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Abstract

A capillary electrophoresis assay for the analysis of sertaconazole has been developed and validated. The influence of buffer concentra-
tion, buffer pH, organic modifier, capillary temperature, applied voltage and injection time was systemically investigated in a fused silica
capillary (i.d. 50um, total length 80.5 cm and effective length 72.0 cm). Optimum results were obtained with a 20 mM phosphate buffer
(pH 4.0) containing 40% acetonitrile, capillary temperaturé GOapplied voltage 30kV and 3's hydrodynamic injection at 50 mbar. The
detection wavelength was set to 205 nm. Verapamil was used as internal standard. The method showed good selectivity, repeatability, linearity
and sensitivity according to the evaluation of the validation parameters. The method was applied to the determination of sertaconazole in
pharmaceutical cream formulations.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Sertaconazole; Capillary zone electrophoresis; Validation; Pharmaceuticals

1. Introduction able to separate large and small analytes, both neutral and
charged4,5].
Sertaconazole (SER)R§-1-[2-[(7-chloro-1-benzothio- The aim of this study was to demonstrate method de-

phen-3-yl)ymethoxy]-2-(2,4-dichlorophenyl)ethyl]-1H-imid-  velopment and validation strategies of CE for the analy-
azole nitrate Fig. 1) is a broad spectrum antifungal agent sis of SER and to describe a capillary zone electrophoretic
with excellent activity against yeasts, dermatophytes and (CZE) method for the determination of SER. For this purpose,
opportunistic fungi. It has a good safety profile, sustained the influence of buffer concentration, buffer pH, acetonitrile
cutaneous retention, and low systemic absorption, all of (ACN) as organic modifier, capillary temperature, applied
which make it ideal for topical applicatiof,2]. voltage and injection time was systemically investigated and
In the literature, only one method was reported for the method validation studies were performed. The validated
the analysis of SER in pharmaceuticals by liquid chro- method was applied to the pharmaceutical cream formula-
matography (LC)3]. Capillary electrophoretic (CE) anal- tions.
ysis of SER has not been reported in the literature in any
matrix.
CE is an analytical tool that has shown great promise in )
replacing many conventional methods, especially LC. The 2- Experimental
main attraction of CE was that it was fast, used small amounts
of sample and reagents, and was extremely versatile, being?-1- APparatus

All experiments were performed using an Agilent 3D CE
* Corresponding author. Fax: +90 312 311 4777. (Waldbronn, Germany) system equipped with a diode-array
E-mail addressnozaltin@hacettepe.edu.tr (Nzaltin). UV detector, an auto sampler, a temperature controller and
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Fig. 1. Chemical structure of SER.

30kV high voltage power supply. A CE Chemstation soft-

ware was used for instrument control, data acquisition and

data analysis. A fused-silica capillary of 80.5 cm total length
(72.0 cm effective length) and %0m i.d. was used.

All statistical analysis was performed with SPSS software
(\Version 10.7).

The pH of solutions was measured by a pH meter (Mettler
Model MA 235, Switzerland).

2.2. Chemicals and reagents

SER was kindly supplied by Adeka Drug Company
(Turkey). Verapamil (IS) was purchased from Sigma. All
other chemicals were of analytical reagent grade from Merck.
Milli-Q water system (Barnstead, USA) was used for the
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times with the same solvent and the washings added to the
flask. The flask was sonicated for 15min and diluted to
the mark with methanol. Then an aliquot was centrifuged
at 5000rpm for 15min, 1 mL of clear supernatant was
transferred to a 5mL flask and diluted to the mark with
methanol. Appropriate solutions were prepared by taking
suitable aliquots of this latter solution and diluting them with
20 mM phosphate buffer (pH 4.0) containing 40% ACN. Then
pharmaceutical cream formulation solutions were analyzed
by CZE.

All solutions were filtered through a 0.48n syringe filter
and degassed with ultrasonic bath for 5 min before injection
to the CE system.

2.4. Electrophoretic procedure

Electrophoretic separations were carried out using fused
silica capillary having 5¢um i.d. and 80.5cm total length
(72 cm effective length), in a positive mode using constant
voltage (30kV). At the beginning of each working day, the
capillary rinsed with 0.1 M NaOH for 15 min. Between each
injection, the capillary was rinsed with 0.1 M NaOH (2 min),
water (2 min) and running buffer (4 min). Injection was per-
formed hydrodynamically at the anodic side by pressure
(50 mbar) for 3s and capillary temperature wasG0SER
and IS were detected using a diode-array detector at 205 nm
(bandwidth 10 nm).

preparation of buffer and other aqueous solutions. Pharma-

ceutical preparations of SER were obtained from local phar-
macies.

2.3. Standard and sample solutions

2.3.1. Standard solutions

Standard stock solutions of SER (1909mL~1) and ve-
rapamil (IS) (100Gvg mL~1) were prepared in methanol and
water, respectively. These solutions were kept &G4

Various aliquots of standard solution were taken, the 1S
added and then diluted to 1 mL with 20 mM phosphate buffer
(pH 4.0) containing 40% ACN to give a final analyte concen-
tration of desired.

2.3.2. Running buffer

Potassium dihydrogenphosphate (200mM) and ACN
were mixed at the volumes giving the desired concentration
and percentage of organic modifier. The exact pH of run-
ning buffer was adjusted by the addition of 0.1 M phosphoric
acid. The final optimum running buffer consisted of 20 mM
phosphate buffer (pH 4.0) and 40% (v/v) ACN.

2.3.3. Preparation of the pharmaceutical cream
formulation solution

A 2g mass of pharmaceutical cream (label amount: 2%
SER) was weighed into a 25 mL beaker and dispersed with
methanol using a stirring rod. The resulting solution was

3. Results and discussion
3.1. Optimization of electrophoretic conditions

Manipulation of buffer pH is a key strategy for optimiz-
ing the separation of ionizable analytes in CE because buffer
pH determines the degree of ionization of the solutes and
their electrophoretic mobilit}6,7]. The effect of pH was in-
vestigated in the range from 3.0 to 5.0 (20 mM phosphate
buffer and 40% ACN)Kig. 2). When the pH increased, the
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Fig. 2. Effect of buffer pH on migration time and peak width. Operating
conditions: 20 mM phosphate buffer, 40% ACN, hydrodynamic injection
(3s at 50mbar) 30kV, 28C, 205nm (bandwidth 10nm) (SER and IS:

transferred to a 50 mL flask, the beaker was washed three2opgmL-1).
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&0 increased and the peak shapes were deformed. Therefore, 3 s
was chosen as the optimum injection time.

The influence of the temperature on analysis was investi-
gated at 20, 25 and 3€. A 30°C was chosen as the optimum
temperature because of the shorter analysis time.

The effect of voltage on the migration time of the ana-
lytes was studied. As expected, higher voltage gives shorter
migration time for the analytes. At 30kV, the analysis
time was the shortest and the currents were not excessive
5 ] , , 250 (14.0pA), so this voltage was selected as the optimum run

10 20 30 40 voltage.
Buffer molarity (mM) The detection wavelength was selected as 205 nm (band-
width 10 nm) in which SER and IS had the maximum absorp-
Eiegr-?é Eefrfae;rt] off;:;{igﬂr?slarithyoosn rrg?erabt&r; triTeHaZC:) ;higgftﬁglglage;;?' tion so that the sensitivity of the method was increased.

. . .0), (] s - . . "
namicﬁnjectic?n (3s at 50 r'gbar)p30 kv, 28, 255 nm (bandwidth 10ynm) g Through the_ expe”mems above, the thlmum conditions
(SER and IS: 2qug mL—1). for the determination of SER were decided: 20 mM phos-
phate buffer at pH 4.0 containing 40% ACN, applied volt-

S .age 30kV (current ca. 14A), hydrodynamic injection for
migration times of SER and IS were decreased but peak tail- 5§ o+ 50 mbar working temperature D and detection at

ing occurred above pH 4.0. Therefore, pH 4.0 was selected asyg5 oy “nder these conditions, SER and IS were eluted in
the optimum pH value of the running buffer for short analysis 8.08+0.04 and 8.6% 0.05min =10), respectively. The

time and good peak shape. , . typical electropherogram of a standard solution of SER and
The effect of phosphate concentration of running buffer IS is shown inFig. 5a

was examined by varying the concentration from 10to 40 mM

(pH: 4.0 and 40% ACN)Kig. 3). When the phosphate con- 3.2 Validation

centration increased, the migration times of SER and IS were

increased but the resolution between them remained without  \;, merous studies have shown that the use of internal stan-

any change. In considering the efficiency, m|gr§t|on time and dard is crucial for reproducibility in CZE in order to compen-
pe"’?“ symmery, 2.0 mM was chosen as the optimum concen-g, e injection errors and minor fluctuations of the migration
tration ,O,f the running buffer. T time [10]. In this study, verapamil, a potent antihyperten-
Addition of organic §o|vent affec_:ts migration time, peak sive agent, was selected as an internal standard because of
symmetry and selectivitj8,9]. In this study, ACN was se- its suitable migration time. The assay of SER was validated

Iehcted toCobtam shg(rjt 3naly3|s_ time and to mprovezgegla with respect to linearity, precision, accuracy, selectivity and
shape. ACN was added at various concentrations (20, robustnes§l1,12]

40%, v/v) to the running buffer of 20 mM phosphate buffer

pH 4.0 Fig. 4 and 40% ACN was chosento get shortanalysis 5 5 ¢ Linearity

time _and_ to prevent peak tailing. _ _ The CZE method developed was linear at leastin the range
Injection time affects on the peak width and peak height. of 1.0-50.Qug mL~! SER. The ratio of peak normalization

Analysis wasbperfcfwmed i?} changkingdir;]jectfion timez from 1 technique was chosento calculate SER concentration because
t0 5 s at50 mbar. After 3 s the peak widths of SER and IS were of lower relative standard deviation (R.S.D.) (0.87%) and the

best linearity (= 0.9997).
The regression equation was=0.0473(0.0012x —
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€ ---e--- Peak width 0.0065¢-0.0024) whergy is the ratio of peak normalization
£ ioos E (SER/IS) andk is the concentratiom(= 6).
“g’ 85+ 5 § Limit of detection (LOD) is the lowest concentration that
put 40,035 5 can be distinguished from the noise level, the concentration
-% ol ; ; of SER at a signal-to-noise ratio of 3:1 was OpdPmL 1.
k) . +003 @& The limit of quantitation (LOQ) is the lowest concentra-
= : tion of a substance that can be quantified with acceptable
7,5 " : | 0,025 precision and accuracy. The LOQ was found aggmmL~1
20 30 40 with a R.S.D. 5.16%r(=6).

Acetonitrile%

3.2.2. Precision
Fig. 4. Effect of ACN percentage on migration time and peak width. Op- Th . tigated with tt tabilit
erating conditions: 20 mM phosphate buffer (pH 4.0), hydrodynamic injec- € assay was Invesligaied with respect 1o repeatability

tion (35 at 50 mbar) 30KV, 25, 205 nm (bandwidth 10nm) (SER and IS: ~ and intermediate precision. The repeatability of the system
20pugmL—1). (while keeping the operating conditions identical) was ex-
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Fig.5. The electropherograms of (a)j29 mL~! SER standard solution, (b) pharmaceutical cream formulation solution includjog @2~ SER, in optimum
conditions (IS: 2Qug mL™1).

Table 1
Repeatability of peak area, peak normalization, ratio of peak area and ratio of peak normalization values (SER augin®:2p(n=10)
SER IS Ratio of PN Ratio of peak
Migration time Peak area PN Migration time Peak area PN area
(min) (min)
x+S.E. 8.20+0.011 9.64£0.129  1.18:0.017  8.82:0.012 11.60:0.138  1.32:0.017 0.89£0.003  0.83:0.003
S.D. 0.02 0.29 0.04 0.03 0.31 0.04 0.01 0.01
R.S.D. (%) 0.30 2.99 3.17 0.31 2.66 2.88 0.87 0.88

PN (peak normalization): peak area/migration time:; S.E.: meart standard error; S.D.: standard deviation; R.S.D. (%): relative standard deviation.

amined by injecting 2f.gmL~! of SER and 2@ugmL~1 times. The R.S.D. values of intra- and inter-day studies var-

of IS with 10 replicate injections and they were evaluated i€dfrom1.03to 1.95% showed thatthe intermediate precision

by considering migration time, peak area, ratio of peak Of the method was satisfactoryeble 2.

normalization and ratio of peak area values of SER and

IS. The precision values with their R.S.D. are shown in 3.2.3. Accuracy

Table 1 The accuracy of a method is expressed as the closeness
Three different concentrations of SER (in the linear range) Of agreement between the found value and reference value.

were analyzed in six independent series in the same daylt is determined by calculating the percentage relative error
(intra-day precision) and six consecutive days (inter-day pre- between the measured mean concentrations and added con-

cision) within each series every sample was injected threecentrations at the same concentration of SER. The results

Table 2
Precision and accuracy of the developed CZE method for the analysis offSHR (
Added ((gmL-Y)  Intra-day Inter-day
Foundx + S.E. Precision R.S.D. (%) Accuracy bias (%) Found S E. Precision R.S.D. (%) Accuracy bias (%)
5 4.92+0.02 1.03 —1.58 496+ 0.04 1.94 —0.88
20 2033+0.11 1.30 166 2013+0.16 1.95 064
40 3945+0.24 1.48 —1.38 3974+0.16 0.97 —0.64

Bias (%) = [100x (found— added)/added].
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Table 3 Table 5
Recovery data of the developed CZE method for the analysis of BER)( The data of cream formulation analysed by calibration and standard addition
; . 1y (=
Theoretical Found Recovery (%) R.S.D. (%) methods (theoretical amount: g mL~) (n=6)
concentration concentration Calibration Standard addition
-1 -1
(ngmL ™) (ngmL ™) T+SE. 2003+ 0.08 1994-+0.23
10 998+ 0.15 9982 3.63 S.D. Q20 056
20 1992+0.31 9960 3.85 R.S.D. (%) 099 279
30 3003+ 0.31 10010 2.55 Recovery (%) 1045 9969

Pc=0.345>P=0.05.

obtained for intra and inter day accuracy wet#.66 and 3.3. Analysis of pharmaceutical cream formulations

<0.64%, respectivelyTable 2.
SER was analyzed through the procedure as given in Sec-

tion 2.3.3 Analysis was performed under optimum condi-
tions. Each pharmaceutical cream formulation solution was
analyzed six independent determinations and each series
were injected three times. The results obtained for SER
from calibration method were compared with the data ob-
tained from standard addition method. The statistical com-
parison of two methods was done by Wilcoxon paired test
(P=0.345>P=0.050). The results showed that there was no
significant difference between thefaple 3.

3.2.4. Recovery

According to official validation guidelinef8], in cases
where it is impossible to obtain samples of all drug product
components, it may be acceptable to add known quantities
of the analyte to the drug product for determining recovery.
For this reason, in order to know whether the excipients in
the pharmaceutical cream formulation show any interfer-
ence with the analysis, the recovery test was done by the
standard addition method at three concentrations (10, 20
and 30ug mL~1). The results were summarized Table 3
Closeness of the results to 100% showed that recovery of4. conclusion
the method was very good.

A simple, fast, efficient, cheap and reliable CE method

3.2.5. Selectivity was developed for the analysis of SER in the pharmaceutical

The developed method was applied to the direct determi- formulations. The CE assay was supported by method valida-
nation of SER in pharmaceutical formulations. The electro- tion, which demonstrated good linearity, precision, accuracy
pherogram obtained from commercial pharmaceutical creamand robustness.

formulation was identical with that obtained from stan- _The developed method when comparing with the reported
dard solution containing an equivalent concentration of SER LC method, offers several advantages such as shorter analy-
(Fig. 5. sistime, lower LOQ and reagent consumption. In the existing

LC method, analysis was performed on CN column at 20 min
with higher LOQ (64.g mL™1). Also LC consumes a rela-
N ) tively large amount of organic solvent, which is expensive
Robustness shows the reliability of an analyte with respect and harmful to the environment. It can be concluded that the

to deliberate variations in methOd para_me(&@. Only_one proposed method provides an alternative procedure for the
parameter was changed in the experiments at a time. The

determination of 2gugmL~* SER standard solution under quality control of SER in pharmaceutical formulations.

the various conditions was performethable 4. The statis-

tically comparison was done with Friedman analysis and no acknowledgement

difference was found between resuRs{0.064 >P = 0.050).

Therefore, the method is robust to the small changes in ex-  The authors thank Adeka Drug Company for kindly sup-

perimental conditions. porting Sertaconazole and also thank Aysun Ozturk for her
effort providing this substance.

3.2.6. Robustness

Table 4
The robustness data of CZE method (SERu0nL™1) (n=6) References
x+S.E. R.S.D. (%) Bias (%)

Standard 19.920.24 296 o1 [1] -(].Zo'lg)oor)reas_,zl\g. Marquez, F. Camps, Int. J. Gynecol. Obstet. 71 (1)
PH 3.9 19.79:0.23 284 -1.05 [2] C. Palaén, C. Tarra@, J.A. Ortiz, Int. J. Gynecol. Obstet. 71 (1)
pH 4.1 19.65:0.15 1.86 -1.73 (2000) 37-46

0 B .
i?‘f ﬁgm ;8gigég i% O(;g [3] C. Albet, J.M. Fernandez, E. Rozman, J.A. Perez, A. Sacristan, J.A.
19 r?]M phosphate buffer 1'9 5110.18 2'27 _248 Ortiz, J. Pharm. Biomed. Anal. 10 (2/3) (1992) 205-211.
21 mM phosphate buffer 20.180 22 263 062 [4] A. Kunkel, S. dinter, C. Dette, H. \#ftzig, J. Chromatogr. A 781

(1997) 445-455.
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[5] M. Hadley, M. Gilges, J. Senior, A. Shah, P. Camilleri, J. Chro-  [9] P. Lukkari, H. Vuorela, M.L. Riekkola, J. Chromatogr. A 665 (1993)

matogr. B 745 (2000) 177-188. 317-324.

[6] D.R. Baker, Capillary Electrophoresis, Wiley, New York, 1995. [10] B.X. Mayer, J. Chromatogr. A 907 (2001) 21-37.

[7] B. Rabanal, E. de Paz, N. Walser, A. Negro, J. Lig. Chromatogr. [11] S. Toasaksiri, D.L. Massart, Y. Vander Heyden, Anal. Chim. Acta
Rel. Technol. 24 (1) (2001) 29-45. 416 (2000) 29-42.

[8] K. Salomon, D.S. Burgi, J.C. Helmer, J. Chromatogr. 549 (1991) [12] ICH Topic Q2A, Validation of Analytical Procedures: Methodology,
375-385. CPMP/ICH/281/95.
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