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Abstract: Notoginseng (Sanqi), the root of Panax notoginseng (Burk.) F. H. Chen (Araliaceae), is one of
the most valuable traditional Chinese medicines (TCM). It has been widely used in China with a long history for
treatment of haemorrhage, edema, and cardiovascular disorders. Steamed P. notoginseng has been considered to
have stronger therapeutic functions than raw P. notoginseng in the treatment of tumors, cardiovascular diseases,
etc. Saponins are the principal chemical and pharmacological constituents in P. notoginseng. Thus, it is of great
importance to determine the constituent saponins and determine any differences between fresh P. notoginseng and
steamed P. notoginseng. We used a rapid and direct analytical method based on liquid extraction surface analysis
combined with mass spectrometry (LESA-MS) to identify saponins in the xylem, phloem and cambium of fresh
and steamed P. notoginseng root slices. The results revealed that ginsenosides Rgl, Rb1, Re, Rd, notoginsenoside
R1 and their malonyl group versions were most abundant in fresh root slices, while in steamed slices ginsenosides

Rg5, Rkl and other minor polar components could be detected, and the relative content of large polar components
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was lower. The described method is fast, robust and sensitive and the process does not need traditional and

cumbersome pretreatment such as crushing, extraction and separation. It is the first non-destructive study on the

differences in saponins between fresh and steamed P. notoginseng root slices.
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rapid identification
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Graphical of experimental. A: PPD type and PPT type of dammarane saponins; B: Fresh P. notoginseng root slice (left) and

steamed root slice (right); C: Liquid extraction surface analysis (LESA) device coupled with LTQ MS; D: Mass spectrum of steamed slice in

phloem (upper) and mass spectrum of fresh slices in xylem (bottom)



B ORAE: W AR IR TR 7 BT v T 6 5 2 = AR U0 R o 32 0 e o F Rkt 42 ) - 125 -

W HE AR, JC 7 BB K FE 5 57 AR 2, B a] S o 2541 D)
JSEELE DR RO R s E AU R A
LESA-MS J7 %) # i — AR ) FIAE 125 °C R 7% il
2 hW =R YR FE AT BB AT, JEVIE 4R 58 B b
5 7% =GR A T B R T E R ) 1 2
5, LEOR B i = B 28 = BAR U A 1 25 30E 4R
HERT 0 1 EE 1S 5 ) 5 S A

MR5EE

KIGNEE LESA WM AEBUR 0 R4 (£
Advion A &), B3 F £ @18 490 2 F Y7, nano-ESI
& A (5 pm), LESA J& L #k - ThermoFisher Scientific
LTQ XL &% & TP i 1% (32 [E ThermoFisher Scientific
AF). K E S (HA ALP AR,

KF szie A K i Milli-Q #8 4l K & 48 (£
Millipore 2 &) |43, Z & (3 4, 3 H Fisher 2 7)),
R (B4l 78 E Merck A H)).

=@M =ERAM R T EZ A SOl
T A, 504 Bilg R R K P RO EENT
INEHE Y =5 Panax notoginseng (Burk.) F. H. Chen [t]
TR AR ZE . 28 = LR E R K 125 °CF
75 2 he

LESA 757 Hrif =LA Z& 6 =B V) sk
SR 3~5 mm B AY) v (B 1), iCE T8 H
LESA & MCHR » R 48 7420, % (gas pressure):
0.5 psi, N FH HLJE (voltage to apply): 1.70 kV. AEHUA
FINE 0.1% FHER I Z 57K (80:20), F: Y MR Sk W HRL [
WA N 2.0 uL, ZEBCEFIAEY) R TAF 10 s,
T I FERE Sk TR IS 248 nano-EST:G AT B 3L gl
TH2% s 25 HERE

MS /& RHAME FEEMEL, mz BT
Fl: 100~1 500, &40 i £ 4 190 °C. LESA-MS %&
BUE 1CHIR.

BARALIE K P EHE b B R Xealibur 2.2
T ORI A . R 2 TGt o A iiE SIMCA
14.0 HEAT fi /N 1E 22 i fie /N — e H0 0 73 1t (orthogonal
partial least squares discriminant analysis, OPLS-DA).

FHR

1 i S5EF=tiRTFAEEFRT XIS
SR FH 0T Vi 0 A Ak PR A A i BT e AL A e

(B 1D), AR SCHk BT 45 38 19 7 T 5 53 47 B S LSRR,

HHEM B 49 MU A . P BERUEWH 454, I

BEHRUEWE 44 . UAS 2 Rel B2 N0, 715

TR, BT B RS I E m/z 799.5 [M-H] W m/z

845.5 [M+HCOO] U, #Wr i H 73 7 308 C,H,,0,,,
MWHANZBHRgl MAZRBERE. HE=HLWRH, A
Z BT Rgl W EZS T AS B R Bk, il4Eg
()5 W AS 5 B, n R AT xS I NS
B Regl. fE=LIRH, ASZEH Rel & E&E M
B, ARG SRS e . ARSI DOF i = 1
AR & N2 B AF Rel (15 5w N o S AR,
FEE SN, =L = LAR YA ST
BV SRR 1065, RIS REH, Hief—=
CARYI Fr rf ) B B A RUAR G &5 B 5 28 = BIR Y v
BHEZER . B =GR o A B2 ) F
FRTO B I 22 e, A OR B 0 B e T R IR
T 7E 28 ) = -CARY) v b, )R i i B s, AR
A RE & RIEAC . EHEE =R A, NS
B Rgl Re Rd.Rbl L H P @R IE A, DL =H %
H RIAAX T HAh B & &R . T 26 =1
WY A, P Bk A2 2 H Rgl .Rd Fl Re 7 B A X AL,
— N BT E Y S B RE, W= K2 R10.
AR 0 = 5, 25 ) = 5 ads w5 H AR 55 A
BAFRLS, B0 N2 B RgSRk1.Rs3.Rs7 fil =L 2
H SFt3.SFt4. A [F] 52 4 ¥ 25 8 S SOk gor 2 41
W (B 2), 4 =H% 5w s R Z& G, KR 2
B 2 40t C20 AL BB e Ak o IR A B 1, AT K
1R R BB KA FHAE CL7 AL ONBE TE Jl 32 2 A BROAUEEE, A
T A 55 AR 1 ) B A
2 MES5EHN=tRUAFTERBLEFNZ TEHIT
S

K H A W B OPLS-DA #5284 %5 A [J] U] Fr o 2 5 4k
A D5 R B AT o BT, 2 s R R 2 ) =
CARY A AR 53, ) R 50 R0 ji 2 o 2 2R R o A
XA . B = LR AL N HT B (fresh)
2, T 2 WA R 7 (steamed) 25, M OPLS-DA K]
20 B (BI3A) BT, B 5 28 ) = B nT 2 g,
BHRY K EEA B SR R IFRER
RE TR TN GE 77 (RXRPY AL Q8 A 1) LA, 768 i
SRR b, )R R BRZ B R R X
22BN, 2 = BRI R, )RS FAR AN AL
ZE W . 454 S-Plots Al VIP (variable importance
on projection) {E (P& 3B 1 3C), #t — 5 ik i 8 A #rfif
HZ&M = CiRPHERRKERZE, 50N NS 21
Rgl.Rd/Re.Rg2/F2.Rbl, H - A= Rel, =&
BRI, =-LEH RIOMA F-#FE S R13.

L IR 8 AN 2 Ak G W O R ] b AR e 5 25
HZEREEEFNSEER. F4ERRY, Hif
=HRU) R BEEY & R A, TS = AR



y

126 - 242224 Acta Pharmaceutica Sinica 2020, 55(1): 123 =130

Table 1 Relative contents of compounds in different parts of fresh and steamed P. notoginseng root slices. Relative contents: The signal

response of ginsenoside Rgl in the xylem of fresh P. notoginseng was taken as the reference value, and its content was defined as 1

Relative content

No. Fresh root slice Steamed root slice LESA-MS [M-Z] Molecular Compound
Xylem Phloem Cambium Xylem Phloem Cambium formula
1 677 1250 118 0.0003 0.60 0.0038 387.0 [M+HCOOT, 341.3 [M-H] C,H,0, Methylophiopogonanone Al'Y
2 0307 - 0.0102 <0.0001 0.06 0.0005 431.3 [M-H] C,H,,0,, Kaempferol-3-O-a-L-rhamnoside!'”
3 0.0714 0.019  0.001 <0.0001 0.0243 0.0003 447.2 [M-H] C,H,,0,, Kaempferol-3-O-4-D-galactoside!'”!
4 0.0124 0.0991 0.0025 <0.0001 0.135 0.0017 4752 [M-H] C,H;,0, Protopanaxatriol!'™
5 - - - <0.0001 0.0246 0.0003 478.4 [M-H] C,H,,0, 25-OH-PPD!"
6 - - - <0.0001 <0.0001 0.0002 491.1 [M-H] C,H,0, 25-OCH3-PPDI"!
7 0.195 0.0633 0.0401 <0.0001 0.0177 0.0005 599.1 [M+HCOO], 553.4 [M-H] C,H;,0, Notoginsenoside R1012")
8 0.0171 0.0255 0.0023 <0.0001 <0.0001 0.0002 621.5[M-HJ C,H,O;  Ginsenoside Rh2!
9 0.0103 0.0082 - <0.0001 0.0667 0.0011 6252 [M-H] C,,H,,0,, Quercetin-3-O-sophoroside*
0 - - - <0.0001 00156 0.0003 651.4 [M-H] C,H,O,, Notoginsenoside T12¥
11 0.0383 0.0087 0.0037 - 0.0206 0.0001 653.4 [M-H] C,H,0,, Notoginsenoside ST1/
notopanaxoside A+
12 - - - <0.0001 0.0254 <0.0001 655.5[M-H] C,;sHyO,, Notoginsenoside SFt2(2¢)
13 - - - - 0.0204 <0.0001 661.4 [M-H] C,;Hi,O,  Ginsenoside Rs717)
14 0.0935 0.0717 0.0122 <0.0001 0.0252 0.0003 683.4 [M+HCOO], 637.4 [M-H] C,H,0,  Ginsenoside Rh1/F112!
15 0.0092 0.0072 0.0164 <0.0001 0.0263 0.0002 725.4 [M+HCOO], 679.4 [M-H] C,Hy O,  6'-O-acetyl-ginsenoside Rh112*!
16 0.0078 0.0028 0.0025 <0.0001 0.0227 0.0001 753.4[M-H] C,H,0,, Ginsenoside Mc!*-"!
17 0.0662 0.0555 0.0354 <0.0001 0.11 0.001 781.0 [M-H] C,H,,0,; Ginsenoside Rh175!
18 - - - <0.0001 00448 0.0002 811.4[M+HCOO], C,H,0,, Ginsenoside Rg5/Rk15
811.7 [M+HCOO]
19 0.111 0.0417 0.0261 <0.0001 0.0419 <0.0001 815.5[M+HCOO], 769.5 [M-H] C,H,,0,; Notoginsenoside R2?*]
20 0.0096 0.0135 - <0.0001 0.0205 <0.0001 831.5[M+HCOO], 785.5 [M]" C,H,,0,; Ginsenoside Rg3**
21 0.273 0.104 0.081 <0.0001 0.0122 0.0002 829.5 [M+HCOO] C,H,,0,; Ginsenoside Rg2/F2%!
2 1 0524 0319  <0.0001 00358 00002 845.5[M+HCOO],799.5[M-H]  C,H,0,, Ginsenoside Rgl2¥
23 - - - <0.0001 0.0381 <0.0001 8$81.4 [M+HCOO[,825.5[M-H]  C,H,0, Ginsenoside Rs3*!
24 0.345 0432 0342 <0.0001 0.0189 <0.0001 885.0[M-H]" C,H,,0,, Malonyl-ginsenoside Rg1P"
25 - - - <0.0001 0.0162 <0.0001 897.5 [M-H] C,H,0,, Notoginsenoside SFt3/SFt43¢]
26 0.0288 - 0.002 1 - - <0.000 1 913.4 [M+HCOO] C,H,,0,s Koryoginsenoside R157
27 0.0342 0.0189 0.0119 <0.0001 0.0161 0.0002 961.0 [ M+HCOO], 915.5 [M-H] C,Hy,0,, Notoginsenoside ST41%%
28 0.351 0.155 0.0758 <0.0001 0.0167 <0.0001 977.5[M+HCOO], 932.5 [M-H] C,Hg,0,; Notoginsenoside R15%
29 - - - - 0.017  0.0001 977.7[M+HCOOJ,931.0[M-H]  C,H,O, Notoginsenoside Ft31*!
30 0.0085 0.0073 0.006 <0.0001 0.0079 <0.0001 987.5[M-H] Cy,Hg O, Acetyl-ginsenoside Re/Rd™“!
31 0.323 0.274 0.139 <0.0001 0.0484 0.0002 991.5 [M+HCOO], 945.5 [M-H] C,Hg,0,  Ginsenoside Rd/Rel?")
32 0.0336 0.037 0.0074 <0.0001 0.0348 0.0002 993.5 [M+HCOO] C,;H;,0,, Notoginsenoside H?*!
33 0.0229 0.0178 0.0101 - 0.0327 <0.0001 1007.4 [M+HCOO] C,H,0,s  Notoginsenoside M/N#!
34 0.0245 0.14 0.045 8 - 0.033  <0.0001 1031.3[M-H] C4,Hg,0,, Mal-ginsenoside Re/Rd*
35 0.173 0.0625 0.064 6 - 0.0229 <0.0001 1065.5[M-H] C4,HgO,; Mal-vinaginsenoside R131*4
36 0.0181 0.0095 0.0057 <0.0001 0.0252 0.0001 1093.4[M+HCOO], 1047.5[M-H]" C;,HO,, Notoginsenoside O/P*!
37 0.0239 0.0174 - <0.0001 0.0162 0.0962 1123.5[M+HCOO],1077.2[M-H]" C4H,0,, Ginsenoside Rb2/Rb3/Rcl*”)
38 0.0355 0.0141 0.0031 - 0.014  <0.0001 1139.6 [M+HCOO] C4;H,y0,;  Yesanchinoside H*)
0.018 1 - 0.005 7 - 0.0227 0.0002 1093.6 [M-H]
39 0.226 0.0417 0.0816 <0.0001 0.0574 0.0002 1153.6 [ M+HCOO]J,1107.6 [M-H] C4H,,0,; Ginsenoside Rb1™®
40 0.0249  0.0192 0.006 1 - - - 11495 [M-H] CoHyO,,  Acetyl-ginsenoside Rb11)
41 0.0249 0.0149 0.008 - 0.0438 <0.0001 1209.6 [ M+HCOOTJ, 1 163.5[M-H]" C4H,,0,; Mal-ginsenoside Rb2/Rb3/Rc*’]
42 0.0373 0.0048 0.0042 <0.0001 0.0092 <0.0001 1165.5[M+HCOO] C4H,,0,, Ginsenoside Rs17!
43 0.0532 0.0263 0.0174 <0.0001 0.0103 <0.0001 1239.5[M+HCOO]J,1193.6[M-H] Cj,H,0,, Mal-ginsenoside Rb1
4400796 00121 0.0101 - - - 12556 [M+HCOO], 1209.6 [M-H] C,H,0,, Ginsenoside Ra2“"

45 0.0532 0.0263 0.0174 <0.0001 0.0113 <0.0001 12854 [M+HCOOT],1239.5[M-H]" CyH,,0,, Notoginsenoside R4/
ginsenoside Ra3?"

46 0.0276 00084 -  <0.0001 0015 00001 1297.8 [M+HCOO], 12514 [M-H] CyH,0, Ginsenoside Ras5i"
47 00783 00118 0.0032 - 0.0076 0.0005 1316.0 [M+HCOO] CooH,,0,,  Ginsenoside Ra0i52
48 0.0447 00111 00144 - 0033 00003 13715 [M+HCOO], 1325.5[M-H] Cy,H,,0,, Mal-notoginsenoside R4/

Mal-ginsenoside Ra3"**

49 0.0264 0.0195 0.009 1 - 0.0124 0.0006 1387.4 [M+HCOO], 1341.6 [ M-H] C,H,,0,, Notoginsenoside Q/SI*’
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Figure 2 Proposed transformation of saponins in the process of steaming of P. notoginseng (take ginsenoside Rbl for example). Mal-G
Rb1: Malonyl-ginsenoside Rb1; G Rbl: Ginsenoside Rb1; G Rd: Ginsenoside Rd; NG SFt2: Notoginsenoside SFt2; G Rkl: Ginsenoside
Rk1; G Rg5: Ginsenoside Rg5
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Figure 3 OPLS-DA results of different parts and saponin compounds in fresh and steamed root slices. A: OPLS-DA score chart; B: OPLS-
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Figure 4 Accumulation diagram of relative contents of major
saponins in the fresh and steamed roots slices were detected by
LESA-MS. G Rgl: Ginsenoside Rgl; Mal-G Rgl: Malonyl-gin-
senoside Rgl; G Rd/Re: Ginsenoside Rd/Re; Noto-G R1: Noto-
ginsenoside R1; G Rg2/F2: Ginsenoside Rg2/F2; Mal-Vina R13:
Malonyl-vinaginsenoside R13; Noto-G R10: Noto-ginsenoside R10
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