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Abstract

An original capillary electrophoretic method has been developed and applied for the enantioselective analysis of the antiparkinson drug biperiden
in pharmaceutical formulations, using a modified cyclodextrin as the chiral selector. Baseline enantioseparation of the racemic compound was
achieved in less than 7 min using an uncoated fused silica capillary (50�m i.d. and 48.5, 40.0 cm, total and effective length, respectively),
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lled with a background electrolyte consisting of a 50 mM phosphate buffer at pH 3.5 supplemented with 3% (w/v)�-cyclodextrin sulphat
nd applying a voltage of 20 kV, reversed polarity. Samples were injected by pressure (50 mbar, 90 s) at the cathodic end of the ca
etection wavelength was 195 nm (bandwidth: 10 nm). A simple and fast pre-treatment procedure allowed the complete extraction

rom commercial formulations (sustained release tablets and ampoules for injections) without any interference from the matrix. Goo
as found in the 1–50�g/mL concentration range; the limit of quantitation was 1�g/mL and the limit of detection was 0.4�g/mL. Precision an
ccuracy were good, with R.S.D. values always lower than 2.8% and a mean recovery value of 101.1%. The method was suitable fo
ontrol of biperiden in commercial formulations.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Parkinson’s disease is a chronic degenerative syndrome
hich causes the progressive death of dopaminergic neurones in

he brain which are necessary for a correct and precise control
f voluntary movements. The key symptoms of Parkinson’s dis-
ase are tremor, bradikinesia, dystonia and a curved stance. As

he disease progresses, several muscles become progressively
aralysed and death by breathing difficulty, pneumonia or lung
mbolism can occur[1]. Several other pathologies having symp-

oms similar to those of Parkinson’s disease are collectively
nown as “parkinsonisms”; for example, treatment with neu-
oleptic drugs can cause side effects such as tremor and difficulty
n movement, which are known as “extrapyramidal syndrome”,
nd are caused by the inhibition of dopaminergic transmis-
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sion. Treatment of Parkinson’s disease and similar syndrom
based on a therapy of dopamine substitution, which can no
improve the quality of life of patients, at least in the first few ye
after the onset of the disease. Historically, the most widely
drug for this purpose is the physiological precursor of dopam
(l)-3,4-dihydroxyphenylalanine (l-dopa or levodopa). Current
however, the drugs of first choice are dopaminergic ago
such as ergot derivatives (e.g. bromocryptine, cabergo
which tend to cause fewer undesired effects[1]. Anticholiner-
gic agents, such as triesiphenydile, biperiden and orphena
are also used for the treatment of Parkinson’s disease
these drugs have antimuscarinic activity: they correct the
ative excess of cholinergic activity which is thought to h
pen as a consequence of dopamine deficit[2]. Among them
biperiden (1-[(1,2,4)-bicyclo[2.2.1]epta-5-en-2-yl]-1-pheny
(piperidin-1-yl)propan-1-ol, BPR,Fig. 1a) has a peculiar plac
since it is selective toward central M1 muscarinic receptors
is very suitable for the treatment of the extrapyramidal syndr
caused by the use of neuroleptic agents[3]. The drug is admin

003-2670/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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Fig. 1. Chemical structures of (a) biperiden enantiomers and (b) triprolidine
(IS).

istered orally at doses usually ranging from 2 to 12 mg/day.
Side effects include nervousness, dizziness and gastro-intestin
problems, while cognitive processes can be impaired, espe
cially in the elderly [4]. Chemically, BPR has three asym-
metric carbon atoms and can thus exist as four enantiomeri
pairs. However, since the active principle is synthesised in the
exo-form, (1RS)-1-[(1RS,2SR,4RS)-bicyclo[2.2.1]epta-5-en-2-
yl]-1-phenyl-3-(piperidin-1-yl)propan-1-ol, only two enan-
tiomers are present in the formulations (Fig. 1a), and all other
diastereoisomers should only be found as impurities.

It has been found from in vitro functional studies that (+)-
biperiden is able to discriminate between ileal M2� and cardiac
M2� receptors and strongly between M1 and cardiac M2� recep-
tors; in contrast, (−)-biperiden displays low but nearly indistin-
guishable affinity for all three receptors[5]. Thus, the spectrum
of action of the two enantiomers can be quite different. These
studies however have not reached any clear conclusion becau
no correlation has been observed between the potency and th
affinity ratios of the two enantiomers[6]. This in part was due
to the lack of sensitive stereoselective analytical methodologie
for the determination of these enantiomers[7]. Thus, it would be
important for this purpose to have a reliable analytical method
which could be used for the enantioselective quality control of
biperiden.

One paper can be found in the literature for the enantiosep
aration of BPR and its analysis in human plasma; it is based
o sta-
t s
O ny di
f s as

the chiral selectors; these papers do not report any application to
formulations; furthermore, most of them do not even obtain any
enantioseparation of BPR[8–14]. Only a few literature sources
report analytical methods for BPR determination in formula-
tions, however none of them are chiral: one paper reports the
use of spectrophotometry[15], while the United States Pharma-
copeia uses a colorimetric assay[16]. The European[17] and
British [18] Pharmacopoeias determine the active principle and
impurities in bulk material only, by gas chromatography-flame
ionisation detection. The aim of this study was the separation
of BPR enantiomers and their analysis in commercially avail-
able pharmaceutical formulations such as Akineton® tablets
and injections. A good strategy to obtain an enantioselective
method suitable for this purpose is to use capillary electrophore-
sis (CE) with cyclodextrins as the chiral selectors. In fact, CE is
an extremely efficient, versatile and selective technique, which
allows very efficient separations in shorter run times with respect
to other separation techniques such as liquid chromatography
or gas chromatography[19–22]. Cyclodextrins are well-known
chiral selectors, which can either be used in their native form or
chemically modified to obtain selectivity toward different com-
pounds or classes of compounds[23,24]; they are stable and
quite efficient and can simply be added to the background elec-
trolyte (BGE) to obtain enantioselectivity[25–27]. The fast and
feasible method described herein has been validated in terms
of linearity, precision and accuracy and has been successfully
a u-
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pplied to the quality control of biperiden in commercial form
ations.

. Experimental

.1. Chemicals

All chemicals were analytical grade. Biperiden w
indly provided by Abbott Italia S.p.A. (Campoverd
taly). �-cyclodextrin sulphate (S�CD), �-cyclodextrin and
arboxymethyl-�-cyclodextrin were purchased from Flu
Buchs, Switzerland);�-cyclodextrin was from Research Che
cals Ltd. (Heysam, Lancs., UK); sulphobutyl-�-cyclodextrin
as from CyDex (Lenexa, KS, USA). Triprolidine used as

nternal Standard (IS,Fig. 1b) and HPLC-grade methanol we
urchased from Sigma–Aldrich (St. Louis, MO, USA). Sod
ydroxide, phosphoric acid (80%, w/w) and citric acid w

rom Carlo Erba (Milan, Italy). Ultrapure water (18.2 M� cm)
as obtained using a MilliQ apparatus from Millipore (Milfo
A, USA).

.2. Solutions

Stock solutions of BPR and triprolidine (IS), 1 mg/mL ea
ere separately prepared in methanol and were stable for a
months when stored at−20◦C, as assessed by means of s

rophotometric assays. Working solutions were prepared
rom the stock solutions by sequential dilution with metha
he last dilution was carried out in a pH 3.5, 5 mM ph
hate buffer. The final concentration of the IS was alw
0�g/mL.
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The background electrolyte (BGE) was a pH 3.5, 50 mM
phosphate buffer containing 3% (w/v) S�CD. It was prepared
as follows: 170�L of 80% (w/w) phosphoric acid were mixed
with about 45 mL of water; the solution was then brought to
pH 3.5 with 1 M sodium hydroxide, transferred into a 50-mL
volumetric flask and made to volume with water. An amount of
150 mg of S�CD was dissolved in 5 mL of this buffer. The BGE
was filtered though a cellulose filter (pore size 0.2�m, Stepbio,
Bologna, Italy) before use.

2.3. Apparatus and electrophoretic conditions

All assays were carried out on a3DCE apparatus by Agilent
Technologies (Waldbronn, Germany) equipped with a diode-
array detector (DAD). A fused-silica uncoated capillary (50�m
i.d., 375�m o.d., 48.5 cm total length, 40.0 cm effective length)
was used, which was bought from Composite Metal Ltd. (Hal-
low, UK). Injection was carried out by pressure (50 mbar, 90 s) at
the cathodic end of the capillary. The voltage applied was 20 kV
reversed polarity; the capillary was thermostatted at 25.0◦C and
the wavelength used for quantitative analyses was 195 nm (band-
width: 10 nm).

New capillaries were sequentially washed and conditioned
by pressure (5 bar) with water (5 min), 1 M sodium hydroxide
(15 min), water (30 min) and BGE (10 min). The capillary was
pre-conditioned with BGE (2 min, 2 bar) before each run and
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ypropylcellulose, lactose, magnesium stearate, methylhydrox-
ypropylcellulose, yellow iron oxide, polyethyleneglycol 400,
polyethyleneglycol 600, polyvinylpyrrolidone, colloidal silica,
sodium laurylsulphate, talc, titanium dioxide. Biperiden was
extracted from tablets as follows. After weighing 20 tablets,
they were finely ground in a mortar and thoroughly mixed. An
aliquot of powder equivalent to 2 mg of biperiden free base
(racemic nominal concentration) was weighed and a suitable
amount of the IS was added. The powder was then transferred
into a test tube with 5 mL of methanol, vortex-mixed for 5 min,
then centrifuged (3000 rpm, 10 min). The liquid supernatant was
separated and the remaining powder was treated thrice again
with 5 mL of methanol. All the supernatant liquids were united,
sonicated in an ultrasonic bath for 5 min and then filtered through
paper. The resulting clear solution has a nominal concentration
of 100�g/mL. It was then diluted with a pH 3.5, 5 mM phos-
phate buffer to suitable nominal concentrations and injected into
the CE apparatus.

Each 2-mL Akineton® ampoule has a declared content of
5 mg of biperiden lactate; it also contains water for injectables
and sodium lactate. The content of one ampoule was quanti-
tatively transferred to a volumetric flask and the IS added; the
resulting solution was suitably diluted with a pH 3.5, 5 mM phos-
phate buffer and then injected into the CE apparatus.

2.6. Method validation
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ost-conditioned with BGE (1 min) after each run. At the en
he working day, the capillary was washed by pressure (5
ith water (5 min), 1 M sodium hydroxide (5 min) and wa

10 min).
An external nitrogen cylinder was used as a pressure ge

or for all operations requiring a pressure application higher
bar.

.4. Analysis of standard solutions

Standard solutions were analysed by CE under the rep
orking conditions. The analyte/IS peak area ratios were

ed against the analyte concentrations and 10-point calibr
urves were obtained for each single enantiomer by mea
he least square method. Each concentration was injected i
icate.

Precision assays were carried out at three different conce
ions, corresponding to the lower limit, middle point and up
imit of the calibration curve. The solutions were prepared
njected six times at each concentration level to obtain the
ive standard deviation (R.S.D.%) of both peak area ratios
igration times.

.5. Sample treatment

Two commercial formulations were analysed: susta
elease Akineton® tablets and Akineton® ampoules for injec
ions (both from Abbott S.p.A., Campoverde, Italy).

Each tablet has a declared content of 4 mg of bip
en hydrochloride and the following inactive ingredie
aize starch, microcrystalline cellulose, carnauba wax, hyd
)
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The formulation samples were treated as described a
inearity was assessed by injecting solutions at 10 diffe
oncentrations in triplicate. Sample solutions at three d
nt concentrations (corresponding to the lower limit, mid
oint and upper limit of the calibration curve) were prepa
nd injected six times in the same day (to evaluate rep
ility) and over six different days (to evaluate intermed
recision). The amount of drug found of declared was
alculated.

According to the United States Pharmacopeia guide
28], the limit of quantitation (LOQ) and limit of detectio
LOD) were obtained as the analyte concentrations which
ise to electrophoretic peaks whose height was 10 and 3
he baseline noise, respectively.

Accuracy was assessed by means of recovery assays. K
mounts of the analyte and the IS were added to the fo

ations in order to obtain final spikings (after suitable d
ion) corresponding to the lower limit, middle point and up
imit of the calibration curve. After sample pre-treatment,
esulting dilution was analysed and the recovery of the a
nalyte was calculated. This procedure was repeated six

or each concentration in order to obtain R.S.D.% values
ecovery.

. Results and discussion

.1. Preliminary electrophoretic assays

Thanks to its tertiary amine function, biperiden is a wea
asic compound, whose conjugated acid has an approximaKa
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of 9.8.1 Thus, it should be at least partially positively charged
at all pH values lower than 9, and in these conditions it should
migrate as a cation toward the cathode. Preliminary assays were
thus carried out to assess the electrophoretic behaviour of BPR at
pH values between 2.5 and 7.5, using the normal polarity mode.
Different buffers were used (phosphate, acetate, citrate), each at
a 50 mM concentration. Higher pH values were not investigated
because at these values BPR was not charged, and this made the
analysis more difficult. As expected, a peak corresponding to
BPR could be identified at all tested pH values. Migration times
were shorter when higher pH values were used due to the effect
of electroosmotic flow (EOF); in any case, an electrophoretic
run would last 8 min at most.

3.2. Choice of the chiral selector

As already mentioned, cyclodextrins (CDs) are very versatile
and efficient chiral selectors, widely used in the development of
electrophoretic methods. Negatively charged CDs, in particular,
are very attractive for the chiral separation of positively charged
analytes (such as BPR), since in this case the electrostatic charge
interactions can be quite strong and lead to very high selectiv-
ity toward the two enantiomers. Different kinds of native and
charged CDs were tested for the enantioseparation of biperiden:
�-CD, carboxymethyl-�-CD, sulphobutyl-�-CD and�-CD sul-
p The
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migration times, as well as increasing peak efficiency and thus
resolution. When the S�CD concentration was increased above
3%, peak efficiency did not increase significantly, while the val-
ues of current were higher than 100�A (85–90�A were reached
at 3% S�CD). For this reason 3.0% was chosen as the optimal
S�CD concentration.

3.3. Choice of the internal standard

The use of an internal standard (IS) increases the reliability
and precision of electrophoretic data. For this reason, com-
pounds bearing some structural resemblance to BPR such as
citalopram and triprolidine were tested as possible ISs. Since
triprolidine has a migration time similar to that of the ana-
lytes under the final working conditions, it was chosen as
the IS for all subsequent assays at a concentration equal to
10�g/mL.

Fig. 2. Electropherogram of (a) a standard solution containing 20�g/mL of
racemic biperiden and 10�g/mL of the IS; (b) a sample obtained from sus-
tained release tablets containing a nominal racemic concentration of 20�g/mL
of biperiden. Electrophoretic conditions: uncoated fused silica capillary (48.5 cm
total length, 40.0 cm effective length, 50�m i.d., 375�m o.d.); BGE: pH
3.5, 50 mM phosphate buffer containing 3% (w/v) S�CD; injection: pressure
(50 mbar× 90 s) at the cathodic end of the capillary; applied voltage: 20 kV
reversed polarity; detection wavelength: 195 nm (bandwidth: 10 nm); capillary
temperature: 25.0◦C.
hate (S�CD), at concentrations in the 0.1–1.0% range.
yclodextrins were dissolved in phosphate buffer BGEs u
ifferent conditions of pH (2.5 and 7.5) and concentration
nd 50 mM) and the electrophoretic runs were carried out a

ng a constant voltage of 20 kV. While�-CD showed almost n
nteraction with the analytes, the use of charged CDs su
arboxymethyl-�-CD and sulphobutyl-�-CD lead to some sligh
nantioseparation, however it was not possible to obtain

actory results with these selectors. The CD which prove
nteract the strongest with the analytes was�-CD sulphate: in
act, its use gave rise to quite long migration times (>20 min
ven, at concentrations of S�CD higher than 0.7%, to the migr
ion of the analytes at the anodic end of the capillary: at t
oncentrations, it was impossible to detect the analytes in
al polarity mode. It was also noted that the higher pH va
hile shortening migration times, impaired analyte resolu

or this reason, it was decided to work at a low pH value, nam
.5. The strong interaction between S�CD and the analytes al
eant that the resulting electrophoretic peaks lost efficienc

hus resolution; it was not possible to obtain baseline enanti
ration within reasonable times. For this reason, it was de

o further increase the concentration of S�CD and to carry ou
nalyte detection at the anodic end of the capillary. Under
onditions, a strong EOF is detrimental because it drags the
ytes toward the cathode; thus the BGE pH was kept at 3.5, w
llows to have a negligible EOF. Complete baseline enantio

ution was achieved at all S�CD concentration values higher th
%; increasing the S�CD concentration (up to 3%) decrea

1 Calculated using Advanced Chemistry Development (ACD) Soft
olaris V8.14 (© 1994–2005 ACD).
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3.4. Sample injection

Both voltage and pressure injections were tried. Reversed
voltage polarity injection (20 kV, 5 s) gave rise to large peaks and
allowed to detect concentrations as low as 0.1�g/mL; repeata-
bility, however, was poor. On the contrary, injection by pressure
granted good repeatability even if much lower sensitivity was
obtained. In order to increase sensitivity, the optimal injection
time was determined by varying this parameter between 15 and
120 s (pressure was kept constant at 50 mbar). As expected,
peak areas increased with increasing injection time; times longer
than 90 s, however, caused efficiency and resolution to drop
significantly. Thus, 90 s was chosen as the optimal injection
time.

The electropherogram of a standard solution containing
20�g/mL of racemic BPR and 10�g/mL of the IS, obtained
under the optimised electrophoretic conditions, is shown in
Fig. 2a. As can be seen, peak asymmetry is quite low, analyte
peaks are baseline separated and efficiency is good; a complete
electrophoretic run lasts 7 min.

3.5. Analysis of standard solutions

The method thus developed was applied to standard solu-
tions of BPR. Good linearity (rc > 0.9993) was found over
t ion;
0 ion
( of
d

a tion

values always lower than 2% for both analyte/IS peak area ratios
and migration times.

3.6. Extraction of the active principle from formulations

Preliminary assays allowed to ascertain that BPR could be
quantitatively extracted from the sustained release tablets of
Akineton® by a simple treatment with methanol (see Section
2). Dilutions with the same solvent, however, caused disruptive
interactions with the electrophoretic system, so that no analyte
peak was present in the electropherograms under these condi-
tions. On the contrary, when the methanolic extract was diluted
with a phosphate buffer (5 mM, pH 3.5), the resulting electro-
pherograms were identical to those obtained injecting standard
solutions prepared in the same solvent; no interference from
inactive ingredients was found. Regarding the injectable for-
mulation of Akineton, simple dilution with a phosphate buffer
(5 mM, pH 3.5) proved sufficient for the purposes of quantitative
analysis. In either case, the analytes were identified on the basis
of both migration times of electropherograms and UV spectra
obtained by means of the diode-array detector (DAD).

3.7. Application of the method to formulations

The extracts obtained from tablets and injectables were
a retic
m t from
s o
i ion is
c es are
s

T
L tracte

A + bxa

B 26±
B 21±

g mL

T
V iate p

C peata
alyte/
S.D.%

f

B 5
9
3

B 3
1
6

I b
he 1–50�g/mL concentration range (racemic concentrat
.5–25.0�g/mL for each enantiomer). The limit of quantitat
LOQ) was 1�g/mL (racemic concentration), while the limit
etection (LOD) was 0.4�g/mL (racemic concentration).

Precision assays at three different levels (1, 25 and 50�g/mL)
lso gave good results, with R.S.D. (relative standard devia

able 1
inearity parameters and LOD and LOQ values assessed on samples ex

nalyte Linearity range (�g/mL) Linearity equation,y = a

ab bb

PR 1 0.5–25.0 −0.0131± 0.0021 0.04
PR 2 0.5–25.0 −0.0120± 0.0025 0.04

a y is expressed as (analyte area)/(IS area), a pure number;x is expressed as�
b Parameter value± standard error.

able 2
alidation parameters (amount found of declared, repeatability, intermed

ompound Nominal concentration
(�g/mL)

Amount found of
declared (%)

Re
an
(R.

PR 1 0.5 99 2.
10.0 102 1.
25.0 99 1.

PR 2 0.5 100 2.
10.0 101 2.
25.0 102 1.

S 10a – 1.6

a Amount added.
b
 Precision of IS area.
)

nalysed by means of the developed capillary electropho
ethod. The electropherogram corresponding to an extrac

ustained release tablets is shown inFig. 2b. As can be seen, n
nterference from the matrix is present, the enantioseparat
omplete. The electropherograms of samples from ampoul
uperimposable to those obtained from tablets.

d from commercial formulations

rc LOQ (�g/mL) LOD (�g/mL)

0.0013 0.9994 0.5 0.2
0.0016 0.9998 0.5 0.2

−1.

recision) assessed on samples extracted from Akineton® tablets

bility of
IS area ratio

)

Intermediate precision of
analyte/IS area ratio
(R.S.D.%)

Intermediate precision o
migration times
(R.S.D.%)

2.8 0.2
2.1 0.4
1.5 0.4

2.5 0.3
2.2 0.4
1.7 0.5

1.8b 0.6
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Table 3
Validation parameters (amount found of declared, repeatability, intermediate precision) assessed on samples extracted from Akineton® ampoules

Compound Nominal concentration
(�g/mL)

Amount found of
declared (%)

Repeatability of
analyte/IS area ratio
(R.S.D.%)

Intermediate precision
of analyte/IS area ratio
(R.S.D.%)

Intermediate precision
of migration times
(R.S.D.%)

BPR 1 0.5 101 2.5 2.6 0.3
10.0 101 1.6 1.9 0.4
25.0 99 0.6 0.8 0.3

BPR 2 0.5 99 2.5 2.7 0.3
10.0 101 1.3 1.5 0.4
25.0 102 0.8 1.1 0.4

IS 10a – 1.7b 1.9b 0.7

a Amount added.
b Precision of IS area.

Table 4
Recovery and repeatability values for accuracy assays carried out on Akineton® tablets and ampoules

Compound Concentration added (�g/mL) Tablets Ampoules

Recovery (%) Repeatability (R.S.D.%) Recovery (%) Repeatability (R.S.D.%)

BPR 1 0.5 99 1.8 102 1.9
5.0 101 1.5 101 1.8

10.0 102 1.3 102 1.7

BPR 2 0.5 99 1.7 101 1.8
5.0 102 1.6 100 1.7

10.0 102 1.4 102 1.5

The method was validated in terms of linearity, precision and
accuracy.

Good linearity was found on extracts from both formulations
for both enantiomers (rc > 0.9994) in the 1–50�g/mL range
(claimed racemic concentration). The LOD was found to be
0.2�g/mL and the LOQ 0.5�g/mL for each enantiomer. Lin-
earity parameters can be found inTable 1. Precision assays
carried out at three different nominal concentrations (1, 25
and 50�g/mL, racemic) gave good results, with R.S.D. val-
ues always lower than 2.8% (analyte/IS area ratios) and 0.7%
(migration times). The amounts of drug found of declared were
in the 99–102% range for both tablets and injections. Thus, the
formulations analysed are well within the limits given by the
United States Pharmacopeia: 93–107% for tablets and 95–105%
for injections[16]. The complete results of the assays on tablets
are reported inTable 2and those of the assays on ampoules are
reported inTable 3.

Method accuracy was evaluated by means of recovery assays
at three different concentration levels. The results of the recovery
assays are reported inTable 4; they are very satisfactory, with
mean recovery values ranging from 99 to 102%. The method is
thus very accurate.

4. Conclusion

The electrophoretic method herein described has been used
f ina
t for-
m c-
t OF

While method sensitivity is not outstanding (LOQ = 1�g/mL
of racemic BPR) due to the intrinsic limitations of the system
(short optical path, injection by pressure), it is more than ade-
quate for the purposes of the study. The method is quite rapid
(simple extraction procedure, electrophoretic run shorter than
6 min) and feasible; furthermore, with respect to liquid chro-
matographic methods, it is also inexpensive and uses lower
amounts of polluting and toxic organic solvents. Furthermore,
precision and accuracy are satisfactory (R.S.D. < 2.8%, mean
recovery 101.1%). Thus, the method seems to be suitable for
the quality control of BPR enantiomers in commercial formula-
tions. It should, however, be noted that only pure racemic BPR
was available to us and not the single enantiomers; for this rea-
son, it was not possible to assign a univocal identity to their
electrophoretic peaks.

Since (+)-biperiden shows strong selectivity towards specific
muscarinic receptor subtypes, enantioselective pharmacokinetic
studies would be interesting, as well as the development of for-
mulations containing an excess of one enantiomer, in order to
obtain better therapeutical results. Thus, future developments of
this study could involve the possible application of the method
to the analysis of BPR enantiomers in biological fluids. We are
currently developing original sample pre-treatment procedures
for application to more complex matrices, such as plasma and
urine.

A

ure
b arch
or the enantioseparation of BPR and the quantitative determ
ion of its enantiomers in two different kinds of commercial
ulations. The method uses S�CD as the chiral selector, dete

ion at the anodic side and an acidic BGE to minimise the E
-

.
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