. 754 25 W) 4y AT 2 E  ChinJ Pharm Anal 2025,45(5) JPA

R 53 534

E T UPLC-HRMS B *Iifi & B2 77 4L 52 B 53 57 17
XA RS AT, R R DR E

(TR HP 2GR, FRIH 450046 )

WE HMW: RARSZRORAE#E - 559 R#EKA (UPLC-HRMS ) B AR, s AN 4 I 7 6940 52 % o 4T
%K Z 5 ¥, Fik: KA Hypersil GOLD (2.1 mm X 100 mm, 2.6 pm ) &4, A F 8 (A )-0.1 % FE K (B)
A RNAR, B ZEBL, AR A 0.2 mL - min™', AR 30 °C ; Mg ERER A E§ & -F Full MS/dd-MS® 324
B, B LA R B T3 8, R A Compound Discoverer 9 #7 # ¥ , 454 Chemspider, mzCloud 4 £ 4%
JEFu O 0 A8 F AT R 45 B4R 8, A) B Mass Frontier & 2L f 3| | 45 A3 2L fi 30432 3 Wy 3L 25 My | 3P ANB 42
M7 P AT R BAT T . BER : MAMITIE AR 7 7 S B A4 221 A, 2R 8461 B R ALEH 65 A,
FKAE RS A0 A0 RS W 20 N EDAELESY 16 4, B KIS 79 A, 45i8: UPLC-
HRMS T e i %52 AN A& I 7 AL 52 8,2, B B 2 b o A AN A& I8 77 70 o o8 S A e, =T R T AN & I8 7
LY

KABIA : AMTAENT 77 ; AR B BURAR &G - H PRI R ke

FESES:RI17 CERERIRAD: A XEHE: 0254-1793 (2025 ) 05-0754-25
doi: 10.16155/].0254-1793.2024—1177

Chemical components analysis of
Bufei Jianpi formula based on UPLC-HRMS

LIU Ze, ZHENG Li-shi, SHU Sheng—nan, SUN Shu-ding,
LI Rong-rong, ZHAO Di, FENG Su-xiang’

(Henan University of Chinese Medicine, Zhengzhou 450046, China)

Abstract Objective: To identify and analyze the chemical components of Bufei Jianpi formula by ultra—high
performance liquid chromatography—coupled with high—resolution mass spectrometry (UPLC-HRMS). Methods: A
Hypersil GOLD (2.1 mm X 100 mm, 2.6 um) column was used. Methanol (A)-0.1% formic acid water (B) was used
as the mobile phase with gradient elution, the flow rate was 0.2 mL * min™', and the column temperature was 30 °C.
The mass spectrometry data were collected using the Full MS/dd-MS® scanning mode of positive and negative
ions, and the characteristic fragment ion peak information was analyzed by compound discoverer. Combined with

Chemspider, mzCloud and other databases and existing reports of relevant chemical composition information,
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the chemical components of Bufei Jianpi formula was analyzed by using the cracking prediction of Mass Frontier

and its cracking rule. Results: A total of 221 compounds were identified from Bufei Jianpi formula, including

65 flavonoids, 40 phenylpropanoids, 21 terpenoids, 16 alkaloids and 79 other compounds. Conclusion: UPLC—

Orbitrap Fusion Lumos Tribrid—MS can quickly identify the chemical components of Bufei Jianpi formula and

qualitatively analyze the material basis of Bufei Jianpi formula, which can be used for the quality control of Bufei

Jianpi formula.

Keywords: Bufei Jianpi formula; ultra—high performance liquid chromatography coupled with high—resolution mass

spectrometry; chemical component; material basis
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FHXEHEJE (relative abundance )

100 - 206

FHXFHEE (relative abundance )

A. IEEFHE (positive ion mode ) B. 5185 FH3X ( negative ion mode )
E1 2EFRE
Fig.1 Chromatograms of total ions current
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Tab.1 Analysis of the chemical components of Bufei Jianpi formula

N . MBI HRE S R . A 25
5 LAY W AFR L R WHAET T
. X (ion  (theoretical (detected  (error) . ) ( type of
(No.) ( chemical component ) min  ( formula) 6 ( fragments ion Ym/z
mode ) value )m/z  value ) m/z x 10 compound )
1 7- RIEFEZH R 121 CysH 1400 - 337.05651 337.05562 -2.626 319.10142,291.002 13, FRMRIS
( 7-hydroxycoumarin 205.301 03, 175.211 01 (acid ester )
glucuronide )
2 BRELE 1.37  CioH12N4Os - 267.07349 267.07367  0.664 267.07278,135.068 16 KZFFRA
(arabinosylhypoxanthine )™ (nucleotide )
3 D-(+)-2- URIEFR 122 CeHiNO, + 130.086 26 130.08623 -0.231 130.086 19, 84.080 91,  ZHKLfK
[D-(+) —pipecolinic acid]*"! 70.065 22, 67.054 40, (‘amino acid )

55.054 36

4 DL- &R " (DL-lysine)  1.23  CgHuN,0, + 147.11280 147.11279 -0.097 147.13221,84.080 95, ZHEfRE
67.054 39, 56.049 61 (amino acid )

RO
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o s ol PR Hi%ff*?:it IEL%@ S 2 B ﬂ:%%%‘é?"]
(No.) ( chemical component ) min  (formula ) (ion  (theoretical {detected ~ errmi : ( fragments ion ) m/z (typeof
mode ) value )m/z  value )m/z x 107 compound )
5 SILHEbE 1.24  CsHi3NOs + 180.086 65 180.086 80  0.833 180.086 52, 85.028 53, Mt
( D-glucosamine ) '"! 72.044 52, 54.049 61 ( glucoside )
6 L- HER (L-histidine )" 125  CsHoN;0, + 156.076 75 156.076 63 -0.769 110.071 48,93.044 96, ZAFLEA
83.060 50, 56.049 57 (‘amino acid )
7 DL- K%k ( DL-arginine )" 132 CqHuN40, + 175.11895 175.11892 -0.171 175.118 87,71.04927, 4FLm%k
70.065 29, 60.055 80 (amino acid )
8 D(+)- JKHE R 136 CoH 1206 - 179.056 11 179.05627  0.886 179.056 18,59.013 02, Hitizk
[D-(+) —glucos]" 55.018 68 ( glucoside )
9 FLEHAKAY 138 CiHxnO + 34312349 343.12387  1.107 127.039 18,97.028 60, M
(a-lactose )" 85.028 56, 57.033 62 ( glucoside )
10 Hi P rigonelline )™ 1.40  C;H:NO, +  138.05496 138.05503  0.507 138.05557,92.04970, A:¥mik
78.033 97, 51.022 98 (alkaloid )
11 D-(-)-&ETR 141 C;Hx06 - 191.056 11 191.056 12 0.046 191.056 25,59.012 86, AHHLE
[D-( - ) —quinic acid]"” 58.005 27 (organic acid )
12 D- Brhiffibk 142 CsH,05 - 149.04555 149.04551 -0.246 149.04537,59.013 02, Mt Ak
[D-( =) —arabinose]"" 56.997 57 (glucoside )
13 BuPBEAEET ( cytarabine )™ 1.43  CoHisN;0s + 244.09280 244.09269 -0.451 244.08998,112.050 76, iR
95.024 22, 69.044 89 ( nucleotide )
14 N-alpha- ZBE -1- B%R 144 CHuN,0, + 175.10772 175.10770 -0.114 114.05520,70.06529, &R
( N-acetylornithine ) 68.049 67, 55.054 38 (‘amino acid )
15 - JNE#R 1.45  CHi3N;05 + 176.10297 176.10291 -0.341 176.102 93 ER S irES
[L-(+) —citrulline] " (‘amino acid )
16 Argininosuccinic acid™”' 1.48  CiHisNsOg + 291.12991 291.12964 -0.927 255.02558,116.070 82, & IR
98.060 23, 97.028 63, (‘amino acid )
84.044 56
17 4- AT 149  CsHiN;0, + 146.09240 146.09249  0.616 146.091 89, 87.044 23, TRMERZ
( 4-guanidinobutyric acid )" 69.033 65, 58.06526,  (acid ester )
55.017 97
18 L- 3R (L-malic acid )" 1.51  C4H0s - 133.01425 133.01431 0477 133.01359,59.01286  AHLEZ
(organic acid )
19 Acetylarginine 1.62  CsHigN4O5 +  217.12952 217.12967  0.691 84.08093,72.08090,  ZILFRIK
70.065 26, 55.054 34 (‘amino acid )
20  L- SRR TR 1.75  CiHisNO; + 21011247 210.11252  0.238 149.083 62, 121.064 99, % FLHK
(‘ethyl L-tyrosinate ) 107.049 45,91.054 48 (‘amino acid )
21 PSR ( chelidonic acid )P 1.76  C;H,04 - 182.99351 18299354  0.158 182.991 38 IALEES
(acid ester )
22 FHFR (vanillic acid )" 1.83  CsHsO4 - 167.03498 167.03481 -1.030 167.03399, 152.01201, AHLERLE
123.045 07 (organic acid )
23 & ( nicotinic acid )" 1.85 CeHsNO, + 124.03931 124.03932  0.081 124.039 53, 80.049 66, PRI
79.041 87,78.034 04,  (acid ester)
53.038 73
24 FPHEEIR (citric acid )" 191  CeH0, - 191.01973 191.01963 -0.502 191.01897,57.03366  AHLEZ
( organic acid )
25 MHmENE ( nicotinamide )" 1.97  CeHgN2O + 123.05529 123.05525 -0.325 123.05551,80.04970, &l
78.034 08, 53.038 74 (acid ester )
26 %A (tryptophan )" 2.00 CnHN2O, +  205.09715 205.09686 -1.434 205.096 45, 188.071 12, & IEMI

170.126 21, 159.093 21

(‘amino acid )

AL HREL
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Fz1(g)
. N R Wi 7 S 2 " ass/ eS|
e T e _ _ WA BT HE
. . (ion  (theoretical (detected  (error) ) ( type of
(No.) ( chemical component ) min  ( formula) 6 ( fragments ion ) m/z
mode ) value )m/z  value ) m/z x 10 compound )
27 [AZECHIER 202 CsHeOs - 165.01933 165.01890 -2.618 165.01877,121.027 64 HHLEH
(isophthalic acid )"*” (organic acid )
28 D- ENAER 2.03  CsH;NO; + 130.049 87 130.049 82 -0.384 84.044 55,70.06529,  ZILHE
[D-(+ ) —pyroglutamic acid]"”! 59.049 32, 55.017 97 (‘amino acid )
29 4 503k 3- HEEHR 2.07 CiHpisNO, + 180.10191 180.10176 -0.833 145.064 91, 117.070 04, PR
2Tk ( ethyl 4—amino-3- 105.070 10, 91.054 45 (acid ester )
methylbenzoate )*!
30 XK 233 C7Hg0, + 123.044 06 123.04408  0.163 95.04941,77.038 78, iz
(4-hydroxybenzaldehyde )" 51.023 07 (terpene )
31 N- K3 e 2.34  CsHoNO + 136.07569 136.07576  0.514 136.075 65, 117.057 56, BERE
( N-benzylformamide ) 107.049 45,91.054 50, ( Amides )
79.054 44
32 - R ER 2.68  CeH;3NO, + 13210191 13210191  0.036 132.101 92, 86.096 60, AL
( L-isoleucine )" 73.065 00, 69.070 02, (‘amino acid )
55.054 37
33 FJLJRREAR 271 CyHpNO + 180.13829 180.13843  0.777 162.091 55, 121.064 93, =Mk
[( =) =N-methylephedrine]"” 95.049 33,79.054 41,  (alkaloid )
65.038 73
34 JI#F Cadenosine )% 2.83  CiHsN5O4 + 26810403 268.10384 —0.709 137.04523,136.062 00, ‘E¥HHE
119.035 42 (alkaloid )
35 20— AT 3.09  CioHsNsO5 + 25210912 25210921  0.357 137.046 52, 119.03535  #%1FIR%E
( 2’~deoxyadenosine )12 ( nucleotide )
36 1,2,3- K= 3.13  CeHe0s - 125.024 42 125.02441 -0.058 125.023 75 S
( pyrogallol )" ( phenols )
37 WKHEETER (hypoxanthine )™ 3.17  CsH,N,O + 137.04579 137.04569 -0.730 137.04599,110.035 16, ‘E¥isk
82.04022,67.02929,  (alkaloid )
55.029 18
38 WL Cinosine )™ 3.18  CioHaN4Os + 269.08805 269.08811  0.223 137.046 02, 110.03524, ‘LW
94.040 28 (alkaloid )
39 B (guanine )" 322 CsHsNsO + 152.056 69 152.05675  0.395 135.03033,110.035 19, A=¥mk
107.035 49, 93.008 59 ( alkaloid )
40 AREERR (itaconic acid ) 3.37  CsHeOy4 - 129.01933  129.01931 -0.171 129.018 69 R
(organic acid )
41 JRFF Curidine )™ 3.38  CoHpN,Os - 243.06226 243.06268  1.731 200.05342,111.017 61 Kk
(' nucleotide )
42 5-Hydroxymethyl-2— 434 CeHeOs + 127.038 97 127.03902  0.394 109.028 73,81.033 70,  Hfhk
furaldehyde"" 69.033 69, 55.017 99 (other )
43 (+)-Riboflavin" 438  C17H2N,04 - 375.13101 375.13101  0.006 375.13125 HiAh
(other )
44 2-0- WEBRH 442 CHsNsO, + 28211968 282.11937 -1.099 137.04671,136.061 92, #ZIFRZE
(2’-O-methyladenosine )" 119.035 34, 69.033 67  (nucleotide )
45 3245 1 (tangshenoside 1 ) 447 CaoHyOus - 67722984 677.22886 —1.443 623.21396,497.16253, HNZEK
453.173 85 ( phenylpropanol )
46 Codonopsine'™! 465 CHyNO, + 268.15433 268.15454  0.766 161.059 97, 121.064 99, ‘LW
88.075 91, 58.065 29 (alkaloid )
PhiHEi



M 4 W 22 E ChinJ Pharm Anal 2025,45(5) ‘JPA

« 760 -
xz1(&)
. . L HEREC NS SEAE W2 " [ asL/ES
522 v w o TR , , WA BT nT
. . (ion  (theoretical ~(detected  (error) ) (type of
(No.) ( chemical component ) min  ( formula ) » (fragments ion ) m/z
mode ) value )m/z  value )m/z x 10 compound )
47 HER -L- 2R 542 CgHi6N2O5 + 189.12337 189.12334 -0.159 189.119 98, 86.096 58, A LLWA
( glyeyl-L-leucine )" 55.054 34 (‘amino acid )
48 2-(2-Hydroxy-3- 5.47 CiHyNO, + 23215434 232.15423 -0.474 232.15228,185.36541, FIHRILE
methylbutanamido ) —4— 86.096 64, 59.049 32 (‘amino acid )
methylpentanoic acid
49 2,5- “REHIPR 5.53 C;HeO, - 153.01933 153.01926 -0.471 153.01882,109.02672 KL
(‘gentisic acid )!""! (‘amino acid )
50 RSB 5.58 Cy3Has040 - 46316097 463.16136  0.842 301.107 36, 286.084 41, HE{ik
(isomucronulatol 271.063 34, 193.048 87  ( glucoside )
7-0-glucoside )"
51 F5EZE (coumarin )" 5.96 CoHe0, + 147.044 06  147.04407  0.068 119.049 19,91.05444  FENZEL
( phenylpropanol )
52 & ENE (isofraxidin ) 6.00 CyHy0s + 22306010 223.06035 1.121 206.08237,178.086 94, ZEHNZEYK
163.064 17 ( phenylpropanol )
53 BEMIEITE Caucubin ) 6.04 CisHxn0, - 345.119 11 345.11883 -0.798 183.066 21, 165.054 27, %
73.028 56, 59.013 31 (terpene )
54 2— T-HMR ( 2—nonenoic acid ) 622 CoH ;60 - 155.10775 155.107 66 —0.600 137.106 03 FRTiRS
(acid ester )
55 HiERER 6.85 CisHis0o — 35308781 353.08738 -1.205 191.056 03, 173.04556, ZENZEH
(' neochlorogenic acid )" 161.024 32, 135.044 98 ( phenylpropanol )
56  o—Aspartylphenylalanine™ 7.59 Ci3HiN2Os + 281.11320 281.11344  0.854 255.32125,120.080 88, Z(FEfRZE
103.054 37,91.05440  (amino acid )
57  D-(-)-Tartaric acid diethyl ~ 7.96 CsH 406 - 20507176 205.07186  0.481 205.071 14,69.033 66, A2
ester 58.005 08 (other )
58  Naringenin—4’—glucoside-7—  9.00 Ca3Hi01o + 74323931 74323889 -0.559 581.13116,435.128 86, Wi
neohesperidoside™ 273.052 63, 153.02391  ( glucoside )
59 FHEE (bergenin ) 9.23  CsHi609 + 329.08671 329.08706  1.064 221.04450,195.028 89, ZKNZEZK
193.049 59, 181.049 61  ( phenylpropanol )
60 H#8 1 ( nardosinone )" 9.64 Cy5H50;3 + 251.164 17 251.16428  0.438 147.08046,95.085 74, Wik
95.049 41, 81.070 09, ( terpene )
67.054 42
61 A A(atractyloside A" 9.85 CyHss010 — 44722357 44722348 -0.202 447.22321,315.01361, 5%
161.008 54 ( terpene )
62 3,4, 5-Trimethoxyphenyl 10.11 CysHpO0o +  347.13366 347.13348 -0.519 185.081 18, 170.057 54, [
B-D-glucopyranoside 155.034 12, 139.039 15, ( phenols )
125.059 11
63 PHREMR (myristic acid )™ 10.38  C14Hx0, - 22720165 22720174 0381 227.20135,181.33421 fiHLERZE
( organic acid )
64  2-(2-amino-3—- 10.39  Ci4HyN,05 + 26515467 265.15445 -0.830 177.046 23, 120.080 89, =¥
methylbutanamido ) —3- 72.080 90, 55.054 34 (alkaloid )
phenylpropanoic acid™!
65  4JER (chlorogenic acid ) 10.53  CjHi500 - 35308781 353.08776 -0.128 191.05609,179.03258, ZEHNZEZL
173.045 50, 135.045 03 ( phenylpropanol )
66 WIMERR ( caffeic acid )" 10.89 CoHg0, + 181.04953 181.04965  0.663 163.038 96, 145.027 85, FNZH

135.044 30, 117.033 65

(' phenylpropanol )

AL HREL
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(No.) ( chemical component ) min  ( formula) 6 ( fragments ion ) m/z
mode ) value )m/z  value ) m/z x 10 compound )
67 (R)— /A (reticuline)  11.00 CioHxNO, + 330.16998 330.16977 —0.650 299.024 45,192.248 36, AWk
137.109 02 (alkaloid )
68 LA DUMEER 11.25 CyHs0, - 303.23295 303.23288 -0.242 303.233 43,285.024 79, [RAEEHK
(‘arachidonic acid )"® 59,133 27 (acid ester )
69  AEALEY (arbutin ) 11.26 C,Hy60- + 273.096 88 273.09701  0.476 107.04890,95.04932 Mk
( phenols )
70  Isocorydine™ 11.35 CayHxNO, + 342.16998 342.17022  0.701 297.11203,299.117 23, A4y
58.065 25 (alkaloid )
71 FFEEE (vanillin)" 11.85 CsHs0; + 153.054 62 153.05458 -0.261 111.04442,110.036 54, M
93.033 73, 65.038 73 ( phenols )
72 PIAERRH IR 11.97 CyoHy00, + 163.07536  163.07549  0.797 163.074 96, 103.054 37, QMg
(' methyl cinnamate ) (221 91.054 36, 77.038 73 (acid ester )
73 K#EZ (emodin )" 12.04 CysH,00s + 271.06009 271.06021  0.443 215.069 87, 121.028 52, &R
109.027 94, 107.048 95 ( anthraquinone )
74 XHRAF Ceriocitrin ) 27! 1211 CyHz045 - 595.166 84 595.16645 —0.661 459,442 11,287.063 FLOES
42,357.234 65 (flavonoid )
75  ZJ7#E (fraxetin )" 1232 CyoHs0s + 209.044 45  209.04439 -0.287 194.02129, 166.026 17, FENZEHK
149.023 48, 137.023 61 ( phenylpropanol )
76 Corchoionoside C*” 12.34  CioH3005 + 387.201 34 387.20186  1.343 149.096 11, 89.059 93, Wi
67.054 37, 57.069 95 (terpene )
77 Anethole 12.35 CioHp,0 + 149.096 10 149.09623  0.872 121.064 52, 116.061 55, ZENZEH
107.049 27, 103.054 40  ( phenylpropanol )
78 HIEFEMR (rosmarinic )1 12,76 CisHi60s + 361.09179 361.09161 -0.498 161.05978, 153.054 40, #KFNEK
149.059 22, 137.059 83  ( phenylpropanol )
79 Z2AAF (lonicerin )™ 13.00 CyH30i5 + 595.16575 595.16602  0.460 449.11146,287.063 86  #fiZs
(flavonoid )
80 BT (gallic acid )™ 13.22 C;HqOs - 169.01425 169.01449  1.440 125.02476,107.01221, Mk
97.028 31 ( phenols )
81 4-REFTER 13.33  CyHq0; - 161.02442  161.02437 -0.294 161.02048, 133.039 00, FH L
( 4-hydroxycoumarin )" 123.042 43 ( phenylpropanol )
82 3 WiMERR 4 e iR iR 13.42 C17Hy00 + 369.11801 369.118 18  0.461 177.054 64, 149.059 77, FRAER
( 3-0-caffeoylquinic acid 117.033 65 (acid ester )
methyl ester )"
83 4- FAELNFEMR 13.72  CoH;0; + 165.05462 165.05467  0.303 147.04427,119.049 23, HHLERZE
(4-hydroxycinnamic acid )! 95.049 35, 91.054 39 (organic acid )
84 AEFENMEE (scopoletin)'™ 1375 CyoHs0, + 193.04954 193.04951 -0.155 178.026 11, 150.031 24, HHNZEK
137.059 89, 122.036 41  ( phenylpropanol )
85  LAEAEMHH (verbascoside )™ 1379  CyoHi60:5 + 62521270 62521275  0.080 471.149 65,325.091 48, HNE%E
193.049 48, 163.039 11 ( phenylpropanol )
86 N— ZHHBLATIH- A% 14.05 CsH;oNO, + 282.148 86 282.14861 —0.886 282.14106,251.106 09, ¥
( N-=nornuciferine ) 121.028 39 (alkaloid )
87  Asimilobine 14.39  Cy;7H;7NO, + 268.13321 268.13323  0.075 268.13311,261.106 62, AWk
191.026 43 (alkaloid )
88 M2 NEE (isomeranzin ) 14.62  CisHi60,4 - 259.097 58 259.097 19 -1.514 244.071 15 PNUESS
( phenylpropanol )
PhiHEi
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(No.) ( chemical component ) min  ( formula ) » (fragments ion ) m/z
mode ) value )m/z  value )m/z x 10 compound )
89 B[R ( ferulic acid ) 1471 CyoHyo04 + 195.065 18 195.06516 —0.103 177.054 50, 163.037 65, FHNZEH
149.059 81, 134.036 47 ( phenylpropanol )
90  Myricetin-3-O—galactoside™  14.85 CyH013 - 479.083 11 479.08292 -0.405 327.07230,165.01929, I
149.024 23, 124.016 43 (flavonoid )
91 KEH (daidzin )" 15.00 Ca1H000 +  417.11801 417.11791 -0.236 399.114 18,381.35241, ¥
254.11145 ( flavonoid )
92 FBUBIRR (isoferulic acid )™ 1522 CioH 004 + 195.06519 195.06508 —0.564 149.059 81, 134.036 47, HHEL
117.033 68, 106.041 66  ( phenylpropanol )
93 RAMER 1532 CisHinOs - 299.056 11  299.056 96  2.838 299.054 92,271.072 53, #HiZE
( thamnocitrin )" 257.021 85 ( flavonoid )
94 TR 1534 Ci5H300, - 24121730 24121727 -0.139 241.21674,195.13375 BRME%
( pentadecanoic acid ) (acid ester )
95 LR -7-0-p-D-F 1536 CauHxnO)p +  447.12857 447.12882  0.559 285.07578,270.052 83,
HIHE (calycosin-7-0-B-D- 257.083 24, 137.024 59 ( flavonoid )
glucoside )"
96 R (phloretin )* 16.00 CysH;40s - 273.076 85 273.07678 -0.245 235.10421,151.002 47, #Hi2E
136.015 57, 109.028 75  ( flavonoid )
97 ARMHE (palmitic acid )" 16.28  CigH302 - 25523295 25523311  0.613 255.23446,226.25333, RIS
237.167 89,209.122 18 (acid ester )
98  DIEEEZ (peiminine ) 16.33  C7HisNOs + 43033157 43033146 -0.256 430.33145,412.320 83, ‘LE¥msidk
396.291 02, 370.273 56 ( alkaloid )
99 K ( salicylic acid )" 16.36  C7Hq0; - 137.02442  137.02438 -0.273 137.024 11 HHLIRIE
(organic acid )
100 4—(3-Oxobutyl ) phenyl 6-0— 16.39  Ca3Has01, +  479.15479 479.15418 -1.273 163.039 03, 135.044 21, FEHNZEL
(3, 4, 5-trihydroxybenzoyl ) - 117.033 59, 107.049 32 ( phenylpropanol )
B-D—-glucopyran oside'”
101 DIBEZEH (peimine ) 16.47 CyHysNO; + 432.34722 43234774 1201 432.34326,414.33501, RNFEHK
372.28791,369.276 52 ( phenylpropanol )
102 #HFH (myricitrin )” 16.77 CaHx01s - 463.08820 463.08858  0.822 316.02295,165.019 38, I
151.003 54, 124.016 40 ( flavonoid )
103 FEHEIAZE (taxifolin )™ 16.92 CysHp0; +  305.06558 305.06556 -0.066 231.06519,153.01829,
149.023 35, 123.044 19, (flavonoid )
95.049 44
104 ZHEHF C(mulberroside C) 1702 CaaHys00 +  459.16496 459.16533  0.806 207.06509,192.078 03, M2
109.028 77, 89.059 84,  ( phenols )
87.044 44
105  Heptadecanoic acid 17.19  CyH30, - 269.24860 269.24798 -2316 269.24325,223,102 17 [RHERZE
(acid ester )
106 ## % (blinin )™ 17.26  CxH306 + 39322717 39322728  0.280 239.12771,121.027 99, 3
57.069 66, 55.017 62 (terpene )
107 4ERT -2 (vicenin 2 )1 17.34  CyrH30015 + 59516575 595.16620  0.756 303.050 72,271.060 09,
163.038 53, 109.028 27, ( flavonoid )
85.028 60
108 AEHEF ( prunin )™ 17.37 CaHx0)9 + 43512857 43512898  0.942 273.07590,153.018 36, H{FN

147.044 19, 119.049 32

( flavonoid )

AL HREL
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109 HhiEzH (naringin )2 17.40 CaHy0,4 + 58118648 581.18664 0275 273.07587,153.018 36, K
147.044 17, 85.028 57,  (flavonoid )
71.049 29
110 &2 (hyperoside ) 17.45 CaHyO, + 46510275 465.10242 -0.710 303.049 93, 153.018 42, K
85.028 60, 61.028 75 (flavonoid )
111 Quercetin-3B-D—glucoside!™  17.49 CyHy01, - 463.08820 463.08856  0.779 300.027 95, 245.045 27, iEEISE
151.003 59 (flavonoid )
112 E77H 1T (baohuoside 11 )™ 17.58  CasHasO1o - 499.16097 499.160 76  -0.421 499.160 98, 353.102 66, TEHIZE
309.046 11 (flavonoid )

113 5,8, 4’ =Trihydroxy— 17.70  CpH»0y +  463.12349 463.12329 -0.432 301.070 56,273.075 17, &2
7-methoxyflavone 245.080 98 (flavonoid )
8-0—glucoside!""!

114 AT (rutin)” 17.77 CarH3016 - 609.146 11 609.14705 1547 301.03451,151.003 56 &2

(flavonoid )

115 4- FEAIEER 17.95 CioHs05 + 177.054 62 177.05459 -0.173 177.056 94, 163.041 21, KNI
( 4-methylumbelliferone ) '™ 135.043 53 ( phenylpropanol )

116 DUEESE (peimisine ) 17.97 CyHuNO; + 42831592 42831546 -1.074 410.30527,393.27979, ZENZEH

337.216 64 ( phenylpropanol )

117 JEHHAHT Castilbin )~ 17.99 CyHy0y -~ 449.10893 449.10943  1.103 152.01129,125.02425, ZENZE%

124.016 49, 109.029 27, ( phenylpropanol )
83.013 57

118 ¥z & 7-0- % 18.00 CHaOy + 465.139 14 465.13908 -0.125 303.080 98, 179.033 48, B
(hesperetin 7-O-glucoside ) 153.011 15, 121.023 16 ( glucoside )

119 6- HIEFGHR 1824 CoHs0, + 161.05971 161.06001  1.887 161.06101, 147.035 63, AFZH,

( 6-methylcoumarin ) " 119.042 52 ( phenylpropanol )

120 B R 1F (hesperidin )* 18.60 CasHsi01s +  611.19705 611.19792  1.423 303.046 73, 177.054 47, HHZELK

153.018 17 (pheny]propano] )

121 BUKZOENBRBEAERERE  18.79 CasHaeO1o + 53323812 53323775 -0.701 533.23705,121.028 82, ik
( dehydroandrographolide 85.028 17, 69.033 28 (terpene )
succinate )

122 SRR 18.83  CaoHsgO1s + 62521270 62521261 —0.144 479.154 11,325.091 48, Bz
(isoacteoside )" 163.038 88, 145.049 51  ( phenols )

123 ##§ZE (myricetin ) * 19.26  CysHyoOs +  319.04484 319.04465 -0.596 245.04427,165.01833, %

153.018 31, 137.023 56, ( flavonoid )
109.028 70
124 BRI (rhoifolin )™ 19.39 CarHy014 + 57917083 579.17073 -0.173 271.060 03, 85.028 55, k[
71.049 26 (flavonoid )
125 S Capiin) ™ 19.42 CogHasOus + 56515518 565.156 04  1.522 431.01236,313.070 62, T2
295.059 72, 283.060 09 ( flavonoid )

126 SRR -3-0- Pitsik 19.59  CosH30i6 + 625.176 32 625.17621 -0.176  317.065 46, 302.042 08, HIHi
WEFF (isorhamnetin-3-0— 85.028 56, 71.049 28 (flavonoid )
neohespeidoside )!"”!

127  S&4)5R C 19.78  CosHuO1n - 515.11950 515.11972  0.428 355.10253,179.034 88, ZRNZEZ
(4, 5—dicaffeoylquinic acid ) * 173.045 40, 161.024 41, ( phenylpropanol )

135.045 03
EER S



-764 - Z5 4 4 KT 22 E ChinJ Pharm Anal 2025,45(5) JPA
Fz1(4)
. _— L HEREC NS S R N [ asL/ES
522 TRy w o TR , , WH T nee
. . (ion  (theoretical ~(detected  (error) ) (type of
(No.) ( chemical component ) min  ( formula ) » (fragments ion ) m/z
mode ) value )m/z  value )m/z x 10 compound )
128 Mtz 4 ( quercitrin ) © 19.79  CaHpO1 + 449.107 84 449.10732 -1.153 303.049 83,285.039 43, i
275.054 26, 247.060 07, ( flavonoid )
153.018 33
129 #itkz 2 ( quercetin )" 19.83 C;5H,00; + 303.04993 303.04970 -0.759 229.049 45, 165.018 33, Hif{J
153.018 33, 137.023 56, ( flavonoid )
68.997 27
130 %R (astragalin ) 19.86  CyiHyO1: - 447.09328 447.093 04 -0.547 257.04541,255.030 40, I
229.050 89 ( flavonoid )
131 Hfg 20.00 CosH34014 + 59520213 595.20224  0.181 577.013 32,449.142 86, &
( 4’—0-methylnaringin )12 287.093 48 ( flavonoid )
132 HiH BRI (neodiosmin )" 20.16  CosHin01s + 609.181 40 609.18138 -0.027 301.070 56, 286.047 21, HFk
85.028 54, 71.049 27 (flavonoid )
133 tE4RAEH (ononin )M 20.21 CyHy0 + 431.13366 431.13322 -1.018 269.080 84,254.057 27, &l
137.054 69 ( flavonoid )
134 3-Hydroxy-9, 20.33  Cy7H ;605 + 301.107 05 301.10689 -0.532 269.078 35,241.084 26, #fii2k
10—dimethoxyptercarpan”’ 191.068 25, 167.067 17, ( flavonoid )
152.043 51
135 4 -O-beta—D-glucosyl—cis—  20.35 C5H 505 - 325.09289 325.09227 -1.909 163.03887,119.047 69 FHHNEZ
p-coumaric acid®” ( phenylpropanol )
136 6, 7-Dihydroxyflavone'""! 20.58 C;5Hy004 + 255.065 19 255.06534  0.607 237.05265,210.01227, EHlZ
181.109 91, 137.021 42 ( flavonoid )
137 EJEZEH (rhodionin )™ 20.84  CaiHaO14 +  449.10784 449.10841  1.274 303.049 83, 153.018 33, &2
137.023 51, 85.028 56,  ( flavonoid )
71.049 28
138 SH#EHE 20.89 CysHpp04 - 255.06628 255.06669  1.599 255.066 53, 135.006 81, HfZE
( isoliquiritigenin ) 119.049 54 ( flavonoid )
139 FRAE (isorhamnetin )" 21.08 Ci6H 1,07 - 315.05103 31505165  1.981 300.027 92, 178.910 74, HiFi2k
151.003 13 (flavonoid )
140 FEMHEHIC (yamogenin )" 2122 CyHy0; + 415.32067 415.32038 -0.702 397.294 36, 271.126 43, HA{hk
253.066 63 (other)
141 2-(2, 4-Dimethoxyphenyl ) - 21.34 C;;H,405 + 299.09140 299.09204  2.139 299.09242,203.031 24, Hfi2E
3—hydroxychromen—4—one!""! 175.035 62, 160.013 17 ( flavonoid )
142 R HPE 21.52 CosHasO10 + 463.159 87 463.15941 -1.001 463.163 31,301.10579, #&HIZ
(' methylnissolin-3-0- 167.072 21 (flavonoid )
glucoside )"
143 HEFH (geniposide ) 21.68 Ci7H54010 - 387.129 67 387.12895 -1.860 346.10223,183.07512 ik
( terpene )
144 3,5,6,7,3,4 -~ 21.85 CyHy0s + 403.138 74  403.13866 —0.209 388.115 24, 373.096 12, I
S (3,5,6,7,37, 359.063 68, 327.057 25, ( flavonoid )
4’—pentamethoxyflavone )1*” 183.012 60
145 AKREHGE 21.87 CHuNO; + 315.18290 315.18267 -0.714 315.17117,269.11291, H=#H
( magnocurarine )12l 107.053 35 (alkaloid )
146 5,7- “RIFGR 21.96 CoHeO4 + 179.03389 179.03425  2.038 179.03552,151.028 21 EHNZEL

(5, 7-dihydroxycoumarin ) """

( phenylpropanol )

AL HREL
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147 hexyl pB—D-maltopyranoside ~ 22.27 C;sH3,01, — 42520284 42520301 0.412 263.15111,101.02356 Atk
( glucoside )
148 32T (lobetyolin )™ 2242 CyHas0s - 39517114 39517159  1.136 305.113 34,215.122 16, M2
179.125 41, 159.110 96 ( glucoside )
149 B— 25§ ( beta—sitosterol )* 22.45  CaHs00 + 41539344 41539327 -0.416 415.39257 HAhs
(other )
150  ABREZ (luteolin )™ 22.48 CisHi06 + 287.05501 287.05513  0.418 287.054 87,258.052 31, w2
153.018 33, 137.023 45 ( flavonoid )
151 B4 G Cafzelin )M 22.50 CHy01 + 433.11292 433.11284 -0.185 287.05508, 165.018 51, &S
153.018 33, 121.028 51, ( flavonoid )
85.028 58
152 EESEEHE (calycosin )" 22,58 Cy6H 05 + 28507575 285.07581 0210 285.07501,270.056 24, 2
253.043 12,213.05245  (flavonoid )
153 3°— EH)IHEk 2 22.95 CyHyO5 +  389.12309 389.12228 -2.092 374.09521,359.07333 M2
(3’~hydroxy-5,6,7, 8, (flavonoid )
4’—pentamethoxyflavone )
154 #7152 (limonin )~ 23.03  CyeH3005 + 47120134 47120183  1.040 121.06498,95.01300, iz
95.049 37, 81.033 71, (terpene )
55.017 98
155 ST ( isosinensetin ) 2330 CyHyOn + 47114970 471.14988  0.377 358.104 36,343.082 15, &2
315.086 79, 287.093 58, ( flavonoid )
153.021 13
156 Hli % (naringenin )~ 23.53  Cy5Hn05 + 27307575 273.07601  0.952 153.01825, 147.044 07, EHIZE
119.049 22,95.04930  ( flavonoid )
157 St G-y 2371 Cy7H 505 + 303.12270  303.12198 -2.376 303.121 59, 167.071 31, #HIZ
(‘isomucronulatol )" 133.062 15, 123.043 52 (flavonoid )
158  PEFFEEIT A 2391 CsHy0i5 +  663.22835 663.22837  0.030 355.11774,85.028 56, 2
(‘epimedoside A )33 71.049 27 (flavonoid )
159  Randaiol 23.99 CysH405 - 241.08702 241.08714  0.508 241.08681,132.05778, ZENZEZ
108.021 65 ( phenylpropanol )
160 H & (liquiritin ) 24.22 CyHx0s + 41913366 419.13346 -0.474 404.33102,389.12541, &2
371.184 61,355.45335  (flavonoid )
161 JEFF 5 ( thymol )™ 24.43 CiHi0 + 151.11174 151.11181 0463 109.064 50, 105.070 13, ik
93.069 76 ( terpene )
162 &7 % (hesperetin )” 24.62 CisH106 + 303.086 31 303.08662  1.023 177.054 61, 163.039 09, i
153.018 31, 149.059 78, ( flavonoid )
135.044 25
163  Limonol 24.68 CasH30s + 47321699 47321658 -0.866 411.08064,95.04930, ik
81.033 61, 69.069 95 (terpene )
164 %3¢ M ( sebacic acid )™ 24.82 CoH ;04 - 201.11323 201.11316 -0.359 201.11298 HHLRE
( organic acid )
165 #EHHZE (glycitein )" 24.94 Ci6H1205 + 285.07575 285.07597  0.772 270.05203,269.044 77, N
253.049 61, 137.023 56 ( flavonoid )

RO
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166 5,6, 7- =M ILHH 25.21 CigHi60s + 313.10705 313.10678 -0.863 298.087 71,269.103 92  #fi2
(5,6, 7-trimethoxyflavone ) (flavonoid )

167 T2 (azelaic acid )™ 25.32 CoH,c04 - 187.097 58 187.097 69  0.576 169.085 73, 125.091 38 A AL

(organic acid )

168 T hhitl ( tomatidine ) 2541 CyHisNO, + 41635231 41635244 0312 416351 68, 114.091 48, =¥k

96.081 08, 69.069 57 (alkaloid )
169 ILZHE ( kaempferol )” 26.30 CisH 06 + 287.05501 287.05513  0.418 287.05487,213.054 72, Wi
165.018 36, 153.018 33 ( flavonoid )
170 BH7EE A (epimedin A )" 27.61 CsoHs50050 + 839.296 82 839.297 16  0.405 677.243 68 R
( flavonoid )
171 #1722 B (epimedin B )" 27.72 CssHusOro + 809.28626 809.28538 -1.087 369.13290, 85.028 68, ik
73.028 34, 71.049 30 (flavonoid )
172 {HHAEZE (formononetin )™ 27.86  CiH 20, - 267.06628 267.066 11 -0.644 135.008 68 eSS
( flavonoid )
173 E ( sinensetin )~ 28.13  CagH07 + 373.128 18  373.12790 -0.750 343.08145,315.086 49, #fi2L
314.078 16, 287.091 58 ( flavonoid )
174 EEFF (icariin) 2820 Cs3HiOys + 67724400 677.24387 -0.192 369.133 67,85.028 62, i
71.049 32 ( flavonoid )
175 #1422 C(epimedin C)” 28.31 CioHsoOu9 + 823.30191 823.30315  1.512 677.24352,531.186 40, w2
369.133 64, 129.054 90, (flavonoid )
101.059 76
176 1,2, 15-Pentadecanetriol 28.34  CysHig04 + 261.112 14 261.11235  0.821 253.01412,235.243 11, HAh2k
205.114 21 (other)

177 5, 7-Dihydroxy-2—- 28.47 CypHyn0, - 397.12928 397.12994  1.671 397.128 50,259.078 22, #fi2L
(4-hydroxy-3, 191.944 00 (flavonoid )
5-dimethoxyphenyl ) -8—

( 3-methylbut—2-enyl )
chromen—4—one'”!
178 AR ( obacunone )% 28.75 CasHz004 + 45520643 45520636 -0.154 455205 14,312.859 62, WfJE
95.013 05, 81.033 74, ( terpene )
69.070 07
179 17 56 ( cuscohygrine ) 2891 Ci3HuN,0 + 225.196 14 225.19593  -0.933 143.11784,79.054 41, LWk
61.039 85, 55.054 37 (alkaloid )

180  JEAMAEIER A 29.25 Cy5Hy00,4 - 299.128 88 299.128 75 -0.443 239.112 16 KNEHE
('magnolignan A ) ( phenylpropanol )

181 TEAGEE [ (+ ) —piperitol ]! 29.48  CaoHaOs + 357.13326 357.13353  0.756 255.065 16, 179.033 74, HKNZEZH

165.018 51, 139.039 17 ( phenylpropanol )

182 BRAI®IZ (imperatorin )" 29.95 C6H,40, - 269.08193 269.08184 -0.343 200.042 40, 114.038 64 RN HEHK

( phenylpropanol )

183 3,3,4,5,6,7,8- L% 30.00 CxnHu0, + 433.14931 433.14922 -0.205 418.123 37,403.103 61, i

LN (3,3°,4°,5,6,7, 385.224 16 (flavonoid )

8—heptamethoxyflavone ) >

AL HREL
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Fz1(g)
. N R Wi 7 S 2 " ass/ eS|
e TS wo AT ) . WA BT e
. . (ion  (theoretical (detected  (error) ) ( type of
(No.) ( chemical component ) min  ( formula) 6 ( fragments ion ) m/z
mode ) value )m/z  value ) m/z x 10 compound )
184  JELANEE D 30.22 Ci6H1s05 — 25308702 253.08713  0.444 235.07321,207.06235 ZENZE
( magnaldehyde D )1** ( phenylpropanol )
185 4°,5,7, 3047 CioH 506 + 34311761 343.11788  0.787 313.07083,285.07587, ki
8-Tetramethoxyflavone” 282.088 47,281.081 12, ( flavonoid )
133.065 17
186 JIIFRKEZZ (nobiletin ) 3048 CyHpO4 +  403.13874 403.13873 —0.025 373.092 10, 345.097 01, &2
327.086 64,211.023 93  (flavonoid )
187  BEPHRNES (sedanolide ) 30.62 C1,Hi50, + 195.13796 195.13791 -0.256 93.070 14, 81.070 07,  [&Mgk
69.069 98, 67.054 41, (acid ester )
55.054 36
188 2 ( zingerone )™ 30.95 CiHiO0;5 + 195.101 57 195.101 68  0.564 121.028 27, 95.04939,  [pzk
79.054 45, 65.038 72 ('phenols )
189 AERMR (ursolic acid )" 31.00 CsoHys05 + 457367 62 45736751 -0.245 457.36551,439.157 23, i
381.201 86,205.174 45  (terpene )
190 AEHIR 31.06 CioHye05 + 45535197 45535223  0.571 135.11739,123.116 39, ik
( dehydrotrametenolic acid )" 81.070 00, 69.069 93 (terpene )
191 FIARNERT 31.09 CisHx0;3 + 249.148 52 249.148 51 -0.040 231.144 65,203.11246 2
(atractylenolide 1T )" (terpene )
192 8- SEH s L A5 31.44  CyHi506 + 355.11761 355.11769  0.225 299.05508,271.060 15, HiHiZ
( 8—prenylkaempferol )¢ 253.049 16, 179.034 00  ( flavonoid )
193 Piperitylmagnolol 31.57 CysH30, - 401.24860 401.24845 —0.383 333.19326,247.11173 ZENZEHE
( phenylpropanol )
194 ##} % (tangeritin )™ 32.27 CayoHy0; + 373.128 18 373.12779 -1.045 343.081 54,328.058 11, A2
315.086 61,297.076 05, ( flavonoid )
135.044 43
195 FARAERT 32.75 CisHy0, + 233.15361 233.15338 -0.986 187.14827,105.070 09, iz
(atractylenolide II )" 95.085 75, 81.070 07, (terpene )
67.054 41
196 A% 32.84 Cy5Hy0 +  221.18999 221.18981 —0.814 121.10139,109.101 51, iz
[ (=) =caryophyllene oxide]"” 81.070 11, 67.054 45 (terpene )
197 6- 21 ( shogaol ) 33.50 C17H0;3 + 27717982 27717976 -0216 137.059 88, 122.036 41, Tk
91.054 46, 79.054 49 ( phenols )
198 FEARE (honokiol ) 33.84 Ci5H;50, +  267.13796 267.13752 -1.634 239.106 40,225.090 90, ZENZEH
221.095 98, 209.096 15  ( phenylpropanol )
199 A%H B (magnoloside B)™ 34,19 C35Hus000 - 785.25097 785.24985 -1.422 623.220 11,477.16329, KHNHEK
161.012 22 ( phenylpropanol )
200 HiFEH B (sagittatoside B)  34.26  CyHigOyy - 64521888 64521868 —0.310 368.12424,366.111 54, &I
351.087 92, 323.093 26, ( flavonoid )
217.050 74
201  (+)-Curcumenol™ 34.58 CysHp0, + 23516926 23516913 —0.553 179.107 02, 123.043 74, iz
107.049 14, 95.049 48,  (terpene )
57.070 01
202 FEFEH 1 (baohuoside 1)° 3478 CarHy010 + 51519117 51519142  0.485 313.07077,85.028 61, &2
71.049 32 (flavonoid )

RO
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Fz1(4)
. . L HEREC NS SN W2 N [ asL/ES
JrE ET W AFR , ) WHET HE
. . (ion  (theoretical ~(detected  (error) ) (type of
(No.) ( chemical component ) min  ( formula ) » (fragments ion ) m/z
mode ) value )m/z  value )m/z x 10 compound )
203 FEIKEFAIEE (caritin ) 34.82 CyHy06 + 369.13326  369.13345  0.515 313.070 80, 198.047 46, 2
187.075 48, 135.044 33, (flavonoid )
107.013 05
204 HARNEE I 34.90 CysHis0, + 231.13796 231.13781 -0.649 231.13765,215.106 83, iiids
(atractylenolide T)” 185.096 65, 175.111 40, ( terpene )
161.060 03
205 HTHE (syringin )™ 35.00 Ci7H209 + 37314931 373.14922 -0.238 233.07819,211.10276, ZENZEL
193.020 18 ( phenylpropanol )
206  Magnolignan D 35.08 CioHx0s - 329.13945 329.13886 —1.783 267.10243,133.206 16 ENZEH
( phenylpropanol )
207 SR 35.22 CysHyO + 217.158 69 217.15853 —0.737 119.085 71, 117.070 13, i
[( + )—ar—turmemne] 20] 103.054 50, 91.054 48 ( terpene )
208 JELAME ( magnolol )™ 35.84 CisHis0, +  267.13800 267.13796 -0.150 239.106 40, 225.090 90, FEFEIK
221.095 98, 209.096 15, ( phenylpropanol )
197.059 89
209  FEHAF (astragaloside A )" 35.88 CyHggOus + 78546818 78546825  0.089 767.458 50,605.40562, W52
587.394 26, 455.352 34 (terpene )
210 Dibutyl phthalate!" 36.29 Ci6H20, + 279.15909 279.15898 -0.394 163.039 35, 149.023 57, M
121.028 16, 93.033 80,  ( phenols )
65.038 78
211 ANFEFE 36.56 CisHi605 - 279.102 67 279.10269  0.080 261.233 22 RNFEHR
( phenprocoumon ) ( phenylpropanol )
212 R FZE (kumatakenin )" 37.00 Ci;H406 + 315.08631 315.08542 -2.839 315.08264,297.073 65, ik
269.067 71 ( flavonoid )
213 Obovatol 37.81 CisHis0s - 281.11832 281.11854  0.791 263.21012,245.01208, HNZE
164.053 37 ( phenylpropanol )
214 3-OMe-magnolol™ 38.14  CioHy05 - 205.13397 295.13417  0.685 280.113 15,264.107 41, KNZEZH
246.090 07 ( phenylpropanol )
215 TR A HE R R 38.46 CisHz04 + 27522169 27522198  1.054 27522157, 13532554, WEek
(' monolaurin ) 81.070 07, 67.054 39, (acid ester )
57.069 98
216  Eicosapentaenoic acid!? 38.56 CagHz0, + 303.23186 303.23176 -0.330 133.101 39, 119.085 66, ML
107.085 83,81.070 06 (acid ester )
217 9-Oxo-10(E), 12(E)- 38.78 Ci5Hs005 + 20522677 29522686  0.305 295.22651,95.04935, WMEk
octadecadienoic acid®” 81.070 01, 79.054 40, (acid ester )
55.054 33
218 (97,127,157 ) -Octadeca—  39.00 C,3Hs00, + 27923186 279.23201  0.549 279.23199,109.214 33 Rl
9, 12, 15-trienoic acid!"" (acid ester )
219 WEESAF (oroxindin )M 39.28  CarHxOry — 45909328 459.09351  0.491 459.093 16,283.055 43, iEfiZ
255.022 51, 241.048 65  ( flavonoid )
220 MP3HER (linoleic acid )" 39.66 CisHy0, + 281.24751 28124764 0462 161.13208,137.096 15, [RfiE%
71.085 39,59.049 11 (acid ester )
221 BERRIMER (ricinoleic acid ) 39.67 CisH3,0;3 - 297.24352 297.24382  1.015 297.24295,57.03398  [RMRIS

(‘acid ester )

1 (note ): *. 3833 % HE S FL2E 22 (9L S ( compounds identified by comparison with reference substances )
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PLAE A 995,120, 114133 4 441, 15t B9 2% 5 i
o LG 95 fEIE B T Moy 5 T Ig R
m/z 447.128 82[M+H]", T3 4L 4 4 B R CooHoOo, HE
Wy T 8 S R —7-0—-B—-D— H 2t B, g
i UL E 2, R B A m/z 285.075 78 .m/z

140 —

120 H

100 —

80

60 —

40

FAXT = ( relative abundance )

50

22506 253.05

214.06

270.052 83 . m/z 257.083 24 .m/z 137.024 59, & T
m/z 285.075 78 S HAF B [M+H]" i 25— 43 F i A 4
A%, Z Ja PR 25 CH; 15 20 A 2T m/z 270.052 83, i
CO 1538 m/z 257.083 24 WIHE T 25F, &A= RDA 24
PSR m/z 137.024 59 (IR B, 54t B LI 3,

285.08

270.05

41031 428.32

1l 445.70
: l

73.05 2106 137.02
209 98.10
- 167.05
0- ! ||||||IIII|||I||J|II L1y

100 150

B2 ERREMW -7-0-p-D- MEMEE - HREE

Fig.2 Secondary mass spectrum of calycosin—7-0-p-D-glucoside

B3 ERREW -7-0-p-D- AEMEEREE
Fig. 3 Cleavage diagram of calycosin-7-0-p-D-glucoside
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G 120 76 1E B BT HES B 116l
m/z 611.197 92[M+H]", i+ F 4 BR CosHasOs, HE
UG SRy B Bz 7 B, g i 1 DL 4, R e
TH m/z 303.046 73 . m/z 177.054 47 . m/z 153.018 17,

140 —

120 —

153.02

100 - 177.05

80
85.03

FHXF = ( relative abundance )

19)503 303.

2541,04 385.08
il 1

Lhias .1 f NN ||.|

m/z 303.046 73 B T A B 7 [M+H] HREFH
WEIL IS TR B 1 JorE 851, 4k Ml kA= RDA 2478
& m/z 177.054 47 1 m/z 153.018 17 HITE A BT, 240
R 5,

09

577.84

L 1
I [
250

150 200

4 BEHE_LHRILEE

Fig. 4 Secondary mass spectrum of hesperidin

OH

mlz 177

5 EREIHRE
Fig. 5 Cleavage diagram of hesperidin
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UG8 . R 2 M R 2 0 T R SRR AR R S T, m/z
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YIRFR L Co—Cy NIEARFITI—RILBW, ) 2 AP 1E
THAG LIRS . ATz ey —E e £
ANHFS E R R T R A, O R e
W — BB S oL FR Ik K Skl F A O
PR g Y SRS Y 40 RN R BB Y,
S b AW 45.51.52.55.59.65.66.75.77.78.,
81.84.85.88.89.92.100.101,115, 116,117,119,
120, 127.135.146.159.180, 181,182, 184,193,
198.199,205,206,208,211,213.214,

140

120

100 4 135.04

80

60 —

X ( relative abundance )

40 H

20 7 85.03

| 93.03
59.01 [
i PRI L

143.03

127.04 ‘I / 161,02 17903
C 1 L
I

0

b5 65.89 Ml i BH S it FE . LB
65 TE 11 B T W HE S+ B 1 m/z 353.087 76
[M-H], 75 4k 2% 4 15 A CieHisOo, 4fE I H: S 2% Jit
iR W R R R LR 6, H TR R T A ms
191.056 09.m/z 179.032 58 . m/z 173.045 50 . m/z
135.045 03, m/z 191.056 09 il m/z 173.045 50 BTN
HABE B F [M=HT KK % 2K CoHs05 . HoO FITIE i 114 15
R S 2 CHi0s, CO, TE R m/z 179.032 58 Fll
m/z 135.045 03 (i B, 24 B2 ULIE 7,

191.06

296.14
T

50 100 150

Bl SIFR_FRIEE

Fig. 6 Secondary mass spectrum of chlorogenic acid
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Fig.7 Cleavage diagram of chlorogenic acid

RO



c 772 -

LYol REE

Chin J Pharm Anal 2025,45(5) ‘ J PA y

G 89 TEIE B iU MHEST B8 mz
195.065 16[M+H]", i1 AL~ LA CioHigO., HE I
FBELRR Y, R m s E UL 8, R B T A
m/z 177.054 50 . m/z 163.037 65.m/z 145.027 36, m/z
149.059 81 . m/z 117.033 68, m/z 177.054 50 H & F K

HAF T M+H] R E—4F W0 B R 51,
K IR 2k 22—y F CH30H Fl— 43 1 H,0 TE i m/z
163.037 65 .m/z 145.027 36 FIHEF BT, AR IR Ak Je—
43 F HCOOH Fil— 43 F CH;0H JE i m/z 149.059 81,
m/z 117.033 68 B R F, At FE UL 9.

140 —
120 4
aé 100 - 117.03
<
=] —
=}
2
= 80—
£ _
3
g 60—
N _
- 134.04
r 40 —
junng
= _
149.06
209505  106.04 13504 4 o3
— 105.03 | 110.07 118.04 i :
L O e[ |a000 ieag 16706 17705
| I | I ] I I I T I
100 110 120 130 140 150 160 170 180 190 200
mlz
8 PIZRER _ L RiE
Fig. 8 Secondary mass spectrum of ferulic acid
H+
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Xt OH = OH
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Fig.9 Cleavage diagram of ferulic acid
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121 R IRRE g 1 . SRS sE th 21 AN isfb &
Y, 4 5 Ak A 9 30.53.60.61.,76, 106, 121,143
154 .161.163.178.189.190,191.195,196.201 .
204,207,209,

DAEE P 191 ], BiEA 4 S R, B 191
TEIEE AT RYHE T8 T4 m/z 249.148 51[M+HT',
AR CisHaoOs, HEM S FIR N ER T, —

1404

120

100 185.13
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175.08
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FAXT = ( relative abundance )
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PG VLA 10, EIARAER I ER AR T %5 Nk
FERLAT I8 FARPL R IR YT IS 0 16 M A, 7R T
il 70 e TR S AR AR B A AT 0, R Y R
I e s 1A m/z 231.144 65 . m/z 203.112 46,
m/z 231.144 65 1) 1 ¥ 4 HBE B [M+H]" K £ —
511 H0 2 i R 85, 2R 25 1A CO T I mvz
203.112 46 WUFRFIERE 7 251, 24t B LI 11,

231.14

216.12
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Fig. 10 Secondary mass spectrum of atractylenolide |ll
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Fig. 11 Cleavage diagram of atractylenolide [ll
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Fig. 12 Secondary mass spectrum of peiminine

H

O za0 0 mk430

—-H,0

m/z 370

B 13 NERZREE

Fig. 13 Cleavage diagram of peiminine

AL HREL



(JPA WS W R E

Chin J Pharm Anal 2025,45(5)

* 775

245 HABBILEWZEFISERE R Ig )y T
FE 79 N HAMRAL A Y, FEAFEZ RS (LR
X APURIHET 255 P g 5 MR
(kAP 2.13.35.41.44), 16 MERERIE (LG
¥ 3.4.6.7.14.15.16.19.20,26.28.32.47.48,
49.56 ), 10 25 (b &4 36.62.69.71.,80. 104,
122.188.197.210), 11 NAHLIRIE (fLEH 11,18,
22.24.27.40.63.83.99 164,167 ), 9 MBS (1L
A1 5.8.9.12.50.58. 118,147,148 ), 26 4~ % Mg
KR HAEEY (L&Y 1.17.21.23.25.29.42,
43.54.57.68.72.82.94.97.105. 140,149,176,
187.215.216.217.218.220.221), 1 4~ E R 2 (fk
B 73), 1 DB (A9 31 ),

3 itig

W25y BT 2 e A TP 25 I TIE B
827 J5 2 e HE N AR BE U R A, T LA, SR B v 24
7R B AR B S AR AR X S B2 25380 o A
G Sl PR ) % 4 5 B 25 B E 2008 o #Mli i
JTT R RS VHORS L 3E S BRI AE 12 SR A, o
B 4 AHAA AR I R B TR, AR AR W Rk P
S POV S T T SRR B R R T RE A
PRV NG B A, AR LR & & WA B H S =
FIAEFH , DT B s ML 1) G928 0, ke 380 RN 28 it 9
SFVER O AL 2R B R A AT VR
T CREBI. ALB . MMP9 %5 5 4 80 55| ik 11 = At i
YER, SRR — 8 P25 38 S B i 25 <
FRMAEBER, EEE A EE2E AR Bk
LR P, Lin 48 P R B, 58S ] LGl s e ik T ke
S G B, AR AR P D28 200 E %) -7, DT S SR AL
RIS BERE F1 5 B R B FhAE 3% A PR o v | B S
BT 5 HER TR R A B FE B Bz v 3 ) 42 A
B A, Hor R R BRI I E G PR 2
— , HLA R B A AT 548, v AR Y UR T DU
THR P SE 2 M P78,

A FEAAEAE—E W R BRI, T 25 itk
2ENOYE A% AR SE Rl —FPE ik et gk A
B2 RN, R L [F] o A AR SR RIS L S
IR B A RS ELA AN e 1, i Dk B 14 560
UE, HAZ BR T B8 2 AR e 107 25 ) 15T, A5 A5 —
BEAY AW T S0, X B ) RIUER A R ik — AR

AMH5EE 5 UPLC-Orbitrap Fusion Lumos Tribrid—
MS FEA XMt g 7w A 2E oA T AT, 34y
MrUEsE 221 MEA Y, EEAIE RIS D 65
AN RN EREIAEA Y 40 4> EREY 21 A AP

RACED 16 > LAWK G Y 79 D ( ERAFHA
SEIRZE I BAHLIRSS ), N 2 R 52 S
B B T Al

S 3 Hk
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