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Abstract

CYP2A6 metabolizes clinically relevant drugs, including antiretroviral and antimalarial drugs of major public
health importance for the African populations. CYP2A6 genotype–phenotype relationship in African popula-
tions, and implications of geographic differences on enzyme activity, remain to be investigated. We evaluated
the influence of CYP2A6 genotype, geographical differences, gender, and cigarette smoking on enzyme activity,
using caffeine as a probe in 100 healthy unrelated Ethiopians living in Ethiopia, and 72 living in Sweden.
CYP2A6 phenotype was estimated by urinary 1,7-dimethyluric acid (17U)/1,7-dimethylxanthine or para-
xanthine (17X) ratio. The frequencies of CYP2A6*1B, *1D, *2, *4, *9, and *1x2 in Ethiopians were 31.3, 29.4,
0.6, 0.6, 2.8, and 0.3%, respectively. The overall mean – SD for log 17U/17X was 0.12 – 0.24 and coefficient of
variation 199%. No significant difference in the mean log 17U/17X ratio between Ethiopians living in Sweden
versus Ethiopia was observed. Analysis of variance revealed CYP2A6 genotype ( p = 0.04, F = 2.01) but not
geographical differences, sex, or cigarette smoking as predictors of CYP2A6 activity. Importantly, the median
(interquartile range) of 17U/17X ratio in Ethiopians 1.35 (0.99 to 1.84) was 3- and 11-fold higher than the
previously reported value in Swedes 0.52 (0.27 to 1.00) and Koreans 0.13 (0.0 to 0.35), respectively (Djordjevic
et al., 2013). Taken together, we report here the relevance of CYP2A6 genotype for enzyme activity in this
Ethiopian sample, as well as high CYP2A6 activity and unique distribution of the CYP2A6 variant alleles in
Ethiopians as compared other populations described hitherto. Because Omics biomarker research is rapidly
accelerating in Africa, CYP2A6 pharmacogenetics and clinical pharmacology observations reported herein for
the Ethiopian populations have clinical and biological importance to plan for future rational therapeutics efforts
in the African continent as well as therapeutics as a global science.

Introduction

Cytochrome P450 2A6 (CYP2A6) is a phase I drug
metabolizing enzyme, expressed almost only in the li-

ver. It is involved in the metabolism of steroids and fatty
acids as well as activation of procarcinogenes (Tomaszewski
et al., 2008; Zhu et al., 2013). CYP2A6 contributes to dis-
position of nicotine, cotinine, coumarin, and some clinically
important drugs including antiretrovirals and antimalarial
drugs (Newton et al., 2000; Ogburn et al., 2010; Pelkonen
et al., 2000). The CYP2A6 gene is highly polymorphic, and its

variant alleles often cause changes in enzyme activity (Os-
carson et al., 1999). Moreover, CYP2A6 enzyme activity
appears to be affected by concomitant drug use, including
rifampicin, dexamethasone, phenobarbital, and ketokonazole
(Benowitz et al., 2006; Tomaszewski et al., 2008)

CYP2A6 enzyme activity display pronounced inter-ethnic
variations between African Americans, Asians, and Cauca-
sians (Djordjevic et al., 2010; 2013; Kandel et al., 2007;
Nakajima et al., 2006), and CYP2A6 genetic variation is
commonly considered as the major cause for the observed
differences. Various factors such as ethnicity (Djordjevic
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et al., 2010, 2013; Kandel et al., 2007; Nakajima et al., 2006),
genotype (Oscarson et al., 1999; Pitarque et al., 2004), sex
(Kandel et al., 2007; Mwenifumbo et al., 2007), age ( John-
stone et al., 2006; Sinues et al., 2008), cigarette smoking
(Djordjevic et al., 2010; Mwenifumbo et al., 2007), and oral
contraceptive use (Sinues et al., 2008) are reported to influ-
ence CYP2A6 enzyme activity. However, such findings are
often inconsistent (Begas et al., 2007; Djordjevic et al., 2010;
Kadlubar et al., 2009; Mahavorasirikul et al., 2009), war-
ranting further investigations. Interestingly, we have previ-
ously found a geographical effect related to the CYP2D6
activity where individuals of the same genotype had lower
activity in Ethiopia as compared to those in Sweden, which
we suggested was inherent in different dietary regimens in
the two countries affecting the CYP2D6 activity (Aklillu
et al., 2002). A similar geographic difference was also seen
for xanthine oxidase (Aklillu et al., 2003), but not for
CYP1A2 (Aklillu et al., 2003) or CYP2C19 (Aklillu et al.,
2002).

Genetic variation in the CYP2A6 gene and genotype–
phenotype relationship has been well investigated in Whites,
Asians, and African Americans, but not in African popula-
tions, where it may have clinical relevance, particularly in the
field of HIV/AIDs and malaria therapy because of the in-
volvement of CYP2A6 in the metabolism of efavirenz and
artesunate, respectively (Newton et al., 2000; Ogburn et al.,
2010). Caffeine has been used as an in vivo probe to determine
the relative levels of CYP2A6 activity, since the formation of
1,7 dimethylurate (17U) from 1,7 dimethylxanthine (17X) is
mainly catalyzed by CYP2A6, and the ratio of 17U/17X is
used as an index for CYP2A6 activity.

To our knowledge, there has been no systematic CYP2A6
genotype–phenotype correlation studies published from
Africa. Furthermore, sub-Saharan African populations dis-
play wide genetic heterogeneity and hence data from one
geographic region may not be extrapolated directly to others
with in the continent (Aklillu et al., 2007). In the present
study, we investigated the effect of CYP2A6 genotype, sex,
smoking, and geographical differences on CYP2A6 enzyme
activity using caffeine as a probe in unrelated healthy Ethi-
opians living in Ethiopia or Sweden. We also compared
CYP2A6 genotype and phenotype in Ethiopian population
versus other populations reported previously using similar
genotype–phenotype procedures. Besides conforming rele-
vance of CYP2A6 genotype for enzyme activity, our result
indicates remarkably high CYP2A6 activity and unique dis-
tribution of CYP2A6 variant alleles in Ethiopians compared
to whites, Asian, or other black populations.

Materials and Methods

Subjects

The study involved healthy unrelated subjects of Ethiopian
origin living in Ethiopia (n = 100) or in Sweden (n = 72),
previously participating in similar studies (Aklillu et al.,
2002, 2003). Genomic DNA and 0–8 h urine samples col-
lected post caffeine administration from these studies were
further analyzed to investigate CYP2A6 genotype and en-
zyme activity. In brief, participants from Sweden were re-
cruited among two groups: subjects adopted as small children
by Swedish parents and now about 20 to 30 years of age
(n = 5), and subjects who left their home country and lived in

Sweden for more than 10 years (n = 30), 5 to 10 years (n = 31),
and 3 to 5 years (n = 7). Using a detailed questionnaire, all
subjects gave information about 1) their ethnic group, 2) time
of arrival to Sweden, 3) health status, 4) dietary habits, 5)
drug intake, and 6) smoking habits. The Human Ethics
Committees at Huddinge University Hospital, Karolinska
Institutet, Stockholm, Sweden, and the National Ethics
committees at Ethiopian Science and Technology commis-
sion, Addis Ababa, Ethiopia, approved the study.

CYP2A6 Phenotyping

Phenotyping was performed using caffeine urinary test
according to Carrillo et al. (2000), with modifications as
previously described (Aklillu et al., 2003). Subjects were
instructed to abstain from methylxanthine-containing foods
and beverages (i.e., coffee, tea, chocolate, cola drinks) for at
least 24 h before and throughout the study. Subjects received
a 100-mg oral dose of caffeine (Koffein; ACO AB, Hel-
singborg, Sweden) after emptying their bladder before bed-
time, and 0- to 8-h urine was collected. The volume and pH of
the urine collected were measured, pH was adjusted to 3.5
with 0.1 M HCl, and 20 mL aliquots were stored at - 20�C
until analysis. Molar concentrations of caffeine metabolites
17X (1,7-dimethylxanthine or paraxanthine) and 17U (1,7-
dimethyluric acid) were determined using high-performance
liquid chromatography, and the CYP2A6 enzyme activity
was assessed using 17U/17X ratio (Djordjevic et al., 2010;
2013; Nowell et al., 2002).

CYP2A6 Genotyping

Using QIAamp DNA Mini Kit (QIAGEN GmbH, Hilden,
Germany), genomic DNA was isolated from whole blood
samples. Genotyping for gene conversion in 3¢ region
(CYP2A6*1B), gene deletion (CYP2A6*4), gene duplica-
tion (CYP2A6*1x2), - 1013A > G (CYP2A6*1D), - 48T > G
(CYP2A6*9) and 479T > A (CYP2A6*2) were performed
using an allele-specific PCR method, as previously described
(Djordjevic et al., 2013; Oscarson et al., 1999; Pitarque et al.,
2001; Rao et al., 2000). All amplifications were performed on
GeneAmp PCR System 2700 (Applied Biosystems, Foster
City, CA), using the reagents purchased from Invitrogen,
Carlsbad, CA, or Roche Applied Science, Mannheim, Ger-
many. Haplotype analysis was performed using the popula-
tion genetic software program Arlequin, version 3.11 (http://
cmpg.unibe.ch/software/arlequin3).

Statistical analysis

Chi-square test or Fisher exact test were used to compare
observed and expected allele frequencies according to Hardy-
Weinberg equilibrium, as well as to compare genotype and
haplotypes frequencies between Ethiopians living in Ethiopia
and Ethiopians living in Sweden. The 17U/17X ratio was log-
transformed before statistical analyses. Consistency of the
data with the normal distribution was assessed by Shapiro-
Wilk test. The effects of gender, cigarette smoking, and
environment on enzyme activity were evaluated using inde-
pendent sample t-test. Levene’s test was applied to determine
variance homogeneity. Main effect ANOVA was used to
identify factors associated with between subject variability in
CYP2A6 enzyme activity. Graphical representation and
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statistical analyses were performed using Statistica, version
10 (StatSoft Inc, Tulsa, OK, USA) and SPSS Statistics (IBM
Corporation, Somers, NY) software, version 22.0, respec-
tively; p < 0.05 was considered as significant.

Results

The overall log-transformed 17U/17X ratio ranged from
- 1.54 to 0.70 (mean – SE = 0.122 – 0.02; Median (IQR) = 0.12
( - 0.01 to 0.27), Coefficient of variation = 199%). The fre-
quency distributions and probit plots of the log-transformed
17U/17X ratio in Ethiopians living in Ethiopia and Ethiopi-
ans living in Sweden are presented in Figure 1. The log 17U/
17X ratio for one subject was extremely low, and data from
this outlier was excluded. The distribution of 17U/17X ratio

was unimodal and normally distributed (SW-W = 0.99,
p > 0.75). Comparison of log 17U/17X ratio based on country
of residence, sex differences, and smoking habit is presented
in Table 1. There was no significant difference in the mean
log 17U/17X ratio between Ethiopians living in Ethiopia and
Ethiopians living in Sweden. Similarly no significant differ-
ence in the mean log 17U/17X ration between male and
female subjects or between smokers and non-smokers was
observed (Table 1).

The median (interquartile range) of 17U/17X ratio in
Ethiopians was 1.35 (0.99–1.84), whereas the respective
value that we reported previously for Swedes and Koreans
was 0.52 (0.27–1.00) and 0.13 (0.0–0.35), respectively. The
median 17U/17X ratio in Ethiopians was 3- and 11-fold
higher than Swedes and Koreans, respectively ( p < 0.001).

FIG. 1. The frequency distributions and probit plots of the log transformed
17U/17X ratio in Ethiopians living in Ethiopia and Ethiopians living in
Sweden.
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Comparing the log urinary 17U/17X data in Ethiopian with
our previously published data from Swedes and Koreans
(Djordjevic et al., 2013), Ethiopians display significantly
higher log 17U/17X ratio and hence CYP2A6 activity as
compared to Swedes ( p < 0.0001, mean – SE = - 0.44 – 0.06,
N = 126, mean difference = , - 0.5593 – 0.05495, 95%CI

for the mean difference = - 0.667 to - 0.4516, r2 = 0.26) or
Koreans ( p < 0.0001, mean – SE = - 1.44 – 0.13, N = 83,
mean difference = - 1.57 – 0.10, 95%CI for the mean dif-
ference = - 1.76 to - 1.38, r2 = 0.51).

The distribution of CYP2A6 variant alleles, haplotypes,
and genotypes in all subjects and stratified by country of

Table 1. Comparison of Mean – SD of Log Urinary 17U/17X Ratio Based on Country of Residence,

Gender, and Smoking Habit among Healthy Ethiopian Volunteers Using Independent t-Test

Parameters n Range
Coefficient
of variation Mean – SD

Difference
between means

95% CI for the
mean difference P

Geographic differences
Living in Ethiopia 99 - 0.35 to 0.64 169% 0.12 – 0.26 - 0.034 – 0.03 - 0.097 to 0.029 0.29
Living in Sweden 72 - 0.42 to 0.70 144% 0.15 – 0.22

Gender differences
Female 69 - 0.42 to 0.70 173% 0.12 – 0.20 - 0.02 – 0.03 - 0.087 to 0.040 0.47
Male 102 - 0.34 to 0.61 148% 0.14 – 0.24

Smoking habit
Smokers 19 - 0.42 to 0.70 155% 0.14 – 0.22 - 0.01 – 0.05 - 0.11 to 0.09 0.78
Non-smoker 152 - 0.22 to 52 158% 0.13 – 0.23

One outlier with very low 17U/17X ratio was excluded. The result was not changed with or without exclusion of this outlier.

Table 2. Nucleotide Changes, Haplotypes, and Genotype Frequencies of CYP2A6
in Ethiopians Living in Ethiopia and Ethiopians Living in Sweden

CYP2A6 allelic
variants All (95% CI)

Living in
Ethiopia (95% CI)

Living in
Sweden (95% CI)

- 1013A > G 0.576 (0.55–0.60) 0.572 (0.54–0.61) 0.581 (0.54–0.62)
- 48T > G 0.029 (0.02–0.04) 0.03 (0.02–0.04) 0.028 ((0.01–0.04)
Gene deletion 0.009 (0.0–0.01) 0 0.014 (0.01–0.02)
Gene conversion

in 3¢ region
0.318 (0.29–0.34) 0.327 (0.29–0.36) 0.306 (0.27–0.34)

Gene duplication 0.003 (0.0–0.01) 0 0.008 (0.00–0.02)
479T > A 0.006 (0.0–0.01) 0.01 (0.0–0.02) 0
6582G > T 0 0 0

Haplotype
CYP2A6*1A 0.348 (0.32–0.37) 0.349 (0.32–0.38) 0.347 (0.31–0.39)
CYP2A6*1B 0.313 (0.29–0.34) 0.323 (0.29–0.36) 0.298 (0.26–0.34)
CYP2A6*1D 0.294 (0.27–0.32) 0.292 (0.26–0.32) 0.298 (0.26–0.34)
CYP2A6*2 0.006 (0.0–0.01) 0.01 (0.0–0.02) 0
CYP2A6*4 0.006 (0.0–0.01) 0 0.016 (0.01–0.03)
CYP2A6*5 0 0 0
CYP2A6*9 0.028 (0.02–0.04) 0.026 (0.23–0.29) 0.032 (0.02–0.05)
CYP2A6*1x2 0.003 (0.0–0.01) 0 0.8% (0.0–0.02)

Genotype (n, %)
CYP2A6*1A/*1A 15 (9.49%) 10 (10.4%) 5 (8.06%)
CYP2A6*1A/*1B 40 (25.3%) 24 (25.0%) 16 (25.8%)
CYP2A6*1A/*1D 32 (20.3) 19 (19.8%) 13 (21.0%)
CYP2A6*1A/*2 2 (1.27%) 2 (2.1%)
CYP2A6*1A/*4 1 (0.63%) 1 (1.6%)
CYP2A6*1A/*9 5 (3.16%) 3 (4.8%)
CYP2A6*1B/*1B 15 (9.49%) 10 (10.4%) 5 (8.1%)
CYP2A6*1B/*1D 26 (16.5%) 17 (17.7%) 9 (14.5%)
CYP2A6*1B/*4 1 (0.632%) 1 (1.6%)
CYP2A6*1B/*9 2 (1.26%) 1 (1.1%) 1 (1.6%)
CYP2A6*1D/*1D 16 (10.1%) 9 (9.4%) 7 (11.3%)
CYP2A6*1D/*9 2 (1.27%) 2 (2.1%)
CYP2A6*1D/1x2 1 (0.63%) 1 (1.6%)

CYP2A6*1A (wild type), CYP2A6*1B (gene conversion in 3¢ region with or without - 1013A > G), CYP2A6*1D ( - 1013A > G),
CYP2A6*1Dx2 ( - 1013A > G, gene duplication), CYP2A6*1x2 (gene duplication), CYP2A6*2 (479T > A), CYP2A6*4 (gene deletion),
CYP2A6*9 ( - 48T > G).
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residence is presented in Table 2. No significant difference
was observed in CYP2A6 variant allele and genotype fre-
quency distribution of between Ethiopians living in Ethiopia
and Ethiopians living in Sweden (Table 2, p ‡ 0.05). None of
subjects were homozygous for the defective variant alleles
CYP2A6*2, *4 or *9. CYP2A6*5 was not detected. The fre-
quency of CYP2A6 defective variant alleles is low in Ethio-
pian population compared to whites, Asian, or black
populations as seen from Table 3.

Univariate analysis of variance indicated significant effect
of CYP2A6 genotype ( p = 0.045, F = 1.73, r2 = 0.15) on inter-
individual variations in log 17U/17X ratio. Only 8 subjects
were heterozygous for the defective variant alleles. The mean
log 17U/17X ratio was three-fold lower in heterozygous sub-
jects, (mean – SE: 0.05 – 0.1) than subjects not carrying any of
the defective variant alleles (n = 150; mean – SE: 0.14 – 0.02).
Subjects homozygous for 3¢ gene conversion (2A6*1B/*1B) or
CYP2A6*1D/*1D genotype had significantly higher 17U/17X
ratio compared to subjects with *1A/*1A genotype. One sub-
ject carrying CYP2A6 gene duplication had relatively higher
enzyme activity log 17U/17X ratio.

Discussion

The present study investigated CYP2A6 genotype–phenotype
relationship and effect of gender or smoking on enzyme ac-
tivity in Ethiopians using caffeine as a probe. Controlling for
effect of genotype, we further evaluated any possible effect of
living in different geographic region or environment on
CYP2A6 enzyme activity by comparing Ethiopians living in
Ethiopia and Ethiopians living in Sweden. Our main finding is
the lack of significant difference in CYP2A6 enzyme activity,
in contrast to previous findings regarding CYP2D6 and xan-
thine oxidase, between the two study groups residing in
Europe or Africa. This indicates that inherited rather than
acquired elements depending on geography are major deter-
minant of CYP2A6 enzyme activity. In line with this, we
found that the CYP2A6 genotype as the main significant factor
to influence between subject variability in CYP2A6 enzyme
activity but not gender or cigarette smoking. As to our best
knowledge, this is the first CYP2A6 genotype–phenotype
study in African populations and to investigate any impact of
geographic differences on CYP2A6 enzyme activity.

It is known that CYP2A6 genetic variation determines in-
ter-individual variability in CYP2A6 enzyme activity (Os-

carson et al., 1999). Ethiopian subjects were genotyped for
several CYP2A6 variant alleles, leading to either none
(CYP2A6*2 and CYP2A6*4), decreased (CYP2A6*9), or in-
creased (CYP2A6*1B and CYP2A6*1x2) enzyme activity.
The observed frequencies of CYP2A6*2 and CYP2A6*4 and
CYP2A6*1x2 in Ethiopians corresponded well with the pre-
vious reports from whites and blacks, including Americans of
African descent and Ghanaians (Gyamfi et al., 2005; Mwe-
nifumbo et al., 2007; Nakajima et al., 2006; Paschke et al.,
2001). However, the CYP2A6*4 variant allele frequency in
Ethiopians is much lower than in Asians. On the contrary,
CYP2A6*1B (31.3%) in Ethiopians seemed to be noticeably
higher than in other black populations, where the reported
frequency was up to 11 to 18% for CYP2A6*1B (Gyamfi
et al., 2005; Mwenifumbo et al., 2007; Nakajima et al., 2006).
Association of CYP2A6*1B (Mwenifumbo et al., 2008;
Wang et al., 2006) with higher enzyme activity has been
reported. Interestingly, the prevalence of defective variant
allele CYP2A6*9 (2.8%) in Ethiopians is much lower than
any other population described so far. The reported
CYP2A6*9 allele frequency range from 7% to 9% in whites
and other black populations including Ugandans, Ghanaians,
African Americans, Kenyan, and Yoruba from 1000 genome
project (Gyamfi et al., 2005; Mukonzo et al., 2013; Nakajima
et al., 2006), adding to apparent CYP2A6 genetic diversity of
black population. The frequency of CYP2A6*9 allele is even
much higher in Asian population (22% in Koreans, 15% in
Chinese,) (Djordjevic et al., 2012; Pitarque et al., 2001). The
observed effect of CYP2A6 genotype on enzyme activity is in
agreement with the previously published reports related to
both black and other populations.

In the present study, Ethiopians living in Ethiopia and
Ethiopians living in Sweden were similar regarding both
CYP2A6 genetic profile and allele frequency distribution and
other possible influencing factors, such as cigarette smoking
habit and gender. This enabled us to investigate the effect of
environment on CYP2A6 activity by comparing the two
groups. For CYP2A6 phenotyping we chose caffeine, due to
its favorable pharmacokinetics properties and proven safety.
Comparison between the two study groups showed no sig-
nificant difference in terms of CYP2A6 capacity and conse-
quently no effect of geographically-related environment on
CYP2A6 enzyme activity.

The CYP2A6 enzyme activity is influenced by ethnicity
partly due to a genetic basis. We were unable to compare

Table 3. Distribution of CYP2A6 Variant Alleles in Ethiopians as Compared

to Other Populations Described Previously
1

CYP2A6
allele

Ethiopian
(n = 172)

Swedes
(n = 190)

Koreans
(n = 144)

Chinese
(n = 102)

African
American
(n = 160)

Ghanaians
(n = 105)

Yoruba,
Nigeria* Kenya*

CYP2A6*1B 31.3 32.6 26.7 34.5 16.5 11.9 ND ND
CYP2A6*1D 29.4 34.4 40.6 ND 38.5 ND ND ND
CYP2A6*2 0.6 3.2 0 0 0.3 0 0 0
CYP2A6*4 0.6 1.1 9.4 15.1 0.9 1.9 ND ND
CYP2A6*5 0 0 0.5 1.0 0 0 0 0
CYP2A6*9 2.8 7.9 21.9 15.7 8.5 5.7 9 9
CYP2A6*1x2 0.3 0.8 0.2 0.4 0 ND ND ND

1References: Djordjevic et al., 2013; Gyamfi et al., 2005; Nakajima et al., 2006; Oscarson et al., 1999; Pitarque et al., 2001, 2004.
ND, not done; *data from 1000 Human Genome Project.
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CYP2A6 enzyme activity in Ethiopians with other black
populations due to the lack of published caffeine-based
studies of CYP2A6 activity in blacks. Nevertheless, com-
parison using the same phenotyping strategy revealed sig-
nificantly higher CYP2A6 activity in Ethiopians than Swedes
or Koreans (Djordjevic et al., 2013). We observed remark-
ably higher CYP2A6 enzyme activity in Ethiopians than
Swedes or Koreans, as measured by a caffeine phenotyping
assay. The CYP2A6 enzyme activity, as measured by caffeine
test, in Ethiopians was 3-fold and 11-fold higher than Swedes
and Koreans, respectively. Using 0.01 as the common anti-
mode cut off for log 17U/17X ratio, 3.16% of Swedes and
18.75% of Koreans are classified as slow metabolizers
(Djordjevic et al., 2013), whereas only one subject (0.5%) of
the Ethiopians is classified as CYP2A6 slow metabolizers.
This is in contrast to earlier reports of lower CYP2A6 activity
in blacks compared to either Caucasians or Asians (Benowitz
et al., 1999; Kandel et al., 2007; Nakajima et al., 2006), im-
plying the possible heterogeneity within the black population
in terms of CYP2A6 metabolic capacity. None of the Ethio-
pian subjects were homozygous for the defective variant al-
leles. Apparently the higher CYP2A6 enzyme activity in
Ethiopian population might partly be due to very low or ab-
sence of defective variant alleles (CYP2A6*2, *4, *5, *9) and
higher occurrence of variant alleles coding for normal (CY-
P2A6*1A, *1D) or increased enzyme activity (CYP2A6*1B)
accounting together for > 95% allele frequency.

Our study may have clinical relevance in African popu-
lation, particularly in the treatment of HIV/AIDS and malaria
because of CYP2A6 involvement in efavirenz and artesunate
disposition, respectively. CYP2A6-mediated 7-hydroxyl-
ation accounts about 23% of total efavirenz metabolism
(Ogburn et al., 2010). Efavirenz is the cornerstone and first
line recommended antiretroviral drug particularly in TB-HIV
co-infected patients and for prevention of mother to child
transmission with the core targets of the Global Plan—pro-
viding ARV medicines to 90% of pregnant women living
with HIV globally by the end of 2015. Efavirenz disposition
display wide between population differences, partly due to
CYP2B6 pharmacogenetics (Habtewold et al., 2011; Mu-
konzo et al., 2009; Ngaimisi et al., 2010, 2011). We recently
reported that among individuals having the same CYP2B6
genotype, higher efavirenz plasma concentration was ob-
served in Ethiopian HIV patients than in Tanzanian (Ngaimisi
et al., 2013). The importance of CYP2A6 (Arab-Alameddine
et al., 2009; di Iulio et al., 2009; Kwara et al., 2009) and
CYP3A5 metabolic pathways (Habtewold et al., 2011) for
efavirenz disposition, particularly in CYP2B6 slow meta-
bolizers, has been reported. Thus, we here found higher
CYP2A6 enzyme activity in Ethiopians and have previously
reported higher total CYP3A activity and unique distribution
of CYP3A5 genotype in Ethiopians than in Tanzanians (Ge-
beyehu et al., 2011; Habtewold et al., 2013). Apparently the
high CYP2A6 and CYP3A enzyme activity in Ethiopians may
salvage the CYP2B6-mediated slow metabolism among pa-
tients carrying defective CYP2B6 variant alleles. High
CYP2A6 enzyme activity may result in accelerated metabo-
lism and elimination of clinically used drugs and this may
result in treatment failure particularly for those drugs with
narrow therapeutic range. On the other hand, high enzyme
activity may result in accumulation of reactive intermediate
metabolites causing pronounced adverse event. In fact, asso-

ciation between CYP2A6*1B responsible for ultra-rapid me-
tabolism of artesunate with significantly higher incidence of
adverse drug reaction is recently reported (Yusof and Hua,
2012). Accordingly, higher CYP2A6 enzyme activity in
Ethiopians may predispose patients to risk of artesunate in-
duced adverse events.

Expression and activity of drug metabolizing enzymes is
governed by complex traits involving allele-specific genetic
and epigenetic variations involving multiple genes (Ghotbi
et al., 2009), as well as environmental factors such as dietary
constituents (Aklillu et al., 2002). Therefore, future studies
involving advanced models to characterize effect of inter-
action between multiple gene polymorphisms and environ-
mental factors on the expression and activity of CYP
enzymes are needed.

Conclusion

We report no major contribution of geographic differ-
ences, gender, or smoking habit on CYP2A6 enzyme activity.
We note the importance of ethnicity and CYP2A6 genotype
for population variations in CYP2A6 enzyme activity. The
finding of a unique distribution of CYP2A6 genetic variants,
and most importantly, the high total CYP2A6 activity as
measured by a caffeine phenotyping assay in Ethiopians
warrant further investigations to evaluate the clinical rele-
vance of these factors. As genomics and other biomarker
research accelerate in Africa, CYP2A6 pharmacogenetics
will have greater importance for rational therapeutics and
long-term clinical epidemiology studies in Africa.
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