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Abstract
Micellar electrokinetic chromatography (MEKC) has become a popular mode among several capillary electromigration techniques. Most drug analyses can be performed by using MEKC because of its wide applicability. This paper presents recent and typical applications of MEKC analysis in Viet Nam. MEKC seems to be a very promising method for drug analysis. However, for much wider use it is still desirable for the precision in quantitative analysis to be improved to be comparable to those in HPLC.
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Introduction

Electrokinetic chromatography (EKC) is one branch of capillary electrophoretic techniques. EKC permits the separation of electrically neutral analytes by the electrophoretic technique [1], because the separation principle of EKC based on that of chromatography. Various EKC modes have been developed along with the partition mechanism, that is, the charged molecule or charged aggregates employed. Among them, micellar electrokinetic chromatography (MEKC), in which an ionic surfactant solution is used as a running buffer solution in capillary zone electrophoresis (CZE) at a higher concentration than the critical micelle concentration (CMC), has become the most popular technique [2]. MEKC is effective for the separation of ionic analytes and also electrically neutral or non-ionic analytes, hence it is suitable for drug analyses involving cationic, anionic and neutral drugs. 
Long-alkyl chain surfactants, typically anionic types such as sodium dodecyl sulfate (SDS), have been employed in most MEKC application. This surfactant is believed to form spherical micelles having ionic groups on the surface and the hydrophobic core. Bile salts such as sodium deoxycholate (SDC) are anionic surfactants found in biological sources. They have steroidal structures and form helical micelles having a reversed micelle conformation [1]. Non-conjugated types of bile salts must be used at pH > 5. Compared with SDS, SDC has a relatively weak solubilization power. Hence corticosteroids, coxib compounds, which were almost totally solubilized in SDS micelles because of high hydrophobicity and were not separated by MEKC with SDS, have been successfully separated [3].
In this paper, applications of MEKC to assay of active ingredients in drugs which are available in Viet Nam pharmaceutical market are summarized. Moreover, we would like to develop and apply MEKC, a rather new technique in analytical field in Viet Nam, in drug quality control. 
Materials and Methods
Chemicals and drug

All chemicals and organic solvents used in this work were of analytical grade. Amino acids, paracetamol (PARA), chlorpheniramine maleate (CM), phenylpropanolamine hydrochloride (PH), celecoxib, and alpha-amino butyric acid (AABA), pseudoephedrine hydrochloride (PSH) and nimesulide as internal standards (IS) were supplied from Institute of Drug Quality Control (Ho Chi Minh city, Viet Nam). Several pharmaceutical preparations which are available in Vietnam market were used in the study.
Preparation of standards and samples
Drugs which may be soluble in water or an organic solvent can be analyzed by CE techniques. Usually only a filtration is performed on the sample solution prior to use. However, drugs having no UV absorbance must be derivatized as in HPLC analysis because most of the commercial instruments are equipped with a UV detector only. That is, the concept of sample preparation or treatment in CE is similar to those employed in HPLC.
Celecoxib

Internal standard solution (IS solution) was prepared by dissolving 0.1 g of nimesulide in 50  ml of mixture of acetonitrile and water (1:1, v/v). Standard stock solution of celecoxib was prepared in mixture of acetonitrile and water at a concentration of 2 mg/ml. Standard solution was obtained from mixing 10 ml of IS solution and 5 ml of standard stock solution, diluting with mixture of acetonitrile and water to a final celecoxib and nimesulide concentration of 400 (g/ml and 800 (g/ml, respectively, and filtering through a 0.2 (m membrane filter. Sample solution was prepared the same as standard solution.
Paracetamol, chlorpheniramine maleate and phenylpropanolamine hydrochloride
Internal standard solution was prepared by dissolving 0.03 g of PSH in 100 ml of water. Standard stock solutions of CM and PH were prepared separately in water at a concentration of 80 (g/ml and 1,000 (g/ml, respectively. Standard solution was obtained from dissolving 100 mg of PARA in 1 ml of acetonitrile, adding 5 ml of each  IS and standard stock solutions, diluting with water to a final PARA, CM, PH and PSH concentration of 2,000 (g/ml, 8 (g/ml, 100 (g/ml and 30 (g/ml, respectively, and filtering through a 0.2 (m membrane filter. Sample solution was prepared the same as standard solution.

Amino acids
Amino acids were derivatized with o-phthaldialdehyde (OPA).

OPA reagent was prepared by dissolving 100 mg of OPA in mixture of 9 ml of methanol and 1 ml of 50 mM sodium tetraborate pH 9.5, adding 100 µl of 2-mercapto ethanol, and vortexing in 1 minute. 

Internal standard solution was prepared by dissolving 0.01 g of AABA in 10 ml of water. Standard solution was prepared in water and has a final leucine, lysine hydrochloride, methionine, threonine, phenylalanine, glycine, isoleucine, valine, histidine hydrochloride monohydrate, arginine hydrochloride, tryptophan and AABA concentration of 82 (g/ml, 148 (g/ml, 48 (g/ml, 36 (g/ml, 58 (g/ml, 68 (g/ml, 36 (g/ml, 40 (g/ml, 26 (g/ml, 54 (g/ml, 12 (g/ml and 40 (g/ml, respectively. Sample solution was prepared by mixing 2 ml of MEKOAMIN infusion solution and 4 ml of IS solution, diluting with water to a  final concentration of amino acids and IS equivalent to that in standard solution. 
Derivatization procedure: 1 ml of standard or sample solution, 200 (l of 20 mM sodium tetraborate pH 9.5 and 150 (l of OPA reagent were added into a 2 ml tube, vortexed in 1 minute, filtered through a 0.2 (m membrane filter, and analyzed. 
CE apparatus and conditions

A Hewlett Packard3D CE equipped with PDA and a temperature control system is used. All separations are carried out in a fused-silica capillary with on-line UV detection. The CE instrument is controlled by commercial software supplied from Hewlett Packard. In between runs, the capillary is flushed for 3 minutes with background electrolyte, 2 minutes with water, and conditioned for 3 minutes with running buffer. The electrophoretic conditions were showed in table 1.   
Table 1: Electrophoretic conditions for analysis of investigated analytes.
	Electrophoretic condition
	Celecoxib
	Amino acids
	PARA, CM, PH

	Background electrolyte
	25 mM borate
	20 mM borate and 15 mM boric acid
	10 mM borate and 10 mM phosphate

5% acetonitrile

	pH
	9.3
	9.2
	9.2

	Capillary
	37.5/46 cm

50 µm I.D.
	72/80.5 cm

50 µm I.D.
	39.5/48 cm

50 µm I.D.

	Surfactant
	25 mM SDC
	102.5 mM SDS
	50 mM SDS

	Capillary temperature
	25oC
	20oC
	25oC

	Detection
	220 nm
	215 nm
	210 nm

	Applied voltage
	20 kV
	20 kV
	20 kV

	Injection
	50 mbar x 3 sec.
	50 mbar x 8 sec.
	50 mbar x 20 sec.


Results and Discussion

Celecoxib is hardly soluble in water and an electrically neutral compound. For PARA, CM and PH it’s difficult to determine these drugs simultaneously by conventional reversed-phase HPLC in the isocratic mode because the polarity and hydrophobicity of each drug are widely scattered. However, these drugs, including cationic, anionic and neutral, could be separated by MEKC in a relatively short time, indicating a great potential of MEKC as an assay method for pharmaceuticals. MEKC is also effective for the separation of complex mixtures. Amino acids are a typical example. These are used as injections for nutrition supply. Most amino acids are employed as OPA derivatives for UV detection. A simultaneous separation of amino acid derivatives (ca. 12) has been achieved by MEKC through the optimization of various parameters. It is recommended to use an internal standard for the assay of drugs to compensate for the variance in sample loading. MEKC assay of active ingredients in pharmaceutical formulations have all been performed using an IS method. Figure 1 – 3 shows electropherograms of several drugs investigated in the study.
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	Figure 1: Electropherogram of the separation of IS (1) and celecoxib (2). Electrophoretic conditions as in Table 1
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	Figure 2: Electropherogram of the separation of PARA (1), PH (2), IS (3) and CM (4). Electrophoretic conditions as in Table 1


Figure 3: Electropherogram of the separation of amino acid derivatives with OPA. Electrophoretic conditions as in Table 1[image: image3.jpg]



To evaluate the stability of the methods, six consecutive injections were performed. Table 2 lists mean values of resolution, ratio value of CorrAreaanalyte and CorrAreaIS, and of IS and analyte migration time with their relative standard deviation values. The values demonstrate a good reproducibility of the method.
Table 2: Mean values of electrophoretic parameters and their relative standard deviation values calculated from 6 consecutive injections. Electrophoretic conditions as in Table 1
	Electrophoretic parameter
	Statistical data (n=6)
	Celecoxib
	PARA
	CM
	PH
	Amino acids

	CorrAreaanalyte/CorrAreaIS
	Mean
	0.6413
	
	
	
	

	
	RSD (%)
	0.53
	1.40
	2.71
	1.98
	0.80-1.98

	tanalyte/tIS
	Mean
	3.2506
	
	
	
	

	
	RSD (%)
	0.22
	1.34
	1.14
	0.59
	0.12-0.79

	Resolution
	Mean
	17.15
	
	12.52
	24.45
	2.45-3.92

	
	RSD (%)
	4.81
	
	
	
	


*CorrArea (Correlated Area) is defined as ratio of peak area and migration time.

Validation
The instrumentation for MEKC is the same as that for CZE. Migration time, peak area and peak height are measured with a data processor. One of the important factors in the testing of drugs is validation of analytical procedures. According to the ICH [4], the validation characteristics which should be considered are accuracy, precision, specificity, detection limit, quantification limit, linearity and range. For precision of peak areas and migration times, injection methods and control of inner surface of the capillary are important. Either the hydrodynamic injection method or the electrokinetic injection method is usable, and both are available in commercial instruments. The repeatability of peak areas in both injection systems is satisfactory. To obtain reproducible migration times, control of the electroosmotic flow (EOF), i.e., strict control of the capillary surface, is important. Fortunately, the surface of the capillary in MEKC is more stable than that in CZE because of the presence of a surfactant. Typically the migration time precision (RSD) obtained in MEKC is around 1% when capillary conditioning with running buffer solution and capillary temperature control are employed. Temperature control will be more important in MEKC than that in CZE because the distribution coefficient is sensitive to temperature. A validation study was performed for the MEKC determination of celecoxib, PARA, CM, PH and amino acid derivatives in pharmaceutical preparations. The value of validation parameters are summarized in table 3.

Table 3: Validation parameters of analytical procedures   
	Validation characteristics
	PARA
	CM
	PH
	Celecoxib

	Linearity range ((g/ml)
Regression coefficient (R2)  
	500–5000

R2 = 0.9994
	2-20

R2 = 0.9993
	25-250 

R2 = 0.9992
	50-2000

R2 = 0.9978

	Repeatability (n = 6)
	RSD = 0.23%
	RSD = 1.58%
	RSD = 1.69%
	RSD = 0.53%

	Accuracy (n = 9, p < 0.05) - 

Mean recovery (%)
	98.9%
	100.8%
	100.6%
	99.91%

	Validation characteristics
	Amino acid derivatives

	Regression equation

Regression coefficient (R2)  
	Y = (0,0051 ( 0,0602)X + (0,0247 ( 0,317)

R2 = 0.9884 ( 0.9995

	Repeatability (n = 6)
	RSD = 0.80% ( 1.97%

	Accuracy (n = 9, p < 0.05) - 

Mean recovery (%)
	97.49% ( 102.17%


Assay of drugs
We examined the applicability of the described and validated methods by analyzing several drugs which are available in Vietnam pharmaceutical market. Table 4 shows the analyte percentage vs. its label claim obtained from application of the MEKC methods. 
Table 4: Results and repeatability of analyzing samples in different runs (n = 6)
	Name of drug
	Manufacturer
	Analyte
	Percentage vs. label claim
	RSD

	DECOLGEN
	United Pharma
	PARA
CM
PH
	104.73

98.67

105.34
	0.23%

1.58%

1.69%

	PARTAMOL
	Stada
	PARA

CM

PH
	103.77

98.66

100.58
	0.98%

1.55%

1.18%

	MEKOAMIN
	Mekophar
	Amino acids
	94.13 – 102.82
	0.80% - 1.97%

	CELEBREX 200 mg
	Pfizer
	Celecoxib
	100.83
	1.96%

	ZYCEL 200 mg
	Cadila Healthcare
	Celecoxib
	102.12
	1.95%


The results obtained by MEKC were compared with those obtained by validated HPLC methods. The precision of the peak areas was good and corresponded well with HPLC results with RSD in a range of 0.20 – 2.00%. The MEKC methods were found to be acceptable for routine drug analysis. 
Conclusion

In addition to the separation capability of electrically neutral or non-ionic analytes, MEKC has several attractive advantages over CZE or HPLC as an analytical method for pharmaceuticals. One-run separation of every kind of drug, including cationic, neutral and anionic, is possible. MEKC is especially powerful for the separation of complex mixtures because of its high resolution. MEKC seems to be a very promising method for drug analysis. However, for much wider use it is still desirable for the precision in quantitative analysis to be improved to be comparable to those in HPLC.
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