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Abstract—A simple flow injection chemiluminescence method with synergistic enhancement has been investigated for the rapid and
sensitive determination of azithromycin. The synergistic action was significant in the chemiluminescence system of luminol–hydro-
gen peroxide with azithromycin as an enhancer. The enhanced chemiluminescence intensity was linear with the concentration of
azithromycin over the range from 0.1 pg mL�1 to 1.0 ng mL�1 (r2=0.9988) with a detection limit (3s) of 0.04 pg mL�1. At a flow
rate of 2.0 mL min�1, a complete analytical process could be performed within 0.5 min, including sampling and washing, with a
relative standard deviation of less than 3.0%. The proposed method was applied successfully in the assay of azithromycin in
pharmaceutical preparations, human urine and serum without any pre-treatment procedure.
# 2003 Elsevier Ltd. All rights reserved.
Introduction

Anthromycin (AZM), a white crystalline powder as
dihydrate with a chemical formula of
C38H72N2O12.2H2O,

1 is an acid stable orally adminis-
tered macrolide antimicrobial drug. Although derived
from erythromycin, AZM differs chemically from ery-
thromycin in that a methyl-substituted nitrogen atom is
incorporated into the lactone ring, which enhances per-
meation in gram-negative bacteria.2 As one of the best
antibiotics available today, AZM is an effective ther-
apeutic agent for the treatment of certain infections
caused by bacteria, such as pneumonia,3 venereal disease
(VD)4 and ear, lung, skin, and throat infections.5,6 In
acquired immunodeficiency syndrome (AIDS) patients,
AZM is used to prevent pneumonia, called disseminated
Mycobacterium avium complex (MAC) infection.7

Among the methods available, high-performance liquid
chromatography (HPLC) coupled with different types
of detectors, involving electrochemical detection,8�11

UV,12,13 MS14 and fluorescence detection,15 were widely
used. And several other analytical approaches, includ-
ing spectrophotometry,16 fluorimetry17 and bioassay18,19

also performed in the determination of AZM. However,
the batch methods are time consuming and laborious;
on the other hand, the chromatographic methods are
slow and require expensive instrumentation. Compared
to these techniques, chemiluminescence (CL) method
combined with flow injection (FI) technique, an attrac-
tive alternative for pharmaceutical analysis,20,21 is
superior in many ways: the sensitivity is high, linear
dynamic range is wide, measurements can be made
extremely rapidly and the equipments are inexpensive
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and simple to operate. We have currently reported on
the luminol–ferricyanide and luminol–periodate CL
systems for the determination of berberine22 and
analgin23 coupled with FI technique. However, there
has been no report dealing with a CL method for the
assay of AZM. Thus, a simple, fast, precise and accu-
rate FI–CL method is described in this paper, which is
ideal for the determination of AZM. Additionally, the
proposed procedure is the most sensitive method repor-
ted so far. In this work, it was observed that AZM
could sharply intensify the CL derived from the lumi-
nol–hydrogen peroxide system, and the CL intensity
responded to the concentration of AZM linearly ran-
ging from 0.1 pg mL�1 to 1.0 ng mL�1 with a relative
standard deviation (RSD) of less than 3.0%. Moreover,
at a flow rate of 2.0 mL min�1, a complete determina-
tion of AZM, including sampling and washing, could be
accomplished in 0.5 min, offering the sampling efficiency
of 120 h�1 accordingly. The method was applied suc-
cessfully in an assay of AZM for pharmaceutical pre-
parations, human urine and serum without any pre-
treatment with recovery from 93.5 to 113.3% and RSDs
of less than 4.0%.
Experimental

Reagents

All chemicals used were of analytical reagent grade.
Water purified in a Milli-Q system (Millipore, Bedford,
MA, USA) was used throughout. AZM standard solu-
tion (1.029 mg mL�1) was obtained from Shaanxi Insti-
tute for Drug Control, and the working strength
solutions were prepared freshly from the above stock
standard solutions as required. Hydrogen peroxide was
purchased from Xi’an Chemical Reagent Plant. Lumi-
nol (Fluka, Biochemika) was obtained from Xi’an
Medicine Purchasing and Supply Station, China.

Luminol was used as supplied to prepare a 2.5�10�2 mol
L�1 stock standard solution by dissolving 4.40 g of lumi-
nol with 0.1mol L�1 sodium hydroxide to 1.0 L in a brown
calibrated flask. Hydrogen peroxide (33.3%) was diluted
by pure water to give a final concentration of 0.1 mol L�1.

Apparatus

The schematic diagram of the FI system employed is
illustrated in Figure 1. A peristaltic pump (Shanghai
meter electromotor plant, model ND-15, 15 rpm) was
utilized to pump each of all flow streams at a flow rate
of 2.0 mL min�1. PTFE tubing (1.0 mm i.d.) was used
throughout the manifold for carrying the CL reagents.
A six-way valve with loop of 100 mL was employed for
sampling. The CL emission cell is a spiral glass tube (1.0
mm i.d., 15 cm length) producing a large surface area
exposed to the adjacent photomultiplier tube (PMT)
(Hamamatsu, model IP28). Extreme precautions were
taken to ensure that the cell compartment and the
photomultiplier tube were light-tight. The CL signal
produced in the CL emission cell was detected without
wavelength discrimination and the PMT output was
amplified and quantified by a luminosity meter (Xi’an
Keri Electron Device Ltd., model GD-1) connected to a
recorder (Shanghai Dahua Instrument and Meter Plant,
model XWT-206).

Procedures

The carrier water and the solutions (sample, hydrogen
peroxide, luminol and sodium hydroxide) were propelled
at a constant flow rate of 2.0 mL min�1. The pump was
started to wash the whole flow system until a stable
baseline was recorded. One hundred microlitres of lumi-
nol was injected into the carrier stream by a six-way valve
quantitatively, which was then merged with the AZM
and hydrogen peroxide stream. The mixed solution was
delivered to the CL cell in an alkaline medium, which was
therefore detected with the PMT and luminometer. The
concentration of the sample was quantified by the incre-
ment of CL intensity (�I=Is�Io), where Io and Is are CL
signals in the absence and in the presence of AZM,
respectively.

Determination of AZM in pharmaceutical preparations

The different preparations were purchased from the
local market. The injection containing 0.125 g AZM
was diluted to 5.0, 10.0 or 25 mL with water, respec-
tively. After appropriate dilution, the content of AZM
was quantified directly by the proposed method.

Determination of AZM in spiked human urine and serum
samples

The urine samples collected from three volunteers and
the serum samples supplied by the Hospital of Northwest
University were spiked before determination. To prepare
the spiked samples, known quantities of AZM (1.0, 1.5
or 2.0 mg for urine, 5.0 or 7.5 mg for serum) were spiked
into 1.0 mL of urine or serum. After homogenization, 0.1
mL aliquot of the spiked sample was diluted to 50 mL.
After dilution with a factor of 1.0�102 for urine samples
and 1.0�103 for serum samples, the samples were deter-
mined by the proposed method directly.
Results and Discussion

CL intensity–time profile

Before the FI method was carried out, the kinetic curve
was examined by static method. The kinetic profile for
Figure 1. Schematic diagram of the flow injection system for AZM
determination.
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CL intensity of luminol-hydrogen peroxide reaction
versus time was tested using 1.0�10�7 mol L�1 luminol
and 1.0�10�5 mol L�1 hydrogen peroxide in 0.025 mol
L�1 sodium hydroxide solution. As Figure 2 shown, the
mixed solution of luminol and hydrogen peroxide gave
an evident CL signal in alkaline medium, which reached
a maximum at 7 s after the mixing of reactants, and
became extinguished within 20 s thereafter. The CL sig-
nal increased amazingly in the present of AZM (10 pg
mL�1). Only in 3 s, the CL intensity approached the
maximum, then tended to vanish in the following 15 s,
giving a maximum intensity 3.5-fold as that in the
absence of AZM.

Selection of oxidant

The characteristics of several oxidants, including per-
manganate, periodate, ferrocyanide, dichromate and
hydrogen peroxide of the same concentration reacting
with luminol in the presence of AZM were evaluated,
and the results were summarized in Table 1. It was
found that AZM as an enhancer exhibiting an
enhancement only for luminol–hydrogen peroxide sys-
tem. In other tested systems, however, no obvious CL
increment (�I) could be measured, which suggested that
the luminol-hydrogen peroxide CL system was more
sensitive and selective for the determination of AZM.
Therefore, luminol–hydrogen peroxide system was
suitable for subsequent experiment.
Effects of luminol and hydrogen peroxide concentration

The effect of luminol and hydrogen peroxide concen-
tration on the CL intensity was investigated in the pre-
sence of 10 pg mL�1 AZM over the ranges of
1.0�10�10–1.0�10�6 mol L�1 and 1.0�10�7–1.0�10�4
mol L�1, respectively. In order to compare the effects,
the relative CL intensity (�I) was plotted against con-
centration of luminol and hydrogen peroxide. With
respect to luminol, at concentrations lower than
1.0�10�10 mol L�1 no CL was detected, above which
CL intensity gradually increased and reached a max-
imum at 1.0�10�7 mol L�1. Above this concentration
the intensity became constant. As regards to hydrogen
peroxide, with the increasing concentration of hydrogen
peroxide, the CL intensity increased steeply and reached
a maximum intensity at 1.0�10�5 mol L�1 of hydrogen
peroxide. Then the intensity decreased considerably
with hydrogen peroxide concentrations higher than
1.0�10�5 mol L�1. Therefore, 1.0�10�7 mol L�1 lumi-
nol and 1.0�10�5 mol L�1 hydrogen peroxide were
chosen as the optimum concentration and used in
subsequent experiment.

Effect of sodium hydroxide concentration

Owing to the nature of luminol CL reaction, which is
much favored under alkaline condition, sodium
hydroxide was introduced into the CL cell through a
flow line to improve the sensitivity of the system. The
effect of sodium hydroxide concentration on CL was
tested by measuring the CL intensity with a series of
sodium hydroxide solutions from 0.01 to 0.25 mol L�1.
The CL intensity approached its maximum value at
0.025 mol L�1 of sodium hydroxide. At concentrations
above or below this, the CL intensity decreased drama-
tically. Thus, 0.025 mol L�1 sodium hydroxide was
selected as optimum for the present system.

Effect of flow rate and the length of mixing tubing

The signal-to-noise ratio was greatly influenced by the
flow rate. A rate of 2.0 mL min�1 was chosen as a sui-
table condition with superior sensitivity, precision and
reducing reagent consumption. The length of the mixing
tube was also adjusted to yield maximum light emission
in the CL cell. It was observed that a 5.0 cm of mixing
tube afforded the best results with regards to sensitivity
and reproducibility. Accordingly, 5.0 cm was then
selected as the optimum length of mixing tube.

Performance of proposed method for AZM measure-
ments

Under the optimized conditions, the increment of CL
intensity was found linear with the concentration of
AZM over a range from 0.1 pg mL�1 to 1.0 ng mL�1.
The regression equation was �I=1.817 CAZM+32.489,
r2=0.9988, with a detection limit of 0.04 pg mL�1 (3s,
n=5). The RSDs of five determinations were 4.97, 3.86,
2.20 and 1.86% with AZM concentration of 0.5, 5.0,
50.0 and 500.0 pg mL�1, respectively. At a flow rate of
2.0 mL min�1, a determination for analyte including
Figure 2. Kinetic CL intensity–time profile in static system. *: CL
intensity in the absence of AZM *: CL intensity in the presence of
AZM (10 pg mL�1).
Table 1. Characteristics of different oxidantsa
Types of CL
intensity
Relative CL intensityb (n=3)
KMnO4
 KIO4
 K3Fe(CN)6
 K2Cr2O7
 H2O2
Io
 34
 50
 25
 14
 245

Is
 31
 50
 25
 16
 850

Is�Io
 �3
 0
 0
 2
 605
aThe concentrations for AZM, luminol, oxidants and NaOH were 10.0
pg mL�1, 1�10�7 mol L�1, 1�10�5 mol L�1, and 0.025 mol L�1,
respectively.
bHV=�650 V.
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sampling and washing could be accomplished in 0.5
min, giving a throughput of 120 h�1 with a RSD of less
than 3.0%.

Interference studies

The interference of foreign substances was investigated
by analyzing a standard solution of 10 pg mL�1 AZM
to which increasing amounts of interfering species
were added. The tolerable concentration of a foreign
species was taken as a relative error <5% and the
results were listed in Table 2. Compounds abundant in
human urine and serum such as salt, lipid and pro-
teins caused no obvious interference for the determi-
nation of AZM.

Applications

Determination of AZM in pharmaceutical preparations.
Following the procedure described above, six pharma-
ceutical injections were determined for AZM by stan-
dard addition method, and the results were listed in
Table 3. To verify the results obtained by the proposed
method, spectrometric method (UV-1100, Beijing Ray-
leigh Analytical Instrument Corporation) was applied
to determine the samples at 205 nm and the correla-
tionship between the results of two methods was shown
as the following regression equation:

CCL ¼ 0:9973 CUV þ 0:0323; and r2 ¼ 0:9998:
Determination of AZM in spiked human urine and serum
samples

The proposed CL method was also applied to determine
AZM in spiked human urine and serum at picogram
level. Three spiked urine samples and six spiked serum
samples were determined for AZM by the standard
addition method. The results of determination were lis-
ted in Tables 4 and 5, with recovery from 93.5 to
113.3% and t-test from 0.74 to 2.53. It was reported24

that the final concentrations in urine and serum of
patients were 22.5 and 0.05–0.41 mg mL�1 after oral
administered 500 mg AZM. It is obvious that the pro-
posed method is very sensitive for AZM determination
in biological fluids, especially in serum sample; smaller
volume of serum is enough.
Conclusions

The presented CL method combined with FI technique
offered prominent advantages including instrumental
simplicity, high sampling efficiency, reducing reagents
consumption, analytical sensitivity and selectivity com-
pared with the existed methods. The satisfactory per-
formance in an assay of AZM in pharmaceutical
preparations and biological fluids demonstrated that the
method was practical and suitable not only for quality
control analysis but also for complex biological sam-
ples, confirming the promise for pharmacological and
clinical researches.
Table 2. Tolerable concentration with respect to 10 pg mL�1 AZM for some interfering species (<5% error)
Species
 Tolerable Conc. (mg mL�1)
Glutin, barbiturate, oxalic acid, urea, acetone
 >30

Starch, lactose, cellulose, stearic acid, agar, talc, citric acid, fructose, sucrose
 >10

Methanol, ethanol
 7.0

Cl�, NO3

�, Ac�, I�, SO4
2�, PO4

3�, Cr2O7
2�, borate, oxalate, tartrate, citrate, malic acid
 1.0
Globulin
 0.7

NH4

+, Mg2+, Ca2+, Ba2+, Zn2+, Ag+, myoglobin,
 0.5

Uric acid
 0.3

Co2+, Fe3+, Fe2+, Mn2+
 5�10�4
Table 3. Results of AZM in pharmaceutical preparationsa
Sample
 Added
 Found
 RSD%
 Recovery%
 By proposed method
 By UV

no.
 pg mL�1
 pg mL�1
 mg mL�1
 mg mL�1
1
 0
 4.9�0.1
 1.86
 95.0
 24.63�0.31
 24.75

10
 14.4�0.2
 1.26
2
 0
 5.0�0.1
 1.85
 104.9
 12.50�0.17
 12.74

15
 20.7�0.3
 1.39
3
 0
 5.0�0.1
 1.86
 109.6
 4.96�0.10
 4.94

20
 26.3�0.3
 0.93
4
 0
 5.1�0.1
 1.88
 98.0
 25.51�0.42
 25.49

10
 14.9�0.2
 1.64
5
 0
 5.0�0.1
 2.01
 96.3
 12.50�0.15
 12.63

15
 19.4�0.2
 1.18
6
 0
 5.1�0.2
 2.42
 106.3
 5.05�0.12
 4.98

20
 26.3�0.5
 1.95
aThe average of five determinations.
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Table 5. Results of AZM in spiked human seruma
Sample
 Added
 Found
 RSD
 Recovery
 t-test
 Content in serum mg�mL�1
no.
 pg mL�1
 pg mL�1
 %
 %
 t0.05,=2.57
 By proposed method/spiked
1
 0
 10.2�0.2
 2.34
 95.9
 1.91
 5.10/5.0

10
 19.8�0.3
 1.61
2
 0
 9.8�0.2
 2.37
 102.0
 1.78
 4.91/5.0

15
 23.9�0.5
 2.21
3
 0
 10.1�0.2
 2.34
 112.8
 0.77
 5.05/5.0

20
 31.5�0.4
 1.20
4
 0
 9.8�0.2
 2.87
 102.0
 1.43
 4.90/5.0

10
 20�0.3
 0.50
5
 0
 9.9�0.1
 1.23
 106.3
 1.94
 4.95/5.0

20
 31.2�0.4
 1.20
6
 0
 9.8�0.2
 2.00
 106.4
 2.43
 4.89/5.0

30
 41.7�0.5
 1.16
7
 0
 10.2�0.2
 2.18
 109.5
 2.38
 5.12/5.0

10
 21.2�0.3
 1.32
8
 0
 10.1�0.2
 1.85
 93.5
 1.08
 5.05/5.0

20
 28.8�0.3
 1.16
9
 0
 10.1�0.2
 1.48
 97.4
 1.98
 5.07/5.0

30
 39.5�0.4
 1.11
10
 0
 9.8�0.2
 1.85
 107.1
 2.20
 4.91/5.0

10
 20.5�0.2
 1.12
11
 0
 9.8�0.2
 1.83
 104.1
 2.04
 4.92/5.0

20
 30.7�0.3
 1.03
12
 0
 10.2�0.2
 1.81
 96.9
 2.53
 5.10/5.0

30
 39.3�0.5
 1.34
13
 0
 14.9�0.2
 1.16
 103.0
 1.97
 7.42/7.5

10
 25.2�0.2
 0.90
14
 0
 15.3�0.3
 1.83
 99.24
 2.42
 7.65/7.5

20
 35.2�0.4
 1.09
15
 0
 15.1�0.2
 1.48
 96.5
 0.75
 7.54/7.5

30
 44.0�0.6
 1.26
16
 0
 15.2�0.2
 1.20
 93.9
 1.94
 7.58/7.5

10
 24.9�0.2
 0.90
17
 0
 15.2�0.3
 1.70
 106.8
 1.32
 7.58/7.5

20
 36.5�0.4
 0.95
18
 0
 15.2�0.2
 1.60
 99.5
 2.06
 7.61/7.5

30
 45.1�0.7
 1.50
aThe average of five determinations.
Table 4. Results of AZM in spiked human urinea
Sample
 Added
 Found
 RSD
 Recovery
 t
 Content in urine

no.
 pg mL�1
 pg mL�1
 %
 %
 t0.05, 5=2.57
 mg mL�1
By proposed method

/spiked
1
 0
 10.3�0.3
 2.86
 105.8
 2.23
 1.03/1.0

10
 20.9�0.3
 1.31
2
 0
 9.9�0.3
 3.01
 110.1
 1.09
 0.99/1.0

20
 31.9�0.6
 1.83
3
 0
 9.8�0.2
 2.01
 113.3
 2.32
 0.98/1.0

30
 43.8�0.9
 1.96
4
 0
 20.3�0.4
 2.13
 105.1
 1.33
 2.03/2.0

10
 30.8�0.4
 1.22
5
 0
 19.7�0.4
 2.12
 97.3
 1.44
 1.97/2.0

20
 39.2�0.6
 1.54
6
 0
 19.8�0.4
 2.10
 94.9
 0.91
 1.98/2.0

30
 48.3�0.7
 1.40
7
 0
 14.6�0.4
 2.47
 102.6
 2.38
 1.46/1.5

10
 24.9�0.3
 1.30
8
 0
 15.3�0.3
 1.93
 95.1
 2.34
 1.53/1.5

20
 34.3�0.5
 1.56
9
 0
 14.9�0.4
 2.55
 99.2
 0.74
 1.49/1.5

30
 44.6�0.4
 0.81
aThe average of five determinations.
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