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INTRODUCTION

Traditional Chinese medicines (TCMs) have a long 
history in medical practice and health care in China. 
Owing to the change in global trend , TCM have become 
popular worldwide for health promotion and adjuvant 
therapy. Unlike a single chemical entity determining the 
therapeutic use of  chemical drugs, TCM preparations 
are usually composed of  several herbal medicines, each 
herbal medicine is, itself, a complex mixture containing 
lot of  chemical components. It poses a serious challenge 
to establish comprehensive and pragmatic quality control 
methods to guarantee the safety and efficacy of  TCM. 
Currently, selecting a single or a few analytical compounds 
from only a certain herbal medicine, which determine 
either its efficacy or quality is contrary to TCM principles. 
It cannot afford to provide sufficient quantitative 
information, for other medicinal compositions in a 
complex TCM preparation cannot and accurately reflect the 

total quality of  TCM products.[1‑3] Therefore, the methods 
of  simultaneous measurement of  multi‑components from 
different medicinal herbs have attracted great attention due 
to the major advantage of  providing valuable qualitative 
and quantitative information.

‘Ge‑Gen‑Qin‑Lian’ Decoction consists of  Radix puerariae, 
Radix scutellariae, Rhizoma coptidis and Radix glycyrrhizae, 
derived from ‘Shang‑Han‑Lun’ compiled by Zhang 
Zhongjing, a distinguished pharmacist in the Han Dynasty 
of  China. It has been shown to have beneficial effects on 
acute gastroenteritis, bacillary dysentery, virus diarrhea, 
sensation of  heat in the chest and epigastrium in clinic.[4]

Pharmacology studies have revealed that the main bioactive 
components of  Radix puerariae, Radix scutellariae, Rhizoma 
coptidis and Radix glycyrrhizae are isoflavonoids, flavonoids 
and alkaloids, respectively. The pharmacological reports 
were focused on isoflavonoids (puerarin, daidzin), 
flavonoids (baicalin, baicalein, wogonoside, wogonin and 
liquiritin), and alkaloids (berberine, palmatine, jatrorrhizine 
and coptisine), and these compounds were proved to be 
the key pharmacological constituents of  Ge‑Gen‑Qin‑Lian 
decoction.[5‑11]
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A number of  high‑performance liquid chromatography 
(HPLC) methods[12‑14] have been developed for 
component determination in crude drugs and various 
‘Ge‑Gen‑Qin‑Lian’ preparations, with the main focuses on 
puerarin, baicalin, berberine and glycyrrhizic acid, which 
are assumed to have high contents in the crude drugs of  
‘Ge‑Gen‑Qin‑Lian’ decoction. Among these methods, 
HPLC has been considered a powerful tool. However, there 
are many components in ‘Ge‑Gen‑Qin‑Lian’ preparations, 
and the conventional column used by previous methods 
could interfere with the co‑eluted peaks due to its lower 
resolution. Owing to the utilization of  sub‑2.7 μm 
particles as stationary phase, ultra performance liquid 
chromatography (UPLC) showed many advantages over 
the conventional HPLC including increased peak capacity, 
improved resolution, shorter retention time, less solvent 
consumption and higher sensitivity..[15]

This study stated the first application of  the UPLC method 
in the determination of  eleven contents (puerarin, daidzin 
from Radix puerariae, coptisine, jatrorrhizine, berberine, 
palmatine from Rhizoma Coptidis, baicalin, wogonoside, 
baicalein and wogonin from Radix scutellariae, liquiritin from 
Radix glycyrrhizae) of  preparation of  ‘Ge‑Gen‑Qin‑Lian’ 
decoction. Compared with the conventional analytical 
methods, the established methods can exhibit more 
accuracy, higher resolution, shorter analysis time, and 
reduced solvent consumption. Sample preparation, 
chromatographic conditions, and method validation 
were objectives of  the research reported. The presented 
method was also applicable to analyze ‘Ge‑Gen‑Qin‑Lian’ 
preparations of  different pharmaceutical forms, such as 
dispensing granule, tablet and pill.

MATERIALS AND METHODS

Materials and reagents
Radix Puerariae, Radix Scutellariae, Rhizoma Coptidis and Radix 
Glycyrrhizae were purchased from Hongqiao Medicinal 
Materials Electuary Co., Ltd (Shanghai, PR China) and 
verified by Prof. Zhi‑Li Zhao (Shanghai University of  
Traditional Chinese Medicine).

Puerarin, daidzin, liquilitin, coptisine, jatrorrhizine, 
berberine, palmatine, baicalin were purchased from the 
National Institute for the Control of  Pharmaceutical and 
Biological Products (Beijing, China). Wogonoside, baicalein 
and wogonin were purchased from Shanghai u‑sea biotech 
Co.Ltd (China), the purity of  these reference compounds 
were determined to be more than 98% by UPLC analysis. 
Methanol, formic acid and ammonium acetate were of  
chromatographic‑grade, which were purchased from 
Merck (Darmstadt, Germany). Water for chromatographic 

analysis was purified with a Milli‑Q water system (Millipore, 
MA, USA). Other reagents were of  analytical grade. All 
solvents and samples were filtered through a 0.45 μm 
nylon filter.

Instrument and chromatographic conditions
Chromatography was performed on a Waters ACQUITY 
Ultra Performance LCTM system (Milford, MA, USA) 
equipped with a binary solvent delivery pump, an 
autosampler, a thermostated column compartment, a 
photodiode array λ detector and Masslyn × 4.1 workstation. 
The chromatographic analysis was carried out on an 
Agilent Proshell 120 EC‑C18 (4.6 × 50 mm, 2.7 μm) 
column. The mobile phase A was methanol, mobile phase 
B consisted of  0.5% formic acid and 0.5% ammonium 
acetate in water. A gradient program was used as follows: 
0‑6 min, 22%A → 32%A, 6‑9 min, 32%A, 9‑10 min, 
32%A → 45%A, 10‑20 min, 45%A → 60%A. Flow rate 
and detection wavelength were set at 1.0 ml/min and 
270 nm, respectively. Column temperature was maintained 
at 30°C.

Preparation of sample solutions and negative control 
samples
A certain amount of  the crude drugs (Radix puerariae 
15.0 g, Radix scutellariae 9.0 g, Rhizome coptidis 9.0 g and 
Radix glycyrrhizae 6.0 g) equivalent to a daily dose of  
‘Ge‑Gen‑Qin‑Lian’ decoction was weighed. Radix puerariae 
was boiled for 20 min prior to mixing the other crude 
drugs, and then the mixture was decocted in boiling water 
twice, totaling 1.5 h. The supernatants were filtered and 
mixed when they were still hot, and was let to evaporate 
to an appropriate volume, and diluted. Finally, this 
standard decoction was extracted by an ultrasonic bath 
for 20 min, diluted with 80% methanol to a concentration 
of  8 mg/ml, and filtered with a 0.45 μm milliporous 
membrane before use. The negative control samples of  
‘Ge‑Gen‑Qin‑Lian’Decoction were prepared by deriving 
one herb from the prescriptions. The herbs were accurately 
weighed according to specified ratio of  the prescription of  
‘Ge‑Gen‑Qin‑Lian’decoction and was prepared as similar 
to the procedure of  the sample preparation protocol.

Preparation of standard solutions and calibration curve
T h e  s t a n d a r d  s o l u t i o n s  o f  p u e r a r i n 
(187.2 μg/ml), daidzin (116.4 μg/ml), liquilitin 
(50.40 μg/ml), coptisine (56.40 μg/ml), jatrorrhizine 
(34.40 μg/ml), berberine (390.0 μg/ml), palmatine 
(82.00 μg/ml), baicalin (420.0 μg/ml), wogonoside 
(100.0 μg/ml), baicalein (10.08 μg/ml) and wogonin 
(21.20 μg/ml) were prepared in water/methanol 
(50/50, v/v). Working solutions of  low concentration were 
prepared by appropriate dilution of  the stock solution. The 
stock and working solutions were stored at 4°C.
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RESULTS AND DISCUSSION

Chromatographic separation
To optimize the extraction conditions for achievement of  
quantitative extraction, variables involved in the procedure 
such as solvent, sample‑solvent ratio and extraction 
time were optimized. Pure and aqueous methanol solutions 
are often used as the extraction solvents. In the present 
study, 80% methanol and 50% methanol were examined 
as the extracting solvent. Most of  the (iso) flavonoides, 
alkaloids and saponins can be extracted completely with 80% 
methanol as the diluted solvent. Furthermore, the extraction 
efficiency for all the analytes was evaluated by repeating 
extracting samples three times by ultrasonication, all above 
98%, which suggested that one‑step ultrasonic extraction 
could meet the extraction requirement. Additionally, the 
method of  ultrasonication is comparatively simpler.

A suitable chromatographic column, mobile phase, 
elution mode and detection wavelength are important 
for good separation. Different types of  chromatographic 
columns such as XB‑C18 column (4.6 × 250 mm, 5 μm), 
ZORBAX SBC18 (4.6 × 250 mm, 5 μm) Lichrosorb 
C18 (4.6 × 150 mm, 5 μm), ACQUITY UPLC BEH 
C18 (2.1 × 50 mm, 1.7 μm), Proshell 120 EC‑C18 (4.6 × 50 mm, 
2.7 μm) were tested. Different mobile phases consisting of  
acetonitrile‑water and methanol‑water with some modifiers 
including phosphoric acid, acetic acid, and formic acid 
solutions adjusted by ammonium acetate at different pH 
values were investigated under different gradient elution 
modes. The UV spectra of  the analytes in methanol between 
190‑400 nm were acquired by use of  the photodiode array 
detector. Considering the sensitivity and simplicity of  
sample analysis, 270 nm was selected for analyzing these 
contents. At this wavelength, the contents of  samples 
have enough sensitivity to be detected. The typical 
chromatographic profiles of  the standard solution, sample 
solution and negative control samples solution were shown 
in Figures 1 and 2.

Calibration curves, LOD, and LOQ
The linearity calibration curves were constructed by five 
concentration assays of  each reference compound in 
triplicate. An aliquot (10 μl) of  each standard solution 
was subjected to analysis. Integrated chromatographic 
peak areas (Y) were plotted against the corresponding 
concentrations (X μg/ml) of  the 11constituents in the 
standard solutions to obtain calibration curves based on 
linear regression analysis. The regression curves had good 
linearity (r > 0.9993) in the investigated ranges. LOD and 
LOQ expressed by 3‑ and 10‑fold of  the ratio of  the signal 
to‑noise (S/N) were also acquired. Detailed information 
regarding calibration curves, linear ranges, LOD and LOQ 
are listed in Table 1.

Precision, repeatability and stability
The precision of  the developed method was evaluated by 
performing intra‑assay and inter‑ ssay by replicate (n = 5) 
injection of  a mixed standard solution. The intra‑assay 
precisions were evaluated with the standard solutions at 4‑h 
intervals during the same day, and the inter‑assay precisions 
were determined in 5 consecutive days. Inter‑ and intra‑assay 
precisions for all the investigated components expressed 
as relative standard deviation (R.S.D.) were between 0.31% 
and 1.4%. Add. The results are shown in Table 2.

S i x  i n d e p e n d e n t  s a m p l e  s o l u t i o n s  o f  
‘Ge‑Gen‑Qin‑Lian’decoction were prepared, analyzed and 
evaluated for repeatability. The RSD values varied from 
0.91 to 2.3%. Stability was also tested at room temperature, 
and samples were analyzed in triplicate every 8 h and was 
continued for 48 h. The sample solution can be regarded 
as stable because the RSD values of  peak areas varied from 
0.83 to 2.6%. The results are shown in Table 2.

Accuracy
In the recovery test, the proposed method was applied to 
the samples spiked with the mixed standard solution at 
high, middle and low concentration levels, and the mixtures 
were extracted and analyzed in triplicate using the proposed 
method. Average recoveries of  the investigated targets 
ranged from 96.60% to 102.11%, and the RSD values were 
all <3% as shown in Table 3. It was clear that the method 
enables highly accurate simultaneous analysis of  the 11 
analytes. The results are shown in Table 3.

Sample analysis
The validated UPLC method was applied to analyze active 
markers of  ‘Ge‑Gen‑Qin‑Lian’decoction. Five injections 
of  each sample were performed to obtain the mean value 
and the RSD value. Contents of  the 11 components in the 
samples are listed in Table 4. The results indicate that all 
the 11‑marker compounds were detectable in each sample. 
The variation of  the amounts among the three batches of  
decoction was found based on the quality of  the herbal 
materials (what its cultivar was, where it was planted, and 
when it was harvested) and the efficiency of  the extraction 
procedure. To avoid such variations, the samples can be 
collected immediately, and then extracted with the selected 
solvents and analyzed instantly.

CONCLUSION

The marker components of  Chinese herbal preparations 
could be influenced by different sources of  their crude 
drugs and by the efficiency of  the extraction procedure; 
therefore the sensitivity and the accuracy of  an analytical 
method are of  great significance in identification, 
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Table 1: Linear regression data, LOD, LOQ of analytes
Analytes Linear regression data

Regression equation Correlation coefficient (r) Linearity range  (μg·mL−1) LOD (μg·mL−1) LOQ (μg·mL−1)
Puerarin Y=34.1x-18.3 0.9998 23.40-187.2 0.301 1.25
Daidzin Y=31.0x-25.5 0.9999 14.55-116.4 0.0726 0.242
Liquiritin Y=15.0x-15.5 0.9996 6.300-50.40 0.0891 0.294
Coptisine Y=39.7x+15.9 0.9998 7.050-56.40 0.246 0.812
Jatrorrhizine Y=56.3x+15.9 0.9999 4.300-34.40 0.0691 0.23
Berberine Y=34.2x-24.1 0.9998 48.75-390.0 0.243 0.803
Palmatine Y=39.4x+12.9 0.9997 10.25-82.00 0.339 1.16
Baicalin Y=37.3x-109.7 0.9997 52.50-420.0 1.04 3.43
Wogonoside Y=45.9x-22.6 0.9996 12.50-100.0 0.359 1.04
Baicalein Y=68.9x-8.7 0.9993 1.260-10.08 0.183 0.605
Wogonin Y=17.6x-10.5 0.9994 2.650-21.20 0.161 0.532

LOD: Limits of detection; LOQ: Limits of quantification

determination and quality evaluation of  multiple 
constituents in Chinese herbal preparations. This is the first 

report for simultaneous determination of  the 11‑marker 
compounds by UPLC. UPLC is a new technique used in 

Figure 1: Chromatograms obtained from a mixed standard solution (a) and sample solution (b)
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Figure 2: Chromatograms of the negative control samples
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the chromatographic separation and determination in all 
samples. The high resolution obtained in extremely short 

analysis time makes UPLC a very attractive tool for the 
pharmaceutical analysis. The developed method is valuable 
for improving the quality control of  the medicinal products, 
and can be applied in the quality control of  other related 
pharmaceutical preparations containing Radix puerariae, 
Radix scutellariae, Rhizoma coptidis and Radix glycyrrhizae.
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