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Abstract. The interaction between roxithromycin and
midazolam was investigated in a double-blind, ran-
domised crossover study of two phases. Ten healthy vol-
unteers were given roxithromycin (300 mg) or placebo
once daily for 6 days. On the sixth day they ingested 15 mg
midazolam. Plasma samples were collected and psycho-
motor performance measured for 17 h.

Roxithromycin administration significantly increased
the area under the plasma midazolam concentration-time
curve from 8.3 to 12.2 ug-ml™" - min and the elimination
half-lives from 1.7 to 2.2 h. In psychomotor performance
only minor differences were seen between the treatments
in one of the measured psychomotor parameters.

Thus, in contrast to the strong interaction between
erythromycin and midazolam, the interaction between
roxithromycin and midazolam appears less likely to be
clinically significant.
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Midazolam is a 1,4-benzodiazepine thatis widely used asa
short-acting hypnotic. Although it has proved to be a safe
drug, special attention has been paid to its profound seda-
tive effects (Editorial 1988). Midazolam has an extensive
first-pass metabolism with oral bioavailability less than
50% (Allonen etal. 1981). The macrolide antibiotic
erythromycin inhibits the metabolism of midazolam in
vitro and also in humans (Byatt et al. 1984; Gascon and
Dayer 1991; Hiller et al. 1990). In a previous study eryth-
romycin treatment increased the area under the midazo-
lam concentration-time curve more than four-fold and
peak midazolam concentration almost three-fold after a
15-mg oral dose of midazolam, which caused more pro-

Presented in part at the 18th International Congress of Chemothe-
rapy, Stockholm, Sweden, June 27-July 2, 1993

Correspondence to: J.'T.Backman, Department of Clinical Pharma-
cology, University of Helsinki, Paasikivenkatu 4, SF-00250 Hel-
sinki, Finland

found and prolonged psychomotor effects (Olkkola et al.
1993).

Roxithromycin, a newer macrolide antibiotic, is an al-
ternative to erythromycin. As a group, macrolide antibio-
tics are associated with multiple pharmacokinetic drugin-
teractions (Periti et al. 1992). Roxithromycin, too, has
been thought to produce drug interactions. Studies report
that the coadministration of roxithromycin with theo-
phylline increases theophylline plasma concentrations in
humans (Houin et al. 1992; Saint-Salvi et al. 1987). How-
ever, some reports have questioned this interaction (Ha-
shiguchi et al. 1992). Because of the strong interaction be-
tween erythromycin and midazolam it was important to
evaluate the effects of the newer macrolide derivative on
the pharmacokinetics and pharmacodynamics of midazo-
lam in this study.

Materials, methods and subjects

The study protocol was approved by the ethics committee of the De-
partment of Clinical Pharmacology, University of Helsinki. Five
male and five female volunteers aged 19-26 years and weighing 52—
81 kg participated in the study after giving their written informed
consent. They were ascertained to be healthy by medical history and
a clinical examination before entering the study. None received con-
tinuous medication except for two subjects who were using contra-
ceptive steroids.

Study design

The study was carried out using a randomised, double-blind, cross-
over study design of two phases at an interval of 10 days. The sub-
jects were given orally 300 mg roxithromycin (Surlid 150-mg tabiets,
Roussel, Paris, France) or matched placebo once a day for 6 days. On
day 6 they ingested 15 mg midazolam (Dormicum 15-mg tablets,
Hoffmann-La Roche, Basel, Switzerland) with 150 ml water at 3.00
p-m., 2 h after the administration of roxithromycin. The volunteers
fasted 3 h before midazolam was administered and had a light stan-
dard meal 4 h afterwards. They were not allowed to smoke or ingest
coffee, tea, alcohol and cola during the test days.
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Blood sampling

Blood samples (10 ml) were taken into lithium-heparin tubes. Sam-
ples were taken once before and once during the pretreatments. On
day 6 aforearm vein was cannulated with a plastic cannula and timed
samples were drawn immediately before the administration of mid-
azolam and 0.5, 1, 1.5, 2, 3, 4, 6, and 17 h after it. Plasma was separ-
ated within 30 min and stored at —40°C until analysis.

Determination of plasma midazolam and roxithromycin

Plasma midazolam concentration was determined by a specific gas
chromatographic method with electron capture detection using
methoxydiazepam as an internal standard (Aaltonen et al. 1985).
The sensitivity of the method was 1 ng/ml and the inter-day coeffi-
cient of variation was 5% (mean 35 ng-ml™; 7 = 10).

Plasma roxithromycin concentrations were determined once
during the pretreatments, immediately before and 120 min after the
administration of midazolam. The method was a microbiological
agar diffusion assay with agar wells 4 mm in diameter as diffusion
centers. The medium used was Isosensitest agar pH 8.0 and the test
strain was Sarcina lutea ATCC 9341. The concentrations were calcu-
lated from standard curves made from known concentrations of
roxithromycin prepared i 1n pooled human serum. The sensitivity of
the method was 1.0 mg-17* and the linear correlation coefficient was
0.999. Inter-day variation of the method was tested in duplicate using
roxithromycin standards (1to32 pg- -ml™? )in 10 days. The maximum
standard deviation of the results was 6.7% of the mean inhibition
zone diameter.

Pharmacokinetics of midazolam

The areas under the midazolam concentration-time curves [AUC
(0-e0)] were calculated using the trapezoidal rule with extrapolation
to infinity. The terminal log-linear phase of the plasma midazolam
concentration-time curve was identified visually for each subject.
The elimination rate constant (k) was determined by regression
analysis of the log linear part of the curve The elimination half-life
of midazolam (t /) was calculated from ¢ 1, =In2/k,;. Peak midazo-
lam concentrations (Cy,.,) and concentration peak times (#,,;) were
derived directly from original data (Gibaldi and Perrier 1982).

Psychomotor tests

The effect of midazolam on psychomotor performance was assessed
at the time of each blood sampling (except the one during the pre-
treatment) using a test battery. The volunteers were trained in the
psychomotor tests before the study. Saccadic eye movements were
recorded and analysed by the Cardiff Saccade Generation and Ana-
lysis System (Griffiths et al. 1984). Peak saccadic velocity and reac-
tion time at a saccadic angle of 35 degrees were used as primary re-
sults. The discrimination of the fusion of a flickering red light was
determined in the critical flicker fusion test (Smith and Misiak 1976).
Standard pupil diameter was achieved by wearing special spectacles.
In the digit symbol substitution test the number of digits correctly
substituted by simple symbols in 3 min was recorded (Stone 1984).
The Maddox wing test was used to measure the coordination of
extraocular muscles (Hannington-Kiff 1970). Subjective effects
were recorded on seventeen 100-mm-long horizontal visual analo-
gue scales (VAS). The opposing ends of the scales were (in the sub-
ject’s own native language): alert-drowsy, calm-excited, strong—
feeble, muzzy—clear-headed, well-coordinated—clumsy, lethargic—
energetic, contented-discontented, troubled-tranquil, mentally
slow—quick-witted, tense-relaxed, attentive-dreamy, incompetent—
proficient, happy-sad, antagonistic—friendly, interested-bored,

withdrawn-sociable, very good-very bad performance (Bond and
Lader 1974). Subjective drowsiness (alert—drowsy) was used as the
primary result. Adverse effects were noted on an item question-
naire.

For the pharmacodynamic test results, differences from baseline
(the time point before midazolam administration) values were cal-
culated at each time point for each subject. Areas under the effect-
time curves were determined by the trapezoidal rule for 0-6h
[AUC(0-6 h)] and 0-17 h [AUC(0-17 h)] using these differences
from baseline results. The maximum effects (Ep,,,) over 0-17 hwere
also registered.

Statistical analysis

The pharmacokinetic parameters, the areas under the effect-time
curves and the maximum effects of midazolam during the pretreat-
ments were compared using the Student’s #-test for paired data. The
correlation between plasma roxithromycin concentration and the
change in the pharmacokinetic parameters of midazolam was evalu-
ated using Pearson’s correlation coefficient. All the data were ana-
lysed by the Systat System for Statistics (Wilkinson 1988). Results
are expressed as mean values (SEM). The chosen significance level
was P <0.05.

Results

All subjects completed the study. Roxithromycin adminis-
tration resulted in a 47 % increase in the mean AUC((-)
of midazolam (P < 0.05) compared to administration of
placebo (Fig. 1, Table 1). The mean elimination half-life
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Fig.1. Plasma concentrations [mean (SEM)] of midazolam after an
oral dose of 15 mg following pretreatment with oral roxithromycin
(300 mg) or placebo once daily for 6 days in 10 healthy volunteers.
Open circles concentrations of midazolam after roxithromycin; solid
circles concentrations of midazolam after placebo

Table 1. The pharmacokinetic parameters [mean (SEM)]ofa15-mg
oral dose of midazolam after pretreatment with oral roxithromycin
(300 mg) or placebo daily for 6 days in 10 healthy volunteers

Parameter Atfter placebo After roxithro- P value
mycin

Cuax (ng-ml™) 43(7.2) 59(7.2) 0.14

toax (h) 1.6 (0.3) 1.5(0.2) 0.52

AUC(0-)

(ug-ml™” -min) 83(1.1) 12.2(1.3) 0.018

t, (h) 1.7(0.2) 2.2(0.3) 0.046
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Table 2. Midazolam maximum effects (E,.) and areas under the effect-time curves (AUC(0-6 h), AUC(0-17 h)) for differences from
baseline results in psychomotor tests [mean (SEM)): critical flicker fusion test (CFF), digit symbol substitution test (DSS) and Maddox wing
test, subjective drowsiness (VAS), peak saccadic velocity and saccadic reaction time, after a single oral 15-mg dose of midazolam following pre-
treatment with oral roxithromycin (300 mg) or placebo daily for 6 days in 10 healthy volunteers

Test Parameter Treatment
Placebo Roxithromycin Pvalue
CEF Epa [Hz) 36 (4) -44 (6) 0.128
AUC(0-6 h) [Hz-h] -107(23) -113 (25) 0.761
AUC(0-17 h) [Hz - h] ~163 (56) -180 (69) 0.757
DSS E e [symbols] ~-57(8) -68 (11) 0.103
AUC(0-6 h) [symbols - h) ~-110(15) -109 (22) 0.929
AUC(0-17 h) [symbols - h] ~88 (34) -101 (45) 0.831
Maddox wing test E.ex [diopters] 4.8(1.3) 48 (1.1) 1.000
AUC(0-6 h) [diopters-h] 11.8(3.9) 13.4(3.6) 0.510
AUC(0-17 h) [diopters - h] 15.6 (8.1) 19.4 (5.7) 0.552
VAS (drowsiness) E ey [mm] 27(5) 35(6) 0.291
AUC(0-6 h) [mm - h] 18 (27) 50(33) 0.325
AUC(0-17 h) [mm - hj -108 (76) 41 (109) 0.308
Peak velocity E e [deg-s] =130 (7) 143 (7) 0.238
AUC(0-6 h) [deg s-h] -370(35) ~380 (25) 0.806
AUC(0-17 h) [deg-s™-h] ~467 (97) 543 (94) 0.544
Reaction time Epax [ms] 62 (13) 78 (11) 0.302
AUC(0-6 h) [ms-h] 86 (37) 144 (20) 0.140

AUC(0-17 h) [ms - h] 35(86) 215 (70) 0.163
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of midazolam was prolonged from 1.7 h t02.2 h (P < 0.05)
by roxithromycin. However, there were no statistically
significant differences between the treatments in mean
Cax and mean f,,,. The maximum changes of psychomo-
tor performance occurred 1-1.5 h after the administration
of midazolam and they coincided fairly well with the re-
spective f,, values (Fig.2). One of the subjects was so
drowsy at the 0.5, 1 and 1.5 h time-points during the roxi-
thromycin phase that she could not do all the psychomotor
tests. This subject also had the biggest increase in the
AUC(0-0) of midazolam. In the psychomotor tests, roxi-
thromycin administration caused no statistically signifi-
cant changes in the AUC(0-6 h), the AUC(0-17 h) or the
E..... values of differences from baseline results (Table 2).
However, the paired comparison of the effects at different
time points showed significant differences between the
treatments in the digit symbol substitution test 0.5
(P<0.05) and 1h (P<0.05) after the administration of
midazolam, but not in the other psychomotor tests.
Compliance was documented by plasma roxithromycin
concentrations, which were 1.8 (0.4) ug-ml™ on the fifth
day of the pretreatment, 4.0 (0.6) ug- mI™ immediately be-
fore the administration of midazolam on the sixth day and
4.3 (0.4) ug-ml™* 2 h after the administration of midazo-
lam. The difference in the pharmacokinetic parameters
between the roxithromycin and placebo phases did not
correlate with plasma roxithromycin concentrations.

Discussion

In this controlled study roxithromycin clearly affected the
pharmacokinetics of a single oral dose of midazolam in
young adult subjects. Pretreatment with 300 mg roxithro-
mycin daily resulted in a statistically significant increase in
the AUC(0-0) and the elimination half-life of midazolam.
Because midazolam was given orally we could not calcu-
late the clearance and the volume of distribution of mida-
zolam, but we believe that the observed increase in the '/,
of midazolam was due to decreased clearance of midazo-
lam, as it is unlikely that roxithromycin would have
changed the volume of distribution. Since roxithromycin
increased AUC(0-) to a greater extent than ', it is
probable that roxithromycin also increased the oral
bioavailability of midazolam.

Roxithromycin administration caused a statistically
significant change in only one pharmacodynamic pa-
rameter. The change in the digit symbol substitution test
results was small and occurred only at two time-points.
Roxithromycin administration did not alter any other
pharmacodynamic parameters. The missing values in psy-
chomotor tests at time-points of high midazolam concen-
trations during roxithromycin administration in one sub-
ject reduced the power of the statistical analysis and in-
creased the possibility of a false negative result. However,
from 2 h onwards the pharmacodynamic parameters were
available in all subjects. Our results demonstrate that if
there was any extra deterioration of psychomotor perfor-
mance because of coadministration of roxithromycin, it
was over within 4 h after the intake of midazolam. The ef-
fect of roxithromycin on the pharmacokinetics of midazo-

lam appears to be too small to cause clinically significant
changes in the pharmacodynamics of midazolam.

Many macrolide antibiotics have been reported to in-
teract pharmacokinetically with drugs that are mainly me-
tabolised by cytochrome P450IITA enzymes. These mac-
rolides inhibit cytochrome P450IITA-mediated drug me-
tabolism by forming complexes with the enzymes (Larrey
et al. 1983; Periti et al. 1992). Roxithromycin forms com-
plexes with cytochrome P450 in rats, but this only happens
after induction of cytochrome P450 enzymes by dexa-
methasone or troleandomycin (Tinel et al. 1989). It is not
yet known which specific cytochrome P450 forms are re-
sponsible for the metabolism of roxithromycin. Roxithro-
mycin has been reported to interact with theophylline,
leading to a small but statistically significant increase in
the C,,, and the AUC of theophylline (Houin et al. 1992;
Saint-Salvi et al. 1987). However, it has no clinically signi-
ficant interaction with cyclosporin, carbamazepine, oral
contraceptives, ranitidine or warfarin (Billaud et al. 1990;
Meyer et al. 1990; Paulsen et al. 1988; Saint-Salvi et al.
1987; Young et al. 1989).

The changes in the pharmacokinetics of midazolam
caused by roxithromycin could be the result of enzyme in-
hibition by roxithromycin. The metabolism of midazolam
is predominantly mediated by cytochrome P450II1A
(Kronbach et al. 1989). Cimetidine and ranitidine have
been shown to increase the bioavailability of midazolam
(Fee et al. 1987). In vitro data indicate that midazolam
metabolism is inhibited by many other drugs (Gascon and
Dayer 1991). We have previously shown that erythro-
mycin distinctly alters the pharmacokinetics of midazo-
lam and potentiates the psychomotor actions of midazo-
lam hazardously (Olkkola et al. 1993). Now, using the
same study design, the effect of roxithromycin on the
pharmacokinetics of midazolam proved to be clearly
smaller than the effect of erythromycin and appeared less
likely to lead to clinically significant changes in the phar-
macodynamics of midazolam. Our findings are in good
agreement with a previous study, in which an oral dose of
roxithromycin clearly increased the effects of midazolam
less than a dose of erythromycin (Mattila et al. 1993).

This pharmacokinetic interaction between roxithro-
mycin and midazolam caused some statistically significant
changes in the pharmacodynamics of midazolam. These
changes are probably not clinically relevant and the inter-
action should not jeopardise the safe therapeutic use of
midazolam. However, to be on the safe side, the lowest ef-
fective dose of midazolam is recommended during treat-
ment with 300 mg roxithromycin daily. The number of pa-
tients in the study was too small to draw conclusions on the
clinical significance of the interaction of roxithromycin
with midazolam in specific groups in the population, such
as the elderly.
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