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INTRODUCTION
The whole herb of Sedum line are Thumb. is a traditional  
ethnic drug in China named as Sedi Linearis Herba. 
It was widely used for the treatment of hepatitis, swollen  
sore throat, dysentery, dermatitis rhus, burn and scald,  
traumatic bleeding and  so on. In particular, Sedi Linearis  
Herba has attracted attention due to its potential anti-
cancer effect in Tujia minority area, western Hubei,  
China.1,2 The pharmacology researches had demonstrated  
that Sedi Linearis Herba possessed obvious effects of 
protecting liver, reducing alanine amino transferase 
(ALT) activity and eliminating jaundice on the mice 
with experimental acute liver injury.3 It also had an 
antioxidant effect and activities of decreasing MDA 
content in blood and hepatic tissue dramatically, and 
improving the superoxide dismutase.4 Research had 
also showed that its ethyl acetate extract had obvious 
anticancer effect on many cancer cells.5 Furthermore, 
Sedi Linearis Herba was always used as a vegetable in  
some regions of China. Thus, this drug deserved further  
research and development not only for its wide curative  
effects but also for its safety as a crude medicine.
It is well-known that the ingredients of crude medi-
cine are complicated. And traditional quality control 
approaches on determination of any single active 
ingredient content may thus not be insufficient for a 
comprehensive assessment of crude medicine qual-
ity. The quality research results of many herbal medi-
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cines showed that HPLC fingerprint analysis of 
their active fractions could connect their qualities 
to the curative effects, and thus should be effective 
and appropriate for assessing the quality of herbal  
medicines.6-9 Our studies on the anticancer activity  
in vitro of different extract fractions of S. Lineare 
Thunb. have found that the ethyl acetate extract 
fraction and n-butyl alcohol extract fraction both  
had antitumor effects, and the activity of the former  
was better.5 This study developed a HPLC finger-
print analysis method, obtained and compared the  
chromatographic fingerprints of ethyl acetate fraction  
with anticancer activities extracted from S. lineare  
Thunb. samples picked in different seasons and 
environments, and determined the contents of 
hyperoside, isoquercetin and astragalin of each 
sample by HPLC. The three compounds determined  
all had anti-inflammatory activity.10-12 and isoquercetin 
could induce cell cycle block and apoptosis of human 
gastric carcinoma cells (SGC-7901).13 Hyperoside  
could inhibit growth of human lung cancer cells 
(A549), human colon cancer cells (HCT8), and 
human prostatic cancer cells (PC3), and possessed 
the hepatoprotective effect.11 So establishing the 
methods above and then obtaining the research 
results could provide reliable foundation for the 
quality evaluation and confirmation of the best har-
vest season of S. lineare Thunb.
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SUBJECTS AND METHOD
Materials and reagents 
30 different batches of the samples were all collected in Hubei Province, 
China, shown in Table 1. And these samples were authenticated as S. lineare  
Thunb by Prof. Dingrong Wan, South Central University for Nationalities  
in China. All the samples were dried in drying oven at 60°C after being 
cleaned.
The chemical reference substances, hyperoside, isoquercetin and astrag-
alin, were all purchased from National Institutes for Food and Drug  
Control in China. And the batch numbers were 111809-201102, 
111521-201102, 20121255 respectively. The structures of these reference  
compounds were shown in Figure 1. HPLC-grade acetonitrile was  
purchased from Tedia Co., USA., the batch number is AS1122-001.  
The other reagents used were all of analytical grade.

Instrumentation and chromatographic conditions
Chromatography was performed with the Dionex Ultimate 3000 Series  
Chameleon data processing system (Dionex, USA). The analyte was  
analyzed using BDS Hypersil C18 (4.6 m*250 mm,5 μm) as chromato-
graphic column, and the column temperature was maintained at 30oC. 
The injection volume was 10 μL. The mobile phase consisted of aceto-
nitrile and 0.1% acetic acid. And the compounds were eluted at a flow 
rate of 1.0ml/min in a gradient mode as follows: initially 5% acetonitrile 
changed to 15% of the ratio within 10 min and maintained for 10 min,  
then continued to elute for 22 min, increased to 19% acetonitrile at  
42 min, and to 40% acetonitrile at 55 min, again eluted for 10 min, to 
60% acetonitrile and followed by 10 min of column re-equilibration 
under the initial condition. Chromatograms were acquired at 265 nm 
with a UV detector.

Preparation of sample solution
The dried whole herb of S. Lineare Thunb. (about 1.0 g) was powdered 
finely and sifted through 60-mesh sieve, accurately weighed, and then 
extracted by ultrasonic for 60 min in an erlenmeyer flask with 50 ml of 
70% alcohol solution (V/V). The extract was filtered after being cooled, 
and Erlenmeyer flask was rinsed twice with 15 ml of 70% alcohol each 
time. The filtrates were mixed, and dried by rotary evaporators. The 
extracts above were dissolved with 15 ml of distilled water and then 
extracted three times with 15 ml of ethyl acetate each time by separating  
funnel. The extracts were mixed, dried by rotary evaporator, and  
dissolved with a small amount of methanol. The methanol solution was 
removed thoroughly into a 10 ml volumetric flask and diluted to 10 ml 
with methanol, shook up, and filtered through a 0.45 μm micropore filter 
membrane into a HPLC vial prior to analysis.

Preparation of mixed reference solution 
The mixed standard solution of hyperoside (0.1 mg·mL-1), isoquercetin 
(0.2 mg·mL-1) and astragalin (0.15 mg·mL-1) was prepared by dissolving 
the dried reference substances of hyperoside, isoquercetin and astragalin 
into methanol accurately.

Similarity evaluation of HPLC fingerprint 
The fingerprints data of each 10 batches ethyl acetate fraction extracted 
from one of three types of S. lineare Thunb. harvested at sunny environ-
ment in the end of April and the middle of August, or damp environment 
in the middle of August were imported respectively into a professional 
software named “Similarity evaluation system for chromatographic 
fingerprint of Traditional Chinese Medicine (Version 2004 A)”, which 
was recommended by State Food and Drug Administration of China  
(SFDA). The system can compare these data automatically and then  

give out the standard fingerprints and common peaks of three types of  
S. lineare Thunb. Harvested in the different seasons and environments. 
And an overall similarity evaluation on the fingerprints of different 
batches of samples with their standard fingerprints was made. 

Quantitation of 3 compounds in Sedum lineare Thunb.
Since the resolution value between the detected compound peaks and 
the adjacent ones were larger than 1.5, the chromatographic system 
would be further used for quantitative analysis. All the peak areas of 
hyperoside, isoquercetin and astragalin in the chromatograms of the dif-
ferent samples obtained in the “HPLC Fingerprint Analysis” experiment 
part were recorded. And their contents were all calculated according to 
their linear regression equations separately.

RESULTS
HPLC fingerprint analysis
To perform HPLC fingerprint analysis, the chromatograms of 30 batches  
of the samples have to be standardized. The processes of standardization  
included selection of “common peaks” in chromatograms and normali-
zation of retention times of all the common peaks. So in this assay part,  
10 batches of ethyl acetate extracts of each S. lineare Thunb. sample  
harvested at sunny environment in April and August, and damp environ-
ment in August were analyzed respectively with the developed proce-
dures to standardize their fingerprints.
The HPLC fingerprints common models of three types of Sedum lineare  
Thunb. samples from various locations in different seasons were estab-
lished and shown in Figure 2. Similarity analysis was performed by com-
paring each types of the individual sample chromatograms with their 
reference chromatogram (the fingerprints common models) via the 
Chromatographic Fingerprint Similarity Evaluation software published 
by SFDA. And the results showed that their similarities were all more 
than 0.995, which met the fingerprint requirements. 
The peaks existing in all 10 batches of samples were assigned as “common 
peaks” for one type of S. lineare Thunb. 16 common peaks were found  
in the chromatogram of Sedum lineare Thunb. harvested at sunny envi-
ronment in the end of April, and 15 common peaks were found in both 
chromatograms of samples harvested in sunny and damp environments  
in the middle of August (Figure 3). Peak 8, which was defined as isoquer-
citin, was taken as the reference peak for its stability and larger relative 
peak area. Besides, the relative retention time (RRT), which was related  
to the reference peak of each chromatogram, was calculated for similarity  
analysis. The average relative retention times of each common peak of  
30 samples were 0.205, 0.331, 0.463, 0.689, 0.711, 0.847, 0.953, 1.000, 
1.043, 1.188, 1.357, 1.447, 1.511, 1.637, 1.733, and 2.259 respectively 
(denoted from 1 to 16). 

Identification of some peaks 
Peak 7, 8 and 11 in the chromatograms were identified to be hyperoside, 
isoquercetin and astragalin respectively, by comparing with the chro-
matogram of the mixed reference solution (Figure 4). 

HPLC method validation
The reliability of the HPLC method established in this paper was proved 
by checking its linearity, precision, repeatability, stability and recovery.

Linearity
To get the linear regression equations of hyperoside, isoquercetin and 
astragalin, five levels of mixed reference solutions were made by diluting  
the stock mixed reference solution respectively. The concentrations of 
hyperoside were 0.8,2.0,4.0,8.0,12.0 μg/ml, those of isoquercetin were 
10,25,50,100,150 μg/ml, and those of astragalin were 6,15,30, 60,90 μg/ml 
respectively. The chromatographic peak areas values of the three marker 
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Figure 1: Chemical structures of hyperoside, isoquercetin and astragalin.

Figure 2: HPLC fingerprints common models of the ethyl acetate extracts of Sedum lineare Thunb.  from various locations in different seasons. A. S1-S10: 10 
batches of the samples harvested at sunny environment in the end of April; B. S11-S20: 10 batches of the samples harvested at sunny environment in the 
middle of August; C. S21-S30: 10 batches of the samples harvested at damp environment in the middle of August, R1-R3: HPLC reference chromatograms of 
the samples harvested at sunny environment in April, at sunny and damp environment in August.
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Figure 3: HPLC fingerprints and the common peaks of the ethyl acetate extracts of S. Lineare  Thunb. harvested from various locations in different seasons.  
A. Harvested at sunny environment in April; B.  Harvested at sunny environment in August; C. Harvested at damp environment in August.
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compounds were used as Y axis and their concentrations as X axis, then  
the linear regression equations were obtained as Y=0.282X–0.0037, 
r=0.9995 (hyperoside), Y=0.315X–0.6170, r=0.9996 (isoquercetin), and 
Y=0.284X–0.5229, r=0.9999 (astragalin). The high correlation coef-
ficients of three standard curves indicated fine linearity between the 
concentrations of three marked compounds and their peak areas in the 
range of 0.8~12 μg/ml (hyperoside), 10~150 μg/ml (isoquercetin), and 
6~90 μg/ml (astragalin) separately. 

Precision

The sample No. 1 solution was analyzed five times continuously by 
HPLC under the chromatographic conditions above. The relative stan-
dard deviation (RSD) values of the relative retention times (RRT) of the 
common peaks in each chromatogram were calculated. It was found that 

Figure 4: Definition of the three common peaks in the HPLC fingerprints of 
the ethyl acetate extracts of Sedum lineare Thunb. Peaks: 7, hyperoside; 8 (S), 
isoquercetin; 11, astragalin. (1. Harvested at sunny environment in April; 2. 
Harvested at damp environment in August; 3. Mixed reference solution.) 

Table 1: Sources of Sedum lineare Thunb. samples

No. Origin Harvest Date

1-10 Sunny environment, Huangmei, Hubei 30, April, 2012

11-20 Sunny environment, Huangmei, Hubei 12, August, 2012

21-30 Damp environment, Huangmei, Hubei 12,August, 2012

Table 2: Recoveries of Hyperoside, Isoquercetin and Astragalin

N
um

be
r

Content in 
sample(μg)

Content 
added (μg)

Amount 
determined (μg)

Recovery (%)
Mean of the 
recovery (%)

RSD
(%)

H
yp

er
os

id
e

1 9.5 9.5 19.1 101.05

102.95 1.65

2 9.5 9.5 19.2 102.11

3 9.5 9.5 18.9 98.95

4 9.5 9.5 19.3 103.16

5 9.5 9.5 19.0 100.00

Is
oq

ue
rc

et
in

1 125.7 128.0 256.0 101.80

100.88 1.97
2 125.7 128.0 257.6 103.05

3 125.7 128.0 256.1 101.88

4 125.7 128.0 253.0 99.45

5 125.7 128.0 251.4 98.20

A
st

ra
ga

lin

1 43.7 47.1 92.4 103.40

101.66 1.67

2 43.7 47.1 92.1 102.76

3 43.7 47.1 91.9 102.34

4 43.7 47.1 91.0 100.42

5 43.7 47.1 90.5 99.36

the RSD values of RRT were all less than 0.10% and those of their relative 
peak areas (RPA) were all less than 1.81%, suggesting that the method 
used had a high precision. 

Repeatability

Five sets of the sample No. 1 powders were taken, treated according to the 
“sample solution preparation” method above, and analyzed respectively 
by HPLC, and then their fingerprints were obtained. The RSD values of 
the relative retention times and the relative peak areas of each common 
peak were calculated. They were less than 0.10% and 3.88% respectively, 
indicating that this method had a good repeatability.

Stability

The sample No. 1 was analyzed by HPLC at 0, 2, 4, 8, and 12 hours after 
sample solution preparation. The RSD values of the relative retention 
times and the relative peak areas of each common peak were 0.59% and 
3.48% respectively. This showed that the test solution was stable in 12 
hours.

Recovery and Accuracy

The accuracy could be evaluated by calculating the recovery after a 
standard addition procedure. In this study, 2 ml of five ethyl acetate 
test solutions (No. 26) were added with a certain amount of hyperoside, 
isoquercetin and astragalin respectively before HPLC determination. 
The recovery and the RSD values were presented in Table 2. The results 
showed that the HPLC method established above was accurate and could 
be used in the content determination of hyperoside, isoquercetin and 
astragalin in S. lineare Thunb. samples.
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Quantitation of 3 compounds in Sedum lineare Thunb
As hyperoside and isoquercetin showed good anticancer activities while 
astragalin possessed certain anti-inflammatory activity, the contents of 
these three compounds in 30 samples were calculated simultaneously by 
taking their peak areas into the corresponding linear regression equa-
tions respectively. The content ranges of hyperoside, isoquercetin and 
astragalin in the 10 samples harvested at sunny environment in the end 
of April were 0.34~0.46 mg/g, 10.38~12.82 mg/g, and 14.52~17.42 mg/g 
respectively. While the contents of hyperoside and isoquercetin of the 10 
samples harvested at sunny environment in the middle of August were 
higher with the ranges of 1.28~1.68 mg/g and 18.20~21.91 mg/g respec-
tively. Nevertheless, the content of astragalin was lower with the range of 
6.97~7.78 mg/g. For the 10 samples harvested at damp environment in 
the middle of August, the contents of three compounds were all higher  
than those grown in sunny environment in August. In details, the contents  
of hyperoside ranged from 2.09 to 2.79 mg/g, isoquercetin content 
ranged in 25.96~31.52 mg/g, and astragalin content was in the range of 
11.10 ~12.24 mg/g. 

DISCUSSION
HPLC fingerprint analysis
Comparing the chromatograms of both S. lineare Thunb. samples  
harvested at sunny environment in April and August (Figure 3-A and B), 
it could be found that the number of their common peaks was different. 
The peak 16 only existed in the samples harvested in April. The areas 
of common peaks were also different. For instance, the average areas 
of peak 1, 4, 7, 8 and 10 in the chromatograms of samples harvested 
in the middle of August were bigger than those collected in the end of 
April, indicating that the contents of those compounds in the samples of 
August were higher. On the contrary, the average areas of peak 11 and 
13 in the chromatograms of samples harvested in the end of April were 
bigger than those of samples in the middle of August. So the contents of 
the compounds corresponding with peak 11 and 13 in samples of April 
should be higher. In general, the area of the total common peaks in the 
fingerprints of samples harvested in April was much bigger than that in 
August (took the mean of 10 batches of the samples). Lots of ingredients 
in plant medicines usually cure diseases together by complex synergy, 
they should be studied by considering all active ingredients. Combined 
with our earlier findings,5 it was further confirmed that the best harvest 
time of S. Lineare Thunb. Should be the flower season from the end of 
April to early May.
In a similar way, the fingerprints of the samples collected in August at 
sunny and damp environments were compared Figure 3-B and C). The 
results showed that the number of their common peaks was both 15, but 
the areas were different. For example, the average areas of peak 8, 11 and 
12 in the chromatograms of the samples harvested at damp environment 
were bigger than those of the samples grown at sunny environment. 
Meanwhile, the average areas of peak 1 and 10 in the chromatograms of 
the samples harvested at sunny environment were bigger than those of  
the samples of damp environment. In general, the area of the total  
common peaks in the fingerprints of the samples of damp environment 
was much bigger than that of sunny environment, indicating that the 
quality of S. lineare Thunb. growing at damp environment was better 
than that at sunny environment.

Quantitation of 3 compounds in Sedum lineare Thunb
As the experimental data shown, the contents of hyperoside in all the  
samples were very low, and its content in the samples of damp environment  
in August was the highest. The isoquercetin content in 30 samples were 
all very high and that in the samples of damp environment in August was 

also the highest. For astragalin, the content of samples in April at sunny 
environment was the highest.

CONCLUSION
A HPLC method, including fingerprints analysis of the ethyl acetate 
extracts of S. lineare Thunb. samples harvested in different seasons from 
different habitats, and quantitation on two anticancer active compounds 
and one anti-inflammatory compound, has been developed in this paper.  
The method provided reliable references for evaluating its quality.  
The results showed that the major ingredient contents of the samples  
collected in the end of April were much more than those in mid-August 
in general, and the major ingredient contents of the sample in damp 
environment in August were more than those in sunny environment. 
Therefore, the best harvest season of S. lineare Thunb. should be the 
flower season from the end of April to the early May. Moreover, the 
quality of the samples in August grown at damp environment was better  
than those at sunny environment. Our previous studies on the anticancer  
activities in vitro of different extract fractions of Sedi Linearis Herba 
have found that both the ethyl acetate and n-butyl alcohol fractions had 
anticancer effects, and the activity of the former was better. The ingredients  
extracted by ethyl acetate had good solubility in hot water, and the water 
always as the solvent for TCM decocting process. Therefore, the analysis 
of the ethyl acetate extract fraction could effectively evaluate the quality 
of this crude drug.
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SUMMARY

A HPLC method, including fingerprints analysis of the ethyl 
acetate extracts of S. lineare Thunb. samples harvested in 
different seasons from different habitats, and quantitation  
on two anticancer active compounds and one anti-inflam-
matory compound, has been developed in this paper.

The best harvest season of S. Lineare Thunb. should be 
the flower season from the end of April to the early May. 
Moreover, the quality of the samples in August grown at 
damp environment was better than those at sunny envi-
ronment.

All of the results indicated that the HPLC fingerprint anal-
ysis and contents determination method established were 
very useful for quality analysis and control of Sedi Linearis 
Herba.
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