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Abstract
Cytochrome P450 (CY P) 2B6 metabolizes a number of clinically relevant drugs and is one of the
most highly polymorphic human P450 enzymes, with the Lys®—Arg substitution being
especially common in several genetic variants. Therefore, K262R (2B6*4) was created in the
CYP2B6dH background (N-terminal modified and C- terminal His tagged) and expressed in E.
coli. The recombinant CYP2B6dH and K262R were purified and studied to investigate the effect
of the Lys®®>—Arg substitution with six of the most potent drug inhibitors of CYP2B6, namely
clopidogrel, clotrimazole, itraconazole, raloxifene, sertraline and ticlopidine. K262R showed a >
3-fold increase in the K; values with clopidogrel, itraconazole, and raloxifene and ~ 6-fold
increase in K; with sertraline, compared with CYP2B6dH. Similarly, K262R showed 2-, 4-, and
> 20-fold higher Ks values than CYP2B6dH with clopidogrel, sertraline, and itraconazole,
respectively. In contrast, when tested with several known type Il inhibitors of CYP2B enzymes,
K262R showed a 10-fold lower 1Cso with 4-(phenyl)pyridine and ~2-fold lower 1Csp with 4-(4-
nitrobenzyl)pyridine or 1-(4-phenyl)benzylimidazole than CYP2B6dH. Subsequent analysis
predicted possible in vivo drug-drug interactions between the CYP2B6 substrate efavirenz and
drug inhibitors clopidogrel, clotrimazole, itraconazole, sertraline, and ticlopidine. Furthermore,
Q172H/K262R (2B6*6), which is the most common genetic variant of CYP2B6 harboring
K262R, was created in CYP2B6dH, expressed, purified, and characterized for inhibition.
Q172H/K262R showed a > 6-fold increase in K; with sertraline and clopidogrel compared with
CYP2B6dH. The results suggest that individuals, especially homozygotes, with the 2B6*4 or

2B6*6 allele might be less susceptible to drug interactions resulting from P450 inhibition.
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Introduction

Although cytochrome P450 2B6 (CYP2B6) is expressed at relatively low levels in the
liver (Guengerich, 2005), the enzyme metabolizes important pharmaceuticals including
cyclophosphamide, propofol, promazine, methadone, S-mephenytoin, efavirenz, bupropion,
imipramine, midazolam, artemisinin, and tamoxifen (Rendic, 2002; Lewis et al., 2004; Zanger, et
a., 2007). In addition, CYP2B6 possesses several important genetic variants, among them the
most common are K262R (2B6*4), Q172H/K262R (2B6*6) and R487C (2B6*5). Frequencies of
the three most common single nuclectide polymorphisms (SNPs) range from 14-49% for
Q172H, 17-63% for K262R, and 0-14% for R487C depending on the ethnicity of the population
studied (Lang et al., 2004). For example, studies in German males have found a K262R allele
frequency of approximately 5% and a SNP frequency of 30% (Lang et al., 2001; Kirchheiner et
al., 2003). Single-dose bupropion pharmacokinetic data obtained from 121 individuals showed
1.3-fold increased clearance by individuals with the 2B6*1/*4 genotype (Kirchheiner at al.,
2003). A similar study of 169 individuals with efavirenz showed a 17% reduced area under
plasma concentration (AUC) in *1/*4 heterozygotes (Rotger et al., 2007). In vitro, K262R has
been incorporated into the engineered CYP2B6dH (N-terminal deleted and C-terminal His-tag)
by Hollenberg's group to study structure-function. Compared with CYP2B6dH, K262R shows a
> 2-fold increased ky for the metabolism of bupropion to hydroxybupropion (Bumpus et al.,
2005) and ~ 2-fold increased cataytic efficiency for the metabolism of efavirenz to 8-
hydroxyefavirenz (Bumpus et al., 2006). Interestingly, in contrast to CYP2B6dH, K262R is
refractory to mechanism-based inactivation by 17c-ethynylestradiol or efavirenz, whereas

susceptibility of the variant to inactivation is preserved with bergamottin, N,N',N"-
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triethylenethiophosphoramide and 8-hydroxyefavirenz (Bumpus et al., 2005; Bumpus €t al.,
2006).

Drug-drug interactions (DDIs), especially through inhibition of P450-mediated drug
metabolism by a co-administered drug, are one of the primary causes of serious adverse events
occurring in clinical practice (Dambro and Kallgren, 1988). The presence of polymorphic
variants of P450 further complicates the prediction of in vivo DDIs. To address the issues of
genotype-dependent DDIs as a result of enzyme inhibition, Tracy and colleagues have used five
substrates and a battery of inhibitors with CYP2C9.1 and CYP2C9.3 variants (Kumar €t al.,
2006). Recently, several clinically relevant drugs, such as clopidogrel, clotrimazole, itraconazole,
ticlopidine, sertraline, and raloxifene have been found to be potent inhibitors of CYP2B6
(Wasky et a., 2006). Therefore, in the present study we have studied the effect of the
Lys™®—Arg substitution in K262R (2B6*4) and Q172H/K262R (2B6*6) genetic variants on the
susceptibility of CYP2B6dH to inhibition by important clinical drugs, and predicted the effect on

metabolism of the marker CY P2B6 substrate efavirenz in vivo.
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Materialsand Methods

Materials.  7-Methoxy-4-(trifluoromethyl) ~ coumarin ~ (7-MFC) and  7-hydroxy-4-
trifluoromethylcoumarin (7-HFC) were purchased from Invitrogen (Carlsbad, CA). NADPH,
drug compounds, and most of the pyridine and imidazole inhibitors were bought from Sigma
Chemical Co. (St. Louis, MO). 5-Cyclohexylpentyl-B-D-maltoside (CYMAL-5) was from
Anatrace (Maumee OH). Recombinant NADPH cytochrome P450 reductase (CPR) and
cytochrome bs (bs) from rat liver were prepared as described previoudly (Harlow et al., 1997).
Oligonucleotide primers for polymerase chain reaction were obtained from Sigma Genosys
(Woodlands, TX). The molecular chaperone plasmid pGro7, which expresses GroES/EL
(Nakgima et al., 1994), was obtained from TAKARA BIO (Shiba, Japan). The QuikChange Site
Directed Mutagenesis kit was obtained from Stratagene (La Jolla, CA). Ni-NTA affinity resin
was purchased from Qiagen (Vaencia, CA). All other chemicals were of the highest grade
available and were obtained from standard commercial sources.

Mutagenesis, Expresson, and Purification. To create K262R, CYP2B6dH was used as the
template, and the forward and reverse primers were 5-
CCCAGCGCCCCCAGGGACCTCATCGAC-Z and 95'-
GTCGATGAGGTCCCTGGGGGCGCTGGG-3', respectively. For Q172H/K262R, K262R was
used as the template, and the forward and reverse primes were 5'-
ACCTTCCTCTTCCATTCCATTACCGCC-3 and 5-
GGCGGTAATGGAATGGAAGAGGAAGGT-3, respectively. The resulting constructs were
sequenced to verify the desired mutations and absence of unintended mutations (K262R and
Q172H/K262R were analyzed at Protein Chemistry Laboratory, University of Texas Medical

Branch, Galveston, TX and Retrogen, Inc., San Diego, CA. respectively). CYP2B6dH, K262R,
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and Q172H/K262R were co-expressed with GroES/EL in IM109 cells (Stratagene, La Jolla, CA)
as described previously (Kumar et al., 2007). The proteins were then extracted and purified by
modifying the recently described procedure (Kumar et al., 2007). In brief, the cell extract was
loaded onto Ni-NTA resin in the presence of the detergent CYMAL-5. Protein was eluted with
10 mM KPi, pH 7.4, containing 100 mM NaCl, 20% glycerol, 10 mM B-mercaptoethanol, 0.5
mM phenylmethylsulphonyl fluoride, and 40 mM histidine. CYMAL-5 was added to 4.8 mM,
and the sample was subsequently loaded onto a CM-Sepharose column. After washing the CM-
Sepharose column using 10 mM KPi buffer containing 0.2 mM DTT, 1 mM EDTA, 20%
glycerol, and 100 mM NaCl, the protein was eluted usng 500 mM NaCl in the above buffer.
Eluted protein was dialyzed against 10 mM KPi buffer containing 10% glycerol and 1 mM
EDTA with three changes. The P450 content was measured by reduced CO-difference spectra.
Protein concentrations were determined using the Bradford protein assay kit (BioRad, Hercules
CA).

Enzyme Inhibition. 7-MFC O-deethylation was measured in a final reaction volume of 100 pl
as described earlier (Oezguen et al., 2008). In brief, the reaction mixture contained 150 uM 7-
MFC in the standard reconstitution system (P450: CPR: bs, 1:4:2) at 5 pmol P450 in 50 mM
Hepes, pH 7.4, 15 mM MgCl,, and 2% MeOH. The reaction was performed at 37 °C for 5 min
using 1 mM NADPH. Nonlinear regression analysis was performed to fit the data using a four-
parameter logistic function to derive the 1Cs values for al the imidazole and pyridine
derivatives. The K; values were determined using the 7-MFC O-deethylation assay in a final
reaction volume of 100 ul at 0.5-5.0 uM drug concentrations and 0-50 pM substrate
concentrations. For all inhibition studies, 10 pmol P450 was used. The K; was determined using

global fit for competitive inhibition from Spectralab.
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Spectral Binding. For binding studies, difference spectra were recorded using 1 uM P450 on a
Shimadzu 2401 PC spectrophotometer at 25 °C as described earlier (Muralidhara et al., 2006). In
brief, difference in absorbance between the maxima and minima (AA) was recorded after the
addition of a series of inhibitor concentrations in methanol to the sample cuvette and the same
amount of methanol to the reference cuvette. The spectral dissociation constants (Ks) were
obtained by fitting the data to the equation for “tight binding” 2AA = (AAmax / [Eo]) ((Kp + [lo] +
[Eq]) + (Ko + [lo] + [Ed]))? - 4Ed[lo])*?). All data trestment and fitting of the inhibition and
titration curves were performed with our Spectralab software.

Analysis of DDIs. The analysis for DDIs was carried out essentially as described by Tracy and
colleagues (Kumar et al., 2006). In brief, the values for plasma concentrations (Crex) Of efavirenz
as[S], and of drug inhibitors as[1] in a normal population were taken from the literature. The K|
values were from this investigation, and ke and K, values for efavirenz hydroxylation were
obtained from a previous study as follows: ke = 4.3 and 7.9 min™ and K, = 14.3 and 15.9 uM
for CYP2B6dH and K262R, respectively (Bumpus et al., 2006). These values for CY P2B6dH or
K262R were fit to the equation for competitive inhibition to determine the predicted in vivo
activity of the enzyme. The plasma concentrations of efavirenz and drug inhibitors are not
known in the population harboring K262R, and therefore, we have used the concentrations as

reported in the normal population.

20z ‘0T |udy UoSeUINOr 13dSY e BIosfeuIno fipdsepuwip Woly papeojumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on December 12, 2008 as DOI: 10.1124/dmd.108.023655
This article has not been copyedited and formatted. The final version may differ from this version.

DMD #23655

Results

Expresson and Thermal Stability of CYP2B6dH and K262R. Heterologous expression of
CYP2B6 and genetic variants such as M46V, G99E, K139E, Q172H, K262R, R140Q, and
391N in COS-1 cells yielded lower P450 expression, suggesting decreased P450 stability (Lang
et a., 2004). Therefore, we investigated P450 expression of K262R (2B6*4) as described
previously (Kumar et al., 2007). The expression of K262R in E. coli under our standard
conditions was ~1.5-fold higher than CY P2B6dH. However, the thermal stability (Tm) of K262R
was 2 °C lower than CYP2B6dH (Supporting fig. 1). The results suggest no major differencein
the expression or stability of K262R compared with the wild-type. In this study, we used the dH
construct because it shows much higher bacterial expression and solubility, and more facile
purification than the full-length wild-type.

Inhibition and Spectral Binding of CYP2B6dH and K262R by Drugs. To investigate the
effect of the Lys*®>—Arg substitution on the interaction with the most potent drug inhibitors of
CYP2B6 (Walsky et al., 2006), we selected clopidogrel, ticlopidine, clotrimazole, itraconazole,
sertraline, and raloxifene (Supporting fig. 2). The results are presented in Figure 1 and Table 1.
The K; values were determined for competitive inhibition of CYP2B6dH and K262R by the six
drugs using 7-MFC at concentrations up to 50 uM and 0-20 uM inhibitor concentrations. The ke
and K, values for 7-MFC oxidation were 3.8 min™ and 5.1 uM for CYP2B6dH and 4.9 min™
and 5.0 uM for K262R, respectively. CYP2B6dH and K262R showed similar K; values with
clotrimazole and ticlopidine (Fig. 1 and Table 1). However, K262R showed a > 3-fold increase
in the K; values with clopidogrel, itraconazole, and raloxifene compared with CYP2B6dH. In

addition, K262R showed ~ 6-fold increase in K; with sertraline compared with CY PB6dH.
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Clopidogrel, ticlopidine, itraconazole, and sertraline induced type | difference spectra
with a peak at ~388 nm and a trough at ~420 nm (Fig. 2 inset). CYP2B6dH and K262R showed
similar AAnx values with clopidogrel, itraconazole, and ticlopidine, whereas the AAmax with
sertraline was 3-fold higher in K262R than the wild-type. Compared with CYP2B6dH, K262R
showed approximately 2-, 4-, and 20-fold higher Ks values with clopidogrel, sertraline, and
itraconazole, respectively (Fig. 2, Table 1). No significant changes were observed in the Ks
values of ticlopidine between CYP2B6dH and K262R. However, the experiment could not be
performed with raloxifene because it interfered with the measurement of the type | spectral
change. At lower concentration of clotrimazole, the majority of CYP2B6dH and K262R P450
was converted into P420 (data not shown).

Analysis of DDIs in CYP2B6dH and K262R. Clopidrogrel, sertraline, and raloxifene are
among the top 100 prescribed drugs in seniors (http://www.marylandspdap.com), who often use
multiple drugs simultaneously, suggesting possible drug-drug interactions. Therefore, we
analyzed possible DDIs between the established marker drug substrate of CY P2B6, efavirenz,
and drug inhibitors of CYP2B6 clopidogrd, ticlopidine, clotrimazole, itraconazole, sertraline,
and raloxifene. The analysis was carried out as described in Materials and Methods. The results
predicted that while raloxifene would not alter efavirenz metabolism in vivo, clopidrogrel or
clotrimazole would almost completely abolish the metabolism of efavirenz (remaining activity =
2% and 6%, respectively) by CYP2B6 (Table 2). In addition, the metabolism of efavirenz would
be reduced to 15%, 48%, and 57% in the presence of ticlopidine, sertraline, and itraconazole,
respectively (Table 2). Although the Lys™®—Arg substitution would not alter the inhibition

significantly in most cases, the substitution is predicted to reduce the metabolism of efavirenz to
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alesser extent in the presence of itraconazole (20 vs. 43% inhibition) and sertraline (16 vs. 52%
inhibition).

Inhibition of Q172H/K262R by Clopidogrel and Sertraline. Because of the low allele
frequency of 2B6*4 and few if any homozygotes, we performed selected inhibition studies with
the most common variant harboring K262R, namely Q172H/K262R (2B6*6). This haplotypeis
found with high frequency (14-62%) as summarized by Zanger and colleagues (Zanger et al.,
2007) and 21-60% (Rotger et al., 2007). The latter study reported 10% *6/*6 homozygotes.
Clopidogrel and sertraline showed 4- and 6-fold higher K; values, respectively, with K262R than
CYP2B6dH, and therefore, the drugs were tested with Q172H/K262R. The results are presented
in Figure 3. Q172H/K262R showed a 6-fold increase in the K; value with clopidogrel (0.6 uM
vs. 0.1 uM) and > 7-fold increase in the K; value with sertraline (2.2 uM vs. 0.3 uM) compared
with CYP2B6dH. The results suggest that the binding affinity of Q172H/K262R with
clopidogrel (Figure 3A) and sertraline (Figure 3B) was further reduced compared with K262R.
For reference, the kex and K, values for 7-MFC oxidation by Q172H/K262R were 1.3 min™* and
49 uM, which are > 2-fold lower and ~10-fold higher, respectively, than the corresponding
values for CYP2B6dH or K262R.

Inhibition of CYP2B6dH and K262R by Pyridine and Imidazole Derivatives. We also
investigated whether K262R shows altered inhibition by the known CYP2B4dH imidazole
(Muralidhara et a., 2006) and CY P2B6 pyridine (Korhonen et al., 2007) type Il inhibitors. Four
compounds from each imidazole and pyridine groups were selected. Compared with
CYP2B6dH, K262R showed a 10- fold lower 1Cso values with 4-(phenyl)pyridine and 2- fold

lower 1Cso values with 4-(4-nitrobenzyl)pyridine and 1-(4-phenyl)benzylimidazole (Supporting
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table 1). It isintriguing that with these two model type I1 inhibitors, the Lys***—Arg substitution
increased affinity unlike with the drugs.

Molecular Modeling of CYP2B6dH. A CYP2B6dH homology moded was generated using the
4-(4-chlorophenyl) imidazole-bound CYP2B4dH structure (1SUO) as a template by energy
minimization using Insight Ill, and was represented using Pymol graphics
(http://pymol.sourceforge.net/) (Fig. 4). Residues 172 and 262 are located in helix E and the G-H
loop, respectively. Interestingly, CYP2B4 and CYP2B11 have a His residue at position 172,
whereas CYP2B1, CYP2B4, and CYP2B11 enzymes have an Arg residue at 262, suggesting a
possible specific role for GIn-172 or Lys-262 in CYP2B6. A molecular model of CYP2B6dH
does not predict arole of residue 262 in substrate binding, except that the side chains of Lys and
Arg have different orientations. Further in silico analysis suggests that Arg-262 interacts with
His-252 (G-helix), Thr-255 (G-helix), and Asp-266 (H-helix) through H-bonds. These H-bonds
are not found in Lys-262 suggesting that the additional interactions in K262R contribute to
altered drug binding. Recently, we have shown the importance of H-bondsin CYP2B4dH among
the non-active site residues Glu-149, Asn-177, Arg-187, and Tyr-190 in substrate specificity,

inhibitor selectivity, and protein stability (Oezguen et al., 2008).
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Discussion

In this study the recombinant CYP2B6dH, K262R, and Q172H/K262R provided new
insghts into the interactions of the enzyme with clinically relevant drugs. First, by determining
Ki values, we verified and extended previous findings of potent inhibition of CYP2B6 derived
from 1Cso values in liver microsomes or Sf9 cells. Second, the competitive nature of the
inhibition shown in our experiments was substantiated by spectral binding assays with four of the
drugs, which showed typical Type | spectra. Third, decreased inhibitor potency of clopidogrel,
itraconazole, raloxifene, and sertraline for K262R is in contrast to increased potency of three
small type Il inhibitors. Fourth, the role of the non-active site residue at position 262 in CY P2B6
is consistent with our recent conserved sequence motif analysis of CYP family 2 enzymes.
Finally, the lower inhibitor potency of sertraline and clopidogrel for K262R (CYP2B6*4) alone
and especially in combination with Q172H (CYP2B6*6) suggests the real possibility of a
diminished genotype-dependent drug interaction in vivo.

An earlier report showed that itraconazole yields a type |1 spectrum with CYP3A4 and
can adopt multiple orientations within the CYP3A4 active site, including a catalytically
productive mode (type 1) and a slowly dissociating inhibitory mode (type I1) (Pearson et a.,
2006). However, atype | spectrum is observed with CY P2B6dH and K262R, suggesting that the
orientation of itraconazole is such that the nitrogen of the ligand is not able to coordinate with the
heme iron of the protein. The difference in the mode of binding of itraconazole in CYP3A4 and
CYP2B6dH may contribute to the differences in their Ks values (0.019 vs. 0.07 UM, respectively.
A relatively large and flexible active site of CYP3A4 may facilitate the multiple modes of

interactions with itraconazole.
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Although molecular modeling suggests that Lys-262 in CY P2B6 does not contact ligands
directly, this residue is found within a conserved sequence motif (CSM) in CYP family 2
enzymes (***PRDFIDVY?®). This motif (CSM 11) is only present in the CYP2B and CYP2C
subfamilies, where it has a very high rank order of conservation (Oezguen et al., 2008). In
addition, analysis of the individual residues showed that Arg-262 is among the most conserved
residues within CSM 11, further suggesting its functional and/or structural importance.
Interestingly, Leu-264 is also among the most conserved residues within the motif (Oezguen et
al., 2008), and a Leu?®—Phe substitution in CY P2B6dH enhances P450 expression and thermal
stability (Kumar et al., 2007).

Because ticlopidine and clopidogrel have been shown to be mechanism-based inactivators
of CYP2B6-catalyzed efavirenz hydroxylation (Richter et al., 2004; Walsky and Obach, 2007),
an in vivo DDI between efavirenz and the inhibitors might be even more pronounced than
indicated based on competitive inhibition alone. The AUC ratio of hydroxybupropion to
bupropion was reduced by 68% and 90% in the presence of clopidogrel and ticlopidine,
respectively, compared with the control, which suggests that both clopidogrel and ticlopidine
inhibit the activity of CYP2B6 significantly in vivo as well as in vitro (Turpeinen et al., 2005).
Surprisingly, despite the clear inhibition of CYP2B6 by clopidogrel, clotrimazole, itraconazole,
sertraline, or ticlopidine, there is no medical documentation on combination therapy utilizing
these drugs that may lead to possible side effects. As an exception, there is a report on DDI
between efavirenz and itraconazole in a patient with disseminated histoplasmosis and AIDS. The
drug combination resulted in persistently elevated urinary histoplasma antigen levels and sub-
therapeutic plasma itraconazole concentrations (Koo et al., 2007). Our results and those of

Walsky and Obach (2006) suggest that an extensive survey among patients who use CY P2B6-
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metabolized drugs in combination with the potent drug inhibitors is highly desirable.
Furthermore, individuals, especially homozygotes, with the 2B6*4 or 2B6*6 allele might be less

susceptible to drug interactions resulting from P450 inhibition.
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Figure Legends

Figure 1. Determination of K; for inhibition of 7-MFC O-deethylation by CYP2B6dH and
K262R in the presence of inhibitors (A-H). 7-MFC concentrations included in the assay were
25, 5, 10, and 50, uM, and the concentrations of the inhibitors used are provided in the plot.
Global fitting of all the data from each experiment was used to obtain K;. The fitting was done
using Spectal_ab as described in Materials and Methods.

Figure 2. Representative type | difference spectra of ticlopidine, clopidogrel, sertraline and
itaconozole binding (A-D inset). The data were fit to the tight-binding equation, as described in
Materials and Methods, to derive the K values as listed in Table 2.

Figure 3. Determination of K; for inhibition of 7-MFC O-deethylation by Q172H/K262R in the
presence of clopidogrel (A) or sertraline (B). 7-MFC concentrations included in the assay were
25, 50, 100, and 150 uM, and the concentrations of the inhibitors used are provided in the plot.
Global fitting of all the data from each experiment was used to obtain K;. Experiments were done
in duplicate. The individual K; values were: clopidogrel (0.59, 0.63 uM) and sertraline (2.20,
2.16 uM).

Figure 4. Schematic representation of a three-dimensional homology model of CYP2B6dH. The
heme is shown in red, while the wild-type GIn-172 and Lys-262 are in green and variant His-172

and Arg-262 in yellow.
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Table 1. Determination of K; and Ks for CY P2B6dH and K262R with clinically important drugs.

Drugs Ki (uM) Ks(UM) AAmax
CYP2B6dH K262R CYP2B6dH K262R CYP2B6dH K262R

Clopidogrel 0.07,0.12° 0.36, 0.47 0.16+0.11° 0.33+014 0.026+0.002 0.0300.002
Clotrimazole 0.15,0.11 0.11,0.17 ND ND ND ND
[traconazole 142,134,114 440, 3.84,4.34 007+013 1.73+044 0.022+0.003 0.021 + 0.002
Raloxifene 5.59, 2.60 158, 17.8 ND ND ND ND
Sertraline 0.22,0.38 1.70, 1.76 051+016 2.06+0.61 0.008+0.0005 0.02+0.002
Ticlopidine 0.11,0.16 0.14, 0.12 028+013 032+011 0.023+0.001 0.025+0.001

ND: Not determined

The inhibition was performed using a 7-MFC O-deethylation assay in a standard reconstitution system as described in Materials and
Methods.

®K; values are shown from each independent determination.

PStandard errors for fit to the tight ligand binding equation. The data are representative of at least two independent determinations.

The variations between the experiments are < 20%.
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Table 2. Potential in vivo drug-drug interactions between efavirenz with drug inhibitors

Estimated in vivo Predicted in vivo activity (min™)°
Inhibitors
Crax CYP2B6dH K262R
NIL 2.05 (100)° 3.55 (100)
Clopidogrel 9.3 0.04 (1.9 0.27 (7.6)
Clotrimazole 3.7 0.13(6.3) 0.23(6.5)
Itraconazole 19 1.16 (57) 2.84 (80)
Raloxifene 0.003 2.06 (100) 3.55 (100)
Sartraline 0.62 0.99 (48) 3.00 (84)
Ticlopidine 16 0.30 (15) 0.47 (13)

%Cmax Of the inhibitors and substrate were obtained from the following literature sources:
www.mental health.com/drug/p30-z02.html (sertraline); www. medscape.com/
(raloxifene); www.pharmgkb.org/ (ticlopidine, clopidogrel, and efavirenz); Burgess and
Bodey, 1972 (clotrimazole); Goodwin and Drew, 2007 (itraconazole).

PPredicted in vivo activity was determined using the equation for competitive inhibition.
The values for [S] and [I] correspond to the estimated in vivo Cyux Of efavirenz (13.0
uM) and drug inhibitor, respectively. The K; values were taken from Table 1, whereas Keq
and K, values were taken from a previous study (Bumpus et al., 2006). Predicted
activitiesfor K262R assume that both CY P2B6 alleles are the variant.

“The values in parenthesis indicate the % activity.
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