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Aims To determine whether multiple doses of ziprasidone alter the steady-state

pharmacokinetics of the component steroids, ethinyloestradiol and levonorgestrel, of

an oral contraceptive; to evaluate the tolerability of a co-administered combined oral

contraceptive and ziprasidone; and to compare plasma concentrations of prolactin in

subjects taking a combined oral contraceptive with placebo or ziprasidone.
Methods Nineteen women taking a combined oral contraceptive (ethinyloestradiol

30mg dayx 1 and levonorgestrel 150mg dayx 1) were enrolled into a double-blind,

placebo-controlled, two-way crossover study. They received ziprasidone

40 mg dayx 1 in two divided daily doses or placebo for 8 days (days 8±15) in one of

two 21 day treatment periods separated by a 7 day washout period. Venous blood

samples were collected immediately before and up to 24 h after the morning dose of

oral contraceptive and ziprasidone or placebo on day 15 of each 21 day treatment

period. These were assayed for ethinyloestradiol and levonorgestrel and the resulting

data used to derive pharmacokinetic data for these steroids. Additional samples were

collected immediately before and 4 h after the morning dose of oral contraceptive and

ziprasidone or placebo on day 15 of each 21 day treatment period for prolactin assay.

All observed and volunteered adverse events were recorded throughout the study.
Results The mean AUC(0,24 h), Cmax and tmax for ethinyloestradiol and the mean

AUC(0,24 h) and Cmax for levonorgestrel during ziprasidone co-administration were

not statistically signi®cantly different from corresponding values occurring during

placebo co-administration. The tmax for levonorgestrel was approximately 0.5 h

longer. Concomitant therapy with a combined oral contraceptive and ziprasidone did

not result in adverse events not previously seen with either preparation alone.
Conclusions The ®ndings of this study suggest that, based on pharmacokinetic and

tolerability data, ziprasidone may be co-administered with ethinyloestradiol and

levonorgestrel without loss of contraceptive ef®cacy or increased risk of adverse events.
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Introduction

Schizophrenia occurs in both men and women, and

despite gender differences in the epidemiology of the

condition, the total lifetime risk of schizophrenia until the

age of 59 years appears to be almost the same for women as

for men [1±3]. Although many studies suggest that women

with schizophrenia have a better prognosis than men with

the condition, the ®ndings of the only epidemiologically

based, long-term follow-up study of individuals with

schizophrenia conducted to date, challenge this assump-

tion [1, 4].

Although the majority of young adults with schizo-

phrenia are men, the number of young women with the

condition is appreciable. Many individuals with schizo-

phrenia are therefore women of child-bearing potential, a

substantial proportion of whom take an oral contraceptive.

Furthermore, it has been proposed that the differences in

the clinical course of schizophrenia might be accounted for

by a protective effect of oestrogens [5], and oestrogens
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have been shown to be implicated in the regulation of

mood and memory, to attenuate the sensitivity of D2

receptors in experimental animals and to in¯uence the

expression of genes coding for 5-HT receptors [1, 2, 6].

Clearly, there is potential for interaction between

oestrogens and newer antipsychotic drugs, such as

ziprasidone.

The most popular oral contraceptives are those contain-

ing both an oestrogen and a progesterone. Although there

have been no reported interactions between these

combined oral contraceptive preparations and dopamine

receptor antagonists, loss of contraceptive ef®cacy had

been attributed to interactions with other centrally active

drugs, such as the barbiturates and hydantoins [7]. This loss

of contraceptive ef®cacy appears to result from hepatic

enzyme induction and/or increased plasma protein

synthesis and binding, and consequential decreases in the

free plasma concentrations of these steroids. The oestrogen

component of most combined oral contraceptive prepara-

tions, ethinyloestradiol, is both metabolized by and

induces hepatic cytochrome (CYP) 3A4 [8, 9]. Studies

performed in vitro using human liver microsomes have

shown that ziprasidone is also metabolized by CYP3A4,

but does not signi®cantly inhibit this, or any of the other

®ve major CYP isoenzymes (CYP2D6, CYP2C9,

CYP1A2, CYP2E1, CYP2C19), at clinically relevant

concentrations [10].

Conventional antipsychotic drugs increase plasma

prolactin levels because they block the inhibitory effect

of dopamine on prolactin release from the pituitary. This is

a serious drawback of these agents because elevated plasma

prolactin levels can cause adverse events, such as

amenorrhoea and galactorrhoea [11].

Here we report the ®ndings of a study designed to

determine if multiple doses of ziprasidone alter the steady-

state pharmacokinetics of the component steroids,

ethinyloestradiol and levonorgestrel, of an oral contra-

ceptive; to evaluate the tolerability of a co-administered

combined oral contraceptive and ziprasidone; and to

compare plasma concentrations of prolactin in subjects

taking a combined oral contraceptive with placebo or

ziprasidone.

Methods

Subjects

The subjects were to be healthy premenopausal women

within the age range of 18±55 years. Subjects were to

weigh between 50 and 80 kg and be within 20% of their

ideal weight for age, height, gender and frame [12]. None

of the subjects had received any drug therapy (except

contraceptive medication and paracetamol) in the 2 weeks

preceding entry into the study, and none had received any

investigational drug in the 4 weeks preceding entry into

the study or during the study. The women had been using

a combined oral contraceptive containing 30mg ethiny-

loestradiol and 150mg levonorgestrel (either Microgy-

non1 [Schering] or Ovranette1 [Wyeth]) for at least three

menstrual cycles. None was pregnant or lactating and all

provided written informed consent. Demographic char-

acteristics are presented in Table 1.

The subjects were asked to complete a medical history

questionnaire during screening and any subject considered

by the investigator to have clinically signi®cant disease was

excluded. In addition, the subjects were required to have,

at screening, routine haematology, clinical chemistry and

urinalysis test results within the reference range, and be

negative for hepatitis B surface and core antigens. Subjects

with evidence of drug abuse, who drank more than 14

units of alcohol per week, or who smoked more than 10

cigarettes per week were excluded.

Protocol

This was a double-blind, placebo-controlled, two-way

crossover study designed to investigate the effect of

multiple doses of ziprasidone on: the steady-state

pharmacokinetics of ethinyloestradiol and levonorgestrel

in healthy women taking a combined oral contraceptive;

plasma concentrations of prolactin; and the safety and

tolerability of a co-administered combined oral contra-

ceptive and ziprasidone. The study protocol was approved

by the Ethics Committee of the study sites.

The study comprised two 21 day periods separated by

intervals of at least 7 days. Each 21 day period coincided

with the time during which the subjects were scheduled to

take their oral contraceptive and each 7 day washout

period coincided with the time during which the subjects

were scheduled not to be taking their oral contraceptive.

The subjects took one combined oral contraceptive tablet,

containing ethinyloestradiol 30mg and levonorgestrel

150mg (either Microgynon1 [Schering] or Ovranette1

[Wyeth]), every day of each 21 day period, between 08.00

Table 1 Demographic characteristics.

Characteristic

Total

(n = 19)

Age (years)

Mean 28.1

Range 22±39

Weight (kg)

Mean 66.3

Range 52±82

Ethnic origin

White 19
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and 09.00 h. On days 1±7 of each 21 day period the

subjects took their oral contraceptive without any other

study medication. On days 8±15 of each 21 day period the

subjects took either ziprasidone HCl 40 mg dayx 1 in two

divided daily doses or matched placebo, according to a

computer-generated randomization, together with their

oral contraceptive tablet in the morning and between

20.00 and 21.00 h in the evening. The morning and

evening doses of the study drugs were taken within 5 min

of eating breakfast and dinner, respectively.

The study drugs were administered under supervision at

the study centre on the mornings of days 1, 8±12, 16 and

19±21, and in the evenings of days 13±15. The remaining

doses of the study drugs were taken by the subjects

unsupervised at home. On day 1, the subjects were given

diary cards on which to record the exact times at which

they took their oral contraceptive.

Sampling and sample analysis

On day 15 of each 21 day period, 12 ml venous blood

samples for the determination of plasma ethinyloestradiol

and levonorgestrel concentrations were collected imme-

diately before dosing and at intervals up to 24 h after the

morning dose of oral contraceptive and ziprasidone or

placebo. Additional 7 ml venous blood samples for the

determination of plasma prolactin concentrations were

collected immediately before dosing and 4 h after the

morning dose of oral contraceptive and ziprasidone or

placebo. All samples were collected in heparinized tubes

and centrifuged at 4u C for 10 min at 1500 g within 1 h of

collection. Aliquots of plasma were removed and stored at

x 20u C until analysis.

Plasma concentrations of ethinyloestradiol were deter-

mined using a gas chromatography/mass spectrometry

procedure that was previously developed and validated at

CEPHAC Research Centre, Saint-Benoit, France. In the

®rst step of this procedure ethinyloestradiol and the

internal standard (2H4 ethinyloestradiol) were extracted

from plasma by liquid/liquid extraction with ether/hexane

(40/60 v/v). The ethinyloestradiol and internal standard

were then derivatized with 3,5 bi-(tri¯uoromethyl) ben-

zoyl chloride. The resulting derivatives were then

selectively extracted and analysed by capillary column

gas chromatography using detection by negative chemical

ionization with methane as the reagent gas. As the mass

spectrum of derivatized ethinyloestradiol shows an intense

molecular ion at m/z 536 and that for the internal standard

shows a molecular ion at m/z 540, selected ion monitoring

at m/z 536 and m/z 540 were used to obtain the optimum

ratio between sensitivity and selectivity (against endogen-

ous substances in plasma). During validation, calibration in

plasma for this assay was linear for ethinyloestradiol from

10 to 500 pg mlx 1 and the limit of quanti®cation was

10 pg mlx 1. Intra-batch imprecision and inaccuracy,

expressed as the percent coef®cient of variation (and

percentage bias), were 10.37 (0.30), 3.44 (x1.24), 2.79

(0.09) and 2.50 (x4.23) at theoretical concentrations of

10, 50, 200 and 500 pg mlx 1, respectively. The precision

and accuracy of the method at the limits of quanti®cation

were rechecked before analysing the experimental plasma

samples and were found to be comparable with those

obtained during the assay validation. The speci®city of the

method was demonstrated by checking the chromato-

grams obtained from six blank plasma samples spiked with

100 mg mlx 1 ziprasidone; no chromatographic peak was

detected at the retention times of ethinyloestradiol,

2-hydroxyethinyloestradiol, levonorgestrel and norethin-

drone.

Plasma concentrations of levonorgestrel were also

determined using a gas chromatography/mass spectro-

metry procedure that was previously developed and

validated at CEPHAC. In the ®rst step of this procedure

levonorgestrel and internal standard (norethindrone) were

extracted from plasma by liquid/liquid extraction with

ether/hexane (40/60 v/v). The levonorgestrel and internal

standard were then isolated from the residue of the ®rst

extract using solid phase extraction with a C8 cartridge.

After elution from the cartridge, the analyte and internal

standard were reacted with penta¯uorobenzyl hydroxyla-

mine hydrochloride to form the syn- and antigeometric

isomers of their respective oxime derivatives. These oxime

derivatives of levonorgestrel and norethindrone were then

selectively extracted and analysed by capillary column gas

chromatography using detection by negative chemical

ionization with methane as the reagent gas. As the mass

spectrum of derivatized levonorgestrel shows an intense

fragment at m/z 299 and the most intense fragment for the

internal standard shows at m/z 285, selected ion

monitoring at m/z 299 and m/z 285 were used to
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Figure 1 Mean plasma ethinyloestradiol concentration±time curves

on day 15 during co-administration with ziprasidone (±±) or placebo

(± ±).

Ziprasidone and a combined oral contraceptive
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obtain the optimum ratio between sensitivity and

selectivity (against endogenous substances in plasma).

During validation, calibration in plasma for this assay was

linear for levonorgestrel from 0.1 to 20 ng mlx 1 and the

limit of quanti®cation was 0.1 ng mlx 1. Intra-batch

imprecision and inaccuracy, expressed as the percent

coef®cient of variation (and percentage bias), were 10.0

(0.00), 3.85 (4.00), 1.77 (13.00) and 3.85 (13.00) at

theoretical concentrations of 0.1, 0.5, 5 and 20 ng mlx 1,

respectively. The precision and accuracy of the assay at the

limits of quanti®cation were rechecked before analysing

the experimental plasma samples and were found to be

comparable with the precision and accuracy obtained

during the assay validation. The speci®city of the method

was demonstrated by checking the chromatograms

obtained from six blank plasma samples spiked with

100 mg mlx 1 ziprasidone; no chromatographic peak was

detected at the retention times of ethinyloestradiol,

2-hydroxyethinyloestradiol, levonorgestrel and norethin-

drone.

The areas under the plasma concentration±time curves

from time zero to 24 h (AUC(0,24 h)) for ethinyloestradiol

and levonorgestrel were estimated by the linear trapezoidal

approximation using Siphar version 3.3 (Simed, CreÂteil,

France). The maximum observed serum concentrations of

ethinyloestradiol and levonorgestrel (Cmax), and the

earliest times at which these occurred (tmax) were estimated

directly from the experimental data.

Plasma concentrations of prolactin were determined

using a validated radioimmunoassay test kit with standard

ranging from 3 to 200 ng mlx 1 (Medigenix Diagnostic

reference PRL-IRMA). The normal mean (range) value

speci®ed for prolactin by this kit for premenopausal

women was 8.6 ng mlx 1 (2.7±19.7 ng mlx 1) (n=95).

Tolerability

All observed or volunteered treatment-emergent adverse

events occurring during the study were recorded using the

Coding Symbol Thesaurus of Adverse Reaction Terms

(COSTART) dictionary. Routine haematology, clinical

chemistry and urinalysis tests were performed at screening,

on days 8, 13 and 16 of each 21 day period and on day 21 of

the second 21 day period. Pregnancy tests were performed

at screening, on day 16 of each 21 day period and 8 days

after the end of the second 21 day period. Urine alcohol

and drug screening tests were performed at screening, and

on days 8 and 13 of each 21 day period. Physical

examinations, vital sign assessments and 12-lead ECG

were performed at screening, on days 8 and 16 of each 21

day period and on day 21 of the second 21 day period. The

subjects recorded details of any intermenstrual bleeding,

such as spotting and/or breakthrough bleeding, on diary

cards provided on day 1 of the study.

Statistical analysis

It was estimated that a sample size of 16 completing

subjects (eight per sequence group) would provide at least

80% power to detect a 20% difference in the AUC(0,24 h)

and Cmax for ethinyloestradiol and levonorgestrel with a

probability of 0.8 when testing at the 5% level.

Natural log-transformed AUC(0,24 h) and Cmax values,

and untransformed tmax values were analysed in an analysis

of variance (ANOVA) model containing sequence, period

and treatment effects (PROC GLM of SAS1). The

sequence effect was tested using the subject within

sequence mean square as the error term and the period

effect was tested using the within subject mean square as

the error term. Both sequence and period effects were

tested for signi®cance at the 5% level.

Geometric means and standard deviations were calcu-

lated for AUC(0,24 h) and Cmax. Arithmetic means and

standard deviations were calculated for tmax. Adjusted

means, and their variances and covariances, were then

calculated using the least-squares means statement from

SAS1. These were then used to estimate the adjusted

difference between the treatment effects, their standard

errors and 95% con®dence intervals of the differences. For

AUC(0,24 h) and Cmax, the antilog of the difference

between the treatment effects and their 95% intervals were

calculated.

Results

Subjects

Nineteen white premenopausal women aged 22±39 years

entered the study (Table 1). All 19 completed treatment

with oral contraceptive plus placebo and 18 completed

treatment with oral contraceptive plus ziprasidone. One

subject discontinued the study after experiencing adverse

events and only completed the oral contraceptive plus

placebo phase. The 18 subjects who completed both

phases of the trial were evaluated for pharmacokinetics.

However, two subjects were not included in the statistical

analysis of AUC(0,24 h) because plasma levels of ethinyl-

oestradiol and levonorgestrel were undetectable at 24 h

and, thus, no AUC(0,24 h) was calculated for these

subjects. All subjects were evaluated for safety.

Pharmacokinetics

The mean plasma ethinyloestradiol and levonorgestrel

concentration±time curves during ziprasidone treatment

and during placebo treatment are shown in Figures 1 and

2. The mean plasma ethinyloestradiol concentration±time

curves during ziprasidone treatment and during placebo

treatment were similar and demonstrated a biphasic

G. J. Muirhead et al.
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decline after maximum concentrations were achieved.

The mean plasma levonorgestrel concentration±time

curves during ziprasidone treatment and during placebo

treatment were also similar and also demonstrated a

biphasic decline after maximum concentrations were

achieved.

The pharmacokinetics of the component steroids of the

oral contraceptive during treatment with ziprasidone were

similar to those during treatment with placebo (Table 2).

Comparisons of the AUC(0,24 h), tmax and Cmax for

ethinyloestradiol showed no statistically signi®cant differ-

ences between the ziprasidone and placebo treatments.

Similarly, comparisons of the AUC(0,24 h), tmax and Cmax

for levonorgestrel showed no statistically signi®cant

differences between the ziprasidone and placebo treat-

ments, except for the tmax (P=0.03). However, the tmax

for levonorgestrel during ziprasidone treatment was only

approximately 0.5 h longer than that during placebo

treatment.

In the analyses, statistically signi®cant sequence effects

were observed for the ethinyloestradiol Cmax (P=0.008)

and for the levonorgestrel AUC(0,24 h) (P=0.043), but

these did not affect the interpretation of the results. There

were no other sequence effects or interactions in the

analysis of ethinyloestradiol or levonorgestrel.

Prolactin concentrations

The mean plasma prolactin concentrations, measured on

day 15 (the eighth day of co-administration of oral

contraceptive and ziprasidone or placebo), were higher

during ziprasidone treatment than during placebo treat-

ment, both immediately before the morning dose of study

medication and 4 h after that dose (Table 3). However, the

difference between groups in mean prolactin levels did not

exceed 16 ng mlx1 and the change in pre and postdose

levels within both groups was similar. Furthermore, while

plasma prolactin concentrations during co-administration

of oral contraceptive and ziprasidone, immediately before

the morning dose of study medication, were above the

Table 2 Summary of pharmacokinetic parameters of ethinyloestradiol and levonorgestrel.

Pharmacokinetic

parameter

Oral contraceptive

with placebo

(n=18)

Oral contraceptive

with ziprasidone

(n=18)

Ratio (AUC and Cmax)

or difference (tmax)

95% con®dence

limits

Ethinyloestradiol

AUC(0,24 h)a,c (pg mlx 1 h) 971t225 964t204 99.3% 93.9,105.1

Cmax
a (pg mlx 1) 77.1t25.6 72.4t22.9 93.9% 85.6,103.0

tmax
b (h) 2.3t1.2 2.9t1.3 0.6 x 0.2,1.3

Levonorgestrel

AUC(0,24 h)a,c (ng mlx 1 h) 87.7t23.7 85.7t25.3 97.8% 92.8,103.0

Cmax
a (ng mlx 1) 6.42t2.00 5.95t1.86 92.7% 84.5,101.8

tmax
b (h) 1.7t1.0 2.3t1.1 0.6 0.1,1.3

aGeometric means and s.d. for AUC(0,24 h) and Cmax.
bArithmetic means and s.d. for tmax.
cExcludes two subjects. One of these subjects had plasma ethinyloestradiol concentrations below the limit of detection 24 h after taking ziprasidone and

one had plasma ethinyloestradiol concentrations below the limit of detection at 18 and 24 h after taking ziprasidone.

Table 3 Mean plasma prolactin concentrations (ng mlx 1) on day 15.

Time

postdosing (h)

Oral contraceptive

with placebo (n=10)

Oral contraceptive

with ziprasidone (n=18)

Meana s.d. Meana s.d.

0 8.80 4.79 22.57 14.33

4 3.09 1.47 18.96 8.65

aA value of 1.5 ng mlx 1 was substituted for individual values that were

below the limit of detection.
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Figure 2 Mean plasma levonorgestrel concentration±time curves

on day 15 during co-administration with ziprasidone (±±) or placebo

(± ±).
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normal range in 10 of 18 (56%) subjects, in 8 of these 10

subjects plasma prolactin concentrations had returned to

within the normal range 4 h after dosing. Thus, plasma

prolactin concentrations were above the normal range at

both timepoints in only 2 (11%) subjects.

Tolerability

Treatment-emergent adverse events were observed in, or

volunteered by all 19 subjects at some time during the

study. However, a substantial proportion of these subjects

experienced treatment-emergent adverse events during

the oral contraceptive plus placebo phase and some

experienced them while receiving oral contraceptive alone

(Table 4). The majority of adverse events were of mild-to-

moderate severity and of short duration. The only severe

adverse events were one case of agitation and one of

tremor, both occurring in subjects taking both the oral

contraceptive and ziprasidone. None was considered

serious. Mild menstrual disturbances were reported by

two subjects ± one taking the oral contraceptive plus

placebo and one taking oral contraceptive plus ziprasi-

done.

The subject who discontinued the study after

completing the oral contraceptive plus placebo phase

experienced multiple mild adverse events of moderate

severity ± dizziness, nausea, asthenia (tiredness) and

vomiting ± on the ®rst day of treatment with oral

contraceptive plus ziprasidone. All of these adverse

events resolved before the subject discontinued study

treatment on the next day.

Clinically signi®cant laboratory test abnormalities

occurred in three subjects during oral contraceptive plus

ziprasidone treatment. One subject's haematocrit

decreased by more than 20% from 41.9% at screening to

33.3% by the end of the oral contraceptive plus ziprasidone

phase. Most of this decrease occurred before the start of

ziprasidone. Another subject tested positive in qualitative

tests for urine glucose during the oral contraceptive plus

ziprasidone phase, but negative at the end of ziprasidone

treatment. A third subject experienced a decrease in serum

calcium concentrations to 2.14±2.17 mmol lx 1 during

oral contraceptive plus placebo treatment, and a decrease

to 2.11 mmol lx 1 by the end of ziprasidone treatment.

None of these laboratory test abnormalities necessitated

discontinuation from the study.

Discussion

Results from this study indicate that multiple doses of

ziprasidone do not have a clinically signi®cant effect on the

pharmacokinetics of the component steroids of a

combined oral contraceptive. Co-administration of zipra-

sidone did not in¯uence the pharmacokinetics of

ethinyloestradiol, as indicated by the AUC(0,24 h), Cmax

and tmax, and did not in¯uence the pharmacokinetics of

levonorgestrel as indicated by the AUC(0,24 h) and Cmax.

Although co-administration of ziprasidone was associated

with an increase in the tmax for levonorgestrel, this increase

was only approximately 0.5 h and is not clinically

signi®cant as it was substantially less than both the

dosing interval (12 h) and the variation in tmax between

individuals.

The lack of a clinically signi®cant pharmacokinetic

interaction between ziprasidone and this combined oral

contraceptive indicates that, although ziprasidone is a

Adverse

eventa

Oral

contraceptive

(n=19)

Oral contraceptive

plus placebo

(n=19)

Oral contraceptive

plus ziprasidone

(n=19)

Subjects with adverse events 5 11 18

Adverse events 5 16 47

Subjects discontinued due to adverse events 0 0 1

Asthenia 0 1 13

Somnolence 0 0 6

Headache 3 6 3

Nausea 0 0 3

Agitation 0 0 3

Insomnia 0 0 3

Myalgia 0 2 2

Abnormal dreams 0 0 2

Otherb 2 7 12

aSubjects with multiple occurrences of the same adverse event were counted once only.
bIncludes all other treatment-emergent adverse events, none of which occurred in more than one

subject in any treatment group.

Table 4 Treatment-emergent adverse

events.

G. J. Muirhead et al.

54S f 2000 Blackwell Science Ltd Br J Clin Pharmacol, 49 (Suppl. 1), 49S±56S



CYP3A4 substrate, it does not inhibit or induce this

isoenzyme suf®ciently to alter the pharmacokinetics of

ethinyloestradiol, which is also a CYP3A4 substrate [9,

10]. The results also suggest that ziprasidone does not affect

sex-hormone-binding globulin. Based on these data we

can therefore conclude that ziprasidone will not in¯uence

the contraceptive ef®cacy, tolerability or other effects of

the combined oral contraceptive pill.

Findings from this study also indicate that ziprasidone is

associated with a modest elevation in plasma prolactin

concentrations in premenopausal women. However, the

mean plasma prolactin concentration on day 15 was only

16 ng mlx 1 greater in the ziprasidone group than in the

placebo group. As such, the effect of ziprasidone on

prolactin secretion is minimal compared with the effects of

conventional antipsychotic drugs, such as haloperidol, and

the newer antipsychotic agent, risperidone, which have

been associated with marked persistent elevations in

premenopausal women being treated for schizophrenia,

and with clinical sequelae such as galactorrhoea and

amenorrhoea [11, 13, 14]. In one study involving ®ve

premenopausal women, the mean plasma prolactin

concentration during risperidone treatment was

124 ng mlx 1, three women developed galactorrhoea and

all ®ve developed amenorrhoea [13]. In a larger, more

recent study involving 20 premenopausal women,

risperidone was associated with signi®cantly higher

prolactin levels than conventional antipsychotic agents

(102 ng mlx 1 vs 48 ng mlx 1, P<0.0001); two women

developed galactorrhoea and six developed amenorrhoea

during risperidone treatment [14].

The effect of ziprasidone on plasma prolactin concen-

tration in women observed in this study may differ slightly

from the effect observed in men, in whom ziprasidone has

been associated with only marginal, transient elevations

that return to baseline within the dosing interval [15]. This

is to be expected, as elevations in plasma prolactin

concentrations in women receiving conventional anti-

psychotic drugs are greater than in men [16±18]. This

effect may be attributable to hormonal in¯uences such as

oestrogen-mediated enhancement of prolactin releasing

stimuli and the number of lactotrophic cells of the anterior

pituitary [18]. Such hormonal in¯uences may also be

relevant to the effects of ziprasidone on prolactin secretion

in women. The exact magnitude of any such effect is

dif®cult to discern from the ®ndings of the present study,

however, because inter-individual variability in prolactin

concentrations was large. Nevertheless, the effect would

appear to be small as plasma prolactin concentrations

persistently above the normal range were only rarely

observed.

The ®nding that ziprasidone is associated with only a

relatively modest increase in prolactin is encouraging as

this predicts that adverse effects attributable to marked and

persistent elevations associated with other antipsychotic

agents are less likely to be encountered. It has been

suggested that women with hyperprolactinaemia may be at

greater risk of developing osteoporosis, androgen excess

and hirsutism, in addition to better-known adverse effects

such as endometrial hyperplasia, amenorrhoea and

galactorrhoea [11].

In addition to evaluating the pharmacokinetics of the

component steroids of a combined oral contraceptive

and plasma prolactin levels, this study also evaluated the

safety and tolerability of a co-administered combined

oral contraceptive and ziprasidone. There were no

serious adverse events and most of the mild-to-moderate

adverse events that did occur were predictable on the

basis of the receptor binding pro®le of ziprasidone and

were similar to those previously seen with ziprasidone

monotherapy [15, 19, 20]. Although one subject

experienced multiple adverse events while receiving

oral contraceptive plus ziprasidone and withdrew from

the study, all of these adverse events resolved before

treatment was discontinued the next day. Only two

subjects experienced menstrual disturbances. One subject

had irregular menstruation during placebo treatment

and the other had a shortened menstruation during

ziprasidone treatment.

In conclusion, the ®ndings of this study indicate that the

co-administration of multiple doses of ziprasidone and a

combined oral contraceptive does not have a clinically

signi®cant effect on the pharmacokinetics of ethinylo-

estradiol or levonorgestrel. They also suggest that this

combination of oral contraceptive and ziprasidone does

not produce any clinically signi®cant adverse effects or

produce marked elevations of plasma prolactin concentra-

tions.
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