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Objective. Doxepin is a tricyclic antidepressant formulated as a mixture of
E-(trans) and Z-(cis) stereoisomers. Cytochrome P450 2D6 (CYP2D6) cata-
lyzes the hydroxylation of E-doxepin and E-N-desmethyldoxepin stereospeci-
cally. There is evidence that tricyclic antidepressants might inhibit CYP2D6 ac-
tivity but there is no data about the influence of doxepin on CYP2D6.

Materials and methods. Eleven patients diagnosed with depression ac-
cording to ICD-10 criteria were included in the study. After wash-out period,
before doxepin treatment, sparteine metabolic ratio (MR1) was assessed. Af-
ter 2-weeks of doxepin treatment, MR2 was estimated. Sparteine and its me-
tabolites were determined in urine by gas chromatographic method of Ei-
chelbaum et al.

Results. Based on MR1 values, 10 patients were classified as EM (exten-
sive metabolizers) and 1 patient as PM (poor metabolizer). During the study,
after doxepin treatment, none of patients has changed phenotype status.
However, MR2 values were statistically significantly higher than MR1.

Conclusion. These results show the inhibitory effect of doxepin on
CYP2D6 activity and may be of clinical value, especially in polymedicated
patients treated with other CYP2D6 substrates or inhibitors.
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INTRODUCTION

About one quarter of recently manufactured
drugs are metabolized by cytochrome P450 2D6
(CYP2D6), and this group includes 50 out of 100
drugs best selling in the USA [12]. CYP2D6 cata-
lyzes hydroxylation of several antidepressants (tri-
cyclics, SSRIs, mianserin, venlafaxine) [1]. Several
drugs act as inhibitors of CYP2D6 activity, and
their inhibitory properties are of clinical impor-
tance, as they underlie drug-drug interactions.
Thus, inhibition of CYP2D6 by a drug may lead to
an increase in the plasma level of other substrates
and potentially to adverse events or toxicity, espe-
cially in the case of drugs of the narrow therapeutic
index [9]. Among potent CYP2D6 inhibitors, there
are numerous antidepressant drugs, such as par-
oxetine, fluoxetine, norfluoxetine, which substan-
tially affect pharmacokinetics of several substrates
of CYP26D, changing their area under curve
(AUC) by more than 150% [10]. An in vitro study
confirmed the inhibitory properties of amitrip-
tyline, imipramine, nortriptyline and desipramine
in humans and rats [2, 11], and an in vivo study re-
vealed dose-dependent change in sparteine meta-
bolic ratio (MR) during clomipramine treatment
[3]. Doxepin is a useful antidepressant drug that is
metabolized by cytochromes. The commercial pre-
paration is a mixture of 85% of E-(trans) and 15%
of Z-(cis)-stereoisomers. E-doxepin and E-N-des-
methyldoxepin are mainly metabolized by ring-
hydroxylation by CYP2D6, while demethylation of
E- and Z-doxepin is not catalyzed by CYP2D6, but
by CYP1A2, CYP3A4 and CYP2C19 [5, 6, 7]. As
there are no data about the influence of doxepin on
CYP2D6 activity, we undertook the present study,
which demonstrated that doxepin possessed CYP2D6
inhibitory properties.

MATERIALS and METHODS

The protocol of the study was approved by Ethics
Committee of the University of Medicine, Wroc³aw,
Poland. The verbal and written informed consent was
obtained before the study.

Patients

Eleven patients, 7 women and 4 men, aged
45–64 years (mean age of 52.72 years), diagnosed
with depression according to ICD-10 criteria –
F32.0, n = 1, F32.1, n = 1, F33.1, n = 7, F33.2, n = 2

– were included in the study (ICD-10 Polish trans-
lation version). Normal health status was con-
firmed on the basis of physical examination, blood
analysis, urinalysis, hepatic function test and elec-
trocardiogram. Exclusion criteria: treatment with
substrates or inhibitors of CYP2D6 of half-life
longer than 24 h before the baseline measurement
(washout period before the study) or during the
study, liver or kidney dysfunction, hematologic dis-
orders or medical contraindication to tricyclic anti-
depressants.

Phenotyping procedure

CYP2D6 activity was measured twice by esti-
mation of sparteine MR: after one-week wash-out
period (MR1) and after 2-weeks of fixed-dose
doxepin treatment (MR2). Each of the patients in-
gested one tablet containing 100 mg of sparteine
sulfate. All patients were treated simultaneously.
Urine excrected during the following 6 h was col-
lected. The volume of urine was recorded and
a 50-ml aliquot was stored at –20°C until analyzed.
Sparteine and its metabolites (2- and 5-dehydro-
sparteine) were determined in urine by gas chroma-
tographic method of Eichelbaum et al. [4]. The MR
was calculated as % of the dose excreted as spar-
teine/% of the dose excreted as 2- and 5-dehydro-
sparteine. Based on MR value, the patients were
classified as CYP2D6 extensive metabolizers (EM)
with MR � 20 or poor metabolizers (PM) with MR
> 20.

Precision and specifity of the method.

Quantitation was done by use of the peak area
ratios of sparteine and its metabolites to the internal
standard. A linear relationship was obtained for the
range tested (0.05–200 �g/ml). The precision of the
method for the determination of sparteine and me-
tabolites was good, with coefficient of variation of
4%. With a sample volume of 2 ml urine, concen-
trations as low as 0.02 �g/ml could be detected. The
specificity of the method was assessed by recording
the mass spectra of sparteine and its metabolites in a
GC-MS (Varian MAT CH 7) [4].

Doxepin treatment

The dose of doxepin was established individu-
ally according to clinical status and tolerability of
the treatment. The daily fixed-doses of doxepin at
the time of second phenotyping were: 75 mg (n = 1),
100 mg (n = 1), 110 mg (n = 1), 125 mg (n = 1),
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150 mg (n = 1), 175 mg (n = 2), 200 mg (n = 2),
250 mg (n = 2).

Statistical analysis

Exact one-sided Wilcoxon signed ranks test was
used, and a probability level of p < 0.05 was consid-
ered as statistically significant. The statistical analysis
was performed using the SPSS version 10.1 for Win-
dows.

RESULTS

The first phenotyping after washout period re-
vealed that 10 patients were EM and 1 patient was
PM. MR1 values ranged between 0.29–322.8 (me-
dian 1.47). After doxepin treatment none of the pa-
tients has changed phenotype status. However, MR2
values between 1.00–323.1 (median 4.3) were sta-
tistically significantly higher than MR1. MR2 val-
ues were statistically significantly higher (p = 0.002)
when all data (from EM and PM) were analyzed, as
well as after PM exclusion (p = 0.003). In the latter
case, MR1 values ranged between 0.29–4.8 (me-
dian 1.33) and MR2 values were from 1.00 to 14.8
(median 3.95) (Tab. 1).

DISCUSSION

The significant difference between MR2 and
MR1 (Tab. 1) showed inhibitory effect of doxepin
on CYP2D6 activity in vivo. Based on these pre-
liminary results, the degree of inhibition could not
be precisely assessed. The size of the study group
should be increased to determine the relationship
between dose and the extent of inhibition. The rela-
tive increases in MR (MR2/MR1) for different
doses of clomipramine 25, 50, 75, 125, 200 mg
were 1.5, 2.2, 3.6, 6.1, 8.7 (medians), respectively
[3]. In our study, the relative increase in MR of me-
dian value 3.67 was estimated for whole group, ir-
respective of a dose. The comparison with other tri-
cyclic antidepressants is not possible because there
are no data on the inhibitory properties of these
drugs based on in vivo studies.

In one case, a decrease in MR value was ob-
served (MR1-4.8, MR2-3.6). The most probable
explanation of this fact is inhibitory effect of an
unidentified factor at the baseline measurement.
The ingestion of a CYP2D6 inhibitor with long
half-time of elimination may lead to CYPs inhibi-
tion for an extended interval after a drug treatment
was discontinued. For example, plasma concentra-
tion of desipramine, a CYP2D6 substrate, was ele-
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vated over 2 weeks after fluoxetine discontinuation
[10]. The inter-individual differences in MR value
cannot be ruled out, as MR may vary up to 6-fold
when metoprolol is used as a model drug and 20-
fold when dextrometorphan MR is assessed. It is
suggested that these differences are connected with
urinary pH variations within the physiological range,
which explain 20 to 80% of the inter-individual vari-
ability observed with either dextrometorphan or
metoprolol MRs [8]. However, there are no data
about the influence of urinary pH on sparteine
MRs. Concerning the inhibitory effect of doxepin
on CYP2D6, this explanation of higher MR1 value
is less probable.

In PM case, the relative MR increase of 1.00
was assessed. This result is in agreement with other
studies which have suggested that PMs are less sus-
ceptible to enzyme inhibition than EMs [9].

Although the change in phenotypic status was
not observed during doxepin treatment, its inhibi-
tory effect on CYP2D6 may lead to clinical conse-
quences when substrates of CYP2D6 characterized
by narrow therapeutic index are used at the same
time (certain neuroleptics, antiarrythmics) and in
patients suffering from diseases leading to increase
in the plasma level of drugs.
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