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To evaluate the potential for an interaction between clarithromycin and loratadine, healthy male volunteers
(n = 24) received each of the following regimens according to a randomized crossover design: 500 mg of clari-
thromycin orally every 12 h (q12h) for 10 days, 10 mg of loratadine orally q24h for 10 days, and the combina-
tion of clarithromycin and loratadine. A washout interval of 14 days separated regimens. The addition of lo-
ratadine did not statistically significantly affect the steady-state pharmacokinetics of clarithromycin or its active
metabolite, 14(R)-hydroxy-clarithromycin. However, the addition of clarithromycin statistically significantly al-
tered the steady-state maximum observed plasma concentration and the area under the plasma concentration-
time curve over a dosing interval for loratadine (+36 and +76%, respectively) and for descarboethoxylorata-
dine (DCL), the active metabolite of loratadine (+69 and +49%, respectively). Clarithromycin probably inhibits
the oxidative metabolism of loratadine and DCL by the cytochrome P-450 3A subfamily. Electrocardiograms
(n = 12) were obtained over 24-h periods at baseline and steady state (day 10). The mean maximum QTc
interval and area under the QTc interval-time curve on day 10 were modestly increased (<3%) from baseline
for all three regimens, but no QTc interval exceeded 439 ms for any subject. Elevated steady-state concentra-
tions of loratadine and DCL do not appear to be associated with adverse cardiovascular effects related to
prolongation of the QTc interval. Loratadine and clarithromycin were well tolerated, alone and in combination.

Clarithromycin is a macrolide antibiotic with a broad spec-
trum of activity in vitro against clinically important gram-pos-
itive and gram-negative aerobes and anaerobes. The activity of
clarithromycin is enhanced by its extensive distribution into
tissues and by the formation of a primary microbiologically
active metabolite, 14(R)-hydroxy-clarithromycin. Clarithromy-
cin and other macrolide antibiotics can inhibit oxidative me-
tabolism by forming inactive complexes with cytochrome P-450
(8). This has led to pharmacokinetic interactions between mac-
rolide antibiotics and several drugs eliminated by oxidative
metabolism (7, 15). A clinically important drug interaction be-
tween the macrolides clarithromycin and erythromycin and the
nonsedating H;-antagonist terfenadine has been reported else-
where (12). Inhibition of terfenadine first-pass metabolism by
drugs including macrolide antibiotics and ketoconazole results
in increased concentrations in plasma of unmetabolized terfe-
nadine, which is a risk factor for drug-induced torsades de
pointes (18), a rare but potentially life-threatening ventricular
tachyarrhythmia associated with prolongation of the QT inter-
val (2, 14).

Loratadine is a long-acting tricyclic antihistamine with se-
lective peripheral histamine H,-receptor antagonistic activity.
Unlike terfenadine and astemizole, loratadine appears to be
devoid of cardiovascular effects, such as prolongation of the
QT interval (1, 10). Loratadine is thought to undergo extensive
first-pass metabolism, resulting in the formation of descarbo-
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ethoxyloratadine (DCL), which possesses antihistamine activ-
ity (11, 13). DCL is also extensively metabolized (11, 13).

Because of the likelihood that clarithromycin and loratadine
will be coadministered and because of the clinically important
drug interactions between some macrolide antibiotics and some
nonsedating antihistamines, the current study was undertaken to
investigate the potential for a drug interaction between clarithro-
mycin and loratadine.

(Results from this study were presented as a paper at the
Third International Conference on the Macrolides, Azalides
and Streptogramins, Lisbon, Portugal, January 1996.)

MATERIALS AND METHODS

Subjects. Subjects were eligible for inclusion in the study if they were male,
between 18 and 40 years of age, and within 10% of ideal weight range and were
nonusers of tobacco. Subjects were excluded if they had a history of major illness
or abnormal results in electrocardiogram (ECG) or laboratory tests (including a
screening electrocardiographic QTc interval greater than 420 ms) or had con-
sumed alcohol within 72 h of the start of the study, taken any prescription or
over-the-counter medication within 2 weeks of the start of the study, or taken
terfenadine, astemizole, loratadine, or oral antifungal medication within 90 days
of the start of the study.

Prior to admission, a medical history was taken, a physical examination was
performed, and routine laboratory tests (serum electrolytes, blood urea nitrogen,
serum creatinine, liver function, urinalysis, and a complete blood count with
differential) were performed for each subject. The study protocol was Investiga-
tional Review Board approved, and each subject gave written informed consent.

Drug administration. Subjects were randomly assigned to one of six different
sequences of the following three regimens: the combination of 500 mg of clari-
thromycin every 12 h (q12h) and 10 mg of loratadine daily, 10 mg of loratadine
daily, and 500 mg of clarithromycin q12h. Each regimen was administered for 10
consecutive days; a washout period of at least 14 days separated the regimens. All
study medications were administered with approximately 180 ml of water, swal-
lowed whole, and not chewed. Loratadine doses were administered at approxi-
mately 0800 h, and clarithromycin doses were administered 12 h apart at ap-
proximately 0800 h and 2000 h.
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Confinement and diet. Subjects were confined to the study area from approx-
imately 36 h prior to the first dose of study drug until approximately 48 h after
the final dose in each period. Morning drug administration was under fasting
conditions (breakfast consumed approximately 2 h after dosing), while evening
drug administration was under nonfasting conditions (dinner consumed approx-
imately 1 h before dosing). Lunch was consumed at 1400 h, and a light snack was
consumed at 2200 h. Throughout each study period, subjects were provided
standardized meals which were the same for all subjects and identical on corre-
sponding days of each period. Consumption of grapefruit or a grapefruit-con-
taining beverage was prohibited for the duration of the study.

Sample collection and analysis. Venous blood samples (approximately 14 ml)
for drug analysis were collected at 0800 h (immediately prior to drug adminis-
tration) on day 1 and day 7 through day 9 of each period. Blood samples were
collected immediately prior to and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 16, and 24 h after
the 0800-h dosing on day 10. All blood samples were collected into two 7-ml
heparinized collection tubes. Plasma was separated by centrifugation within 60
min after collection, placed in labeled plastic tubes, and stored frozen at —20°C
or colder until analysis.

Plasma samples were assayed for clarithromycin and 14(R)-hydroxy-clarithro-
mycin at BAS Analytics (West Lafayette, Ind.) by a validated high-performance
liquid chromatography assay with electrochemical detection (4). The coefficients
of variation were 12.6% for clarithromycin and 7.4% for 14(R)-hydroxy-clari-
thromycin at the lowest quality control concentration (0.04 pg/ml). The lower
limit of quantitation for clarithromycin and 14(R)-hydroxy-clarithromycin was
0.02 pg/ml.

Plasma samples were assayed for loratadine and DCL at Phoenix International
Life Sciences Inc. (Montreal, Quebec, Canada) by a validated high-performance
liquid chromatography assay with mass spectrometric detection. The coefficients
of variation were 4.0% for loratadine and 2.2% for DCL at the lowest quality
control concentration (0.3 ng/ml). The lower limit of quantitation was 0.1 ng/ml
for both loratadine and DCL.

Electrocardiographic monitoring. Twelve-lead ECGs were obtained for phar-
macodynamic assessment immediately prior to and at 1, 2, 3, 4, 6, 8, 12, 14, 16,
20, and 24 h after the 0800-h dosing on day 10 and at the corresponding times on
day —1. The profile of the day —1 ECGs served as the baseline for that period.
ECGs were obtained with a Hewlett-Packard PageWriter XLi Cardiograph
Model M1700A electrocardiograph in the 12-lead format at 25 mm/s. The ma-
chine was configured to provide PR, QRS, and QT intervals and to calculate the
corrected QT interval (QTc) by Bazett’s formula. In addition, a 10-s rhythm strip
depicting leads II, V2, and V4 was obtained at 50 mmy/s. If a given ECG showed
a greater than 40-ms increase from baseline, the QTc was overread with the
average value from three ventricular complexes in the rhythm strip lead (either
11, V2, or V4) which provided the longest QTc. All overreadings were performed
by the same investigator, who was blinded as to the treatment regimen each
subject received. If the overreading confirmed a change within 20 ms of the
change indicated by the automated electrocardiography reading, then the elec-
trocardiograph interpretation was considered the primary determination.

Additional ECGs were obtained on day 1 (1000 h), day 2 through day 9 (1000
h), and day 12 (0800 h). Only if these ECGs were normal were the subjects
allowed to continue in the study. These ECGs were not used for pharmacody-
namic analysis.

Safety monitoring. All observed or volunteered adverse events were recorded
after administration of each dose, and their time or onset, severity, duration, and
possible relationship to study drug were noted. Hematology and clinical chem-
istry were monitored. Blood pressures and pulse rates were also monitored
throughout the study.

Data analysis. Pharmacokinetic analysis was performed on plasma concentra-
tion-time data obtained following the final dose (day 10) of each period. Esti-
mates for pharmacokinetic parameters were obtained by using noncompartmen-
tal methods. The maximum plasma concentration (C,,,,) and the time to reach
the maximum plasma concentration (7,,,) were read directly from the plasma
concentration-time data for each subject. The area under the plasma concentra-
tion-time curve (AUC) was calculated by conventional linear trapezoidal sum-
mation. For clarithromycin and 14(R)-hydroxy-clarithromycin, C,,., Tmax and
AUC,_,, were determined for the 12-h dosing interval beginning with the 0800-h
dosing on day 10. For loratadine and DCL, C,,.y, Tiaxe and AUC, ,, were
determined for the 24-h dosing interval beginning with the 0800-h dosing on day
10.

Pharmacokinetic parameters (7}, and the natural logarithms of C,,,, and
AUQC) for each of the four analytes of interest were compared between regimens
by analysis of variance (ANOVA) with Procedure GLM of SAS version 6.09
(SAS Institute, Inc., Cary, N.C.). For loratadine and DCL, sources of variation
included in the ANOVAs were subject, period, and regimen. Due to possible
unequal carryover effects for clarithromycin and 14(R)-hydroxy-clarithromycin
pharmacokinetic parameters, ANOVAs were performed with subject, period,
regimen, and regimen of the preceding period as the sources of variation. For
each analyte, point estimates and 95% confidence intervals were constructed
within the ANOVA framework for C,,,, and AUC for the combination regimen
relative to clarithromycin alone or loratadine alone. To address whether steady
state was achieved by day 10, pairwise comparisons were performed on day 7
through day 11 trough concentrations with the one-sample ¢ test.

From the ECG data from each subject, the maximum QTc interval and the
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FIG. 1. Mean steady-state clarithromycin and 14(R)-hydroxy-clarithromycin
plasma concentration-time profiles following administration of clarithromycin
alone or in combination with loratadine. Open circles, clarithromycin alone;
filled circles, clarithromycin with loratadine. Error bars each represent 1 stan-
dard deviation.

area under the QTc interval-versus-time curve (AURC; computed by linear
trapezoidal summation) were determined over the 24-h intervals beginning at
0800 h on day —1 and day 10 of each period. Maximum QTc interval, AURC,
and change in these variables from day —1 to day 10 were statistically analyzed
with a crossover ANOVA model with effects for subject, sequence, period, and
regimen. All statistical tests were performed at a significance level of 0.05 and
were two tailed.

The study size (24 subjects) was designed to provide greater than 99 and 85%
power to detect differences of 720 and 480 ms - h for AURC, respectively,
between any two regimens. These differences in AURC correspond to average
QTec interval differences of 30 and 20 ms over a 24-h period. For these calcula-
tions, a standard deviation of 25 ms for the average QTc interval difference was
assumed, based on data from a previous study of interaction between clarithro-
mycin and terfenadine (17). Also, the study was designed to have at least 80%
power for detecting a 50% increase from monotherapy to combination therapy
in the central values for C,,,, and AUC of loratadine, DCL, clarithromycin, and
14(R)-hydroxy-clarithromycin.

RESULTS

Subjects. A total of 24 healthy adult male volunteers be-
tween the ages of 23 and 40 years (mean age, 34 years) who
weighed between 135 and 192 Ib (mean weight, 160 Ib) partic-
ipated in this study, which was conducted at the South Florida
Bioavailability Clinic in Miami, Fla. Of the subjects, 12 were
Hispanic, 10 were white, and 2 were black. One subject was
released due to an adverse event during the washout interval
following the first period: safety and electrocardiographic data
from this subject were included in the analyses, but his phar-
macokinetic data were excluded.

Pharmacokinetics. Mean steady-state plasma concentration-
time profiles for clarithromycin and 14(R)-hydroxy-clarithro-
mycin following administration of clarithromycin with lorata-
dine were similar to those observed following administration
of clarithromycin alone (Fig. 1). There were no statistically
significant differences between regimens for C, ., Tax OF
AUC,_,, for clarithromycin or 14(R)-hydroxy-clarithromycin
(Table 1).
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TABLE 1. Summary of pharmacokinetic parameters after dosing for 10 days”
Agent Criax Ratio of LSM Tiax (h) AUC Ratio of LSM
Single agent Combination (95% C1) Single agent Combination Single agent Combination (95% C1)
Clarithromycin 327124 326*=1.17 1.04(0.78-1.38) 29 =x2.6 2.6+22 260+9.7 274+9.7 1.07 (0.84-1.35)
14(R)-Hydroxy-clarithromycin ~ 0.74 =022 0.76 = 0.19  0.99 (0.81-1.20) 2.8 = 2.1 23*0.8 6.81 £2.05 7.15=1.75 1.00 (0.84-1.20)
Loratadine 412445 725+125" 1.36(1.17-1.60) 1.3 *05 1.5*0.6 14.6 £23.7 408 £ 116> 1.76 (1.48-2.09)
DCL 389241 6.41*+330" 1.69(1.53-1.86) 2.9*23 20+0.8  527%x49.1 792+ 771 1.49 (1.38-1.60)

“n = 23. Values, except for ratios and 95% confidence intervals (CI), are shown as means *+ standard deviations. LSM, least-squares means obtained from ANOVA.
Cnax Values are expressed as micrograms per milliliter for clarithromycin and 14(R)-hydroxy-clarithromycin and as nanograms per milliliter for loratadine and DCL.
AUC values are for 0 to 12 h, in micrograms + hour per milliliter, for clarithromycin and 14(R)-hydroxy-clarithromycin and for 0 to 24 h, in nanograms - hour per

milliliter, for loratadine and DCL.
b P = 0.05 (ANOVA).

Mean loratadine and DCL plasma concentrations after ad-
ministration of the combination regimen were greater through-
out the dosing interval than that of loratadine administered
alone (Fig. 2). C,,.x and AUC,_,, values for loratadine and
DCL were significantly greater after the combination regimen
than after loratadine alone (Table 1). For loratadine, within-
subject differences (combination versus monotherapy regimens)
ranged from —33 to 227% for C,,,, and from —18 to +423%
for AUC,_,,. For DCL, within-subject differences ranged from
+22 to +161% for C,,,, and from +1 to +103% for AUC, ,,.
Compared to monotherapy, the mean 7, after the combina-
tion regimen was increased by 0.2 h for loratadine (not statis-
tically significant) and decreased by 0.9 h for DCL (P = 0.049).

Statistical analysis of day 7 through day 11 trough plasma
concentrations suggested that steady-state concentrations of
clarithromycin, 14(R)-hydroxy-clarithromycin, and loratadine
were achieved by day 10. For DCL, the increase in the mean
concentrations from day 9 to day 10 was 0.01 ng/ml (P = 0.77),
but then the increase from day 10 to day 11 was a statistically
significant 0.14 ng/ml. There was also an isolated increase in
clarithromycin and 14(R)-hydroxy-clarithromycin trough con-
centrations from day 10 to day 11, and there was confidence
that there had been ample time for steady state to be reached
for these compounds.

Pharmacodynamics and safety. One subject was released
due to an adverse event (atrial fibrillation) deemed not related
to the study drug. The atrial fibrillation occurred during day 16
of the washout interval following the first period (loratadine
alone) and spontaneously resolved within 2 h. Overall, the per-
centages of subjects with one or more adverse events were 13,
29, and 22% for the clarithromycin-with-loratadine, loratadine-
alone, and clarithromycin-alone regimens, respectively. All ad-
verse events were of mild intensity, with the exception of the
moderate atrial fibrillation, and were transitory. No clinically
significant laboratory test abnormalities that were considered
to be related to study drug treatment were detected. There
were no clinically relevant changes in blood pressures, pulse
rates, or body temperatures in individuals during the study.

ECG findings are summarized in Table 2. The mean maxi-
mum QTc interval and AURC on day 10 were modestly in-
creased (<3%) from baseline for all three regimens, but no
QTec interval exceeded 439 ms for any subject. After 10 days of
the combination regimen, maximum QTc intervals (range, 363
to 431 ms) were similar to baseline values (range, 371 to 439
ms): the individual changes in maximum QTc interval from
baseline to day 10 ranged from —26 to +24 ms. The mean
change from baseline in maximum QTc interval for the com-
bination regimen (+4 ms) was not significantly different com-
pared with that for loratadine alone (+3 ms) and was signifi-
cantly less than that for the clarithromycin-alone regimen (+11
ms). AURC values at day 10 of the combination regimen

(range, 8,538 to 9,979 ms - h) were also similar to those of
baseline (range, 8,423 to 9,863 ms - h): the mean day 10 value
of 9,314 ms - h corresponds to an average QTc interval of 388
ms. The change from baseline in AURC for the combination
regimen (range, —130 to +609 ms - h) was significantly greater
than that for loratadine alone (—281 to +407 ms - h) but was
not significantly different compared with that for clarithromy-
cin alone (—58 to +435 ms - h). Across all regimens, individual
changes in average QTc intervals from baseline to day 10
ranged from —12 to +25 ms - h.

DISCUSSION

In this study, a pharmacokinetic interaction was observed
between clarithromycin and loratadine, whereby clarithromy-
cin increased concentrations in plasma of loratadine and DCL,
the major active metabolite of loratadine. Pharmacokinetic
parameters for clarithromycin or 14(R)-hydroxy-clarithromy-
cin were unaffected by loratadine and were consistent with
historical values for healthy adults (5).

Clarithromycin increased the steady-state C, ., and AUC, ,,

Loratadine

15

10

Plasma Concentration (ng/mi)

Hours Relative to Dose

FIG. 2. Mean steady-state loratadine and DCL plasma concentration-time
profiles following administration of loratadine alone or in combination with
clarithromycin. Open circles, loratadine alone; filled circles, loratadine with
clarithromycin. Error bars each represent 1 standard deviation.
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TABLE 2. Summary of QTc and AURC measurements at baseline and after dosing for 10 days”

Maximum QTc (ms) AURC (ms - h)
Agent (1) Day —1 Change from Day —1 Change from
(baseline) Day 10 baseline (baseline) Day 10 baseline
Clarithromycin (23) 392 = 17° 403 £ 17 +11 = 9° 9,047 = 383 9,259 + 380° +212 =132
Loratadine (24) 393 + 18° 396 + 17° +3+9 9,070 = 359 9,115 + 382° +45 + 179°
Clarithromycin and loratadine (23) 400 £ 19 404 £ 17 +4*+13 9,089 = 414 9,314 = 396 +225 = 181

“ Values are shown as means * standard deviations.

® Statistically significantly different (P = 0.05 [ANOVA]) from the combination of clarithromycin and loratadine.

central values for loratadine by 36 and 76%, respectively. Sim-
ilarly, Brannan et al. reported that erythromycin increased the
steady-state C,,,, and AUC,_,, central values for loratadine by
53 and 40%), respectively (3). Since loratadine is well absorbed
and extensively metabolized (13), these results suggest that
clarithromycin and erythromycin inhibit loratadine metabo-
lism. Clarithromycin (8, 9) and erythromycin (8) inhibit the
metabolic activity of CYP3A, the cytochrome P-450 isoform
subfamily predominantly involved in the metabolism of lora-
tadine to DCL (19).

Clarithromycin increased the steady-state C, ., and AUC, ,,
central values for DCL by 69 and 49%, respectively. In the
Brannan et al. study, erythromycin increased the steady-state
Chax and AUC,, ,, central values for DCL by 61 and 46%, re-
spectively (3). The observed increase in DCL concentrations
suggests that formation of DCL is not completely inhibited by
concomitant administration of clarithromycin or erythromycin
and that the metabolic clearance of DCL may be dependent on
CYP3A. The former assertion is supported by the finding that,
in the presence of ketoconazole or troleandomycin (inhibitors
of CYP3A), loratadine is metabolized to DCL principally by
the CYP2D6 isoform (19). The latter assertion is supported by
the knowledge that DCL is highly metabolized (13) although
the enzyme system(s) responsible has not yet been identified.
In addition to increasing DCL plasma concentrations, clari-
thromycin reduced the 7., of DCL from 2.9 to 2.0 h.

Although substantially elevated by concomitant macrolide
administration, the mean C,,,, and AUC,_,, values for lora-
tadine and DCL observed in the erythromycin-loratadine in-
teraction study (3) and the current study were below those that
were well tolerated in studies involving larger doses of lorata-
dine administered alone (1, 6, 16). For example, after admin-
istration of 40 mg of loratadine q24h for 10 days to healthy
adult male subjects, mean C,,,, and AUC,,_,, values were 27.1
ng/ml and 96.0 ng - h/ml, respectively, for loratadine and 28.6
ng/ml and 420.7 ng - h/ml, respectively, for DCL (16). In wide-
spread clinical studies involving daily doses of 10 to 40 mg, lo-
ratadine tolerability was comparable to that for placebo groups
(6). Also, Brannan et al. reported that, despite the significant
pharmacokinetic interaction observed between erythromycin
and loratadine, therapeutic doses of these drugs taken in com-
bination for 10 days were well tolerated, including an absence
of effect on the QTc interval (3).

In the present study, although concentrations in plasma of
loratadine and DCL were increased by concomitant clarithro-
mycin administration, no corresponding electrocardiographic
pharmacodynamic interaction was observed. Mean maximum
QTc interval and AURC values on day 10 were slightly in-
creased (<3%) from baseline for all three regimens. The in-
crease in the maximum QTec interval or AURC from baseline
after the combination regimen was not greater than that after
clarithromycin alone. It has been suggested that clinically im-
portant electrocardiographic markers of proarrhythmic drug

effect include >5% of treated subjects having QTc intervals of
>500 ms and a change in the QTc interval for an individual
subject of >70 ms (14). In the current study, no subject exhib-
ited a QTc interval value of greater than 439 ms, and the
greatest individual increase in average QTc interval was 25 ms.

In conclusion, concomitant administration of therapeutic
doses of clarithromycin and loratadine was safe and well tol-
erated. Therefore, given the wide margin of safety associated
with loratadine, the observed pharmacokinetic interaction be-
tween clarithromycin and loratadine is probably clinically un-
important.
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