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Aims The aim of this study was to investigate the influence of chronic itraconazole
treatment on the pharmacokinetics and cardiovascular effects of single dose astemizole
in healthy subjects was studied.

Methods Twelve male volunteers were taking orally 200 mg twice daily itraconazole
or placebo for 14 days with a washout period of 4 weeks in between. Approximately
2 h after the morning dose of itraconazole or placebo on day 11, 10 mg astemizole
was orally administered. The plasma concentrations of astemizole and desmethylastem-
izole were measured by radioimmunoassay up to 504 h after administration;
electrocardiograms with analysis of the QT. interval were recorded up to 24 h post
administration.

Results Itraconazole treatment did not significantly change the peak concentration
of astemizole (0.74 vs 0.81 ng mlfl) but it increased the area under the curve from
0 to 24h (5.46 to 9.95ngml ' h) and from 0 to infinity (17.4 to 48.2ngml™ ' h),
and the elimination half-life (2.1 to 3.6 days). The systemic bioavailability of
desmethylastemizole was also increased. The QT. interval did not increase after
astemizole administration and there was no difference in the QT. intervals between
the itraconazole and placebo session.

Conclusions Chronic administration of itraconazole influences the metabolism of
single dose astemizole in normal volunteers without changes of cardiac repolarization
during the first 24 h after astemizole administration. However, the reduction in
astemizole clearance under concomitant administration of itraconazole may result in
a marked increase in astemizole plasma concentrations and QT alterations during
chronic combined intake of astemizole with itraconazole.
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Introduction

In high doses, the Hj-receptor antagonists astemizole and
terfenadine prolong the cardiac QT interval and can induce
a potentially lethal ventricular arrhythmia, torsades de pointes
[1]. Therapeutic doses of terfenadine and astemizole can be
cardiotoxic, when combined with inhibitors of CYP3A4
such as azole antifungals. Both ketoconazole and itraconazole
potently inhibit terfenadine metabolism in human liver
microsomes with an 1Cs in the 4—10 um range [2] and alter
the metabolism of terfenadine with accumulation of parent
drug in healthy volunteers [3, 4]. Torsades de pointes
ventricular tachycardia in patients on terfenadine plus
ketoconazole or itraconazole have been reported [5, 6].
Whereas the major metabolite of astemizole, desmethylas-
temizole, contributes to the antihistamine effect [7], it is not
yet clear whether it also contributes to the cardiotoxic
effect. For the parent compound, in wvitro observations
compatible with the clinical arrhythmogenic effect such as
inhibition of repolarization in Purkinje fibers and blockade
of potassium channels in ventricular myocytes have been
reported [8, 9]. In human liver microsomes, ketoconazole
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inhibits astemizole metabolism with an I1Cs of 2.4 pm while
itraconazole inhibits astemizole metabolism for 30% at 30 p.m
[10]. The aim of this study was to investigate the influence
of chronic itraconazole treatment on the pharmacokinetics
and cardiovascular effects of single dose astemizole in healthy
volunteers.

Methods

Subjects

Twelve male Caucasian subjects (age range, 22—28 years;
body weight range, 65.4—-88.4kg) gave written informed
consent to participate in this study, which was approved by
the Ethics Committee of the Gent University Medical School.
The subjects were in good health as indicated by medical
history, physical examination, including ECG and biochemical
testing within 2 weeks prior to the start of the study. All
subjects were non-smokers and none used chronic medication.

Study protocol

The trial was a double-blind, placebo-controlled and
randomized cross-over with two study phases. Itraconazole
(200 mg as two 100 mg capsules twice daily) or matching
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placebo was taken orally for 14 days with a washout period
of 4 weeks. Medication was taken between 06.30 and 07.30 h
immediately after breakfast and between 18.30 and 19.30 h
immediately after dinner in the evening. Day 11 of each
treatment period was spent in the experimental unit. The
subjects took their morning itraconazole or placebo dose
between 07.00 and 07.30 h immediately after a standardized
breakfast and approximately 2h later a 10 mg astemizole
tablet was taken with 150 ml of water. A standardized meal
was given 4 h after the astemizole dose, while the usual diet
could be used from 8h after the astemizole dose. Venous
blood samples were collected in heparinized tubes through
an indwelling heparin lock immediately before astemizole
intake (15 ml) and 0.5, 1, 1.5, 2, 4, 6, 8 and 10 h (each time
10 ml) after astemizole intake. The subjects returned to the
experimental unit to obtain blood samples by vein puncture
24 (day 12), 48 (day 13), 72 (day 14), 96 (day 15), 168
(day 18), 240 (day 21), 336 (day 25) and 504 (day 32) h (each
time 10 ml) after astemizole intake. The plasma was separated
—20°C until
analyzed. The biochemical screen as performed before the

within 2h after collection and stored at

study was repeated in the morning of day 9 and before
(day 11), and 24 (day 12), 72 (day 14) and 504 (day 32) h

after astemizole intake during each session.

Cardiovascular measurements

Before and 2, 4, 8 and 24 h after astemizole intake, the
heart rate (pulse rate over 30 s) and blood pressure (phase I
and V Korotkoff sounds) were recorded after 5 min rest in
supine position. Twelve-lead ECGs were recorded at a
paper speed of 25 mm s! using a Schiller Cardiovit AT-3,
that provides the QT intervals corrected for heart rate (QT\.)
according to Bazett’s formula: QT .= QT/\/RR.

Astemizole and itraconazole assays

Plasma concentrations of astemizole and the antihistaminic
moiety of astemizole plus desmethylastemizole were deter-
mined by radioimmunoassay [11]. As the antibody used
reacts with both astemizole and desmethylastemizole, a first
extraction at pH 7.8 allowed measurement of the sum of
astemizole and desmethylastemizole (detection limit
0.10 ng ml_l), while a subsequent extraction at pH 12.5
extracted astemizole alone (detection limit 0.05 ng ml™ ).
The coefficients of variation were between 8.3 and 15.2%
for astemizole and between 7.7 and 10.8% for astemizole
plus desmethylastemizole. Itraconazole in plasma was deter-
mined by high performance liquid chromatography, with a

detection limit of 0.020 pg ml .

Pharmacokinetic analysis

Based on the individual plasma concentration-time data, the
following parameters were determined for astemizole, and
astemizole plus desmethylastemizole: peak concentration
(Cpax), time to peak concentration (f,,.), elimination rate
constant (2,) determined by linear regression of the In-linear
concentration-time curve, terminal half-life (f1,,,) defined
as 0.693/2,, the area under the plasma concentration-time
curve from zero time up to 24 h calculated by the trapezoidal
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rule AUC(0,24 h) and the area under the plasma concen-
tration-time curve extrapolated to infinity by use of the
elimination rate constant (AUC). For desmethylastemizole,
the AUC was obtained by subtracting the AUC of astemizole
from that of astemizole plus desmethylastemizole.

Statistical analysis

Differences in ¢,

max

parametric method of Koch [12] while all other pharmaco-

were analyzed by use of the non-

kinetic parameters were statistically compared using analysis
of variance for a two-period two-treatment cross-over
design, with sequence, subjects (nested to sequence), period
and treatment as factors. The 90% classical confidence
intervals were calculated for the ratios of the C,,. and
AUCs between the two treatments (itraconazole and
placebo) using the mean square error from the analysis of
variance. Cardiovascular parameters between both treatments
were compared by analysis of variance. All results are given
as mean +s.d. with 95% confidence intervals (CI) of the
mean difference.

Results

All subjects ended the study without serious adverse
experiences or protocol violations. No concurrent medi-
cation was taken during the treatment periods. The
laboratory screens before and during the study did not reveal
clinically relevant deviations from normal ranges except for
hypokalaemia (3.3 mmol 1_1) on day 11 of the itraconazole
treatment period in volunteer 8. The volunteer received
two doses of an oral potassium solution on day 11 and the
potassium level was normalized by day 12.

The plasma concentrations of itraconazole, measured
approximately 2h post the morning dose of itraconazole
were (ug ml_l) 1.1740.48 on day 11, 1.38+0.54 on
day 12, 1.5540.72 on day 13 and 1.6740.69 on day 14.
They progressively declined after ending the itraconazole
treatment and the last measurable concentrations were found
on day 25. Compared with the placebo session, the mean
plasma concentrations of astemizole during itraconazole
treatment were higher from 1.5 h after its administration
and were measurable up to 72 h instead of up to 10 h. The
Cax and the . of astemizole were not significantly
different under placebo and itraconazole treatment (Table 1).
Itraconazole treatment significantly increased the #,,, of
astemizole and the AUC was nearly three times higher; the
relative bioavailability was 277% with 90% classical confi-
dence intervals of 236—-318%. The plasma concentrations of
desmethylastemizole were more elevated under itraconazole
treatment from 72 h after astemizole administration. The
Coax Of desmethylastemizole did not differ between the
placebo and itraconazole session, but the t,,, significantly
AUC 119421 to
2354+40ng ml ™" h under itraconazole treatment; the rela-
tive bioavailability was 197% with 90% classical confidence
intervals of 178-217%.

There was no significant difference in the QT intervals

increased. The increased from

after astemizole intake during treatment with placebo or
itraconazole (Figure 1). In the two conditions, the QT.
intervals at 2, 4 and 8 h were decreased vs the basal value.
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Table 1 Mean (+s.d.) pharmacokinetic parameters of astemizole and desmethylastemizole during treatment with placebo or itraconazole

in 12 healthy male subjects.

95% CI of the

Placebo Itraconazole mean difference
Astemizole
) 13405 17403 0.14 to 0.61
Cox (ngml ™) 0.7440.34 0.814+0.29 —0.10 to 0.24
AUC(0,24 h) (ngml~ " h) 5.46+1.98 9.95+3.41** 3.82 to 6.42
t1/2., (days) 21408 3.6+ 1.0%x 0.90 to 2.16
AUC (ng ml™ h) 17.4+£8.1 48.2+16.7%* 28.02 to 46.01
Desmethylastemizole
fmax (h) 27.9436.9 1954 107** 100.2 to 233.85
Crnax (ngml ™) 0.374+0.14 0.414+0.11 —0.05 to 0.14
AUC (ngml™ ' h) 119421 2354 40%* 86.64 to 144.11

**P<0.01: Significantly different from the value during treatment with placebo.
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Figure 1 Mean (+s.d.) heart rate and QT. intervals for O to

24 h after oral administration of a 10 mg astemizole dose during
treatment with placebo (O) or itraconazole (@) to 12 healthy
male subjects.

*P<0.05: Significantly different from the value during treatment
with placebo.
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This is related to the decrease of heart rate (Figure 1) observed
at these moments increasing the RR interval in the formula
of QT .. Systolic and diastolic blood pressure did not change
manifestly during the course of the measurement.

Discussion

The aim of this study was to examine the influence of
chronic treatment of itraconazole on the pharmacokinetics
and electrocardiographic effects of single dose astemizole.
Itraconazole is a broad spectrum antifungal for oral adminis-
tration in doses of 100 to 400 mg daily [13, 14]; the maximal
dose was tested in this study. Itraconazole was taken
immediately after breakfast and dinner as the oral absorption
is maximal immediately after a main meal [15]. During
chronic dosing, steady state plasma concentrations are
reached after 1-2 weeks; at the 15th day of chronic dosing
with 200 mg twice daily, the mean itraconazole plasma
1.4 ug ml ™! (trough) to
1.8 pgml 1, 4 h after intake [16]. The plasma concentrations
from day 11 till 14 of itraconazole treatment in our subjects

concentrations rose from

were measured approximately 2 h post the morning dose of
itraconazole and were in the range of the steady state trough
concentrations. As maximal plasma concentrations of astemi-
zole are reached within 1 h after oral dosing [17], adminis-
tration of astemizole 2h after the morning dose of
itraconazole on day 11 meant that maximal astemizole
concentrations were reached when the itraconazole plasma
concentrations were approaching their maximal values.

The plasma concentrations and pharmacokinetic param-
eters of astemizole plus desmethylastemizole (not shown)
after single oral intake of 10 mg astemizole during the
placebo session were comparable with those reported before
[17]. Treatment with itraconazole did not significantly
change the C.,. of astemizole but clearly increased the
AUC and the t,,,, illustrating that itraconazole, although
having a lower inhibition potency in vitro than ketoconazole
[10], in vivo inhibits astemizole metabolism. Also the AUC
of the major antihistaminic active metabolite desmethylaste-
mizole was clearly increased, showing that the inhibition
also occurs at further steps in the metabolism of astemizole.
This is comparable with the inhibition of terfenadine
metabolism by e.g. erythromycin, where both the first and
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second step of metabolism are inhibited [18]. The increased
bioavailability of astemizole, following a single dose, under
chronic itraconazole administration did not cause a change
of the QT. interval. The QT, intervals under astemizole
plus placebo did not increase, confirming previous results
with chronic dosing of 10 mg daily in healthy volunteers
[19]. The QT., intervals actually decreased on the 2 measure-
ment days, in correlation with the decrease of heart rate.
The latter might be related to acclimatization to the
experimental unit; some fluctuations in heart rate during
24 h recordings in healthy volunteers are also observed in
other studies [see e.g. 20]. Long term itraconazole treatment
can be accompanied by hypokalaemia [21], and hypokalaemia
may prolong cardiac repolarization and precipitate ventricular
arrthythmias [22]. Although hypokalaemia was indeed
observed in one volunteer under itraconazole, the QT.
before administration of astemizole on day 11 was not
different between the itraconazole and placebo session; in
the volunteer with hypokalaemia on day 11, the QT.
interval was 400 ms.

Notwithstanding its influence on the pharmacokinetics of
astemizole and desmethylastemizole, repeated intake of
200 mg itraconazole twice daily did thus not influence the
cardiographic effects of single dose astemizole. However, it
cannot be excluded that cardiac effects might occur in
susceptible individuals. Also, no ECG recordings were taken
more than 24 h after astemizole administration, so that the
possible cardiac effects of the maximum concentrations of
desmethylastemizole were not assessed. Furthermore, the
reduction in astemizole clearance may result in a threefold
increase in astemizole plasma concentrations, and a twofold
increase in the plasma concentrations of desmethylastemizole
during chronic astemizole intake when it would be
combined with high doses of itraconazole. As a consequence,
combined intake of astemizole and itraconazole should be
absolutely avoided. In view of the increase of the f1,5, of
astemizole under concomitant administration of itraconazole
to 3.6 days, the steady state astemizole concentration and
the maximal alteration in QT. may be achieved about
2 weeks after initiating the combined therapy.

In conclusion, chronic itraconazole treatment changes the
pharmacokinetics of single dose astemizole in healthy
volunteers but this does not alter cardiac repolarization in
the first 24 h after astemizole administration.

The authors acknowledge the help of D. Roelant and
D. Van Roosbroeck in the astemizole and itraconazole
and of A. Daems and S. Van de Poel in the
pharmacokinetic analysis.
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