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Background: The  compound Hongdoushan capsule (CHC) is widely known as compound herbal 
preparation and is often used to treat ovarian cancer and breast cancer, and to enhance the body 
immunity, etc., in clinical practice. Objective: To determine simultaneously 10 bioactive components 
from CHC, namely glycyrrhetinic acid, liquiritin, glycyrrhizin, baccatin III, 10- deacetylbaccatin 
III, cephalomannine, taxol, ginsenoside Rg1, ginsenoside Re, and ginsenoside Rb1. Materials 
and Methods: A high performance liquid chromatograph method coupled with photodiode 
array detector was developed and validated for the 1st time. Chromatographic analysis was 
performed on a SHIMADZU C18 by utilizing a gradient elution program. The mobile phase was 
acetonitrile (A)-water (B) at a fl ow rate of 0.8 mL/min. Results: The calibration curve was linear over 
the investigated concentration ranges with the values of r2 higher than 0.9993 for all the 10 bioactive 
components. The average recovery rates range from 98.4% to 100.5% with relative standard 
deviations ≤2.9%. The developed method was successfully applied to analyze 10 compounds in 
six CHC samples from different batches. In addition, the herbal sources of 32 chromatographic 
peaks were identifi ed through comparative studying on chromatograms of standard, the respective 
extracts of Hongdoushan, RenShen, GanCao, and CHC. Conclusion: All the results imply that the 
accurate and reproducible method developed has high separation rate and enables the determination 
of 10 bioactive components in a single run for the quality control of CHC.

Key words: Bioactive components, compound herbal preparation, compound Hongdoushan 
capsule, high performance liquid chromatograph-photodiode array, quality control

INTRODUCTION

Compound herbal preparations (CHPs) have been widely 
used by millions of  people throughout the world for many 
years. Therapeutic effects of  CHPs, which may consist 
of  hundreds of  phytochemicals, are integrative results 
of  multiple bioactive components, which can be slightly 
different according to climate, regions of  cultivation and 
seasons of  harvest,  etc., To guarantee the safety and the 

effi cacy of  CHPs in clinical practices, the quality control is 
necessary, and indispensable.[1-4] However, it is very diffi cult 
under most conditions to identify and simultaneously 
determine the most of  active components in a CHP.[5,6] 
Undoubtedly, the quality control of  the CHP consisting 
of  more than two crude herbs is not only complicated 
but also challenging. Therefore, more and more attentions 
have been paid to this field. Several techniques such 
as gas chromatography,[7,8] high performance liquid 
chromatograph (HPLC),[9-11] and HPLC-photodiode 
array (PDA)/MS[12,13] have been applied to carrying out 
simultaneous quantitative analysis of  CHPs.

 The compound Hongdoushan capsule (CHC) is often 
used to treat ovarian cancer and breast cancer, and to 
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enhance the body immunity in clinical therapy.[14,15] State 
Food and Drug Administration[14] records the formula of  
CHC as follows: 50 kg of  barks of   Hongdoushan, 166 g of  
RenShen, and 500 g of  GanCao, each of  which containing 
many components that may be relevant to the medicine’s 
putative activity.  RenShen, the roots of  Panax ginseng, 
mainly consists of  several ginsenosides, such as  ginsenoside 
Rg1, ginsenoside Re and ginsenoside Rb1,[16,17] and has 
anti-cancer, and immunomodulation activity.[17,18] GanCao, 
the roots of  Glycyrrhiza Uralensis Fich., has activities in 
clearing away heat and toxic, and painkilling effect.[19] The 
major active components of  GanCao include  glycyrrhizin, 
liquiritin, and glycyrrhetinic acid.[20] Hongdoushan,  the 
bark of  Taxus Chinensis Var. Mairei, has been considered 
to be the most hopeful anticancer natural resources, which 
possess many components of  taxanes, such as  taxol, 
 10-deacetylbaccatin III (10-DAB III), baccatin III and 
 cephalomannine.[21]

To our knowledge, there are no methods available for 
the simultaneous determination of  multiple components 
in CHC. In this paper, the HPLC coupled with a 
PDA detector (HPLC-PDA) was fi rstly established to 
simultaneously determine 10 components in CHC. This 
method was successfully applied to the quality assessment 
of  six batches CHCs. Meanwhile, we identifi ed the herb 
source of  32 main peaks in the chromatogram of  CHC.

MATERIALS AND METHODS

Chemicals and reagents
HPLC grade methanol and acetonitrile were purchased 
from Merck (Germany). Distilled water was prepared to use 
Milli-Q purifi cation system (Millipore, Bedford, MA, USA). 
Standard substances of  ginsenoside Rg1, ginsenoside Re, 
ginsenoside Rb1, taxol, glycyrrhizin, liquiritin, glycyrrhetinic 
acid, 10- DAB III, baccatin III and cephalomannine were 
all obtained from the National Institute for the Control of  
Pharmaceutical and Biological Products (Beijing, China). The 
purity of  the compounds was >98% as determined by HPLC.

Materials and samples
Hongdousan, RenShen, and GanCao samples were 
collected by the authors. All of  the raw medicinal herbs 
were verifi ed by Changhua Wang (Chongqing Academy 
of  Chinese Materia Medica, China). CHC samples were 
gifted by  Chongqing Sino Bio-Phramaceutal Co., Ltd. 
(Chongqing, China).

  Standard solutions
Stock solutions were prepared in methanol at concentrations 
362.36 μg/mL for ginsenoside Rg1, 488.92 μg/mL for 
ginsenoside Re, 429.74 μg/mL for ginsenoside Rb1, 

556.93 μg/mL for glycyrrhizin, 340.47 μg/mL for liquiritin, 
100.52 μg/mL for glycyrrhetinic acid, 149.30 μg/mL for 
10-DAB III, 120.51 μg/mL for baccatin III, 1314.02 μg/mL 
for taxol, and 122.80 μg/mL for cephalomannine. Then, 
these stock solutions were mixed balanceable to obtain 
the combined solutions. Then, the combined solution was 
diluted step by step to yield a series of  standard working 
solutions with different concentration for linear validation.

Sample preparation
Sample preparation of  raw herbs: 10.0 g Hongdoushan, 
RenShen, and GanCao was dried and powdered, 
respectively. Then, extracts ware obtained according to the 
record of  the formula of  CHC[14] and dissolved in methanol 
to prepare sample solutions, respectively.

Sample preparation of  CHC: 0.3 g sample was accurately 
weighed into a centrifuge tube and ultrasonically extracted 
2 times (2 × 30 min) at room temperature with 10 mL 
methanol. After centrifuged for 5 min at 9,000 g, the 
supernatant was moved into 25 mL volumetric fl ask and 
the constant volume was obtained with methanol.

All the solutions were fi ltered through a 0.45 μm membrane 
fi lters before injected into HPLC.

Apparatus and HPLC conditions
The HP 1200 Agilent system (Agilent Technologies, 
Palo Alto, CA, USA) equipped with a dual pump, an 
auto-sampler and a PDA detector. The analytical column 
was a SHIMADZU C18 (250 mm × 4.6 mm I.D., Tokyo, 
Japan) protected with a 4.0 mm × 3.0 mm I.D. Phenomenex 
guard column (ANPEL Co. Ltd., Shanghai, China). 
Detection wave length was acquired at: 0-30 min (276 nm), 
30-50 min (203 nm), 50-85 min (227 nm); and PDA spectra 
were recorded from 200 nm to 600 nm. The mobile phase 
was a gradient prepared from acetonitrile (component A) and 
water (component B). The elution program was designed as 
follows: 0-35 min kept at 19%A, 35-50 min linear increased 
from 19% to 55% A, 50-70 min kept at 55% A, 70-85 min 
linear decreased from 55% to 19% A. The mobile phase 
 flow rate was 0.8 mL/min. The column temperature was 
set at 25°C. The injection volume was 5 μL.

Validation studies
Linearity and range
To determine the linear relationship between peak 
areas and concentration of  each component, a 
range of  3.94-100.52 μg/mL for glycyrrhetinic acid, 
8.01-340.47 μg/mL for liquiritin, 18.26-556.93 μg/mL 
for glycyrrhizin, 4.02-120.51 μg/mL for baccatin III, 
4.81-149.30 μg/mL for 10-DAB III, 4.09-122.80 μg/mL 
for cephalomannine, 44.08-1314.02 μg/mL for taxol, 
14.21-362.36 μg/mL for ginsenoside Rg1, 16.03-488.92 μg/mL 
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for ginsenoside Re and 14.09-429.74 μg/mL for ginsenoside 
Rb1, was tested.  Six concentrations for each standard were 
analyzed in triplicate, generating respective calibration 
curves. The linearity equations were calculated by linear 
regression analysis.

Limit of detection and limit of quantifi cation
LOD and LOQ were the concentrations of  a component 
at which its ratios of  signal and noise were estimated as 3:1 
and 10:1, respectively. They were determined by a series 
diluted concentration of  sample solution by using the 
described HPLC conditions.

Recovery
The accuracy of  the method was measured through the 
analyst recovery test. Six samples of  CHC (No. 1) were 
spiked with the mixed standards of  10 components. Then 
the samples were pretreated as described in 2.4 sample 
preparation.

Precision
Re p e a t a b i l i t y  ( i n t r a - d ay )  a n d  i n t e r m e d i a t e 
precision (inter-day) were determined through analysis of  
the CHC sample (No. 1) at 100% level (n = 6) for each of  the 
standards, then the relative standard deviation (RSD) was 
calculated. The intermediate precision was determined over 
a period of  3 days, with different analysts.

RESULTS AND DISCUSSION

A HPLC-PDA method for simultaneously determining 
10 components in CHC was developed and validated 
in order to simplify the quality control procedure of  
CHC. The developed method was successfully used to 
assess six real samples collected from six batches CHCs 
produced by Chongqing Sino Bio-Phramaceutal Co., Ltd. 
(Chongqing, China) and each of  these 10 components was 
detectable. Meanwhile, the herb sources of  32 main peaks 
in the chromatogram of  CHC were identifi ed.

Selection of mobile phase
Two candidate solvent systems abbreviated as SI and SII 
were tested to separate 10 components simultaneously. 
In SI, equal gradient elution was selected as methanol, 
water and acetonitrile (24:42:36, v/v/v).[18] SII was much 
complicated with acetonitrile as phase A and water as 
phase B. The gradient elution program was applied 
as follows: 0-35 min kept at 19% A, 35-50 min linear 
increased from 19% to 55% A, 50-70 min kept at 55% A, 
70-85 min linear decreased from 55% to 19% A. The 
results showed the separating effect is superior to that of  
SI. The chromatogram of  the standards and samples were 
shown in Figure 1.

Validation studies
Under the chromatographic conditions described, linearity, 
LOD, LOQ, accuracy, and precision were studied to 
validate the developed method.

For linearity, LOD and LOQ, each standard sample with 
six concentrations were analyzed in triplicate, generating 
respective calibration curves. The linearity equations were 
calculated by linear regression analysis. The results were 
listed in Table 1. The linear relation of  peak areas and 
concentration of  each component was found in the range 
of  3.94-100.52 μg/mL for glycyrrhetinic acid (r2 = 0.9998), 
8.01-340.47 μg/mL for liquiritin (r2 = 0.9997), 
18.26-556.93 μg/mL for glycyrrhizin (r2 = 0.9998), 
4.02-120.51 μg/mL for baccatin III (r2 = 0.9996), 
4.81-149.30 μg/mL for 10-DAB III (r2 = 0.9993), 
4.09-122.80 μg/mL for cephalomannine (r2 = 0.9999), 
44.08-1314.02 μg/mL for taxol (r 2 = 0.9999), 
14.21-362.36 μg/mL for ginsenoside Rg1 (r2 = 0.9996), 
16.03-488.92 μg/mL for ginsenoside Re (r2 = 0.9998) and 
14.09-429.74 μg/mL for ginsenoside Rb1 (r

2 = 0.9999), 
respectively. The LOD and the LOQ of  glycyrrhetinic acid 
are 0.0315 μg/mL and 0.1051 μg/mL, respectively, which 
are lowest among these 10 components. And the LOD and 
the LOQ of  taxol are 1.0514 μg/mL and 3.5047 μg/mL, 

Table 1: Linearity, LOD, and LOQ of the developed method used to determine 10 components in CHC
Calibration curve is presented as y=ax+b (y refers to the peak area; x is concentration of the components (μg/mL))
Peak no. Standard Linear range (μg/mL) Slope (a) Intercept (b) r2 (n=6)a LODb (μg/mL) LOQc (μg/mL)
11 Glycyrrhetinic acid 3.94-100.52 1.34×106 8860.32 0.9998 0.0315 0.1051
6 Liquiritin 8.01-340.47 121.12 15.89 0.9997 0.0763 0.2544
10 Glycyrrhizin 18.26-556.93 2067.91 18.08 0.9998 0.6481 2.1603
2 Baccatin III 4.02-120.51 2291.70 35.81 0.9996 0.2956 0.9854
1 10-DAB III 4.81-149.30 4740.33 −9162.10 0.9993 0.3841 1.2804
28 Cephalomannine 4.09-122.80 1665.80 7.11 0.9999 0.3133 1.0445
30 Taxol 44.08-1314.02 2.15×107 −336.00 0.9999 1.0514 3.5047
14 Ginsenoside Rg1 14.21-362.36 260.89 1.26 0.9996 0.4968 1.6560
15 Ginsenoside Re 16.03-488.92 133468 3224.00 0.9998 0.5605 1.8683
21 Ginsenoside Rb1 14.09-429.74 260.79 22.53 0.9999 0.4711 1.5703

ar2 correlation coeffi  cient of the equation, bLOD: Limit of detection (3 S/N); S/N: Signal and noise; cLOQ: Limit of quantifi cation (10 S/N); CHC: Compound hongdoushan capsule
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respectively, which are highest among these 10 components. 
The low LOD and LOQ values of  these 10 components 
indicate that the HPLC method is enough sensitive to 
simultaneously determine these 10 bioactive components.

The recovery rates were determined by the method of  
standard addition. Six portions of  CHC were spiked 
with the standards of  10 components. The results were 
summarized in Table 2. All recovery rates were in the 
range of  98.4-100.5% with RSD of  1.8-2.9%, which is 
desirable for quantity determination. Each recovery analysis 
was repeated 4 times, the precision and accuracy were 
considered adequate for the validation of  the method.

The precision was evaluated by repeated assay (intra-day 
analysis, n = 3; inter-day analysis, n = 6) for 10 components. 
The RSDs of  the intra-assay were in the range of  0.8-2.1% 

and inter-day precision for each component at one 
concentration level was also studied with RSDs in the range 
of  0.7-2.7% as listed in Table 2. All these data show that 
the developed method has an accepted degree of  precision.

Determination of the 10 components in samples
Six real samples were collected from six batches CHCs 
produced by Chongqing Sino Bio-Phramaceutal Co., 
Ltd (Chongqing, China) and the content of  the 10 
components were determined by the established HPLC-PDA 
method. All of  the 10 components in different samples were 
reliably identifi ed using the new method and the results 
were presented in Table 3. Among the 10 components, the 
contents of  glycyrrhizin, taxol and liquiritin were found 
at the high level in the analyzed samples, whereas the 
content of  glycyrrhetinic acid was lowest. The contents of  
glycyrrhetinic acid, glycyrrhizin and liquiritin from GanCao 

Figure 1: Chromatogram of compound Hongdoushan capsule (CHC) (a) standard compounds (b) and raw herb extracts which make up 
CHC (c) a: Extract of Taxus Chinensis Var. Mairei, b: Extract of Panax ginseng, c: Glycyrrhiza uralensis Fisch., d: Extracts of CHC. 3-5, 
7-9, 12, 13, 16-20, 22-27, 31, 32: Unknown compounds; 1: 10-DAB III; 2: Baccatin III; 6: Liquiritin; 10: Glycyrrhizin; 11: Glycyrrhetinic acid; 
14: Ginsenoside Rg1; 15: Ginsenoside Re; 21: Ginsenoside Rb1; 28: Cephalomannine; 30: Taxol

c

b

a
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were stable in six samples (RSD < 2.0%). But the contents 
of  10-deacetylbaccatin III and baccatin III from the bark of  
T. Chinensis Var. Mairei and the contents of  ginsenoside Rg1, 
ginsenoside Re and ginsenoside Rb1 from RenShen were 
fl uctuant signifi cantly (RSD > 8.2%). It is suggested that 
the contents of  the main activity components in different 
batches CHCs have great variance and taxol should not be 
looked as sole index to evaluate the quality of  CHC.

Herb source identifi cation of main constituents in CHC
Through comparative studying on chromatographic peak 
in chromatogram [Figure 1] of  standard, the respective 
extracts of  Hongdoushan, RenShen, GanCao, and CHC, 
The herbal sources of  32 chromatographic peaks were 
identifi ed. Among them, peaks 1, 2, 3, 5, 7, 9, 27, 28, 29, 30, 
31, and 32 derived from Hongdoushan, peaks 14, 15, 16, 
18, 19, 20, 21, 22, 23, 24, 25, and 26 derived from RenShen, 
peaks 4, 6, 8, 10, 11, 12, 13 and 17 derived from GanCao.

CONCLUSIONS

In conclusion, a rapid, sensitive and reliable method 
was established to assess the quality of  CHC. By a 
combination of  powerful tools (HPLC-PDA), 10 

components have been quantifi ed simultaneously for the 
1st time. Among these 10 components, 9 components 
except for taxol were quantifi cationally analyzed for 
the 1st time in CHC. Meanwhile, the herbal resources 
of  32 main peaks in the chromatogram of  CHC were 
identifi ed.  Among these 10 components,  ginsenoside 
Rg1, ginsenoside Re, and ginsenoside Rb1 are the main 
components in  RenShen, which are mainly responsible 
for the anti-tumor activity, the anti-fatigue activity 
and the immunomodulatory activity of  RenShen;  
glycyrrhizin and liquiritin from GanCao, as fl avonoids, 
have antibacterium activity, while  glycyrrhetinic acid 
belonging to triterpenoids plays the anti-infl ammatory 
role in GanCao; taxol, 10-deacetylbaccatin III, baccatin 
III, and cephalomannine are from the bark of  T. Chinensis 
Var. Mairei, in which  10-deacetylbaccatin III and 
baccatin III are the precursors of  taxol, and taxol 
and cephalomannine are the main components with 
anti-tumor activities in this formul a. It is suggested 
that, by the developed method, we could simultaneously 
determine the main active components from RenShen, 
GanCao, and Hongdoushan, respectively. Hence, the 
method is  helpful to improve the quality control of  CHC 
and lays the ground for studying on the biologic activity 

Table 2: Intra-day, inter-day precision and recovery of the developed method
Peak 
no.

Standard Intra-day precisions (mg/g) inter-day precisions (mg/g) Recovery rate
x̄±SD RSD (%) x̄±SD RSD (%) x̄±SD RSD (%)

11 Glycyrrhetinic acid 0.949±0.008 1.5 0.941±0.006 2.4 100.5 2.3
6 Liquiritin 12.695±0.011 1.9 12.688±0.013 2.2 98.9 2.9
10 Glycyrrhizin 25.548±0.013 1.6 25.541±0.010 2.7 99.1 2.1
2 Baccatin III 1.359±0.006 2.1 1.351±0.008 1.6 98.6 1.8
1  10-DAB III 1.622±0.004 1.1 1.638±0.007 0.9 99.2 2.9
28 Cephalomannine 3.341±0.009 1.8 3.339±0.006 2.3 99.9 2.3
30 Taxol 16.824±0.011 2.0 16.817±0.015 2.6 100.2 1.4
14 Ginsenoside Rg1 1.391±0.008 1.3 1.389±0.009 0.7 98.6 2.0
15 Ginsenoside Re 1.606±0.010 1.7 1.598±0.012 1.2 99.3 1.9
21 Ginsenoside Rb1 1.552±0.006 0.8 1.548±0.007 2.5 98.4 2.2

RSD: Relative standard deviation; 10-DAB  III is the abbreviation for 10-deacetylbaccatin III

Table 3: Contents of the 10 components in the six CHC samples from different batches (mg/g, n=3) 
Peak 
no.

Components Contenta (mg/g) RSD%
No. 1 No. 2 No. 3 No. 4 No. 5 No. 6

11 Glycyrrhetinic acid 0.949±0.008 0.925±0.013 0.930±0.007 0.918±0.006 0.933±0.010 0.950±0.011 1.26
6 Liquiritin 12.695±0.013 12.388±0.009 12.721±0.012 12.505±0.010 12.478±0.011 12.514±0.009 0.95
10 Glycyrrhizin 25.548±0.014 25.615±0.012 25.139±0.010 25.005±0.013 25.245±0.013 25.331±0.017 0.85
2 Baccatin III 1.359±0.006 1.143±0.010 1.182±0.007 1.401±0.011 1.300±0.008 1.026±0.013 10.56
1 10-DAB III 1.622±0.004 1.438±0.006 1.701±0.008 1.211±0.013 1.361±0.014 1.202±0.008 13.30
28 Cephalomannine 3.341±0.009 3.125±0.007 3.424±0.009 3.006±0.008 3.126±0.010 3.442±0.011 5.12
30 Taxol 16.824±0.013 16.007±0.011 16.507±0.015 17.004±0.012 16.351±0.009 16.718±0.009 1.98
14 Ginsenoside Rg1 1.391±0.008 1.101±0.007 1.216±0.010 1.221±0.007 1.108±0.012 1.153±0.000 8.18
15 Ginsenoside Re 1.606±0.010 1.339±0.011 1.498±0.013 1.258±0.013 1.275±0.011 1.305±0.003 9.27
21 Ginsenoside Rb1 1.552±0.006 1.318±0.004 1.257±0.005 1.601±0.006 1.201±0.008 1.435±0.002 10.61

aValues are mean±SD, n=3. CHC: Compound Hongdoushan capsule; RSD: Relative standard deviation 
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of  CHC. Further, studies are necessary to fi nd the factors 
resulting in the quality fl uctuation of  CHC in order to 
guarantee the quality stability of  CHC.
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