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Abstract

A high-performance liquid chromatographic (HPLC) fingerprint of Chinese Angelica (CA) was developed basing on the consistent chro-
matograms of 40 CA sampleAifgelica sinensifOliv.) Diels). The unique properties of this HPLC fingerprints were validated by analyzing
13 related herbs including 4 Japanese Angelicae Root samples. @éytilobaKitagawa andA. acutilobaKitagawa varsugiyameHikino), 6
Szechwan Lovage Rhizome samples (Bigusticum chuanxiongiort.) and 3 Cnidium Rhizome samples (GRyidium officinaleMakino).
Both correlation coefficients of similarity in chromatograms and relative peak areas of characteristic compounds were calculated for quantita-
tive expression of the HPLC fingerprints. The amount of senkyunolide A in CA was less than 30-fold of that in SL and CR samples, which was
used as a chemical marker to distinguish them. JA was easily distinguished from CA, SL and CR based on either chromatographic patterns or
the amount of coniferyl ferulate. No obvious difference between SL and CR chromatograms except the relative amount of some compounds,
suggesting that SL and CR might have very close relationship in terms of chemotaxonomy. Ferulic Zlijastlide were unequivocally
determined whilst senkyunolide I, senkyunolide H, coniferyl ferulate, senkyunolide A, butylphtHalidgistilide, E-butylidenephthalide,
Z-butylidenephthalide and levistolide A were tentatively identified in chromatograms based on their atmospheric pressure chemical ionization
(APCI) MS data and the comparison of their UV spectra with those published in literatures.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Angelicapp.;Ligusticum chuanxiongCnidium officinale Umbelliferae herbs; Fingerprint

1. Introduction tions of TCM materials. Ferulic acid and ligustilide were
usually chosen as marker compounds to assess the quality
Chinese AngelicaRadix Angelicae Sinensi€A) is the of CA and their products in literatur¢4—9]. Pharmacologi-
root of Angelica sinensi§Oliv.) Diels, which has been used cal and clinical studies indicated that they were both bioac-
as one of the traditional Chinese medicines (TCM) for more tive compounds with reported activities to inhibit platelet
than 2000 years. It has been mostly used as one of the herbahggregation, relax uterus, tracheal muscle, smooth muscle,
ingredients in prescriptions of TCM to treat gynecological prevent gynecological disease, treat menstrual disorders, ur-
diseases. As an estimate, more than 80 composite formulagent premature birth, hypertension, dtt0-15] However,
of TCM contain CA in China. Moreover, CA also has been ferulic acid and ligustilide are also found in other plants
used as a health supplement, ingredient included in cosmeticsuch as the roots &. acutilobaKitagawa andA. acutiloba
etc.[1-3]. Kitagawa var.sugiyamaeHikino, the rhizomes ofLigus-
Apart from macroscopic and microscopic authentication, ticum chuanxionddort, Cnidium officinaleMakino, etc. All
chemical identification of TCM materials is an importantand these are the crude sources of official medicinal materials
useful means as itdirectly associates with the medicinal func- of Japanese Angelicae Rodir(gelica Radix JA), Szech-
wan Lovage RhizomeRhizoma Chuanxion@L) and Cnid-

* Corresponding author. Tel.: +852 34115303; fax: +852 34115317. ium Rhizome Cnidii Rhizoma CR), respectively16-23}
E-mail addressprofchan@hkbu.edu.hk (K. Chan). Therefore, chemical identification of CA by using ferulic

0021-9673/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.chroma.2004.11.080



384 G.-H. Lu et al. / J. Chromatogr. A 1073 (2005) 383-392

acid and ligustilide as marker compounds seems to be in-in the analysis/quality control of herbs. In this study, 40 CA

sufficient. However, a unique chemical compound for CA samples with 13 related umbelliferae herb samples, i.e. 4 JA

identification is not yet available for qualitatively distinguish- samples, 6 SL samples and 3 CR samples, were analyzed

ing CA from its related umbelliferae herbs. In light of this, (Table J. Eleven common compounds were identified in the

characteristic fingerprint/chromatogram is developed for this HPLC fingerprintsTable 2andFig. 1). Areproducible HPLC

purpose. fingerprinting technique was developed for identification and
Although there were some publications associated with differentiation of the CA samples with other related herbs.

CA fingerprints or multi-component chromatograms using

HPLC, none of these involved multi-samples analysis, com-

parison between herbal species or identification using char-2. Experimental

acteristic chemical componeni4,24—-27] In other litera-

ture reports, volatile compounds were qualitatively or quan- 2.1. Instrumentation

titatively analyzed by GC-flame ionization detection (FID)

or GC-MS in CA samples, however, the stability as well An Agilent/HP 1100 series HPLC-DAD system consist-

as reproducibility of these methods or relevant compoundsing of a vacuum degasser, binary pump, autosampler, ther-

were not mentioned6,28,29] Therefore, there still exists  mostated column compartment and DAD (Agilent, Palo Alto,

a void of satisfactory chemical means for CA identifica- CA, USA)was used for acquiring chromatograms, UV spec-

tion. tra and 3D-plots. An Applied Biosystems/PE-SCIEX API
The present study has been focused on developing achem365 LC-MS-MS system with atmospheric pressure chemi-

ical method to identify CA samples and its related um- cal ionization source (Applied Biosystems, Foster City, CA,

belliferae herbs, including JA, SL and CR. Multi-sample USA) was used for mass spectrometric measurements. Bran-

batches of these species were collected in order to generate aon 5210E-MTH ultrasonic bath (Branso Ultrasonics Cor-

representative picture. HPLC-diode array detection (DAD) poration, CT, USA) was used for sample extraction. For

technique, in particular the analysis of three-dimensional chromatographic analysis, an Alltima;g&column (5um,

plots of retention time-absorbance-wavelength (3D-plots), 250 mmx 4.6 mm) with a suitable guard column{£5 um,

was used to identify characteristic peaks among the var- 7.5 mmx 4.6 mm) was used. The mobile phase consisted of

ious samples and determine the optimal detection wave-1.0% acetic acid in water (A) and acetonitrile (B) using a

length for the characteristic chromatograms of each herb.gradient program of 19% (B) in 0—18 min, 19-100% (B)

The chemical constituents were identified in the fingerprints in 18-60 min and 100% (B) in 60—-75min. The flow rate

based on the on-line HPLC-atmospheric pressure chemicalwas 1.0 mL/min and column temperature was maintained at

ionization (APCI)-MS and UV techniques in order to re- 30°C. DAD detector was set at 280 nm for acquiring chro-

trieve more chemically related information. A combination matograms. UV spectra were acquired from 200 to 400 nm.

of mathematics and computer approaches was also employed’he APCI-MS spectra were acquired in both of the positive

to study the relationship of chromatographic patterns in this and negative ion modes.

study. The software ofComputer Aided Similarity Evaluation
The Computer Aided Similarity Evaluation Systevas Systemwhich was coded in MATLAB 5.3 for windows and

a recently developed computer software based on chemo-+un on a Pentium Il 850 (Intel) personal computer, was

metrics developed by the Research Center of Modernizationemployed to calculated correlation coefficients, to generate

of Traditional Chinese Medicines (Central South University, mean chromatograms and to carry out PCA of three principal

Changsha, China) and mainly applied in the similarity study components.

of chromatographic and spectral pattef88—33] In this

study, this software was employed to synchronize the chro- 2.2. Solvents and chemicals

matographic peaks, to calculate the correlation coefficients

between entire chromatographic profiles and to do quanti-  Analytical grade methanol (Labscan, Bangkok, Thailand)

tative comparison among different samples, as well as toand formic acid (Unichem, Warsaw, Poland) were used

compute and generate the mean chromatogram as a reprefor sample preparation. HPLC grade acetonitrile (Labscan,

sentative standard fingerprint/chromatogram for a group of Bangkok, Thailand), deionized water obtained from a Milli-

chromatograms. Furthermore, principal component analysisQ water system (Millipore, Bedford, MA, USA) and ana-

(PCA) was also utilized to generate a visual 3D-projection lytical grade glacial acetic acid (Unichem, Warsaw, Poland)

plot for qualitative evaluation on the resemblance and differ- were used for preparation of mobile phase.

ence of tested sampl¢34]. Besides, the relative retention

time (RRT) and relative peak area (RPA) of each charac- 2.3. Reference compounds

teristic peak related to the reference peak were calculated

for quantitative expression of the chemical properties in the  Ferulic acid was purchased from the Institute for the Con-

chromatographic pattern of herbs. The generated data pro-+rol of Pharmaceutical and Biological Products of China (Bei-

vided valuable insights about the application of fingerprint jing, China).Z-ligustilide was extracted, isolated and purified
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Table 1
A summary of the tested samples
No. Sample code Source Sampling part Year of collection
1 CA-1 Minxian, Gansu, China Whole root 2001
2 CA-2 Minxian, Gansu, China Whole root 2001
3 CA-3 Minxian, Gansu, China Whole root 2001
4 CA-4 Minxian, Gansu, China Whole root 2002
5 CA-5 Minxian, Gansu, China Whole root 2001
6 CA-6 Minxian, Gansu, China Whole root 2002
7 CA-7 Minxian, Gansu, China Whole root 2002
8 CA-8 Minxian, Gansu, China Whole root 2003
9 CA-9 Minxian, Gansu, China Whole root 2003
10 CA-10 Minxian, Gansu, China Whole root 2003
11 CA-11 Minxian, Gansu, China Whole root 2003
12 CA-12 Minxian, Gansu, China Root head 2001
13 CA-13 Minxian, Gansu, China Root head 2002
14 CA-14 Minxian, Gansu, China Rootlets 2002
15 CA-15 Weiyuan, Gansu, China Whole root 2002
16 CA-16 Weiyuan, Gansu, China Whole root 2001
17 CA-17 Weiyuan, Gansu, China Root head 2001
18 CA-18 Weiyuan, Gansu, China Root head 2001
19 CA-19 Weiyuan, Gansu, China Rootlets 2002
20 CA-20 Weiyuan, Gansu, China Rootlets 2002
21 CA-21 Zhangxian, Gansu, China Whole root 2002
22 CA-22 Zhangxian, Gansu, China Root head 2002
23 CA-23 Dangchang, Gansu, China Whole root 2002
24 CA-24 Dangchang, Gansu, China Whole root 2002
25 CA-25 Dangchang, Gansu, China Rootlets 2002
26 CA-26 Pingwu, Sichuan, China Whole root 2003
27 CA-27 Pingwu, Sichuan, China Whole root 2003
28 CA-28 Pingwu, Sichuan, China Whole root 2003
29 CA-29 Pingwu, Sichuan, China Whole root 2003
30 CA-30 Pingwu, Sichuan, China Whole root 2003
31 CA-31 Jiuzaigou, Sichuan, China Whole root 2003
32 CA-32 Diging, Yunnan, China Whole root 2002
33 CA-33 Heging, Yunnan, China Whole root 2003
34 CA-34 Hong Kong, China Whole root 2003
35 CA-35 Hong Kong, China Whole root 2003
36 CA-36 Hong Kong, China Whole root 2003
37 CA-37 Hong Kong, China Whole root 2003
38 CA-38 Hong Kong, China Root head 2002
39 CA-39 Hong Kong, China Root head 2002
40 CA-40 Hong Kong, China Root head 2002
41 JA-1 Japan Whole root 2004
42 JA-2 Japan Coarse granule of root 2003
43 JA-3 Japan Whole root 2004
44 JA-4 Japan Coarse granule of root 2003
45 SL-1 Pengzhou, Sichuan, China Rhizome 2003
46 SL-2 Dujiangyan, Sichuan, China Rhizome 2004
47 SL-3 Chongzhou, Sichuan, China Rhizome 2004
48 SL-4 Changqi, Sichuan, China Rhizome 2004
49 SL-5 Nanzheng, Shanxi, China Rhizome 2004
50 SL-6 TCM Market of Chengdu, China Rhizome 2003
51 CR-1 Japan Rhizome 2004
52 CR-2 Japan Rhizome 2004
53 CR-3 Maoxian, Sichuan, China Rhizome 2003

CA-1 to CA-40: Chinese AngelicaAfgelica sinensigOliv.) Diels); JA-1 to JA-4: Japanese Angelicae Roat &cutilobaKitagawa for JA-1 and JA-2A.
acutilobaKitagawa var.sugiyamaeHikino for JA-3 and JA-4); SL-1 to SL-6: Szechwan Lovage Rhizomigysticum chuanxiongfort); CR-1 to CR-3:
Cnidium Rhizome Cnidium gfficinaleMakino).
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Table 2
The on-line detected chromatographic and spectrometric data of these identified compounds extracted with methanol-formic acid (95:5) in tyerpifit€ fin
Peak no. tgr(min) [M+H]* (W2 [M—H]~ (mZz) Other positive ionsrtyz) Other negative ions§2)  Amax (NM) Identification
1 14.1 - 193 - 179 298sh, 323 Ferulic acid
2 25.9 225 - 207, 189 - 277 Senkyunolide |
3 27.6 225 - 207 - 278 Senkyunolide H
4 40.3 - 355 163, 131, 103 193 270, 299sh, 318  Coniferyl ferulate
5 43.3 193 - 175, 165, 147, 137 - 280 Senkyunolide A
6 44.1 191 - 173, 145 - 228,274, 281 Butylphthalide
7 45.6 191 - 173, 145, 83 - 290sh, 328  E-Ligustilide
8 46.4 189 - 171, 153, 83 - 239, 261, 312 E-Butylidenephthalide
9 46.9 191 - 173, 145, 83 - 282, 327 Z-Ligustilide
10 47.3 189 - 171, 153, 83 - 236, 260, 312 Z-Butylidenephthalide
11 53.9 381 - 191 - 232,278 Levistolide A

from fresh roots ofA. sinensigOliv.) Diels in our labora- (0.9mm) sieve. The ground powders were stored at about
tory. PurifiedZ-ligustilide was identified by electron impact 4°C before use.

ionization (El) MS,*H-NMR and13C-NMR spectrometric

techniques. The purity was found to be >98% based on the, 5 Sample preparation

percentage of total peak area by HPLC analysis. The detailed
procedures for isolation and spectrometric identification will

. An accurately weighed sample powder of 0.5 g was intro-
be reported in another paper.

duced into 60 mL amber vial and 25 mL of methanol-formic

acid (95:5) was added. The weight of vial was record and

2.4. Plant materials the vial was sealed and sonicated for 100 min. The original

solvent weight was restored. The extract was filtered through

The identity, sampling part and sample source of the 53 & 0-2nm membrane filter. An aliquot of 1L solution was

tested samples are summarized@able 1 These herbal sam-  injected for HPLC analysis.

ples were authenticated by Dr. Zhong-Zhen Zhao (School

of Chinese Medicine, Hong Kong Baptist University, Hong 2.6. Data analysis of chromatogram

Kong, China). Voucher specimens are stored at the Herbar-

ium Center of this institution. The correlation coefficients of entire chromatographic pat-
Representative samples were cut into smaller pieces anderns among samples were calculated, and the simulative

further ground into powder, passed through a 20-mesh mean chromatogram was calculated and generated using the
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Fig. 1. Chemical structures of the identified compounds in the HPLC fingerprints: (1) ferulic acid; (2) senkyunolide I; (3) senkyunolide H; (#)feonifte;
(5) senkyunolide A; (6) butylphthalide; (B-ligustilide; (8) E-butylidenephthalide; (9-ligustilide; (10)Z-butylidenephthalide; (11) levistolide A.
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Computer Aided Similarity Evaluation Systehie similar- extraction using methanol-formic acid (95:5) was chosen in
ities of the entire chromatographic profiles were analyzed this study.
among tested samples. Three principal components obtained Selection of detection wavelength was one of the key fac-
by PCA were used to evaluate the resemblance and differ-tors contributing to a reliable and reproducible HPLC finger-
ences of tested samples. The RRT and RPA of each charprint of CA, JA, SL and CR. The wavelengths of 210, 320,
acteristic peak to reference peak were also calculated in the270 or 284 nm were used for detection in published CAHPLC
chromatograms. fingerprint and multi-components analyg8s4,24—-27] In
the present study, analyzing the 3D-plots of chromatograms
acquired from HPLC-DAD system of the four umbelliferae

3. Results and discussion species revealed that the 3D-plot of CA was obviously dif-
ferent from that of JA but similar to those of SL and CR with
3.1. Selection of chromatographic conditions the exception of compoun®l Therefore, compoun8l was

chosen as characteristic marker to distinguish CA from SL

Both ferulic acid () andZ-ligustilide (9) are commonly and CR. It was also observed that the UV absorption maxi-
found in CA and other related umbelliferae herbs. Com- mum for compoun® was located at 280 nm in which most of
pound9 was often used as marker compound owing to its other compounds in the chromatogram possessed strong UV
bioactivity and present in relatively higher conthtl 3—-16] absorbance at this wavelengffable 2. Hence, character-
Although the content of compountl was comparatively  istic chromatographic patterns were obtained to distinguish
lower in CA, it was demonstrated previously as a bioactive CA from JA, SL and CR by using 280 nm detection.
compound and also chosen as an additional marker for as- Method reproducibility and repeatability were evaluated
sessing the quality of CA and its produdts7-9,12,35] by the analysis of seven injections of sample solution and
Therefore, both compoundsand 9, which belong to dif- six replicates of solid sample, respectively. Precision of re-
ferent chemical classes of compounds, were first chosen agention times and peak areas of compouhds 7 and9 for
characteristic compounds for detection in this study. It is replicated injection were found in the range of 0.01-0.08 and
note worthy that compountl was not chosen as marker in  0.22-2.89% of R.S.D.n(=7), respectively. The R.S.D. of
some reported HPLC fingerprint of CA sample in literatures peak area of compounds5, 7 and9 in sample replicates
[3,25,26] were estimated to be 1.1-2.9%<6). All results indicated

Regarding the choice of solvent for optimal extraction, or- that the conditions for the fingerprint analysis were satisfac-
ganic solvents including hexane, aqueous methanol and ethykory.
acetate—methanol (70:30) were used for developing CA fin-
gerprints in previous studid8,4,24-26] Methanol was the ~ 3.2. HPLC fingerprints of Chinese Angelica
preferred choice of extraction solvent in the present study
as a variety of compounds with different polarity can be co-  Altogether 40 CA samples were analyzed including 28
extracted effectively. These included compoubdsoniferyl whole root samples, 8 root head samples and 4 rootlet sam-
ferulate @), senkyunolide A %), ligustilide and so on. Be- ples (Table 1. These samples were collected from a variety
sides, the interference from sugars in the raw herbs couldof sources and conditions. These included different cultiva-
also be minimized by extraction using methanol. However, tion areas, various cultivating environments, different pro-
it was observed that compoundlsand4 were found to be  cessing methods, different parts of roots or harvesting years,
unstable by extraction using methanol. The peak height of etc. The results indicated that their chromatographic patterns
compound4 was found decreasing whilst that of compound were generally consistent although the absorption intensity
1 was increasing during the storage period of sample solu- of some peaks was differerfi). 2a andTable 3. The cor-
tion. It was proposed that compou#ddvas hydrolyzed into  relation coefficient of each chromatogram to their simula-
compoundl and coniferyl alcohol probably accounted for tive mean chromatogram was 0.98D.017 (mean: S.D.,
the change in HPLC chromatographic pattern. Extraction ef- n=40). The projected dots of the 40 CA chromatograms
ficiency of methanol—formic acid at ratios 0f 99:1, 97:3, 95:5, were localized in a confined cluster in the 3D-projection
93:7 and 90:10 were examined, respectively by ultrasonic ex-plot of PCA (Fig. 3). The observation indicates that these
traction. It was observed that the chromatograms of different chromatograms are associated with similar chemical proper-
extracts with methanol—formic acid by sonication were simi- ties/components of CA.
lar. The stability of compoundsand4 in the sample solution The HPLC chromatograms of CA samples were further
extracted with methanol—-formic acid (95:5) was further eval- quantitatively expressed in terms of RRT and RPA. Peak
uated by determining their peak areas after storage for 0-40h9 (Z-ligustilide) was assigned as the reference peak as it
respectively. By comparing the chromatographic peak areas,was the highest peak in the chromatogram and the ma-
the recovery of compoundsand4 were found having rela-  jor compound of the volatile components in CA. Besides,
tive standard deviation (R.S.D.) of 1.16 and 2.1%% 8), re- peaks 1-5 and 7 were also chosen as characteristic peaks as
spectively. This indicated that both compouidmd4 were they are bioactive compounds, belonged to the same class
relatively stable in methanol-formic acid (95:5). Therefore, and characteristic chemical markers in their chromatograms
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Fig. 2. HPLC chromatograms of (a) 40 Chinese Angelica samples; (b)

4 Japanese Angelicae Root samples; (c) 6 Szechwan Lovage Rhizome

samples; and (d) 3 Cnidium Rhizome sample (analytical column: Allima [2,10,11,17,19,25,26,36The RRT and RPA of each charac-

Cag, Sum, 250 mmx 4.6 mm; guard column: £g, 5um, 7.5 mmx 4.6 mm; teristic peak with respect to the reference peak were calcu-

injected sample volume: 3; mobile phase: 1.0% acetic acid in wa- |ateq (Table 4. The data indicated that the relative amounts

ter (A) and acetonitrile (B) using a gradient program of 19% (B) in N .

0-18 min, 19-100% (B) in 18-60min and 100% (B) in 60-75min: flow Cf (NESE present compounds were similar in CA and different

rate: 1.0 mL/min; temperature: 3C; measured at UV 280 nm). in other related umbelliferae species. Therefore, it may imply
that the simulative mean chromatogram of the 40 tested CA

samples can be applied as a standard HPLC fingerprint of CA

Table 3

Similarity comparison of the chromatographic pattern of these herbal samples

Sample CA JA SL CR

CA 0.981+ 0.017 (n=40) 0.502 0.93% 0.91¢

JA 0.922+ 0.038 (n=4) 0.44% 0.51P

SL 0.947+0.087 (n=6) 0.960

CR 0.961+0.038 (n=3)

CA: Chinese Angelica, the root éfngelica sinensigOliv.) Diels; JA: Japanese Angelicae Root, the rootédoécutilobaKitagawa orA. acutilobaKitagawa
var.sugiyamaéikino; SL: Szechwan Lovage Rhizome, the rhizomeiglusticum chuanxionglort; CR: Cnidium Rhizome, the rhizome Ghidium officinale
Makino.

a The correlation coefficient of each chromatogram to themselves simulative mean chromatograsa Siizan

b The correlation coefficient between simulative mean chromatograms.
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The validation of HPLC fingerprints for chemical identi-
fication of CA was further studied by comparing with related ~ 22°7 ' ' .
umbelliferae herbs. Several batches of JA, SL and CR sam5 g0
ples were analyzed. The differentiation of CA, JA, SL and féi 140f

CR samples were described as follows: o

80

3.3.1. Distinguishing of Chinese Angelica from 60 r

Japanese Angelicae Root Zg i
JAis officially used as medicinal material in Japan and itis 0

the roots ofA. acutilobaKitagawa orA. acutilobaKitagawa 0 10 20 30 40 50 60

var.sugiyamadikino [21]. Two samples of each. acutiloba @ Retention time (min)

(JA-1 and JA-2) and\. acutilobavar. sugiyamagJA-3 and

JA-4) were analyzed. The chromatograms of the four JA sam-

Absorbance

Fig. 4. Simulative mean chromatograms of (a) Chinese Angelica; (b)
Japanese Angelicae Root; (c) Szechwan Lovage Rhizome; and (d) Cnid-

ples were fognq resembling to each ottfeig( 2v). The COr-  jum Rhizome: (1) ferulic acid; (2) senkyunolide I; (3) senkyunolide H; (4)
relation coefficient of each chromatogram to their simulative coniferyl ferulate; (5) senkyunolide A; (6) butylphthalide; @)igustilide;
mean chromatogram was 0.922.035 (mean: S.D.,n=4) (8) E-butylidenphthalide; (9%-ligustilide; (10)Z-butylidenephthalide; (11)

(Table 3. However, the chromatogram of JA showed drastic levistolide A.

differences from of that of CANigs. 2a, b and 4a)bThe cor-

relation coefficient of each the four JA chromatograms to the different Fig. 3). Comparing the chemical components in
CA simulative mean chromatogram was only 0.468.072 the CA and JA chromatograms, compowhdas the highest
(meant-S.D.,n=4), and the correlation coefficient of the peak in the CA chromatogram whilst the peak with reten-
simulative mean chromatogram of CAto that of JAwas 0.502. tion time at about 4.2 min was the highest in the JA chro-
The 3D-projection plot of PCA in three principal compo- matogram. Besides, the RPA of compouhioh CA sample
nents also shows that samples CA and JA are significantlywas 11 times higher than that in the JA samplah{e 4.
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Table 4
The relative retention time (RRT) and relative peak area (RPA) of characteristic peaks in Chinese Angelica, Japanese Angeliae Root, SzeciRh&obhoyage
and Cnidium Rhizome samples

Peak no. Compound Chinese Angelica Japanese Angelicae Root Szechwan Lovage Rhizome Cnidium Rhizome
RRT RPA RRT RPA RRT RPA RRT RPA

1 Ferulic acid 0.3 0.004 0.06:0.03 0.30+0.02 0.114+0.03 0.31£0.02 0.040.06 0.314+0.01 0.15+0.12
2 Senkyunolide | 0.5%0.003 0.10:0.11 0.55-0.001 0.25:0.07 0.56£0.01 0.41+0.48 0.55£0.005 0.14-0.15
3 Senkyunolide H 0.520.002 0.02:0.02 0.59+0.02 0.05+:0.01 0.59+0.01 0.08+0.08 0.59-0.005 0.03:0.03
4 Coniferyl ferulate  0.86-0.001 0.22:0.08 0.86+£0.001 0.02:0.004 0.86:0.01  0.32:0.09 0.86-0.01 0.36:0.15
5 Senkyunolide A 0.920.001 0.0H0.01 0.92:-0.003 0.02-0.003 0.92:-0.001 0.36:0.22 0.92+0.001 0.33:0.01
7 E-Ligustilide 0.97+0.001 0.08:0.04 0.9740.001 0.02:0.004 0.972:0.001 0.02:0.01 0.97£0.001 0.05:0.03
9 Z-Ligustilide 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

The data of RRT and RPA are the ratiotgfand peak area of each characteristic peak to those of peak 9, respectively. The value4isSiizafn =40 for
Chinese Angelican =4 for Japanese Angelicae Ront; 6 for Szechwan Lovage Rhizome amd 3 for Cnidium Rhizome).

Thus, CA and JA could be easily distinguished by either their 3.3.3. Distinguishing between Japanese Angelicae Root,
chromatograms or the amount of compouhith their sam- Szechwan Lovage Rhizome and Cnidium Rhizome
ples. JA sample can be easily distinguished from SL and CR by
either their chromatographic patterns or characteristic com-
3.3.2. Distinguishing Chinese Angelica from Szechwan pounds Fig. 4b—d andTable 4. The correlation coefficients
Lovage Rhizome and Cnidium Rhizome of JA simulative mean chromatogram to SL and CR sim-
SL and CR are related species of CA and belong to the ulative mean chromatograms were only 0.444 and 0.511,
Umbelliferae family. They are official medicinal materials respectively. Meanwhile, the contents (peak area/sample
in China and Japan, respectivgB?2,23] Some components  weight, mAU s/g) of compoundd and 5 in JA sample
are commonly found in both species, such as compoundswere both less than those in SL and CR samples by two
1, 4,7, 9, Z-butylidenephthalide anB-butylidenephthalide.  orders.
Moreover, compoun@ is also the major compound in their Although the contents (peak area/sample weight,
volatile oils [4,17,18,25,29,36]Therefore, it was not easy = mAU s/g) of compound&-5and9in SL samples were more
to identify them based on their chemical constituents. Six than two times of those in CR samples, which agreed with the
SL samples and three CR samples were then compared wittreported data of Naito et g36], the chromatograms of the
general consistent chromatograms of each spe€igs 2c two species were quite simildfigs. 2¢, d and 4c,)dThe cor-
and d). The correlation coefficients of each chromatogram relation coefficient of the simulative mean chromatogram of
to their simulative mean chromatograms were 0247087 SL to that of CR chromatogram was 0.960, which was close
(mearnt=S.D., n=6) for SL samples and 0.9610.038 to the correlation coefficient of each SL chromatogram to
(meant= S.D.,n=3) for CR samples. However, aunique char- their simulative mean chromatogram (0.940.087,n=6)
acteristic peak in their chromatogram for qualitatively distin- and each CR chromatogram to their simulative mean chro-
guishing CA from SL and CR is not availablei¢. 4a, c and matogram (0.96% 0.038,n=3) (Table 3. Itis worth noting
d). Nevertheless, compoubdvas quantitatively differentbe-  that even the correlation coefficients between the samples of
tween CA from SL and CR samples. The RPA of compound SL and CR are rather close, some overlapping in fingerprint
5in SL and CR samples were 36 and 33 times of that in patterns could be still observed for SL and CR samples in
CA samples, respectivelfigble 4. Using this information, the 3D-projection plot of PCA in our present workig. 3).
it would be helpful to distinguish CA from SL and CR sam- More samples are needed to obtain a more representative
ples by comparing the RPA or amount of compobiialtheir population. Nevertheless, the results indicated that the main
chromatograms. chemical components in SL and CR samples were similar,
The correlation coefficient of chromatogram showed that and demonstrated that the relationship of the two species was
CA sample was different from SL and CR. However, their very close indeed. The analysis of two genes plasiad K
difference was not much significarifgble 3. The correla- (maturase for lysine) and nuclear internal transcribed spacer
tion coefficient of each SL chromatogram to the CA sim- (ITS) also revealed that the origin of SL and CR ought to
ulative mean chromatogram (0.8%10.123, meas-S.D., be identical, and it was suggested that SL and CR should be
n=6) and that of each CR chromatograms to the CA sim- classified as the same species, and the botanical name of CR
ulative mean chromatogram (0.8%1.044,n= 3) were not should beligusticum chuanxiongstead ofCnidium offici-
significantly smaller than the correlation coefficient of each nale[37]. If thisis correct, SL and CR samples should belong
CA chromatogram to CA simulative mean chromatogram to the same species and the difference in chemical fingerprints
(0.981+0.017,n=40). This indicated that there was resem- should belong to the intra-species variations. However, fur-
blance in terms of chemical constituents of CA sample with ther studies should be carried out in order to have a definitive
SL and CR sample. conclusion in the future.
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3.4. ldentification of chemical compounds in fingerprint tures and hence the identities of these two compounds were
chromatograms suggested according[5,26] Similarly, the UV spectra of
compoundll were consistent with those in literatures and
In order to quantitatively express the distribution of chem- suggested to be levistolide[A8,25] For unambiguous iden-
ical compounds in the chromatograms, two compounds weretification of these compounds, further studies are required by
unequivocally identified and nine compounds were tenta- using authentic compounds.
tively assigned based on their on-line APCI-MS data and
UV spectra. Their retention timeg), APCI-MS and UV
data are listed iffable 2 4. Conclusions
Peaks 1 and 9 were unequivocally identified as ferulic acid
and Z-ligustilide by spiking authentic compounds and then Chinese Angelica is a widely used TCM material. Al-
comparing the UV and APCI-MS spectra with those of au- though there are morphological differences and variations in
thentic compounds. In the APCI-MS spectra, strong depro- the chemical contents as aresult of difference in source of ori-
tonated molecular iol] — H]~ peak at 193rtV2) for ferulic gin and processing methods, the chromatograms of different
acid was observed. Fatrligustilide, the strong protonated products were found generally consistent both with respect
molecularion M +H]" at 191 (Wz) was found, and the char-  to correlation coefficient of their chromatograms and rela-
acteristic fragments corresponding td f H — H,O]* and tive peak areas of characteristic compounds. The consistency
[M+H—H,0— COJ* at 173 and 145n/z) were also noted.  in chromatogram of these representative samples reflects the
The UV spectra were also compatible with those of reported similar chemical properties of Chinese Angelica, and hence
spectra and/or data in literaturds,19,25-27] the simulative mean chromatogram of the 40 tested samples
Owing to the unavailability of authentic compounds, could be employed as the standard fingerprint/chromatogram
peaks 2-8, 10 and 11 could only be tentatively assigned asfor chemical identification of Chinese Angelica.
senkyunolide I (2), senkyunolide H (3), coniferyl ferulate (4), The developed HPLC fingerprints can be used to differ-
senkyunolide A (5), butylphthalide (6F-ligustilide (7), E- entiate Chinese Angelica from Japanese Angelicae Root,
butylidenephthalide (8¢-butylidenephthalide (10) and lev- Szechwan Lovage Rhizome and Cnidium Rhizome. The
istolide A (11) by comparing their APCI-MS and UV spectra chemical components in Chinese Angelica and Japanese An-
in literatureg18,19,25-27] gelicae Root were quite different even though they belong to
The protonated molecular ion[+H]* were found in same genus, genungelicg and both of them are official
the APCI-MS spectra for all compounds except compound medicinal materials used in China and Japan, respectively.
4. The observed characteristic ions of these seven compoundd hey could be easily distinguished by either their chromato-
(2, 3,5-8and10), namely M+ H — H,O]*, [M+H — CO[J*, graphic patterns or the content of coniferyl ferulate. For the
[M+H —H,0 - H,0]* and/or M +H — H,O — COJ*, pro- differentiation of Chinese Angelica, Szechwan Lovage Rhi-
vide further evidence on their chemical structures. For com- zome and Cnidium Rhizome, despite some chemical com-
pound4, the strong positive fragment ion at 16&/¢) was pounds commonly found in the samples, the amounts of
assigned as coniferyl alcohol moiety of coniferyl ferulate. In senkyunoide A in these samples are relatively different and
APCI-MS negative mode, the deprotonated molecular ion hence the chemical differentiation between these species be-
[M —H]~ at 355 (1/2) was relatively weak whilst the nega- come possible. Similarly, Japanese Angelicae Root can be
tive fragment ion at 193¢2) has the strongest response and distinguished from Szechwan Lovage Rhizome and Cnid-
was assigned as ferulic acid moiety of the coniferyl ferulate ium Rhizome using similar approach. However, our results
structure. For compountll, the characteristic positive frag- are not conclusive for differentiation of Szechwan Lovage
ment ation 191Yz) was observed and assigned as fragment Rhizome and Cnidium Rhizome. It is suggested thgtis-
of one of the two moieties in its structure with molecular mass ticum chuanxiongiort. andCnidium offlcinaleMakino could
of 380. be considered as a single species in terms of chemotaxonomy.
The UV spectra of these compounds were further com-  Analysis of the 3D-plot obtained by HPLC-DAD is a very
pared with those reported in literatures. For compouhés useful tool for comparing the chemical components in differ-
8and10, their UV spectrawere consistent with those reported ent species with selected characteristic peak and detection
inliteratureq418,19,25—-27]For compoundg-3, the UV data wavelength. In our present study, senkyunolide A was cho-
were consistent with the reported UV d§t8,27] These two sen as marker compound to distinguish CA from SL and CR
compounds were further differentiated by the relative amount using UV at 280 nm as measuring wavelength for the char-
in CA and SL samples when comparing with observations acteristic chromatograms for differentiation.
reported in literatures, i.e. the content of senkyunolide | was  Eleven compounds were unequivocally determined (peaks
much higher than that of senkyunolide H in CA and SL sam- 1 and 9) or tentatively identified (peaks 2—-8, 10 and 11) in the
ples[19,27] Therefore, peaks 2 and 3 could be generated chromatogram using LC—(APCI)-MS and HPLC-DAD tech-
from senkyunolide | and senkyunolide H, respectively. For niques. Furthermore, th@omputer Aided Similarity Evalu-
compounds$—7, their UV spectra were consistent with the ation Systenwas a very useful tool for quantitative studies
reported spectra of butylphthalide aBdigustilide in litera- of the similarity of chromatographic patterns and generation
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