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Separation of selected anesthetic drugs
by nonaqueous capillary electrophoresis 1

S. Cherkaoui and J.-L. VeutHey

Laboratory of Pharmaceutical Analytical Chemistry, University of Geneva,
Bd d'Yvoy 20, 1211 Geneva 4, Switzerland

Abstract. The potential of nonaqueous capillary electrophoresis was investigated for the separation of selected anesthetic drugs.
The effect of parameters, such as methanol-acetonitrile composition, temperature, appaeent faic strength of the elec-
trophoretic media on migration times and selectivity was discussed. The capillary electrophoresis separation of these drugs was
compared in aqueous and nonaqueous media. The best separation was achieved with a fused silica capillary (48.5 cm total length
x 50 um 1.D.), a buffer electrolyte solution composed of 25 mM ammonium acetate in methanol, an applied voltage of 30 kV
and a temperature of 10 °C. Replicate injections under the optimal nonaqueous conditions gave acceptable precision data for
migration times and peak areas.
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Introduction extend the application range of CE to hydrophobic com-
pounds as well as to substances prompted to degradation in

Local anesthetic agents play an important role in modemwater. Finally, organic solvents are appropriate media for the

anesthesiology as they are widely used for local anesthesiaccessful coupling of CE to a mass spectrometer detector

as well as the management of major pain, either via centrgg0,34-35].

administration (spinal and epidural) or via peripheral admin- . . . S .

istration [1,2]. Therefore, the determination of these anes- 1hiS Paper describes investigations on the potential of non

thetics in biological fluids is necessary to understand theﬁqueous CE for the analysis of nine local anesthetics.
pharmacokinetics and toxicity after administration [3-5].7actors affecting the separation of these anesthetic drugs,

Furthermore, selective and robust analytical methods af/Ch as the nature and percentage of the organic solvent, the
required for the quality control of these agents in pharmaPParent pH*, the electrolyte composition and concentration,
ceutical preparations. as well as the temperature, are also discussed.

The determination of anesthetic drugs is generally per-
formed by chromatographic techniques [6] such as gas chrexperimental
matography (GC) [7] and high performance liquid chro-
matography (HPLC) [8-10]. Recently, particular attention .
has been directed towards the use of capillary electrophorghem’cals
sis (CE) for the analysis of pharmaceuticals [11]. Compareglll anesthetic drugs were obtained in their hydrochloride
to chromatographic assays, the advantages of CE consistfgim. Lidocaine, mepivacaine, bupivacaine, cinchocaine,
a high resolution, an excellent separation efficiency, a rapigrocaine, prilocaine and chloroprocaine were supplied by
method development and small amount of sample requiregintetica (Mendrisio, Switzerland). Cocaine and ketamine
Today, nonaqueous capillary electrophoresis (NACE) hagere purchased from Fluka (Buchs, Switzerland). All chem-
become an active area of study [12-16], and has been sigals such as acetic acid, trifluoroacetic acid, ammonium
cessfully applied to the analysis of a large number of comgcetate, tris(hydroxymethyl)aminomethane (Tris) and phos-
pounds including acidic [17-20] and basic [21-28] drugsphoric acid were obtained from Fluka (Buchs, Switzerland),
chiral compounds [29-31], ions [32,33] and preservativeghile analytical grade methanol and acetonitrile were pur-
[18]. Applying organic media instead of aqueous buffers prechased from Romil (Kélliken, Switzerland).
sents a number of advantages. Indeed, the widespread
_physmochemmal properties of organic solvents. ‘."‘HOW Mnstrumentation and electrophoretic procedure
improvement of the separation selectivity. In addition, sev-
eral factors are available to manipulate the resolution, effiEcE data were generated by means of a Hewlett-Packard
ciency and migration time. Furthermore, the organic solveni&Valdbronn, Germany) HBPCE capillary electrophoresis
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system equipped with an on-column diode-array detector, are basic compounds (Tab. 1) which exhibit the same charge
autosampler and a power supply able to deliver up to 30 k¥t acidic pH, the main factors controlling the electrophoretic

The total capillary length (Hewlett-Packard) was 48.5 cmmobility of a given solute are its size and shape. While the

while the length to the detector was 40 cm, with auB® former depends on both the molecular mass and the result-
internal diameter. An alignment interface, containing an opting degree of solvation of the ionic species in solution, the

cal slit matched to the internal diameter, was used and thegter is mainly determined by the molecular geometry. Thus,

detection wavelength was set at 200 nm with a bandwidtsome selectivity variations can be expected when using
of 10 nm. A CE Chemstation (Hewlett-Packard) was usedater or a mixture of organic solvent such as methanol-ace-
for instrument control, data acquisition and data handling.tonitrile.

All experiments were carried out in cationic mode (anode
at the inlet and cathode at the outlet). The capillary was theAqueous CE
mostated at 10 °C. Unless otherwise stated, a constant volt-
age of 30 kV, with an initial ramping of 500 ¥swas The first CE experiments were performed in aqueous media.
applied during analysis. Sample injection (6 nl) wasAs shown in figure 1, using a 50 mM Tris-phosphate buffer
achieved using the pressure mode for 8 s at 25 mbar. The pH 2.5 resulted in the baseline separation of 8 anesthet-
migration order was determined by injection of individualics in less than 12 min. However, under the selected condi-
anesthetic drugs. tions, mepivacaine comigrated with lidocaine. As shown in
_ . . figure 1, the migration order of the investigated drugs was
At the beginning of each day, the capillary was rinsedio; gjrectly related to charge to mass ratio. The observed
successively with 0.1M sodium hydroxide, followed bypenayior can be attributed to different solvation degree of
water and acetonitrile for 5 min each. This flushing proceg,o protonated species as well as to their molecular geome-
dure is expected to remove any trace of water from the cay |t has to be noted that these compounds migrated in two

illary. Between analyses, the capillary was flushed with th@:ctinct grouns consisting of the ester tvpe druas (cocaine
running buffer for 3.5 min. As the electrolysis of a solution group g vp gs ( '

I h g buff d sub v ch rocaine, chloroprocaine), followed by the amide type drugs
can aiter the running buiter and subsequently change tI%rilocaine, bupivacaine, mepivacaine). Moreover, for com-
electroosmotic flow (EOF), the separation buffer wa

laced b S \= h X h il ounds possessing a similar structure such as procaine-
replaced between injections. When not in use, the capillaigqroprocaine and bupivacaine-mepivacaine-lidocaine, the
was washed with acetonitrile, water and then dry stored.

migration order is function of the charge to mass ratio.

Buffer and sample preparation
Nonaqueous CE

The non-aqueous buffer was prepared by mixing the appro-
priate amount of ammonium acetate in methanol with othén previous works [27, 28] concerning the application of non
components such as acetonitrile, acetic acid or triflucaqueous CE to the analysis of drugs such as tropane alka-
roacetic acid (TFA). Before use, the electrolyte solution$oids and amphetamines, it was demonstrated that resolution,
were filtered through a 0.2@um microfilter (Supelco, efficiency and migration times were critically affected by the
Bellefonte, PA, USA). The apparent pMalue was deter- nature of the organic solvent, the electrolyte composition, its
mined by a pH-meter equipped with a combined glasssoncentration and the temperature. Thus, these factors were
calomel electrode. The electrode was calibrated using stasystematically investigated for the separation of anesthetic
dard aqueous buffers. Stock standard solutions of thadrugs.
anesthetic drugs were prepared by dissolving each com-
pound in methanol in order to give a concentration of In the literature, because of their different physical and
1 mg mLL. The anesthetic mixture was prepared by dissoshemical properties (viscosity, dielectric constant, polarity,
lution of individual compounds in methanol. auto-protolysis constant, etc.), methanol and acetonitrile are
the most frequently used solvents for NACE [12,13]. In par-
ticular, methanol-acetonitrile mixture containing 25 mM
Results and discussion ammonium acetate and 1 M acetic acid is considered to be
the appropriate electrolyte solution for the separation of a
Most of the reported CE separations of pharmaceutical druggrge variety of basic drugs [21]. Thus, preliminary experi-
are performed in agueous media. In the case of basic coments were carried out using this electrolyte solution.
pounds, separations are generally achieved using acidic elétnfortunately, the complete separation of the nine anesthet-
trolytes. In such buffers, the migration of each analyte ifcs was not achieved (data not shown). Acetic acid was
mainly governed by its electrophoretic mobility since thetherefore replaced by trifluoroacetic acid (TFA) which pre-
electroosmotic flow is negligible. The electrophoretic mobil-sents a low UV absorbance, is more volatile and can act as
ity depends on the molecular size (or molecular mass), shape ion pairing agent. Indeed, as already reported, the addi-
and net charge of the analyte. Thus, in the absence of a mdidn of TFA was found beneficial as it manipulates the selec-
ifier, the selectivity in CZE mode is mainly dictated by thetivity of very closely related compounds, such as
structure of the analyte and the nature of the surroundifg/oscyamine and its positional isomer littorine, as well as
environmental conditions. Since the investigated anesthetitisose of amphetamine derivatives [27, 28].
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Table 1. Structure and pK values (in

water) of the investigated anesthesic drugs.

Original articles

Compound (ldentification) Structure MW pK
Ester type
Cocaine (1) J e 303.4 8.6
: % .
Procaine (2) 236.3 9.0
~TN
Chloroprocaine (3) g 270.8 8.7
~T~
Amide type
Prilocaine (4) ‘I:a“- 220.3 7.9
)LK\H
Cinchocaine (5) 343.5 7.5
~TN
Bupivacaine (6) o £ 288.4 8.1
Mepivacaine (7) o o, 246.4 7.7
Lidocaine (8) 234.3 7.9
Ketamine (9) 237.7 7.5
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Fig. 1. CE separation of anesthetic drugs using aqueous mediFig. 2. Effect of methanol percentage in MeOH-MeCN mixture on

Electrophoretic buffer: 50 mM tris-phosphate (pH 2.5) in watermigration times of the selected anesthetic drugs. Electrophoretic

Applied voltage: 30 kV. Temperature 20 °C. For peak identificamedium: 100 mM TFA and 50 mM ammonium acetate in the

tion, see table I. organic solvent. Applied voltage: 25 kV. Temperature 10 °C. For
peak identification, see table I.

Methanol-acetonitrile composition probably explained by solvation changes of the investigated
analytes and/or ion-pairs formation in the presence of TFA.

By keeping constant the electrolyte composition (50 mM

ammonium acetate and 100 mM TFA), the influence of theemperature

methanol percentage in acetonitrile was investigated. As

shown in figure 2, migration time, reported as a function ofemperature was reported to have a great influence on selec-
the methanol percentage in acetonitrile, presents a minimutivity in nonaqueous media [20, 23]. Therefore, The effect
value at 20 % methanol. This behavior is mainly due to thef this parameter (from 10 to 40 °C) on the separation of
concomitant changes of viscosity) (and dielectric constant the anesthetic drugs was studied. As temperature increased,
(¢) of the electrolyte solution. Indeed, thé) ratio is max- migration times decreased, as a result of viscosity decrease,
imum at 20 % MeOH, and since the electrophoretic mobilwithout any effect on the migration order (data not shown).
ity is directly proportional te/n ratio, this mixture exhib- However, the best resolution was obtained at the lowest
ited shorter migration times. Moreover, depending on thstudied temperature.¢. 10 °C).

composition of the organic solvent, different selectivities

were achieved (Fig. 2). Thus, in presence of 100 mM TF

and 50 mM ammonium acetate, the best separation of t@eotrolyte solution

anesthetic drugs was obtained at a methanol percentagg in aqueous CE, the apparent pH* plays an important role
higher than 80 %. Finally, a 100 % methanolic solution conguring method optimization. Indeed, it is well known that
taining TFA and ammonium acetate was selected for subsgssolutions are best achieved when the working pH is close
quent investigations. to the pKa values of investigated compounds. Working in
organic solvents can modify the acid-base properties to vary-
Since the studied drugs are fully charged at acidit, pHing extents, depending on the nature of the investigated com-
the changes in selectivity are certainly due to solvation difpounds as well as on the solvent employed. Thus, different
ferences, as reported in the literature [12,13]. Moreoveelectrolyte solutions (Tab. 1) were prepared in order to
some inversions of the migration order occurred when acetinvestigate the apparent pHeffect in a large range.
acid was used instead of TFA (Fig. 3a, b) which means thafjgure 4 shows that above pH, a complete separation of
in methanolic solutions, TFA may act not only as an acidithe nine investigated anesthetics was achieved and also that
agent but also as an ion-pairing agent for cationic drugs. Ftite pH modified the selectivity. The changes of migration
example, in presence of TFA, procaine and lidocaine werarder, observed at apparent ‘pigher than 6, indicate that
baseline resolved while they comigrated with acetic acidnost of the studied analytes are partially deprotonated at this
The opposite behavior was observed for bupivacaine amH", which results in a better discrimination on the basis of
prilocaine. In addition, mepivacaine migrated at the thirccharge to mass ratios. Nevertheless, the changes’imngH
position in acetic buffer, but its mobility was reduced innot the only explanation for the migration time behavior as
presence of TFA. Therefore, the selectivity differenceshe variations in the ionic strength of the selected media
observed between aqueous and nonaqueous media cannbest also be considered.
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Fig. 3. Electropherograms of selected anesthetic drugs obtained by nonaqueous capillary electrophoresis. Electrophoretic meéium: A) Pur
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methanol containing 50 mM ammonium acetate and 100 mM TFA @Hgenerated current: 38\, B) Pure methanol containing
50 mM ammonium acetate and 1 M acetic acid"(BH generated current: 20A. Applied voltage: 30 kV. Temperature 10 °C. For peak

identification, see table I.
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Fig. 4. Migration times of the investigated drugs versus the apf
ent pH by using various electrolytes in methanol according
table II. Applied voltage: 30 kV. Temperature 10 °C. For peak ids
tification, see table I.

The electrolyte concentration is also an important parérgye 1.
meter. Thus, the ammonium acetate concentration was inve
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Fig. 5. Effect of ammonium acetate concentration on the migration
times of the selected anesthetic drugs. Electrophoretic medium:
Pure methanol containing increasing amount of ammonium acetate.
Applied voltage: 30 kV (i = 171A). Temperature 10 °C. For peak
identification, see table I.

Electrophoretic media with apparent pH

tigated between 25 and 100 mM. As shown in figure SElectrolyte composition

Apparent pH

increasing the ammonium acetate concentration to 50 mh
results in resolution improvement at the expense of migréd M TFA and 50 mM ammonium acetate in methanol
tion times increase, because of the electroosmotic flo25 MM TFA and 50 mM ammonium acetate in methanol

decrease. It is noteworthy that a higher ionic strength co
centration results in bupivacaine and mepivacaine co-migr

tion. Thus, using a 50 mm inner diameter fused silica Cal1 M TEA and 50 mM ammonium acetate in methanol

illary, with methanol containing 25 mM ammonium acetate
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20 mM TFA and 50 mM ammonium acetate in methanol 2.45
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mAU] 8 Table Ill. Precision of migration time and peak area of the tested
anesthetic drugs.
25 4
67 Compound Mean * SD (RSD)
20 1 9 Migration time Peak area
5 (min) Arbitrary units
2
* 13 1 7.291 + 0.040 (0.55) 42.892 + 0.967 (2.26)
EOF 2 7.810 £ 0.047 (0.60) 49.525 + 1.150 (2.32)
10 | 3 8.160 * 0.052 (0.64) 44,192 * 0.974 (2.21)
4 8.798 + 0.063 (0.71) 113.318 + 2.402 (2.12)
5 9.209 + 0.069 (0.75) 68.784 + 1.582 (2.30)
° 6 10.068 + 0.085 (0.84) 102.213 £ 2.560 (2.51)
L 7 10.318 + 0.091 (0.88) 93.762 + 1.115 (1.19)
0 \ 9 10.503 + 0.095 (0.91) 84.117 + 2.087 (2.48)
K . . ‘ | 8 10.819 + 0.103 (0.95) 154.258 * 0.433 (2.59)

|
[ 12 14 min

o
N
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o
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S.D.: standard deviation

R.S.D.: relative standard deviation.
Fig. 6. Typical electropherogram of selected anesthetic drug
obtained under non aqueous capillary electrophoresis conditior
Electrophoretic medium: Pure methanol containing 25 mM ammc

nium acetate. Applied voltage: 30 kV. Temperature 10 °C. For Peas monium acetate nonaqueous CE offers a suitable and

identification, see table I. . v . . .
rapid method for the simultaneous analysis of the 9 investi-
gated anesthetics. Finally, due to its volatility, the described
nonaqueous medium is appropriate for the coupling of CE

yielded the best compromise in terms of analysis time, selet@ MS.
tivity and separation efficiency. Under the selected condi-
tions, all the investigated compounds migrated before t

electroosmotic flow, as illustrated in figure 6. hﬁeferences
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