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Introduction

Oral delivery of antiemetics is a great challenge for patients who suffer from strong nausea and vomiting. Among various alternative strategies relative to the delivery of drugs, passive transdermic administration constitutes an interesting's one in particular because it is a non-invasive route.

Several devices have been developed and evaluated for the in vitro transdermal delivery of some antiemetic compounds like ondansetron, metoclopramide (MET) and domperidone (DOM): microemulsions [START_REF] Malakar | Ondansetron HCl microemulsions for transdermal delivery: formulation and in vitro skin permeation[END_REF][START_REF] Al Abood | Microemulsion as a tool for the transdermal delivery of ondansetron for the treatment of chemotherapy induced nausea and vomiting[END_REF], patchs [START_REF] Swain | Preclinical evaluation of drug in adhesive type ondansetron loaded transdermal therapeutic systems[END_REF][START_REF] Müller | Transdermal therapeutic system containing the active substance scopolamine base[END_REF], hydrogel [START_REF] Obata | A statistical approach to the development of a transdermal delivery system for ondansetron[END_REF] and semi-solid preparations [START_REF] Gwak | Transdermal delivery of ondansetron hydrochloride: effects of vehicles and penetration enhancers[END_REF][START_REF] Agnihotri | Controlled release application of multilamellar vesicles: a novel drug delivery approach[END_REF]. Swain et al. [START_REF] Swain | Preclinical evaluation of drug in adhesive type ondansetron loaded transdermal therapeutic systems[END_REF] have obtained encouraging results with plasmatic concentration of ondansetron higher than the efficient plasmatic one, highlighted during a preclinical evaluation. Hydrophilic liposomal and phytosomal creams constitute interesting pathways because they have emerged on the transdermic market as ready to-use transdermal vehicles. Among them, two vehicles (Pentravan® Plus and Phytobase®) have been highlighted for the transdermal administration of dexamethasone and ondansetron in our previous work [START_REF] Bourdon | Evaluation of Pentravan®, Pentravan® Plus, Phytobase®, Lipovan® and Pluronic Lecithin Organogel for the transdermal administration of antiemetic drugs to treat chemotherapy-induced nausea and vomiting at the hospital[END_REF]. In order to extend our research about the evaluation of ready to use transdermal vehicles for the administration of different classes of antiemetics (domperidone, haloperidol (HAL), metoclopramide, promethazine (PRO) and diphenhydramine (DIP)), methods have to be developed first, to perform the quality control of formulations and then to evaluate skin permeation. Indeed, these compounds target different receptors (D2 dopamine receptor, H1 histaminic receptor) involved in the occurrence of nausea and vomiting, therefore a synergic effect can occur if they are co-administrated.

Assessment of drug quantities able to pass through the skin is usually carried out by means of Franz diffusion cell systems. Among them, Franz static diffusion cell was found to be the most appropriate to evaluate skin permeation, providing valuable information to set-up a formulation strategy. The device is composed of a donor compartment and a receptor's one separated by a natural membrane, i.e. skin, for transdermal delivery evaluation. The receptor chamber is filled with a solubilizing medium like phosphate buffer solution (PBS 1X, pH 7.4) in order to mimic the physiological conditions. After application of the formulation on the skin, aliquots of the receptor fluid (in general phosphate buffer solution (PBS 1X, pH 7.4) to mimic the physiological conditions) are taken throughout the experiment in order to evaluate the quantity of drug having crossed the skin [START_REF] Bourdon | Evaluation of Pentravan®, Pentravan® Plus, Phytobase®, Lipovan® and Pluronic Lecithin Organogel for the transdermal administration of antiemetic drugs to treat chemotherapy-induced nausea and vomiting at the hospital[END_REF]. Due to small volumes of aliquots taken and small quantities of drug collected in the receptor compartment, a sensitive analytical method is required to study the efficiency of each transdermal vehicle in terms of drug permeation.

Capillary electrophoresis (CE) has become a very powerful separation technique for pharmaceutical analysis due to its versatility, the speed of separation, the automation and the low consumption of sample [START_REF] Zhu | Analysis of small molecule drugs, excipients and counter ions in pharmaceuticals by capillary electromigration methods -recent development[END_REF][START_REF] Deeb | Recent advances in capillary electrophoresis migration techniques for pharmaceutical analysis (2013-2015[END_REF]. A MEKC-UV method was developed by means of experimental design for the quantitative determination of three antiemetics (dexamethasone, ondansetron and aprepitant) in organogel formulations [START_REF] Bourdon | A validated micellar electrokinetic chromatography method for the quantitation of dexamethasone, ondansetron and aprepitant, antiemetic drugs, in organogel[END_REF]. Regarding drugs of interest, CE-UV methods described in the literature were applied for the quality control of diphenhydramine [START_REF] Dong | Separation and determination of pseudoephedrine, dextromethorphan, diphenhydramine and chlorpheniramine in cold medicines by nonaqueous capillary electrophoresis[END_REF], haloperidol [START_REF] Riekkola | Non-aqueous capillary electrophoresis[END_REF][START_REF] Tomlinson | Investigation of the metabolic fate of the neuroleptic drug haloperidol by capillary electrophoresis-electrospray ionization mass spectrometry[END_REF][START_REF] Wu | Trace analysis of haloperidol and its chiral metabolite in plasma by capillary electrophoresis[END_REF], metoclopramide [START_REF] Sultan | Capillary Electrophoretic Determination of Antimigraine Formulations Containing Caffeine, Ergotamine, Paracetamol and Domperidone or Metoclopramide[END_REF] and domperidone [START_REF] Sultan | Capillary Electrophoretic Determination of Antimigraine Formulations Containing Caffeine, Ergotamine, Paracetamol and Domperidone or Metoclopramide[END_REF][START_REF] Abdelal | Method development and validation for the simultaneous determination of cinnarizine and co-formulated drugs in pharmaceutical preparations by capillary electrophoresis[END_REF][START_REF] Pluym | Capillary electrophoresis in chemical/pharmaceutical quality control[END_REF]. Nevertheless, none of them allows the simultaneous determination of antiemetics investigated in this study i.e. domperidone, haloperidol, metoclopramide, promethazine and diphenhydramine. Moreover, due to short optical path length, the sensitivity of CE-UV is insufficient to evaluate the skin permeation by means of Franz diffusion cells. Hence, two main strategies are available in order to improve quantitation thresholds: use of more sensitive detectors such as mass spectrometry [START_REF] Tomlinson | Investigation of the metabolic fate of the neuroleptic drug haloperidol by capillary electrophoresis-electrospray ionization mass spectrometry[END_REF][START_REF] Baldacci | Identification of diphenhydramine metabolites in human urine by capillary electrophoresis-ion trap-mass spectrometry[END_REF] or online pre-concentration techniques [START_REF] Simpson | On-line sample preconcentration in capillary electrophoresis: Fundamentals and applications[END_REF][START_REF] Breadmore | Recent Advances in Enhancing the Sensitivity of Electrophoresis and Electrochromatography in Capillaries and Microchips (2010-2012[END_REF]. In the latter, no instrumental modification is required which reduces the equipment investment. Among all pre-concentration strategies to increase analyte mass loading, field amplified sample injection (FASI) is particularly well adapted to improve detection limits of ionizable molecules [START_REF] Quirino | Sample Stacking of Cationic and Anionic Analytes in Capillary Electrophoresis[END_REF][START_REF] Malá | Contemporary Sample Stacking in CE: A Sophisticated Tool Based on Simple Principles[END_REF].

Briefly, a large volume of sample diluted in a medium of lower conductivity than the carrier electrolyte is injected under electrical field. Upon application of the voltage, an enhancement of the electric field strength occurs in the low-conductivity zone, which induces an increase in electrophoretic velocities of analytes leading to their concentration in a thin band at the boundary between the sample solution and the separation buffer. However, the presence of salts in the sample matrix significantly disrupted the stacking of analytes [START_REF] Claude | Analysis of urinary neurotransmitters by capillary electrophoresis: sensitivity enhancement using field-amplified sample injection and molecular imprinted polymer solid phase extraction[END_REF]. Therefore, a desalting sample preparation step is required when FASI is applied to phosphate buffer solution as receptor fluid in the field of skin permeation. This step can be performed by a sample dilution, a solid phase extraction [START_REF] Claude | Analysis of urinary neurotransmitters by capillary electrophoresis: sensitivity enhancement using field-amplified sample injection and molecular imprinted polymer solid phase extraction[END_REF] or a liquid-liquid extraction as carried out for the analysis of plasma or urine [START_REF] Lu | On-line sample stacking and short-end injection CE for the determination of fluoxetine and norfluoxetine in plasma: Method development and validation using experimental designs[END_REF].

In the present paper, the versatility of CE has been once again demonstrated for the evaluation of transdermal formulations. In a first step, a CZE-UV method has been developed and validated for the quality control of transdermal formulations based on Pentravan® plus and Phytobase®. In a second step, the sensitivity of the CE-UV analysis of antiemetics (diphenydrinate, promethazine, metoclopramide, haloperidol and domperidone) has been enhanced by combining a double-step sequence: a liquid-liquid extraction followed by a FASI injection. FASI implementation is time consuming due to many parameters that have to be optimized to enhance the pre-concentration factor (nature and concentration of the protonation agent, type and content of the organic modifier, both added to the sample solution, BGE ionic strength, nature and length of the pre-injection plug).

Since FASI implementation is time consuming, Hence, design of experiments (DOE) that constitutes an interesting chemometric tool was used to optimize the FASI method. Indeed, this approach brings some information about the significance of each factor and the interactions between each other, while reducing the number of runs. This method was finally applied to evaluate the skin permeation of metoclopramide.

Material and method

Chemicals

Diphenhydramine (DIP), metoclopramide (MET) and domperidone (DOM) were purchased from Santa Cruz Biotechnology (Tebubio, Le Perray-en-Yvelines, France); haloperidol (HAL), promethazine (PRO), ticlopidine (IS) and trifluoroacetic acid (TFA) from Sigma-Aldrich (St Quentin-Fallavier, France).

Glacial acetic acid was purchased from J.T. Baker (Deventer, The Netherlands); phosphoric acid (85%), NaCl, NaHCO3, MgCl2.6H2O, CaCl2.2H2O and Tris were purchased from Merck (Darmstadt, Germany); KCl, Na2HPO4.2H2O, Na2SO4 and formic acid (HCOOH) from Prolabo (Val de Fontenay, France). Sodium hydroxide 1M (Normapur) and all solvents (MeOH, EtOH, ACN) which were of analytical grade were obtained from VWR (Fontenay-sous-bois, France). All solutions were prepared using ultra-pure water supplied by a Milli-Q purification system from Millipore (St Quentin en Yvelines, France). Pentravan® Plus and Phytobase® were kindly gifted by Fagron (Paris, France). to the phosphate buffer. After optimization, the BGE was a phosphate buffer (pH 2.5; 60 mM) containing 12% (v/v) of EtOH. Before analysis, all BGE were sonicated for 10 min and filtered through a 0.45 µm cellulose syringe filter (Alltech, Templemars, France).

Preparation of background electrolyte, stock solutions and transdermal formulations

Stock solutions

Stock solutions (1 mg/mL) of MET, PRO, DIP and IS were prepared in water whereas stock solutions (1 mg/mL) of DOM and HAL were prepared in methanol. These solutions were stable at 4°C for a month.

Transdermal formulations

CE equipment and operating conditions

All experiments were carried out on a Beckman P/ACE MDQ capillary electrophoresis system (Beckman Coulter) equipped with a PDA detector. Detection was carried out at 214 nm. Data were recorded and analyzed with the 32 Karat software (version 8.0). CE analyses were performed using an uncoated fused-silica capillary (50.2 cm x 50 µm i.d. x 375 µm o.d., effective length 40.2 cm) obtained from Composite Metal Services (Worcestershere, UK). The sample tray and the capillary temperatures were set at 25°C. New capillaries were successively rinsed with NaOH 1 M (10 min, 25 psi), NaOH 0.1 M (10 min, 25 psi), H2O (10 min, 25 psi). Between runs, the capillary was rinsed with NaOH 0.1 M (2 min, 25 psi), H2O (2 min, 25 psi) and the running buffer (5 min, 25 psi) then the inlet and the outlet sides of the capillary were dipped in water. Hydrodynamic injection of samples was performed at the anodic side by applying a 0.5 psi pressure for 7 s (corresponding to 1.2% of the capillary length). Concerning the FASI injection, a short plug of water was firstly introduced by pressure (0.5 psi, 5 s) and the sample was injected by applying a voltage of + 10 kV for 48 s. Then, the CE separation was performed by applying a positive voltage of +30 kV. At the end of each working day, capillary was rinsed with NaOH 0.1M (10 min) and H2O (10 min), before storage overnight.

CE/UV method for quality control of transdermal formulations

Working solutions

Working solutions were obtained by diluting the stock solutions in a phosphate buffer (pH 2.5, 6 mM). For method development, the working solution was composed of each antiemetic at a concentration of 15 µg/mL. For method validation, a series of calibration standards containing all drugs were prepared at final concentrations of 10, 30, 55, 75 and 100 µg/mL. Three validation standards were also prepared at concentrations of 10, 50 and 100 µg/mL. All solutions contained IS at a concentration of 55 µg/mL.

Method validation

Method validation was performed according to the validation guidelines proposed by the French Society of Pharmaceutical Sciences and Techniques -SFSTP [START_REF] Ph | Harmonization of strategies for the validation of quantitative analytical procedures: A SFSTP proposal-Part III[END_REF]. Its requirements are based on the study of the « accuracy », also called the « total error » which results from the sum of the systematic error (trueness) and the random error (precision) obtained with validation standards. The total error describes the difference between the true concentration and the concentration calculated using the analytical method. Its estimation at each concentration level of the validation standards allows to draft an accuracy profile. The accuracy profile is a decision-making tool allowing to ensure the quality of the analytical procedure with a tolerance error (acceptance limits) and a risk (β-expectation tolerance interval) previously defined by the analyst. Hence, β represents the probability that measurements are included inside the acceptance limits.

Method validation was carried out on three consecutive days (j = 3) to estimate the total prediction errors. The protocol involves five concentration levels (k = 5) for calibration standards and three concentration levels (k = 3) with three repetitions (n = 3) for validation standards (VS). Each day, the injection of a freshly prepared BGE and of a blank (matrix) was also performed. Ticlopidine was used as internal standard (IS). Calculations were performed using corrected area (area/migration time : A/tM) ratios of the antiemetic drug on the IS one. Finally, response function, trueness, precision (repeatability and intermediate precision), limit of quantitation were studied and accuracy profile was assessed taking into account the ± 15% acceptance limits admitted for quantitation of drugs in transdermal formulations at a risk of 5%.

Quality control of transdermal formulations

To determine drug content and to verify homogeneity of each formulation, 50 mg aliquots (n = 3) were 100-fold diluted in ethanol and sonicated for 15 min to dissolve the drug(s). After filtration through a PTFE syringe filter (pore size 0.45 µm), the solution was spiked with IS stock solution. A second dilution step was finally performed to obtain 250-fold diluted samples in phosphate buffer (pH 2.5, 6 mM) containing IS at a concentration of 55 µg/mL.

LLE-FASI-CE/UV method for permeation experiments

Working solutions

For the FASI injection, working solutions were prepared in hydro-organic mixtures composed of ACN, MeOH or EtOH supplemented with an acidic solution (HCOOH, CH3COOH, H3PO4, TFA). After optimization using DOE, each sample was prepared in a MeOH/H2O -10/90 (v/v) mixture containing 2.5 mM CH3COOH. Except for HAL, a series of calibration standards were prepared at final concentrations ranged from 25 to 200 ng/mL. Response function of HAL was established from calibration standards prepared in the 100 -300 ng/mL concentration range. A validation standard containing all compounds was also prepared at a concentration of 100 ng/mL. All solutions contained IS at a concentration of 100 ng/mL.

Experimental design and data analysis for FASI optimization

Experimental design and response surface methodology data analysis was carried out were performed on MODDE software (version 2009, Umetrics, Malmö, Sweden) for the FASI optimization.

Considering previous works in the literature [START_REF] Claude | Analysis of urinary neurotransmitters by capillary electrophoresis: sensitivity enhancement using field-amplified sample injection and molecular imprinted polymer solid phase extraction[END_REF] and our preliminary study, four factors were selected to build the experimental plan design of experiments: MeOH content and CH3COOH concentration ([CH3COOH]) in the injection sample, injection voltage and duration. Five levels were set for each factor. The experimental domain (settings of low, centre, high and star points) for each factor is summarized in Table 1. Corrected area and signal-to-noise ratio of each analyte were selected as responses. A central composite design (CCD) was used to design the experiments with a centre point repeated three times. Each experiment was repeated twice; hence, the design was composed of 54 experiments which were randomized to avoid being affected by uncontrolled factor variations (Table S2). Thanks to the examination of each factor at five levels, a least-squares multiple quadratic regression was used both to model the studied responses as a function of each factor and to provide a maximum information about factors interaction. This permitted to determine the optimum combination of all variables leading to the best sensitivity. Analysis of variance (ANOVA) was used for the evaluation of the mathematical model.

In vitro permeation study

The diffusion experiments were carried out in triplicate using static Franz diffusion cells (SES GmbH, Analysesystem, Bechenheim, Germany) to study the permeation through a pig ear skin epidermis.

Before pre-incubation, porcine skin (0.64 cm²) was carefully clamped between the donor and receptor compartments (3.1 mL). The latter was filled with the simulated body fluid (SBF, pH 7.4).

Receptor compartment media were degassed, maintained at 32°C and stirred with a magnetic stirring bar at around 500 rpm. The kinetic was started after the deposit of the transdermal formulation (0.2 g) in the donor compartment and was followed for 24 h. At determined time intervals, 200 µL aliquots were removed from the receptor compartment. After each sampling, an equal volume of fresh diffusion medium was added to the receptor compartment to maintain a constant volume. Each aliquot was submitted to liquid-liquid extraction. The sample was, first, alkalised with a solution of NaOH 1 M until pH 12.5. Then, after the addition of 600 µL of ethyl acetate, the mixture was vortexed for 1 min. The supernatant was collected, evaporated until dryness under a gentle stream of N2 at 40°C. The dry residue was solubilized in 1500 µL final volume of MeOH/H2O -90/10 (v/v) solution containing 2.5 mM CH3COOH before FASI-CE/UV analysis. The permeation profiles were set by plotting the cumulative amount of drug in the receptor compartment (Qcum) against time. This amount was calculated according to Eq. ( 1):

= × + ∑ ×
with Qcum = cumulative amount of drug that has passed through the skin per surface unit (µg/cm²) Cn = concentration of the drug (µg/mL) determined at the n th sampling interval V = volume of the acceptor phase (receptor compartment) (mL) VS = volume of the sampling aliquot (mL) S = Surface of the skin epidermis (cm²)

Data presented are the mean of three experiments.

Results and discussion

CE-UV analysis of antiemetics using hydrodynamic injection

Method development

Since all the five antiemetics investigated and the IS are basic drugs with pKa values ranged from 7.9 to 10.7, the pH of the BGE (phosphate buffer) was set at 2.5 so that the compounds are fully ionised to have good stability of the acidic form of each analyte. The separation was firstly optimized by varying the buffer concentration from 40 to 80 mM (Fig. S1a). From a general point of view, the resolution between each analyte was improved by increasing the buffer concentration. However, the resolution between DIP and PRO started to decrease using a phosphate buffer of 70 mM concentration until reaching the critical value of 1.26, with a 80 mM phosphate buffer. A concentration of 60 mM was finally selected for the further optimization of the separation method.

Secondly, an organic modifier (MeOH, EtOH or ACN) was added to the BGE (pH 2.5, 60 mM) in order to improve the resolution between DIP and PRO. Whereas the resolution between the analytes was improved using 5% of ethanol (v/v), it decreased when MeOH and ACN were used as organic modifier. Hence, EtOH was selected to continue the method optimization and the influence of its amount percentage in the BGE was studied in the 0 -12% (v/v) range. It was shown that the higher Eq. ( 1)

the EtOH amount percentage in the BGE is, the longer the migration time of the six analytes is (Fig. S1b). This behaviour is mainly due to the modification of the dielectric constant to the viscosity ratio of the BGE. Likewise, resolution increases with EtOH amount percentage. For example, a 4-fold factor increase in the resolution between DIP and PRO was observed adding 12% of EtOH, to reach a value of 2.44. Moreover, the presence of EtOH in the BGE contributes to an enhancement of the detection sensitivity for HAL and DOM as it increases the solubility of these two poor water soluble antiemetics. Finally, the optimized BGE was a phosphate buffer (pH 2.5, 60 mM) containing 12% of EtOH (v/v); the corresponding electropherogram is depicted in Fig. 1. The LOQs, corresponding to a signal-to-noise ratio of 10, were determined by injecting a standard solution containing each analyte at 40 µg.mL -1 . The LOQs of DIP, PRO, MET, HAL and DOM were 25, 30, 13, 25 and 3 µg.mL -1 , respectively.

Method validation

The method was validated in terms of specificity, precision, trueness and accuracy. Specificity was established by comparing electropherograms obtained by injecting a solution containing transdermal matrix (after a 250-fold dilution) and the same solution spiked with antiemetics and the IS. The absence of co-migration between matrix constituents and the analytes revealed the specificity of the CZE method. Calibration curves, expressing the corrected peak area ratio (antiemetic drug/IS) versus antiemetic drug concentration, were obtained from five calibration standards. The response functions were linear as attested by the determination coefficient (R²) obtained (Table S1). Linearity of the method was demonstrated for all drugs since the back-calculated concentrations were correlated with the introduced one (R² = 0.997) with slopes close to the unit and intercepts equal to zero (Student test with α = 5%). As shown in Table S1, trueness evaluated for each antiemetic drug by measuring relative bias is ranged from -1.85 to 5.43%. Regarding precision, the RSD values are lower than 5.27 and 6.15%, for repeatability and intermediate precision, respectively. From these data, the upper and the lower confidence interval were determined for each validation standard to obtain the accuracy profiles (Fig. 2). Whatever the drug and the concentration level, the tolerance interval is included in the acceptance limits set at ± 15%. Hence, the method is validated in the concentration range studied.

Quality control of transdermal formulations

Formulations containing antiemetic alone or in association in Pentravan® Plus or Phytobase® were prepared in duplicate. To control them, a preliminary dilution in EtOH is necessary not only to obtain drug concentration in the calibration range (Ctheoretical = 60 µg/mL) but to make the medium less viscous before the filtration step. Indeed, excipient of Pentravan® Plus and Phytobase® stayed partially insoluble in EtOH and clogged quicky the pores of the filtration membrane. This phenomenon is more marked with Phytobase® than Pentravan® Plus. Whatever the formulation, recovery results were 93 ± 2% for DIP, 102 ± 2% for PRO, 97 ± 5% for MET, 104 ± 3% for HAL and 97 ± 5% for DOM with relative standard deviation ranging from 1.2 to 4.1% . As example, the electropherograms of Pentravan® Plus containing a mixture of PRO and DOM or DIP and HAL are presented in Fig. S2.

CE-UV analysis of antiemetics using field-amplified sample injection

First experiments of permeation across skin performed with a formulation containing 1.6% (w/w)

MET have revealed that CE-UV was not sensitive enough to determine the rate and the kinetic permeation of MET from transdermal formulations by using Franz diffusion cell. Therefore, fieldamplified sample injection (FASI) was coupled to the previous developed CE method. For the FASI injection, the addition of a small amount of a protonation agent to the sample solvent MeOH/H2O -50/50 (v/v) is required in order to protonate the amine function of antiemetics, and therefore, to enable the electrokinetic injection. Four acidic solutions (acetic acid, formic acid, trifluoroacetic acid and phosphoric acid) have been tested at a concentration of 500 or 2000 µM. As example, Fig. 3 shows the signal-to-noise ratios and the corrected areas of DOM according to the different conditions tested. Best field amplification, and consequently S/N ratio, were obtained using acetic acid as protonate on agent. While A/tM values increase continuously with CH3COOH concentration, S/N ratio reaches a maximum value at 500 µM. Since these two responses are strongly influenced by the concentration of acetic acid, this parameter was selected as a factor to optimize in the DOE.

Moreover, to improve the performances best use the power of FASI, it is necessary to solubilize the analytes in a low conductivity medium. The addition of an organic solvent to the sample is often recommended not only to reduce the sample conductivity but also to improve the analyte solubility [START_REF] Claude | Analysis of urinary neurotransmitters by capillary electrophoresis: sensitivity enhancement using field-amplified sample injection and molecular imprinted polymer solid phase extraction[END_REF][START_REF] Dawod | Electrokinetic supercharging for on-line preconcentration of seven non-steroidal anti-inflammatory drugs in water samples[END_REF]. Methanol was selected due to its moderate viscosity and its high polarity that may favour the solubility of antiemetics. Finally, sensitivity depends on the quantity of analyte injected i.e. the duration and the applied voltage of the electrokinetic injection [START_REF] Kaewchuay | Simultaneous determination of pyridine-triphenylborane anti-fouling agent and its degradation products in paintwaste samples using capillary zone electrophoresis with field-amplified sample injection[END_REF]. However, injection time duration stays limited in FASI to hold an efficient separation. Hence, four factors i.e. sample sampling composition (methanol content and acetic acid concentration), duration (tinj) and applied voltage (Vinj) of the electrokinetic injection have been selected in order to evaluate their respective effect on the sensitivity (A/tM) and on the signal-to-noise ratio (S/N) of each antiemetic investigated. The levels of each factor (settings of low, centre, high and star points) of the CCD design are summarized in Table 1.

Figure 4 depicts the relative effects of each experimental factor and factor interactions on (a) peak corrected area and (b) S/N ratio for each antiemetic. The methanol volume fraction in the sample has the strongest positive effect (+70%), both on A/tM and on the S/N ratio. As explained previously, the addition of organic modifier in the sample solution reduces its conductivity and enhances sample stacking therefore S/N ratio. Moreover, the viscosity of hydro-organic solutions containing a high content of organic modifier is reduced compared to aqueous medium, thus increasing the quantity of analyte introduced into the capillary during the electrokinetic injection time. In a lesser manner, both electrokinetic sample injection voltage (Vinj) and time (tinj) have positive effect on peak corrected areas (between +30 and +35%). For IS and DOM, it appears that the quadratic terms Vinj² and MeOH² are significant, validating the choice of a second-order polynomial quadratic model for peak area responses. This result is emphasized by the curvature of the corresponding response surface modelling the S/N ratio of domperidone as a function of the injection time and the applied voltage (Fig. 5).

We can also note that interaction occurs between [CH3COOH] with injection time whereas the first order parameters [CH3COOH] has no significant effect on the corrected peak area. This result shows a synergic effect between these two parameters. We can suppose that increasing the injection time has not the same effect regarding the acidic concentration in the sample. Indeed, without CH3COOH in the sample, the analytes are not injected because of the lack of ionization. On the contrary, the addition of acidic in the sample solvent permits the ionization of analyte and their signals are all the more amplified that the injection time is long.

In order to determine the best FASI conditions using DOE, highest peak corrected area and S/N ratio values were set as criteria of optimization. The optimal values of MeOH content, acetic acid concentration, applied voltage and injection time duration were determined by MODDE software and were 90%, 2.5 mM, 10 kV and 48 s, respectively.

In some cases, the sample electrokinetic injection was preceded by a pre-injection of a short water plug [START_REF] Zinellu | Measurement of carnosine, homocarnosine and anserine by FASI capillary electrophoresis UV detection: Applications on biological samples[END_REF] or by using an acidic solution [START_REF] Claude | Analysis of urinary neurotransmitters by capillary electrophoresis: sensitivity enhancement using field-amplified sample injection and molecular imprinted polymer solid phase extraction[END_REF]. The effect interest of a water pre-injection plug (0.5 psi, concentration of 25 ng/mL (except for HAL, 50 ng/mL). Contrary to results obtained by Claude et al.

[24], quantitation thresholds, calculated for a S/N ratio of 10, were not improved with a water preinjection plug. However, the repeatability of peak corrected areas was enhanced: 2 ≤ RSD ≤ 4% with a pre-injection plug versus 18 ≤ RSD ≤ 37% without this pre-injection step (Table S3). Fig. 6 displays the FASI-CE/UV electropherogram of the five antiemetics under the in these optimal conditions. 3.2.1.2. Quantitation threshold and response function FASI injections provided quantitation thresholds ranging from 2 and 42 ng/mL ppb, depending on the antiemetic. These results, determined from standard solutions prepared in a MeOH/H2O 90/10 (v/v) medium led to LOQ values from 600 to 2100 times lower than a conventional hydrodynamic injection (Table S3) and 5 times lower than results obtained with MET by UPLC-UV [START_REF] Sowjanya | Novel validated stabilityindicating UPLC method for the determination of Metoclopramide and its degradation impurities in API and pharmaceutical dosage form[END_REF]. Taking into account LOQ of each antiemetic, response function of each analyte were examined using five calibration standards, in the 25 -200 ng/mL ppb concentration range for DOM, DIP, MET and PRO and in the 100 -300 ng/mL ppb concentration range for HAL. Relative peak corrected areas (analyte/IS) were plotted versus analyte concentrations. For each analyte, the determination coefficients were greater than 0.997 (data not shown).

3.2.2. Application of the FASI-CE/UV method for the permeation study 3.2.2.1. FASI-CE analysis of antiemetics in simulated body fluid Simulated body fluid (SBF), a solution with a high concentration of salts, is largely employed as receptor fluid to perform permeation assay using Franz diffusion cells. The analysis of a SBF sample using the FASI-CE/UV method seems to be inappropriate for analyte stacking because of the strong ionic strength. First experiments were performed with a 100-fold diluted SBF solution in the MeOH/H2O -90/10 (v/v) mixture. This solution was spiked with DOM, DIP, MET, PRO and HAL at a concentration of 100 ng/mL. While a substantial loss of sensitivity was observed (-90%), a dilution of the SBF solution with a greater factor was not considered since the expected concentrations of antiemetics in the receptor fluid will be too low. A liquid-liquid extraction (LLE) method was developed in order not only to remove the salts. A test solution containing each antiemetic at 100 ng/mL was prepared in SBF and the LLE-FASI-CE/UV protocol was applied. As shown in Table 2, all antiemetics were extracted with good recoveries ranged from 82 to 101 %. Response functions of each analyte were also examined in the concentration range described previously. Relative peak corrected areas (analyte/IS) were plotted versus analyte concentrations. For each analyte, the determination coefficients were greater than 0.987. Trueness and repeatability were evaluated at a concentration of 100 ng/mL (n = 6). Bias ranged from -12.3 to 8.6% and relative standard deviation varied from 2.6 to 5.5, depending on the analyte. These results showed that LLE-FASI-CE/UV is a potential method to evaluate the permeation of antiemetics through pig ear epidermis.

Ex vivo permeation study

In order to evaluate the applicability of the proposed method, permeation kinetic profile of MET formulated in Pentravan® Plus (1.6% w/w) was assessed for 24h by calculating the cumulative amounts of MET in the receptor compartment (Fig. 7). relatively poor as its cumulative amount in the receptor compartment at 24 h is 3.25 µg/cm². The steady state flux across the epidermis was also determined from the linear regression curve plotted on the linear portion of the kinetic profile: It was low with an experimental value of 98 ng cm -2 h -1 . As expected, Hence, MET didn't appear to be a good candidate for skin permeation. However, its transdermal delivery could be improved using iontophoresis [START_REF] Sowjanya | Novel validated stabilityindicating UPLC method for the determination of Metoclopramide and its degradation impurities in API and pharmaceutical dosage form[END_REF].

Conclusions

In this paper, the versatility powerful of capillary electrophoresis has been once again demonstrated to evaluate transdermal formulations containing antiemetics. Five compounds, DOM, DIP, HAL, MET and PRO, have been successfully resolved in less than 10 min. While the developed CE/UV method using hydrodynamic injection was shown to be convenient for the quality control of transdermal formulations with respect to selectivity, linearity, trueness and precision, a field amplified sample injection was investigated to enhance the quantitation thresholds (from 600 to 2000-fold) required to perform epidermis permeation assay. Several parameters (composition of sample, electrokinetic injection) have been optimized using a multivariate approach. However, a sample preparation step was required in order to remove salts in the simulated body fluid to make the FASI protocol efficient for permeation studies using Franz diffusion cells. A liquid-liquid extraction method has been developed and applied on the SBF. Finally, this new LLE-FASI-CE/UV method has been successfully applied to evaluate the permeation kinetic of metoclopramide through epidermis. Only significant effects and interactions are reported. Experimental data are presented with symbols and fit by dotted line. Arrayed star points (α) are located on the corresponding factor axes at a distance of ± 2 from the center point.

Figure captions

22 Trueness, precision and recovery were examined at 100 ng/mL (n = 6). 
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 21 Background electrolyte (BGE) Sodium phosphate buffers (pH 2.5) at different concentrations (from 40 to 80 mM) were prepared by mixing 1 M H3PO4 and 1 M NaOH. Their pH value was measured with a Meterlab PHM 240 pH-meter (Radiometer Analytical, Lyon, France) and adjusted by the addition of 1 M H3PO4 or 1 M NaOH, if necessary. BGE was obtained by adding the suitable amount of organic modifier (MeOH, EtOH, ACN)
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 21 Optimization of the FASI-CE/UV method 3.2.1.1. Set-up of a multivariate approach Preliminary study was carried out before the multivariate DOE to determine firstly which factors were the most relevant for the analyte pre-concentration and secondly to define the range of all factors to be further explored in the CCD experiments.

  Fig S2 depicts the typical electropherogram of a donor solution removed from the receptor compartment at 24 h. The permeation of MET is

Figure 1 :

 1 Figure 1: Electropherogram of domperidone, haloperidol, metoclopramide, promethazine, diphenhydramine and ticlopidine (IS) obtained with hydrodynamic injection.

Figure 2 :

 2 Figure 2: Accuracy profiles of diphenhydramine, domperidone, haloperidol, metoclopramide and promethazine obtained by CE/UV.

Figure 3 :

 3 Figure 3: Influence of the protonation agent nature and its concentration on (a) the signal-to-noise ratio and (b) on the corrected area of domperidone.

Figure 4 :

 4 Figure 4: Relative effects of each experimental factor and factor interactions on (a) peak corrected area and on (b) signal-to-noise ratio for each investigated antiemetic.

Figure 5 : 20 Figure 6 :

 5206 Figure 5: Response surface graphs for (a) the peak corrected area of domperidone (b) domperidone signal-to-noise ratio as a function of the injection time / the applied voltage and the acetic acid concentration / the methanol amount percentage in the sample solvent using CCD. tinj: injection time.

Figure 7 :

 7 Figure 7: Permeation mean profiles (n = 3) of MET from Pentravan®Plus investigated through pig ear epidermis.
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Table 1 : Values of the factors at star

 1 

(-α; α), factorial (-1; 1)

and center (0) levels of the CCD.

  

		Coded levels	-α	-1	0	+1	+α
	MeOH	MeOH content in the sample (%)	0.5	23.0	45.0	68.0	90.5
	[CH3COOH]	CH3COOH concentration in the sample (mM)	0.00	1.25	2.50	3.75	5.00
	tinj	Injection time (s)	4.5	16.0	27.5	39.0	50.5
	Vinj	Injection voltage (kV)	2	4	6	8	10

Table 2 : Response function, trueness and precision of the LLE-FASI-CE/UV method

 2 

	Analyte	Response function	Trueness	Precision	Recovery
		Y = ax + b	R²	(bias, %)	(CV, %)	(%)
	MET	0.0085 x + 0.2450	0.989	1.8	4.4	85 ±12
	PRO	0.0107 x + 0.3423	0.991	-12.3	5.5	82 ± 6
	DOM	0.0039 x + 0.0493	0.988	3.3	4.1	87 ± 3
	DIP	0.0077 x + 0.0493	0.993	8.6	4.5	101 ± 7
	HAL	0.0036 x + 0.046	0.987	-5.8	2.6	93 ± 5
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