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Abstract

A reversed phase high-performance liquid chromatographic method was developed for quaBtifgumgilide (1) andZ-ligustilide (3)
in the roots ofAngelica sinensigOliv.) Diels with confirmation using UV, atmospheric pressure chemical ionisation (APCI) MS and APCI-
MS-MS techniques. Based on the UV spectra of compolnBshutylidenephthalide?), 3 andZ-butylidenephthalided), the absorption at
350 nm was chosen as measuring wavelength in which baseline separation of conipamuisould be obtained but avoided the interference
of compound2 and4. The identity of compound$ and3 in samples were unambiguously determined by the respective quasi-molecular
ions (M+H]*) in APCI-MS. According to the stability data, acetonitrile was chosen for the preparation of standard solutions in order to
minimize the isomerization of compoudCompoundd and3 were qualitatively and quantitatively analyzed in seven samples of the roots
of Angelica sinensigOliv.) Diels, Angelica acutilobaKitagawa,Angelica acutilobaKitagawa var.sugiyamaeHikino and the rhizome of
Ligusticum chuanxionglort. Analysis of an extract from a sample rootAxiigelica gigadNakai using LC—MS for the first time could not
detect the presence of ligustilide in this herb. The overall analytical procedure is rapid and reproducible which is considered suitable for
quantitative analysis of large number of samples.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ment and grading. The fragrance is related to its chemical
constituent ligustilide, one of the major chemical components
Radix Angelicae Sinensis (Chinese Danggui, CDG) is the in its volatile oils, which is also an important marker used for
processed root ofngelica sinensigOliv.) Diels, which is assessing CDG qualifz—4]. Pharmacological and clinical
widely used as one of the traditional Chinese medicinal mate- studies indicate that ligustilide is a bioactive compound to in-
rials in prescriptions and composite formulae to enrich blood, hibit platelet aggregation, relax uterus, tracheal muscle and
activate blood circulation, regulate menstruation, relieve pain smooth muscle, prevent gynecological diseases, treat men-
and relax bowels, etfl]. Moreover, CDG has beenused asa strual disorders, urgent premature birth and hypertension,
health food, one of the ingredients included in cosmetic and etc [5-9]. Ligustilide is also distributed in Japanese Dang-
some drugs for animal, etc. gui (JDG, Touki), a legally used herbal medicinal material in
According to the traditional experience, the distinct fra- Japan. JDG is the roots gingelica acutilob&itagawa and
grance had been used as an indicator for CDG quality assessAngelica acutilobaKitagawa var.sugiyamaeHikino. Fur-
thermore, another widely used medicinal plaigusticum
* Corresponding author. Fax: +852 34115317. chuanxiongHort. (Rhizoma Chuanxiong, Chinese Chuanx-
E-mail addressprofchan@hkbu.edu.hk (K. Chan). iong, CCX), was reported containing more than 1.0% of
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Fig. 1. Chemical structures &-ligustilide (1), E-butylidenephthalide (2),
Z-ligustilide (3) ande-butylidenephthalide (4).

ligustilide [10—14] Hence, ligustilide is usually recognized
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mostated column compartment and DAD (Agilent, Palo Alto,
CA, USA) was used for quantitative analyzing and UV spec-
tra acquisition. An Applied Biosystems/PE-Sciex APl 365
LC-MS-MS system with atmospheric pressure ionisation
source (Applied Biosystems, Foster City, CA, USA) was used
for mass spectrometric determination. Branson 5210E-MTH
ultrasonic cleaner (Branso Ultrasonics, CT, USA) was used
for sample extraction. For chromatographic analyses, an All-
tima Cig column (5um, 150 mmx 4.6 mm) with a compat-
ible guard column (g, 5pum, 7.5 mmx 4.6 mm) was used.

as one of characteristic markers for assessing the quality andThe mobile phase consisted of water—acetonitrile (40:60).

identification of CDG, JDG and CCX.

Ligustilides, includingE-ligustilide (1) andZ-ligustilide
(3) (Fig. 1), are the volatile compounds that have been com-
monly analyzed by GC—flame ionisation detection (FID) or
GC-MS in herbs materials and/or products of their volatile
oils [3,4,11,15,16]However, ligustilide(s) are thermally la-
bile and may easily be isomerized in high temperature. Al-
thoughthere are several publications aboutligustilide(s) iden-
tified in fingerprints, quantified in herbs or their essential
oils using HPLC-UV, HPLC—diode array detection (DAD)
or LC-MS, the determination of compountiand3 were in-
terfered byE-butylidenephthalide?), Z-butylidenephthalide
(4) and other possible impurities in the published chromato-
graphic conditiong12,13,17-23] Moreover, the particular
unstable property of ligustilide renders quantitation difficult.

This study mainly focuses on developing a rapid, accu-
rate quantitative method for the determination of ligustilide
to cope with alarge number of samples in standardization and
quality control of herbal medicinal materials. Compoutgds
2, 3and4 were firstly identified by LC-MS and LC-MS-MS
spectra in the CDG samples. Based on the UV absorption

The flow rate was 1.0 mL/min and column temperature was
maintained at ambient conditions. The atmospheric pressure
chemical ionisation (APCI) mass spectra were acquired in
the positive ion mode.

2.2. Solvents and chemicals

HPLC grade acetonitrile (Labscan, Bangkok, Thailand)
was used for preparation of standard solutions and mobile
phase. Analytical grade methanol (Merck, Darmstand, Ger-
many) was used for sample preparation. Deionized water was
generated from a Milli-Q water system (Millipore, Bedford,
MA, USA).

Z-Ligustilide was extracted, separated and purified from
fresh roots ofAngelica sinensi¢Oliv.) Diels in our labora-
tory. PurifiedZ-ligustilide was identified by electron impact
ionisation (El) MS,'H NMR and3C NMR spectrometric
techniques. The purity was determined by HPLC-UV with
two wavelengths and was shown to be greater than 98%. The
detailed procedures for separation and spectrometric identi-
fication will be reported in another paper.

characteristic, a new measuring wavelength was chosen fory 3 pjant materials

ideal separation of compoundsand 3 with no interfer-
ence peak observed in the HPLC chromatograms. A new
RP-HPLC method was developed to quantify compo@nd

in the CDG samples based on a series of method validation
studies. Besides, compoufdvas also quantified in samples
using the linear regression relationship as in comp@.umal-

ing to their similarity in UV absorption characteristics. Three

Samples CDG-1 to CDG-3 were whole rootsfafgelica
sinensig(Oliv.) Diels. CDG-1 was collected from the CDG
cultivating base of Good Agricultural Practice which is
being developed jointly by Hong Kong Baptist University,
Agriculture Center of Dingxin district (Gausu, China) and
Gansu Sheng Tai Traditional Chinese Medicine Devel-

CDG samples, two JDG samples and two CCX samples wereopment (Gansu, China) in Minxian, Gansu, China when

first qualitatively analyzed for compoundsand3 using the
LC-MS technique, and further quantified by HPLC. Further-
more, a sample root défngelica gigadNakai (Korea Danggui,
KDG) was also analysed for the first time by LC—MS to detect
the presence of compoundland3. These findings provide

CDG was being harvested on 22 October 2002. CDG-2
was collected from Pingwu, Sichuan, China on 8 November
2002 by Professor Li Liang (Institute of Mianyang Chinese
Traditional Medicine, Sichuan, China). CDG-3 was collected
from Heqing, Yunnan, China, which was authenticated by

alternative observations of the existence of these compound<r. Zhao Zhongzhen (School of Chinese Medicine, Hong

in this herb as reported previougR0,24—-26]

2. Experimental

2.1. Instrumentation

Kong Baptist University, Hong Kong, China). Sample
JDG-1 and JDG-2 were coarse granule of commercial
products of JDG. JDG-1 was the rootsArigelica acutiloba
Kitagawa, produced by Uchida Wakanyaku (Tokyo, Japan;
lot YA352620). JDG-2 was the roots éihgelica acutiloba
Kitagawa var.sugiyamaeHikino, produced by Tochimoto
(Osaka, Japan; lot no. 060103). Sample CCX-1 and CCX-2

An Agilent/HP 1100 series HPLC-DAD system consist- were the rhizome of.igusticum chuanxiongdort., which
ing of a vacuum degasser, binary pump, autosampler, ther-were authenticated by Professor Zhang Hao (West China
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School of Pharmacy, Sichuan University, Chengdu, China). up to the volume with acetonitrile as stock standard solu-

CCX-1 was collected from Pengzhou, Sichuan, China on 5 tion (1060 mg/L). Aliquots of 0.1, 0.5, 1.0, 1.5, 2.0, 2.5,

September 2003. CCX-2 was bought at Chengdu Chinese3.0, 3.5 and 4.0mL stock standard solutions were trans-

Medicine Material Market, Sichuan, China on 4 September ferred into 10 mL volumetric flasks and made up to the

2003. Sample KDG was the roots Ahgelica gigad\akai volume with acetonitrile as working calibration solutions.

harvested in Antu, Jilin, China in October 2003 and was The concentrations af-ligustilide in calibration solutions

authenticated by Professor Yan Zhongkai (Academy of Jilin were equivalent to 10.6, 53.2, 106.4, 159.6, 212.8, 266.0,

Traditional Chinese Medicine, Jilin, China). 319.2, 372.4 and 425.6 mg/L, respectively. An aliquot of
Representative samples were cut into smaller pieces andLOp.L solution for each calibration was injected for HPLC

mixed thoroughly. A representative part of sample pieces analysis.

or whole was further ground into powder, passed through

a 20 mesh (0.9 mm) sieve. The ground powders were stored, g Sample preparation

in amber glass bottles at about@ before use.

An accurately weighed 0.5 g of sample powder was in-
2.4. Preparation of standard solutions for linearity and troduced into a 60 mL amber collection vial and 25 mL of
calibration test methanol was added. The amber collection vial was cov-
ered and sonicated for 100 min. Methanol was used to restore
Accurately weighed 26.6 mg oZ-ligustilide standard  the volume after sonication. The extract was filtered with a
were introduced into a 25mL volumetric flask and made 0.2pum membrane filter. An aliquot of J0L solution was in-
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Fig. 2. Chromatogram of methanolic extract of the roofAafjelica sinensigOliv.) Diels measured at 328 nm (A) and 350 nm (B), and their on-line detected
UV-spectra ofE-ligustilide (peak 1, C)E-butylidenephthalide (peak 2, OJ;ligustilide (peak 3, E) and-butylidenephthalide (peak 4, F). (Analytical column:
Alltima C1g, 5pum, 150 mmx 4.6 mm; guard column: £g, 5pm, 7.5 mmx 4.6 mm; sample injection volume: 1Q; mobile phase: water—acetonitrile (40:60);
flow rate: 1.0 mL/min; temperature: ambient.)
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jected for HPLC analysis. Sample duplicates were preparedconsidered satisfactory and acceptable for subsequent quan-
as shown above for analysis. titative analysis.

) ) 3.2. Identification of Z-ligustilide and E-ligustilide in
3. Results and discussion analytes

3.1. Selection of detection wavelength Apart from comparing the retention timig}, compounds
1 and3 were further identified by HPLC-APCI-MS analysis

Compoundsl—4 are phthalide-type compounds, which in order to provide further information on their identities. Pro-
are commonly found in herbs. These compounds were verytonated ion of ligustilide at 19th/zwas observedHg. 3B).
difficult to be fully resolved by chromatographic conditions  consistent LC-MS spectra and LC-MS-MS spectra were
as reported in literatures for herbal sample8,13,17-23]  obtained for standard and sample solutions, which demon-
The resolutions of these compounds were tested andstrate that peaks 1 and 3 were in fact identified as compounds
compared with normal and reversed phase conditions using; and3, respectivelyFig. 3C). In addition, similar UV spec-
a variety of analytical columns such as Prevail Cyano tra of peaks 1 and 3 obtained by DAD agreed with those
(Bum, 150mmx 2.1mm), Alltima Gg (Sum, 250mm  reported in literature§l0,17,21] In this regard, the seven
x 4.6mm) or Alltima Gg (Sum, 150mm x 4.6mm).  herbal samples, CDG-1 to 3, JDG-1 to 2 and CCX-1 to 2,
Various different mobile phases including hexane—ethanol, were demonstrated containing both compouhdsad3.
hexane—dichloromethane, benzene—dichloromethane,  angelica gigasNakai., Korea Danggui (KDG), also a
hexane-benzene or acetonitrile-water were tried with megicinal plant, is found in Jilin of P. R. China and north
detection wavelength at 328 nm, the maximum absorption of Korea. In early literatures, ligustilide was not reported in
wavelength ofZ-ligustilide. The preferred chromatographic  the roots of KDG[25,26] Takano et al. (1990) reported that

condition was found to be using Alltimay@(5 um, 150mm  jigystilide and butylidenephthalide were not detected in this
x 4.6mm) column with acetonitrile—-water (60:40) as

the mobile phase. However, it still encountered difficulty

of resolving compound$8 and 4 to baseline Fig. 2A). = o
Although the resolution between peaks 3 and 4 was £30000 3
40000

achieved by modifying the composition of mobile phase >

to produce better resolution, severe peak broadening anc g 30%

reduction in peak height were observed with a prolonged £ 20000

retention time and a poor reproducible peak area. In order — 10000 137 300 ass_ 0 ‘ 74 1554 592

to achieve a rapid, sensitive and reproducible method, the 5 10 15

condition for resolving compoundsand3 described above () Time, min

was adopted with a compromised peak resolution. Thus, — ¢ 142

Alltima C1g (5um, 150mmx 4.6 mm) was chosen as the —

analytical column with acetonitrile—water (60:40) as mobile >, 46

phase. ’
Previous studies reported that the optimum UV absorp-

tion wavelengths for ligustilide determination in herb sam- 20 830 911969 S /AN

ples using HPLC-UV were suggested to be 210, 240, 270 ands) 80 100 120 40 160 180

284 nm[10,17-23] By examining the UV spectra of com-

poundsl—4, strong UV absorption for compoundsand 3

was found at 350 nm. However, similar UV absorption was

not located for compound®dand4 (Fig. 2). Therefore, the

chromatographic interference from compouB@aésd4 could

be effectively minimized by using the detection wavelength

at 350 nm. mo ar oty o8 M |
The limit of detection (LOD) ofzZ-ligustilide in sample c 50 '031/2 150

was determined based on visual evaluation with signal-to-

noise rat"? of about _3:1' The LOD wa_s estimated to be Fig. 3. Total ion chromatogram of methanolic extract of the roo#srajel-

0.27 mg/L in test solution, which was equivalent to 13¢3g ica sinenisigOliv.) Diels (A), on-line detected mass spectrazdfgustilide

in solid sample. Moreover, the quantitation limit of compound andE-ligustilide (B) and daughter ion mass spectrumifH]* (C). 1.E-

3was determined based on Signa|_to_noise ratio of about 10:1Iigustilide; 3.Z-ligustilide. (Analytical column: Alltima Gg, Sme,_ 150 mm

for five replicated analyses of spiked matrix blank. The quan- * #:6mm; guard column: £, Spm, 7.5mmx 4.6mm; mobile phase:

S L . . water—acetonitrile (40:60); flow rate: 1.0 mL/min; temperature: ambient;

tltatl_on limit was found _tO be_1‘54 mg/L in sample solutions, UV detection: 350 nm; mass spectrometric detection: atmospheric pressure

equivalent to 77.Q.g/g in solid sample. These results were chemical ionisation in positive ion mode.)
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herb[24]. However, a recent publication reported that the
contents ofZ-ligustilide were estimated to be 245 2.94
and 285+ 3.42mg/100g in two samples from Chuncheon
and Sokcho, South Korea, respectivE¥d]. In our study,
a KDG sample was collected from Jilin, China, in October

105

is worth also noting thdt-ligustilide (peak 1) did not appear

in the HPLC chromatogram, in which it should simultane-
ously co-exist withz-ligustilide (peak 3) Fig. 4). Therefore,

it can be concluded that ligustilide was not present in the root
of Angelica gigadNakai. Moreover, additiona-ligustilide

2003 and was analyzed by the presently developed chromatopeak could not be observed in the HPLC chromatogram
graphic method. A large chromatographic peak (peak 5) wasof KDG sample after the concentrate was spiked vidth

observed at the samye of peak 3. However, its UV spectrum
was found inconsistent with that of compougdn our sub-

sequent confirmatory analyses by using HPLC-APCI-MS,

protonated ion of ligustilide at 191z could not be found. It
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ligustilide. This observation indicates thatigustilide (peak

3) and the unknown compound (peak 5) in the samples
could not be resolved under the present chromatographic
conditions.
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Fig. 4. Chromatogram of methanolic extract of the root&mdelica sinenisigOliv.) Diels (A), A. acutilobaKitagawa (B) A. acutilobaKitagawa varsugiyamae
Hikino (C), A. gigasNaka (D) and the rhizome dfigusticum chuanxiond#lort. (E). 1 =E-ligustilide; 3 =Z-ligustilide; 5 = unknown compound with santg
asZ-ligustilide. (Analytical column: Alltima Gg, 5pm, 150 mmx 4.6 mm; guard column: £g, 5pum, 7.5 mmx 4.6 mm; injection sample volume: 14.;
mobile phase: water—acetonitrile (40:60); flow rate: 1.0 mL/min; temperature: ambient; detection: 350 nm.)
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Table 1
A summary of contents faZ-ligustilide, E-ligustilide and total ligustilides in seven samplesfaigelica sinensiand related umbelliferous herbs
Sample Source Ligustilide content (mdlg)

Z-Ligustilide E-Ligustilide® Total
CDG-1 Minxian, Gansu, P. R. China 22+ 0.20 196+ 0.03 142
CDG-2 Pingwu, Sichuan, P. R. China .24- 0.34 172+ 0.05 159
CDG-3 Heqing, Yunnan, P. R. China .36+ 0.26 0916+ 0.03 103
JDG-1 Japan J29+0.03 00280+ 0.00F 0.757
JDG-2 Japan 0887+ 0.03 Q0259+ 0.00F 1.01
CCX-1 Pengzhou, Sichuan, P. R. China 114 0.22 0343+ 0.01 164
CCX-2 Chengdu, P. R. China 5+ 0.16 0323+ 0.01 155

CDG-1 to CDG-3 were the whole roots Ahgelica sinensi¢Oliv.) Diels. JDG-1 was the coarse granule in a commercially available sample of the root of
Angelica acutilob&itagawa produced by Uchida Wakanyaku, Tokyo, Japan (lot YA352620). JDG-2 was the coarse granule in a commercially available sample
of the root ofAngelica acutilob&itagawa varsugiyamaeHikino produced by Tochimoto, Osaka, Japan (lot no. 060103). CCX-1 to CCX-2 were the rhizome
of Ligusticum chuanxionglort.

@ The value is meag: S.D. (0= 4). The value is expressed in 3 significant figures.

b The amount is expressed in termsZaligustilide.

¢ 2.0g of sample powder was used to compensate the low content relati&ljgostilide.

3.3. Quantitative analysis coefficient was found to be 0.9998. This regression equation
was used for quantifying-ligustilide in all sample solutions.
For quantitation oZ-ligustilide, its stability remained one Method reproducibility was evaluated by six injections of
of the major technical concernzg:ligustilide is readily iso- standard solutions and six replicates analysis of sample so-
merized in air and/or some solvent systd&i528]. Its stabil- lutions, respectively. Precision of replicated injections was

ity in storage was evaluated by dissolving Z-ligustilide inace- determined and the relative standard deviation (R.S.[¥) of
tonitrile and methanol, respectively, and compared also with a ligustilide content was reported as 0.788&(6). The R.S.D.
methanolic extract of herb sample in ambient conditions. The of the content oZ-ligustilide in samples replicated was esti-
amounts oZ-ligustilide in these solutions were determined, mated to be 0.55%n(= 6).
respectively after storage 0, 1, 2,4, 7 and 15 days. By compar- The recovery oZ-ligustilide was determined by spiking
ing the chromatographic peak areas, the levetbfustilide sample with different concentration levels, namely: 50, 100
were found to be 99.7 and 88.8%, respectively in acetonitrile and 150% o¥-liugstilide in the samples. The recoveries were
and methanol on day 15, which indicated that the compound estimated as 98.& 1.66% (meant R.S.D.,n = 3), 96.8+
was relatively stable in acetonitrile. On the other hand, the 0.93% f =3) and 101. A 1.24% = 3), respectively. The
choice of extraction solvent f@-ligustilide in herbswas fur-  average recovery was 98492.52% 6 =9).
ther compared. Sample was first extracted with methanoland It is worthnoting thatE-ligustilide andZ-ligustilide are
acetonitrile, respectively, then the amounZdigustilide was stero-isomeric in nature, they have the same conjugated sys-
determined. Results showed that the contenlajustilide tem in their structures, and therefore their UV absorption
contents were comparable in both extracts of methanol andspectra highly resemble each othErgs. 1, 2C and E At-
acetonitrile. However, persistent turbidity was observed in tempt to isolate thde-ligustilide for assay was found dif-
sample extracted with acetonitrile whilst the methanolic ficult and met with little success. Therefore, the amount
counterpart remained clear throughout. The stabilitZof  of E-ligustilide was expressed in terms gfligustilide in
ligustilide in methanolic extract was also tested by the above the present works. The calibration curve and linear regres-
described method. A 99.8% of peak areawas determined eversion equation ofZ-ligustilide was applied to evaluate the
if it was stored in ambient conditions over the period, which amount of E-ligustilide in samples. The results indicated
showed thatZ-ligustilide was relatively stable in methanol. that E-ligustilide was present as a small proportion whilst
Therefore, acetonitrile was recommended as the solvent forZ-ligustilide remained as the predominant component in the
preparationZ-ligustilide standard solution whilst methanol samples of CDG, JDG and CCX. A total amount of ligustilide
was used for extraction @-ligustilide in herb samples. was estimated from the sum &fligustlide andE-ligustilide
Z-Ligustilide was quantified in samples using external in seven sampledéble J).
standard method with reference marker. The method val-
idation data indicated that the procedure was satisfactory.
The linearity was determined in the concentration range of 4. Conclusions
10.6-425.6 mg/L with nine different concentration standard
solutions. The linear regression of concentration versus peak Z-Ligustilide commonly co-exists in herbs with other
areawas expressedyas 16.47X — 17.535inwhichyisthe  phthalide-typed compounds which makes it difficult to sepa-
concentration oZ-ligustilide in working calibration solution  rate from its isomers using previously reported HPLC meth-
whilstx is the peak area @-ligustilide, and their correlation  ods. By choosing an appropriate UV absorption wavelength
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at 350 nm, satisfactory chromatographic separatiorZ-of [2] Y.Z. Chen, N.Y. Chen, X.Y. Ma, H.Q. Li, Chem. J. Chinese Univ. 5
ligustilide with its adjacent peaks could be observed under (1984) 125. _ _ _

RP-HPLC conditions for four tested herbal species of roots of [3] H-J- Fang, R.M. Lu, G.S. Liu, T.C. Liu, Acta Pharm. Sin. 14 (1979)
Angelica sinensigOliv.) Diels and related medicinal plants. 141 551, ¢.3. Ma, Z. Liu, K. Liu, Chin. Tradit. Herb. Drugs 32 (2001)
Acetonitrile was used in the preparation®figustilide stan- 581.

dard solutions, a stable and repeatable standard solution was[5] The Compile Commission of Zhonghua Bencao of the State Admin-
obtained. Method validation data indicate that the present istration of Traditional Chinese Medicine of the People’s Republic of
method is suitable for the determination Bigustilide in China, Zhonghua Bencao (5), Shanghai Science and Technology Press,

. . . . . . Shanghai, 1999, p. 893.
the roots ofAngelica sinensi¢Oliv.) Diels, Angelica acu- [6] Y. Ozaki, S. Sekita, M. Harada, J. Pharm. Soc. Jpn. 109 (1989) 402.

tiloba Kitagawa,Angelica acutilobaKitagawa var.sugiya- [7] K. Matsumoto, S. Kohno, K. Qjima, Y. Tezuka, S. Kadota, H. Watanabe,
maeHikino and the rhizome dfigusticum chuanxionglort. Life Sci. 62 (1998) 2073.
The present HPLC procedure makes it possible for analyzing [8] X.X. Zhao, US Patent Applied Publication, 2003, p. 7.
alarge amount of samples with its simplicity in analytical pro-  [°1 J-Y-Tao, Y.P.Ruan, Q.B.Mei,S. Liu, Q.L.Tian, ¥.Z. Chen, H.D. Zhang,
dures and good reproducibility. However, the same HPLC Z:X. Duan, Acta Pharm. Sin. 19 (1984) 561.
ce - . g p ,y' = ! ” [10] H. Wagner, R. Bauer, P.G. Xiao, J.M. Chen (Eds.), Chinese Drug Mono-
_Condmon. is unable to separaldlgust|I|Qe frf)m an mtlerfer- graphs and Analysis, vol. 3, no. 16, Verlag f>anzheitliche Medizin,
ing peakinthe extract of the rootAhgelica gigadNakai. The Kbtzting/Bayer, Wald, 2001.
employment of HPLC-APCI-MS is crucial for confirmatory [11] L.F. Shi, Y.Z. Deng, B.S. Wu, Chin. J. Pharm. Anal. 15 (3) (1995)
studies in order to eliminate any false positive identification. 26. i )
Characteristic fragrance has been used as an ex erienc[%z] S.L. Li, S.S.K. Chan, G. Lin, L. Ling, R. Yan, H.S. Chung, Y.K. Tam,
on 'ag . : N expe Planta Med. 69 (2003) 445.
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