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Abstract

A reversed phase high-performance liquid chromatographic method was developed for quantifyingE-ligustilide (1) andZ-ligustilide (3)
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n the roots ofAngelica sinensis(Oliv.) Diels with confirmation using UV, atmospheric pressure chemical ionisation (APCI) MS and
S–MS techniques. Based on the UV spectra of compounds1, E-butylidenephthalide (2), 3 andZ-butylidenephthalide (4), the absorption a
50 nm was chosen as measuring wavelength in which baseline separation of compounds1and3could be obtained but avoided the interfere
f compounds2 and4. The identity of compounds1 and3 in samples were unambiguously determined by the respective quasi-mo

ons ([M+H]+) in APCI-MS. According to the stability data, acetonitrile was chosen for the preparation of standard solutions in
inimize the isomerization of compound3. Compounds1 and3 were qualitatively and quantitatively analyzed in seven samples of the
f Angelica sinensis(Oliv.) Diels, Angelica acutilobaKitagawa,Angelica acutilobaKitagawa var.sugiyamaeHikino and the rhizome o
igusticum chuanxiongHort. Analysis of an extract from a sample root ofAngelica gigasNakai using LC–MS for the first time could n
etect the presence of ligustilide in this herb. The overall analytical procedure is rapid and reproducible which is considered s
uantitative analysis of large number of samples.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Radix Angelicae Sinensis (Chinese Danggui, CDG) is the
rocessed root ofAngelica sinensis(Oliv.) Diels, which is
idely used as one of the traditional Chinese medicinal mate-

ials in prescriptions and composite formulae to enrich blood,
ctivate blood circulation, regulate menstruation, relieve pain
nd relax bowels, etc.[1]. Moreover, CDG has been used as a
ealth food, one of the ingredients included in cosmetic and
ome drugs for animal, etc.

According to the traditional experience, the distinct fra-
rance had been used as an indicator for CDG quality assess-
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ment and grading. The fragrance is related to its chem
constituent ligustilide, one of the major chemical compon
in its volatile oils, which is also an important marker used
assessing CDG quality[2–4]. Pharmacological and clinic
studies indicate that ligustilide is a bioactive compound t
hibit platelet aggregation, relax uterus, tracheal muscle
smooth muscle, prevent gynecological diseases, treat
strual disorders, urgent premature birth and hyperten
etc [5–9]. Ligustilide is also distributed in Japanese Da
gui (JDG, Touki), a legally used herbal medicinal materia
Japan. JDG is the roots ofAngelica acutilobaKitagawa and
Angelica acutilobaKitagawa var.sugiyamaeHikino. Fur-
thermore, another widely used medicinal plantLigusticum
chuanxiongHort. (Rhizoma Chuanxiong, Chinese Chua
iong, CCX), was reported containing more than 1.0%
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Fig. 1. Chemical structures ofE-ligustilide (1),E-butylidenephthalide (2),
Z-ligustilide (3) andE-butylidenephthalide (4).

ligustilide [10–14]. Hence, ligustilide is usually recognized
as one of characteristic markers for assessing the quality and
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-
though there are several publications about ligustilide(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 compounds1 and3 were in-
terfered byE-butylidenephthalide (2),Z-butylidenephthalide
(4) and other possible impurities in the published chromato-
graphic conditions[12,13,17–23]. 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 a large number of samples in standardization and
quality control of herbal medicinal materials. Compounds1,
2, 3and4were firstly identified by LC–MS and LC–MS–MS
spectra in the CDG samples. Based on the UV absorption
characteristic, a new measuring wavelength was chosen for
ideal separation of compounds1 and 3 with no interfer-
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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 API 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 C18 column (5�m, 150 mm× 4.6 mm) with a compat-
ible guard column (C18, 5�m, 7.5 mm× 4.6 mm) was used.
The mobile phase consisted of water–acetonitrile (40:60).
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
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nce peak observed in the HPLC chromatograms. A
P-HPLC method was developed to quantify compou3

n the CDG samples based on a series of method valid
tudies. Besides, compound1 was also quantified in sampl
sing the linear regression relationship as in compound3ow-

ng to their similarity in UV absorption characteristics. Th
DG samples, two JDG samples and two CCX samples
rst qualitatively analyzed for compounds1 and3 using the
C–MS technique, and further quantified by HPLC. Furt
ore, a sample root ofAngelica gigasNakai (Korea Danggu
DG) was also analysed for the first time by LC–MS to de

he presence of compounds1 and3. These findings provid
lternative observations of the existence of these compo

n this herb as reported previously[20,24–26].

. Experimental

.1. Instrumentation

An Agilent/HP 1100 series HPLC–DAD system cons
ng of a vacuum degasser, binary pump, autosampler,
ory. PurifiedZ-ligustilide was identified by electron impa
onisation (EI) MS,1H NMR and13C NMR spectrometri
echniques. The purity was determined by HPLC–UV w
wo wavelengths and was shown to be greater than 98%
etailed procedures for separation and spectrometric id
cation will be reported in another paper.

.3. Plant materials

Samples CDG-1 to CDG-3 were whole roots ofAngelica
inensis(Oliv.) Diels. CDG-1 was collected from the CD
ultivating base of Good Agricultural Practice which
eing developed jointly by Hong Kong Baptist Univers
griculture Center of Dingxin district (Gausu, China) a
ansu Sheng Tai Traditional Chinese Medicine De
pment (Gansu, China) in Minxian, Gansu, China w
DG was being harvested on 22 October 2002. CD
as collected from Pingwu, Sichuan, China on 8 Novem
002 by Professor Li Liang (Institute of Mianyang Chin
raditional Medicine, Sichuan, China). CDG-3 was collec

rom Heqing, Yunnan, China, which was authenticated
r. Zhao Zhongzhen (School of Chinese Medicine, H
ong Baptist University, Hong Kong, China). Sam
DG-1 and JDG-2 were coarse granule of comme
roducts of JDG. JDG-1 was the roots ofAngelica acutiloba
itagawa, produced by Uchida Wakanyaku (Tokyo, Ja

ot YA352620). JDG-2 was the roots ofAngelica acutiloba
itagawa var.sugiyamaeHikino, produced by Tochimot

Osaka, Japan; lot no. 060103). Sample CCX-1 and CC
ere the rhizome ofLigusticum chuanxiongHort., which
ere authenticated by Professor Zhang Hao (West C
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School of Pharmacy, Sichuan University, Chengdu, China).
CCX-1 was collected from Pengzhou, Sichuan, China on 5
September 2003. CCX-2 was bought at Chengdu Chinese
Medicine Material Market, Sichuan, China on 4 September
2003. Sample KDG was the roots ofAngelica gigasNakai
harvested in Antu, Jilin, China in October 2003 and was
authenticated by Professor Yan Zhongkai (Academy of Jilin
Traditional Chinese Medicine, Jilin, China).

Representative samples were cut into smaller pieces and
mixed thoroughly. A representative part of sample pieces
or whole was further ground into powder, passed through
a 20 mesh (0.9 mm) sieve. The ground powders were stored
in amber glass bottles at about 4◦C before use.

2.4. Preparation of standard solutions for linearity and
calibration test

Accurately weighed 26.6 mg ofZ-ligustilide standard
were introduced into a 25 mL volumetric flask and made

F
U
A
fl

up to the volume with acetonitrile as stock standard solu-
tion (1060 mg/L). Aliquots of 0.1, 0.5, 1.0, 1.5, 2.0, 2.5,
3.0, 3.5 and 4.0 mL stock standard solutions were trans-
ferred into 10 mL volumetric flasks and made up to the
volume with acetonitrile as working calibration solutions.
The concentrations ofZ-ligustilide in calibration solutions
were equivalent to 10.6, 53.2, 106.4, 159.6, 212.8, 266.0,
319.2, 372.4 and 425.6 mg/L, respectively. An aliquot of
10�L solution for each calibration was injected for HPLC
analysis.

2.5. Sample preparation

An accurately weighed 0.5 g of sample powder was in-
troduced into a 60 mL amber collection vial and 25 mL of
methanol was added. The amber collection vial was cov-
ered and sonicated for 100 min. Methanol was used to restore
the volume after sonication. The extract was filtered with a
0.2�m membrane filter. An aliquot of 10�L solution was in-
ig. 2. Chromatogram of methanolic extract of the root ofAngelica sinensis(Oliv.
V-spectra ofE-ligustilide (peak 1, C),E-butylidenephthalide (peak 2, D),Z-ligust
lltima C18, 5�m, 150 mm× 4.6 mm; guard column: C18, 5�m, 7.5 mm× 4.6 mm
ow rate: 1.0 mL/min; temperature: ambient.)
) Diels measured at 328 nm (A) and 350 nm (B), and their on-line detected
ilide (peak 3, E) andZ-butylidenephthalide (peak 4, F). (Analytical column:
; sample injection volume: 10�L; mobile phase: water–acetonitrile (40:60);



104 G.-H. Lu et al. / J. Chromatogr. A 1046 (2004) 101–107

jected for HPLC analysis. Sample duplicates were prepared
as shown above for analysis.

3. Results and discussion

3.1. Selection of detection wavelength

Compounds1–4 are phthalide-type compounds, which
are commonly found in herbs. These compounds were very
difficult to be fully resolved by chromatographic conditions
as reported in literatures for herbal samples[12,13,17–23].
The resolutions of these compounds were tested and
compared with normal and reversed phase conditions using
a variety of analytical columns such as Prevail Cyano
(3�m, 150 mm× 2.1 mm), Alltima C18 (5�m, 250 mm
× 4.6 mm) or Alltima C18 (5�m, 150 mm × 4.6 mm).
Various different mobile phases including hexane–ethanol,
hexane–dichloromethane, benzene–dichloromethane,
hexane–benzene or acetonitrile–water were tried with
detection wavelength at 328 nm, the maximum absorption
wavelength ofZ-ligustilide. The preferred chromatographic
condition was found to be using Alltima C18 (5�m, 150 mm
× 4.6 mm) column with acetonitrile–water (60:40) as
the mobile phase. However, it still encountered difficulty
o
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considered satisfactory and acceptable for subsequent quan-
titative analysis.

3.2. Identification of Z-ligustilide and E-ligustilide in
analytes

Apart from comparing the retention time (tR), compounds
1 and3 were further identified by HPLC–APCI-MS analysis
in order to provide further information on their identities. Pro-
tonated ion of ligustilide at 191m/zwas observed (Fig. 3B).
Consistent LC–MS spectra and LC–MS–MS spectra were
obtained for standard and sample solutions, which demon-
strate that peaks 1 and 3 were in fact identified as compounds
1 and3, respectively (Fig. 3C). In addition, similar UV spec-
tra of peaks 1 and 3 obtained by DAD agreed with those
reported in literatures[10,17,21]. In this regard, the seven
herbal samples, CDG-1 to 3, JDG-1 to 2 and CCX-1 to 2,
were demonstrated containing both compounds1 and3.
Angelica gigasNakai., Korea Danggui (KDG), also a

medicinal plant, is found in Jilin of P. R. China and north
of Korea. In early literatures, ligustilide was not reported in
the roots of KDG[25,26]. Takano et al. (1990) reported that
ligustilide and butylidenephthalide were not detected in this

Fig. 3. Total ion chromatogram of methanolic extract of the roots ofAngel-
ica sinenisis(Oliv.) Diels (A), on-line detected mass spectra ofZ-ligustilide
andE-ligustilide (B) and daughter ion mass spectrum of [M+H]+ (C). 1.E-
ligustilide; 3.Z-ligustilide. (Analytical column: Alltima C18, 5�m, 150 mm
× 4.6 mm; guard column: C18, 5�m, 7.5 mm× 4.6 mm; mobile phase:
water–acetonitrile (40:60); flow rate: 1.0 mL/min; temperature: ambient;
UV detection: 350 nm; mass spectrometric detection: atmospheric pressure
chemical ionisation in positive ion mode.)
f resolving compounds3 and 4 to baseline (Fig. 2A).
lthough the resolution between peaks 3 and 4
chieved by modifying the composition of mobile ph

o produce better resolution, severe peak broadening
eduction in peak height were observed with a prolon
etention time and a poor reproducible peak area. In o
o achieve a rapid, sensitive and reproducible method
ondition for resolving compounds1 and3 described abov
as adopted with a compromised peak resolution. T
lltima C18 (5�m, 150 mm× 4.6 mm) was chosen as t
nalytical column with acetonitrile–water (60:40) as mo
hase.

Previous studies reported that the optimum UV abs
ion wavelengths for ligustilide determination in herb sa
les using HPLC–UV were suggested to be 210, 240, 27
84 nm[10,17–23]. By examining the UV spectra of com
ounds1–4, strong UV absorption for compounds1 and3
as found at 350 nm. However, similar UV absorption
ot located for compounds2 and4 (Fig. 2). Therefore, th
hromatographic interference from compounds2and4could
e effectively minimized by using the detection wavelen
t 350 nm.

The limit of detection (LOD) ofZ-ligustilide in sample
as determined based on visual evaluation with signa
oise ratio of about 3:1. The LOD was estimated to
.27 mg/L in test solution, which was equivalent to 13.5�g/g

n solid sample. Moreover, the quantitation limit of compo
was determined based on signal-to-noise ratio of about

or five replicated analyses of spiked matrix blank. The q
itation limit was found to be 1.54 mg/L in sample solutio
quivalent to 77.0�g/g in solid sample. These results w
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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± 3.42 mg/100 g in two samples from Chuncheon
and Sokcho, South Korea, respectively[20]. In our study,
a KDG sample was collected from Jilin, China, in October
2003 and was analyzed by the presently developed chromato-
graphic method. A large chromatographic peak (peak 5) was
observed at the sametR of peak 3. However, its UV spectrum
was found inconsistent with that of compound3. In our sub-
sequent confirmatory analyses by using HPLC–APCI-MS,
protonated ion of ligustilide at 191m/zcould not be found. It

F
H
a
m

is worth also noting thatE-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 gigasNakai. Moreover, additionalZ-ligustilide
peak could not be observed in the HPLC chromatogram
of KDG sample after the concentrate was spiked withZ-
ligustilide. This observation indicates thatZ-ligustilide (peak
3) and the unknown compound (peak 5) in the samples
could not be resolved under the present chromatographic
conditions.
ig. 4. Chromatogram of methanolic extract of the roots ofAngelica sinenisis(Oliv.)
ikino (C),A. gigasNaka (D) and the rhizome ofLigusticum chuanxiongHort. (E
sZ-ligustilide. (Analytical column: Alltima C18, 5�m, 150 mm× 4.6 mm; guar
obile phase: water–acetonitrile (40:60); flow rate: 1.0 mL/min; temperature
Diels (A),A. acutilobaKitagawa (B),A. acutilobaKitagawa var.sugiyamae
). 1 =E-ligustilide; 3 =Z-ligustilide; 5 = unknown compound with sametR
d column: C18, 5�m, 7.5 mm× 4.6 mm; injection sample volume: 10�L;
: ambient; detection: 350 nm.)
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Table 1
A summary of contents forZ-ligustilide,E-ligustilide and total ligustilides in seven samples ofAngelica sinensisand related umbelliferous herbs

Sample Source Ligustilide content (mg/g)a

Z-Ligustilide E-Ligustilideb Total

CDG-1 Minxian, Gansu, P. R. China 12.2 ± 0.20 1.96± 0.03 14.2
CDG-2 Pingwu, Sichuan, P. R. China 14.2 ± 0.34 1.72± 0.05 15.9
CDG-3 Heqing, Yunnan, P. R. China 9.36± 0.26 0.916± 0.03 10.3
JDG-1 Japan 0.729± 0.03 0.0280± 0.001c 0.757
JDG-2 Japan 0.987± 0.03 0.0259± 0.001c 1.01
CCX-1 Pengzhou, Sichuan, P. R. China 16.1 ± 0.22 0.343± 0.01 16.4
CCX-2 Chengdu, P. R. China 15.2 ± 0.16 0.323± 0.01 15.5

CDG-1 to CDG-3 were the whole roots ofAngelica sinensis(Oliv.) Diels. JDG-1 was the coarse granule in a commercially available sample of the root of
Angelica acutilobaKitagawa produced by Uchida Wakanyaku, Tokyo, Japan (lot YA352620). JDG-2 was the coarse granule in a commercially available sample
of the root ofAngelica acutilobaKitagawa var.sugiyamaeHikino produced by Tochimoto, Osaka, Japan (lot no. 060103). CCX-1 to CCX-2 were the rhizome
of Ligusticum chuanxiongHort.

a The value is mean± S.D. (n = 4). The value is expressed in 3 significant figures.
b The amount is expressed in terms ofZ-ligustilide.
c 2.0 g of sample powder was used to compensate the low content relatively ofZ-ligustilide.

3.3. Quantitative analysis

For quantitation ofZ-ligustilide, its stability remained one
of the major technical concerns.Z-ligustilide is readily iso-
merized in air and/or some solvent systems[27,28]. Its stabil-
ity in storage was evaluated by dissolving Z-ligustilide in ace-
tonitrile and methanol, respectively, and compared also with a
methanolic extract of herb sample in ambient conditions. The
amounts ofZ-ligustilide in these solutions were determined,
respectively after storage 0, 1, 2, 4, 7 and 15 days. By compar-
ing the chromatographic peak areas, the level ofZ-ligustilide
were found to be 99.7 and 88.8%, respectively in acetonitrile
and methanol on day 15, which indicated that the compound
was relatively stable in acetonitrile. On the other hand, the
choice of extraction solvent forZ-ligustilide in herbs was fur-
ther compared. Sample was first extracted with methanol and
acetonitrile, respectively, then the amount ofZ-ligustilide was
determined. Results showed that the contents ofZ-ligustilide
contents were comparable in both extracts of methanol and
acetonitrile. However, persistent turbidity was observed in
sample extracted with acetonitrile whilst the methanolic
counterpart remained clear throughout. The stability ofZ-
ligustilide in methanolic extract was also tested by the above
described method. A 99.8% of peak area was determined even
if it was stored in ambient conditions over the period, which
s ol.
T nt for
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w

rnal
s val-
i tory.
T e of
1 ard
s peak
a e
c n
w n

coefficient was found to be 0.9998. This regression equation
was used for quantifyingZ-ligustilide in all sample solutions.

Method reproducibility was evaluated by six injections of
standard solutions and six replicates analysis of sample so-
lutions, respectively. Precision of replicated injections was
determined and the relative standard deviation (R.S.D.) ofZ-
ligustilide content was reported as 0.78% (n= 6). The R.S.D.
of the content ofZ-ligustilide in samples replicated was esti-
mated to be 0.55% (n = 6).

The recovery ofZ-ligustilide was determined by spiking
sample with different concentration levels, namely: 50, 100
and 150% ofZ-liugstilide in the samples. The recoveries were
estimated as 98.3± 1.66% (mean± R.S.D.,n = 3), 96.8±
0.93% (n = 3) and 101.7± 1.24% (n = 3), respectively. The
average recovery was 98.9± 2.52% (n = 9).

It is worthnoting thatE-ligustilide andZ-ligustilide are
stero-isomeric in nature, they have the same conjugated sys-
tem in their structures, and therefore their UV absorption
spectra highly resemble each other (Figs. 1, 2C and E). At-
tempt to isolate theE-ligustilide for assay was found dif-
ficult and met with little success. Therefore, the amount
of E-ligustilide was expressed in terms ofZ-ligustilide in
the present works. The calibration curve and linear regres-
sion equation ofZ-ligustilide was applied to evaluate the
amount ofE-ligustilide in samples. The results indicated
t ilst
Z the
s lide
w
i

4

er
p pa-
r eth-
o ngth
howed thatZ-ligustilide was relatively stable in methan
herefore, acetonitrile was recommended as the solve
reparationZ-ligustilide standard solution whilst methan
as used for extraction ofZ-ligustilide in herb samples.
Z-Ligustilide was quantified in samples using exte

tandard method with reference marker. The method
dation data indicated that the procedure was satisfac
he linearity was determined in the concentration rang
0.6–425.6 mg/L with nine different concentration stand
olutions. The linear regression of concentration versus
rea was expressed asy= 16.472x− 17.535 in which y is th
oncentration ofZ-ligustilide in working calibration solutio
hilst x is the peak area ofZ-ligustilide, and their correlatio
hat E-ligustilide was present as a small proportion wh
-ligustilide remained as the predominant component in
amples of CDG, JDG and CCX. A total amount of ligusti
as estimated from the sum ofZ-ligustlide andE-ligustilide

n seven samples (Table 1).

. Conclusions

Z-Ligustilide commonly co-exists in herbs with oth
hthalide-typed compounds which makes it difficult to se
ate from its isomers using previously reported HPLC m
ds. By choosing an appropriate UV absorption wavele
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at 350 nm, satisfactory chromatographic separation ofZ-
ligustilide with its adjacent peaks could be observed under
RP-HPLC conditions for four tested herbal species of roots of
Angelica sinensis(Oliv.) Diels and related medicinal plants.
Acetonitrile was used in the preparation ofZ-ligustilide stan-
dard solutions, a stable and repeatable standard solution was
obtained. Method validation data indicate that the present
method is suitable for the determination ofZ-ligustilide in
the roots ofAngelica sinensis(Oliv.) Diels, Angelica acu-
tiloba Kitagawa,Angelica acutilobaKitagawa var.sugiya-
maeHikino and the rhizome ofLigusticum chuanxiongHort.
The present HPLC procedure makes it possible for analyzing
a large amount of samples with its simplicity in analytical pro-
cedures and good reproducibility. However, the same HPLC
condition is unable to separateZ-ligustilide from an interfer-
ing peak in the extract of the root ofAngelicagigasNakai. The
employment of HPLC–APCI-MS is crucial for confirmatory
studies in order to eliminate any false positive identification.

Characteristic fragrance has been used as an experience
criterion of assessing the quality of Radix Angelicae Sinen-
sis due to the presence of volatile oils. The top quality is
usually recognized as the most perfumed as a result of the
large amount of the volatile oils. The present results further
indicate that Radix Angelicae Sinensis and Rhizoma Chuanx-
iong contain large amount of ligustilide. Although ligustilide
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