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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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All the solutions were filtered through a 0.g2h membrane MEEKC for separating these penicillins and compare the results

filter prior to use. with those obtained by MEKC.
It has been shown that a microemulsion consisting of 0.8%
2.5. REPSM procedure octane (oil), 6.6% 1-butanol (co-surfactant), 3.3% SDS (surfac-

tant) and 89.3% tetraborate (buffer) can be used at pH 9.31 for
After the capillary had been conditioned with the microemul-a wide range of drugi29]. We therefore selected this mixture
sion separation solution, hydrodynamic injection was performedio explore the potential of MEEKC at separating penicillins.
at 50 mbar for 270 s. The injection end of the capillary was therfo study the separation, we investigated the effect of the pH,
placed on a microemulsion separation solution and a voltage dhe temperature of the capillary, the concentration of the co-
—5kV was applied. When the current was 95% of that reportegurfactant, the type of surfactant, the type and concentration of

when the capillary was filled only with background solution, thethe buffer and the addition of organic solvents, taking the system
voltage was turned off and the separation began. mentioned as the starting point. The voltage applied was 10kV.

3. Results and discussion 3.1. Effect of microemulsion pH

In a previous study, we developed a simultaneous MEKC The pH of the microemulsion has a strong effect on sepa-
separation of the eight legislated penicillii®]. Now, in this  ration selectivity because it affects both solute ionization and
study, one of our main aims was to evaluate the potential ofthe level of EOF generatd@3]. Table 1shows the structure of

Table 1
Structure and [, of the studied compoun@§34]
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@ Calculated using Advanced Chemistry Development (ACD/Labs) Software Solaris V8.14 (© 1994-2005 ACD/Labs).
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the compounds investigated with the correspondikig pcidic  studies have suggested that cholate forms helical micelles, which
drugs like penicillins typically haveAy values in the region of leads to more polar aggregates than those formedwithky!

pH 2.5-6, so they are ionized at a pH above 6. In order to ensuurfactantd35]. Amoxicillin was double charged, so its high
that the compounds were negatively charged and to maximizgolarity allowed it to remain longer inside the droplet.

the EOF, we selected pH 10. Acidic solutes have a negative elec- Although the zero electrophoretic mobilities of neutral sur-
trophoretic mobility and partition into the droplet, but they arefactants cannot be exploited in the MEEKC separation of non-
repelled from it because solutes and micelles are both negativelgnic compounds, they can be used successfully in the separation

charged33]. ofionic compounds. The problems with Joule heating atincreas-
ing concentrations of ionic surfactants can be avoided by using
3.2. Effect of co-surfactant concentration non-ionic surfactants, which can be added to the buffer at higher

concentrations. Voltages can also be high.

The co-surfactant is normally added to decrease the surface We also investigated the non-ionic surfactant Brij [35].
tension between the nanodroplet and the agueous phase. TRIse of the consequences of the neutrality of Brij 35 is that
additive affects the partition coefficients of the analytes and hathe droplet formed has no electrophoretic mobility of its own
an impact on migration and separation selectivity. The migratiomnd migrates with the EOFig. 1C shows the separation when
times can be altered by varying the co-surfactant concentrationhis non-ionic surfactant is used. In comparison with cholate,
this affects the solution viscosity, which in turn affects the EOFwe found that the resolution improved and eight peaks were
The size of the oil droplet increases as the co-surfactant commbtained, although cloxacillin and nafcillin overlapped. The
centration increases, which reduces the charge density of theigration times were also much lower than those obtained with
droplet and makes it less able to oppose the EZIE23] 1-  SDS, since the latest peak migrated at approximately 10 min.
Butanol is the most frequently used co-surfactant in MEEKCAs we can see ifrig. 1C, the elution order was very different
[23]. To investigate the effect of co-surfactant concentration orfrom that of the anionic surfactants. This may be because Brij
the separation of penicillins, we tested various concentration85 is a hon-ionic surfactant, so there was no repulsion between
between 5.6 and 7.6% (6.6% is the most common concentradhe ionic charges of the solutes and the negative charges of the
tion of 1-butanol and, at around this value, the microemulsiorsurface of the droplet, as there was with SDS.
is stable). We observed that the method selectivity changed as Finally, we tested a mixture of SDS-Brij 3R3,27,37]
the co-surfactant concentration changed so, although the an&hanging the surfactant of the microemulsion from SDS
ysis times were similar, the separation between the peaks w#Big. 1A) to the mixture (1.65% SDS: 1.65% Brij 3bjg. 1D)
different. Results were best with 6.6% of 1-butanol. considerably reduced the separation window and shortened

the analysis time (from 24 to 12 min), but seven of the eight
3.3. Effect of capillary temperature

We tested several temperatures between 20 afA@ 3%id no s 4, 8 . 8 (A
change in the migration order was observed. We kept2&s 20 12 fl q }'\ N \
the analysis temperature because there was less overlappinganc o
migration times were not too long. 5 10 15 20 25
16
3.4. Effect of the nature of the surfactant . 4((: 289 ®)
2
The nature of the surfactant has a marked effect on the sep- TE/ -40
aration; it influences the droplet charge and size, the level and & 5 10 15 20 25
direction of the EOF and the level of ion-pairing with charged ~ § Ky 43, 1
solutes[22,23,33] SDS is the most commonly used surfactant § 10 HMW ©
and 3.3% is the most common SDS concentration. As can be < 0;
seen irFig. 1A, with 3.3% SDS, the eight peaks were separated 2 5 0., 1B 20 25
in less than 24 min. 0 }——Lh}\j"t\_ (D)
To investigate how the nature of the surfactant affects migra-  -20 L
tion times and selectivity, we tested another anionic surfactant, 5 10 15 20 25
sodium cholate. Sodium cholate is an anionic bile salt surfactant Time (min)

th_at has also been used to gen_erate negatlvely charged dropler_t%.. 1. Electropherograms obtained from a standard mixture of penicillins with
Fig. 1B shows that the resolution was worse for cholate thanifterent microemulsion systems. Separation conditions: 0:88étane, 6.6%
for SDS, since only seven peaks were separated and amoxicillinbutanol, 89.3% 10 mM borate buffer and (A) 3.3% SDS; (B) 3.3% sodium
and cloxacillin co-eluted. The migration times were shorter thargholate; (C) 3.3% Brij 35; (D) 1.65% SDS-1.65% Brij 35 as surfactant; fused-
with SDS since the analysis time was 9 min lower. The migratiorf”,ica _capillary (36.5 cm effective Igngth) thermostatted at@5shydrodynamic _
order was almost the same, except for amoxicillin which, with/"/écion (S0 mbar, 5s); UV detection at 210 nm; voltage 10 kV. The analytes in
. ) ’ . 7 aconcentration of 10 mgt: are listed in order of increasing migration time:

SDS, eluted first and, with cholate, overlapped with cloxacillingy amoxicillin, (2) ampicillin, (3) penicillin G, (4) oxacillin, (5) penicillin V,

in fifth place. This may be due to the structure of cholate. Somes) cloxacillin, (7) nafcillin and (8) dicloxacillin.
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compounds co-eluted. This was probably because the droplet:

formed in this case contained both a non-ionic and an ionic sur- 75,
factant and the solute partition in the droplet was affected by the o
partition behavior with the two surfactants individually. 5 -10
Results were best when SDS or Brij 35 were used individu- & -20
ally. So further analyses were carried out with these surfactants.g 'Zg
S - :
© 2 4 6 8 10 12
3.5. Effect of oil type % 20 (B)
g0 87'6431 1
n-Octane andi-heptane are the most commonly used oils _13 5%
in MEEKC. However, they lead to microemulsions with a high 5,
surface tension, which means that if the microemulsion is to be -3
stabilized, the level of the surfactant must be high. When the -40 S : 5 5 o s

microemulsion consists of-octane (om-heptane), 1-butanol, Time (min)
SDS and borate, separations are not fast because the concentra-
tion of SDS required to form droplets is high. When the ratio OfF_ig. 2. _Electropoherograms of a stan(iard mixture of peonicillins_. Separa;ion con-
suractant increases, he EOF decroases which slows down 7 8,0 o acetate 120 L buano, 122 <05, () 05 ool
migration of the droplets and compounds to the detector. asinFig. 1
Oils with a lower surface tension such as ethyl acetate
and dibutyl tartrate have been used in MEEKZ5] so the
microemulsion can be produced with less surfactant, whiclperformed with low-ionic strength (5—-10 mM) borate or phos-
reduces the analysis time. In this way, we studied the effect gbhate buffer§33]. These generate relatively low currents and a
changing the inner organic phase in the microemulsion dropletseeasonably fast EOF. Borate was therefore chosen as the buffer to
from n-octane (om-heptane) to ethyl acetate or dibutyl tartrate develop the method under study. Borate has so far provided fairly
with two types of surfactants, SDS and Brij 35. The microemul-good results but the analytes have not been totally separated. To
sion solutions studied consisted of 0.5% lower surface tensioimprove both separation and resolution, we studied increasing
oil, 1.2% 1-butanol, 0.6% SDS (or 0.6% Brij 35) and 97.7%the amount of borate in the microemulsion mixture. We tested
10 mM borate buffer. 10 and 20 mM borate buffer with ethyl acetate as the oil phase
Ourresults agree with the literatyB2] and the electrophero- and Brij 35 as the surfactant. Our results were more or less the
grams obtained using-octane andi-heptane (data not shown) same because the resolution of the peaks was almost identical.
were almost identical. In the same way, when we compared th@/e therefore kept 10 mM borate buffer for further analysis.
lower surface tension oils (ethyl acetate and dibutyl tartrate), As we have already stated, small concentrations of borate
we noticed no change in either selectivity or analysis time. S@r phosphate buffers (5-10 mM) have been widely used in
the discussion focused on the comparison betweactane and microemulsion systems. However, the literature reports that
ethyl acetate. zwitterionic buffers such as Tris at a concentration of 100 mM
As expected32], the analysis time decreased when ethylare especially useful because they generate minimum currents
acetate was used insteadmebctane. When ethyl acetate and and create a strong EOF in which the droplets are swept towards
0.6% SDS were used, the resolution was worse than with octanthe detectol25]. So, to increase the separation voltage and
so none of the compounds separated completely. However, wheeduce analysis time, we tested Tris.
we increased the SDS concentration from 0.6 to 1.2ip. @A) First we tested a 100mM zwitterionic buffer, Tris, as
to enhance separation, the resolution improved but the analynicroemulsion buffer, keeping the oil phase (0.5% ethyl
sis time increased slightly. Seven peaks were obtained becauaeetate), the co-surfactant (1.2% 1-butanol) and the surfactant
cloxacillin and nafcillin co-eluted and the separations betweerfSDS 0.6%) constant. The resolution, however, did not improve.
the ampicillin—penicillin G and oxacillin—penicillin V pairs were Using the same system (Tris and SDS), we tried increasing the
not satisfactory because the peaks overlapped. amount of SDS to 2% while keeping the Tris concentration con-
When Brij 35 was used as surfactant, in the case of ethystant at 100 mM. The separation clearly improved because eight
acetate, 2% had to be added because at lower concentratiopgaks were observed (though six of them overlapped in pairs
the analytes could not be separated. Clearly, the resolution @ind the peaks were fairly asymmetrical).
the analytes using-octane (seéig. 1C) is higher than when Then we studied the effect of the Tris buffer with the Brij 35
ethyl acetate is used (sEay. 2B) but the analysis time dropped system. With microemulsion systems and Brij 35 values of less

from around 10 to 7 min. than 2%, no separation was achieved. We found that the peaks
were fairly asymmetrical and only seven peaks were obtained.
3.6. Effect of buffer type and concentration The migration times were very similar to those of the borate

system (just over 6 min).
The choice of buffer is extremely important in MEEKC sep-  We also tried increasing the amount of buffer, testing 130 mM
aration. The buffer can also be used to directly affect the selecFris with 2% Brij 35. We took into account the fact that higher
tivity of a MEEKC separation. Generally, MEEKC has beenbuffer concentrations suppress the EOF and generate high cur-
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rents that may limit the level of voltage that can be applied, buthe resolution increased and the separation improved. The
in these cases, the currents obtained were too low and the peedsults were therefore best when 2-butanol was used as organic
separation did not improve. solvent.

In a previous study, a MEKC method for separating the same
penicillin antibiotics was developdi9]. The method consisted
of a 20 mM tetraborate sodium buffer and 60 mM SDS at a volt-
fge of 15kV at pH 8. Both this method and MEEKC present

As well as modifications to the nature and/or concentratio , , T
imilar peak resolutions. As far as analysis time is concerned,

of the co-surfactant, a more polar and water-miscible organi§ onb K in whil on b
solvent can be added to the aqueous phase to influence its ph gparation by MEKC takes 17 min while separation by MEEKC

ical properties and improve the resoluti@8]. These modifiers akes less than 12 min but the MEEKC systemrequires a longer
are often also described as “second co-surfactants”. Using zﬁ‘Pd more complex buffer preparation.

organic solvent makes the analytes more soluble in the aqueous

phase and affects electrophoretic parameters such as EOF ahd. Merhod calibration

the electrophoretic mobilities of charged analytes.

In our study, methanoHg. 3A), acetonitrile Fig. 3B), iso- The optimum microemulsion solution obtained consisted of
propanol Fig. 3C) and 2-butanolKig. 3D) were individually  0.5% ethyl acetate, 1.2% 1-butanol, 2% Brij 35, 10% 2-butanol
added to the microemulsion solution so that the effect of organiand borate 10 mM. Once the method had been established, the
modifiers could be studied. The microemulsion solution consistealibration step was carried out. The linearity, range, precision
ing of ethyl acetate, 1-butanol, 2% Brij 35, and borate 10 mM wasnd detection limit of the method were investigated essentially
chosen as the optimum background electrolyte because the sdpHowing International Conference of Harmonisation (ICH)
aration between the peaks was good and the current obtainedguidelines. The calibration plots were found to be linear, based
the analysis procedure was not as low as with Tris. The amoumn external standard calibration, in the 2.5-20 mg tange for
of organic solvent added was 10%ig. 3 shows the electro- penicillin G and ampicillin and in the 1-20 mgt range for
pherograms obtained when these four organic modifiers werine other compounds. In order to draw the slope, five standard
used andrig. 2B shows the electropherogram obtained with nosolutions were prepared in this range and three points were made
organic modifier. Our results indicate that the addition of thesat each level. The correlation coefficieng$) were satisfactory
organic solvents increased the migration time, probably becausad the detection limits, based on a signal-to-noise ratio of 3,
they affect the electrolyte viscosity and slow down the EOFranged from 0.5 to 1 mgt! (seeTable 2.

[22,38] They also change the selectivity of the analytes. The Multiple inter-day and intra-day injections of several solu-
separation did not improve when acetonitrile was used but wittions of all penicillins were performed to verify the intermediate
methanol, isopropanol and 2-butanol peak resolution improvedrecision and repeatability of the peak area. The intermediate
When methanol was used, all the peaks were observed, althoughecision was investigated by injecting a solution containing the
four of them (nafcillin—cloxacillin and penicillin G—ampicillin) eight penicillins at a concentration of 5 mg+on four different
overlapped. However, when isopropanol and 2-butanol werdays. The repeatability was calculated by analyzing the same
used, the degree of overlapping was lower. We should point owtoncentration standard four times in the same day. The rela-
that when the carbon number in the organic solvent increasetiye standard deviation, R.S.D., was calculated in terms of the

3.7. Effect of adding organic solvents

876
20 764 5.5 1 )
0
-20
2 4 6 8 10 12 14 16 18
20 8764 55 4 (B)
=) 7
< O
§-20 x
8 2 4 6 8 10 12 14 16 18
c
3 ©)
o] 76
3 o
<
-20 T v v
2 4 6 8 10 12 14 16 18
76 4
8
20 > 32 1 ©
0
-20 - : ; T v v T
2 4 6 8 10 12 14 16 18
Time (min)

Fig. 3. Electropherograms of a standard mixture of penicillins. Separation conditions: 0.5% ethyl acetate, 1.2% 1-butanol, 2% Brij 35 in 10 toivif&osse
(A) 10% methanol; (B) 10% acetonitrile, (C) 10% isopropanol and (D) 10% 2-butanol. Other conditionSigslin
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Table 2

Linearity, calibration curves, repeatability and intermediate precision (R.S.D.) and detection limits (LODSs) of the method for standa solution
Compound Linearity (mgt?1) Calibration curves R? % R.S.D2 (n=4) % R.S.DP (n=4) LODs (mgL1)
Amoxicillin 1-20 y=3.4934 —2.6518 0.99 4.4 8.5 0.5
Ampicillin 2.5-20 y=2.8623% — 1.5195 1.00 8.0 8.3 1.0
Penicillin G 2.5-20 y=1.388% —0.564 0.99 9.0 105 1.0
Oxacillin 1-20 y=4.166c — 0.9834 1.00 4.9 51 0.5
Penicillin V 1-20 y=2.7636 — 0.4938 0.99 5.6 8.6 0.5
Cloxacillin 1-20 y=4.548% — 1.1656 1.00 3.6 5.0 0.5
Nafcillin 1-20 y=4.720% — 0.9861 1.00 35 3.9 0.5
Dicloxacillin 1-20 y=4.6256 — 2.0261 0.99 3.0 3.4 0.5

Other CE conditions as iRig. 3D.
a R.S.D. in terms of intra-day precision at 5 mg'L
b R.S.D. in terms of inter-day precision at 5 mg'L

Amoxicillin
101
35 8
X 61
E 4]
8 21
% 0
£ -2
2.6
-84
2 4 6 8 10 12 14 16

Time (min)

Fig. 4. Electropherogram of the commercial pharmaceutical sample of amoxicillin at a concentration of 10 @ lconditions as ifrig. 1

peak area. The R.S.D.s, obtained at the level of 5 migfbr all trace levels. To enhance the detection limits, several on-column
analytes, are summarizedTable 2 preconcentration techniques have been develf§3dREPSM
is an on-column sample preconcentration technique in which
3.9 Application t al d the sample, whose conductivity is lower than in the background
7+ Applicanion fo commerciat arugs electrolyte, is introduced into the capillary hydrodynamically
. . . and stacked by applying reverse polarity. When reverse polarity
wal—zzrgg;ir::gegi)thcljsetgﬁ?rﬁg fg%ig?ghﬁ'ﬂg ilgfrilaiimﬁ!girs applied after the capillary has been completely filled with the
Y gamc 1np 8ample dissolved in distilled water, the reduced EOF presses the
samples. A commercial sample of this penicillin was assaye . : . )
. : o aqueous plug out of the capillary and into the inlet vial. The
by the proposed method (s&&gy. 4). We identified the peak . s
observed as amoxicillin by comparing the corresponding mi ra@nalytes in the sample plug of low conductivity get stacked at
tion time with that obtaingd in t[r)]e stgndard samp i (3%) 9" e concentration boundary, which moves backwards to the inlet.
Wo assassed the acourasy of the method with E)hegr'eal - amAS the capillary is filled with the run buffer of high conductivity
y pf:trom the outlet vial, the current increases. When the current

since th_el composition was "”_OWT‘* and a SaT".P'e solution Oeaches 95-97% of its initial value, the polarity is changed to
10 mg L~ was analyzed. Amoxicillin was quantified at 515 mg, .
2 . . the separation voltage.

which is very close to the concentration of amoxicillin reported
in the commercial drug (500 mg). So the recovery, defined as

the percentage ratio between the determined and theoretic: ; 7, 4
amounts of amoxicillin, was 103%. We also calculated the con-= 2 5
fidence interval of the method and the result was 5% mg. T 25 s

These results demonstrate that the MEEKC method is suitablig o

for determining these kinds of penicillin compounds in commer- £ ‘22
. 3 .
cial drugs. 5 75
<
3.10. Enhancing sensitivity through sample stacking ' 2 4 6 8 10 12 14

Time (min)

As previously stated, CE is not a very sensitive techniquc?:_ . o .
L. . L . . Fig. 5. Electropherogram of a standard mixture of penicillins in a concentration
and some applications (e.g. analysis of penicillin residues ify5nq,, -1 Separation conditions asfig. 2. Other conditions as ifig. 1.
biological fluids, animal tissues or water samples) need highlgample injection (REPSM): 50 mbar for 270s5kV until 95% of original
sensitive methods if these compounds are to be determined atrrent reached.
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Table 3

Linearity, calibration curves, repeatability and intermediate precision (R.S.D.) and detection limits (LODs) of the REPSM method for statidasd sol
Compound Linearity¢gL~1)  Calibration curves R? %R.S.D?(n=4) %R.S.D°(n=4) Prec.fold LODs (REPSNigL™1)
Amoxicillin 50-1000 y=0.098% —1.61124 0.99 4.8 10.3 34 25

Ampicillin 25-1000 y=0.1052 — 0.6882 0.98 6.1 7.1 41 10

Penicillin G 50-1000 y=0.056% +0.0997 0.97 3.3 7.5 38 25

Oxacillin 25-1000 y=0.1504+0.2472 0.98 25 5.2 37 10

Penicillin V 25-1000 y=0.1068& +0.2698 0.98 2.6 4.4 38 10

Cloxacillin 25-1000 y=0.1523+0.5487 0.98 2.0 6.0 39 10

Nafcillin 25-1000 y=0.1763% +0.3085 0.99 3.6 6.5 40 10

Dicloxacillin 50-1000 y=0.1045+0.3665 0.99 7.7 10.6 26 25

Other CE conditions as iRig. 5.
a R.S.D. in terms of intra-day precision at 109 L~1.
b R.S.D. in terms of inter-day precision at 10§ L.

In the present study, 50 mbar was applied to inject the samt-butanol, 2% Brij, 86.3% borate 10mM and 10% 2-butanol
ple in REPSM. We found that the time needed to completely fillat pH 10 and applying a voltage of 10kV. The factors that
the capillary with the sample was 270s. This was accepted anost influenced the separation were the surfactant, the oil phase
the optimum time for performing the stacking step because itind the addition of organic solvents. This method allowed us
enabled the maximum amount of sample to be introduced intto analyze a penicillin compound (amoxicillin) in a commer-
the capillary without causing peak broadening. The voltage choeial pharmaceutical drug. In order to develop a more sensitive
sen to reverse the polarity-6 kV) was lower than the one for method for analyzing these compounds, we used REPSM for an
separation. The current dropped to 95% of the maximum curen-column preconcentration of highly diluted samples. In this
rent obtained with the capillary filled with the background bufferway, we increased sensitivity 26—-40-fold and achieved LODs of
and the voltage was then switched on in order to separate theetween 10 and 25g L.
compoundsFig. 5 shows an electropherogram of 50§ L1
obtained by REPSM.

Following ICH guidelines (linearity, range, precision and
detection limit), we investigated the method. Under the selecteql] 2. zhu, L. Zhang
conditions, the calibration graphs were obtained by plotting the ™ 5559 ’
peak area against the concentration of the analyte. The data if2] c.c. Hong, F. Kondo, J. Food Protection 60 (1997) 1006.

Table 3show that responses were linear in the sample concentral3] Council Regulation (EEC) No 2377/90 of 26 June 1990.
tion range of 25-100Qg L1 except for amoxicillin, penicillin [4] W. Ahrer, E. Scherwenk, W. Buchberger, J. Chromatogr. A 910 (2000)
G and dICIOX,aCIHm,’ whose range was SOle@!‘ L As I_n . [5] S. Horimoto, T. Mayumi, K. Aoe, N. Nishimura, T. Sato, J. Pharm.
part 3.8, the linearity of the response was investigated with five" * giomed. Anal. 30 (2002) 1093.
standards covering the linear range of the eight penicillins ande] c. shan-Ying, H. Chang-Qin, X. Ming-Zhe, J. Pharm. Biomed. Anal.
three repetitions were made at each level. On the basis of a 31 (2003) 589.
signal-to-noise ratio of 3 (S/N = 3), the LODs for the eight peni- [7] L. Valvo, E Ciranni, R. Alimenti, S. Alimonti, R. Draisci, L. Giannetti,
cillins with the REPSM method were determined from arange of ., - fucentini. J. Chromatogr. A 797 (1998) 311.

_1 . . _._ [8] G. Hoizey, D. Lamiable, C. Frances, T. Trenque, M. Kaltenbach, J.
10-25u.g L™ " and enhancements in the concentration sensitiv-" " penis, H. Millart, J. Pharm. Biomed. Anal. 30 (2002) 661.
ity were between 26- and 41-fold (s&gble 3. The intermediate  [9] A. Aghazadeh, G. Kazemifard, J. Pharm. Biomed. Anal. 25 (2001) 325.
precision and repeatability were calculated in the same way d¥0] G. Boatto, R. Cerri, A. Pau, M. Palomba, G. Pintore, M.G. Denti, J.
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