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Abstract
 Background: The cytochrome P450 enzymes (CYP) play an important role in the metabolism 
of many therapeutic agents. The activities of different enzymes exhibit variability in different 
populations, which causes variations in drug response or toxicity. The CYP2B6 and CYP2C8 enzymes 
are encoded by polymorphic genes characterised by different single nucleotide polymorphisms 
(SNPs). Several of these CYP variants are often associated with slow metabolism phenotypes. This 
study aimed to analyse the frequencies of allelic variants of CYP2B6 and CYP2C8 in the Mozambican 
population.
 Methods: Using a polymerase chain reaction and restriction fragment length polymorphism 
assay (PCR-RFLP), the frequencies of the allelic variants of CYP2B6 (c.64C>T, c.516G>T, c.777C>A, 
c.785A>G, c.1459C>T) and CYP2C8 (c.805A>T, c.416G>A, c.1196A>G, c.792C>G) were determined in 
360 Mozambican blood donors.
 Results: The frequencies of the allelic variants of the CYP2B6 gene were 0.057, 0.426, 0.0, 
0.410, and 0.004. For the CYP2C8 gene, the frequencies of the allelic variants were 0.160, 0.048, 0.0, 
and 0.005. No significant differences were observed between the gender and geographic distribution 
of volunteers around the country.
 Conclusion: The frequencies of the allelic variants of the CYP2B6 and CYP2C8 genes were 
found to be homogeneously distributed in the Mozambican population and were comparable to 
other African populations. Further studies are required to explore the impact of these variants on 
the clinical response (efficacy and toxicity) of drugs, including antimalarials.
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Introduction

 Cytochrome P450 (CYP) represents a family 
of isoenzymes responsible for the metabolism 
of many therapeutic agents. Differences in 
the activities of these enzymes are thought 
to be responsible for individual variabilities 
in drug response or toxicity. Variant allele 
frequencies of many pharmacogenetically 
relevant polymorphisms differ greatly among 
populations of different ethnic groups. However, 
this information is scarce in some areas of the 
world with different ethnicities (1). The CYP2B6 
and CYP2C8 isoenzymes are both involved in the 
human biotransformation of a wide variety of 
drugs (2–4), and several genetic polymorphisms 
have been found in the genes coding for these 
enzymes.

 Among the drugs metabolised by CYP2B6, 
the antimalarial drug Artemisinin (3), its 
derivative artesunate (5), and the antiretroviral 
drugs Nevirapine and Efavirenz (6) are the most 
important. CYP2B6 protein is mainly expressed 
in the liver but can also be expressed in the 
kidneys, intestines, skin, brain, and lungs (7). Its 
expression represents approximately 2% to 10% 
of the total CYP content (8,9) and varies widely 
(100-fold) between individuals. Such variation 
has been associated with genetic polymorphism, 
which can influence the expression and function 
of the enzyme as reflected in the therapeutic 
outcomes of CYP2B6-metabolised drugs (10,11).
 The CYP2B6 gene has been mapped to 
chromosome 19 between 19q12 and 19q13.2, and 
is composed of nine exons (12). To date, 28 allelic 
variants have been described and characterised 
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(*1B to *29). Some of the allelic variants have 
been associated with low enzyme activity in vitro 
(10,13,14). These variants include single nucleotide 
polymorphisms (SNPs) located in the coding 
region, such as CYP2B6*2A (c.64C>T), CYP2B6*3 
(c.777C>A), CYP2B6*4A (c.785A>G), CYP2B6*5A 
(c.1459C>T), CYP2B6*6A (c.516G>T and 
c.785A>G) and CYP2B6*7A (c.516G>T, c.785A> 
G and c.1459C>T) (10), and some variants in the 
promoter region, such as 1848C>A, –801G>T, 
–750T>C, and –82T>C (15). Many of these SNPs 
have an impact on the enzyme activity. Data from 
the literature has shown that the c.1459T variant 
in exon 9 is responsible for 8-fold lower enzyme 
activity compared to the wild-type protein (10). 
Regarding the influence of this genetic variability 
on therapeutic outcomes, the subjects carrying the 
CYP2B6*6A allele (c.516G>T, c.785A>G) have an 
increased risk of Efavirenz toxicity (16–18). The 
reported frequencies of CYP2B6 polymorphisms 
in populations of different ethnicities are the 
following: CYP2B6*6A (c.516G>T, c.785A>G), 15–
40% in Asians and over 50% in African-Americans 
(10,19,20) and CYP2B6*5A (c.1459C>T), 14–25% 
in Caucasians (1).
 The CYP2C8 enzyme is part of the four 
member of CYP2C subfamily (CYP2C9, CYP2C18, 
and CYP2C19) and is involved in the metabolism 
of several therapeutically important drugs and 
endogenous compounds (21). This enzyme is 
mainly expressed in the liver but also in various 
extra-hepatic tissues, such as the kidney, heart, 
mammary gland, and duodenum (22,23). The 
CYP2C8 gene locus is polymorphic and several 
variants have been reported, resulting in more 
than 16 different alleles Polymorphisms in 
the CYP2C8 gene have been implicated in the 
variabilities of CYP2C8 activity with different 
phenotypes (24,25). The main variants are 
CYP2C8*2, CYP2C8*3, CYP2C8*4, and 
CYP2C8*5. The reported frequencies of the 
CYP2C8 polymorphisms in populations of 
different ethnicities are the following: CYP2C8*2 
(c.805A>T), 11–17% in African-Americans (26–
28); CYP2C8*3 (c.416 G>A), 0.4–2.1% in African-
Americans (28,29) and > 15% in Caucasians (30); 
CYP2C8*4 (c.792C>G), 0–5.8% in Caucasians 
and very rare in African and Asian populations; 
and CYP2C8*5 (c.475delA), 0–0.2% in Asians 
and absent in Caucasian and African populations 
(24,31).
 Malaria poses a significant health threat to 
individuals in Africa, including Mozambique. The 
use of artemisinin derivative-based combination 
therapy (ACT) drugs has been approved in many 

countries in Africa to respond to the increasing 
parasite resistance to chloroquine and sulfadoxine-
perimethamine. Today, it is known that genetic 
variability in the human genes coding for drug-
metabolising enzymes, including antimalarials, 
may contribute to differences in drug response 
or toxicity and may be responsible for treatment 
failure and adverse drug reactions. Unfortunately, 
in several populations, only limited information is 
available regarding the functionally relevant SNPs 
in genes potentially involved in the elimination 
of the major antimalarial drugs. Here, for the 
first time, we present the frequencies of the most 
commonly observed CYP2B6 (c.64C>T, c.516G>T, 
c.777C>A, c.785A>G, c.1459C>T) and CYP2C8 
(c.805A>T, c.416G>A, c.1196A>G, c.792C>G) 
allelic variants in the Mozambican population. 
This study can guide future studies to elucidate 
the importance of these polymorphisms to the 
therapeutic efficacy and in adverse drug events.

Materials and Methods

Study population
 The study population was composed of 
Mozambican blood donor volunteers from all three 
regions of the country. Written informed consent 
before enrolment was obtained from each subject. 
Ethical approval for this study was obtained from 
the Ethics Committees of the Ministry of Health, 
Mozambique and the National Committee for 
Research Ethics (CONEP), Instituto Oswaldo 
Cruz, Oswaldo Cruz Foundation-FIOCRUZ, 
Brazil.

Blood sample collection and DNA extraction
 Blood samples were collected by 
venepuncture from the consenting volunteers, 
and approximately 200 μL were spotted onto 
FTA Classic Cards (Whatman®) and allowed 
to air-dry. The cards were placed in plastic bags 
and shipped to the Instituto Oswaldo Cruz, 
FIOCRUZ (Brazil), for analysis. For use in PCR, 
discs were punched out of the FTA blood spot 
using a clean 1.2 mm diameter Harris Micro-
punch™ (Whatman®). The discs were washed 
three times with 200 μL of FTA purification 
reagent (Whatman® ) and twice with 200 μL of 
1 mM Tris Ethylenediaminetetraacetic acid (TE) 
(10 mM Tris, 1 mM ethylenediaminetetraacetic 
acid (EDTA) buffer, pH 8.0, with a 5 min 
incubation with each wash per the manufacturer’s 
instructions. The washed discs were dried in a 
heat block at 56 °C for 10 min and then used in 
the PCR reactions.
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CYP2B6 and CYP2C8 Genotyping
 Genotyping of the CYP2B6 coding region, 
c.64C>T (CYP2B6*2A), c.777 C>A (CYP2B6*3), 
c.785A>G (CYP2B6*4A,*6A or *7A), c.1459C>T 
(CYP2B6*5A or *7A) and c.516G>T (CYP2B6*9A), 
and the CYP2C8 coding region, c.805A>T 
(CYP2C8*2), c.416G>A (CYP2C8*3), c.792C>G 
(CYP2C8*4) and c.1196A>G (CYP2C8*3), was 
achieved by PCR-RFLP according to previously 
described methods with pre-designed primers 
(10,25,32). For the SNPs in the CYP2B6 gene, the 
PCR reactions were conducted using a reaction 
mixture of six FTA card discs of 1.2 mm diameter, 
10x PCR buffer, 0.2 mM dNTPs, 1.5 to 3.0 mM 
MgCl2, 1 to 2.5 U of Taq polymerase (Invitrogen, 
Applied Biosystems, Foster City, CA, USA) and 
20 pmol of each primer. The PCR fragments were 
produced under the following optimal conditions: 
an initial denaturation step of 5 min at 95 °C 
followed by 30 cycles of denaturation at 95 °C for 
30 s, annealing for 30 s at 50 °C to 60 °C, and 
extending for 60 s at 72 °C using a Veriti Thermal 
Cycler (Applied Biosystems, Foster City, CA). The 
PCR products were digested with the following: 
Hae II which digests the wild-type sequence into 
fragments of 390 bp, 333 bp, and 304 bp for 
c.64C>T and 196 bp and 1401 bp for c.777 C>A; 
Sty I for c.785A>G, which digests the wild-type 
sequence into fragments of 297 bp, 171 bp and 116 
bp; Bgl II for c.1459C>T, which leaves the wild-
type sequence of 1401 bp undigested; and Bsr I for 
c.516G>T, which digests the wild-type sequence 
into fragments of 268 bp and 241 bp. The digestion 
products were analysed by electrophoresis on a 
2% agarose gel (Figure 1) (Table 1).
 The amplification of c.805A>T (CYP2C8*2), 
c.416G>A (CYP2C8*3) and c.1196A>G 
(CYP2C8*3) was performed by the addition of 5 
FTA card discs of 1.2 mm diameter to a reaction 
mixture containing 1× buffer, 2.5 mM MgCl2, 
0.2 mM dNTPs, 0.25 mM of each primer and 
Taq polymerase 1 U/μL, 10% Betaine. For the 
c.792C>G (CYP2C8*4) variant, the reaction 
mixture contained 2.5 mM MgCl2, 1× buffer, 250 
μM of dNTPs, 0.4 mM of each oligonucleotide, 10% 
glycerol, 1 U Taq polymerase and 3 FTA card discs 
of 1.2 mm diameter. The products were digested 
with the following: Bcl I for c.805A>T, which 
digests the wild-type sequence into fragments of 
214 bp and 98 bp; Bse RI for c.416G>A, which 
digests the wild-type sequence into fragments of 
310 bp and 37 bp; Xmn I for c.1196A>G, which 
digests the wild-type sequence into fragments of 
92 bp and 25 bp; and Taq I for c.792C>G, which 
digests the wild-type sequence into fragments of 
83 bp, 53 bp, and 31 bp. The digestion products 

were analysed by electrophoresis on a 4% agarose 
gel (Figure 2), stained with 0.5 μg/mL ethidium 
bromide and visualised under a ultraviolet UV 
light. The primer sets and annealing temperatures 
are summarised in Table 1.
 Confirmation of the heterozygous patterns 
was achieved by direct DNA sequencing. The 
amplicons were purified using the ChargeSwitch® 
PCR Clean-Up commercial kit (Invitrogen, 
Applied Biosystems, Foster City, CA. USA). The 
sequencing reactions were performed using the ABI 
PRISM Big Dye Terminator v. 3.1 Kit (PE Applied 
BioSystems), according to the manufacturer’s 
recommendations, on an ABI PRISM 3730 DNA 
Analyser (PE Applied BioSystems). Analyses of 
the obtained sequences were performed using the 
SeqScape v.s2.6 software (Applied Biosystems, 
Foster City, CA, USA).

Statistical analysis  
 The frequencies of the allelic variants in the 
CYP2B6 and CYP2C8 genes were analysed by the 
Statistical Package for the Social Sciences (SPSS) 
11.5 for Windows software. Genotype deviations 
from the Hardy-Weinberg equilibrium were also 
determined. The expected genotype frequencies 
for all of the tested SNPs were calculated from 
the respective single allelic frequencies and were 
consistent with the Hardy Weinberg equilibrium 
using the chi-square (χ2) test. When the tested 
variants were not found, the individuals were 
considered to have the wild-type alleles CYP2B6 
*1A and CYP2C8 *1A for the genes CYP2B6 
and CYP2C8, respectively. The allelic variant 
frequencies were compared within gender and 
region using the chi-square test or Fisher's exact 
test. A P value < 0.05 was considered significant.

Results

Frequencies of the allelic variants of the CYP2B6 
and CYP2C8 genes
 Genotyping data were available from a total 
of 360 Mozambican blood donor volunteers 
of African descent (mean age of 30.2 years                                                                                       
(SD 9.74); 261 male and 99 female subjects) from 
the provinces of Cabo Delgado (n = 47), Nampula 
(n = 49), Niassa (n = 2), and Zambézia (n = 24) 
from the Northern region, Sofala (n = 30) and Tete 
(n = 6) from the Central region, and Inhambane 
(n = 24), Gaza (n = 86), and Maputo (n = 92) 
from the Southern region. The frequencies of the 
allelic variants commonly reported in the CYP2B6 
and CYP2C8 genes evaluated in this study are 
listed in Table 2. In the CYP2B6 gene, the allelic 
variants c.516 T (42.6%) and c.785 G (41%) were 
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Figure 1: Genotyping of CYP2B6 variants by PCR-RFLP analysed with 
2% agarose gel electrophoresis: (a) show the fragments after 
digestion with Hae II of the PCR product for identification of 
CYP2B68*2 (c. 64C>T) variant. (b) show the fragments after 
digestion with Bgl II of the PCR product for identification of 
CYP2B6*5 (c.1459C>T). (c) show the fragments after digestion 
with Hae II of the PCR product for identification of CYP2B6*3 
(c.777C>A). (d) show the fragments after digestion with StyI 
of the PCR product for identification of CYP2B6*4 (c.785A>G) 
and (e) fragments of the PCR product after digestion with Bsr 
I for identification of CYP2B6*9 (c.516G>T). *1/*1- represent a 
typical profile for subject genotyped as homozygous wild type; 
*1/*2, *1/*5, *1/*4, *1/*9- represent a profile for a single subject 
genotyped as heterozygous; *4/*4, *9/*9- represent a typical 
profile for subject genotyped as homozygous mutant.
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Table 1: Genotyping method for CYP2B6 and CYP2C8 polymorphisms by PCR-RFLP
Polymorphisms Primer Set Cycling Pattern Restriction 

enzyme
digestion 
pattern

Fragment 
Length 

(bp)

c.64C>T (CYP2B6*2A) F- 5´-ACATTCACTTGCTCACCT-3’ 95 °C–5 min (1×), 
95 °C–30 s

10 µL PCR 
Product

wt: 390, 333

R- 5´-GTAAATACCACTTGACCA-3’ 50 °C–30 s, 
72 °C–60 s (30×)

1 U of Hae II mt: 723

72 °C–10 s (1×) 4 hours at 
37 °C

c. 777 C>A (CYP2B6*3) F- 5´-GACAGAAGGATGAGGGAGGAA-3´ 95 °C–5 min (1×), 
95 °C–30 s

10 µL PCR 
Product

wt: 304, 196, 
140

R- 5´-CTCCCTCTGTCTTTCATTCTGT-3´ 59 °C–30 s, 
72 °C–60 s (30×)

1U of Hae II mt: 500, 140

72 °C–10 s (1×) 4 hours at 
37 °C

c.785A>G (CYP2B6*
4A,*6A or *7A)

F- 5´-GACAGAAGGATGAGGGAGGAA-3´ 95 °C–5 min (1×), 
95 °C–30s

10 µL PCR 
Product

wt: 297, 171, 
116

R- 5´-CTCCCTCTGTCTTTCATTCTGT-3´ 59 °C–30 s, 
72 °C–60s (30×)

1 U of Sty I mt: 468, 116

72 °C–10 s (1×) 4 hours at 
37 °C

c.1459.C>T (CYP2B6*  
5A or *7A)

F- 5´-TGAGAATCAGTGGAAGCCATAGA-3 95 °C–5 min (1×), 
95 °C–30 s

10 µL PCR 
Product

wt: 1401

R-5´-TAATTTTCGATAATCTCACTCCTGC-3´ 59 °C–30 s, 
72 °C–60s (30×)

1 U of Bgl II mt: 1185, 216

72 °C–10 s (1×) 4 hours at 
37 °C

c.516G>T (CYP2B6*9A) 5´-GACAGAAGGATGAGGGAGGAA-3´ 95 °C–5min (1×), 
95 °C–30 s

10 µL PCR 
Product

wt: 268, 241

5´-CTCCCTCTGTCTTTCATTCTGT- 3´ 56 vC–30 s, 
72 °C–40 s (30×)

1 U of Bsr I mt: 509, 17

72 °C–10 s (1×) 16 hours at 
65 °C

c.805A>T (CYP2C8*2) F-5’-AAGATACATATATCTTATGACATG-3’ 95 °C–5 min (1×), 
94 °C–20 s

10 µL PCR 
Product

wt: 214, 98

- 5’-ATCCTTAGTAAATTACAGAAGG-3’ 55 °C–20 s, 
72 °C–10 s (38×)

1 U of Bcl I mt: 312

72 °C–5 s (1×) 16 hours at 
37 °C

c.416G>A (CYP2C8*3) F- 5’-AGGCAATTCCCCAATATCTC -3’ 95 °C–5 min (1×), 
94 °C–20 s

10 µL PCR 
Product

wt: 310, 37

R- 5`- ACTCCTCCACAAGGCAGTGA-3 55 °C–20 s, 
72 °C–10 s (38×)

1 U of Bse RI mt: 347

72 °C–5s (1×) 16 hours at 
37 °C
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Polymorphisms Primer Set Cycling Pattern Restriction 
enzyme

digestion 
pattern

Fragment 
Length 

(bp)

c.1196A>G (CYP2C8*3) F- 5’-CTTCCGTGCTACATGATGACG-3’ 95 °C–5min (1×), 
94 °C–20s

10 µL PCR 
Product

wt: 92, 25

R- 5`-CTGCTGAGAAAGGCATGAAG-3 55 °C–20 s, 
72 °C–10 s (38×)

1 U of Xmn I mt: 117

72 °C–5 s (1×) 16 hours at 
37 °C

c.792C>G (CYP2C8*4)  F- 5’- AAAGTAAAAGAACACCAAGC-3’ 94 °C–5 min (1×), 
94 °C–30 s

10 µL PCR 
Product

wt: 83,53, 31

R- 5’-AAACATCCTTAGTAAATTACA-3’ 48 °C–30 s, 
72 °C–30 s (30×)

1 U of Taq I mt: 136, 31

72 °C–5 s (1×) 4 hours at 
65 °C

Abbreviations: bp = base pairs, wt = wild type, mt = variant type.

Figure 2: Genotyping of CYP2C8 variants by PCR-RFLP anal ysed with 
4% agarose gel electrophoresis: (a) show the fragments after 
digestion with Bcl I of the PCR product for identification of 
CYP2C8*2 (c.805A>T) variant. (b) show the fragments after 
digestion with Taq I of the PCR product for identification 
of CYP2C8*4 (c. 792C>G). (c) and (d) show the fragments 
after digestion of the PCR product with Bse RI and Xmn 
I, respectively for identification of CYP2C8*3 (c.416G>A 
and c.1196A>G). *1/*1- represent a typical profile for 
subject genotyped as homozygous wild type; *1/*2, *1/*3, 
*1/*4- represent a profile for a single subject genotyped as 
heterozygous; *2/*2- represent a typical profile for subject 
genotyped as homozygous mutant.
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Table 2: Allele and genotype frequencies and percentage of SNPs of CYP2B6 and CYP2C8 genes in 
study population

Gene Allele Allele Genotype frequency (%)

  SNP Exon Frequency wt/wt wt/mut mut/mut

CYP2B6 CYP2B6*2A c.64C>T 1 41 (5.69) 325 (90.3) 28 (7.8) 7 (1.9)

CYP2B6*6A,*7A, *9A c.516G>T 4 307 (42.6) 112 (31.1) 191 (53.1) 57 (15.8)

CYP2B6*4A,*6A, *7A c.785A>G 5 295 (40.9) 131 (36.4) 165 (45.8) 64 (17.8)

CYP2B6*3 c.777C>A 5 0 (0.0) 360 (100) 0 (0.0) 0 (0.0)

CYP2B6*5A, *7A c.1459C>T 9 3 (0.41) 357 (99.2) 3 (0.8) 0 (0.0)

CYP2C8 CYP2C8*2 c.805A>T 5 115 (15.9) 246 (68.3) 111 (30.8) 3 (0.8)

CYP2C8*3 c.416G>A 3 35 (4.86) 327 (90.8) 31 (8.6) 2 (0.6)

CYP2C8*3 c.1196A>G 8 0 (0.0) 360 (100) 0 (0.0) 0 (0.0)

CYP2C8*4 c.792C>G 5 3 (0.41) 356 (98.9) 4 (1.1) 0 (0.0)
Abbreviations: Wt = Wild-type, mut = Mutant.

predominantly observed in our study population 
compared to the allelic variants c.64 T (5.7%) and 
c.1459 T (0.4%). For the SNP at position c.777C>A, 
all of the tested individuals were genotyped as 
wild-type. For the analysis of the CYP2C8 gene, 
the most frequent allelic variant was c.805 T, 
compared to c.416 A (4.8%) and c.792 G (0.5%). 
Samples from all of the individuals tested for 
the SNP at position c.1196A>G presented the 
wild-type allele. Table 3 shows the distribution 
of the CYP2B6 and CYP2C8 allelic variants by 
gender in the studied populations. There was no 
significant difference in the frequency between 
the two groups. Intra-population variations 
were determined between the three regions of 
Mozambique. Our data were similar for all of the 
SNPs analysed. The study population was found 
to a large extent to be genetically homogenous.

Discussion

 The present study evaluated the prevalence 
of the most commonly observed SNPs in the 
CYP2B6 and CYP2C8 genes in individuals from 
Mozambique. As these polymorphisms may 
have an impact on the metabolic clearance of 
several important drugs, including anti-HIV and 
antimalarial drugs, some genotypes might be 
associated with changes in the pharmacokinetics 
of drugs, modulating the therapeutic responses of 
drug substrates of CYP2B6 and CYP2C8 enzymes. 
The presence of SNPs in genes coding for proteins of 
the cytochrome P450 complex has been described 
by several studies in different populations, 
indicating high genetic diversity among different 
ethnic populations (19,20,24,25,33).

 No subjects with variant CYP2B6*3 and 
CYP2C8*3 alleles (Table 2) were identified in the 
studied population. These results indicated that 
these variants are very rare in the Mozambican 
population, as the individuals enrolled in 
the study were recruited from three different 
geographic regions of the country. In our study, 
CYP2B6*6A (c.516 T, 42.6% and c.785 G, 41.0%) 
emerged as the most frequent variant in the 
study population; allele variants c.64 T (5.7%) 
(CYP2B6*2A) and c.1459 T (0.4%) (CYP2B6*5A) 
were less predominant. The CYP2B6*6A allele 
frequency in African populations was reported by 
(34), who observed a frequency of 32% in malaria 
subjects, and (17) and (20) reported frequencies 
of 49% and 42%, respectively. The frequencies 
reported in these studies are comparable to our 
study. In our study, only 0.4% of subjects carried 
the c.1459C>T variant. Data in the literature 
concerning this variant refer to a frequency of 
0.3% in an Asian population (19) and 14% in a 
Caucasian population (10). 
 The CYP2B6*6A variant has been associated 
with Efavirenz plasma levels, which were 
significantly elevated and associated with a 
neuropsychological effect compared to non-
carriers (35–37). Additionally, CYP2B6 variant 
alleles have been found to have an effect on the 
metabolism and pharmacokinetics of bupropion 
(an antidepressant drug) (9) and cyclophosphamide 
(an anticancer and immunosuppressive drug) 
(38). Although there is limited information 
regarding the role of CYP2B6 polymorphisms in 
the metabolism/pharmacokinetics of these drugs, 
nothing has been reported regarding their effect 
on antimalarial drugs. The novel and valuable 
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Table 3: Frequencies and percentage of single nucleotide polymorphisms (SNPs) in 
CYP2B6 and CYP2C8 genes per gender

SNP Allele Male (n = 522) Female (n = 198) P value

Frequency (%) Frequency (%)

CYP2B6
c.64C>T C 496 (95.0) 186  (93.9)

T 26 (4.98) 12  (6.0) 0.524

c.516G>T G 313 (59.9) 103  (52.0)
T 209 (40.0) 95  (47.9) 0.060

c.785A>G A 318 (60.9) 111  (56.0)
G 204 (39.1) 87  (43.9) 0.207

c.777C>A C 522 (100) 198  (100)
A 0 (0.0) 0  (0.0) n.d

c.1459C>T C 517 (99.0) 196  (98.9)
T 5 (0.95) 2  (1.0) 0.184*

CYP2C8

c.805A>T A 438 (83.9) 166  (83.8)
T 84 (16.1) 32  (16.1) 0.790

c.416G>A G 501 (95.9) 186  (93.9)
A 21 (4.0) 12  (6.0) 0.356

c.1196A>G A 522 (100) 198  (100)
G 0 (0.0) 0  (0.0) n.d

c.792C>G C 520 (99.6) 196  (98.9)
G 2 (0.38) 2  (1.0) 0.304*

Abbreviations: n = Number of alleles, n.d = Not done, (*) = Fisher-exact test.

antimalarial drugs, artemisinin and its derivatives, 
are rapidly metabolised by CYP450 enzymes; 
peak plasma concentrations occur within 30 min 
to 2 hours after administration and then decline 
rapidly (39,40). Whereas the pharmacological 
significance of drug metabolism polymorphisms 
on antimalarial drugs can be argued, numerous 
studies involving malaria patients of different 
origins have reported large interindividual 
variations in pharmacokinetic parameters, 
adverse effects and toxic levels of artemisinin, 
artesunate and dihydroartemisinin (39,40). This 
interindividual variability of response appears 
to include polymorphisms in drug metabolism 
genes. Although the phenotypic consequences of 
these polymorphisms are yet to be determined, the 
relatively high frequency of CYP2B6*6 observed in 
our study population may be of interest. Indeed, 
the identification of genetic variation within genes 
encoding drug metabolising enzymes and drug 
targets within different populations is useful due 
to the drug-drug interactions that result from 

enzyme inhibition or induction and can improve 
the quality of healthcare in specific populations.
 A comparison of the SNP frequencies by 
gender was not significantly different; however, 
the frequencies in female subjects were higher 
than those in male subjects (Table 3). A similar 
trend was observed between Caucasian and Asian 
populations (1,19). 
 In the present study, we also observed the 
frequencies of the CYP2C8*2, *3 and *4 alleles 
in the CYP2C8 gene. According to the literature, 
CYP2C8*2 occurs at a low frequency (1.6%) and 
is almost non-existent in Caucasian populations, 
whereas the CYP2C8*3 allele (14%) and CYP2C8*4 
allele (7.4%) were more common (25,41). In 
contrast, the CYP2C8*2 allele has been observed 
more frequently in African and African-American 
populations (18%), whereas the CYP2C8*3 (2%) 
and CYP2C8*4 (0.6%) alleles were rare (25). The 
CYP2C8*2 variant allele was observed in 16% of 
our study population (Table 2). These data are 
in agreement with previously published data 
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from other populations of African origin, such 
as Ghana (16.7%) (42), (17.9%) (43), Burkina 
Faso (11.5%) (29) and Zanzibar (13.9%) (28). The 
CYP2C8*3 and CYP2C8*4 variant alleles were not 
detected in our study population. These variant 
alleles have rarely been reported in other African 
populations (28,42). It has been reported that the 
SNPs c.416G>A and c.1196A>G usually have close 
linkage (25, 31). However, in our study, a linkage 
between the two SNPs was not observed. None 
of the subjects with the c.416G>A SNP carried 
the c.119A>G SNP. An isolated presence of the 
c.416G>A SNP in our samples may be a possible 
explanation. 
 The lack of a significant analysis of the SNPs 
observed was the main limitation of the present 
study. Previous studies have shown that CYP2B6 
polymorphisms affect both the regulation of gene 
expression and bioavailability of the enzyme 
(44,45). Lang and colleagues (10) have reported an 
association between the presence of the c.1459C>T 
variant with eight-fold lower CYP2B6 catalytic 
activity, which had a considerable impact on the 
enzyme activity of CYP2B6. The CYP2C8*2 and *3 
polymorphisms are associated with a decrease in 
the enzymatic degradation activity. The CYP2C8*2 
variant allele resulted in a 15% reduction in the 
metabolism of the anticancer agent paclitaxel 
in vitro compared to the wild-type allele (25), 
whereas the CYP2C8*3 variant allele resulted in a 
50% reduction in paclitaxel metabolism (31). This 
reduction led to a poor metaboliser phenotype, 
which could potentially cause drug toxicity (25). 
Further studies are warranted to understand the 
influence of CYP2B6 and CYP2C8 polymorphisms 
on antimalarial drugs and the significant impact 
of other functional polymorphisms in genes 
such as CYP2C9, UGT1A9 and UGT2B7 on the 
metabolism of antimalarials.

Conclusion

 In conclusion, the current study has 
identified allelic variants of CYP2B6 and CYP2C8 
in the Mozambican population. The frequencies 
obtained are comparable to data previously 
reported in other populations of African origin. 
This study provides a framework for future 
studies concerning the role of polymorphic 
variants of the CYP2B6 and CYP2C8 genes in 
the genesis of various diseases or the design of 
future pharmacogenetic and pharmacokinetic 
studies of CYP2B6 and CYP2C8 substrates in the 
Mozambican population.
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