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Introduction

T he human hepatic cytochrome P450 2B6 (CYP2B6) is a 
key enzyme in the metabolism of clinically important 
drugs (such as anti-malarial and anti-HIV/AIDS com-

pounds), environmental chemicals and endogenous substances. 
The expression and activity of this enzyme vary widely among 
individuals, probably due to environmental factors, polymor-
phisms in the CYP2B6 gene and drug interactions that contribute 
to the variable response to these drugs primarily metabolized by 
this enzyme.1,2 Human CYP2B6 is highly inducible by several 
drugs, including artemisinin3–5 and its derivatives: artesunate (b-
arteether)4,6 efavirenze (EFV), nevirapine,7,8 metamizole, cyclo-
phosphamide, rifampicin and some other drugs.7,9–11 In Iran, due to 
CQ resistance, the national drug policy for malaria control recom-

-
ed P. falciparum cases in 2007. As a result, with an increase in the 
use of SP-artesunate in the country, P. falciparum isolates are in-
creasingly being exposed to drug pressure of SP-artesunate. 
Therefore, study on the role of CYP2B6 polymorphisms in case 

of artemisinin drugs may be pharmacologically important. 
Different studies have shown inter-individuals variations in the 
concentration of artimisinin, artesunate, DHA and their anti-ma-
larial effect among malaria patients.11–14 In this regards, Angus, et 
al.,15 reported that doses of artesunate up to 2 mg/kg are correlated 
with both plasma DHA and parasite and fever clearance. However, 
based on pharmacokinetics and pharmacodynamics study in vari-
ous populations, the larger dose (>2 mg/kg) was suggested and 
needed to clear the parasites.15 Although the interpretation of the 
results based on the available information is not easy, one of the 
possibilities for such variability could be the presence of the poly-
morphisms in CYP2B6 gene. 

In vitro study showed that EFV is primarily metabolized to 8-hy-
droxyefavirenz by CYP2B6.7 Notably, the most frequent variant 
allele CYP2B6*6 (516G>T; Q172H and 785A>G; K262R) has 
shown a 65% reduction in the mean protein expression and 50% 
reduction in the mean enzyme activity in the homozygous state.16 
Also, in AIDS clinical studies in various individuals of different 
ethnicities, the CYP2B6*6 allele was associated with 2–4 fold 
higher plasma EFV and NVP concentrations that were associated 
with increased neuropsychiatric adverse effects.17–20

So far, no published information is available for CYP2B6 varia-
tion in Iranian population; however, such genotype data is mostly 
available from African, Papua New Guinean, Southeast Asian, 
Egyptian, and American populations.16,21–25 On the other hand, 
the CYP2B6 genetic variation from one population may not be 
generalized to other populations due to the ethnic differences in 
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drug response. Therefore, the main objective of the present study 
was to analyze the prevalence of the most known and common 
SNPs 64C>T, 516G>T, 777C>A, 785A>G, and 1459C>T of the 
CYP2B6 gene in the Iranian Baluchi ethnic group from areas 

health problem. Moreover, the frequencies of these polymor-
phisms with those reported in different ethnic groups were com-
pared. Such a data in this population on gene coding for the main 
drug metabolizing enzymes of anti-malaria and anti-HIV/AIDS 
could provide valuable information on therapeutic responses of 
CYP2B6-metabolized drugs and further would be helpful for 
global development, evaluation, and use of therapeutic drugs.

Materials and Methods

Subjects
The studied population was comprised of 206 healthy, unrelated 

individuals from Sistan and Baluchistan Province, Iran, where 

Among the samples, 151 and 55 were males and females, respec-
tively with a median age of 27, ranging 5–70 years. The samples 
were collected in 2005–2008. Two ml venous blood sample was 
obtained for genotyping from each individual, transferred into 
vacuum EDTA tubes and stored at -20ºC until DNA extraction 
could be performed. A written informed consent from adults, as 
well as the parents or a legal guardian of children was obtained. 
The study was approved by the Ethical Review Committee of 
Research in Pasteur Institute of Iran.

Molecular analysis 
Genomic DNA was isolated from buffy coats or whole blood 

kit (Promega, Madison, WI, USA) according to the manufac-

of exons 1, 4, 5, and 9 of CYP2B6 gene, the primers that were 
designed based on CYP2B6 genomic DNA sequence [GenBank: 
NM-000767] in our laboratory and Lang, et al.,16 were used (Table 

sequences were checked for CYP2B7 psedogene,26 using BLAST. 

including 1 μL of the genomic DNA template. The primers were 

contained 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 2 mM MgCl2, 
each of the four deoxynucleotide triphosphates at a concentration 
of 125 μM, and 0.2 U of Taq polymerase (Invitrogen, Carlsbad, 
CA). The PCR program was 94ºC for 5 min, followed by 30 cy-
cles of 94ºC for 1 min, 60ºC for 1 min and 72ºC for 1 min, with a 

UL reactions containing 10 UL of PCR fragments according to the 
manufacturer’s instructions (Table 1). The DNA fragments, ob-

-
trophoresed on 2 and 2.5% agarose gels (Invitrogen, Carlsbad, 
CA), respectively. 

To verify the results obtained by RFLP, all PCR products were 

(Qiagen, Hilden, Germany) following the manufacturer’s instruc-
tions. Direct sequencing of the DNA fragments was performed 
in both directions for each PCR product using the dideoxy chain 
termination procedure (Chemistry V3.1, Applied Biosystems) 
as well as the 3730XL DNA analyzer (Applied Biosystems) by 
MilleGen sequencing service (Labege, France). 

Statistical analysis
The sample size for proportion was calculated using OpenEpi 

27 The statistical analysis was 
performed with SPSS software for windows, version 15.0 (SPSS 
Inc., Chicago, USA). Allele (haplotype) and genotype (diplotype) 
frequencies were calculated by direct counting. Deviations from 
Hardy-Weinberg equilibrium expectations were determined using 
the chi-squared test. For all statistical analyses, a P value of < 0.05 

Results

Allele frequency
Allele designations were made in accordance with the full-length 

SNPs (exon) Allele Primer /Sequence

Restriction 
Enzyme 
(company)

Cut Product
Size (bp)

C64T (1) CYP2B6*2 CYP64F: AGTGGGTAAAGGGATAGGC
CYP64R: TGTGACCAAGTAAGGCAAGC

HaeII
 BioLabs

C: 458 + 276 =734

G516T(4) CYP2B6*9 CYP516F: ATAGCTGTGTTGCCTGGG
CYP516R: TTCTCGTGTGTTCTGGGTG

BseNI: 
Fermentas G: 235+ 196+102 = 533

T:431+ 102= 533

C777A(5) CYP2B6*3 CYP777-785F: TCACCACCCCTTCTTTCTTG
CYP777-785R: AATTCCTTCCTCAGCCAGTC

HaeII
 BioLabs C: 329 + 157 = 486

A785G(5)*16 CYP2B6*4 CYP2B6-5F:GACAGAAGGATGAGGGAGGAA*

CYP2B6-5R:CTCCCTCTGTCTTTCATTCTGT*

StyI*
Fermentas

A: 116+56+171+297  = 640
G: 116+56+468 = 640

C1459T(9) CYP2B6*5 CYP1459F: TCCTAAAAGTCCACCCTG  
CYP1459R: TCGATAATCTCACTCCTGC

Bgl II
Fermentas T: 309 + 208= 517

Table 1. CYP2B6 gene.
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Allele

Mutations
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Genotypes

No of subjects
n=206

Observed
Frequency (%)

(95% CI)

Predicted
Frequency (%)

by HW

X2Test

P-value
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cDNA sequence published by Yamano, et al.26 The CYP2B6 SNP 
C64T, G516T, A785G, and C1459T were observed in this Iranian 
population (Table 2) with a lower frequency than the wild-type 
alleles. The frequencies of 64T, 516T, 785G, and 1459T SNPs 
were 3.9%, 35.7%, 35.9%, and 4.8%, respectively.  Interestingly, 

This SNP was found in combination with either A785G alone (n = 
1) or G516T and A785G SNPs (n = 2) (data not shown). 

Considering exons (1, 4, 5, and 9) analysis,26CYP2B6*1 al-
lele were detected in 47.6% of the examined samples (Table 2) 
as it was also found in Papua New Guinean (33%), Caucasian 
British (53.7%), Caucasian German (50.7%), African American 
(56%), West African (45%), Asian Americans (64%),25 Egyptian 
(66.3%),23 and Japanese (68.5%),26 populations (Table 2). 
However, CYP2B6*3 was not found in any of examined samples 
(Table 2). Among the variant alleles, CYP2B6*1 (47.6%) and 
CYP2B6*4 (10.4%) had the highest prevalence in the examined 
samples. Moreover, CYP2B6*9  allele (10.2%) was also reported in 
West African (8%), African American (1%), Caucasian American 
(1%), Papua New Guinean (1%),21 and Hispanic American (5%),21 
but not in Asian American,21 Japanese,25 Vietnamese,28 Caucasian 
German,16Caucasian British,25 and Egyptian23  (Table 2).

Genotyping frequency
The genotype frequencies of the CYP2B6 gene are shown in 

Table 3. The three most frequent genotypes were CYP2B6*1/*6 
(28.1%), CYP2B6*1/*1 (16%), and CYP2B6*1/*9 (14.6%), ac-
counting for 58.7 % of the studied population. A comparison 
of observed and expected numbers of genotypes showed that 
CYP2B6*1/*6, CYP2B6*1/*2, CYP2B6*1/*4, and CYP2B6*9/*6 

-
cies which were deviated from HWE (Table 3). This could be ex-
plained by genetic drift, non-random mating or an indication of 

have any evidence to prove any of them in this population. 

Discussion

-
tribution of CYP2B6 allelic variants and genotypes in the Iranian 
Baluchi population. The results document the presence of poly-
morphism in this gene and provide evidence that the allele fre-
quencies for CYP2B6 in Iranian Baluchi are different from those 
of other populations. Such differences might cause variability in 
response to drugs that are metabolized via CYP2B6. 

In this work, analysis of the CYP2B6 SNPs showed that in 
Iranian Baluchi ethnic group 516G>T (35.7%) and 785A>G 
(35.9%) were highly prevalent similar to European-American, 
African-American, Kenya and Hispanic-American populations.29 

CYP2B6*3 was not found in any of the examined samples that it 
is in agreement with the data reported for Japanese,22 Han Chinese, 
Korean,25 Caucasian American, Caucasian British,24 Egyptian,23 

and African American25 populations. However, CYP2B6*5 vari-

with CYP2B6 catalytic activities, eight-fold lower than those in 
wild-type homozygotes (C1459C).16 The frequency of this variant 
(2.4%) was different from those reported in Caucasian, German 
(10.9%),25 and British (12.2%)24 populations.  

Concerning the allele frequencies of *4 (785A>G) and *9 

(516G>T), we found more than 10% prevalence for both alleles 
that were not reported from different populations of diverse an-
cestry. This might be due to inter-ethnic variability of different 

to verify this postulation, it is worthy of carry out further simi-
lar study in different Baluchi ethnic groups who are living in 
Afghanistan and Pakistan in the Southwest Asia. 

As mentioned before, genetic variability in CYP2B6 gene might 
change the pharmacokinetics of several drugs, such as efavirenz 
(anti-HIV/AIDS) and cyclophosphamide (anticancer and immu-
nosuppressant prodrug), both of which require metabolic activa-
tion, primarily by CYP2B6, to form its active metabolite.7,30 The 
CYP2B6 G516T SNP has been associated with increased cyclo-
phosphamide activity and clearance compared to the wild-type 
gene.31,32 Regarding efavirenz drug, the presence of homozygosity 
for CYP2B6*6 -
tration as a result of the increase risk of neurotoxicity.17,18,33 This 
allele is one of the most prevalent variant allele in ethnically di-
verse populations, ranging from about 15% in Koreans to 42% in 
the West-African, and over 62% in Papua New Guinean21 and this 
allele (23.1%) was the second prevalent among the studied popu-
lation in the current investigation. Recently, CYP2B6 genotyping 
in HIV/AIDS outpatients in Japan34

high efavirenz plasma concentrations and the poor metabolizer 
genotype (T516T). In addition, the presence of G516T genotype 
is a good indication of EFV metabolism in the liver that predicts 
the increased risk of developing drug resistance after discontinu-
ation of EFV-containing regimens.35 In the present study, high 
frequency of 516T (35.7%) among the Iranian Baluchi popula-
tion might causes greater efavirenz plasma exposure and perhaps 
more central nervous system side effects, as shown by others in 
India.20,36 Therefore, similarly, the present data might be used to 
predict optimal dosing before commencement of EFV-containing 
therapy in the examined population to prevent reduction in the ef-

Furthermore, Ariyoshi, et al.,37 demonstrated that the CYP2B6 
A785G polymorphism results in increased metabolic activity to-
ward efavirenz and decreased activity toward cyclophosphamide. 
However, when both SNPs (CYP2B6 A785G and G516T, 23.1% 
in the present study) are simultaneously present the metabolic pro-

CYP2B6 G516T can inverse 
the effects produced by the CYP2B6 A785G polymorphisms for 
certain drugs.37

Moreover, in this study, CYP2B6*2, *4, *5, *6, and *7 (frequen-
cies 3.9%, 10.4%, 2.4%, 23.1%, and 2.4%, respectively) were 
found in the Iranian Baluchi, who are living in malaria endemic 
region. However, CYP2B6*2, *5, *6, and *9 (frequencies 4%, 
2%, 42%, and 8%, respectively) as well as CYP2B6*5, *6, *7, 
and *9 (frequencies 2%, 62%, 1%, and 1%, respectively) were 
reported from malaria endemic regions of West Africa and PNG, 
respectively.21 As these polymorphisms can alter the enzyme 

-
type differences among these three populations might cause dif-
ferences in response to drugs that are metabolized via CYP2B6, 
such as the novel anti-malarial drug artemisinin and its derivatives 
(Artesunate, Arthemeter, Dehydroartemisinin, etc).3 It should be 
noted that the major disadvantage of this drug in mono-therapy 
is high recrudescence rates, which have been attributed to the re-
markable decrease of artemisinin plasma concentrations38 during 
multiple dosing, probably by auto-induction of CYP2B6 enzyme 
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by this medication.39

Interestingly, a novel SNP, C779T (A260V), in exon 4 was iden-
-

quencing analysis. This SNP was also found in combination with 
either A785G alone (n = 1) or G516T and A785G SNPs (n = 2) 
(data not shown). Moreover, the presence of this variant mutation 
in Iranian and the absence of this variant in African, Caucasian, 
Japanese and Southeast Asian populations may suggest the 
presence of a particular haplotype in the Middle East region or 
Southwest Asia that might show a local evolutionary pressure 
on CYP2B6 polymorphisms. Further studies are warranted to 
elucidate the functional impact of this new SNP (C779T) on the 
CYP2B6 expression level and activity. 

In general, the present results on the CYP2B6 SNP/allele/geno-
type frequency provide novel information on the prevalence of 
polymorphisms in key enzymes involved in several drugs within 

G516T polymorphism would be also useful for clinicians to opti-
mize antiretroviral dose adjustments in HIV/AIDS patients in this 
region, accordingly, reduce associated CNS symptoms along with 
economic advantage. Therefore, it is worth noting that study on 
antiretroviral (such as EFV) pharmacokinetics, clinical response 
and toxicity is highly needed in this population. Finally, allele fre-
quencies for CYP2B6 in our examined population were markedly 
different from other populations and such differences might cause 
variability in response to drugs that are metabolized via CYP2B6. 
This data might also concern for optimizing drug effectiveness, 
while minimizing toxicity.

Disclosure Statement

Acknowledgment

477 from Pasteur Institute of Iran to S. Zakeri. We are grateful for 
the hospitality and generous collaboration of Zahedan University 
of Medical Sciences, staff in Public Health Department, Sistan 
and Baluchistan Province and Chabahar District for their as-
sistance in collection of human blood samples. We are indebted 
to the individuals and their families in Sistan and Baluchistan 
Province for their willingness to participate in this study. We also 
thank to A.A. Mehrizi for his assistance in performing statistical 
analysis.

References

1. Ekins S, Wrighton SA. The role of CYP2B6 in human xenobiotic me-
tabolism. Drug Metab Rev. 1999; 31: 719 – 754.

2. Gervot L, Rochat B, Gautier JC, Bohnenstengel F, Kroemer H, de 
Berardinis V, et al. Human CYP2B6: expression, inducibility, and 
catalytic activities. Pharmacogenetics. 1999; 9: 295 – 306.

3. Svensson US, Ashton M.  of the human cytochrome 
P450 enzymes involved in the in vitro metabolism of artemisinin. Br J 
Clin Pharmacol. 1999; 48: 528 – 535.

4. Li XQ, Björkman A, Andersson TB, Gustafsson LL, Masimirembwa 
CM.  of human cytochrome P(450)s that metabolise anti-
parasitic drugs and predictions of in vivo drug hepatic clearance from 
in vitro data. Eur J Clin Pharmacol. 2003; 59: 429 – 442.

5. Simonsson US, Jansson B, Hai TN, Huong DX, Tybring G, Ashton M.  
Artemisinin autoinduction is caused by involvement of cytochrome 
P450 2B6 but not 2C9. Clin Pharmacol Ther. 2003; 74: 32 – 43.

6. Grace JM, Aguilar AJ, Trotman KM, Peggins JO, Brewer TG. 
Metabolism of beta-arteether to dihydroqinghaosu by human liv-
er microsomes and recombinant cytochrome P450. Drug Metab 
Dispos.1998; 26: 313 – 317.

7. Ward BA, Gorski JC, Jones DR, Hall SD, Flockhart DA, Desta Z. The 
cytochrome P450 2B6 (CYP2B6) is the main catalyst of efavirenz pri-
mary and secondary metabolism: implication for HIV/AIDS therapy 
and utility of efavirenz as a substrate marker of CYP2B6 catalytic ac-
tivity. J Pharmacol Exp Ther. 2003; 306: 287 – 300.

8. Erickson DA, Mather G, Trager WF, Levy RH, Keirns JJ. 
Characterization of the in vitro biotransformation of the HIV-1 reverse 
transcriptase inhibitor nevirapine by human hepatic cytochromes 
P-450. Drug Metab Dispos. 1999; 27: 1488 – 1495.

9. Saussele T, Burk O, Blievernicht JK, Klein K, Nussler A, Nussler N,et 
al. Selective induction of human hepatic cytochromes P450 2B6 and 
3A4 by metamizole. Clin Pharmacol Ther. 2007; 82: 265 – 274.

10. Zanger UM, Klein K, Saussele T, Blievernicht J, Hofmann MH, 
Schwab M. Polymorphic CYP2B6: Molecular mechanisms and 
emerging clinical . Pharmacogenomics. 2007; 8: 743 – 
759.

11. Karunajeewa HA, Ilett KF, Dufall K, Kemiki A, Bockarie M, Alpers 
MP, Barrett PH, Vicini P, Davis TM. Disposition of artesunate and 
dihydroartemisinin after administration of artesunate suppositories 
in children from Papua New Guinea with uncomplicated malaria. 
Antimicrob Agents Chemother. 2004; 48: 2966 – 2972.

12. Koopmans R, Ha LD, Due DD, Dien TK, Kager PA, Khanh NX, et 
al. The pharmacokinetics of artemisinin after administration of two 
different suppositories to healthy Vietnamese subjects. Am J Trop Med 
Hyg. 1999; 60: 244 – 247.

13. Halpaap B, Ndjave M, Paris M, Benakis A, Kremsner PG.Plasma lev-
els of artesunate and dihydroartemisinin in children with Plasmodium 
falciparum malaria in Gabon after administration of 50-milligram 
artesunate suppositories. Am J Trop Med Hyg. 1998; 58: 365 – 368.

14. Krishna S, Planche T, Agbenyega T, Woodrow C, Agranoff D, Bedu-
Addo G, et al. Bioavailability and preliminary clinical  of 
intrarectal artesunate in Ghanaian children with moderate malaria. 
Antimicrob Agents Chemother. 2001; 45: 509 – 516.

15. Angus BJ, Thaiaporn I, Chanthapadith K, Suputtamongkol Y, White 
NJ. Oral artesunate dose-response relationship in acute falciparum 
malaria. Antimicrob Agents Chemother. 2002; 46: 778 – 782.

16. Lang T, Klein K, Fischer J, Nüssler AK, Neuhaus P, Hofmann U, et 
al. Extensive genetic polymorphism in the human CYP2B6 gene with 
impact on expression and function in human liver. Pharmacogenetics. 
2001; 11: 399 – 415.

17. Haas DW. Human genetic variability and HIV treatment response. 
Curr HIV/AIDS Rep. 2006; 3: 53 – 58.

18. Rotger M, Colombo S, Furrer H, Bleiber G, Buclin T, Lee BL, et al. 
Swiss HIV Cohort Study.  of CYP2B6 polymorphism on 
plasma and intracellular concentrations and toxicity of efavirenz and 
nevirapine in HIV-infected patients. Pharmacogenet Genomics. 2005; 
15: 1 – 5.

19. Rodriguez-Novoa S, Barreiro P, Rendón A, Jiménez-Nacher I, 
González-Lahoz J, Soriano V.  of 516G>T polymorphisms 
at the gene encoding the CYP450-2B6isoenzyme on efavirenz plasma 
concentrations in HIV-infected subjects. Clin Infect Dis. 2005; 40: 
1358 – 1361.

20. Ribaudo HJ, Haas DW, Tierney C, Kim RB, Wilkinson GR, Gulick 
RM, et al. Pharmacogenetics of plasma efavirenz exposure after treat-
ment discontinuation: an Adult AIDS Clinical Trials Group Study. 
Clin Infect Dis. 2006; 42: 401 – 407.

21. Mehlotra RK, Ziats MN, Bockarie MJ, Zimmerman PA. Prevalence 
of CYP2B6 alleles in malaria-endemic populations of West Africa and 
Papua New Guinea. Eur J Clin Pharmacol. 2006; 62: 267 – 275.

22. Hiratsuka M, Takekuma Y, Endo N, Narahara K, Hamdy SI, Kishikawa 
Y, et al. Allele and genotype frequencies of CYP2B6 and CYP3A5 in 
the Japanese population. Eur J Clin Pharmacol.2002; 58: 417 – 421.

23. Ellison CA, Abou El-Ella SS,  M, Lein PJ, Olson JR. Allele 
and genotype frequencies of CYP2B6 and CYP2C19polymorphisms 
in Egyptian agricultural workers. J Toxicol Environ Health A. 2012; 
75: 232 – 241.

24. Jacob RM, Johnstone EC, Neville MJ, Walton RT.  of 
CYP2B6 sequence variants by use of multiplex PCR with allele-spe-

 genotyping. Clin Chem. 2004; 50: 1372 – 1377.
25. Guan S, Huang M, Chan E, Chen X, Duan W, Zhou SF. Genetic 

polymorphisms of cytochrome P450 2B6 gene in Han Chinese. Eur J 
Pharm Sci. 2006; 29: 14 – 21.



Archives of Iranian Medicine, Volume 17, Number 10, October 2014 691

26. Yamano S, Nhamburo PT, Aoyama T, Meyer UA, Inaba T, Kalow W, 
et al. cDNA cloning and sequence and cDNA-directed expression of 
human P450 IIB1:  of a normal and two variant cDNAs 
derived from the CYP2B locus on chromosome 19 and differential 
expression of the IIB mRNAs in human liver. Biochemistry. 1989; 
28: 7340 – 7348.

27. Dean AG, Sullivan KM, Soe MM. Open Source Epidemiologic 
Statistics for Public Health. 2009. Available from: URLhttp://www.
openepi.com(Updated 2009/20/05 accessed 2011/02/20).

28. Veiga MI, Asimus S, Ferreira PE, Martins JP, Cavaco I, Ribeiro V, et 
al. Pharmacogenomics of CYP2A6, CYP2B6, CYP2C19, CYP2D6, 
CYP3A4, CYP3A5 and MDR1 in Vietnam. Eur J Clin Pharmacol. 
2009; 65: 355 – 363.

29. Li J, Menard V, Benish RL, Jurevic RJ, Guillemette C, Stoneking 
M, et al. Worldwide variation in human drug-metabolism enzyme 
genes CYP2B6 and UGT2B7: implications for HIV/AIDS treatment. 
Pharmacogenomics. 2012; 13: 555 – 570.

30. Chang TK, Weber GF, Crespi CL, Waxman DJ. Differential activation 
of cyclophosphamide and ifosphamide by cytochromes P-450 2B and 
3A in human liver microsomes. Cancer Res.1993; 53: 5629 – 5637.

31. Nakajima M, Komagata S, Fujiki Y, Kanada Y, Ebi H, Itoh K, et al. 
Genetic polymorphisms of CYP2B6 affect the pharmacokinetics/
pharmacodynamics of cyclophosphamide in Japanese cancer patients. 
Pharmacogenet Genomics. 2007; 17: 431 – 445.

32. Xie H, Griskevicius L, Ståhle L, Hassan Z, Yasar U, Rane A, et al. 
Pharmacogenetics of cyclophosphamide in patients with hematologi-
cal malignancies. Eur J Pharm Sci. 2006; 27: 54 – 61.

33. Hasse B, Günthard HF, Bleiber G, Krause M. Efavirenz intoxication 

due to slow hepatic metabolism. Clin Infect Dis. 2005; 40: e22 – e23.
34. Lin HL, Zhang H, Waskell L, Hollenberg PF. The highly conserved 

Glu149 and Tyr190 residues contribute to peroxynitrite-mediated ni-
trotyrosine formation and the catalytic activity of cytochrome P450 
2B1. Chem Res Toxicol.2005; 18: 1203 – 1210.

35. Gatanaga H, Hayashida T, Tsuchiya K, Yoshino M, Kuwahara T, 
Tsukada H, et al. Successful efavirenz dose reduction in HIV type 
1-infected individuals with cytochrome P450 2B6 *6 and *26.Clin 
Infect Dis. 2007; 45: 1230 – 1237.

36. Ramachandran G, Ramesh K, Hemanth Kumar AK, Jagan I, Vasantha 
M, Padmapriyadarsini C, et al. Association of high T allele frequency 
of CYP2B6 G516T polymorphism among ethnic south Indian HIV-
infected patients with elevated plasma efavirenz and nevirapine. J 
Antimicrob Chemother. 2009; 63: 841 – 843.

37. Ariyoshi N, Ohara M, Kaneko M, Afuso S, Kumamoto T, Nakamura 
H, et al. Q172H replacement overcomes effects on the metabolism 
of cyclophosphamide and efavirenz caused by CYP2B6 variant with 
Arg262. Drug Metab Dispos. 2011; 39: 2045 – 2048.

38. Menard D, Matsika-Claquin MD, Djalle D, Yapou F, Manirakiza A, 
Dolmazon V, et al. Association of failures of seven-day courses of 
artesunate in a non-immune population in Bangui, Central African 
Republic with decreased sensitivity of Plasmodium falciparum. Am J 
Trop Med Hyg. 2005; 73: 616 – 621.

39. Ashton M, Hai TN, Sy ND, Huong DX, Van Huong N, Niêu NT, et 
al. Artemisinin pharmacokinetics is time-dependent during repeated 
oral administration in healthy male adults. Drug Metab Dispos. 1998; 
26: 25 – 27.


