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ABSTRACT  

Existing methods for bioanalysis of nevirapine can be improved. In this study, a high performance liquid 

chromatographic method for determination of nevirapine in plasma was optimized and validated. Sample 

preparation was done by protein precipitation using acetonitrile. The stationary phase was reverse phase C18 

column (HyperClone
® 

BDS 150 mm × 4.6 mm, 5 µm) set at 40
o
C. The injection volume was 30 µL. Step-

gradient elution was conducted at a flow rate of 1.2 mL/minute and a run time of 11 minutes using a binary 

mixture of potassium dihydrogen orthophosphate (20 mM, pH 4.5) and acetonitrile. The ultraviolet detection 

wavelength was 270 nm. The internal standard was carbamazepine. Two calibration curves were modelled and 

were linear through the ranges of 0.5-2.5 µg/mL (R
2
=0.9978) and 2.5-25 µg/mL (R

2
=0.9992). The lowest limit 

of quantification was 0.5 µg/mL with 92% mean percentage recovery of nevirapine. The intra- and inter-day 

precision was 5 and 7% (coefficient of variation) respectively. The accuracy was acceptable with the relative 

deviation from the nominal concentrations of less than 7%. There was no interference by endogenous 

substances or by drugs used in HIV/AIDS patients. Nevirapine samples were stable with less than 9% loss on 

storage. The method met the FDA specifications. The method is simple with a short sample work up and is 

suitable for day to day quantification of nevirapine and in pharmacokinetics studies in resource limited settings.  
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INTRODUCTION 

Nevirapine is a lipophilic dipyridodiazepinone compound used in the management of the most widespread 

subtype of the human immunodeficiency virus (HIV-1) [1]. Nevirapine is among the first line antiretroviral 

agents for treatment of HIV as well as prevention of mother-to-child transmission in resource-limited setting [2]. 

Nevirapine is a non-nucleoside reverse transcriptase inhibitor (NNRTI) that non-competitively binds and 

inhibits the HIV reverse transcriptase enzyme that is necessary for the replication of the virus [1].  

Levels of nevirapine in plasma may indicate the degree of viral suppression in patients under antiretroviral 

therapy (ART) and high concentrations have been associated with greater viral inhibition and better therapeutic 

outcomes [3]. Steady-state plasma nevirapine levels may therefore be used to monitor adherence to the 

nevirapine-based ART treatment, associated pharmacokinetics, and bioequivalence studies [3]. 

Quantification of plasma nevirapine levels may be complicated by the presence of exogenous compounds in 

plasma. Often nevirapine is combined with at least two other antiretroviral (ARV) drugs that include 

nucleoside/nucleotide reverse transcriptase inhibitors such as lamivudine, zidovudine, tenofovir and abacavir 

[2]. Moreover, opportunistic infections in HIV patients compel the use of other medication such as 

cotrimoxazole (combines trimethoprim and sulphamethoxazole) and dapsone [2]. The presence these co-

medication, metabolites and other compounds in plasma require the development of a precise and selective 

quantification method [4]. 
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Plasma nevirapine levels are quantified using chromatographic methods that differ in selectivity, sensitivity and 

cost [5-13]. The quantification methods include liquid chromatography with tandem mass spectrophotometric 

detection (LC-MS) [5], gas chromatography with mass spectrophotometric detection (GC-MS) [6], high 

performance liquid chromatography utilizing ultraviolet detection (HPLC-UV) [7,8] and HPLC utilizing diode 

array detection [9]. Typical HPLC-UV methods have other limitations that include low sensitivity, tedious 

sample preparation, a narrow analytical range, long run-times, and complex mobile phases [10].  

This study sought to improve the sensitivity, run-time and analytical range of a HPLC-UV method for 

quantifying nevirapine. Our method improves a pre-existing bioanalytical method [8]. When the method 

developed by Kumar et al. was used in our laboratory, we noted co-elution with compounds in plasma and 

cotrimoxazole which is widely used by HIV patients. Hence we modified this method to improve separation. 

The optimized method was validated to ensure compliance to Food and Drug Administration (FDA) guidelines 

[4]. Our method offers a simple mobile phase as well as less tedious requirements for sample preparation. It 

offers a short run-time and has wide analytical range. This improvements are invaluable in pharmacokinetic and 

bioequivalence studies [7].  

EXPERIMENTAL SECTION 

Instrumentation 

A Merck Hitachi LaChrom HPLC system (Hitachi Ltd, Tokyo, Japan) was used for quantification of nevirapine 

in plasma. The HPLC system comprised of a L-7100 quaternary low pressure gradient pump, a L-7400 variable 

wavelength UV/Vis detector, a L-7200 variable injection volume autosampler, and a L-7350 thermostatic 

column oven. The components were interfaced using a D-7000 software module. Control of the instrument and 

data processing were performed on an IBM compatible Windows-based desktop computer running a HPLC 

System Manager (HSM) software (version 4.1; Merck KGaA, Darmstadt, Germany and Hitachi Instruments 

Inc., San Jose, USA). An Arium 61316 Water System (Sartorius AG Göttingen, Germany) was used to purify 

water by sequential reverse osmosis and ultra-filtration. 

A SN 70918146 Denley Vibromix (Thermo Electron Corporation, UK) vortex mixer and a D-37520 Osterode 

Biofuge pico (Heraeus Instruments, Germany) centrifuge were used for sample preparation. We used a 

AUW220D Shimadzu analytical balance (Shimadzu Corporation, Japan) to weigh the working chemical 

reference standards and salts for preparation of buffers. 

 

Chemicals 

Reference standards of nevirapine, zidovudine, lamivudine, stavudine, tenofovir, trimethoprim, 

sulphamethoxazole, and the internal standard (IS) carbamazepine were obtained from the National Quality 

Control Laboratory (NQCL-Kenya) and Universal Corporation Limited (Kenya). The buffers were prepared 

using analytical grade potassium dihydrogen orthophosphate (KH2PO4) and dipotassium hydrogen phosphate 

(K2HPO4) (Merck Chemicals Pty Ltd., Gauteng, South Africa). Preparation of the mobile phase and 

solubilization of organic compounds was done using HPLC grade methanol and acetonitrile (Rankem, Avantor 

Performance Materials Ltd, India). Human plasma was donated by the National Blood Transfusion Services 

(NBTS). 

 

Preparation of Standard and Buffer Solutions 

Calibration standard solutions:  
A stock solution of 1 mg/mL nevirapine was prepared in methanol and water (50:50% v/v). The stock solution 

of nevirapine was diluted to prepare the working calibration standards of different concentrations for spiking 

plasma samples. The working standards were diluted ten-fold to obtain spiked plasma samples with the 

following concentrations: 0.5, 0.75. 1.0, 2.5, 5.0, 7.5, 10.0, 15.0, 20.0 and 25.0 µg/mL. 

 

Internal standard (IS) solutions:  
Carbamazepine was used as the IS owing to its structural and physicochemical similarity to nevirapine [11]. A 

stock solution of 1 mg/mL carbamazepine was prepared in a methanol and water (50:50% v/v). The stock 

solution of carbamazepine was then used to prepare a working solution of 5 µg/mL in acetonitrile. A fixed 

volume (800 µL) of 5 µg/mL carbamazepine was added to all analytic samples. Changes in the chromatography 

peak of the IS were used to assess variation in sample preparation and treatment [12]. 

 

Quality control standard solutions:  
A 1 mg/mL nevirapine stock solution was prepared in methanol and water (50:50% v/v). The stock solution of 

nevirapine was then used to prepare working quality control (QC) standards for spiking plasma. Three different 

concentrations of working QC standards were adopted: 15, 125 and 225 µg/mL. The first working QC standard 

was three times the lowest limit of quantification (LLOQ) and was designated as low QC (LQC), whereas the 



ST Masai et al   J. Chem. Pharm. Res., 2017, 9(5):175-181  
_________________________________________________________________________________________ 

177 

 

latter two were termed middle QC (MQC) and high QC (HQC) standards because they corresponded to the 

middle and high end of the calibration curve, respectively [4]. 

 

Buffer solutions:  
The buffer solutions were prepared using KH2PO4 and K2HPO4 to obtain 0.015 and 0.02 M of each. The pH of 

the buffers were 4.5, 6.8 and 8.4.  

 

Sample Work-up by Protein Precipitation 

Plasma was extracted from blood by centrifugation at 5000 g for five minutes and stored at -20
°
C. Proteins were 

precipitated by adding 800 µL acetonitrile (containing 5 µg/mL carbamazepine) to 400 µL of thawed plasma 

with subsequent vortexing for about 20 seconds. The resultant mixture was then stored at -20
°
C for 10 minutes 

to enhance precipitation. The supernatant was then withdrawn for analysis after centrifugation at 10000 g for six 

minutes.  

 

Chromatographic Conditions 

We noted poor separation and co-elution of nevirapine with compounds in plasma based on the initial 

chromatographic conditions reported in Kumar et al. [8]. These authors used an isocratic mobile phase 

consisting of: a phosphate buffer (PB) - 0.015 M KH2PO4 (pH=5.0) and acetonitrile (45:55% v/v) at a flow rate 

of 1 mL/min; a reversed phase octadecylsilane (C18) column measuring 150 mm in length, 4.6 mm internal 

diameter, 5 µm particle size and 110 Å pore size; a ultraviolet (UV) detection wavelength of 270 nm; and the 

sample injection volume of 20 µL.  

We varied the chromatographic conditions to enhance separation by HPLC with UV detection. The optimal 

separation was achieved using reverse phase HyperClone
® 

BDS C18 (150 mm × 4.6 mm) (Phenomenex, 

Torrance, California, USA) column with 5 µm particle size and 110 Å pore size. The column was maintained at 

40
°
C. The sample injection volume was 30 µL. Separation was achieved by step-gradient elution with a binary 

mixture of KH2PO4 buffer (pH 4.5 ± 0.05, 0.02 M) (A) and acetonitrile (B) with a run time of 11 minutes. The 

first step entailed isocractic elution using A: B 85:15% (v/v) for the first 3.5 minutes. In the second step, the 

mobile phase was changed linearly over a period of one minute to A: B 67:33% (v/v). Isocratic elution with this 

mixture was maintained for 4.5 minutes (4.5 to 9.0 minutes of the run). The second last step was a linear change 

of the mobile phase to the original composition of A: B 85:15% (v/v) for 0.2 minutes. The final step was 

isocratic elution for 2.8 minutes with the original composition to allow for re equilibration and complete the run 

time of 11 minutes. Automated cleaning of the column between 10 runs was done with water and acetonitrile 

(50% v/v) for 5 minutes. Ultraviolet (UV) detection was done at a wavelength of 270 nm.  

 

Validation 

The FDA (2001) guidelines were adopted to validate the optimized HPLC-UV method [4].  

Linearity of the calibration curve: 

Six replicates of calibration standards were used to obtain the calibration curves. LQC and HQC were also run 

in each analysis of the calibration standards. The calibration curves were obtained by plotting the nominal 

concentration of nevirapine calibration standard solutions against the chromatogram peak area ratios of 

nevirapine and carbamazepine. The relative deviation from the nominal concentration and coefficient of 

variation were calculated and used to evaluate the calibration curves. Acceptable curves, as per the FDA 

guidelines, have 75% of the back-calculated concentrations within ± 15% of the nominal value except at LLOQ 

where an upper limit of 20% is deemed satisfactory. Residuals from regression were used for model diagnostics 

to check for homoscedasticity and the typical requirement is that they are zero-mean normally distributed 

random variables.  

 

Accuracy and precision: 

Six replicates of the QC standards (LQC, MQC and HQC) were analyzed on the same day using the optimized 

HPLC-UV method to determine accuracy and intra-day precision. Additional analysis was done for two more 

days to determine inter-day precision. The mean and variance of the replicate determinations of the QC 

standards were calculated. Accuracy was calculated as the percentage relative deviation (RD) of the back-

calculated concentrations from the nominal levels of the QC standards. Precision was calculated as the 

coefficient of variation [4]. Intra- and inter-day precision was determined using univariate analysis of variance 

(ANOVA). Accuracy and precision are acceptable if they are below 15% as per the FDA guidelines [4]. 

 

Sensitivity:  

The LLOQ is used to measure sensitivity. The concentrations of nevirapine used to determine LLOQ ranged 

from 0.05 to 0.5 µg/mL after two-fold dilution of the lowest concentration of the calibration curve. The 

concentrations in which the precision and accuracy were less than 20% was considered as the LLOQ. The 
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concentration where the peak of the analyte was distinguishable from that of the blank matrix and the signal to 

noise ratio of above three was considered the limit of detection (LOD). 

 

Selectivity: 

Selectivity quantifies the ability of the HPLC-UV method to distinguish the test analyte (nevirapine) and 

internal standard (carbamazepine) from endogenous or exogenous substances found in plasma [4]. Interference 

by endogenous substances was evaluated by comparing chromatograms of six paired samples. Each paired 

sample comprised blank pooled plasma and spiked plasma at known concentration of nevirapine at LLOQ. 

Exogenous interferences from say co-administered drugs were determined from the peak areas at the retention 

time of nevirapine and carbamazepine after spiking plasma with 10 µg/mL of drugs that are widely used by HIV 

patients. Selectivity was calculated as a ratio of the peak areas in the presence of the interference relative to that 

of nevirapine and carbamazepine at LLOQ. The selectivity is acceptable if interference is less than 20%. 

 

Recovery and carryover effect: 

Recovery measures the efficiency of extraction of the analyte from the matrix of the QC samples at LLOQ, 

LQC, MQC and HQC concentrations [4]. The ratios of peak areas of the analyte and internal standard of 

extracted spiked plasma samples relative to the unextracted QC samples were compared to determine recovery; 

six paired samples were considered. Unextracted QC samples were prepared by adding the working QC 

standards to water and methanol (50:50%) rather than plasma. Recovery greater than 70% was considered 

acceptable. 

Carryover effect measures the amount of analyte retained in different components of the chromatographic 

system after each experimental run that is transferred and is detectable in the subsequent run [4]. Three 

replicates of HQC were run alternating with a blank plasma sample and the chromatographs were compared to 

those of six replicates of the LLOQ samples. Carryover effect was then calculated as the percentage of the peak 

area at the retention time of the analyte compared to the mean peak area at LLOQ. The carryover was acceptable 

if the response of the blank sample was ≤ 20% that of the analyte at LLOQ and ≤ 2% of area at the retention 

time of internal standard. If the response was ≥ 20% that of the analyte at LLOQ, then the carryover was not to 

be greater than 1% of HQC. 

 

Short, long term and freeze-thaw stability testing: 

QC standard samples were aliquoted and analyzed before stability testing. Bench top/short term stability was 

determined by preparing three aliquots of the LQC, MQC and HQC standard samples. These were frozen at -

20
o
C for 24 hours then thawed and left at room temperature for 4-24 hours followed by analysis. 

Freeze- thaw stability was determined using three aliquots of the LQC, MQC and HQC standard samples that 

were frozen and thawed for three cycles. Each cycle consisted of freezing for 24 hours then storage at room 

temperature until thawing had taken place, then refreezing for 12-24 hours. The concentrations were then 

determined after the three cycles.  

Long term stability was determined by preparing two aliquots of LQC and HQC standard samples. The first 

aliquots were analyzed after two months and the last was analyzed after five months. The percentage change in 

the concentration of nevirapine in the QC standard samples during the stability test was evaluated.  

 

Data analysis: 

Data was analyzed using Microsoft
®
 Office Excel 2013 and Stata Version 10.1 (College Station, Texas, USA). 

The ratio of peak areas of the analyte and internal standard were used except where absolute peak areas were 

specified. Calibration curves were determined by plotting the ratio of peak areas of nevirapine and 

carbamazepine against the nominal concentration of nevirapine. Interpolation was used to estimate the 

concentration in between data-points. Simple linear regression was used to generate the equation for the 

calibration curve. A coefficient of determination (R
2
) greater than 0.99 was considered acceptable. Univariate 

ANOVA was used to determine the coefficient of variation for intra- and inter-day precision.  

RESULTS 

Figure 1 shows a chromatogram of the separation achieved using the optimized chromatographic conditions 

over a run time of 11 minutes. The retention times of carbamazepine and nevirapine were 7.11 ± 0.03 and 9.11 ± 

0.03 minutes, respectively. 

 

Calibration Curve and Linearity 

The data satisfied the linear regression equation y= 0.1014 × – 0.1399 (R
2 

=0.999) for concentrations above 2.5 

µg/mL (Table 1). The model y=0.0406 × – 0.0109 (R
2
 =0.998) was found to be best for lower concentrations of 

2.5 µg/mL and below (Table 1). The residuals showed no clear patterns, exhibited homoscedasticity and 
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approximate normality with standard deviations of 2.5% and 7.7% for the high and low concentration 

calibration curves, respectively. 

 

 
Figure 1: Typical chromatogram of nevirapine and carbamazepine (10.0 and 5.0 µg/mL respectively) in plasma sample separated 

using the optimized chromatographic conditions 

Table 1: Relative deviation from nominal concentrations at low plasma nevirapine levels using low and high concentrations 

calibration curves 

Nominal Conc (µg/mL) 
Regression model A Regression model B 

Calculated Conc (µg/mL) RD (%) Calculated Conc (µg/mL) RD (%) 

0.507 0.539 6.3 1.487 193.4 

0.76 0.731 -3.9 1.564 105.5 

1.014 0.987 -2.6 1.666 64.4 

1.52 1.502 -1.2 1.872 23.1 

2.027 1.95 -3.8 2.051 1.2 

2.534 2.543 0.4 2.288 -9.7 

5.068 9.633 90.1 5.124 1.1 

Conc: Concentration; RD: Relative deviation; Regression model A: Determined levels using low concentration curve (RD) (0.5-2.5 µg/mL); 

Regression model B: Determined levels using high concentration curve (RD) (2.5-25 µg/mL) 

Accuracy and precision 

The accuracy and precision of the HPLC-UV method are summarized in Table 2. Accuracy ranged from -2.1 to 

4.9% relative deviation from nominal concentrations. The mean intra-day precision was 4.7 ± 1.2% while the 

mean inter-day precision was 7.2 ± 4.4% and were both within the acceptable limits.  

Table 2: Accuracy and precision of the HPLC-UV method for determination of nevirapine in plasma 

Label 

(n=6) 

Nominal Concentration 

(µg/ml) 

Mean observed 

(µg/ml) 

Relative deviation 

(% RD) 

Intra-day precision 

(% CV) 

Inter-day precision 

(% CV) 

LLOQ 0.507 0.59 16.4 5.3 6.6 

LQC 1.52 1.595 4.9 4.3 4.6 

MQC 12.669 13.184 4.1 3.8 4.7 

HQC 22.804 22.315 -2.1 6 12.2 

RD: Relative deviation; CV: Coefficient of variation 

Sensitivity and Selectivity 

The LOD was 0.25 µg/mL while the LLOQ was 0.5 µg/mL. There was no interference by endogenous 

substances found in plasma at the retention time of nevirapine and carbamazepine as illustrated in Figure 2 (A 

chromatogram of blank pooled plasma). 

 
Figure 2: Typical chromatogram of blank pooled plasma 

In addition, there was no interference by other drugs at the retention times of nevirapine and carbamazepine as 

shown in Table 3. 
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Table 3: Selectivity for nevirapine in a matrix of plasma spiked with some drugs commonly used by HIV patients of the HPLC-UV 

method 

Drug Relative retention time Drug Relative retention time 

Nevirapine 0.78 Trimethoprim 0.41 

Lamivudine 0.18 Sulphamethoxazole 0.57 

Stavudine 0.23 Carbamazepine 1 

Zidovudine 0.29 Tenofovir 1.07 

 

Recovery, Carryover and Stability of Nevirapine 

The mean recovery of nevirapine from the plasma matrix ranged from 89.2 to 96.6% which was above the 

predefined set limit of 70%. Carryover effect was not detected (0%). Table 4 summarizes the results for 

benchtop, freeze-thaw and long term stability tests. Nevirapine was stable with minimum loss under different 

environmental conditions. The mean loss in concentration in the bench top and freeze-thaw stability tests was 

5.8 ± 5.0% and 8.8 ± 4.0%, respectively. Nevirapine (in plasma) was stable after five months when stored at -

20
°
C with a mean loss in concentration of 5.9 ± 0.8%. 

Table 4: Change in concentration during stability testing of nevirapine 

Stability (n=6) Label 
Spiked plasma 

(µg/ml) 
Comparison sample (µg/ml)  

Stability sample 

(µg/ml) 

Percent change 

(%) 

Bench top 

HQC 22.804 24.184 23.936 1 

MQC 12.669 14.709 13.673 5.4 

LQC 1.52 1.709 1.521 11 

Freeze-thaw 

HQC 22.804 21.628 19.629 9.2 

MQC 12.669 13.167 11.503 12.6 

LQC 1.52 1.433 1.367 4.6 

Long term 
HQC 22.804 24.184 22.901 5.3 

LQC 1.52 1.71 1.599 6.5 

LQC: Low quality control standard; MQC: Middle quality control standard; HQC: High quality control standard 

Application of the Method for Analysis of Patient Samples  

Blood samples, collected from three patients who had been on nevirapine based antiretroviral therapy for more 

than six months, were extracted and analyzed using the HPLC method. The chromatograms were similar to that 

of spiked plasma samples as shown in Figure 3.  

 
Figure 3: Typical chromatogram of plasma samples of patients on nevirapine 

DISCUSSION 

In this study we optimized a HPLC-UV method for the determination of nevirapine in plasma for use in 

resource limited settings. The proposed method was validated using parameters in the FDA, 2001 guidelines. 

The HPLC-UV method showed improved separation and resolution of nevirapine and carbamazepine. We noted 

difficulty in resolving the sulphamethoxazole and nevirapine peaks but gradient elution enabled seperation of 

the two drugs. Our method had a short run time of 11 minutes compared to other HPLC-UV methods [13]. Short 

run times may allow analysis of large numbers of plasma samples. The method proposed here may therefore be 

more useful in routine monitoring of large patients pools especially where both viral load evaluation and levels 

of nevirapine are of interest. Other HPLC-UV methods with similar short run times often require laborious, 

tedious and lengthy sample preparation protocols such as liquid-liquid extraction where the sample has to be 

evaporated and re-dissolved in suitable solvents [7,14]. Our HPLC-UV method requires simple protein 

precipitation using acetonitrile and is therefore easy to perform [9]. As a consequence, the method can be 

adopted in resource-limited settings because the required materials and reagents are often available [14]. 

The results here indicate that our method is selective, precise and accurate. Sensitivity of our method (0.5 

µg/mL) was comparable to that of existing methods [10,14,15]. No interference by endogenous substances in 

plasma nor by other co-administered drugs was observed. Selectivity is vital in separation of nevirapine in 

presence of co-administered drugs.  
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CONCLUSION 

The analytic range (0.5 to 25 µg/mL) considered here is wider than that provided for by comparable HPLC-UV 

methods, some of which require pre-dilution of the sample before analysis [7,9,14]. The wider analytical range 

of concentrations avails our method for use in populations with high variability of plasma nevirapine levels. 

High variability of plasma nevirapine levels has been noted in patient populations due to factors such as gender, 

adherence, and or even in suspected overdose [16]. Our method can thus be used in therapeutic drug monitoring 

of nevirapine in patients with poor compliance or poor metabolism because it has a wide analytical range. Our 

method can be further evaluated for analysis of other drugs such as zidovudine, trimethoprim, 

sulphamethoxazole and tenofovir and used in determination of their levels in plasma during therapeutic drug 

monitoring. 
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