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bstract

An HPLC–DAD–ESI-MSn method was developed for simultaneous analysis of major chemical constituents in “QI-SHEN-YI-QI” dropping
ill, a traditional Chinese medicine (TCM) widely used for treating cardiovascular diseases. The chromatographic separation was performed on
n intertsil ODS-3 C18 column (4.6 mm × 250 mm, 5 �m), whilst water with 0.05% acetic acid and acetonitrile were used as mobile phase. On the
asis of the characteristic UV absorption profile, the information of molecular weight, and structure provided by ESI-MSn, 31 constituents derived

rom Astragalus membranaceus, Radix Salviae Miltiorrhizae, and Panax notoginseng, were detected and 20 of them were identified in this study.
he proposed method contributes to the quality control of “QI-SHEN-YI-QI” dropping pill.
2007 Elsevier B.V. All rights reserved.

eywords: “QI-SHEN-YI-QI” dropping pill; Components analysis; High-performance liquid chromatography–diode array detection-electrospray ionization tandem;
raditional Chinese medicine
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. Introduction

There is a worldwide trend of increasing use of alternative
edicines. Traditional Chinese medicine (TCM), considered

lternative medicine in the West, is usually made by sev-
ral medicinal plants containing hundreds of compounds. The
xtreme complexity in TCM preparations causes tremendous
ifficulty in their quality control. In order to discern the
hemical compositions of TCM preparation, many efforts to
ate have been made to develop specific analytical methods
or comprehensively describing and identifying phytochemical
omponents of TCM [1–5].

‘QI-SHEN-YI-QI’ dropping pill is one of the most widely

sed TCM prescription, in China for treating chronic heart fail-
re, myocarditis, myocardial infarction and myocardial fibrosis.
QI-SHEN-YI-QI’ dropping pill is made by four commonly used

∗ Corresponding author. Tel.: +86 571 88208428; fax: +86 571 88208428.
E-mail address: quhb@zju.edu.cn (Q. Haibin).
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hinese herbs, i.e. Astragalus membranaceus, Radix Salviae
iltiorrhizae, Panax notoginseng and Dalbergia odorifera. Up

o now, some researchers have reported their works on the anal-
sis of bioactive constituents in A. membranaceus [6,7], Radix
alviae Miltiorrhizae [8–11], P. notoginseng [12,13] and D.
dorifera [14,15]. However, to the best of our knowledge, the
nalytical method to identify multi-constituents in ‘QI-SHEN-
I-QI’ dropping pill was not yet explored. In order to provide
aluable information for quality control, new studies are urgently
eeded to analyze the constituents in ‘QI-SHEN-YI-QI’ drop-
ing pill.

As a powerful analytical tool, liquid chromatography coupled
lectrospray ionization tandem mass spectrometry (LC–ESI-
Sn) has been widely applied for the identification of the known

ompounds and helping the elucidation of unknown compounds
n the botanic extracts and TCM preparation [16–20]. For exam-

le, using the fragmentation patterns and the comparison of the
V, MS data with the data from authentic compounds and lit-

rature, even the unknown constituents might be interpreted. In
his paper, an HPLC–DAD–ESI-MSn method was developed

mailto:quhb@zju.edu.cn
dx.doi.org/10.1016/j.jpba.2007.12.037
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ig. 1. HPLC–UV chromatogram of ‘QI-SHEN-YI-QI’ dropping pill (A–C),
xtracts of Astragalus membranaceus (D), Radix Salviae Miltiorrhizae (E) and
anax notoginseng (F).

o identify the main constitutes in ‘QI-SHEN-YI-QI’ dropping
ill.

. Experimental

.1. Solvents and chemicals

The HPLC grade acetonitrile from Merck (Darmstadt, Ger-
any) was used for chromatography. Analytical-grade methanol

nd acetic acid were purchased from Hangzhou Reagent
ompany (Hangzhou, China). Water was purified by Milli-Q
cademic water purification system (Millipore, France).

Reference compounds, danshensu, protocatechuic aldehyde,
alvianolic acid B, notoginsenside R1, ginsenside Rg1, gin-
enside Rg3, and astragaloside IV were purchased from the
ational Institute for the Control of Pharmaceutical and Biolog-

cal Products (Beijing, China). The purity of these compounds
ere determined to be more than 98% by normalization of the
eak areas detected by HPLC, and showed to be very stable in
ethanol solution.
“QI-SHEN-YI-QI” dropping pill and its raw materials includ-
ng A. membranaceus, Radix Salviae Miltiorrhizae, and P.
otoginseng were provided by TASLY Pharmaceutical Co. Ltd.
Tianjin, China). The voucher specimens were deposited in our
aboratory.

1
b
l
s

able 1
he precursor ion and main fragment ions of the reference compounds in MS and MS

eference compounds MS (m/z)

anshensu 197 [M − H]−
rotocatechuic aldehyde 137 [M − H]−
alvianolic acid B 717 [M − H]−
otoginsenoside R1 991 [M + CH2COOH]−
insenoside Rg1 859 [M + CH2COOH]−
insenoside Rg3 819 [M + COOH]−
stragaloside IV 843 [M + CH2COOH]−
Biomedical Analysis 47 (2008) 407–412

.2. Sample preparation

Ten grams of “QI-SHEN-YI-QI” dropping pill was ultrason-
cally extracted with 50 mL of methanol for 30 min. The filtrate
as centrifuged at 10,000 rpm for 10 min to remove particles,

vaporated to dryness in vacuum at 50 ◦C and the residue was
issolved in 5 mL of methanol. The dry Radix A. membranaceus,
adix Salviae Miltiorrhizae and P. notoginseng were ground into
owder. Each crude material (5 g) were extracted with 50 mL
ater at 100 ◦C for 1 h, and then followed by 50 mL 70% alco-
ol aqueous solution. The operations were repeated for two
imes, and the total extracts were combined together. The sol-
ents were removed at 60 ◦C under vacuum by Büchi rotavapor
-490. The residues were then dissolved in 100 mL water. All

he samples were filtered through a 0.45 �m film before HPLC
nalysis.

.3. HPLC–DAD–MS system

High-performance liquid chromatographic analysis was car-
ied out using an Agilent 1100 series HPLC system (Waldbronn,
ermany) equipped with a quaternary pump with on-line
egasser, autosampler, column oven and diode array detector
DAD). An intertsil ODS-3 C18 column (4.6 mm × 250 mm,
�m, Dikma) was used, sample injection volume was 10 �L,

he temperature of column oven was set at 30 ◦C, flow rate was
.5 mL min−1, mobile phases consisted of water with 0.05%
ormic acid (A) and acetonitrile (B). A gradient was per-
ormed according to the following profile: 0–20 min, 2–10% B;
0–70 min linear increase to 50% B; 70–90 min linear increase
o 95% B; 90–100 min hold on 95% B. UV spectra were recorded
rom 190 nm to 400 nm, and the monitored wavelengths were set
t 202 nm, 230 nm, 254 nm and 280 nm. An LCQ DECA XPplus

ass spectrometer (Thermo Finnigan, San Jose, USA) equipped
ith an ESI interface and an ion trap mass analyzer was used

or carrying out the MS and MSn analysis. Data were acquired
nd processed by Thermo Finnigan Xcalibur1.3 workstation.
he operating conditions for the ESI interface were as follows:
ositive/negative ionization mode; temperature of the capillary,
50 ◦C; spray voltage, 3.0 kV; capillary voltage, 20 V; sheath
as (N2) flow rate, 30 L min−1; auxiliary gas (N2) flow rate,
0.0 L min−1. Full scan data acquisition was performed from m/z

00 to 1500 in MS scan mode. MSn experiments were performed
y colliding the precursor ions with helium gas at 2.0 mass iso-
ation widths. The collision energy values were automatically
elected.

n analysis

MS2 (m/z) MS3 (m/z)

179 [M − H–H2O]− 135 [M − H–H2O–CO2]−
109 [M − H–CO]− –
519 [M − H–(danshensu)]− 321 [M − H–2 × (danshensu)]−
977 [M + COOH]− 931 [M − H]−
799 [M − H]− 637 [M − H–Xyl]−
783 [M − H]− 621 [M − H–Xyl]−
783 [M − H]− 621 [M − H–Xyl]−
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F l (A), total ion current (TIC) chromatogram of ‘QI-SHEN-YI-QI’ dropping pill (B)
a ing pill (C).
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ig. 2. HPLC–UV chromatogram (254 nm) of ‘QI-SHEN-YI-QI’ dropping pil
nd total ion current chromatogram after denoising of ‘QI-SHEN-YI-QI’ dropp

.4. Data processing

An in-house program that reduces the noise of LC–MS data
as written in Matlab 7.0 (Mathworks Inc. Natick, USA). The

omputer configuration was a Pentium 4, 2.8 GHz with 256 MB
f RAM.

. Results and discussion

.1. HPLC–DAD analysis of “QI-SHEN-YI-QI” dropping
ill

The main constituents of “QI-SHEN-YI-QI” dropping pill
ere water-soluble compounds from A. membranaceus, Radix
alviae Miltiorrhizae and P. notoginseng and essential oils from
. odorifera. Our preliminary study further indicated that the

ssential oils were rarely detected and the main constituents of
QI-SHEN-YI-QI” dropping pill were saponins, flavones, and

henolic acids. According to the characteristic UV profile of
hese major constituents, the approximate maximum UV absorp-
ion wavelengths of triterpene saponins were at 203 nm; phenolic
cids were at 220 nm and 280 nm; flavones were at 230 nm and

Fig. 3. ESI spectra of peak 18: (A) negative ion ESI mass spectrum of peak 18
(assigned as Salvianolic acid A) and (B) MS2 spectra of peak 18.
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Table 2
HPLC–DAD–ESI-MS identification

Peak no. RT (min) UV (nm) Negative ion Chemical Crude herba

1 8.76 192 539, 863, 701 – 1
2 13.09 206, 262 289, 387 – 1
3 14.91 208, 258 269 – 1
4 16.73 254 611 Ethyllithospermate 2
5 23.27 234, 260 479, 433 – –
6 25.39 204, 280 197, 395 danshensu 2
7 29.10 234, 254 – – –
8 35.14 230, 280, 312 275 Protocatechuic aldehyde 2
9 37.02 236, 258 510 – –

10 39.55 234, 266 727 – 1
11 44.56 255, 248, 284 937, 491, 283 Calycosin-7-O-�-d-glucopyranoside 1
12 47.59 236, 324 537, 1075 Salvianolic acid H or I 2
13 48.28 236, 324 537, 1075 Salvianolic acid H or I 2
14 49.88 236, 296, 322 537 Linthospermic acid 2
15 51.12 224, 248, 320 417 Salvianolic acid D 2
16 53.44 222, 232 359, 719 Rosmarinic acid 2
17 56.35 232, 284 717, 991, 509 Linthospermic acid B 2
18 58.60 228, 288 493, 987 Salvianolic acid A 2
19 59.74 238, 290 283, 567 Calycosin-7-O-�-d-glucopyranoside-6′′-O-malonate 1
20 61.19 230, 254, 280 717, 739 Salvianolic acid B 2
21 62.87 232, 254, 286 717, 519, 327 Salvianolic acid E 2
22 64.37 238, 284, 314 537 – 2
23 69.26 248, 270 961, 1231 – 1
24 71.99 248, 299 267 Formononetin 1
25 85.90 246 825 – –
26 86.46 248 – – –
27 89.47 264 295 – 2
28 90.71 246, 266 417 – 2
29 93.81 268 687 – 2
30 49.04 – 977, 931 Notoginsenoside R1 3
31 51.12 – 417, 845, 859 Ginsenoside Rg1 3
32 64.79 – 829 Astragaloside IV 1
33 65.23 – 991 Notoginsenoside k 3
34 74.48 – 987, 977 – 1
35 75.63 – 987, 977 – 1
36 78.24 – 1183 – –
3
3
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7 79.25 – 829
8 85.12 – 811

a 1, Astragalus membranaceus Bge.; 2, Radix Salviae Miltiorrhizae; 3, Panax

75 nm. The framework type of compounds could be rapidly
dentified based on their characteristic UV profiles.

Fig. 1 displayed the HPLC–UV chromatogram of “QI-
HEN-YI-QI” dropping pill, extracts of A. membranaceus,
adix Salviae Miltiorrhizae and P. notoginseng. As revealed

n Fig. 1A–C, the main constituents in “QI-SHEN-YI-QI” drop-
ing pill were well separated on reversed-phase column with
radient elution. Comparing the chromatograms of “QI-SHEN-
I-QI” dropping pill (Fig. 1A–C) with those of extracts of A.
embranaceus (Fig. 1D), Radix Salviae Miltiorrhizae (Fig. 1E)

nd P. notoginseng (Fig. 1F), the major constituents in “QI-
HEN-YI-QI” dropping pill were assigned to the crude plants.

.2. HPLC–MS analysis of authentic compounds
To obtain fragmentation patterns of constituents in “QI-
HEN-YI-QI” dropping pill, MSn spectra of seven reference
ompounds, i.e. danshensu, protocatechuic aldehyde, salviano-
ic acid B, notoginsenside R1, ginsenside Rg1, ginsenside Rg3,

(
Q
s
t

Ginsenoside Rg3 3
– –

ginseng.

nd astragaloside IV, were firstly analyzed by direct infusion.
S/MS and MSn data were obtained by CID. The fragmentation

atterns were proposed and it was very helpful for the con-
tituents’ structure identification in “QI-SHEN-YI-QI” dropping
ill that had the similar framework. All authentic compounds
xhibited quasi-molecular ion [M − H]− and adducted ions
[M + Cl]− and [M + AcO]−). The retention time (RT), UV λ

ax, m/z values of ions, MS data and their main fragment in
Sn spectra of the seven reference compounds are summarized

n Table 1.

.3. HPLC–DAD–MSn analysis of “QI-SHEN-YI-QI”
ropping pill

Fig. 2 showed the HPLC–UV chromatogram at 254 nm

Fig. 2A) and total ion chromatogram of the “QI-SHEN-YI-
I” dropping pill (Fig. 2B). As we can see, due to the poor

ignal-to-noise ratio in mass data, it was difficult to compare
he components or peaks in TIC chromatograms. Here, we
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mployed a commonly used method, called CODA [21], to
enoise the MS data. Fig. 2C showed the total ion chromatogram
fter denoising. A total of 29 major peaks were detected by DAD
nd 18 of them have the corresponding peaks in the MS chro-

atogram. Except these 29 peaks detected by DAD, 9 other

eaks with very low UV absorption were also detected in the
S chromatogram. By comparing HPLC–UV and HPLC–MS

hromatograms of “QI-SHEN-YI-QI” dropping pill with those

c
r

f

Fig. 4. Structure of the identified compounds (A, Astragalus membran
Biomedical Analysis 47 (2008) 407–412 411

btained from the extracts of crude herbs, most peaks in the chro-
atogram of “QI-SHEN-YI-QI” dropping pill were assigned to

he corresponding crude herb. The chemical identities corre-
ponding to peaks 6, 8, 20, 30, 31, 32 and 37 were identified by

omparing the RT, UV spectra and m/z value with those of the
eference compounds. The results are listed in Table 2.

By comparing the UV spectra, MS and MS2 spectra with
ragmentation patterns of aforementioned reference data and

aceus; B, Radix Salviae Miltiorrhizae; C, Panax notoginseng).
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[21] J.M.P. Willem Windig, A.W. Payne, Anal. Chem. 68 (1996) 3602–3606.
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he literature [11,22,23], peaks 4, 11, 14, 15, 16, 17, 18, 19,
1, 24 and 33 were identified as compounds ethyllithospermate,
alycosin-7-O-�-d-glucopyranoside, linthospermic, salvianolic
cid D, rosmarinic acid, linthospermic acid B, salvianolic acid A,
alycosin-7-O-�-d-glucopyranoside-6′′-O-malonate, salviano-
ic acid E, formononetin, notoginsenoside k, respectively
Table 2). For instance, peak 18 exhibited a quasi-molecular ion
M − H]− of m/z 493. Its MS2 spectra gave rise to fragment ions
f m/z 295 (Fig. 3), corresponding to the loss of a molecule
f danshensu. The maximum UV absorption wavelengths of
eak 18 were at 228 nm and 288 nm. These data are consistent
ith those in the literature [23]. Therefore, peak 18 was tenta-

ively identified as salvianolic acid A. Peaks 11 and 19 exhibited
dducted ions [M + Cl]− of m/z 577 and m/z 481 respectively.
heir MS2 spectra gave the fragment ions of m/z 283, which was
molecule of calycosin. Therefore, peaks 11 and 19 were ten-

atively identified as calycosin-7-O-�-d-glucopyranoside and
alycosin-7-O-�-d-glucopyranoside-6′′-O-malonate [22]. For
eak 24, a quasi-molecular ion [M − H]− of 267 was observed.
he maximum UV absorption wavelengths of peak 24 were
t 248 nm and 299 nm. According to these data, peak 24 was
entatively identified as formononetin [22].

Several peaks, such as 5, 7, 9, 25, 26, 36 and 38, are failed
o be assigned to any crude plant. One of the most likely rea-
ons is that they are the intermediates of manufacture or sample
reparation. For peaks 1, 2, 3, 10, 22, 23, 27, 28, 29, 34, and 35,
he MS2 spectra were not observed, probably because of the low
bundance of the precursor ions. Therefore, they were charac-
erized by the m/z values, UV spectra and corresponding crude
lant in Table 2. The data of individual peaks is summarized in
able 2 and the structures of the identified compounds are shown

n Fig. 4.

. Conclusions

In this study, the chemical constituents in “QI-SHEN-YI-
I” dropping pill were analyzed by HPLC–DAD–ESI-MSn.
ased on retention time, UV spectra, and MS information, a

otal of 20 compounds were successfully identified. This study
emonstrates that HPLC–DAD–ESI-MSn is a powerful tech-

ique to analyze the multi-ingredients medicine formulae, e.g.
CM preparation. The results of this study would be helpful

o discover the biologically active compounds in “QI-SHEN-
I-QI” dropping pill. More importantly, it provided valuable

[

[
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nformation for development and improvement of the quality
ontrol of ‘QI-SHEN-YI-QI’ dropping pill.

cknowledgement

This work was supported by the China State Key Basic
esearch Program Grant (2005CB523402).

eferences

[1] Y.F. Li, L. Liu, Y.Y. Cheng, Chromatographia 65 (2007) 749–755.
[2] Q. He, X.J. Hu, Y.Y. Cheng, J. Pharm. Biomed. Anal. 41 (2006) 485–

492.
[3] H.J. Zhang, Y.Y. Cheng, Biomed. Chromatogr. 20 (2006) 821–826.
[4] X.G. Chen, L. Kong, X.Y. Su, H.J. Fu, J.Y. Ni, R.H. Zhao, H.F. Zou, J.

Chromatogr. A 1040 (2004) 169–178.
[5] T. Yi, K.S.Y. Leung, G.H. Lu, K. Chan, H. Zhang, Chem. Pharm. Bull. 54

(2006) 255–259.
[6] L.Z. Lin, X.G. He, M. Lindenmaier, G. Nolan, J. Yang, M. Cleary, S.X.

Qiu, G.A. Cordell, J. Chromatogr. A 876 (2000) 87–95.
[7] Y.Y. Bian, J. Guan, Z.M. Bi, Y. Song, P. Li, Chin. Pharm. J. 41 (2006)

1217–1221.
[8] P. Hu, Q.L. Liang, G.A. Luo, Z.Z. Zhao, Z.H. Jiang, Chem. Pharm. Bull.

53 (2005) 677–683.
[9] M. Yang, A.H. Liu, S.H. Guan, J.H. Sun, M. Xu, D. Guo, Rapid Commun.

Mass Spectrom. 20 (2006) 1266–1280.
10] Z.Y. Zhu, H. Zhang, L. Zhao, X. Dong, X. Li, Y.F. Chai, G.Q. Zhang, Rapid

Commun. Mass Spectrom. 21 (2007) 1855–1865.
11] G.F. Zeng, H.B. Xiao, J.X. Liu, X.M. Liang, Rapid Commun. Mass Spec-

trom. 20 (2006) 499–506.
12] W.G. Ma, M. Mizutani, K.E. Malterud, S.L. Lu, B. Ducrey, S. Tahara,

Phytochemistry 52 (1999) 1133–1139.
13] H.X. Sun, Z.G. Yang, Y.P. Ye, Int. Immunopharmacol. 6 (2006) 14–25.
14] R.X. Liu, M. Ye, H.Z. Guo, K.S. Bi, D.A. Guo, Rapid Commun. Mass

Spectrom. 19 (2005) 1557–1565.
15] S.C. Chan, Y.S. Chang, S.C. Kuo, Phytochemistry 46 (1997) 947–949.
16] H.J. Zhang, Y.J. Wu, Y.Y. Cheng, J. Pharm. Biomed. Anal. 31 (2003)

175–183.
17] B. Klejdus, D. Sterbova, P. Stratil, V. Kuban, Chem. Listy 97 (2003)

530–539.
18] M. Ma, F. Feng, Y.L. Sheng, S.J. Cui, H. Liu, J. Chromatogr. B: Anal.

Technol. Biomed. Life Sci. 846 (2007) 105–111.
19] S.J. Xu, L. Yang, X. Zeng, M. Zhang, Z.T. Wang, Rapid Commun. Mass

Spectrom. 20 (2006) 3275–3288.
20] Y. Liu, J.S. Yang, Z.W. Cai, J. Pharm. Biomed. Anal. 41 (2006) 1642–1647.
22] R. Li, T.J. Fu, Y.Q. Ji, L.S. Ding, S.L. Peng, Chin. J. Anal. Chem. 33 (2005)
1676–1680.

23] A.H. Liu, Y.H. Lin, M. Yang, H. Guo, S.H. Guan, J.H. Sun, D.A. Guo, J.
Chromatogr. B: Anal. Technol. Biomed. Life Sci. 846 (2007) 32–41.


	Identification of major constituents in the traditional Chinese medicine "QI-SHEN-YI-QI" dropping pill by high-performance liquid chromatography coupled with diode array detection-electrospray ionization tandem mass spectrometry
	Introduction
	Experimental
	Solvents and chemicals
	Sample preparation
	HPLC-DAD-MS system
	Data processing

	Results and discussion
	HPLC-DAD analysis of "QI-SHEN-YI-QI" dropping pill
	HPLC-MS analysis of authentic compounds
	HPLC-DAD-MSn analysis of "QI-SHEN-YI-QI" dropping pill

	Conclusions
	Acknowledgement
	References


