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M.J. Medina-Herńandez∗
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Capillary electrophoresis (CE) is a powerful technique for enantiomer separations due to its intrinsic high separation efficiencie
nalysis, low reagent consumption and small sample requirements. However, some chiral selectors present strong background U
roviding high detection limits. The present paper deals with the application of the partial-filling technique to the separation of bu
nantiomers by capillary electrophoresis using human serum albumin (HSA) as chiral selector. In this procedure the cationic
etyltrimethylammonium bromide (CTAB) was used as a dinamic capillary coating in order to reduce the electro-osmotic flow and d
upivacaine enantiomers out of the chiral selector plug. Several experimental conditions such as CTAB concentration, pH, HSA co
nd plug length, background electrolyte concentration, temperature and voltage were studied. Under the selected conditions it is
etect the separated enantiomers out of the HSA plug in less than 4 min using 50 mM Tris pH 8 as background electrolyte with 50�M CTAB,
t 30◦C and using a separation voltage of 25 kV. The proposed methodology was then validated for analytical purpouses and ap
nalysis of pharmaceutical preparations commercially available. The results obtained with the proposed methodology were in good
ith those declared by the manufacturers. The simplicity, sample throughput, accuracy, reproducibility and low cost of the propos
ake it suitable for the control of the enantiomeric composition of bupivacaine in pharmaceuticals.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Most of the pharmacological processes present a high de-
ree of stereoselectivity resulting in a difference between the
ctivities of drugs enantiomers. In fact, very often one of them

s the most active while the other may produce side-effects
nd even toxicity in some cases. Consequently the safety and
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efficiency of drugs could be improved with single-enantio
formulations. Thus, there is a special interest within the p
maceutical laboratories to develop these single-enanti
formulations[1–3] and consequently a need for analyt
methods to control the enantiomeric purity of drugs ar
[4].

Local anesthetics agents play an important role in mo
anesthesiology. Most of these drugs possess a chira
ter and particularly in the case of bupivacaine and even
ing both enantiomers active as nerve blockers, theR-(+) is
more toxic than theS-(−) form [5]. Therefore, selective an
robust methods for the enantioseparation of bupivacain
needed for the quality control of this drug in pharmace
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cal preparations. Chromatographic[6–8] and more recently
electrophoretic methods have been reported for the enan-
tioseparation of local anesthetics, cyclodextrins (CDs) be-
ing the most commonly used selectors for electrically driven
separations. Among the different kinds of CDs, methyl-�-
CD [9,10] and sulfated-�-CD [11] were found to be the
most appropiate selectors for the separation of the enan-
tiomers of this kind of drugs. Other selectors out of CDs such
as octyl-�-d-maltopyranoside[12], succinyl avidin (suc-
AVI) [13] andN-bezoxycarbonylglycyl-l-proline [14] were
also found to be useful in the separation of bupivacaine
enantiomers.

Different approaches using several proteins as chiral
selectors have been recently reported in the literature
[15–21]. General drawbacks of the use of proteins as chiral
selectors are that they are relatively expensive and/or present
a strong absorbance in the UV region thus providing high
detection limits in the determinations. In order to overcome
this limitation, several approaches such as the partial-filling
technique were developed[22]. In this methodology, the
capillary is partially filled with the chiral selector solution
leaving all the rest, including the detection window, free of it.
The electrophoretic buffer is composed of plain buffer with
no additive. The experimental conditions are selected so that
the analytes migrate through the selector plug, where they
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applied to the determination of bupivacaine enantiomers in
a pharmaceutical preparation. The results obtained showed
that the proposed methodology is adequate in terms of
speed, cost, resolution power, reproducibility and accuracy
for the quality control of the enantiomeric composition of
bupivacaine in pharmaceuticals.

2. Materials and methods

2.1. Chemicals and samples

All reagents were of analytical grade. Human serum al-
bumin fraction V (HSA) was purchased from Sigma (St.
Louis, MO, USA); tris(hydroxymethyl)aminomethane (Tris)
was from Scharlab (Barcelona, Spain); cetyltrimethylammo-
nium bromide was purchased from Acros Organics (Geel,
Belgium); racemic bupivacaine hydrochloride standard was
kindly donated by Laboratorios Inibsa (Barcelona, Spain).S-
(−)-Bupivacaine hydrochloride (99%) was purchased from
Aldrich (Milwaukee, WI, USA) andS-(−)-epinephrine (+)-
bitartrate salt was from Sigma. Pharmaceutical preparation
Svedocain 0.25% (Laboratorios Inibsa, Barcelona, Spain), is
commercially available in Spain. Barnstead E-pure deionized
water (Sybron, Boston, MA, USA) was used to prepared so-
l
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ave become separated, and are detected out of it. How
n some cases chiral selector plug length applied shou
ery large in order to obtain complete enantioresolutio
oth analytes. In such cases, strategies to either, acce

he elution of analytes or retard chiral selector plug shou
pplied in order to perform the analytes detection dete
ut of the chiral selector plug thus reducing the limits of

ection (LODs) and increasing reproducibility. In this sen
ationic capillary wall coatings would be of interest for t
urpouse since they would retard electro-osmotic flow (E
ue to its interaction with the free silanol groups in the in
apillary wall. Consequently, the chiral selector plug wo
e slowed and capillary efficiencies may be improved

o the decrease in analyte–capillary wall interaction[23,24].
herefore, a strict control and tunning of the interac
etween buffer additives and capillary surface is need
rder to slow the EOF without sacrifying other desira
nalytical features such as short analysis times and reso
ower.

In the present paper, we describe a methodology
he separation of bupivacaine enantiomers by cap
lectrophoresis using human serum albumin (HSA) as c
elector. The partial filling technique was applied provid
omplete enantioresolution only at high HSA concentra
nd plug length. The addition of different cetyltrimet

ammonium bromide (CTAB) concentrations to the bu
nd HSA solution was evaluated in terms of bupivac
nantiomers resolution and detection out/in HSA p
he influence of other experimental conditions such
H, temperature, voltage and buffer concentration w
valuated. Under the selected conditions, the method
,utions. All solutions were filtered prior use through 0.45�m
ore size nylon membranes (Micron Separation, West
A, USA).

.2. Instruments and measurements

A Hewlett-Packard HP3DCE capillary electrophores
ystem (Hewlett-Packard, Waldbronn, Germany) equi
ith a diode array detector (DAD) and HP3DCE Chemsta

ion software was used throughout. A 50�m inner diamete
i.d.) and 363�m outer diameter (OD) fused-silica capilla
ith total and effective lengths of 48.5 and 40 cm, res

ively was employed (Polymicro Technologies, Phoneix,
SA). The other CE conditions for bupivacaine enantiom
eparation were: appiled voltage 15, 20, 25 and 30 kV; d
ion wavelenght, 220 nm; capillary cassette temperature
et at 25, 30, 35 and 45◦C. Electrolytic solutions were d
assed in an ultrasonic bath (JP Selecta, Barcelona, S
Crison Micro pH 2000 pH meter from Crison Instrume

Barcelona, Spain) was employed to adjust the pH of the
ration buffer.

.3. Procedure

Buffers containing variable Tris concentrations w
repared by dissolving the appropriate amount of s

ris(hydroxymethyl)aminomethane in Barnstead E-pure
er and adjusting the pH with 0.5 M HCl. CTAB so
ions were prepared weekly by weighting the correspon
mount of solid and dissolving it with plain 50 mM Tris p
. 500�m human serum albumin stock solution was d



J.J. Martı́nez-Pla et al. / J. Chromatogr. A 1048 (2004) 111–118 113

prepared by weighting the corresponding amount of protein
powder and dissolving it with Tris buffer to a final volume
of 1 ml. Working protein solutions were obtained by dilu-
tion of filtered HSA stock solution with Tris buffer to a final
concentration ranged between 40 and 160�M. Stock stan-
dard solution of bupivacaine hydrochloride (1 mg ml−1) was
prepared by weighting the corresponding amount of solid
and dissolving it with 50 mM Tris buffer pH 8 containing
10% (v/v) methanol. Working solutions were obtained by
dilution with Tris buffer from the corresponding stock so-
lution. In the study of the different variables involved in
the enantioseparation the experiments were conducted us-
ing 50 mM Tris buffer supplemented with 50�M CTAB at
pH 8 as electrophoretic buffer, using a 120�M HSA plug
applied at 50 mbar for 150 s as chiral selector, temperature
kept at 30◦C and applying 20 kV voltage unless otherwise
stated.

In order to obtain good peak shapes and reproducible
migration data, the capillary was conditioned at the begin-
ning of the day with the following sequence: (i) 2-min rinse
with deionized water (ii) 2-min rinse with sodium hydrox-
ide 1 M (iii) 2-min rinse with deionized water, and (iv) 15-
min rinse with the running buffer at 1000 mbar. Between
runs, the capillary was conditioned with deionized water
for 1 min, 2 min 1 M NaOH, water for 1 min and running
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Enantiomeric resolution (Rs) was calculated according to
Eq. (2) [26]:

Rs = 1.18(t2 − t1)

w1 + w2
(2)

wheret1 andt2 are the migration time of each enantiomer and
w1 andw2 represent the half-height peak widths. Microsoft
Excel 2002 and Statgraphics Plus 2.1 software were used for
data treatment.

3. Results and discussion

3.1. Enantiomeric separation of bupivacaine

In preliminary studies, the interaction between HSA and
several compounds was investigated by affinity capillary
electrophoresis. For this purpose, prior to injection of com-
pounds, capillary was filled with HSA solution and elec-
trophoresis was carried out using plain 50 mM Tris solutions
at pH 7.4 as electrolytic solution. For racemic bupivacaine,
it was observed that upon addition of a large enough HSA
concentration progressive splitting of the peak occurred. This
behaviour was attributed to the differential affinity of each in-
dividual enantiomer for the protein. Then, a more exhaustive
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uffer for 2 min. Before sample injection, the capillary w
artially filled with the chiral selector (HSA concentrat
anging from 0 to 160�M) by applying 50 mbar pressu
or 0, 50, 100, 125, 150, 175 or 200 s. Injection of bup
aine solutions were performed hydrodynamically at 50 m
or 3 s.

.4. Sample preparation

For analysis of injectable solutions containig race
upivacaine hydrochloride, an alicuot of the preparation
imply taken and diluted with Tris 50 mM pH 8 to a fin
olume of 25 ml. Three independent sample solutions
repared for all the analyses.

.5. Data treatment

From the experimental data, electrophoretic mobil
orrected for eletroosmotic flow variations were calcula
ccording to the following equation:

eff = lL

V

(
1

ti
− 1

t0

)
(1)

hereL and l are the total capillary length and the len
rom the inlet to the detector respectively,V the run voltage
i the analyte migration time and t0 is the migration time o
cetone, used as non-interacting electro-osmotic flow m

25].
tudy on the influence of several parameters on enantio
ution of bupivacaine using HSA as chiral selector was
ormed.

During these experiments a drifty baseline was obse
ue to the strong UV absorption of HSA. Therefore,
artial filling technique was applied. For this purpose
apillary was only partially filled with a 120�M HSA solu-
ion leaving the detection window free from protein. Ho
ver, it was observed that to achieve complete separ
f bupivacaine enantiomers a relatively long HSA plug
eeded. Thus, cationic surfactant CTAB was added to
lectrophoretic buffer to control the mobility of the HSA pl

n order to optimize the CTAB concentration, electrophor
uffers containing 50 mM Tris and increasing CTAB conc
rations were prepared. The CTAB concentration in both
lain background electrolyte zone and the HSA was the s
ig. 1shows the results obtained and as can be observ
reasing CTAB concentration enabled the detection of
upivacaine enantiomers out of the protein zone. How
TAB concentrations above 50�M decreased resolution a

ncreased the migration times of analytes. The increase
igration time may be explained due to the EOF reve
t CTAB concentration over 50�M as previously reporte
y Galli et al.[27]. Once the analytes peaks leave the H
lug they may be again overlapped due to their diffus
herefore, a 50�M CTAB concentration was selected.

The effect of pH on the separation of bupivacaine e
iomers was studied. The effective mobilities of both bup
aine enantiomers decrease with pH in the range betw
nd 9 as expected taking into account that bupivacaine
asic drug with a pKa of 8.1[11]. As can be observed inFig. 2
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Fig. 1. Electropherograms obtained using a background electrolyte com-
posed of 50 mM Tris pH 8 supplemented with different CTAB concentra-
tions of 0, 25, 50 and 70�M (from top to bottom). Electrophoresis carried
out at 30◦C and 20 kV. UV detection at 220 nm.

the highest resolution was achieved at pH 8. This behaviour
can be explained taking into account that the increase of pH
produces an increase of residence time of analyte in the chiral
selector plug while higher pH values provided analyte peaks
already in the HSA plug. Therefore, pH 8 was selected for
further studies.

The influence of HSA concentration was also evaluated.
HSA solutions from 0 to 160�M were prepared using the
electrophoretic buffer containing and were applied at 50 mbar

F from
7
e

Fig. 3. (A) Electropherograms obtained for 240 mg l−1 of racemic bupiva-
caine solutions using different HSA concentrations in the chiral plug (0, 80,
120, 160�M HSA solutions, from top to bottom), applied at 50 mbar for
150 s. Rest of condtions as inFig. 1. (B) Effective mobility ofS- (�) and
R-bupivacaine (©) as a function of HSA concentration.

for 150 s just before racemic bupivacaine injection. As can be
observed inFig. 3A, partial enantioseparation was obtained
using 80�M HSA concentration while baseline resolution
was found at HSA concentrations above 120�M. In addition
for the highest HSA concentrations good efficiency values
were obtained for both bupivacaine enantiomers with a num-
ber of plates of aproximately 147 500 and 51 000 plates/m for
the first and second migrating enantiomer, respectively. Be-
cause different affinities of theR- andS-bupivacaine for the
HSA exist, the molar fraction of complex is different for each
ig. 2. Resolution of bupivacaine enantiomers at different pH values
to 9. Experiments were carried out using 50 mM Tris–50�M CTAB as

lectrophoretic buffer. All the rest of conditions as inFig. 1.
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enantiomer. Therefore, the higher the HSA concentration the
stronger interaction between bupivacaine enantiomers and
HSA what leads to a decrease in the mobility of both bupiva-
caine enantiomers as HSA concentration was increased (see
Fig. 3B).

In order to study the effect of the chiral selector plug length
on the bupivacaine enantiomers separation experiments us-
ing a 120�M HSA solution applied for variable times from
0 to 200 s just before racemic bupivacaine injection was per-
formed. Both HSA solutions and electrophoretic buffers con-
tained 50 mM Tris and 50�M CTAB at pH 8. The results are
shown inFig. 4and as can be observed when the HSA solution
was applied less than 50 s no chiral recognision was obtained.
When the chiral selector plug was applied for longer times
resolution increased but application times over 150 s provided
asymmetric and broader analyte peaks at the beginning of the
HSA zone. Therefore, a maximum HSA application time of
150 s was kept for further studies.

Buffer concentration may also play a significant role in
the chiral separations of drugs. Being a zwiterionic buffer
Tris buffer may minimize solute–wall and protein-wall in-
teractions by shielding the capillary surface charge[28]. The
higher the Tris concentration the more effective charge shield-
ing. For this reason, a study of the Tris concentration in the
electrophoretic buffer was performed with 10, 25, 50 and
7
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Temperature is considered one of the key parameters in
the optimization process of CE separations. Because enan-
tioseparation is based on the different binding ability of both
enantiomers to the protein, capillary temperature can affect
the separation degree[29]. In order to study the effect of the
temperature on the separation of bupivacaine enantiomers se-
ries of runs applying 50 mbar for 150 s with a 120�M HSA
solution were performed at 25, 30, 35 and 40◦C injecting
a 230 mg l−1 racemic bupivacaine hydrochloride solution.
Lower temperatures were avoided since it was observed that
CTAB crystalized at temperatures round 15◦C. Resolution
only showed a modest improvement as the temperature was
raised from 25 to 30◦C (Rs of 1.30 and 1.50, respectively)
while higher temperatures provided a decrease in the resolu-
tion (Rs of 1.43 and 1.30 at 35 and 40◦C, respectively).

Finally a study of the applied voltage was also performed
in terms of maximizing resolution and efficiency while min-
imizing migration time. It is known that an increased voltage
yields to shorter migration times and higher efficiencies and
resolution[28,30]. But on the other hand the generation of
Joule heat may limit the theoretical gain in resolution and
efficiency with voltage. In the present work voltages ranged
between 15 and 30 kV were assayed. Migration times became
shorter and more reproducible at higher voltages while res-
olution slightly decreased from 1.16 to 0.94. Efficiency was
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5 mM Tris buffers all at pH 8 and containing 50�M CTAB
ere assayed. Maximum resolution and efficiencies wer
erved with 50 mM Tris buffer. At higher Tris concentratio
esolution drops, presumably as a result of increased cu
eneration and Joule heating.

ig. 4. Influence of the chiral selector plug length on the resolutio
40 mg l−1 of racemic bupivacaine. Chiral selector: 120�M HSA solution
pplied at 50 mbar for different times from 0 to 200 s. All the rest of co

ions as inFig. 1.
ot apparently affected by voltage suggesting little cha
n Joule heating with increased voltages. However, whe
oltage was set at 30 kV analyte peaks were detected al
ithin the HSA plug zone what made difficult their in
ration. Therefore a voltage of 25 kV was selected sin
rovided short migration times (4 min) still out of the HS
one.

From the results of the studies carried out the follow
xperimental conditions for the chiral separation of bup
aine enantiomers were selected: electrophoretic buffer
osed of 50 mM Tris, 50�M CTAB at pH 8; 160�M HSA
olution applied at 50 mbar for 150 s as chiral selector
lectrophoretic runs performed at 30◦C applying 25 kV volt-
ge. Under these experimental conditions both bupiva
nantiomers are baseline resolved in 4 min.

In order to assign each peak to the correspon
- or S-enantiomer, solutions of 160 mg l−1 of racemic
upivacaine hydrochloride spiked with different amou
f S-bupivacaine were injected. The results shown
ig. 5 revealed that the the first migrating peak should
ssigned to theS-enantiomer and therefore the second
-bupivacaine.

.2. Enantiomeric determination of bupivacaine in
harmaceutical preparations.

The proposed method was applied to determine
ontent of bupivacaine hydrochloride enantiomers in
harmaceutical preparation Svedocain 0.25%. This is
ercialised as injectable solutions containing racemic b

acaine hydrochloride together with a small concentra
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Fig. 5. (A) Electropherogram of a 160 mg l−1 solution of racemic bupiva-
caine and 80 mg l−1 S-(−) sulpiride. Same sample spiked with 80 mg l−1

(B) and 160 mg l−1of S-bupivacaine (C). Experimental conditions: 50 mM
Tris pH 8 with 50�M CTAB cat pH 8 as electrophoretic buffer; Chiral se-
lector, 160�M HSA solution applied at 50 mbar for 150 s; electrophoretic
runs carried out at 30◦C and 25 kV. UV detection at 220 nm.

of epinephrine in order to reduce the absorption of the
anesthetic by the tissues prolonging the anesthetic effect.

According to the International Conference on Harmoni-
sation (ICH) technical requirements for pharmaceuticals for
human use recommendations on the validation of analytical
procedures, detection and quantification limits are not crit-
ical features in these analytical methods in “assays proce-
dures” for determining major components in pharmaceutical
preparations. However, an estimation of the detection limit of
the proposed methodology was performed according to the
ICH criterion based on the signal-to-noise ratio[31]. It was
found that concentrations close to 20 mg l−1 provided signal-
to-noise ratios slightly over the critical value, 3. In addition,
it was also checked that this concentration level provided an-
alyte peaks that could be quantified with acceptable precision
(i.e. relative standard deviation, R.S.D. < 10%).

Calibration graphs containing 20–120 mg l−1 of each
bupivacaine hydrochloride enantiomer were obtained.
Sulpiride was selected as internal standard because it does
not interact with HSA and migrates close to the analytes. All
the standards and samples solutions were spiked with a fixed
concentration (80 mg l−1) of S(−) sulpiride. Linear calibra-
tion graphs were obtained for both bupivacaine enantiomers
using the absolute peak area and the ratio analyte/internal
standard peak area as dependent variables.Table 1 sum-
m s. In
a ssion
c

vels
b and

80 mg l−1 of eachR- and S-bupivacaine. The results are
shown inTable 2and as can be observed the relative standard
deviation expressed as percentage were similar using either
absolute area or the ratios analyte/internal standard. As ex-
pected the precision is slightly higher at 80 than at 20 mg l−1.

The proposed method was applied to the analysis of
the pharmaceutical preparation Svedocain 0.25% contain-
ing 2500 mg l−1 of racemic bupivacaine hydrochloride and
5 mg mg l−1 of epinephrine bitartrate. The results expressed
as percentage of recovery relative to the content declared by
the manufacturer were always ranged between 92 and 102%
with both, absolute peak area and area ratios (seeTable 3)
which agrees with the tolerance limits for this kind of sam-
ples (±15%).

Epinephrine, another sample component was not detected
in the sample due to its low concentration (only 0.4 mg l−1

of epinephrine bitartrate for 100 mg l−1 of each bupivacaine
enantiomer) (seeFig. 6A). However, in order to check the ab-
sence of interference due to epinephrine, a synthetic sample
containing 80 mg l−1 sulpiride, 160 mg l−1 of each bupiva-
caine enantiomer and 200 mg l−1 epinephrine bitartrate was
injected. As can be observed inFig. 6B epinephrine did not
overlap with either bupivacaine enantiomer or sulpiride under
the selected experimental conditions what ensures complete
separation of the components in this kind of injectable sam-
p

thod
t ation
S tock

F propi-
a le
c n-
tiomer and 200 mg l−1epinephrine bitartrate.
arises the statistical features of the calibration graph
ll cases, the calibration curves showed adequate regre
oefficients (>0.99).

Precision was evaluated at two concentration le
y injecting five independent solutions containing 20
les of anesthetics.
In order to study the accuracy of the proposed me

hree samples solutions of the pharmaceutical prepar
vedocain 0.25% were spiked with a certain volume of s

ig. 6. (A) Electropherogram of the sample Svedocain 0.25% (after ap
te dilution) spiked with 80 mg l−1 S-(−) sulpiride. (B) Synthetic samp
ontaining 80 mg l−1 S-(−) sulpiride, 160 mg l−1of each bupivacaine ena
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Table 1
Statistical features of the calibration graphs for the first and second migrating bupivacaine enantiomer using both absolute areas and area ratio analyte/internal
standard

Absolute area Analyte/internal standard ratio

b0 ± tsb0 b1 ± tsb1 r b0 ± tsb0 b1 ± tsb1 r

S-bupivacaine 1.1± 1.9 0.19± 0.02 0.996 0.03± 0.04 0.0039± 0.0006 0.995
R-bupivacaine 1± 3 0.20± 0.04 0.991 0.02± 0.05 0.0042± 0.0006 0.994

b0, intercept;b1, slope; ts, confidence interval at the 95% probability level; R.S.D., relative standard deviation.

Table 2
Precision of the proposed method using absolute peak area or analyte/internal
standard area ratio at 20 and 80 mg l–1 concentration levels for five indepen-
dent solutions

R.S.D. (%)a R.S.D. (%)b

20 mg l−1 80 mg l−1 20 mg l−1 80 mg l−1

S-bupivacaine 5 6 6 5
R-bupivacaine 8 5 9 5

a Relative standard deviation with absolute areas.
b Relative standard deviation with analyte/internal standard area ratio.

Table 3
Recoveries found for the determination of bupivacaine hydrochloride enan-
tiomers in the pharmaceutical preparation Svedocain

(R± sn−1) (%)a (R± sn−1) (%)b

S-bupivacaine 98± 6 92± 7
R-bupivacaine 102.0± 1.1 95± 6

R: recovery with respect to the content declared by the manufacturer;sn−1:
standard deviation of the recoveries found for the analysis of three indepen-
dent sample solution.

a With absolute areas.
b With analyte/internal standard area ratio.

racemic bupivacaine equivalent to 14.82 mg l−1 of each enan-
tiomer. These samples were analysed following the proposed
methodology and provided recoveries for the added bupiva-
caine ranged between 103± 6 and 106± 8% for S- and
R-bupivacaine, respectively. These results clearly show that
the accuracy of the proposed methodology is good enough for
quality control of pharmaceutical containing mixtures of the
enantiomers of this local anesthetic together with epinephrine
in the usual levels found in this kind of samples.

An important factor of the proposed methodology is the
low cost per analysis; the chiral selector solution of HSA is
pumped through the capillary before applying voltage on the
electrophoretic buffer. Thus, the HSA solution in the vial did
not become electrolyzed in each analysis and can be used
several times. The low cost of the proposed methodology
together with its speed make it suitable for quality control of
pharmaceutical in terms of economy and sample throughput.

4. Conclusions

This paper describes the application of the partial filling
technnique to the separation and determination of bupiva-

caine hydrocloride enantiomers by capillary electrophoresis
using HSA as chiral selector. It was found that the addition of
CTAB to the background electrolyte enabled the detection of
the separated enantiomers out of the protein zone yielding to
good reproducibility. Several other variables involved in the
separation such as pH, HSA concentration, chiral selector
plug length, background electrolyte concentration, tem-
perature and voltage were also studied. Under the selected
experimental conditions the determination of bupivacaine
hydrochloride enantiomers in a pharmaceutical preparation
was performed, providing recoveries close to 100%.

The proposed methodology provides adequate results in
terms of simplicity, cost, sample throughput, reproducibility
and accuracy for quality control of bupivacaine enantiomers
in pharmaceutical preparations.
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