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ABSTRACT 

As one of the most frequently used medicinal herbs in China, Chuanxiong Rhizoma (Chuanxiong) is notable for its 
beneficial effects in alleviation of cardio- and cerebro-vascular disorders. Results from previous phytochemical, phar- 
macological and pharmacokinetic studies supported the contributions of 10 main components, namely ferulic acid (3), 
senkyunolide I (4), senkyunolide H (5), senkyunolide A (6), coniferylferulate (7), Z-ligustilide (8), sedanolide (9), 
3-butylidenephthalide (10), riligustilide (11) and levistolide A (12), for therapeutic outcomes of the herb. To prepare a 
Chuanxiong extract, which is selectively enriched with these main components, the supercritical fluid extraction (SCFE) 
technique using CO2 was chosen in the present study due to its superiority in extraction of lipophilic components, espe-
cially thermo-labile components from natural products. Eight Chuanxiong samples were extracted under different SCFE 
conditions. Contents of 3-12 in SCFE extracts and remained in herbal residues were determined using HPLC-UV and 
compared with those in 95% ethanol extracts of the respective herbal samples. The results showed that contents of 3-12 
were generally enriched by SCFE with higher recoveries achieved for lipophilic constituents, including the three most 
abundant constituents 6, 7 and 8. Moreover, extraction yield of the less lipophilic 3, 4 and 5 was improved by adding 
ethanol as entrainer. Higher flow rate of CO2 (10 - 13 L/h vs 9 - 12 L/h) enhanced the overall extraction, while lower 
temperature (32˚C vs 40˚C) reduced degradation of thermo-labile compounds, in particular 7, 8 and 10. Our es- 
tablished SCFE condition yielded high extraction recoveries for both total (75.6%) and three major chemical ingredients 
(6: 83.5%, 7: 77%, 8: 78.3%) from Chuanxiong with an adequate overall reproducibility, demonstrating a successful 
application of SCFE in selective enrichment of certain ingredients and efficient extraction of thermo-labile components 
from medicinal herbs using specifically designed SCFE conditions. 
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1. Introduction 

Chuanxiong Rhizoma (Chuanxiong) originated from Li- 
gusticum chuanxiong Hort. is one of the most frequently 
prescribed medicinal herbs in traditional medicinal pra- 
ctice in China. It has attracted extensive research inter- 
ests due to its notable cardio- and cerebro-protective 
effects. 

Previously, our research laboratory has undertaken se- 
ries studies to characterize the chemical profile, pharma- 
codynamic properties and pharmacokinetic profile of 
Chuanxiong and its main constituents with the aim of 
developing modern Chuanxiong product with known 
active ingredients and verified bioavailability. As found 
in our previous studies, ferulic acid (3), senkyunolide I 

(4), senkyunolide H (5), senkyunolide A (6), coniferyl 
ferulate (7), Z-ligustilide (8), sedanolide (9), 3-buty- 
lidenephthalide (10), riligustilide (11) and levistolide A 
(12) were the main components in Chuanxiong [1,2] and 
their contributions to pharmacological activities of Chuan- 
xiong have been verified by our own and other research 
teams’ studies [3-14]. Moreover, our pharmacokinetic 
study of Chuanxiong extract also revealed these com- 
pounds, especially 6 and 8, as the main in vivo available 
ingredients of Chuanxiong [15,16]. In addition, it is very 
interesting to note that although presenting as the rela- 
tively minor phthalide in the herb, after ingestion of the 
herbal extract 3-butylidenephthalide (BuPh, 10) showed 
comparable systemic exposure to those of the abundant 
phthalides such as 6 and 8 due to a significant biotrans-
formation from the co-existing 8 [17]. All these results *Corresponding author. 
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suggested that multiple-components with certain propor-
tions might be the need for the beneficial therapeutic 
effects of Chuanxiong. 

As a result, an extract highly enriched with the afore- 
mentioned 10 main ingredients should be prepared for 
research and development of Chuanxiong-based product. 
Chuanxiong is usually prepared as decoctions with boil- 
ing water in traditional use or extracted using aqueous 
ethanol in pharmaceutical industry. As the classical me- 
thod, steam distillation is also commonly used to ex- 
tract essential oil, which contains the aforementioned 10 
main ingredients including active phthalides, from Chu- 
anxiong. The main constituents of Chuanxiong, in- 
cluding coniferyl ferulate, ligustilide and senkyunolide A, 
were found to be thermo- and/or light-labile, and un- 
derwent extensive degradation due to exposure to light 
and/or high temperature during these preparation proc- 
esses [18]. Thus, the method, that can obtain a high yield 
extraction of these components from Chuanxiong with- 
out thermal degradation, should be taken into considera- 
tion. 

Over the past decades, supercritical fluid extraction 
(SFE) has been widely applied in many areas with the 
most common use in decaffeination of coffee and tea, 
extraction of hop components for beer flavouring and 
extraction of essential oils, oleoresins, flavors and aro- 
mas from spices and botanicals [19,20]. As an alternative 
to the traditional non-supercritical liquid extraction of 
plant materials, SFE has gained an increased attention 
with a growing concern of the quality and safety of 
herbal medicines and foods worldwide [21]. The prince- 
ple of this advanced extraction technology is using a gas 
or liquid which takes on many properties of both gas and 
liquid after being compressed and heated to a “super- 
critical” phase to penetrate and extract targeted mole- 
cules from source materials [22]. This “fluid” offers very 
attractive extraction characteristics, such as rapid mass 
transfer, faster completion of extraction, and stronger 
penetration into the material to be extracted than the 
conventional liquid solvent, owing to its favorable diffu- 
sivity, viscosity, surface tension, etc. Solvents commonly 
used in supercritical fluid include carbon dioxide (CO2), 
ethane, ethylene, propane, etc. Because of the special 
properties of CO2, such as inert, non-toxic, inexpensive, 
easily available and environmentally-friendly, carbon 
dioxide (CO2) is the most desirable SFE solvent for ex- 
traction of natural products for foods and medicines, and 
supercritical fluid extraction using CO2 (SCFE) is the 
today’s most popular technique for rapid and contamina- 
tion-free extraction in herbal pharmaceutical industries 
[23]. Moreover, its near-ambient critical temperature 
(31.1˚C) and low critical pressure (7.38 MPa) and selec- 
tivity for lipophilic constituents make it ideally suitable 
for extraction of essential oils and thermo-labile con- 

stituents from natural products. To increase the solubility 
of polar compounds, small amounts of polar or non-polar 
co-solvents called entrainers or modifiers, like ethanol, 
ethyl acetate, and water, is usually added into the super- 
critical CO2 to selectively extract and enrich these polar 
compounds [24]. Ethanol is the modifier of choice in 
pharmaceutical and food industries because it is non- 
toxic and generally recognized as safe. 

To date, there are only a few reports on the SCFE of 
Chuanxiong [25-30]. All these studies were operated at 
40˚C or a higher temperature. Apparently, due to the in-
stability of major components in Chuanxiong, this high 
temperature should not be suitable for the extraction of 
some of the thermo-labile components, in particular the 
original main component ligustilide and coniferyl feru- 
late. In most previous reports, the SCFE extracts of 
Chuanxiong were prepared under a fixed condition with 
aims to obtain the lipophilic components. Thus, entrainer 
was not added to improve extraction of less lipophilic 
constituents with exception of the studies from Yuan’s 
and Wu’s groups [28,29], which used ethanol and CHCl3 
as the entrainer, respectively. The extraction yields of 
total essential oils were generally very low (<5%) [25,26], 
when compared with the extracts obtained by steam- 
distilled extraction. Moreover, the constituents in the 
SCFE extracts were analyzed using GC-MS technique by 
comparison with data reported in the literature owing to 
unavailability of authentic standards [25,26,28,29] or the 
extraction efficiency of the SCFE was evaluated with 
only one component, such as ligustilide [27,30] or the 
overall UV absorbance of all ingredients in the extracts 
[28]. Again, gas chromatography is not appropriate for 
the analysis of thermo-labile components in Chuanxiong. 
The UV absorption is also not suitable for monitoring 
extraction of desired components. 

Therefore, the aim of the present study was to develop 
a suitable SCFE method for the extraction and enrich- 
ment of the main naturally occurring ingredients of 
Chuanxiong. The main components 3-12 in the extracts 
were simultaneously determined using HPLC-UV for the 
assessment of suitable SCFE conditions. The developed 
SCFE method provided an extract that is enriched in 
components 3-12 for future development of Chuanx- 
iong-based proprietary products. 

2. Materials and Methods 

2.1. Reagents and Materials 

HPLC grade methanol (E. Merck, Darmstadt, Germany) 
was used for the HPLC analysis. Ninety-five percent etha- 
nol (AR) was used for the extraction of Chuanxiong sam- 
ples. Hexane (AR), ethyl acetate (AR) and chloroform 
(AR) from BDH (VWR Int. Ltd., Dorset, UK) were util-
ized in isolation and purification of authentic compounds. 
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Eight dried Chuanxiong samples (CX-R 1-6, 9-10) 
were extracted by SCFE in the present study. Their 
sources and sample codes are listed in Table 1. All dried 
Chuanxiong samples were only subjected to sun drying 
without any further processing. The voucher specimens 
of these samples were deposited at the Department of 
Pharmacology, the Chinese University of Hong Kong, 
and the identities of all non-processed Chuanxiong sam- 
ples were authenticated according to the monograph do- 
cumented in China Pharmacopoeia [31]. 

Ferulic acid (3, 99% purity) from Acros Organics 
(Geel, Belgium), Z-ligustilide (8) of 1 mg/ml in aceto- 
nitrile from ChromaDex (Santa Ana, CA, USA), sedano- 
lide (9, 97% purity) and α-naphthaflavone (utilized as 
internal standard, IS) from Sigma Chemical Company (St. 
Louis, Mo, USA), and 3-butylidenephthalide (10, 96% 
purity) from Aldrich Chemical Company (St. Louis, Mo, 
USA) were purchased and used as received. Senkyuno- 
lide I (4), senkyunolide H (5), senkyunolide A (6), 
coniferylferulate (7), riligustilide (11) and levistolide A 
(12) were isolated from commercial Chuanxiong SCFE 
extracts (Masson Pharmaceutical Co. Ltd. Guangzhou, 
China) as described in our previous study [1]. The purity 
of each isolated compound was determined by HPLC 
(pure compound: 6: 95%, 4: 99.7%, 5: 94%, 7: 94%, 11: 
97%, 12: 98%. 

2.2. SCFE Procedure 

Briefly, dried Chuanxiong samples (CX-R 1-6, 9-10) 
were cut into small pieces (about 1 mm) and then loaded 
(420 grams) into the extractor (1 liter). CO2 supercritical 
fluid continuously flowed through the extractor via a 
high-pressure pump. After extraction under conditions 
described in Tables 2(a)-(c), the extract-laden CO2 then 
flowed to the separator via a pressure reduction valve and 
the extracts precipitated in the separator after reduction 
of pressure, while CO2 free of extracts was recycled and 
flowed back to the extractor. 
 
Table 1. Sources and respective extract of Chuanxiong sam- 
ples. 

Sample Code Source SCFE Extract Code

CX-R-1 Dujiangyan, Sichuan Province Ext 1 

CX-R-2 Chongqing, Sichuan Province Ext 2 

CX-R-3 Cangxi, Sichuan Province Ext 3 

CX-R-4 Qu county, Sichuan Province Ext 4 

CX-R-5 Wuning, Jiangxi Province Ext 5 

CX-R-6 Dali, Yunnan Province Ext 6 

CX-R-9 Dujiangyan, Sichuan Province Ext 9-1 - Ext 9-4 

CX-R-10 Dujiangyan, Sichuan Province Ext 10-1 - Ext 10-3

Among ten main components in Chuanxiong samples, 
compounds 6-12 were lipophilic and could be easily ex- 
tracted by SCFE. Compounds 3-5, which either con- 
tained one carboxylic and one hydroxyl group (3) or two 
hydroxyl groups (4 and 5), were relatively less lipophilic. 
To improve the extraction of compounds 3-5, ethanol 
was used as an entrainer in the present study. 

Firstly, six dried Chuanxiong samples (CX-R 1-6) 
were extracted under the same SCFE condition (Table 
2(a)) to yield six extracts (Ext 1 - Ext 6) for the evalua- 
tion of extraction variations in different herbal samples. 
Secondly, modification of various parameters as listed in 
Table 2(b) was carried out with sample CX-R 9 to ob- 
tained 4 extracts (Ext 9-1 - Ext 9-4) for the improvement 
of extraction efficiency. Finally, reproducibility of the 
selected SCFE condition (Table 2(c)) for Chuanxiong 
was assessed with sample CX-R 10 and its 3 extracts 
(Ext 10-1 - Ext 10-3). 

2.3. Preparation of Different Chuanxiong  
Extracts 

Extraction of dried Chuanxiong samples (CX-R 1-6 and 
9-10) using SCFE were conducted by Masson Pharma- 
ceutical Co. Ltd under the conditions indicated in Tables 
2(a)-(c) to give Chuanxiong SCFE extracts (Ext 1-6, 
9-10). SCFE extract of each herb was analyzed under the 
HPLC chromatographic conditions reported previously 
by our group [2]. The contents of compounds 3-12 were 
calculated from the calibration curves constructed as de- 
scribed below and compared with their contents in the 
respective 95% ethanol extract of each herbal sample that 
determined according to our previous report [2]. The 
extraction efficiency of the SCFE method was evaluated 
using the following equation: 

( )
Extract herb

Recovery %
(Quantity Extraction Yield Quantity ) 100%= × ×

( )

 

In addition, after SCFE, the residues (residue 1 - 6 and 
9) were further extracted with 95% ethanol in the same 
manner as described previously for preparation of the 
95% ethanol extract of the herb [2] and contents of com- 
pounds 3-12 in residual extracts were determined and 
calculated from the corresponding calibration curves [2]. 
The percentages of the ingredients remaining in the resi- 
dues were calculated with the following equation: 

( )residue herbRemaining % Quantity Quantity 100%= ×  

2.4. Quantification of Main Components 3-12 in  
Chuanxiong SCFE Extracts 

The HPLC-UV analytical conditions were the same as 
reported previously by our group [2]. The calibration 
curves of components 3-12 were constructed as follows: 

Copyright © 2012 SciRes.                                                                                AJAC 



R. YAN  ET  AL. 

Copyright © 2012 SciRes.                                                                                AJAC 

908 

 
Table 2. (a) SCFE conditions for the extraction of different Chuanxiong samples; (b) Modification of SCFE conditions; (c) 
Reproducibility of the selected SCFE condition. 

(a) 

Extraction Separation Flow rate Entrainer 

Pressure (Mpa) Temperature (˚C) Pressure (Mpa) Temperature (˚C) (l/hr) Ethanol (ratio)* 

25 40 5.0 40 10 - 13 0 

*The ratio of ethanol to dried herbal material (w/w). 

(b) 

Extraction Separation Flow rate Entrainer 
Method 

Pressure (Mpa) Temperature (˚C) Pressure (Mpa) Temperature (˚C) (l/hr) Ethanol (ratio)*

1 25 32 5.5 40 10 - 13 0.5 

2 30 40 5.0 40 10 - 13 1.0 

3 35 40 5.2 40 9 - 12 1.5 

4 25 32 5.1 40 9 - 12 0 

*The ratio of ethanol to dried herbal material (w/w). 

(c) 

Extraction Separation Flow rate Modifier 

Pressure (Mpa) Temperature (˚C) Pressure (Mpa) Temperature (˚C) (l/hr) Ethanol (ratio)* 

25 32 5.5 40 10-13 0.5 

*The ratio of ethanol to dried herbal material (w/w). 

 
A methanol stock solution containing all ten authentic 

compounds 3-12 was prepared and diluted to appropri- 
ate concentrations to construct calibration curves. Each 
calibration curve contained six different concentrations 
and was performed in triplicate. α-Naphthaflavone was 
used as an internal standard with the concentration of 1 
g/ml for all analyzes. An aliquot (20 μl) of each solution 
was subjected to HPLC-UV analysis. Four wavelengths 
at 254, 274, 284 and 294 nm were chosen as the moni- 
toring wavelengths for different analytes, respectively [2]. 
Calibration curves were constructed by plotting the con- 
centration of each analyte as a function of peak area ratio 
of spiked analyte to the internal standard. 

Two concentrations at low and high levels of the cor- 
responding calibration curve of each analyte were chosen 
to test intra- and inter-day variability. Known quantities 
of compounds 3-12 and the internal standard were spiked 
into methanol to achieve the desired concentrations. The 
resultant solutions were then subjected to HPLC-UV 
analysis and quantity of each analyte was calculated from 
corresponding calibration curves. Each sample was ana- 
lyzed in triplicate to determine the intra-day variability. 
The inter-day reproducibility was obtained by analyzing 
the samples on three separate days. The relative standard 
deviation (RSD) was taken as a measure of precision and 
the percentage difference between amounts determined 
and spiked was considered as a measure of accuracy. To 
determine detection limitations, aliquots of analytes were 

added into methanol to provide concentrations of ten 
analytes ranging from 2 to 100 ng/ml in the final solu-
tions. The detection limit of each analyte was determined 
when the signal-to-noise (S/N) ratio of the tested peak 
area was greater than five. All data were presented as 
mean ± standard deviation (S.D). 

3. Results and Discussions 

3.1. Calibration Curves for Determination of  
Compounds 3-12 in Chuanxiong SCFE  
Extracts 

Under the reported chromatographic conditions [2], the 
intercepts, slopes, concentration ranges and detection li- 
mits for compounds 3-12 in SCFE extracts were sum- 
marized in Table 3. All 10 analytes showed good linear- 
ity over concentration ranges investigated. The limits of 
detection (LOD) for all analytes were the same as previ-
ous reported [2], and the limits of quantitation (LOQ) 
calculated as per gram extract were 0.8 μg for 3, 0.4 μg 
for compounds 4, 6, 9, 10 and 11, 0.2 μg for 5 and 8, 
0.6μg for 7, and 2.0 μg for 12, respectively. Furthermore, 
using our previously well-developed quantitative HPLC- 
UV method [2], the results obtained from the present 
method validation were similar [2] and also revealed 
good precisions with overall intra- and inter-day varia- 
tions of less than 9% and 12%, respectively, and accura- 
cies higher than 90% for all analytes. 
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3.2. SCFE of Different Chuanxiong Samples  
under the Same Condition 

Contents of compounds 3-12 in 95% ethanol extracts of 
six dried Chuanxiong samples (CX-R 1-6) have been 
determined and reported [2]. Great variations were found 
in both individual and total contents of compounds 3-12 
and three major compounds 6, 7 and 8 (18.52 - 34.93 
mg/g) accounted for about 86% - 95% of the total con- 
tent of dried Chuanxiong samples. 

After extraction under the conditions summarized in 
Table 2(a), all the main ingredients in herbs were ex- 
tracted into SCFE extracts (Figures 1-3), and three major 
ingredients 6, 7 and 8 contributed to about 89% - 96% of 
the total content in SCFE extracts. Furthermore, contents 
of all compounds investigated in the extracts were sig- 
nificantly higher than those in the corresponding herbs. 
For example, a total content and the sum of contents of 
three major compounds 6, 7 and 8 in six SCFE extracts 
were about 7 - 15 times and 5 - 15, 6 - 15 and 8 - 18 
times higher than those in original herbs, indicating suc- 
cessful enrichments of all main ingredients in the ex- 
tracts. 

However, in some samples, particularly samples 4 and 
5, composition ratios of different ingredients in SCFE 
extracts were different from that in original herbs (Fig- 
ure 3), suggesting the existence of selective extractions 
towards certain Chuanxiong ingredients by using SCFE. 

The extraction recovery of SCFE for both individual 
and total ingredients were calculated based on extraction 
yield, which was 5.0% (Ext 1), 6.1% (Ext 2), 5.6% (Ext 
3), 6.0% (Ext 4), 7.5% (Ext 5) and 6.0% (Ext 6), respect- 
ively. As shown in Figure 3, based on an average value 
of six extracts, extraction recovery of each individual 
ingredient varied greatly from sample to sample ranging  
 
Table 3. Calibration curves for determination of com- 
pounds 3-12 in SCFE extracts. 

Compound y = ax + b r2 
Concentration 

Range 
Limit of 

Quantitation

 Slope (a) Intercept (b)  (mg/g) (μg/g of 
extract) 

3 0.1187 0.01359 0.9992 0.5 - 22 0.8 

4 0.2171 0.06604 0.9992 0.4 - 27 0.4 

5 0.1646 0.01973 0.9996 0.2 - 14 0.2 

6 0.0641 0.08989 0.9991 1.8 - 100 0.4 

7 0.0550 −0.00020 0.9971 1 - 66 0.6 

8 0.0600 0.01799 0.9992 1 - 44 0.2 

9 0.0148 0.01078 0.9995 0.3 - 11 0.4 

10 0.3065 0.01552 0.9991 0.3 - 11 0.4 

11 0.2033 0.01454 0.9973 0.1 - 11 0.4 

12 0.1516 0.03125 0.9980 0.5 - 55 2.0 

from 20% - 50%, indicating that herbal sample itself 
could influence the outcome of SCFE. In general, higher 
recoveries were obtained for the lipophilic constituents, 
such as three major ingredients 6, 7, and 8, whereas re- 
coveries for relatively less lipophilic compounds 3, 4 and 
5 were poor in the absence of ethanol as an entrainer 
(Figure 3). Except Ext 3, the overall recoveries of the 10 
main components in SCFE extracts were about 50% - 
60%, while the recovery of Ext 3 reached 83%. 

In addition, contents of ten main ingredients remaining 
in the residual materials after SCFE were also deter- 
mined. The results (Table 4(a)) showed that less than 
17% of total components remained in the residual ma- 
terials. Taking into account a sum of the extraction re- 
covery and the percentage remaining in the residual ma- 
terial for all ingredients determined, there was no sig- 
nificant loss for sample CX-R-3, while about 28% - 45% 
loss of the investigated compounds were found for all 
other Chuanxiong samples during SCFE. 

3.3. Modifications of SCFE Condition 

To improve the extraction recovery and reduce the loss 
of main ingredients during SCFE, dried Chuanxiong 
sample (CX-R-9) was extracted by using four different 
SCFE conditions as indicated in Table 2(b) to give 
SCFE extracts Ext 9-1, 9-2, 9-3 and 9-4, respectively. 
Different amounts of ethanol entrainer were added to 
improve the extraction of relatively less lipophilic com- 
pounds 3-5. 

With modified SCFE conditions, the extraction yields 
for these four SCFE extracts were improved to 7.9%, 
7.9%, 8.5% and 7.2%, respectively. Chemical profile and 
contents of the three major ingredients in all four extracts 
were highly similar, while the total contents in samples 
Ext 9-1 and Ext 9-2 were significantly higher than those 
in other two samples (Figure 4), indicating that higher 
flow rate of CO2 improved the overall extraction. In the 
presence of ethanol (Ext 9-1, 9-2 and 9-3), con-  
 
Table 4. (a) Percentage of total 10 components remaining in 
the residues of six different Chuanxiong samples extracted 
under the same conditions; (b) Percentage of total 10 com- 
ponents remaining in the residues of Chuanxiong sample 
CX-R-9 extracted under four different conditions. 

(a) 

Sample
Residue 

1 
Residue 

2 
Residue 

3 
Residue 

4 
Residue 

5 
Residue 

6 

%  
Remaining

14.24 7.72 16.82 11.39 4.65 4.19 

(b) 

Sample Residue 9-1 Residue 9-2 Residue 9-3 Residue 9-4

% Remaining 6.07 4.67 3.53 7.26 
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Figure 1. Representative HPLC-UV chromatograms of Chuanxiong samples and the respective SCFE extracts monitored at 
294 nm (Note: Compound 9 could not be determined at 294 nm, but was measured at 254 nm, data not shown in this figure). 
 
tents of compounds 3, 4 and 5 were significantly higher 
than that in Ext 9-4 extracted in the absence of ethanol, 
demonstrating that ethanol as an entrainer improved the 
extraction of less lipophilic ingredients. However, in- 
crease in amount of ethanol added from a ratio of 0.5 
(ethanol: dried herbal material, w/w) (Ext 9-1) to 1.5 (Ext 
9-3) did not significantly further enhance extraction ca- 
pacity towards these three less lipophilic components, 
suggesting that the addition of ethanol with the ratio of 

0.5 was adequate. Further comparing Ext 9-1 with Ext 
9-2, quantities of some thermo-labile compounds, in par- 
ticular 7, 8 and 10, were markedly lower in Ext 9-2, in- 
dicating that extraction at relatively higher temperature 
(40˚C versus 32˚C) might led to degradation of some 
thermolabile components. 

As shown in Figure 5, with improved extraction yields, 
the extraction recoveries for most ingredients in Ext 9-1, 
9-2 and 9-3 increased significantly and the total re-  
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(a)                                                           (b) 

Figure 2. Contents of ten main ingredients 3-12 in six different Chuanxiong samples (a) and in the respective SCFE extracts 
obtained under the same conditions (b). 
 

 

Figure 3. Extraction recovery of ten main ingredients 3-12 from six different Chuanxiong samples under the same SCFE con-
ditions. 
 

 
(a)                                      (b) 

Figure 4. Contents of ten main ingredients 3-12 in Chuanxiong sample CX-R-9 (a) and its SCFE extracts obtained under dif-
ferent conditions (b). 
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Figure 5. Extraction recovery of ten main ingredients 3-12 
from Chuanxiong sample CX-R-9 under different condi- 
tions. 
 
covery reached about 72% - 75%. While, in the absence 
of entrainer the extraction recovery for less lipophilic 
compounds in Ext 9-4 was only about 30% - 40% and 
subsequently the total recovery in this extract was also 
lower (about 60%), further confirming that the addition 
of ethanol as an entrainer was helpful for the extraction 
of less lipophilic compounds. In Ext 9-2 and Ext 9-3, 
extraction recovery for compound 3 was even higher 
than 100% (119% and 103%, respectively). According to 
previous reports and the results obtained by our group 
[18], thermal instability of 7 leading to the formation of 3 
via hydrolysis pathway may explain this high recovery. 
The present results further demonstrated that temperature 
could be one of important factors affecting extraction, 
and hydrolysis of 7 to 3 might occur at relatively higher 
extraction temperature (40˚C for Ext 9-2 and 9-3 versus 
32˚C for Ext 9-1 and 9-4) during the extraction. 

Furthermore, a total amount of ten main ingredients 
3-12 remaining in the residual materials after SCFE re- 
duced to 4% - 8% under these four modified extraction 
conditions (Table 4(b)). There were about 17% - 24% 
loss of the investigated compounds from the Chuanxiong 
sample during SCFE. 

Based on the above data, the SCFE condition for the 
extraction of Ext 9-1 provided an overall high extrac- 
tion recovery for all main ingredients with different lipo- 
philicities. Furthermore, the extraction temperature used 
in this condition was appropriate for the extraction of 
thermo-labile compounds, in particular 7, 8 and 10. 
Therefore, the SCFE condition for Ext 9-1 was consid- 
ered to be the best among four conditions examined and 
selected for the further reproducibility test. 

3.4. Reproducibility of the Selected SCFE  
Condition 

Dried Chuanxiong sample (CX-R-10) was extracted un- 

der the above selected SCFE condition (Table 2(c)) on 
three separate days to test the extraction reproducibility. 
The extraction yields were 7.0 (Ext 10-1), 7.2 (Ext 10-2) 
and 7.8% (Ext 10-3), respectively, and the average ex- 
traction yield was 7.3% with variations less than 6%. 
Contents of the ten main components investigated in both 
herbal sample and SCFE extracts were also determined 
and shown in Figure 6. The results demonstrated that 
chemical profiles of all three SCFE extracts were similar 
and not different from that of the original herb. 

Furthermore, reproducibility of extraction recovery for 
each of different ingredients investigated and a total con- 
tent of all ingredients were also determined (Figure 7). 
Except for compounds 3 and 4, reproducibility for each 
individual ingredient and an overall reproducibility for 
total components were excellent with less than 8.5% 
variations. Whereas, variations of extraction recovery for 
compound 3 and 4 were slightly higher (about 17.7% and 
12.1%). Nevertheless, these variations were still consid- 
ered to be adequate, because reproducible extraction of 
these less lipophilic components by SCFE was recog- 
nized difficult in general [24]. Furthermore, compounds 
3 and 4 were the minor ingredients in Chuanxiong herb 
and were reported not as the major components contrib- 
uting to the therapeutic outcomes of Chuanxiong [32,33]. 
Therefore, the overall extraction reproducibility for the 
developed SCFE condition was considered to be ade- 
quate for the extraction of all main ingredients in Chuan- 
xiong herb. 

In summary, extraction recovery for both total and in- 
dividual ingredients in Chuanxiong samples varied from 
sample to sample, and can be improved by the modifica- 
tion of extraction conditions via adjustment of various 
parameters, such as temperature, pressure, CO2 flow rate 
and amounts of the entrainer added. SCFE condition used 
in the extraction of Ext 9-1 was demonstrated as the best 
one among all conditions tested. This condition yielded 
high extraction recoveries for the total (75.6%) and the 
three major chemical ingredients (6: 83.5%, 7: 77%, 8: 
78.3%) with an adequate overall reproducibility. The 
developed SCFE method also provided the advantage of 
extraction at low temperature (32˚C), which might sig- 
nificantly reduce the degradation of certain thermo-labile 
major components in Chuanxiong herb. 

4. Conclusion 

In conclusion, the results obtained from the present study 
using Chuanxiong as an example herb demonstrated that 
SCFE can be used as a general method for the extraction 
of different chemical ingredients from medicinal herbs 
with advantages including high extraction yield of ther- 
mo-labile components and selective extraction of certain 
ingredients using specifically designed SCFE conditions. 
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Figure 6. Content of ten main ingredients 3-12 in Chuanxiong herbal sample CX-R-10 (a) and in its SCFE extracts obtained 
under selected condition on three separate days (b). 
 

 

Figure 7. Extraction recovery of ten main ingredients 3-12 from Chuanxiong sample CX-R-10 under selected SCFE condi- 
tions on three separate days. 
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