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A rapid, simple and specific method has been developed and validated for the assay of ciclopirox olamine
in pharmaceutical formulations using micellar electrokinetic capillary chromatography (MEKC). The key
factors, including pH, buffer concentration and buffer additive, sodium dodecyl sulfate (SDS) concentra-
tion, applied voltage and injection time have been systematically investigated in a fused silica capillary
(i.d. 50 pum, total length 45 cm and effective length 38 cm) with UV detection at 298 nm. Optimized condi-
tions have been established on the basis of the experimental results. The buffer contains 200 mM borate,

Keywords: . 20mM SDS and 2 mgmL-! EDTA at pH 8.0 and the applied voltage is 20 kV with hydrodynamics sample
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Assay injection (15 cm high for 5 s). The method has been validated with respect to its specificity, linearity, limits
Forced degradation of detection, and quantification, precision and accuracy. The total analysis time was less than 10 min with
Optimization good peak shape for ciclopirox olamine, which eluted at 3.6 min. Degradation of the ciclopirox olamine
Micellar electrokinetic capillary was forced using different conditions. These were using hydrogen peroxide, acidic and basic conditions,
chromatography heat and light. The degradation products so produced showed no interference with ciclopirox olamine. A

linear standard curve was established over the concentration range 31.3-2.00 x 10 wg mL~" of ciclopirox
olamine in running buffer with a correlation coefficient (r) of 0.9999. The limits of quantification and detec-
tion were 31.3 and 9.36 g mL-1, respectively. The proposed method has been successfully used for the
quantitative determination of ciclopirox olamine in pharmaceutical suppository and cream formulations.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Ciclopirox olamine, the 2-aminoethanol salt of 6-cyclohexyl-
1-hydroxy-4methyl-2(1H)-pyridone (Fig. 1) is a broad spectrum-
antifungal agent with excellent activity against most pathogenic
fungi, including Dermatophytes and Candida albicans. It has a pow-
erful sterilization effect with low toxicity and strong osmolarity.
This compound is very effective against the fungi that cause the
keratinization of skin [1-3]. So far, several assays including spec-
trophotometric [4], chromatographic [1-7], microbiological [8,9]
and polarographic methods[10,11] have been established. Although
acknowledged as the universal and authoritative methods for the
determination of ciclopirox olamine, they still have some real dis-
advantages. In the United States Pharmacopoeia (USP) [4] an HPLC
method was used to determine ciclopirox olamine related com-
pounds. Under these conditions, the ciclopirox olamine peak tailed
badly, because the hydroxyl groups have a strong chelating effect
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with metal cations. In order to reduce the chelating effect, the
chromatographic column is rinsed with a mixture of water, ace-
tonitrile, glacial acetic acid and acetylacetone (500:500:1:1) for at
least 15 h followed by the mobile phase for at least 5 h before the
experiment. It was found that this method could not be success-
fully used for assay determination of ciclopirox olamine even after
this long rinsing time had been employed. Some literature refer-
ences cite HPLC with pre-column derivatization [1-3,6,7] for the
quantitative assay of ciclopirox olamine. However, because of the
complicated procedures required, the method is only suitable for
trace analysis of biological samples and not appropriate for fast
quality control to support pharmaceutical production processes.
Thin layer chromatography (TLC) [5] is another means used to
determine ciclopirox olamine quantitatively. This method has poor
specificity because neither the free acid nor its aminoethanol salt
migrate as a uniform spot during the development and severe tail-
ing is also observed.

Ibrahim and El-Enany [10,11] developed the polarographic
method for the determination in different dosage forms by the
reduction of the carbonyl group in ciclopirox olamine at the drop-
ping mercury electrode in Britton Robinson buffer, but this method
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Fig. 1. Ciclopirox olamine.

has a narrow linearity range for detection and also has poor
specificity. The spectrophotometric method [4] is still the most
commonly used technique for assay of ciclopirox olamine, but
because precise quantitation and simultaneous analysis of related
compounds and assay determination are not possible, it is unsuit-
able for stability research and fast quality control in pharmaceutical
production processes. Thus, a simple, fast and specific approach
for the stability research and fast quality control in pharmaceutical
production processes is of great interest.

In this paper, we describe a simple, rapid and specific micellar
electrokinetic capillary chromatography method for the simulta-
neous analysis of the drug and its forced degradation products of
ciclopirox olamine in fast quality control in process of pharmaceu-
tical production. The total analysis time was less than 10 min with
good peak shape for ciclopirox olamine, which eluted at 3.6 min. A
good separation was achieved.

2. Experiments
2.1. Instrumentations

A CL1020 capillary electrophoresis instrument (Beijing Cailu Sci-
entific Inc., Beijing, China) equipped with a UV detector was used
for the experiments. Electrophoresis was performed in an uncoated
fused-silica capillary column (Yongnian Photoconductive Fibre Fac-
tory, Hebei, China) with 45 cm (effective length 38 cm) and 50 wm
i.d. A pHS-25 acidity meter (Shanghai REX Instrument Factory,
Shanghai, China) was used for the pH measurements.

2.2. Chemicals

The standard of ciclopirox olamine was obtained from the
National Institute for Control of Pharmaceutical and Biological
Products (Beijing, China). The ciclopirox olamine cream, containing
10 mg of ciclopirox olamine per 1g cream, was provided by Beijing
Shuangji Pharmaceutical Company (Beijing, China). Each supposi-
tory, containing 100 mg of ciclopirox olamine, was purchased from
the Science and Technology General Company of Hebei Medical
University (Hebei, China). Absolute alcohol was supplied by Tian-
jin Hengxing Chemical Reagent Limited Company (Tianjin, China).
Sodium tetraborate and boric acid were purchased from Baoding
Chemical Reagent Factory (Hebei, China). EDTA was from Tianjin
Chemical Reagent Factory (Tianjin, China). Sodium dodecyl sulfate
(SDS) was from Shenyang Chemical Reagent Factory (Shenyang,
China). Ultra pure water was used for the preparation of the solu-
tions.

2.3. Preparation of standard solutions

A standard stock solution (4.00 x 103 wgmL-1) of ciclopirox
olamine was prepared in absolute alcohol. Before the analysis,
the ciclopirox olamine solution (31.3-2.00 x 103 g mL~!) was pre-

pared by diluting appropriate volume of stock solution with the
running buffer.

2.4. Sample preparation

Ciclopirox olamine suppository: Twenty suppositories were
milled and mixed. A portion of the powder equivalent to 5 mg of
ciclopirox olamine was transferred into a 10 mL volumetric flask
and 5 mL of absolute alcohol was added. The content of the flask
was sonicated for 15 min and diluted to the volume with the same
solvent. The solution was filtered and 5 mL of the filtered solution
was transferred into a 10 mL volumetric flask and diluted to volume
with running buffer.

Ciclopirox olamine cream: A portion of the cream, equivalent to
5 mg of ciclopirox olamine was transferred into a 10 mL volumetric
flask and 5 mL of absolute alcohol was added. The content of the
flask was sonicated for 15 min and diluted to volume with the same
solvent. The solution was filtered and 5 mL of the filtered solution
was transferred into a 10 mL volumetric flask and diluted to volume
with running buffer.

Both the above sample solutions were filtered through 0.45 pm
membrane filters prior to injection into the capillary electrophore-
sis system.

2.5. Preparation of the degraded samples

A stock solution containing 200 mg ciclopirox olamine in 100 mL
absolute alcohol was prepared for the forced degradation test.

2.5.1. Preparation of hydrogen peroxide-induced degradation
product

To 50 mL of absolute alcohol stock solution, 10 mL of hydrogen
peroxide (30%, v/v) was added. The solution was heated in boiling
water bath for 5 h to remove the excess of hydrogen peroxide.

2.5.2. Photochemical degradation product

The photochemical stability of the drug was studied by expos-
ing the stock solution to direct ultraviolet light (wavelength range:
200-400 nm; power: 90 wW/cm?; distance: 2 cm) for 24 h.

2.5.3. Preparation of acid-induced degradation product

To 50 mL of absolute alcohol stock solution, 10 mL of 5M HCl
was added. This mixture was heated in a water bath at 80°C for
24 h. The forced degradation in acidic condition was performed in
the dark to prevent any possible light degradation.

2.5.4. Preparation of base-induced degradation product

To 50 mL of absolute alcohol stock solution, 10 mL of 5 M sodium
hydroxide was added. This mixture was heated in a water bath at
80°Cfor 24 h. The forced degradation in this basic environment was
carried out in the dark to prevent the potential of light degradation.

2.5.5. Preparation of high temperature-induced degradation
product

50 mL of absolute alcohol stock solution was transferred to an
ampoule and the ampoule sealed. The solution was heated in a
constant temperature cabinet at 110°C for 24 h.

2.6. CE conditions

The running buffer contained 200 mM borate, 20 mM SDS and
2mgmL-! EDTA at pH 8.0. It was prepared by dissolving a calcu-
lated amount of borate, SDS and EDTA in ultra pure water. The
pH was adjusted to 8.0 with 0.1 M sodium hydroxide. The solu-
tion was then filtered through a 0.45 pum membrane before use. At
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the beginning of each experimental session, the capillary column
was washed with 0.1 M sodium hydroxide for 10 min followed by a
10 min rinse with ultra pure water and finally the running buffer for
10 min. Prior to each injection, the capillary was purged for 3 min
with the running buffer. A constant voltage of 20 kV was applied and
the UV detector was set at 298 nm. The capillary column was main-
tained at 25°C. Samples were injected hydrodynamically using a
height of 15cm for 5.

3. Results and discussion
3.1. Development of the MEKC method

3.1.1. Effect of the running buffer pH

Control of buffer pH is key to optimizing the separation of the
ionizable analytes in MEKC, because the buffer pH determines the
degree of ionization and electrophoretic mobility of the solutes.
The effect of pH was investigated in the range from 5.0 to 9.0 at a
buffer concentration of 200 mM borate, 20 mM SDS and 2 mg mL~!
EDTA. In the pH range from 5.0 to 7.0, ciclopirox olamine migrated
closely with the electroosmotic flow (EOF). In the higher pH range
of 7.0-9.0, the theoretical plate number increased until pH 8.0
was reached and then it decreased above pH 8.0. The migration
time of ciclopirox olamine decreased slowly up to pH 8.0 and then
increased rapidly (Fig. 2a) above this. Therefore pH 8.0 was chosen
as the optimum pH value of the running buffer as it gave a suitable
migration time and good peak shape.

3.1.2. Effect of buffer concentration

The effect of running buffer concentration was studied by vary-
ing the borate concentration from 50 to 250 mM with 20 mM SDS
and 2mgmL-! EDTA at a constant pH 8.0 (Fig. 2b). An increase
in the borate concentration resulted in an increase in the migra-
tion time of ciclopirox olamine. Peak efficiency increased with
increasing borate concentration until 200 mM was reached and
then decreased. Above 200 mM a higher current and baseline shift
occurred. Therefore, the borate concentration was set at 200 mM
for all the analyses.

3.1.3. Effect of SDS

To compare the results produced by different methods a pre-
liminary study using capillary zone electrophoresis (CZE) was
attempted before the MEKC experiments. It was found that there
was poor resolution between forced degradation product peaks
of ciclopirox olamine and the EOF peak. The MEKC method
was first reported by Terabe et al. [12], and since then, it has
been applied successfully to the separation of many compounds
[13,14]. A negative charged surfactant such as SDS is usually
added to the background electrolyte to improve selectivity for
the separation [15,16]. In this experiment, the effect of SDS on
the separation was investigated within the range of 10-30 mM
(Fig. 2c). The migration times of both the ciclopirox olamine and
its forced degradation products increased with increasing SDS
concentration. Ciclopirox olamine was completely separated from
the forced degradation products using 10-30 mM SDS, however,
higher SDS concentrations produced a poor baseline and pro-
longed the analysis time. Therefore, 20 mM SDS was chosen for this
work.

3.14. Effect of EDTA

When 200 mM borate and 20 mM SDS at pH 8.0 were used in
the running buffer, the ciclopirox olamine peak tailed. Theoretically
this was expected as ciclopirox olamine forms a complex with the
extractable and soluble metal ions from the system, chemicals and
solvents. To prevent the interference of these metal ions, 2 mgmL~!
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Fig. 2. (a) Effect of buffer pH on migration time and theoretical plate number of
ciclopirox olamine. The electrolyte was 200 mM borate, 20 mM SDS and 2 mg mL~!
EDTA of various pH. The effective capillary length was 45 cm, the total length 38 cm
and the applied voltage 20 kV. Hydrodynamic injection was performed for 5s at
15 cm high. Detection wavelength, 298 nm; detection temperature, 25 °C. (b) Effect
of buffer concentration on migration time and theoretical plate number of ciclopirox
olamine. The electrolyte was 20 mM SDS and 2 mgmL-! EDTA (pH 8.0) of various
buffer concentrations. The effective capillary length was 45cm, the total length
38 cm and the applied voltage 20 kV. Hydrodynamic injection was performed for 5 s
at 15 cm high. Detection wavelength, 298 nm; detection temperature, 25 °C.(c) Effect
of SDS concentration on migration time and theoretical plate number of ciclopirox
olamine. The electrolyte was 200 mM borate and 2 mgmL~! EDTA (pH 8.0) of var-
ious SDS concentrations. The effective capillary length was 45 cm, the total length
38 cm and the applied voltage 20 kV. Hydrodynamic injection was performed for 5 s
at 15 cm high. Detection wavelength, 298 nm; detection temperature, 25 °C.
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Fig.3. The electropherograms of ciclopirox olamine solutions (a) without 2 mg mL~!
EDTA in running buffer and (b) with 2 mg mL~" EDTA in running buffer. (a) The elec-
trolyte was 200 mM borate and 20 mM SDS (pH 8.0). The effective capillary length
was 45 cm, the total length 38 cm and the applied voltage 20kV. Hydrodynamic
injection was performed for 5 s at 15 cm high. Detection wavelength, 298 nm; detec-
tion temperature, 25°C. (b) The electrolyte was 200 mM borate, 20 mM SDS and
2mgmL-! EDTA (pH 8.0), The effective capillary length was 45 cm, the total length
38 cm and the applied voltage 20 kV. Hydrodynamic injection was performed for 5 s
at 15cm high. Detection wavelength, 298 nm; detection temperature, 25 °C; peak:
1, ciclopirox olamine.

EDTA was added to the running buffer, as EDTA will preferentially
form a complex with the metal ions, to keep the ciclopirox olamine
free. This improved the peak shape (Fig. 3).

3.1.5. Effect of the applied voltage

The applied voltage had a great effect on the migration time,
current strength and resolution. The impact of changing the applied
voltage from 10 to 30 kV with the buffer of 200 mM borate, 20 mM
SDS and 2 mgmL-! EDTA at pH 8.0 was studied. The results indi-
cated that the increase of applied voltage led to the decrease of the
migration time due to the increasing EOF. However, it also resulted
in poor peak resolution as well as deterioration in the baseline due
to the much higher Joule’s heating and electric current at higher
voltage. A voltage of 20 kV yielded the best compromise in terms of
the run time and separation current and it was used in all experi-
ments.

3.1.6. Effect of the injection time

The injection time affected the peak width and height. In order
to improve the sensitivity, the injection time was varied from
3 to 7s. The peak area increased with the increasing injection
time. At greater than 5s, the peak shape of ciclopirox olamine
deteriorated. Therefore 5s was selected as the optimum injection
time.

In summary the final and optimum conditions chosen for
the measurements were a running buffer containing 200 mM
borate, 20mM SDS and 2mgmL-! EDTA (pH 8.0). Hydrodynam-
ics sample injection was employed with a height of 15cm for
5s. The analysis were carried out at 20kV with UV detection at
298 nm.

3.2. Results of the forced degradation studies

Three degradation products were observed in the hydrogen
peroxide (30%, v/v) experiment. This indicated that the drug was
unstable when degradation was forced using hydrogen peroxide
(Fig. 4(a)).

Forced degradation of the drug in direct ultraviolet light for 24 h
produced an extra later eluting peak, which showed that the drug
was unstable against photochemical forced degradation. This was in
line with USP’s suggestion that ciclopirox olamine should be stored
away from light. But there is no further information on degradation
behavior or degradation products of ciclopirox olamine in the USP

mV 1

2 ] 6 8 10 12 14 min
Fig. 4. The electropherograms of (a) hydrogen peroxide-induced degradation solu-
tion, (b) Photochemical degradation solution, (c) acid-base-induced degradation
solution, (d) alkali-base-induced degradation solution and (e) high temperature-
induced degradation solution. The electrolyte was 200 mM borate, 20 mM SDS and
2mgmL-! EDTA (pH 8.0), The effective capillary length was 45 cm, the total length
38 cm and the applied voltage 20 kV. Hydrodynamic injection was performed for 5 s
at 15cm high. Detection wavelength, 298 nm; detection temperature, 25 °C; peak:
1, ciclopirox olamine.
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16
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Fig. 5. The electropherograms of (a) ciclopirox olamine solution, (b) excipients
placebo in suppository solution, (¢) pharmaceutical suppository solution, (d) excip-
ients placebo in cream solution and (e) pharmaceutical cream solution. The
electrolyte was 200 mM borate, 20 mM SDS and 2 mg mL~! EDTA (pH 8.0), The effec-
tive capillary length was 45 cm, the total length 38 cm and the applied voltage 20 kV.
Hydrodynamic injection was performed for 5 s at 15 cm high. Detection wavelength,
298 nm; detection temperature, 25 °C; peak: 1, ciclopirox olamine.

(Fig. 4(Db)).

No degradation products were detected in either the acidic or
basic conditions at 80 °C for 24 h or in the high temperature condi-
tion at 110 °C for 24 h. This indicated that the drug was stable under
these conditions (Fig. 4(c)-(e)).

3.3. Method validation

The specificity of the method was tested by comparing the
standard solution, excipients placebo solutions and pharmaceuti-
cal solutions. The excipients placebo solutions (solutions without
the drug) were prepared by mixing proportions of the com-
mon excipients to the pharmaceutical formulations. From the
electropherograms of standard solution, excipients solutions and
pharmaceutical solutions it was clear that no significant interfer-
ence occurred with the drug peaks during analysis (Fig. 5).

Table 1
Analytical characteristics of proposed method (n=7)

Analyte Ciclopirox olamine

A=3.90 x 10*C+4.00 x 10?
0.9999
31.3-2.00 x 10°

Regression equation
Correlation coefficient (r)
Linearity range (g mL-1)

Number of data points 7
LOD (pgmL-1) 9.36
LOQ (pgmL—1) .3




J. Li et al. / Journal of Pharmaceutical and Biomedical Analysis 47 (2008) 929-933 933

Table 2
Intra- and inter-day R.S.D.of peak areas for proposed method

Concentration (ngmL~') Intra-day R.S.D. (%) (n=5) Inter-day R.S.D. (%) (n=5)

2.00 x 10° 0.9 13
250 1.0 1.2
313 1.2 1.3
Table 3

The results of percentage recovery value in synthetic mixture of ciclopirox olamine
for proposed method (added ciclopirox olamine for suppository and cream)

Theoretical concentration Suppository (n=3) Cream (n=3)

=il

(rgmL~1) Recovery (%) R.S.D.(%) Recovery (%) RS.D.(%)
200 100.1 0.5 100.7 0.8

250 99.4 1.1 99.5 1.1

300 100.2 0.5 100.7 13
Table 4

Results of analysis of ciclopirox olamine in different pharmaceutical formulations
(n=3)

Pharmaceutical preparations Proposed method USP method
Assay (%) R.S.D. (%) Assay (%) R.S.D. (%)

Suppository-batch-1 100.2 1.0 100.1 1.2
Suppository-batch-2 100.1 0.6 99.9 0.9
Suppository-batch-3 99.4 1.0 994 1.1
Cream-batch-1 100.4 1.0 100.2 13
Cream-batch-2 99.8 0.7 99.8 0.9
Cream-batch-3 99.5 0.9 99.4 1.0

To test the linearity of the MEKC method, a seven-point
ciclopirox olamine standard curve was constructed with the con-
centration range from 31.3 to 2.00 x 103 wgmL~!. The correlations
of peak area versus the concentrations of ciclopirox olamine were
obtained with a correlation coefficient (1) of 0.9999. In Table 1, the
analytical characteristics were summarized for the proposed MEKC
method. The limit of detection (LOD) and the limit of quantification
(LOQ) were determined separately in five replicates at a signal-to-
noise ratio (S/N) of 3 and 10, respectively. The LOD and LOQ were
9.36and 31.3 wg mL~! for the proposed method. The measurements
of intra- and inter-day precisions with multiple concentrations
were performed to assess the repeatability and reproducibility of
the developed method. Five replicates of three ciclopirox olamine
solutions with concentration of high, middle and low were injected.
The relative standard deviation (%R.S.D.) values of the peak areas for
intra-day precision were 0.9, 1.0 and 1.2%, respectively. The inter-
day precision of the method was evaluated by assessing higher,
middle and lower linearity ranges on 3 consecutive days. The R.S.D.
values of inter-day precision were 1.3, 1.2 and 1.3% (Table 2). The
accuracy of the proposed method was studied by using percentage
recovery experiments. These were performed by adding ciclopirox
olamine of three different concentrations ranging from 80 to 120%
to a constant mixture of excipients within the linearity range. Three
samples were prepared for each recovery concentration level. The

results showed excellent recovery ranging from 99.4 to 100.2% with
an R.S.D. of less than 1.1% for suppository and 99.5-100.7% with an
R.S.D. of less than 1.3% for the cream (Table 3).

3.4. Analysis of ciclopirox olamine in suppositories and creams

The applicability of the proposed method to the assay of
ciclopirox olamine in suppository and cream was tested. The results
obtained are presented in Table 4. The proposed method was
assessed by comparing the results obtained with those generated
by the official USP method (Table 4). These results were found to
be consistent with those produced by the USP referenced method.

4. Conclusions

This is the first report of this kind on the simultaneous analysis
of the drug ciclopirox olamine and its forced degradation products
by MEKC. It is simple and rapid. The validation experiments showed
that the method is selective, linear, precise, and accurate for quan-
titating ciclopirox olamine in the two pharmaceutical preparations.
Ciclopirox olamine was separated from degradation products pro-
duced under forced degradation conditions. The total analysis time
was less than 10 min with a good ciclopirox olamine peak shape at
3.6 min. A wide linear range for ciclopirox olamine was achieved.
Compared to the published methods, such as HPLC, TLC, spec-
trophotometry, etc., this method has better separations and higher
specificity. This study highlights the benefit of using simultaneous
analysis of the drug ciclopirox olamine and its forced degradation
products by saving drug manufacturers from unnecessary applica-
tions of complex procedures. This method had been adopted for the
quality control of ciclopirox olamine in pharmaceutical production
processes.
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