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In vivo inhibition of CYP2C19 but not CYP2D6 by
fluvoxamine
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Studies were performed in eight healthy extensive metabolizers of mephenytoin
and debrisoquine to determine the effect of fluvoxamine on the activities of
S-mephenytoin 4’-hydroxylase (CYP2C19) and metoprolol a-hydroxylase
(CYP2D6). Therapeutic dosing with fluvoxamine (100 mg day~!) for 2 weeks
caused a significant increase in the 0—8 h urinary S/R ratio of mephenytoin from
0.16 to 0.55 (95% confidence interval for difference between means: 0.28—0.50;
P <0.01), accompanied by a 54% reduction in the 0—8 h urinary recovery of
4’-hydroxymephenytoin (95% confidence interval for difference between means:
3.64-16.24 mg; P <0.05). However, this did not alter the assigned phenotype of
any of the subjects based on the established antimode of 0.95 (S/R-mephenytoin
ratio). Two weeks after fluvoxamine was discontinued, both metabolic indices
returned to their pre-study values. By contrast, fluvoxamine had no effect on
either 0-8 h urinary metoprolol/a-hydroxymetoprolol ratio (95% confidence
interval for difference between means: —0.38-0.46; P >0.05) or the 0—8 h urinary
recovery of a-hydroxymetoprolol (95% confidence interval for difference between
means: —0.61-0.70 mg; P >0.05). These results indicated fluvoxamine has a
modest inhibitory effect on the activity of CYP2C19, but no effect on that of

CYP2D6 in vivo.
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Introduction

Fluvoxamine is a selective serotonin reuptake inhibitor
(SSRI) that is widely used in the treatment of major
depression and other affective disorders [ 1]. Previous
studies have shown that concomitant intake of fluvox-
amine can result in clinically relevant interactions with
many drugs including imipramine [ 2, 3], clomipramine
[4], amitriptyline [5, 6], clozapine [7], theophylline
[8, 9], propranolol [1], diazepam [10], alprazolam
[11, 12] and carbamazepine [ 13]. These interactions
have been attributed to impairment of different
cytochrome P450 activities. Since fluvoxamine is a
highly potent inhibitor of CYP1A2 (K;=0.12-0.24 pm)
in human liver microsomes in vitro [ 14], impairment of
CYP1A2 activity is likely to be the cause of the in vivo
interactions between fluvoxamine and substrates for
CYP1A2, such as imipramine [15], clozapine [16],
theophylline [17] and propranolol [18]. However,

metoprolol

CYP2D6 CYP2C19

during coadministration of fluvoxamine, the clearances
of amitriptyline, alprazolam and carbamazepine, which
are mainly oxidized by CYP3A4 [6, 12, 19], are also
decreased. These data suggest that fluvoxamine also
inhibits CYP3A4 activity. In addition to the involvement
of CYP1A2 and CYP3A4, the demethylation of imipram-
ine, clomipramine and amitriptyline appears to be
partially mediated both in wivo and in vitro by
mephenytoin 4'-hydroxylase [20-23] , now known to
be CYP2C19 [24]. Furthermore, fluvoxamine also
inhibits the biotransformation of diazepam and its
N-demethylated metabolite, nordiazepam [10], which
are putative substrates for CYP2C19 [25]. Thus,
CYP2C19 may also be involved in the interactions
between imipramine, amitriptyline, diazepam and
fluvoxamine.

To our knowledge, there are no published data
describing the possible effect of fluvoxamine on
CYP2C19 either in vivo or in vitro although other SSRIs
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have been tested in vitro [26]. Fluvoxamine has been
found to inhibit CYP2D6 activity in human liver
microsomes [27], but whether inhibition occurs in vivo
has not been tested. The present study was designed to
determine the effect of fluvoxamine on the activities of
CYP2C19 and CYP2D6 in healthy volunteers using
mephenytoin and metoprolol as probe drugs.

Methods

Eight male volunteers previously phenotyped as extens-
ive metabolizers of both mephenytoin and debrisoquine,
were recruited. Their age and weight were 21.7+1.6
(mean+s.d.) years and 59.8+6.5 kg. All subjects were
non-smokers and in good health according to clinical
history, physical examination and routine laboratory
tests. No medication or ethanol consumption was
allowed at least 2 weeks prior to or during the study.
The study was approved by the Academic Committee
and the Ethics Committee of Hunan Medical University
and informed, written consent was obtained from
the subjects.

All subjects were given oral fluvoxamine (Fevarin®;
Duphar, Weesp, The Netherlands) at the normal thera-
peutic dose of 100 mg day ! for 2 weeks. The subjects
were phenotyped with mephenytoin and metoprolol on
the day prior to the study, 2 h after the last dose of
fluvoxamine and 2 weeks after discontinuation of
fluvoxamine. After an overnight fast, each subject
received 100 mg mephenytoin (Mesantoin®, Sandoz)
and 100mg metoprolol (Betaloc®, Sino-Swed
Pharmaceutical Co. Ltd) orally with 250 ml water.
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Urine was then collected for the next 8 h and aliquots
stored at —20° C until analyzed.

The urinary mephenytoin S/R ratio was determined
by gas chromatography using a chiral capillary column
[28]. Urine was analyzed for 4’-hydroxymephenytoin,
metoprolol and a-hydroxymetoprolol by h.p.lL.c. [29,
30]. Data were compared using the Wilcoxon signed
rank test with the level of significance set at P <0.05.

Results

Administration of a therapeutic dose of fluvoxamine
(100 mg day ~') for 2 weeks caused a significant increase
in the 0-8 h urinary S/R ratio of mephenytoin from
0.16 to 0.55 (95% confidence interval for difference
between means: 0.28—0.50; P <0.01). This change was
accompanied by a 54% reduction in the 0—8 h urinary
excretion of 4’-hydroxymephenytoin from 18.5 mg to
8.5mg (95% confidence interval for difference between
means: 3.64-16.24 mg; P<0.05) (Figure1). How-
ever, based on established antimodes for the distribu-
tion of the S/R ratio (0.95) and the 0-8h 4'-
hydroxymephenytoin (5% of dose), fluvoxamine did not
convert these values to those of a CYP2C19 poor
metabolizer in any of the subjects. Two weeks after
discontinuation of fluvoxamine, both metabolic indices
of mephenytoin had returned to their pre-study values.

By contrast, fluvoxamine had no effect on either the
0-8 h urinary metoprolol/a-hydroxymetoprolol ratio
(95% confidence interval for difference between means:
—0.38-0.46; P >0.05) or the 0-8 h urinary recovery of
a-hydroxymetoprolol (95% confidence interval for
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Figure 1 The effects of oral fluvoxamine (100 mg day ™' for 2 weeks) on the urinary S/R ratio of mephenytoin (left) and on
the 0-8 h recovery of 4-hydroxymephenytoin (right) after oral administration of 100 mg racemic mephenytoin. All subjects

were extensive metabolizers of mephenytoin.
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differences between means: —0.61-0.70 mg; P >0.05)
(Figure 2).

Discussion

The 0-8h wurinary S/R ratio and excretion of
4’-hydroxymephenytoin after administration of an oral
dose racemic mephenytoin has been demonstrated to
reflect CYP2C19 activity [31]. Both the increase in S/R
ratio of mephenytoin and the reduction in
4’-hydroxymephenytoin recovery in 0—8 h urine during
coadministration of fluvoxamine indicate that fluvox-
amine is an inhibitor of mephenytoin 4'-hydroxylase
(CYP2C19). Impairment by fluvoxamine of CYP2C19
activity may contribute to the observed interactions
between fluvoxamine and tricyclic antidepressants and
diazepam.

It is not known which forms of cytochrome P450
metabolize fluvoxamine. Because it is an inhibitor of
CYP2C19, fluvoxamine might also be a substrate for
this isozyme. However, the observations that fluvoxam-
ine is a potent inhibitor of CYP1A2 [14] and that
smokers achieve significantly lower plasma concen-
trations of the drug compared with non-smokers [32]
provide indirect evidence that CYP1A2 is the major
form of cytochrome P450 involved in its metabolism.

Fluvoxamine was a weak inhibitor of CYP2D6 in
human liver microsomes (K;=8.2 pum) [27]. In the
present study, fluvoxamine had no effect on either the
0-8 h urinary metoprolol/a-hydroxymetoprolol ratio or
the 0—8 h urinary recovery of a-hydroxymetoprolol, two
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indices of CYP2D6 activity [33]. Thus plasma concen-
trations of fluvoxamine at therapeutic doses may not be
high enough to inhibit the activity of CYP2D6. This is
consistent with a previous in vivo study in which the
aromatic 2-hydroxylation of desipramine, also mediated
by CYP2D6, was unaffected by fluvoxamine [ 2].

In summary, the present study indicates that fluvox-
amine has a selective inhibitory effects on different
cytochrome P450 enzymes in vivo.

Our thanks are due to Dr V. Martinelli (University of Cagliari,
Italy) for his donation of fluvoxamine. This study was in part
supported by China Medical Board (grant no. 92-568) and
National Natural Science Foundation of China (grant no.
39330230).
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Figure 2 The effects of oral fluvoxamine (100 mg day ! for 2 weeks) on the urinary metoprolol/a-hydroxymetoprolol (M/HM)
ratio (left) and on the 0-8 h recovery of a-hydroxymetoprolol (right) after oral administration of 100 mg metoprolol. All

subjects were extensive metabolizers of debrisoquine.
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