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Avalidated HPLC-DAD-ESI-MS method has been developed to simultaneously quantify 12 bioactive com-
pounds in the seeds of Notopterygium incisum Ting ex H.T. Chang and Notopterygium franchetii H. de Boiss
whose rhizomes and roots are widely used as traditional Chinese medicine. This method was validated to
be sensitive, precise and accurate and was applied to evaluate the difference in the chemical profiles and
contents of these analytes in 37 batches of N. incisum and 31 batches of N. franchetii samples collected
from different locations. Principal component analysis showed that the two species were separated into
two groups obviously. This study established a validated method for identification of the authenticity of
the seeds of N. incisum and N. franchetii and supplied effective guidance for artificial cultivation.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Notopterygium incisum Ting ex H.T. Chang and Notopterygium
franchetii H. de Boiss (family Umbelliferae) are two medicinal herbs
of Qianghuo, distributing in high altitude region (2500-4000 m) in
Tibet, Sichuan, Qinghai and Gansu of China. Their rhizomes and
roots are widely used as antirheumatic and analgesic medicine for
the treatment of rheumatism, headache, subcalorism, etc. [1,2].
The chemical constituents from the rhizomes and roots of the
two plants were coumarins, phenoloids and essential oils [3-9].
Pharmacological studies have shown that coumarins such as isoim-
peratorin, notopterol and bergapten possess anti-inflammatory,
analgesic and anti-cancer activities [10-14].

There were some reports about the qualitative and quantitative
analysis of coumarins from Qianghuo by chromatographic finger-
printing techniques such as thin layer chromatography (TLC) [15]
and high performance liquid chromatography (HPLC) [16,17]. HPLC
coupled with mass spectrometry (HPLC-MS) has been used for the
quality control of Qianghuo in recent years [18-22].

Because of the predatory excavation and environment destruc-
tion, wild resources of N. incisum and N. franchetii were almost
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exhausted. In order to protect wildlife resources and solve the
supply and demand contradiction, artificial cultivation was con-
ducted. However, the seeds of N. incisum and N. franchetii are always
blent due to the similarities in their physical traits in the medicinal
material market. However, no effective method was established
to distinguish the seeds of the two species, and it is of difficulty
for artificial cultivation. The rhizomes and roots of N. incisum are
more commonly used herbal medicine than those of N. franchetii,
so the price of N. incisum semina is much higher than that of
N. franchetii in the market. In order to identify the authenticity
of two species semina and supply effective guidance for artificial
cultivation, a validated HPLC-DAD-ESI-MS method has been devel-
oped to simultaneously quantify 12 main compounds for the first
time. Dataset obtained from HPLC-MS were processed by princi-
pal component analysis (PCA) to compare the difference of the two
species.

2. Experimental
2.1. Chemicals and materials

HPLC grade methanol (Fisher, USA), acetic acid (China) and
deionized water obtained from a Milli-Q water system (Milli-
pore Corp., Bedford, MA, USA) were used for sample preparation
procedures and HPLC analysis. Twelve standard compounds


dx.doi.org/10.1016/j.jpba.2011.07.034
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:zhouyan@cib.ac.cn
mailto:lsding@cib.ac.cn
dx.doi.org/10.1016/j.jpba.2011.07.034

1090 K. Xu et al. / Journal of Pharmaceutical and Biomedical Analysis 56 (2011) 1089-1093

OH

o] GlcO OCH, Vi

10 1" 12

Fig. 1. The chemical structures of compounds 1-12.

namely kynurenic acid (1), alaschanioside C (2), umbellifer-
one (3), bergaptol-O-f3-p-glucopyranoside (4), nodakenin (5),
oxypeucedanin (6), bergapten (7), diosmetin (8), oxypeucedanin
hydrate (9), O-prenyl-umbelliferone (10), phellopterin (11) and
isoimperatorin (12) were isolated in our laboratory from the seeds
of N. incisum and N. franchetii and their structures (Fig. 1) were
elucidated by comparison of UV, MS, TH NMR and 3C NMR spec-
tral data with the literature values [4,5,23-29]. The purity of each
compound was determined to be higher than 98% by HPLC-UV
analysis.

A total of 68 batches of N. incisum and N. franchetii semina sam-
ples (Nos. 1-68) were collected from different sources in China.
All samples were authenticated as the seeds of N. incisum and
N. franchetii by Dr. Shunyuan Jiang (Sichuan Academy of Chi-
nese Medicine Sciences) and the corresponding voucher specimens
(SACMS No. in Supplementary Table) were deposited in the Sichuan
Academy of Chinese Medicine Sciences.

2.2. Preparation of sample solutions

An accurately weighed sample of 0.5g grinded powder and
20 mL 70% methanol were added to a conical flask and extracted
by ultrasonication for 30 min, and then filtered off and repeat
this extraction process twice. All extracts were combined and
evaporated under vacuum, and then diluted to volume with 70%
methanol in a 25 mL volumetric flask. A volume of 2 mL of the solu-
tion was filtered through 0.45 wm membranes, and a 20 L aliquot
was injected into the HPLC for analysis.

2.3. Instrumentation and chromatographic condition

A TSP HPLC system consisting of a vacuum degasser, quater-
nary pump, autosampler and DAD detector (Thermo Separation
Products Inc., USA) was used for acquiring chromatograms and UV
spectra. For chromatographic analysis, TIANHE kromasil C18 col-
umn (5 pm, 250 mm x 4.6 mm) with a suitable guard column (C18,
5 um, 4.0 mm x 3.0 mm) was used. The mobile phase consisted of
methanol (A) and 0.1% acetic acid solution (B) using a gradient of
35-40% A for 0-10 min, 40-55% A for 10-20 min, 55-75% A for
20-45 min, 75% A for 45-50 min and 75-87.5% A for 50-55 min. The
flow rate was 0.7 mL/min, and the column temperature was main-
tained at 35 °C The injection volume was 20 pL. DAD detector was
set to scan from 190 to 400 nm. UV detector was set at 240 nm for
quantitative analysis of compounds 2,4, 6,7,9,11, 12 and 330 nm
for compounds 1, 3, 5, 8, 10.

A ThermoQuest Finnigan LCQPECA system equipped with an
electrospray ionization (ESI) source (ThermoQuest LC/MS Division,
San Jose, CA, USA) was used for mass spectrometric measurements.
The ESI-MS spectra were acquired in both positive and negative
ion modes. The mass spectrometry parameters were as follows:
nebulizer sheath gas and auxiliary gas, N (80 unit) and (20 unit);
capillary temperature, 300 °C; spray voltage, 4.5 and 5.0kV in neg-
ative and positive ion mode, respectively; capillary voltage, —13V

n (=) ESI, 25V in (+) ESI All data were processed by Finnigan
Xcalibur™ core data system Rev. 1.2 (ThermoQuest Corporation,
San Jose, CA, USA).

2.4. Validation procedure

2.4.1. Calibration curves, limits of detection and quantification

Stock solutions containing 12 reference compounds were pre-
pared and diluted to appropriate concentrations for construction
of calibration curves. All calibration graphs were plotted based on
linear regression analysis of the integrated peak areas (y) versus
concentrations (x, ug/ml) of the 12 standards at eight different con-
centrations. The dilute solution was further diluted to a series of
concentrations with methanol for the gain of the limits of detec-
tion (LOD) and limits of quantitation (LOQ). The LODs and LOQs
under the present chromatographic conditions were determined
by diluting the standard solution when the signal-to-noise ratios
(S/N) of analytes were almost 3 and 10, respectively. The results
were shown in Table 1.

2.4.2. Precision, accuracy and repeatability

Intra- and inter-day variations were chosen to determine the
precision of the developed method. For intra-day variability test,
the mixed standard solutions were analyzed for six replicates
within 1 day, while for inter-day variability test; the solutions were
examined in duplicates for three consecutive days. Variations were
expressed by relative standard deviation (RSD).

The recovery was used to evaluate the accuracy of the method.
Recovery was carried out by spiking accurate amounts of 12 stan-
dards into the sample Nf 239A for five parallel measurements. The
mixture was extracted and analyzed using the method mentioned
above.

The sample stability test was evaluated by testing the sample
Nf 239A at room temperature at Oh, 2h, 4h, 8h, 12h and 24h
within 1day. The RSD% was taken as a measure of repeatability
and stability. All the results were shown in Table 2.

2.5. Chemometric data analysis
The HPLC-MS data of 68 seed samples of N. incisum and N.

franchetii were analyzed by the statistical software SIMCA-P 12.0.1
(Umetrics) to reveal the potential difference between the seed of
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Table 1
Regression equation, correlation coefficients, linearity ranges and limit of detection (LOD) and quantitation (LOQ) for the 12 markers of Qianghuo semina.
No. Compounds Regression equation Range of linearity (pg/ml) R? LOD (p.g/ml) LOQ (pg/ml)
1 Kynurenic acid y=62,058x+109,859 1-150 0.9986 0.20 0.70
2 Alaschanioside C y=30,183x — 36,304 5-100 0.9988 1.50 5.00
3 Umbelliferone y=80,633x+298,674 1-100 0.9983 0.20 0.70
4 Bergaptol-O-3-D-glucopyranoside y=60,482x+49,622 5-100 0.9989 1.50 5.00
5 Nodakenin y=82,241x+29,162 0.5-50 0.9986 0.10 0.30
6 Oxypeucedanin y=83,480x+ 103,908 1-75 0.9985 0.30 1.00
7 Bergapten y=106,393x+322,677 5-100 0.9980 1.00 3.50
8 Diosmetin y=74,074x+50,136 1-100 0.9982 0.30 1.00
9 Oxypeucedanin hydrate y=76,005x+130,639 1-100 0.9986 0.30 1.00
10 O-Prenyl-umbelliferone y=8910.2x+5 x 106 10-850 0.9993 0.15 0.50
11 Phellopterin y=60,368x+140,711 5-100 0.9987 0.25 0.75
12 Isoimperatorin y=94,410x +209,456 1-100 0.9992 0.25 1.00
Table 2

Precision, repeatability, stability, recovery for the 12 markers of Qianghuo semina.

No. Precision RSD (%) Repeatability (n=6) Stability (n=6) Mean recovery (%) (n=5)
Intra-day (n=6) Inter-day (n=6)
1 2.85 2.54 2.16 2.43 94.97
2 2.42 1.95 2.11 2.98 101.73
3 2.68 2.87 2.64 2.56 96.31
4 1.78 2.84 217 2.77 94.16
5 1.82 2.22 1.64 1.75 96.74
6 2.30 2.44 2.29 2.67 94.70
7 2.15 2.40 1.89 2.76 103.78
8 2.20 2.48 2.02 1.77 95.48
9 1.83 2.65 2.22 1.61 93.27
10 2.07 2.36 241 1.54 103.09
11 2.61 2.11 1.71 2.11 93.14
12 1.01 1.58 1.15 2.46 93.73

N. incisum and N. franchetii. Firstly, the HPLC-MS dataset was input
into Excel and the 12 standard compounds were set as variables.
Secondly, the Excel was imported to SIMCA-P 12.0.1. Finally, the
data was analyzed by invoking the order “t[1]/t[2] Scatter Plot” in
the “Favorite”.

3. Results and discussion
3.1. Optimization of chromatographic conditions

DAD detector was set to scan from 190 to 400 nm. According to
the maximum absorption of the standards, UV detector was set at
240 nm for quantitative analysis of compounds 2, 4, 6,7, 9, 11, 12
and 330 nm for compounds 1, 3, 5, 8, 10. Comparing with acetoni-
trile, methanol showed better separation. An acidified mobile phase
could minimize peak tailing and improve resolution, and facilitat-
ing ionization. Therefore, methanol (A) and 0.1% acetic acid solution
(B) were chosen as mobile phases with a flow of 0.7 mL/min in the
above gradient.

3.2. Validation of the method

As shown in Table 1, acceptable results of the regression analy-
sis, the correlation coefficients (%), LODs and LOQs were obtained
for all analytes: all calibration curves showed good linear regres-
sion (12 >0.9980) within the test ranges; the LODs and LOQs of
the 12 standard components were in the range of 0.15-1.50 pg/mL
and 0.30-5.00 pg/mL, respectively. The intra- and inter-day varia-
tions were less than 3% and the percentage recoveries were in the
range of 93.14-103.78% with RSD less than 4% (Table 2). The results
of the repeatability and stability tests shown in Table 2 demon-
strated that the developed assay was reproducible and stable
(RSD <3%).

3.3. Identification of constituents from N. incisum and N.
franchetii

HPLC-DAD-MS method was employed to analyze the main com-
ponents of the seeds samples of N. incisum and N. franchetii. Under

Table 3
The retention time (tg ), UV and MS characteristics of the main detected peaks detected in N. incisum semina and N. franchetii semina samples.
No. tr (min) Amax (Nm) Positive ions (m/z) Negative ions (m/z) Identification Mixed standards Ni 152 Nf 239A
solution
1 7.60 241,332 190 [M+H]* Kynurenic acid + + +
2 12.08 229,273 541 [M+Na]* Alaschanioside C + +
3 13.47 229,320 163 [M+H]* Umbelliferone + +
4 14.25 247,308 387 [M+Na]* 363 [M-H]~ Bergaptol-O-f3-pD-glucopyranoside + + +
5 18.28 229,330 431 [M+Na]* 407 [M-H]~ Nodakenin + + +
6 26.58 248, 308 287 [M+H]* Oxypeucedanin + +
7 30.82 246, 306 217 [M+H]* Bergapten + + +
8 34.48 251, 341 301 [M+H]* 299 [M-H]~ Diosmetin + + +
9 42.55 248, 308 305 [M+H]* 303 [M-H]~ Oxypeucedanin hydrate + + +
10 4438 231,315 231 [M+Na]* O-Prenyl-umbelliferone + + +
11 45.55 241, 265 323 [M+NaJ* Phellopterin + +
12 50.12 248, 308 271 [M+H]* 269 [M-H]~ Isoimperatorin + + +
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Fig. 2. The HPLC chromatograms of 12 standards and four representative samples of Qianghuo semina. (A) Standards, (B) Ni 101, (C) Ni 152, (D) Nf 239-A and (E) Nf 228-A.

the optimized MS conditions, both positive and negative modes
were used to identify the peaks. By comparing the retention time,
UV and MS spectra data of the peaks with that of the standard
compounds and literatures [3-9], eight compounds were unam-
biguously identified in N. incisum samples and thirteen compounds
were unambiguously or tentatively identified in N. franchetii sam-
ples. The on-line detected chromatographic and spectrometric data
of the determinated compounds were given in Table 3. The rep-
resentative HPLC chromatograms of standard solution and the
extracts of the seeds samples of N. incisum and N. franchetii are
presented in Fig. 2.

3.4. Sample analysis

In order to reveal the chemical constituents diversity of
N. incisum and N. franchetii semina, the developed HPLC-
DAD-ESI-MS method was successfully applied to simultaneous
quantification of 12 standards in 37 batches of N. incisum
semina and 31 batches of N. franchetii semina samples from
different collections in China. The 12 compounds included
nine coumarins (3-7, 9-12); two flavonoids (2, 8) and one
alkaloid (1) were quantified by external standard methods
and the analytical results were summarized (as shown in
Supplementary Table). The contents of alaschanioside C (2),
bergaptol-O-3-p-glucopyranoside (4), nodakenin (5), diosmetin
(8) and isoimperatorin (12) are generally high in the seeds
of N. incisum and N. franchetii. Nevertheless, the seeds of N.
franchetii contained more compounds than those of N. incisum.
Umbelliferone (3), oxypeucedanin (6), bergapten (7), O-prenyl-
umbelliferone (10) and phellopterin (11) were detected in

the seeds of N. franchetii; in contrast these compounds were
detected at trace level in the seeds of N. incisum. More-
over, the contents of kynurenic acid (1) and oxypeucedanin
hydrate (9) were higher in seeds of N. incisum than those of
N. franchetii.

M1 (PCA-X)
t[Comp. 1}4[Comp. 2]

12

(1]

RZK[1] = 0.323582 RZX[2] = 0.147171 Ellipse: Hotalling TZ {0.95)
Fig. 3. Two-component PCA scatter plot of 68 Qianghuo semina samples. “A” repre-
sents N. incisum semina samples (1-37); “4” represents N. franchetii semina samples
(38-68).
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3.5. Principal component analysis (PCA)

To identify the differences between the seeds of N. incisum
and N. franchetii, unsupervised principal component analysis (PCA)
was performed. As can be seen from the scores plot (Fig. 3), the
determined samples could be divided into two major clusters, one
for samples of N. incisum semina (samples 1-37) and the second
for samples of N. franchetii semina (samples 38-68), respectively.
According to the results of PCA, it was revealed that the species was
the dominant factor among the many factors which cause the obvi-
ous differentiation. The contribution of source was smaller than the
species. Furthermore, little variation were observed within the dif-
ferent size of samples (Nf 228, Nf 239 and Ni 157) and the samples
collected from different harvest years in the same region (Rangtang
base, Ni 156-1, Ni 156-1II, Ni 156-III, Ni 156-V and Ni 156-VI).

4. Conclusions

In order to identify the authenticity of two Notopterygium
species semina and supply effective guidance for artificial culti-
vation, a validated HPLC-DAD-ESI-MS method has been developed
to simultaneously quantify 12 main compounds in the seeds of N.
incisum and N. franchetii for the first time. The newly developed
method was validated to be sensitive, precise and accurate. The
seeds of N. franchetii were found to contain more compounds than
those of N. incisum. PCA statistical analysis was used to for the differ-
ential analysis within the two Notopterygium species. Overall, the
N. incisum semina were clearly separated from N. franchetii sem-
ina, and the difference between these samples is a result of them
coming from different Notopterygium species.
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