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Aims To evaluate the effect of steady-state carbamazepine administration on the

steady-state pharmacokinetics of ziprasidone in healthy young adults, in an open,

randomised, parallel-group study.
Methods Twenty-®ve subjects were randomized to one of two treatment groups.

Group 1 received 20 mg ziprasidone twice daily on days 1 and 2, and a single dose on

day 3. A single 100 mg dose of carbamazepine was given once daily on days 5 and 6 and

twice daily on days 7 and 8, followed by 200 mg twice daily until day 28 and on the

morning only on day 29. Ziprasidone 20 mg was also administered twice daily on days

26 and 27 and in the morning only on day 28. Group 2 received the same treatment

regimen with carbamazepine replaced by placebo. Pharmacokinetic data were

obtained on days 3 and 28.
Results Nine subjects in group 1 and 10 in group 2 completed all three treatment

periods (ziprasidone, carbamazepine or placebo; and ziprasidone plus carbamazepine

or placebo). Carbamazepine administration to group 1 was associated with modest

reductions in ziprasidone exposure, with mean decreases in ziprasidone AUC(0,12 h)

and Cmax values of 36% and 27%, respectively, on day 28 compared with day 3

(P<0.03). The mean differences between day 28 and day 3 ziprasidone AUC(0,12 h)

and Cmax values were also statistically signi®cantly greater in the carbamazepine group

than in the placebo group. The mean half-life of ziprasidone decreased by 1 h from day

3 to day 28 in the subjects receiving carbamazepine, compared with virtually no

change in the placebo group. All adverse events were mild or moderate in severity and

there were no serious adverse events, or clinically signi®cant changes in ECGs and vital

signs throughout the study.
Conclusions Induction of CYP3A4 with carbamazepine led to a modest reduction

(<36%) in steady-state exposure to ziprasidone that is believed to be clinically

insigni®cant.
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Introduction

Studies performed in vitro using human liver microsomes

have shown that the oxidative metabolism of ziprasidone is

mediated primarily by CYP3A4 [1]. In vivo studies have

demonstrated no clinically signi®cant pharmacokinetic

interactions between ziprasidone and cimetidine (which

inhibits several isoforms of CYP including CYP3A4),

ethinyloestradiol (which is metabolized by CYP3A4), or

ketoconazole (a potent inhibitor of CYP3A4), suggesting

that co-administration with other CYP3A4 inhibitors or

inducers will not require dose adjustment [2±4].

Treatment strategies for schizophrenia need to take into

account the treatment of mood disorders because these are

associated with a poor therapeutic outcome, an increased

risk of relapse and a high rate of suicide [5±7]. While

antidepressants may be bene®cial, carbamazepine has been

advocated as an adjunctive therapy for some patients with

psychoses with mood disorders, particularly for schizo-

affective disorder [8±11]. Carbamazepine is widely used in

epilepsy, bipolar disorder and other affective disorders, in

individuals with and without psychoses. It is oxidatively
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metabolized extensively by CYP3A4 [12, 13] and is a

potent inducer of this isozyme, with plasma drug

concentrations frequently decreasing during the ®rst

month of therapy. This induction has been shown to

enhance the metabolism of other CYP3A4 substrates,

including antiepileptics, tricyclic antidepressants, oral

anticoagulants, calcium channel blockers, oral contra-

ceptives, chemotherapeutic agents, and antipsychotics

[14]. This can result in clinically relevant drug interactions

[15], for example haloperidol levels are 50% lower when

carbamazepine is co-administered [16, 17].

The following open-label, randomized, placebo-

controlled, parallel-group study in healthy volunteers

evaluated the effect of subchronic carbamazepine

administration on the steady-state pharmacokinetics of

ziprasidone.

Methods

Subjects

Twenty-®ve healthy young men and women (18±

45 years) weighing no more than 91 kg and within 10%

of their ideal body weight for age, height, gender, and

frame [18] were enrolled into the study. Subjects with

evidence or a history of clinically signi®cant allergic

(except for untreated asymptomatic seasonal allergies),

haematological, renal, endocrine, pulmonary, gastroin-

testinal, cardiovascular, hepatic, psychiatric, or neurolo-

gical disease (including all forms of epilepsy) were

excluded. Smokers, subjects with any condition that

could affect drug absorption, and subjects with known

drug or alcohol dependence or drug allergies were also

excluded. Women were required to have been surgically

sterilized, or at least 2 years postmenopausal, or to have

been using reliable contraception for at least 3 months.

Subjects were excluded if they had taken any prescrip-

tion medication (except contraceptives), over-the-counter

or recreational drugs within 2 weeks, or any investigational

drug within 4 weeks of study entry. Alcohol and

concomitant medications were not allowed during the

study.

The study had institutional review board approval. All

subjects gave informed written consent.

Protocol

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

parallel-group study designed to evaluate the in¯uence of

subchronic administration of carbamazepine on the

steady-state pharmacokinetics of ziprasidone in healthy

subjects.

The study comprised two treatment groups and three

treatment periods. On days 1±3 (period 1) both groups

received ziprasidone to establish baseline steady-state

ziprasidone pharmacokinetics. On days 5±25 (period 2)

the subjects were given either carbamazepine (group 1) or

placebo (group 2). On days 26±28 (period 3) the subjects

received ziprasidone in combination with either carba-

mazepine (group 1) or placebo (group 2).

Ziprasidone was given orally to both groups as one

20 mg capsule twice daily throughout periods 1 and 3,

except on days 3 and 28 when only the morning doses

were administered. Carbamazepine (Tegretol XR1,

Ciba-Geigy) was given orally to subjects in group 1 as

one 100 mg tablet once daily on days 5 and 6, as one

100 mg tablet twice daily on days 7 and 8, and as one

200 mg tablet twice daily on days 9±28, as per instructions

included in the package insert (Tegretol XR1 dosage

instructions, Ciba-Geigy). Placebo was given orally in the

same dose regimen as carbamazepine to subjects in group

2. On the morning of day 29, subjects in groups 1 and 2

received either a single 200 mg carbamazepine tablet or

placebo, respectively.

The interval between morning and evening doses was

12 h. All doses were administered with 50 ml water,

immediately after eating a standard meal over 20 min.

Pharmacokinetic sampling and analysis

Blood samples (suf®cient for 3 ml of serum) for the

determination of serum ziprasidone concentrations were

collected in plain tubes (no preservative, anticoagulant, or

serum separator), from all subjects prior to and at 1, 2, 3, 4,

6, 8, 10, 12, 18, 24, and 36 h following the morning dose

of ziprasidone on days 3 and 28. Blood samples for the

determination of plasma carbamazepine were collected in

heparinized tubes, prior to morning dosing on days 5, 10,

14, 18, 22, 25, and 28. Ziprasidone blood samples were

allowed to clot at room temperature. Serum (for

ziprasidone) and plasma (for carbamazepine) were sepa-

rated from whole blood samples by centrifugation within

1 h of collection. Samples were stored at x20u C until

analysed for ziprasidone and carbamazepine concentra-

tions. Serum concentrations of ziprasidone were deter-

mined using a validated high-performance liquid

chromatography assay involving solid-phase extraction

and u.v. detection. The assay had a dynamic range of 1±

250 ng mlx 1 [19]. Ziprasidone concentrations below the

lower limit of quanti®cation were assigned a value of

0 ng mlx 1 in pharmacokinetic calculations. Plasma con-

centrations of carbamazepine were determined using a

¯uorescence polarization immunoassay.

Data analysis

Steady-state area under the ziprasidone serum concentra-

tion±time curve from time zero to 12 h postdose
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(AUC(0,12 h)) was estimated using linear trapezoidal

approximation. Maximum observed serum concentrations

of ziprasidone (Cmax), and the time at which Cmax

occurred (tmax) were determined directly from the

experimental data. The terminal phase elimination rate

constant for ziprasidone (lz) was estimated using least-

squares regression analysis of the serum ziprasidone

concentration±time data obtained during the log-linear

phase. The terminal phase half-life of ziprasidone (tK,z)

was calculated as ln 2 /lz and the mean half-life of

ziprasidone was estimated as ln 2/mean lz.

An estimated 14 subjects were required to detect a

50% difference in the change (®nal from baseline) in

AUC(0,12 h) between the two treatments with 80%

power and a 5% signi®cance level. The effect of

carbamazepine on the steady-state pharmacokinetics of

ziprasidone was assessed from the changes between day 3

and day 28 in the pharmacokinetic parameters. Parameters

were analysed using a two-sample Student's t-test with

95% con®dence limits to compare between-group

differences on days 3 and 28, and within-subject changes

between day 3 and day 28. Values of P<0.05 were

considered to be statistically signi®cant.

Results

Subjects

A total of 13 subjects were randomized to group 1. Their

mean age was 28.8 years (range 23±35 years). Twelve

subjects were men with mean body weight 74.6 kg (range

57±89 kg), and the woman weighed 61.7 kg. Mean age of

the 12 subjects randomized to group 2 was 31.2 years

(range 24±45 years). Eleven were men with mean body

weight 76.7 kg (range 60±90 kg), and the woman weighed

60.1 kg. Nine subjects in group 1 and 10 in group 2

completed all three treatment periods and were included

in the pharmacokinetic analysis. All adverse events were

mild or moderate in severity and there were no serious

adverse events, or clinically signi®cant changes in ECGs

and vital signs throughout the study.

Pharmacokinetics

Mean serum ziprasidone concentration±time curves for

the two groups were similar on day 3 (Figure 1).

However, on day 28, following the administration of

carbamazepine to subjects in group 1, the serum

concentrations of ziprasidone were lower than in the

placebo group 2 (Figure 1).

There were no statistically signi®cant differences in

mean ziprasidone pharmacokinetic parameters between

the two groups on day 3. In contrast, there were

statistically signi®cant differences between the two

groups in the mean steady-state AUC(0,12 h) and Cmax

values on day 28 (both P<0.001; Table 1), following

administration of carbamazepine or placebo for 25 days.

There were also statistically signi®cant differences between

placebo and carbamazepine groups in the mean difference

between day 28 and day 3 values for AUC(0,12 h), Cmax

and lz (all P<0.03).

Within group 1 (carbamazepine), a mean 27% decrease

in Cmax (from 65 to 48 ng mlx 1) and a mean 36% decrease

in AUC(0,12 h) (from 445 to 285 ng ml x 1h) were

associated with carbamazepine administration between

days 3 and 28. Consistent with these changes was a 32%

increase in mean lz, which corresponded to a decrease in

mean tK,z of 1 h (3.3 vs 4.3 h). Over the same period, the

pharmacokinetic parameters for group 2 (placebo)

remained essentially unchanged between days 3 and 28.

Mean Cmax increased from 76 to 79 ng mlx 1, mean

AUC(0,12 h) decreased from 532 to 495 ng ml x 1 h, lz

increased from 0.171 to 0.175 hx 1 and the tK,z decreased

from 4.1 to 4.0 h. Figure 2 shows individual AUC(0,12 h),

Cmax and tK,z values for carbamazepine and placebo on

days 3 and 28.

Discussion

After oral administration of ziprasidone to healthy subjects,

ziprasidone is metabolized extensively with less than 5%

excreted in the urine and faeces as unchanged drug. Based

on the structures of the major metabolites, four routes of

metabolism have been identi®ed [20]. In vitro studies using

human liver microsomes have demonstrated that CYP3A4

is the major CYP isoform responsible for the oxidative

metabolism of ziprasidone [1].
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Figure 1 Mean serum ziprasidone concentrations in subjects

receiving ziprasidone (40 mg dayx 1) before (day 3) and after (day

28) the administration of placebo or carbamazepine for 21 days. Day

3 group 1 ± carbamazepine ($), day 3 group 2 ± placebo (#), day

28 group 1 ± carbamazepine (&), day 28 Group 2 ± placebo (a).
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Carbamazepine is a potent inducer of CYP3A4 and is

known to in¯uence the pharmacokinetics of numerous

drugs that are metabolized by this isozyme [14]. The

clinical relevance of such interactions depends on their

magnitude and the therapeutic index in terms of the

relative effects of drug concentrations on their therapeutic

effects as compared with their adverse exposure [21]. The

principal ®ndings from the study demonstrate that no

clinically signi®cant interaction between carbamazepine

and ziprasidone occurs.

Baseline characteristics of the two groups appeared to be

well matched in age, weight, gender, and race. The

similarity in steady-state pharmacokinetic parameters on

day 3, prior to initiation of carbamazepine or placebo

administration, also supports the good match between the

patient groups. Plasma carbamazepine concentrations were

within the clinically relevant concentration range

throughout the observation period.

Pharmacokinetic assessments showed that ziprasidone

exposure decreased in group 1 subjects on day 28

following concomitant carbamazepine administration

from day 5. Within this group, statistically signi®cant

decreases in mean AUC(0,12 h) and Cmax, of 36% and

27%, respectively, occurred compared with day 3.

Between-group comparison revealed that mean zipra-

sidone AUC(0,12 h) and Cmax values in group 1

(carbamazepine) were statistically signi®cantly lower

than those in group 2 (placebo) at day 28. In addition,

the changes between the day 28 and day 3 values were

compared between groups to adjust for the small (but not

statistically signi®cant) differences in the ziprasidone

pharmacokinetic variable values on day 3. In this

calculation, the between-group differences persisted.

Indeed, there were statistically signi®cant differences

between the carbamazepine and placebo groups in the

mean day 28 to day 3 change in ziprasidone AUC(0,12 h),

Cmax, and lz values.

The moderate reduction in ziprasidone exposure in the

carbamazepine group is consistent with induction of

CYP3A4 by carbamazepine [14] and supports the results of

in vitro studies, which show that CYP3A4 is the major

isoform involved in the oxidative metabolism of ziprasi-

done. Other CYP isoforms (1A2, 2C9, 2C19, and 2D6)

are unlikely to be implicated in ziprasidone metabolism on

the evidence of human liver microsome studies. In human

hepatic microsomes the ziprasidone concentrations

required to inhibit CYP3A4 and CYP2D6 would be at

least 1500-fold higher than those achievable clinically.

The Ki for ziprasidone at CYP3A4 is 64mM [1]. Thus

ziprasidone is unlikely to inhibit the oxidative metabolism

of CYP3A4 substrates.

Changes in the pharmacokinetics of other antipsycho-

tics that are metabolized by CYP3A4, including haloper-

idol, clozapine and quetiapine, have been observed during

Table 1 Meants. d. pharmacokinetic parameters of ziprasidone.

Pharmacokinetic

parameter

Group 1

(carbamazepine)

(n = 9)

Group 2

(placebo)

(n=10)

Difference (ratiod)

Group 1 ± Group 2

means (95% CI)

P value

(Group 1 vs

Group 2)

Day 3

AUC(0,12 h) (ng mlx 1 h) 445t155 532t146 83.7% (62, 113) 0.23

Cmax
a (ng mlx 1) 65t25 76t3 86.1% (61, 122) 0.38

tmax
b (h) 5t3 6t2 x 1.10 (x 3.4, 1.1) 0.30

lz
b (hx 1) 0.160t0.024 0.171t0.026 x 0.011 (x 0.035, 0.013) 0.34

tK,z
c (h) 4.3 4.1 ± ±

Day 28

AUC(0,12 h) (ng mlx 1 h) 285t79 495t131 57.7% (44, 75) <0.001

Cmax
a (ng mlx 1) 48t13 79t19 60.4% (47, 78) <0.001

tmax
b (h) 6t1 6t2 0.40 (x 1.1, 1.9) 0.57

lz
b (hx 1) 0.211t0.042 0.175t0.046 0.037 (x 0.006, 0.079) 0.09

tK,z
c (h) 3.3 4.0 ± ±

Ratio Day 28/Day3

AUC(0,12 h) (ng mlx 1 h) 0.64t0.20 0.93t0.12 ± ±

Cmax
a (ng mlx 1) 0.73t0.20 1.04t0.25 ± ±

tK,z
c (h) 0.77t0.13 1.06t0.43 ± ±

aGeometric means and s.d.
bArithmetic means and s.d.
cCalculated as ln 2/mean lz.
dAUC(0,12 h) and Cmax were analysed on the log scale and back-transformed for calculation of the group 1 ± group 2 ratio and 95% con®dence limits

of differences between means.
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co-administration with carbamazepine. It has been shown

that carbamazepine decreases plasma concentrations of

haloperidol by 50±60%. The clinical implication of

carbamazepine co-administration appears to be equivocal,

as the psychotic symptoms of some patients receiving

moderate doses of haloperidol have deteriorated as a

consequence, while others receiving higher doses of

haloperidol did not deteriorate [22, 23]. Clozapine is at

least partly metabolized by CYP3A4 and its plasma levels

have also been shown to decrease by approximately 50%

during carbamazepine treatment [24]. The pharmaco-

kinetics of some of the newer antipsychotics are affected

by co-administration of carbamazepine. Quetiapine is

metabolized by CYP3A4, and the CYP3A4 inducer,

phenytoin, has been shown to increase its mean oral

clearance by 5-fold, which corresponds to a reduction in

quetiapine exposure of about 80%. Thus, dose adjustment

may be needed when drugs such as phenytoin or

carbamazepine are co-administered with quetiapine [25].

In a single-dose study involving healthy volunteers, a

6% increase in ziprasidone exposure was observed

following co-administration with cimetidine (CYP3A4

inhibitor), as measured by AUC(0,?) [2]. In a multiple-

dose study involving healthy volunteers, a 33% increase in

ziprasidone exposure (AUC(0,?)) was seen following

co-administration with ketoconazole (a potent CYP3A4

inhibitor) [4]. Cmax also increase by 34%. These results,

and the modest effects of carbamazepine on ziprasidone

pharmacokinetics, suggest that neither CYP3A4-inhibi-

tors nor CYP3A4 inducers have a clinically signi®cant

effect on the pharmacokinetics of ziprasidone, nor are they

expected to necessitate dose adjustment of ziprasidone.

In conclusion, the ®ndings of this study are consistent

with CYP3A4 induction increasing the metabolism of

ziprasidone. They indicate that the effects of concomitant

carbamazepine therapy on the AUC(0,12 h) and Cmax of

ziprasidone are unlikely to be clinically relevant.
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