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ADMINISTRATION TO HEALTHY VOLUNTEERS
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The purpose of this study was to determine the population pharmacokinetics of azithromyvcin following a
500 mg peroral dose. This was achieved by simultaneous data fitting of 46 different individuals using
WinNonlin® program. It was shown that azithromvcin population plasma profile was characterized by a mod-
erately slow absorption phase, a fast distribution phase into body tissues and a slow elimination phase with a 62
hour elimination half-life. Population absorption profile was obtained using Topfit® program and showed con-
tinwed and essentially complete absorption of azithromycin in the first 24 hours after peroral dosing. This was
consistent with the continued drug excretion, via the bile duct, and thus continued drug absorption. These recy-
cling and slow elimination phenomena offer the advantage of a sustained-release-like action of azithromycin,

which allows the once daily dosing regimen.
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Introduction

Azithromycin is a semi-synthetic anti-
biotic belonging to the macrolide subgroup
of azalides and is similar in structure to
erythromycin. Azithromycin has an appar-

ent advantage over erythromycin in that it

reaches higher concentrations intracellu-
larly, thus increasing its efficacy and dura-
tion of action. Peroral absorption of
azithromycin is rapid but is inhibited by
tfood, which also decreases the maximum
plasma concentration. Distribution through-
out the body is extensive. Azithromycin
exhibits significant intracellular penetration
and concentrates within fibroblasts and
phagocytes. As a result, tissue levels are
significantly higher than plasma concentra-
tions. However, CNS' penetration is poor.
Peak plasma concentrations occur at.about
2 hours after peroral administration. . The
drug i1s eliminated largely in feces, -follow-
ing excretion into the bile, with less than
10% excreted in the urine. It does hot inac-
tivate cytochrome P430 and is unable to
modify the pharmacokinetics of other com-
pounds. Azithrotmycin appears to demon-
strate a time-dependent versus time-
accumulation profile in breast milk. In chil-
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dren, once-daily administration of azithro-
mycin resulted in sustained systemic expo-
sure to the drug. The elimination half-life of
azithromycin has been reported to be vari-
able and can reach up to 70 hours, which is
partially explained by its extensive tissue

“uptake and slow tissue release. The disposi-

tion of azithromycin from serum is a bi-
phasic process, exhibiting a short tissue
distribution phase followed by a longer
elimination phase (1 -9).

Detailed data analysis has not been per-
formed on azithromycin on a large scale of
acceptable inferences about its population
pharmacokinetics up to date. Therefore, the
objectives of this work were to determine
the population pharmacokinetics of azithro-
mycin by simultanecus data fitting from 46
different individuals using WinNonlin®
program, and to characterize its population
absorption profile using Topfit® program.

Materials and Méthods

Drugs and veagents: Azithromycin 250 mg cap-
sules were purchased from the Jordanian market
(Zithromax®, Batch # 71036070). All reagents used
were obtained from Sigma Chemical Company,
USA. :
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Subjects: Fourtysix healthy male subjects sub-
mitted written informed consent to participate in the
study which was approved by the Institutional Re-
view Board of the study site, Ibn-Annafis Hospital.
The subjects were within 15 % of their ideal body
weight and were judged to be healthy based on their
medical history, physical examination, complete
blood count and serum chemistry. In addition, all
subjects were medication free, including otc drugs,
for 7 days prior to the study.

Experimental and assay procedure: Following a
ten-hour overnight fast, 500 mg dose of azithromy-
cin capsules were administered perorally followed
by 240 ml water. Blood samples were collected at
Oprecasen 0.25, 0.5, 0.75, 1, 1.25, 1.5, 1.75, 2, 2.5, 3,

5,4,5,6, 8,10, 12, 18, 24, 48, 72, 96, 120, 144,
168 and 192 hours after dosing. Samples were stored
at -20 °C until analysis. A rapid and sensitive HPLC
method was developed for the determination of
azithromycin in plasma using clarithromycin as the
internal standard. The procedure involved basifica-
tion of azithromycin and clarithromycin from 0.5 ml
plasma using rert-butyl methyl ether as the extrac-
tion solvent. The separation of azithromycin was
performed using a stainless steel Cg (4.6 x 100mum)
syminetry column with a particle size of 3.5 pm.
The mobile phase consisted of 63.5% phosphate
buffer and 36.3% acetonitrile. Its pH was adjusted to
7.40 with phosphoric acid. The mobﬂe phase was
pumped at a flow rate of 1.2 ml.min" at a constant
oven temperature of 35 °C. The effluent was moni-
tored using an electrochemical detector (ECD). Each
analysis required no longer than 15 min. Quantifica-
tion was achieved by the measurement of peak-area
ratio of the drug and the internal standard. The limit
of quantification for azithromycin in plasma was 5
ng.ml". All the samples collected after 192 hours of
dosing were below the quantification limit.

The intra-day and inter-day coefficients of
variation (CV%) ranged from 3.95 to 7.61 % at 30,
150 and 300 ng.ml”. Relative recovery ranged from
9525 to 102.05% while the absolute recovery
ranged from 92.68 to 101.21%. Stability tests
showed that azithromycin was stable in plasma for at
least one month when stored at —20 % 5 °C.

Data Analysis

1. Model building: One-, two-, and three-
compartment models were evaluated on individual
basis using Topfit® Software, Germany (10). First-
order absorption with one lag time was used in all
models. One-compartment model did not fit the data
adequately whereas two-compartment model was
much better and fitted the data for all individuals.
The fitting did not improve significantly using three-
compartment model, The criteria used for our deci-
sion involved the following; Examining the fitted
curves and the improvement in statistical tests
(Akaike test, Schwarz test and Imbimbo test in addi-
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tion to correlation coefficient of the fitted curves)
and examining the improvement in relative residuals
vs. data points plots.

2. Population analysis: The simultaneous data
fitting of the 46 individuals were performed using
WinNonlin® program, running on a 233MHz Pen-
tinm computer (11). Model 12 (Fig. 1) was uvsed in
population data fitting with 6 basic parameters (Vol-
ume of distribution, K10, K01, K12, K21 and Lag
time) and 11 secondary parameters (Alpha Beta,
KOl half-life, KI0 haif-life, Alpha half-life, Beta
half-life, AUC, Tmax, Cmax, A-constant and B-
constant). Gaunss-Newton method (Leévenberg and
Hartley) was used under uniform weighting. Suc-
cessful convergence was achieved in approximately
3 minutes and after 10 iterations.

Fig 1. The pharmacokinetic two-compartment
- model.
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Results and discussion

Fitted population parameter estimates as
determined by WinNonlin® are summa-
rized in the table. The population plasma
level profile and the residual plots are
shown in figs 2 and 3 as determined by
WinNonlin®. The population absorption
profile was characterized using the Topfit
program (Fig. 4)
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Fig. 2. Population plasma level profile after peroral

dose of 500 mg azithromysin.

Data analysis have been performed by
simultaneous data fitting from 46 different



individuals to determine the population
pharmacokinetics of azithromycin after
administration of 500 mg peroral dose. The
estimates of all parameters were acceptable
and precise due to small standard errors
(Table). However, standard errors of Beta
and Beta-HL. were high suggesting impre-
cise estimates. Nevertheless, we accepted
such results because of their concurrence
with the previously reported values (2, 5).
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Fig. 3. WinNonlin population plots of weighed
residual vs weight predicted.
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Fig. h;l'..‘.vl‘)bpulation absorption pr(;ﬁle after peroral
dose of 500 mg azithromysin.

It can be seen from fig. 3 that weighted
residuals are essentially of random and ho-
mogeneous distribution, indicating accept-
able data fitting. However, the positive re-
siduals at the zero prediction point (i.e.
from 0.25 to 1.25 hrs) were due to higher
individual observations. In fact, the ob-
served data points fluctuated up and down
above the limit of quantification during the
first 0.25-2.5 hrs within each individual.

We noted continued and essentially
completed absorption (>90%) during the

Parameter Estimate SE (%)
Volume/F(L) 6800 2388
KO1 (hr') 0.197 0.043
K10 (he'h 0.810 0.411
K12 (r'h 1.141 0.444
K21 (hr'h) 0.027 0.027
T-lag (hr) 1267 0.066
AUC (ng.ml/hr)* 3931
KI10-HL (hr)** 0.856 0.434
KO01-HL (hr) 3.524 0.768
Alpha (hr'h 1.967 0.473
Beta (fr'h) 0.011 0.014
Alpha-HL (hr) 0.352 -0.085
Beta-HL, (hr) 61.629 76.911
A-~constant -8.105 0.890
B-constant 0.641 0.519
Trnax (1) 2.611 0.125
Crax (ng/ml) 266.091 7.321

* Computed by trapezoidal rule from 0 to 168 hrs.
** HL: Half-life.

first 24 hours (Fig. 4). This was consistent
with the continued drug excretion via the
bile duct and thus continued drug absorp-
tion. However, Crmay 0ccured approximately
after 3 hours. This was suggested to be due
to the rate of disposition as expressed by
K12 and alpha parameters being much
higher than the rate of absorption, which
was consistent with the high degree of tis-
sue protein binding of azithromycin. These
recycling and slow elimination phenomena
offer the advantage of a sustained-release-
like action of azithromycin, which allows
the once daily dosing regimen.
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