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Abstract

A chiral capillary electrophoresis (CE) system allowing simultaneous enantiomer determination of citalopram (CIT)
and its pharmacologically active metabolite desmethylcitalopram (DCIT) was developed. Excellent chiral separation
was obtained using 1% sulfated-B-cyclodextrin (S-p-CD) as chiral selector in combination with 12% ACN in 25 mM
phosphate pH 2.5. Samples were prepared by liquid-phase microextraction (LPME) based on a rodlike porous
polypropylene hollow fibre. CIT and DCIT were extracted from 1 ml plasma made alkaline with NaOH, into dodecyl
acetate impregnated in the pores of a hollow fibre, and into 20 mM phosphate pH 2.75, inside the hollow fibre. The
acceptor solution was directly compatible with the CE system. Efficient sample clean-up was seen, and the recoveries
were 46 and 29% for the enantiomers of CIT and DCIT, respectively, corresponding to 31 and 19 times enrichment. The
limit of quantification (S/N = 10) was < 11.2 ng/ml, intra-day precision was < 12.8% RSD, and inter-day precision was
< 14.5% RSD, for all enantiomers. The validated method was successfully applied to simultaneous determination of
enantiomer concentrations of CIT and DCIT in plasma samples from nine patients treated with racemic citalopram.
The results confirm LPME-CE as a suitable and promising tool for enantiomeric determination of chiral drugs and
metabolites in biological matrices.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

The antidepressive drug citalopram (CIT) is a
selective and potent serotonin reuptake inhibitor.
Potentiation of serotonergic neurotransmission
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trol disorders [1,2]. CIT is a chiral compound. The
pharmacological effect of CIT is related mainly to
S-CIT and to some extent to S-desmethylcitalo-
pram (S-DCIT) [3,4]. CIT is currently marked as
both a racemic mixture and as a single enantiomer.
Failure to account for stereoselectivity in pharma-
codynamic and pharmacokinetic parameters and
neglect of the possible clinical relevance of DCIT
may lead to inaccurate therapeutic drug monitor-
ing and nonoptimal treatment.

Currently used methods for stereospecific drug
monitoring of CIT and DCIT, are mainly based on
chromatographic techniques, which require either
rather expensive chiral stationary phases or con-
version of the enantiomers into diastereomers with
a chiral reagent [5—11]. During the past few years,
capillary electrophoresis (CE) has established itself
in the area of chiral separations. The separation of
enantiomers by CE has been studied extensively
and shown to provide low cost analysis with high
efficiency and resolution combined with selectivity
and short analysis times [12—17]. No method for
enantiomer determination of CIT (and DCIT)
based on CE has, to our knowledge, been pub-
lished.

Enantioseparations by CE are generally
achieved by adding a chiral selector to the running
buffer [12—17]. Cyclodextrins (CDs) are among the
most prevalent selectors used in chiral CE. Selec-
tion of the appropriate selector is of paramount
importance in order to achieve successful separa-
tion of enantiomers. In some cases, however,
enantioseparation cannot be achieved by merely
adding a chiral selector. When necessary, numer-
ous additives like surfactants, organic modifiers or
a second chiral selector can be used to optimise the
experimental conditions for chiral and achiral
resolution. The additives can influence several
parameters such as the electroosmotic flow
(EOF), the viscosity, the stability of the selector—
analyte complex, the solubility of either analytes
and/or selectors, the analysis time and the con-
ductivity of the buffer [12—-17].

Therapeutic monitoring of CIT requires a highly
sensitive analytical method because of the low
plasma levels (typically 25-160 ng/ml for the
racemate) resulting from therapeutic doses [5—
11]. Because CE is performed with UV detection

directly on the narrow fused-capillary used for
separation and because only nanoliter volumes of
sample are injected in traditional CE, most con-
centration detection limits are relatively high. In
order to achieve concentration detection limits
enabling quantification over the entire therapeutic
range, preparation of patient samples is crucial
before analysis by CE. Liquid-phase microextrac-
tion (LPME) is a new sample preparation techni-
que offering high analyte preconcentration and
efficient sample clean-up. A new and disposable
device for LPME based on polypropylene hollow
fibres, was recently introduced [18,19]. In LPME
analytes are extracted from small volumes of
biological samples through an organic solvent in
the pores of a porous hollow fibre and into a pl
volume of acceptor phase inside the hollow fibre.
High enrichment (20—160 times) is a result of the
volume difference between the sample solution
(0.5—4 ml) and the acceptor solution (15-25 pl).
By the use of an aqueous acceptor phase, direct
compatibility with CE is achieved. In addition, the
analytes are extracted in a three-phase system
where simultaneous extraction and back extrac-
tion is performed. This results in clean extracts,
which requires no further pre-treatment prior to
injection into the CE system. LPME has already
demonstrated high potential for sample prepara-
tion of biological fluids prior to CE [18-24].
Recently, LPME and CE were for the first time
successfully combined for chiral determination of
drugs in biological matrices with focus on mian-
serin [25].

In the present project, LPME-CE was further
developed and investigated as a combination for
enantiomeric determination of drugs and metabo-
lites in biological matrices. A modified version of
the LPME device previously described was intro-
duced and its eligibility studied in combination
with a chiral CE system.

2. Experimental
2.1. Chemicals

Escitalopram oxalate (S-citalopram oxalate) (S-
CIT), R-citalopram oxalate (R-CIT), S-desmethyl-
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citalopram fumarate (S-DCIT), R-desmethylcita-
lopram fumarate (R-DCIT), racemic citalopram
hydrobromide (CIT), racemic N-desmethylcitalo-
pram hydrochloride (DCIT), and a racemic mix-
ture of LU-10-202 (internal standard (I.S.))
(structures see Fig. 1) were a gift from H.
Lundbeck (Copenhagen, Denmark). Sodium phos-
phate, sodium hydroxide, ortho-phosphoric acid,
1,4-dioxan, all of analytical grade, acetonitrile and
methanol of HPLC grade, tetrahydrofuran (THF)
(=99.7%), and N,N-dimethylformamid (>
99.5%) were obtained from Merck (Darmstadt,
Germany). Dodecyl acetate, poly(vinyl alcohol)
(PVA) (98-99% hydrolysed, average Mw 31 000—
50000), and sulfated-p-cyclodextrin (S-B-CD) (ty-
pical substitution 7—11 moles/mole B-CD) were
purchased from Aldrich (Sigma—Aldrich GmbH,

AN

Steinheim, Germany). 2-Propanol was obtained
from A/S Vinmonopolet (Norway). Dimethyl-
sulphoxide (DMSO) ( = 98%), N-methylformamid
(>99%), Tween 20 (analytical grade), and 3-N,N-
dimethylmyristylammoniumpropanesulphate
(MAPS) were purchased from Fluka (Buchs,
Switzerland). Formamide was obtained from
Koch-Light Laboratories Ltd (England). «-Cyclo-
dextrin (¢-CD), B-cyclodextrin (B-CD), y-cyclo-
dextrin (y-CD), and hydroxypropyl-B-cyclodextrin
(HP-B-CD) (all eCAP™) were purchased from
Beckman (Fullerton, CA, USA). Carboxymethy-
lated-B-cyclodextrin (CM-B-CD) ( > 97%) was ob-
tained from Cyclolab (Budapest, Hungary). All
aqueous solutions were prepared with water pur-
ified with an EASYpure RO system (Barnstead,
Dubuque, 1A, USA).

Citalopram (CIT)

Desmethylcitalopram (DCIT)

Internal standard (1.S.)

Fig. 1. Structures of citalopram, N-desmethylcitalopram and internal standard (stereocentres indicated with asterisks).
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2.2. Liquid-phase microextraction

The disposable LPME device is illustrated in
Fig. 2. LPME was carried out in conventional 1.5-
ml sample vials with screw tops/silicone septums
(Chromacol Ltd., Trumbull, CT, USA). A poly-
propylene precision moulded tip specially designed
for Finnpipettes (Labsystems, Helsingfors, Fin-
land) was inserted through the silicone septum.
The tip served to support the hollow fibre, to
introduce the acceptor solution into the hollow
fibre prior to extraction and to collect the acceptor
solution after extraction. A manually cut 18 mm
piece of a polypropylene hollow fibre (Varian,
Harbor City, CA, USA) was placed at the end of
the tip. The inner diameter of the fibre was 1.2
mm, the pore size was 0.2 um and the thickness of
the wall was 200 pm. The end of each fibre was
closed by mechanical pressure supported by glu-
ing.

Prior to extraction the sample vial was filled
with 1 ml plasma made alkaline with 100 pl ml of 2
M NaOH. The solution was diluted with 150 pl
water and 250 ul of 600 ng/ml internal standard. A
new 18 mm length of the polypropylene hollow
fibre with a sealed end was placed at the end of the
tip and dipped for 5 s in organic solvent to
immobilise the solvent in the pores of the hollow
fibre. Excess solvent was removed by 15 s of ultra
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sonification. After impregnation, 15 pul of acceptor
solution was injected into the hollow fibre using a
micro litre syringe (Hamilton, Bonaduz, Switzer-
land). The needle of the syringe was lead via the
supporting tip, to the bottom fibre before introdu-
cing the acceptor solution. The syringe was with-
drawn and the rodlike tip-fibre-assembly was
placed in the sample solution. Extractions were
performed for 45 min. During extraction, the
samples were vibrated using a Vibramax 100
(Heidolph, Kelheim, Germany) at 1500 rpm. After
extraction the acceptor solution was withdrawn
from the fibre by the micro litre syringe and
transferred into a 200 pl vial/insert (Advanced
Biotechnologies Ltd., Surrey, UK). Each piece of
hollow fibre, tip and sample vial were used only
for a single extraction.

2.3. Capillary electrophoresis

CE was performed with a MDQ instrument
(Beckman, Fullerton, CA, USA) equipped with an
UV detector. Separations were accomplished in a
75 pm i.d. fused-silica capillary (BGB Analytik
AG, Anwil, Switzerland) with an effective length
of 40 (total length 50.2 cm) or 50 cm (total length
60.2 cm). The running buffer consisted of 25 mM
sodium phosphate adjusted to pH 2.5 with con-
centrated ortho-phosphoric acid and added 1% S-

Tip for injection and collection of acceptor solution

1

Screw top with silicone septum

T

Sample solution
(donor solution)

Porous hollow fibre

<4

Vial —»

A

(impregnated with organic solvent)

Acceptor solution

Fig. 2. Principle of LPME.
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B-CD, 12% ACN and 0.1% PVA. The buffer was
filtered through a 0.45 um filter (Minisart RC 25,
Sartorius AG, Gottingen, Germany). Before ana-
lysis the capillary was conditioned with 0.1 M
NaOH for 2 min at 20 p.s.i, water for 15 min at 50
p.s.i and then electroconditioned with 25 mM
phosphate pH 2.5 containing 0.1% PVA for 30
min at 25 kV and 5 p.s.i. Between each run the
capillary was rinsed with 25 mM phosphate pH 2.5
containing 0.1% PVA for 5 min at 50 p.s.i and with
the chiral running buffer for 2 min at 20 p.s.i.
During analysis the instrument was operated at
—20 kV (reversed polarity), generating a current
level of approximately —60 pA. All samples were
introduced by hydrodynamic injection for 20 s at
0.7 p.s.i. Detection was accomplished at 200 nm
utilising a 100 x 800 pm slit.

2.4. Calculation of extraction recoveries

The extraction recovery (ER) was defined as the
percentage of the total analyte amount #gjnitial
(originally present in the sample), which was
transferred to the extract (acceptor phase) at the
end of the extraction (7, fina):

ER = (na, finat/ ng initial) - 100%0

= (Va/ Vs)'(Ca, ﬁnal/cs initial)' 100% (1)

where V, and V, are the volumes of acceptor
solution and sample solution (donor solution),
respectively, and C,, fina and Cs initiar are the final
analyte concentration in the sample extract (ac-
ceptor phase) and the initial analyte concentration
within the sample, respectively.

2.5. Solid-phase extraction and high-performance
liguid chromatography

A modified version of a published method
combining automatic solid phase extraction
(SPE) and high-performance liquid chromatogra-
phy (HPLC) was used for the achiral analysis of
the patient samples [26]. The plasma volume used
was 1.5 ml and CIT and DCIT were detected at an
excitation wavelength of 266 nm and an emission
wavelength of 302 nm. The remainder of the
method was performed as described in the article.

2.6. Biological samples

Spiked plasma samples in different concentra-
tions were prepared by adding appropriate ali-
quots of 0.1 mg/ml stock solutions of CIT and
DCIT in methanol to drug-free human plasma.
For the validation studies and the analysis of
patient samples, internal standard was added from
a 0.1 mg/ml stock solution in methanol.

Nine plasma samples from depressed patients
treated with racemic CIT were collected between
12 and 24 h after drug administration. The
patients were 18—54 years old, and the adminis-
tered doses varied between 20 and 80 mg/day. The
samples were obtained under routine therapeutic
drug monitoring conditions.

The stock solutions and biological samples were
stored at +5 °C and protected from light.

3. Results and discussion

3.1. Separation of citalopram and
desmethylcitalopram enantiomers

No method for enantiomer determination of
CIT (and DCIT) based on CE has, to our knowl-
edge, been published. A stereospecific method for
simultaneous enantiomer determination of CIT
and DCIT by CE was therefore developed.
Method development was performed using a
fused-silica capillary with 40 cm effective length
and 75 um internal diameter. The voltage applied
was +20 kV. Several cyclodextrins were tested at
different concentrations and in different buffers in
an attempt to find a suitable chiral selector. The
native CDs and the CD derivatives DM-B-CD,
HP-B-CD and CM-B-CD gave neither achiral nor
chiral separation. S-B-CD has shown superiority
over native CDs and neutral CD derivatives in
chiral separation of several analytes [27-29], and
was therefore tested. As shown in Fig. 3a, good
chiral separation was obtained with 1% (w/v) S-B-
CD in 25 mM phosphate pH 2.5. However, R-CIT
and R-DCIT, were not separated. Further devel-
opment was therefore performed using S-B-CD in
25 mM phosphate pH 2.5 as chiral selector.
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Fig. 3. Electropherograms showing the separation of CIT and DCIT using different separation buffers. All analyses were performed
with reversed polarity. Injection: 5 s at 0.5 psi. Capillary: 40 cm (effective length), 75 pm i.d. 1 = R-DCIT, 2 = R-CIT, 3 = S-CIT, and
4 =S-DCIT. (a) 25 mM phosphate pH 2.5+1% S-B-CD; (b) 25 mM phosphate pH 2.5+1% S-B-CD+10% ACN; (c) 25 mM
phosphate pH 2.5+ 1% S-p-CD +10% methanol; (d) 25 mM phosphate pH 2.5+1% S-pf-CD +10% isopropanol; (¢) 25 mM phosphate
pH 2.5+1% S-B-CD+10% dioxan; (f) 25 mM phosphate pH 2.5+1% S-B-CD+10% THF.

Analysis using S-B-CD in phosphate pH 2.5,
were performed with the anode at the detector end
of the capillary (reversed polarity). At pH 2.5, the
electroosmotic flow (EOF) is suppressed. S-B-CD
is a negatively charged chiral selector at pH > 2,
migrating towards the detector. The basic analytes
CIT and DCIT are positively charged, migrating
towards the injector end of the capillary, away
from the detector. With the electrophoretic mobi-
lity of the analytes directed towards the injector
end, the only possibility for analyte migration
towards the detector is through interaction with
the negatively charged CD. The interactions

between the polynegatively charged CD and the
cationic racemates are probably due to hydropho-
bic driven inclusion complexation as well as
electrostatic interactions that may stabilise the
complexes [29,30]. The movement of the chiral
selector in the opposite direction to that of the
analytes, represents the ideal condition in order to
achieve good chiral resolution because it causes an
increase of the mobility difference between free
and complexed analyte [14,31]. Experiments were
done to optimise the concentration of S-B-CD.
The chiral selector concentrations studied were
0.02, 0.2, 1 and 2%. The lower two concentrations
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of S-B-CD suffered from long analysis times and
broad peaks. Increasing the amount of S-B-CD to
2%, increased the current generated to an unac-
ceptable level (>100 pA) due to a dramatic
increased ionic strength of the buffer, without
improving the resolution significantly. Based on
these experiments, 1% S-B-CD was selected as
concentration of the chiral selector.

Surfactants, organic modifiers and neutral CDs
were tested in combination with 1% S-B-CD in
phosphate pH 2.5 in an attempt to obtain achiral
separation of R-CIT and R-DCIT. The most
promising results were obtained with organic
modifiers added to the chiral buffer. Different
organic modifiers were added at 10% concentra-
tion for comparison. Addition of methanol, ace-
tonitrile, tetrahydrofuran, isopropanol, and
dioxan all increased achiral and chiral separation.
The degree of influence, however, differed. The
resulting separations are shown in Fig. 3b—f. The
addition of organic modifiers probably improved
the chiral resolution by decreasing the magnitude
of the CD-analyte binding constant. The most
common explanation of this is that the organic
modifier reduces the affinity of the analyte for the
CD cavity and increases it for the bulk buffer.
Alternatively, the modifier is thought to compete
with the solute for the CD cavity [30]. The
reduction of the binding constants also explains
the increase in migration time observed. By redu-
cing the CD-CIT binding constant in a different
degree than the CD-DCIT binding constant, the
achiral separation was improved as well as the
chiral separation. The buffer systems containing
organic modifiers, all gave the same migration
pattern. The chiral separation of desmethylcitalo-
pram enantiomers was better than the chiral
separation of citalopram enantiomers, and the
CIT enantiomers migrated between the enantio-
mers of DCIT. ACN was chosen as the organic
modifier for further use, because of efficient
resolution at reasonable analysis time. The opti-
mum organic content was found by varying the
concentration of ACN while keeping the S-B-CD
concentration constant (1%). As shown in Fig. 4,
separation and migration time increased with
increasing organic content. Buffers containing
more than 12% ACN resulted in partial comigra-

tion of S-CIT and S-DCIT. Consequently, 12%
ACN was chosen as organic modifier concentra-
tion.

During method development, problems with
unstable and irreproducible current, which in
turn affected the separation, was observed. This
was thought to arise from adsorption of S-B-CD
on the capillary wall. Adsorption of charged
additives such as sulfated cyclodextrins onto the
capillary’s inner surface has been described [30,32].
To reduce the possible interactions between the
cyclodextrin and the capillary wall, the capillary
was dynamically coated with PVA. PVA at 0.1%
(w/v) was added to the running buffer containing
1% S-B-CD and 12% ACN in 25 mM phosphate
pH 2.5. Between each run, the capillary was rinsed
with 0.1% PVA in 25 mM phosphate pH 2.5 for 5
min at 50 p.s.i. before a 2 min rinse with the
running buffer at 20 p.s.i. This procedure stabi-
lised the CE system.

As an internal standard, a chiral derivative of
citalopram was used (Fig. 1). Due to partially
comigration of one of the two enantiomers of this
compound with R-DCIT in the capillary used
during method development, the effective length of
the capillary was increased from 40 to 50 cm. This
resulted in baseline separation of the enantiomers
of the internal standard, CIT and DCIT and
excellent chiral resolution. Increasing the length
of the capillary also increased the migration times.
However, analysis time less than 20 min was
considered satisfactory.

3.2. Extraction of citalopram and
desmethylcitalopram enantiomers

Since the introduction of the hollow fibre based
LPME device [18,19], work has been in continuous
progress to further evaluate the concept of LPME
and to develop a fully automate version of the
device. A modified version of the LPME device
was introduced in this work (Fig. 2). The modified
LPME device utilises a 1.8 cm fibre with a rodlike
configuration instead of the previously used 8 cm
fibre with a hairpin bend. A rodlike configuration
offers several advantages over hairpin configured
fibres. Easier liquid handling is achieved because
the acceptor solution is introduced and withdrawn
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Fig. 4. Electropherograms showing the separation of CIT and DCIT with 25 mM phosphate pH 2.5+ 1% S-B-CD containing different
amounts of ACN. Injection: 5 s at 0.5 psi. Capillary: 40 cm (effective length 50.2 cm), 75 um i.d. (reversed polarity). 1 = R-DCIT, 2 =
R-CIT, 3 =S-CIT, and 4 = S-DCIT. (a) 10% ACN; (b) 12% ACN; (c) 15% ACN.

with a micro litre syringe. In addition, the short
rodlike fibre is compatible with smaller sample
volumes, it makes LPME easier to automate and it
improves the mechanical stability of the device.
LPME of CIT and DCIT using older versions of
the LPME device has already been described
[20,21]. The published LPME methods were mod-
ified and adapted to the use of shorter fibres and
smaller sample vials. Comparison of extraction
results using hexyl ether (used in the previous
publication) and dodecyl acetate as the organic
phase, proved dodecyl acetate to be superior to
hexyl ether as far as both extraction recovery and
precision are concerned. Dodecyl acetate was
therefore used as the organic phase in these
experiments.

Enantiomers of CIT and DCIT were extracted
from 1 ml plasma samples added 250 pul of 600 ng/
ml internal standard, diluted with 150 ul water and
made alkaline with 100 pl of 2 M NaOH. The
acceptor phase was 20 mM phosphate pH 2.75.
Due to the low solubility of the analytes within the
alkaline donor phase and the correspondingly high
solubility in the acidic acceptor solution, the
analytes were extracted from the donor solution

through the organic solvent in the pores of the
hollow fibre and into the acceptor solution. The
aqueous extracts were directly compatible with the
CE system. The three-phase system resulted in
efficient sample clean-up, illustrated by the ab-
sence of peaks in the electropherogram of the
LPME extract of the blank plasma sample (Fig.
Sb). The recoveries were 46 and 29% for the
enantiomers of CIT and DCIT, respectively,
corresponding to 31 and 19 times enrichment.
The recovery was constant at the three concentra-
tion levels tested (25, 80 and 160 ng/ml racemic
CIT and DCIT). The difference in recovery for
CIT and DCIT is probably due to the difference in
lipid solubility between the two compounds. The
desmethylated metabolite is less lipophillic than
the parent drug. The lipid solubility of the analytes
is an important parameter affecting the equili-
brium processes, and thereby the recovery, in the
extraction process. The difference in recovery
obtained in this project, corresponds with a
previous publication on LPME of CIT and
DCIT [20]. No differences in extraction recoveries
for the enantiomers of neither CIT nor DCIT were
seen, indicating absence of stereoselectivity in the
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Fig. 5. Electropherograms of LPME extracts from patient sample and blank plasma sample. Injection: 20 s at 0.7 psi. Capillary: 50 cm
(effective length 60.2 cm), 75 pm i.d. (reversed polarity). (a) Patient plasma sample (patient 8); (b) blank plasma sample.

extraction set-up. Methanol (25%) and NaCl
(30%) were added to the donor solution, in
subsequent and separate extractions, in an experi-
ment to increase the extraction recoveries. How-
ever, no further enrichment was obtained.

3.3. Validation

The method was validated prior to analysis of
patient samples. Intra- and inter-day precision,
intra-day accuracy, linearity, limit of detection
(LOD) and limit of quantification (LOQ) were

Table 1

determined for both enantiomers of CIT and
DCIT. To all samples 0.25 ml of 600 ng/ml internal
standard was added. The precision and accuracy
validation data are summarised in Tables 1 and 2,
respectively. The intra-day precision was < 12.8%
RSD and the inter-day precision was < 14.5%
RSD for all enantiomers at the three concentra-
tions tested. The intra-day accuracy varied be-
tween 99 and 119% for the enantiomers at the two
concentrations tested, indicating acceptable
method accuracy. The calibration curves were
linear (r >0.9997 for CIT enantiomers and r >

Intraday and interday precision of CIT and DCIT enantiomers from human plasma

Racemic concentrations (ng/ml)

Intraday, RSD (%) (n=6)

Interday, RSD (%) (n =6)

S-CIT R-CIT S-DCIT R-DCIT S-CIT R-CIT S-DCIT R-DCIT
25 7.0 79 12.8 11.8 8.4 14.5 12.3
80 4.7 5.1 8.8 6.7 8.0 8.6 5.4
160 8.4 8.2 12.1 7.4 5.9 10.3 8.0
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Table 2

Intraday accuracy of CIT and DCIT enantiomers from human plasma (n = 3)

Racemic concentrations (ng/ml) S-CIT (%) R-CIT (%) S-DCIT (%) R-DCIT (%)
95 113 119 103 114

175 102 102 102 99

Table 3

Results from analysis of patient plasma samples

Patient Dose racemic CIT (mg) S-CIT R-CIT S-DCIT R-DCIT Ratio CIT Total CIT Total CIT by HPLC Bias (%)
(ng/ml) (ng/ml) (ng/ml) (ng/ml) (S/R) (ng/ml) (ng/ml)
1 20 20 31 20 29 0.6 51 53 —3.8
2 20 16 20 16 18 0.8 36 31 16.1
3 30 18 32 14 26 0.6 50 41 22.0
4 40 17 27 26 40 0.6 44 42 4.8
5 40 24 42 28 33 0.6 66 60 10.0
6 40 73 70 21 21 1.0 142 150 —-53
7 45 26 44 21 23 0.6 70 86 —18.6
8 60 47 81 32 36 0.6 128 126 1.6
9 80 30 49 38 30 0.6 78 74 5.4

0.997 for DCIT enantiomers) over the entire
concentration range studied (25, 80, 120, 160,
240 and 320 ng/ml racemic CIT and DCIT). The
LOQs (S/N =10) were 5.2, 4.4, 11.2 and 8.9 ng/ml
and the LODs (S/N = 3) were 1.6, 1.4, 3.4 and 2.7
ng/ml for S-CIT, R-CIT, S-DCIT and R-DCIT,
respectively. The validation data are expected to
improve significantly when the future commercia-
lised devices replace the homemade devices used in
this project.

3.4. Analysis of patient samples

The validated method was applied to the
analysis of plasma samples from nine patients
treated with racemic CIT. The measured steady-
state concentrations are listed in Table 3. The
concentrations obtained by the chiral LPME-CE
method were compared with the concentrations
obtained by a routine achiral HPLC method.
Plasma levels assayed by the two procedures
were within 4+22.0% for CIT. This further indi-
cates acceptable method accuracy. In all patient
samples the concentration of S-CIT, the active
enantiomer, was lower or equal to those of R-CIT.

The S/R ratio of both CIT and DCIT ranged from
0.6 to 1.0 with a mean of 0.7 and 0.8, respectively.
This approximates to other publications [5—11].
The results indicate that stereospecific determina-
tion of S-CIT (and S-DCIT) may lead to better
correlation between plasma concentrations and
therapeutic response.

4. Conclusion

The present work has demonstrated high pre-
concentration and efficient sample clean-up of
LPME allowing simultaneous enantiomer deter-
mination of CIT and DCIT by CE. Efficient chiral
and achiral resolution was obtained using S-f-CD
in combination with ACN in the CE buffer. The
results also indicate that the modified and rodlike
LPME device is a favourable configuration result-
ing in a more useful LPME device. Analysis of
patient samples showed that the concentration of
the active S-CIT in patients treated with racemic
CIT approximates 40% of the total CIT concen-
tration measured by achiral methods. The results
confirm LPME-CE as a suitable tool for enantio-
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meric determination of chiral drugs and metabo-
lites in biological matrices.
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