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Abstract: Electrochemical studies of bupropion by voltammetric techniques were carried out. The 

bupropion gave one well-defined reduction peak at -1.2 to -1.3V vs. Ag/AgCl electrode in Britton 

Robinson buffer BR of pH 9. Under optimized conditions, a linear response was obtained between 

1.0x10-6 M to 5.6x10-6 M in aqueous media for square wave and differential pulse cathodic 

adsorptive stripping voltammetric techniques. The electrochemical process was diffusion controlled. 

The value of limit of detection (LOD) are 1.28x10−7 mol L−1 and 7.79x10-7 mol L−1 for SWCAdSV 

and DPCAdSV respectively. 
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Introduction 

Bupropion (BUP) (Figure 1) is an aminoketone derivative which is widely used as an 

antidepressant in the pharmacotherapy for smoking cessation. BUP is metabolised to 

three active metabolites; hydroxybupropion, the major metabolite, threohydrobupropion 

and erythro hydrobupropion
1
. Also, in vitro studies the potency of HBUP was found to 

be comparable to that of BUP. The metabolites of threohydrobupropion and erythro 

hydrobupropion were evaluated as total concentration because of their lower 

concentration compared to HBUP and additionally the potency of these were one-fifth 

as potent as BUP
2–5

. 

 
Figure 1. Chemical structure of Bupropion 
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 The analysis of BUP in biological fluids
6–12

 and in pharmaceuticals has been performed 

with liquid chromatography, liquid chromatography–mass spectrometry electrokinetic 

chromatography and thin layer chromatography
13-15

. Also, several studies including chiral 

separations of BUP and HBUP enantiomers were described
16–18

. Using Cooper’s method, 

BUP stability in human plasma has been reported
19

.  

 There has been no differential pulse and square wave cathodic adsorptive stripping 

voltammetric study published on quantitative determination of bupropion in spiked human 

urine. The present paper deals with the voltammetric analysis of bupropion in 

pharmaceuticals with a low detection limit. The low value of limit of detection (LOD) 

validates the analytical procedure and provides a fast and reliable technique for the assay of 

the sample without consuming excess time. 

Experimental  

Bupropion was purchased from the Cipla Pvt Ltd and was used without purification. A stock 

standard solution of bulk bupropion (1×10
-4

 M) was prepared in ethanol and preserved at     

4 °C until assessment. A series of BR buffer of pH values 4 to 13 was prepared and used as 

a supporting electrolyte.  Deionised water was used to prepare all the solutions. The working 

solutions were prepared by a fix volume of stock solution and buffers. Reagents were used 

of analytical grade.  

Instrumentation  

Model 1230A (SR 400) electrochemical analyser (CHI Instrument, USA) was employed for 

electrochemical techniques, with a totally automated attached to a PC with proper CHI 

100W version 2.3 software for total control of the experiments and data acquisition and 

treatment. A cell system containing three electrodes was used with working electrode as 

activated glassy carbon electrode, reference electrode as Ag/AgCl (3 M KCl) and auxiliary 

electrode as the platinum wire. A digital pH-meter (CHINO-DB-1011) fitted with a glass 

electrode standardized with buffers of known pH was used for measuring the pH values of 

the solutions.  

General procedure 

For total 10 mL solution, BR buffer of pH 9.0 and the appropriate concentration of the 

bupropion were introduced into the electrochemical cell and purged with pure deoxygenated 

nitrogen for 10-15 minutes under stirred conditions. These results to remove oxygen gas 

before measurements. Electrochemical pre-treatment was always performed in the same 

solution in which the measurement was subsequently carried out. The working glassy carbon 

electrode was polished 0.05 µm aluminium oxide and sonicated for a short time to remove 

impurities on the electrode surface and then it was dried in an oven at 40 
o
C. The 

accumulation of bupropion at the working electrode was carried out for 15 to 20 seconds 

while the solution was stirred at 2000 rpm. After optimization of operational parameters the 

cyclic and stripping voltammograms were recorded. 

Results and Discussion 

Electrochemical studies of bupropion were performed by using cyclic voltammetry (CV), 

square wave cathodic adsorptive stripping voltammetry (SWCAdSV) and differential pulse 

cathodic adsorptive stripping voltammetry (DPCAdSV). In all electrochemical methods 

bupropion gave one well defined reduction peak at -1.25 V vs. Ag/AgCl reference electrode. 
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Cyclic voltammetric behaviour 

The cyclic voltammogram of bupropion in britton robinson buffers (pH 4-13) exhibits one 

well-defined reduction peak in the potential range of -0.5-0 to -1.5 V versus Ag/Agcl 

reference electrode at concentration 1x10
-5

 and scan rates 50-175. No peak could be 

observed in the anodic direction, suggesting the irreversible nature of the electrode process. 

Effect of scan rate 

The voltammetric investigations at various scan rates were performed under the optimum 

conditions (Figure 2). As the scan rate increases gradually from the range 50 to 175 mV/s at 

fixed concentration of bupropion, the background signal decreases and peak potential shifted 

towards more negative value with increase in current confirming the irreversible nature of the 

reduction process
20-24

. Furthermore, peak current (Ip) found to be linear dependent on square 

root of scan rate related with the Randles - Servick equation, which can be expressed as: 

Ip = (2.99x10
5
) n [αn]

1/2
 A CoDo

1/2
 ν

1/2
 

 Where n is the number of electrons exchange in reduction, α is the charge transfer 

coefficient, A (cm
2
) is the apparent surface area of the electrode, Co (mol/L) is the 

concentration of the electro-active species, Ip (µA) is the cathodic peak current, Do (cm
2
/s) is 

the diffusion coefficient of the electroactive species and ν (mV/s) is the scan rate. 

 
 

Figure 2. Cyclic voltammogram of 1x10
-6 

M
 
Bupropion in Britton-Robinson buffer at 

different scan rates: (a) 50 mV
-1

 (b) 75 mV
-1 

(c) 100 mV
-1

 (d) 125 mV
-1

 (e) 150 mV
-1 

(e) 175 

mV
-1 

at pH 9.0 

 A straight line was observed having a slope 0.077 when peak potential (Ep/V) were 

plotted (Figure 3) against log υ (mVs
-1

) at pH value of 9.0 at concentration 1.0x10
-5

 can be 

expressed by the equation 

Ep = 0.077 log υ   + 1.109 (V)                               R² = 0.993 

 The effect of scan rate (υ
1/2

) on peak current (Ip) was examined. A graph between peak 

current (Ip) versus square root of scan rate (ν
1/2

) gave a straight line that expressed by the 

equation  

Ip(µA) = 0.222 υ
1/2

(mV/s) + 1.346 (µA)                R² = 0.994 

 As the scan rate was increased from 50 to 175 mVs
-1

 at affix concentration of 

bupropion, the peak current increased steadily and the peak current function (Ip/υ
1/2

) 

exhibited nearly constancy
25-30

.  
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 The linear relationship existing between peak current (Ip) and square root of the scan 

rate (υ
1/2

) with a slope 0.222 showed that the reduction process is predominantly diffusion 

controlled in the whole scan rate range studied
31-35 

(Figure 4). 

 
 

Figure 3. Influence of scan rate (log υ (mV/s)) on peak potential (Ep/V) of cyclic 

voltammograms of bupropion in BR buffer of pH 9.0 

 
 

Figure 4. Influence of root of scan rate (υ
1/2 

(mV/s)) on peak current (Ip/µA) of cyclic 

voltammograms of bupropion in BR buffer of pH 9.0 

Effect of pH 

The peak current closely depend on the pH of the buffer solution. The cathodic peak current 

(Ip) reaches maximum value at pH 9, after that it decreases. The effect of pH on peak 

current was studied in the range 4–13 at scan rate of 100 mV/s. The effect of pH of 

supporting electrolyte on peak current shows in Figure 5.  

Square wave cathodic adsorptive stripping voltammetric studies  

The best result with respect to signal evaluation and peak shape accompanied by sharper 

response was obtained with BR buffer at pH 9. This supporting electrolyte was chosen for 

the subsequent experiments. In order to develop a voltammetric method for the trace 

element study of the bupropion in pharmaceuticals Square Wave Cathodic Adsorptive 

Stripping Voltammetry (SWCAdSV) was developed. SWCAdSV is effective and quick 

electro-analytical technique with well-established advantages, including good discrimination 

against background current, high sensitivity, substantial speed and low detection limits. 
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Figure 5. Effect of pH of medium on cathodic peak current 

Validation of the procedure 

Validation of the proposed SWCAdSV technique for the analysis of bupropion in 

pharmaceutical dosages forms was carried out via estimation of the range of linearity, the 

limit of detection (LOD) and the limit of quantification (LOQ). The applicability of the 

proposed SWCAdSV procedure as analytical methods for the determination of bupropion 

was examined by measuring the peak current of stripping mode. The square wave cathodic 

adsorptive voltammograms of bupropion at concentration over the 1.0x10
-6

 M to 5.6x10
-6

 M 

are shown in Figure 6. The linear regression equation is expressed as 

Ip(µA) = 4.181 C (µM) + 0.357 (µA)                        R² = 0.990 

 The regression plot showed that there is a linear dependence of the current intensity on 

concentration in SWCAdSV technique over the 1.0x10
-6

 M to 5.6x10
-6

 M shows in Figure 7. 

 
 

Figure 6. SWCAdS voltammograms of bupropion at different concentrations 

 
 

Figure 7. Plot of peak current vs. concentration from SWCAdS voltammograms 
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Sensitivity / Detection limit 

The limit of detection (LOD) is an important quantity in chemical analysis. The LOD is the 

smallest concentration or amount that can be detected with reasonable certainty for a given 

analytical procedure All the analytical data are shown in the Table 1. The detection limit 

was calculated by the equation
36-38

. 

LOD= 3SD/b, 

 Where SD is the standard deviation of the peak currents (five runs) and b is the slope of 

the calibration curve. The calculated detection limit for the standard solution was 1.28x10
-7

 M. 

Quantification limit 

The limit of quantification (LOQ) is the lower limit of concentration for precise quantitative 

measurements. The quantification limit was examined by the equation 

LOQ= 10SD/b. 

The limit of quantification for the standard solution was found to be 4.26x10
-7

 M. 

Table 1. Analytical parameters of determination of Bupropion by using SW-CAdSV and 

DP-CAdSV methods 

Parameters SWCAdSV DPCAdSV 

Linearity Range (M) 1x10
-6

 to 5.6x10
-6

  1x10
-6

 to 5.6x10
-6

  

Slope (A/M) 4.181 1.829 

Intercept(μA) 0.357 1.042 

LOD(M) 1.28x10
-7

  7.79x10
−7

  

LOQ(M) 4.26x10
-7

 2.59×10
−6

  

Standard Deviation 0.1784 0.4755 

Correlation Coefficient(R
2
) 0.990 0.995 

Differential pulse cathodic adsorptive stripping voltammetric studies 

The differential pulse cathodic adsorptive stripping voltammograms are shown in Figure 7 over 

the concentration range 1x10
-6

 to 5.6x10
-6

 M. The linear regression equation is expressed as 

Ip(µA) = 1.829 C (µM) + 1.042 (µA)                       R² = 0.995 

 The regression plot (Figure 8) showed that there is a linear dependence of the current 

intensity on concentration. The calculated detection limit for the standard solution was 

7.79x10
−7

 M. The limit of quantification was found to be 2.59×10
−6

 M. 

 
 

Figure 7. DPCAdS voltammograms of bupropion at different concentrations 
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Figure 8. Plot of peak current vs. concentration from DPCAdS voltammograms 

Conclusion 

The electrochemical response of bupropion at the surface of glassy carbon electrode was 

studied by the of CV, DPCAdSV and SWCAdSV techniques. The electrochemical reduction 

of bupropion at glassy carbon electrode under the optimized conditions is diffusion 

controlled. A validate square wave stripping voltammetric procedure was developed and 

successfully applied to the estimation of bupropion in pharmaceutical formulation. These 

methods are reliable, rapid and relatively inexpensive to operate compared with alternative 

methods. They are suitable for routine analysis in quality control laboratories. 
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