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a b s t r a c t

An HPLC-DAD–MS method was developed for simultaneous determination of the five major active con-
stituents in Erigeron multiradiatus (Wall.) Benth, namely 6′-O-cafferylerigeroside (1), scutellarin (2),
apigenin-7-O-�-d-glucuronide (3), apigenin (4) and kaempferol (5), respectively. They were identified
by ESI-MS and comparisons with literature. A comprehensive validation of the method included tests of
sensitivity, linearity, precision and accuracy. The linear regressions were acquired with r > 0.999. The pre-
cision was evaluated by intra- and inter-day assays, and relative standard deviation (R.S.D.) values were
reported within 2.7%. The recovery studies for the quantified compounds were observed in the range of
95.3–102.4% with R.S.D. values less than 2.3%. The overall procedure may be suitable for the qualitative
and quantitative analyses of a large number of E. multiradiatus samples. Hierarchical clustering analysis
HPLC-DAD–MS
based on the characteristics of the 5 investigated compound peaks in HPLC profiles showed that 18 sam-
ples were divided into 2 main clusters. The clusters corresponded to their content. The five constituents
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. Introduction

Erigeron multiradiatus (Wall.) Benth, a kind of perennial herb
f the family Compositae, is mainly distributed in alpine and sub-
lpine meadow of West and Northwest China, at altitudes ranging
rom 2600 to 4300 m [1]. This plant has been used under “mei-
uoluomi” in folk medicine. In Himalayan region, people have
sed this plant for thousands of years to treat various diseases
uch as hypopepsia, enteronitis, diarrhea, hepatitis, adenolymphi-
is, rheumatism and hemiparalysis [2–4].

According to the existing literatures and our previous researches
n phytochemistry of E. multiradiatus, some flavonoids compounds
ave been identified in E. multiradiatus [5–7] and they possess vari-
us remarkably pharmacological activities such as neuroprotective
ffects [8], and anticoagulant effect [9,10]. Hence, they could be
onsidered as the marker compounds for the chemical evaluation
r standardization of E. multiradiatus. The development of quality

ontrol methods for determination of the major flavonoids in E.
ultiradiatus was an essential issue for the effective clinical use of

his medicinal herb. Until now, there is only one report of analyti-
al method for the determination of scutellarin in E. multiradiatus
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regarded as an index for the quality assessment of this herb.
© 2008 Published by Elsevier B.V.

11]. However, the therapeutic effect of traditional herbal medicine
s due to the synergic effect of its multiple chemical bioactive
ompounds [12–14]. Unfortunately, only one marker constituent
s commonly difficult to stand for the complex herbal medicine
15]. Therefore, the analysis of multiple components is necessary
o control the quality of herbal medicine.

In this study, an HPLC-DAD–MS method was developed for
imultaneous determination of five major constituents, namely
′-O-cafferylerigeroside (1), scutellarin (2), apigenin-7-O-�-d-
lucuronide (3), apigenin (4) and kaempferol (5), respectively. Their
tructures were shown in Fig. 1.

. Experimental

.1. Materials and reagents

Samples of E. multiradiatus were collected from different natural
rowth sites in eastern Qinghai-Tibet Plateau of China. These herbs
ere authenticated by Professor Tianzhi Wang (West China School

f Pharmacy, Sichuan University, Chengdu, PR China). Voucher
pecimens were deposited at Herbarium Center of West China,

chool of Pharmacy, Sichuan University. Specifications of the sam-
les evaluated in the present study are shown in Table 1.

HPLC grade acetonitrile (TEDIA, Fairfield, OH, USA), HPLC grade
ater obtained from a deionized water treatment system (Milli-
ore, Bedford, MA, USA) and analytical grade acetic acid (Huada,

http://www.sciencedirect.com/science/journal/07317085
mailto:zhanghhx@vip.sina.com
dx.doi.org/10.1016/j.jpba.2008.06.010
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Fig. 1. Structures of five marker compounds isolated and identified from E. multiradiatus. 6′-O-Cafferylerigeroside (1), scutellarin (2), apigenin-7-O-�-d-glucuronide (3),
apigenin (4) and kaempferol (5).

Table 1
The specifics and contents of five constituents of Erigeron multiradiatus in natural habit

No. Source and altitude of harvest Contents of five constituents (%)

1 2 3 4 5

01 Sihuochang, Kangding, Sichuan (2750 m) 0.10 ± 0.00 1.30 ± 0.02 0.69 ± 0.01 0.20 ± 0.01 0.18 ± 0.01
02 Haizigou, Kangding, Sichuan (2850 m) 0.04 ± 0.00 0.48 ± 0.00 0.29 ± 0.00 0.07 ± 0.00 0.07 ± 0.00
03 Zheduotang, Kangding, Sichuan (2950 m) 0.05 ± 0.00 0.63 ± 0.01 0.73 ± 0.01 0.10 ± 0.00 0.09 ± 0.00
04 Zhongdian, Yunnan (3400 m) 0.07 ± 0.00 0.72 ± 0.01 0.42 ± 0.00 0.09 ± 0.00 0.11 ± 0.00
05 Yulin, Kangding, Sichuan (2600 m) 0.08 ± 0.00 0.98 ± 0.01 0.69 ± 0.01 0.15 ± 0.00 0.13 ± 0.00
06 Simaqiao, Kangding, Sichuan (2600 m) 0.04 ± 0.00 0.51 ± 0.00 0.30 ± 0.00 0.08 ± 0.00 0.07 ± 0.00
07 Keka, Daofu, Sichuan (3000 m) 0.08 ± 0.00 1.10 ± 0.01 0.76 ± 0.00 0.17 ± 0.00 0.15 ± 0.00
08 Huiyuan temple, daofu, Sichuan (3200 m) 0.01 ± 0.00 0.16 ± 0.00 0.15 ± 0.00 0.02 ± 0.00 0.02 ± 0.00
09 Shangbai, daofu, Sichuan (3200 m) 0.05 ± 0.00 0.62 ± 0.00 0.61 ± 0.00 0.10 ± 0.00 0.08 ± 0.00
10 Shuiqiao, Kangding, Sichuan (3700 m) 0.12 ± 0.01 1.50 ± 0.03 0.44 ± 0.00 0.23 ± 0.01 0.20 ± 0.01
11 Xinduqiao, kangding,Sichuan (3500 m) 0.05 ± 0.00 0.64 ± 0.01 0.17 ± 0.00 0.10 ± 0.00 0.09 ± 0.00
12 Baisang, Kangding, Sichuan (3500 m) 0.03 ± 0.00 0.79 ± 0.00 0.50 ± 0.00 0.12 ± 0.00 0.13 ± 0.00
13 Bamei, Daofu, Sichuan (3500 m) 0.11 ± 0.00 1.27 ± 0.01 0.88 ± 0.01 0.19 ± 0.00 0.17 ± 0.00
14 Yinguanzai, Kangding, Sichuan (3500 m) 0.09 ± 0.00 1.20 ± 0.02 0.68 ± 0.01 0.18 ± 0.00 0.16 ± 0.00
15 Badan, Daofu, Sichuan (3950 m) 0.08 ± 0.00 0.83 ± 0.01 0.36 ± 0.00 0.13 ± 0.00 0.11 ± 0.00
16 Luoguoliangzi, Luhuo, Sichuan (4250 m) 0.05 ± 0.00 0.77 ± 0.00 0.52 ± 0.00 0.12 ± 0.00 0.11 ± 0.00
17 Zheduotang,Kangding, Sichuan (3000 m) 0.07 ± 0.00 1.01 ± 0.02 0.97 ± 0.01 0.15 ± 0.00 0.14 ± 0.00
18 Xinluhai, Dege, Sichuan (4000 m) 0.13 ± 0.01 1.65 ± 0.02 1.16 ± 0.02 0.25 ± 0.01 0.23 ± 0.01
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uangdong, China) were used for preparation of mobile phase. Ana-
ytical grade methanol (Huada, Guangdong, China) was used for
ample preparation. The reference compounds 1–5 were extracted,
solated and purified from fresh E. multiradiatus (No. 12) in our lab-
ratory. The purified compounds were identified by electrospray
onization (ESI)-MS and 1H NMR, 13C NMR spectrometric tech-
iques and comparing with literatures. The purities were found to
e greater than 98% based on the percentage of total peak area by
PLC analysis.

.2. HPLC system and conditions

Experiments were performed on a Shimadzu HPLC N2010
ystem (Shimadzu Corp., Kyoto, Japan) consisting of a vac-
um degasser, autosampler and DAD detector and a LCsolution
orkstation. For chromatographic analysis, a Shim-pack VP-ODS

olumn (5 �m, 150 mm × 4.6 mm i.d.) with a guard column (5 �m,
.5 mm × 4.6 mm i.d.) was used. The mobile phase consisted of
cetonitrile (A) and 0.4% aqueous acetic acid (v/v, B) using a gra-
ient program of 15–20% A in 0–10 min, 20–25.3% A in 10–30 min,
5.3–40% A in 30–50 min and 40–15% A in 50–60 min. The flow
ate was 1.0 ml min−1 and column temperature was maintained at
5 ◦C. The detection wavelength was set at 335 nm for acquiring
hromatograms.

.3. LC–MS system and conditions

An Applied Biosystems/PESCIEX API 365 LC–MS system with
n electrospray ionization source (Applied Biosystems, Foster City,
A, USA) was used for mass spectrometric measurements. The
PLC conditions for LC–MS analysis were the same as those used

or HPLC-DAD analysis. The mass spectrometer conditions were
ptimized using flow injection analysis of the standards. For iden-
ification of the major constituents in E. multiradiatus, all data
cquired were processed by Analyst 1.4.2 software. Ionization was
chieved by using electrospray in the negative-ion mode with the
pray voltage set at 4500 V. Nitrogen was used as nebulizer gas.
esolvation gas (nitrogen) was heated to 500 ◦C and delivered at a
ow rate of 8 l min−1.

.4. Standard solution and sample preparation
For assay of the five analytes in E. multiradiatus herb, the
tandard stock solutions of 6′-O-cafferylerigeroside, scutellarin,
pigenin-7-O-�-d-glucuronide, apigenin and kaempferol were pre-
ared in 5.0 ml 60% methanol for each analyte and then diluted
ith methanol to appropriate concentrations for the establish-
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Fig. 2. Typical HPLC chromatogram of E.
Biomedical Analysis 48 (2008) 980–985

ent of calibration curves. All of the standard solutions were kept
t 4 ◦C.

The dried powders of E. multiradiatus herb samples (0.5 g,
.2 mm) were accurately weighed and extracted by ultrasonic with
5 ml 80% methanol for 40 min. Then the resultant mixture was
djusted to the original weight and the supernatant was filtered
hrough a 0.45-�m membrane prior to HPLC injection. An aliquot
f 10 �l of solution was injected in triplicate for HPLC analysis. All
amples were prepared for analysis in triplicate.

.5. Linearity

An aliquot of 10 �l of solution for each calibration standard
olution was injected in triplicate for HPLC analysis. The calibra-
ion curve was constructed by plotting the peak areas versus the
oncentration for each analyte.

.6. Limits of detection and quantification

The stock solutions mentioned above were diluted to a series
f appropriate concentrations with methanol, and an aliquot of
he diluted solutions were injected for HPLC analysis. The limits of
etection (LOD) and limits of quantification (LOQ) for each analyte
ere determined under the present chromatographic conditions at
signal-to-noise ratio (S/N) of about 3 and 10, respectively.

.7. Precision

The intra- and inter-day variations were chosen to deduce the
recision of the developed method. For intra-day variability test,
he assays were carried out on six replicate samples (No. 12) that
ere extracted and analyzed during the same day. The inter-day

ariations were determined for 3 consecutive days. The quantity of
ach ingredient presented in this herbal sample was determined
rom corresponding calibration curve. Variations were expressed
y the relative standard deviation (R.S.D.).

.8. Accuracy

Recovery was used to further evaluate the accuracy of the
ethod. The spiking known quantities of the mixed standard solu-

ion were added to known amounts of E. multiradiatus samples.

he resultant samples were extracted and then analyzed with the
PLC procedure described above. The added standard solutions
ere prepared in three different concentration levels (low, medium

nd high) within the concentration range of calibration curve and
hree replicates were performed for the test.

multiradiatus samples at 335 nm.
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Table 2
The tried mobile phases in selection of solution systems

Systems Gradient programs

Methanol (A) and water (B) 5–90% A and 95–10% B in 60 min
15–70% A and 85–30% B in 60 min

Methanol (A) and 0.3% trifluoroacetic acid (B) 15–60% A and 85–40% B in 60 min

Methanol (A) and 0.01% phosphoric acid (B) 15–60% A and 85–40% B in 60 min

Methanol (A) and 0.4% acetic acid (B) 5–90% A and 95–10% B in 60 min
15–70% A and 85–30% B in 60 min
15–60% A and 85–40% B in 60 min
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. Results and discussion

.1. Optimization of extraction procedure

Extraction method, extraction solvent and extraction time were
nvestigated in an effort to optimize the extraction procedure.
irst, heat-refluxing (4 h, 80 ◦C) was compared with ultrasonic
xtraction (30 min, 490 W). The results showed that ultrasonic
xtraction was more effective. Second, different solvents including
0% methanol, 50% methanol, 80% methanol and 100% methanol
ere used with ultrasonic extraction to evaluate the efficiency

f the solvent extraction. Eighty percent methanol was the most
uitable extraction solvent; it contributed to extraction of all the
onstituents in high yields. Finally, the influence of the extraction
ime on the efficiency of extraction was also optimized. Powdered
amples were extracted by ultrasonic extraction with 80% methanol
or 10, 20, 40 and 60 min, respectively. Ultrasonic extraction for
0 min obtained optimal results, and there was no obvious differ-
nce between 40 and 60 min. In summary, ultrasonic extraction of
he samples in 80% methanol for 40 min gave the best extraction
fficiency.

.2. Choice of detection wavelength for HPLC-DAD analysis

By comparing the HPLC chromatograms of E. multiradiatus
cquired at different wavelengths in the range of 210–400 nm and
he corresponding UV absorption maximum for each standard com-
ound, it was found that 335 nm best represents the profile of the
ajor constituents. A representative HPLC chromatogram is shown

n Fig. 2.

.3. Optimization of separation conditions
In order to obtain chromatograms with better resolution of
djacent peaks within shorter time, the chromatographic condi-
ions were optimized. The resolutions of these compounds were
ested and compared with different reversed phase conditions
sing a variety of analytical columns such as Kromasil C18 (5 �m,

3
m

b

Fig. 3. The TIC chromatogram of E. multira
cetonitrile (A) and 0.4% acetic acid (B) 5–60% A and 95–40% B in 60 min
15–65% A and 85–35% B in 60 min
15–60% A and 85–40% B in 60 min
15–60% A and 85–40% B in 90 min

50 mm × 4.6 mm i.d.), Diamonsil TM C18 (5 �m, 250 mm × 4.6 mm
.d.) and Shim-pack VP-ODS (5 �m, 150 mm × 4.6 mm i.d.). Different

obile phase compositions were also optimized (Table 2). Vari-
us mixtures of water and methanol were used as mobile phase,
ut separation was not satisfactory. The resolution was greatly

mproved and shorter duration of analysis was achieved when
ethanol was replaced by acetonitrile. A low concentration acid
as added to improve the resolution and eliminate the tailing of

he target peak. We compared three types of acid: 0.3% trifluo-
oacetic acid, 0.4% acetic acid and 0.01% phosphoric acid. As a result,
Shim-pack VP-ODS (5 �m, 150 mm × 4.6 mm i.d.) column with

cetonitrile and 0.4% aqueous acetic acid (v/v) as the mobile phase
as chosen as the preferred chromatographic conditions, and gra-
ient elution was applied. It was also suggested that separation was
etter when column temperature was kept at 35 ◦C rather than 20,
5 and 40 ◦C.
.4. HPLC–MS identification of major constituents in E.
ultiradiatus

In this study, the mass spectral conditions were optimized in
oth positive- and negative-ion modes, and the negative-ion mode

diatus sample in negative-ion mode.
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Table 3
The detected mass spectral and spectrometric data

Peak no. Identified Major ions m/z for [M−H]− �max (nm) tR (min)

1 6′-O-Cafferylerigeroside 435 213, 252 10.39
2 Scutellarin 461 280, 335 17.02
3 Apigenin-7-O-�-d-glucuronide 445 269, 354 22.01
4 Apigenin 269 267, 330 35.12
5 Kaempferol 285 255, 368 43.38

Table 4
Linear relation between peak area and concentration (n = 6)

Compound Regression equation r Linear range (�g/ml) LOD (ng) LOQ (ng)

1 y = 763286x + 1424 0.9994 5.32–104.84 2.2 8.7
2 y = 9E + 07x − 198043 0.9998 24.72–492.56 1.7 5.9
3 y = 2E + 08x − 257462 0.9995 26.53–532.48 1.8 6.2
4 y = 1E + 08x + 62991 0.9991 12.64–253.74 2.3 2.5
5 y = 2E + 08x − 13572 0.9993 5.61–112.82 1.5 6.4

Table 5
Intra- and inter-day precision of the five major constituents in Erigeron multiradiatus

Compound Intra-day (n = 6) Inter-day (n = 3)

Day 1 Day 2 Day 3 Calculated content (%)a R.S.D. (%)

Calculated content (%)a R.S.D. (%) Calculated content (%)a R.S.D. (%) Calculated content (%)a R.S.D. (%)

1 0.06 ± 0.00 1.2 0.06 ± 0.00 0.8 0.06 ± 0.00 1.4 0.06 ± 0.00 0.6
2 0.79 ± 0.02 2.4 0.77 ± 0.01 2.7 0.78 ± 0.02 2.1 0.79 ± 0.02 2.3
3 0.52 ± 0.01 1.8 0.51 ± 0.01 1.5 0.50 ± 0.01 1.9 0.51 ± 0.01 2.0
4 .4
5 .9
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constituents from different places. For example, scutellarin was the
most dominant constituent in all samples. Its contents varied from
0.48 to 1.65%. The same variation could also be found in other con-
stituents. These results suggested that each procedure involved

Table 6
Recoveries of the five major constituents in Erigeron multiradiatus (n = 3)

Compound Added (mg/ml) Detected (mg/ml)a Recovery (%)b R.S.D. (%)

1 0.004 0.0038 ± 0.0001 95.8 2.3
0.008 0.0770 ± 0.0006 96.2 0.8
0.016 0.0156 ± 0.0001 97.5 0.8

2 0.042 0.0400 ± 0.0005 95.3 1.2
0.084 0.0829 ± 0.0007 98.7 0.8
0.168 0.1705 ± 0.0020 101.5 1.2

3 0.025 0.0242 ± 0.0002 96.8 0.7
0.050 0.0496 ± 0.0003 99.2 0.6
0.010 0.0100 ± 0.0002 102.4 1.5

4 0.005 0.0048 ± 0.0001 96.5 2.3
0.010 0.0099 ± 0.0002 99.4 1.7
0.020 0.0196 ± 0.0002 98.1 0.8

5 0.004 0.0038 ± 0.0001 95.7 1.5
0.008 0.0078 ± 0.0001 97.2 1.3
0.12 ± 0.00 0.7 0.12 ± 0.00 2
0.11 ± 0.00 1.9 0.11 ± 0.00 0

a Data were gram constituents per 100 g drug herb.

as found to be more sensitive (Fig. 3). The constituents exhibited
uasi-molecular ions [M−H]− in this mode.

Based on comparisons with standard compounds, five peaks
ere unambiguously identified as 6′-O-cafferylerigeroside (1),

cutellarin (2), apigenin-7-O-�-d-glucuronide (3), apigenin (4) and
aempferol (5), by comparing their m/z values and UV spectra with
he data reported in the literature [5,6]. The results are listed in
able 3.

.5. Method validation

Suitability of the developed method for its intended use can be
oncluded from several analytical parameters. All the compounds
howed good linearity (r > 0.999) within a particular concentration
ange. Typical equations for the calibration were shown in Table 4.
he data of LOD (based on a 10-�l injection) and LOQ for each
nvestigated compounds were found to be below 2.3 and 8.7 ng,
ndicating that method is sensitive for the quantitative evaluation
f major constituents in E. multiradiatus. Table 5 indicated that the
ntra- and inter-day R.S.D. values of the five compounds were all less
han 2.7%, showing good precision of the developed method. Accu-
acy was determined in recovery experiments. As seen in Table 6, all
esults were within the usually required recovery range of 100 ± 5%,
ith maximum deviation reached for compound 2 (recovery at low

pike: 95.3%) and compound 3 (recovery at high spike: 102.4%),
espectively. Relative standard deviations below 2.3% indicated the
ethod accuracy. Considering the results, the method was consid-

red to have good precision and accuracy.
.6. Application

The developed analytical method was also utilized to simul-
aneously analyze the 5 constituents in 18 natural samples of E.
ultiradiatus. The contents were calculated with external standard

h

m

0.11 ± 0.00 0.3 0.12 ± 0.00 1.1
0.11 ± 0.00 0.7 0.10 ± 0.00 0.8

ethod and the data were summarized in Table 1 with the mean
alues of three parallel determination. Peaks in the obtained chro-
atograms were identified by comparing the retention times and
V spectra with those of the standards. Retention time parameters

or 1–5 were 10.39, 17.02, 22.01, 35.12 and 43.38 min, respectively.
here were remarkable differences among the content of the five
0.016 0.0156 ± 0.0001 97.8 0.9

a Calculated by subtracting the total amount after spiking from the amount in the
erb before spiking. Data were expressed as means of three experiments.
b Calculated as detected amount/added amount × 100%. Data were expressed as
eans of three experiments.
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[
[
[
[13] P.S. Xie, S.B. Chen, Y.Z. Liang, X.H. Wang, R.T. Tian, R. Upton, J. Chromatogr. A
ig. 4. Dendrograms of hierarchical cluster analysis for the 18 tested samples of E.
ultiradiatus. The hierarchical clustering was done by SPSS 11.5 software. Dendro-

ram resulting from the five investigated compounds peaks’ area derived from HPLC
rofiles of the tested samples. The 18 samples are the same as in Table 1.

hould be standardized to assure the quality, clinic efficacy and
afety of E. multiradiatus.

.7. Quality assessment by HCA

In order to evaluate the variation of E. multiradiatus, hierarchi-
al cluster analysis (HCA) was performed based on five investigated
onstituents from HPLC profiles. Fig. 4 shows the result of the 18
ested samples of E. multiradiatus; they were divided into two main
lusters (I and II) according to their contents (low to high). The
hemical variation was obvious among the different locations of E.
ultiradiatus. In fact, the differences in the level of active ingre-
ients among different samples may attribute to the following
actors: genetic variation, plant origin, altitude, drying process and
torage conditions. However, definite differentiation of these sam-
les may require development of HPLC fingerprint of a large sample
ize analysis.

[

[

Biomedical Analysis 48 (2008) 980–985 985

. Conclusion

The present paper described a method for the simultaneous
dentification and quantification of 5 major components in 18 sam-
les of E. multiradiatus. The samples were divided into two clusters
ased on their contents. The developed method exhibited good
recision and accuracy. The five major bioactive constituents in
. multiradiatus are generally regarded as a quality index for this
erb. The developed method was simple, sensitive and repro-
ucible, and could be used for the comprehensive evaluation of
. multiradiatus.

cknowledgements

The authors thank the Bureau of Science and Technology of
ichuan province for the support for the applied fundamental study
No. 2006Z08-081). Thanks are also due to the Ministry of National
ducation Doctoral Fund (No. 20020610089) for providing financial
ssistance.

eferences

[1] R. Ling, Y.L. Chen, Acta Phytotaxon. Sin. 11 (1973) 399–430.
[2] D. Dimaer, Jingzhu Herbal, Science and Technology Press, Shanghai, 1986, p.

115.
[3] X.R. Luo, Practical Color Atlas Herbs, vol. 6, Fourth Military Medical University

Press, Xi’an, 2001, p. 199.
[4] Z.F. Zhang, H. Zhang, Y.H. Hu, X.F. Liu, Chin. J. Ethnomed. Ethnopharm. 61 (2003)

111–112.
[5] B. Li, Y.M. Zhao, H.D. Sun, Chin. Trad. Herbal Drugs 30 (1999) 561–563.
[6] Y.J. Zhang, L.Q. Li, P.Q. Yang, H. Zhang, Chin. Trad. Herbal Drugs 29 (1998)

798–799.
[7] Y.J. Zhang, L.Q. Li, P.Q. Yang, H. Zhang, Acta Pharm. Sin. 33 (1998) 836–

838.
[8] H. Hong, G.Q. Liu, Life Sci. 74 (2004) 2959–2973.
[9] S.G. Shi, S.Q. Shao, K.N. Chen, Acta Acad. Med. Milit. Tert. 20 (1998) 320–

322.
10] J. Shuai, W.W. Dong, Chin. Pharmacol. Bull. 14 (1998) 75–77.
11] H. Zhang, Z.F. Zhang, Chin. Trad. Patent Med. 26 (2004) 60–62.
12] T.A. van Beek, J. Chromatogr. A 967 (2002) 21–55.
1112 (2006) 171–180.
14] B. Shao, H.Z. Guo, Y.J. Cui, A.H. Liu, H.L. Yu, H. Guo, M. Xu, D.A. Guo, J. Pharm.

Biomed. Anal. 44 (2007) 737–742.
15] T. YI, K.S. Leung, G.H. Lu, K. Chan, H. Zhang, Chem. Pharm. Bull. 54 (2006)

255–259.


	Simultaneous determination of five main active constituents of Erigeron multiradiatus by HPLC-DAD-MS
	Introduction
	Experimental
	Materials and reagents
	HPLC system and conditions
	LC-MS system and conditions
	Standard solution and sample preparation
	Linearity
	Limits of detection and quantification
	Precision
	Accuracy

	Results and discussion
	Optimization of extraction procedure
	Choice of detection wavelength for HPLC-DAD analysis
	Optimization of separation conditions
	HPLC-MS identification of major constituents in E. multiradiatus
	Method validation
	Application
	Quality assessment by HCA

	Conclusion
	Acknowledgements
	References


