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I. INTRODUCTION 
 
Morbidity and mortality from human 
immunodeficiency virus (HIV) infection have 
improved with effective antiretroviral (ARV) therapy.  
Nevirapine (NVP) was the first drug of the non-
nucleoside reverse transcriptase inhibitors (NNRTIs) 
and is frequently used worldwide especially in 
developing countries. NVP is a small, and lipophilic 
molecule. It is absorbed almost completely after an 
oral administration. The drug is active without 
metabolic processing and its maximum plasma 
concentrations are achieved 4 hours after 
administration. The plasma binding protein is 
approximately 60% and is extensively distributed in 
the body [1]. NVP undergoes extensive P450 
metabolism to hydroxylated glucuronides, which are 
largely excreted into urine as inactive metabolites 
with only 2.7% of a dose is excreted as the parent 
compound [2]. The prolonged use of NVP has been 
established as safe and well tolerated [3]. In 
combination therapy with two nucleoside reverse- 
transcriptase inhibitors (NRTIs) , NVP has 
demonstrated potent anti-HIV efficacy [4]. However, 
effectiveness of the treatment depends on attaining 
adequate systemic concentrations to suppress viral 
replication. Higher NVP concentrations have been 
shown to lead to a higher initial clearance of  HIV 
RNA until it could not be detected in plasma [5]. In 
another study, low NVP concentrations have been 
reported as a predictive of virological failure in HIV 
treatment [6]. This aim of the study was to 
characterize weight, gender, methadone intake and 
single nucleotide polymorphisms (SNPs) of drug 
metabolizing enzyme (CYP2B6) and drug transporter 
enzyme (ABCC10 2759 C>T) on the NVP plasma 
concentrations in Malaysian HIV population. 
 
II. METHODS 

 
Study population 
HIV-infected patients treated with NVP-based ARV 
therapy attending Infectious Disease Clinic at three 

state hospitals in Malaysia were invited to participate 
in the study. Full ethical approvals were obtained 
from the Human Research Ethics Commitee 
Universiti Sains Malaysia 
(USMKK/PP/JEPeM[249.3.(18)] and the Malaysian 
Ministry of Health (NMRR-13-687-16175) ethics 
committee prior to the commencement of the study. 
The protocols were in accordance with the Helsinki 
Declaration 1975 and 1983. All participants provided 
written informed consent before participation. 
Patients were only recruited if they had achieved 
steady state on an NVP-based ARV. Venous blood 
was collected at pre-dose, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0 
and 8.0 hours post-dose for plasma NVP 
determination. Blood was also collected for 
genotyping, viral load and CD4 determination.  
 
Quantification of drug levels 
Plasma obtained from blood samples was heat-
inactivated and NVP concentrations were quantified 
using  high-performance liquid chromatography 
(HPLC) with UV detection using previously validated 
assay [7]. Calibration curves were produced across a 
concentration range of 1.0 – 10.0 µg/mL, with four 
quality controls interspersed throughout the analytical 
range (2.0, 4.0, 6.0 and 8.0 µg/mL).  
 
Genotyping 
Genomic DNA was extracted from the leucocyte 
using a kit (Maxwell® 16 DNA Purification Kits, 
Promega®, USA) according to the manufactures’ 
instructions. The DNA extracted was quantified and 
estimated for purity using a spectrophotometer 
(NanoDrop, Thermo Fisher Scientific, USA). 
Wavelength of 260nm was set for quantification and 
the purity was estimated using the ratio of absorbance 
readings at 260 nm and 280 nm. The concentration of 
the DNA was calculated by NanoDrop software. 
Patients were genotyped for 3 single nucleotide 
polymorphisms at CYP2B6 64C>T, 516G>T and 
785A>G) with in-house nested allele specific 
multiplex polymerase chain reaction protocol 
developed and used in methadone pharmacogenomic 
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study[8]. Genotyping of ABCC10 2759 C>T was 
accomplished using the ABI PRISM 7000 Sequence 
Detection system (Applied Biosystems, Foster City, 
California, USA ). Taq-Man assay was used to 
genotype the ABCC10 2759 C>T (rs 2125739, Assay 
ID: C_16173668_10). Genotypes were called using 
the ABI Sequence Detection System software.   
 
Statistical analysis 
Population genetic data analytical program SVS 7.3.1 
(GOLDEN HELIX, SNP & VARIATION SUITE 7) 
was used for estimation of heterozygosity in Hardy–
Weinberg proportion. Statistical calculations were 
performed using Statistical Product and Service 
Solutions for Windows (SPSS), version 22.0 (SPSS 
Inc., Chicago, IL, USA). The associations between 
demographic and genetic variables with NVP 
concentration were analyzed using simple linear 
regression for numerical variables and independent t-
test and ANOVA or Kruskal-Walis test for 
categorical variables. All variables with p-value < 
0.25 in the univariate analysis were included in a 
multiple linear regression analysis.  
 
Pharmacokinetic parameters : 
The area under the curve (AUC) was obtained by the 
trapezoid rule with linear interpolation using a non-
compartmental model (PK-Solver). Pre-dose level 
and 12 hours post-dose were assumed to be identical. 
The minimum plasma concentration (Cmin) and 
maximum plasma concentration (Cmax) of NVP were 
obtained from visual inspection of the concentration-
time curves. 
 
 
III. RESULTS AND DISCUSSION 
 
The study comprised of 112 patients (63 males; 
median age, 40 years; median BMI, 21.2 kg/m2). 
Characteristics of patients are reported in Table 1. 
Undetectable viremia was achieved in 53.6% of the 
patients with median CD4 count of 373 cell/mm3. 
The   majority of the patients were Malay and 75.9% 
of the patients were treated with 
nevirapine/lamivudine/zidovudine regimen. 17 of the 
patients were on methadone replacement therapy.  
 

Table 1. Baseline characteristics at the time of sampling 

 

 
 
It has been reported that non-genetic factors such as 
age [9],  black ethnicity [10], gender in children  [11] 
and weight [12] were associated with NVP plasma 
concentrations. However, in the current study (Table 
2 and Table 3), univariate analysis revealed that no 
single non-genetic predictors studied (age, weight, 
gender and methadone intake) were associated with 
the concentrations of NVP at both Cmax and Cmin 
although there was a modest increment of NVP 
concentration with increasing age. NVP has been 
shown to reduce methadone concentration and some 
patients required methadone dose increment up to 
20% when treated with NVP [13] . Both drugs are 
metabolized by CYP2B6; however, no study reported 
on NVP concentration when co-administered with 
methadone as NVP is the inducer of the enzyme [2]. 
Even though it is not associated with NVP 
concentrations, our results showed slightly low 
concentration of NVP in patients when co-
administered with methadone although the finding 
was not significant.   
 

Table 2. Univariate analysis of association of non-genetic 
factors with NVP Cmin 

 
 

Table 3. Univariate analysis of association of non-genetic 
factors with NVP Cmax 
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All genotypes studied were in Hardy-Weinberg 
equilibrium (results not shown). Univariate analysis 
of genetic factors of single nucleotide polymorphisms 
(SNPs) showed only CYP2B6 516 G>T was 
significantly associated with Cmax of NVP; however, 
a significant association was not observed with NVP 
Cmin (Table 4 and Table 5).  
 

Table 4. Univariate analysis of association of genetic factors 
with NVP Cmin 

 
 

Further investigation of potential predictors of NVP 
concentrations was conducted using multiple linear 
regression analysis. To fit the genetic information 
into the regression database, dummy variables were 
created before analysis could be conducted. The 
dummy variables created were CYP2B6 516 GG, 
CYP2B6 516 GT and CYP2B6 516 TT.  
 

Table 5. Univariate analysis of association of genetic factors 
with NVP Cmax 

 
 

Candidate predictors were added to or removed from 
the predictive model using a stepwise approach, 
depending on the degree of impact as indicated by the 
p value. The candidate predictors in the study were 
gender, age, weight, methadone intake, CYP2B6 516 
GG, CYP2B6 516 GT and CYP2B6 516 TT. 
Significant associations with NVP concentrations 
were observed with CYP2B6 516 TT at both Cmax and 
Cmin (Table 6). 
 

Table 6. Predictors of NVP concentration analysis with 
multiple linear regression with stepwise method. 

 

The reason of the significant association of specific 
polymorphisms in CYP2B6 516 G>T with 
concentrations of NVP is explainable.  A single 
nucleotide polymorphism (SNP) of CYP2B6 516 
G>T has  been associated with the loss of function of 
CYP2B6 enzyme [14], and NVP is metabolized to 
inactive metabolites extensively in the liver primarily 
by CYP2B6 [15]. In Swiss HIV Cohort Study, 
CYP2B6 516 TT has been reported to associate with 
greater plasma exposure to NVP. Individuals 
homozygous for the variant allele presented have 1.7-
fold higher plasma geometric mean than individuals 
homozygous for the common allele [16]. 
 In our study, NVP concentrations, both at Cmax and 
Cmin in patients with homozygous T allele were 29 – 
34% higher compared to patients with homozygous C 
and heterozygous T allele. The role of drug 
transporters in the disposition of NVP is less well 
understood until recent study reported that ABCC10, 
a member of the ABC transporter; has a role in the 
efflux transport of NVP and significantly lower NVP 
accumulation[17]. 
Patients who were homozygous for the variant C 
allele of ABCC10 2759 C>T had significantly lower 
NVP plasma concentrations compared to those that 
were heterozygous or homozygous for the T allele 
[17]. Our study shows no significant association 
between the SNP and NVP concentration. 
Undoubtedly, the finding was influenced by the small 
size of the homozygous C allele carrier in our study 
population. Homozygous C allele is also less detected 
in other Asian population (Hapmap data). In 
conclusion, this study aimed to identify non-genetic 
and genetic predictors of NVP concentrations. In 
Malaysian HIV population, carriage of the variant 
allele of CYP2B6 516G >T was a significant 
predictor of NVP concentration. The data obtained in 
the present study suggest that knowledge of the 
CYP2B6 genotype may be useful in identifying HIV-
infected patients at risk for higher NVP 
concentrations. 
 
IV. METHOD 
 
112 patients treated with nevirapine-based 
antiretroviral therapy aged 19 – 65 years old (56% 
male and 15.2% were on methadone replacement 
therapy) were included in the study. Blood samples 
were drawn at 0, 0.5, 1, 1.5, 2, 3, 4 and 8 hours after 
the morning dose. Plasma nevirapine concentrations 
were determined by high performance liquid 
chromatography (HPLC) with UV detector method. 
Patients were genotyped for three single nucleotide 
polymorphisms at CYP2B6 (64C>T, 516G>T and 
785A>G) with allele specific polymerase chain 
reaction and ABCC10 2759 C>T with real-time 
polymerase chain reaction. The associations between 
demographic and genetic variables with nevirapine 
concentration were identified by univariate (simple 
linear regression for numerical variables and 
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independent t-test or ANOVA for categorical 
variables) and multiple linear regression analyses. 
 
V. RESULTS 
 
All genotype frequencies were consistent with the 
Hardy-Weinberg equilibrium (p>0.05). Multiple 
linear regression revealed that both Cmax and Cmin of 
nevirapine were significantly higher in patients with 
homozygous T allele of CYP2B6 516 (Cmax p=0.007, 
Cmin p=0.035). Univariate analysis showed that other 
predictors; weight, gender, methadone intake and 
single nucleotide SNP ABCC10 2759 C>T were not 
associated with nevirapine concentrations at both 
Cmax and Cmin.   
 
CONCLUSION 
 
In Malaysian HIV patients, carriage of the variant 
allele of CYP2B6 516G >T was a significant 
predictor of nevirapine concentration. 
 
 
ACKNOWLEDGMENT 

 
This work was financially supported by Universiti 
Sains Malaysia RU Grant (grant no. 
1001/PSK/8620015). The first author was supported 
by Malaysia Ministry of Health Hadiah Latihan 
Persekutuan. The authors thank Dr Mahiran Mustafa 
(HRPZ II), Dr Ahmad Kashfi Ab Rahman (HSNZ) 
and Dr Low Lee Lee (HSB) for their co-operation in 
conducting the research. The authors also 
acknowledge staff members of INFORMM (USM), 
Kelantan, nurses and pharmacists of Infectious 
Disease Clinics of  HRPZ II, HSNZ and HSB, 
Malaysia for their support and help. 
 
REFERENCES 
 
[1] C. L. Cooper and R. P. G. van Heeswijk, “Once-daily 

nevirapine dosing: a pharmacokinetics, efficacy and safety 
review.,” HIV Med., vol. 8, no. 1, pp. 1–7, Jan. 2007. 

[2] P. Riska, M. Lamson, T. Macgregor, J. Sabo, S. Hattox, J. 
Pav, and J. Keirns, “Disposition and biotransformation of the 
antiretroviral drug nevirapine in humans,” Drug Metab. 
Dispos., vol. 27, no. 8, pp. 895 – 901, 1999. 

[3] R. B. Pollard, P. Robinson, and K. Dransfield, “Safety profile 
of nevirapine, a nonnucleoside reverse transcriptase inhibitor 
for the treatment of human immunodeficiency virus 
infection,” Clin. Ther., vol. 20, no. 6, pp. 1071–1092, Nov. 
1998. 

[4] J. S. Montaner, P. Reiss, D. Cooper, S. Vella, M. Harris, B. 
Conway, M. A. Wainberg, D. Smith, P. Robinson, D. Hall, 
M. Myers, and J. M. Lange, “A randomized, double-blind 
trial comparing combinations of nevirapine, didanosine, and 
zidovudine for HIV-infected patients: the INCAS Trial. Italy, 
The Netherlands, Canada and Australia Study.,” 1998. 

[5] A. I. Veldkamp, G. J. Weverling, J. M. Lange, J. S. 
Montaner, P. Reiss, D. A. Cooper, S. Vella, D. Hall, J. H. 
Beijnen, and R. M. Hoetelmans, “High exposure to 

nevirapine in plasma is associated with an improved 
virological response in HIV-1-infected individuals.,” 2001. 

[6] T. E. M. S. de Vries-Sluijs, J. P. Dieleman, D. Arts, A. D. R. 
Huitema, J. H. Beijnen, M. Schutten, and M. E. van der Ende, 
“Low nevirapine plasma concentrations predict virological 
failure in an unselected HIV-1-infected population.,” Clin. 
Pharmacokinet., vol. 42, pp. 599–605, 2003. 

[7] M. Suzana, W. Y. W. Nazirah, and H. N. Badriah, 
“Development and Validation of HPLC-UV Method for 
Simultaneous Determination of Nevirapine, 2-OH Nevirapine 
and 3-OH Nevirapine in Human Plasma.,” Int. J. PharmTech 
Res., vol. 6, no. 1, p. 49, 2014. 

[8] N. Musa, M. I. Zulkafli, N. Talib, N. Mohamad, H. Fauzi, 
and R. Ismail, “Haplotypes frequencies of CYP2B6 in 
Malaysia.,” J. Postgrad. Med., vol. 58, no. 4, pp. 235–41, 
2012. 

[9] C. Wyen, H. Hendra, M. Vogel, C. Hoffmann, H. Knechten, 
N. H. Brockmeyer, J. R. Bogner, J. Rockstroh, S. Esser, H. 
Jaeger, T. Harrer, S. Mauss, J. van Lunzen, N. Skoetz, A. 
Jetter, C. Groneuer, G. Fätkenheuer, S. H. Khoo, D. Egan, D. 
J. Back, and A. Owen, “Impact of CYP2B6 983T>C 
polymorphism on non-nucleoside reverse transcriptase 
inhibitor plasma concentrations in HIV-infected patients.,” J. 
Antimicrob. Chemother., vol. 61, no. 4, pp. 914–8, May 
2008. 

[10] W. Stöhr, D. Back, D. Dunn, C. Sabin, A. Winston, and R. 
Gilson, “Original article Factors influencing efavirenz and 
nevirapine plasma concentration : effect of ethnicity , weight 
and co-medication,” pp. 675–685, 2008. 

[11] A. Saitoh, E. Sarles, E. Capparelli, F. Aweeka, A. Kovacs, S. 
K. Burchett, A. Wiznia, S. Nachman, T. Fenton, and S. a 
Spector, “CYP2B6 genetic variants are associated with 
nevirapine pharmacokinetics and clinical response in HIV-1-
infected children.,” AIDS, vol. 21, no. 16, pp. 2191–9, Oct. 
2007. 

[12] N. von Hentig, A. Carlebach, P. Gute, G. Knecht, S. Klauke, 
M. Rohrbacher, H. Stocker, M. Kurowski, S. Harder, S. 
Staszewski, and A. Haberl, “A comparison of the steady-state 
pharmacokinetics of nevirapine in men, nonpregnant women 
and women in late pregnancy.,” Br. J. Clin. Pharmacol., vol. 
62, no. 5, pp. 552–9, Dec. 2006. 

[13] E. Arroyo, B. Valenzuela, J. Portilla, E. Climent-Grana, J. J. 
Pérez-Ruixo, and E. Merino, “Pharmacokinetics of 
methadone in human-immunodeficiency-virus-infected 
patients receiving nevirapine once daily.,” Eur. J. Clin. 
Pharmacol., vol. 63, no. 7, pp. 669–75, Jul. 2007. 

[14] H. Jinno, T. Tanaka-Kagawa, A. Ohno, Y. Makino, E. 
Matsushima, N. Hanioka, and M. Ando, “Functional 
Characterization of Cytochrome P450 2B6 Allelic Variants,” 
Drug Metab. Dispos., vol. 31, pp. 398–403, 2003. 

[15] D. A. Erickson, G. Mather, W. F. Trager, R. H. Levy, J. J. 
Keirns, D. Metabolism, D. A. E. Pharmacokinetics, and B. I. 
Pharmaceuticals, “Characterization of the in vitro 
biotransformation of the HIV-1 reverse transcriptase inhibitor 
nevirapine by human hepatic cytochromes P-450  :,” Drug 
Metab. Dispos., vol. 27, no. 12, pp. 1488–1495, 1999. 

[16] M. Rotger, S. Colombo, H. Furrer, G. Bleiber, T. Buclin, B. 
L. Lee, O. Keiser, J. Biollaz, L. Décosterd, and A. Telenti, 
“Influence of CYP2B6 polymorphism on plasma and 
intracellular concentrations and toxicity of efavirenz and 
nevirapine in HIV-infected patients,” Pharmacogenet. 
Genomics, vol. 15, no. 1, pp. 1–5, Jan. 2005. 

[17] N. J. Liptrott, S. Pushpakom, C. Wyen, G. Fätkenheuer, C. 
Hoffmann, S. Mauss, H. Knechten, N. H. Brockmeyer, E. 
Hopper-Borge, M. Siccardi, D. J. Back, S. H. Khoo, M. 
Pirmohamed, and A. Owen, “Association of ABCC10 
polymorphisms with nevirapine plasma concentrations in the 
German Competence Network for HIV/AIDS.,” 
Pharmacogenet. Genomics, vol. 22, no. 1, pp. 10–9, Jan. 
2012.  

 
 

 
 

 


