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It is difficult to separate multiple phenothiazines with similar structures by capillary electrophoresis. 

However, under the experimental conditions optimized by response surface methodology (RSM), ten 

similar molecules of chlorpromazine, promethazine and their metabolites can be well separated in our 

experiment. Among them, the resolution of two difficult-to-separate molecules (chlorpromazine 

sulfoxide and hydroxychlorpromazine) is 1.39 (incomplete separation) under single factor 

experimental conditions and 1.51 (complete separation) under optimized experimental conditions. The 

optimum values of pH of phosphate buffer solution (PBS), concentration of NaCl in PBS, 
concentration of tween 40 in PBS and separation voltage were 6.75, 49.06 mmol/L, 26.58 mmol/L 

and 16.86 kV, respectively. All of the ten phenothiazines have good linear relationship. The 

recoveries of standard addition for dog urine samples without pretreatment were 87.3%-112.6%.  

 

 

Keywords: Capillary electrophoresis, Chlorpromazine, Promethazine, Metabolite, Response surface 

methodology 

 

 

1. INTRODUCTION 

 

Both chlorpromazine (CPZ) and promethazine (PMZ) are important phenothiazines clinical 

drugs. CPZ with special central nervous system inhibition is mainly used in the treatment of 

schizophrenia, mania and so on [1, 2]. PMZ, which not only has strong anti allergic and central 

nervous system stabilization [3, 4], but also can improve the analgesic, anesthetic and sedative effects 

[5], is mainly used in the treatment of allergic diseases. Mixing the two drugs can reduce the activity of 

dopamine in central nervous system. Clinical studies have also shown that the mixed use of 

chlorpromazine and promethazine has neuroprotective effects on patients with intracerebral 

hemorrhage and subarachnoid hemorrhage [6, 7]. The main metabolites of CPZ are demethyl-

chlorpromazine (DMCPZ), chlorpromazine sulfoxide (CPZSO), demethylchlorpromazine sulfoxide 
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(DMCPZSO) and hydroxychlorpromazine (HCPZ). The main metabolites of PMZ are promethazine 

sulfoxide (PMZSO), demethylpromethazine (DMPMZ), dihydroxydemethyl promethazine 

(DHDMPMZ) and dihydroxypromethazine (DHPMZ). Therefore, the establishment of rapid 

determination methods for CPZ, PMZ and their main metabolites is of great significance for the study 

of the dose, utilization rate and metabolic pathway of these drugs. 

Capillary electrophoresis (CE) is a rapid, economical and efficient separation method. 

Electrochemiluminescence (ECL) based on tris (2,2’-bipyridyl) ruthenium (II) (Ru(bpy)3
2+) is an 

attractive analytical method with high sensitivity, selectivity and repeatability for organic amine. CE 

separation couple with ECL analysis has been widely used to analyze various drugs [8-21], enzymes 

[22, 23], alkaloids [24-28], antibiotics [29-33] and pesticide residues [34-36]. Most of 

phenothiazines and their main metabolites contain secondary amine group or tertiary amino group. 

They can obviously enhance the ECL signal of  Ru(bpy)3
2+. It is a good attempt to separate and 

analyze them with CE-ECL. 

The molecular structures of CPZ, PMZ and their metabolites are very similar, and it is difficult 

to completely separate them under conventional CE conditions. In our previous work, we used CE-

ECL method to analyze two or four phenothiazines [9, 37]. This paper attempts to optimize the 

separation conditions by response surface methodology (RSM), a widely used multi parameter 

statistical optimization method [38-41], in order to separate and analyze 10 phenothiazine compounds 

such as CPZ, PMZ and their metabolites.  

 

 

 

2. EXPERIMENTAL 

2.1. Materials and drugs 

Tris (2, 2’-bipyridyl) ruthenium (II) dichloride hexahydrate (Ru(bpy)3Cl2·6H2O) was 

purchased from Alfa Aesar (Johnson Matthey, USA). Standard substances of chlorpromazine (CPZ), 

promethazine (PMZ), demethylchlorpromazine (DMCPZ), chlorpromazine sulfoxide (CPZSO), 

demethylchlorpromazine sulfoxide (DMCPZSO), hydroxychlorpromazine (HCPZ), promethazine 

sulfoxide (PMZSO), demethylpromethazine (DMPMZ), dihydroxydemethyl promethazine 

(DHDMPMZ) and dihydroxypromethazine (DHPMZ) were purchased from National Institutes for 

Food and Drug Control (Beijing, China). Disodium hydrogen phosphate (Na2HPO4), sodium 

dihydrogen phosphate (NaH2PO4), sodium hydroxide (NaOH), hydrochloric acid (HCl), sodium 

chloride (NaCl) and tween 40 were all of analytical reagent gradeand were purchased from Beijing 

Chemical Reagent Company (Beijing, China).  

 

2.2. Apparatus and conditions 

CE-ECL was performed on a MPI - B multi-parameter chemiluminescence analysis test system 

(Xi’an Remex analytical instruments Co., Ltd., Xi’an, China). Cyclic voltammetry and potentiostatic 

method were carried out in a three electrodes system with a platinum working electrode of 500 μm in 
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diameter, an Ag/AgCl reference electrode of 300 μm in diameter and a platinum wire auxiliary 

electrode of 1 mm in diameter. Capillary (25 μm x 40 cm) was rinsed respectively with 0.1 mol/L 

NaOH solution for 20 min, secondary distilled water for 10 min and running buffer for 15 min before 

use. See our previous work [9] for details. 

ECL conditions: Detection potential is 1.15 V (vs. Ag/AgCl). Concentration of Ru(bpy)3
2+ is 

6 mmol/L. Concentration of PBS (pH 6.8) in test cell is 40 mmol/L. 

 

 

 

3. RESULTS AND DISCUSSION 

3.1. Selection of capillary electrophoresis parameters 

CE separation conditions, such as pH of PBS, ionic strength of PBS, additives in PBS, and 

separation voltage, have a great impact on the separation of the analytes. In this part, taking the 

resolution of adjacent analytes flowing out of capillary as the test index, the effects of different 

capillary electrophoresis parameters on their separation were studied. The resolution (R) is the ratio of 

the difference of retention time (t) between two adjacent components and the average width of peak 

base (Y) of the two components. Its mathematical expression is as follows: 

= 2 1

1 2
( ) / 2

t t
R

Y Y




 

It is generally believed that the two components can be completely separated from the shape of 

the peaks when their resolution is not less than 1.5. See our previous work for detailed calculation [42]. 

 

 
Figure 1. Effects of pH of phosphate buffer solution on the resolutions of ten phenothiazines at 

separation voltage 18 kV. 
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3.1.1 The pH of PBS 

The pH of PBS is an important factor affecting the separation effect. In the literature work of 

CE with PBS medium, the application range of pH value is mostly between 5-9 [8-15, 21-25, 31-33]. 

Therefore, we mainly study the influence of pH in this range on the resolution. When the pH of the 

PBS changes from 5.0 to 9.0, the resolutions of 9 pairs of analytes are shown in Figure 1. With the 

increase of the pH of PBS, the resolutions of 9 pairs of analytes shows a trend of "first increase and 

then decrease", and reaches the maximum at pH = 7.0-8.0. At pH 7.0, the resolutions of 7 pairs of 

analytes reached the maximum value, so we chose 7.0 as the pH value of separation buffer solution. 

 

3.1.2 Ionic strength of PBS 

The ionic strength of PBS is another important factor affecting the separation efficiency. In 

general, the ionic strength of PBS can be adjusted by adding a strong electrolyte. In this part, we 

change the ionic strength of PBS by adding different concentrations of sodium chloride (NaCl), and 

investigate the effect of ionic strength on the separation. The results are shown in Figure 2. With the 

increase concentration of NaCl, the ionic strength of PBS increased. When the concentration of NaCl 

is 45 mmol/L, the resolutions of 9 pairs of analytes are relatively large. This conclusion is supported by 

many literatures [19-23, 25-32]. 

 

 
Figure 2. Effects of ionic strength of PBS (pH 7.0) on the resolutions of ten phenothiazines at 

separation voltage 18 kV. 

 

 

 



Int. J. Electrochem. Sci., 16 (2021) Article Number: 211140 

 

5 

3.1.3 Additive in PBS 

Pyrrolidone, tween 40, Cyclodextrin, isopropanol and so on are commonly used to change the 

solution environment of PBS to improve the effect of fine separation of analytes. Our study found that 

tween 40 has a great influence on the separation of ten phenothiazines. Figure 3 shows the effect of 

different concentrations of tween 40 on the resolutions of 9 pairs of analytes. As you can see, when the 

concentration of tween 40 is 25 mmol/L, all of the resolutions of 9 pairs of analytes are relatively large. 

The use of additives to improve the separation effect has been confirmed by many experiments [16, 20, 

26, 31, 33]. 

 

 
Figure 3. Effects of tween 40 in PBS (pH 7.0) containing 45 mmol/L NaCl on the resolutions of ten 

phenothiazines at separation voltage 18 kV. 

 

3.1.4 Separation voltage 

The separation voltage directly affects the migration rate of components, and then changes the 

separation effect of different components. In this experiment, the separation voltages from 15 kV to 19 

kV are investigated. The results are shown in Figure 4. Obviously, 17 kV is the best separation voltage. 

In the literature work, the separation voltage of most experiments is below 20 kV [16-29], which is 

consistent with our conclusion. 

Unfortunately, there are still four pairs of analytes whose resolution does not reach 1.5, 

indicating that they could not be completely separated under current experimental conditions. 
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Figure 4. Effects of separation voltage on the resolutions of ten phenothiazines in PBS (pH 7.0) 

containing 45 mmol/L NaCl and 25 mmol/L tween 40. 

 

 

 

3.2 Optimization of capillary electrophoresis parameters 

RSM is a statistical optimization method to solve multivariable problems. It uses the reasonable 

experimental design method to get some data, then uses the multivariate quadratic regression equation 

to fit the functional relationship between the factors and the response value, finally through the 

regression equation analysis to seek the optimal process parameters. In this part, on the basis of single 

factor experiments, RSM is used to investigate the interactions of different factors. It is expected to 

improve the resolutions of ten phenothiazines by optimizing the experimental conditions. 

 

3.2.1 Box-Behnken test and experimental results 

CPZSO and HCPZ have the same molecular weight and similar molecular structure. From the 

previous experimental results, we can see that under the single-factor experimental conditions, their 

resolution is only 1.39, indicating that they could not be completely separated. 

Therefore, in this part, we take the resolution of CPZSO and HCPZ as the response value. The 

pH of PBS, concentration of NaCl in PBS, concentration of tween 40 in PBS and separation voltage 

were used as research factors. According to the results of single factor experiments, four factors and 

three levels (see table 1) were used to carry out the Box-Behnken test design. 
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Table 1. Factors and levels of the Box-Behnken test design. 

 

Levels\Factors pH CNaCl (mmoL/L) CTween 40 (mmoL/L) Separation voltage (kV) 

-1 6.0 40 20 16 

0 7.0 45 25 17 

1 8.0 50 30 18 

 

 

Table 2. Response surface design and experimental results  

 

Number pH CNaCl (mmol/L) CTween40 (mmoL/L) Separation voltage (kV) Resolutions 

1 8.00 40.00 25.00 17.00 0.71 

2 7.00 45.00 25.00 17.00 1.40 

3 7.00 45.00 25.00 17.00 1.39 

4 7.00 45.00 25.00 17.00 1.39 

5 6.00 50.00 25.00 17.00 1.25 

6 7.00 40.00 25.00 16.00 0.51 

7 7.00 45.00 20.00 18.00 0.95 

8 6.00 45.00 30.00 17.00 1.05 

9 7.00 50.00 25.00 18.00 1.34 

10 8.00 50.00 25.00 17.00 1.12 

11 7.00 40.00 20.00 17.00 1.29 

12 8.00 45.00 30.00 17.00 1.07 

13 7.00 50.00 30.00 17.00 1.11 

14 8.00 45.00 25.00 18.00 1.05 

15 7.00 50.00 25.00 16.00 1.31 

16 8.00 45.00 20.00 17.00 0.67 

17 8.00 45.00 25.00 16.00 0.51 

18 6.00 45.00 25.00 18.00 1.03 

19 7.00 40.00 30.00 17.00 0.68 

20 7.00 45.00 30.00 18.00 0.61 

21 7.00 40.00 25.00 18.00 0.42 

22 6.00 45.00 25.00 16.00 1.03 

23 7.00 45.00 20.00 16.00 0.72 

24 7.00 50.00 20.00 17.00 1.21 

25 7.00 45.00 25.00 17.00 1.39 

26 6.00 45.00 20.00 17.00 1.02 

27 7.00 45.00 30.00 16.00 1.29 

28 6.00 40.00 25.00 17.00 0.44 

29 7.00 45.00 25.00 17.00 1.40 

 

The results of 29 response surface design trials are shown in Table 2. Multifactor regression 

fitting analysis was carried out with Design Expert software. The regression equation of the effects of 

pH value (A), NaCl concentration (B), additive concentration (C) and separation voltage (D) on the 

resolution (Y) is as follows: Y=1.39-0.058A+0.27B-0.0042C+0.0025D-0.10AB+0.092AC+0.14AD-

0.13BC-0.030BD-0.23CD-0.26A2-0.21B2-0.17C2-0.28D2. The model F-value of 3.56 implies the 
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model is significant. Within the range of levels of the selected factors, the order of effect on the results 

is: NaCl concentration (B) > pH value (A) > additive concentration (C) > separation voltage (D). 

 

3.2.2 Interaction of different factors on resolution 

The 3D surfaces and contours are plotted by Design Expert software, as shown in figure 5 to 

figure 10. Each figure represents the influence of the interaction of two independent variables on 

resolution. The 3D surface is steep and the central area of the contour map presents a nearly complete 

ellipse, as shown in figures 6, 7 and 10, indicating that the interaction between the two factors is 

obvious. In addition, the six 3D surfaces are convex and open downward, indicating that there is a 

maximum in the continuous area of the test point. 

 

 
 

Figure 5. Effect of interaction of pH and ionic strength of PBS on resolutions. 

 

 

 
 

Figure 6. Effect of interaction of pH of PBS and concentration of additive on resolutions. 
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Figure 5 is 3D surface (a) and contour (b) showing the effect of the interaction between pH of 

PBS and concentration of NaCl in PBS on resolution. With the increase of pH of PBS and 

concentration of NaCl, the resolution also changed. When the pH of PBS reaches 6.75 and the 

concentration of NaCl reaches 49.06 mmol/L, the resolution reaches its maximum.  

Figure 6 is 3D surface (a) and contour (b) showing the effect of the interaction between pH of 

PBS and concentration of tween 40 in PBS on resolution. When the pH of PBS reaches 6.75 and the 

concentration of tween 40 reaches 26.58 mmol/L, the resolution will reach its maximum.  

 

 
 

Figure 7. Effect of interaction of pH of PBS and separation voltage on resolutions. 

 

 

Figure 7 is 3D surface (a) and contour (b) showing the effect of the interaction between pH of 

PBS and separation voltage on resolutions. As you can see, when the pH of PBS reaches 6.75 and the 

separation voltage reaches 16.86 kV, the resolution reaches its maximum.  

 

 
 

Figure 8. Effect of interaction of ionic strength of PBS and concentration of additive on resolutions. 
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Figure 8 is 3D surface (a) and contour (b) showing the effect of the interaction between 

concentration of NaCl and concentration of additive on resolutions. When the concentration of NaCl 

reaches 49.06 mmol/L and the concentration of additive reaches 26.58 mmol/L, the resolution reaches 

its maximum.  

 

 
 

Figure 9. Effect of interaction of ionic strength of PBS and separation voltage on resolutions. 

 

 

Figure 9 is 3D surface (a) and contour (b) showing the effect of the interaction between 

concentration of NaCl and separation voltage on resolutions. When the concentration of NaCl reaches 

49.06 mmol/L and the separation voltage reaches 16.86 kV, the resolution reaches its maximum.  

 

 

 
 

Figure 10. Effect of interaction of concentration of additive and separation voltage on resolutions. 

 

 

Figure 10 is 3D surface (a) and contour (b) showing the effect of the interaction between 
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concentration of tween 40 and separation voltage on resolutions. When the concentration of tween 40 

reaches 26.58 mmol/L and the separation voltage reaches 16.86 kV, the resolution reaches its 

maximum.  

Based on the above analysis, it can be found that the optimum values of pH of PBS, 

concentration of NaCl in PBS, concentration of tween 40 in PBS and separation voltage were 6.75, 

49.06 mmol/L, 26.58 mmol/L and 16.86 kV, respectively, when the maximum resolution of CPZSO 

and HCPZ is obtained. As can be seen, it is almost impossible to obtain such optimal experimental 

conditions through a limited number of single-factor experiments. According to the model, the 

maximum value of resolution was 1.51. This is 8.7% higher than that selected from single factor 

experiments. The most important thing is that the resolution of the two most difficult-to-separate 

molecules is more than 1.5, indicating that all components are well separated. 

 

3.3 Methodology  

A series of phenothiazines standard solutions were prepared and used as sample solutions for 

CE separation and ECL determination. The linear relationship, linear range and detection limit of ten 

phenothiazines were investigated. The results were summarized in Table 1. 

 

 

Table 1. Regression equation, linear range and detection limit of ten phenothiazines under the 

optimized CE conditions. 

 

Number Drug Regression 

equation* 

Linear range/(μg/L) Detection 

limit/(μg/L) 

1 CPZ I = 131.7C+ 22.5 1.0-1200 0.5 

2 DMCPZ I = 128.2C+ 43.1 1.0-1200 0.5 

3 CPZSO I = 101.7C+ 31.3 1.0-1200 0.5 

4 

5 

6 

7 

8 

9 

DMCPZSO 

HCPZ 

PMZ 

PMZSO 

DMPMZ 

DHDMPMZ 

I = 85.8C+ 14.8 

I = 224.5C+ 29.6 

I = 114.7C+ 38.4 

I = 91.9C+ 19.6 

I = 110.3C+ 21.2 

I = 317.5C+ 45.0 

1.0-1200 

0.5-1000 

0.5-800 

1.0-1200 

1.0-900 

0.3-600 

0.5 

0.2 

0.2 

0.5 

0.5 

0.1 

10 DHPMZ I = 334.8C+ 32.9 1.0-1200 0.5 

* I: ECL intensity (a.u.); C: mass concentration, μg/L. 

 

 

3.4 Determination of dog urine samples 

15 ~ 20 kg healthy dogs were selected, chlorpromazine and promethazine 20 mg each were 

ground up and mixed in food to feed the dogs. Dog urine was collected after 2 hours, filtered and 

determined by direct and standard addition.  

The residue and recovery of ten phenothiazines in dog urine were studied. The recoveries of 
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ten phenothiazines are 87.3% - 112.6%, which shows that this method is reliable. The results are 

shown in Table 2.  

 

 

Table 2. Analysis results of actual food samples under the optimized CE conditions.  

 

Number Drug Measured value (μg/L) Added value (μg/L) Recovery （%, n=7） 

1 CPZ 176.5 100 89.8 

2 DMCPZ 11.3 100 90.3 

3 CPZSO 7.1 100 88.5 

4 DMCPZSO 4.4 100 103.2 

5 HCPZ 16.6 100 105.7 

6 PMZ 198.0 100 112.6 

7 

8 

9 

10 

PMZSO 

DMPMZ 

DHDMPMZ 

DHPMZ 

35.5 

22.8 

3.1 

15.4 

100 

100 

100 

100 

87.3 

90.5 

97.1 

105.3 

 

 

 

4. CONCLUSION 

This work demonstrated a new analytical procedure for simultaneous determination of CPZ, 

PMZ, DMCPZ, CPZSO, DMCPZSO, HCPZ, PMZSO, DMPMZ, DHDMPMZ and DHPMZ in dog 

urine by CE-ECL. The ten phenothiazines could be well separated and detected with high sensitivity, 

wide linear range, and good reproducibility under optimized experimental conditions. This method can 

be used to determine phenothiazines in complex solution directly and rapidly. 

 

 

ACKNOWLEDGEMENTS 

This work was supported by Beijing Natural Science Foundation of China (Grant No.2152013). 

 

 

References 
 

1. D. Boyd-Kimball, K. Gonczy, B. Lewis, T. Mason, N. Siliko and J. Wolfe, ACS Chem. Neurosci., 

10 (2019) 79-88. 

2. K. Dudley, X. Liu and S. De Haan, Cochrane Database Sys. Rev., 4 (2017) D7778. 

3. T. Zikos, L. Nguyen, A. Kamal, N. Fernandez-Becker, K. Regalia, M. Nandwani, I. Sonu, M. 

Garcia, P. Okafor, L. Neshatian, D. Grewal, P. Garcia, G. Triadafilopoulos and J. Clarke, Digest. 

Dis. Sci., 65 (2020) 3280-3286. 

4. A. Baig, P. Katyara, M. Rajabali, A. Khaleeq, F. Nazim and S. Lalani, ACS Chem. Neurosci., 10 

(2019) 2868-2876. 

5. N. Amidi, Z. Izadidastenaei, M. Araghchian and D. Ahmadimoghaddam, J. pharmacopuncture, 23 

(2020) 18-24. 

6. S. Lv, W. Zhao, G.B. Rajah, C. Dandu, L. Cai, Z. Cheng, H. Duan, Q. Dai, X. Geng and Y. Ding, 

Front. Neurol., 12 (2021) 621476. 



Int. J. Electrochem. Sci., 16 (2021) Article Number: 211140 

 

13 

7. S. Guo, E. Cosky, F. Li, L. Guan, Y. Ji, W. Wei, C. Peng, X. Geng and Y. Ding, Brain Res., 1763 

(2021) 147463. 

8. S. Sun, Y. Wei, H. Wang, L. Tang and B. Deng, J. Chromatogr. Sci., 59 (2021) 289-296. 

9. F. Yang, Z. Peng, C. Gu, B. Liu and K. Zhou, Int. J. Electrochem. Sci., 14 (2019) 6292-6302. 

10. S. Sun, Y. Wei, H. Wang, Y. Cao and B. Deng, Talanta, 179 (2018) 213-220. 

11. R. Wei, Z. Chen and J. Geng, Mod. Food Sci. Tech., 33 (2017) 257-263. 

12. Y. Wei, H. Wang, S. Sun, L. Tang, Y. Cao and B. Deng, Biosens. Bioelectron., 86 (2016) 714-719. 

13. Y. Dong and E.B. Liu, Asian J. Chem., 28 (2016) 1239-1243. 

14. S. Sun, Y. Wei, C. Long andB. Deng,J. Chromatogr. B,1006 (2015) 146-150. 

15. M. Zuo, J. Gao, X. Zhang, Y. Cui, Z. Fan and M. Ding, J. Sep. Sci., 38 (2015) 2332-2339. 

16. H.Duan, J. Cao, H. Wang and Y. Liu, Anal. Methods, 7 (2015) 3946-3951. 

17. L. Xu, L. Li, J. Huang and T. You, Talanta, 118 (2014) 1-6. 

18. J. Pan, Z. Chen, M. Yao, X. Li, Y. Li, D. Sun and Y. Yu, Luminescence, 29 (2014) 427-432. 

19. D. Kong, Q. Li, L. Chen, Y. Chi and G. Chen, J. Sep. Sci., 37 (2014) 1199-1205. 

20. Y. Wang, G. Zhu, X. Li and Z. Hao, J. Sep. Sci., 37 (2014) 3007-3012. 

21. S. Sun, C. Long, C. Tao, S. Meng and B. Deng, Anal. Chim. Acta, 851 (2014) 37-42. 

22. D. Wang, F. Li, M. Su and H. Sun, J. Appl. Pharm. Sci., 8 (2018) 7-14. 

23. Y. Hu and X. Wei, Curr. Anal. Chem., 14 (2018) 504- 511. 

24. S. Sun, Y. Wei, Y. Cao and B. Deng, J. Chromatogr. B, 1055-1056 (2017) 15-19. 

25. H. Guo, X. Wu, A. Wang, X. Luo, Y. Ma and M. Zhou, New J. Chem., 39 (2015) 8922-8927. 

26. Q.W. Zhou, D. Wu, Q. Meng, H. Tang, Z. Wei, Y. Kuang, J. Yin and J. Chen, Anal. Sci., 29 (2013) 

757-760. 

27. Q. Xiang, Y. Gao, B. Han, J. Li, Y. Xu and J. Yin, Luminescence, 28 (2013) 50-55. 

28. M. Zhou, Y. Li, C. Liu, Y. Ma, J. Mi and S. Wang, Electrophoresis, 33 (2012) 2577-2583. 

29. C. Long, B. Deng, S. Sun and S. Meng, Food Addit. Contam., 34 (2017) 24-31. 

30. H. Zeng, R. Yang, Y. Zhang, J.J. Li and L.B. Qu, Luminescence, 30 (2015) 124-130. 

31. S. Sun, Y. Wei, C. Long and B. Deng, J. Chromatogr. B, 1006 (2015) 146-150. 

32. G.M. Zhu, S.H. Long, H. Sun, W. Luo, X. Li and Z.B. Hao, J. Chromatogr. B, 941 (2013) 62-68. 

33. B. Deng, Q. Xu, H. Lu, L. Ye and Y. Wan, Food Chem., 134 (2012) 2350-2354. 

34. Y. Hu, J. Chromatogr. B, 986-987 (2015) 143-148. 

35. D. An, Z. Chen, J. Zheng, S. Chen, L. Wang, Z. Huang and L. Weng, Food Chem., 168 (2015) 1-6. 

36. C. Cai, H. Cheng and Y. Wang, Anal. Methods, 6 (2014) 2767-2773. 

37. X. Li, Y. Yang and K. Zhou, Se Pu, 30 (2012) 938-942. 

38. M. Foschi, P. Capasso, M. Maggi, F. Ruggieri and G. Fioravanti, ACS omega, 6 (2021) 16943-

16954. 

39. R. FernándezMarín, F. HernándezRamos, A. Salaberria, M. Andrés, J. Labidi and S. Fernandes, Int. 

J. Biol. Macromol., 186 (2021) 218-226. 

40. T. Ma, Y. Sun, L. Liu, J. Sun, Y. Ma, L. Guo and Q. Liu, Nat. Prod. Res., 35 (2021) 2458-2462. 

41. P. Pillai, S. Dharaskar and M. Khalid, Chemosphere, 284 (2021) 131317. 

42. W. Zhang, F. Yang, J. Xu, L. Wang and K. Zhou, Int. J. Electrochem. Sci., 16 (2021) 21022. 

 

 

© 2021 The Authors. Published by ESG (www.electrochemsci.org). This article is an open access 

article distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/4.0/).   

https://www-scopus-com.scopeesprx.elsevier.com/authid/detail.uri?authorId=57188669509&amp;eid=2-s2.0-84962154844
https://www-scopus-com.scopeesprx.elsevier.com/authid/detail.uri?authorId=7202240066&amp;eid=2-s2.0-84962154844
https://www-scopus-com.scopeesprx.elsevier.com/sourceid/22703?origin=recordpage
https://www-scopus-com.scopeesprx.elsevier.com/authid/detail.uri?authorId=56945950400&amp;eid=2-s2.0-84946408998
https://www-scopus-com.scopeesprx.elsevier.com/authid/detail.uri?authorId=56945950400&amp;eid=2-s2.0-84946408998
https://www-scopus-com.scopeesprx.elsevier.com/authid/detail.uri?authorId=56317653400&amp;eid=2-s2.0-84946408998
https://www-scopus-com.scopeesprx.elsevier.com/authid/detail.uri?authorId=56317653400&amp;eid=2-s2.0-84946408998
https://www-scopus-com.scopeesprx.elsevier.com/sourceid/24172?origin=recordpage
https://www-scopus-com.scopeesprx.elsevier.com/authid/detail.uri?authorId=56622105300&amp;eid=2-s2.0-84928919844
https://www-scopus-com.scopeesprx.elsevier.com/authid/detail.uri?authorId=16834584200&amp;eid=2-s2.0-84928919844
https://www-scopus-com.scopeesprx.elsevier.com/authid/detail.uri?authorId=56621617700&amp;eid=2-s2.0-84928919844
https://www-scopus-com.scopeesprx.elsevier.com/authid/detail.uri?authorId=26642952600&amp;eid=2-s2.0-84928919844
https://www-scopus-com.scopeesprx.elsevier.com/sourceid/19700175229?origin=recordpage
https://www-scopus-com.scopeesprx.elsevier.com/authid/detail.uri?authorId=7404745316&amp;eid=2-s2.0-84886515120
https://www-scopus-com.scopeesprx.elsevier.com/authid/detail.uri?authorId=55730827700&amp;eid=2-s2.0-84886515120
https://www-scopus-com.scopeesprx.elsevier.com/authid/detail.uri?authorId=7407192051&amp;eid=2-s2.0-84886515120
https://www-scopus-com.scopeesprx.elsevier.com/authid/detail.uri?authorId=7005598624&amp;eid=2-s2.0-84886515120
https://www-scopus-com.scopeesprx.elsevier.com/sourceid/24555?origin=recordpage
https://www-scopus-com.scopeesprx.elsevier.com/sourceid/26988?origin=recordpage
https://www-scopus-com.scopeesprx.elsevier.com/sourceid/24063?origin=recordpage
https://www-scopus-com.scopeesprx.elsevier.com/sourceid/24063?origin=recordpage
https://www.sciencedirect.com/science/article/pii/S0003267014009775?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0003267014009775?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0003267014009775?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0003267014009775?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0003267014009775?via%3Dihub#!
https://www.scopus.com/sourceid/21100236605?origin=recordpage
javascript:ShowAffiliation('0','2')
javascript:ShowAffiliation('1','2')
https://www-scopus-com.scopeesprx.elsevier.com/authid/detail.uri?authorId=56583024400&amp;eid=2-s2.0-84945910993
https://www-scopus-com.scopeesprx.elsevier.com/authid/detail.uri?authorId=56583024400&amp;eid=2-s2.0-84945910993
https://www-scopus-com.scopeesprx.elsevier.com/authid/detail.uri?authorId=56937404100&amp;eid=2-s2.0-84945910993
https://www-scopus-com.scopeesprx.elsevier.com/authid/detail.uri?authorId=56937404100&amp;eid=2-s2.0-84945910993
https://www-scopus-com.scopeesprx.elsevier.com/authid/detail.uri?authorId=56290768500&amp;eid=2-s2.0-84945910993
https://www-scopus-com.scopeesprx.elsevier.com/authid/detail.uri?authorId=55223785600&amp;eid=2-s2.0-84945910993
https://www-scopus-com.scopeesprx.elsevier.com/sourceid/24824?origin=recordpage
https://www.sciencedirect.com/science/article/pii/S1570023213005357?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S1570023213005357?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S1570023213005357?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S1570023213005357?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S1570023213005357?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S1570023213005357?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0308814612006024?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0308814612006024?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0308814612006024?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0308814612006024?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0308814612006024?via%3Dihub#!
http://www.electrochemsci.org/

