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This article emphasis on the application of the multi-walled carbon nanotubes screen printing 

electrodes(MWCNTs/SPEs) to reseach of plant active constituent (oleanolic acid, OA) by 

electrochemistry analytic procedure. The work explores the optimization of reaction conditions of OA. 

The stoichiometric ratio of OA on DPPH about 1:1, electrochemical redox mechanism and antioxidant 

activity of OA were obtained by the determination of electrochemical kinetics parameters such as 

electron transfer numbers (n), propons (m), electron charge coefficient (α), and standard electron 

transfer rate constant (ks) are 1, 1, 0.66, 0.53 respectively based on electrochemical behavior at 

MWCNTs/SPEs. This method is fast, convenient, low-cost, practicable and can be used to the trace 

amount determination of the content of triterpenes in natural product. 
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1. INTRODUCTION 

Oleanolic acid(OA, (3β)-3-Hydroxyoliean-12-en-28-oic acid) is one of hydroxyl pentacyclic 

triterpenoic acids. It is main isomeric triterpene compound in plants widely, such as white snake in the 

grass, western sichuan swertia, cloves and jujube, it’s the main active ingredients of natural products. it 

is believed to have an antioxidative constituents[1,2] which is suggested to play an important role in 
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pharmacology with the function of anti-inflammatory[3], protect liver, hypoglycemic, antitumor 

activity[4], and can inhibit cancer cell proliferation, resistance to cancer cells and induce cancer cells 

differentiation, anti-platelet aggregation, and so on. OA has been used in the treatment of chronic 

hepatitis, liver cirrhosis, improve human immunity, etc.[6] in Clinically. 

 

COOH

HO

 
 

Figure 1. The structure of Oleanolic acid 

 

There are various methods have been reported for antioxidant detection in different Oil 

samples, such as RP-HPLCPA[5], micellar electrokinetic capillary chromatography (MECC)[6], high-

performance thin-layer chromatographic(HP-TLC)[7], thin layer chromatography(TLC)[8], and High 

pressure liquid chromatography(HPLC) combined with means of spectral analysis(IR, MS, 1H-NMR, 

13C-NMR)[9], all with the features of rapid, precise, sensitive, repeatable, suitable, and economical, 

but high-cost, complexity, and the pretreatment of sample verbosely.  

Electroanalytical techniques[10] are highly recognized as a favorable tool in the quantification 

of various natural antioxidants(NAO) and in natural organic compounds. Moreover, electrochemical 

instrumentation is compact and portable, allowing on-site analysis, obtaining results in only minutes 

without preliminary sample treatment. In addition, these methods have a sensitivity comparable to 

HPLC methods.  

Multi-walled carbon nanotubes（ MWCNTs） as a one-dimensional nanomaterials with special 

mechanical properties in the development of electrochemical devices, screen-printed electrodes 

(SPEs)[11], which are widely used as economical electrochemical substrates, because of their 

advantageous material properties, such as disposability, simplicity, and rapid responses, over the past 

20 years, a great development in screen-printed sensors for several analytical applications have been 

observed, about the application of screen-printed technology in such as phloroglucinol derivative [12], 

tumor markers [13]. SPEs can combine ease of use and practicality with simple and inexpensive 

fabrication. These devices are ideally used for voltammetric measurements using portable 

electrochemical instrumentation[14,15], it can reduce size, ease of mass production, disposability, 

practicality and ability to be miniaturized to reduce consumption of sample and electrolyte[16,17]. 

However, multi-walled carbon nanotubes modified screen-printing electrode(MWCNTs/SPE), which 

can not only greatly enhance the sensitivity of the modified electrode, but also improve electronic 

transfer properties, and are described as useful electroanalytical tools[18]. 
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The aim of this work was to use simple and fast electrochemical analysis method to revelate 

free radical scavenging mechanisms of natural antioxidant based on multi-walled carbon nanotubes 

screen-printed electrode was employed to improve sensitive, availability and reliability. In this paper, 

The electrochemical reaction mechanism of OA was investigated to determine stoichiometric ratio of 

OA and DPPH and the electrochemical free radical savenging mechanism of OA was obtained. On this 

base, the electrochemical redox mechanism and antioxidant activity of oleanolic acid. 

 

 

 

2. EXPERIMENTAL SECTION  

2.1 Instruments and reagents  

MEC - 12 b type multifunction electrochemical analysis system (jiangsu jiang electric analysis 

instrument Co., Ltd.). A three-electrode system. pH–213 meter. 

Oleanolic acid standard stock solution (purchased from xi 'an grass plant  

technology Co., Ltd., 4 ℃ storage Standby); 0.1mol·L
-1

 C6H8O7-Na3C6H5O7 buffer solution 

(pH=4.0). KCl solution for supporting electrolyte.  

All the chemicals used were of analytical-reagent grade. Twice-distilled water was used 

throughout the experiments. 

 

2.2 Preparation and modification of the electrode 

Before modifying the working electrode at integrated SPEs, the SPEs were first washed with 

distilled water and dried by N2 stream. Then the SPEs was pre-anodized in a 0.1M (pH7.4) PBS 

containing 0.1M KCl by applying an anodic potential of +1.9 V (vs. Ag/AgCl) for 120s. The 

MWCNTs/SPEs was prepared by coating 5µL 0.3mg/mL of the MWCNTs homogeneous suspension 

onto the SPEs and then dried at room temperature overnight. All modified electrodes were cleaned by 

cyclic voltammetric technique betwe -0.5V and +0.5V at a scan rate of 50mV∙s
-1

 in PBS (pH7.4) until 

a stable cyclic voltammetric response was obtained, and then rinsed with water and dried under a 

nitrogen stream[19]. 

 

2.3 Experimental Methods 

2.3.1. Electrochemical analysis 

Cyclic voltammetry (CV) and differential pulse voltammetry (DPV) were performed in the 

three-electrode cell in 0.10 mol∙L
-1

 citric acid buffer solution (pH=4.0) between the potential range of -

0.2 V and +0.5 V at a scan rate of 0.05 V·s
-1

. The DPV conditions were: pulse width of 150 ms, pulse 

amplitude of 180 mV and pulse interval of 100 ms. 
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3. RESULTS AND DISCUSSION 

3.1 Electrochemical behavior of OA on the screen-printing electrode   

Fig.2 displays the CV curve of OA in the 0.1 mol·L
-1

 C6H8O7-Na3C6H5O7 buffer solution 

(pH4.0) at MWCNTs/SPE with scan rate is 0.08V∙s
-1

 with the potential range from 0.0V to 1.0V as 

shows in Fig.2 . 

 

 
 

Figure 2  Electrochemical behavior of oleanolic acid at the MWCNTs/SPE 

                   v: 0.08V∙s-1, 0.1 mol·L
-1

 C6H8O7-Na3C6H5O7 pH4.0, E/V(0.0V to 1.0V) 

 

Fig.2 shows  the electrochemical behavior of oleanolic acid at the MWCNTs/SPE, the REDOX 

reaction of OA was happened on the electrode surface, there is a quasi reversible REDOX peaks at 

0.45V(Epa) and 0.19V(Epc) (vs. SCE) respectively， the potential for Δ E = Epa - Epc =0.26 V(vs. 

SCE). 

 

3.2 Influence of supporting electrolyte and pH 

Several supporting electrolytes such as 0.10 mol∙L
-1

 sodium hydrogen phosphate-potassium 

dihydrogen phosphate buffer, 0.10 mol∙L
-1

 phosphate buffer solutions(PBS), 0.10 mol∙L
-1

 citric acid 

buffer, 0.10 mol∙L
-1

 acetic acid-sodium acetate buffer, were tested at MWCNTs/SPEs. A pair of CV 

redox peak is observed in the four supporting electrolyte, while, well-defined CV response with high 

redox peak of OA was obtained in 0.10 mol∙L
-1

 C6H8O7-Na3C6H5O7buffer. 
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Figure 3a  The influence of supporting electrolyte pH to peak current at 

                           MWCNTs/SPEs (v: 0.08V∙s-1, 0.1mol·L
-1

 C6H8O7-Na3C6H5O7) 

 

 

 
 

Figure 3b The influence of supporting electrolyte pH to peak current at  

                             MWCNTs/SPEs (0.08V∙s-1, 0.1mol·L
-1

 C6H8O7-Na3C6H5O7) 

 

Fig.3a-Fig.3b The influence of pH was investigated in 0.1mol·L
-1

 C6H8O7-Na3C6H5O7 buffer 

solution, the oxidation peak current of OA increases with the increasing of pH (from 1.5 to 7.2), and 

then reaches its maximum 1.277μA at pH4.0. And then, the oxidation peak current decreases as pH 

increasing above 4.0 shown in Fig.3a. While, the CV peak potential moves to the negative direction 

with the increase of pH as shown in Fig.3b. Therefore, pH4.0 was identified the optimal supporting 

electrolyte for subsequent experiments. 
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3.3 Electrochemical response of different concentrations of oleanolic acid at the MWCNT/SPE 

 
Figure 4. Electrochemical behaviors of different concentrations of OA at the MWCNT/SPE 

(0.1mol·L-1 C6H8O7-Na3C6H5O7 pH4.0, V: 0.08 V/s) (a) 0.0 mg∙mL-1, (b) 2.0 mg/mL, (c) 

4.0 mg∙mL-1 

 

The CV analysis was performed for the different concentrations of OA at MWCNT/SPE in 

0.1mol·L
-1

 C6H8O7-Na3C6H5O7 buffer solution with concentrations of 0.0 mg∙mL
-1

(a), 2.0 mg/mL(b), 

4.0 mg∙mL
-1

(c). The oxidation peak current of OA increases with the increase of concentration . 

 

3.4 The effect of the scan rate to the electrode process 

 
Figure 5. The cyclic voltammetry curves of OA with different scan rate at MWCNT/SPE in 0.1mol·L-

1 C6H8O7-Na3C6H5O7 (pH4.0) 
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Fig.5 shows the effect of different scan rate on the CV response of OA at MWCNT/SPE in the 

0.10 mol∙L
-1

 C6H8O7-Na3C6H5O7 buffer solution(pH4.0). we obtained that the oxidation peak current is 

proportional with the scan rate. And the linear regression equation is: ipa = 3.5243ν+0.7337 (r=0.9969); 

It shows that the electrode reaction of OA at the MWCNT/SPE is controlled by the adsorption[20]. 

The maximum peak signal-to-noise ratio for OA was obtain at the scan rate 0.08V/s,  the scan rate 

0.08V/s was therefor selected for this work. 

 

 

 

4. THE DETERMINATION OF KINETIC PARAMETERS 

4.1 The determination of the electron transfer number (n)[21] 

The electron transfer number is one of the key parameter in electrode reaction, the peak current 

and scan rate of OA show a good linear relationship in the graph, The results indicate that electrode 

process in the 0.1mol·L
-1

 C6H8O7-Na3C6H5O7 buffer solution and MWCNT/SPE system is governed 

by the surface adsorption-controlled electrochemical process [22]. And the adsorption system meets 

the Langmuir isotherm of Laviron [23]: 
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             Q = n F A ΓT                                                                                  (2.2) 

In the formula, Q is the quantity of charge measured from the oxidation or reduction peak area 

of voltammogram, ip represents the peak current(μA), F= 96485 C·mol
-1

 as the Faraday constant; R= 

8.1345 J/K/mol, T= 298.15K, ΓT is the surface coverage of the electroactive(mol/cm
-2

); A(cm
2
) 

represents surface area of electrode, which is about 0.095 cm
2
. In this work, the electron transfer 

number (n) was calculated to be 1.14 at 0.08 V·s
-1

 of scan rate, and ΓT=1.42×10
-11 

mol/cm
2
 according 

from (2.2) to (2.2). 

 

4.2 The determination of the proton number (m) of the electrode reaction  

As known from this vestigation, according to the Nernst equation by the linear relationship of 

physical peak potential and pH as shown in Fig.6: 
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The linear relationship of oxidation peak potential (Epa) and pH was: Epa (V)= -0.0479 pH 

+0.8228 (r=0.9910), the slope(k)= 0.059 m/n, the proton number (m=1) is obtained according to the 

electron transfer number (n). 
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Figure 6. the linear relationship of Epa and pH 

 

4.3 The determination of the electron transfer coefficient alpha (α) 

The electron transfer coefficient alpha (α) was calculated according to the following equation: 




lgp
nF

RT
kE                                                                         (2.5) 

According to the linear diagram of the lgν argument mapping with Epa as shown in Fig.7, the 

slope(k)= k= 2.303 R T/(α n F), the electron transfer coefficient alpha (α) is acquired via the electron 

transfer number (n) . 

 

 

 

Figure 7.  the linear relationship of Epa and lg ν 
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4.4 The determination of the apparent constant of electron transfer rate（ks） 

In this work, the apparent constant of electron transfer rate（ ks） is calculated to be 0.53 by 

following equation:  

RT

EnF

nF

RT
gk

p

s
303.2

)1(lglg)1()1lg(l


 


        (2.6) 

 

In conclusion， the determination of kinetic parameters of OA are calculated according to the 

correlation formulas as shown in table 1.  

 

Table 1. The determination of the electron transfer coefficient alpha (α) and apparent   

                                             constant of electron transfer rate（ ks）  

 

                   sample   the linear relationship      r         n        m         α          ks  

OA     y = 0.0497x + 0.6049    0.9922     1        1       0.66      0.53 

 

Above all, one electron and proton electrochemical oxidation reaction of OA at the 

MWCNT/SPE could be obtained according to the above results, which is shown in Fig.8： 

 

 
 

Figure 8. the oxidation mechanism of OA at  

 

4.5 The electrochemical Redox Mechanism and antioxidant activity of OA 

 

Figure 9. The scavenging rate of OA on DPPH (n=5) 
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The scavenging capacity of OA on DPPH was determined using spectrophotometric method 

[24]. And the scavenging rate of OA on DPPH was caculated according to the work[24]. 

Fig.9 shows the effect of concentrations of OA on the scavenging rate of DPPH. The 

scavenging rate of OA on DPPH increases with the increase of  the concentrations of OA and tend to 

its max-scavenging rate(64.3%) as the concentration of OA above 1.0 mg/mL. And the half maximal 

inhibitory concentration(IC50)value of OA was caculated to be 0.55mg/mL(1.21mmol/L) for initial 

concentration(2.51mmol/L) of DPPH, which means that the stoichiometric ratio of OA on DPPH about 

1:1. So, the reaction mechanism of OA and DPPH could be infered together with the facts that the 

stoichiometric ratio, mechanism of electrochemical redox and one electron and one proton transfered 

redox reaction mechanism of DPPH [26] as shown in Fig.10.  

 

 
                        

                    DPPH free radical                                                                        

 

Figure 10. the reactive mechanism of DPPH  

The 3-hydroxy of Oleanolic acid was oxidated to be ketone compound via DPPH free radical 

according to two equations as shown in Fig.8 and Fig.10. In conclusion, the electrochemical redox 

reaction of OA could be infered as shown in Fig.11. Furthermore, it indicated that oleanolic acid  had a 

strong antioxidant activity, and it played a significant role in antioxidant  activity field. 

 

 
 

                Figure 11. redox reaction equation of oleanolic acid at MWCNT/SPE 

                     

 

 

5. CONCLUSION 

This work, we proposed a electrochemical method for the investigation of scavenging reaction 

mechanism of oleanolic acid on DPPH based on redox mechanisms of oleanolic acid and the 

determination of stoichiometric ratio of oleanolic acid and DPPH using multi-walled carbon nanotubes 

screen-printed electrode. One proton transfered redox reaction mechanism of oleanolic acid and DPPH 

was obtained using this method. Benifited from the sensitization of multi-walled carbon nanotubes and 

        DPPH2 
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the accessibility of screen-printed electrode, the proposed method is sensitive, fast and convenient to 

investigate antioxidant free radical scavenging mechanisms of natural antioxidant. 

 

 

 

 

ACKNOWLEDGEMENTS 

This work was supported by the National Natural Science Fundation of China (21367025)Program for 

Innovative Research Team (in Science and Technology) in University of Yunnan Province (2010UY08

, 2011UYN09), Program for Yunnan Provincial Innovation Team (2011HC008), Program for State Eth

nic Affairs Commission of the China (2014YNZ012) and Key Laboratory of Ethnic Medicine Resourc

e Chemistry of State Ethnic Affairs Commission & Ministry of Education (MZY1302). 

 

 

References 

 

1. M. E. Cuvelier, H. Richard and C. A. Berset, J. Oil & Fat Industries, 73 (1996) 645. 

2. M. Takenaka, T. Watanabe, K. Sugahara, Y. Harada, S. Yoshida and F. Sugawara, Biosci., 

Biotechnol.,Biochem., 9 (1997) 1440. 

3. A. Najid, A. Simon, J. Cook, H. Chable-Rabinovitch, C. Delage, and A. J. Chulia, FEBS., 3 (1992) 

213. 

4. L. Jie, J ETHNOPHARMACOL, 100 (2005) 92. 

5. G H. Leng, Food Sci., 32 (2011) 243. 

6. Y. Guan, Q. Chu, F. Liang, Food Chem., 94 (2006) 157. 

7. M. Gupta, D. Bisht, S. Khatoon, S. Srivastava, and A. K. S. Rawat, Chinese  Medicine, 02 (2011). 

8. W. Qiuju, W. Tingming and C. Hongying, Hyperfine Interact., 23 (1992) 467. 

9. Z. Chunhua, S. Yanle and Z. Daqiu, Molecules, 15 (2010) 6580. 

10. R O. Domínguez, M A. Alonso-Lomillo and M J A. Martínez, Talanta, 73 (2007) 202. 

11. S. Cinti, F. Arduini, M. Carbone, L. Sansone, I. Cacciotti and D. Moscone, Electroanalysis, 27 

(2015) 1. 

12. N. Karousos, L. C. Chong, C. Ewen, C. Livingstone and J. Davis, Electrochim. Acta, 50 (2005) 

1879. 

13. J. Wu, J. H. Tang, Z. Dai, F. Yan, H. X. Ju and N. El Murr, Biosens. Bioelectron, 22 (2006) 102. 

14. P. Masawat , J M. Slater, Sens Actuators B., 124 (2007) 127. 

15. PG. Veltsistas, MI. Prodromidis and CE. Efstathiou, Anal Chim Acta, 502(2004)15. 

16. M. Liu, J. Xiang, J. Zhou and H. Ding, J. Electroanal. Chem.,640 (2010) 1. 

17. P. Fanjul-Bolado, P. J. Lamas-Ardisana, D. Hernández-Santos and A. Costa-García, Anal. Chim. 

Acta, 638 (2009) 133. 

18. R P. Caramit, J B G D. Souza, T A D. Araujo, L. H. Viana and V. S. Ferreira, Fuel., 105 (2013) 

306. 

19. L. Zhang, Y. Li, L. Zhang, D. W. Li, D. Karpuzov and Y. T. Long, Int. J. Electroanal.Chem. Sci., 6 

(3) 819.  

20. Shaojun Dong, Guangli Che and Yuanbin Xie. Revised edition. Beijing: Science press, 2003. 54 

(In Chinese). 

21. Y. Zheng, L.Ye, L. Yan and Y. Gao, Int. J. Electroanal.Chem. Sci., 9 (2014) 238. 

22. H. R. Zare, M. Namazian and N. Nasirizadeh, J. Electroanal. Chem., 584 (2005) 77.  

23. D. Nematollahi, M. Malakzadeh, J. Electroanal. Chem., 547 (2003) 191. 

24. A. Prerna, K. Yanka, A. Manish, G. Damodar, N. Galina, H. Petya, G. Veselina, S. Stoycho, A. 

Rajesh and Z. Antoaneta, J. BioSci. Biotechnol, 8 (2015) 183. 

25. G H. Leng, Food Sci., 32 (2011) 243. 

file:///C:/Program%20Files%20(x86)/Youdao/Dict/6.3.69.5012/resultui/frame/javascript:void(0);
file:///C:/Program%20Files%20(x86)/Youdao/Dict/6.3.69.5012/resultui/frame/javascript:void(0);


Int. J. Electrochem. Sci., Vol. 12, 2017 

  

781 

26. X. Liu, S. Ardo, M. Bunning, J. Parry, K. Zhou, C. Stushnoff and P. Kendall. LWT-Food Science 

and Technology, 40 (2007) 552. 

 

© 2017 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/).   

 

http://www.electrochemsci.org/

