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Aims To evaluate the pharmacokinetics and tolerability of single and multiple oral

doses of ziprasidone in healthy male volunteers, and to determine the in¯uence of

ziprasidone on serum prolactin levels.
Methods Single and multiple doses of ziprasidone were given orally (as two divided

daily doses), at ®xed dosages of 10 and 40 mg dayx 1, and using titrated regimens of 40±

80 and 40±120 mg dayx 1, for 14 days. All dosages were taken immediately after food.

The study adopted a randomized, double-blind, placebo-controlled design. Prolactin

response, sedative properties, tolerability, and extrapyramidal symptoms were also

investigated.
Results Steady-state exposure to ziprasidone was attained after 1 day of dosing. Mean

Cmax and AUC(0,12 h) increased with increasing dose, with apparent dose-

proportionality between the 20 and 60 mg dose levels. Trough-to-peak ratios at

steady state ranged from 2 to 5. Accumulation ratios for the ®xed-dose regimens were

1.49 and 1.48 at the 5 and 20 mg dose levels, respectively. Ziprasidone was associated

with transient prolactin elevation but levels of prolactin returned to baseline within the

dosing interval at steady state. There was a marginal, transient increase in serum

prolactin levels which was not dose-related at the 80 and 120 mg dayx 1 doses, and

which was noted to attenuate with chronic dosing. Ziprasidone was generally well

tolerated. The most frequent side-effect was mild or moderate headache. A minority of

patients suffered ®rst-dose postural hypotension. Ziprasidone was also associated with a

mild sedative effect that became less pronounced as treatment continued. There were

no drug-related changes in electrocardiogram or clinical laboratory variables that were

of clinical importance.
Conclusions Ziprasidone is characterized by a predictable pharmacokinetic pro®le

resulting in symptoms that re¯ect its pharmacological action.
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Introduction

The unique combination of pharmacological activities of

ziprasidone predicts a broad range of bene®cial effects, as

well as a low liability for inducing movement disorders.

Laboratory and clinical ®ndings have led to the hypothesis

that preferential antagonism of central 5-HT2A receptors

by ziprasidone limits its potential to induce movement

disorders, and improves its ef®cacy against positive and

negative symptoms of schizophrenia [1]. This pro®le

appears to offer a potential advantage over other

medications such as risperidone because clinical experi-

ence with this drug suggests that clinical ef®cacy in the

absence of extrapyramidal symptoms is limited to a narrow

dose range for most patients (4±6 mg dayx 1) [2].

The present study was undertaken to evaluate the

pharmacokinetics and tolerability of single and multiple

oral dosages of ziprasidone in healthy male volunteers. The

effect of ziprasidone on serum prolactin levels was also

investigated.

Methods

Subjects

The study involved 39 healthy male volunteers aged 18±

45 years, whose body weights were between 61 and 91 kg,

and who were within 10% of the ideal weight for age and
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height [3]. All were nonsmokers. Each had WBC,

neutrophil count, MCH, BUN, and creatinine levels

within 10% of the normal range, and haemoglobin and

haematocrit within 5% of the normal range. The subjects

were also required to have urinalysis, glucose-6-phosphate

dehydrogenase, MCV, SGOT, SGPT, and alkaline

phosphatase values within normal limits, and bilirubin

<10% above the upper limit of normal. Blood pressure

was required to be between 95/65 and 140/90 mmHg,

and heart rate between 50 and 100 beats minx 1.

Subjects with any condition thought likely to affect the

absorption of ziprasidone were excluded, as were those

with clinical evidence or history of allergic, haematolo-

gical, renal, endocrine, pulmonary, gastrointestinal, car-

diovascular, hepatic, psychiatric or neurological disease,

including all forms of epilepsy. Subjects with known drug

or alcohol dependence or drug allergies were also

excluded.

None of the subjects had taken prescription, over-the-

counter or recreational drugs for at least 2 weeks before

entering the study and none had received an investiga-

tional drug for at least 4 weeks.

The study protocol was approved by an independent

institutional review board and all subjects provided

informed written consent.

Study design

In this double-blind, parallel-group study, subjects were

randomised to receive placebo or one of four doses of

ziprasidone: 10 mg dayx 1, 40 mg dayx 1, 40 mg dayx 1

escalated to 80 mg dayx 1, and 40 mg dayx 1 escalated to

120 mg dayx 1. All dosages were given as two divided daily

doses.

Earlier trials had indicated that dosage escalation of

ziprasidone might minimize the risk of syncope and/or

postural hypotension. Dosage escalation was therefore

used in this study, but was discontinued if any of the

following reactions to the initial dose occurred: adverse

side-effects or reactions; clinical laboratory abnormalities;

decrease in RBC, WBC, neutrophils or haemoglobin

attributable to ziprasidone; signi®cant electrocardiogram

(ECG) abnormalities such as symptomatic dysrhythmias

requiring therapy; 2nd or 3rd degree A±V block, or a

temperature greater than 38u C.

In all groups, the ®rst dose was administered on the

morning of day 1, and was followed by a 48 h postdose

washout to obtain blood samples for determination

of single-dose pharmacokinetic data. The 80 and

120 mg dayx 1 groups received a single 20 mg dose on

day 1. From days 4±17 medication was given twice daily

(every 12 h) and the ®nal dose was given on the morning

of day 18. For the subjects undergoing dose escalation, the

dose of ziprasidone was increased to 80 mg dayx 1 on day 7

and, in one group, to 120 mg dayx 1 on day 10. After the

®nal dose of ziprasidone on the morning of day 18, all

subjects received single-blind placebo until the ®nal

assessments on day 20.

Doses were administered with 50 ml water immediately

after a standard breakfast or a standard evening meal (eaten

over 20 min).

Subjects were asked to refrain from lying down (except

for vital sign measurements), and from eating or drinking

caffeinated beverages during the ®rst 4 h postdose on the

mornings of days 1 and 18. Subjects stayed at the clinical

research facility under continuous medical supervision for

at least 36 h before the ®rst dose, and until 72 h after the

last dose on day 18.

Pharmacokinetic assessments

Blood samples (8 ml, suf®cient to provide 3 ml of serum)

for pharmacokinetic analysis were collected on days 1 and

18 immediately before dosing and 0.5, 1, 2, 3, 4, 6, 8, 12,

18, 24, 36, 48, and 72 h after dosing. Additional samples

were collected immediately before dosing on days 5±17 to

determine trough serum drug levels. All samples were

collected in evacuated tubes that were free of preservative

and anticoagulant and were stored at room temperature

until clotting had occurred. Within 1 h after collection, the

serum was separated from whole blood in a refrigerated

centrifuge and stored at x 20u C until analysis.

Serum concentrations of ziprasidone were determined

by high performance liquid chromatography (h.p.l.c.)

using liquid±liquid extraction and an atmospheric pressure

ionization mass spectrometry (API-MS) detection method

[4]. The lower limit of quanti®cation for the assay was

0.5 ng mlx 1 and the upper limit was 50 ng mlx 1. The

assay was linear and accurate within 5% over this range.

Serum concentrations below the lower limit were assigned

a value of 0 ng mlx 1 for the estimation of pharmacokinetic

parameters.

The maximum observed serum concentration (Cmax)

and the time at which it occurred (tmax) were estimated

directly from individual plasma concentration±time

curves. The terminal phase rate constant, lz, was estimated

using least-squares regression analysis of the curve during

the terminal log-linear phase. The mean terminal phase

half-life, tK,z, was calculated as ln 2/mean lz.

The area under the concentration±time curve from time

zero to time t of the last sample with quanti®able

concentrations of ziprasidone (AUC(0,t)) was estimated

using linear trapezoidal approximation. The area under

the concentration±time curve from time t to in®nity

(AUC(t,?)) was estimated as Cpest /lz, where Cpest was

the estimated concentration at time t based upon the

regression analysis. Area under the serum concentration±

time curve from time 0 to in®nity (AUC(0,?)) was
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estimated as the sum of AUC(0,t) and AUC(t,?). Area

under the curve from time 0±12 h postdose, AUC(0,12 h),

was also estimated using linear trapezoidal approximation.

For the two groups in which there was no dose

escalation, the accumulation ratio (R) was determined

from the ratio of the day 18 AUC(0,12 h)/day 1

AUC(0,12 h). Similarly, the predicted accumulation

ratio after the ®rst dose (Rk) was estimated from the

ratio of the day 1 AUC(0,?)/day 1 AUC(0,12 h).

Serum prolactin

Blood samples for the determination of serum prolactin

concentrations were collected 0.25 and 0.5 h before the

®rst dose of ziprasidone or placebo on day 1. Additional

samples were collected at the same times as the

pharmacokinetic samples. Serum was separated from

whole blood as described above. Serum prolactin was

assayed using standard methods.

Tolerability

Sedation was evaluated by subject self-report. In total, 12

categories related to sedation (drowsy, sleepy, slowed

down, sedated, tired, worn out, listless, fatigued,

exhausted, sluggish, weary, bushed) were scored using a

scale of 0 (absent) to 7 (severe). Sedation pro®les were

undertaken: within 24 h before dosing on day 1 at 0.5, 1,

2, 3, 4, 6, 8, 12, 24 and 48 h after the ®rst dose; prior to

morning and evening dosage on days 4±17; prior to and

0.5, 1, 2, 3, 4, 6, 8, 12, 24, 48, 72, 96 and 120 h postdose

on day 18. The subjects also completed a standardized

sleep pro®le self-rating scale immediately after waking on

days 1±23. Eleven questions related to sleep were

evaluated by means of an analogue scale (e.g. with

extremes of `not at all' to `de®nitely'). The subjects also

indicated how long they had taken to fall asleep, the

duration of uninterrupted sleep and the incidence of

waking during the night.

Extrapyramidal symptoms were evaluated using the

Simpson±Angus rating scale [5]. Each subject was scored

on a scale of 0 (absent) to 4 (extreme) for each of the

following 10 categories: gait, arm dropping, shoulder

shaking, elbow rigidity, ®xation of position or wrist

rigidity, leg pendulousness, head dropping, glabella tap,

tremor, and salivation.

Subjects were observed and questioned regarding the

presence of akathisia according to the method of Barnes

[6]. For this assessment, the signs and symptoms of various

categories of akathisia observed by the investigator were

scored on a scale of 0 (none) to 3 (severe) with the subject

in the sitting, standing, and lying positions.

A global evaluation based on the Abnormal Involuntary

Movement Scale (AIMS) was also undertaken in which

abnormal movements, incapacitation due to abnormal

movements, and the subject's awareness of abnormal

movements were scored by the investigator on a scale of 0

(none) to 4 (severe) [7].

These three assessments were undertaken at the

following times: within 24 h of the ®rst dose of trial

medication; 2, 12, and 24 h postdose on day 1; prior to

administration of the morning dose on days 4, 6, 8, 10, 12,

14, and 16; and 0, 2, 12, 24, 48, 72, 96, and 120 h postdose

on day 18.

All observed or volunteered adverse events occurring

up to 6 days after the last dose were recorded together with

details of onset, duration, severity (mild, moderate,

severe), treatment required, and an assessment of the

possible relationship to study treatment. The events were

classi®ed by body system using the preferred terms of the

COSTART system.

Routine clinical laboratory tests (haematology and

clinical chemistry) were undertaken at the screening

visit, immediately prior to administration of ziprasidone or

placebo on days 1, 4, 10 and 18; 24 h postdose on day 1

and 72 h postdose on day 18. Additional liver function tests

were performed on day 0 (within 24 h prior to the ®rst

dose of ziprasidone or placebo); and at 24 and 48 h after

dosing on day 18. Dipstick urinalysis was undertaken with

microscopic evaluation of the sediment.

Standing and supine blood pressures and pulse rates

were measured at approximately the same time as the

clinical laboratory assessments. A standard 12-lead ECG

was obtained for each subject at screening; at 0, 1, 4, 10, 18

and 24 h postdose on day 1; and 72 h after the morning

dose on day 18. Oral temperature was recorded at the same

time.

Statistical analysis

There were no formal statistical analyses. Cmax,

AUC(0,12 h) and AUC(0,?) were measured by geo-

metric means and standard deviations. Arithmetic means

and standard deviations were calculated for all other

parameters except tK,z. Changes in serum prolactin at each

time point on days 1 and 18 were described using means

and standard deviations. Extrapyramidal side-effects

including akathisia and Parkinsonian symptoms, AIMS

scores, sedation and sleep ratings were summarized

descriptively.

Results

Subjects

A total of 39 subjects entered the study. Baseline

characteristics were similar in each of the ®ve treatment

groups (Table 1).

Ziprasidone pharmacokinetics (non-fasting)
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Two subjects in the 40 mg dayx 1 group and one subject

in the 40±80 mg dayx 1 group discontinued the study as a

result of treatment-related postural hypotension. In the

40 mg dayx 1 group, postural hypotension followed the

initial dose of ziprasidone on day 1. In the 40±

80 mg dayx 1 group, postural hypotension was observed

on day 9. An additional six subjects, four from the placebo

group and one each from the 40±80 mg dayx 1 and 40±

120 mg dayx 1 groups, discontinued for reasons not related

to treatment. All those who discontinued ziprasidone were

excluded from the pharmacokinetic evaluation at day 18

but were included in the evaluation on day 1.

Single-dose pharmacokinetics

Mean Cmax following a single 5 mg dose of ziprasidone

was 12.2 ng mlx 1 compared with values between 26.6 and

60.0 ng mlx 1 in the three groups receiving ziprasidone at

an initial dose of 20 mg (Table 2). Mean tmax values in the

10 and 40 mg dayx 1 dose groups were similar, with values

ranging from approximately 4±5 h. The serum concentra-

tion±time pro®les for the four treatment groups are shown

in Figure 1.

Mean lz values were similar across all four groups,

ranging from 0.143 to 0.220 hx 1 and corresponded to

mean half-lives between 3.2 and 4.8 h. Mean AUC(0,12 h)

was 73.7 ng mlx 1 h after the 5 mg dose and between 175.7

and 314.6 ng mlx 1 h in the groups that received a 20 mg

dose. The predicted geometric mean accumulation ratios

were 1.18 for the single 5 mg dose and 1.29 at the single

20 mg dose.

Multiple-dose pharmacokinetics

Trough serum concentrations between days 5 and 17

suggested that steady-state conditions were attained within

1 day of dosing. Mean Cmax was higher in all dose groups

on day 18 than on day 1 (Table 2). Day 18 Cmax

values were dose-related, ranging from 14.8 ng mlx 1

in the 10 mg dayx 1 group to 139.4 ng mlx 1 in the

120 mg dayx 1 group (Table 2; Figure 1). The rate of

absorption was similar in all groups and appeared

unchanged following multiple dosing as indicated by

Ziprasidone daily dosage

10 mg

(n=6)

40 mg

(n=8)

40±80 mg

(n=8)

40±120 mg

(n=7)

Placebo

(n=10)

Age (years)

Mean 23.8 29.5 25.1 30.8 26.2

Range (20±29) (20±45) (18±34) (22±40) (20±34)

Weight (kg)

Mean 74.9 76.3 76.3 74.9 79.1

Range (63±93) (61±93) (68±86) (67±88) (62±96)

Race

Black 2 4 3 3 3

White 4 4 4 4 7

Other 0 0 1 0 0

Time post-dose (h)
0 10 20 40

b

S
er

um
 z

ip
ra

si
do

ne
 c

on
ce

nt
ra

tio
n 

(n
g

m
l–1

)

1000

100

10

1

0.1
5 15 3525 30 5045

0 10 20 40

a
100

10

1

0.1
5 15 3525 30

Figure 1 Serum concentration±time pro®les following

administration of single (a) and multiple (b) oral doses of ziprasidone

to healthy male volunteers immediately after food. Dosages of

ziprasidone were 10 mg dayx 1 (#), 40 mg dayx 1 (%),

40±80 mg dayx 1 (m) and 40±120 mg dayx 1 (e).

Table 1 Baseline demographic data.
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similar values for tmax on days 1 and 18 (Table 2). In

addition, steady-state normalized Cmax values were similar

in all four groups.

Drug exposure estimated by AUC(0,12 h) increased

with dose from a mean of 109.8 ng ml x 1 h in the

10 mg dayx 1 group to 1027.9 ng ml x 1 h in the

120 mg dayx 1 group. With the exception of the

10 mg dayx 1 regimen, steady-state AUC(0,12 h) normal-

ized for dose increased with increasing dose. At the end of

the dosing period the observed geometric mean accumu-

lation ratios for the 10 mg dayx 1 and 40 mg dayx 1 groups

were 1.49 and 1.48, respectively (Table 2).

As shown in Table 2, the mean terminal phase

elimination rate constant was smaller in the

80 mg dayx 1 and 120 mg dayx 1 groups on day 18 than

in the 10 mg dayx 1 or 40 mg dayx 1 groups. This was

related to the appearance of an additional disposition

phase. The harmonic mean terminal phase half-lives

ranged from 4 to 5 h in the 10 mg dayx 1 and 40 mg dayx 1

groups to 8±10 h in the 80 mg dayx 1 and 120 mg dayx 1

groups. The peak-to-trough concentration ratios generally

ranged from 2 to 5 across all dose groups.

Serum prolactin concentrations

With both single and chronic dosing, ziprasidone was

associated with a transient, marginal elevation in serum

prolactin which returned to baseline within the dosing

interval at all ziprasidone doses (Table 3). Maximum

prolactin elevations associated with ziprasidone occurred

2±6 h postdose, corresponding with tmax for ziprasidone

plasma concentrations.

There was no evidence of a dose-relationship at 80 or

120 mg dayx 1 as shown by the magnitude of the

maximum postdose elevation, which was actually lower

for 120 mg dayx 1 than 80 mg dayx 1 on day 18. Plasma

concentration±time curves for these two doses on day

18 con®rm that while serum ziprasidone concentrations

were dose-related, serum prolactin concentrations were

not.

In addition, there appeared to be some attenuation of

the transient prolactin elevation with multiple ziprasidone

dosing compared with single dosing. With multiple

ziprasidone dosing there was pharmacokinetic accumula-

tion, as shown by the increase in AUC(0,12 h) normalized

for dose, between days 1 and 18 in the 10 mg dayx 1 and

40 mg dayx 1 groups. However, this accumulation was not

matched by proportionate increases in serum prolactin

levels between days 1 and 18 at these doses.

Sedation and sleep pro®les

Ziprasidone was associated with mild sedation compared

with placebo following the administration of single 5 and

20 mg doses on day 1. The peak mean scores (i.e. the mean

summated score from 7-point assessments in 12 different

Table 2 Summary of pharmacokinetic parameters (meants.d.) following single (5 and 20 mg dayx 1) and multiple (10, 40, 80 and 120 mg dayx 1)

doses of ziprasidone in healthy male subjects in the fed state.

Ziprasidone

10 mg dayx 1 40 mg dayx 1 40±80 mg dayx 1 40±120 mg dayx 1

Day 1

Number of subjects 6 8 8 7

Dose (mg) 5 20 20 20

Cmax (ng mlx 1) 12.2t 4.1 26.6t 18.9 60.0t 33.8 34.3t 13.1

tmax (h) 5.0t 1.1 4.8t 1.3 3.8t 1.8 4.0t 1.7

AUC(0,12 h) (ng mlx 1 h) 73.7t 18.7 175.7t 134.0 314.6t 166.8 215.0t 77.1

AUC(0,?) (ng mlx 1 h) 86.7t 22.1 226.3t 174.8 376.7t 190.9 308.4t 125.9

lz (hx 1) 0.220t 0.048 0.143t 0.049 0.172t 0.034 0.161t 0.040

tK,z (h)a 3.2 4.8 4.0 4.3

Predicted accumulation ratio 1.18t 0.08 1.29t 0.10 ± ±

Day 18

Number of subjects 6 6 6 6

Final dose (mg dayx 1) 10 40 80 120

Cmax (ng mlx 1) 14.8t 6.7 44.6t 48.1 118.6t 80.1 139.4t 81.2

tmax (h) 5.2t 1.3 3.8t 2.2 3.7t 0.8 4.7t 1.5

AUC(0,12 h) (ng mlx 1 h) 109.8t 46.7 259.2t 213.3 658.0t 334.6 1027.9t 446.8

lz (hx 1) 0.175t 0.054 0.145t 0.027 0.079t 0.040 0.069t 0.049

tK,z (h)a 4.0 4.8 8.8 10.0

Accumulation ratio 1.49t 0.39 1.48t 0.67 ± ±

aCalculated as ln 2/mean lz.

Ziprasidone pharmacokinetics (non-fasting)
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categories, where a maximum score of 84 would imply

extreme sedation) were 17.7, 15.4, 22.6 and 21.3 in the

10, 40, 40±80 and 40±120 mg dayx 1 groups, respectively.

Sedation occurred earlier with the single 20 mg dose (3 h)

than with the single 5 mg dose (8 h). Mean sedation scores

on day 18 were similar to day 1 baseline scores and placebo

in the 10, 40, 40±80 and 40±120 mg dayx 1 groups

(Figure 2). The 40±120 mg dayx 1 group experienced

mild sedation (peak mean score 25.8) between 2 and 8 h

postdose.

The sleep pro®le remained relatively stable for all dose

groups throughout the treatment period. However, at the

end of double-blind treatment with ziprasidone at dosages

$ 40mg dayx 1, the mean time to fall asleep increased by

between 70 and 84 min and the mean duration of sleep

decreased from baseline values of 6.11±6.36 h by between

2.25 h and 3.93 h.

Adverse events

Thirty-one of the 39 subjects who entered the study

reported a total of 112 adverse events (Table 4). Similar

numbers of subjects in each of the ®ve treatment groups

experienced adverse events although the total number of

adverse events was higher in the ziprasidone 40, 40±80 and

40±120 mg dayx 1 groups compared with placebo. The

most frequently occurring adverse event was headache.

This was generally mild or moderate in severity, except for

two subjects in the 40 mg dayx 1 group. One subject had

severe headache on days 11 and 16, which began 10.9 and

9.8 h after ziprasidone administration and lasted 4.3 and

12.5 h, respectively. The other subject had severe head-

ache on day 3 that began 55.3 h after initial dosing and

lasted 7.2 h.

Nine subjects had Simpson±Angus scores of 1 (three in

the 40 mg dayx 1 group, ®ve in the 40±80 mg dayx 1

group and one in the 40±120 mg dayx 1 group) indicating

the presence of mild extrapyramidal symptoms. Only one

of the nine subjects reported tremor as an adverse event

(on day 12, duration 48 h). One other subject reported

tremor (day 14, duration 19 h), but his Simpson±Angus

score remained at 0 for the duration of the study. No

subject had an AIMS score or Barnes akathisia score above

0 at any time.

Table 3 Serum prolactin concentrations (ng mlx 1) (change from baseline).

Ziprasidone daily dosage

10 mg dayx 1 40 mg dayx 1 40±80 mg dayx 1 40±120 mg dayx 1 Placebo

Baseline

Prolactin

Number of subjects

10.47 12.14 9.88 9.63 9.91

6 8 8 7 10

Day 1

Number of subjects 6 8 8 7 10

Ziprasidone dose (mg) 5 20 20 20

Maximum postdose prolactin 21.57 36.14 37.56 30.56 15.9

(+11.10) (+24.00) (+27.68) (+20.93) (+5.28)

12 h postdose prolactin 10.99 12.58 8.29 10.87 10.56

(+0.52) (+0.44) (x 1.59) (+1.24) (+0.65)

Day 18

Number of subjects 6 6 6 6 6

Ziprasidone dose (mg dayx 1) 10 40 80 120

Maximum postdose prolactin 18.24 22.64 38.75 30.01 15.81

(+7.77) (+10.50) (+28.87) (+20.38) (+5.90)

12 h postdose prolactin 7.04 5.66 6.68 11.55 10.03

(x 3.43) (x 6.48) (x 3.20) (+1.92) (+0.12)

Maximal elevations with ziprasidone reported at 2±6 h postdose. Normal limits for men for the assay used=3±14.7 ng mlx 1.

Time post-dose (h)
0.5 2 8M

ea
n 

ch
an

ge
 fr

om
 b

as
el

in
e

in
 s

um
 o

f s
ed

at
io

n 
sc

or
es

 (
da

y 
18

)

30

18

6

–6

–12
0 1 63 4 2412

24

12

0

Figure 2 Mean change from baseline in sum of sedation scores on

day 18 pro®les following administration of multiple oral doses of

ziprasidone 10 mg dayx 1 (#), 40 mg dayx 1 (%), 40±80 mg dayx 1

(m) and 40±120 mg dayx 1 (e), or placebo (+ ), to healthy male

volunteers immediately after food.
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Seven subjects developed postural hypotension, and in

three subjects the episodes were severe (two at 40±

120 mg dayx 1 and one at 40 mg dayx 1). Two subjects

with postural hypotension, both in the 40 mg dayx 1

group, were withdrawn from the study after the ®rst dose

of ziprasidone, one with moderate and one with severe

symptoms. A third subject (40±80 mg dayx 1 group) was

withdrawn after 9 days of treatment because of moderate

postural hypotension whilst receiving ziprasidone at

80 mg dayx 1. Six subjects experienced dizziness which

was severe in two subjects, and four subjects experienced

somnolence. All severe episodes of dizziness, hypotension,

or somnolence occurred on the ®rst day of dosing, in four

of the 23 subjects who received ziprasidone at

40 mg dayx 1.

A reduction in mean supine diastolic blood pressure was

observed in the 40 mg dayx 1 group, and between days 10

and 18 this was more marked than in the other groups.

The changes in diastolic blood pressure at higher dosages

were not different from those after placebo. However,

mean reductions from baseline in standing systolic blood

pressure between 4 and 8 h postdose on day 1 were more

marked in all ziprasidone groups than with placebo. This

effect diminished during multiple dosing.

There were no clinically signi®cant ECG ®ndings

related to treatment with ziprasidone, nor were there

clinically important trends or abnormalities in any of the

laboratory test variables.

Discussion

The objective of the present study was to evaluate the

pharmacokinetics and tolerability of a range of single and

multiple oral doses of ziprasidone in order to help de®ne a

suitable dosage regimen for Phase III clinical trials. The

effect of ziprasidone administration on serum prolactin

levels was also evaluated. The rationale for administering

ziprasidone after food was based on our previous

unpublished studies (P®zer Inc., data on ®le) that

showed that the presence of food in the stomach increases

oral bioavailability. Steady-state conditions were generally

attained after 1 day of dosing over the 10±120 mg dayx 1

dose range.

The overall exposure to ziprasidone at steady-state

appeared dose-proportional between 40 and

120 mg dayx 1 based on dose-adjusted mean

AUC(0,12 h) values. The adjusted AUC(0,12 h) values

for the 10 mg dayx 1 dose level appeared to be dispro-

portionately large. The relationship between Cmax and

dose was similar to that observed for AUC(0,12 h).

Multiple-dose administration resulted in increased

pharmacokinetic variability compared with single

doses. This was inferred from increases in coef®cients

of variation for Cmax and AUC(0,12 h) between days 1

and 18. However, the degree of pharmacokinetic

variability was not dose-dependent. Individual steady-

state values ranged approximately three- to seven-fold

but intersubject variability was as high as 20-fold in the

40 mg dayx 1 group.

At steady-state, the terminal half-life at the 80 and

120 mg dayx 1 dosage levels was longer (9±10 h) than that

observed with the 10±40 mg dayx 1 dosages (4±5 h). The

longer half-lives were related to the detection of an

additional disposition phase which only became apparent

following multiple dosing; this ®nding was not related to a

dose-dependent decrease in oral clearance. The observed

accumulation at the 10 and 40 mg dayx 1 dose levels was

greater than that predicted by ®rst-dose parameters of 30%

and 24%, respectively. This may, in part, be related to an

underestimation of AUC(0,?) at low doses due to an

inability to characterize the additional disposition phase.

At clinically effective doses (80 and 120 mg dayx 1),

ziprasidone was not associated with sustained prolactin

elevation in men. Although there was a marginal, transient

elevation in prolactin, this was not dose-related at the 80

and 120 mg dayx 1 doses with levels returning to baseline

within the dosing interval. In addition, the slight increase

in maximum serum prolactin concentration was not

apparent 12 h after dosing at steady state.

The lack of sustained prolactin elevation with ziprasi-

done is in contrast to the effect of older neuroleptic agents

such as haloperidol, which is associated with marked and

Ziprasidone daily dosage (mg dayx 1)

10

(n = 6)

40

(n = 8)

40±80

(n = 8)

40±120

(n = 7)

Placebo

(n = 10)

Subjects with adverse events 4 7 8 6 6

Total adverse events 9 22 43 28 10

Most frequent adverse events

Headache 2 4 5 3 1

Postural hypotension 0 2 2 3 0

Dizziness 0 1 3 2 0

Somnolence 0 1 1 2 0

Insomnia 0 1 2 1 0

Table 4 Summary of treatment-emergent

adverse events.

Ziprasidone pharmacokinetics (non-fasting)
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sustained prolactin elevation as a consequence of very

potent D2 receptor antagonism [8]. This also contrasts with

the newer antipsychotic agent, risperidone, which is also

associated with hyperprolactinaemia [9±15]. The slight,

transient prolactin elevation associated with ziprasidone in

this study is similar to that observed with clozapine [16]

which, in general, does not induce clinically signi®cant

hyperprolactinaemia [17, 18].

The lack of sustained hyperprolactinaemia with zipra-

sidone may re¯ect its relatively short plasma elimination

half-life of approximately 6±8 h because the pituitary

lactotrophs, which are responsible for prolactin release, are

situated outside the blood±brain barrier and may not

therefore be exposed to ziprasidone for prolonged periods

[19, 20]. If ziprasidone is cleared less rapidly from the

central nervous system than from the plasma, this may

explain why ziprasidone has suf®cient pharmacodynamic

activity at central D2 receptors to reduce psychotic

symptoms but does not cause hyperprolactinaemia. In

addition, the constellation of serotonergic activities of

ziprasidone (i.e. very potent antagonism at 5-HT2A

receptors, potent antagonism at 5-HT2C and 5-HT1D

receptors, and agonist activity at 5-HT1A receptors) may

also contribute to the lack of hyperprolactinaemia.

The adverse effects of sustained hyperprolactinaemia

include sexual dysfunction, particularly in men [21, 22],

which is a major cause of medication noncompliance in

patients with schizophrenia [23]. In addition, hyperpro-

lactinaemia is also associated with galactorrhoea, gynae-

comastia and amenorrhoea [24], and possibly with

decreased bone mineral density and subsequent increased

risk of fracture [25, 26]. The fact that ziprasidone does not

induce hyperprolactinaemia in men is encouraging as this

may translate into improved tolerability and compliance

compared with conventional neuroleptics and some of the

newer antipsychotic agents. Long-term clinical trials will

further evaluate this aspect of ziprasidone's activity.

The most frequently occurring adverse event was mild

or moderate headache. A minority of subjects experienced

adverse events rated as severe, including headache,

orthostatic hypotension, somnolence and dizziness.

These were predominantly ®rst-dose effects and re¯ect

experience from preliminary pharmacokinetic studies

(P®zer Inc., data on ®le). Orthostatic hypotension is

thought to re¯ect a1-adrenoceptor blockade. In this

respect ziprasidone has been shown to have lesser

propensity to produce orthostatic hypotension than that

of other antipsychotic agents, including olanzapine,

quetiapine and sertindole [27].

None of the subjects displayed a maximum Simpson-

Angus score of >1 and most maintained a score of zero

throughout the trial despite steady-state administration of

therapeutic doses. In all cases, extrapyramidal symptoms

were mild or absent, and there was no evidence of dose-

dependency. Moreover, no positive AIMS scores or

akathisia determinations were noted for any subject. These

®ndings con®rm the predicted low incidence of move-

ment disorders with ziprasidone on the basis of its potent

antagonism at 5-HT2 receptors [1].

Although single doses of ziprasidone were associated

with an increase in sedation scores which reached a peak

at tmax, a relevant sedative effect was noted only in the

40±120 mg dayx 1 group on the last day of dosing,

providing additional evidence that tolerance develops on

repeated dosing. In support of this hypothesis, it has

been proposed that sedative effects caused by new

antipsychotic agents are related to antagonism of central

H1 receptors, and in comparative studies ziprasidone has

been shown to have less af®nity for H1 receptors than

do risperidone, olanzapine and remoxipride [26]. In 4-

and 6-week clinical trials, ziprasidone has been shown to

be associated with somnolence, which was generally of

mild or moderate severity, and which attenuated during

the studies [28].

In summary, the results of this study indicate that

ziprasidone has a predictable pharmacokinetic pro®le

characterized by rapid attainment of steady-state

and dose-proportional Cmax and AUC(0,12 h). Systemic

ziprasidone exposure following 14 days of multiple

dosing increases with doses ranging between 10 and

120 mg dayx 1, and is associated with symptoms

consistent with the pharmacological properties of the

drug.
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