o PR mT Tl
H OPLS-DA #ASFEE AR IS B A . st
fifiide VIP>1.5 f1 P<<0.05, %52 5 fhERMEAS
BAF, AR AZ R Rd. ASEF Res. HHES
B Riv ASREH Rbi. AZEH Re.
32 SRBRIETEFSHABEASEEEENT
HHOCHER T AT AN S 2 Rgy M S B Rgs /71
R BUFN S Y [F) 3 S A6 20-21, SR ORAIE 8 B 45 SR,
T G, £ Ve 7 ST SR () 25 SRR . ASEER SR AG T

EXTR 2 R AT B, e R e 3 s
EEAGRWE 4 kR 3 Fion, EmimdEar, b
HSHEAT 5 FAZBEHRRES B NINS
B Rd> AZEH Rb >HHESEHT Ri> ASEH
Rex> NS B H Regs, HHASEH RdFHHRES
N 684.66 ng/g. TEmRACEE 55 B3 LT 3
T FRESSRAE T BERN, Hh ASEH
Rg: > TSR Ri> AS B Ree> NS BH Rd>
ANZ B4 Rby, HHPAS B Res FYIRESECHN
3721.4 pg/g.
3.3 DESI-MSI #4891k

£ DESI 730 A9, ke i A /i 2 1A ab 2,
A LB AR R R AT 5 MR N T IR
U RS 5 SRR U AT 7 T . B
E-20 CF, XML EAT 257 50, 100 pm JZ 1
em VI JEEERH S, 45K KM, 25 um FHRFESH
U s, TRV IE R K - T 504 100 pm R Y]
Frs FEBATEOR R AERS, BT A ZU R
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Fig.2 Plots of multivariate statistical analyses
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Fig. 3 Separation of five ginsenosides and their isomeric
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ANZ B Rby ANZE1F Rd 20(R)-NZ 5 Re,
2000 — 3000 *% 15007
= o~ | p— e ok
=] =1} =] T 1
5 1500 : :
2 2 20001 2 10001 T
& ) = &
@ 1 000 = %
] 1 1000 #5004
5004 I I
0- 0- O'j T
AG SAG AG SAG AG SAG
20()-NBEH Re, 20(R)-NZE1F Rgs 20(S)- A B 5 1F Res TS BH Ry
1 50077 _ 1 000+ Aok 2 000+ wkok ~ 20004 kk
~ s oo — = [ — 50 M
5 N g 8007 T & 1500 T 2 1500 T
=4 T = 600 s T 2
b b & 1000 & 1000
R i 400- = 1
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01— . 0L . Ol 1 LR
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4 BHLEMBRENE
Fig.4 Content determination of target compounds
*3 HREUEYHIREAFERRESH
Table 3 Regression equation and mass fraction of target compounds
‘ 9253 50/ (g g
e ETp r2 g
AG 4 SAG 4.
NS BH Rby Y=166 X—1700 0.998 2 618.00+202.23 1540.40+516.08
AZEH Rd Y=391 X—7720 0.998 0 684.66 1-242.74 2 005.00+971.8
20(R)- A= 21 Rgs Y=549 X—626 0.999 2 16.10£6.23 692.00 +299.45
20(S)- NS 21 Rgs Y=63.6 X+2 880 0.999 2 46.631+3.12 3029.404+1594.2
20(R)-\ZE1F Rgz Y=1.97 X—6 620 0.999 2 144.30+32.27 887.671+436.4
20(S)-ANZ 2 H Rg2 Y=510 X—7 160 0.998 2 41.10+6.76 826.371+297.18
TS RT-R Y=127 X—5 000 0.999 2 290.00+59.83 2 600.00+ 1 008.20

FERARIT, WEEEAIEFRS M AL S 3.4 SERAEREEFSHAEASEFATRL
5T K. B, HARH] 98%HFEE+01%FE o4
e 98% H B 25 71, HARARAREARIE], XPEES @i DESI-MSI aJ#i4k T 5 A2 5t 7E 7
PEEURAT A b BFFURE m/z341.1086 £ FWSRALW A W 5 iR, 5 MASRETE
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Fig. 4 Distribution of m/z 341.11 in Panacis Quinquefolii Radix under different spray solvent ratios
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