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NEW ANTIDEPRESSANTS AND THE CYTOCHROME P450

SYSTEM: FOCUS ON VENLAFAXINE, NEFAZODONE,
AND MIRTAZAPINE

J. Randall Owen, M.D., and Charles B. Nemeroff M.D., Ph.D.*

Objective: This review critically evaluates recent information on the cytochrome
P450 system, with an emphasis on drug interactions involving antidepressant
medications, particularly venlafaxine, nefazodone, and mirtazapine. Methods:
International literature on the cytochrome P450 system and related drug inter-
actions from 1995–1997 were critically examined. Results: Venlafaxine,
nefazodone, and mirtazapine have different effects on the cytochrome P450 sys-
tem. In vitro, venlafaxine is a weaker CYP2D6 inhibitor than most of the
selective serotonin reuptake inhibitors (SSRIs) by a factor of 1–3 orders of mag-
nitude. In vivo drug interaction studies generally confirm in vitro results.
However, some exceptions exist. The clinical significance of such interactions
remains unknown. Venlafaxine had minimal or no demonstratable inhibition
of CYP1A2, CYP3A4, or CYP2C. Nefazodone is a potent inhibitor of CYP3A4
and is therefore absolutely contraindicated with concurrent administration of
terfenadine, astemizole, and cisapride. It is a weak inhibitor of CYP1A2, 3A4,
and 2D6. A metabolite of nefazodone, mCPP, is a weak and probably clinically
insignificant inhibitor of CYP2D6. Mirtazapine has minimal inhibitory effects
on CYP1A2, CYP3A4, and CYP2D6 in vitro. Little is known about its interac-
tions with other drugs. Conclusions: With the addition of the latest antidepres-
sant medications, the clinician may now choose antidepressants with little
liability for drug–drug interactions. Venlafaxine and mirtazapine are associ-
ated with a lower risk of clinically significant drug interactions than SSRIs.
Nefazodone is a potent inhibitor of CYP3A4 and therefore may not be suitable
for all patient populations. It is, however, a much weaker CYP2D6 inhibitor
than the SSRIs. More studies are needed to assess more accurately and precisely
the risk of such untoward drug–drug interactions with these novel antidepres-
sants, particularly in more diverse ethnic patient populations. Depression and
Anxiety, Volume 7, Supplement 1:24–32, 1998. © 1998 Wiley-Liss, Inc.
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INTRODUCTION
Drug–drug interactions are well known to result in
untoward and even serious side effects. These may
result in undue pain and suffering, and increased hos-
pital stays, office visits, costs, and comorbid complica-
tions. They can obviously also interfere with the
therapeutic relationship between the patient and phy-
sician as well as foster noncompliance, with all of its
attendant risks. Of course, not every drug–drug inter-
action is serious. Some may even be utilized to the
patient’s benefit, by maximizing therapeutic effects
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and minimizing unwanted “side effects.’’ The vast
majority of drug interactions, however, are neither
helpful nor harmful. Pharmacokinetic alterations fre-
quently do not translate into significant pharma-
codynamic effects. The task for the clinician is to
discriminate between those drug interactions which
are clinically meaningful and those which are not, and
to address these interactions appropriately.

A great body of research has focused on the poten-
tial for drugs, particularly antidepressants, to interact
with one or another hepatic cytochrome P450 isoen-
zyme. Much of this research has been comprehen-
sively reviewed elsewhere (Nemeroff et al., 1996;
Richelson, 1997; Ershefsky, 1996). As information on
this subject grows, new research must be incorporated
with old. This review scrutinizes the evidence as to
whether the newest antidepressants inhibit activity of
the cytochrome P450 isoenzymes and provides clini-
cally relevant recommendations for their use in clini-
cal situations in which drug interactions might occur.
We begin with a review of the different variables by
which drug interactions are measured, followed by a
synopsis of each of the relevant cytochrome P450 isoen-
zymes. Next, the effects of venlafaxine, nefazodone,
and mirtazapine on the hepatic cytochrome P450 sys-
tem are discussed, with a focus on clinical practice.
Our goal is to encourage the rational use of antide-
pressants, allowing clinicians to predict and avoid
clinically significant interactions and thereby treat
these severe psychiatric disorders.

MATERIALS, METHODS,
AND RESULTS

PRINICIPLES OF DRUG INTERACTIONS

Drug–drug interactions occur by a variety of me-
chanisms, both pharmacodynamic and pharmacoki-
netic. Pharmacodynamic interactions involve the
actions of drugs at receptor sites. For example, the
coadministration of most antidepressant medica-
tions with MAO inhibitors overactivates central
5HT receptors in a potentially life-threatening
clinical presentation termed “the serotonin syn-
drome.” Pharmacokinetic interactions, conversely,
involve alterations in the disposition of drugs within
the body. These can occur at any stage of drug absorp-
tion, metabolism, distribution, or elimination. This
paper focuses predominantly on pharmacokinetic in-
teractions, specifically cytochrome P450 metabolism,
which mediates oxidation reactions.

Isoenzyme interactions involve a number of inde-
pendent variables. Typically, a drug’s affinity to an
isoenzyme is considered to be a relative measure of its
inhibitory potential. Drugs with high affinity (low Ki)
are more likely to bind to isoenzyme sites than are
drugs with low affinity (high Ki). When two drugs are
given together, the drug with the higher affinity will

competitively inhibit the binding of the lower affinity
drug. Of course, other variables should be considered
as well. These include peak plasma concentration
(Cmax), time to peak plasma concentration (Tmax), area
under the curve (AUC), minimum plasma concentra-
tion (Cmin), and half-life (t½). These variables in turn
may be dependent on such factors as dosage and dura-
tion of treatment, protein binding, and distribution.

Alterations in any one of these variables may or may
not be clinically significant. Thus, in vivo studies are
ultimately essential to our understanding of drug–
drug interactions. However, these studies are fre-
quently performed using a single dose administered to
approximately 18–20 healthy male subjects under
tightly controlled conditions. These studies may not
account for distribution kinetics (alpha elimination),
accumulation of metabolites, or differences due to age,
gender, race, physical health, and other conditions.
Consequently, such in vivo results may not correspond
well to findings in clinical settings.

Clinical significance itself depends on several vari-
ables. The therapeutic index of the substrate is of par-
ticular importance. For drugs such as warfarin and
digoxin, with low therapeutic indices, small changes in
plasma concentration can be of concern. Therefore,
heightened vigilance is warranted when using these
agents concurrently with drugs which are known or
suspected cytochrome P450 isoenzyme inhibitors.

Genotypic polymorphism is also important, for it
renders some people more vulnerable to the effects
of drug interactions. For example, about 5–10% of
the Caucasion population are poor metabolizers of
CYP2D6, and higher percentages of other ethnic
groups may fall into this category. In these individuals,
substrates of CYP2D6 are metabolized more slowly
than in extensive metabolizers, increasing the poten-
tial for harmful side effects. Ironically, individuals with
the genetic polymorphism resulting in a complete lack
of CYP2D6 have no enzyme and therefore cannot
show any reduction in its activity. As such they are im-
mune to CYP2D6 inhibitors (vide infra).

The effects of drug interactions are commonly seen
when medications are initiated, increased, decreased,
interrupted, or discontinued. Such medication changes
often occur without the physician’s knowledge. For rea-
sons of carelessness, forgetfulness, confusion, or misun-
derstanding, as well as for psychodynamic reasons,
patients may not take medications as prescribed. Some
patients simply cannot afford their medications and
take them intermittently at best. Moreover, patients
may have multiple physicians prescribing medications
of which other physicians are unaware. Unfortunately,
noncompliance and unintentional polypharmacy are
common, and may contribute to untoward drug–drug
interactions.

Fortunately, many if not most drugs have multiple
metabolic pathways. Thus, even if one isoenzyme is
inhibited, drug metabolism may proceed along alter-
nate pathways. These alternate pathways most likely
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account for the differences sometimes found between
in vitro and in vivo studies.

CYP2D6. CYP2D6 has been the most extensively
studied of the cytochrome P450 isoenzymes. Approxi-
mately 5% to 10% of Caucasians and up to 2% of per-
sons of Asian and African descent lack this enzyme as a
result of an autosomally recessive inherited defect in
its expression. There are nine mutant forms of the
CYP2D6 gene which are either inactive or poorly ac-
tive (Kroemer and Eichelbaum, 1995). Individuals
who are poor metabolizers will exhibit greater bio-
availability, greater plasma concentrations, prolonged
elimination half-lives, and possibly exaggerated pharma-
cologic response from standard doses of drugs that are
metabolized by CYP2D6 (Eichelbaum and Gross, 1990).
When drugs that inhibit P450 isoenzymes are adminis-
tered with drugs that are metabolized by this enzyme,
extensive metabolizers are, in effect, converted to poor
metabolizers. The extent of the conversion will depend
on the affinity of the inhibitor for the enzyme, the dose
of the inhibitor, and the length of therapy.

CYP2D6 metabolizes many different classes of drugs,
including antidepressants, antipsychotics, β-adrenergic
blockers, type 1C antiarrhythmics, dextromethorphan,
codeine, and some chemotherapeutic agents.

Drugs metabolized primarily by CYP2D6 which
have a low therapeutic index should be initiated at the
low end of the dose range if coadministered with po-
tent CYP2D6 inhibitors, such as fluoxetine (Medical
Economics, 1997b). Drugs of greatest concern are
flecanide, vinblastine, carbamazepine, and tricyclic an-
tidepressants (TCAs). Because of its long half-life,
fluoxetine in particular can inhibit CYP2D6 metabo-
lism for 5 weeks after its discontinuation.

The relative potency of CYP2D6 inhibition among
antidepressants is: paroxetine ≥ norfluoxetine ≥ flu-
oxetine > sertraline > fluvoxamine > venlafaxine ≥
nefazodone > mirtazapine (Richelson, 1997). There is no
available date on bupropion. Secondary TCAs, thi-
oridazine, and haloperidol may also inhibit CYP2D6.

CYP3A4. CYP3A4 is frequently considered the
most clinically important P450 isoenzyme, comprising a
sizable portion of the total P450 content of the liver.
There is no evidence that CYP3A4 exhibits genetic
polymorphism.

CYP3A4 metabolizes a broad range of compounds,
including triazolobenzodiazepines (e.g., alprazolam),
terfenadine, astemizole, cisapride, carbamazepine,
sertraline, TCAs, calcium channel blockers, cyclo-
sporin, erythromycin, steroids, codeine, quinidine,
lidocaine, and others.

Nefazodone and fluvoxamine are contraindicated to
be coadministered with terfenadine, astemizole, and
cisapride because they are both potent CYP3A4 in-
hibitors (Medical Economics, 1997a,c). Although it
has not been unequivocally demonstrated that these
drug combinations could result in mortality, the po-
tential is there based on the fact that ketoconazole, a
very potent CYP3A4 inhibitor, blocks the metabolism

of these drugs. Increases in their plasma concentra-
tions are known to cause prolonged QT intervals, and
have also been associated with ventricular arrhyth-
mias, torsades de pointes subtype, which is sometimes
fatal. Moreover, both nefazodone and fluvoxamine
have warnings about being coadministered with cer-
tain benzodiazepines because of their propensity to in-
crease their plasma concentrations.

The relative potency of CYP3A4 inhibition among
antidepressants is: nefazodone > > fluvoxamine >
norfluoxetine > paroxetine ≥ desmethylsertraline >
fluoxetine ≥ sertraline > mirtazapine > > > venlafaxine
(Richelson, 1997). Several in vivo studies have shown
no significant effect of paroxetine, sertaline, or flu-
oxetine on prototypical CYP3A4 substrates. Grape-
fruit juice, ketoconazole, itraconazole, diltiazem, and
verapamil are also CYP3A4 inhibitors.

CYP1A2. About 12% of the population are ‘‘slow
metabolizers” of CYP1A2. However, it may be that
this difference is the result of enzyme induction rather
than genetic polymorphism. CYP1A2 activity is in-
creased by cigarette smoke, charcoal-grilled foods, and
cabbage, which can markedly alter the pharmacokinet-
ics of CYP1A2 substrates. Thus, “slow metabolizers”
may not have been environmentally induced to the
same extent as their more “rapid-metabolizing” coun-
terparts (Eaton et al., 1995).

Substrates of CYP1A2 include acetominophen,
caffeine, clozapine, haloperidol, propranolol, phe-
nothiazines, phenacetin, tertiary TCAs, theophylline,
tetrahydroacridinamine (Tacrine), and warfarin.

Of the antidepressants studied, fluvoxamine is
clearly the most potent inhibitor of CYP1A2. It pro-
foundly decreases the clearance of several drugs, in-
cluding certain benzodiazepines, theophylline, and
warfarin (Medical Economics, 1997c). Warnings have
been issued concerning its concomitant use with these
drugs. In particular, fluvoxamine should not ordinarily
be coadministered with diazepam. When coadminis-
tered with fluvoxamine, alprazolam dosage should be
reduced by 50% and theophylline by 33%. Moreover,
warfarin levels, together with prothrombin times,
should be monitored closely.

The relative potency of inhibition of CYP1A2
among antidepressants is: fluvoxamine > > > par-
oxetine = sertraline > fluoxetine = norfluoxetine =
nefazodone > mirtazapine > > > venlafaxine (Richel-
son, 1997). There is no evidence that antidepressants
other than fluvoxamine cause clinically meaningful
inhibition of this isoenzyme. Grapefruit juice, floro-
quinolones, and tertiary tricyclic antidepressants are
also CYP1A2 inhibitors.

CYP2C. CYP2C is a subfamily of enzymes that
includes 2C9, 2C10, 2C19, and others. CYP2C19 is
known to exhibit genetic polymorphism, with approxi-
mately 18% of Japanese, 19% of African Americans,
8% of Africans, and 3–5% of Caucasians reported to
be poor metabolizers of the prototype CYP2C sub-
strate mephenytoin.
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CYP2C substrates include diazepam, citalopram,
TCAs, warfarin, phenytoin, omeprazole, tolbutamide,
some nonsteroidal antiinflammatory agents, hexobar-
bital, and others.

Fluvoxamine carries a warning about being prescribed
with warfarin (Medical Economics, 1997c). Other infor-
mation on the inhibitory effects of antidepressants on
CYP2C is limited. However, fluvoxamine and fluoxetine
are considered more potent inhibitors than paroxetine,
fluoxetine, and sertraline (Ereshefsky, 1996). Venlafaxine
and nefazodone are weak inhibitors of CYP2C.

VELAFAXINE
Most of the data on the effects of venlafaxine on the

cytochrome P450 system has been derived from studies
using the immediate release (IR) formulation, which is
dosed two or three times daily. An extended release
(XR) formulation of venlafaxine has recently been in-
troduced to the market which allows the drug to be
dosed once daily. While the XR may have certain
advantages in terms of compliance and side effect pro-
file, the effects of the XR formulation on the cyto-
chrome P450 system are less clear. The XR formulation
releases venlafaxine much more slowly into the
gastrointestinal tract than the IR formulation. Conse-
quently, time to peak plasma concentrations are
increased (Tmax = 5.5 h for the XR formulation com-
pared to 2 h for the IR formulation), and peak plasma
concentration is lower (Cmax = 150 ng/ml for the XR
formulation compared to 225 ng/ml for the IR formu-
lation) (Wyeth-Ayerst Laboratories, Inc., 1997). A
lower Cmax may actually lessen venlafaxine’s potential
for P450 interactions. A lower Cmax may correspond
with lower hepatic concentrations, and decrease the
competitive inhibition of venlafaxine on the cyto-
chrome system.

Notably, Cmax and Tmax are the only pharmacokinetic
parameters reported to be different between the XR
and IR formulations (Wyeth-Ayerst Laboratories,
Inc.). AUC is similar for both formulations. Elimina-
tion half-life (t½), volume of distribution, and protein
binding are not changed. Because their pharmacoki-
netic profiles are similar, the XR and IR formulations
are likely to exert similar effects on the cytochrome
P450 system. Clearly, however, more research is neces-
sary in this area.

CYP2D6. Over 55% of a single oral dose of
venlafaxine IR is excreted in the urine as O-desme-
thylvenlafaxine (ODV) or ODV-glucuronide (Howell
et al., 1993). The metabolism of venlafaxine to ODV
is quite different in extensive metabolizers (EM) com-
pared to poor metabolizers (PM), but this has uncer-
tain clinical consequences, because venlafaxine and
ODV are pharmacologically similar. The total con-
centration of active moiety (venlafaxine plus ODV) is
similar in EM and PM (Otton et al., 1996), and there-
fore no dosage adjustment appears necessary in PM or
when venlafaxine is coadministered with CYP2D6 in-
hibitors (Wyeth-Ayerst Laboratories, Inc., 1997).

Venlafaxine is administered as a racemic mixture of
R(+) and S(–) enantiomers, both of which exhibit
pharmacologic activity (Otton et al., 1996). The Ki for
CYP2D6 for racemic, S(–), and R(+) venlafaxine are
33 µM, 22 µM, and 52 µM, respectively. These values
are approximately 1–3 orders of magnitude greater
(less potent) than paroxetine (Ki = 0.07 µM), flu-
oxetine (Ki = 0.15 µM), norfluoxetine (Ki = 0.19 µM),
sertraline (Ki = 1.2 µM), and fluvoxamine (Ki = 1.8
µM). At recommended doses of 75–375 mg daily,
steady-state plasma concentrations of venlafaxine are
considerably lower than the Ki for CYP2D6. This
relatively low affinity suggests that in vivo inhibition
of CYP2D6 by venlafaxine is less likely than SSRI an-
tidepressants.

In vivo data has largely but not totally confirmed
these in vitro results. Dextromethorphan (DM) to
dextrophan (DT) ratios were evaluated in normal
subjects treated with fluoxetine (20 mg daily for 28
days) or venlafaxine (37.5 mg twice daily for 7 days,
then 75 mg twice daily for 21 days) (Amchin et al.,
1997a). DM/DT ratios were significantly higher in
the fluoxetine group on days 7, 28, and 42, suggest-
ing that fluoxetine is a more potent inhibitor
of CYP2D6 than venlafaxine. In another study
comparing the effects of paroxetine, sertraline,
fluoxetine, and venlafaxine on DM/DT ratios, pa-
roxetine and fluoxetine were found to be significant
inhibitors of CYP2D6, with 83% and 42% of sub-
jects converted to PMs, respectively (Lam et al.,
1997). Neither sertraline nor venlafaxine signifi-
cantly inhibited CYP2D6 activity in this study,
though the former agent has been shown to do so in
other studies.

Risperidone is completely metabolized by CYP2D6.
When coadministered with venlafaxine (150 mg/day)
under steady-state conditions, risperidone conversion
to its active metabolite, 9-OH-risperidone, after a 1
mg dose was slightly inhibited, resulting in a modest
32% increase in its AUC (Amchin et al., 1997b).
However, the pharmacokinetic profile of the total ac-
tive moiety (risperidone plus 8-OH-risperidone) was
not altered and therefore is unlikely to be clinically
significant.

Haloperidol is metabolized in part by CYP2D6.
Venlafaxine (150 mg/day) administered under steady-
state conditions decreased total oral-dose clearance of
a single 2 mg dose of haloperidol by 42%, which re-
sulted in a 70% increase in heloperidol AUC (Wyeth-
Ayerst Laboratories, Inc., 1997). In addition, the
haloperidol Cmax increased 88% when coadministered
with venlafaxine, but the elimination t½ was
unchanged. The mechanism of this interaction is un-
known and may not be due solely to an effect on
CYP2D6, or even to an interaction involving the P450
system. Nonetheless, dosing adjustments of haloperi-
dol may be necessary when coadministering these two
medications.

Imipramine is 2-hydroxylated by CYP2D6. In a
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comparative study of venlafaxine and SSRIs using hu-
man liver microsomal incubations, venlafaxine was a
1.5- to 26-fold less potent inhibitor than the SSRIs
(Ball et al., 1997). The Ki values of fluoxetine, par-
oxetine, fluvoxamine, and sertraline were 1.6, 3.2, 8.0,
and 24.7 µM, respectively. The Ki for venlafaxine was
41.0 µM. Notably, both imipramine and desipramine
markedly inhibited venlafaxine metabolism to ODV,
but this inhibition was not thought to be clinically sig-
nificant due to the similar pharmacological profile of
venlafaxine and ODV.

Velafaxine does not affect the pharmacokinetics of
imipramine and 2-OH-imipramine. However, the ac-
tive metabolite of imipramine was affected (Wyeth-
Ayerst Laboratories, Inc., 1997). Thus, desipramine
AUC, Cmax, and Cmin increased 35% in the presence of
venlafaxine. Similarly, 2-OH-desipramine AUC in-
creased 2.5- to 4.5-fold, depending on the dose of
venlafaxine administered. Therefore, imipramine and
desipramine should be administered with caution with
venlafaxine.

These studies taken together suggest that even
though venlafaxine is in general a less potent inhibitor
of CYP2D6 than the SSRIs, caution should be exer-
cised when administering venlafaxine with CYP2D6
substrates, particularly in those with a low therapeutic
index.

CYP3A4. In poor metabolizers of CYP2D6,
CYP3A4 is a likely alternative metabolic pathyway.
CYP3A4 N-demethylates venlafaxine to an inactive
metabolite. Venlafaxine does not inhibit CYP3A4
activity (Wyeth-Ayerst Laboratories, Inc., 1997).
When using testosterone 6 β-hydroxylase activity as a
marker of CYP3A4, venlafaxine showed no inhibition
at concentrations of up to 1 µM (Ball et al., 1997).

In vivo studies generally but not always confirm in
vitro results. In a recent review of venlafaxine (Ere-
shevsky, 1996), Ereshevsky reports the results of a Eu-
ropean in vivo study which demonstrated that
venlafaxine did not significantly alter the plasma con-
centration of carbamazepine or its metabolites.

In an open label study using the prototypic CYP3A4
substrate, terfenadine (single 120 mg dose), subjects
who received venlafaxine at steady-state conditions (75
mg twice daily) did not exhibit altered terfenadine
pharmacokinetics (Amchin et al., 1997d). Plasma con-
centrations of the terfenadine acid metabolite were
slightly decreased in the presence of venlafaxine, but
this effect was not thought to be mediated by effects on
the P450 system.

Alprazolam pharmacokinetics have been reported to
be only slightly changed in the presence of venlafaxine.
In vitro, venlafaxine, NDV, and ODV produced less
than a 10% change in the rate of metabolism of
alprazolam to 4-OH-alprazolam at 250 µM, which far
exceeds levels encountered in clinical usage (von
Moltke et al., 1997). In contrast, fluvoxamine produces
a marked, dose-dependent inhibition of alprazolam
metabolism. In vivo, when a single 2 mg dose of

alprazolam was given to normal subjects treated with
venlafaxine (75 mg twice daily) at steady-state condi-
tions, alprazolam clearance increased 35%, resulting in
a 28% decrease in AUC (Amchin and Zarycranski,
1996). A preliminary review indicated that these phar-
macokinetic changes were not associated with clinically
meaningful effects.

Venlafaxine had similar effects on diazepam me-
tabolism. When subjects pretreated with multiple dose
venlafaxine (150 mg in divided doses) or placebo re-
ceived a single 5 mg dose of diazepam, the antidepres-
sant increased diazepam clearance and volume of
distribution and decreased diazepam AUC (Troy et al.,
1995). Critical flicker fusion scores were also reported
as altered, though reanalysis of the data revealed that
immediate word recall scores were altered instead.
This may be clinically significant in that immediate
word recall was the only pharmacodynamic variable
not averaged over 8 h after administration. Rather,
immediate word recall scores were evaluated only dur-
ing the first h following diazepam administration,
when maximal interactions between diazepam and
venlafaxine occur. Other pharmacodynamic variables
were averaged for the 8 h post-administration and may
be less sensitive indicators of a diazepam–venla-
faxine interaction. Moreover, single dose studies
may not properly account for distributions kinetics
and the effects of active metabolites. Therefore,
these results are difficult to interpret. It is, however,
noteworthy that venlafaxine had similar effects on
alprazolam and diazepam disposition, decreasing the
AUC of both significantly. The mechanism and
clinical significance of this finding is unclear. Fur-
ther research into venlafaxine–benzodiazepine in-
teractions is warranted.

Other CYP. Ball et al. (1997) reported that
venlafaxine did not inhibit CYP1A2 or CYP2C9 ac-
tivity, even at concentrations of 1 mM. Another in
vitro study confirmed the lack of effect of ven-
lafaxine on CYP1A2 activity even at concentrations
as high as 400–500 µM (von Moltke et al., 1996). In
vivo, venlafaxine did not significantly alter the phar-
macokinetic profile of caffeine, a CYP1A2 substrate
(Amchin et al., 1997c).

Cimetidine is a nonselective P450 inhibitor. Not
surprisingly, venlafaxine clearance is decreased 43% by
coadministration of cimetidine (Ereshefsky, 1996), and
venlafaxine AUC and Cmax are increased approximately
60%. This decreased clearance is likely secondary to
the inhibition of first pass metabolism of venlafaxine
by cimetidine. No effect on ODV metabolism was
noted. Thus, the net effect of these pharmacokinetic
alterations is pharmacodynamically slight at best in
terms of venlafaxine effects. No dosage adjustments
were recommended from these findings. However, the
effects may be more pronounced in patients with he-
patic dysfunction or in the elderly. In such at-risk
populations, caution concerning potential drug–drug
interactions is advised.
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NEFAZODONE
Nefazodone, a potent 5HT2A antagonist that also

inhibits both serotonin and norepinephrine reuptake,
is extensively metabolized in liver. Less than 1% is ex-
creted unchanged in urine. OH-NEF is the major me-
tabolite and has equivalent activity to nefazodone at
5-HT2A receptors and 5HT reuptake sites. A triazo-
ledione metabolite has weak 5HT2A activity. Meta-
chlorophenylpiperazine (mCPP) is a minor metabolite
and displays similar activity to the parent compound at
serotonin reuptake sites but has little affinity for the
5HT2A receptors (Davis et al., 1997).

CYP2D6. In vitro analysis with human liver mi-
crosomes demonstrates that nefazodone and its me-
tabolites are weak inhibitors of CYP2D6, with an
average Ki ranging from 18–50 µM for dextrophan
formation (Schmider et al., 1996). These Ki values are
at least 100-fold higher (less potent) than fluoxetine
(Ki = 0.1 µM). Moreover, nefazodone and OH-NEF
steady-state kinetics are not significantly different
in poor as compared to extensive metabolizers of
CYP2D6 (Barbhaiya et al., 1996a). However, Cmax and
AUC values for mCPP are twofold and fourfold
higher, respectively, in the PM subjects compared to
EM subjects, indicating that the metabolism of mCPP
is dependent on CYP2D6. The increased mCPP
plasma levels in PM subjects, however, do not seem to
influence the disposition or safety profile of nefazo-
done in PM subjects.

In vivo drug interaction studies generally confirm in
vitro results. Once steady-state levels of nefazodone
are attained, it exerts a weak inhibitory effect on halo-
peridol metabolism (5 mg dose) in extensive meta-
bolizers (Barbhaiya et al., 1996b). There was a 36%
increase in AUC for haloperidol, as well as nonsignifi-
cant increases in haloperidol’s Cmax and C12h. Of note,
there were some psychomotor performance differ-
ences noted in the treatment groups, but these effects
were not consistently and clearly demonstrated, and
had uncertain clinical significance. Nefazodone me-
tabolism was not affected. Based on these results,
dosage adjust may be necessary when the two medica-
tions are administered together. Importantly, there
were no poor metabolizers of CYP2D6 included in
this study.

Nefazodone has a modest effect on propranolol me-
tabolism (Salazar et al., 1995b). In healthy males, the
Tmax for propranolol increased from day 5 to day 6, and
the Cmax and AUC of both propranolol and OH-pro-
pranolol were lower. No consistent alterations in the
pharmacological effects of propranolol were found. Al-
though the pharmacokinetics of nefazodone itself were
not affected, the Cmax, AUC, and Cmin of mCPP were
significantly increased, as was the mCPP/NEF ratio,
especially in poor metabolizers of CYP2D6. These re-
sults likely have minimal clinical significance, but it is
important to note that such interactions may be very
relevant in treating older patients with known heart

disease. It is also notable that there was one non-
completer in this study who dropped out after devel-
oping syncope and orthostasis after day 6 of combined
nefazodone/propranolol treatment.

CYP3A4. Unlike CYP2D6, there is no gold stan-
dard substrate such as dextromethorphan for CYP2D6
to measure and standardize CYP3A4 activity. Conse-
quently, nefazodone-induced inhibition of CYP3A4
activity has been primarily demonstrated in vivo.
Nefazodone has been demonstrated to be a potent
CYP3A4 inhibitor in several clinical studies in which
the metabolism of known CYP3A4 substrates were
measured in subjects treated with nefazodone.

When a single 0.25 mg dose of triazolam was ad-
ministered to healthy men treated with nefazadone
(200 mg twice daily for 7 days), triazolam pharma-
cokinetics were significantly altered (Barbhaiya et
al., 1995b; Kroboth et al., 1995). The triazolam Cmax

and AUC were increased in the presence of nefazo-
done 1.7- and 4-fold, respectively, and the mean
plasma concentration was 60% higher. In addition,
there was a corresponding significant 2.5- to 8-fold
increase in psychomotor impairment when tria-
zolam and nefazodone were coadministered. Thus,
when triazolam and nefazodone are coprescribed,
triazolam doses should be reduced by 75% (Medical
Economics, 1997a).

Similar results were obtained with alprazolam (Greene
et al., 1995a; Kroboth et al., 1995). When alprazolam
(1 mg twice daily) is coadministered with nefazodone
(200 mg twice daily for 7 days), the Cmax and AUC of
alprazolam increased twofold; for alprazolam’s metabo-
lite, 4-OH-alprazolam, there was a 40% and 26% in-
crease in Cmax and AUC, respectively. In addition,
alprazolam t½ increased from 10.8 h to 22.1 h when
coadministered with nefazodone. Consequently, alpra-
zolam did not attain steady-state concentrations until
day 5, as compared to day 3 when alprazolam was ad-
ministered alone. Notably, the pharmacokinetics of
nefazodone and OH-NEF were not changed, but
mCPP Cmax and AUC increased 2.5-fold. These ef-
fects were not seen after day 1 of treatment, but were
seen after 7 days of treatment. Nefazodone and alpra-
zolam coadministration also increased psychomotor
impairment and sedation. When administered with
nefazodone, alprazolam dose should be reduced by
50% (Medical Economics, 1997a).

Lorazepam, which is not primarily metabolized by
oxidative processes in the liver, undergoes 75% glu-
curonidation. When coadministered with nefazodone,
there are no pharmacokinetic alterations in either
lorazepam or nefazodone metabolism (Greene et al.,
1995b; Kroboth et al., 1995). Surprisingly, there was a
decrease in the Cmax and AUC of mCPP by 36% and
39%, respectively, by a mechanism which remains ob-
scure. This effect is probably not clinically significant,
and therefore no dose adjustment is necessary when
lorazepam and nefazodone are administered together.

It should be noted that other medications which in-
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hibit CYP3A4, such as ketoconazole and erythromy-
cin, elevate plasma concentrations of terfenadine and
astemizole, which may be associated with fatal cardiac
arrthymias. The effect of nefazodone on these antihis-
tamines is unknown. However, its use is contra-
indicated with these two antihistamines, as well as
cisapride, due to their putative, potentially fatal inter-
action (Medical Economics, 1997b).

An interaction between nefazodone and carbamaze-
pine has also been described (Ashton and Wolin,
1996). After initiation of nefazodone, carbamazepine
plasma concentrations increased in a patient with epi-
lepsy, resulting in carbamazepine toxicity. Close moni-
toring of carbamazepine levels is, of course, always
recommended.

CYP2C. The lack of interaction between nefazo-
done and CYP2C substrates suggests that it is a weak
inhibitor of this isoenzyme. There was no significant
effect on the AUC, Cmax, tmax, or t½ of a single 300 mg
dose of phenytoin when administered to healthy male
subjects receiving nefazodone (200 mg twice daily) at
steady-state levels (Marino et al., 1997). There were
no demonstrable pharmacodynamic alterations either.
Although these results do not preclude the possibility
of an interaction between nefazodone and phenytoin
when phenytoin is administered on a long-term basis,
such an interaction is thought to be unlikely, and no
dosage adjustment of phenytoin is recommended
when coadministered with nefazodone.

Warfarin is known to interact with several antide-
pressants, several of which lead to increased pro-
thrombin or bleeding times (Salazar, 1995a), though
no such results were obtained with nefazodone. Nefa-
zodone had no significant effect on the unbound frac-
tion of total warfarin in plasma or on the steady-state
pharmacokinetics of R-warfarin. There was a signifi-
cant 12% decrease in the steady-state AUC and Cmax

of S-warfarin, which may be clinically significant be-
cause S-warfarin contributes most of the therapeutic
effects of warfarin. However, no serious or unexpected
adverse events suggestive of abnormal bleeding oc-
curred in the healthy volunteers, and the prothrombin
ratio and bleeding times remained unchanged.

CYP1A2. In vitro, nefazodone is a weak inhibitor
of CYP1A2. Using the O-deethylation of phenacetin
to acetaminophen a measure of CYP1A2 activity,
nefazodone (Ki = 65 µM) was a tenfold-less potent in-
hibitor than fluoxetine (Ki = 4.4 µM), sertraline (Ki =
8.8 µM), and paroxetine (Ki = 5.5 µM), and far less
potent than fluvoxamine (Ki = 0.24 µM) (von Moltke
et al., 1996).

Theophylline is metabolized by CYP1A2, CYP2E1,
and, to a lesser extent, CYP2D6 (Dockens et al.,
1995). The effect of nefazodone on the pharmacoki-
netics and pharmacodynamics of theophylline was
evaluated in 13 patients with chronic obstructive pul-
monary disease treated with theophylline therapy.
When nefazodone (200 mg twice daily) and theo-
phylline (600–1,200 mg daily) were coadministered

for 7 days, nefazadone did not affect the pharmacoki-
netics or pharmacodynamics of theophylline, as de-
termined by measurement of plasma levels, AUC,
Cmin, Cmax, and FEV1. Thus, no dose adjustment in
theophylline is necessary when coadministered with
nefazodone.

Other CYP. Cimetidine is a nonspecific P450
inhibitor which has been shown to interact with
many medications in a somewhat variable manner,
but it seems to exert minimal effects on the metabo-
lism of nefazodone. The coadministration of nefa-
zodone and cimetidine for 1 week showed no change
in steady-state pharmacokinetic parameters for cimeti-
dine, nefazodone, or OH-nefazodone (Barbhaiya et
al., 1995a). Steady-state mCPP Cmax and AUC val-
ues were 37% higher, but this is probably not clini-
cally significant.

Digoxin commonly interacts with a number of
other medications resulting in clinically significant ef-
fects because of the narrow therapeutic index of this
drug. Similarly, digoxin also has a significant interac-
tion with nefazodone. When nefazodone (200 mg
twice daily) and digoxin (0.2 mg daily) were co-
administered for 8 days, digoxin AUC, Cmin, Cmax were
increased 15%, 27%, and 29% respectively (Dockens
et al., 1996). The Cmin in particular may be of clinical
significance. No EKG changes were observed in
healthy subjects, but this measure may be a relatively
insensitive marker for detecting toxicity. Therefore,
when digoxin and nefazadone are coadministered,
digoxin levels should be closely monitored.

MIRTAZAPINE
There is relatively little data available on the ef-

fects of mirtazapine on the cytochrome P450 system
and its potential to interact with other drugs in
vivo. Such research is clearly needed. Preclinical re-
search has revealed that mirtazapine has three me-
tabolites: 8-hydroxylation occurs by an action of
CYP2D6 and to a lesser extent CYP1A2; N(2)-
demethylation by CYP1A2 and CYP3A4; and N(2)-
oxidation by CYP3A4 (Dahl et al., 1997).

To determine the effects which CYP2D6 polymor-
phism exerts on mirtazapine pharmacokinetics, a
single 15 mg oral dose of mirtazapine was given to 7
EM and 7 PM subjects, and plasma concentrations of
mirtazapine and its demethyl metabolite were moni-
tored over 3 days (Dahl et al., 1997). No significant
differences were seen in Tmax, Cmax, AUC, clearance, t½,
or volume of distribution between EM and PM sub-
jects. Thus, its disposition is independent of polymor-
phic CYP2D6 activity.

In vitro, mirtazapine is a weak inhibitor of each of
these isoenzymes (Dahl et al., 1997). For CYP2D6,
mirtazapine (Ki = 41 µM) is a tenfold-less potent in-
hibitor than fluoxetine (Ki = 4 µM). For CYP1A2,
mirtazapine (Ki = 159 µM) is a far less potent inhibitor
than fluvoxamine (Ki = 0.18 µM) by a factor of three
orders of magnitude. For CYP3A4, mirtazapine (Ki =
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210 µM) is also a very weak inhibitor compared to
ketoconazole (Ki = 0.07 µM).

The calculated in vivo inhibition using the formula
[I/(Ki + I)]*100%, for a mirtazapine dose of 15 to 45
mg and an estimated hepatic concentration of 0.4–1.2
µM, is 0.75% at CYP1A2, 2.8% at CYP2D6, and
0.57% at CYP3A (Delbressine and Vos, 1997). These
results indicate that mirtazapine has a very low poten-
tial for clinically relevant interactions with other
drugs. At the present time, results from in vivo studies
are not yet available.

DISCUSSION
Physicians should be cognizant of potential drug–

drug interactions during treatment with antidepres-
sants. There is the potential for drug interactions
between any agent metabolized by a P450 enzyme and
another drug that inhibits that enzyme. CYP2D6 has
received the most attention. However, other isozymes,
particularly CYP3A4, may ultimately prove more im-
portant in the mediation of clinically important drug
interactions. Substrates with a narrow therapeutic
window, such as TCAs, theophylline, phenytoin, tolb-
utamide, carbamazepine, terfenadine, astemizole, type
1C antiarrhythmics, or antipsychotics, should be
administered with caution during therapy with any an-
tidepressant known or suspected to inhibit the me-
tabolism of that drug.

Venlafaxine, nefazodone, and mirtazapine have cy-
tochrome P450 inhibitory profiles which are different
from each other and the SSRIs. As a class, the SSRIs
are more potent CYP2D6 and CYP1A2 inhibitors
than venlafaxine, nefazodone, and mirtazapine. As a
class, they are also more potent CYP3A4 inhibitors
than venlafaxine and mirtazapine as well, but less po-
tent than nefazodone.

In summary, venlafaxine has been shown to lack any
significant effects on CYP1A2, CYP3A4, and CYP2C
activity in vitro. The CYP3A4 results have been con-
firmed in vivo. Carbamazepine and terfenadine phar-
macokinetics were unchanged when coadministered
with venlafaxine, while alprazolam and diazepam
showed an unexpectedly decreased AUC, which was of
questionable clinical significance. Studies on single
dose benzodiazepines may not properly account for
distribution kinetics nor accurately reflect steady-state
conditions. Moreover, the investigators in the diaz-
epam study interpreted the pharmacodynamic results
in a somewhat unusual way. Further studies on the
effect of venlafaxine on benzodiazepines are war-
ranted. Venlafaxine is a weak CYP2D6 inhibitor.
When coadministered with venlafaxine, imipramine
pharmacokinetics were unchanged, but risperidone
and haloperidol AUC increased significantly, as did
desipramine AUC, Cmax and Cmin, and 2-OH-despra-
mine AUC. These results indicate that dosage adjust-
ments of CYP2D6 substrates may be necessary when
administered with venlafaxine.

Nefazodone is a potent CYP3A4 inhibitor and is
contraindicated with terfenadine, astemizole, and
cisapride. A potential interaction between nefazodone
and carbamazepine has also been described. When
coadministered with nefazodone, triazolam and alpra-
zolam dosages should be decreased 75% and 50%, re-
spectively. No dosage adjustment is necessary with
lorazepam, which is not metabolized by CYP3A4.
Nefazodone is a weak CYP2D6 inhibitor, showing no
clinically significant interaction with haloperidol or
propranolol. However, in the study with propranolol,
one patient developed acute orthostatic hypotension
and syncope on day 6 of combined treatment and
could not continue with the study. His symptoms may
or may not have been the result of coadministration of
propranolol with nefazodone. Nefazodone is a weak
CYP2C inhibitor as well. Single-dose theophylline
pharmacokinetics were not altered by nefazodone, and
S-warfarin AUC and Cmax increased 12%, but did not
change the prothrombin ratio or bleeding times of
healthy volunteers. Nefazodone is a tenfold-less po-
tent inhibitor of CYP1A2 than fluoxetine, sertraline,
and paroxetine.

Mirtazapine shows much less in vitro inhibition at
CYP2D6, CYP1A2, and CYP3A4 than fluoxetine,
fluvoxamine, and ketoconazole, respectively. However,
in vivo studies are lacking. Although it is unlikely that
mirtazapine is involved in significant drug–drug inter-
actions, such studies would be welcome.

These results demonstrate that the antidepressants
most recently introduced have different profiles of cy-
tochrome P450 inhibition when compared to previous
antidepressants studied. However, it must be appreci-
ated that many of these studies are tightly controlled
and somewhat limited in scope. Results may therefore
vary in more diverse populations and conditions.
Nonetheless, as more becomes known about these
drugs and others, clinicians will have greater flexibility
in treating depression and comorbid illnesses effec-
tively while minimizing potentially dangerous and
harmful side effects.
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