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 2 

Abstract 7 

  In this research, a novel on-line two-step stacking preconcentration method by sweeping and 8 

micelle to solvent stacking in capillary zone electrophoresis was developed and validated for the 9 

simultaneous determination of quinolizidine alkaloids (sophocarpine, matrine and oxymatrine) in 10 

traditional Chinese medicines. Strychnine was used as an internal standard. The main parameters 11 

that affect the separation and sensitivity were investigated and optimized. Under the optimum 12 

conditions, the sensitivity enhancement factors obtained by the developed method for the analytes 13 

were from 42- to 52-fold. The method showed a good linearity over the range of 0.1-10.0 μg mL-1 14 

for sophocarpine, matrine and oxymatrine with the correlation coefficients (r) varying from 0.9992 15 

to 0.9996. The limits of detection (S/N = 3) were 0.02-0.03 μg mL-1. The intra-day (n = 8) and 16 

inter-day (n = 5) precisions of the method expressed as the relative standard deviation (RSD) were 17 

found to be less than 10%. The recoveries of the analytes by the method for the analysis of 18 

traditional Chinese medicines were in the range from 87.5% to 109.0% with RSDs (n = 3) less than 19 

9.1%.  20 

Keywords: Capillary electrophoresis; Micelle to solvent stacking; Quinolizidine alkaloids; 21 

Sweeping  22 

23 
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 3 

Introduction 24 

Capillary electrophoresis (CE) has been considered as an efficient and cost-effective analytical 25 

technique with many advantages, including high separation efficiency, fast separation speed and 26 

small sample and reagent consumption. Unfortunately, because of the small inner diameter of the 27 

capillary and the small sample injection amount, the CE detection sensitivity becomes a problem 28 

when the common UV detection was used. The most facile way to improve the concentration 29 

sensitivity in CE is on-line preconcentration since it can be performed easily by merely adjusting 30 

the composition of sample solution and background solution (BGS) without the need to modify the 31 

commercial CE instrument. In recent years, several on-line concentration techniques,1-3 such as 32 

transient isotachophoresis,4 dynamic pH junction (DypH),5,6 sweeping,7,8 field amplification 33 

(FA),9,10 large-volume sample stacking (LVSS),11 analyte focusing by micelle collapse12 and 34 

micelle to solvent stacking (MSS),13-15 have been developed. MSS, as one of the novel CE stacking 35 

techniques, was first introduced by Quirino in 2009.14 The focusing was based on the reversal of the 36 

direction of the effective electrophoretic mobility of the analytes at micelle to solvent stacking 37 

boundary (MSSB) formed between the sample and BGS. MSS has been applied in different CE 38 

operation mode, such as capillary zone electrophoresis (CZE),13,14,16-18 micellar electrokinetic 39 

chromatography (MEKC)19,20 and non-aqueous capillary electrophoresis (NACE).21  40 

In order to further improve the detection sensitivity of CE, the coupling of multiple modes of 41 

on-line stacking has received increasing attention in recent years. In this regard, two-step stacking 42 

featuring sweeping and MSS was first established for the analysis of organic cations 22,23 and 43 

anions.24,25 Thereafter, the coupling of MSS with other on-line preconcentration techniques, such as 44 

large amount sample electrokinetic stacking injection,26 simultaneous electrokinetic and 45 
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 4 

hydrodynamic injection27 and field enhanced sample injection,28 have been reported. Cheng et al 46 

combined three stacking techniques, i.e., LVSS, DypH and sweeping, for the concentration of 47 

methotrexate and its metabolites in whole blood and cerebrospinal fluid in MEKC mode.29,30 The 48 

results indicated that the detection sensitivity of CE was much improved by using the multi-step 49 

stacking techniques.  50 

An appropriate concentration of quinolizidine alkaloids exhibits potentially useful 51 

pharmacological activities such as sedative, depressant, analgesic, hypothermic, anti-tumor, 52 

antipyretic and cardiotonic activities.31 However, they could become toxic to human and livestock 53 

at high concentrations.32 Therefore, sensitive, rapid and effective analytical methods for the 54 

determination of quinolizidine alkaloids are of great interest. To date, several literature methods are 55 

available for the determination of quinolizidine alkaloids either by liquid chromatography (LC),33 56 

gas chromatography (GC)34 or NACE.10,35,36  57 

 58 

Recently, the combined use of both sweeping and MSS in capillary zone electrophoresis for the 59 

on-line preconcentration of strychnine and brucine from traditional Chinese herbal medicines has 60 

been developed by us.23 As a continuation of our previous work, in this study, the application of the 61 

combination of sweeping with MSS was further explored for the simultaneous on-line 62 

preconcentration and determination of quinolizidine alkaloids in traditional Chinese medicines. The 63 

main factors that could affect the stacking efficiency were investigated and as a result, a simple 64 

on-line two-step stacking preconcentration method by CE was developed for the simultaneous 65 

determination of quinolizidine alkaloids in traditional Chinese medicines.  66 

 67 
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 5 

Experimental 68 

Apparatus 69 

All CE experiments were performed on a Beckman P/ACE MDQ Capillary Electrophoresis 70 

System (Fullerton, CA, USA) equipped with an auto sampler and a diode array detector. An 71 

uncoated fused-silica capillary (Yongnian Ruifeng Optical Fiber Factory, Hebei, China) of 50 cm 72 

(effective length, 41.5 cm) × 75 μm I.D. was used throughout the experiments. Data acquisition and 73 

instrument control were carried out using Beckman P/ACE MDQ 32 Karat software. The separation 74 

was performed at 25 °C with a voltage of 20 kV throughout this study. Unless otherwise stated, the 75 

detection wavelength was set at 200 nm. A PHS-3C pH meter (Hangzhou Dongxing Instrument 76 

Factory, Hangzhou, China) was used for pH measurements. 77 

Reagents, chemicals and materials 78 

Sophocarpine, matrine, oxymatrine and strychnine (I.S.) (all >99%) were purchased from Chinese 79 

National Institute for the Control of Pharmaceuticals and Biological Products (Beijing, China). 80 

Kushen tablets were purchased from Liaoning Jindan Pharmaceutical Co., Ltd. (Liaoning, China) 81 

and Kushen shiyang lotions from Inner Mongolian Renhechuntian Bio-Technology Co., Ltd. (Inner 82 

Mongolia, China). Sodium dodecyl sulfate (SDS) was purchased from Sigma-Aldrich (St. Louis, 83 

MO, USA). Ammonium acetate, sodium hydroxide, hydrochloric acid and MeOH (HPLC-grade) 84 

were the products of Kaitong Chemical Reagent Co., Ltd. (Tianjin, China). All reagents were of 85 

analytical grade or higher, and were used without further purification. All the solvents were filtered 86 

through a 0.45 μm Micro Science membrane filter (Tianjin Automatic Science Instrument Co., Ltd. 87 
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 6 

Tianjin, China). The water used throughout the work was double-distilled using SZ-93 automatic 88 

double-distiller (Shanghai Yarong Biochemistry Instrumental Factory, Shanghai, China).  89 

A mixture stock solution containing sophocarpine, matrine and oxymatrine each at 1.0 mg mL-1, 90 

and a stock solution of strychnine at 1.0 mg mL-1 were prepared in MeOH and stored in refrigerator 91 

at 4 °C. Appropriate amounts of the stock solution were first dried under gentle stream of 92 

compressed air and then redissolved in 15 mM NH4Ac at pH 2.0 to prepare a series of standard 93 

solutions. The BGS and micellar solution were prepared fresh every day and sonicated for 10 min 94 

prior to use.  95 

Preparation of samples 96 

Kushen tablets were ground and 0.4 g of the resultant powder was weighed. The powder was 97 

wetted with 500 μL of 25% (w/w) ammonium hydroxide for 5 min. After being soaked in 10.0 mL 98 

chloroform for half an hour, the mixture was refluxed for 0.5 h and then filtered.  The 99 

chloroform was evaporated by reduced pressure distillation at 60 °C to dryness and the residue was 100 

dissolved with 10.0 mL MeOH, and the solution was filtered through a 0.45 μm syringe filters. To a 101 

60 μL aliquot, 10.0 μL of strychnine (I.S.) stock solution was added. The mixture solution was 102 

evaporated under gentle stream of compressed air to dryness. Then the sample solutions were 103 

obtained by dissolving the residues with 10.0 mL 15 mM NH4Ac at pH 2. All the sample solutions 104 

were filtered through a 0.45 μm syringe filter prior to CE experiments.  105 

Kushenshiyang lotion sample (10.0 mL) was extracted by the addition of 500 μL of 25% (w/w) 106 

ammonium hydroxide and 10 mL chloroform. The mixtures were shaken for 5 min and the 107 

chloroform layer was isolated. The above extraction step was repeated three times and then all the 108 
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 7 

chloroform layers were collected together. Then, the chloroform was evaporated and the sample 109 

solution was prepared by the same procedures as described above for the preparation of Kushen 110 

tablets.  111 

General electrophoresis procedure 112 

Prior to first use, the new capillary was flushed in sequence with MeOH (20 min), water (10 min), 113 

1.0 M sodium hydroxide (20 min), water (10 min) and finally BGS (10 min) at 20 psi. At the 114 

beginning of each working day, the capillary was conditioned with 1.0 M sodium hydroxide (5 min), 115 

water (5 min) and BGS (5 min). Between consecutive runs, the capillary was flushed with 1.0 M 116 

sodium hydroxide (3 min), then with water (3 min) and finally with the BGS (3 min).  117 

For sweeping-MSS, the analytes were prepared in the electrolyte of 15 mM NH4Ac at pH 2.0. 118 

The micellar solution was 15 mM SDS with 10 mM NH4Ac (pH 2.0). The BGS was 50 mM NH4Ac 119 

(pH 8.5) containing 40% MeOH (v/v). The ratio of the conductivity between the BGS, micellar 120 

solution and sample matrix was 1.20:1.15:1.00. After the injection of a short plug (0.5 psi, 30 s) of 121 

micellar solution, the sample was introduced into the capillary by hydrodynamic injection at 0.5 psi 122 

for 90 s.  123 

 124 

Results and discussion 125 

 126 

Focusing process 127 

In the first step, the capillary was initially filled with the BGS (50 mM NH4Ac at pH 8.5 128 

containing 40% MeOH). Then, the micellar solution containing 10 mM NH4Ac and 15 mM SDS 129 
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 8 

was introduced into the capillary by pressure injection as a short plug (0.5 psi, 30 s). Finally, the 130 

analytes dissolved in the electrolyte (15 mM NH4Ac, pH 2.0) were injected into the capillary as a 131 

long plug (0.5 psi, 90 s). A similar conductivity for the BGS, micellar solution and sample solution 132 

was assumed to provide a homogenous electric field across the capillary.  133 

After a positive voltage was applied, the electrokinetic velocities of the cationic analytes and 134 

anionic micelles were directed towards the cathode and anode, respectively. The micelles penetrated 135 

into sample zone and swept the cations. This continued until all the cations were swept by the 136 

micelles and the first step of sweeping stacking process was finished. Because the analytes were 137 

extracted into the anionic micellar phase, the effective electrophoretic mobility of the 138 

micelles-bound cations was directed towards the anode to micelle to solvent stacking boundary 139 

(MSSB).13 At the MSSB, the analytes had less affinity towards the micelles due to the presence of 140 

high concentration of organic solvent. This caused the effective electrophoretic mobility of the 141 

analytes to be directed to the cathode. Then, the MSS progress began. With continuous 142 

electrophoresis, more and more of the anionic micelle-bound analytes migrated to anode and 143 

crossed the MSSB, and the analytes were accumulated leading to the enrichment of the analytes. 144 

After all the analytes were released from the micelle, the MSS process was accomplished. At last, 145 

the concentrated analytes were separated in CZE mode. 146 

Effect of the concentration of MeOH in BGS 147 

The presence of MeOH in the BGS is necessary for MSS to occur and the concentration of 148 

MeOH is important for achieving good peak shape and high separation efficiency. In this study, the 149 

effect of the percentage of MeOH in the BGS (50 mM NH4Ac at pH 8.5) on the enrichment of the 150 

cationic alkaloids was studied in the concentration range between 20% and 50%. It can be seen 151 
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 9 

from Fig. 1A that the separation for sophocarpine, matrine and strychnine was poor when 20% 152 

MeOH was used; with the percentage of MeOH being increased, the resolutions and focusing 153 

efficiency of the alkaloids got better. The reason for this could be explained as follows. With high 154 

percentage of MeOH in BGS, the electroosmotic flow (EOF) would be reduced remarkably and a 155 

greater migration time difference between the analytes could be achieved. However, when the 156 

percentage of MeOH in the BGS was increased up to 50%, the peaks for the analytes became 157 

broader although the analytes were completely separated. Therefore, 40% MeOH was selected.  158 

Effect of ammonium acetate concentration and pH value in BGS   159 

The effect of the concentration of ammonium acetate in BGS was investigated by changing its 160 

concentration in the range from 25 to 100 mM (pH 8.5) while the MeOH concentration was kept 161 

constant at 40%. The results (Fig. 1B) showed that at 25 mM, the alkaloids could not be separated 162 

completely. As its concentration was changed to 50 mM or 75 mM, all of the analytes were baseline 163 

separated. However, when the concentration of ammonium acetate was increased to 100 mM, the 164 

peaks for the analytes became broadening with peak heights being decreased slightly. Based on the 165 

above results, 50 mM ammonium acetate in BGS was selected. 166 

The pH of the BGS can affect the EOF, and therefore, will influence the migration time and 167 

resolution of the analytes. In this study, three different BGS pH values, i.e., 7.0, 8.5 and 10.0, were 168 

investigated. The results (see Fig. 1C) showed that the analytes could be baseline separated at pH 169 

8.5. Hence, the pH of the BGS was chosen at 8.5. 170 

Effect of the pH of sample solution 171 

The pH of sample solution is one of the most important factors in the current study. Since the 172 

pKa values of sophocarpine, matrine and oxymatrine are 7.22, 7.72 and 5.77,37 the analytes will be 173 
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 10 

positively charged only when the pH value of sample solution is below 5.77, which is essential for 174 

MSS. Hence, the effect of sample pH on the separation and focusing of the analytes was examined 175 

in the range of 2.0-6.0. When the pH of sample solution was 6.0, a good separation and focusing for 176 

the analytes could not be achieved; when the pH was decreased, the resolution and focusing 177 

efficiency for the analytes were improved, and the best separation and sensitivity enhancement were 178 

obtained when the sample pH was at 2.0. Therefore, the sample pH was chosen at 2.0.  179 

Effect of SDS concentration in micellar solution 180 

The effect of surfactant concentration on sweeping is opposite to that on MSS. The increase of 181 

the surfactant concentration can improve the stacking ability of sweeping. However, if the 182 

surfactant concentration is too high, it will be difficult to release the analytes in the MSS process. 183 

Therefore, the best concentration of surfactant has to be selected so that the sweeping is sufficiently 184 

efficient but without much compromise for the MSS. In this study, the concentrations of SDS in 185 

micellar solution at 2, 5, 15 and 30 mM were investigated. As shown in Fig. 1D, when 2 mM SDS 186 

was used, the sweeping efficiency was poor. With the increase of the SDS concentration, the 187 

sweeping efficiency was increased. But when the concentration of SDS was increased to 30 mM, 188 

the separations between the analytes became deteriorated and the peaks of the analytes turned broad. 189 

Therefore, the concentration of SDS for further studies was selected at 15 mM. 190 

Effect of injection time of sample solution and micellar solution  191 

Effect of different injection times (30, 60, 90 and 120 s at 0.5 psi) of sample solution on the 192 

resolution of the analytes was studied. As a result, the peak heights were increased with the 193 

injection time being increased from 30 to 90 s. However, a substantial peak broadening and a 194 

significant loss of resolution were observed when the injection time was increased to 120 s. 195 
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 11 

Therefore, an injection of sample solution at 0.5 psi for 90 s was selected.  196 

The effect of the injection time of the micellar solution on the stacking efficiency of the analytes 197 

was studied by changing the injection at 0.5 psi for 0, 15, 30 or 45 s, respectively, while the 198 

injection of the sample solution was kept constant at 0.5 psi for 90 s. The results indicated that the 199 

stacking efficiency of the analytes was increased with the injection time of micellar solution being 200 

increased from 0 s to 30 s and then decreased when the injection time was increased to 45 s. This 201 

may be because the too long flux of the micelles could broaden the focused zones at the MSSB. 202 

Therefore, the micellar solution injection at 0.5 psi for 30 s was chosen.  203 

Method validation  204 

A series of mixtur standard solutions containing sophocarpine, matrine and oxymatrine at seven 205 

concentration levels of 0.1, 0.2, 0.5, 1.0, 2.0, 5.0 and 10 μg mL-1 along with 1.0 μg mL-1 I.S. were 206 

prepared for the establishment of the calibration curves. For each concentration level, three replicate 207 

analyses were performed under the optimized conditions. . The ratio of the corrected peak area 208 

(peak area/migration time) of the analytes to that of the I.S. was used as the quantification signal. 209 

The results are summarized in Table 1. A good linearity was observed for the analytes in the range 210 

of 0.1-10.0 μg mL-1 with the correlation coefficients (r) ranging from 0.9992 to 0.9996. The limits 211 

of detection (LODs) at S/N =3 were between 0.02 and 0.03 μg mL-1. The precision of the developed 212 

method was evaluated in terms of intra-day and inter-day variations through the analysis of the 213 

analyte standards at the concentration of 0.2 μg mL-1 (1.0 μg mL-1 I.S.) in the same day and on the 214 

five consecutive days, respectively. The intra-day and inter-day reproducibilities expressed as 215 

relative standard deviations (RSDs) of the method was from 5.2% to 6.5% and from 8.0% to 9.5%, 216 

respectively.  217 
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The focusing efficiency of the current method was assessed by the comparison of its performance 218 

with that of normal CZE. The mixture standard solution containing the three analytes each at 20.0 219 

μg mL-1 and the I.S. at 10.0 μg mL-1 was prepared in the BGS. Then it was injected into the 220 

capillary at 0.5 psi for 3 s for normal CZE analysis and the electropherogram is shown in Fig. 2A. 221 

The LODs in normal CZE for sophocarpine, matrine and oxymatrine were estimated to be 0.8, 0.8 222 

and 1.5 μg mL-1, respectively. Fig. 2B presents the result by the current sweeping-MSS method 223 

with the sample solution containing the three analytes each at 2.0 μg mL-1 and the I.S. at 1.0 μg 224 

mL-1 being injected at 0.5 psi for 90 s. The sensitivity enhancement factor (SEF) in terms of peak 225 

area was calculated according to the following equation: 226 

）（1   ratiodilution 
CZE normalin  signaltion quantifica

 methodcurrent  in the signaltion quantifica
SEF   227 

As a result, compared with the conventional CZE injection procedure, 44, 42 and 52-fold 228 

sensitivity enhancements for sophocarpine, matrine and oxymatrine were achieved by using the 229 

current on-line sweeping-MSS two-step stacking preconcentration method.  230 

Applications 231 

In order to test the applicability of the present method, two traditional Chinese medicines 232 

(Kushen tablets and Kushenshiyang lotions) were analyzed under the optimum conditions. The 233 

electropherograms for Kushen tablets and Kushenshiyang lotions are shown in Figs. 3 and 4, 234 

respectively. The recoveries of the method were evaluated by analyzing the spiked sample solutions 235 

with each analyte being spiked at 2.0 mg g-1 and 0.08 mg mL-1, respectively. As shown in Table 2, 236 

the resultant recoveries of the alkaloids were in the range from 101.4% to 109.0% for Kushen 237 

tablets and from 87.5% to 98.4% for Kushenshiyang lotions, respectively, with RSDs (n = 3) less 238 

than 9.1%. These results show that the method is suitable for the determination of the quinolizidine 239 

Page 13 of 25 Analytical Methods

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
na

ly
tic

al
M

et
ho

ds
A

cc
ep

te
d

M
an

us
cr

ip
t

app:ds:sophocarpine
app:ds:sophocarpine


 13 

alkaloids in traditional Chinese medicines. 240 

Comparison of the current method with other techniques 241 

As listed in Table 3, in comparison with the previously reported methods used for the 242 

determination of quinolizidine alkaloids by CE,38 NACE35, 36 and GC-MS,34 the present method 243 

provides a comparable or even better sensitivity except that the UPLC–MS/MS33 method  gave lower 244 

LODs. However, very expensive MS detector was used in that case.  245 

 246 

Conclusions 247 

A novel two-step stacking technique which combined sweeping and MSS in CE was developed 248 

for the simultaneous determination of three alkaloids in traditional Chinese medicines. Compared 249 

with typical CZE without any on-line preconcentration of the analytes, the sensitivity for the 250 

analytes with the current method was much improved. The method provides an alternative of choice 251 

for the determination of the quinolizidine alkaloids in traditional Chinese medicine samples 252 
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Table Captions  301 

Table 1. The linear ranges, limits of detection and sensitivity enhancement factors of the method. 302 

Table 2. Results of the determination of the analytes in two Chinese medicines. 303 

Table 3. Comparison of the current method with other techniques for the determination of the 304 

quinolizidine alkaloids 305 

Figure Captions 306 

Fig. 1. Optimization of the on-line concentration conditions. (A) Effect of concentration of MeOH 307 

in BGS. (B) Effect of NH4Ac concentration in BGS. (C) Effect of pH value of BGS. (D) Effect of 308 

SDS concentration in micellar solution. Injection at 0.5 psi for 30 s of micellar solution followed by 309 

90 s of sample solution (2.0 μg mL-1 each of quinolizidine alkaloids and 1.0 μg mL-1 I.S. in 15 mM 310 

NH4Ac (pH 2.0)). Detection: 200 nm. Voltage: 20.0 kV. Peak identification: 1. sophocarpine, 2. 311 

matrine, 3. strychnine (I.S.), 4. oxymatrine. 312 

Fig. 2. Comparison of the electropherograms obtained by typical CZE (A) and sweeping-MSS 313 

-CZE (B). Sample solution, A: 20.0 μg mL-1 each of quinolizidine alkaloids and 10.0 μg mL-1 I.S.; 314 

B: 2.0 μg mL-1 each of quinolizidine alkaloids and 1.0 μg mL-1 I.S. 315 

Fig. 3. Electropherograms of Kushen tablets (A) and the sample spiked at 2.0 mg g-1 of each of the 316 

analytes (B). Peak identification: U. unknown, 1. sophocarpine, 2. matrine, 3. strychnine (I.S.), 4. 317 

oxymatrine. 318 

Fig. 4. Electropherograms of Kushenshiyang lotions (A) and the sample spiked at 0.08 mg mL-1 319 

each of the analytes (B). Peak identification: U. unknown, 1. sophocarpine, 2. matrine, 3. strychnine 320 

(I.S.), 4. oxymatrine.  321 

322 
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 323 

Table 1.  324 

The linear ranges, limits of detection and sensitivity enhancement factors of the method. 325 

 Sophocarpine Matrine Oxymatrine 

Linear range (μg mL-1) 0.1-10.0 0.1-10.0 0.1-10.0 

r 0.9996 0.9992 0.9996 

LOD (μg mL-1) 0.02 0.02 0.03 

Intra-day RSD (n = 8)(%) 5.2 6.1 6.5 

Inter-day RSD (n = 5) (%) 8.0 9.1 9.5 

SEF 42 44 52 

326 
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  327 

Table 2.  328 

Results of the determination of the analytes in two Chinese medicines. 329 

Alkaloid 

Kushen tablet (n = 5) Kushenshiyang lotion (n = 5) 

Content 

(mg g-1) 

Spiked 

(mg g-1) 

Found 

(mg g-1) 

Ra 

(%) 

RSD 

(%) 

Content 

(mg mL-1) 

Spiked 

(mg mL-1) 

Found 

(mg mL-1) 

Ra 

(%) 

RSD 

(%) 

Sophocarpine NDb 2.0 2.18 109.0 8.6 0.18 0.08 0.25 96.2 8.9 

Matrine 11.01 2.0 13.36 102.7 6.4 0.54 0.08 0.61 98.4 7.5 

Oxymatrine 1.68 2.0 3.73 101.4 5.6 NDb 0.16 0.14 87.5 8.1 

a R, recovery of the method.  b ND, not detected. 330 

331 
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Table 3. Comparison of the current method with other techniques for the determination of the 332 

quinolizidine alkaloids 333 

Method Sample 
Linearity 

(μg mL-1) 

LODs 

(μg mL-1) 

RSDs 

(%) (n = 

5) 

Ref 

NACE-UV Lupinus species 17-1500 6.5-30.5 1.76-6.42 36 

NACE-UV 
Traditional Chinese herbal 

drugs 
3-60 0.93-2.31 1.03- .68% 35 

CE-DAD Sophora medicinal plants 5.60–88.0  1.50 - 3.00 38 

GC-MS 
Genista sandrasica Hartvig 

& Strid 
   34 

UPLC–MS/MS 
Seeds of Sophora 

alopecuroides L. 
10-2-102 0.001-0.003 2.83-3.34 33 

Sweeping-MSS-CE Traditional Chinese drugs 0.1-10.0 0.02-0.03 5.2-9.5 This work 

 334 

335 
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 336 

 337 

 338 

 339 

 340 

 341 

 342 

 343 

 344 

 345 

 346 

 347 

 348 

 349 

 350 

 351 

 352 

 353 

 354 

Fig. 1. Optimazation of the on-line concentration conditions. (A) Effect of concentration of MeOH 355 

in BGS. (B) Effect of NH4Ac concentration in BGS. (C) Effect of pH value of BGS. (D) Effect of 356 

SDS concentration in micellar solution. Injection at 0.5 psi for 30 s of micellar solution followed by 357 

(B) (A) 

(C) (D) 
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90 s of sample solution (2.0 μg mL-1 each of quinolizidine alkaloids and 1.0 μg mL-1 I.S. in 15 mM 358 

NH4Ac (pH 2.0)). Detection: 200 nm. Voltage: 20.0 kV. Peak identification: 1. sophocarpine, 2. 359 

matrine, 3. strychnine (I.S.), 4. oxymatrine. 360 

 361 

362 
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 363 

 364 

Fig. 2. Comparison of the electropherograms obtained by typical CZE (A) and sweeping-MSS 365 

-CZE (B). Sample solution, A: 20.0 μg mL-1 each of quinolizidine alkaloids and 10.0 μg mL-1 I.S.; 366 

B: 2.0 μg mL-1 each of quinolizidine alkaloids and 1.0 μg mL-1 I.S. 367 

 368 

369 
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 370 

Fig. 3. Electropherograms of Kushen tablets (A) and the sample spiked at 2.0 mg g-1 of each of the 371 

analytes (B). Peak identifications: U. unknown, 1. sophocarpine, 2. matrine, 3. strychnine (I.S.), 4. 372 

oxymatrine.  373 

374 
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 375 

 376 

Fig. 4. Electropherograms of Kushenshiyang lotions (A) and the sample spiked at 0.08 mg mL-1 377 

each of the analytes (B). Peak identifications: U. unknown, 1. sophocarpine, 2. matrine, 3. 378 

strychnine (I.S.), 4. oxymatrine.  379 

 380 
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