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Abstract

In this study, micellar electrokinetic chromatography (MEKC) method was developed for the determination of clotrimazole (CLO), methyl-
paraben (MP) and propylparaben (PP) in a pharmaceutical preparation. Separation was carried out in a fused silica capiltaF5@thcm
i.d.) at 25kV with UV detection at 212 nm. Optimized background electrolyte (BGE) was 15 mM phosphate buffer (pH 7.2) containing
30 mM sodium dodecy! sulfate (SDS) as a surfactant. Rectilinear calibration ranges were 50-5bfm@ILO, 10—100 mgi* for MP and
2.5-25mgt? for PP. The total analysis time was <12 min.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction benzoic acid, but they are effective not only in acidic, but also
in alkaline and neutral media. They are also less toxic than
Clotrimazole 1-[(2-chlorophenyl) diphenylmethyl]-1H- benzoic acid2].
imidazole (CLO) is a broad-spectrum antifungal agent that  There have been numerous publications describing vari-
like other antimycotic imidazoles, interferes in the lipid syn- ous methods for the quantification of these compounds indi-
thesis of fungi and thus causes an alteration of the permeabil-vidually or in combination with other drugs. CLO has been
ity of the cell walls. The spectrum of its efficacy includes determined in cream and ointment using TLC with silicagel
all human pathogenic non-invasive fungi: dermatophytes F,s4 as a stationary phags,4]. Some papers dealing with
(species of microsporum, trichophyton, and epidermophy- spectrophotometric determination are also publighed].
ton) and yeasts (Candida group addlassezia furfur). CLO Another widely used method is RP-HPUG-12]. MEKC
is also active against gram-positive bacteria and trichomonas.method with UV detection at 254 nm was reported for the
So far, there have been no indications for the development ofanalysis of a cream containing CLO, betamethasone dipro-
a resistancél]. pionate and their related substan{H3]. CZE was used for
Methylparaben (MP) and propylparaben (PP) are effective the determination of CLO in solutions, tablets and vaginal
antibacterial and antifungal agents, which are commonly usedtablets[13,14]
as preservatives in pharmaceuticals. MP is effective espe- RP-HPLC with UV detection is usually the method of
cially against bacteria; PP has more pronounced effect againsthoice for the analysis of MP and PF—20] RP-HPLC with
yeasts. Their spectrum of efficacy is close to the spectrum of electrochemical detection was used for the determination of
parabens in ophthalmological solutif#1]. For the determi-
* Corresponding author. Tel.: +420 495067265; fax: +420 495518718, hation of parabens in shampoo CZE method was reported
E-mail address: hamoudova@faf.cuni.cz (R. Hamoudgy [17]. MEKC was used for the determination of imidurea,
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MP and PP in a pharmaceutical ointmd@e]. Another
MEKC method dealt with the determination of haloperidole,
parabens and some of their degradation prod2@&k

Only one method for the determination of CLO, MP
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dissolving a calculated amount of sodium hydrogen phos-
phate and SDS in ultra-pure water. The pH was adjusted to
7.2 by 0.5 M phosphoric acid.

and PP was found in the literature—the RP-HPLC method 2.4. Standard solutions

with UV detection at 210 nm. The chromatographic sep-

arations were carried out on a Purospher RP-18e column

(125 mmx 4 mmx 5um); the mobile phase was a mixture
of acetonitrile:water (70:30). This method was applied for the
analysis of atopical creaf4]. To our best knowledge, CLO,

Stock solutions containing 2.59%1 CLO, 0.5gF! MP
and 0.125 g1 PP were prepared by weighing an appropriate
amount of the corresponding standard substance and dissolv-
ing in methanol. After that, the solution was diluted to the

MP and PP have not yet been simultaneously determined byrequired concentration by the running buffer.

MEKC.

The aim of this work was the development of capillary
MEKC method with UV detection for the assay of CLO, MP
and PP in a multicomponent pharmaceutical formulation.

2. Experimental
2.1. Instruments

The experiments were performed on P/ACE MDQ 2200

2.5. Sample preparation

Approximately 2.5 g of the Clotrimazol HBF was weighed
on analytical balance and treated with 30 ml of methanol;
the mixture was stirred intensively for 10 min and thereafter
it was diluted with water to 50.0 ml. The resultant mixture
was filtered through Millipore membrane filter (pore size
0.45pm). 1 ml of the filtered solution was diluted by run-
ning buffer to 25 ml and injected for analysis.

capillary electrophoresis system (Beckman Coulter, Fuller- 2.6. HPLC conditions

ton, CA, USA) equipped with a diode array detector and a
liquid cooling device. Data acquisition and collection were

The HPLC system, comprising a binary pump LCP4100

performed by 32 Karat Software, version 4.01. The sepa- (Ecom, Prague, Czech Republic), an autosampler Waters 717

ration capillary used was a fused silica capillary 60cm in
total length (50 cm to the detector) and® i.d. maintained

at 25+ 0.1°C. Samples were injected hydrodynamically at
a pressure of 3.45kPa for 5s. The voltage of 25kV was

applied and UV detection was setat 212 nm. Before the begin-

ning of the measurements, the capillary was rinsed with 1 M
NaOH for 10 min, water for 10 min and buffer for 10 min.
Between analyses the capillary was rinsed with 0.1 M NaOH
for 5min, ultra-pure water for 5min and running buffer for
5min.

2.2. Chemicals

MP, PP, sodium dodecyl sulfate (SDS) and methanol
were obtained from Sigma—Aldrich (Milwaukee, WI, USA);

Plus, a variable wavelength detector waters 486 (Waters, Mil-
ford, USA) and PC for data processing was controlled by
a chromatographic software CSW v1.7 for Windows (Data
Apex s.r.0., Prague, Czech Republic). The chromatographic
separations were carried out on a Purospher RP-18e column
(125 mmx 4 mmx 5 pm); the mobile phase was a mixture
of acetonitrile:water (70:30). The UV detector was set at
210nm. An accurately weighed portion (0.5 g) of the phar-
maceutical cream was transferred to a 50 ml centrifuge tube,
supplemented with 20 ml of acetonitrile and sonicated. Then
the tube was cooled in a freezer for 10 min and promptly
centrifuged at 3000 rpm for 15 min. 10 of the supernatant
liquid were injected for analysis.

phosphoric acid, sodium hydrogen phosphate and sodium3. Results and discussion

hydroxide were obtained from Merck (Darmstadt, Ger-
many); hydrochloric acid and Sudan Il were purchased from
Lachema (Brno, Czech Republic). Clotrimazole was pur-
chased from Amoli Organics (Mumbai, India). A Millipore

Milli-Q RG ultra-pure water was used for the preparation
of the solutions. Commercially available cream (Clotrima-

The scope of this work was the simultaneous separation
and determination of CLO, MP and PP. MEKC—as a potent
modified electrophoresis method allowing excellent separa-
tions of neutral, hydrophobic or water insoluble species was
used with respect to the acid base properties of CLO (base),

zol HBF, Herbacos-Bofarma, Pardubice, Czech Republic) MP and PP (weak acids) witlkg 6.12, 8.30 and 8.23, respec-

containing CLO, MP and PP was used for the quantitative
analysis.

2.3. Running buffer

15mM sodium hydrogen phosphate with an addition of

tively [25].
3.1. Method optimization

The separations were examined in a buffer containing
sodium hydrogen phosphate and SDS as a surfactant. In this

30 mM SDS was used as running buffer. It was prepared by system, following parameters have been optimized:
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3.2. SDS concentration 3.5. Voltage

The critical micellar concentration (CMC) of SDS is A further optimization by varying the running voltage was
8.2 mM[26]. The SDS concentrations tested were between 10 carried out. The applied voltage ranged from 20 to 30 kV.
and 50 mM and the buffer used was 25 mM phosphate buffer, With the increasing voltage, migration times significantly
pH 7.2. At higher concentrations of SDS (50 and 40 mM), the decreased while the separation was not affected. The value of
results were unsatisfactory. During 35min only two asym- 25kV was selected because too high current was generated
metric peaks appeared (CLO migrated probably with PP) using the higher voltages.
and the results were not reproducible. With the concentra-
tion 30 MM of SDS and lower, all three peaks appeared on 3.6. Temperature
the electropherogram and the migration times significantly
changed. With the decreasing concentration of SDS migra-  The effect of temperature was examined between 20 and
tion times of MP and PP decreased, but the migration time of 30°C. As expected, with the increasing temperature, migra-
CLO increased. The reason for this electrophoretic behav-tion times decreased and the quality of separation was not
ior of CLO can be explained as a consequence of steric significantly changed. Finally the temperature of 25was
hindrance by the substituents groups of the largest CLO. selected to avoid high current intensity values.

Therefore, CLO would be less solubilized by the micelles  The final conditions for the separation were: 15 mM phos-

and the capacity factor should be smaller with the higher sur- phate buffer (pH 7.2) with the addition of 30 mM SDS. The
factant concentration. The optimal concentration of SDS was separation was carried out at 25 kV,29.1°C and the UV

30 mM. detection was setat 212 nm. The electrophoreogram is shown
in Fig. 2 It can be seen that the solutes elute in increasing
3.3. Phosphate buffer concentration order of hydrophobicity. Since at pH 7.2 all the examined

molecules are practically in their neutral form, their migration

Five different concentrations of phosphate buffer were times differ only because they have different micelle/water
tested in the range 10—-30 mM. Migration times as expected partition coefficients. CLO migrates slower than MP and PP
significantly decreased with the lower concentrations of and co-eluted with Sudan 1, which was used as micellar
phosphate but the resolution between MP—PP and PP—-CLOvelocity marker. All the compounds were identified by com-
remained practically identicaF{g. 1). Finally, the concen-  paring the spectrum and the migration time of each peak with
tration of 15mM phosphate buffer was selected; symmetric those recorded for solutions of the pure standards.
peaks of all analytes with good resolutions and acceptable
migration times were achieved with this concentration. 3.7. Method validation

34. pH The optimized method was validated by standard proce-
dure. The linearity of the method was tested in the concen-
The separation of the analytes was examined with buffers tration range 10-100 mgt for MP, 2.5-25 mgt?! for PP
containing 15 mM phosphate and 30 mM SDS adjusted to and 50-500 mgi! for CLO (each concentration level in trip-
the pH values 6.7—7.8. The influence of the pH on the migra- licate). The repeatability was evaluated by performing six
tion time, resolution and the quality of separation of analytes successive injections with the concentrations 60Mgor
was not very significant. Therefore, a buffer with pH 7.2 was MP, 15 mg ! for PP and 300 mg! for CLO and expressed
chosen for the following measurements. as R.S.D.% for both migration times and peak areas. The
accuracy of the method had to be statistically checked by
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Fig. 2. Electrophoreogram of the pharmaceutical preparation Clotrimazol
Fig. 1. The effect of the phosphate buffer concentration on the migration HBF; BGE: 15 mM phosphate buffer (pH 7.2) with 30 mM SDS; UV detec-
time of the analytes. The concentration of SDS was 30 mM, pH 7.2. tion at 212 nm.
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Table 1

Analytical parameters of the proposed method

Analyte Methylparaben Propylparaben Clotrimazole
Linear regression equation=a x ¢ +b 130Q-+90 1804 — 40 367¢+41
Correlation coefficient 0.99988 0.99980 0.99989
R.S.D.% are& 1.94 2.06 1.72

R.S.D.% migration tim& 0.70 1.08 1.40

Recovery% (recovery R.S.D.%)
LOD [mgl—Y]

102.96 (1.66)
0.12

102.18 (2.16)
0.10

101.36 (1.07)
0.04

For details see the text.=a x ¢ +b, whereA is the peak area (a.udthe analyte concentration in migh, « the slope and is the intercept. The linearity of the
method was tested in the concentration range 10-100Hfgt MP, 2.5-25 mgt? for PP and 50-500 mgt for CLO (each concentration level in triplicate).
a n =6, for concentrations: 60 mg} for MP, 15mg -1 for PP and 300 mgi! for CLO.

Table 2

Determination of methylparaben, propylparaben and clotrimazole in Clotrimazol HBF

Analyte Declared amount Found [g/100 g R.S.D.% Found [g/100 g} R.S.D.% Student’s-tesf
[9/100g] MEKC n=6 HPLCn=6

Methylparaben 0.20 0.2011.66 0.1982:1.61 1.692

Propylparaben 0.05 0.04892.16 0.0484:1.72 0.832

Clotrimazole 1.00 0.999& 1.07 0.99270.99 1.016

@ 95% confidence level; =2.228; ¢ =2n — 2).

comparison with the standard official RP-HPLC technique Clotrimazol HBF. 1% and the results obtained by the pro-
[24] according to the Studentistest. No significant differ- posed methods have been statistically compared by means
ences were found between the results obtained by MEKC of Student'ss-test. T-values indicated the absence of sys-
and official HPLC method for the same batch at 95% confi- tematic errors at 95% confidence level. Comparing with the
dence level. For the unavailability of the appropriate placebo, published HPLC metho@4], sample preparation is straight-
the recovery has been checked by the standard addition techforward and simple and no organic solvents have to be used
nique, by analyzing six real samples spiked with a known in the running buffer. The proposed assay shows lower sen-
amount of analyte and six replicates of original non-spiked sitivity to the HPLC method but it is still fully sufficient for
samples. Detection limits of the analytes were determined asthe analysis of pharmaceutical preparations containing CLO,
a signal-to-noise ratio of three. The method validation results MP and PP as active constituents.

obtained under the final conditions are givedable 1

Acknowledgements

4. Determination of MP, PP and CLO in the

formulation Clotrimazol HBF This work was supported by FRY/ grant No.

968/2004/G6, by the Internal Grant Agency of the Ministry

The developed method was used for the determination of ©f Health of the Czech Republic (No. NL/7689-3) and by
the three analytes in a pharmaceutical preparation. the Grant Agency of the Ministry of Education of the Czech
The quantitative results were in good agreement with their Républic—MSM 0021620822.
nominal content. The other constituents of the cream did not
interfere in the determination of the analytes and no degra-
dation products of preservatives were found. The results of References

the analysis are given ifable 2 .. _ _
[1] R. Simek, Remedia Compendium, Panax, Prague, 2000.

[2] M. Chalabala, Technologieekll, Gakn, Prague, 2001.

[3] G. Indrayanto, L. Aditama, W. Tanudjaja, S. Widjaja, J. Planar Chro-
5. Conclusion matogr. Mod. TLC 11 (1998) 201-204.
[4] U. Roychowdhury, S.K. Das, J. AOAC Int. 79 (1996) 656—658.
. . [5] P.Y. Khashaba, S.R. El-Shabouri, K.M. Emara, A.M. Mohamed, J.
The proposed MEKC methpd perm|ts_ t_he qual_lty con- Pharm. Biomed. Anal. 22 (2000) 363-376.
trol of pharmaceutical preparations containing clotrimazole, [g] 0.H. Abdelmageed, P.Y. Khashaba, Talanta 40 (1993) 1289-1294.
methylparaben and propylparaben as active substances in a7] M.M. Bedair, M.A. Korany, M.A.E.H. Elsayed, O.T. Fahmy, J.
single run. The total analysis time was <12 min using 15 mM Assoc. Off. Anal. Chem. 72 (1989) 432-435. _
phosphate buffer (pH 7_2) with 30 mM addition of SDS. The [8] D. Bonazzi, V. Cavrini, R. Gatti, E. Boselli, M. Caboni, J. Pharm.

. . Biomed. Anal. 18 (1998) 235-240.
method has been validated and the results obtained are P'€q] 3. zhu, C. Coscolluella, J. Chromatogr B: Biomed. Appl. 741 (2000)

cise and accurate. The developed method was successfully ~ 55 g5.
applied to the qualitative analysis of active substances in[10] M. Lin, N. Wu, J. Pharm. Biomed. Anal. 19 (1999) 945-954.



R. Hamoudovd et al. / Journal of Pharmaceutical and Biomedical Analysis 40 (2006) 215-219 219

[11] A.M. Di-Pietra, V. Andrisano, R. Gotti, V. Cavrini, J. Pharm. [19] M.A. Moreno, D. Castro, P. Frutos, M.P. Ballasteros, J.L. Lastres,

Biomed. Anal. 14 (1996) 1191-1199. Chromatographia 52 (2000) 589-592.

[12] C. Valenta, A. Lexer, P. Spiegl, Pharmazie 47 (1992) 641-642. [20] M.A. Quarry, D.S. Sebastian, R.C. Williams, Chromatographia 47

[13] A.L. Crego, M.L. Marina, J.L. Lavendera, J. Chromatogr. A. 917 (1998) 515-522.
(2001) 337-345. [21] S.H. Kang, H. Kim, J. Pharm. Biomed. Anal. 15 (1997) 1359-1364.

[14] A. Arranz, C. Echevafa, J.M. Moreda, A. Cid, J.F. Arranz, J. Chro-  [22] B. Baalbaki, M.D. Blanchin, H. Fabre, Anal. Chim. Acta 463 (2002)
matogr. A. 871 (2000) 399-402. 15-20.

[15] D.M. Kreuz, A.L. Howard, D. Ip, J. Pharm. Biomed. Anal. 19 (1999) [23] R. Driouich, T. Takayanagi, M. Oshima, S. Motomizu, J. Chro-
725-735. matogr. A. 903 (2000) 271-278.

[16] D. Kollmorgen, B. Kraut, J. Chromatogr. B: Biomed. Appl. 707  [24] P. Solich, R. Hjkova, M. Posiilova, J.Sicha, Chromatogr. Supl.
(1998) 181-187. 56 (2002) 181-184.

[17] L. Labat, E. Kummer, P. Dallet, J.P. Dubost, J. Pharm. Biomed. Anal. [25] SciFinder Scholar, Ed. Chemical Abstracts Service, American Chem-
23 (2000) 763-769. ical Society, Ohio, USA, 2004.

[18] R. Driouich, H. Trabelsi, K.A. Bouzouita, Chromatographia 53 [26] F. Foret, L. Kivankowa, P. Baek, in: B.J. Radola (Ed.), Capillary
(2001) 629-634. Electrophoresis, VCH Verlagsgesellschaft, Weinheim, 1993.



	Separation and determination of clotrimazole, methylparaben and propylparaben in pharmaceutical preparation by micellar electrokinetic chromatography
	Introduction
	Experimental
	Instruments
	Chemicals
	Running buffer
	Standard solutions
	Sample preparation
	HPLC conditions

	Results and discussion
	Method optimization
	SDS concentration
	Phosphate buffer concentration
	pH
	Voltage
	Temperature
	Method validation

	Determination of MP, PP and CLO in the formulation Clotrimazol HBF
	Conclusion
	Acknowledgements
	References


