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ABSTRACT:
ited the sertraline N-demethylation activities by 35%. Sertraline
N-demethylation activities were detected in all cDNA-expressed
CYP isoforms studied. In particular, CYP2C19, CYP2B6, CYP2C9Arg, CYP2D6-Val, and CYP3A4 all showed relatively high activity.
When the contributions of CYP2D6, CYP2C9, CYP2B6, CYP2C19,
and CYP3A4 were estimated from the Vmax/KM of cDNA-expressed
CYP isoforms and from their contents in pooled human liver microsomes, the values were found to be 35, 29, 14, 13, and 9%,
respectively. The results suggest that at least five isoforms of CYP
(CYP2B6, CYP2C9, CYP2C19, CYP2D6, CYP3A4) are involved in the
sertraline N-demethylation in human liver microsomes and that the
contribution of any individual isoform does not exceed 40% of
overall metabolism. Therefore, concurrent administration of a drug
that inhibits a specific CYP isoform is unlikely to cause a marked
increase in the plasma concentration of sertraline.

Sertraline is a new antidepressant of the selective serotonin reuptake inhibitor class (Murdoch and McTavish, 1992). This drug is
extensively metabolized in the liver and less than 0.2% of unchanged
drug appears in the urine within 48 h of administration (Pages et al.,
1988). The primary metabolite currently known in humans is the
N-demethylated product, desmethylsertraline, which is considered to
be inactive in vivo (Doogan and Caillard, 1988).
The potency of sertraline to inhibit the metabolic activity of cytochrome P-450 (CYP)1 has been thoroughly investigated in vitro and in
vivo. In vitro studies using human liver microsomes have shown that
sertraline is a modest inhibitor of CYP2D6 (Crewe et al., 1992; von
Moltke et al., 1994) and CYP2C19 (Kobayashi et al., 1995) but a
weak inhibitor of CYP1A2 (Brøsen et al., 1993), CYP2C9 (Schmider
et al., 1997), and CYP3A (Ring et al., 1995; von Moltke et al., 1996a,
b). Inhibition of CYP2D6 has also been observed in vivo; that is, the
plasma concentrations of desipramine, which is metabolized by
CYP2D6, increased after treatment with sertraline (Lydiard et al.,
1993; Barros and Asnis, 1993; Alderman et al., 1997). On the other
hand, sertraline does not appear to exert significant inhibitory effects

on CYP2C19 (Gardner et al., 1997), CYP2C9 (Tremaine et al., 1997;
Apseloff et al., 1997), or CYP3A in vivo (von Moltke et al., 1996a).
The inhibition of CYP2D6, CYP2C19, and CYP2C9 observed in in
vitro studies occurred in a competitive manner (Crewe et al., 1992;
von Moltke et al., 1994; Kobayashi et al., 1995; Schmider et al.,
1997), suggesting that sertraline binds to the substrate binding sites of
CYP2D6, CYP2C19, and CYP2C9. This does not, however, indicate
that sertraline is a substrate of these enzymes. To our knowledge,
there is no published data showing that sertraline is a substrate of
CYP, although Hamelin et al. (1996) found that there is no significant
difference in the pharmacokinetics of sertraline between extensive and
poor metabolizers of debrisoquine, suggesting that CYP2D6 does not
play a major role in the metabolism of sertraline in vivo.
In the present study, we studied the sertraline N-demethylation
using human liver microsomes and cDNA-expressed human CYPs to
identify the CYP isoforms involved in N-demethylation of sertraline
in humans.
Materials and Methods

Chemicals. Sertraline hydrochloride and desmethylsertraline maleate were
supplied by Pfizer Pharmaceuticals (Tokyo, Japan). Triazolam was a gift from
This study was supported by the Japan Health Science Foundation (1–7-1-C)
Pharmacia Upjohn (Tokyo, Japan). Racemic mephenytoin was a gift from Dr.
and Drug Innovation Science Project (1–2-10), Tokyo, Japan.
Küpfer (University of Berne, Berne, Switzerland). Chlorzoxazone and pheno1
Abbreviation used is: CYP, cytochrome P-450.
barbital were purchased from Sigma (St. Louis, MO), a-naphthoflavone was
obtained from Nacalai Tesque (Kyoto, Japan), and sulfaphenazole was purSend reprint requests to: Kan Chiba, Ph.D., Laboratory of Biochemical Pharchased from Daiichi Pure Chemical (Tokyo, Japan). NADP1, glucose 6-phosmacology and Toxicology, Faculty of Pharmaceutical Sciences, Chiba University,
phate, and glucose 6-phosphate dehydrogenase were purchased from Oriental
Yayoi-cho 1–33, Inage-ku, Chiba 263-8522, Japan. E-mail: kchiba@p.chiba-u.ac.jp
Yeast (Tokyo, Japan). Acetonitrile and methanol of HPLC grade and couma763
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Sertraline, a new antidepressant of the selective serotonin reuptake inhibitor class, is extensively metabolized to desmethylsertraline in humans. We identified the cytochrome P-450 (CYP) isoforms involved in sertraline N-demethylation using pooled human
liver microsomes and cDNA-expressed CYP isoforms. Eadie-Hofstee plots for the sertraline N-demethylation in human liver microsomes were monophasic. The estimated Michaelis-Menten kinetic
parameters were: KM 5 18.1 6 2.0 mM, Vmax 5 0.45 6 0.03 nmol/
min/mg of protein, and Vmax/KM 5 25.2 6 4.3 ml/min/mg of protein.
At the substrate concentration of 20 mM, which approximated the
apparent KM value, sulfaphenazole (CYP2C9 inhibitor) and triazolam (CYP3A substrate) reduced the N-demethylation activities by
20 to 35% in human liver microsomes, whereas the inhibition
induced by mephenytoin (CYP2C19 substrate) or quinidine
(CYP2D6 inhibitor) was marginal. The anti-CYP2B6 antibody inhib-
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15), CYP2C19 (lot 12), CYP2D6-Val (lot 13), CYP2E1 (lot 31), or CYP3A4
(lot 49) and control microsomes (lot 17) were used. cDNA-expressed
CYP2A6, CYP2C8, CYP2C9-Arg, CYP2D6-Val, CYP2E1, and CYP3A4
were coexpressed with NADPH-CYP reductase in human B-lymphoblastoid
cell lines. To examine the roles of individual CYP isoforms involved in
sertraline N-demethylation, control microsomes and each of the ten cDNAexpressed CYPs listed above (each at a protein concentration of 0.5 mg/ml)
were first incubated with 100 mM sertraline for 120 min at 37°C, according to
the procedure recommended by the supplier (Gentest).
Kinetics in cDNA-Expressed CYP Isoforms. Kinetic studies were performed using microsomes from human B-lymphoblastoid cell lines expressing
CYP2B6 (lot 40), CYP2C9-Arg (lot 26), CYP2C19 (lot 12), CYP2D6-Val (lot
29), or CYP3A4 (lot 49). The activities of sertraline N-demethylation in
CYP2B6 and CYP2C19 were determined at sertraline concentrations ranging
from 2.5 to 100 mM. The concentrations of sertraline used for determining the
activities in CYP2D6-Val and CYP3A4 ranged from 1 to 40 mM and from 10
to 200 mM, respectively. The protein concentration of each cDNA-expressed
CYP isoform was 0.25 mg/ml. Incubation with cDNA-expressed CYP2B6 or
CYP3A4 was carried out for 30 min and with CYP2C9-Arg, CYP2C19, or
CYP2D6-Val for 60 min. All reactions were performed in a linear range with
respect to protein concentration and incubation time. The kinetic parameters
(KM, Vmax, and Vmax/KM) were estimated as described above.

Results and Discussion
The Eadie-Hofstee plot for sertraline N-demethylation in human
liver microsomes was linear (data not shown). Thus, we were able to
estimate the kinetic parameters by fitting them to a simple MichaelisMenten equation. The mean (6S.D.) kinetic parameters estimated
from three independently undertaken experiments were: apparent KM
5 18.1 6 2.0 mM, Vmax 5 0.45 6 0.03 nmol/min/mg of protein, and
Vmax/KM 5 25.2 6 4.3 ml/min/mg of protein. At a substrate concentration of sertraline (i.e., 20 mM), which approximated the apparent
KM value of sertraline N-demethylation in human liver microsomes,
sulfaphenazole (CYP2C9; Newton et al., 1995), a-naphthoflavone
(CYP1A; Tassaneeyakul et al., 1993), and triazolam (CYP3A; Kronbach et al., 1989) were seen to inhibit the N-demethylase activities of
sertraline in human liver microsomes by 35.8, 22.1, and 21.7%,
respectively. In addition, the anti-CYP2B6 antibody reduced the Ndemethylase activity of sertraline by around 35%. These results suggest that, at a 20 mM substrate concentration of sertraline, CYP2C9,
CYP2B6, CYP1A, and CYP3A are involved in the sertraline Ndemethylation in human liver microsomes. On the other hand, me-

FIG. 1. Formation of desmethylsertraline from sertraline in microsomes from
human B-lymphoblastoid cells expressing CYP isoform.
Substrate (100 mM sertraline) was incubated at 37°C for 120 min with microsomes (0.5 mg/ml) from human B-lymphoblastoid cell lines expressing CYP1A1,
1A2, 2A6, 2B6, 2C8, 2C9-Arg, 2C19, 2D6-Val, 2E1, or 3A4. Each bar represents
the mean of duplicate determinations. ND 5 not detectable.
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rin, quinidine, and other reagents of analytical grade were purchased from
Wako Pure Chemical (Osaka, Japan).
Microsomes from human B-lymphoblastoid cell lines expressing human
CYP isoforms, control microsomes from human B-lymphoblastoid cell lines
containing the expression vector without cDNA, and monoclonal antibody
raised against human CYP2B6 were obtained from Gentest (Woburn, MA).
Pooled human liver microsomes, which is a mixture of microsomes prepared
from six individual donors, were also obtained from Gentest. The immunochemically determined CYP contents of each CYP isoform in the pooled liver
microsomes were provided in the data sheet supplied by the manufacturer.
Incubation Conditions. The primary incubation medium contained 0.1
mg/ml of human liver microsomes or 0.5 mg/ml of cDNA-expressed CYP
isoforms, 0.1 mM EDTA, 100 mM potassium phosphate buffer (pH 7.4), an
NADPH-generating system (0.5 mM NADP1, 2.0 mM glucose 6-phosphate, 1
IU/ml of glucose 6-phosphate dehydrogenase, 4 mM MgCl2), and 1 to 200 mM
sertraline, in a final volume of 250 ml. After preincubation at 37°C for 1 min,
the reaction was initiated by the addition of the NADPH-generating system.
The temperature was kept at 37°C. After the reaction was stopped by the
addition of 100 ml of cold acetonitrile, 50 ml of phenobarbital (5 mg/ml in
methanol) was added to the samples as an internal standard. The mixture was
centrifuged at 10,000g for 5 min and 50 ml of supernatant was analyzed by
HPLC as described below.
HPLC Conditions. The determination of desmethylsertraline was carried
out using the HPLC-UV assay method. The HPLC system consisted of a model
L-6000 pump (Hitachi Ltd., Tokyo, Japan), a model L-4000 UV detector
(Hitachi), a model AS-2000 autosampler (Hitachi), a model D-2500 integrator
(Hitachi) and a 4.6- 3 250-mm CAPCELL PAK C18 UG120 column (Shiseido
Co. Ltd., Tokyo, Japan). The mobile phase consisted of 0.05 M potassium
dihydrogenphosphate/acetonitrile (62:38, v/v) delivered at a flow rate of 1.0
ml/min. The eluate was monitored at a wavelength of 204 nm. Under these
chromatographic conditions, the internal standard (phenobarbital), desmethylsertraline, and sertraline were eluted at 6.9, 10.3, and 11.3 min, respectively.
Calibration curves were generated from 0.03 to 0.6 nmol/ml by processing the
authentic standard substance through the entire procedure. Desmethylsertraline
was quantified by comparison with the standard curves using the peak-height
ratio method. The detection limit for desmethylsertraline was 0.5 ng.
Kinetics in Human Liver Microsomes. Kinetic studies were performed
using pooled human liver microsomes (lot 1). The N-demethylase activities of
sertraline in human liver microsomes were determined at sertraline concentrations ranging from 2.5 to 100 mM. All reactions were performed in a linear
range with respect to protein concentration and incubation time: 0.1 mg/ml
microsomal protein and 20-min incubation time. The kinetic parameters (KM,
Vmax, and Vmax/KM) were estimated by graphic analysis of Eadie-Hofstee plots.
These values were subsequently used as initial estimates for the nonlinear
least-squares regression analysis, MULTI (Yamaoka et al., 1981).
Inhibition Study. CYP isoform-selective xenobiotic probes were used to
study their inhibitory effects on the N-demethylase activities of sertraline (20
mM) in human liver microsomes. The isoform-selective inhibitors and alternative substrates used in this part of the study were 10 mM a-naphthoflavone
(CYP1A; Tassaneeyakul et al., 1993), 100 mM coumarin (CYP2A6; Yun et al.,
1991), 100 mM sulfaphenazole (CYP2C9; Newton et al., 1995), 100 mM
mephenytoin (CYP2C19; Küpfer and Preisig, 1984), 10 mM quinidine
(CYP2D6; Guengerich et al., 1986), 100 mM chlorzoxazone (CYP2E1; Peter
et al., 1990), and 100 mM triazolam (CYP3A; Kronbach et al., 1989).
The monoclonal antibody raised against human CYP2B6 used in the present
study inhibited 7-ethoxy-4-trifluoromethylcoumarin deethylation in cDNAexpressed CYP2B6 by more than 90%, whereas it did not inhibit specific
reactions catalyzed by CYP1A1, CYP1A2, CYP1B1, CYP2A6, CYP2C8,
CYP2C9, CYP2C18, CYP2C19, CYP2D6, CYP2E1, or CYP3A4 (product
information of Gentest). The immunoinhibition of sertraline N-demethylation
was examined by preincubating human liver microsomal samples (25 mg
microsomal protein) with various amounts of anti-CYP2B6 antibodies (0 –100
ml/mg microsomal protein) in 25 mM Tris buffer (pH 7.5) for 15 min on ice.
Sertraline (20 mM) and the other components of the incubation medium were
then added and the above mentioned reaction occurred.
Assay with cDNA-Expressed CYP Isoforms. Microsomes from human
B-lymphoblastoid cell lines expressing human CYP1A1 (lot 21), CYP1A2 (lot
52), CYP2A6 (lot 32), CYP2B6 (lot 40), CYP2C8 (lot 18), CYP2C9-Arg (lot
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SERTRALINE N-DEMETHYLATION IN HUMANS
TABLE 1

Michaelis-Menten kinetic parameters of sertraline N-demethylation in microsomes of human B-lymphoblastoid cells expressing CYP2B6, CYP2C9, CYP2C19,
CYP2D6, or CYP3A4, the contents of five CYP isoforms in pooled human liver microsomes, and the estimated Vmax/KM of each CYP isoform in
human liver microsomes
Microsomes

KM

Vmax

Vmax/KM

Contents of CYP in Human
Liver Microsomes

Estimated Vmax/KM in
Human Liver Microsomes

mM

pmol/min/pmol CYP

ml/min/pmol CYP

pmol CYP/mg of protein

ml/min/mg of protein

CYP2B6
CYP2C9
CYP2C19
CYP2D6
CYP3A4

30.7 6 1.2a
30.3 6 5.3
9.0 6 1.7
2.6 6 0.3
45.3 6 8.5

2.04 6 0.36a
1.73 6 0.28
1.11 6 0.22
0.79 6 0.05
0.57 6 0.06

0.067 6 0.012a
0.057 6 0.006
0.124 6 0.016
0.309 6 0.022
0.013 6 0.002

41b
96
19
22
142

2.7c (14%)d
5.5 (29%)
2.4 (13%)
6.8 (35%)
1.8 (9%)

The values are expressed as the mean 6 S.D. from three different experiments.
Provided in data sheets by the manufacturer.
Estimated from the Vmax/KM values of cDNA-expressed CYP isoforms and their contents in pooled human liver microsomes.
d
Numbers in parentheses represent the estimated Vmax/KM as a percentage of the total Vmax/KM values of five CYP isoforms (CYP2B6, CYP2C9, CYP2C19, CYP2D6, and CYP3A4).
a
b
c

CYP2B6, CYP2C9, CYP2C19, CYP2D6, and CYP3A4 contents in
the human liver microsomes used in this study were 41, 96, 19, 22,
and 142 pmol CYP/mg of protein, respectively (Table 1). The contribution of each CYP isoform to the overall N-demethylase activities
of sertraline in human liver microsomes is thought to depend on the
amount of each CYP isoform present in the microsomes. Therefore,
the Vmax/KM values of the five cDNA-expressed CYP isoforms
(CYP2B6, CYP2C9, CYP2C19, CYP2D6, and CYP3A4) in the human liver microsomes were estimated from those of the cDNAexpressed CYP isoforms and from the specific contents of corresponding CYP isoforms in the human liver microsomes (i.e.,
estimated Vmax/KM 5 Vmax/KM of cDNA-expressed CYP 3 specific
content of each CYP isoform in the pooled microsomes). Among
these five CYP isoforms, CYP2D6 showed the highest value for
estimated Vmax/KM, followed by CYP2C9, CYP2B6, CYP2C19, and
CYP3A4 and the percent contributions of these isoforms to the sum of
Vmax/KM values were 35, 29, 14, 13, and 9%, respectively. These
findings suggest that CYP2D6 is one of the predominant enzymes
involved in the in vivo metabolism of sertraline in humans. However,
this is inconsistent with the earlier finding that there is no significant
difference in the clearance of sertraline between poor and extensive
metabolizers of debrisoquine (Hamelin et al., 1996). The reason for
this discrepancy is unknown. However, the estimated contribution of
CYP2D6 is at most 35%, which might not be enough to produce a
significant difference in the clearance of sertraline between poor and
extensive metabolizers of debrisoquine with a limited numbers of
subjects. Thus, a larger number of phenotyped subjects may be
required to clarify the involvement of CYP2D6 in the metabolism of
sertraline in vivo.
The results of the present study showed that at least five CYP
isoforms are involved in the N-demethylation of sertraline and that the
contribution of any individual isoform does not exceed 40% of overall
metabolism (Table 1). These findings suggest that concurrent administration of a drug that may inhibit one of these CYP isoforms does not
cause a marked increase in the plasma concentration of sertraline.
Moreover, sertraline has a wide therapeutic window and causes fewer
side effects than tricyclic antidepressants (Murdoch and McTavish,
1992). Therefore, serious interaction does not appear to occur even
when a drug that inhibits specific CYP isoforms is administered
concurrently with sertraline. In contrast, four (CYP2B6, CYP2C9,
CYP2C19, and CYP3A4) and three (CYP2C9, CYP2C19, and
CYP3A4) of the five isoforms involved in the N-demethylation of
sertraline have been reported to be induced by the administration of
anticonvulsants (Serlin and Breckenridge, 1983; Jones et al., 1992;
Backman et al., 1996) and rifampicin (Zilly et al., 1975; Kay et al.,
1985; Heimark et al., 1987; Zhou et al., 1990; Villikka et al., 1997),
respectively. This suggests that sertraline is rapidly metabolized and
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phenytoin (CYP2C19; Küpfer and Preisig, 1984), quinidine
(CYP2D6; Guengerich et al., 1986), and chlorzoxazone (CYP2E1;
Peter et al., 1990) only marginally inhibited, and coumarin (CYP2A6;
Yun et al., 1991) did not inhibit, the N-demethylase activity of
sertraline in human liver microsomes. These results suggest that, at
the same substrate concentration of sertraline, CYP2C19, CYP2D6,
CYP2E1, and CYP2A6 play a negligible role in the N-demethylation
of sertraline in human liver microsomes.
Microsomes from human B-lymphoblastoid cell lines expressing
each of the ten human CYP isoforms were examined to clarify the role
of individual CYP isoforms involved in sertraline N-demethylation.
As shown in Fig. 1, the formation of desmethylsertraline at sertraline
concentration of 100 mM was found in all the cDNA-expressed CYP
isoforms studied herein. In particular, CYP2C19, CYP2B6, CYP2C9Arg, CYP2D6-Val, and CYP3A4 extensively catalyzed the sertraline
N-demethylation (133.3, 111.8, 76.4, 52.3, and 28.4 pmol/120 min/
pmol CYP, respectively). Accordingly, kinetic parameters for the
sertraline N-demethylation were estimated for five cDNA-expressed
CYP isoforms (CYP2B6, CYP2C9, CYP2C19, CYP2D6, and
CYP3A4). As listed in Table 1, CYP2D6-Val showed the lowest
apparent KM value (2.6 mM), followed by CYP2C19 (9.0 mM). The
apparent KM values for CYP2B6 and CYP2C9-Arg were approximately 30 mM; for CYP3A4, the apparent KM value was 45.3 mM.
Among the cDNA-expressed CYP isoforms studied, CYP2D6-Val
showed the greatest Vmax/KM value (0.309 ml/min/pmol CYP). The
Vmax/KM values of CYP2C19, CYP2B6, CYP2C9-Arg, and CYP3A4
were 40.1, 21.7, 18.4, and 4.2% of the CYP2D6-Val, respectively. In
this study using cDNA-expressed CYP isoforms, the formation of
desmethylsertraline by CYP1A1 and CYP1A2 was found to be only
marginal (Fig. 1). This contradicts the previous finding that the
N-demethylase activity of sertraline in human liver microsomes was
inhibited by 22% in the presence of a-naphthoflavone. However,
because a-naphthoflavone is an effective inhibitor of CYP2C8 and
CYP2C9, as well as CYP1A enzymes (Chang et al., 1994), the
inhibition of sertraline N-demethylation by a-naphthoflavone appears
to be due to the inhibition of CYP2C9 rather than of CYP1A. The
formation of desmethylsertraline by CYP2A6 and CYP2E1 was also
only marginal (Fig. 1). This finding is consistent with the previous
results that indicated that coumarin did not inhibit, and that chlorzoxazone only slightly reduced, the N-demethylase activity of sertraline in human liver microsomes. Taken together, the results of the
present study suggest that the sertraline N-demethylation could be
catalyzed by at least five CYP isoforms (i.e., CYP2B6, CYP2C9,
CYP2C19, CYP2D6, and CYP3A4), but that CYP1A, CYP2A6, and
CYP2E1 play only a negligible role in the N-demethylation of sertraline in human liver microsomes.
According to the data sheets provided by the manufacturer, the
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that its pharmacological effect is reduced in patients taking anticonvulsants or rifampicin.
To our knowledge, this is the first study to identify the CYP
isoforms responsible for the N-demethylation of sertraline in human
liver microsomes. The results of the present study using human liver
microsomes and cDNA-expressed CYP isoforms suggest that at least
five isoforms of CYP (CYP2B6, CYP2C9, CYP2C19, CYP2D6,
CYP3A4) are involved in the sertraline N-demethylation in human
liver microsomes. This characteristic of sertraline metabolism (i.e.,
multiple forms of CYP being involved in the metabolism of sertraline)
may lead to fewer occurrences of serious interaction caused by the
inhibition of specific CYP isoforms.

References
Alderman J, Preskorn SH, Greenblatt DJ, Harrison W, Penenberg D, Allison J and Chung M
(1997) Desipramine pharmacokinetics when coadministered with paroxetine or sertraline in
extensive metabolizers. J Clin Psychopharmacol 17:284 –291.
Apseloff G, Wilner KD, Gerber N and Tremaine LM (1997) Effect of sertraline on protein
binding of warfarin. Clin Pharmacokinet 32(Suppl 1):37– 42.
Backman JT, Olkkola KT, Ojala M, Laaksovirta H and Neuvonen PJ (1996) Concentrations and
effects of oral midazolam are greatly reduced in patients treated with carbamazepine or
phenytoin. Epilepsia 37:253–257.
Barros J and Asnis G (1993) An interaction of sertraline and desipramine. Am J Psychiatry
150:1751.
Brøsen K, Skjelbo E, Rasmussen BB, Poulsen HE and Loft S (1993) Fluvoxamine is a potent
inhibitor of cytochrome P4501A2. Biochem Pharmacol 45:1211–1214.
Chang TKH, Gonzalez FJ and Waxman DJ (1994) Evaluation of triacetyloleandomycin, a-naphthoflavone and diethyldithiocarbamate as selective chemical probes for inhibition of human
cytochrome P450. Arch Biochem Biophys 311:437– 442.
Crewe HK, Lennard MS, Tucker GT, Wood FR and Haddock RE (1992) The effect of selective
serotonin re-uptake inhibitors on cytochrome P4502D6 (CYP2D6) activity in human liver
microsomes. Br J Clin Pharmacol 34:262–265.
Doogan DP and Caillard V (1988) Sertraline: A new antidepressant. J Clin Psychiatry
49(Suppl):46 –51.
Gardner MJ, Baris BA, Wilner KD and Preskorn SH (1997) Effect of sertraline on the
pharmacokinetics and protein binding of diazepam in healthy volunteers. Clin Pharmacokinet
32(Suppl 1):43– 49.
Guengerich FP, Müller-Enoch D and Blair IA (1986) Oxidation of quinidine by human liver
cytochrome P-450. Mol Pharmacol 30:287–295.
Hamelin BA, Turgeon J, Vallée F, Bélanger P-M, Paquet F and LeBel M (1996) The disposition

Downloaded from dmd.aspetjournals.org at ASPET Journals on August 19, 2018

KAORU KOBAYASHI
Laboratory of Biochemical
Pharmacology and Toxicology
TOMOKO ISHIZUKA
Faculty of Pharmaceutical Sciences
NORIAKI SHIMADA
Chiba University,
YOSHITAKA YOSHIMURA
Chiba (K.K., T.I., K.C.), Japan
KUNITOSHI KAMIJIMA
Materials Technology Research Laboratories
KAN CHIBA
Daiichi Pure Chemicals Co. Ltd.
Ibaraki (N.S.), Japan
Department of Psychiatry
School of Medicine
Showa University
Tokyo (Y.Y., K.K.), Japan

of fluoxetine but not sertraline is altered in poor metabolizers of debrisoquin. Clin Pharmacol
Ther 60:512–521.
Heimark LD, Gibaldi M, Trager WF, O’Reilly RA and Goulart DA (1987) The mechanism of the
warfarin-rifampin drug interaction in humans. Clin Pharmacol Ther 42:388 –394.
Jones CR, Guengerich FP, Rice JM and Lubet RA (1992) Induction of various cytochromes
CYP2B, CYP2C and CYP3A by phenobarbitone in non-human primates. Pharmacogenetics
2:160 –172.
Kay L, Kampmann JP, Svendsen TL, Vergman B, Hansen JE, Skovsted L and Kristensen M
(1985) Influence of rifampicin and isoniazid on the kinetics of phenytoin. Br J Clin Pharmacol
20:323–326.
Kobayashi K, Yamamoto T, Chiba K, Tani M, Ishizaki T and Kuroiwa Y (1995) The effects of
selective serotonin reuptake inhibitors and their metabolites on S-mephenytoin 49-hydroxylase
activity in human liver microsomes. Br J Clin Pharmacol 40:481– 485.
Kronbach T, Mathy SD, Ueno M, Gonzalez FJ and Meyer UA (1989) Oxidation of midazolam
and triazolam by human liver cytochrome P450IIIA4. Mol Pharmacol 36:89 –96.
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