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Abstract

A fastand sensitive high-performance liquid chromatographic method for determination of azithromycin in human serum using fluorescence
detection was developed. The drug and an internal standard (clarithromycin) were extracted from serarhesamgand subjected to pre-
column derivatization with 9-fluorenylmethyl chloroformate as labeling agent. Analysis was performed on a phenyl packing material column
with sodium phosphate buffer containing 2 ml/l triethylamine (pH 5.9) and methanol (29:71, v/v) as the mobile phase. The standard curve was
linear over the range of 10-500 ng/ml of azithromycin in human serum. The means between-days precision were from 13.3% (for 10 ng/ml) to
2% (500 ng/ml) and the within-day precision from 11.9 to 1.7% determined on spiked samples. The accuracy of the method was 100.7-107.2%
(between days) and 100.3-107.8% (within day). The limit of quantification was 10 ng/ml. This method was applied in a bioequivalence study
of four different azithromycin preparations in 12 healthy volunteers.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction als and acid degradation stud[2s4]. In biological samples
several HPLC methods using electrochemical detection have
Azithromycin [9-de-ox0-9a-aza-9a-methyl-9a-homoery- been developed for determination of azithromyj&nl2]. A
thromycin A dehydrate], is a macrolide antibibiotic. It is sensitive HPLC method using atmospheric pressure chemical
chemically related to erythromycin with enhanced spectrum ionization mass spectrometric detection has been reported for
and potency against some bacteria, longer elimination half the analysis of azithromycin in plasma. This method requires
life, superior stability in acid environment and higher tissue only a sample volume of 50 [13]. Quantitative determina-
concentrationfl]. Low plasma concentrationis achieved fol- tion of azithromycinin human serum using 9-fluorenylmethyl
lowing administration of azithromycin, thus quantification chloroformate (FMOC-CI) as a fluorescent labeling agent has
methods of the drug in pharmacokinetic studies and moni- been reported by Torano and Guchelddi. In their method
toring of its efficacy needs to be sensitive and specific. The however, the limit of quantitation (LOQ) is 92 ng/ml which
analysis of the drug is complicated, because azithromycinis not enough for human pharmacokinetic studies using low
has only a weak UV absorbance in the wavelength range ofdosages. Also due to the simultaneous determination of all
less than 220 nm. High-performance liquid chromatography macrolides the retention time is 20 min, which is time con-
(HPLC) with UV detection has been used for analysis of the suming. Based on their method a new sensitive, rapid and
drug in in-vitro studies including bulk samples, raw materi- simple assay for the determination of azithromycin in hu-
man serum has been developed. In the present method the
* Corresponding author. Tel.: +98 831 8350197; fax: +98 831 8368410, Sensitivity has been improved and the run time has been re-
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a bioequivalence study following oral administration of four The residue was subjected to derivatization with FMOC-Cl as
different azithromycin preparations in 12 healthy volunteers. previously describeil4] with some modifications. Briefly
160l FMOC-CI (500ul/ml in acetonitrile) and 4@l of bo-
rate buffer (pH 7.4) were added and after vortex mixing for

2. Experimental 10s the samples were kept at 8D for 40 min. The reac-
tion was stopped by adding 10 glycine (0.1 M) and, after

2.1. Chemicals 1 min, 20wl of the reaction mixture was injected in to the
chromatograph.

Azithromycin and clarithromycin hydrochloride (1.S.)
were from Sigma (St. Louis, MO, USA) and kindly pro- 2.5. Calibration
vided by Tehran Shimi pharmaceutical company (Tehran,
Iran). Methanol (HPLC grade), hexan, boric acid, potassium  An amount of 10Qul from each working solutions was
chloride, potassium hydroxide, potassium dihydrogen phos- evaporated in disposable glass tubes (16xnb®0 mm) un-
phate, triethylamine, sodium carbonate, sodium bicarbonate,der a gentle stream of nitrogen atBD. The residue was re-
phosphoric acid and glycine were purchased from Merck constitutedin 1 ml drug-free human serum. The samples were
(Darmstadt, Germany). FMOC-CIl was obtained from Sigma then submitted to the procedures of extraction, derivatization
(St. Louis, MO, USA). All reagents used were of analytical and chromatographic analysis described above. Calibration
grade except methanol which was HPLC grade. Water wascurves (unweighted regression line) were obtained by linear
glass-double distilled and further purified for HPLC with a least-squares regression analysis plotting of peak-area ratios
Maxima purification system (USF ELGA, England). (azithromycin/I.S.) versus the azithromycin concentrations.

2.2. Preparation of standard solutions 2.6. Performance assessment

Stock solutions of azithromycin and the I.S. were prepared  The recovery of azithromycin from serum was determined
by dissolving the compounds in acetonitrile at concentrations at concentration ranges of 10, 100 and 500 ng/ml by compar-
of 1000 and 25.g/ml, respectively. The azithromycin stock ing peak areas obtained after derivatization of azithromycin
solution was further diluted with acetonitrile to working solu-  extracted from serum with peak areas obtained after deriva-
tions ranging from 10 to 5000 ng/ml. A borate buffer (0.1 M) tization of the same amounts of unextracted azithromycin
was prepared by dissolving 0.625 g of boric acid and 0.750 g solutions in acetonitrile. The recovery of I.S. from serum
of potassium chloride in 100 ml water and adjusting the pH was determined at a concentration of 25 ng/ml by the same
to 7.4 with 0.2 M potassium hydroxide solution. A 5@ml method. Within-day variation was measured by assessing the
solution of FMOC-Cl was prepared in acetonitrile. Stock so- different controls in replicates of six. Between-days variation
lution of glycine (4 mg/ml) was prepared in water. All solu- was based on repeated analysis of the same concentration
tions were stored at4C and were stable for at least 4 weeks. controls in ten analytical run performed on different days.

The specificity of the method was investigated by the analy-
2.3. Chromatography sis of 12 human blank serum samples from different volun-
teers. These samples were pretreated according to the sample

The HPLC system consisted of two pumps (LC-10AD), preparation procedure exceptfromthe addition ofthel.S. The
a column oven (CTO-10A), a spectrofluorometric detec- selectivity of the assay was evaluated by derivatization and
tor (RF-551) operated at an excitation wavelength of 260 analysis of a group of potentially co-administrated drugs with
and emission wavelength of 315nm, a degasser (DGU-3A) the azithromycin. The limit of detection was defined as the
and a data processor (C-R4A) all from Shimadzu, Kyoto, concentration of drug giving a signal to noise ratio of 4:1.
Japan. The analysis was performed on a phenyl columnThe lower limit of quantification was defined as the lowest
(150 mmx 6 mm i.d.) which was packed with gm parti- serum concentration of azithromycin quantified with a coef-
cles (Shimpack-CLC-Phenyl) and operated &t®2The mo- ficient of variation of less than 20% (range recommended by
bile phase consisted of methanol-0.05 M sodium phosphatethe Conference Report on Bioanalytical Methods Validation
buffer (71/29, viv) containing 2 ml/l triethylamine and ad- [15]).
justed to a pH of 5.9 with phosphoric acid. The eluent was
filtered, degassed and pumped at a flow rate of 2.5 ml/min.

3. Results and discussion
2.4. Sample preparation and derivatization
3.1. Specificity and selectivity

To 1 ml serum samples 1Q0 of .S., and 5 ml hexan were
added. After mixing for 30 s on a vortex mixer and centrifu- Representative chromatograms of human blank serum and
gation (5min at 600& @), the organic phase was removed human blank serum spiked with azithromycin (10 ng/ml)
and evaporated to dryness under a stream of nitrogerr&.45 and the I.S. are shown ifig. 1A and B, respectively.
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