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ABSTRACT: This work presents a fast and reliable electroanalytical procedure for the quantification of azithromycin (AZ) in
different systems that couples flow injection analysis and amperometric detection (FIA-AM). The quantification was performed
at a working potential of 1.20 V (vs Ag/AgCl/NaCl (3 M)) in 0.05 M phosphate buffer at a flow rate of 1.0 mL min−1. Under
these conditions a 1.00 × 10−6−1.50 × 10−5 M linear range, (5.8 ± 0.4) × 104 CAZ (μA M −1) sensitivity and 4.44 × 10−7 M limit
of detection are obtained. Also, this technique can be used without sample pretreatment and presents good reproducibility. The
procedure was applied to the determination of the content of AZ in commercial tablets, to study the intrinsic dissolution rate of
compacts of AZ dihydrate, and to determine the AZ release from a AZ hydrogel and carbomer. The method was statistically
analyzed and proves to be reliable and robust. However, more remarkable is that FIA-AM technique presents better sensitivity
and high sampling rate.

1. INTRODUCTION
Azithromycin (AZ) (9-deoxy-9a-aza-9a-methyl-9a-homoery-
thromycin A, Figure 1) is a member of the family of 15-

membered macrolide antibiotics called azalides. It is used as an
antibiotic in human medicine for the treatment or prophylaxis
of a number of health problems such as pharyngitis,
pneumonia, chronic bronchitis, bronchopneumonia, skin and
soft tissue infections, and some sexually transmitted diseases.1

AZ levels can be determined and studied through several
methods2−14 such as bioassay,2 spectrophotometry,3−5 spectro-
fluorometry,6 high-performance liquid chromatography using
amperometry,7,8 fluorescence,9,10 and UV11 and mass spec-
trometry.12−14 These methods can be applied to the detection
of AZ in various samples, but they are generally time-
consuming and/or complicated. AZ can also be assayed and
studied by using electrochemical methods. The oxidative
behavior of AZ at different electrodes such as glassy carbon

electrode, handmade carbon paste electrode, and gold electrode
was used for the determination of AZ.15−17 A polymeric
membrane electrode has been developed for the determination
of AZ with the limit of detection (LOD) 1.54 μg mL−1.18

To the best of our knowledge, there are only three reported
FIA methods for the determination of AZ in pharmaceutical
formulations.4,19,20 Song et al.19 have reported a flow-injection
chemiluminescence method for the determination of AZ in
pharmaceutical preparations, human urine, and serum.
However, despite its high sampling rate, excellent analytical
sensitivity, and relative low cost, this method presents
drawbacks, such as the complexity of the chemiluminescence
mechanism of the system utilized, the critical detection of the
chemiluminescence signal within a short and strictly defined
period of time, and the efficiency of the proposed reaction only
at pH 12.4. A flow-injection procedure for the spectrophoto-
metric determination of AZ in pharmaceutical formulations has
also been proposed4 on the basis of the reaction of AZ with
tetrachloro-p-benzoquinone (p-chloranil) accelerated by hydro-
gen peroxide and conducted in a methanol medium, producing
a purple-red compound (λmax = 540 nm). Although the method
is relatively simple, the procedure is performed in methanol and
cannot be used to analyze samples other than pharmaceutical
formulations. Finally, an FIA amperometric method for the
determination of AZ in pharmaceutical formulations (AZ

Received: October 12, 2012
Revised: February 7, 2013
Accepted: March 13, 2013
Published: March 13, 2013

Figure 1. Chemical structure of azithromycin.
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dihydrate) has also been proposed20 that presents good
analytical sensitivity; however, the main disadvantage is a low
sampling rate due to a cleaning cycle that is included.
In this work a sensitive, simple, and reproducible procedure

for the quantification of AZ in different samples that is based on
a flow injection system with amperometric detection (FI-AM)
is described. The analytical parameters were determined. This
procedure was applied to the determination of the AZ content
of commercial tablets, to the evaluation of the intrinsic
dissolution rate of AZ dihydrate compacts, and to study the
AZ release from AZ hydrogels and carbomer as examples of its
application as a fast method. This procedure is intended to be
an alternative, simple, and fast tool for AZ quantification in
different systems. Therefore, the discussion is centered on the
analytical procedure and the advantages of using the proposed
approach in such systems.

2. EXPERIMENTAL SECTION

2.1. Apparatus. The flow injection analysis system has
been previously described.21 It consists of a peristaltic pump
(Gilson Miniplus 3), adjusted to 1.0 mL min−1 flow rate, and a
Rheodyne type 7125 injection valve with a 20 μL sample
injection volume. Quantifications were performed in an
electrochemical flow cell with a stainless steel auxiliary
electrode block, a 51 μM TG-2 M Teflon cell gasket (MF-
1046 Bioanalytical Systems), and an LC-4C amperometric
detector (BAS). The working potential was applied to the same
glassy carbon disk electrode vs a Ag/AgCl/NaCl 3 M reference
electrode (RE-4 BAS), allowing the current to decay to its
stationary value after each measurement.
2.2. Solutions and Reagents. Stock solutions (2 × 10−2

M) were prepared in 0.05 M phosphate buffer of pH 7.0 by
dissolving accurately weighed amounts of AZ dihydrate
(Parafarm, Argentine) in purified water. Aqueous standard
solutions were prepared by diluting the stock solution with
phosphate buffer. Water was purified in a Milli-Q system
(Millipore, U.S.A.). All other reagents were of analytical grade.
The 0.05 M phosphate buffer solutions (Barker) were prepared
by weighing appropriate amounts of the compound in pure
water every day.
2.3. Studied Systems. In order to test the proposed

method, three different systems were analyzed: (1) the
determination of the content of AZ of a commercial
pharmaceutical formulation, (2) the evaluation of the intrinsic
dissolution rate of compacts of AZ dihydrate, and (3) the study
of the kinetic of liberation of AZ from an AZ hydrogel and
carbomer, designated as C934-AZ40.
In the first case, three tablets of a commercial formulation

labeled as containing 500 mg of AZ [corresponding to 524.10
mg AZ dihydrate (Doyle, 57164, Raffo Laboratory, Argentina)]
were weighed and crushed to a fine powder in an agate mortar.
Accurately weighed amounts of this powder were dissolved in
0.05 M phosphate buffer, pH 6.8, giving a final concentration of
1 × 10−4 M AZ. This solution was further diluted to fit the
linear concentration range. Each determination was carried out
six times, and the amount of AZ was determined by the simple
calibration method. No additional sample pretreatment was
required. In the second system, the disk intrinsic dissolution
rate (DIDR) of AZ dihydrate was determined by the rotating
disk method using a USP rotating disk apparatus (die cavity
diameter/area: 0.8 cm/0.5 cm2).22 The DIDR (J) is defined as
the dissolution rate of pure substances under the condition of a

constant surface area, temperature, stirring rate, and pH23 and
is calculated by the following:

=J V
c
t A

d
d

1

where J is the DIDR, V is the volume of the dissolution
medium, c is the concentration, A is the area of the drug disk,
and t is the time. For the disk preparation, 250 mg of AZ
dihydrate was compressed in the rotating disk die at 200 kg
force for 1 min, using a hydraulic press (SHIMADZU, SSP-
10A). DIDR studies were conducted on a Hanson SR6
dissolution tester (Hanson Research, CA, U.S.A.), using 500
mL of 0.05 M deaereated phosphate buffer, pH 6.8, at 37 ± 0.5
°C and a 50 rpm rotation speed. For all experiments, aliquots
(3 mL) were withdrawn with replacement at appropriate time
intervals (5 min). Two independent measurements were
performed.
Finally, the third system analyzed was evaluation of AZ

release from aqueous dispersions. Experiments were performed
in a modified Franz diffusion assembly at 37 ± 1 °C.
Semipermeable acetate cellulose membrane (Sigma 12000)
was placed between the donor and receptor compartments.
Twenty milliliters of hydrogel was placed in the upper
compartment while the receptor compartment was filled with
300 mL of phosphate buffer, pH 6.8, and stirred at 260 rpm
with a Teflon-coated magnetic stirring bar. At selected time
intervals aliquots (3 mL) were withdrawn and replaced by the
same volume of fresh and prewarmed receptor medium. The
assays were done in triplicate. Hydrogel preparation was
described elsewhere,24,25 but briefly AZ was used to neutralize
40% of the carboxylic groups of a 0.25% aqueous dispersion of
carbomer and AZ (C934-AZ40).

3. RESULTS AND DISCUSSION
3.1. Method Optimization and Operational Parame-

ters. Cyclic voltammograms of standard AZ solutions at
different pH values were already obtained20 indicating that the
compound is electroactive. However in that proposed method a
surface regeneration cycle was proposed, that made the whole
procedure rather slow and troublesome. In order to obtain a
faster method an alternative was analyzed. Figure 2 shows the
hydrodynamic voltammogram for 1.0 × 10−5 M AZ in the
0.80−1.30 V potential range. In this case a current plateau is
never reached. For that reason, a working potential of 1.20 V
was selected, as at this potential value the highest current is
obtained, and no oxygen evolution is observed.
Figure 3 shows the current dependence on the injection

frequency. Data were empirically obtained from an independent
series of 15 successive injections of 1.0 × 10−5 M AZ, in the
30−240 injections per hour range (at a 1.00 mL min−1 flow
rate). As can be observed, no significant variations with the
injection frequency is obtained; hence, a frequency of 120
injections h−1 was selected, as a good baseline is observed and
allows an important number of determinations.
The current dependence on the flow rate is shown in Figure

4 for 1.00 × 10−5 M AZ solution in the 0.25−1.50 mL min−1

range. As it can be observed for flow rates lower than 0.75 mL
min−1 or higher than 1.11 mL min−1, there is a smooth current
increase, with a minimum and constant value at ∼1.00 mL
min−1, and so this is the chosen value as there is a good and
stable current signal.
The electrode response stability was analyzed by consecutive

injections of 1.00 × 10−5 M AZ solutions during 1110 s (not
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shown). There is a slight current decrease in the first 200 s
(∼15%), and then the current signal remains practically
constant, indicating that the electrode can be used in an FIA-
AM system.
After the FIA-AM optimization, the analytical characteristics

such as linearity range, detection limit, precision, accuracy, and
matrix effect were analyzed, prior to its use in different real
systems.
The analytical method linearity and reproducibility were

obtained by performing 10 AZ calibration curves on different
days and with different solutions from which the corresponding
regression curves were obtained. Calibration curves were
performed in the 1.00 × 10−6−7.00 × 10−5 M concentration
range; however, for concentration values higher than 1.50 ×
10−5 M, deviations from linearity are observed. For that reason
the concentration range was limited to 1.00 × 10−6−1.50 ×
10−5 M where lineal dependences are obtained. The average
and standard deviation for the slope and the ordinate of all the
calibration curves were calculated, and the obtained equation is

μ = ± ×

μ + ± μ−

i C( A) (5.8 0.4) 10

( A M ) (0.014 0.009) ( A)

p
4

AZ

1

The limit of detection (LOD) was calculated on the basis of the
standard deviation of the response (δ) and the slope (S) of the
calibration curves at the levels approaching the limits according
to the equation LOD = 3.3(δ/S), being 4.44 × 10−7 M.
The precision of the assay was investigated with respect to

both repeatability and reproducibility. Repeatability was
determined by injecting standard solution at three levels of
concentration, 5.00 × 10−6, 1.00 × 10−5, and 1.50 × 10−5 M
(six replicates each). In Table 1 the obtained results, expressed

in terms of the coefficient of variation (CV %), for five
successive AZ records are shown. Interday precision was
assessed by injecting the same three concentrations over three
consecutive days. As can be observed, CV values of less than 6%
were obtained, indicating that the repeatability of the proposed
method is acceptable.
Accuracy was determined by analyzing a known sample,

comparing the measured value with the true value, and
determining the percentages of recovery at three levels of
concentration in two different situations. Recovery data
obtained were within the 98−104% range (Table 2). Applying
the t test, the experimental mean was not significantly different
from the true value with 95% confidence (p > 0.05) (Table 1).
Matrix interference can introduce systematic errors on the

analytical determination. The relative systematic errors can be
detected by applying the standard addition calibration method
to different real samples. Thus, a comparison between the
slopes of the standard addition calibration lines and a standard
calibration line was carried out. If the matrix does not interfere,
both lines must have the same slope. Figure 5 shows the
calibration slope lines obtained with the proposed method and
with the standard addition method applied to a Doyle AZ

Figure 2. Hydrodynamic voltammogram for azithromycin 1.00 × 10−5

M in phosphate buffer 0.05 M (pH 7.00) at 1.00 mL min−1 flow rate
and with a 20 μL injection volume.

Figure 3. Effect of injection frequency in response to a solution of
azithromycin 1 × 10−5 M, 1.200 V, 1.00 mL min−1.

Figure 4. Flow-rate dependence on the flow injection response.
Azithromycin concentration, 1.00 × 10−5 M in phosphate buffer 0.05
M (pH 7.00) at 1.200 V and with a 20 μL injection volume.

Table 1. Analysis of Known Concentration Samples

theor. conc (M) exp’l conc (M) CVa (%) p value

5.00 × 10−6 5.10 × 10−6 6 0.5198
1.00 × 10−5 1.04 × 10−5 3 0.1472
1.50 × 10−5 1.51 × 10−5 1 0.3836

aCV = coefficient of variation.
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sample. Slope comparison was performed by applying the t test,
slopes were not significantly different from the true value with
95% confidence (p > 0.05) (not shown).
3.2. Analytical Application to Real Systems. 3.2.1. Azi-

thromycin Determination in Commercial Tablets. The
proposed amperometric procedure was successfully applied
for the determination of AZ in a commercial pharmaceutical
formulation without interference from its excipients on the
basis of the average of six replicates. The average AZ content is
0.51 ± 0.03 g/tablet, that when statistically compared with t
test with the nominal value (0.5241 g/tablet) no significant
differences were observed with 95% confidence regarding
accuracy and precision as revealed by the p = 0.3711 value (p >
0.05).
3.2.2. Azithromycin Intrinsic Dissolution Rate Determi-

nation. The DIDR of AZ dihydrate was determined at 37 °C in
buffer phosphate pH 6.8 at 50 rpm. Figure 6 shows the mean
dissolution profile for this sample expressed as mg mL−1 vs time
(min). As it can be observed, there is a lineal dependence
between the AZ dihydrate dissolved amount expressed as mg
mL−1 and time, in good agreement for a dissolution process
where the humid drug area remains constant, indicating that
the developed FIA-AM method can be used to evaluate the
intrinsic dissolution behavior of this solid-state form (AZ
dihydrate). The slope of the dissolution profile was used to
derive the J of AZ dihydrate, which was found to be 0.169 ±
0.004 mg cm−2 min−1.
3.2.3. Azithromycin Release Kinetics from Hydrogels of

Carbomer. The proposed method was also used to evaluate the
release kinetics of AZ from hydrogels of carbomer and AZ. The
samples were provided and prepared by S. Esteban, from
Departamento de Farmacia, Facultad de Ciencias Quiḿicas-
UNC. In Figure 7 the AZ release profile from the hydrogel of

carbomer and AZ (C934-AZ40) is presented. The amount in
percentage of AZ released was 20.8%, being the obtained
amount in good agreement with the value obtained by HPLC
with UV detection (21.79%),25 indicating that the proposed
method can also be used for this type of determination.

4. CONCLUSIONS
A FIA-AM system for AZ determination has been optimized.
The procedure provides a simple and fast analysis and presents
wide measurement range and high sensibility. FIA-AM shows
equivalent analytical parameters in comparison with other
common techniques (UV−vis) for AZ quantification. However,
FIA-AM shows three major advantages: absence of the sample
pretreatment step, increased rate of analysis, and lower limit of
detection.
This method has been successfully employed for the

quantification of AZ in three different systems: commercial
tablets labeled as containing 500 mg of AZ, compacts of AZ
dihydrate for DIDR studies, and AZ release from a hydrogel of
carbomer and AZ. In the first case, the commercial tablets can
be analyzed without any further pretreatment, while in the
other two cases the good precision and appropriate low limit of
detection allowed the quantitative, easy, fast, and reliable
measure of dissolved and released amounts of AZ from
compacts of pure AZ dihydrate and hydrogels of AZ and
carbomer, respectively.

Table 2. Recovery Values Obtained from Standard Additions
of the Analyte to a Doyle AZ Sample

sample added amount (g/tablet) recovery ± SDa (%)

AZ Doyle 0.2103 98 ± 5
0.4392 104 ± 3
0.5906 102 ± 4

aMean values and standard deviation of three determinations.

Figure 5. Calibration curves of proposed method (•) and standard
addition method applied to a Doyle AZ sample (■), 1.200 V, 1.00 mL
min−1.

Figure 6. Mean intrinsic dissolution profile (n = 2) of azithromycin
dihydrate (250 mg) in phosphate buffer pH 6.8 at 37 °C and 50 rpm.

Figure 7. Azithromycin release profile from (C934-AZ40).
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