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Abstract  21 

Two analytical methodologies based on the combined use of hydroxypropyl-β-22 

cyclodextrin and two different amino acid-based chiral ionic liquids 23 

(tetrabutylammonium-L-lysine or tetrabutylammonium-L-glutamic acid) in 24 

electrokinetic chromatography were developed in this work to perform the 25 

enantioselective determination of econazole and sulconazole in pharmaceutical 26 

formulations. The influence of different experimental variables such as buffer 27 

concentration, applied voltage, nature and concentration of the ionic liquid, temperature 28 

and injection time, on the enantiomeric separation was investigated. The combination of 29 

hydroxypropyl-β-cyclodextrin and tetrabutylammonium-L-lysine under the optimized 30 

conditions enabled to achieve the enantiomeric determination of both drugs with high 31 

enantiomeric resolution (3.5 for econazole and 2.4 for sulconazole). The analytical 32 

characteristics of the developed methodologies were evaluated in terms of linearity, 33 

precision, LOD, LOQ and recovery showing good performance for the determination of 34 

both drugs which were successfully quantitated in pharmaceutical formulations. This 35 

work reports the first analytical methodology enabling the enantiomeric determination of 36 

sulconazole in pharmaceutical formulations.  37 

 38 

 39 

 40 

Keywords: Electrokinetic chromatography, amino acid based chiral ionic liquids, 41 

cyclodextrin, enantioseparation, econazole, sulconazole. 42 
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1. Introduction    44 

The big impact of chirality in the pharmaceutical field is well known. In fact, the different 45 

biological activity that the enantiomers of a chiral drug may have makes paramount the 46 

development of stereoselective analytical methodologies enabling the individual 47 

determination of each enantiomer in raw materials and pharmaceutical formulations [1-48 

3]. An important part of the commercialized chiral drugs is nowadays marketed as pure 49 

enantiomers which makes necessary an adequate quality control to assess that the 50 

enantiomeric impurity is not present at a percentage higher than 0.1 % of the majority 51 

enantiomer, as established by the ICH guidelines [4]. However, even in the case of drugs 52 

marketed as racemates it is desirable to develop analytical methodologies enabling their 53 

enantiomeric determination since those drugs could be marketed in a near future as pure 54 

enantiomers in those cases where the enantiomers have different biological activities.  55 

Chromatographic and electrophoretic techniques are the most widely used to carry 56 

out the enantiomeric separation of drugs. Among them, Capillary electrophoresis (CE) 57 

has proven to possess many advantages such as the possibility of changing easily the 58 

nature and concentration of the chiral selector in the separation buffer (in the most 59 

frequently employed separation mode in chiral CE which is Electrokinetic 60 

Chromatography (EKC)) avoiding the need of using a chiral stationary column, the low 61 

volume of reagents and samples necessary, and the high enantioresolution and peak 62 

efficiency that can be attained. Among the different chiral selectors that can be used in 63 

EKC (cyclodextrins (CDs), macrocyclic antibiotics, proteins, crown ethers, etc.) [5, 6], 64 

the most employed have been CDs, whether as the sole chiral selectors in the separation 65 

buffer or in dual systems constituted by a mixture of CDs or a mixture of one CD and 66 

other selector such as a chiral ionic liquid (CILs) although other combinations have also 67 
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been described [6, 7]. Ionic liquids (ILs) are molten organic salts with melting points 68 

below 100ºC constituted by a bulky organic cation and an inorganic or organic anion. 69 

Among their most important properties, negligible vapor pressure, high thermal stability, 70 

low surface tension and high electrical conductivity can be cited [8]. CILs are a group of 71 

ILs containing at least one chiral center in their structure and can be used in CE as sole 72 

chiral selectors, as chiral ligands or as chiral selectors in dual systems. In the last years, 73 

almost half of articles published on CILs dealt with the synergistic effect observed when 74 

CILs are combined with other chiral selectors such as CDs [9-10]. In fact, some works 75 

revealed that dynamic interactions (hydrogen bonding interaction, charge-charge, dipole-76 

dipole, -, host-guest inclusion) taking place inside the capillary between CILs and 77 

chiral selectors modified the enantiorecognition process between the chiral selectors and 78 

analytes, as well as their electrophoretic mobilities, giving rise to different migration 79 

times and enantiomeric resolutions [11].   80 

Imidazole derivatives are a class of heterocycles that could possess antifungal and 81 

antibacterial activity. Two of them are econazole and sulconazole that are widely used for 82 

the treatment of skin fungal infections. They are available as nitrate salt in pharmaceutical 83 

formulations such as creams, powders and solutions at low concentrations (1%). Both 84 

drugs are commercialized as racemic mixtures but there are some studies showing the 85 

different activity that each azole enantiomer could possess [12]. For instance, the 86 

antifungal activity of S-econazole against several microorganisms is higher than that of 87 

R-econazole and the racemic mixture, above all against Aspergillus niger [13]. 88 

In a previous work of our research team, the potential of the combination of the two amino 89 

acid-based CILs, tetrabutylammonium L-lysine ([TBA][L-Lys]) or tetrabutylammonium 90 

L-glutamic acid ([TBA][L-Glu]), with hydroxypropyl--cyclodextrin (HP--CD) was 91 
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demonstrated for the stereoselective separation of a group of drugs [14] including the 92 

antifungals econazole and sulconazole. The previous use of these CILs has very scarcely 93 

been reported. In fact, [TBA][L-Lys] and [TBA][L-Glu] were employed combined with 94 

-CD for the enantioseparation of phenethylamine [15] while the separation of two 95 

diastereoisomers of corynoxine was described with [TBA][L-Glu] combined with HP--96 

CD [16]. However, as far as we know, no applications to the analysis of real samples have 97 

been reported. 98 

Although the enantiomeric separation of econazole by CE has been achieved in some 99 

research works, using whether CDs as sole chiral selectors in the separation buffer [17-100 

26] or CD/CILs dual systems [14, 27, 28], the analysis of this drug in real samples has 101 

scarcely been carried out. Thus, an analytical methodology based on the use of a 25 mM 102 

phosphate buffer (pH 3.0) with 2% (v/v) sulfated-β-CD at 20 ºC and applying -20 kV was 103 

developed by our research team enabling the simultaneous enantiomeric separation of 104 

econazole and other six drugs in 16 min and it was applied to the analysis of wastewater 105 

samples [24]. Econazole enantiomers were also quantitated in a pharmaceutical 106 

formulation (a cream) by MEKC using 20 mM phosphate buffer (pH 8.0) containing 50 107 

mM sodium dodecyl sulfate and 40 mM hydroxypropyl--CD obtaining a resolution of 108 

2.2 in 9 min [23]. In the case of sulconazole, although a few works used this compound 109 

as model drug to study by CE the potential of different chiral selectors [14, 18, 19, 29-110 

35] including dual systems constituted by CILs and -CD [30], HP-β-CD [14, 28] or a 111 

dextrin [29], the analysis of real samples has not been reported.  112 

Chromatographic methodologies were also developed enabling the enantiomeric 113 

separation of econazole and sulconazole. In these works, LC [36-43], nano-LC [44, 45] 114 

and Supercritical Fluid Chromatography [46] were employed with chiral stationary 115 
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phases. However, only in one of these articles the developed methodology was applied to 116 

the analysis of real samples like wastewater and sludge [38]. 117 

The aim of this work was to develop EKC methodologies based on the use of the dual 118 

systems HP-β-CD/[TBA][L-Lys] or HP-β-CD/[TBA][L-Glu] as chiral selectors for the 119 

enantioselective determination of econazole and sulconazole in pharmaceutical 120 

formulations.  121 

  122 

2. Materials and methods 123 

2.1. Reagents and samples 124 

Chemicals and reagents of analytical grade were employed to perform all experiments. 125 

Water used to prepare solutions was purified with a Milli-Q system from Millipore 126 

(Bedford, MA, USA). Racemic econazole (1-(2-[(4-chlorophenyl)methoxy]-2-[2,4-127 

dichlorophenyl]ethyl)-1H-imidazole nitrate salt), racemic sulconazole (1-(2-[p-128 

chlorobenzylthio]-2-[2,4-dichlorophenyl]ethyl)-1H-imidazole nitrate salt), sodium 129 

hydroxide, and cartridges (DSC-diol sorbent, 500 mg/6 mL tube) for solid phase 130 

extraction (SPE) were provided by Sigma-Aldrich (Saint-Louis, MO, USA). Methanol, 131 

hexane, hydrochloric acid, and ortho-phosphoric acid were purchased from Scharlau 132 

(Barcelona, Spain). Dichloromethane and HP-β-CD (DS~0.6) were from Merck 133 

(Darmstadt, Germany) and Fluka (Buchs, Switzerland), respectively.  134 

[TBA][L-Lys] and [TBA][L-Glu] were synthesized by the Center for Applied Chemistry 135 

and Biotechnology (CQAB) from the University of Alcalá following the method 136 

previously described by Salido-Fortuna et al [14].  137 
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Pharmaceutical creams of sulconazole (10 mg sulconazole nitrate/g cream) and econazole 138 

(containing 1% econazole nitrate) were acquired in online drug stores from Netherlands 139 

or Italy, respectively.  140 

 141 

2.2. CE conditions 142 

All analyses were carried out with a 7100 CE system from Agilent Technologies (Palo 143 

Alto, CA, USA) equipped with a diode array detector (DAD) and controlled by the 144 

Agilent ChemStation software. Uncoated fused-silica capillaries of 50 µm ID (362 µm 145 

OD) with a total length of 48.5 cm (effective length of 40 cm) from Polymicro 146 

Technologies (Phoenix, AZ, USA) were used to carry out the electrophoretic 147 

experiments. Detection wavelength was set at 200 nm with a bandwidth of 4 nm and 148 

injections were made by applying a pressure of 50 mbar for 10 s. Analyses were 149 

performed using a voltage of 30 kV at a working temperature of 25ºC or 15ºC for 150 

econazole and sulconazole, respectively.  151 

New capillaries were conditioned (applying 1 bar) with 1 M sodium hydroxide for 30 152 

min, Milli-Q water for 15 min and phosphate buffer for 60 min. At the beginning of each 153 

working day, the capillary was rinsed for 5 min with 0.1 M sodium hydroxide, followed 154 

by 5 min of Milli-Q water and 30 min of phosphate buffer. Between injections, the 155 

capillary was preconditioned during 5 min with 1 M sodium hydroxide, 2 min with 0.1 156 

M hydrochloric acid, 1 min with Milli-Q water and 5 min with background electrolyte 157 

(BGE).  158 

 159 

2.3. Preparation of solutions and samples 160 
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Buffer solutions were prepared by diluting the appropriate amount of ortho-phosphoric 161 

acid with Milli-Q water to obtain a concentration of 50 mM and adjusting the pH to 2.5 162 

with 1 M sodium hydroxide. Background electrolytes (BGEs) were prepared dissolving 163 

the adequate amount of HP-β-CD and CILs in phosphate buffer. The pH of BGEs 164 

containing mixtures of CD and CILs were adjusted to 2.5 with ortho-phosphoric acid. 165 

Stock standard solutions of econazole and sulconazole were prepared dissolving the 166 

adequate amount of each racemic drug standard in methanol up to a final concentration 167 

of 1000 mg/L. These solutions were stored at -20ºC and different aliquots were diluted in 168 

Milli-Q water to get solutions with concentrations from 5 to 75 mg/L of each enantiomer. 169 

Before CE analysis, each working solution was filtered through 0.45 µm Nylon syringe 170 

filters (Scharlau, Barcelona, Spain) and sonicated. 171 

To prepare sample solutions, econazole and sulconazole were extracted from the 172 

pharmaceutical creams using a methodology previously reported by Hermawan et al. with 173 

some modifications [23]. Briefly, 2.5 mL of dichloromethane were added to 100 mg 174 

cream sample. After sonicating the mixture during 2 min, the volume was adjusted to 5 175 

mL with dichloromethane. Then, 2.0 mL were filtered through 0.45 µm Nylon syringe 176 

filters and extracted using SPE. The diol cartridges were preconditioned with 6.0 mL of 177 

dichloromethane and washed two times with 3.0 mL n-hexane/dichloromethane (4:1, v/v) 178 

after the application of the sample. Then, econazole was eluted with three portions of 1.0 179 

mL of methanol, combined and adjusted to 5.0 mL with methanol. In the case of 180 

sulconazole, it was eluted with five portions of 1.0 mL of methanol that were combined. 181 

Aliquots of 500 µL were diluted to 1.0 mL with methanol, filtered through 0.45 µm Nylon 182 

syringe filters and sonicated before analysis by CE. 183 

 186 
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2.4. Data treatment 187 

Migration times, peak areas and resolution values between adjacent peaks were obtained 188 

using the ChemStation software from Agilent Technologies. The figures of different 189 

electropherograms were composed employing the Origin 8.0 software. Data from the 190 

analytical characteristics of the developed methodologies and statistical tests were treated 191 

using the STATGRAPHICS Centurion XVII-X64 program and Microsoft Excel. 192 

 193 

3. Results and discussion 194 

The potential of chiral dual systems based on the combination of HP--CD with the amino 195 

acid based chiral ionic liquids [TBA][L-Lys] or [TBA][L-Glu] for the enantioseparation 196 

of econazole and sulconazole by EKC was recently demonstrated by our research group 197 

[14]. Using 100 mM phosphate buffer (pH 2.5) containing 30 mM [TBA][L-Lys] or 198 

[TBA][L-Glu] with HP--CD (5 mM for the analysis of econazole and 2 mM in the case 199 

of sulconazole), enantiomeric resolutions of 4.1 or 4.3 for econazole and 2.7 or 2.8 for 200 

sulconazole were reached, respectively, in analysis times close to 30 min.     201 

Bearing in mind that short analysis times are always a priority in the development of 202 

analytical methodologies to be used in routine analysis, a systematic study of the 203 

influence of different experimental variables on the enantiomeric resolution and analysis 204 

time was performed with the aim of developing a fast methodology to carry out the quality 205 

control of econazole and sulconazole in pharmaceutical formulations.  206 

 207 

3.1. Optimization of EKC methodologies for the enantiomeric determination of econazole 208 

and sulconazole 209 
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The first step to decrease the migration time of the enantiomers was to shorten the 210 

effective capillary length from 50 to 40 cm under the experimental conditions developed 211 

in our previous work [14]. However, the current generated into the capillary was too high 212 

(~ 200 A) which gave rise to capillary breakage. For this reason, the influence of 213 

different variables, such as buffer concentration, applied voltage, CILs concentration, 214 

temperature, and injection time, was investigated. The selection of the most appropriate 215 

conditions was made establishing a compromise between migration time, enantiomeric 216 

resolution, and current generated into the capillary.  217 

First, the effect of the buffer concentration (50, 75, 100 mM) and the applied voltage (20, 218 

25, 30 kV) was evaluated using the two different chiral dual systems (HP-β-CD/[TBA][L-219 

Lys] and HP-β-CD/[TBA][L-Glu]) in the appropriate concentrations for the 220 

enantioseparation of both compounds. As Table 1 shows, the application of 20 kV in all 221 

the buffer concentrations tested originated the longest analysis times (> 50 min). 222 

Increasing the applied voltage, it was possible to shorten the migration times what also 223 

increased the current generated. In fact, currents between 130-190 A were obtained 224 

when voltages higher than 20 kV were applied in the 100 mM phosphate buffers and 225 

around 115 A when a value of 30 kV was employed in buffers of 75 mM. The effect 226 

that the presence of the CILs ions can have on the conductivity of the separation buffer 227 

[30] was shown to contribute to the high currents obtained, then influencing the selection 228 

of the buffer concentration and the applied voltage (lower currents were observed in 229 

absence of the CILs). From these results, a buffer concentration of 50 mM was considered 230 

the most adequate to carry out the chiral separation of both compounds. Using this buffer 231 

and a voltage of 30 kV, a decrease not only in the analysis time but also in the resolution 232 

values was observed (see Table 1). However, the enantiomeric resolutions achieved using 233 
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the highest voltage were still high enough (Rs > 2.8). For this reason, a 50 mM phosphate 234 

buffer and 30 kV were chosen for further experiments.  235 

The effect of CILs concentration was also studied. It was observed that an increase in the 236 

CILs concentration generally gave rise to higher migration times. These results can be 237 

justified considering the effect of CILs on the characteristics of the separation buffer such 238 

as viscosity that influence migration times [30, 47, 48]. Moreover, enantiomeric 239 

resolutions values also increased with the CILs concentration due to the expected 240 

synergistic effect between the CILs and HP-β-CD [14]. In fact, a change in the 241 

interactions between the CILs ions and the CD [30], which in turn can modify the 242 

interactions between the analyte and the CD, can explain the observed synergistic effect 243 

as reported by other authors [49-51].  244 

Based on the effect of the CILs concentration on the migration times, decreasing the CIL 245 

concentration can be useful to decrease migration times although a loss in enantiomeric 246 

resolution can also take place. In the case of econazole, migration times for its 247 

enantiomers were significantly shortened when the concentration of both CILs was 248 

decreased while a slightly decrease in resolution was obtained. Using the dual system 5 249 

mM HP-β-CD plus 20 mM [TBA][L-Lys], a resolution value of 4.0 in 15.3 min was 250 

achieved, while a resolution of 4.3 in 16.8 min was obtained when adding 30 mM of 251 

[TBA][L-Lys]. On the contrary, when the dual system was based on the combined use of 252 

5 mM HP-β-CD plus 20 mM [TBA][L-Glu] or 30 mM [TBA][L-Glu], resolution values 253 

of 3.7 and 4.3 in 15.0 min and 18.4 min, respectively, were reached. In order to obtain 254 

shorter analysis times with an adequate resolution, a concentration of 20 mM of each CIL 255 

was selected for the enantiomeric determination of econazole. Regarding sulconazole, the 256 

enantiomeric resolution decreased from a value of 2.8 (in 14.8 min) to 2.6 (in 16.0 min) 257 
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when 20 mM [TBA][L-Lys] instead of 30 mM was used in combination with 2 mM HP-258 

β-CD. In the same way, employing 20 mM instead of 30 mM of [TBA][L-Glu], resolution 259 

values decreased significantly from 3.1 (in 19.7 min) to 2.4 (in 17.1 min). As the current 260 

generated into the capillary using a concentration of 30 mM for both CILs was high (data 261 

shown in Table 1), the use of this CILs concentration was discarded. Nevertheless, 262 

enantiomeric resolutions were improved to 2.9 and 3.1 with a slightly increase in analysis 263 

time (16.9 min and 20.1 min) when BGEs containing 25 mM of each CIL, [TBA][L-Lys] 264 

and [TBA][L-Glu], were used. Establishing a compromise between migration times, 265 

resolution and generated current inside the capillary, 25 mM of [TBA][L-Lys] or 266 

[TBA][L-Glu] was selected as the optimum concentration of CILs in the dual systems for 267 

the enantiomeric separation of sulconazole. 268 

Once selected the best BGEs to perform the enantiomeric separation of econazole and 269 

sulconazole, the effect of the temperature was studied. As it can be seen in Figure 1, as 270 

expected, modifying the temperature from 15 to 25 ºC, both the analysis time and the 271 

enantiomeric resolution decreased. In the case of econazole (Figures 1A and 1C), its 272 

enantiomers were separated with high resolution in only 10 min using the two different 273 

dual systems (i.e. HP-β-CD/[TBA][L-Lys] or HP-β-CD/[TBA][L-Glu]) at 25ºC. The 274 

system based on the combination of HP-β-CD with [TBA][L-Lys] was chosen because 275 

the resolution was slightly higher and BGEs with this CIL showed to originate a greater 276 

current stability. On the contrary, the chiral separation of sulconazole employing HP-β-277 

CD/[TBA][L-Lys] (Figure 1B) or HP-β-CD/[TBA][L-Glu] (Figure 1D) at 25ºC gave 278 

rise to a more significant loss of resolution. With the purpose of reaching enantiomeric 279 

resolution values around 3.0, a temperature of 15 ºC was selected. In addition, as it can 280 

be observed in Figures 1B and 1D, lower migration times were obtained using a BGE 281 
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containing HP-β-CD with [TBA][L-Lys] instead of [TBA][L-Glu]. Thus, this dual system 282 

was chosen as the most appropriate to obtain the chiral separation of sulconazole with 283 

high resolution in a relatively short analysis time.  284 

Finally, with the aim of improving the sensitivity of the developed methodologies for the 285 

chiral analysis of econazole and sulconazole, the effect of the injection time was 286 

investigated. First, the racemic concentration of each compound was decreased from 150 287 

mg/L (racemic concentration employed to carry out the optimization of all the 288 

experimental conditions described above) to 40 mg/L. Then, the injection was made by 289 

applying 4 or 10 s at a pressure of 50 mbar. When the longest injection time was 290 

employed, an improvement in the sensitivity was also observed. Since an injection time 291 

of 10 s enabled to reach high resolutions for both compounds (values of 3.5 and 2.4 for 292 

econazole and sulconazole respectively) this value was selected.  293 

 294 

3.2. Analytical characteristics of the developed EKC methodologies 295 

The potential of the methodologies developed in this work to be applied for routine 296 

quality control of pharmaceutical formulations was evaluated in terms of different 297 

analytical characteristics such as linearity, selectivity, accuracy, precision, limits of 298 

detection (LOD), and limits of quantification (LOQ).  299 

As Table 2 shows, linearity was evaluated for both EKC methodologies by injecting in 300 

triplicate six standard solutions at different concentration levels in two days. Data 301 

obtained showed adequate correlation coefficients (> 0.990). Moreover, the data fit 302 

properly to a linear model since the p-values obtained for all linear regressions in an 303 

ANOVA test were higher than 0.05. Also, in both cases, confidence intervals (at a 95% 304 

confidence level) for the intercept and slope included and did not include the zero value, 305 
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respectively. For determining possible matrix effects, the standard addition calibration 306 

method was performed adding four known amounts of econazole or sulconazole standard 307 

(10, 50, 100 and 125 % of the drug concentration in the sample) to the pharmaceutical 308 

cream containing a racemic concentration (40 mg/L) of each drug. Comparing the 309 

confidence intervals for the slopes obtained using the external standard calibration 310 

method and the standard addition calibration method, no statistically significant 311 

differences were observed for a 95% confidence level. Thus, under the optimal 312 

conditions, matrix interferences were not found. For this reason, the external standard 313 

calibration method was used for the determination of econazole and sulconazole in 314 

pharmaceutical creams. 315 

Accuracy of the methods was evaluated as the recoveries obtained for sulconazole and 316 

econazole enantiomers when the cream samples were spiked with a 40 mg/L (racemic 317 

concentration) of the corresponding chiral drug. Recovery values ranged from 96 ± 7% 318 

to 101 ± 5% (see Table 2).  319 

To evaluate the method precision in terms of instrumental repeatability, method 320 

repeatability and intermediate precision, a standard solution of 40 mg/L of each racemic 321 

drug was employed. Instrumental repeatability was determined from six consecutive 322 

injections of the standard solution, method repeatability from three replicate standard 323 

solutions injected in triplicate on the same day, and intermediate precision from three 324 

standard solutions injected in triplicate in three different days. As it can be seen in Table 325 

2, the RSD values were acceptable for both methods, with RSD values for migration times 326 

lower than 3.9% for econazole and 2.7% for sulconazole, and RSD for peaks area lower 327 

than 9.1% and 7.2% for econazole and sulconazole, respectively. 328 
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LODs and LOQs were experimentally determined as the minimum concentration yielding 329 

a S/N ratio of 3 and 10, respectively. LODs of 1.3 mg/L for both econazole enantiomers, 330 

1.6 mg/L for the first-migrating sulconazole enantiomer and 1.5 mg/L for the second-331 

migrating sulconazole enantiomer, were achieved. Regarding LOQs, values of 4.3 mg/L 332 

for both econazole enantiomers, 5.3 mg/L the first-migrating sulconazole enantiomer and 333 

5.0 mg/L for the second-migrating sulconazole enantiomer, were obtained. Relative 334 

LODs for one enantiomer with respect to the other could not be determined as pure 335 

enantiomers of econazole and sulconazole were not commercially available. 336 

 337 

3.3. Quantitative analysis of econazole and sulconazole in pharmaceutical formulations   338 

Demonstrated the suitability of the two EKC methodologies developed, they were applied 339 

to the quantitative analysis of econazole and sulconazole enantiomers in pharmaceutical 340 

cream formulations.  341 

Figure 2A shows the electropherograms corresponding to the enantiomeric analysis of a 342 

racemic standard solution and a econazole pharmaceutical cream (both at 40 mg/L) using 343 

as chiral selector the dual system composed of 5 mM HP-β-CD and 20 mM [TBA][L-344 

Lys]. In both electropherograms interfering peaks were not found, demonstrating the  345 

apropriate selectivity of the developed methodology. The application of this method to 346 

the quantitative analysis of econazole in the cream sample enabled to achieve an average 347 

amount of econazole of 0.49±0.10 mg/100 mg cream and 0.48±0.01 mg/100 mg cream 348 

for the first and the second enantiomer, respectively. Thus, the total econazole 349 

concentration determined (1.01±0.02 mg/100 mg cream) corresponded to a percentage of 350 

101±2% of the labeled amount showing a good agreement between the amount of 351 
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econazole determined by the EKC method developed and that declared in the label of the 352 

pharmaceutical cream.  353 

Regarding sulconazole, Figure 2B shows the electropherograms corresponding to the 354 

enantiomeric analysis of a racemic standard solution and a sulconazole pharmaceutical 355 

cream (both at 40 mg/L) using as chiral selector the dual system based on the combination 356 

of 2 mM HP-β-CD and 25 mM [TBA][L-Lys]. As in the case of econazole, the absence 357 

of interfering peaks demonstrates the adequate selectivity of the developed methodology.  358 

The quantitative determination of sulconazole in the pharmaceutical cream enabled to 359 

obtain amounts of 3.8±0.1 mg/g cream and 3.85±0.07 mg/g cream for the first- and 360 

second-migrating enantiomers, respectively, what makes a total amount of 7.7±0.2 mg/g 361 

cream. This value corresponded to a 77 % of the labeled amount of sulconazole in the 362 

analyzed sample. This could be due to the fact that the protocol employed to carry out the 363 

extraction of sulconazole from the cream sample was optimized for econazole [23] and 364 

not for sulconazole. In order to improve this result, the methodology described by 365 

Hermawan et al [23] was slightly modified. Thus, the amount of methanol used to elute 366 

sulconazole from the SPE cartridge was increased to five portions of 1.0 mL instead of 367 

three portions of 1.0 mL. In this way, the amount of sulconazole determined in the cream 368 

sample was 10.0±0.1 mg/g cream (5.07±0.05 mg/g cream and 4.93±0.05 mg/g cream for 369 

the first- and the second-migrating enantiomer, respectively) which corresponded to a 370 

percentage of 100±1% of the labeled amount. 371 

 372 

4. Conclusions  373 

The two chiral EKC methodologies developed in this work using a dual system of HP-β-374 

CD and [TBA][L-Lys] allow the enantiomeric determination of econazole and 375 
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sulconazole in pharmaceutical formulations (antifungal creams). The use of 50 mM 376 

phosphate buffer at pH 2.5 containing HP-β-CD and [TBA][L-Lys] applying 30 kV 377 

enabled the enantioseparation with resolution values of 3.4 and 2.4 in an analysis time of 378 

12 and 18 min for econazole and sulconazole, respectively. Moreover, the evaluation of 379 

the analytical characteristics of both methods demonstrated adequate linearity, precision 380 

and accuracy, as well as LODs under 1.6 mg/L and LOQs under 5.3 mg/L for each 381 

enantiomer. Thus, these methods are suitable for the enantiomeric quantitation of 382 

econazole and sulconazole in pharmaceutical formulations. Taking into account that no 383 

chiral methodologies have previously been reported for the analysis of sulconazole in 384 

pharmaceutical formulations and just one work described the enantiomeric analysis of 385 

econazole in pharmaceutical formulations (using MEKC), the results obtained in the 386 

present work constitute an interesting tool for the quality control of antifungal creams 387 

based on these two drugs. The individual determination achieved for each enantiomer 388 

supports the possibility to apply the developed methodologies to the analysis of 389 

pharmaceutical formulations that could be marketed in a near future as pure enantiomers. 390 

Moreover, compared to the MEKC method in which an enantiomeric resolution of 2.2 in 391 

9 min was obtained for econazole, in our case, a more sensitive methodology was 392 

developed (LOQ 4.3 mg/L instead of 14.3 mg/L) with an enantiomeric resolution of 3.4 393 

in 12 min using a more cost-effective CD (HP-β-CD instead of HP-γ-CD) and a lower 394 

CD concentration (5 mM instead of 40 mM) in the EKC separation medium. 395 

  396 

Acknowledgements 397 

Authors thank the Spanish Ministry of Economy and Competitiveness (MINECO) for 398 

project CTQ2016-76368-P and the Comunidad of Madrid and European funding from 399 



18 
 

FSE and FEDER programs for project S2018/BAA-4393 (AVANSECAL-II-CM). 400 

M.C.P. thanks MINECO for her “Ramón y Cajal” research contract (RYC-2013-12688). 401 

S.S.F. thanks the University of Alcalá for her predoctoral contract. Authors thank the 402 

Centre for Applied Chemistry and Biotechnology (CQAB) (University of Alcalá) for the 403 

synthesis of the CILs, and C. Macías and J. Gila for technical assistance. 404 

 405 

Declaration of interest 406 

Declarations of interest: none. 407 

 408 

References  409 

[1] B. Kaspryk-Hordern, Pharmacologically active compounds in the environment and 410 

their chirality, Chem. Soc. Rev. 39 (2010) 4466-4503. 411 

[2] P. Lees, R. P. Hunter, P. T. Reeves, P. L. Toutain, Pharmacokinetics and 412 

pharmacodynamics of stereoisomeric drugs with particular reference to bioequivalence 413 

determination. J. Vet. Pharmacol. Therap. 35 (2012) 17-30. 414 

[3] N. Casado, J. Valimaña-Traverso, M. A. García, M. L. Marina, Enantiomeric 415 

determination of drugs in pharmaceutical formulations and biological samples by 416 

electrokinetic chromatography, Crit. Rev. Anal. Chem. In press (2019) DOI: 417 

10.1080/10408347.2019.1670043. 418 

[4] International Conference on Harmonisation of technical requirements for registration 419 

of pharmaceuticals for human use. ICH Harmonised Tripartite Guideline. Impurities in 420 

New Drug Products Q3B(R2) 2006. 421 



19 
 

[5] I. J. Stavrou, E. A. Agathokleous, C. P. Kapnissi-Christodoulou, Chiral selectors in 422 

CE: Recent development and applications (mid-2014 to mid-2016), Electrophoresis 38 423 

(2017) 786-819. 424 

[6] R. B. Yu, J. P. Quirino, Chiral selectors in capillary electrophoresis: Trends during 425 

2017-2018, Molecules 24 (2019) 1135-1153. 426 

[7] J. M. Saz, M. L. Marina, Recent advances on the use of cyclodextrins in the chiral 427 

analysis of drugs by capillary electrophoresis, J. Chromatogr. A 1467 (2016) 79-94. 428 

[8] A. Berthod, M. J. Ruiz-Ángel, S. Carda-Broch, Recent advances on ionic liquid uses 429 

in separation techniques, J. Chromatogr. A 1559 (2018) 2-16. 430 

[9] M. Greño, M. L. Marina, M. Castro, Enantioseparation by capillary electrophoresis 431 

using ionic liquids as chiral selectors, Crit. Rev. Anal. Chem. 48 (2018) 429-446. 432 

[10] Q. Zhang, Ionic liquids in capillary electrophoresis for enantioseparation, Trends 433 

Anal. Chem. 100 (2018) 145-154. 434 

[11] X. Yang, Y. Du, Z. Feng, Z. Liu, J. Li, Establishment and molecular modeling study 435 

of maltodextrin-based synergistic enantioseparation systems with two new hydroxyacid 436 

chiral ionic liquids as additives in capillary electrophoresis, J. Chromatogr. A 1559 (2018) 437 

170-177. 438 

[12] D. Castagnolo, M. Radi, F. Dessì, F. Manetti, M. Saddi, R. Meleddu, A. De Logu, 439 

M. Botta, Synthesis and biological evaluation of new enantiomerically pure azole 440 

derivatives as inhibitors of Mycobacterium tuberculosis, Bioorg. Med. Chem. Lett. 19 441 

(2009) 2203-2205. 442 



20 
 

[13] J. Mangas-Sánchez, E. Busto, V. Gotor-Fernández, F. Malpartida, V. Gotor, 443 

Asymmetric chemoenzymatic synthesis of miconazole and econazole enantiomers. The 444 

importance of chirality in their biological evaluation, J. Org. Chem. 76 (2011) 2115-2122. 445 

[14] S. Salido, M. Greño, M. Castro-Puyana, M. L. Marina, Amino acid chiral ionic 446 

liquids combined with hydroxypropyl-β-cyclodextrin for drug enantioseparation by 447 

capillary electrophoresis, J. Chromatogr. A 1607 (2019) 460375. 448 

[15] J. Wahl, U. Holzgrabe, Capillary electrophoresis separation of phenethylamine 449 

enantiomers using amino acid based ionic liquids, J. Pharm. Biomed. Anal. 148 (2018) 450 

245-250. 451 

[16] Z. Wang, H. Guo, M. Chen, G. Zhang, R. Chan, A. Chen, Separation and 452 

determination of corynoxine and corynoxine B using chiral ionic liquid and 453 

hydroxypropyl-β-cyclodextrin as additives by field-amplified sample stacking in 454 

capillary electrophoresis, Electrophoresis 39 (2018) 2195-2201. 455 

[17] Y. J. Liu, M. Deng, J. Yu, Z. Jiang, X. L. Guo, Capillary electrophoretic 456 

enantioseparation of basic drugs using a new single-isomer cyclodextrin derivative and 457 

theoretical study of the chiral recognition mechanism, J. Sep. Sci. 39 (2016) 1766-1775. 458 

[18] A. Rousseau, F. Gillotin, P. Chiap, E. Bodoki, J. Crommen, M. Fillet, A. C. Servais, 459 

Generic system for the enantioseparation of basic drugs in NACE using single-isomer 460 

anionic CDs, J. Pharm. Biomed. Anal. 54 (2011) 154-159. 461 

[19] M. Castro-Puyana, A. L. Crego, M. L. Marina, C. García-Ruiz, Enantioselective 462 

separation of azole compounds by EKC. Reversal of migration order of enantiomers with 463 

CD concentration, Electrophoresis 28 (2015) 2667-2674. 464 



21 
 

[20] A. Van Eeckhaut, S. Boonkerd, M. R. Detaevernier, Y. Michotte, Development and 465 

evaluation of a linear regression method for the prediction of maximal chiral separation 466 

of basic drug racemates by cyclodextrin-mediated capillary zone electrophoresis, J. 467 

Chromatrogr. A 903 (2000) 245-254. 468 

[21] Y. Y. Dong, X. Q. Ren, A. J. Huang, Y. L. Sun, Z. P. Sun, Chiral separation of 469 

bencynonate and econazole by cyclodextrin-modified capillary zone electrophoresis, 470 

HRC. J. High Resol. Chromatogr. 21 (1998) 421-423. 471 

[22] B. Chenkvetadze, G. Endresz, G. Blanschke, Enantiomeric resolution of chiral 472 

imidazole derivatives using capillary electrophoresis with cyclodextrin-type buffer 473 

modifiers, J. Chromatogr. A 700 (1995) 43-49. 474 

[23] D. Hermawan, W. A. W. Ibrahim, M. M. Sanagi, H. Y. Aboul-Enein, Chiral 475 

separation of econazole using micellar electrokinetic chromatography with 476 

hydroxypropyl-γ-cyclodextrin, J. Pharm. Biomed. Anal. 53 (2010) 1244-1249. 477 

[24] J. Valimaña-Traverso, S. Morante-Zarcero, D. Perez-Quintanilla, M. A. García, I. 478 

Sierra, M. L. Marina, Periodic mesoporous organosilica materials as sorbents for solid-479 

phase extraction of drugs prior to simultaneous enantiomeric separation by capillary 480 

electrophoresis, J. Chromatogr. A 1566 (2018) 135-145. 481 

[25] J. Valimana-Traverso, G. Amariei, K. Boltes, M. A. Garcia, M. L. Marina, Stability 482 

and toxicity studies for duloxetine and econazole on Spirodela polyrhiza using chiral 483 

capillary electrophoresis, J. Hazardous Materials, 374 (2019) 203-210.  484 

[26] J. Valimana-Traverso, G. Amariei, K. Boltes, M. A. Garcia, M. L. Marina, 485 

Enantiomer stability and combined toxicity of duloxetine and econazole on Daphnia 486 



22 
 

magna using real concentrations determined by capillary electrophoresis, Sci. Total 487 

Environment 670 (2019) 770-778.  488 

[27] M. Zhao, Y. Cui, J. Yu, S. Y. Xu, X. J. Guo, Combined use of hydroxypropyl-beta-489 

cyclodextrin and ionic liquids for the simultaneous enantioseparation of four azole 490 

antifungals by CE and a study of the synergistic effect, J. Sep. Sci. 37 (2014) 151-157. 491 

[28] X. Ma, Y. Du, X. Sun, J. Liu, Z. Huang, Synthesis and application of amino alcohol-492 

derived chiral ionic liquids, as additives for enantioseparation in capillary electrophoresis, 493 

J. Chromatogr. A 1601 (2019) 340-349.  494 

[29] Y. Zhang, Y. Du, T. Yu, Z. Feng, J. Chen, Investigation of dextrin-based synergistic 495 

system with chiral ionic liquids as additives for enantiomeric separation in capillary 496 

electrophoresis, J. Pharm. Biomed. Anal. 164 (2019) 413-420. 497 

[30] Q. Zhang, J. Zhang, S. Xue, M. Rui, B. Gao, A. Li, J. Bai, Z. Yin, E. Anochie, 498 

Enhanced enantioselectivity of native α-cyclodextrins by the synergy of chiral ionic 499 

liquids in capillary electrophoresis, J. Sep. Sci. 41 (2018) 4525-4532. 500 

[31] J. Q. Chen, Y. X. Du, F. X. Zhu, B. Chen, Q. Zhang, S. J. Du, P. Li, Study of the 501 

enantioseparation capability of chiral dual system-based chondroitin sulfate C in CE, 502 

Electrophoresis 36 (2015) 607-614. 503 

[32] Q. Zhang, Y. X. Du, J. Q. Chen, G. F. Xu, T. Yu, X. Y. Hua, J. J. Zhang, Investigation 504 

of chondroitin sulfate D and chondroitin sulfate E as novel chiral selectors in capillary 505 

electrophoresis, Anal. Bioanal. Chem. 406 (2014) 1557-1566. 506 



23 
 

[33] J. Q. Chen, Y. X. Du, F. X. Zhu, B. Chen, Evaluation of the enantioselectivity of 507 

glycogen-based dual chiral selector systems towards basic drugs in capillary 508 

electrophoresis, J. Chromatogr. A 1217 (2010) 7158-7163. 509 

[34] W. L. Wei, B. Y. Guo, J. M. Lin, Ultra-high concentration of amylose for chiral 510 

separations in capillary electrophoresis, J. Chromatogr. A 1216 (2009) 1484-1489. 511 

[35] H. Nishi, A. Izumoto, K. Nakamura, H. Nakai, T. Sato, Dextran and dextrin as chiral 512 

selectors in capillary electrophoresis, Chromatographia 42 (1996) 617-630. 513 

[36] J. Y. Zhang, J. Y. Sun, Y. R. Liu, J. Yu, X. J. Guo, Immobilized cellulose-based 514 

Chiralpak IC chiral stationary phase for enantioseparation of eight imidazole antifungal 515 

drugs in normal-phase, polar organic phase and reversed-phase conditions using high-516 

performance liquid chromatography, Chromatographia 82 (2019) 649-660. 517 

[37] M. Podolska, W. Bialecka, A. Kulik, B. Kwiatkowska-Puchniarzi, A. Mazurek, 518 

HPLC method for separating enantiomers of imidazole derivatives - antifungal 519 

compounds, Acta Pol. Pharm. 74 (2017) 777-784. 520 

[38] Q. X. Huang, K. Zhang, Z. F. Wang, C. W. Wang, X. Z. Peng, Enantiomeric 521 

determination of azole antifungals in wastewater and sludge by liquid chromatography-522 

tandem mass spectrometry, Anal. Bioanal. Chem.  403 (2012) 1751-1760. 523 

[39] I. Ali, H. Y. Aboul-Enein, V. D. Gaitonde, P. Singh, M. S. M. Rawat, Chiral 524 

separations of imidazole antifungal drugs on AmyCoat RP column in HPLC, B. Sharma, 525 

Chromatographia 70 (2009) 223-227. 526 



24 
 

[40] H. Y. Aboul-Enein, I. Ali, Comparative study of the enantiomeric resolution of chiral 527 

antifungal drugs econazole, miconazole and sulconazole by HPLC on various cellulose 528 

chiral columns in normal phase mode, J. Pharm. Biomed. Anal. 27 (2002) 441-446. 529 

[41] H. Y. Aboul-Enein, I. Ali, Enantiomeric resolution of some imidazole antifungal 530 

agents on Chiralpak WH chiral stationary phase using HPLC, Chromatographia 54 (2001) 531 

200-202. 532 

[42] H. Y. Aboul-Enein, I. Ali, Comparison of the chiral resolution of econazole, 533 

miconazole, and sulconazole by HPLC using normal-phase amylose CSPs, Fresen. J. 534 

Anal. Chem. 370 (2001) 951-955. 535 

[43] M. Lammerhofer, W. Lindner, Assignment of absolute-configuration and optical 536 

purity determination of (R)-econazole and (S)-econazole nitrate by enantioselective 537 

HPLC-method development and application, Chirality 4 (1994) 261-269. 538 

[44] M. Ahmed, A. Ghanem, Enantioselective nano liquid chromatographic separation of 539 

racemic pharmaceuticals: a facile one-pot in situ preparation of lipase-based polymer 540 

monoliths in capillary format, Chirality 26 (2014) 754-763. 541 

[45] M. Ahmed, M.M.A. Yajadda, Z.J. Han, D.W. Su, G.X. Wang, K. Ostrikov, A. 542 

Ghanem, Single-walled carbon nanotube-based polymer monoliths for the 543 

enantioselective nano-liquid chromatographic separation of racemic pharmaceuticals, J. 544 

Chromatogr. A 1360 (2014) 100-109. 545 

[46] L. Toribio, M.J. del Nozal, J.L. Bernal, C. Alonso, J.J. Jimenez, Enantiomeric 546 

separation of several antimycotic azole drugs using supercritical fluid chromatography, 547 

J. Chromatogr. A 1144 (2007) 255-261. 548 



25 
 

[47] Q. Zhang, X. Qi, C. Feng, S. Tong, M. Rui, Three chiral ionic liquids as additives 549 

for enantioseparation in capillary electrophoresis and their comparison with conventional 550 

modifiers, J. Chromatogr. A 1462 (2016)146-152. 551 

[48] Q. Zhang, Y. Du, Evaluation of the enantioselectivity of glycogen-based synergistic 552 

system with amino acid chiral ionic liquids as additives in capillary electrophoresis, J. 553 

Chromatogr. A 1306 (2013) 97-103. 554 

[49] B. Medronho, H. Duarte, L. Alves, F. E. Antunes, A. Romano, A. J. M. Valente, 555 

The role of cyclodextrin-tetrabutylammonium complexation on the cellulose dissolution, 556 

Carbohydr. Polym. 140 (2016) 136-143. 557 

[50] A. Figueiras, J. M. G. Sarraguça, A. A. C. C. Pais, R. A. Carvalho, J. F. Veiga, The 558 

role of L-arginine in inclusion complexes of omeprazole with cyclodextrins, AAPS 559 

Pharm. Sci. Tech. 11 (2010) 233-240. 560 

[51] V. Suvarna, A. Kajwe, M. Murahari, G. V. Pujar, B. K. Inturi, A. P. Sherje, 561 

Inclusion complexes of nateglinide with HP-β-CD and L-arginine for solubility and 562 

dissolution enhancement: preparation, characterization, and molecular docking study, J. 563 

Pharm. Innov. 12 (2017) 168-181.   564 



26 
 

Figure captions. 565 

Figure 1. Electropherograms corresponding to the enantioseparation of racemic standard 566 

solution of econazole and sulconazole (150 mg/mL) using as dual systems A) 5 mM HP-567 

-CD and 20 mM [TBA][L-Lys]; B) 2 mM HP--CD and 25 mM [TBA][L-Lys]; C) 5 568 

mM HP--CD and 20 mM [TBA][L-Glu]; D) 2 mM HP--CD and 25 mM [TBA][L-Glu] 569 

at different temperatures. Other CE conditions: 50 mM phosphate buffer (pH 2.5); 570 

uncoated fused-silica capillary, 50 µM ID x 48.5 cm (40 cm of effective length); UV 571 

detection at 200 nm; applied voltage, 30 kV; injection by pressure, 50 mbar for 4 s.  572 

 573 

Figure 2. Electropherograms corresponding to the enantiomeric separation of a standard 574 

solution (40 mg/mL) and cream samples of econazole and sulconazole. CE conditions: 575 

50 mM phosphate buffer (pH 2.5) containing mixtures of A) 5 mM HP--CD with 20 576 

mM [TBA][L-Lys] at 25 ºC; B) 2 mM HP--CD with 25 mM [TBA][L-Lys] at 15 ºC. 577 

Other conditions: uncoated fused-silica capillary, 50 µM ID x 48.5 cm (40 cm of effective 578 

length); UV detection at 200 nm; applied voltage, 30 kV; injection by pressure, 50 mbar 579 

for 10 s. 580 

 581 

  582 
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Table 1. Migration times and enantiomeric resolutions for econazole and sulconazole using different buffer concentrations and different values of applied 

voltage. 

 

Chiral selectors  
Buffer 

concentration 

Voltage 

20 kV * 25 kV 30 kV ** 

t1 (min) Rs Current (μA) t1 (min) Rs Current (μA) t1 (min) Rs Current (μA) 
E

co
n

a
zo

le
 5 mM HP-β-CD + 

30 mM [TBA][L-Lys] 

50 mM 51.2 5.4 50 32.8 4.8 70 16.8 4.3 105 

75 mM 57.6 - 60 26.3 4.7 80 15.5 4.1 115 

100 mM > 60 - 80 19.0 4.2 165 HC HC 190 

5 mM HP-β-CD + 

30 mM [TBA][L-Glu] 

50 mM 50.5 5.4 54 31.4 5.0 70 18.4 4.3 80 

75 mM 57.0 - 50 31.1 4.8 77 16.0 3.9 113 

100 mM > 60 - 80 22.2 4.3 130 HC HC 180 

S
u

lc
o
n

a
zo

le
 2 mM HP-β-CD + 

30 mM [TBA][L-Lys] 

50 mM 54.6 3.1 50 30.7 2.8 70 14.8 2.8 105 

75 mM > 60 - 60 33.6 3.3 80 15.9 2.7 115 

100 mM > 60 - 80 21.3 2.5 165 HC HC 190 

2 mM HP-β-CD + 

30 mM [TBA][L-Glu] 

50 mM 44.6 3.7 54 23.9 2.8 70 19.7 3.1 80 

75 mM 53.7 4.9 50 37.3 4.9 77 19.9 2.8 113 

100 mM > 60 - 80 26.0 2.7 130 HC HC 180 

CE conditions: phosphate buffer (pH 2.5); uncoated fused-silica capillary, 50 µM ID x 48.5 cm (40 cm of effective length); UV detection at 200 nm; temperature 15ºC; injection by pressure, 
50 mbar for 4 s.  
Rs: Resolution; t1: time of the first-migrating enantiomer (min).  
*Analyses were stopped at 60 min. The second-migrating enantiomer of econazole using a buffer of 75 mM was not detected in 60 min. In all these cases, Rs values were not determined. 

** HC: High current level (~200 µA). 
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Table 2. Analytical characteristic of two CE methodologies for the quantification of econazole 

and sulconazole enantiomers with dual systems. 

 
 

Econazole Sulconazole 

First enantiomer Second enantiomer First enantiomer Second enantiomer 

External standard calibration method a 

Range 5-50 mg/L 5-50 mg/L 7-50 mg/L 7-50 mg/L 

Slope ± t · Sa 4.1 ± 0.6 4.4 ± 0.7  9.6 ± 1.1 9.8 ± 1.2 

Intercept ± t · Sb -12.3 ± 16.8 -14.0 ± 19.7 -28.9 ± 32.1 -30.5 ± 34.8 

r 0.992 0.990 0.994 0.994 

p-value (ANOVA) b 0.0814 0.0632 0.136 0.163 

Matrix interferences c 

Slope ± t · Sa 5.9 ± 1.8 6.1 ± 2.4  10.1 ± 2.5 10.7 ± 2.3 

Accuracy d 

Recovery 96 ± 7 % 98 ± 4 % 101 ± 5 % 101 ± 4 % 

Precision 

Instrumental repeatability e 

t, RSD (%) 1.2 1.3 2.0 2.1 

A, RSD (%) 4.9 4.5 3.1 3.2 

Method repeatability f 

t, RSD (%) 0.7 2.4 2.5 2.5 

A, RSD (%) 2.9 4.3 4.9 5.8 

Intermediate precision g 

t, RSD (%) 3.9 3.9 2.7 2.7 

A, RSD (%) 9.1 8.8 7.2 6.2 

LOD h 1.3 mg/L 1.3 mg/L 1.6 mg/L 1.5 mg/L 

LOQ h 4.3 mg/L 4.3 mg/L 5.3 mg/L 5.0 mg/L 

a Six standard solutions at different concentration levels injected in triplicate for two days.  
b p-value for ANOVA to confirm that experimental data fit properly to linear models. 
c Comparison of the confidence intervals for the slopes corresponding to the standard addition and the external standard 
calibration methods. 

d Accuracy was evaluated as the recovery obtained from pharmaceutical cream samples solutions containing 40 mg/L 
of racemic drug (as labeled amount) with 40 mg/L (100%) of racemic drug. 
e Six consecutive injections (n = 6) of a standard solution containing 40 mg/L of chiral drug. 
f Three standard solutions containing 40 mg/L of racemic drug injected in triplicate (n = 9) on the same day.  
g Three standard solutions containing 40 mg/L of racemic drug injected in triplicate on three different days (n = 9).  
h LOD and LOQ obtained experimentally for a S/N = 3 or S/N = 10, respectively. 
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 Figure 1. 
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Figure 2.  
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