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Abstract

We present a method for determining eight penicillin antibiotics using microemulsion electrokinetic chromatography (MEEKC). We studied
how the composition of the microemulsion affected separation by modifying such parameters as the surfactant or the addition of organic solvent:
The best microemulsion system consisted of 0.5% ethyl acetate, 1.2% 1-butanol, 2% Brij 35, 10% 2-butanol and 86.3% 10 mM borate buffer a
pH 10. We studied the suitability of this microemulsion composition for analyzing a commercial drug. To improve the sensitivity of the method,
we used the stacking technique reversed electrode polarity stacking mode (REPSM), which increased the detection limits by about 40-fold.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction [12-15,17—-20because of its good selectivity and wide applica-
bility.

An antibiotic is any chemical compound thatisused tokillor In the last few years, a technique known as microemul-
inhibit the growth of infectious organisms, particularly bacteriasion electrokinetic chromatography (MEEKC) has been used to
and fungi. Itis generally believed that there is a link between thénsert microemulsions as alternative pseudo-stationary phases in
use of antibiotics in animal fodder, bacterial resistance to theselectrokinetic separatioj21]. As with MEKC, the technique
drugs and human disead@$. In particular, several penicillin- separates solutes on the basis of their hydrophobicities and elec-
group antibiotics with various chemical structures are widelytrophoretic mobilitieg22] but with different selectivity{21].
used to treat infectious diseases in humans and an[@JalBhe  Microemulsions are solutions containing dispersed nanometer-
presence of these compounds in food chains can lead to tisized droplets of an immiscible liqui@3]. Typically, droplets
development of allergic reactions and new strains of bacteriaonsist of an immiscible oil suspended in water. There is a
that are resistant to antibiotics. These risks led to the legislatiohigh surface tension between the layers of immiscible liquids
of these antibiotics by the Council Regulation of the Europearthat prevents them from mixing. A surfactant, which is sol-
Community 2377/90/E@3]. Annex | of this regulation (updated uble in both layers because it contains both hydrophilic and
22/12/04) establishes the maximum limits of eight penicillins inhydrophobic portions, is added to coat the oil droplets formed.
animal tissues. The oil drops are coated in order to reduce the surface tension

Most analytical methods for determining penicillin com- between the two liquids. The surface tension is further lowered
pounds are based on liquid chromatographyl0]. Recently, by adding a short-chain alcohol called a co-surfactant, which sta-
several papers have described how capillary electrophoresislizes the microemulsion systef#2,23] Therefore, a typical
(CE) [1,4,11-19]can be used to analyze these compoundsiicroemulsion used for MEEKC may consist of 0.8%ctane,
mostly with micellar electrokinetic chromatography (MEKC) 3.3% sodium dodecyl sulfate (SDS), 6.6% 1-butanol and 89.3%

10 mM borate buffer at pH 9.R24-27] It should be taken into
account that solutes in MEEKC are more able to penetrate the
* Corresponding author. Fax: +34 977 558446, surface of the droplet than the surface of a micelle, whichis much
E-mail address: marta.calull@urv.net (M. Calull). more rigid. This means that MEEKC can be applied to a wider
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range of solutes, including neutral and charged compounds, thanis(hydroxymethyl) aminomethane (Tris) buffer and dibutyl

MEKC. tartrate from Aldrich (Steinheim, Germany) améheptane from
One of the advantages of MEEKC is that it takes into accounProbus (Badalona, Spain). Water was obtained from a Millipore

many parameters: the type and concentration of the oil, buffeMilli-Q system (Millipore, Bedford, USA).

surfactant, co-surfactant, counter-ion and the pH all affect the

separation performan§26]. As well as the mostly aqueous elec- 2.2. Equipment

trolyte solution and the surfactant responsible for stabilizing the .
oil droplets, various organic solvents with different properties,  MEEKC analyses were performed using a Hewlett Packard

3D . .
play an important role in the composition of the microemulsions  CE Capillary Electrophoresis System (Hewlett-Packard, Palo

used in MEEKC[28]. Alto, CA, USA) equipped with an on-column diode-array detec-

Although MEEKC has been used to separate some penicillin!: an autosampler and a power supply abl? to deliver up to
[29], to the best of our knowledge, it has not yet been used to sep© KV- A HP ChemStation (Agilent) version A:04.01 was used
arate the analytes studied in this paper. Altria ef28l] showed for instrument control, data acquisition and data analyses.
that MEEKC could be used to analyze penicillin compounds

They separated penicillin G and penicillin V from a mixture of
several c_ephalosporins in an analysis time of less than 4 min. Separations were performed on 45-cm long (detection win-
To verify if MEEKC has any advantages over MEKC interms o, ot 36 5 cm), 75sm internal diameter, uncoated fused-silica

of resolution and analysis time, this paper studies the potentialyijjaries (Supelco, Bellefonte, USA). Unless otherwise spec-
of MEEKC to separate and determine the eight legislated PeNfied, the capillary was thermostated at@5 the voltage was

cillins used as veterinary drugs. The microemulsion parameterlgsept constant at 10kV during analysis and the detection wave-

(pH, the nature of the surfactant, the temperature of the Capi"ength was 210 nm. Normal sample injection was carried out

lary, the nature and concentration of the buffer and the additiogsing the pressure mode for 5s at 50 mbar.
of organic solvents) were optimized. We evaluated the useful- oy capillaries were conditioned with 1 M sodium hydrox-

ness of the method by analyzing a commercial drug sample. e for 5 min at 60°C, water for 10 min and electrolyte for 30 min
Because CE capillaries are small, only very small sample volz; 550 At the beginning of each day, the capillaries were

umes can be loaded into the column. CE is therefore not a very,aq successively with 0.1 M sodium hydroxide, then with
sensitive technique. To preconcentrate samples and increase ()ger for 8 min each and finally with microemulsion solution

amount of sample that can be loaded into the column withoUfor 1o min. The capillaries were rinsed between injections with
degrading the separation, several techniques have been devgla microemulsion solution for 2 min. When not in use, the cap-

oped in the various electrophoretic mod&9,30,31] One of yaries were washed with 0.1 M sodium hydroxide, with water
themis the reversed electrode polarity stacking mode (REPSMjy,. g min. and then dry stored.

which has been used as a stacking technique in MEKG31].

REPSM introduces the sample into the capillary hydrodynam2.4. Buffers and standards

ically. A stacking voltage is then applied at negative polarity

to preconcentrate analytes at the interface between the sample Microemulsions were prepared by weighing the appropri-
zone and the background electrolyte, and the sample matrix &te ratio of components to obtain different compositions. The
pumped out from the capillary by EOF. This technique was firsorder of addition was the same in all cases: initially the oil
coupled to MEEKC to analyze some NSAIDs by Maeit al. was mixed with the co-surfactant, and then the surfactant and
[32]. In the present paper, we study how the on-line couplinghe buffer were added. When organic solvents were used, they
of REPSM-MEEKC can be used to analyze penicillins at tracavere added before the surfactant. The mixture was sonicated

2.3. MEEKC conditions

levels for the first time. for 30 min to aid complete dissolution and an optically trans-
parent microemulsion was formed. The pH was adjusted using

2. Experimental 1M NaOH or HCI 35%. Before use, the microemulsion solu-
tions were filtered through a 0.22n microfilter. The solution

2.1. Chemicals remained transparent and stable for several weeks.

Stock standard solutions of penicillins were prepared by

Penicillin V potassium salt was purchased from Riedel-dissolving each compound in Milli-Q water to obtain a concen-
de-Haen (Seelze, Germany). Sodium dodecyl sulfate (SDSYration of 1000mgL?L. For MEEKC experiments, a standard
amoxicillin, dicloxacillin sodium salt, nafcillin and sodium mixture of 100 mg 1 was prepared and working solutions were
cholate were obtained from Sigma (Saint Louis, USA). Peniimade by dissolving a volume of this solution in water to obtain
cillin G potassium salt, oxacillin sodium salt, cloxacillin sodium the final concentrations.
salt, ampicillin sodium salt, sodium tetraborate and polyethy- A commercial pharmaceutical preparation containing amox-
lene glycol dodecyl ether (Brij 35) were obtained from Flukaicillin was used to test the suitability of the method for industrial
(Buch, Switzerland). Sodium hydroxide and hydrochloridesamples. The individual solution was prepared by dissolving a
acid 35% were obtained from Prolabo (Bois, France). Ethylquantity of the preparation in water to give an amoxicillin con-
acetate and 1-butanol were obtained from Merck (Darmstadtentration of 100 mg t1. This was then diluted to obtain a final
Germany), octane and methanol from SDS (Peypin, Franceyoncentration of 10 mgt?.
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