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Abstract 
The electrochemical oxidation of nevirapine, an anti-HIV drug, at a glassy carbon 
electrode has been studied by voltammetric techniques. Nevirapine showed one well 
defined irreversible oxidation peak with a potential of 0.749 V in phosphate buffer at pH 
10. The effects of different electrolytes, pH and scan rate on the electrochemical 
behaviour of nevirapine were examined to determine the optimum reaction conditions. 
The oxidation peak current was found to vary linearly with the concentration of 
nevirapine in the range of 5.0 – 350 µM. The limit of detection and limit of quantification 
values were calculated and found to be 1.026 µM and 3.420 µM, respectively. The low 
relative standard deviation values of inter-day and intra-day assays highlighted the good 
reproducibility of the proposed method for assay of nevirapine. Further, a sensitive and 
accurate differential pulse voltammetric method was developed for the determination of 
nevirapine concentrations in pharmaceutical formulations. 

Keywords 
Nevirapine, Non-nucleoside inhibitor, Voltammetric investigations, Pharmaceutical 
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Introduction 

Antiretroviral drugs are used for the treatment of infections by retroviruses, primarily human 
immunodeficiency viruses (HIV) that can lead to acquired immunodeficiency syndrome (AIDS). 
Presently, four classes of antiretroviral drugs are available viz., (i) nucleoside/tide reverse trans-
criptase (NRTI) inhibitors, (ii) non-nucleoside (NNRTI) inhibitors, (iii) protease (PI) inhibitors and (iv) 
fusion inhibitors [1]. Nevirapine (NVP), (11-cyclopropyl-4-methyl-5, 11-dihydro-6H- dipyrido [3,2-
b:2′,3′-e][1,4]diazepin-6-one) (Figure 1) is a NNRTI with activity against human immunodeficiency 
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virus type 1 (HIV-1) [2]. NVP binds directly and reversibly to the catalytic site of the reverse trans-
criptase enzyme, and therefore interferes with viral RNA to DNA-directed polymerase activities [3]. 
It is recommended for treating HIV infections in combination with other reverse transcriptase 
inhibitors such as stavudine and lamivudine [4-7]. 

 

Figure 1. Structure of nevirapine 

Electrochemical methods have proven to be sensitive and reliable for the determination of 
numerous electroactive compounds [8-10]. Under some circumstances, electrochemical methods 
can offer optimal solutions for drug analysis. Simplicity, low cost and relatively short analysis times 
make electrochemical techniques more useful for routine analytical applications.  

A literature survey reveals that no attempt has been made up to the present date to investigate 
the electrochemical behavior of NVP, and determine it in pharmaceutical formulations by 
voltammetric methods. A few chromatographic methods viz., HPLC, LC-MS or LC-MS/MS have 
been reported for the determination of NVP [11-16]. These methods require long analysis times, 
elaborate extraction and purification steps, or on-line sample extraction, and are relatively costly. 
Hence, the aim of the present work is to develop a simple, sensitive and accurate electrochemical 
method for the analysis of NVP, in bulk and dosage forms. The proposed method is more sensitive 
compared to reported methods [11,12]. 

Experimental  

Reagents and Solution Preparations  

A stock solution of NVP (2.5 mM) was prepared in methanol - water (20:80, v/v) and stored in a 
refrigerator at 4 °C. Working solutions of the drug were prepared daily by diluting the stock 
solution with the selected supporting electrolyte. In the present study, two different buffers viz., 
Britton Robinson buffer (pH 2 - 10) and phosphate buffer (pH 3 - 10.6) were used as the supporting 
electrolytes. All other chemicals used in this investigation were of analytical grade.  

Apparatus and procedure  

Electrochemical studies were carried out on a CHI-1110a Electrochemical Analyser 
(CH Instruments Ltd. Co., USA, version 4.01) electrode system consisting of a glassy carbon elec-
trode (GCE) (3 mm diameter) as the working electrode, a platinum wire as the counter electrode 
and an Ag/AgCl reference electrode. pH measurements were made on a EQ-610 pH meter (Equip-
Tronics, India).  

The GCE was polished using 0.3 micron Al2O3 before each measurement. After polishing, the 
electrode was rinsed thoroughly with water and then used for analysis.  
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The parameters for differential pulse voltammetry (DPV) were: pulse amplitude - 50 mV; pulse 
width - 30 ms; and scan rate - 20 mV s-1 maintained.  

Assay of tablets  

Tablets of NVP (each containing 200 mg of NVP) were obtained from local commercial sources. 
Ten tablets were finely powdered, and a portion of this powder equivalent to 2.5 mM of NVP was 
weighed and transferred into a 25 mL calibrated flask containing a methanol-water mixture (20:80, 
v/v). It was then sonicated for 15 min to effect complete dissolution, and diluted to volume with 
the same solvent. Suitable amounts of this solution were taken and analyzed. The amount of NVP 
in the tablet was calculated using a calibration graph or regression equation. 

Determination of NVP in human urine and plasma samples 

A spiked urine sample was obtained by treating a 1.8 ml aliquot of urine with 200 μl of NVP 
solution (2.5 mM). A suitable aliquot of the spiked urine was then diluted with phosphate buffer 
without any pre-treatment to prepare appropriate sample solutions, and their differential pulse 
voltammograms were recorded under optimized conditions. 

For the determination of NVP in plasma, spiked serum samples were prepared following the 
procedure reported earlier [17]. Serum samples obtained from healthy individuals (after obtaining 
their written consent) were stored frozen until assay. For the assay of NVP in plasma, 1 ml of NVP 
solution (5 mM) was added to 1 ml of untreated plasma. The mixture was vortexed for 30 s. In 
order to precipitate the plasma proteins, the plasma samples were treated with 500 µl of 
15% HClO4. Afterward, the mixture was vortexed for 30 s and then centrifuged at 5000 rpm for 5 
min. An appropriate volume of supernatant liquor was transferred to a voltammetric cell 
containing phosphate buffer at pH 10, and voltammograms were recorded. The voltammograms 
of blank samples (without NVP) did not show any signal that could interfere with this direct 
determination. The content of the drug in plasma was determined by referring to a calibration 
graph or regression equation. 

Results and Discussion 

Voltammetric behavior of NVP at a GCE  

The electrochemical behavior of NVP at a GCE was investigated by CV. NVP showed one 
oxidation peak at 0.749 V in phosphate buffer at pH 10 with a scan rate of 100 mV s-1 (Figure 2). 
No peak was observed in the reverse scan, suggesting that the oxidation of NVP on the GCE was 
irreversible. Multi-sweep cyclic voltammograms of NVP (data not shown) revealed a significant 
decrease in peak current, indicating fouling of the electrode surface due to adsorption of NVP or 
its oxidation product. 

Effect of different electrolytes and pH on electrooxidation of NVP  

The influence of pH on the peak current (ip) and peak potential (Ep) was investigated in 
phosphate (pH 3.0 – 10.6) and BR (pH 2 – 12) buffers. In both buffers, the oxidation peak current 
of NVP decreased in the pH range of 3 – 7 (data not shown). Above pH 7, the peak current 
increased up to pH 10.6 (Figure 3). Furthermore, a sharper, well defined peak was noted in 
phosphate buffer at pH 10; hence, we have used this buffer throughout the study.  
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Figure 2. Cyclic voltammogram of a) 50 µM NVP in phosphate buffer at pH 10 and  

b) blank (buffer solution). 

 

 
 

Figure 3. Effect of pH on peak potential (■) and peak current (▲) for 50 µM NVP 

Figure 3 shows the effect of pH on peak potential (■) and peak current (▲) of 50 µM NVP in 
phosphate buffer. The peak current of NVP was observed to be maximal at pH values between 8 
and 10. This might be attributed to the deprotonation of radical cations in the basic medium, 
leading to the formation of radical species. This in turn facilitated the oxidation of NVP. This was 
less pronounced at pH values 7 and 9; hence, the peak heights were found to be minimal. The 
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anodic peak potential of NVP was shifted towards less positive potential with increasing pH of the 
buffer. This revealed that the pH of the supporting electrolyte exerted a significant influence on 
electrooxidation of NVP on the GCE, and involvement of a proton in the oxidation process. The 
plot of peak potential versus pH gave a slope of 63.8 mV pH-1, which is close to the expected value 
of 59 mV pH-1 for participation of equal numbers of protons and electrons in the NVP oxidation 
process [18–21]. The corresponding equation is shown below: 

Ep = 1.403 – 0.0638 pH: r2 = 0.991.  

Further, the number of electrons transferred, n, was determined by the peak width, W1/2 at half 
height. This was found to be around 83 mV in all the electrolytes, which is close to the theoretical 
value of 90 mV expected for an electrochemical reaction involving transfer of a single elec-
tron [22]. Hence, we propose the electroxidation of NVP involves the transfer of one electron.  

Based on the above results, a probable mechanism for electrooxidation of NVP is proposed 
(Scheme 1). It is proposed that the secondary ring nitrogen of NVP undergoes a single electron 
oxidation to yield a radical cation, which is further deprotonated to form a radical. Then, the free 
radical readily combines with another radical to form a dimerized product. This scheme is also in 
agreement with an earlier report [23]. 

 

 
Scheme 1. Probable reaction mechanism for electrooxidation of NVP. 

Influence of scan rate on electrooxidation of NVP 

We examined the influence of the scan rate on the electrochemical behavior of NVP, to 
understand the nature of the electrode process. For this, we recorded cyclic voltammograms of 50 
µM NVP at a GCE at different scan rates (Figure 4). The oxidation peak current of NVP was noted 
to increase with increasing scan rate, with a positive shift in the peak potential. The plot of values 
of log ip versus log ν in the scan rate range of 10–350 mV s-1 yielded a straight line with a slope of 
0.57. This value is close to the theoretical value of 0.5 expected for an ideal reaction condition for 
a diffusion-controlled electrode process [24].  

- H+
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Figure 4. Cyclic voltammograms for the oxidation of NVP at different scan rates (1–12):  

10, 20, 40, 60, 80, 100, 120, 140, 180, 220 and 260, 300, 350 mV s−1. 

Analytical applications 

Calibration curve 

Considering the electrochemical oxidation of NVP at a GCE, an analytical method was 
developed using DPV. Differential pulse voltammograms of NVP at different concentrations are 
shown in Figure 5. Under the optimized conditions, a linear relationship between the peak current 
and drug concentration was observed in the range of 5.0 – 350 µM (Table 1). Above a 
concentration of 350 µM, linearity was lost, probably due to adsorption of NVP on the electrode 
surface. Validation of the optimized procedure for quantitative assay of NVP was examined via 
evaluation of LOD, LOQ, accuracy, precision and recovery values. The LOD and LOQ values were 
calculated using the equation below [25]: 

LOD= 3 s / m,     LOQ= 10 s / m 

where s is the standard deviation of the peak currents (five runs), and m is the slope of the 
calibration curve. The LOD and LOQ values were found to be 1.026 µM and 3.420 µM, respectively 
(Table 1). Low values of LOD and LOQ confirmed the sensitivity of the proposed method. The inter-
day reproducibility of the method was examined by recording the voltammograms of six replicates 
at 150, 200 and 250 µM. These yielded RSD values of 2.65, 2.50 and 2.24 %, respectively. Further, 
the RSD values for intra-day assay reproducibility in 150, 200 and 250 µM solutions (n = 6) were 
found to be 2.33, 2.28 and 2.97 %. The corresponding results are shown in Table 1. The low values 
of RSD confirm the good precision of the proposed DPV method for assaying NVP. The major 
advantages of the proposed method are its simplicity, ease of performance, and sufficient 
sensitivity for NVP.  
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Figure 5. Differential pulse voltammograms for increasing concentrations of NVP in phosphate buffer 
at pH 10 at a GCE. Scan rate: 10 mV s-1; pulse amplitude: 50 mV; and pulse width: 30 ms. NVP concen-
tration was maintained at (1) 5.0, (2) 10, (3) 50, (4) 100, (5) 150, (6) 200, (7) 250, (8) 300, (9) 350 µM. 

Table 1. Characteristics of the calibration plot for NVP. 

 DPV 

Linearity range, µM 5.0 - 350 

LOD, µM 1.026 

LOQ, µM 3.420 

Inter-day assay RSD* , % 2.65 

Intra-day assay RSD*, % 2.97 

* For 50 µM NVP 
 

Determination of NVP in urine and blood samples 
The proposed method was applied to the determination of NVP in spiked urine samples of 

healthy volunteers, but not to urine samples of patients treated with NVP. The recoveries from the 
urine samples were measured by spiking drug free urine with known amounts of NVP, and 
differential pulse voltammograms were then recorded. The amounts of NVP in the spiked urine 
samples were then evaluated from the calibration graph. The results of the analysis are listed in 
Table 2. The average recovery values, higher than 98.94 %, and RSD values less than 2.57 %, 
indicate the high accuracy and precision of the proposed method.  

Further, the proposed method was also applied to the assay of NVP in spiked human serum sam-
ples of healthy volunteers, but not to patient serum samples. For this experiment, drug free serum 
samples were spiked with 150, 200 or 250 µM of NVP; differential pulse voltammograms were then 
recorded. The amount of NVP in each serum sample was calculated from the calibration plot. The re-
sults of the analysis are summarized in Table 2. The percent recovery of NVP was determined by 
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comparing the peak currents of the drug in serum samples with those of pure drug using the 
calibration curve.  

Table 2. Results of analysis of NVP in spiked human urine and serum samples. 

Urine samples     

NVP added, µM n Amount found, µM Average recovery, % RSD, % 

150 5 148.90 99.26 2.57 
200 5 197.89 98.94 2.45 
250 5 249.78 99.91 2.25 

Serum samples     

150 5 149.96 99.97 2.31 
200 5 198.02 99.01 2.28 
250 5 248.91 99.56 2.07 

Analysis of NVP in tablets 

The practical analytical application of the DPV method was further established by determining 
NVP concentrations in tablets. The corresponding results of the analysis are shown in Table 3. The 
low RSD values again highlighted the reproducibility of the results.  

Recovery studies were carried out using a standard addition method. Known quantities of pure 
NVP were mixed with defined amounts of pre-analyzed formulations; then the mixtures were 
analyzed as before. The total amount of the drug was then determined, and the amount of drug 
added was calculated by the difference. The high percentage of recovery indicates that the 
commonly encountered excipients in the formulation did not interfere with the proposed method. 

Table 3. Determination of NVP in tablets. 

 Nevimunea Neviretrob 

Labeled amount, mg 200 200 

Amount found, mg 198.7 199.8 
Recovery, % 99.35 99.90 
RSD,c% 1. 95 1. 80 
Pure NVP added to tablet solution, mg 25 25 
Found, mg 25.06 24.92 
Recovery, % 100.1 99.7 
RSD, % 1.89 2.05 

aMarketed by Cipla. Ltd., India; bMarketed by Alkem (Cytomed) Ltd., India; cAverage of six determinations 

Conclusions 

In the present study, the electrochemical behavior of NVP at a GCE was investigated, and 
various electrochemical parameters are reported for the first time. Electrochemical oxidation of 
NVP was observed to be irreversible, diffusion controlled and pH dependent. Based on these 
findings, a simple, rapid and sensitive DPV method was developed for assaying NVP in 
pharmaceutical formulations and biological samples.  
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