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Aims The occurence of serious dysrhythmias, such as torsades de pointes, with
terfenadine and astemizole had led to a reexamination of the potential effect of H1

antihistamines on cardiac repolarization. Mizolastine is a potent, selective, nonsedating
peripherally acting H1-receptor antagonist which is registered for rhinitis and urticaria
at a recommended dose of 10 mg once daily. The present study was carried out to
investigate the effects of therapeutic and supratherapeutic doses of mizolastine, on
ventricular repolarization in healthy volunteers.
Methods Twenty-four healthy young volunteers participated in a double-blind,
placebo-controlled, randomised study with three parallel groups. Each group
consisted of 2 way cross-over 7 day treatment periods where mizolastine (10, 20 or
40 mg) and placebo were randomly administered. On day 1 and day 7, 12-lead
ECG recordings were performed prior and 0.5, 1, 2, 3, 4, 6, 8, 12, 16, and 20 h
after dosing and from day 2 to day 6, before dosing and 1, 2, 3, and 4 h after.
Results Whatever the analysis used (raw data, changes from baseline, incidence of
individual out-of-range values) no significant differences were observed at any dose
level vs placebo, on any of ECG parameters (HR, PR, QRS, QT, and QTc). In
particular, no effect of mizolastine vs placebo was shown on QT and QTc although
95% CIs were wide. The only subject who exhibited a QTc≥450 ms received
placebo for 7 days.
Conclusions This study found no evidence of an effect of mizolastine up to 40 mg
(four times the therapeutic dose) on ventricular repolarization in healthy volunteers.
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This has led to reexamination of the potential of all
Introduction

antihistamines to produce torsades de pointes. This life-
threatening ventricular dysrhythmia is usually observed inSince the early 1990s, reports have described the potential

for dysrhythmia in patients taking terfenadine with the setting of a prolonged QT interval. Therefore, the
prolongation of QT interval, assessed by ECG recording, aoverdose, hepatic impairment or in combination with

drugs known to inhibit hepatic oxidative metabolism sensitive and powerful method, can be used as one of the risk
factors for the development of torsades de pointes [3].such as ketoconazole and erythromycin [1]. An European

Community pilot project providing up-to-date inter- Mizolastine, a new benzimidazole derivative, is a potent,
selective histamine H1-receptor antagonist [4] devoid ofnational data on spontaneous adverse reactions from 17

countries for nonsedating antihistamines recently indi- sedative effect in objective measurements [5, 6] or
anticholinergic effect [7]. In guinea pig dissoc-cated the presence of increased risk of various types of

dysrhythmia, with terfenadine. Similar effects have also iated ventricular myocytes, at concentrations significantly
higher than those corresponding to therapeutic free plasmabeen described with astemizole and to a minor degree

with loratadine [2]. levels, mizolastine does not block potassium channels
involved in the lengthening of the action potential [8].

Clinical pharmacology studies did not detect any
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out in patients suffering from allergic rhinitis [10–12] and One ECG tracing was identified by the study name,
subject number and assessment time.urticaria [13], a satisfactory cardiovascular safety has been

reported. However, none of these studies was specifically 24 h ECG (Holter) recordings were performed at
screening and on day 6 with a Sherpa three channeldesigned to assess the potential cardiac effect of mizolas-

tine, in particular on cardiac repolarization. recorder (Reynolds Medical, Saint-Germain-en-Laye,
France) and read using a Holter reading program (386The aim of this study, conducted in healthy young

volunteers, was to assess the effects on ECG intervals, Bios America Megatrends INC, Plaisir).
Vital signs (SBP, DBP, and HR) were assessed beforeespecially the QT and QTc, of increasing 7 day repeated

doses of mizolastine, at the therapeutic dose of 10 mg as dosing from day 1 to day 6 and on day 7, before drug
administration then 36 h post dosing. They were measuredwell as 2 and 4 times the recommended dose.
after 10 min in the supine position and after 2 min
standing, using an automatic device (cardio CAPtmIICH,Methods
Datex, Evry, France). Routine laboratory examination

Subjects were carried out at screening and at the poststudy
visit.Twenty-four healthy male volunteers, aged 24–31 years

Venous blood samples for the determination of mizolas-(25±2 s.d. years), weighing between 57 and 96 kg
tine levels were taken from the subject’s forearm on(75±9 kg) and 167–188 cm (178±6 cm), in height were
day 1 before dosing and at 0.5, 1, 2, 3, 4, 6, 8, 12, 16,enrolled in the study. The study was conducted according
and 20 h; on day 2 to day 6 prior drug intake and at 1,to the Declaration of Helsinki (Hong Kong Amendment
2, 3, 4 h and on day 7 before dosing and at 0.5, 1, 2, 3,1989) and French regulations. Written informed consent
4, 6, 8, 12, 16, 20, 24, and 36 h. Blood samples werefrom subjects and protocol approval from the Boucicaut
centrifuged at 3000 rev min−1 for 10 min at 4° C withinHospital Ethic Committee (Paris) were obtained. The
1 h after collection and stored in two nonglass screw-topsubjects were included after a full medical examin-
tubes at −20° C until quantification. Mizolastine con-ation, clinical laboratory tests, and a 12-lead ECG
centrations were measured using an h.p.l.c. method(QTc∏420 ms). Strenuous physical activity or working
in the Clinical Pharmacokinetic Department, Synthélaboat night were not permitted during the treatment period.
Recherche, Chilly Mazarin, France. Linearity was demon-Subjects refrained from drinking alcohol for 7 days prior
strated between 1.0 and 500 ng ml−1 for a test sample ofto the study until the end of the trial and abstained from
1 ml. The limit of quantification was 1.0 ng ml−1, withconsuming xanthine-containing-beverages throughout
a coefficient of variation smaller than 8.5% [14].the treatment period.

Protocol
Statistical analysis

This was a double-blind, placebo-controlled, randomised
study, with three parallel groups of eight subjects per Values outside the following ranges were flagged, i.e.

PR≥220 ms, QRS>120 ms, QTc≥450 ms, DQTc%≥mizolastine dose level. Each group consisting of a two
way cross-over period: mizolastine (10, 20 or 40 mg) vs 10%, and DQTc%≥15%. Analysis of ECG parameters

(PR, QRS, QT, QTc), HR, and for QTc max (maximumplacebo. All subjects completed two 7 day treatment
periods separated by a 7 day wash-out. Mizolastine tablets QTc value) were performed on raw data and changes

from baseline separately for day 1 and day 7 using for thedosed at 10 mg and indistinguishable placebo tablets were
used during the study. The subjects took four tablets repeated measurements a three way anova (subject,

treatment, time), repeated option, and Huynh-Feldtonce daily in the morning, 30 min before a standardized
breakfast. probabilities. For QTc, observed, Emax (QTcmax) and

time of this maximal value postdose were calculated for12-lead ECGs were recorded using a Pagicardette II
Cardiograph (Hewlett-Packard, Les Ulis, France) after a day 1 and day 7. If a treatment–time interaction was

found (alpha level 5%, two-tailed), a two-way anova10 min rest. Printouts (25 mm s−1) for each ECG
included at least two complexes for each lead and a single analysis (subject, treatment) was used at each time point.

Two-way (subject, treatment) anova parametriclead (D2) run. On days 1 and 7, they were made 15 min
before dosing and at 0.5, 1, 2, 3, 4, 6, 8, 12, 16 and approaches were used for QTcmax intervals. The power

calculation to detect a mean difference of QTc20 h. On day 7, additional ECG recordings were
performed at 24 and 36 h postdosing. From day 2 to day 6, of 10 ms (standard deviation of 15 ms) was 80%.

Additionnally, 95% confidence intervals for differencesECG measurements were made before dosing and at 1,
2, 3, and 4 h. HR and PR, QRS, QT, and QTc intervals were calculated. Results are expressed as means±s.d. in

tables and text.were automatically obtained (Bazett’s formula algorithm).
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corresponding placebo on the QTcmax interval on day 1
Pharmacokinetic analysis

and day 7 are summarized in Table 1. On day 7, a
significantly (P<0.05) shorter QTcmax was observedThe following parameters were calculated: maximum

concentration (Cmax), time of maximum concentration after 10 mg mizolastine when compared with placebo
group (396 ms and 407 ms, respectively).(tmax), apparent elimination half-life (t1/2,z). Area under

the curve (AUC) was calculated by the linear trapezoidal Only one subject presented with a QTc value
�450 ms. The value was exactly 450 ms and it wasmethod between 0 and 24 h and extrapolated to infin-

ity on day 1. The apparent elimination half-lives were
estimated with a loglinear regression on the terminal
points of the concentration-time profiles down to the last
analytically reliable point, using the Pharm-NCAA release
1.3 software (SIMED, Créteil, France).

Results

12-lead ECG

Figures 1, 2, 3 show the evolution of mean (±s.e.mean)
QTc interval for each mizolastine dosage vs corresponding
placebo on day 1 and day 7.

At baseline, no statistically significant difference in
ECG parameters was demonstrated between the placebo
and active groups at each dose level. Whatever the
analysis methodology used, raw data, changes from
baseline, incidence of individual out-of-range values, no
significant difference was observed at any dose level vs
placebo, on any of the ECG parameters (HR, PR, QRS,
QT, and QTc). A trend toward a decrease was observed Time (h)
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in QTc interval for the mizolastine group. However, no Figure 2 Mean (±s.e.mean) QTc interval (ms) on day 1 (a) and
dose effect was found and 95% CIs were wide. day 7 (b) after (&) mizolastine 20 mg (n=8) vs (#) placebo (n=

8) in healthy volunteers.The results observed with each mizolastine dosage vs
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Figure 3 Mean (±s.e.mean) QTc interval (ms) on day 1 (a) andFigure 1 Mean (±s.e.mean) QTc interval (ms) on day 1 (a) and
day 7 (b) after (&) mizolastine 10 mg (n=8) vs (#) placebo (n= day 7 (b) after (&) mizolastine 40 mg (n=8) vs (#) placebo (n=

8) in healthy volunteers.8) in healthy volunteers.

© 1999 Blackwell Science Ltd Br J Clin Pharmacol, 47, 515–520 517



S. Chaufour et al.

Table 1 QTcmax (ms) interval
(mean±s.d.) and 95% confidence
intervals for differences on day 1 and day
7 after mizolastine 10 mg, 20 mg and
40 mg (n=8) vs placebo (n=8) in
healthy volunteers.

Mizolastine Mizolastine Mizolastine
10 mg Placebo 20 mg Placebo 40 mg Placebo

Day 1 404±21 407±16 384±13 391±17 397±13 395±16
95% CI [−19.65; 13.65] [−24.49; 11.49] [−10.73; 7.48]
Day 7 396±13 407±09 388±24 395±25 399±19 397±17
95% CI [−20.98; −2.27] [−14.81; 1.06] [−18.11; 14.11]

observed on day 7 after placebo treatment. There was no Mizolastine trough levels were stable from day 3 to
day 7 showing steady state was reached from day 3. Cmaxevidence of any change in the morphology of the T wave.
and AUC increased in proportion to the dose: the dose-
related linearity within 10–40 mg range was confirmed.

24-h ECG (Holter) recordings
No unexpected accumulation was observed between
day 1 and day 7.No relevant modifications were reported in the 24 h

ECG Holter recordings.

Discussion
Clinical safety

The present study shows that mizolastine is devoid of
any effect on the ventricular repolarization in healthyThe overall clinical safety of mizolastine during the study

was satisfactory. No serious adverse events were recorded. volunteers. No changes in T-wave morphology or
prolongation QTc interval were detected after mizolastineSixteen emergent adverse events were observed during

the study. Four were reported during mizolastine 10 mg compared with placebo whatever the dose of mizolastine
although 95% CIs were wide and a minor effect cannottreatment, 6 during mizolastine 40 mg treatment, and

6 during placebo period. The most frequent adverse be excluded with certainty. This lack of effect was
obtained despite of high plasma concentration of mizolas-events were headache and somnolence. An increase in

the frequency of occurrence of somnolence (7 episodes) tine. At 40 mg mizolastine, the concentration reached
four fold the concentration obtained at therapeutic dosage.was observed in the 40 mg treatment group when

compared with mizolastine 10 mg and placebo, 3 episodes This study was especially designed to detect small
changes in the QT and QTc interval related to mizo-and 1 episode, respectively.

No significant change, in blood pressure or heart rate, lastine. Furthermore, in order to detect any possible dose-
related effect of mizolastine on QT interval, doses of twowas found between the two treatments.
and four times the therapeutic 10 mg dose were used in
this study. Although a quantitative relationship between

Pharmacokinetics
QT interval prolongation and torsade de pointes has not
yet clearly established, prolonged QT intervals associatedThe mizolastine pharmacokinetic parameters obtained

on day 1 and day 7 after a repeated once daily oral with a dose-related change is recognized as one of the
important risk factors for the development of this seriousadministration of 10 mg, 20 mg, or 40 mg mizolastine in

three groups of eight healthy volunteers are presented arrhythmia [3].
Evidence of serious dysrhythmias, such as torsades dein Table 2.

Table 2 Mizolastine pharmacokinetic parameters (mean±s.d.) on day 1 and day 7 after repeated once-daily oral
administration of 10 mg, 20 mg, or 40 mg mizolastine in three groups of eight healthy volunteers.

Mizolastine 10 mg Mizolastine 20 mg Mizolastine 40 mg
Day 1 Day 7 Day 1 Day 7 Day 1 Day 7

tmax* (h) 1.0 1.0 1.0 1.0 1.0 1.0
Cmax (ng ml−1) 228±41 233±32 442±77 528±110 981±251 1058±151
C0 (ng ml−1) – 17±5 – 47±12 – 99±53
C24 (ng ml−1) – 19±8 – 45±9 – 95±51
t1/2,z (h) 9.4±1.8 17.1±6.5 10.1±1.9 18.7±6.8 8.4±3.1 14.6±7.4
AUC**(ng ml−1 h) 1430±239 1615±177 3180±694 3732±462 6747±2402 8049±3218

*Median value. **AUC(0, 2) on day 1 and AUC(0, 24 h) on day 7.
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pointes, with terfenadine and astemizole has raised [21]. The lipophilicity of the drug must also be considered.
This factor might contribute to the cardiotoxicity.questions about the cardiotoxic potential of other second

generation histamine H1-receptor antagonists. The recent Compared with loratadine and cetirizine [22], mizolastine
has a low lipophilicity that could translate into a reducedadverse drug reaction report [2] of the five widely used

nonsedating antihistamines confirmed the increased risk cardiac distribution.
This study also investigated pharmacokinetics andof cardiac problems with terfenadine and astemizole

either on overdosage or when prescribed to at risk overall clinical safety of increasing repeated doses of
mizolastine. Good clinical and laboratory safety werepatients. Cytochromes P450 3A4 are extensively involved

in the metabolism of terfenadine and astemizole. The reported for each mizolastine dosage and the present
pharmacokinetic results corroborated the findings of theinhibition of CYP3A4 by coadministration of ketocona-

zole or erythromycin alters the metabolism of terfenadine. previous studies [8, 23].
In conclusion, the study showed the lack of cardiovas-This effect leads to the cardiac accumulation of the

unmetabolized parent compound, a potent blocker of cular effect of mizolastine up to 40 mg (four times the
therapeutic dose) and in particular the absence of anymyocardial potassium channel and thus, capable of altering

cardiac repolarization [15, 16]. The main metabolic effect on ventricular repolarization in healthy volunteers.
pathway of mizolastine is glucuronidation (about 70%)
which is independent of cytochromes P450 3A. A small References
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