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Abstract Objective: To study the influence of CYP3A4
inhibition by ketoconazole on the disposition of venla-
faxine in individuals with different CYP2D6 pheno- and
genotypes.
Methods: In an open two-phase study, 21 healthy vol-
unteers with known CYP2D6 pheno- and genotype [14
extensive metabolisers (EMs), 7 poor metabolisers
(PMs)] were given a single oral dose of venlafaxine
(50 mg to EMs and 25 mg to PMs). Plasma and urine
levels of venlafaxine and its three metabolites were
measured and the pharmacokinetics of venlafaxine were
determined. After a 2-week washout period, subjects
were treated for 2 days with ketoconazole (100 mg twice
daily) starting 1 day before the administration of ven-
lafaxine; and the same parameters as for the adminis-
tration of venlafaxine only were measured.
Results: Data were evaluated from 20 subjects (14 EMs
and 6 PMs) who completed the study. The dose-cor-
rected AUC of venlafaxine was on average 2.3 times
higher (P<0.01) and that of its active metabolite O-
desmethylvenlafaxine 3.4 times lower (P<0.0001) in
PMs than EMs. There was a good correlation between
the debrisoquine metabolic ratio and the ratio between
the AUC of venlafaxine and that of O-desmethylvenla-
faxine (Rs=0.93, P<0.002). The majority of subjects
showed higher plasma levels of venlafaxine and O-des-
methylvenlafaxine upon co-administration of ketoco-
nazole. AUC of venlafaxine significantly increased by
36% and that of O-desmethylvenlafaxine by 26%
(P<0.01). Cmaxvalues increased by 32% and 18%,

respectively. The elimination half-life of venlafaxine was
unaltered. Three of the PMs displayed marked increases
in AUC (81, 126 and 206%) and Cmax (60, 72, 119%) of
venlafaxine while the other three showed small or no
changes.
Conclusions: Ketoconazole consistently affected the dis-
position of venlafaxine in EMs of debrisoquine while the
response in PMs was erratic. The precise mechanisms
underlying this interaction remain to be elucidated.

Keywords Venlafaxine Æ Drug interactions Æ
Cytochrome P450

Introduction

Venlafaxine is a combined serotonin and norepinephrine
re-uptake inhibitor used in the treatment of depression
and generalised anxiety disorder. Venlafaxine undergoes
extensive first-pass metabolism following oral adminis-
tration. Studies using liver microsomes and expressed
enzymes have shown that venlafaxine is metabolised
mainly by cytochrome P450 2D6 (CYP2D6) to its active
major metabolite O-desmethylvenlafaxine (O-DM-V)
and by CYP3A4 to the inactive minor metabolite N-
desmethylvenlafaxine (N-DM-V) [1, 2]. However, other
enzymes such as CYP2C19 and CYP2C9 have also been
reported to be involved in the metabolism of venlafaxine
[1, 2, 3]. O-DM-V and N-DM-V are further metabolised
to N,O-didesmethylvenlafaxine (N,O-DDM-V).

CYP2D6 exhibits genetic polymorphism with inter-
individual differences in metabolic activity [4]. Individu-
als carrying two mutated alleles coding for no functional
enzyme are classified as poor metabolisers (PMs), while
those who carry at least one functional CYP2D6 allele
are extensive metabolisers (EMs) [5, 6, 7]. Major differ-
ences in the pharmacokinetics of venlafaxine in PMs
relative to EMs have been documented [8, 9]. CYP3A4 is
involved in the metabolism of many drugs and inhibition
or induction of this enzyme frequently results in drug–
drug interactions. However, it has been suggested that
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concomitant use of venlafaxine and inhibitors of
CYP3A4 would not cause any important changes in the
disposition of venlafaxine since CYP3A4-mediated
N-demethylation is a minor pathway in the metabolism
of venlafaxine [9]. Although not empirically investigated,
CYP3A4 might be of greater quantitative importance in
individuals lacking functional CYP2D6 genes, i.e. PMs,
predisposing them to clinically significant interactions
between venlafaxine and CYP3A4 inhibitors.

The aim of the present work was to test this hypothesis
by investigating the influence of CYP3A4 inhibition by
ketoconazole on the disposition of venlafaxine in indi-
viduals with different CYP2D6 pheno- and genotypes.

Material and methods

Study population and design

Twenty-one Swedish healthy Caucasian volunteers (10 males and
11 females), aged between 23 years and 47 years participated in the
study. Fourteen were EMs of debrisoquine [debrisoquine metabolic
ratio (MRdeb) 0.13–4.97] and seven were PMs (MRdeb63–260). Se-
ven of the EMs carried the *1/*1 CYP2D6 genotype, six were *1/*4
and one was *1/*5. Six PMs were homozygous for the CYP2D6*4
allele and one was homozygous forCYP2D6*3. Except for oral
contraceptives (four subjects, three EMs and one PM) and single
doses of mild analgesics, no drugs other than the study drugs were
allowed.

The study was approved by the ethics committee at Karolinska
Institutet, Huddinge University Hospital. Written informed con-
sent was obtained from all study participants.

Study part I

Subjects received a single oral dose of venlafaxine (Efexor, Wyeth
Lederle Nordiska AB, Stockholm, Sweden) in the morning after
overnight fasting. The dose was pheno/genotype adjusted. Thus,
EMs received 50 mg venlafaxine whereas PMs were given 25 mg,
except for one subject who received 50 mg venlafaxine on the first
occasion. Venous blood samples (15 ml) were obtained immedi-
ately before and 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 24, 36 and 48 h
after drug administration. Plasma was separated by centrifugation
and stored at 20�C until analysed. Urine was collected up to 48 h
after venlafaxine dose. Urine volumes were recorded and aliquots
stored at 20�C until analysed.

Study part II

After a 2-week wash-out period, oral treatment with ketoconazole
was commenced. Subjects received 100 mg ketoconazole
(Fungoral, Janssen-Cilag AB, Stockholm, Sweden) in the morning
and evening on day 1. On day 2, subjects received ketoconazole
(100 mg) and venlafaxine (25 mg or 50 mg depending on the phe-
notype) 1 h apart in the morning and 100 mg ketoconazole in the
evening. Blood and urine samples were collected as in study part I.
The sample taken 4 h after the administration of ketoconazole, i.e.
3 h after that of venlafaxine, was used for ketoconazole analysis.

Analytical methods

Determination of CYP2D6 phenotype and genotype

CYP2D6 phenotype was determined using the debrisoquine uri-
nary metabolic ratio (MR) calculated as the ratio between the
recovery of debrisoquine and that of 4-hydroxydebrisoquine in an

8-h urine collection after the oral administration of 10 mg debr-
isoquine (Debrisoquine, Cambridge Laboratories, United
Kingdom) [4, 7].

Determination of CYP2D6 genotype was carried out in leuko-
cyte DNA by allele-specific PCR amplification for the defective
alleles CYP2D6*3 and 4, as described [6, 7]. CYP2D6*5 was
identified by restriction fragment length polymorphism (RFLP)
assay with the restriction endonuclease EcoRI, yielding a 13-kb
fragment in case ofCYP2D6 gene deletion [10]. Alleles identified as
neither CYP2D6*3, *4 nor*5 were classified asCYP2D6*1.

Analysis of venlafaxine and its metabolites, O-desmethylvenlafaxine,
N-desmethylvenlafaxine, and N,O-didesmethylvenlafaxine in plasma
and urine

Metoprolol (internal standard, 25 lg/ml), saturated potassium
carbonate solution (100 ll) and diisopropylether (3 ml) were added
to the plasma and urine samples (500 ll). The mixture was ex-
tracted by shaking for 10 min in a 12-ml polypropylene tube and
centrifuged at 300 rpm for 10 min. The upper phase was decanted
after freezing of the water phase in a cooling bath. The organic
phase was extracted for 5 min with 150 ll hydrochloric acid, cen-
trifuged, and the organic phase was discarded. The acid phase
(50 ll) was injected into the HPLC column.

The chromatographic column was a Zorbax SB-C18 column,
7.5·4.6 mm; 3.5-lm particles (ChromTech AB, Hägersten,
Sweden). The UV detector was operated at 220 nm. The eluent
consisted of 18% acetonitrile and 82% buffer containing 0.75%
ammonia and 0.7% phosphoric acid in water, pH 3.5. The flow
rate was 1.0 ml/min. Retention times for venlafaxine, O-DM-V,
N-DM-V and N,O-DDM-V were 8.52, 2.42, 7.32 and 2.16 min,
respectively.

For validation of the method, calibration curves were con-
structed on three separate days and controls run in pentaplicates on
each day. The nominal values for venlafaxine and N,O-DDM-V
controls were 300, 1000 and 2000 nmol/l; for the other two
metabolites—O-DM-V and N-DM-V, control values were 450,
1500 and 3000 nmol/l. The recovery of venlafaxine and metabolites
varied between 93.2% and 97%. The within-assay coefficient of
variation was better than 8.5% for all control levels and the devi-
ation better than 12.5%. The corresponding between-assay values
were better than 6.9% and 12.5%, respectively. The limit of
quantification was 20 nmol/l for venlafaxine and N,O-DDM-V,
and 30 nmol/l for O-DM-V and N-DM-V.

Analysis of ketoconazole in plasma

Ketoconazole levels were quantified using a modification [11] of the
method described by Riley and James [12]. The limit of quantifi-
cation was 0.5 lmol/l and the between-day coefficient of variation
was 7.2% at a concentration of 1.0 lmol/l.

Pharmacokinetic analysis

Area under the plasma concentration–time curve (AUC0–inf), oral
clearance (CL/F), plasma peak concentration (Cmax), and terminal
half-life (t1/2) were calculated using WinNonlin software [13]. The
pharmacokinetics model was a one-compartment model with first-
order absorption and elimination. AUC and Cmax values of PMs
were dose corrected, i.e. multiplied by two since PMs received only
half of the venlafaxine dose given to EMs. The urinary recovery of
venlafaxine and its metabolites was calculated as percentage of the
given dose.

Statistics

The data was analysed using paired t-test (with and without ke-
toconazole) or unpaired t-test (EMs vs PMs) with the level of
statistical significance set at 0.05. Log-transformation of data was
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applied when a marked asymmetry (skewness) was observed.
Correlations were assessed using Spearman’s rank test.

Results

All subjects completed the study except one PM who
discontinued participation after the first venlafaxine
administration due to side effects (described below).
Data from this subject was consequently excluded from
statistical and pharmacokinetic analyses. Data from all
subjects was used in the safety assessment.

Pharmacokinetics

The pharmacokinetic parameters of venlafaxine before
and after pre-treatment with ketoconazole are shown in
Table 1. Following co-administration of ketoconazole,
the AUC of venlafaxine increased significantly in EMs
and in the total group. Also, a pronounced increase was
seen in three PM subjects (mean increase +138%), while
no increase was seen in the other three. Similar changes
were seen in Cmax and CL/F, while the terminal half-life
remained unaltered.

The pharmacokinetic parameters of O-DM-V were
affected in a way similar to that of venlafaxine (Table 2).
Following ketoconazole co-administration, AUC and
Cmax of O-DM-V increased significantly in EMs and in
the total group. In the PMs, there was a non-significant
trend towards higher values for both parameters. The
elimination half-life of O-DM-V was unaffected by ke-
toconazole treatment.

The concentrations of N-DM-V and N,O-DDM-V
were frequently below the lowest quantifiable level,
making AUC calculations unreliable. As shown in
Table 2, peak plasma levels were low relative to those of
venlafaxine and O-DM-V. There were no significant
changes in the Cmax of either metabolite following ke-
toconazole administration.

Urine data from one PM subject was excluded from
statistical analyses due to incomplete urine collection. In
the remaining subjects, changes in plasma AUC of
venlafaxine and its metabolites were not accompanied
by similar changes in the urinary excretion of these
substances (data not shown). The average total (venla-
faxine plus metabolites) urine venlafaxine recovery
among the 19 subjects was 50% (range 30–76%) of the
administered dose following venlafaxine-only adminis-
tration and 48% (range 34–61%) following co-admin-
istration of ketoconazole. Co-administration of
ketoconazole brought about a 14% decrease (P<0.01)
in total (venlafaxine plus metabolites) urine recovery in
EMs, whereas the recovery was unaffected in PMs (data
not shown). The decrease observed in EMs was mainly
due to a 31% reduction in the amount of excreted
N,O-DDM-V (P<0.001) and 9% reduction in that of
O-DM-V (P<0.05). The excretion of these metabolites
was unchanged in PMs. T
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As shown in Table 1 and Table 2, the average value
of dose-corrected AUC of venlafaxine was significantly
larger (6496 nmol/l h) in PMs relative to EMs
(2771 nmol/l h) following the administration of venla-
faxine only (P<0.01), while the AUC of O-DM-V AUC
was smaller in PMs than EMs (2249 vs 7564 nmol/l h,
P<0.0001). The average terminal half-life of venlafaxine
was longer in PMs (10.6 h) than EMs (5.2 h) (P<0.001).
There was a good correlation between debrisoquine MR
and the AUC of venlafaxine in EMs
(Rs=0.78,P<0.002) as well as in the whole group
(Rs=0.77,P<0.002). Debrisoquine MR was also highly
correlated to the ratio between the AUC of venlafaxine
and that of O-DM-V, determined in the absence of ke-
toconazole (Rs=0.93,P<0.001 in the whole group,
Rs=0.90,P<0.002 in EMs) (Fig. 1).

Plasma ketoconazole concentrations 4 h after ke-
toconazole administration varied between 1.2 lmol/l
and 6.4 lmol/l. There was no correlation between the
individual ketoconazole concentrations and the effects
on the pharmacokinetic parameters of venlafaxine and
its metabolites.

Safety

All subjects except one, an EM, experienced one or more
adverse effects during the study. The most common side
effect was nausea, observed in 16 of 21 subjects. Tired-
ness was reported in seven subjects, dry mouth in five,
flush in two, and accommodation disturbances in two.
Adverse effects were most pronounced 0.5–3 h after
venlafaxine administration, coinciding with the plasma
concentration peaks of venlafaxine and O-DM-V. Three
PMs vomited within 30–45 min following venlafaxine-
only administration and five subjects (three EMs and
two PMs) vomited 33–60 min after administration of
ketoconazole plus venlafaxine.T

a
b
le

2
D
o
se
-c
o
rr
ec
te
d
p
h
a
rm

a
co
k
in
et
ic

p
a
ra
m
et
er
s
(m

ea
n
,
S
D
)
o
f
v
en
la
fa
x
in
e
m
et
a
b
o
li
te
s
in

p
la
sm

a
fo
ll
o
w
in
g
a
n
o
ra
l
si
n
g
le

d
o
se

o
f
v
en
la
fa
x
in
e,

a
lo
n
e
o
r
a
ft
er

p
re
-t
re
a
tm

en
t
w
it
h

k
et
o
co
n
a
zo
le
.
E
M

ex
te
n
si
v
e
m
et
a
b
o
li
se
rs

o
f
d
eb
ri
so
q
u
in
e,

P
M

p
o
o
r
m
et
a
b
o
li
se
rs

o
f
d
eb
ri
so
q
u
in
e,

A
U
C

a
re
a
u
n
d
er

th
e
co
n
ce
n
tr
a
ti
o
n
–
ti
m
e
cu
rv
e
ex
tr
a
p
o
la
te
d
to

in
fi
n
it
y
,
C
m
a
x

m
a
x
im

u
m

p
la
sm

a
d
ru
g
co
n
ce
n
tr
a
ti
o
n

G
ro
u
p

A
U
C

(n
m
o
l/
l
h
)
O
-d
es
m
et
h
y
l
v
en
la
fa
x
-

in
e

C
m
a
x
(n
m
o
l/
l)
O
-d
es
m
et
h
y
l
v
en
la
fa
x
in
e

C
m
a
x
(n
m
o
l/
l)
N
-d
es
m
et
h
y
l
v
en
la
fa
x
in
e

C
m
a
x
(n
m
o
l/
l)

�
N
,O

-d
id
es
m
et
h
y
l
v
en
la
-

fa
x
in
e

V
en
la
fa
x
in
e

o
n
ly

V
en
la
fa
x
in
e
+

k
et
o
co
n
a
zo
le

C
h
a
n
g
e

V
en
la
fa
x
in
e

o
n
ly

V
en
la
fa
x
in
e
+

k
et
o
co
n
a
zo
le

C
h
a
n
g
e

V
en
la
fa
x
in
e

o
n
ly

V
en
la
fa
x
in
e
+

k
et
o
co
n
a
zo
le

C
h
a
n
g
e

V
en
la
fa
x
in
e

o
n
ly

V
en
la
fa
x
in
e
+

k
et
o
co
n
a
zo
le

C
h
a
n
g
e

E
M

(n
=

1
4
)

7
5
6
4
(2
4
1
5
)

9
2
0
9
(2
9
5
8
)

+
2
3
%

*
*

3
9
9
(1
8
2
)

4
4
8
(2
0
4
)

+
1
4
%

*
*

2
7
(2
2
)

2
5
(2
3
)

)
1
6
.2
%

6
2
(1
9
)

5
6
(2
2
)

)
8
.7
%

P
M

(n
=

6
)

2
2
4
9
(7
2
6
)

2
7
2
9
(7
6
5
)

+
1
4
1
%

9
6
(4
2
)

1
1
0
(4
4
)

+
2
9
%

7
9
(2
6
)

9
8
(2
5
)

+
3
6
.7
%

3
4
(2
8
)

2
3
(2
3
)

)
4
6
.1
%

T
o
ta
l
(n
=

2
0
)

5
9
6
9
(3
2
2
1
)

7
2
6
5
(3
9
2
7
)

+
2
6
%

*
*

2
8
7
(1
8
9
)

3
4
6
(2
3
3
)

+
1
8
%

*
4
3
(3
3
)

4
7
(4
1
)

+
0
.4
%

5
3
(2
5
)

4
6
(2
6
)

)
3
.8
%

*
P
<

0
.0
5

*
*
P
<

0
.0
1

�
S
u
b
je
ct
s
P
M
2
a
n
d
P
M
4
w
er
e
ex
cl
u
d
ed

d
u
e
to

u
n
q
u
a
n
ti
fi
a
b
le

le
v
el
s
o
f
N
,O

-D
D
M
-V
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Discussion

The metabolism of venlafaxine has been shown to be
largely dependent on CYP2D6 that catalyses the for-
mation of O-DM-V. CYP3A4-mediated N-demethyla-
tion of venlafaxine is considered to be a minor pathway
[1, 2]. Our study confirms the major role of CYP2D6 in
the O-demethylation of venlafaxine in vivo. Venlafaxine
AUC and the ratio between the AUCs of venlafaxine
and O-DM-V correlated highly with the debrisoquine
MR. One previous study has shown a relationship be-
tween the CYP2D6 genotype and steady-state plasma
concentration ratios between O-DM-V and venlafaxine
[8]. O-DM-V is considered to inhibit the re-uptake of
serotonin and noradrenaline with a potency similar to
that of the parent compound. Therefore, it has been
assumed that the CYP2D6-dependent interindividual
differences in venlafaxine metabolism would be of lim-
ited clinical relevance [2]. In the study of Veefkind et al.,
no significant differences were found in the sum of the
serum levels of venlafaxine and O-DM-V among the
different CYP2D6 genotypes [8]. However, there were
only three PM subjects in that study. In a report based
on four patient cases, Lessard et al. have suggested that
decreased CYP2D6 activity might predispose to car-
diovascular toxicity of venlafaxine [9]. Further studies
on larger patient populations are required to elucidate
whether the CYP2D6 polymorphism is of importance
for the clinical effects of venlafaxine.

Because of the minor quantitative role of the
CYP3A4-mediated N-demethylation pathway, only
PMs of debrisoquine have been thought to be at a
potentially higher risk of adverse effects when co-treated
with CYP3A4-inhibiting substances such as ketoconaz-
ole. Our results indicate that this is not the case. Indeed,
the majority of the subjects showed higher plasma levels
of venlafaxine upon co-administration of ketoconazole
irrespective of CYP2D6 phenotype (Table 1). In EMs,
the increase in AUC of venlafaxine was accompanied by
a slight decrease in oral clearance although the elimi-
nation half-life remained unaltered. Further, treatment
with ketoconazole did not affect the ratio between ven-
lafaxine and O-DM-V in either group (data not shown).
Also, the terminal half-life of O-DM-V remained unal-
tered upon treatment with ketoconazole (data not
shown). Taken together, these findings suggest that ke-
toconazole primarily affects the bioavailability of ven-
lafaxine rather than its elimination. The lack of effect of
ketoconazole on the elimination of venlafaxine is not
unexpected since CYP3A4 is not a major route of
elimination in EMs. However, the apparent effect on the
bioavailability is a novel finding that has not been pre-
viously reported. Of particular interest is the finding that
treatment with ketoconazole led to an increase in the
levels of O-DM-V in most subjects. Since O-DM-V is
pharmacologically active, the interaction with ketoco-
nazole is potentially significant from a clinical point of
view. T
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The effect of ketoconazole on the pharmacokinetics
of venlafaxine in PMs was inconsistent. As shown in
Table 3, three subjects exhibited a marked increase in
the AUC and Cmax of venlafaxine, together with a major
decrease in oral clearance. In two of these subjects, t1/2
was prolonged upon co-administration of ketoconazole.
In these subjects, ketoconazole seems to affect the bio-
availability as well as the elimination of venlafaxine; the
latter probably mediated via CYP3A4 inhibition. In
three of the PMs the effect of ketoconazole on the oral
clearance of venlafaxine was more pronounced than that
in EMs. However, in two PMs, CL/F remained unal-
tered by ketoconazole treatment. The reason for this
discrepancy is not self-evident. Nausea and vomiting are
well-known, concentration-dependent adverse effects of
venlafaxine and, in our study, almost all subjects
developed nausea upon treatment although only four
actually vomited after drug intake. Vomiting potentially
affects the absorption of venlafaxine and might lead to
erroneous estimations of Cmax and AUC. However, the
fact that most EMs did not vomit speaks in favour of a
real effect of ketoconazole on the bioavailability of
venlafaxine. Further, the most pronounced effect of
ketoconazole on the AUC and Cmax of venlafaxine was
observed in a PM who did not vomit after drug intake.
Four subjects used oral contraceptives, but they were
evenly distributed between the CYP2D6 pheno-/geno-
type groups and the use of oral contraceptives would not
be expected to have any significant effects on the phar-
macokinetics of venlafaxine. The mechanism by which
ketoconazole seems to affect the bioavailability of ven-
lafaxine is unclear. The possible inhibitory effects of
ketoconazole on enzymes other than CYP3A4 (such as
CYP2C enzymes) as well as its known inhibitory effect
on P-glycoprotein leading to increased absorption of
venlafaxine in the gut are of interest and merit further
studies.
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