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Abstract

A sensitive and specific HPLC-UV method has been developed, for the first time, to simultaneously quantify 12 bioactive ingredients in
Ligusticum chuanxionglort. (Rhizoma Chuanxiong). This assay was fully validated in respect to precision, accuracy and sensitivity. This
method was successfully applied to quantify twelve ingredients in six different Chuanxiong samples. The results demonstrated significant
variations in the total content and quantity of each of the main bioactive compounds in different herbs, indicating that quality control of
bioactive ingredients in Chuanxiong is critical to ensure its clinical benefits. This assay can be readily utilized as quality control method for

Chuanxiong.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Rhizoma Chuanxiong, derived from the rhizomé.ifus-
ticum chuanxiongdort. (Umbelliferag, is a well-known tra-
ditional Chinese medicinal (TCM) herb with haemodynamic
and analgesic effec{d]. In the TCM practice, this herb is

components contributing to the therapeutic effects of this
medicinal herj4-8].

As a naturally occurring medicinal herb, the type and
quantity of the bioactive ingredients in Rhizoma Chuanx-
iong vary with the growth environments and post-harvesting
procesq9]. Furthermore, coniferylferulate and several ph-

commonly prescribed for the treatment of migraine and var- thalides are thermolabild 0—13] which may also influence
ious cardiovascular diseases, such as angina pectoris and ighe quality of this herb and consequently its therapeutic out-

chemic strokg2,3].

From Rhizoma Chuanxiong, more than 30 compounds,

which belong to various different structural types, have

comes if the post-harvesting process alters. Therefore, a reli-
able quality control method is needed for the qualitative and
gquantitative determination of the main bioactive components

been isolated, and among them, several components belongef Rhizoma Chuanxiong.

ing to three types, namely phenolic acid, alkaloid, and ph-
thalide, have been found to be pharmacologically active.
For instance, the phenolic acid-type compound: ferulic acid
and coniferylferulate; the alkaloid-type compound: tetram-
ethylpyrazine (TMP); and the phthalide-type compoufid:

ligustilide, senkyunolide A, 3-butylidenephthalide and levis-
tolide A, have been reported to be the biologically active
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To date, various analytical methods have been reported
for the analysis of the active ingredients of Rhizoma Chuanx-
iong, including GC-M$14,15] HPCE-UV[16], HPLC-MS
[15,17] and HPLC-UV[15,17-19] However, the elevated
temperatures used in all reported GC methods may not be
appropriate for quantification of the thermolabile compounds
such a<Z-ligustilide, coniferylferulate, senkyunolide A and
3-butylidenephthalidg¢10-13] On the other hand, all the
published HPCE and HPLC methods were unable to simul-
taneously determine all three types of the active ingredi-
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ents present in Rhizoma Chuanxiong. Therefore, the presenent Rhizoma Chuanxiong samples for the quantification of
work aimed to develop an analytical method to simultane- these twelve components.

ously determine all reported main active compounds. A sim-

ple HPLC-UV assay using an internal standard method has

been developed, for the first time, to simultaneously deter- 2. Experimental

mine and quantify twelve ingredients, which belong to the

three active types and are the reported bioactive component2.1. Chemicals and standards

present in Rhizoma Chuanxiong. The chemical structures of

these 12 compounds are illustrated-ig. 1 The developed HPLC grade methanol (E. Merck, Darmstadt, Germany)
method has been subsequently applied to analyze six differ-was used for the HPLC analysis. Analytical-reagent grade
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Fig. 1. Chemical structures of 12 bioactive components present in Rhizoma Chuanxiong.
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ethanol was used for the extraction of Rhizoma Chuanxiong. each extract was subjected to HPLC analysis. Four wave-
Vanillin from Fluka Chemie (Buchs, Switzerland), ferulic lengths at 254, 274, 284 and 294 nm, respectively, were cho-
acid and TMP from Acros Organics (Geel, BelgiunZ), sen as the monitoring wavelength for different analytes. Cali-
ligustilide from ChromaDex (Santa Ana, CA, USA), sedano- bration curves were constructed by plotting the concentration
lide anda-naphthaflavone (utilized as internal standard) from of each analyte as a function of peak area ratio of spiked ana-
Sigma (St. Louis, MO, USA), and 3-butylidenephthalide lyte tointernal standard monitored at the selected wavelength.
from Aldrich Chemical Company (St. Louis, MO, USA) were
purchased. Senkyunolide I, senkyunolide H, senkyunolide
A, coniferylferulate, riligustilide and levistolide A were iso-
lated from Rhizoma Chuanxiong previously by our laborato-
ries. Their identities have been confirmedy NMR and
HPLC-MS with individual purity not less than 95[0].

2.5. Accuracy and precision

The accuracy and precision of the developed analytical
method were determined, including both intra- and inter-day
variation. Known quantities of 12 ingredients and the inter-
nal standard were added into herbal blank prior to the extrac-
tion. The resultant samples were then extracted and analyzed
as described in Sectidh7. Quantities for all analytes were
calculated from their corresponding calibration curves. Each
sample was analyzed in triplicate to determine the intra-day
variability. The inter-day reproducibility was determined by
analyzing the samples on three separate days. The relative
standard deviation (R.S.D.) was taken as a measure of pre-
cision and the percentage difference between amounts deter-

were cultivated and harvested in the corresponding local area§nlned and spiked was considered as a measure of accuracy.

in China. The voucher specimens of these samples were de-d In laddlotllon, to ftg:]her evagﬁlte thg reproduc||b|l|(t:3;(o_frthe
posited at the Department of Pharmacology, the Chinese Uni- eveloped assay, Rhizoma Chuanxiong sample (CX-T) was

versity of Hong Kong, and their identities were authenticated treated and analyzed in trlpllcat_e within the same day an(_j alsq
on three separated days by using the procedures described in

g(;]c_:ordlng to the pharmacognostic standard documented InSection2.7. The quantity of each of the ingredients present
ina Pharmacopoeja]. o ;

in this herbal sample was determined from the correspond-
ing calibration curves. Moreover, the accuracy of the mea-
surement was further assessed by spiking one known quan-
tity of each of the 12 authentic samples into the Rhizoma
Chuanxiong sample (CX-T) followed by addition of the in-
ternal standard. The resultant samples were then extracted
and analyzed as described in Sectibida Each sample was
analyzed in triplicate. The total concentration of each of the
analytes was determined from the corresponding calibration
curve, and accuracy of the measurement for each analyte was
calculated by the following equation:

2.2. Plant materials

Rhizoma Chuanxiong samples were purchased from lo-
cal herb stores in Provinces of Sichuan (CX-R-1, 2, 3, 4),
Jiangxi (CX-R-5) and Yunnan (CX-R-6) in Mainland China.
Rhizoma Chuanxiong sample (CX-T) used for the prepara-
tion of herbal blank and the assessment of reproducibility and
accuracy of the developed assay was collected in Dujiangyan
County, Sichuan Province, Mainland China. All these herbs

2.3. Apparatus and chromatographic conditions

An Agilent 1100 HPLC system was employed with a Wa-
ters Symmetry gg column (5um, 150 mmx 4.6 mm) cou-
pled with a guard column (Waters Spherisorb S5 ODS2,
10 mmx 4.6 mm). UV absorption was measured with a spec-
trum ranging from 190 to 400 nm. The mobile phase consisted
of A (0.25% aqueous acetic acid, v/v) and B (methanol). Gra-
dient elution was as follows: 32% B at 0—3 min, increased lin-
early to 85% B at 36 min and to 100% B at 43 min, then main-

tained at 100% B for 9 min. The flow rate was 0.7 ml/min. —[Cspiked— (Ctotal — Coriginal)]

Cspiked

accuracy (%)= { } x 100

2.4. Calibration curves

_ o whereCta is the determined total concentrati@hyriginal iS
A 95% ethanol stock solution containing all 12 authen- he concentration in the original herb measured in the above

tic compounds was prepared and diluted to appropriateé con-gescribed experiment, a@pikedis the spiked concentration.
centrations to construct calibration curves. Each calibration

curve contained six different concentrations and was per-

formed in triplicate.a-Naphthaflavone was used as an in- 2.6. Limits of detection

ternal standard with the concentration of 1G6§ml for all

analytes. The herbal blank was prepared by extracting the ~Aliquots of analytes were added to the herbal blank to
raw herbal material (CX-T) thoroughly with 95% ethanol Provide adequate concentrations for all 12 analytes, ranging
in Soxhlet apparatus till all the Compounds of interest were from2t0 100 ng/ml, inthe final extract. The resultant Samples
undetectable by HPLC. Calibration curves were constructed Were extracted and analyzed in the same manner as described
by Sp|k|ng authentic ana|ytes and internal standard into the in Section2.7. The detection limit of each analyte was deter-
herbal blank (500 mg) prior to extraction. The extraction was Mined when the signal-to-noise ratio of the testing peak was
performed as described in Sectidr. An aliquot (10ul) of greater than five.
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Fig. 2. Representative HPLC chromatograms of the ethanol extracts of herbal blank detected at: 294 nm (A); herbal blank spiked with analytes and in-
ternal standard detected at: 294nm (B) and 254 nm (C); and CX-R-4 detected at: 294 nm (D) and 254 nm (E). Peaks: (1)—vanillin; (2)—ferulic acid;
(3)—tetramethylpyrazine; (4)—senkyunolide I; (5)—senkyunolide H; (6)—senkyunolide A; (7)—coniferylferulateZ {8ustilide; (9)—sedanolide (neoc-

nidilide); (10)—3-butylidenephthalide; (11)—riligustilide; (12)—levistolide A; (13)}~raphthaflavone (internal standard).
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Table 1
Calibration curves for 12 ingredients
Compound Monitor wavelength  Retention time y=ax+b r2 Concentration Detection
(nm) (min) Slope ) Interpret b) range (.g/ml) limit (ng/ml)
Vanillin 294 79 0.06261 —0.003084 09993 1-45 50
Ferulic acid 294 D 0.03943 —0.006506 09994  4-90 40
Tetramethylpyrazine 294 1m 0.05418 —0.003422 09988 1-45 100
Senkyunolide | 274 14 0.05783 —0.004227 09994  3-180 20
Senkyunolide H 274 13 0.04556  —0.0008477 0995 1-70 10
Senkyunolide A 284 28 0.01888 —0.02573 09991 24-1220 20
Coniferylferulate 294 27 0.02326  —0.03440 09987 34-1720 25
Z-ligustilide 284 301 0.02093 —0.01400 09990 20-1050 10
Sedanolide 254 30 0.007065 —0.006063 09995 15-710 10
3-butylidenephthalide 254 B 0.08646 —0.006835 09980 2-88 40
Riligustilide 284 352 0.06010 0008237 09991 0.1-9 5
Levistolide A 274 34 0.04041 0005424 09993 0.6-62 30
2.7. Quantification of 12 ingredients in Rhizoma ligustilide and sedanolide, and 0.Q§/g for riligustilide, re-
Chuanxiong herbal samples spectively.

As shown inTable 1 the calibration curves for all 12 ana-
Six Rhizoma Chuanxiong samples, obtained from differ- lytes showed good linearityd>0.998) in the concentration
ent herbal stores, were ground. The powder of each herbalranges tested. Furthermore, the validation studies provided
sample was spiked with the internal standard and then ex-good precision, with overall intra- and inter-day variations
tracted by 3 ml of 95% ethanol with rotations for 2 h. After of less than 7 and 15%, respectively, and accuracy higher
centrifugation, the residues were further extracted with 3 ml than 80% Table 3. Furthermore, when the 12 analytes were
of fresh 95% ethanol for 2 h. The filtered supernatants were spiked into the real herbal sample (not the herbal blank), a
combined. An aliquot (1Q.) of the filtrate was directly sub-  good accuracy of higher than 85% was also obtained for each
jected to HPLC analysis. Each sample was determined inof all the analytes testeddble 3. In the case of analysis of
triplicate. The content of each analyte was calculated from neocnidilide, since it was reported as the only diastereomer
the corresponding calibration curve. of sedanolide identified in Rhizoma Chuanxid@g], but its
authentic compound was unavailable, the synthetic sedano-
lide was utilized for the construction of the calibration curve
3. Results and discussion for neocnidilide.
The developed HPLC-UV analytical method was subse-
As shown inFig. 2, all 12 analytes were eluted with base- quently applied to simultaneously determine the twelve in-
line separation under the optimized chromatographic condi- gredients in six Rhizoma Chuanxiong herbal samples ob-
tion. Since the 12 ingredients have their maximum UV ab- tained from different sources. All compounds found in herbal
sorptions {may) at different wavelengths, in order to obtain samples were qualitatively determined by comparison of both
the highest sensitivity to analyze each analyte, four differ- their UV spectrum and the retention time with those of the
ent wavelengths at 254, 274, 284 and 294 nm, respectively,authentic compounds. Representative chromatograms, mon-
were chosen to detect and quantify all 12 analytes simulta-itored at 294 and 254 nm, are shownFiiy. 2 The quantity
neously. The wavelengths for monitoring different analytes of each compound present in the six Chuanxiong samples
are listed inTable 1 A further advantage of using multiple ~was determined and the results are summarizethbie 4
wavelength monitoring is being able to simultaneously detect Furthermore, as shown Fig. 3, an excellent reproducibility
neocnidilide at 254 nm, while as shownFiyg. 2, this com- was obtained for each of the ingredients determined.
pound cannot be detected at other wavelengths. This may The results indicated that, except for TMP and vanillin, all
explain that in a previous study of Rhizoma Chuanxiong by compounds tested were detected in all six Rhizoma Chuanx-
Naito et al.[19], neocnidilide was not determined simulta- iong herbal samples. In all six samples analyZeligustilide
neously with other ingredients by using a single monitoring was found to be the most abundant component, and conifer-
wavelength at 270 nm. ylferulate and senkyunolide A were determined as major in-
Under the present condition, all analytes were detected gredients. These three major bioactive ingredients account
with relatively high sensitivities. The detection limits calcu- for about 86-95% of the total components determined in
lated as per dried herbal sample were 10%y for tetram- the six different Chuanxiong herbal samples. As shown in
ethylpyrazine, 0.55.g/g for vanillin, 0.44ug/g for ferulic Fig. 4A, the contents of these three major ingredients vary
acid and 3-butylidenephthalide, 0.34/g for levistolide A, significantly in different herbs. Furthermore, marked differ-
0.27p.g/g for coniferylferulate, 0.2Rg/g for senkyunolide ences in the content of each individual minor bioactive in-
| and senkyunolide A, 0.11g/g for senkyunolide HZ- gredient present in the six different herbal samples are also
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Table 2
Intra- and inter-day variability for the assay of 12 ingredients

Intra-day (=3)

Compound/concentration spikedd/ml) Inter-day (i=3)

Detected gg/ml) R.S.D. (%% Accuracy (%% Detected g/ml) R.S.D. (%) Accuracy (%)

Vanillin

2.25 2.45+ 0.13 52 911 2.55+ 0.01 Q4 867

11.23 10.94+ 0.32 29 97.4 11.25+ 0.09 Q8 998

22.46 22.40+ 0.24 11 997 22.46+ 0.39 17 1000
Ferulic acid

9.08 9.35+ 0.38 41 97.0 9.244+ 0.33 36 982

22.69 23.01+ 0.47 20 986 23.41+ 0.52 22 9638

90.75 90.09+ 0.95 11 993 90.65+ 2.32 25 999
Tetramethylpyrazine

2.29 2.63+ 0.18 69 852 2.76+ 0.01 Q3 795

11.46 11.58+ 0.22 19 990 11.44+ 0.37 32 998

22.92 22.16+ 0.48 22 96.7 22.09+ 0.40 18 964
Senkyunolide |

18.28 17.34+ 0.29 17 94.9 17.63+ 0.19 11 964

91.40 92.70+ 3.01 33 986 90.77+ 0.64 Q7 993

182.78 182.45% 2.22 12 9908 185.45+ 1.30 Q7 985
Senkyunolide H

6.88 6.58+ 0.14 21 956 6.68+ 0.06 10 97.1

34.43 34.95+ 1.04 30 985 34.42+ 0.33 10 1000

68.86 68.72+ 0.75 11 998 70.13+ 0.93 13 982
Senkyunolide A

60.96 66.87+ 2.40 36 903 68.59+ 1.20 17 875

304.79 295.05+ 5.02 17 96.8 294.87+ 4.68 16 967

609.59 585.83t 5.93 10 961 586.27+ 5.71 10 962
Coniferylferulate

86.17 95.07+ 4.75 16 897 9457+ 4.57 48 903

430.83 445.2H 14.13 31 967 441.02+ 12.04 27 976

861.67 895.08t 14.04 16 96.1 896.45+ 15.43 17 960
Z-Ligustilide

52.48 55.92+ 2.46 44 934 58.70+ 1.56 27 881

262.41 255.42+ 3.65 14 97.3 254.63+ 2.71 11 97.0

524.83 507.45+ 4.07 Q8 96.7 513.41+ 5.60 11 97.8
Sedanolide

35.57 36.68+ 2.46 67 969 36.74+ 2.04 55 967

177.83 173.33: 5.19 30 975 170.76+ 3.44 20 960

355.67 351.60t 3.48 10 989 350.85+ 1.44 Q4 986
3-Butylidenephthalide

4.4 5.26+ 0.28 53 805 4.76+ 0.69 146 918

22 20.97+ 0.38 18 953 20.86+ 0.30 14 948

44 41.95+ 0.83 20 953 42.31+ 1.13 27 962
Riligustilde

0.09 0.09+ 0.002 07 997 0.085+ 0.005 22 964

0.35 0.35+ 0.01 29 998 0.35+ 0.01 22 991

2.20 2.19+ 0.04 18 995 2.14+ 0.05 23 97.1
Levistolide A

0.62 0.59+ 0.03 81 956 0.59+ 0.02 34 952

2.46 2.47+ 0.05 20 996 2.48+ 0.06 23 992

15.40 15.35+ 0.34 37 997 15.144+ 0.18 12 983

2 R.S.D. (%) =(S.D./meany 100.

b Accuracy (%) = [1- (mean concentration measuredoncentration spiked)/concentration spiked]00.
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Table 3
Assessment of testing accuracies for the 12 ingredients spiked into Rhizoma Chuanxiong sample (CX-T)
Compound Concentration Accuracy (%)
Spiked (.g/ml) Detected j.g/ml)

Vanillin 10.0 9.8+ 0.5 980
Ferulic acid 250 229+ 1.1 916
Tetramethylpyrazine 10 9.5+ 05 950
Senkyunolide | 28 21.2+ 0.2 972
Senkyunolide H 1% 18.9+ 0.3 977
Senkyunolide A 50 51.1+ 3.1 896
Coniferylferulate 70 67.5+ 0.9 938
Z-ligustilide 500 46.2+ 15 924
Sedanolide 120 115.3+ 3.7 961
3-butylidenephthalide 40 4294+ 1.9 913
Riligustilde 100 10.0+ 0.0 999
Levistolide A 100 9.9+ 0.0 990
Table 4
Contents of twelve bioactive ingredients in six Rhizoma Chuanxiong herbal samples
Compound Content (mg/g of the dried material)

CX-R-1 CX-R-2 CX-R-3 CX-R-4 CX-R-5 CX-R-6
Vanillin nd nd nd nd nd nd
Ferulic acid 0.24+ 0.01 0.22+ 0.01 0.17+ 0.004 0.24+ 0.01 0.25+ 0.02 0.16+ 0.01
Tetramethylpyrazine nd nd nd nd nd nd
Senkyunolide | 0.45t 0.01 0.99+ 0.01 0.75+ 0.01 0.87+ 0.01 0.93+ 0.01 0.14+ 0.01
Senkyunolide H 0.12+ 0.003 0.30+ 0.002 0.23+ 0.002 0.26+ 0.003 0.26+ 0.002 0.04+ 0.003
Senkyunolide A 2.7H 0.07 8.99+ 0.22 5.29+ 0.06 7.58+ 0.04 10.55+ 0.12 3.51+ 0.09
Coniferylferulate 4.88+ 010 7.18+ 0.15 3.14+ 0.04 6.52+ 0.08 7.64+ 0.08 9.08+ 0.18
Z-ligustilide 9.84+ 0.26 13.07+ 0.32 7.57+ 0.07 11.25+ 0.04 13.65+ 0.11 20.74+ 0.21
Neocnidilide 0.56+ 0.07 0.55+ 0.07 0.44+ 0.01 0.47+ 0.02 0.47+ 0.01 0.44+ 0.02
3-butylidenephthalide 0.3% 0.001 0.47+ 0.002 0.45+ 0.01 0.43+ 0.01 0.40+ 0.01 0.14+ 0.004
Riligustilide 0.13+ 0.01 0.14+ 0.01 0.17+ 0.01 0.13+ 0.02 0.12+ 0.01 0.12+ 0.01
Levistolide A 0.44+ 0.01 0.68+ 0.02 0.32+ 0.01 0.57+ 0.01 0.52+ 0.01 0.57+ 0.01
Total 19.67+ 0.29 32.58+ 0.43 18.52+ 0.10 28.32+ 0.11 34.77+ 0.19 34.93+ 0.29

Data are represented as mea8.D. (h=3); nd: not detectable.

mg/g of dried material

O Intra-day

6 7 8
Compound

M Inter-day

been observedTable 4. With a consideration of the total
content of all ingredients determindeig. 4B), samples CX-

R-1 (19.67+0.29mg/g) and CX-R-3 (18.520.10 mg/qg)

had very similar contents, which were significantly lower
than all the other samples, and three samples containing
higher quantities also have similar total contents (CX-R-
2: 32.58+ 0.43mg/g, CX-R-5: 34.72 0.19 mg/g, CX-R-6:
34.93+ 0.29 mg/g). However, the quantity ratio of these three
major components and the content of each of the three major
ingredients present in different herbs are significantly differ-
ent Fig. 4A). For example, senkyunolide A, coniferylferu-
late andz-ligustilide account for 30, 22 and 39% of the total
content in sample CX-R-5, and 10, 26 and 59% of the total
content in sample CX-R-6, respectively. Therefore, the deter-
mination of each of the major bioactive components is more
important and meaningful than a measurement of the total
content of all bioactive ingredients only. Our results demon-
strated significant variations in chemical profiles, in particular

Fig. 3. The reproducibility assessment of 10 ingredients determined the profiles of the major bioactive ingredients, in this TCM

in Rhizoma Chuanxiong sample (CX-T).
acid; (4)—senkyunolide I; (5)—senkyunolide H; (6)—senkyunolide A,
(7)—coniferylferulate; (8)—2-ligustilide; (9)—sedanolide (neocnidilide);
(10)—3-butylidenephthalide; (11)—riligustilide; (12)—levistolide A.

Compound: (2)—ferulic

herb cultivated in different locations. Therefore, in order to
ensure the consistency of therapeutic benefits, it is necessary
to quantify each of the major bioactive components in Rhi-



94 R. Yan et al. / Journal of Pharmaceutical and Biomedical Analysis 37 (2005) 87-95

25] that TMP was undetectable in various Rhizoma Chuanxiong
O Senkyunolide A O Coniferylferulate MW Z-Ligustilide

herbal samples test¢di7]. Their results are in a good agree-
ment with our present and previous studi2g]. In addition,
the synthetic TMP rather than the one isolated from Rhizoma
Chuanxiong was utilized in all the reported pharmacological
and clinical studies on TMR27,28] Therefore, based on all
available information, we believe that TMP is not the main
component of Rhizoma Chuanxiong. Further investigation is
warranted for the confirmation of whether or not TMP is the
major bioactive component contributing to the pharmacologi-
cal activities of Rhizoma Chuanxiong. However, based on the
currently available evidence, we would suggest that TMP is
(A) CX-R1 CX-R2 CX-R3 CX-R-4 CX-R5 CX-R6 not a suitable chemical marker for the quality control of the
major bioactive ingredient for Rhizoma Chuanxiong herbs
40 and herbal products.

351 — T

201

157

107

mg/g of dried material

307 . 4, Conclusions

25
This is the first report on the development of a simple,
sensitive and specific HPLC-UV method to simultaneously
157 quantify all main bioactive ingredients in Rhizoma Chuanx-
iong. The results demonstrate that the developed method was
accurate and reproducible. This method has also been applied
51 successfully to simultaneously quantify twelve constituents
0 in six Rhizoma Chuanxiong samples. The results demonstrate
(B) CX-R1 CX-R2 CX-R3 CX-R4 CX-R5 CX-R6 that this method could be readily utilized as a suitable qual-

ity control method for quantification of all major bioactive
Fig. 4. Contents of three major bioactive ingredients (A) and total contents ingredients in Rhizoma Chuanxiong.
of all components (B) determined in six Rhizoma Chuanxiong samples.

201

mg/g of dried material

10
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