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Abstract: The main chemical components of Gandoufumu Decoction (GDFMD) were analyzed and identified
using ultra-performance liquid chromatography quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF/MSF).
We utilized a ZORBAX RRHD Eclipse Plus C,; column (2.1 mm % 100 mm, 1.8 pm) with a gradient elution of 0.1%
formic acid in water and acetonitrile as mobile phase at a flow rate of 0.2 mL-min™' and a column temperature of
35 °C. The mass spectrometry was analyzed using an electrospray ionization source (ESI) in positive and negative
ion modes. The UPLC-Q-TOF/MS" was used to detect and analyze the complex mass spectra and the chemical
composition of the GDFMD. The results show that 102 compounds were identified in GDFMD, 26 flavonoids, 22
terpenoids, 19 saponins, 10 phenylpropanoids, and 25 other components. The established qualitative method can
rapidly and efficiently identify the chemical components of GDFMD, providing a scientific basis for the quality
evaluation and clinical application of GDFMD.

Key words: Gandoufumu Decoction; UPLC-Q-TOF/MSF; chemical composition; qualitative analysis; frag-

mentation pattern

WcAe L : 2024-09-19; &80 H JH: 2024-12-17.

HEWH: FRARRER ST H (81872976); 24 PAE ST 7T (AHWI2022b062); %8 4154 P E LK B3 5 R IR H (20222YYDO6);
B IR IR = 50t 50 4% 4 B T (202204295107020043).

*JEHAEH Tel: 86-551-65169752, E-mail: anzhou@ahtem.edu.cn; dongting2002@sina.com

DOI: 10.16438/7.0513-4870.2024-0917



< 772 - 222224 Acta Pharmaceutica Sinica 2025, 60(3): 771-783

J8 /R %R (Wilson's disease, WD), X R T &R %
AR, A& — P eh R AR R A 1 R s A M 1%
3 R IR ML I A BB 2R P9 ATPTB i [R] 28 A% 3504 4 i 2
B BB AR TGV HE H AR P9 (4, 38 51 R R TR 2 S A
B YU, JE RCOK i R E BIE S R A RS M R
WD I PR 2596097 £ 2 LA # e AR I 4 )8
G, GBS 2P AT I 4% A R B T R
P P HEMEAE FH, SR Z 2RI RIR N %, 2524
PEELZE, 29 20%~30% %52 5 5 i 97 1 B & Il T
FREE R GO IR AL, I PR B FH 52 21 7 AR KPR 5111,

fF S 3 A% (Gandoufumu Decoction, GDFMD) /&
TP R RZHE R ER A OB A 2 F 1
PR S B 40 7 711, Wi R 52 B I 5112 5 ) i o e 1E A4k Y
A HE I T 3 B WD R 0 AT 2T 4E AL RE IR, IR PR
MR R EY . GDFMD BCE 5 HLORFHER 25 (5 A
BB TR B BH IR Y6 9T, Be A RO B0 R AT 4
P AH B R, KT 300 5 WD JFF 27 245 4k 30 75 42 2 4 200
Il R FRAE FH . Zh R4 i 52 56 % B, GDFMD nJ Ji
it i 4% TGF-f1/Smad. SLCTA11/GPX4 255 5 i@ % A
SRR 11 H  J J [R gk, 4o JET 4 B Bk AE 2, B B
16 WD JHAR A5 1) R AT

R GDFMD iR J7 WD J7 30 i 3, (H X F RSt 7)
1 %5 7€ GDFMD H Ak 27 1% 43 IR 70 AR 6 38020, 0%
T AL P RS 5 T 2R A R 5 43 B v R L RE
BRI T 0 G4 o it B A AL B ER N 72 . ©A 3
HR VR 38 SR FH R 1o 2SO €% — DU A A/ HL 3 B B
#4392 6 GDFMID Hh (46 2 Jle 4 7R AT 4% 5, 3t
YR T 82 MLE Y, AR IS AR B R
i VI 2 Py AN G LR, (H FL /b 2 BRI & Vi 2L A
AR AT S B R AN R AT S, N B A T e
GDFMD [ BEARAE 2 55y o 8 2 RICTUAR €0 3% 3 BB DU A
FF K AT I 8] i 3 (UPLC-Q-TOF/MS®) H £ i 45 2 P
RE « 1o 77 0 2 A0 v R BURE S5 A, T DA BRGER T 46 b 43 BT
KB A EIE B, X AR T 2 o AT A T 0 ik
AT, )V N TR 2 R O

AR 5t LL GDFMD 4 i 55 % &, & Bl UPLC-Q-
TOF/MS® %} e il 73 kAT PId 73 47 48 58 IF 00 & Wi AT
JHZEFNHJE, Sy GDFMD (1 24 2809 5t il 5 11 PR 7
P LBV U AN B SR

R 5E%E

{25 Waters Acquity UPLC i = 20 AH (0 3 5
45 F1 Waters Xevo G2QTOF f5; 73 #F & K A7 B ] J53 14X
(3£ [H Waters 24 7); RE-2000A it # 78 K A% (b T %%
AL 28] ); ALPHAL-2LD B 25 ¥ VT F bl (4

CHRIST 2 ), Milli-Q 8 4 /K 544 & 45 (35 H Milli-Q
ZNCID

R BN REERMENATY (Paeonia lactiflora
Pall.) (TR, P 22 8L, b5 2308067; HiAd T A7k
BHEY T B M (Lycium barbarum L.) BT 5 Bl 20 5
Sz, e L S 220902; LR N A RHEY L
IR ¥ (Smilax glabra Roxb.) [1 T AR 2L, P=Hu 7, it
5:221001; =-ERNTINEHEY) =& [Panax notoginseng
(Burk.) F. H. Chen] F T M FIARE 25, 7 #h = SC 1l
It 5 : 210702; 25 4 Ry <= T8 Bl 1 W) 58 81 (Bupleurum
chinense DC.) T 1GAR, = H 7, #t5: 231203; Al 4
REREMIRAL 4 (Curcuma rcenyujin Y, H. Chenet C.
Ling) FTEEAR, 721 74, fit'5: 2209027, S+ &
BT [FAZ R K2 5, B 22 R 25 K22 2 b AR 2 &
BB E .

RZE JLEZE (S SOIHB191501). V% 37 I 1
(fIt5: D26GB172582) Aj 25+ (L5 : M28GB143089).
LR (IS M13GB148382) T L5 A= Mk}
FARATF; AT WERE (5 : 39011900) 14T L
) HH A= B AR Bt A BR A =], 4l JE 35 > 98%. HR
(LC-MS %) 4T 25 [H Sigma-Aldrich /A & ; ¥ (HPLC
%) F1 i (LC-MS 4%) ) 5 1% [F Merck 2 7] ; 8 4l 7K
FH Milli-Q 4l K i34k R 4t (35 [ Milli-Q 2 7]) #i45 .
GDFMD ¥ i Ay 52 56 2 ] £ 15 21 .

GDFMD B4 5 #r i f s il 8

GDFMD £l % HUAAT 15 g Mifd 12 g &
RE12g. =13 g LE10 g A4 10 g, &iF 62 g, N
HBLlK 10 6% (620 mL), 3298 1 h g, E b, 7 LASCK AT
PR, B30 min, 18, G PIRIETR . BREIRAE 2
— B, B -80 CCUKFH AT AR AL B, FL 23 ¥ R T
J:51 %% 73 2 GDFMD % T8, 1358 31.65%, iR
PRAF; BL1.0 g% T8 (249 F 3.1 g A Z541), i 30 mL
FHBE, 88 75 $2 B 30 min, FF b H i b 2 5 6, A AT A
0.22 pm g FLIE B 8 AR AR A & . U T
[ LU A SRR 24 0, 4% 13 5 v ) % 45 BRI 24 B K
BE T R 4 B4

X R AR E S AR RREULA E
AT AT R TR BT I A ZE KA 1.0 mg, I
L T 1) R B A 1 mg-mL! PRI B i 4 T, A 2 T L
B it 25 IR B, IR0 B 25 K R AR B 29 20 pgemL!
FRTR A 6 I S T, 22 0.22 pum Y 5t 8 I BERE 20 H7

& & i Agilent Eclipse Plus C,q
(2.1 mm x 100 mm, 1.8 um), Jz1AH: 0.1% HEL/K (A) Fl
25 (B), VeMAfE: 0~5 min, 95%~87% A; 5~10 min,
87% A; 10~20 min, 87%~86% A; 20~35 min, 86%~



W % UPLC-Q-TOF/MS® /3T 4 5 BT kA L 2 1 3

- 773 -

85% A; 35~40 min, 85%~49% A; 40~50 min, 49%~
40% A; 50~52 min, 40%~5% A; 52~54 min, 5% A;
54~56 min, 5%~95% A. Jiti#E: 0.2 mL-min’', ZEFE A
L2 uL, R 35 °C.

BIE &M k8 m/z 50~1 200, B4 H
JE 3.0 kV (ESI") 8% 2.5 kV (ESI), #EFL H K 40 V, &
TR FE 120 °C, 25 A0 I FE 350 °C, ¥ 75 < &
600 L-h'. MS™KAE#RE R E N6V, Mt 21X &
N20~80 V. FEBERESHTHT, FH 1L IE QTOF-
MS/MS J5i & fill, HHfE R A2 2 Aol P o e 1 o P A s
AT SEmI AR HE . 7E BSTAL R 4% [(M+H) = 556.277 1],
ESI#53 TF  £ [(M-H) = 554.261 5] 43 5l %) Jif it i
TR IE, & IE @R 5 R A B

GDFMD X i 3 BIBEMESL X PubMed.
Chemspider- SciFinder. CNKI % ¥ 4} & it 1T R G PE (1)
%, UEE GDFMD H1 6 R 25 84 (R AT H AT« =+

100

50

AR ZE SRR &) A 2 5 B, FLUSCER 352 Fil
EMRAE S, SRS AFR 51 Ak
=5 S, B H 5 B Excel L1 R4, [F A
ChemDraw % il 25 ¥ 20 JF R 47 .mol 3L A+ R #5 GDFMD
A2 1oy B R B B .

o

R
1 GDFMD {LZE /5 734k

i b3 €T 57 1 2% 1 2E A pE K o RORE R, Mass-
Lynx 4.1 5 A (Waters) Ji i T 1 35 K F 4k 22 5l o0 B8
15 15, 19 2025 0035 V& 1 07 B3 B 1) RS B 20 7 o B Ui
55 . fE GDFMD 2358 102 B i &4, & SR
BT 264, WAy 22 4, BFF LR 194, KA
FRB 10 M FHAR SR 73 25 4. IE U FEUT
SREURE S S B U, T D0 1, e 20 A B A
SR A)E, k1.

=

=X
o
8 3 36
-
E 5 10 15 20 25 30 35 10 15 50 55
2 ] ¢
G [0k yesssmssmsa e (SR Il‘p—e—/-“}l‘l-------l 50,60 36,70-72
£ ! 2426 :
= 1 214 1517-19 § )
~ EW\N\. ??2%7 i
________________________ I |
35 ; 02,7877 i 88-90
01 60 3234 o) M,‘J‘,si?\l-,ﬁ,i
100,101
0 272829050 : :
112023 |74 49 [T v 104-96 2
O] Al
5 10 15 20 25 30 35 40 13 50 55
Time / min

Figure 1 The total ion chromatogram (TIC) of Gandoufumu Decoction (GDFMD). A: Positive scan; B: Negative scan

Table 1 UPLC-Q-TOF-MS/MS qualitative analysis results of GDFMD. *Indicates control product information. B: Paconiae Radix Alba;

G: Lycium barbarum L.; T: Tufuling; S: Panax notoginseng; C: Bupleuri Radix; Y: Curcuma wenyujin; U: Unknown

ty Precursor Error Origion
No. . Compound Formula R B Adducts MS/MS (m/z)
/min ion (m/z) /%10 plant

1 1.540 Sucrose C,H,,0, 341.109 2 2.3 [M-H] 323.2357,266.930 6, 179.056 2, B,S
161.046 7, 119.035 8

2 1.592  Albiflorin* C,H,.0, 525.1807 04 [M+HCOO]™ 357.126 8, 121.034 4 B

3 1.592 Desbenzoylpaconiflorin C,H,,0, 375.1302 2.9 [M-H] 345.118 5, 195.060 2, 165.054 0 B

4 1.592  Quinic acid C,H,,0, 191.055 1 -2.6 [M-H] 173.038 5, 127.045 3, 111.006 6, G
93.0342

5 1.643 p-Coumaric acid C,H,O, 165.0549  -1.8 [M+H]' 147.082 8, 119.070 3 G

6 1.712 Tufulingoside C,H,0, 339.071 8 0.6 [M-H] 268.960 0, 193.014 1, 164.012 2, T
136.016 2, 121.026 1, 108.020 1

7 1.780 Proanthocyanidin C,,H, 0, 729.1437 2.6 [M-H] 515.132 0, 169.006 7 B

B23'-gallate

8 1.849 11-O-Galloylbergenin C,H,0, 479.0807  -4.0 [M-H] 327.079 7, 151.005 2 B

9 1.900 1,3,6-O-Trigalloylglucose C,H,,0, 635.090 9 3.9 [M-H] 331.065 5,313.058 8, 169.012 0, B
125.026 5

10 2.324 Citric acid CH,0, 191.019 3 0.5 [M-H] 173.008 9, 165.054 0, 129.019 9, B
111.006 6
11 2.546 Dihydroisoferulic acid CH,0, 195.065 9 1.0 [M-H] 136.053 3,121.030 3 G
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No. tR, Compound Formula ?recursor Erroi Adducts MS/MS (m/z) Origion
/min ion (m/z) /%10 plant
12 3.124 6-O-Galloyl arbutin C,H,0, 4230925 -05 [M-HJ 169.017 3 S
13 3.227 (-)-Epicatechin gallate C,H 0, 441.082 6 0.9 [M-H] 332.160 8, 271.064 4, 169.017 3 G
14 3.535 3-Galloylquinic acid C,H.O, 343.065 4 -3.2 [M-H] 301.234 6, 169.017 3, 123.046 5 G
15 4.473 Woodorien C,H0, 329.088 2 2.7 [M-H] 167.036 4, 152.009 9, 123.044 3, T
108.020 1
16 4919 N, -Caffeoyl, N,- C,H,N,O, 4722450 0.4 [M-H] 287.053 5, 153.015 4 G
dihydrocaffeoyl
17 5.188 Ethyl gallate CH, 0, 197.045 3 1.5 [M-H] 182.022 2, 169.017 3, 168.863 1, G
166.999 4, 153.020 5, 125.024 2
18 5222 (+)-Catechin-5-O-glucoside ~C,H,0, 4511245 1.1  [M-HJ 331.087 9, 289.070 9, 245.079 5 G
19 5.359 Protocatechuic acid-3- C;H, O, 315.071 0 -1.9 [M-H] 153.020 5, 123.046 5, 109.030 3 G
glucoside
20 6.074  6-O-trans-Feruloyl-2-O-p-D- C,,H, O, 517.1537 -39 [M-H] 271.061 0, 193.048 2, 175.038 4 G
glucopyranosyl-a-D-
glucopyranoside
21 6.194 Paeoniflorin C,H,;0, 461.143 2 -3.5 [M-H] 447.129 1 B
22 6.262  Oxypaeoniflorin C,,H,,0, 496.1564  -3.4 [M-H] 465.136 4, 345.110 9, 333.093 6, B
137.0250
23 6.279 3,4-di-O-Caffeoylquinic acid C,,H,0,, 515.1412 2.1 [M-H] 353.076 7, 323.066 6, 164.043 6 G
24 6.468 Mudanpioside H C,H,,0,, 615.173 4 33 [M-H] 281.078 1, 191.032 5 B
25 6.502 p-Coumaric acid-glycosides  C,H O, 325.092 2 -0.3 [M-H] 651.163 6, 163.039 0, 119.049 2 G
isomer
26 6.588 Catechin* C,H, 0, 289.0709  -1.0 [M-H] 289.070 9, 179.034 3, 151.040 3 G
27 7.989 Caffeic acid C,H,0, 179.0343  -0.6 [M-H] 135.042 1 G
28 8.103  Silymarin C,H,,0,, 481.113 2 -0.6 [M-H] 407.077 9, 297.041 7, 283.022 7, T
269.047 2,256.034 1, 243.030 8,
180.010 2, 152.012 4
29 8429 (34,200)-3-Hydroxy-11- C,H,0, 4693331 2.8  [M-HJ 311.1649 B
oxoolean-12-en-29-oic acid
30 8.437 Chlorogenic acid C,H,0O, 353.088 2 2.5 [M-H] 353.088 2, 191.060 7, 179.034 3, G
161.041 5, 135.044 5
31 9.040 Eugenin-3-glucoside C,H, 0,  509.1309 27  [M+H]' 345.064 4, 327.055 8 G
32 9.418 Gambiriin A, or A, C,H,0,  561.1419 39  [M-HJ 407.073 8, 289.070 9, 273.075 6, T
245.079 5, 203.069 7, 188.049 8,
179.034 3, 165.017 2, 151.040 3,
137.025 0, 125.021 9, 109.030 3
33 9.924 Paeoniflorin* C,,H,. 0, 479.152 2 2.9 [M-H] 479.152 2,449.140 9, 357.120 7, B
327.105 6, 121.102 8
34 9.692 3,5-di-O-Caffeoylquinic acid C,,H,,0,, 515.1412 2.1 [M-H] 353.084 4, 191.066 4, 179.031 6 G
35 10.012 Paconiflorin R, C,H,0,  479.1567 29  [M-HJ 283.091 6, 121.028 3 B
36 10.458 Isorhamnetin 3-O-rutinoside ~ C,.H,,0,, 625.179 2 3.7 [M+H]" 317.0599 G
40.195 623.159 7 -2.4 [M-H] 315.060 1
37 10.630 (+)-Procyanidin B, or B, C,H0, 5771324 -38  [M-HJ 407.086 2, 339.086 9, 289.070 9, T
245.079 5, 205.048 2, 175.035 7,
161.026 0, 137.022 6, 125.021 9
38 10.733  Taxifolin-3-glucopyranoside C, H,,0,, 465.104 6 2.8 [M-H] 335.079 2, 293.018 2, 269.007 0, T
256.997 4,234.988 1, 216.981 9,
196.976 4, 161.023 4
39 10767 Quercetin-3-O-galactoside ~ C, H,0,,  463.0870 ~-15  [M-HJ 301.0323 G
40 10.870 Anthocyanin C,,H, 0, 593.149 2 -2.4 [M-H] 264.073 8, 263.070 8 G
41  11.053 3-O-Caffeoylshikimic acid ~ C,H, O, 335.0754 -39 [M-H] 203.069 7, 187.038 3, 161.026 0, T
135.044 5, 133.028 9, 123.042 0
42 11430 Mudanpioside E C,H,0, 5251587 -40  [M-HJ 495.154 4,193.053 9 B
43 19.359 Galloylpaeoniflorin C,,H,,0 631.168 3 3.2 [M-H] 613.1505,491.120 1, 313.058 8, B
169.014 7, 165.059 2
44  25.499 Kaempferol C,H, O, 285.0397  -0.7 [M-H] 268.038 1,267.030 9 B,S
45  25.516 Nicotiflorin C,H,0, 447.0924  -0.7 [M-H] 285.039 7,269.040 5, 257.043 3, G

241.048 0, 177.022 6, 151.002 6
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No. t“, Compound Formula I.’recursor Erroi Adducts MS/MS (m/z) Origion
/min ion (m/z) /%10 plant
46  25.550 Neoastilbin” C,H,0, 449.109 9 33 [M-H] 303.051 8, 285.039 7, 267.030 9, T
241.051 1, 175.041 1, 150.031 3,
133.028 9, 123.044 3
47  25.584 Kaempferol-3-O-glucoside ~ C, H, O, 447.0924  -0.7 [M-H] 284.035 5, 191.066 4 G
48  25.601 Hydroxybenzoyl-O-benzoin C, H, O, 447.0924  -0.7 [M-H] 249.0379,207.030 4, 192.012 1 S
49  29.197 Mudanpioside D C,H,0, 509.164 1 =35 [M-H] 121.028 3 B
50 37.795 Smilaside L C,H,0,, 869.2479 29 [M-H] 804.449 7,513.141 9,499.145 17, T
193.053 9, 175.041 1, 146.038 8
51 38.012 Engeletin C,H,,0, 433.114 3 1.8 [M-H] 289.070 9, 269.043 9, 259.061 2, T
215.072 5, 180.007 4, 152.009 9
52 38201 Bis (galloyl)-O-cryptoxanthin C,H,,0 . 631.092 4 -1.7 [M-H] 461.077 3,169.012 0 U
53  38.449 Notoginsenoside R, C,,Hy O ¢ 931.5226 2.4 [M-H] 931.522 6, 799.484 7, 637.433 7, S
475.380 0
54  38.801 Iristectorin A C,H,0, 491.120 1 22 [M-H] 285.039 7, 180.004 7, 151.002 6 T
55  38.818 Diacetyl-saikosaponin AorD C,H,,0 863.4792  -0.1 [M+H] 821.4882,779.4753 C
56  38.835 Ginsenoside Rg, C,H,,0, 799.484 7 0.4 [M-H] 799.484 7, 637.428 6, 475.380 0 S
38.920 823.484 4 29 [M+Na]” 643.418 0, 203.057 7
57  38.835 Quinic acid C,,H,,0, 451.1028  -0.2 [M-H] 281.047 2,217.012 0, 203.034 7, T
189.018 9, 177.019 8, 161.026 0,
151.040 3, 147.044 3, 133.028 9,
123.044 3, 109.028 2
58  38.886 Ar-Curcumene C,H,, 203.180 2 1.0 [M+H]" 201.166 7, 159.117 7, 121.102 0, Y
95.084 8
59  38.887 Ginsenoside Rh, C,H,,0, 6374299 2.7 [M-H] 637.428 6,475.380 0 S
60  38.967 Astilbin sulfate C,H,0,S 529.066 6 2.6 [M-H] 383.004 8, 364.996 4, 285.039 7, T
230.966 1, 228.980 6,216.987 9,
181.052 0, 167.036 4, 151.005 2
61  39.001 Astilbin sulfate isomer C,H,0,S 529.066 6 2.6 [M-H] 383.004 8, 365.004 2, 285.039 7, T
228.974 4,212.986 4,201.992 5,
177.017 1, 167.036 4, 151.002 6
62  39.293 Saikosaponin X C,H,O, 809.4302  -2.6 [M-H] 809.430 2, 780.423 7, 779.418 2, C
617.362 3
63 39413 (2)-(1S,5R)-f-pinen-10-yl C,H,0, 4452084 2.2 [M-H] 293.088 3, 233.066 4, 191.055 1 B
p-vicianoside
64  39.636 Smilaside B C,H,0, 735.216 4 3.8 [M-H] 500.074 0, 418.060 5, 375.043 0, T
337.093 2,301.074 9, 265.072 1,
193.048 2, 175.038 4
65  39.721 Mururin A C,H,0, 447.0708  -1.8 [M-H] 323.022 5, 295.021 3, 282.018 6, T
267.027 6,251.040 4, 240.045 3,
223.038 6,211.038 2, 195.0459
66  39.841 Linoleic acid C,H,,0, 279.232 4 0.0 [M-H] 125.092 8,71.014 9 S
67  39.893 Benzoyloxypeoniflorin C,,H,,0,, 599.178 3 3.0 [M-H] 447.222 2,313.066 1,293.088 3, S
165.054 0, 137.025 0, 121.028 3
68  39.910 Quercetin C,H,0, 301.0359 3.7 [M-H] 301.0359, 283.022 7, 255.026 8, G,S
178.998 7, 151.002 6, 107.012 5
69 39973 Caffeoyl-O-benzoin C,H,0, 489.104 6 2.7 [M-H] 249.037 9, 207.030 4, 192.009 2 S
70  40.042 Smilaside A C,H,0, 777.226 5 3.0 [M-H] 735.205 3, 717.205 3, 625.082 3, T
559.166 4, 513.141 9, 499.145 17,
193.048 2, 175.038 4, 160.015 1
71  40.093 Benzoylpaconiflorin C,H,,0,, 583.1816 0.0 [M-H] 553.164 5,461.121 2,431.132 5, B
327.083 4
72 40.162 Mudanpioside C C,H,,0,, 599.178 3 3.0 [M-H] 581.157 7,477.130 2, 447.122 17, B
137.0154,121.028 3
73  40.247 Ginsenoside Rc C,,H,,O 1077.5853 0.7 [M-H] 1077.5853,945.536 5, 783.484 4, S
621.430 5,459.387 5
74  40.299 Mudanpioside B C,H,0, 629.186 0  -1.6 [M-H] 583.1816,341.128 1, 121.028 3 B
75 40325 Ginsenoside Rb, C,H,,0,, 1107.5890 0.6 [M-H] 1107.589 0, 945.542 8, 783.484 4, S

621.4355,459.387 5
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Continued
No. tR, Compound Formula ?recursor Erroi Adducts MS/MS (m/z) Origion
/min ion (m/z) /%10 plant
76  40.419 Notoginsenoside R, C,H, 0, 769.472 0 =23 [M-H] 769.472 0, 637.433 7, 475.375 6, S
391.284 8, 101.022 7
77 40470 Smilaside C C,H,0, 839.2385  -1.7 [M-H] 693.209 4, 663.184 0, 645.189 5, T
517.158 4,499.141 1, 483.137 1,
337.089 5, 193.048 2, 175.038 4
78  40.590 Naringenin C,,H,,0 271.061 0 1.5 [M-H] 270.061 0 G
79 40.590 3'-O-AcetylsaikosaponinA  C,H, O, 821.4682  -0.6 [M-H] 821.468 2,779.452 5,761.446 0, C
617.403 0
80  40.607 trans-N-(4-Dihydroxy-3- C,(H,,0q 343.139 8 1.5 [M-H] 283.129 5 G
methoxyphenethyl)
feruloyloctopamine
81  40.676 Ginsenoside Ro C,H,0, 9554894  -0.9 [M-H] 955.489 4, 793.445 4, 569.381 4 S
82  40.676 Ginsenoside Rg, C,H,,0,, 783.490 1 0.8 [M-H] 783.490 1, 637.423 4,475.380 0, S
391.284 8
83  40.693 Saikosaponin C C,H, .0, 925.513 1 -3.2 [M-H] 925.513 1,779.452 5,771.499 4 C
84  40.830 Ginsenoside Re CH,,0, 945.542 8 0.5 [M-H] 945.542 8, 783.484 4, 637.423 4, S
4753800
85 40916 6-0O-Galloylglucose C;H, O, 331.0655 -3.0 [M-H] 331.065 5,271.054 3, 211.026 3, B
169.014 7
86  40.945 Ginsenoside Rh, C,H,0q 6214355 -1.8 [M-H] 621.430 5,459.387 5 S
87  40.962 Phenylpropanoid glycosides C,H,0,, 819.2322  -32 [M-H] 777.2379, 760.232 7, 584.170 0, T
559.166 4, 193.048 2, 175.038 4
88  41.048 Acetyl-saikosaponinAorD  C,H.,0 969.5417  -0.6 [M-H] 807.469 8, 499.305 7 C
890 41476 Curcumolide A CH,,0, 249.150 1 4.0 [M+H]" 81.070 6 Y
90 41.631 Saikosaponin A C,H.O,, 779.458 2 0.0 [M-H] 779.458 2,617.403 0,439.322 8 C
41.819 7814836  -2.0 [M+H]" 781.483 6, 619.431 2,473.369 5
91  42.671 Saikosaponin E C,H O, 763.462 7 -0.8 [M-H] 763.4627,601.413 9, 161.046 7 C
92 42914 Curcumin* C, H,,0, 369.133 0 -2.2 [M+H]" 159.084 2, 114.092 6 Y
93  43.128 Curzerene C,H,,0 217.160 0 3.7 [M+H]" 147.085 3, 119.088 2, 95.086 8, Y
79.058 3
94  48.056 Ginsenoside Rk, C,H,0, 7654764 =33 [M-H] 603.422 4 S
95  48.159 Saikosaponin B, C,H,0, 811481 21  [M-HJ] 811.486 1 C
96  49.268 Dibutyl phthalate C,H,,0, 277.144 1 0.4 [M-H] 285.219 4, 148.055 7 B
97 52303 Bisdemethoxycurcumin C,H,0, 309.112 3 -1.3 [M+H]' 177.051 1 Y
98  52.783 Cinnamic acid C,H,0, 149.0599  -2.7 [M+H] 130.067 1 G
99  52.801 23-Hydroxybetulinic acid C,,H,0, 471.347 4 0.0 [M-H] 363.2319,241.219 5,195.143 1, B
171.111 7
100  53.258 Palmitic acid C,H,,0, 255.2327 1.2 [M-H] 241.2195 B
101 53.653 Saikosaponin F C,H,O0, 9275307 -1.1  [M-HJ 927.530 7 c
102 53.738 Xanthohumol glucoside C.H O, 365.0867 -1.6 [M+H]" 305.092 3 U
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Figure 2 MS’ spectrum, fragmentation pathways of quercetin (A) and MS* spectrum, fragmentation pathways of catechin (B) in ESI” mode
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Figure 4 MS’ spectrum, fragmentation pathways of ginsenoside Rb, in ESI” mode

931.522 6, M H AL £ N C, . H 0,0 H C-6 A7 R FEAN
C-20 P F2 547 5l 2 A WEEE, C-6 A7 RN B, 1 &
BEFIAHE 85 2— 1 SR Y, T C-20 2 — 7 FHi &
Wi o 7E— 5 h, 25188 [M-H] 1 m/z 931.522 6.
TE R, m/z 799.484 7.637.433 7 F1475.380 043
AN [M-H-xyl] -\ [M-H-xyl-glc] - [M-H-xyl-glc-
gle] oG, 53CHRPHRE 1 = L2 1F R AHix, #ED 53

N=LRER, WE SR,

43 Z=HEBRFEE SHEHESEWEET L =0
KWEY, [FR R F B MAT A, A
1155.62.81.83.88.90.91.95.101. B 6 L4490
HHAT RS 34T, B 7 HIE 251 m/z 781.483 6 [M+H]"
FAAE T m/z 779.458 2 [M-H]", B 15 3% & W10)
FHXE 53 T 5 4 780.466 0, 43 T 3N C,,H, O 5 IEES

961.5319
100
R
&
Q
Q
g
E
—§ 50 1433.1101 637.4337
o
=
=
~ 475.3800 799.4847 1014.4435
49.1062
L l 705.1645 031.5226
Py T 0 T okl | bl \m‘ . -
450 500 550 600 650 700 750 800 850 900 950 1000
—l -H —l -H

m/z 931.5226

m/z799.4847
Figure 5

HO" >,

m/z 637.4337

m/z 475.3800

MS? spectrum, fragmentation pathways of notoginsenoside R, in ESI” mode



780

2554 Acta Pharmaceutica Sinica 2025, 60(3): 771-783

TR, 75 = g0 vk P A AT DLW S B HE o) 7 5 U
781.483 6 [M+H] % & 1 73+ 7l %) BE 5L 7% 1 619.431 2
[M+H-Gle] B Jr & - 2Kk 1 4> 1 5 %) bl HE F1— 53
T T LR i 473.369 5 [M+H-Gle—Fuc] % &

T (Bl 6A). fERE TR, #E0 FE TN mz
779.458 2 [M-H]", #f — 20 B Z 9 15 BRI, 1%
DT E T I BRI T INWNETE B m/z 617.403 0, 1
Tk — 4y T LA N Bk BB A — 43 7 CH,OH J¥ Ji m/z

A 100
7634716
*
£
8 564.2760
g
]
E 50
<
£
= 601.4227
° 5833980
— 745 4739
657.3832
19.4312 781.4830)
4733695 “ h \
A1 TRR— T LU bl ‘n —TT - L \Ju Ll " |L i
460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760 780 800
m/z
—|H* _|H+

~Glu-CH;0H

-Glu
= —
o]
nd b ’$;§'"OH
HO, o
JWOH HO OH
HO OH
m/z781.4836 m/z 619.4312 m/z 473.3695
779.45
B 100 [45%2]
e e e e e !
173292320 1
X I 1
R I ]
o ! [
Q 1 1
=4 1 I
3 1] i
< 1 1
8 %01 1 1617.4030
g 1 439.3228 542.3578]
Z i o
g ol M 1 M M MM Ml MO a
ot
~
116.9270 3292329 815.4305
0 L\l [ o |
100 200 30d___400 ___500__1 600 700 800 900 1000 1100
m/z
-H
] ] H 7 H
-Glu-CH;OH

HO OH

m/z 779.4582

m/z 617.4030

m/z 439.3228

Figure 6 MS’ spectrum, fragmentation pathways of saikosaponin A in EST" (A) and EST" (B) mode
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Figure 7 MS’ spectrum, fragmentation pathways of chlorogenic acid in EST mode
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