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The pharmacokinetics and safety of single ascending doses of clarithromycin (6-0-methylerythromycin A)
were assessed in a placebo-controlled, double-blind, randomized trial with 39 healthy male volunteers. Subjects
were randomized to receive single doses of either placebo or 100, 200, 400, 600, 800, or 1,200 mg of
clarithromycin. Blood and urine collections were performed over the 24 h following administration of the test
preparation. Biological specimens were analyzed for clarithromycin and 14(R)-hydroxyclarithromycin content
by a high-performance liquid chromatographic technique. The pharmacokinetics of clarithromycin appeared
to be dose dependent, with terminal disposition half-life ranging from 2.3 to 6.0 h and mean ± standard
deviation area under the concentration-versus-time curve from time 0 to infinity for plasma ranging from 1.67
: 0.48 to 3.72 t 1.26 mgtliter. h per 100-mg dose over the 100- to 1,200-mg dose range. Similar dose
dependency was noted in the pharmacokinetics of the 14(R)-hydroxy metabolite. Mean urinary excretion of
clarithromycin and its 14(R)-hydroxy metabolite ranged from 11.5 to 17.5% and 5.3 to 8.81% of the
administered dose, respectivety. Urinary excretion data and plasma metabolite/parent compound concentra-
tion ratio data suggested that capacity-limited formation of the active metabolite may account, at least in part,
for the nonlinear pharmacokinetics of darithromycin. No substantive dose-related trend was observed for the
renal clearance of either compound. There were no clinically significant drug-related alterations in laboratory
and nonlaboratory safety parameters. In addition, there was no significant difference between placebo and
clarithromycin recipients in the incidence or severity of adverse events. Clarithromycin appears to be safe and
well tolerated.

The new 14-membered macrolide antimicrobial agent cla-
rithromycin (A-56268, TE-031) is active in vitro against
several important gram-positive and gram-negative patho-
gens, such as Streptococcus pyogenes, Staphylococcus au-
reus, Haemophilus species, Legionella species, Mycobacte-
rium avium complex, and Chlamydia species (2, 4, 6, 8-10,
16, 19). Clarithromycin is active intracellularly, and its
action is static or bactericidal, depending on the organism
and antimicrobial agent concentration (2). Clarithromycin is
more acid stable than erythromycin and in animal models
achieves higher concentrations in plasma and tissue than
erythromycin, especially in the lung (12, 13, 15). The Food
and Drug Administration-approved dosage regimen for cla-
rithromycin ranges from 250 to 500 mg twice daily (respira-
tory tract and skin or skin structure infections).
The present study was designed to assess the pharmaco-

kinetics and safety of oral clarithromycin in a single-ascend-
ing-dose study in healthy young adult male volunteers.

(This work was presented in part at the 26th Interscience
Conference on Antimicrobial Agents and Chemotherapy,
New Orleans, La., in 1986, abstract 419.)

MATERIALS AND METHODS

Subjects. Thirty-nine male volunteers, with a mean
standard deviation (SD) age, weight, and height of 25.3 ± 4.0
(range, 19 to 36) years, 71.4 + 9.8 (range, 55.9 to 96.9) kg,
and 175 + 7 (range, 158 to 191) cm, participated in the study.
All were healthy as determined by medical history, physical
examination, clinical laboratory studies, electrocardio-

* Corresponding author.

graphy, and audiometry criteria. No subjects were receiving
chronic medication.
The study was approved by the Institutional Review

Board of Quincy Research Center, Kansas City, Mo., and all
subjects provided written, informed consent prior to partic-
ipation.

Study design. This study was single center, randomized,
double blind, and placebo controlled in design. Target en-
rollment was 36 subjects, randomized into three groups of 12
subjects each. Within each group, eight subjects received
clarithromycin while four subjects received placebo. Group
I subjects were randomized to receive a single dose of either
placebo or 200 mg of clarithromycin followed 21 days later
by a randomization to receive either placebo or 800 mg of
clarithromycin. Group II subjects were randomized to re-
ceive a single dose of either placebo or 400 mg of clarithro-
mycin followed 21 days later by randomization to receive
either placebo or 1,200 mg of clarithromycin. Group III
subjects were randomized to receive a single dose of either
placebo or 600 mg of clarithromycin followed 21 days later
by randomization to receive either placebo or 100 mg of
clarithromycin. Timing of the study groups was staggered so
that administration of successively higher clarithromycin
doses occurred only after the safety of the lower dose(s) had
been established, except that the 100-mg-dose study was
added later by protocol amendment to obtain additional
pharmacokinetic information. All test doses were adminis-
tered after an 8-h overnight fast with at least 200 ml of water.
Food was prohibited until 4 h after test preparation admin-
istration. Water was ingested on at least an hourly basis over
the first 12 h following test preparation administration to
facilitate serial urine collections.
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Sample collection. Ten milliliters of blood was collected in
heparinized tubes prior to and 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 12,
and 24 h following test preparation administration. After
centrifugation, the resulting plasma samples were stored at
-20°C until assayed.
Urine was collected over the following intervals: predose

and 0 to 1, 1 to 2, 2 to 3, 3 to 4, 4 to 5, 5 to 6, 6 to 7, 7 to 8,
8 to 9, 9 to 10, 10 to 11, and 11 to 12 h following test
preparation administration. Urine volumes were measured,
and aliquots were stored at -20°C until assayed.

Biological specimens were collected from all study partic-
ipants regardless of treatment randomization to maintain
study blinding.

Analytical methodology. The concentrations of clarithro-
mycin and 14(R)-hydroxyclarithromycin in plasma and urine
were determined by a high-performance liquid chromatogra-
phy method (5). In brief, plasma or urine samples were
mixed with the internal standard (erythromycin A 9-0-meth-
yloxime), alkalinized with sodium carbonate, and extracted
with ethyl acetate-hexane (1:1). The organic phase was
evaporated to dryness, and the residues were redissolved in
acetonitrile, which was then injected into the chromato-
graph. The chromatograph consisted of a reverse-phase C-8
column (5-,um particle size, 4.6-mm inside diameter by 25
cm; Spherisorb; Phenomenex, Rancho Palo Verdes, Calif.)
eluted with a mobile phase consisting of acetonitrile (48%,
vol/vol), methanol (10%), 0.05 M acetic acid, and NaOH to
produce a pH of 7.5. The effluent was monitored via elec-
trochemical detection (model 5100 A detector; Environmen-
tal Sciences Associates, Bedford, Mass.) with the electric
potentials of the screening and working electrodes set at
+0.5 V and 0.78 + 0.04 V, respectively. The within-day and
between-day relative SDs for both compounds over the
standard curve concentration ranges (0.05 to 4 mg/liter for
plasma and 1 to 500 mg/liter for urine) were 58% (5).

Safety assessment. Vital signs were assessed at specified
intervals over the 24-h period following test preparation
administration, while clinical laboratory tests were con-
ducted 24 h and 5 days after administration. Electrocardio-
graphy and audiometry were repeated on day 5 after admin-
istration.

Pharmacokinetic analysis. Concentration-versus-time data
for both the parent compound and active 14(R)-hydroxy
metabolite in plasma were subjected to curve stripping
and sequential polyexponential regression analyses using
CSTRIP and NONLIN (14, 18). A weighting by the recipro-
cal of concentration was used in the majority of data fits,
although a weight of 1 in a few cases resulted in superior
fidelity of fitting. The appropriate exponential model was
judged by using the Akaike information criterion (1, 20).
Parameters obtained from the model fitting included absorp-
tion, formation, and elimination (1B) rate constants; lag time
to absorption or metabolite formation; terminal disposition
half-life (t1/2.); peak concentration in plasma (Cm.); time to
Cm.; area under the concentration-versus-time curve from
time 0 to infinity for plasma (AUCoO); apparent total body
clearance (CLf); and apparent volume of distribution by
standard techniques (7). In addition, percent urinary excre-
tion over a 12-h period following dosing and renal clearance
(CLR) were measured by model-independent techniques (7).

Statistical analysis. All statistical analyses utilized the
Statistical Analysis System procedures FREQ, CORR, and
GLM (17). For each subject, each dose was considered an
independent event, since 21 days elapsed between dose
administrations and subjects were independently random-
ized prior to each of the two dose administrations. The total

number of exposures was used as the denominator when
calculating the incidence of adverse events, which were
analyzed by Fisher's exact test. For pharmacokinetic param-
eters, the Bonferroni procedure was used for the comparison
of dose groups with the mean square for error from the
analysis of variance as the estimate of the variance. Also,
Pearson's correlation coefficient between dose and the phar-
macokinetic variables was obtained. Statistical significance
was assessed at the 5% level. All data are expressed as mean
± SD except for tl/2, (harmonic mean).

RESULTS

Thirty-six subjects were originally enrolled in the protocol
and assigned to the three study groups. Three replacement
subjects were subsequently enrolled because subjects failed
to report for the second dose administration (all for personal
reasons). Thus, a total of 39 subjects participated. As
discussed above in "Statistical analysis," the two dose
administrations were considered independent, and thus,
after randomization, the total number of observation in the
study was 71:47 in the clarithromycin group and 24 in the
placebo group.

Safety. No clinically significant drug-related trends were
noted in medical history, physical examination, electrocar-
diographic, vital sign, audiometric, and clinical laboratory
(hematology, chemistry, and urinalysis) assessments. Six-
teen of 47 clarithromycin recipients (34%) and 4 of 24
placebo recipients (17%) experienced one or more adverse
events (P = not significant). The most frequent event re-
ported in the clarithromycin group was nausea (13%). All
adverse events were mild to moderate in severity and
self-limited.

Pharmacokinetics. Figures 1 and 2 illustrate the concentra-
tion-versus-time profiles of clarithromycin and 14(R)-hy-
droxyclarithromycin in plasma after ascending single oral
doses of clarithromycin in the healthy study volunteers,
respectively. Tables 1 and 2 illustrate the pharmacokinetic
parameters of clarithromycin and 14(R)-hydroxyclarithro-
mycin after ascending single oral doses of clarithromycin in
the volunteers, respectively. Model-derived Cm. and
AUCO, data agreed well with observed Cm,, and trapezoi-
dally derived AUCO, and thus, only model-derived data are
presented in this report. Results from statistical comparison
between dose groups for the pertinent pharmacokinetic
parameters are also presented in Tables 1 and 2.
On the basis of the Akaike information criterion, a mono-

exponential elimination model, that is, a one-compartment
open model, was found to most appropriately describe the
plasma clarithromycin concentration-versus-time data. After
oral administration, clarithromycin was rapidly absorbed,
with Cm,, generally reached within 1.5 to 3 h following
dosing. The mean Cm.. increased approximately in propor-
tion to dose from 0.35 mg/liter (100-mg dose) to 3.97 mg/liter
(1,200-mg dose). Significant dose dependency in clarithro-
mycin pharmacokinetics was noted for 1, CLR, dose-nor-
malized AUCOO, and CLf data (P < 0.05) (Fig. 3). The
decrease in CLf with increasing dose and the corresponding
increase of the dose-normalized AUCOO are most likely due
to the dose-dependent decrease in 1 (or increase in t1,2s),
because the apparent volume of distribution data, as shown
in Table 1, show no apparent dose-related changes. This
relatively constant apparent volume of distribution (a main
determinant for Cm,) across various doses may also explain
the apparent dose linearity of Cm.. The mean urinary
recovery of the parent compound ranged from 11.5 to 17.5%
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FIG. 1. Mean + SD plasma clarithromycin concentration-ver-
sus-time profiles following oral administration of single doses of
clarithromycin to healthy volunteers.

of the administered dose over a 12-h time interval following
dosing, while mean CLR ranged from 97 to 198 mn/min across
dose groups.
A monoexponential elimination model was also found to

most appropriately describe the plasma 14(R)-hydroxy me-
tabolite concentration-versus-time data. Similar to the par-
ent compound, the observed metabolite t1,,, increased with
increasing clarithromycin dose, from a mean of 2.4 h after
100 mg to 9.2 h after 1,200 mg (for ,B, r = -0.37 and P <
0.05). Across the 100- through 1,200-mg-dose groups, the
mean ratio of metabolite to parent compound concentration
in plasma was 0.81, ranging from a mean of 1.58 at the
100-mg dose level to a mean of 0.53 at the 1,200-mg dose
level. This trend to decline with increasing dose is also
reflected in the mean metabolite/parent AUCQO ratios,
which are illustrated in Table 2. Mean urinary recovery of
the metabolite ranged from 5.3 to 8.8% of the administered
dose over a 12-h interval following dosing, while mean CLR
ranged from 62 to 120 m/min across dose groups. Correla-
tion analysis of mean urinary recovery of the metabolite
versus dose revealed a small but statisticaLly significant
downward trend with increasing dose. The mean metabolite/
parent drug urinary excretion ratios were 0.81, 0.67, 0.63,

0 5 10 15 20 25
Hours After Dosing

FIG. 2. Mean ± SD plasma 14(R)-hydroxyclarithromycin con-
centration-versus-time profiles following oral administration of sin-
gle doses of clarithromycin to healthy volunteers.

0.50, 0.42, and 0.41 for the 100-, 200-, 400-, 600-, 800-, and
1,200-mg groups, respectively, showing a very significant
downward trend with increasing dose (r = -0.60) similar to
the corresponding ratios of AUCO,.

DISCUSSION

The pharmacokinetics of clarithromycin and its 14(R)-
hydroxy metabolite appear to be nonlinear. Nonlinearity in
the pharmacokinetics of both compounds was suggested by
the dose dependency noted in 1, dose-normalized AUCEO,
and CLf. The significant decline in the metabolite/parent
compound concentration in plasma ratio with increasing
dose and the decline in urinary recovery of the metabolite
with increasing dose were consistent with a capacity-limited
metabolism of the parent compound to the 14(R)-hydroxy
metabolite. This may account, at least in part, for the
nonlinearity of clarithromycin pharmacokinetics. Similar
nonlinear pharmacokinetics have been noted for the macro-
lide erythromycin (3, 10). CLRs of both the parent drug and
the metabolite showed statistically significant differences
between some dose groups, very possibly due to the differ-
ent subjects used in each group, because further correlation

VOL. 36, 1992
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FIG. 3. Mean AUCO_, for clarithromyc
tion to healthy volunteers.

analysis revealed no dose-related tre
metabolite. Although CLR for the F
significant dose-related trend, the con
-0.38) and the trend was not substanti
-0.058 with an intercept of 167.7).
purposes, renal elimination of both c
follow first-order kinetics. Oral bioa%
mycin does not appear to be dose dep
urinary excretion data.
As discussed above, the disposition

mycin are somewhat nonlinear. Furth
a relatively important route for clarithi
erythromycin), shows no apparent do
the actual disposition kinetics for cla
complicated than would be suggeste
The present model represents an appi
reasonable description of the proffles a
limitation with respect to dose extra
data are, however, insufficient for r
parameters from test models which i
limited metabolism and a parallel firs
tion.

Clarithromycin appeared to be safe
single doses as high as 1,200 mg. Th
further multiple-dose pharmacokinet
with this compound are warranted.
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