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Dispensing Granules based on UPLC-Q-TOF-MS

WANG Jing! 2, YAO Chang-liang?, ZHANG lJian-ging?, LI Jia-yuan?, YAO Shuai?>, GUO De-an'-?

1. School of Traditional Chinese Medicine, Guangdong Pharmaceutical University, Guangzhou 510006, China

2. National Engineering Research Center of TCM Standardization Technology, Shanghai Institute of Materia Medica, Chinese
Academy of Sciences, Shanghai 201203, China

Abstract: Objective  Ultra performance liquid chromatography tandem quadrupole time-of-flight mass spectrometry
(UPLC-Q-TOF-MS) was adopted to rapidly characterize the chemical constituents from standard decoction of Ginseng Dispensing
Granules, elucidate the chemical basis of Ginseng Dispensing Granules, and establish an HPLC fingerprint for their quality control.
Methods An ACQUITY UPLC HSS T3 (100 mmX2.1 mm, 1.8 pm) column was used for the gradient elution with acetonitrile
(A)-0.1% formic acid (B) as the mobile phases, and the data was collected in positive and negative modes. The chemical constituents
of Ginseng Dispensing Granules were analyzed and identified by MS DIAL software, comparing with reference standards and
searching database. The HPLC fingerprint was established on an ACQUITY UPLC HSS T3 column (2.1 mm X150 mm, 1.8 pm)
with acetonitrile —0.01% phosphoric acid as the mobile phases. Results A total of 57 compounds, including 25 saponins, 12 amino
acids and their derivatives, five bases and nucleosides, together with 15 other compounds, were identified in the standard decoction
of Ginseng Dispensing Granules. The HPLC fingerprint of Ginseng Dispensing Granules was established with eight common peaks,
respectively ginsenoside Rgi, ginsenoside Re, ginsenoside Rf, ginsenoside Rc, ginsenoside Ro, ginsenoside Rbi, ginsenoside Rbz,

and ginsenosede Rd. And the precision, stability and reproducibility of the HPLC fingerprint were acceptable. The components in
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different batches of Ginseng Dispensing Granules from different manufacturers were basically similar, and only slight differences

existed in contents. Conclusion The results of this study clarified the chemical substance basis of Ginseng Dispensing Granules,

and the established HPLC fingerprint provided a method reference for the quality control of Ginseng Dispensing Granules.

Key words: Ginseng Dispensing Granules; fingerprint; UPLC-Q-TOF-MS; HPLC; ginsenoside; ginsenoside Rgi; ginsenoside Re;

ginsenoside Rf; ginsenoside Rc
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Table1 Sources of 18 batches of Ginseng Dispensing Granules
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Fig. 1 Basic peak chromatograms of Ginseng Dispensing Granules standard decoction
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Table 2 Composition identification of Ginseng Dispensing Granules standard decoction
S . RE o 5%
F5 wmin REH ) 27X WAET } BER BT WEMBH -
(X107 Sk
1079 1751205 CeHuuNsO2 M+H 1.0 175.120 5, 158.093 0, 130.097 5, 116.071 7, 70.0672  F&& M 14-15
2 080  337.171 8 CoHuNsO7; M+H -0.5 337.1718,175.120 9, 158.093 2 R 16
3083 499.2250 CisHuN4O, M+H -0.1 499.2250,337.1692,175.120 7, 158.093 6 WERRE BT 16
4 086 1950477 CHO;  M—H -2.8 195.049 6, 177.036 7, 147.026 8, 129.013 1, 99.001 %%k 17
5,74.998 9, 59.003 2
5 086  209.0280 CeHio0s  M—H —1.7209.027 7, 191.017 4, 133.010 0, 129.015 4, 85.020 8, #&iHk 18
71.004 4, 57.023 3
6 095 1910577 CGHpOs  M—H 2.1 191.0577,127.039 1, 85.030 2 ZTH 19-20
7 096 3411069 CoH2On  M—H —1.5 341.107 3, 179.053 0, 119.028 9, 89.016 3, 71.000 40, HEH 19
59.003 4
8 098 5031603 CisHnOis M—H -0.9 503.158 7,341.102 2, 221.063 9, 179.052 3, 119.027 6, A&1-k¥ 17,20
89.016 3
9  1.03  133.009 6 C4HsOs M—H —4.1 133.0093,115.004 3, 71.014 6 SRR 14,20
10 092 1160695 CsHNO, M+H -1.7 116.070 8, 70.064 6 iR 18,21
11 119  266.1226 CioH9oNO; M+H -1.4 248.113 6, 230.103 6, 194.085 5, 98.058 6 VEE TR 17
12 137 136.064 0 CsHsNs M+H 1.7 136.0625,119.035 1 gz 1920
13 149  123.0573 CHN.O  M+H 1.5 123.057 4,96.044 2, 80.050 2 IR 18,22
14 1.6 1910181 CHsO;  M—H -1.1 191.015 7, 173.008 5, 129.016 4, 111.002 0, 87.000 3, /M 18,20
57.022 0
15 1.62  274.0920 CyiH1sNO; M+H -0.7 238.070 7, 192.066 7, 130.049 3, 97.029 7 Tty R L
16 171 130.0509 CsH/NOs  M+H 0.5 130.049 6, 84.046 7 L-ERER 15,19
17 211 182.0817 CHuNO;  M+H 0.0 165.0575,136.078 3, 123.046 7 et 1521
18 217 113.0357 C4HaN20;  M+H 0.6 113.036 2, 96.007 3, 70.065 6 JRWETE 19-20
19 230 1321021 CéHsNO, M+H -0.4 86.0979 SR 15,21
200 255 2941559 CoHsNO;,  MA+H 0.6 276.1472,230.138 0, 144.102 3, 86.101 7 R AR
21 290 268.104 8 CioHi3NsOs M+H 0.2 268.105 4, 136.063 5 iRt 16,22
2% 315 2521092 CioHi3NsOs M+H -0.5 252.1092, 136.063 5 HER
23 322 284.099 1 CioHi3NsOs M+H -0.4 225.1276,152.058 9, 135.031 4, 110.035 4 B 20-21
24 399  166.0868 CoHNO; M+H 0.0 120.083 4, 103.057 6 RRER 14,15
25 531 3820989 CisHi7NsOs M—H -1.0 266.087 8,206.068 5, 115.006 5 BRHE 1 17
26 532 127.0412 CeHeOs M+H 1.7 1270399, 109.034 6 F 17
27 614 205.0982 CuHipN20» MA+H 0.5 188.0712,159.094 0, 118.065 0 SN 14-15
28 939 337.0927 CigHis0s M—H 0.4 191.056 3, 173.044 293.352 HEBETR 22
29 1067 163.041 1 CoHsOs M—H 1.6 163.036 7, 119.050 7 Ecasl 17,20
30° 1405 10075400 CsH200 M-+HCOO — -3.1 961.5347,799.479 7, 637.433 1 PPT-3Glc
315 1440 9775294 CyHgO1is  M-+AHCOO  -2.7 931.5249,799.484 1, 637.430 6 =LEHRI
325 1507 8454893 CoHnOw  M+FHCOO  —0.6 845.4893,799.486 6, 637.434 5,475.381 5 ANBET Rg
33 1512 991.5494 CaHu:01s  M-+HCOO 1.6 945.5415,783.490 1, 637.430 3,475.380 8, 119.028 4 AZ 24 Re
34 1589 8854822 CssHuOi7  M—H —2.6 841.494 6,781.4719,619.421 0, 475.381 0 AZBASELT Rg 19,23
35 1637 1031.5427 CsiHuO21 M—H 1.6 987.5502,945.539 6, 927.529 4, 637.428 7 WZBEAZ 2T Re 19,23
36" 18.80 8454893 CoHnOu  M+HCOO 0.6 799.481 5,637.431 0, 475.380 2 ANSEIRE
37 1947 8154786 CuHnOz  M+HCOO  —0.7 769.470 6, 637.4310,475.377 2, 161.042 3 “LEEFR 19,23
38 20.14 8294924 CoHpOiz  M+AHCOO  -2.5 783.4875,637.4299, 475378 0, 161.041 4 AN ETH R
39° 2024 1153.6030 CssHooO23  M+HCOO 2.4 1107.5886,945.537 9, 783.486 3, 179.051 9 ANZEIf Rb
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F5 mmin REH ) 27X WAET ] BER T A MATR .
(X107 Sk
40 2040 3292323 CisHuOs M—H -0.5 329.2319,229.1420,211.133 7, 171.099 9, 139.107 8, 9,10,13-TriHOME
99.0722
41 2053 1193598 CsoHssO31  M—H =37 1149.6029, 1107.588 0,945.542 2 HZBAZEH Rbr 19,23
425 2080 1123.5940 CssHoO» M-+HCOO 4.0 1077.5835,783.493 3, 621.433 1 NS EH Re
43 2094 9554871 CsgHO9 M—H -3.2 955.4875,793.431 8, 569.382 1,455.351 5 AR Ro
44 2116 1163.5865 CoHosO20 M—H —4.5 1119.5927,1077.5802, 1 059.568 6, 945.542 5, WZBAZ BT Re 19,23
765.487 1

455 2132 1123.5870 CssHooO22  M-+HCOO  -3.0 1077.5808, 783.480 7, 621.4357 ANSETH R
46 2149 11235870 CsHoO» MA+HCOO  —3.0 1077.5801,783.4810, 621.434 3 NS B Rbs
47 2164 1163.5860 CsHosO30 M—H -45 1119.5927,1077.5802, 1059.568 6 WZBASELT R 19,23
48 21.80 1163.5863 CsHosO0 M—H -45 1119.5927,1077.5802, 1059.568 6 HABASEL Rb; 19,23
495 2255  991.5494 CsgHpnO1s  M-+HCOO 1.6 945544 1,783.488 3, 621.433 3, 161.041 3 ANZBH Rd
50° 2264 7934359 CoHeOuw  M—H -1.5 793.4378,631.383 2 OA-Gle-GlurA
51 2290 1031.5433 CsiH4021 M—H 1.6 987.5502, 945.539 6,927.529 4, 637.428 7 HZMAS B R 19,23
5¢ 2659 7934359 CoHeOuw  M—H -1.5 793.436 5,731.439 7, 631.390 4, 569.382 7, 455351 5 OA-Gle-GlurA
53 2674  261.1845 CiyH»0, M+H -1.0 261.1843,105.034 4 NSRRI EE 24
545 2696 829.4963 CoHnOi3  M-+HCOO 1.4 783.4891,621.4343,459.380 0, 161.041 4 ANSEH Rgs
55 2750 6313829 CiHssO9  M—H -1.7 631.3824,555.364 1,455.347 5 OA-Glur A
56 28.00  811.4796 CoHnO12 M-+HCOO —4.8 765.4777,603.4297, 161.0423 NSRBI Rgs 12,25
57 2825  279.2320 CisHx0: M+H -0.4 201.0521,95.085 3, 81.068 8 TR 19

s-FIXT IR AR ELXT  a-5 MS DIAL $dfi = rp — 20000 AT ELBCE 2 oM S A AT HE

s-refers to compounds identified by comparing with reference standard a-refers to compounds identified by comparing with MS/MS data obtained from

MS DIAL c-refers to compouds characterized according to fragmentation rules

3.1 BE BEERS NS EEAR S
Z—, RBHIOM 1 ABJUMELR, ASHhAS
BE KIS NIENSZE (PPT) MEANS
(PPD) &, EH/DEMFEHRIK (0A) R H 1225,
WEER BTN BRI, JEREE R
[M—H] B, [M+HCOO] &1, BFE 1o ktrat
W= A — R A BLRERE A A G 1o AWF L%
SERENIH 25 SR RNAEY, B PPT 9 A
(30~38), PPD %! 11 4~ (39, 41. 42, 44~49,
51. 54), OA T4 44 (43, 50. 52. 55), A7 1
A (56). LMLAEY 32 M, fERETEXT, ™~
A INFIES TI§ m/z 845.489 3 [M+HCOO], ¥ H:
TR A AHE S H A T 208 CoH7nO0 140 BEE TR
A [IM—H] #ED T 7 miz 799.486 6, B Ja AH 4%
E RN = m/z 637.434 5 [M—H—Glc] 5 PPT
HICE T m/z 475381 5 [M—H—2Glc] . 1RI#ELL |
JRBE RS B AR SRR B, 32 %558 N PPT
B AZ B Rg. (AW 54 g FE0F, P240m
I T m/z 829.496 3 [M+HCOO], AR4EHIGE

W FH S TN CoHnO. BEE TR
[M—H] #5151 1% m/z 783.489 1, BHJEM4%E
KINHHEF A m/z 621.434 3 [M—H—Glc]” 5 PPD
HILE T mlz 459.380 0 [M—H—Glc—Glc] . R4
P BRERE A A5 2., 54 %552 8 PPD B AN 22 2 Rgs.
a3 fE SRR, 4 [M—H] #E5T
BTV m/z 955487 1; BEES ™A m/z 793.431 8
[M—H—Glc] "« 569.382 1 [M—H—Glc—Glc—CO,—
H,O 5768 7 455.351 5 [M—H—Glc—Glec—
GlurA] . R4 DL F RS 45 5 LA S 5 50 B B
X, 43 %589 OA BANS AT Ro. (LAY 56 1116
BT, 74 [M+HCOO] InAlE 11§ m/z
811.479 6, BFES TR m/z 765.477 7 [M—H]
M TR T U6 BEJG 2 R SHME = 2E m/z 603.429 7
[M—H—Glc] - L EFER A5 2456 ki
121, 56 %58 NANS BT Res.

3.2 FEM LAY RSB BRI
AL e 12 DMEIERR LHATAEY) (1~3. 10,
11. 15~17. 19, 20. 24. 27). ZEIEE THRT,



FED 2022F 68 $53% B 1P Chinese Traditional and Herbal Drugs 2022 June Vol. 53 No. 11

* 3291 ¢

&9 27 7742 m/z 205.098 2 [M+H] HIHESS T 5 1
g, XFR5rF3 CriHiN2Oy; HEER R H
m/z 188.071 2 [M+H—NH;]". 159.094 0 [M+H—
HCOOH]". 118.065 0 [M+H—C;HsNO,]", 45&%
I PEDUHC S A A5 B I E S5 SR, 27 2558
AR WEY 3RS THUT 42 499.225 0 M+
H]" FIHE T3 T, XN 5T 30N CisH3aN4O 120
HEBEW HHEARHE m/z 337172 3 [M+H—
Gle]*s 175.121 2 [M+H—Glc—Glc]*. 158.091 4 [M+
H—Gle—Gle—NHs]", HH m/z 175.120 7 B 3£
BHEER PSR ER, 454 B e VLD R e A5 2.
HS 2 SCRRELHEIC), I 3 A 2 R A 4 A
3.1.3 BIERAET  E NS BURAR 7 77 o St
YE 5 AR AT RS (124 18, 21, 23,
25), B 21 fEIEE AT =4 miz 268.104 8
[M+H] B T B U, 845373 CroHiNsOu;
HEBR R BT m/z 136.063 5 5 THLK 5 iR
MRS — 2. [RItk, 4560 R VLRC RN — i Fr
HSHCEREED 2, 21 K MIRTY.

3.4 HABSK fEANSETTRUR bRz L e
W15 N HABZE S (4~9. 13, 14, 22. 26. 28.
29. 40, 53. 57). Hr, tb&EW 7 EHE L
T4 miz 341.106 9 [M—H] BIHED T2 1%, Xt
BT CiaHaOno HEFEER R E T miz
179.053 0 [M—H—Glc]» 119.028 9 [M—H—Glc—
C2H40:]7+ 59.003 4 [M—H—Glc—C4HgO4] .
T LIRS B, 456 B FE VLI 225 SCHkl ),
7 KEONERE, (LAY 14 EAE TR A
m/z 191.018 1 [M—H] 17> T B T U, XF 83
3 CeHgO70 FHEZW W+ m/z 173.008 5
[M—H—H,0]"+ m/z 129.016 4 [M—H—H,0—
CO,]"~ m/z 111.002 0 [M—H—2H,0—CO,]"~ m/z
87.000 3 [M—H—2H,0—2CO,] . #&T EikwEH
FR, S56 80 PEULEL I 25 SOk B R 820, 14
U ATIETR o

32 ASEAFRIESEEMEL

3201 BIBFARA 3 LL 2 IE-0.01 % IR K I
W CNE-0.02%BERRK I L ME-0. 1% R K W
BN R Gt AT IR FE B B Es, TRBh AR -
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Fig. 2 Reference fingerprint of ginseng dispensing granules
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Fig. 3 Fingerprints of 18 batches of Ginseng Dispensing Granules from different manufacturers

0.992. 0.984, FfELAHLEEI KT 0.900.
4 g

HAl, ASWERAZER TAM P B RT
NZBE 7 BRI 7t 2 S p T H A RER, AS
C 75 SR H P A 2 40 5 R At 1 A I AR 26290, i B
FHHE AN VAR €5 1 6 2 255 ot 1) o5 40 B e 0 5 o ik
m e, mREE U KRR ST RA
BB RS B S Ak, WTHTHEY
PGS e, HArcg) 2R TR AR %
€ 4R 4 B R A AT B . K it gt i
UPLC-Q-TOF/MS #iAK, KHIE. fiET 2 Fili
HAT RS FAG, E  BE PE A 2R L X R B K A
MS DIAL {4 Bt & O ik ok o0 i NS B J7
OB A2 Gy, FREE 57 MBS, BER
T 25 AN SRR S HLATAEY) 12 AN TR A% 5
AN HABSERSY 154, RGNS 7 RFOkL it i &
P i) 5 25 80 Fe AR AL T R AAE

A 25 TC 7 R FR Tk 2 T IR O BT R
BEIRGL, TEE BB AT EARE, DA
2y Al RRENE. A RER, fRaUEitfes
B AT S R 2R ) R RS S, PRI R B A
T X5 H 2 C RO () T B AT, BTk, AR
RIS T NS PR S IR, fEEAT TR s B i
ARSI RS, AR A A R R FE

I VeBE R SE il SO AT Tk, IERAS I
T kg B B TR QU 26 1. IR
MFAF) KNS BB . AR
FAFRKI R FEARF, SR e EE
5t ATRES B 20 B RIEAS [F B RHIN N B A %5
AHIEFEAFAE T BURLAE i b D, ARIEAS
i, SEA NSRRI ERSIA L, A5
SrHTI IRk, i B DU, FTRAN A T
T+ NS BC T RURLIT B A2 i
RBAR A F ARG EA AR

SE

[1] Btk e, TR, % Hdkgzmn. BETML
JiRRLAI LEE (). 2y, 2017, 48(18): 3871-3875

(21 %, KRG, BFs, 5. 2Ry BoR R 5 &
JegE s [J]. hEZ, 2018, 49(20): 4717-4725.

[3]1 A NRILANE 2 82 2. v 21 77 kL ot 2 475 )
EpbrdE ) e R B SR (E SR = L) [S]. 2016: 1-2.

[4] wEZd [S]. —&6. 2020: 8-9.

[S] Xu W Q, Choi H K, Huang L F. State of Panax ginseng
research: A global analysis [J]. Molecules, 2017, 22(9):
1518.

[6] Patel S, Rauf A. Adaptogenic herb ginseng (Panax) as
medical food: Status quo and future prospects [J]. Biomed
Pharmacother, 2017, 85: 120-127.

[71 Yang W Z, Hu Y, Wu WY, ef al. Saponins in the genus



FED 2022F 68 $53% B 1P Chinese Traditional and Herbal Drugs 2022 June Vol. 53 No. 11

* 3293 ¢

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Panax L. (Araliaceae): A systematic review of their
chemical diversity [J]. Phytochemistry, 2014, 106: 7-24.

Yang W Z, Ye M, Qiao X, et al. A strategy for efficient
discovery of new natural compounds by integrating
orthogonal  column and

chromatography liquid

chromatography/mass ~ spectrometry  analysis:  Its
application in Panax ginseng, Panax quinquefolium and
Panax notoginseng to characterize 437 potential new
ginsenosides [J]. Anal Chim Acta, 2012, 739: 56-66.

Shi X J, Yang W Z, Qiu S, et al. Systematic profiling and
comparison of the lipidomes from Panax ginseng, P.
and P ultrahigh

supercritical chromatography/

quinquefolius, notoginseng by
fluid

high-resolution mass spectrometry and ion mobility-

performance

derived collision cross section measurement [J]. J
Chromatogr A, 2018, 1548: 64-75.

Yang W Z, Shi X J, Yao C L, et al. A novel neutral
loss/product ion scan-incorporated integral approach for
the untargeted characterization and comparison of the
carboxyl-free ginsenosides from Panax ginseng, Panax
quinquefolius, and Panax notoginseng [J]. J Pharm
Biomed Anal, 2020, 177: 112813.

Shi X J, Yang W Z, Qiu S, et al. An in-source multiple
collision-neutral loss filtering based nontargeted
metabolomics approach for the comprehensive analysis of
malonyl-ginsenosides ~ from  Panax  ginseng, P,
quinquefolius, and P. notoginseng [J]. Anal Chim Acta,
2017, 952: 59-70.

Zvo T T, Zhang C X, Li W W, et al. Offline
two-dimensional liquid chromatography coupled with ion
mobility-quadrupole time-of-flight mass spectrometry
enabling four-dimensional separation and characterization
of the multicomponents from white ginseng and red
ginseng [J]. J Pharm Anal, 2020, 10(6): 597-609.

MRk, x4z, 28y, &5t 2o bRl it o SR
[7]. FE G252k E, 2016, 41(8): 1367-1375.

Jiang M Y, Cao J L, Zhang C B, ef al. A comprehensive
strategy for quality evaluation of Wushe Zhiyang Pills by
integrating UPLC-DAD fingerprint and multi-ingredients
rapid quantitation with UPLC-MS/MS technology [J]. J
Pharm Biomed Anal, 2022, 210: 114556.

REE, R, WA NS 5L SRR
BRETE [J]. HZE8E, 1990, 13(5): 27-28.

M, KR, BREIK, 55 2T RP-Q-TOF-MS A1
HILIC-Q-TOF-MS £ # 4 77 24 VA %M Il 5 B 43 53 A
[7]. "PEFZE4E, 2022, 47(8): 2109-2120.

Horai H, Arita M, Kanaya S, et al. MassBank: a public

repository for sharing mass spectral data for life sciences

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

[30]

[31]

[32]

[J]. J Mass Spectrom, 2010, 45(7): 703-714.

Song Q Q, Song Y L, Zhang N, et al. Potential of
hyphenated ultra-high performance liquid
chromatography-scheduled multiple reaction monitoring
algorithm for
traditional Chinese medicines [J]. RSC Adv, 2015, 5(71):
57372-57382.

Zhu H L, Lin H Q, Tan J, et al. UPLC-QTOF/MS-based

nontargeted metabolomic analysis of mountain- and

large-scale quantitative analysis of

garden-cultivated ginseng of different ages in northeast
China [J]. Molecules, 2018, 24(1): 33.

rfiE, B NSy LA BAE IR St ().
rPZEZG SR, 2021, 27(1): 127-130.

REAM, ZFPLHE, JETTHF, 4. 2T UHPLC-Q-Exactive
Orbitrap MS A MLk R AL 70 (3], EZ
Mk, 2021, 30(18): 55-60.

Pan X L, Li Z L, Qian S H, ef al. Chemical constituents
of the flower buds of Panax ginseng [J]. Chem Nat
Compd, 2015, 51(3): 559-560.

Christensen L P. Chapter 1 ginsenosides: Chemistry,
biosynthesis, analysis, and potential health effects [J].
Adv Food Nutr Res, 2008, 55: 1-99.

WP, BT, KR, & ASHFR ZE o8 R
CRSFAER Y ()] L2, 2021, 52(1): 14-22.

Qiu S, Yang W Z, Yao C L, et al. Nontargeted
metabolomic analysis and “commercial-homophyletic”
comparison-induced  biomarkers verification for the
systematic chemical differentiation of five different parts of
Panax ginseng [J). J Chromatogr A, 2016, 1453: 78-87.
FER, SR, 2R, & Bk NS FRIRAC T WOhL 5 A%
GUIR IR YT SRR NG R AT LER 7T [7]. W2 R [ 2,
2021, 32(1): 106-109.

R5, XEE, X, & KSR SRR 253401
LB [J]. ASHEA, 2017, 29(1): 8-10.

TG, BB, P, & NS bRAE AT
K RERERBE (3] HESeEe 7 e, 2017, 23(7):
2-11.

WIBRER. 241 7 R0RE N 2 68 /) 4 i i A i (it
PIRE) B T AR RS mE AL D] KEF: K
FHERZKE, 2015.

VR, ZEHitly, 7hE, 55 WO G- BTEIBH BoRAE
2R SR R (0], R E 2 AR R A, 2021,
19(1): 12-17.

Yu Y, Yao C L, Guo D A. Insight into chemical basis of
traditional Chinese medicine based on the state-of-the-art
techniques of liquid chromatography-mass spectrometry
[J]. Acta Pharm Sin B, 2021, 11(6): 1469-1492.

FEAE, BKRETS, AR, & ETRIEEIE NSRS



©3294 ¢ FE B 2022668 #53% B 1Y  Chinese Traditional and Herbal Drugs 2022 June Vol. 53 No. 11

MWEHEZ. A&, =Lt 0] e, 2021, SUEIER AL [J]. HhHEZY, 2015, 46(14): 2149-2154.

16(6): 887-895. [36] HemeZe, FHEwN, ZEFES. =Ll PR HPLC $R4L
[33] k&, BRAE, EAEi, &, fegEEREORTE s KA 5E (] B S8 75 Al 4 &, 2011, 17(9):

RL B PN SO AR P B R [0]. R E AR, 54-57.

2018, 43(19): 3822-3827. [37] Yang W Z, Zhang Y B, Wu W Y, et al. Approaches to
[34] B, BHE, #H, & ETHRRERER establish Q-markers for the quality standards of

fio 7 Rl F AR R B SN [J]. A FEEZ, 2020, traditional Chinese medicines [J]. Acta Pharm Sin B,

15(15): 2228-2233. 2017, 7(4): 439-446.

[35] 20, A4, KN, 2. AR HA % HPLC 5 [38] ANSEC7HkL [S]. 2021: 1-2.
Bt S &



