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1. Introduction

Despite the successes and achievements of modern medicine,
competent immunity remains the best hope for effective and long-
lasting protection against infection and disease. Inherited and
acquired causes, however, render the immune system deficient. The
expansion of the immunocompromised patient population, includ-
ing the rising number of acquired immunodeficiency syndrome
(AIDS) patients, organ transplant recipients receiving immuno-
suppressive therapy, cancer patients with chemotherapy and the
increasing amount of invasive devices (catheters, artificial joins
and valves), has originated a growing rate of invasive fungal infec-
tions [1,2]. The Food and Drug Administration (FDA) has approved
several antifungal agents belonging to different chemical classes
(polyenes, pyrimidines, azoles, and echinocandins) as therapeutic
options for fungal infections. Azole antifungal drugs is perhaps the
most rapidly expanding group of antifungals. The inhibition of fun-
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d reliable capillary zone electrophoresis (CZE) method for the deter-
in cream formulations has been developed and validated. Optimum
phosphate buffer at 20 mmol L−1 concentration, +30 kV applied voltage
ry. Direct UV detection at 200 nm led to an adequate sensitivity without

ients. A single extraction step of the cream sample in hydrochloric acid was
idazole (100 �g mL−1) was used as internal standard. Econazole nitrate
in. The analytical curve presented a coefficient of correlation of 0.9995.

its were 1.85 and 5.62 �g mL−1, respectively. Excellent accuracy and preci-
varied from 98.1 to 102.5% and intra- and inter-day precisions, calculated
RSD), were better than 2.0%. The proposed CZE method presented advan-
istics and it can be considered suitable for the quality control of econazole

© 2008 Elsevier B.V. All rights reserved.

gal growth by azoles derivatives was described in the 1940s and the
fungicidal properties of N-substituted imidazoles were described

in the 1960s. More than 40 �-substituted 1-phenethylimidazole
derivatives are known to be potent against fungi, dermatophytes
and Gram-positive bacteria.

Imidazoles are five membered ring structures containing two
nitrogen atoms with a complex side chain attached to one of the
nitrogen atoms. Imidazoles in current clinical use are clotrimazole,
miconazole, econazole and ketoconazole. Econazole, miconazole
and sulconazole are used in the treatment of superficial dermato-
phytic and yeast infections [1,3].

Econazole nitrate (1-[2-(4-chlorophenyl) methoxy]-2-(2,4-
dichlorophenyl) ethyl)-1H-imidazole mononitrate (Fig. 1A), is a
potent broad-spectrum antifungal agent applied topically in the
treatment of skin infections. In addition, econazole as well as clotri-
mazole were found to have strong antimycobacterial potential
action against latent Mycobacterium tuberculosis under “in vitro”
conditions. It was found that econazole prevented the formation
of drug induced latency and significantly reduced bacterial bur-
den from lungs and spleens of latent tuberculosis infected mice [4].
Recent studies have shown that econazole reduces bacterial bur-
den by 90% in lungs and spleen of mice infected with cells of M.
tuberculosis [5]. Furthermore, econazole was found to be equipo-
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Fig. 1. Chemical structures of econazole nitrate (A), imidazole (B) and alpha-(2,4-
dichlorophenyl)-1H-imidazole-1-ethanol (C).

tent to rifampicin and can replace both rifampicin and isoniazid
in chemotherapy of murine tuberculosis. Econazole alone or in
combination with antitubercular drugs did not produce any hepa-
totoxicity in normal or M. tuberculosis-infected mice [5].

Reported methods for the determination of econazole nitrate
in pharmaceutical formulations include titrimetry [6], spec-
trophotometry [7,8], derivative spectrophotometry [9,10], high
performance liquid chromatography (HPLC) [11–16], gas chro-
matography [17], high performance thin-layer chromatography
[18] and capillary electrophoresis (CE) [19]. A variety of enan-
tiomeric separations using HPLC and CE methods were also
published [20–29]. Quantification of econazole nitrate in biologi-
cal samples have been developed using near infrared spectrometry
[30,31] and liquid chromatography [32]. Capillary electrophoresis
is increasingly regarded as an attractive alternative method for drug
analysis because of its high separation efficiency, short analysis
time, the relatively low operating and consumable costs, ease of
automation and the requirement of small volumes of analytes and
low solvent consumption compared with those necessary for HPLC
[33]. Nevertheless, in the literature, only a single CE method was
described [19], in which the determination of econazole, clotrima-
zole and ketoconazole in pharmaceutical formulations (pessaries)
using pH 5.18 acetic acid–Tris buffer at 75 mmol L−1 concentra-
tion in (20:80, v/v) methanol–water was accomplished. However,
for the determination of econazole nitrate in cream dosage forms,
no CE methods were found. Hence, the present work describes
a novel, simple, fast, and low cost effective capillary zone elec-
trophoresis (CZE) method for determination of econazole nitrate
in creams. Under the optimized conditions, specificity, linearity,
detection (DL) and quantitation (QL) limits, precision, accuracy,
robustness and assay were validated.

2. Experimental
2.1. Instrumentation

CE experiments were conducted in a capillary electrophore-
sis system (Agilent Technologies, model HP 3D CE, Palo Alto, CA,
USA), equipped with a diode array and a temperature control
device. Data acquisition and treatment software was supplied by
the manufacturer (HP ChemStation, rev A.06.01). The capillary was
thermostated at 25 ◦C. An uncoated fused-silica capillary of 50 �m
I.D. (Polymicro Technologies, Phoenix, AZ, USA) with a total length
of 31.5 cm (23 cm effective length) was used for the separation.
Samples were kept in the auto sampler and injected hydrodynam-
ically at the anodic side by pressure of 50 mbar for 5 s. A constant
voltage of +30 kV was applied throughout analysis. Detections were
performed at 200 nm. For the robustness experiments an addi-
tional CE system (model P/ACE MDQ, Beckman Coulter Instruments,
Fullerton, CA, USA), equipped with a variable UV–vis, software for
data acquisition and treatment (Beckmann P/ACE System Gold Soft-
ware) was used.

New capillaries were conditioned by rinsing with 0.1 mol L−1

sodium hydroxide (NaOH) for 20 min, water for 10 min and finally
togr. A 1192 (2008) 301–305

Table 1
Composition of simulated sample containing econazole nitrate

Ingredient Amount (g)

Econazole nitrate 1.0
Cetilic alcohol 1.5
Glycerin monostearate 8.0
Sorbitan monostearate 2.0
Glycerine 10.0
Isopropyl palmitate 3.0
Emulsifying Wax NF 8.0
Methylparaben 0.15
Propylparaben 0.05
Imidazolidinyl urea 0.20
Water q.s.p. 100.0

buffer solution for 20 min. At the beginning of each working day,
the capillary was rinsed with 0.1 mol L−1 NaOH for 10 min, then
with deionized water for 10 min and finally with running buffer for
10 min. In between injections, the capillary was rinsed with buffer
solution for 2 min. The electrolyte was a 20 mmol L−1 phosphate
buffer adjusted to pH 2.5 with o-phosphoric acid.

2.2. Chemicals

All reagents were of analytical grade and no further purification
was required. Methanol (HPLC grade), hydrochloric acid and o-
phosphoric acid were obtained from Merck (Darmstadt, Germany).
Sodium dihydrogenphosphate dihydrate was purchased from J. T.
Baker (Phillisburg, NJ, USA). Water was deionized and purified on
a Milli-Q® water purification system (Millipore, Bedford, MA, USA)
and used to prepare all solutions.

2.3. Standards

Econazole nitrate (100.55% purity) was kindly donated by Formil
Quı́mica Ltda. (São Paulo, Brazil). Imidazole (99% purity), used
as internal standard (IS), was obtained from Merck (Darmstadt,
Germany) (Fig. 1B) and alpha-(2,4-dichlorophenyl)-1H-imidazole-
1-ethanol (99% purity) (econazole nitrate impurity) was obtained
from Acrōs Organics (Geel, Belgium) (Fig. 1C).

2.4. Samples

Samples 1 and 2: Two available batches cream samples were sup-

plied by Laboratory Stiefel Ltda. (São Paulo, Brazil) containing 1% of
econazole nitrate and excipients in sufficient quantity for a tube
of 45 g capacity. Sample 3: Simulated cream formulation contain-
ing 1% of econazole nitrate and excipients in sufficient quantity for
100 g of cream (Table 1).

2.5. Preparation of standard solution

Standard stock solutions of econazole nitrate (200 �g mL−1) and
imidazole (1000 �g mL−1) were prepared in 37 mmol L−1 HCl. The
solutions were sonicated for 10 min to aid dissolution and kept
under refrigeration. Working standard solutions were prepared
fresh daily by appropriately diluting the stock solutions with the
same solvent.

2.6. Preparation of sample solution

A portion equivalent to about 0.25 g of cream was accurately
weighed into a 25 mL beaker and extracted with 10 mL of a
37 mmol L−1 HCl solution in a water-bath at 60 ◦C for 5 min.
After this period, the solution was quantitatively transferred to a
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25 mL volumetric flask. A 2.5 mL aliquot of the imidazole solution
(1000 �g mL−1, stock solution) was transferred to the volumetric
flask. Then the sample solution was homogenized, cooled to
ambient temperature and the volume adjusted to 25 mL with the
diluted HCl. The sample solution was then filtered using blue strip
filter paper (Schleicher & Schull, Germany) and analyzed by CZE.
Final concentrations of econazole nitrate and imidazole solutions
were 100 �g mL−1.

2.7. Method validation

The method was validated according to the United States
Pharmacopeia requirements [34]. The following validation char-
acteristics were addressed: linearity, detection limit, quantitation
limit, precision, accuracy, robustness and specificity.

2.7.1. Linearity
Appropriate aliquots of econazole nitrate and imidazole (IS)

standard stock solutions were transferred separately into 10 mL
volumetric flasks and diluted to volume with 37 mmol L−1 HCl.
Concentration ranges from 80 to 120 �g mL−1 of econazole nitrate
and 100 �g mL−1 of imidazole were obtained. The solutions were
sonicated for 10 min and filtered using a 0.22 �m filter (Millipore)
and injected on the CE instrument. Each solution was injected in
triplicate. Peak area ratios, PAR (econazole nitrate/imidazole) were
plotted versus the respective concentrations of econazole nitrate.

2.7.2. Detection and quantitation limits
Detection (DL) and quantitation limits (QL) were calculated from

the residual standard deviation of the regression line (�) of the
analytical curve and its slope (S) in accordance with the equations
DL = 3.3 (�/S) and QL = 10 (�/S) [35].

2.7.3. Precision
2.7.3.1. Repeatability (intra-day). Sample solutions were prepared
at 100 �g mL−1 of econazole nitrate and 100 �g mL−1 of imidazole
(IS). Ten determinations were performed to establish the intra-day
precision.

2.7.3.2. Intermediate precision (inter-day). The method inter-day
precision was evaluated by injecting sample solutions prepared at
lower, middle and higher concentrations of the analytical curve
(80–120 �g mL−1 econazole nitrate) containing 100 �g mL−1 of

imidazole (IS), in three consecutive days. Three determinations for
each concentration were performed.

Precision was expressed as the percentage relative standard
deviation (%RSD) for PAR of econazole nitrate/IS.

2.7.4. Accuracy
To determine the method accuracy, recovery experiments were

performed according standard addition procedures [36]. Accuracy
was calculated as the percentage recovery of a known amount
of standard added to the sample. The accuracy of method was
evaluated in triplicate using three concentration levels 80, 100
and 120 �g mL−1. Econazole nitrate standard solution was added
to commercial sample solution and analyzed by the proposed
method.

2.7.5. Robustness
The robustness of the developed method was established by

comparison of the quantitative results of two commercial samples
(1 and 2), by two different CE instruments. Significance tests, t-test
and F-test [37,38], were performed to compare the accuracy and
precision of the results, respectively.
Fig. 2. Electropherograms of standard solutions of econazole nitrate (EN) in pH 2.5
phosphate buffer at 20 mmol L−1 concentration. (A) EN dissolved in methanol, (B)
EN dissolved in 37 mmol L−1 HCl. Conditions: fused-silica capillary, 31.5 cm (23 cm
to detector) × 50 �m I.D.; hydrodynamic injection: 50 mbar for 5 s; applied voltage:
+30 kV; detection at 200 nm; room temperature. Peaks: (1) imidazole (IS) and (2)
econazole nitrate.

2.7.6. Specificity
The specificity of the method was tested by analyzing placebo

and for spiking the commercially sample with appropriate levels
of impurities, according USP 31 for assay [34]. A mixture of the
inactive ingredients (placebo), the commercial samples of econa-
zole nitrate before and after being spiked with a known impurities
of econazole nitrate alpha-(2,4-dichlorophenyl)-1H-imidazole-1-
ethanol were analyzed by the proposed methodology.

3. Results and discussion

3.1. Method development

Econazole nitrate exhibits a pKa value of 6.6 [39]. Consequently,
at pH <5.6 econazole is increasingly protonated, making it suitable
for capillary zone electrophoresis analysis. Therefore, a proper elec-
trolyte system for econazole nitrate determination would be a low
pH phosphate buffer (pKa1 ∼= 2.5). Moreover, econazole nitrate is

soluble in methanol but slightly soluble in water [34], however, the
protonation of the imidazole nitrogen in acidic medium enhances
its solubility.

Fig. 2 depicts electropherograms of econazole nitrate standard
dissolved in methanol (Fig. 2A) and 37 mmol L−1 HCl (Fig. 2B)
in 20 mmol L−1 phosphate buffer adjusted to pH 2.5 with o-
phosphoric acid. As observed, the analysis is fast (less than 1.4 min),
but when the sample is dissolved in methanol, the econazole peak
is tailing (conductance inside of solute zone is smaller than that in
the carrier electrolyte when sample is dissolved in methanol caus-
ing electrodispersion and thus tailing) and peak area is smaller,
whereas better sensitivity and peak shape are obtained for acidic
sample dissolution.

The influence of the applied voltage was also evaluated. With
a voltage of 30 kV, the analysis time was shorter and the current
was not too excessive, so this voltage was selected as the optimum
running voltage.

The detection wavelength was selected at 200 nm, because at
this wavelength econazole nitrate and imidazole (IS) present their
maximum absorption, so that the sensitivity of the method would
be enhanced.
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Table 2
Linearity, detection and quantitation limits for the proposed CZE method for econa-
zole nitrate

Parameter Statistical data

Concentration rangea (�g mL−1) 80.0–120.0
Intercept 0.0688
Slope (S) 0.0470
Coefficient of correlation (r) 0.9995
Residual SD of the regression line (�) 0.0264
Detection limit (�g mL−1) 1.85
Quantitation limit (�g mL−1) 5.62

a Five data points, triplicate injection at each concentration level.

Thus, Fig. 2B shows the electropherogram of standard solutions
of econazole nitrate and imidazole (IS) under optimized chemical
and instrumental conditions.

Arranz et al. [19] have used the acetic acid–Tris buffer at pH 5.18,
as the electrolyte, and the econazole nitrate was separated from
the mixture of standards (ketoconazole, clotrimazole) in approx-
imately 4.5 min. The migration time of econazole nitrate is three
times higher when compared with the presented capillary zone
electrophoresis method. In the method described by Di Pietra et al.
[14], the HPLC separation of triamcinolone acetonide and econazole
was obtained in 11 min.

3.2. Method validation

Validation of an analytical procedure is the process by which it
is established, by laboratory studies, that the performance charac-
teristics of the procedure meet the requirements for the intended
analytical applications [34].
3.2.1. Linearity, DL and QL
The linearity of an analytical procedure is its ability within a

definite range to obtain results directly proportional to the concen-
trations (amount) of the analyte in the sample [40].

An analytical curve was obtained using five data points and
triplicate injection of standards at each concentration level. The
results, summarized in Table 2 showed an excellent linearity
(r > 0.9995) between peak area ratios (econazole nitrate/IS) and
econazole nitrate concentration over the concentration range
of 80–120 �g mL−1. DL and QL were 1.85 and 5.62 �g mL−1,
respectively.

3.2.2. Precision
The precision of an analytical method gives information on the

random error. It expresses the closeness of agreement between a
series of measurements obtained from multiple sampling of the
same homogeneous sample under prescribed conditions [41–43].
The intra-day precision calculated as %RSD for 10 sample (solutions
of econazole nitrate, 100 �g mL−1 and imidazol (IS) 100 �g mL−1)
was 1.7%. The inter-day precision of the proposed analytical method

Table 4
Results obtained in the comparison of the accuracy and precision of econazole nitrate det

Samples Results obtained

HP3DCE P/ACE MDQ

Mean value (%)d SD Mean value (%)d S

1 101.0 2.0 101.2 2
2 98.6 1.7 98.5 1

HP3DCE: capillary electrophoresis system from Agilent Technologies P/ACE MDQ: capillar
a Method robustness.
b Tabulated Student’s t-value with P = 95% and 16 d.f.; t = 2.1199 [45].
c Tabulated Snedecor F-value with P = 95%; F9/9 = 4.433 [45].
d Average of nine determinations.
togr. A 1192 (2008) 301–305

Table 3
Accuracy (recovery test) of the proposed CZE method for econazole nitrate quanti-
tative determination

Commercial
sample (�g mL−1)

Standard added to commercial
sample (�g mL−1)

Standard
found
(�g mL−1)

Recovery (%)a

40.0 40.4 39.64 98.14
50.0 50.5 49.60 98.22
60.0 60.6 62.11 102.48

a Average of three determinations.

calculated for lower, middle and higher concentrations (80, 100
and 120 �g mL−1 econazole nitrate and 100 �g mL−1 imidazol (IS))
were 1.9, 1.4 and 0.6, respectively. Data indicated a good agreement
among the individual test results. The criterion for intra-day and
inter-day precisions demands a RSD better than 2.0% [44].

The instrumental precision of the mixture (econazole nitrate
100 �g mL−1 and imidazol (IS) 100 �g mL−1) were performed to
demonstrate the repeatability for migration time of the system and
PAR. The repeatability calculated as %RSD for migration time of 25
runs was 0.61 for imidazole and 0.91 for econazole nitrate and a
repeatability for peak area ratio was 0.89. The precision of injection
was therefore considered satisfactory [44].

The repeatability of the complete validation, calculated as %RSD,
for migration time (approximately 200 runs) was 1.46 for imidazole
and 2.42 for econazol nitrate.

3.2.3. Accuracy—recovery test
Accuracy is calculated as the percentage of recovery [34]. Table 3

illustrates the method accuracy for econazole nitrate with recover-

ies from 98.14 to 102.50% (commercial samples). Mean recoveries
should be 100 ± 2.5% at each concentration over the range of
80–120% of the target concentration [44].

3.2.4. Robustness
The comparison of the accuracy and precision of the results gen-

erated by the two CE equipments are shown in Table 4. Means and
variances were not found to be significantly different at a confi-
dence level of 95%.

3.2.5. Specificity
The specificity of the method was demonstrated by the absence

of interference among econazole nitrate, imidazole, alpha-(2,4-
dichlorophenyl)-1H-imidazole-1-ethanol (impurity) and excipi-
ents in the samples, criterion defined in the USP 31 for assays [34].
A mixture of the inactive ingredients (placebo), (Fig. 3C), the com-
mercial sample 1 of econazole nitrate, (Fig. 3B), and the commercial
sample 1 spiked with standard of a known impurity of econa-
zole nitrate (alpha-(2,4-dichlorophenyl)-1H-imidazole-1-ethanol)
[45,46], (Fig. 3A), were analyzed by the proposed methodology. As
it can be observed, neither the cream excipients nor the impurity

ermination, using the two CE equipmentsa

Comparison between HP3DCE and P/ACE MDQ

Accuracy, calculated t-valueb Precision, calculated F-valuec

D

.2 0.19 1.22

.4 0.15 1.42

y electrophoresis system from Beckman Coulter Inc.
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[34] United States Pharmacopeia, 31st ed., The United States Pharmacopeial Con-
Fig. 3. Electropherograms of placebo (C), commercial sample of econazole nitrate
(B) and commercial sample spiked with a known impurity (A). Conditions as in
Fig. 2B. Peaks: (1) imidazole (IS), (2) econazole nitrate (EN) and (3): alpha-(2,4-
dichlorophenyl)-1H-imidazole-1-ethanol.

Table 5
Results obtained in the analysis of commercial sample containing econazole nitrate
using the proposed CZE method

Results Sample (econazole nitrate)

Amount declared (mg) 2.50
Amount founda (mg) 2.56
Percentage found (%) 102.64
Response factor RSD (%) 1.92

a Average of three determinations.

interfere in the analysis of econazole nitrate, establishing therefore
the method specificity.

3.2.6. Assay
Sample of econazole nitrate was assayed against a reference

standard solution of econazole nitrate. Both solutions were pre-
pared at 100 �g mL−1 of econazole nitrate. The results in Table 5
demonstrate that the CZE method was suitable for determination
of econazole nitrate. The assay was found to be satisfactory, the
sample analyzed was within tolerance limits (90–110% label claim)
and the RSD of the response factor was 1.92%.
4. Conclusions

A CZE method for econazole nitrate has been developed and
validated with respect to specificity, injection precision, linear-
ity, detection and quantitation limits, precision, accuracy and
robustness, presenting adequate performance characteristics. The
proposed method can be considered as an alternative to HPLC
methods and can be used for routine analysis of econazole nitrate
in pharmaceutical preparations.

The advantages of the method in comparison with other
methodologies described in the literature, is a short time analy-
sis and the simple sample extraction of the drug with hydrochloric
acid for a complex formulation as creams, besides the known ben-
efits of capillary electrophoresis, such as use of small amount of
solvents, leading to a non-polluting method.
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