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Summary. A high-performance liquid chromatography–diode-array detection 

method was developed and validated to determine simultaneously eleven major alka-
loids in Corydalis decumbens (Thunb.) Pers. The alkaloids detected were corlumidine, pro-
topine, coptisine, tetrahydrojatrorrhizine, palmatine, berberine, sanguinarine, papaver-
ine hydrochloride, tetrahydropalmatine, bicuculline, and corydaline. Chromatographic 
separation was achieved using a C-18 column with a mobile phase composed of A (0.2% 
acetic acid solution, adjusted with triethylamine to pH 5.0) and B (acetonitrile), with 
stepwise gradient elution. Ultraviolet diode-array detection was used; chromatograms 
were examined at the wavelength of 280 nm. The regression equations showed a good 
linear relationship between the peak area of each marker and concentration (r = 0.9994–
0.9999). The recovery values ranged between 93.66% and 100.54%. The method was fully 
validated with respect to detection and quantification limits, precision, reproducibility, 
and accuracy. The described high-performance liquid chromatography (HPLC) method 
was successfully used for the differentiation and quantification of the eleven major alka-
loids in C. decumbens (Thunb.) Pers. and can be considered an effective procedure for the 
analyses of this important class of natural compounds. 
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Introduction 
 

The rhizome of Corydalis decumbens (Thunb.) Pers. (Papaveraceae), named 
“xiatianwu” in Chinese, is one of the well-known TCMs and officially listed 
in the Chinese Pharmacopoeia [1]. It has been widely used for the treatment 
of apoplectic hemiplegia, headache, traumatic injury, rheumatic arthritis, 
and lumbocrural pain [1]. It has been gaining an ever-increasing popularity 
owing to its significant therapeutic properties: inhibiting platelet aggrega-
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tion [2, 3], protection against cerebral ischemia and reperfusion damage in 
vivo [4], amelioration of learning and memory deficits in the rat model of 
Alzheimer’s disease (AD) [5], and hepatoprotective effect [6, 7]. The major 
active constituents of this medicinal preparation are tertiary and quaternary 
alkaloids, including corlumidine (1), protopine (2), coptisine (3), tetrahydro-
jatrorrhizine (4), palmatine (5), berberine (6), sanguinarine (7), papaverine 
hydrochloride (8), tetrahydropalmatine (9), bicuculline (10), and corydaline 
(11) [8, 9]. The chemical structures of these compounds are given in Fig. 1. 
Pharmacological properties of these alkaloids have been investigated in 
some detail. Protopine, the main alkaloid in the plant, inhibits platelet ag-
gregation induced by platelet-activating factor by decreasing cytosolic cal-
cium [10]. Tetrahydropalmatine, corydaline, and protopine are effective in 
 

 
 

 
 

 

 
Fig. 1. Chemical structures of alkaloids 1–11 in C. decumbens 
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alleviating pain [11–13]. The antiproliferative and anti-invasive effects of 
sanguinarine in oral squamous cell carcinoma and prostate tumor have 
been recently reported [14, 15]. Bicuculline, a competitive antagonist of the 
GABAA receptor, is widely used as a pharmacological tool in neuroscience 
[16]. A rapid and accurate identification of such compounds would be of 
great importance in the quality control of this natural medicine and its de-
rivatives. 

Several analytical methods have been developed and used for the de-
tection of analogous alkaloids in Corydalis yanhusuo, a plant from the same 
genus as that of C. decumbens, such as high-performance liquid chromatog-
raphy (HPLC) [17–20], liquid chromatography–mass spectrometry (LC–MS) 
[21–23], capillary electrophoresis (CE) [24, 25], and high-speed counter-
current chromatography (HSCCC) [26]. However, only a few quantifica-
tional studies of C. decumbens alkaloids have been published. Silica gel col-
umn chromatography, pH-zone-refining counter-current chromatography, 
and liquid chromatography combined with triple quadrupole linear ion 
trap mass spectrometry (LC–QTRAP-MS) methods have been used for the 
separation of several alkaloids from the extracts of this plant [27–29]. So far, 
none of the quantificational analyses have been dealt with tertiary and qua-
ternary alkaloids simultaneously in one procedure. In this paper, the high-
performance liquid chromatography with diode-array detection (HPLC–
DAD) technique was firstly used to identify 11 alkaloids including seven 
tertiary and four quaternary alkaloids in the extract of C. decumbens. 

 
 

Experimental 
 

Materials and Reagents 
 

Acetonitrile for HPLC analysis was of chromatographic grade (Merck, 
Germany). Water for HPLC analysis was purified by a Milli-Q water purifi-
cation system (Millipore, USA). All reagents were of analytical-reagent 
grade unless mentioned otherwise. Reference standards (purity over 98%, 
detected by HPLC and proton nuclear magnetic resonance [1H-NMR]) for 
corlumidine, protopine, coptisine, tetrahydrojatrorrhizine, palmatine, ber-
berine, sanguinarine, papaverine hydrochloride, tetrahydropalmatine, bicu-
culline, and corydaline were isolated from C. decumbens by Nanjing Zelang 
Pharmaceutical Technology Co., Ltd. (Nanjing, China). Samples of C. de-
cumbens were purchased from nine different provinces in China. 
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Sample Preparation 
 

Ultrasonication-assisted extraction was carried out by mixing 5.0 g of 
dried, finely powdered sample and 100 mL of 70% ethanol in a flask which 
was then placed in an ultrasonic bath for 1 h. After filtration, the filtrate was 
collected and concentrated to 10 mL by rotary evaporation at 50 °C under 
reduced pressure to yield the crude extract. The pH of the solution was ad-
justed to 2 with HCl, and the solution was filtered. Next, the pH of the fil-
trate was raised to 12 using 20% NaOH and ultrasonically extracted with  
60 mL of ethyl acetate for 1 h. The extract was evaporated to dryness by ro-
tary evaporation at 50 °C under reduced pressure, and the dry sample was 
dissolved in 10 mL of methanol. The final extract was filtered through a 

0.45-µm membrane filter before HPLC analysis. 
 
 

HPLC Analysis 
 

The analysis was performed on an Agilent Series 1100 liquid chroma-
tography (Agilent Technologies, USA), equipped with a vacuum degasser, a 
quaternary pump, an autosampler, and a diode-array detection (DAD) sys-
tem, employing an Agilent ChemStation software. DAD detection was per-
formed in the range of 190–400 nm. The separation of the analytes was 

achieved on a Shim-pack VP-ODS column (250 mm × 4.6 mm, 4.6 µm), with 
a precolumn filled with the same stationary phase. A linear gradient elution 
with A (0.2% acetic acid solution, adjusted with triethylamine to pH 5.0) 
and B (acetonitrile) was used according to the following profile: 0–5 min, 
90% B; 5–10 min linear decrease to 80% B; 10–70 min linear decrease to 40% 
B; and 70–75 min linear increase to 90%. The mobile phase was filtered 

through a 0.45-µm membrane filter and degassed before delivering into the 
system. The solvent flow rate was 1.0 mL min−1, and the column tempera-

ture was set at 25 °C. The injection volume was 20 µL. The HPLC chroma-
tography was monitored at 280 nm. 

 
 

Validation of the Quantitative Analysis 
 

Calibration curves 
 

A stock solution containing 11 analytes was prepared by dissolving 
the reference compounds in methanol and then diluting with methanol to 
the concentrations appropriate for establishing calibration curves. Each cal-
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ibration procedure (data plotted as peak area versus concentration for each 
analyte) used six different concentrations and was performed in triplicate. 

 
 

Limits of detection and quantification (LOD and LOQ) 
 

Stock solution containing 11 reference compounds was diluted to a se-
ries of appropriate concentrations with methanol, and an aliquot of the solu-
tion was injected into HPLC for analysis. LOD and LOQ for each analyte 
were calculated using the corresponding standard solution, on the basis of 
signal-to-noise ratio (S/N) of 3 and 10, respectively. 

 
 

Precision, stability, and accuracy 
 

To assess the precision, stability, and accuracy of the developed meth-
od, a batch sample (batch no. 090203) from Anguo, Hebei was selected ran-
domly to be extracted and injected for HPLC analysis. The precision of the 
quantification method was determined by intra-day and inter-day analysis. 
The same stock solution containing 11 reference compounds was tested. The 
intra-day analysis (repeatability) was determined within 1 day using the 
standard (n = 5). The inter-day analysis (intermediate precision) was deter-
mined during three consecutive days using the sample (n = 5). 

Stability study was performed with the same sample solution after 
storage at room temperature for 2, 4, 8, 12, and 24 h. Variations were ex-
pressed as relative standard deviations (RSDs). 

The accuracy of the analytical procedure was evaluated using the re-
covery test. The analytes were measured by spiking the known quantities of 
the 11 reference standard compounds into the sample at three different con-
centrations. The samples were then extracted, disposed as the above de-
scribed, and analyzed using the HPLC method. The results were expressed 
as percentage recovery values. The average recoveries were estimated by 
the formula: Recovery (%) = (detected amount − original amount) / added 
amount × 100%.  

 

Results and Discussion 
 

Validation Results 
 

Under the optimized HPLC–DAD conditions, all 11 alkaloids were 
unequivocally identified in C. decumbens. The retention behavior and ultra-
violet (UV) absorption characteristics of the 11 alkaloids that were con-
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firmed in the sample were consistent with the properties of the respective 
reference compounds (see Table I, Figs. 2 and 3). 

 
 

Fig. 2. Representative HPLC chromatograms obtained at 280 nm from standard mixture 
(A) and the plant extract of C. decumbens (B). 1 = Corlumidine, 2 = protopine,  

3 = coptisine, 4 = tetrahydrojatrorrhizine, 5 = palmatine, 6 = berberine, 7 = sanguinarine, 
8 = papaverine hydrochloride, 9 = tetrahydropalmatine, 10 = bicuculline, 11 = corydaline, 

and 100 µg mL−1 of each analyte in the standard 

 
The experimental results showed that the peak area of each standard 

was linearly correlated with the injected concentration within a particular 
range. As can be seen in Table II, regression analysis shows good linearity as 
indicated by the correlation coefficient values (r > 0.999). The LOD ranged 

from 0.07 to 0.42 µg mL−1 and the LOQ from 0.24 to 1.37 µg mL−1, demon-
strating that the method is precise and sensitive enough for the quantitative 
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evaluation of major active alkaloids in C. decumbens (Table II). Validation 
studies showed that the overall intra-day and inter-day coefficient varia-
tions were less than 2.6% for all analytes (Table III). We also found that the 
analytes in the sample solution were stable for 24 h with a relative standard 
deviation of less than 3.3% (Table III). As illustrated in Table III, the newly 
developed analytical method had high recovery levels; the recovery for 
compounds 1–11 ranged from 93.7% to 100.5%, and the relative standard 
deviation was between 1.1% and 3.9% (Table IV).  

 

Table I. Retention times (tR) and UVλmax for the alkaloids (1–11) in C. decumbens 

No. tR (min) Identification UVλmax (nm) 

1 19.65 Corlumidine 288.24 

2 22.35 Protopine 288.02 

3 24.45 Coptisine 271.97 

4 27.11 Tetrahydrojatrorrhizine 281.66 

5 29.09 Palmatine 274.06 

6 30.10 Berberine 266.02 

7 31.19 Sanguinarine 276.15 

8 36.74 Papaverine hydrochloride 280.38 

9 37.49 Tetrahydropalmatine 282.17 

10 38.63 Bicuculline 293.98 

11 57.30 Corydaline 281.99 
 

Table II. Calibration curve, linear range, and detection limits for the alkaloids (1–11) 
detected by HPLC–DAD 

Analytes Calibration curves 
Correlation 
coefficient 

Linear range 
(µg mL−1) 

LOD 
(µg mL−1) 

LOQ 
(µg mL−1) 

1 y = 3.10x + 9.42 r = 0.9994 4.18–83.50 0.24 0.79 

2 y = 18.94x + 556.29 r = 0.9998 26.63–532.50 0.11 0.36 

3 y = 22.91x + 27.44 r = 0.9994 5.35–107.00 0.24 0.78 

4 y = 16.49x + 51.62 r = 0.9997 3.75–75.00 0.12 0.36 

5 y = 31.05x − 104.84 r = 0.9994 13.58–271.50 0.10 0.33 

6 y = 17.26x − 12.40 r = 0.9996 1.63–32.50 0.31 1.06 

7 y = 17.80x + 12.49 r = 0.9996 1.75–35.00 0.33 1.10 

8 y = 15.17x + 80.86 r = 0.9999 5.70–114.00 0.11 0.35 

9 y = 15.58x + 263.95 r = 0.9996 16.63–332.50 0.10 0.34 

10 y = 3.86x + 84.16 r = 0.9998 18.30–366.00 0.07 0.24 

11 y = 13.65x + 107.31 r = 0.9997 8.35–167.00 0.42 1.37 

y and x stand for the peak area and the concentration (µg mL−1) of the analytes, re-
spectively. 
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Fig. 3. Characteristic on-line UV absorption spectrum between 200 and 400 nm for each 

analyte (1–11) from standard mixture (A) and the plant extract of C. decumbens (B).  
1 = Corlumidine, 2 = protopine, 3 = coptisine, 4 = tetrahydrojatrorrhizine, 5 = palmatine, 
6 = berberine, 7 = sanguinarine, 8 = papaverine hydrochloride, 9 = tetrahydropalmatine, 

10 = bicuculline, 11 = corydaline, and 100 µg mL−1 of each analyte in the standard 

 
Table III. Precision and stability data from the validation tests for the proposed  

HPLC–DAD method 

 Precision (n = 5)  Stability (n = 5) 

Analytes 
Peak area 

mean 

Intra-
day 

RSD (%) 

Peak area 
mean 

Inter-day 
RSD (%) 

 
Peak area 

mean 
RSD 
(%)  

1 241.26 0.89 238.00 1.93  82.15 2.26 

2 1590.70 1.12 1587.80 1.46  14704.57 0.68 

3 1917.82 1.10 1929.80 2.59  2666.83 2.70 

4 2101.48 0.90 2096.20 0.89  946.10 0.64 

5 3170.78 1.16 3170.20 1.19  9974.25 0.27 

6 2550.42 1.00 2535.10 1.73  31.71 3.30 

7 2627.64 0.62 2586.10 1.66  41.73 2.57 

8 1572.22 1.24 1619.20 2.34  1333.58 0.31 

9 3471.74 1.08 3525.70 1.35  5438.52 0.28 

10 413.20 1.15 437.00 2.59  1328.80 1.15 

11 1436.68 1.20 1425.30 2.02  1105.45 1.72 
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Table IV. Recovery of alkaloids determined by standard addition method 

Recoverya (n = 3) 

Analytes 
Added amount 

mean (mg) 
Detected amount 

mean (mg) 
Recovery 
mean (%) 

RSD (%) 

1 0.0967 0.1910 97.17 1.26 

2 0.4760 0.9450 98.15 3.90 

3 0.1110 0.1640 99.11 2.20 

4 0.0047 0.0063 98.08 3.68 

5 0.2580 0.5180 100.54 1.83 

6 0.0047 0.0063 99.66 1.05 

7 0.0025 0.0033 93.66 1.73 

8 0.0760 0.0811 98.23 1.75 

9 0.1360 0.4323 100.44 1.53 

10 0.2840 0.5907 100.45 1.15 

11 0.0540 0.0665 98.67 1.24 

aRecovery (%) = (detected amount − original amount) / added amount × 100%. 
 
 

Analysis of the Samples 
 

The developed HPLC–DAD analytical method was applied to detect 
simultaneously the 11 bioactive alkaloids in C. decumbens, which were col-
lected from nine different locations. Each sample was extracted and ana-
lyzed in triplicate. We demonstrated that our ultrasonic extracting process 
was more economical and effective than the pressurized liquid extraction 
and reflux extracting methods [28, 30]. The contents of the individual alka-
loids are detected and summarized in Table V. We found that the specimens 
contained only small or trace amounts of berberine, papaverine hydrochlo-
ride, and corydaline; these compounds were difficult to detect in some of 
the samples. Protopine, palmatine, and tetrahydropalmatine were the most 
abundant alkaloids in all the samples. We also found that there were sub-
stantial differences in the concentrations of the 11 alkaloids in the samples 
of different origin. C. decumbens (Thunb.) Pers. was grown in loose, fertile 
soil, rich in humus, and well drained. Good excavation of C. decumbens was 
registered in spring or early summer. The stem leaf and fibrous root was 
removed, rinsed, and dried [1]. While the drying modes were indefinite. Ef-
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fects of different drying methods on the ingredient contents as well as quali-
ty of C. decumbens were distinct. Thus, to maintain the maximum activity of 
the alkaloids in C. decumbens, the original herbs should be harvested in 
proper time and scientific pretreatment process should be applied to pre-
vent the lapse of the effective constituents. In conclusion, the variations of 
content of alkaloids in C. decumbens from different areas might not have 
been caused only by the differences of the locations but also by the different 
methods of cultivation, harvest, storage, processing, and so on. 

 
Table V. Content of 11 analytes in samples of C. decumbens from different locations (n = 3) 

Sample origin 

Content 
(mg g−1) 

1 2 3 4 5 6 7 8 9 10 11 

Anguo, Hebei 0.098 2.745 0.271 0.134 0.796 0.121 0.007 0.171 1.007 0.972 0.182 

Zhangshu, 
Jiangxi 

0.051 2.925 0.278 0.216 0.943 0.012 0.004 0.011 1.832 2.083 0.020 

Nanchang, 
Jiangxi 

0.968 1.641 0.132 0.076 1.255 0.040 nda nda 1.202 0.728 nda 

Zhengzhou, 
Henan 

0.114 2.447 0.319 0.007 0.993 nda nda nda 1.026 0.617 0.005 

Yuzhou, Henan 0.037 0.113 0.021 0.012 0.085 0.004 nda nda 0.046 nda nda 

Nanjing, 
Jiangsu 

0.066 0.401 0.056 0.038 0.123 0.043 0.206 nda 0.131 0.021 nda 

Bozhou, Anhui 0.045 0.115 0.029 0.024 0.094 nda nda nda 0.078 nda nda 

Zhejiang 0.061 1.698 0.263 0.146 0.635 nda 0.005 nda 0.682 0.506 nda 

Guangxi 0.066 0.275 0.038 0.026 0.148 nda 0.004 0.002 0.139 0.088 0.003 

and means not detected. 

 
For the optimization of the stationary phase, Shim-pack VP-ODS col-

umn (250 mm × 4.6 mm, 4.6 µm) provided sufficient resolution and good 
peak sharpness at the optimal temperature of 25 °C. Several solvent systems, 
based on the mixtures of acetonitrile or methanol with water at different ra-
tios, were tested to achieve optimal separation in a relatively short time. 
Better separation efficiency and sensitivity were achieved with acetonitrile 
than methanol [21]. Using 0.2% acetic acid and triethylamine in the solvent 
system can reduce the ionization of alkaloids and give more symmetrical 
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peaks and a better separation [31, 32]. The proportion of each mobile phase 
gradient is closely related to the resolution since all studied alkaloids cannot 
be well separated by isocratic elution [31]. The changes in the optimized 
gradient elution conditions can cause incomplete separation and overlap-
ping peaks. The effect of mobile phase pH was examined within the range 
of 4.0 to 6.0 in 0.5 pH-unit increments. The retention time increased, and 
some peaks overlapped when pH was less than 5.0, above which a slight 
peak broadening and peak splitting were observed. No significant differ-
ences in resolution and retention times were observed when the pH was ad-
justed to 5.0. Therefore, pH of 5.0 was selected for the subsequent studies. 
Under the optimized method, no peak tailing was observed in the chroma-
tograms. Typical chromatograms of the authentic standards and samples of 
C. decumbens were shown in Fig. 2. 

In our study, we used a UV–DAD because it offers more advantages 
than the conventional UV detector. It makes it possible to check the peak 
purity by scanning the full spectrum of the compounds eluted by the chro-
matographic column and to record simultaneously at the maximum wave-
length. The DAD acquisition wavelength was set in the range of 190–400 nm. 
The chemical structures of the 11 alkaloids were characterized on the basis 
of their retention behavior, and their UV spectra were obtained on-line (Ta-
ble I). Different types of compounds showed different UV absorption char-
acteristics, while the UV spectra of all the 11 standards exhibited strong ab-
sorption at 266–294 nm. For the 11 alkaloids analyzed, the chromatographic 
output was registered at 280 nm due to the fact that all these compounds 
showed the strong absorption around this wavelength (see Fig. 2). Spectra 
of each compound in the standard and sample solutions were collected and 
compared to further confirm the identification (see Fig. 3). Another signifi-
cant function of DAD was to calculate the purity factor of each peak. Results 
showed that all of the purity factors were among 961.7 and 997.7, which il-
lustrated a good resolution of two components eluted closest to each other. 

 
 

Conclusions 
 

A new, rapid, and efficient analytical HPLC–DAD method for the 
simultaneous identification and quantification of alkaloids, successfully ap-
plied in the detection of 11 alkaloids in C. decumbens, was established. All 
the analytes could be well separated by A (0.2% acetic acid solution, adjust-
ed with triethylamine to pH 5.0) and B (acetonitrile) with linear gradient 
elution. The method ensures quantitative and reproducible determination 
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of all the eleven alkaloids within 60 min, during which the analytical sam-
ple was stable with no degradation. Validation results demonstrated that 
calibration curves showed good linear regression (r > 0.999), the LOD was 

less than 0.42 µg mL−1 and LOQ less than 1.37µg mL−1, and the overall re-
covery ranged from 93.7% to 100.5%. The method made use of DAD as a 
tool for the peak identification and purity confirmation with high sensitivity. 
The results of the validation procedure and the data obtained for real-life 
samples demonstrated practical reliability of this method. Recently, some 
novel and advanced drug delivery systems and therapeutic preparations of 
C. decumbens have been developed [33, 34]. This study should contribute to 
the improvements in the quality control, production procedures, and clini-
cal application of TCM Xiatianwu, as well as the related preparations de-
rived from C. decumbens.  
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