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Aims To determine whether ziprasidone alters the metabolizing activity of the 2D6

isoenzyme of cytochrome P450 (CYP2D6).
Methods Twenty-four healthy young subjects aged 18±45 years were screened for

CYP2D6 metabolizing activity and shown to be extensive metabolizers of

dextromethorphan. These subjects were then randomized to receive a single dose

of ziprasidone 80 mg, paroxetine 20 mg or placebo, 2 h before receiving a dose of

dextromethorphan. Urine samples for the determination of dextromethorphan

concentrations were collected over the 8 h period following dextromethorphan

dosing, and used for the determination of dextromethorphan/dextrorphan ratios.

Blood samples were collected immediately before and up to 10 h after the

administration of ziprasidone or paroxetine, and used to derive pharmacokinetic

parameters of ziprasidone and paroxetine.
Results There were no statistically signi®cant changes in the urinary dextromethor-

phan/dextrorphan ratio in the ziprasidone group or the placebo group. By contrast,

there was a 10-fold increase in the urinary dextromethorphan/dextrorphan ratio in the

paroxetine group and this differed signi®cantly from those in the ziprasidone and

placebo groups (P=0.0001).
Conclusions The ®ndings of this study suggest that ziprasidone does not inhibit the

clearance of drugs metabolized by CYP2D6.
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Introduction

Studies performed in vitro using human liver microsomes

have shown that the metabolism of ziprasidone is

mediated by the cytochrome P450 (CYP) oxidase

system. By using selective inhibitors of each of the

®ve major isoenzymes of CYP, it has been demonstrated

that this hepatic metabolism is primarily mediated by

CYP3A4 [1]. However, studies performed using speci®c

probe substrates for each of the ®ve major isoenzymes

of CYP found that ziprasidone is a weak inhibitor

of CYP2D6 (Ki=11mM) [1]. As ziprasidone binds

extensively to plasma proteins (>99%), the maxi-

mum concentration of unbound ziprasidone attained

during treatment at the maximal therapeutic dose

(160 mg dayx 1, in two divided daily doses) is estimated

to be approximately 0.007mM. As such, it is approxi-

mately 1500-fold lower than the Ki of ziprasidone for

CYP2D6. An in vivo clinical study was used to con®rm

these in vitro ®ndings.

CYP2D6 is clinically one of the most important CYP

isoenzymes, known to be at least partly responsible for the

oxidation of many drugs. These include 5-HT-selective

re-uptake inhibitors (e.g. paroxetine, ¯uoxetine), tricyclic

antidepressants (e.g. desipramine, amitriptyline), typical

antipsychotics (e.g. haloperidol, thioridazine), new anti-

psychotics (e.g. clozapine, risperidone), b-adrenoceptor

antagonists (alprenolol, propranolol), antiarrhythmics

(encainide, ¯ecainide), opiates (e.g. dextromethorphan,

codeine) and various other drugs (e.g. debrisoquine,

sparteine) [2±4]. Several of these drugs may be adminis-

tered in combination with ziprasidone.

CYP2D6 activity is genetically controlled. In most

races, the presence of a polymorphism in the nucleic acid
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sequence of the relevant gene gives rise to a bimodal

distribution of CYP2D6-activity phenotypes within

populations. Thus, a certain proportion of any given

polymorphic population can be classi®ed as poor

metabolisers, with relatively low rates of metabolism for

substrates of the isoenzyme, and extensive metabolizers,

with relatively high rates of metabolism for substrates of

the isoenzyme [4, 5].

The activity of CYP in vivo can be assessed by dosing

subjects with a speci®c probe substrate for the isoenzyme

of interest and monitoring changes in the relative

concentrations of that substrate and its metabolites.

Dextromethorphan is a model probe substrate for

CYP2D6 because its metabolism to dextrorphan is

primarily mediated by this isoenzyme [6]. One way to

assess the in vivo activity of this isoenzyme is therefore to

dose subjects with dextromethorphan and monitor urinary

concentrations of unchanged dextromethorphan and

dextrorphan [7]. Changes in the urinary dextromethor-

phan/dextrorphan ratio that occur during exposure to a

particular drug of interest can then be attributed to the

effects of that drug on CYP2D6. Paroxetine has been

shown to be a potent inhibitor of CYP2D6, both in vitro

and in vivo, using the dextromethorphan/dextrorphan

ratio [2, 8, 9]. It can therefore be used as a positive control

in studies designed to assess the nature of interactions

between investigational drugs and CYP2D6.

Here we report the ®ndings of a study designed to assess

whether or not ziprasidone inhibits the in vivo activity of

CYP2D6 activity by examining the urinary dextro-

methorphan/dextrorphan ratio in extensive metabolizers

given ziprasidone, paroxetine or placebo.

Methods

Subjects

The subjects were healthy young (18±45 years) adults of

either gender who were extensive metabolizers of

dextromethorphan (mean urinary dextromethorphan/-

dextrorphan ratio j0.03 based on three separate

determinations).

All subjects weighed j94 kg and were within 15% of

their ideal weight for their age, height, sex and frame [10].

None of the subjects had received any of the investiga-

tional drugs for at least 4 weeks prior to the study nor any

other drug therapy (except contraceptive medication) in

the 2 weeks preceding entry into the study or during the

study. The women had been surgically sterilized, or were

at least 2 years postmenopausal or had been practising

successful contraception for at least 3 months. Subjects

who smoked, or who had any condition possibly affecting

drug absorption were excluded. All subjects provided

written informed consent.

Protocol

This was an open-label, placebo-controlled, randomized,

parallel-group study designed to determine whether

ziprasidone alters the CYP2D6 metabolizing activity of

healthy volunteers who are extensive metabolizers of

dextromethorphan, using paroxetine as a positive control.

The study was approved by an independent institutional

review board.

During screening, each subject received dextromethor-

phan HBr (Parke-Davis), at a dose of 30 mg with 240 ml

water, on three separate occasions, separated by at least

1 day, to determine their urinary dextromethorphan/dex-

trorphan ratio. Individuals who had met the study

criterion for an extensive metabolizer of dextromethor-

phan (dextromethorphan/dextrorphan ratio j0.03) and

also met the other study entry criteria entered the active

treatment phase of the study.

On the day of study drug administration, subjects were

randomised to receive a single oral dose of ziprasidone

HCl 80 mg (n=8), paroxetine (Paxil1, SmithKline

Beecham) 20 mg (n=8), or placebo (n=8). Ziprasidone

was administered as two 40 mg capsules, paroxetine was

administered as one 20 mg tablet and placebo was

administered as two capsules. All study medications

were given in the early morning after an overnight fast

of at least 8 h. A 30 mg dose of dextromethorphan was

then given 2 h after receiving the randomized study

medication.

Pharmacokinetic sampling

Venous blood samples for the determination of serum

ziprasidone and plasma paroxetine concentrations were

collected immediately before dosing and 1, 2, 4, 6, 8 and

10 h after ziprasidone or paroxetine dosing.

Urine samples for the determination of dextromethor-

phan concentrations were collected over the 8 h period

following dextromethorphan dosing. After the volume of

each sample had been measured, a 40 ml aliquot was taken

for determination of dextromethorphan/dextrorphan

ratios.

Pharmacokinetic assessments

Serum concentrations of ziprasidone were determined

using a validated high performance liquid chromatography

(h.p.l.c.) assay with solid-phase extraction and ultraviolet

detection. The assay had a dynamic range of 1.0±

250.0 ng mlx 1 [11]. Ziprasidone concentrations below

the lower limit of quanti®cation were assigned a value of

0 ng mlx 1 in pharmacokinetic calculations.

Plasma concentrations of paroxetine were determined

using a validated h.p.l.c./¯uorescence assay involving
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liquid±liquid extraction and derivatization with dansyl

chloride [12]. Paroxetine concentrations below the lower

limit of quanti®cation (j2 ng mlx 1) were assigned a

value of 0 ng mlx 1 in pharmacokinetic calculations.

Urinary dextromethorphan/dextrorphan ratios were

determined using liquid chromatography involving

liquid±liquid extraction and liquid chromatography with

¯uorescent detection [13].

The maximum observed serum/plasma concentrations

of ziprasidone/paroxetine (Cmax), and the earliest time at

which Cmax occurred (tmax) were estimated directly from

the experimental data. The area under the serum/plasma

ziprasidone/paroxetine concentration±time curve from

time zero to 10 h postdosing (AUC(0,10 h)) was estimated

using linear trapezoidal approximation.

Statistical evaluation

It was estimated, on the basis of previous experience

(P®zer Inc., data on ®le) that a sample size of eight subjects

per treatment group would provide at least 80% power to

detect a 100% difference in the dextromethorphan/dex-

trorphan ratio using a 5% signi®cance level. A 100%

increase in the dextromethorphan/dextrorphan ratio

translated to an approximate 30% increase in the

concentration of drugs which are known substrates for

CYP2D6 (Ereshefsky L, personal communication). A

Student's t-test was performed to compare the change

from baseline dextromethorphan/dextrorphan ratio for

the ziprasidone group with that of the placebo group.

Values of P<0.05 were considered to be statistically

signi®cant.

The pharmacokinetic parameters were summarized

using descriptive statistics. Geometric means and

standard deviations were calculated for AUC(0,10 h)

and Cmax. Arithmetic means and standard deviations

were calculated for tmax. Postdose dextromethorphan/

dextrorphan ratios were compared with the average of

three screening ratios to detect any statistical differences

from placebo. PROC GLM of SAS1 was used to test

whether there was a difference between the change

from baseline dextromethorphan/dextrorphan ratio

between treatments.

Results

Subjects

Twenty-four subjects entered the study (eight in each

treatment group) (Table 1). All subjects completed the

study. One subject who received paroxetine did not have

detectable paroxetine concentrations during the 10 h

postdose sampling period and was excluded from the

summary pharmacokinetic analysis.

Pharmacokinetics

The meants.d. AUC(0,10 h), Cmax and tmax values for

ziprasidone were 311t157 ng mlx 1 h, 55t35 ng mlx 1

and 4t1 h, respectively. The meants.d. AUC(0,10 h),

Cmax and tmax values for paroxetine were

32.9t17.1 ng mlx 1 h, 6t4 ng mlx 1 and 6t2 h, respec-

tively (Table 2).

There were no appreciable changes in the mean urinary

dextromethorphan/dextrorphan ratios from baseline to

10 h in either the ziprasidone group or the placebo group.

By contrast, there was a 10-fold increase in the mean

urinary dextromethorphan/dextrorphan ratio from base-

line to 10 h in the paroxetine group (Table 3, Figure 1).

The mean change in the urinary dextromethorphan/dex-

trorphan ratio in the ziprasidone group was not statistically

signi®cantly different from that in the placebo group

(P=0.9), but was statistically signi®cantly different from

that in the paroxetine group (P=0.0001). The mean

change in the urinary dextromethorphan/dextrorphan

Table 1 Demographic characteristics.

Characteristic Ziprasidone Paroxetine Placebo

Number of subjects 8 8 8

Men 4 5 7

Women 4 3 1

Mean age (range) (years) 27.7 (21±39) 26.6 (20±31) 26.1 (20±39)

Men 29.0 (22±33) 28.0 (24±31) 26.7 (20±39)

Women 26.5 (21±39) 24.3 (20±31) 22.0 (22±22)

Mean weight (range) (kg)

Men 82.8 (68±94) 75.8 (60±85) 74.9 (67±83)

Women 55.9 (43±69) 55.9 (48±65) 59.4 (59±59)

Ethnic origin

White 8 2 6

Asian 0 3 1

Black 0 2 0

Hispanic 0 1 1

Table 2 Meants.d. values of ziprasidone and paroxetine

pharmacokinetic parameters.

Treatment group

Pharmacokinetic

parameter

Ziprasidone

(n=8)

Paroxetine

(n=7)a

AUC(0,10 h) (ng mlx 1 h) 311t157 32.9t17.1

Cmax (ng mlx 1) 55t35 6t4

tmax (h) 4t1 6t2

aExcludes one subject who received paroxetine but in whom the drug

was not detectable in plasma during the 10 h postdose sampling period.
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ratio in the paroxetine group was also signi®cantly

different from that in the placebo group (P=0.0001).

Discussion

Findings from this study indicate that the administration

of a single 80 mg dose of ziprasidone does not in¯uence

the activity of CYP2D6, as indicated by the urinary

dextromethorphan/dextrorphan ratio. The mean urinary

dextromethorphan/dextrorphan ratio in the ziprasidone

group decreased by 22% (from 0.009 to 0.007) and that

in the placebo group decreased by 20% (from 0.005 to

0.004). By contrast, there was a 10-fold increase (from

0.007 to 0.072) in the mean urinary dextromethor-

phan/dextrorphan ratio in the paroxetine group. This

change in the paroxetine group served as a positive

control for the ability to detect a change in CYP2D6

metabolizing activity in this study. As the urinary

dextromethorphan/dextrorphan ratio is a reliable mea-

sure of CYP2D6 activity in vivo [6] these ®ndings

suggest that ziprasidone does not in¯uence the activity

of CYP2D6 in vivo when administered to extensive

metabolizers as a single 80 mg dose. The results also

suggest that clinically relevant concentrations of zipra-

sidone are unlikely to in¯uence the CYP2D6-mediated

metabolism of any of numerous drugs with which it

may be concomitantly administered in clinical practice.

The serum concentrations of ziprasidone in the present

study, obtained following the administration of a single

80 mg dose to healthy men and women under fasting

conditions, were similar to those obtained in other studies

in which a single 20 mg dose was given to healthy fed

young (18±45 years) individuals [14, 15]. The pharmaco-

kinetics of paroxetine in the present study were

unremarkable and were similar to those previously

reported [16]. The undetectable plasma concentrations

of paroxetine in one subject may re¯ect delayed absorption

and large intersubject variability of paroxetine following

administration.

The ®ndings of this in vivo study are in accord with

those of an in vitro study which evaluated CYP2D6-

mediated drug metabolism [1]. The highest steady-state

Cmax found for ziprasidone (dose 160 mg dayx 1) was

found to be 326 ng mlx 1 (P®zer Inc., data on ®le) and this

equates to a free serum ziprasidone concentration of

0.007mM (ziprasidone is highly bound (>99%) by serum

proteins [17, 18]). As the in vitro Ki for ziprasidone for

CYP2D6 is 11mM [1] the free concentration is approxi-

mately 1500-fold less than the in vitro Ki.

In conclusion, the ®ndings of this study suggest that

ziprasidone does not in¯uence the oxidative metabolism of

drugs by CYP2D6 at clinically relevant concentrations.
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