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Purpose: DNA polymorphism describes the difference between individuals, groups, or
ethnicities, races, etc., in terms of their DNA sequences or phenotypes as relates to drug
metabolism. Using predictive genotyping of drug-metabolizing genes, we can develop
individuals’ drug therapies that are less toxic and more effective. The main aim of the
study was to evaluate genotype–phenotype-based correlation and incidence of genetic poly-
morphism of efavirenz blood levels among HIV/AIDS patients of the Niger Delta
population.
Methods: A study questionnaire was designed to obtained patients’ data, blood samples
were obtained, plasma was separated from the serum using a centrifuge for 5 minutes at
4000 rpm for HPLC analysis, polymerase chain reaction (PCR) and restriction fragment
length polymorphism (RFLP) analysis was conducted using Bsrl endonuclease enzyme to
digest the PCR amplicons. Standard efavirenz was used at 0.5, 1, 2, 4, 16 mg/L to construct
a calibration curve. Data were analyzed with SPSS software using chi-square test at p-value
≤0.5 and Microsoft excel 2013, while PCR and RFLP results were obtained after 1%
Agarose gel electrophoresis, respectively.
Results: Phenotypic results showed that the participants had different efavirenz plasma
concentrations. Six subjects (12%) had efavirenz plasma levels below 0.10 mg/L, considered
ultra-rapid metabolizers (UMs), 22 (44%) 0.10 mg/L to 0.90 mg/L, classified as extensive
metabolizers (EMs), 19 (38%) had 1.0 to 3.9 mg/L and were noted as intermediate meta-
bolizers (IM), while 3 (6%) subjects showed efavirenz plasma levels from 4.0 mg/L to 6.0
mg/L, categorized as poor metabolizers (PM). RFLP results showed more than half of the
population (56%) with a homozygous wild-type gene with CYP2B6*1*1 allele, 38% were
CYP2B6*1*6 (heterozygous mutant) allele and 6% had homozygous mutant gene
(CYP2B6*6*6 allele). Out of the 15 male subjects among the 50 patients that participated
in the study, 8% were UM, 12% EM, 14% IM while no PM was observed, on the contrary,
out of the 35 females participated in the study, 4% were observed as UM, 32% EM, 24% IM,
while 6% were PM.
Conclusion: There was no significant difference (p ≤ 0.05) between genotype and pheno-
type data for CYP2B6 polymorphism, among the HIV/AIDS patients that participated in this
study. Genetic polymorphism of the CYP2B6 gene is prevalent among HIV/AIDs patients in
the Niger Delta ethnic population on efavirenz-based HAART treatment, as the population
having homozygous mutant gene or PM are >1% (6%).
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Introduction
By maximizing medication regimens using precision med-
icine approaches, modern medicine offers powerful tech-
niques for optimizing treatment.1 As the name implies,
precision medicine refers to prescribing individual thera-
peutic regimes based on one’s genetic makeup.2 The use of
pharmacogenetics to identify genetic biomarkers that pre-
dict individual responses to medications has been studied.3

The Cytochrome P450 enzymes metabolize over 70% of
clinically prescribed drugs worldwide, and pharmacoge-
netic studies have mainly focused on polymorphisms of
genes encoding these enzymes.4

Efavirenz, (4S)-6-chloro-4-(2-cyclopropylethynyl)-4-(tri-
fluoromethyl)-2, 4-dihydro-1H-1,3-benzoxazin-2-one), phar-
macokinetics is associated with a long steady-state half-life
of 40–55 hours, which is suitable for a once-daily dose.5

A threefold increase in oral clearance has been observed after
multiple administrations of efavirenz due to its self-
metabolism-inducing ability.6 Likewise, intermediate plasma
efavirenz levels have been associated with therapeutic failure
and can result in viral resistance, while levels at or above 4mg/
L increase the risk of neuropsychiatric adverse effects.7 Studies
have also reported that efavirenz concentration inside cells as
well as the genotype of CYP2B6 were predictors of neuropsy-
chological toxicity. In addition, these authors suggested that
CYP2B6 genotyping may be useful as a complement to indi-
vidualized strategies derived from plasma drug levels to
improve safety and reduce side effects associated with efavir-
enz. It was observed inNigerians that no significant differences
existed between wild type and the genotype (P≤ 0.05) for
CYP2B6*6 and CYP2D6.8,9 Since there are platforms that
can massively detect single-nucleotide polymorphisms
(SNPs), these genetic differences are better characterized.10

There is a strong impact of HIV/AIDS on society; especially
when considering the issue of discrimination against immuno-
compromised people. Also, it has indirect and direct economic
consequences.11 There are guidelines of WHO for the use of
Highly Active Anti-Retroviral Treatment (HAART) in sub-
Saharan African countries.12 Clinical correlations have been
found for the variants of CYP2B6 in numerous studies. In
a population pharmacokinetic analysis, significant interindivi-
dual differences in bioavailability of efavirenz were observed,
as well as an inverse correlation between exposure levels and
central nervous system toxicities.13

In contrast to cloning and propagation from host cells,
polymerase chain reaction provides an excellent molecular
technique for amplification of a specific segment of

DNA.14 DNA sequence variations can be used to analyze
restriction fragment length polymorphism (RFLP). Gel
electrophoresis is used to separate fragments of DNA
following restriction digestion by enzymatic restriction
endonuclease (RE). Both alleles can be identified using
RFLP markers in heterozygous samples and are highly
locus-specific.15 In addition to PCR-RFLP, another analy-
tical technique used was high-performance liquid chroma-
tography (HPLC), an important analytical approach used
in chemical and biochemical analysis. This method was
used to determine the plasma levels of efavirenz among
the study population.16 Therefore, the study aimed to
evaluate genotype, and phenotype-based correlation, and
incidence of genetic polymorphism of efavirenz blood
levels among HIV/AIDS positive patients.

Materials and Methods
Subjects
Fifty (50), HIV/AIDs positive not related patients consist-
ing of males (15) and females (35), age 18 years and
above, who were receiving efavirenz (600mg daily) in
combination with either tenofovir and lamivudine or teno-
fovir with zidovudine, respectively, that met the study
inclusion criteria, were randomly selected from the various
ethnic groups in Niger Delta consisting of Akwa Ibom (9,
18%), Bayelsa (15, 3%), Cross River (6, 12%), Delta (7,
14%), Edo (5, 10%), Rivers (8, 16%). Details of the study
procedures were explained to the potential subjects after
which, they were allowed to make an independent decision
whether or not to participate in the study. Qualified sub-
jects were enrolled and signed the consent form.

Sampling and Genomic DNA Preparation
Blood samples (5mL)were collected from all participants who
had received 600 mg of efavirenz for at least 3 weeks, using
venous-puncture into EDTA tubes clearly labeled with the
participant’s name. 2.0 mL was used for the genotyping,
while 3.0 mL for HPLC analysis. The whole blood (3.0 mL)
was centrifuged for 10 minutes at 10,000 rpm to produce
plasma, which was then pipetted into EDTA tubes and heated
for 60 minutes at 60°C to inactivate the HIV. After collection,
blood samples and plasma were frozen at −20°C until further
analysis. The remaining 2.0 mL of blood was used for geno-
typing procedures. Quick-DNA Blood Miniprep Kits (Inqaba
Biotec,West Africa) was used to prepare the DNA. The frozen
blood samples were thawed at normal room temperature
(20°C) and 100 µL of blood was transferred to
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a polypropylene tube. On a separate tube rack, four sets of
tubes were arranged, with each set labeled for a particular
sample. The third tube set was added with a column and the
fourth set with a secure label (tubes and columns are provided).
We added 650 µL of Genomic lysis buffer and vortexed it for
4–6 seconds before letting it stand at 20°C for 6–10 minutes.
The mixture was transferred to a Zymo-Spin Column in
a collection tube and centrifuged at 10,000 rpm for about
1 minute. The collection tube was discarded with the flow-
through. The Zymo-Spin Column was transferred into a new
collection tube; 200µL ofDNAPre-WashBufferwas added to
the spin column and was centrifuged at 10,000 rpm for
one minute and 500 µL of gDNA wash buffer was added to
the spin column and centrifuged at 10,000 rpm for another
one minute. The spin columnwas transferred to a clean micro-
centrifuge tube and 50µLDNAelution bufferwas added to the
spin column. Thereafter, the tube was incubated at room tem-
perature for 2–5 minutes and then centrifuged at top speed for
30 seconds to elute the DNA. The eluted DNA purity, yield,
UV/Vis absorbance, and ratio were quantified using the
NanoDrop-1000 Spectrophotometer. DNA samples were
then stored at 4°C before genotyping analysis and aliquots of
the samples were stored at −20°C for further analysis.

Genotyping
DNAquantificationwas done using aNanodrop-1000 spectro-
photometer following the method by Bunu et al.17 The geno-
typing of CYP2B6 was performed using standard polymerase
chain reaction-restriction fragment length polymorphism
(PCR-RFLP) techniques following themethodofRotger et al18

validated by Ebeshi et al.9 The sequences for the reverse and
forward primers for CYP2B6*6 were 5’-GGTCTGCCCAT
CTATAAAC-3’ (forward primer) and 5’-CTGATTCTTC
ACATGTCTGCG-3’ (reverse primer) were used for the gene
amplification. The specificity of the primer sequence for each
gene studied was confirmed by a BLAST analysis search and
comparison of genomic sequences in the National Centre for
Biotechnology Information (NCBI) databases (http://blast.
ncbi.nlm.nih.gov/Blast.cgi).19 The PCR reaction was carried
out in a total of 25 µL reaction mixture (Master Mix) contain-
ing, 200µMof deoxynucleoside triphosphatemixture, 2.0mM
of MgCl2, 1xPCR buffer, and 1 Unit of Taq polymerase; 0.5
µM of each primer, 5 ng genomic DNA, nuclease-free water.
All PCRs were performed on GeneAmp® PCR System 9700
programmable thermal cycler. The gene amplificationmethod,
PCR cycles for CYP2B6*6 consists of three major phases:
including an initial denaturation of the DNA by incubating
the reaction mixture at 94°C for 6 minutes, followed by 35

cycles of denaturation at 94°C for 30 seconds; primer anneal-
ing was performed at 54°C for 30 seconds; and primer exten-
sion at 72°C for 1 minute and a final extension at 72°C for 6
minutes. DNA polymerase (Taq polymerase) was used in
extending the primers, adding nucleotides onto the primer in
a sequential manner, using the target DNA as a template. The
PCRproduct’s base pair (bp)was confirmed by 1%agarose gel
electrophoresis and Gel Photosystem (blue light) – P1-1002.20

The restriction fragment length polymorphism (RFLP)
reaction was performed in a total of 20 µL reaction mix-
ture containing 1 µL of the restriction enzyme (BsrI), 5 µL
of 10x NEBuffer, 8 µL of PCR amplicon, and 6 µL of
nuclease-free water for 15 minutes at 65°C. The digested
PCR products (amplicons) were visualized on 1% agarose
gel electrophoresis. The agarose gel (1%) was prepared by
weighing 1.5g of agarose into a conical flask and adding
100mL of 1xTBE gel buffer solution. The agarose was
completely dissolved by heating in the microwave for 2
minutes, allowed to cool (55°C) and 1.5 µL of EZ vision
dye was added to the gel and poured onto the plate. 5 µL
of PCR product was loaded on the gel for analysis of
amplified product, and 20 µL for digestion product analy-
sis while 10 µL of the diluted molecular weight marker
(DNA ladder) was loaded to the gel. The gel was run in
the electrophoretic system at 130V, allowing migration of
2.5 to 3.0 cm, and viewed using the Gel Photosystem P1-
1002.

High-Performance Liquid Chromatography
The HPLC mobile phase consists of methanol and 10mM
potassium dihydrogen phosphate at pH 4.5 (70:30) per-
centage compositions. The column used was HYPERSIL
C18 ODS, 250mm by 4.6mm, and 5µm particle size at
a flow rate of 1.000mL/min. The Ultraviolet-Visible
detector was set at 247 nm with a column oven at 40°C
temperature. From the 5 mL of the blood collected from
participants, 3 mL was used for the HPLC/phenotype
analysis. Plasma was separated from the whole blood
using a centrifuge at 4000 rpm for 5 minutes. The total
concentrations of efavirenz in plasma following protein
precipitation with acetonitrile were measured using
reversed-phase high-performance liquid chromatography
(HPLC) with UV detection following the method of
Ebeshi et al21 with some modifications: introduction of
an internal standard and solvent system. Standard curves
were analyzed in the concentration ranging from 0.5 to
16.0 µg/mL for efavirenz. Plasma samples (1000 µL)
were pipetted into new plain sample bottles followed by
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Table 1 HLPC Plasma Concentration of Efavirenz

Sample
Code

Peak Area
Efavirenz (a)

(mAU)

Peak Area
Efavirenz (b)

(mAU)

Average Peak
Area Efavirenz

(mAU)

Peak Area
Lamivudine
(ISa) (mAU)

Peak Area
Lamivudine
(ISb) (mAU)

Average
Peak Area
IS (mAU)

Peak
Area
Ratio

Conc
(µg/mL)

Suspected
Phenotype

B1 850.16 860.98 855.57 1316.46 1348.01 1332.235 0.642 0.1 EM

B2 920.34 1818.88 1369.61 2320.96 1423.4 1872.18 0.732 0.6 EM

B3 1182.19 1182.19 1182.19 1325.45 2325.45 1825.45 0.648 0.2 EM

B4 159.57 164.23 161.9 191.67 167.86 179.765 0.901 1.6 IM

B5 1158.53 164.55 661.54 1117.86 111.08 614.47 1.077 2.6 IM

B6 160.58 167.37 163.975 136.96 100.18 118.57 1.383 4.3 PM

B7 2251.87 2242.02 2246.945 4451.14 2445.35 3448.245 0.652 0.2 EM

B8 1942.74 2245.02 2093.88 3737.07 3147.09 3442.08 0.608 −0.1 UM

B9 5912 2196.27 4054.135 2909.52 2299.61 2604.565 1.557 5.2 PM

B10 2501.86 2383.77 2442.815 4240.93 3423.93 3832.43 0.637 0.1 EM

B11 401.55 4040.82 2221.185 401.55 4040.82 2221.185 1.000 2.1 IM

B12 2178.77 2837.54 2508.155 3729.88 3771.72 3750.8 0.669 0.3 EM

B13 354.5 346.96 350.73 777.04 341.69 559.365 0.627 0.0 UM

B14 1341.01 536.11 938.56 1040.93 1614.96 1327.945 0.707 0.5 EM

B15 1145.54 2181.65 1663.595 1848.28 2105.35 1976.815 0.842 1.2 IM

B16 0 0 0 4445.13 3104.04 3774.585 0.000 −3.5 UM

B17 1118.22 1116.76 1117.49 1234.98 1185.42 1210.2 0.923 1.7 IM

B18 1121.12 1112.8 1116.96 1153.53 2064.32 1608.925 0.694 0.4 EM

B19 1633.59 555.99 1094.79 1130.01 1020.39 1075.2 1.018 2.2 IM

B20 1134.24 134.24 634.24 1043.95 1017.82 1030.885 0.615 0.0 UM

B21 1111.57 1113.61 1112.59 1047.47 1483.86 1265.665 0.879 1.5 IM

B22 283.95 2105.02 1194.485 1821 874.4 1347.7 0.886 1.5 IM

B23 742.56 642.14 692.35 1204.2 1027.16 1115.68 0.621 0.0 UM

B24 1416.71 1518.57 1467.64 2118.27 2452.34 2285.305 0.642 0.1 EM

B25 1110.61 1116.96 1113.785 1068.31 2068.3 1568.305 0.710 0.5 EM

B26 2454.84 3713.69 3084.265 4653.15 5083.85 4868.5 0.634 0.1 EM

B27 4500.91 5500.91 5000.91 5063.07 5063.07 5063.07 0.988 2.1 IM

B28 1317.36 1412.35 1364.855 1096.08 2095.8 1595.94 0.855 1.3 IM

B29 4142.86 3145.39 3644.125 3982.58 6704.96 5343.77 0.682 0.4 EM

B30 4167.3 3129.5 3648.4 5743.31 3309.1 4526.205 0.806 1.0 IM

B31 4418.29 1117.88 2768.085 1328.65 3682.03 2505.34 1.105 2.7 IM

B32 230.42 164.86 197.64 220.32 176.73 198.525 0.996 2.1 IM

B33 421.84 722.36 572.1 807.2 588.64 697.92 0.820 1.1 IM

B34 1430.66 628.25 1029.455 970.24 928.11 949.175 1.085 2.6 IM

B35 110.46 138.13 124.295 95.06 208.59 151.825 0.819 1.1 IM

B36 58.13 410.65 234.39 408.59 48.99 228.79 1.024 2.3 IM

B37 411.41 340.43 375.92 197.95 246.22 222.085 1.693 6.0 PM

B38 221.47 115.08 168.275 112.88 330.71 221.795 0.759 0.8 EM

B39 227.66 425.75 326.705 493.27 458.84 476.055 0.686 0.4 EM

B40 531.56 638.09 584.825 918.8 896.79 907.795 0.644 0.1 EM

B41 319.15 348.87 334.01 475.44 440.12 457.78 0.730 0.6 EM

B42 545.78 214.06 379.92 271.06 975.84 623.45 0.609 −0.1 UM

B43 516.71 20.51 268.61 217.34 223.73 220.535 1.218 3.3 IM

B44 826.68 437.48 632.08 830.16 824.18 827.17 0.764 0.8 EM

B45 225.46 243.94 234.7 414.64 183.17 298.905 0.785 0.9 EM

B46 918.42 418.19 668.305 781.55 686.04 733.795 0.911 1.6 IM

B47 465.64 460.39 463.015 602.34 761.51 681.925 0.679 0.3 EM

B48 155.53 1181.96 668.745 903.52 1052.92 978.22 0.684 0.4 EM

B49 1181.96 1174.26 1178.11 1652.92 1865.01 1758.965 0.670 0.3 EM

B50 1188.29 177.15 682.72 390.64 1545.7 968.17 0.705 0.5 EM

Notes: This table shows the individual plasma concentration of efavirenz and the internal standard (lamivudine), the peak plasma ratio and respective plasma concentration
in µg/mL. Highest concentration (6.0 µg/mL) was observed in B37, while no significant drug was quantified in B13, B20 and B23, respectively. This could be due to
inconsistencies in drug administration or non-adherence to HAART regimen.
Abbreviations: UM, ultra-rapid metabolizers; EM, extensive metabolizers; IM, intermediate metabolizers; PM, poor metabolizers.
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10 µL of lamivudine (IS). 2mL of acetonitrile was added
to precipitate the proteins. The mixture was vortex for 30
seconds and then centrifuged at 4000 rpm for 5 minutes.
The supernatants were then filtered using a micro
Millipore filter of 0.45µm particle size per sample. The
filtrate of 20 µL was injected twice manually onto the
HPLC, and the peak areas were recorded and integrated
by an enhanced ChemStation software integrator.

Results
Series of information was generated in the study including
demographics, genotyping, and phenotypic data.
Demographic data were analyzed with Microsoft Excel win-
dows vista 2013 (Microsoft Corporation, USA) and GraphPad
Instat software. Results are presented in Tables and Charts.

Polymerase Chain Reaction (PCR) -
Amplicons
The polymerase chain reaction (PCR) was carried for all
the 50 samples obtained from study participants, and the
results are presented below with codes B1–B50
(Figures 2), indicating participants’ numbers.

Restriction Fragment Length
Polymorphism (RFLP)
The DNA amplicons (PCR products) were digested using
Brsl endonuclease enzymes, and participants were classi-
fied into ultra-rapid, extensive, intermediate, or poor meta-
bolizers based on the restriction fragment length
polymorphism (RFLP) results (Figures 3).

Discussion
Participants were selected across all the major ethnic groups
in the Niger Delta region (South–South) of Nigeria with
Bayelsa state having the highest number (30%), while Edo
state recorded the least participants (10%). This is largely due
to the fact that, the facility approved for the study was within
Bayelsa State; hence, more of the indigenes had ease access
to HAART therapy. Efavirenz plasma concentration was
determined by high-performance liquid chromatography
(HPLC) and genotype frequencies were obtained by direct
counting following PCR-RFLP analyses. The standard curve
for HPLCwas constructed withMicrosoft Excel spreadsheet,
Windows 2013 (Microsoft Corporation, USA). The linearity

Figure 1 A plot of peak area ratio versus concentration: calibration curve for efavirenz in blank plasma. Standard concentrations of efavirenz, 0.5, 1.0, 2.0, 4.0, 8.0, and 16.0
µg/mL were used to plot the calibration curve, with regression coefficient of 0.995, showing the linearity of the curve.
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of the regression line, as well as the regression coefficient
(R2), were; y = 0.1795 x + 0.6192 and 0.995, respectively,
(Table 1 and Figure 1). The total plasma concentration of
efavirenz following protein precipitation was accurately
measured using reverse-phase high-performance liquid chro-
matographic (HPLC) technique with lamivudine as an inter-
nal standard (Table 1). Results from the analysis showed that
the participants had efavirenz plasma concentrations from
0.00 mg/L to 6.0 mg/L. Six subjects had efavirenz plasma
levels below 0.10 mg/L (Table 2). This category of patients
may be considered as ultra-rapid metabolizers (UMs), as
very low concentration of the drug was observed in their
plasma (Table 1). It has been reported in several previous
studies that polymorphisms in genes that normally encodes
drug-metabolizing enzymes may lead to diverse enzyme
activity and inter-individual variability in drug efficacy and
as well as toxicity.22 However, several factors other than
genetic mutation could lead to this low plasma levels
among these subjects including non-adherence, missed
dosage, alcoholic habit, polypharmacy, and opportunistic
infections.23 Moreover, the rest of the participants (45) had
efavirenz plasma levels ranging from 0.10mg/L to 6.0mg/L.
Twenty-two (22) of the participants showed efavirenz plasma
levels from 0.10m g/L to 0.90m g/L. These categories of
patients were classified as extensive metabolizers (EMs),
nineteen (19) had 1.0 to 3.9m g/L and were noted as inter-
mediate metabolizers (IMs). In addition, 3 (6%) subjects
showed efavirenz plasma levels from 4.0mg/L to 6.0 mg/L,
which were categorized as poor metabolizers (PMs)
(Table 3).

All the extracted DNA products showed at 500bp after
subjecting them to polymerase chain reaction (PCR) at 94°C,
54°C, and 72°C, for initial denaturation, primer annealing, and
extension, respectively, using Taq polymerases enzyme and
100bp DNA molecular ladder as shown in Figures 2 and 3.
This indicates that, all the participants had the target gene to
encode for the enzyme (CYP2B6) responsible for metaboliz-
ing the substrate of choice (efavirenz). The PCR products
(amplicons) were digested with restriction endonuclease
enzyme (Bsrl) and subjected to restriction fragment length
polymorphism (RFLP) on agarose gel electrophoretic med-
ium. After the digestion, the RFLP results showed more than
half of the population (56%) with a homozygous wild-type
gene with CYP2B6*1*1 allele. Individuals with
CYP2B6*1*1 allele are believed to metabolize the drug very
extensively or rapidly, therefore may not have serious adverse

Table 2 Restriction Fragment Length Polymorphism Products
and Suspected Alleles (516G>T SNP)

S/N Sample Code Nature Allele/Genotype

1. B1 Homozygous wild type CYP2B6*1*1

2. B2 Homozygous mutant CYP2B6*6*6

3. B3 Homozygous mutant CYP2B6*6*6

4. B4 Heterozygous mutant CYP2B6*1*6

5. B5 Heterozygous mutant CYP2B6*1*6

6. B6 Heterozygous mutant CYP2B6*1*6

7. B7 Homozygous wild type CYP2B6*1*1

8. B8 Homozygous wild type CYP2B6*1*1

9. B9 Homozygous wild type CYP2B6*1*1

10. B10 Heterozygous mutant CYP2B6*1*6

11. B11 Homozygous wild type CYP2B6*1*1

12. B12 Heterozygous mutant CYP2B6*1*6

13. B13 Heterozygous mutant CYP2B6*1*6

14. B14 Heterozygous mutant CYP2B6*1*6

15. B15 Homozygous mutant CYP2B6*6*6

16. B16 Homozygous wild type CYP2B6*1*1

17. B17 Homozygous mutant CYP2B6*6*6

18. B18 Heterozygous mutant CYP2B6*1*6

19. B19 Homozygous wild type CYP2B6*1*1

20. B20 Homozygous wild type CYP2B6*1*1

21. B21 Homozygous wild type CYP2B6*1*1

22. B22 Homozygous wild type CYP2B6*1*1

23. B23 Heterozygous mutant CYP2B6*1*6

24. B24 Homozygous wild type CYP2B6*1*1

25. B25 Homozygous wild type CYP2B6*1*1

26. B26 Homozygous wild type CYP2B6*1*1

27. B27 Homozygous wild type CYP2B6*1*1

28. B28 Homozygous wild type CYP2B6*1*1

29. B29 Heterozygous mutant CYP2B6*1*6

30. B30 Homozygous mutant CYP2B6*6*6

31. B31 Homozygous wild type CYP2B6*1*1

32. B32 Heterozygous mutant CYP2B6*1*6

33. B33 Homozygous wild type CYP2B6*1*1

34. B34 Homozygous wild type CYP2B6*1*1

35. B35 Heterozygous mutant CYP2B6*1*6

36. B36 Homozygous wild type CYP2B6*1*1

37. B37 Heterozygous mutant CYP2B6*1*6

38. B38 Heterozygous mutant CYP2B6*1*6

39. B39 Homozygous wild type CYP2B6*1*1

40. B40 Heterozygous mutant CYP2B6*1*6

41. B41 Homozygous wild type CYP2B6*1*1

42. B42 Heterozygous mutant CYP2B6*1*6

43. B43 Homozygous wild type CYP2B6*1*1

44. B44 Homozygous wild type CYP2B6*1*1

45. B45 Heterozygous mutant CYP2B6*1*6

46. B46 Heterozygous mutant CYP2B6*1*6

47. B47 Homozygous wild type CYP2B6*1*1

48. B48 Heterozygous mutant CYP2B6*1*6

49. B49 Heterozygous mutant CYP2B6*1*6

50. B50 Homozygous wild type CYP2B6*1*1

Notes: Table 2: shows nature, genotype and phenotype of participants.
CYP2B6*1*1 - homozygous wild type, CYP2B6*1*6 - heterozygous mutant,
CYP2B6*6*6 - homozygous mutant, this is an extract from the RFLP as showing
on Figure 3.
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events as regards to HAART regimen, also 38% were
CYP2B6*1*6 (heterozygous mutant) allele (Table 2). These
category of patients might not extensively handle the drug
(intermediate), thus might have occasional adverse reactions,
especially in cases of high concentration >4m g/L. Finally, 6%
had homozygous mutant gene (CYP2B6*6*6 allele); these
patients are prone to experience frequent adverse drug reac-
tions due to poor metabolism of the drug (Table 4). This is in
line with a study conducted by García-González et al23, they
reported that individual drug-metabolizing activity for corre-
sponding drug substrates varies from poor, intermediate, and
to wild-type activity (extensive metabolizer), and that
increased enzyme expression in the case of gene duplication
(rapid metabolizer phenotype).

Several factors can affect the way an individual
metabolizes drugs, one of such factors seen in this
was gender difference. Out of the 15 male subjects
among the 50 patients that participated in the study,
8% were ultra-rapid metabolizers, 12% extensive meta-
bolizers, 14% intermediate metabolizers while no poor
metabolizer was observed, following the drug concen-
tration quantified from their plasma. On the contrary,
out of the 35 females that participated in the study,
from the pool of 50 patients, 4% were observed as
ultra-rapid metabolizers, 32% extensive, 24% inter-
mediate metabolizers, while 6% were poor metaboli-
zers (Figure 4). This indicates that the drug was more
poorly metabolized by the female population than that
of their male counterparts, comparing the number of
participants (35:15). Hence, this calls for individualiza-
tion of therapy based on gender differences when pre-
scribing medication, especially genotypic
individualized-based dosage prescription as regards to
HAART regimen, etc. Poor metabolizers (PMs) may
need down regulation of dosage strength, as the drug
is likely to accumulate in the system, the intermediate
metabolizers (IMs) need no adjustment in the dose but
extensive (EMs) and ultra-rapid metabolizers may
require the usual or higher dose, as the normal ther-
apeutic level of the drug will be rapidly cleared off the
system, this form the basis of pharmacogenomics
(modern precision or individualized medicine). This
was also reported by Nemaura et al24, that gender,
weight, and 516G>T genotypes are important determi-
nants on whether a patient will have efavirenz

Table 3 Gender and Phenotypic Distribution of Polymorphic
CYP2B6*6 Allele in Niger Delta Population [n = 50]

Phenotype Male
(%)

Female
(%)

Total
(%)

Plasma Conc
(mg/L)

UM 4 (8) 2 (4) 6 (12) <0.1

EM 6 (12) 16 (32) 22 (44) 0.1–0.9

IM 7 (14) 12 (24) 19 (38) 1.0–3.9

PM 0 (0.0) 3 (6) 3 (6) 4.0–6.0

N 15 35 50 (100)

Notes: Participants were classified into different phenotypes based on the concentra-
tion drugs found in their plasma after HPLC qualitative analysis. Twelve percent had
plasma concentration <0.1 mg/L, classified as UM – ultra-rapid metabolizers, 44%
showed 0.1–0.9 mg/L, classified as EM – extensive metabolizers, 38% had 1.0–3.9 mg/
L, classified as IM – intermediate metabolizers, while only 6% had plasma level between
4.0 and 6.0 mg/L, classified as PM – poor metabolizers.

Figure 2 Polymerase chain reaction amplicons of Sample B11 – B30: All PCR gene amplicons appeared at 500bp, using a 100bp DNA molecular ladder.
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concentrations within the therapeutic range or above 4
mμg/L. This will definitely enhance and enable the
healthcare team to manage these patients by conducting
pharmacogenetic testing and provide modern precision
medicine (personalized, individualized treatment regi-
mens based on their genetic variations), to optimize
medication (antiretrovirals) regimens and thereby
improving the quality of life, as well reducing unpre-
cedented adverse drug reactions and expenditures.3,25

One of the major limitation of the study was the
inability to conduct DNA sequencing in a bid to
ascertain the actual strand or mutation of the amino
acid sequence from the patients. However, Mehlotra

et al26 reported the CYP2B6 983T>C polymorphism in
West African countries and found a high prevalence of
CYP2B6 functional polymorphism of 983T>C in Papua
New Guinea, where HIV/AIDS is a significant health
problem. This is very similar to the findings of the
current study on the prevalence of CYP2B6 poly-
morphism in the Niger Delta, South of Nigeria.

Conclusion
There was no significant difference (p ≤ 0.05) between geno-
type and phenotype data for CYP2B6 polymorphism, among
theHIV/AIDS patients that participated in this study. Based on
genotype data, there was more (58%) homozygous wild-type
gene (CYP2B6*1*6 alleles), while the other partici-
pants (38%) exhibited heterozygous mutant gene
(CYP2B6*1*6, 40%) and homozygous mutant gene
(CYP2B6*6*6, 6%), respectively. Following the different
phenotypes obtained from the phenotypic analysis, genetic
polymorphism of the CYP2B6 gene is prevalent among HIV/
AIDs patients in the Niger Delta ethnic population undergoing
HAART regimen (efavirenz-based HAART treatment), as the
population having homozygous mutant gene or PM are >1%
(6%). Also, gender differences could affect drug metabolism
as no PMwas observed among the male participants, whereas
6% of the female participants were PMs.

Ethical Issues
This research was carried out on approval by the research
and ethics committee of the Federal Medical Centre
Yenagoa, Bayelsa State, Nigeria. The study complies

Figure 3 (B31–B40): Agarose gel electrophoresis showing the amplified CYP gene bands. Lane 1, 3, 5, 7, 9, 11, 13, 15, 17, and 19 represent the undigested CYP amplicons
(Sample code B31 – B40), lane 2, 6, 8, 12, and 18 represents the digested homozygous (wild type) CYP gene, lane 4, 10, 14, 16, and 20 represent the heterozygous CYP gene
(wild and mutant allele), while lane L represents the 100bp molecular ladder.

Table 4 Genotypes and Alleles Obtained from Restriction
Fragment Length Polymorphism Analysis

Males
(%)

Females
(%)

Total
(%)

Allele Genotype

10 (20) 18 (36) 28 (56) CYP2B6*1*1 Homozygous wild type

7 (14) 12 (24) 19 (38) CYP2B6*1*6 Heterozygous mutant

0 (0.0) 3 (6) 3 (6) CYP2B6*6*6 Homozygous mutant

15 35 50 (100)

Notes: This Table shows the allele and genotype summary of the study popula-
tion obtained after RFLP analysis. More than half of the population had homozygous
wild-type gene with CYP2B6*1*1 allele (these individuals are believed to metabolize the
drug very extensively or rapidly), thusmay not have serious challenges as regards HAART,
38% were CYP2B6*1*6 (heterozygous mutant) allele. These category of patients might
not extensively handle the drug (intermediate), thus might have occasional adverse
reactions, especially in cases of high concentration >4 mg/L. finally, 6% had homozygous
mutant gene (CYP2B6*6*6 allele), these patients are likely to experience frequent
adverse drug reactions due to poor metabolism of the drug.
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with the Declaration of Helsinki (Adopted by the 18th
WMA General Assembly, Helsinki, Finland, June 1964
and amended by the 64th WMA General Assembly,
Fortaleza, Brazil, October 2013), in terms of research
protocol approval, obtaining of participants informed con-
sent, precautions taken to protect the privacy of subjects
and the confidentiality of their personal information, and
proper education on the methods to be employed and they
were allowed to make independent choices.
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